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LEGAL NOTICE 

T h i s  repo r t  was  prepared as an  a c c o u n t  o f  Government  sponsored work .  N e i t h e r  t h e  U n i t e d  States,  

nor the  C o m m i s s i o n ,  nor any  person a c t i n g  on b e h a l f  of t he  C o m m i s s i o n :  

A. Mokes nny  w a r r a n t y  or representa t ion ,  e x p r e s s e d  or i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  

c o m p l e t e n e s s ,  or u s e f u l n e s s  of t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  repor t ,  or t h a t  t h e  u s e  o f  

ony  i n f o r m o t i o n ,  apparo tus ,  method, or p r o c e s s  d i s c l o s e d  i n  t h i s  repo r t  may n o t  i n f r i n g e  

p r i v a t e l y  o w n e d  r i g h t s ;  or 

A s s u m e s  

any i n f o r m a t i o n ,  appara tus ,  method, or p r o c e s s  d i s c l o s e d  i n  t h i s  repor t .  

B. any l i a b i l i t i e s  w i t h  r e s p e c t  t o  the  use of, or f o r  damages r e s u l t i n g  f rom t h e  u s e  o f  

A s  used i n  the  above, "person a c t i n g  on b e h o l f  o f  t he  C o m m i s s i o n "  i n c l u d e s  ony  e m p l o y e e  or 

c o n t r a c t o r  of t h e  C o m m i s s i o n .  or employee o f  s u c h  c o n t r a c t o r ,  t o  the  e x t e n t  t h a t  s u c h  e m p l o y e e  

or c o n t r a c t o r  of t h e  C o m m i s s i o n ,  or employee o f  s u c h  c o n t r a c t o r  p repares ,  d i s s e m i n a t e s ,  or 

p r o v i d e s  a c c e s s  to, any  i n f o r m a t i o n  p u r s u a n t  t o  h i s  e m p l o y m e n t  or c o n t r a c t  w i t h  t h e  C o m m i s s i o n ,  

or h i s  e m p l o y m e n t  w i t h  s u c h  contractor .  
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A C R Y S W G R A P H I C  LEAST SQUARES REFIWEMENT 

PROGRAM FOR THE I B M  704 

W i l l i a m  R e  Busing and H e n r i  A. Levy 
C h e m i s t r y  D i v i s i o n ,  Oak R i d g e  N a t i o n a l  Laboratory 

O a k  R i d g e ,  Tennessee 

IDENTIFICATION 

Binary decks OR XLS A, B, C, D, E, F, G, H, J, 
K, L, M, N. 

DATE ISSUED 

MAY - 4 1959 
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ERRATA FVR CF 59-4-37 

September 22, 1959 

Page 57 

01364 o ooooo o 00077 1m11 PZE 63 

Page 63 

00624 0 76100 0 00000 NOP 
00625 o 76100 o ooooo NOP 
00626 0 76100 0 00000 NOP 

Page 114 

05133 0 00000 0 00077 IFF11 PZE 63 

Page 134 

00126 0 76200 0 00225 MB RTB 5 

00130 0 50000 0 01314 MC CLA N 
00131 -0 ioooo o 00142 

00127 o 76200 o 00225 RTB 5 

TNZ ME 

00143 o 76200 o 00225 Rm 5 

00146 o 02000 o 00144 !JFa ME3 

00144 0 76200 0 00225 ME3 RTB 5 
00145 0 70000 0 01315 CPY A 

MASK 

MASK 

WRB:vj 
9/22/59 
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CHANGES FOR CF 59-4-37 

Nwembcr 50, 1959 

The following changes and adaitions should be made i n  ORNL CF 59-4-37 
t o  make it consistent w i t h  the binary change cards dated November 30, 
1959 : 

Page 44 

00151 o 02000 o 00353 TRAKA 
00156 0 02000 0 00355 !IRA KF 

Page 46 

OO27l 0 07400 4 00241 KA1 TSX RTB,k 

Page 47 

00353 0 77200 0 00204 KA REW U1 

00355 0 77200 0 00205 KF . REW Vl; 
00356 0 76200 o 00225 RTB U3 
00357 o 76200 o 00225 RTB U3 
00360 o 76200 o 00225 RTE3 U3 

00354 0 02000 o 00271 TRA KA1 

00361 0 02000 0 00337 ‘rn KFlC 

m : v j  
12/2/59 
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. . .  

ORNL 59-4-37 

A CRYSTALLOGRAPHIC LEAST SQUARES PROGRAM MIR "RE IBM 704 

ADDENDA ERRATA 

June 7, 1960 

Addendum 
Page 19, after l i ne  14 from bottom. 

Stops a t  3513 (8)  or  3672 (8)  i n  OR XLS2 indicate t h a t  the matrix i s  
essentially singular bat ir! a way not detected 

- Program Changes 
Bin&ry correction cards f m  these changes 

Page 124, l ine  31 
00506 o 

Page 125, lines 
00552 -3  

62200 o 00552 
24-31 
00000 4 OOj70 X5L 

00553 @ 
00551; 0 

00556 0 
00557 -0 
00560 o 
00561 1 

00555 Q 

70000 5 ooooo 
02000 0 00557 
00000 0 O@OOO 
G2000 C O C j 7 3  
76000 0 ~ ~ 3 0 1  X m  
02000 o 00562 
77'17'1 4 00562 XJN 

from bottom. 
00000 0 00000 T5 

Errata 
Page 59, l i ne  2 

03171 0 
Page 60, line 1. 

Page 60, l ines  15 and 16. 
03173 0 00000 0 00000 T'7 

03223 o ooooo o ooc)oo ~6 
03224 0 00000 0 00000 M7 

by the matrix inverter. 

were distributed on June 6, 1960. 

STD X J I ,  

4(SIN 'i?lETA/LAMBDA)**2 

CURRENT VALUE OF Q .  SEE M6 

Q, SCALE FACTOR DESIGNATION 
( SIN THETA/LAMBDA)**2=RHO 
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GEXERAL DESCRIPZlION 

OR XLS1-5 is  a program for structure factor calculation and for  the leas t  
squares refinement of crystal  structures using X-ray or  neutron diff'raction data. 
The code is divided into five segments and the purpose of each will be described 
br ief ly  : 

OR X L S l  is the preliminary data processing segment. Its input data include 
t h e  reciprocal c e l l  parameters, the form factor tables (unless problem is a mu- 
tron one), and the data for each observation. 
the observed structure factor or its square, the estimated standard error of the 
observation, and an indication of which of several scale factors is t o  be applied. 
The output of t h i s  segment consists of a binary tape wi th  the input data together 
wi th  ( s in  6/X)2 and the  interpolated form factors for  each reflection. 
information may also be put out i n  BCD form for  off-line printing. 

The l a t t e r  consist of the indices, 

The same 

OR XLS2 is the main segment fo r  l eas t  squares and structure factor ca lcuh-  
Its input data consist of a sense card which specifies several options tions. 

available t o  t h e  user, symmetry information, reciprocal c e l l  data, and tr ial  
parameters including an arbitrary number of scale factors, overall temperature 
factor coefficient, and, for  each atom, the position parameters and one or  six 
temperature factor coefficients. 
OR XLSl. 

is a binary tape on which are stored the der ivat iveof  Fc or Fc2 wi th  respect 
t o  the parameters for  each observation, The calculated structure factors may 
also be put out during t h i s  par t  of the calculation. 

Also used as input is  the binary tape from 
The primary output of t h i s  segment when it i s  used f o r  l ea s t  squares 

For a structure factor calculation t h i s  completes the problem. For leas t  
squares OR XLS2 ca l l s  for  the input of parameter selection cards which s p e c i e  
the parameters t o  be adjusted. 
nary output tape t o  s e t  up the matrix and vector of the normal equations. 
OR XLSb inverts t h i s  matrix, and OR XLS5 multiplies the resulting inverse by 
the vector t o  obtain the parameter changes. 

OR xZS3 then uses the derivativesfrom the bi-  

Control is then returned t o  OR XLS2 which adjusts the parameters and puts 

During each cycle the input data for  each reflection i s  copied onto the 
them out off-line and optionally on-line. 

binary output tape as are the programs and input data for  OR XLS2-5 so tha t  
th i s  tape may serve as the main input for  the next cycle. 

is  provided. 
An optional output of the matrix of the normal equations or i t s  inverse 
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. a 

UNCLASSIFIED 
ORNL-LR-DWG. 37460 

OR XLS A.B 
( r e d  deck) 
7 7  

KG (1574) 
1 xu -xv  

1 -  
XD-XEF - ,  XAA-XCC 

XA-XB ,+7 
transfer to cord 
progrommed 
tronsfer routine. 

set BCO OUtput write foUr 

on binary OUtPUf put copt ion.  
tope. 

-dummy records 4 formot Read celi doto 

foctor tables 
+ ond form 

OR XLS G 
(brown deckl OR XLSt m 

Lood self-loading 
UTIL ITY rOUtineO 1 
and OR X L S I .  4 tope. f f i le  

I 

OR XLS K 
i red stripe deck I 

compute (sin8/X12. 
fi, and tom foc- 
tors. Binorr ond 
BCD OUIPUI. 

programmed 
tronrfer. 

OR XLS C 0 E 
[orange dek<l 

Load self-looding Hollerith 
title. 

replace fixed a t m  
contribution5 . 

OR X L S 2  

I 
LC, 

I 

XMD-XME - 
Write OR X L S 4 .  
write i"Yer*c 
matrix,m binary 
output tope. 

OR XLS4 End of cycle. 
HALT,WLT, HALT. 
Transferto Cord 
progmmmed tmmfe 

transfer. 

OR XLSF 39-50 
OR XLSL 
(green stripe deckl 

self-looding 

rwt ines.  

X N I  XNJ-XNV (yellow deck) XNA-XNHH 
shxe pmmeter 

On output tow. 
WEF. EST e n~adr vntor times chongeE 

end of file. Rend 
progmm through -.o 

CRYSTALLOGRAPHIC LEAST SQUARES 

~~ 

K O  
OR XLS H 0 2  
[ blue deck1 

a- OR XLS5 
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. 

Minimum 704 with 

1. 

2. 3 on-line tape units 
3. CAD instruction 
4. Off-line tape printer. 

8192 word core storage or more 

Core storage 
8,192 

16,384 
32,768 

CAPACITY 
Maximum number of parameters varied simultaneously 

120 

175 
251 

MATREMATICAL METBOD 
In  t h i s  section the detai ls  of the canputation will be br ief ly  outlined. 

OR XLSl 
For each reflection t h i s  segment computes 

p = (sin6/X)2 = ( .25)(h2a*' + pb*2 f 

+ 2hka%*cosy* + 2h,4a*e*cosB*+ 2kJb*c*cos@) 
where a*, b*, 

h, k, and J are the indices of the reflection. 

of the observed IF1 or I??, whichever is  being refined, and w is  the leas t  squares 
weight of the observation. 

cosa*, cosf3*, and cosy* are the reciprocal c e l l  constants and 

Also cmputed for  each reflection is & = l /a  where u i s  the standard error 

(If u = 0 t h e  program s e 6  = 0.) 

For X-ray problems t h e  a%omi@ form factors for each observation are obtained 
by l inear interpolation in the form factor tables which are stored at  intervals 
of 0.05 i n  sin e l k .  

The fixed atom contributions, and Bo9 (see below) are s e t  at  zero. 

Included in  t h e  data for  t h i s  segment are the r scale factors sq, overall 
OR XLS2 

temperature factor coefficient To, and the individual atom parameters, 
l a t t e r  are fi, xi, yi ,  zi, and T i  i f  syrmnetrie temperature factors are to  be 

used Or f i y  Xi, Y i ,  Z i ,  @ l i i t  8221, f333i, B ~ 2 i p  B i3 i . l  and f323i for anisatropic 
temperature factors. For X-ray work f i  is an integer which indicates which form 
factor fs t o  be used, while for neutron work it is the scattering factor i t s e l f .  

The 
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( SqF) 
a( sqF 1 /as, 
~ ( S $ ' ) / & O  

a(s@')b 

F 

symmetry center Acentric 
2sq exp( - T ~ P ) A  2 1/2 S q  -(-ToP)(A2 + B 
( s qF 1 /Sq 
-P(SqF) -P( SqF) 

( sqF) / sq  

2 s ~  exp(-T@>(aA/bp) sq exp(-Top)(A2 + B2) -'I2[ A ( a A / h )  + B ( b h ? ) ]  

Here F is the structure factor, sq is the scale factor, To is  the overall 
temperature factor coefficient, p is sin2e/X2, A and B are the real. and imaginaq 
components of the structure factor, and p i s  any individual atom parameter. 

The expressions f o r  A aad B and the i r  derivatives are summarized as follows: 

A 

B 

afi 

Anisotropic temperature factor 

AO + Ffi 2 j e ~ i j c o s i j  
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Symmetric tarrperature factor 

r - 3  

-2nfi exp(-Tip) z h *  sinij  
3 s  

Anisotropic temperature factor 

13 -2nfi c h j  expijsin 
3 

2nfi z h f  exp cos 3 13  13  3 

Here the subscripts i and j refer t o  t h e  various atoms in  the asymmetric uni t  
and t o  the different equivalent positions, respectively. The terms cos 
and exp 
factor of atom i in  equivalent position j. 

representative of the transformed indices and index products. 
terns are discussed in  detail in the section on Symmetry Considerations. 

ij' sinij' 
are the trigonometric contributions and t h e  anisotropic temperature 

The expressions h t  and (2hk)' are 
13 

j j 
All of these 

T i  and f i  are the symmetric temperature factor coefficient and scattering 
factor, respectively, of atom i. 
fixed atoms, i.e., atoms not represented in  the parameter table, and which are 
therefore not t o  be adjusted by the least squares procedure. For each reflec- 
t ion these terms are taken f r o m  the binary input tape, and they will be zero 
unless they have been computed using mode 1. Mode 1 is i n  every way similar t o  
a structure factor calculation except t h a t  i n i t i a l l y  and Bo are set t o  zero 
and f inal ly  they are s e t  t o  equal t o  computed A and B. These computed values 
are then copied from tape t o  tape during the various leas t  squares or structure 
factor computations u n t i l  they are replaced by a new mode 1 calculation. 

the sums over j are accumulated. 
A and B wi th  respect t o  the atomic parameters, and A and B are obtained. 
the scaled structure factor o r  i ts  sqyare and the derivatives of t h i s  quantity 

A0  and Bo are the contributions t o  A and B of 

The program does t h e  computation for  each reflection in  three steps. F i r s t  
These are then converted t o  the derivatives of 

Finally 
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c 

are  computed, 
siders whether derivatives are needed or not, whether centrosymmetric or acen- 
t r i c  computation is  specified on the sense card, and whether the temperature 
factors are symmetric or anisotropic, 
tions, the projg-am evaluates and stores on the binary output tape derivatives 
wt th  respect to a l l  the parameters regardless of which ones are t o  be varied. 

I n  determining which expressions t o  evaluate the program con- 

Note that, except for the above res t r ic -  

A mode of operation (mode 4) is available in  which the derivatives are 
not computed but rather are copied frm the input tape where they were stored 
on a previous cycle, 
the running of several cycles in  a minimum amount of time. 

It is possible that t h i s  mode of operation w i l l  permit 

The following table gives the expressions for  A, the difference between 
the observed and calculated structure factors or the i r  squares, and fo r  t h e  
various discrepancy factors which are computed while the structure factors 
and derivatives are being obtained. 

a 

R 

Weighted R 

Error Qf fit 

Refining of F 

[(sign Qf SqF) IFol] - SqF 

c 14 / P o l  

Refining on 9 

Fo2 -(s,F)~ 

For the two R factors the summations are made bath over all observations and 
over a l l  non-zero ObServatiQns. FQF the error of f i t  the summation is  made 
over a l l  reflections used h the leas t  squares refinement, i.e., those with 

non-zero weight which pass the rejection t e s t  ( i f  such a t e s t  is  supplied by 

She user). 
adjusted is n, 
t h a t  n = 0. )  

ters .  

The number of such observations i s  m and the number of parameters 
(Before any refinement has been performed the program considers 

These discrepancy factors refer, of course, t o  the input parame- 

A a n d 6  A are put out with t h e  structure factors under the headings OBS- 

C A E  and (OSS4ALC]/SIW9 respectively. 
greater t h a n  2 (%he constant stsred a t  C7) are  marked w i t h  a double asterisk 

Reflections for  which the l a t t e r  is 

VY 0 
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OR xrS3 

The function of t h i s  segment is t o  store the matrix E and t h e  vector v of 
N 

t h e  nonnal equations. The elements of these are 

where t h e  summations are 

V i  C G  D i ) G  A) 

over the un-rejected observations of non-zero weight, 
For each reflection the n derivatives, D i ,  are selected f’rom t h e  binary ouQu-k 
tape and correspond. t o  those parameters which are t o  be adjusted. 

When operating in mode 4 only the vector v is computed. 

This segment produces the inverse matrix 2 = aml by a method t o  be de- 
scribed elsewhere (SHARE ROUTINE OR-SMI) 

When mode 4 is specified t h e  program copies the  inverse matrix of t h e  pre- 
vious cycle f’rom the binary input tape instead of inverting the matrix. 
either case the  resulting inverse is copied onto the binary output tape for  use 
in  t h e  next cycle if  needed. 
OR XIS5 

N 

OR XIS4 

.y 

In 

In  t h i s  segment t h e  parameter changes Api = c b i j v j  are camputed and stored 
on the binary output tape along with t h e  diagonal j elements b i t  of t h e  inverse 

matrix. Also computed is  ZApiVi, t h e  estimated decrease of 
by these parameter changes. 
OR xLs2 

A)2 produced 
i 

Control is then returned t o  t h i s  segment and an estimated new value of the  

standard error of f i t ,  

is  computed. 
cmputed as 

The parameters p i  are corrected by Api and the i r  standard errors 

A t  t h i s  point the program puts out the old and new parameters with the parameter 
changes and standard errors for those which have been adjusted. 
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If the overall temperature factor To is  not zero the program now adds it t o  
the individual atom temperature factors so t h a t  TI = T i  + To for symmetric tem- 
perature factors or 

pL = pl;r + TO a*b*cos 7 * /4 
etc  

for  anisotropic temperature factors. 
are performed so that  the temperature factor coefficients may be tested for  posi- 
t i ve  definite character as described below. Note t h a t  the resul t  is  not s t r i c t l y  
correct i f  fixed atom contributions are used so t h a t  it i s  probably desirable t o  
hold To at zero in  t h i s  case. 

To is  then s e t  t o  zero. These operations 

The temperature factor coefficients are then tested t o  insure t h a t  the 
following conditions hold. For symmetric temperature factors: 

T i  2 4. 
For anisotropic temperature factors: 

811 2 4, 822 2 a, 833 2 4, 

I813 823 833 I 
Failure of one of these t e s t s  means that  the coefficients do not represent physi- 
ca l  reali ty.  
programmed stop indicating a negative argument for  t h e  temperature factor. 
a t e s t  f a i l s  t he  program prints  out an indication of t h i s  failure, and a t  the end 
of the calculation the programmed stop is a t  K I  rather than a t  KH. 

The use of these parameters i n  subsequent calculations m a y  cause a 
When 

SYMMETRY CONSIDFRA!TIONS 

General positions 
OR XIS2 computes structure factors o r  t he i r  squares in  one of t h e  follow- 

ing ways: 

Centrosymmetric, origin a t  center 
s F = 2sqexp(-T0o) A 
q 

S$ 

(sqF)G 4 s t  exp( -2ToP) A2 

(sqF)2= s t  exp(2To~) (A2 + B2> ”*} Acentric 
= sqem (-TOP) (A2 + B 
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1 

2 

3 
4 
5 
6 

X Y z h k a 0 

x-Y -Y -2 h -h-k -4 0 

y-x -X 1/3 + z -h-k h a a/3 
-X y-x 1/3 - z -h-k k -a a / 3  
-Y X-y 2/3 + z k -h-k a 2a l3  

Y x 2/3 - Z  k h -a 2413 

Here sqis the scale factor? To is  the overall temperature factor coefficient, 
and P is  (sine/X)2, 

A and B are computed in  space groups P1 o r  Pi as follows: 

A = AO + qfi -(-Tip) C e m i j c o s i j  
J 

3 

-I 

B = Bo + E f i  exp(-Tip) Zexp i j s in i j  
i 

Here 
ously or which may be zero, 
the asymmetric u n i t  while the subscript j refers t o  the symmetrically equivalent 
positions to which each i t h  atom may be transformed. 
case j numbers only half '  the equivalent positions), T i  and f i  are the symmetric 
temperature factor coefficient and t h e  form factor for  each atom. 
cosi j  and s i n i j  are the trigonometric contributions of the i t h  atom transformed 

and Bo are fixed atom contributions which may have been camputed previ- 
The subscript i refers t o  the different atoms i n  

(In the centrosymmetric 

The terms 

t o  the j t h  equivalent position, and 
for t h i s  atom. OR XLS2 se ts  either 
which kind of temperature factor is 

The trigonometric contribution 
cos i j  = COS 2st(hXi3 + kyij + t t 

expij i s  the anisotropic temperature factor 
exp( -Tip) or exp a t  unity depending on 
t o  be used. 
cosi j  could be computed as 

13 

1 3  Bz' ) with a similar expression for  sin 
and z' Here h, k, and .4 are t h e  indices and xi j9  yij, 

the  i t h  a t m  i n  the asymmetric unit  transformed (as indicated by t h e  primes) 
are t h e  coordinates of t 

i d  

t o  the j t h  equivalent position. OR XLS2 does not do t h i s ,  however. 
of transforming the  coordinatest the indices h, k, and a are transformed i n  a 
way which makes the resul t  identical with the above: 

Instead 

cos i j  = cos 2n(h;xi + kjyi + d;z, + tj) with a similar expression for  sinij. I 

Here xi,  yi, and z i  are t h e  (untransfomed) coorainates for  the i t h  atm in  the 
asymmetric unit, hi, k;? and .4j are the transformed indices, and t j  is a trans- 
la t ional  term. 
the general positions of space group C322. 

t 

As an example we will i l l u s t r a t e  the transformations used for  
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. 

a 

OR XLS2 permits t h i s  symmetry t o  be introduced i n  one of two ways: (1) A 
generalized symmetry routine is used which takes i ts  instructions from symmetry 
cards which are supplied as data. There is  one such card for each j value, and 
it consists of a statement of the coordinate transformations (as in  t h e  l e f t  
half  of the above table).  
formations on the indices which are equivalent t o  t h e  coordinate transfornations 
specified. (2)  The user may elect  t o  write h i s  own symmetry routines t o  trans- 
form the indices. 
may be expected t h a t  some speed will be gained in  t h i s  way. 

The program then automatically performs t h e  trans- 

Specifications for  such routines w i l l  be given below, It 

The anisotropic temperature factor, expij, is  handled similarly, 

expi j = exp(-[h2& + k2& + a2f3;3 + 2hkPu + 2h4313 + 2k&3 

The 
flmdamental expression is  

I1 t I 

i#j i 3  1 3  13 13 i j  

where &, etc.  are the  s ix  temperature factor coefficients for t h e  i t h  atom of 
the  asymmetric unit transformed t o  the  j t h  equivalent position. Again t h e  pro- 
gram makes t h e  computation by transforming t h e  index products rather than the 
mefficients themselves so t h a t  

i j  

$ 
Here (h2> etc. are t h e  transformed index products which make t h e  two  expres- 
sions identical. 

group have been given by H. A. Levy (Acta C r y s t .  (1956) 'l 679). From these 
Pules it may be deduced t h a t  for  atoms in  general positions (h2) ' = ( h  )2, etc. 
88 t h a t  t h e  transformed index products are simply t h e  products of t h e  trans- 
formed indices. Th i s  is not necessarily true for atoms in  special positions, 
however. 
transfsrmed indices and assumes t h a t  (h2) 

empu-bed anisotropic temperature factor m a y  not be valid for  atoms in special 

C e l l s  wi th  translational syrmnetry (centering) 

J 9  
t 

Rules for obtaining t h e  transformed coefficients I3 etc ,  for any space 

t 

3 3 

The generalized symmetry routine of OR XLS2 computes t h e  products of 
= ( h  )2, etc., and therefore - the 

1 t 

3 j 

positions e 

The specification of syrmnetry i n  the case of face, end, or  body centered 
cel ls  e m  be simplified (and the computing time reduced) provided t h a t  t h e  re- 
flections which are extinguished by centering are not computed. 
siderations apply t o  a rhombohedral c e l l  described by hexagonal coordinates, 

Similar con- 
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2 

3 

In  theae cases, symmetry cards or  routines need be supplied only fo r  positions 
not related by translation. 
by the appropriate integer in  the way described below (page 14) .  
Special positions 

The scattering factors should then be multiplied 

We must now consider the ways of handling the computation when atoms are 
i n  special positions. 
tions are ( a )  t h a t  the number of these atoms is smaller than if  they were i n  
general positions, (b)  tha t  there are certain restrictions on the position 
parameters, and ( c )  t h a t  there may be some restrictions on the anisotropic tem- 
perature factor coefficients. No restrictions on symmetric temperature factors 
are introduced, however. 

The important effects of an atom being i n  specialposi-  

The ways of handlhg special positions with OR XU2 depend on several 
factors: (1) whether a l l  the atoms are in  the same kind of special position, 
(2)  whether the position parameters have a fixed value or whether there is a 
relationship between two or  more coordinates, (3)  whether anisotropic tempera- 
ture factors are used o r  not, and (4)  i f  used, whether there are (a)  no re- 
s t r ic t ions on the coefficients, (b)  certain coefficients fixed a t  zero, o r  ( c )  
a relationship between two or more coeff ic ienb . c i t .  ) has 

given a rule for determining the restrictions on the anisotropic temperature 
factor coefficients of atoms in  special positions. 
Fixed parameters. When coordinates o r  temperature factor coefficients have 
fixed values then these values may be put into t h e  l i s t  of t r i a l  parameters., 
The parameter selection mrds are then written so t h a t  these parameters are 
not varied. 
anisotropic tempera%ure factors are correctly computed. 
Symmetry cards for special positions. If a l l  atoms are in  the same kind of 
special position, and if anisotropic temperature factors are not used, then 
the correct resul t  w%11 be obtained by using symmetry cards for the special 
positions. 
positions for y = x, z = l /3  w i t h  the transformations: 

H. A.  Levy (lo@ 

The symmetry car& axe written for the  general positions so t h a t  

For example, the space group C322 mentioned above has special 

0 -X 213 
-X 0 0 

= I x  X 1/3 
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T h i s  information can be punched on three symmetry cards instead of using the 
six general positions as data, 
are than irrelevant, and no attempt must be made t o  vary them. 

Writing speeialpatches. 
e m  ar ise  by using symmetry cards for  the general positions, allowing the gener- 
alized symmetry routine t o  cmpute the transformed indices and the index products 
which muld be valid for  these general positions, and then transferring to a 
specially written section of code which modifies these transformed indices ap- 
propriately, Consider, for example, the special positions mentioned above. The 

generdized symmetry routine alone would produce the tr igonmetric argumentA 

A l l  coordinates y and z in  the parameter input 

It is  possible t o  handle my  symmetry situation which 

h'x .e k'y + A'z + t 3 f  J i  S f  3" 
Mow led; us m a k e  xi the independent varia0le and recpire tha t  yi = xi, zi = l /3 .  
Substituting in the argument we have 

3' hgx  =+ k'x + e ' /= ,  + t 3 s  3 f  s 
IS 1 1 1  

Mow the program WfU produce t h i s  resul t  i f  we replace h t  by h .J = hJ + kJ, kJ 
09 3 3 

by kJ = 0, 4 by a'." = o j  and t ~ by t' = tJ + A;/J* Instructions for programing 
such 8 patch w i l l .  be given below. 
vant must not be varied. 

J J J J 
The parameters y and z w i l l  again be i r re le -  

The restrictions on the misotropic temperature factor coefficients may be 
hamU.ed in  a afmilar way. 
t h a t  pS2 = pZ3 = 43~3. Taking and @as as independent the required 
transformations are : 

For the atoms h~ the above example, Levy's rule show 

(2kR)j 0 

Again $22 ami f323 are %a~n.elevm$ and must not be varied. 
however3 after $he parameters have been adjusted t o  reset  822 = 

-pas. 
coefff@ien$s %e t o  be valid, 
settirig are given below, 

It is desirable, 
and 823 = 

This 5s n e e a s s q  if %he test  for positive definite temperature factor 
Specifications for the code patch t o  do t h i s  re- 
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Note tha t  there i s  no reason why a combination of the fixed parameter and 

special patch methods may not be used. 
could be fixed a t  l /3  while the patch handles the y = x rest r ic t ion,  
t h a t  it may be possible t o  choose a coordinate system which simplifies the re- 
s t r ic t ions on the parameters. 
Correcting the number of a tms ,  
equivalent positions as specified by the symmetry cards. 
ber of times an a%om is  included is  equal to the number of symmetry cards (or 
t h e  number of wer's symmetry routines) for  acentric structures and twice tha t  
number for  centrosymmetric structures, 
scribe the general positions then atoms i n  special positions may be put in  
correctly by scaling the i r  scattering factors by the appropriate integer. In 
the X-ray case t h i s  may be done when the fom factor tables are prepared, and 
in the neutron case the scattering factor i n t h e  parameter table i s  adjusted. 
When the symmetry cards are written for  the special positions direct ly  then no 
modification of the scattering factor is neeessapy. 
Specifications for  user's symmetry routines 

In the above example the z parameters 
Note also 

The program as written always sums over a l l  t h e  
Thus the effective num- 

If the symmetry card$ (or  routines) de- 

1. 

2. 

3. 

4. 

5. 
6.  

7. 

8. 

9. 
10. 

ll. 
12, 

Entry a t  XD1, 
f i e s  aasyrnmetry r~utfiae supplied by us8rop. 
Write p routines where p i s  the number of equivalent positions for  acentric 
emputation or one half  t h i s  number for  centrosymmetric camputation. 
The program transfers t o  XDI p times for  each reflection and t h e  mer must 
m a n g e  t o  enter each of h i s  routines once per refleetion, 
Index 4 contains ps pel9  p-2 e *. 1 on the first arad subsequent entries 
The indices (floating point) of the refleetion are found a t  MI-, M2, and M3 
(see program l i s t i ng  for  addresses ) . 
The Qth routine must store t d j p  h i P  kj, and 1; (floating point) a t  Tl2-Tl5.  
If anisotropic terfperature faytors are t o  be used the routine must also 
store (h2),, (%e), .... ( 2 k a ) j  (floating point) at  ~ 1 6 - ~ 1 .  
OR XLS2 does ~ o t  destroy the tran8formed indicae so t h a t  aubsequent entries 
may make m e  of t h e  values previously obtained. 
Index 2 is available. 
s tored. 

OR XLS2 automatically transfers t o  XD1 i f  sense card speci- 

For t h i s  purpose 

If indices 1 or  4 are used they must be saved and re- 

Return tQ XE. 
Set the address in  T5 t o  t h a t  of the last location used by the symmetry rou- 
t ines  or other additions to the code. 
Assemble routines an& inser t  in  the binary deck between OR XLSD and OR XLSE. 
On the Sense Card specffyUlatuser's symmetry routines are t o  be used. 
The following example i l lus t ra tes  the symmetry routines for  space group 63$ 

using symmetric temperature factors. 
lated above. 

The required transformations have been tabu- 

. 
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' I  

I 

D 

E 

F 

. 

EXAMPI3 QF USERS SYMMETRY -s 
( F i l l  in address) 
THlRD LAST ADIW3SS USED 

A 
B 
C 
D 
E 
F 
TJ 

A, 4 .lmTBY 

13, 2 
H + 3 , 2  
HJ + 3 9  2 

H 
K 
K J  
L 
IJ 
XE 
KJ 
HJ 
H 
K J  
L 
u 
THIRD 
TJ 
XE 
K 
K J  
L 
u 
XE 
HJ 
K J  
K 
H3 
L 
LJ 
TJ 
TJ 
TJ 
XE 
K 
HJ 
H 
K J  
L 
LJ 
XE 
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a 

TEIRD 
H 
K 
L 
TJ  
HJ 
KJ 
LJ 
13 
ZCE 

0.333333 

( F i l l  in 
addresses ) 

0 

Specifications fo r  patch t o  handle special positions. 
10 

2. 

3. 

4. 

50 

60 
7. 
8. 

9. 
10 0 

Insert a transfer at  XI. 
Patch is probably located somewhere af%er T5 a t  end of program, 
significance i f  general symmetry routine is  used. 
The program reaches XI v times for  each of thevvalues of j, 
number of atoms i n  the asymmetric unit and p is the number of symmetry cards, 
A t  each of the Y entries for a given j index 4 contains i = v9 V - I, u - 2, 
Befor? reaching X I  with a new j value the transformed indices tjo h i ,  k;' 
and have been stored i n  locations Tl2-Tl5 by the generalized symmetry 
routine i n  accordance with the symmetry cards, 
factors are specified then the products of these transformed indices, (h')2, 
(kj)29 o o O O  2(hj)(Rj),  and 2(kg)(&:), have been stored i n  locations ~16-&1~ 
The patch must modi@ these transformed indices according t o  t h e  res t r ic t ions 
placed on t h e  parameters by having atams i n  special positions. Note that on 
subsequent entries for  a given 3 value t h e  transformed indices have not been 
changed but are as they were at  the  previous exit from the patch. Only when 

XD1 has no 

Bere u is t h e  

0 0 0 02,l. 

If anisotropic temperature 

the value of 3 changes is the generalized symmetry 
t h i s  t h e  t h e  transformed indices and products are 
next symmetry card. 
If any index registers are used they must be saved 
Return t o  X I  + 1, 
Set the address i n  T5 t o  that of the last location 
other additions. 

routine re-enteredo A t  
reset  according t o  the 

and restoredo 

used by the  patch or  any 

Assemble the patch and inser t  i n  t h e  b3nary deck between OR XLSD and OR XLSE.  
OB the sense card srpeciFy t h a t  t h e  generalized symmetry routine is t o  be used 
(unless user*s routines have also been written) , 
The following example i l lus t ra tes  the use of t he  patch f o r  a hypothetical 

structure with one kind of atom in  the general positions of C322 and two  more 
kinds of atoms i n  the special positions w i t h  y = x and z = l/3 mentioned above. 
The atoms i n  general posltfons w i l l  be l i s t ed  first i n  the parameter table with 

the other two  following, We select  x as the independent variable for the atoms 
i n  special positions a& fix their z parameters a t  l/3. 
feet  on the transformed indices has been discussed above. 

For these atoms t h e  ef- 

. 
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T5 
A 

SYMMETRY PATCH F$R SPECIAL P#SITI$NS 
( F i l l  in  address) 
A, 4, 2 
( F i l l  in  address) 
B LAST ADDRESS USED 
X I  + 1, 4, 1 
H J  
KJ 
HJ 
K J  
HBJ 
KKJ 
HHJ 
KKJ 
2HU 
2Ku 
2HLJ 
2Ku 
X I  + 1 

I@ N@T TRANSFER QN FIRST AT$M 

RETURN F$R THIRD A@M 

T13 
T l 4  

( F i l l  i n  ~ 1 6  
addresses ) T17 

-0 
-1 

0 

Specifications for patch t o  reset  relationships between parameters. 
1, A t  XWP insert  transfer t o  reset  position coordinates, Such resett ing serves 

no essential  purpose in the program as now written. 
2. A t  XWQ insert  transfer t o  reset  anisotropic temperature factor coefficients. 

If symmetric temperature factors are used t h i s  transfer w i l l  automatically 
be bypas sed. 
Star t  these patches a% end of program a f t e r  T5 i n  locations which do not 
interfere with other patches, 
On first entry t o  either patch index 1 contains v, the number of atoms in  the 
asymmetric unit. On. subsequent entries it contains v - 1, v - 2, .... 2,1, 
Index 2 contains the complemented address of the form factor or form factor 
indicator for  each atam so tha t  the parameters of the atom under considera- 
t ion are found as follows: 

3 .  

be.  

Parameter Address and t q  
x i  1?2 

Y i  292 
2% 3,2 

B l l i  432 . . . 
8131 
8231 Page 25



UNCLASSIFIED 
ORNL-LR-DWG. 37159 

General symmetry 
rout ine to  store 
t ransformed 
indices.  

,z + j ( Index 4 1 .  
Clear area In i t ia l i ze  code 
used fo r  sums. word address for 

general symmetry 

v+ i ( I ndex  4). 

and derivative 
addresses. 

Compute products + lni t ia  I ize parameter + of t ransformed 
ind ices.  

- 

XD 

Save i ( Index 4). 
Compute cos;j,.sinq, 

I funct ions as needed. 
expU, and various + @ I  

I XE 

1 

Pick up  1 (lndex4). Pick up j (Index 4). 
TNX r - - 4  - i  - > J - d  + I  

~ ~ ~ _ _ _  ~ 

User's symmetry 
routine to store 
t ra ns formed indices 
and index products. 

I 1 I 

User insert patch 
here to handle 
atoms in special 
posit ions. 

p is  number of  equivalent positions 
(or ha l f  tha t  number). 

v is number of atoms in asymmetric unit. 

SECTION - OF OR XLS2 RELEVANT TO - SYMMETRY CONSIDERATIONS 

I I b . e . Page 26
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5. 

6. 
7, 

8. 

Write the patch t o  reset  the relationships between the parameters of atoms 
in  special positions. Index 4 is  free. 
Return t o  XW + 1 and XWQ + 1 af te r  each patch. 
Set the address i n  T5 t o  tha t  of last location used by any patch or  symmetry 
routine 
Assemble patches and insert, i n  the binary deck between OR XLSD and OR XLSE. 
The following is  an example of the patches which would be used with the 

Parameters are  i n  floating point. 

structure of t h e  previoue example. 
parameters are printed but before t h e  t e s t  for  positive definite temperatwe 
factors is made. 

Note tha t  t h i s  resett ing is  clone a f t e r  the 

XWP 

XWQ 

T5 

c 

D 

E 

PAWH !I$ RESET PARAMETERS 
( F i l l  Pn address) 

( F i l l  i n  address) 

( F i l l  in  address) 
E 
( F i l l  i n  address) 

c, 1, 2 

D, 1, 2 

1, 2 
2, 2 
X W + 1  
4, 2 
5 3  2 
8, 2 
9, 2 
XWQ + 1 
0 

PROCEDURE WREN SINGULAR MA'IRIX IS FDUM) 

The programmed stop in W of OR XLS4 indicates tha t  the m a t r i x  of t h e  
normal equa&iorna Ee: singular, This means t h a t  t h e  program is attempting t o  
adgust more parameters than are uniquely determined by the observations. Same 
of %ha ways -in which t h i s  can occur W i l l  be l is ted:  
1. 
2. 

3 .  

4, 

5. 

Emor i n  preparing parameter selection cards. 
Attempting t o  vary more parameters than there are observations. An error  
in %he weighting scheme 
Attempting to vary sane undetermined parameter (e.@;., a z coordinate when 
hk0 data alone is used) e 

Attempting t o  vary a parameter which should be fixed because an atom is  fn 

A.$tmp$fnag to vary redundant parameters (e.g., vaqhg  the overall tempera- 
% w e  i ae t s r  when a21 individual a t a  temperature factors are also varied, or 
varying the coordAnates of" a l l  atoms when the origin is not fixed by the 

rejection t e s t  could cause t h i s  difficulty,  

et Sp&?Cfal IpQSifGfOIle 

eymms%Py 3 0 
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6 ,  Attempting t o  vary parameters which are redundant because of overlapping 
atoms when data is fo r  a pro3action. (Unless t h e  overlap is  exact this 
would be expected t o  produce very large parameter changes rather than a 
s inguhr i ty  stop * ) 

Operating p rocedure when matrix is singular, 
1. 
2, Get off machine. 

3. 
4. L i s t  tape 3. 

Take octal  dump of l a s t  300 word63 of core 

Hold tapes 4 euld 5. 

storage . 

5.  

Locating t h e  trouble 

Aee r  locating trouble get back on t h e  machine using operating procedures 
B, C, D> or E, 

The matrix as taken fpm a core dump a t  t h i s  point has been par t ia l ly  in- 
verted. 
OR XLSN (see page 38) .  
in  t h e  dump a t  t h e  location specified i n  KI.2. 
probably means t h a t  the corresponding derivative was zero for a l l  t h e  observations. 
Th i s  could occur f O r  reasons lp 3j or  4 l i s t ed  above. 
t h i s  could mean an error i n  the weighting scheme or  re3eetion tes t .  

specified in  K15. 
selectisn card, and each binary d ig i t  of the former corresponds t o  one card 
cslumn e 

The original matrix may be taken fra tape 5 if desired by means of 
However the vector of the noma1 equations is available 

A zero element i n  t h i s  vector very 

If a l l  elements are zero 

The parameter selection mrds e m  also be found in  the dump a t  a location 
There are two parameter selection words for  each parameter 

DAW IaRWESSING AND WEIGHT CAEULATION WIW OR X I S 1  

If t h e  user wishes to campute estimated standard errors according t o  some 
formula or  t o  perfom on each refleetion other preliminary data reduction opera- 
tions such as scalings taking 8 square root, ete., he may do so by writing a 
section of eode according t 0  the following specifications. 
the symbols used in  XLSl are reused with different meansing in  Ms2. 
grarnmar should be careful t o  refer %o addresses obtained from the l i s t i n g  of 
XLSlO 

1. S t a r t  code a t  XH, 
2. 

3. 

Note tha t  some of 
The pro- 

Availabbe space includes 6b locations a t  XI with  additional space at  the 
end o f  the memory if" required, 
The following data is aarafPable in binary floating point: 
a. Cell data a t  D2-D7. 

. 

. 
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bo  

c o  (sin @/a)* a t  M7. 
d. 

TQ flmctioa? as a weight calculator the code must store the standard error 
(?.at the weight) of F or  3 a t  M 5 ,  
for (I 0 ( w =  0 if CJ = 0 ) .  

Data from observation card a t  M L M 5  (unchanged) 

Any desired floating point data typed i n  columns 55-63 and 64-71 of 
each obsemakion card are found at  T l 3  and Tlk,  respectively, 

4. 
The program l a t e r  computes = l / u  

5. Exit t o  XJ. 
6. Code should be assembled on absolute binary cards and inserted betwean 

OR X L S  and OR XLSB. 

REJECTING OBSERVATIONS BY MENVS OF A REnPEeTION TEST 

e 

If it is desired to mft f"rm the least squares treatment observations 
which fail to se-sisfy some criterion (e,g., reflections with F(ca1e) much 
smaller than  F(obs)) the user may write a regection t e s t  according t o  t h e  

specifications given below. 
wi th  a single asterisk ("1 in the structure factor output. 
t h i s  test %s to cause t h e  reflection t o  be ignored when the noma1 equations 
are set  up. 
re ineluded 
Specifications for redection test 

Refleetione reJeeted by t h i s  t e s t  w i l l  be marked 
The only effect of 

If the reflection passes the test i n  subsequent cycles it w i l l  be 

1, 

2. 

3. 
4. 

5. 
6. 

Star% reJection test at 
space is neeiled use the area folloKfig T5 and change the address in  T5 
ace0ra-u. 
Data available for  each observation includes the information in  locations 
M l - M l 3 ,  part of whfeh f a  the input d a t a a d p a r t  of which has Just been com- 
p%ed. 
and sF(ea1e) or  F ( o b s )  and s2p(ea l c ) ,  whichever is being used. 
tains the redection indicator from the previous cycle, if any. 
A l l  f,ndt?x registers are available t o  the programmer. 
1% t h e  refbection f e  ts be accepted (f.e., included in  set t ing up t h e  
~ E B H I I P L ~  equathns)  store a If the reflection i s  t o  be re- 
3ected dmre something other than zero a t  Mbbe. 

R e t m  to XAxXlJ 
The %@st should be assembled on absolu%e binary cards and inserted between 
OR XLSD and OR XLSE, 

There are 66 locations available. If more 

b the listing of these locations "OBS" and ''CALCpP refer t o  F(obs) 
M l 4  con- 

zero a t  Mlh. 
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UTILITY ROUTINES 

. 

OR XLSl-5 include several routines which may be of interest  t o  t h  

A few of them ~511 be described here, 
user. 

R a e  Card programmer transfer. This  routine reads the gL word fpm a card 
and transfers t o  tha t  wordo 
transfer cards are used to direct the c ~ ~ r s e  of the program, 
which gL is copied is  RCD-1 so %hat a sequence of non-transfer ins$m@tioms may 
be performed frm a sequence of cards, 
are coded t o  HTR RCD, 

This gL Word may be a transfer order, and such 
The location t o  

Most of the programmed stops i n  OR X G l - 5  

I X D .  Load self-loading cards. This  routine clears the  index registers and 

sfmulates the ftmctioru of the load card button on the console. 
DUMP is an octal  and floating decimal off-l ine dump of the temporaries of 

OR XLS1-2. 

OR MSM are available, and these may be inserted i n  the deck a t  points where they 
w i l l  be read by t h e  RCD routine, i.e., fmmediate2.y preeeeding mother such trans- 
fer  card. After the dump is mmpleted control is returned t o  the RCD routine, 
Wd the next transfer c u d  is  read so t h a t  the program proceeds wfthout stops. 
Sme of t h e  positions where OR XLSM may be inserted i n  the card decks are given 
i n  the sec%ion on operating procedure (pages 33-38). 
XLS3-5 are fn the memory cause the program t o  return t o  RCD and read the next 
card without. dumping. 

It is not available fo r  use with OR XLS3-5. Transfer cards labeled 

Attempting t o  dump when OR 

The i n i t i a l  and f ina l  ad&reases t o  be dumped are fixed by the program, but 
they can be changed by means of binary correction  card^, 

DATA DECKS 

Data deck 1, 
1, Tit le  
2. Reciprocal eel1 data. 
3. Form factor tabbas unless problem is a neutron diffraction oneo 
4, RefLeetion data unless t h i s  is  on X D  taps, 

%eaPminated ei ther  by a blan% field (but, Mth 
of f i l a  (fee. 

Input for  the preliminary processing segment, OR XLSl. 

In  e i ther  ease t h i s  data is 
in column 72) 01” an end 

an empty hopper i n  c a d  reader) e 

- .  
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. .  

Data deck 2, Input for  OR XI82 when data is not i n  memory. 
l e  Tit le 
2, Sense card 

3- 
4. Reciprocal- c e l l  data 
5 .  Trial parameters 
60 Key card and parameter selection cards i f  least squares refinement is being 

made 
Data deck 3 .  

Symmetry cards i f  general symmetry routine is  used 

Input for  OR XLS2 when some of the  data is already in  the memory 
from previous cycles. 

1. Ti t le  
2, 

3. 

Sense card. 
t h a t  sense indicator t o  keep i ts  value from the previous cycle. 
Symmetry cards if  general symmetry routine is used 

Any individual. sense card f i e l d  which is l e f t  blank w i l l  cause 

'# 

"4. Reciprocal c e l l  data 
"5.  Trial parameters 
"6,  Key card and pmameter selection cards i f  least squares refinement i s  being 

made 
?Note: If t h e  data from the previous cycle is t o  remain unchanged each of 

these p u p s  of data cards may be replaced by one card which is 
blank except for t h e  correct identification in column 72. CAUTION: 
Changing t h e  number of scale factors changes the memory location sP 
the parameters and of the symmetry data so t h a t  these cards must bo! 
supplied i n  t h i s  case. 

DETAILS OF DATA INPUT 

A l l  input data a c q t  the parameter selection cards are converted by means 
of' GL laqB t o  fixed pain% integers or floating point numbers with the fonn of 
eoaav@~eion defined by t h e  program, 
punched is specified below. 
indicated by the following, paragraphs from the GL F m  write-up: 
Fixed point integers 

The f i e l d  in which each entry is t o  be 

The format in which a number should be punched is 

The. routine examines the characters i n  t h e  field, working from left t o  r igh tg  
and discards all characters u n t i l  a d ig i t  o r  a minus sign is encountered. 
defines $he beginnfag of the number and the next non-digit character (or t h e  end. 
of %he field.) defines the end of the number. 
precede $he number; plus signs may be omitted. 

This 

Thus m i n u s  signs should immediately 
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Floating point numbers 
Working from lert t o  right t h e  first minus sign, decimal point, or dig i t  

encountered defines t h e  beginning of the mantissa; the next non-digit (other 
than a point) defines the end of the mantissa. The routines then proceed t o  
examine the res t  of the field for  an earponsnt i n  the manner described under 
the integer operation. 
sumes an exponent of zero. 
mantissa and exponent; plus signs may be omitted, 

If no exponent appears in the field,  t h e  routine as- 
Thus minus signa should immediately precede both 

Exazmles 

Fixed Point lntiegsrs Floating Point Numbers 
Card identification 

Each data card except for the parameter selection cards has an identifying 
l e t t e r  punched i n  column 72. 
before any of the data is converted, An incorrect l e t t e r  causes a stop which 
is monitored 091 the printer. If t h e  error is located it is only necessary t o  
put the deck back i n  t h e  reader s tar t ing with the corrected data card. Pushing 
START caud3res t h e  program t o  transfer back t o  the read order on which it stopped. 

t e s t  can be bypassed by tupning on sense switch 6 .  
t o  put back in  the reader t h e  card on which the stop occurred and to START. 
Subsequent t e s t s  will be bypassed as long as sense sslrftch 6 is  l e f t  on. 
Ti t le  card 

As each data card is read t h i s  l e t t e r  is checked 

If it is the identification l e t t e r  and not the card which is in  error  the 
It will then be necessary 

The first card in each data deck. 
C 0 l . S  

1-71 The Hollerith infomation from these 71  columns is used 
unchanged as a heading for  the output. 

72 The identifying l e t t e r  T, 
Example : 

/20/59 EEDROGEN PEROXIDE, C Y C U  1 

. 
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. 

Reciprocal c e l l  data car$ 
One card included in  each of data decks 1 and 2, 
COlUmnS 

1-9 Integer nf, t h e  number QP different X-ray fom factor tables 
t o  be used. 
is relevant only i n  data deck 1. 
columns 19-21 of the  sense card (sea below) 
Floating p o h t  a*, t h e  reciprocal lattice colmatmt define& 80 
t h a t  sea* = 1 (not sea* = X ) ,  

For neutron diffraction m a k e  nf = (9. This field 
It must be the same as 

10-18 

19-27 Floating point b*, 

28-36 Floating point e". 

37-45 Floating point cos a*. 
46-54 Floating point cos 13". 

55-63 Floating point cos 7%. 

6 P - a  W r p )  

72 The i den t i e ing  letter C. 
Example : 

F~pm factor tables for  X-ray problems 
Each table consists of fm ear& and t h e  program rea& nf such tables 

No fsim where nf is given in eolmne 1-9 of &he reciprocal eel1 data card. 
factor tables are used for neutron problems. 
frm 0.00 $0 1.55 in intervals of 0,05 are l is ted in rev@rse order, 
of" the form factor for sin B/X out of r a g a  of the problem may be inserted as 

zeros. 

The 32 form factors for s i n  @$X 
Values 

Card e o 1 m s  
1 1-9 Floating point form factor for a h  e/X = 1.55 

10-18 Floating p o h t  PQI-III factor for s in  e l x  = 1.50 

19-27 F P ~ a t b g  point form factor s i n  O / L  = 1.45 
28-36 li"lsatag point f ~ m  factor for s in  O/X = 1,40 

37-45 F I O ~ ~ ~ I I ~  point form factor for  sin e,/?. = 1.35 
46-54 Floating point form factor for sin OIL = 1.50 
55-63 Floating point form faetsr for sin 8/x = 1.25 
64-71 Floating point form factor for s a  6 / ~  = 1-20, 

t h a t  t h i s  f ield is one @elm narrower than $he others 1 
(Note 
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72 The identif'ying l e t t e r  F, 
e 0 

. e 

D . 
. 
-a e 0 

B.1. 55-63 
65-71 

~ l o a t i n g  paint form factor for sin ~ B x  = 0,05 

Floating point form faedmr for  sin e l x  = 0,OO 

72 The identifying l e t t e r  F. 
Example : 

Reflection data cards 
h e  card for each refBeeLiOn Observed OP ~ O P  each stmcture  factor to be e m -  

puted. The card$ may 

be included in data deck 1) ~r they may be eqfed  onto X D  tape before loading. 
In either erne t h i s  set  of data ie temfnated either by a ear& blank except for  
an R in @ o B m  72 E by an end of file ($.e, 

These reflections may be put in  i n  any desired sequence. 

an empty hopper in the card reader) 
Columns 
1-9 
l0-18 

19-27 
28-36 

37-45 

FloaSfng point index h, 

Floating poJLHn$ index k. 
Floating point iadex 4, 
Floating point observed values of IF1 or  whichever is being 
refined. FOP structure factor calculations t h i s  f ield need not 
be pmched. b If it is omitted then a 2 should be punched on the 
sense card (see below) in  eolumns 16-18 t0 indicate t h a t  t h i s  
field is t o  be %@oP~&. 
Floatfang point u, %he etandard error OP IF1 or  p 9  whichever is 
being refined. 

program has been added by the user then an error need not be 
pmehed, 
eulstfsne, 

%em% sqwres weight of a reflection wfll be 
w = 1 g 2  for Q j/ 0 go, w = 0 for CY = 0) 0 If an error emputfng 

Nor need an emor be punched for 8.$meture factor eal- 

. 
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. 

Column 
46-54 

55-63 

64-71 

72 
Example : 

Integer q where q = 1, 2, 3 e (I .P a d  s is t h e  scale factor t o  

blank t h e  program will make Q the same as for  t h e  previous re- 
flection, 'This f f s l d  must not be blank on the first reflection 
card read.. 

Floating pcsin% extra inpu% 1, Any data punched fn this field 
WfU be stored a% Tl3 for  use by an emor calculating or data 
pmcessfng r~utfne written by t h e  u%%er0 
Floating point extra input 2 ,  Any data punched in  t h i s  field 
will be etored at 214 for the purpose deaseribed above, 

be used in computing this reflection, 9 f t h i s  f i e ld  is  lef% 

The 3.dBIti-g letter R o  

Sexlee card 

Directly after reading this card the progmm prints on-linae a summary of t h e  eon- 
trol %a%stmc%ions which serves as an immediate check mad which may be saved for  
reference 0 

One such eont~sl card is read act %he beginning of" each cycle of" l ea s t  squares. 

COlumakS 

1-3 In$egsr 1, 2, 3, or  4, the mode number: 
Clmpu-ka fixed, a%cm eon%ribu%A.ons, 
Csmpzn%s s%mcWe faefsre sqF o r  (sSp) * ,  
Csrr%vera$iom& beast squares 
h a s t  squares cycle using derivat ivSmd inverse ma%r%x *am 
previous mode 3 cycle, 
%mperatwe factor and $he pa~ameter selec%ion cards must be 
$he! senme as thoss of $he? prsviou mode 3 cycle, 
of mode 4 cycles may f o l l ~ w  one mode 3 eyebe. 

When t h i s  mode is used t h e  kind of 

Any laumber 
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Columns 

10-12 

13-15 

16-18 

19-21 

22-24 
25-27 

28-30 

31-33 

34-36 

72 
BEample : 

(3 )  Star t  with symmetric temperature factors and convert t o  
anisotropic form before refining. 
may be left from the previous cycle or they may be read from 
the parameter eapds. 
made up on the basis of six anisotmpic coefficients per atom. 

The symmetric coefficients 

The parameter selection cards should be 

Integer 1, 2, or 3) t h e  extent of E D  structure factor output de- 
s ired: 
(1) L i s t  r e s f i t s  for  a U  reflections. 
(2 )  L i s t  results only for reflections a i c h  f a i l  redaction test 

(supplied by user) o r  for which (obs-calc)/(emor) > 2. 
(3) NO structure factor output. 
Integer 1 or  2, but t h i s  f i e ld  is irrelevant except fn mode 2: 
(1) Binary output tape i s  t o  be written. 
(2)  Ho binary output tape t o  be written. 
Integer 1 or  2, but t h i s  f i e l d  is irrelevant except i n  mode 2: 
(1) F(obs) or  p ( o b s )  has been punched on reflection cards and 

(2) F(obs) or  &(obs) is t o  be ignored i f  punched and no R 

Integer nfs the number of kinds of X-ray form factors. 
be zero for neutron diffraction, and nf must be the same as tha t  
punched i n  columns 1-9 of the reciprocal c e l l  data card, data deck 
1. 
Integer ug the number of a t m s  i n  the a s m e t r i c  unit. 
Integer 1 o r  2, the kind of symmetry:: 
(1) Centrosymmetric w i t h  origin a t  symmetry center. 
(2 )  Acentric. 
Integer p9 the number of symmetrically equivalent positions for 
acentric computations or half tha t  number for  centrosymmetric 
cmputa%fons. Th i s  is t he  number s% symmetry cards or  user*s 
symmetry rou%fnes. 
Integer 1 o r  2, choice of symmetry routines: 
(1) Use the general symmetry routine which is  bu i l t  into program 

Integer 1 should 

is  t o  be put out with the computed structure factors and 
used t o  com uta the R factors. 

factors are t o  be computed, 
This m u s t  

and define symmetry with p symmetry cards. 
be specified even if  code patches are written t o  handle special 
positions. 

applied. No symmetry cards are t o  be read, 
(2 )  Qmly the yi symmetry routines supplied by t h e  user are t o  be 

Integer r) the number of scale factors. This must be a t  least one. 
There is no ham in  including more scale factors than are actually 
used provided that  no attempt is made t o  adjust the irrelevant ones. 
The identifying l e t t e r  S. 
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Y 

Symmetry cards 
When the generalsymmetry routine is t o  be used p symmetry cards are in- 

cluded in data deck 2. 
coordinates. 
For centrosymmetric structures p is half th i s  number wi th  pairs of positions 
related by a center being ineluded only once, 

dsults (a) if" a l l  a tam are i n  general positions, or (b) i f  dl. atoms am i n  %he 
same kind of special positions and only symmetric teqerature factors are used. 
In a l l o t h e r  cwes consult the section on Synrmetry Considerations for  the cor- 
reet  procedure. 

Each card describes one transformation of the atamic 
For acentric struetuPes p is t h e  number of equivalent positions. 

CAUTION: The general symmetry routine can be assumed t o  give corneet re- 

column 
1-15 
1-11 
I 2  

13 
14 

15 

16-30 
a6 -26 

41-45 
51-41 
42-45 
72 

27-30 

The expression for  the transformed coordinate x 1  as follows: 
Floating point trmslationa1pax-t of x' or blank. 
Hollerith -$ +9 or  blank. 
in column 13.  lank ma + are equivalent. 

Hollerith - 9  +o or blank. 
i n  column 15. 
Hollerith X, Y9 Z3 OF blank, Note t h a t  c 0 1 . s  12 and 13 are 
exactly equivalent; to lab and 15. !Thus t h e  transformation x1 = 
182 - x may be punched 

The sign associated with t h e  symbol 

H O l h P i t h  X j  913 2, OP b h & e  

The sign waociaked wi th  t h e  symbol 
Bla?;LPr and + are equivalent, 

N ~ t e  that the expression x*  = 2x must 'be treated as x' = x + x. 
The expression for  t h e  traaasfomed coordinate y' as follows: 
Floa-bing point translaticma1 past; of yp or blank, 

H o l l e r i t h  sign, symbol, ssfp, symbol 863 described above. 
The expressZ:ion for the traazasfomed coordinate 2' 8s f o l l s w ~ :  
Floating poin't t rms la t iona l  part of 2' QP blank. 

H ~ U e r S t h  8 % ~ ~  symbol, sign, symbol as described above, 
The identifying Letter M, 
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Tria;l parameter cards 

and v atom parameter cards where u and r are punched on the sense card (see 
above). 

These include r scale factor cards, one overall temperature factor card, 

These cards will be described separately. 
Scale factor cards 

Cards are read i n  t h e  order sl, s2, .... s .... sr where q is the scale 
q 

factor identification punched i n  columns 46-54 of the  reflection data cards. 
Note t h a t  sq multiplies the calculated F, not the observed F. 

Column 
1-9 Floating point scale factor, sq. 
72 The identifying l e t t e r  P. 

Overall temperature factor card 
Column 

1-9 Floating point To, the coefficient for  the overall temperature 
factor -(-To sin28/X2). 
Do not leave blank. 

72 The identifying l e t t e r  P. 

To may be zero or  any positive number. 

Atom parameter cards 
One card for  each atom in the asymmetric unit. 
Column 

1-7 For X-ray problems (nf f 0)  t h i s  is an integer fram one to nf 
which identifies the  form factor t o  be used. Tht? form factors 
are numbered in  the order in which the  form factor tables were 
read from data deck 1. 
For neutron problems (nf = 0) t h i s  is  the floating point neutron 
scattering factor i t s e l f .  

8-14 Floating point coordinate xi .  
15 -21 Floating point coordinate yi. 
22-28 Floating point coordinate z i .  
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For symmetric temperature factors (or for symmetric converted to aniso- 

tropic before refining) : 
Columns 

29-35 Floating point Ti, the coefficient for the individual atoms 
isotropic temperature factor exp( -Tisin2e/X2) 
or any positive number. 

Ti may be zero 

36-70 Irrelevant. 

72 The identifying letter P, 
FOP anisotmpic temperature factors: 
Columns 

29-35 Floating point Pnli9 a coefficient in the expression for the 
anisotropic temperature factor 

e m  [.(Pllhe + 
36-42 Floating point 

43-49 Floating point 

50-56 Floating point 

64-70 Floating point 
57-63 F l ~ a % b g  P0kD.t 

822 
833 

Brie. 
813 e 

823 0 

-1 

a2 The identifying letter P. 
Example: The parameter cards for an X-ray problem with two 

three atmm in %he asymmetric unito and symmetric 
fae$ors might be as follows: 

scale factors, 
temperature 

Key card 
One card included in data deck 2 fop least squares (modes 3 or 4), This 

card is not used in the ealeuktion of fhsd atm contributions or structure 
factors (modes P or 21, 

Page 39



-32- 

Columns 
1-6 

7-12 
72 

Example : 

Integer n, the number of parameters t o  be adjusted. This  is 
equal t o  t h e  number of ones punched on the parameter selection 
cards. This number must be greater than zero and must not ex- 
ceed the l i m i t  s e t  by the memory capacity (see page 4 ) .  
Integer, the number of parameter selection cards which follow. 
The identif'ying l e t t e r  KO 

57 2 K 

Parameter selection cards 
These cards follow the key card (see above) and the number of parameter 

selection cards must be the integer punched i n  columns 7-12 of t h a t  card. Their 
purpose is t o  specify t h e  parameters which are t o  be adJusted by leas t  squares. 

Consider t h e  ent i re  l i s t  of parameters including the r scale factors, the 
overall temperature factor coefficient, and the individual atom parameters t o  
be arraaged i n  tha t  order. 
atom including the form factor, the three coordinates, and the one or s ix  tem- 
perature factor coefficients (depending on whether symmetric o r  anisotropic 
temperature factors are being used). Each column of a parameter selection card 
corresponds t o  one parameter, the first scale factor t o  column one, the next t o  
column two, e teo ,  for  the first 72 parameters, If there are more than 72 param- 
eters the association is continued on t h e  next card, parameter 73 corresponding 
t o  column one, etc. 

There are either five or ten atom parameters per 

If a parameter is  t o  be varied a one is punched i n  the corresponding column, 
otherwise a zero or blank i s  punched. 
ignored by the program,) 

(Actually, all rows but the 1 row are 

There is no identifying l e t t e r  t o  be punched in  column 72. 
Note that  i n  both the X-ray and neutron case the scattering factor is con- 

sidered t o  be a parameter. The neutron scattering factor may be adjusted by 
leas t  squares, but varying an X-ray scattering factor must not be attempted. 
Examples: Cmsider an X-ray problem with three scale factors, two  atoms in  the 

asymmetric unit, and symmetric temperature factors. Only bk0 zone 
d a t a m e t o  be used and only the first scale factor w i l l  be adjusted,, 
The parameter l i s t  and corresponding parameter selection card is: 
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If the same problem were s e t  up f ~ r  anisotropic temperature factors the  
parameter list and %he corresponding parmeter selection card might be: 

* 
1nsePd;ing OR XLSM immediately p r e e e a a  a deck marked with  an asterisk will 
cause the pPQgrrun t o  put out via tape unit 3 an octal, and floating decimal 
sB.lrmp of t h e  temporaries frm the preceeding calcuhkion. 
fere with the computation %a. any my. 

This b e s  not inter- 

A, Data processing ~ o U Q W  by leas t  squares or by structure factor calmla-  
tfQI2 

Card deck 
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5. 

6 .  

7. 

8. 
9. 

10. 

11. 

12. 

13 * 
14 
15 

Sense switch 3: Off for on-line output of F or  F2, 
On t o  suppress t h i s  on-line output, 
E f f - l i n e  output i s  unaffected by t h i s  setting.) 
Off for  on-line output of parameters, 
On t o  suppress t h i s  on-line output. 
E f f - l i n e  output is unaffected by t h i s  setting.) 

& t o  byyass data identification cheek. 

Sense switch 4: 

Sense switch 6: off normally, 

Ready printer wi th  SHARE I1 board, 
Clear and load cards. 
Observations are now on logical tape 5. 
Switch the tape uni t  that  was 5 t o  4, 
Star t  . 
Programmed stop a t  160,. 
derivatives, and programs are now on logical tape 5 and t h i s  may be 
used as t h e  sole tape input for  f'urther cycles. 
ca l  tape 4 i s  unchanged, 
To s t a r t  a new cycle switch tape uni t  tha t  was 5 t o  4, 
tape on uni t  5, 
Repeat step 12 for as many cycles as desired. 
L i s t  logical tape 3 .  Program control, Automatic overflow. 
Hold logical tape 5 t o  use as the input fo r  m t h e r  cycles. If for 
some reason the problem was stopped i n  mid-cycle it is desirable t o  
hold also logical tape 4. 
no binary output then logical tape 4 should be held i f  RzPther calcu- 
lations are t o  be made, 

Programmed stop at  1578, This  completes OR mlb 

Put a blank tape on uni t  5 ,  

This is the end of the cycle. Observations, 

Information on logi-  

hrt a blank 
Star t ,  Stops as i n  step 11 above. 

If structure factors were calculated with 

B. 

Card deck 

Least squares o r  structure factor calculation when output of OR XLSL is used 
as input. 

1. OR XLSK (red a t r ipe)  
2, 
3 .  Data deck 2 

OR X W ,  D, E (orange) 

For calculating only structure factors (mode 2) t h e  ear& after t h i s  
point are not needed. * 4. OR XtSF (yellow) 
If only one cycle is t o  be pu~l t h e  cards a f t e r  t h i s  point are not 
needed. 

5. OR XLSG (brown) 
6. Data deck 3 
7. OR XLSH (blue) 
80 

* 
FOP each additional cycle repeat decks; 5 ,  6 9  and 7. . 
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C .  

Card deck 

Least squares or structure factor calculation when the output of a previous 
Least squares cycle is used as t h e  input. 

1. OR X I S J  (green) 
2. Data deck 3 

For calculating only structure factors (mode 2) the cards a f t e r  t h i s  
point are not needed. 

3. OR XLSH (blue) 
4. OR XLSG (brown) 
5 .  Data deck 3 
6. OR XLSR (blue) 
7. 

* 

* 
For each additional cycle repeat decks 4, 5, and 60 

D. 

Card deck 

Least squares or  structure factor calculation when the output of a previoua 
structure factor o r  fixed atom contribution calculation is used as the input. 

1. OR XLSJ (green) 
2e Data deck 3 (except t h a t  new parameters w i l l  be needed if  input is from 

fixed atom contribution calculation) 
For calculating only structure factors (mode 2)  the cards a f te r  t h i s  
point are not needed. 

If only one cycle is t o  be run the cards af’ter t h i s  point are not 
needed . 

3 .  OR XLSF (yellow) * 

k c .  OR XLSG (brown) 
5. Data deck 3 
6 .  OR XLSR (blue) 
7. 

36 

FOP each additional cycle repeat decks 4, 5> and 6, 

1, Mount binary input tape on uni t  4. 
2, B l a n k  tapes on units 3 and 5. 
3. Sense switch 3; 

Operating Instmetiom for Cases B, C, or Do 

Orf for  on-line output of F or e, 
On t o  suppress t h i s  on-line output. 
E f f - l i n e  output is unaffected by t h i s  setting.) 

On t o  suppress t h i s  on-line output. 
Fff-line output is unaffected by t h i s  sett ing,)  

Onto  bypass data identlfication check. 

4, Sense switch 4: O f f  for  on-line output of pacrameters, - 

5. Sense swftch 6: O f f  normally, 

60 

- 
Ready printer wfth SHARE I1 board. 
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7. 
8. 

9. 

10. 

ll. 

12. 

Clear and load cards . 
Programmed s t q  a t  1608. This  is the end of the cycle, Observations, 
derivatives, and programs are now on logical tape 5 and th i s  may be 
used as the sole tape input for  further cycles. 
cal tape 4 i s  unchanged. 
To s t a r t  a new cycle switch tape uni t  tha t  writs 5 t o  bc .  
tape OA unit  5 .  
Repeat step 9 f o r  as many cycles a8 desired. 
L i s t  logical tape 3 .  Program control. Autmatie overflow. 
Hold logical tape 5 to w e  as the input for  further @yelee, If for 
some reason the problem was stopped in mid-cycle it is desirable t o  
hold also logical tape 4, 
no binary output then logical tape he should be held i f  M h e r  calcu- 
lations a m  t o  be made. 

Infomatian on logi- 

Put a blank 
Start .  Stops as in  step 8 above, 

If structure factors were calculated with 

E. To 
cause wrong parameters were varied. 

Card deck 

get back onto the machine when leas t  squares has given wong results be- 

1. OR XLSL (green stripe) 
2. 

3. OR XLSF (yellow) 
Key card and parameter selection car& * 
If" only one cycle is t o  be m the cards ad"&er t h i s  point are not 
needed. 

k .  OR XLSG (brown) 
5. Data deck 3 
6, OR XLSH (blue) 
7. For each aCiditional cycle repeat decks 5 ,  and 6. 

* 

Operatha Instmetions for Case E. 

1. 

2. 

3 .  Follow steps 3 to 32 of the Instmetions for  Cases% B, C, and D. 

Mount ou-bpu% frm faulty cycle on tape u n i t  5. 
Blanks on units 3 and 4, 
ceive a rewind order, 

Tape 4 is not written on, but it w i l l  re- 

F. 

Card deck 

Data processing fsl lomd by calculation of fixed atom contribution and then 
by least squares, 

1, OR XLSA, B (red) 
2. 

3. 
4. 

5. OR XLSG (bmwn) 

Data deck 1 ineluding form factor tables %or fixed and non-fixed atoms. 
OR mi%, D, E (orange) 
Data deck 2 wi th  parameters of only the fixed atoms and wi th  no key 
card or parameter selection Card. 

* 

* 
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60 Data deck 2 with parameters of only the  non-fixed atams. 
7. OR XLSF (yellow) 

If only one cycle i s  t o  be pun t h e  capds after t h i s  point are not 
needed. 

* 

8. OR XLSG (brown) 
9. Data deck 3 

10. OR XLSH (blue) 
11. 

* 
For each additional cycle repeat decks 8, 9, and 10. 

1. If tape input of reflection data is t o  be wed mount it on uni t  4. 
2. Blank tapes on units 3 and 5. 

h e r a t i n g  Instructions for  Case F. 

3 .  Sense switch 1: 

40 Sense switch 2: 

5. Sense switch 3: 

6. Sense switch 4: 

7. Sense switch 6:: 

- O f f  fo r  tape input, 
On - for card input. 
O f f  - i f  BCD output from XLSl is desired, 
On to  suppress t h i s  output. 
Off for  on-line output of F or  I!@, 
On t o  suppress thisl on-line output. 
E f f - l i n e  output is unaffected by t h i s  setting.) 
Off for  on-line output of parameters, 
On to  suppress t h i s  on-line output. 
E f f - l i n e  output is  unaffected by t h i s  sett ing,)  
O f f  - normally, 
Qg t o  bypass data identification check. 

8,  Heady pr inter  with SHARE I1 b o d .  
9. Clear and load cards, Programmed stop at 1578. This  cmpletes 

Observations are now on logical tape 5. OR XLSl. 
10. Swi%ch t h e  tape un i t  t h a t  was  5 t o  4. 

Start . Put a blank tape on uni t  5. 

11. Programmed stop a t  160~. Observations and fixed atom contributions 
are now on logical tape 5. Information on logical tape 4 is unchanged. 

12. Switch t h e  tape t h a t  was 5 t o  4. Put a blank tape on uni t  5* Start .  
13. Programmed stop a t  1608. This is t h e  end of the cycle. Observations, 

fixed atom contributions, derivatives, and programs are now on logical 
tape 5 and t h i s  may be used as the sole tape input for  further cycles. 
Information on logical tape 4 ib~ unchanged. 

14. To s t a r t  a new cycle switch tape uni t  tha t  was 5 t o  4. Put a blank 
tape on unit  5. Star t ,  

15. Repeat step 14 for  a8 many cycles as desired. 
Stops as in step 13 above. 

16. L i s t  logical tape 3 .  Program control. Automatic overflow. 
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17. HoM logical tape 5 t o  use as the input for  further cycles, If for  
some reason the problem was stopped i n  mid-cycle it is desirable t o  
hold also logical tape 4. 
no binary output then logical tape 4 should be held if f'urther calcu- 
lations are t o  be made. 

If structure factors were calculated wt th  

@. 
Card deck 

Output of matrix of normal equations or i t s  invepse. 

1. OR XLSM (orange s t r ipe ) .  (If tape 5 is the output of an ineamplete 
cycle, eo@;*, a f te r  a singular matrix is found, it will be necessary 
t o  inser t  a single absolute binary card immediately preceding the 
transfer card of OR XLSN, 
matrix, i n  binary into t h e  address part of location 13148. 

Th i s  card should load N, t h e  order of the  

Operating Instructions for Case G, 
1. Mount on uni t  5 the binary output tape from a leas t  squares cycle, 

mode 30 
can be put out. ) 

(If" the tape is  frm a mode 4 cycle only the inverse matrix 

2. 

3. 

4. Clear and load cards. Stops a t  -j428. 

5. If more than one matrix is to be put out repeat steps 1 t o  4 0  The 
program does not reset  i t s e l f .  

6 .  L i s t  tape 3 .  Program control, Automatic overflow. Hold tape 5 i f  
desired. It has not been written on. 

Blank tape on uni t  3 or t h i s  may be the same output tape used for  the 
leas t  squares cycle, 
Sense switch 5: 

It is not rewound before using. 
off for  direct  matrix of normal equations, 
On - f o r  inverse matrix. 

PRELIMINARY TIME ESTIMATES 

OR XLSl with card input o f  data, 
Time = (NO. o f  observations + 50) (7.2 x 10'~ minutes). 

OR XLS2 derivative caleuktfon wi th  off-line BCD output. 
Time = (No, of obwwvations)(Ns. of atoms in asymmetric unit) 

x (MO. of symmetry eariis)(l  for  centrosymmetric, 2 for  acentric) 
x (1 fo r  symmetric temp, fact,,  2 for anisotropic) (2.9 x IO** minutes ) a 

Time = (No. of obsema$ions)(Mo. of parameters v~ried)~(4.T x lom6 minutes). 

T h e  = (No. of parmeters v a ~ i e d ) ~ ( 3 . 6  x 

OR XLS3 sett ing up matrix, 

OR XLS4 inverting matrix, 
minutes). 
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INSTEWTIONS FOR ASSEMBLING 

Binary decks r s a w  for use are available so that it should not often be 
necaasa~y t o  assemble the program *an the symbolic capdsl, If such an assem- 
bly is  made ,  however, it will be necessary t o  add t o  t h e  resu1tfng binary 
ear& certain loaders, reloeatable kiubroutiners, tables, and transfer c a ~ d s  

which can be obtained from t h e  available binary decks, Referenee should be 

made to %he tabla of binary card decks supplied (pages 39 t o  k l j 0  
Assembly Qf OR XLS Wfng W3-7 produces O a y  the UtPnity pPQgrl3mSo 

Asambly O f  OR XLSl produces the P P S W ~  a d  O r i g f a  Cards; fpor the 
locatable subroutines DBD1, FLLE, SQRT3, and OUT3 in tha t  ~ P d e p ,  

sQtaT3, OW3, and SINBLP, and the lQader MU SBU with the eomaet shif'tfng 
bcrment 0 

Assembly of OR XIS2 producers the progreun, origin ear& for 138D1, l?m0 

Awmbly of OR XIS3 produces only the gmgrsun, 
Assembly of" OR XU4 produces the program and an origin card for t h e  re- 

ksmbby of OR XLS5 produces only t h e  pmgrm0 
Assembly of OR -6 ppstiuees the pmg~am, an origin card for 0UT3p a d  a 

The various trmsfer cards will need t o  be changed only if' the memory 

bocati%ble subroutine OR Splp. 

trmsfer card. 

LocaXc~nas of t h e  first few wordlB% in each segment are changed, 

T.yPe of card 
Self - J.0- 
Absolute 
Abs olutg! 
Absolute 
Reloeatable 
Re Ioe a t  able 
Reloca%able 
R e  lsc at ab le 
!l!?xmsfer 
%ppa%nsfper 

Identifieation 
OR XTSA 00-04 

OR XLSA 12-56 

OR XLSB 00-08 
OR XLSB 09-19 
OR XLSB 20-22 
OR X I S 5  23-41 
OR XLSB 42 
QR XLSB 43 

OR XISA 05-11 
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OR X L S C ,  D, E (orange) 

1. 
2. 
3. 
4. 
5. 
6. 
7, 
8. 
9. 
10. 
11 . 
3 2 .  
13 
14. 

15 

TXI LDCD 
NY RBLl 
OR XIS2 
Changes for  OR XLS2 ( i f  any) 
User's symmetry routines ( i f  any) 
Origin and M I  IJBDl 
Origin and GL FILE 
Origin and CL SQT3 
Origin and NY OUT3 
Origin and SINEXP subroutines 
H'IR RCD 
TXI LDCD 
MU SBI2 for  TABLES 
TABLES used by SINEXP 

'MI START 

OR XLSF (yellow) 
1. T X I L D C D  
2. 
3. 
4. 
5.  
6 .  
7. 
8. 
9. 

10 . 
11 . 
12. 
13 
14. 
15 
16 
37 
18 . 
19 0 

NY RBLl 
OR XLS3 
Changes for OR XLS3 ( i f  any) 
HICR RCD 
P[I START 
IXI L E D  
NY RBLL 
OR XL& 
Changes fo r  OR XLS4 ( i f  any) 
Origin and OR SMI 
H'lR RCD 
"MI START 
TXI T;DCD 
NY RBLl 
OR XLSS 
Changes for  OR XLS5 ( i f  any) 
HTR RCD 
"MI START 

OR XLSG (brown) 

1. TXI START 

OR XLSH (blue) 

1. T X I K B  
2. TXI KC 
3 .  T X I K D  

-40- 

Type of card Identification 
Trans f a OR XLSC 00 
Self-loading 
Absolute 
Absolute 
Absolute 
Reloeatable OR XLSE 00-08 

1 g 
Reloeatable OR XLSE 09-19 
Relocatable OR XLSE 20-22 
Relocatable OR XLSE 23-41 
Reloeatable OR XLSE 42-45 

OR XLSE 46 Transfer 
OR XLSE 47 Transfer 

Self-loading OR XLSE 48 

nominal origin zero 
Transfer OR XLSE 79 

Absolute with OR XLSE 49-78 

Transfer 
Self-loading 
Absolute 
Absolute 
Transfer 
TraXlSfer 
Transfer 
Self-loading 
Absolute 
Absolute 
Reloeatable 
Trans fer 
Transfer 
Wansf e r  
Self-loading 
Absolu-ke 
Absolute 
Transfer 
Transfer 

Transfer 

Transfer 
Wansfer 
Transfer 

OR XLSF 00 

OR XLSF 06-13 
OR XLSF 01-05 

OR XLSF 14 

OR MSF 16 
OR XLSF 17-21 

OR XLSF 15 

OR XLSF 22-23 

OR XLSF 24-36 
OR XLSF 37 
OR XLSF 38 
OR XLSF 39 
OR X M F  40-44 
OR XLSF 45-48 

OR XLSF 49 
OR XLSF 50 

OR X I S 3  00 

OR XLSR 00 
OR XLSH 01 
OR XLSH 02 

. 
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OR XLSJ (green) 
1. M y  RBL1 
2, UTILITY 
30 HTR RCD 
4, m1KA 
OR XLSK ( red s.t;ripe ) 
1. NYRBLl 
2, UTILITY 
3. HTR RCD 

OR XISL (green E- 

1 0  NY RBLl 
2, UTILITY 
30 HTR RCD 
4, T X I K F  
OR XLSM ( M a n i l a ) .  
1. TXI DUMP 

OR XLSN (oranue stripe) 
l o  MI RBLl 
2, OR X L S ~  
3. Origin and NY OUT3 
4. HTR MA 

Type of card 
Self-loading 
Absolute 
Transfer 
Transfer 

Self-loading 
Absolute 
Transfer 

Self-loading 
Absolute 
Transfer 
Transfer 

Trans f e r  

Self-loading 
Absolute 
Relocatable 
Trans f er 

Ident if  icatfon 
OR XLSJ 00-04 
OR XLSJ 05-11 
OR XLSJ 12 
OR XLSJ 13 

OR XLSK 00-04 
OR XLSK 05-11 
OR XLSK l2 

OR XLSL 00-04 
OR XLSL 05-11 
OR XLSL p2 
OR XLSL 13 

OR XLSM 00 

OR XLSN 00-04 
OR XLSN 05-15 
OR XLSM 16-34 
OR XLSN 35 
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JXBRANGmT OF REeORDS ON BINARY OUTPUT TAPE 

Before 
: orrec t ing 

Before 
Eoadling 

Before 
loading 
OR xLs5 OR xLs4 aarameters 

Dump of 
OR XLS2 
through 
CI Qrre e t ed 
param€teri 

-=-+ 

4 4 

4 9 

Bump Qf 
last 256 
words in 
memory 

. 
-Y 
record 

OR XLS2 
t h m  fnpud 
parmet era 

QR XLSg 
program 

Matrix 

Inverse 
matrix 

OR X I S 5  
program 

Parameter 
changes + 
diagonal 
elements 0 
inverse 
End ~f f i l  
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I , 

Copied 

Copied 

Compted 

Copied 

)u.&pu=% of OR %Bs2 
Mode 2 

Copied Copied 

C omput ed 

3u%pu% sf o m :  
Mode 4 

Copied 

Copied 
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00004 
0 0 0 0 5  
0 0 1 4 4  

0 0 1 4 4  0 0 2 0 0 0  0 00165 
00145 0 02000 0 00171 
00145 0 02000 0 0 0 2 0 1  
00147 0 02000 0 00241 
00150 0 00000 0 0 0 0 0 0  
00151 0 0 2 0 0 0  0 00271  
00152 0 02000 0 00304 
00153 0 02000 0 00316 
0 0 1 5 4  0 02000 0 00324 
00155 0 02000 0 00332  
00156 0 02000 0 00337 
00157  0 0 0 0 0 0  0 0 0 1 6 5  
00160 0 00000 0 0 0 1 6 5  
00161 0 00000 0 00162 
00162 0 00000 0 00163 
00163 0 00000 0 0 0 1 6 5  

00164 0 00000 0 00000 
00165 0 76200 0 0 0 3 2 1  
00156 0 70000 0 00164 
00167 0 02000 0 00164 
00170 0 00000 0 00165 

00171 
T 00172 

00173 
00174 

T D  00175 
00176 
00177 

TD 00200 

o 7 6 2 ~ 0  o 0 0 3 2 1  
-0 73400 0 00000 
-0 75400 7 00000 

0 70000 0 00000 
1 00000  0 00177 
0 00000 0 00171 
0 70000 0 00001 
1 0 0 0 0 0  0 0 0 0 0 0  

0 0 2 0 1  0 50000 4 00001 
0 0 2 0 2  0 40000  0 00237 
00203 0 62100 0 00215  
0 0 2 0 4  0 62100 0 00222  
00205 0 50000 4 00001 
00206 0 40000 0 00240 

u1 
u3 

KG 
KH 
K I  
K I  1 
K 1 2  

RCD 

LDCD 

WTB 

OR-XLS1-5 CRYSTALLOGRAPHIC L E A S T  SQUARES REFINEMENT 
OR-XLS U T I L I T Y  R O U T I N E S  AND INTERSEGMENT PROGRAM 

EQU 4 NUMBER OF B I N A R Y  I N P U T  TAPE 
EQU 5 NUMBER O F  B I N A R Y  OUTPUT TAPE 
ORG 100 
TRA RCD 
TRA LDCD 
TRA WTB 
TRA R T B  
PZE 
TRA K A  
TRA K B  
TRA K C  
TRA KD 
TRA K E  
TRA KF 
HTR RCD END OF OR XLSl 
HTR RCD END O F  CYCLE4 TEMP FACTORS O K r  
HTR K I 1  END OF CYCLE4 TEMP FACTORS NO GOOD8 

HTR RCD D I T T O  8 

P Z E  
RCD 
CPY RCD-1 
TRA RCD-1  
HTR RCD 

RCD 
PDX 
PXD 097 
CPY 0 
T X I  LDCD+6 
HTR LDCD END O F  F I L E  
CPY 1 
T X I  0 

CLA 194 
ADD WTB12 
STA WTB3 
S T A  WTB7 
C L A  1 9 4  

ADD WTB13 

I 
-P- HTR K I 2  D I T T O  -!= 

CARD PROGRAMMED TRANSFER 

LOAD SELF-LOAD I NG CARDS 

S U B R O U T I N E  TO STORE BLOCK ON T A P E  
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00330 o ooaoo Q 00165 
00331 0 0 2 0 0 0  0 00455  

00332  0 07400 4 00241  K E  
00333 0 00000 0 00005 
00334 0 00000 0 77323 
0 0 3 3 5  0 0 ~ 0 0 0  0 00165 
00336 0 02000 0 00456 

00337 
00340 
00341 
00342 
0 0 3 4 3  
00344 
00345 
0 0 3 4 6  
00347 
00350 
00351 
00352 

0 77200 0 00205 KF 
0 7 6 2 0 0  0 0 0 2 2 5  K F 1  
0 7’0000 0 00352  
0 0 2 0 0 0  0 0 0 3 4 0  
0 0 2 0 0 0  0 00345 
0 0 2 0 0 0  0 00340 
0 07400 4 0 0 2 4 1  K F 2  
0 00000 0 00005 
0 00000 0 77323 
0 00000 0 00165 
0 0 2 0 0 0  0 00460 
0 00000 0 00000  IcF3 

HTR RCD END O F  F I L E  
TRA START 

TSX R T B 9 4  
P Z E  W3 
P Z E  -START 
HTR RCD END OF FILE 
TRA S T A R T + l  

REW U 3  
R T B  U 3  
CPY K F 3  
TRA KF3, 
TRA KF2  
TRA K F 3  
TSX R T B 9 4  
PZE W3 
P Z E  -START 
HTR RCD 
T R A  START+3  
P Z E  

T A K E  OR X L S 2  FROM T A P E  AND ENTER SECOND T I M E  

GET BACK ON W I T H  NEW PARAMETER S E L E C T I O N  CARDS 

O R - X L 5 2  IS NOT ON TAPE 

D I S C A R D S  COPlEO HERE 
00455 START EQU 301 
00000 END 0 
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00004 
00040 
00005 
00003 
00 144 
00157 
00455 

00455 0 02000 0 00461, 

O R - X L S I  SEGMENT FOR PRELIMINARY D A T A  PROCESSING 
u1 EQU 4 I N P U T  TAPE NUMBER 
u2  EQU 32 NO OF ENTREES I N  EACH TABLE 
u3 EQU 5 B I N A R Y  OUTPUT TAPE 
u 4  EQU 3 BCD OUTPUT TAPE NUMBER 
RCD EQU 100 
KG EQU Ill 

ORG 3 0 1  
START TRA X A  

00456 0 00000 0 00144 
00457 0 02000 0 01404 
00460 0 00000 0 00144 
00461 0 76200 0 00321 X A  
00462 0 07400 4 01542 
00463 0 00000 0 03200 
00464 0 00000 0 00461 
00465 0 07400 4 01261 
00466 0 01217 0 03213 
00467 0 02000 0 00461 
00470 0 76200 0 00321 X A l  
00471 0 07400 4 01542 
00472 0 00000 0 02257 
00473 0 0 0 0 0 ~  0 00144 
00474 0 07400 4 01261  
00675 0 01214 0 02272 
00476 0 02000 0 00470 
00477 0 07400 4 01752 
00500 -1 00155  0 03156 
00501 -2 01772 0 03157 
00502 -2 03607 0 03160 
00503 -2 05424 0 03161 
00504 -2 07241 0 03162 
00505 -2 11056 0 03163 
00506 -2 12673 0 03164 
00507 0 00000 0 00144 
00510 0 50000 0 03156 XB 
00511 0 10000 0 00554 
00512 0 56000 0 03156 
00513 0 20000 0 0 1 2 2 1  
00514 -0 60000 0 03165 
00515 0 50000 0 01222 
00516 0 40000 0 03165 
00517 0 62100 0 01121 

HTR RCD NU ENTRY HERE 
TRA DUMP 
HTR R C D  NO ENTRY HERE 
RCD 
TSX DBD194 
PZE T 1 2  
HTR X A  END OF FILE 
TSX IFF94 
PZE T12+11909fT 
TRA X A  
RCD 
TSX 080194 
PZE BUFFER 
HTR RCD END OF F I L E  
T S X  IFf94 
PZE BUFFER+ll,O, I C  
TRA X A 1  
TSX F I L E 9 4  
MON D 1 ~ 0 * 1 0 9  
MTW 0 2 ~ 0 * 1 0 1 8  
MTW 039091927 
MTW D49092836 
MTW 059093?45 
MTW D 6 + 0 ~ 4 6 5 4  
MTW 079095563 
HTR RCD 
CLA 03 
T Z E  XC 
LDQ 01 
MPY C 2  
STQ T I  
CLA C3 
ADD T 1  
STA XQ2 

ERROR RETURN FROM F I L E  
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00520 0 62100 0 01124 
00521 0 40200 0 01203 
00522 0 62100 0 01120 
00523 0 5 0 0 0 0  0 03165 
00524 0 40200 0 01221 
00525 0 40000 0 01203 
00526 0 60100 0 03176 
00527 0 53400 I 01202 
00530 0 53400  2 03165 
00531  0 76200 0 00321 
00532 0 07400 4 01542 
00533 0 00000 0 02257 
00534 0 00000  0 00144 
00535 0 07400 4 01261 
00536 0 01215 0 02272 
00537 0 02000 0 00531 
00540  0 07400 4 01752 
00541 -2 00155 1 03371 
00542  -2  01772 1 03372 
00543 -2 03607 1 03373 
00544 -2 05424 1 03374 
00545  -2 0 7 2 4 1  1 03375 
00546 -2 11056 1 03376 
00547 -2 12673 1 03377 
00550 -2 14507 1 03400 
0 0 5 5 1  0 00000 0 00144 
00552 -2 00010 2 00554 
00553 1 77770 1 00531 
00554 0 77200 0 00205 
00555 0 53400 4 01205 
0 0 5 5 6  0 76600 0 00225 
00557  0 7 0 0 0 0  0 01202 
00560 2 0 0 0 0 1  4 00556 
00561 0 76600 0 00333 
00562 0 76000 0 00162 

TD 00563 1 0 0 0 0 0  0 00565 
SD 00564 1 0 0 0 0 0  0 00635 

00565 0 53400 I 0120.2 
00566 0 53400 2 03156  
00567 -3 00000 2 00577 
00570 -3 00013 2 00572 
0 0 5 7 1  0 53400 2 01212 
00572 0 50000 0 01230 

S T A  XQ3 
SUB I 1  
S T A  X Q 1  
CLA T 1  
SUB C2 
ADD I 9  
STO T L O  
LXA T O 9 1  

LXP, T I 9 2  

TSX DBD1,4 
PZE BUFFER 
HTR RCD END OF F I L E  
TSX IFF94 
P Z E  BUFFER-t.1190, IF 
TRA X B l  
TSX F ILE94  
MTW M8+1OQ919 109 
MTW M8+101t191018 
MTW M8+1029191927 
MTW M8+103 9 1,2836 
MTW M8+104,1~3745 
MTW M8+10591+4654 
M T W  M8+1069195563 
MTW M8+107,196471 
HTR RCD ERROR RETURN FROM F I L E  
T N X  XC9298 
T X I  XB1,19-8 

xc REW U 3  
L X A  I 4 9 4  

X C l  WTB U3 
CPY I O  
T I X  X C 1 9 4 9 1  
f OD 

T X I  XBB 
T X I  XD 

LXA 0112 
TXL XBB49290 
TXL XBB192911 
LXA 11192 

X B 1  RCD 

X A A  SWT 2 

XBB UA r o t r  

X B B l  CbA C P 4  
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00573 0 60100 1 01160 
00574 0 40200 0 01231 
00575 1 77777 1 00576 
00576 2 00001 2 00573 
00577 0 50000 0 01232 
00600 0 60100 1 01160 
00601 0 50000 0 01233 
00602 0 60100 1 01161 
00603 0 07400 4 02326 
00604 0 07400 4 01505 
00605 3 27451  0 03200 
00606 3 02066 0 01220 
00607 1 00001  0 00003 
00610 0 07400 4 02326 
00611 0 07400 4 01505 
00612 3 13625 0 01234 
00613 1 00000 0 00003 
00614 0 07400 4 02326 
00615 0 07400 4 01505 
00616 3 05713 0 01242 
00617 -3 15564 0 03157 
00620 -3 35576 0 03160 
00621 -3 15610 0 03161  
00622 -3 15622 0 03162 
00623 4 3  15634 0 03163 
00624 -3 15646 0 03164 
00625 l 00000 0 00003 
00626 0 07400 4 02326 
00627 0 07400 4 01505 
00630 3 23516 0 01245 
00631 1 00000 0 00003 
00632 0 07400 4 02326 
00633 0 07400 4 01505 
00634 1 00060 0 00003 
00635 0 76000 0 00161 

TD 00636 1 00000 0 00652 
00637 0 76200 0 00321 
00640 0 07400 4 01542 
00641 0 00000 0 02257 
00642 0 02000 0 01176 
00643 0 07400 4 01261  
00644 0 01216 0 02272 
00645 0 02000 0 00637 

XBB2 STO X T 1 9 1  
S U B  C15 
T X I  XBB39lr l . l  

XBB3 T I X  X B B 2 9 2 9 1  
XBB4 CLA C l 6  

STO X T l 9 1  
CLA C 1 7  
STO X T Z + l 9 1  

TSX ECHO,4 
PTH T1290912073 
PTH C190,1078 
PON U49091 
TSX OUT94 
TSX ECHO94 
PTH C18,036037 
PON U 4 9 0 9 0  
TSX OUT94 
TSX ECHOj4 
PTH C1990930J.9 
SVN 029097028 
SVN D 3  ,097038 
SVN 049097048 
SVN 05,097058 
SVN D69097068 
SVN D7+0,7078 
PON U49090 
T S X  OUT94 
TSX ECHQ94 
PTH C21t0910062 
PON U49010 
TSX OUT94 
TSX ECHOt4 
PON U490+48 

T X I  XF 

TSX DBD194 
PEE BUFFER 
TRA XV 
TSX I F F 9 4  
PZE BUFFER+ll,O,IR 
TRA XE 

XCC TSX OUT94 

XD SWt 1 

X €  R CD 
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00646 0 07400 4 01366 
00647 0 00011 0 02270 
00650 0 02000 0 01176 
00651 0 02000 0 00677 
00652 0 53400 1 01204 
00653 0 76200 0 00204 
00654 0 53400 2 01213 
00655 0 70000 2 02275 

TD 00656 1 00000 0 00660 
TD 00657 1 GO000 0 01175 

00660 2 00001 2 00655 
0 0 6 6 1  0 76600 0 00333 
00662 -0 76000 0 00012 

TD 00663 1 00000 0 00665 
00664 0 02000 0 00671 
00665 0 76400 0 00204 
00666 2 00001 1 00653 
00667 0 76200 0 00204 
00670 0 00000 0 00652 
0 0 6 7 1  0 0?400 4 01261 
00672 0 01216 0 02272 
00673 0 00000 0 00144 
00674 0 07400 4 01366 
00675 0 00013 0 02272 
00676 0 02000 0 01175 
00677 0 Of400  4 0 1 7 5 2  
00700  -2 00155 0 03216 
00701 -2 01772 0 03217 
00702 -2 03607 0 03220 
00703 -2 05424 0 03221 
00704 -2 0 9 2 4 1  0 03222 
00705 -1 11056 0 03223 
00706 -2 126?3 0 0 3 2 1 4  
00707 -2 14507 0 03215 
00790 0 00000 0 00144 
0 0 7 1 1  0 14000 0 00712 
00712 0 16100 0 00713 
00’713 0 53400  1 01204 
00714 0 56000 1 03162 
00715 0 26000 1 03229. 
00716 0 60100 1 03171 
00717 2 00001 1 00714 
00920 0 56000 0 03162 

TSX BLNK94 
P Z E  BUFFER+9,099 
TRA X V  
TRA XEF 

XF L X A  mi 
XF1 RTD U l  

LXA I 1 4 9 2  
XF2 CPY BUFFER+14,2 

T X %  XF3 
T X P  XU 

f OD 
R TT 
P X X  XF4 
TRA XF5 

XF4 BST U 1  
T I X  XF19191 
R T D  U 1  
MTR XF RTT FAILS 3 TIMESa START TO SKIP RECORD 

PZE BUFFER+P~,OPIR 
HTR RCD INCORRECT SYMBOL WAS ON TAPE 
TSX BLNK94 
PZE BUFFER+11,0911 
TRA XU 

MTW M1*09109 
MTW M29091018 
MTW M3 9091927 
MTW M 4  90 9 2836 
MTW M5,0,3745 
MUN M 6  *0,4654 
MTW TP390*5563 
MTW T14*0,6471 
HTR RCO 

X G  TOV X G l  
XGII TQO X C 2  
XG2 L X A  I 3 9 1  
XG3 LDQ 0591 

FMP M491 
S T 0  7591 
T I X  XG39191 
LDQ 05 

XF3 T I X  XF29291 

XF5 TSX IFF94 

XEF TSX FILE,4 

ERROR RETURN FROM F I L E  

1 
ul 
7 
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00722 
00722 
00723 
00724 
00725 
00726 
00727 
00730 
00731 
00732 
00733 
00734 
00735 
00736 
00737 
00740 
00741 
00742 
00743 
00744 
00745 
00746 
00747 
00750 
00751 
00752 
00753 
00754 
00755 
00756 
00757 

01060 
01061 
01062 
01063 
0 1064 
01065 
01066 
0106f 
01070 
01073 

fD Of072 

0 26000 0 03167 
0 76500 0 00043 
0 26000 0 03270 
0 60100 0 03171 
0 56000 0 03163 
0 26000 0 03166 
0 76500 0 00043 
0 26000 0 03370 
0 30000 0 03171 
0 60100 0 03171 
0 56000 0 03164 
0 26000 0 03166 
0 76500 0 00043 
0 26000 0 03167 

0 60100 0 03171 
0 30000 0 09171 
0 60100 0 03171 
0 53400 1 01204 
0 56000 1 03171 
0 26000 1 03171 
0 30000 0 03171 
0 60100 0 0 3 1 t l  
2 0 1  I 00744 
0 56000 0 03171 
0 26000 0 01223 
0 60100 0 03224 
0 16100 0 00756 

-0 14000 0 00757 
0 00000 0 00144 
0 02090 0 02060 

00760 
0 50000 Q 03222 
0 60100 0 03172 
0 3OUOO 0 01066 
0 50Q00 0 01224 
0 24000 0 03222 

-0 60000 0 03222 
0 50000 0 03223 

-0 10000 0 01073 
0 50000 0 03193 
0 60100 0 03223 
1 00000 0 01074 

0 30000 o 0 3 n a  

FMP f 3  
LRS 35 
FMP T 4  
STO T 5  
LDQ 06 
FMP T 2  
LRS 3 5  
FMP T4 
FAD T 5  
STO T 5  
LDQ D 7  
FMP T2 
LRS 35 
FMP T3 

STQ T 5  
FAD T 5  
S T O  T 5  
L X A  1 3 9 1  

XG4 LDQ T 5 * 1  
FMP T 5 + 1  
FAD T 5  
S T 0  T 5  
T I X  XG49191 
LDQ T 5  
FMP C9 
STO M 7  
TQO X G 5  
TNO XH 
XTR RCD 

XH XG5 TRA X J  
X I  BSS 64 
X 4  C L A  M5 

STO T 6  
T Z E  X K  
CLA C Z O  
FDH M5 
STQ M5 

XK CLA M6 
TNZ XM 

XL C L A  T7 
STO M6 
T X I  XN 

FAD r5 

SIN THETAjLAMBDA S Q U A R E D  OVERFLOWS 
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01073 0 60100 0 03173 
01074 0 50000 0 03156 
01075 0 10000 0 01130 
01076 0 50000 0 03224 
01077 0 07400 4 02275 
r f l f O O  0 00000 0 00144 
01101 0 60100 0 03174 
01102 0 56000 0 03174 
01103 0 26000 0 01227 
01104 0 60100 0 03175 
01105 -0 30000 0 01225 
01106 0 73400 1 00000 
01107 -3 00037 1 01111 
01130 0 00000 0 00144 
01117. 0 40000 0 03176 
01112 0 73400 1 00000  
01113 -0 60000 0 03177 
01114 0 50000 0 03177 
01115 0 30000 0 01226 
01116 0 60100 0 03177 
01117 0 53400 2 01202 
01120 0 50000 1 00000  
O I l Z l  0 30200 1 00000 
01122 0 76500 0 00043 
01123 0 26000 0 03177 
01124 0 30000 1 0 0 0 0 0  
01125 0 60100 2 03225 
01126 1 17777 2 01127 
01127 2 00040 1 01120 
01130 0 76600 0 00225 
01131 0 50000 0 03156 
01132 0 40000 0 01210 
01133 0 73400 1 00000 
01134 0 53400 2 01202 
01135 0 70000 2 03216 
01136 177777 2 01137 
01139 2 00001 1 01135 
01140 0 70000 0 01202 
01141 0 70000 0 01202 
01142 0 76600 0 00333 
01143 0 76000 0 00162 

-bo 01144 1 0 0 0 0 ~  0 01146 
TO 01145 1 00000 0 00635 

X M  
X N  

xo 

XP 

X P 1  

X Q  
X Q 1  
X Q 2  

XQ3 

XQ4 
X R  

X R L  

X R 2  

xs 

STO T 7  
C L A  D l  
T Z E  X R  
C L A  M7 
TSX SQRTs4 
HTR RCD 
S T O  T 8  
LDQ T 8  
FMP C13 
STO T 9  
UFA Cl1 
P A X  O t l  
TXL X P 1 9 1  9U2-1 
HTR RCD 
ADD T I 0  
PAX 0 9 1  
STQ Tll 
CLA T I 1  
FAD C12 
STO T 1 1  

CLA 0 9 1  
FSB 091 
L R S  35  
FMP Tll 
F A D  091 
STO M892 
T X I  XQ4~29-1 
T I X  X Q 1 9 1 s W 2  
WTB U3 
CLA Dl 
ADD I7 
P A X  0 9 1  
L X A  I092 
CPY M l t 2  
TxI XR2s29-3 
T I X  X R 1 * 1 9 1  
C P Y  IO 
CPY I O  
f OD 
SWT 2 
T X I  XT 
T X I  XD 

L X A  ro92 

N E G A T I V E  R A D I C A N D  

OUT OF RANGE OF F TABLE 

I 
u1 
W 
i 
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01146 0 07400 4 02326 
01147 0 07400 4 01505 
01150 3 03734 0 01257 
01151 -3 00004 0 03216 
01152 -3 00010 0 03217 
01153 -3 00014 0 03220 
01154 -3 05716 0 03221  
01155 -3 05730 0 03172 
01156 -0  00043 0 03223 
03157 -3  3.1663 0 03224 

01160 
OB175 0 77200 0 00204 
01176 0 77000 0 00205 
01177 0 77000 0 00205 
02200 0 7’7200 0 00205 
01201 0 02000 0 00157 

01202 0 00000 0 00000 
01203 0 00000 0 0 0 0 0 1  
01204 0 OUUOO 0 00003 
01205 0 00000 0 00004 
01206 0 0 
01207 0 0 
01210 0 OOCOO 0 00007 
01211 0 00000 0 00010 
01212 0 00000 0 00013 
01213 0 0 0 ~ 0 0  0 00016 
01214 000000000023 
01215 000000000026 
01216 000 
01217 000 
01220 606060606060 
01223, 0 00000 0 00040 
02222 0 00000 0 03371  
01223 +177400000000 
01224 +201400000000 
01225 +233000000000 
01226 +200000000000 
01227 +205500000000 
01230 -3 05752 0 03225 
01231  0 00007 0 00001 
01232 1 00060 0 00003 

TD 01233 1 00000 0 00635 

X T  TSX OUT94 
T S X  ECHO94 
PTH C2290*2012 
SVN MI.9094 
SVN M 2 ~ 0 9 8  
SVN M390912 
SVN M4,0,3022 
SVN T6r093032 
FOR M690t35 
SVN M 7 ~ 0 9 5 0 4 3  

X T 2  BSS 13 
xu REW W 1  
X V  WEF U3 

WEF U3 
REW U3 
T R A  KG 

CONSTANTS 
I O  PZE 0 
I1  PZE 1 
I 3  PZE 3 
I 4  PZE 4 
1 5  PZE 5 
16  PZE 6 
I7 PZE 7 
I 8  PZE 8 
I11 PZE 11 
I 1 4  PZE 14 
r c  BCD lOOOOOC 
I F  BCD L O O O O O F  
I R  BCD l O O O O O R  
I T  BCD lOOOOOT 
c 1  BCD 1 
c 2  PZE U2 
c 3  PZE M8+E00 
c9 DEC 425 
C 1 O  DEC % e  
C11 OCT 233000000000 
C12 OCT 200000000000 
C13 DEC 2 0 .  
C14 SVN M89093050 
C 1 5  PZE 1 9 0 ~ 7  
C 1 6  PON U49094.8 
C27 T X I  XD 

NUMBER OF ENTRIES I N  EACH F TABLE 
ADDRESS OF FIRST F TABLE 
FLOATING ONE QUARTER 
FLOATING CONSTANT ONE 
F I X E R  TO GET INTEGER 
FIXER TO NORMALIZE FRACTION 
l /DELTA 
I N I T I A L  LINK WORDS FOR OUTPUT 
CONSTANT TO ADVANCE L I N K  WORD 
TAPE WRITE ORDER 
TRANSFER AFTER OUTPUT 
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01234 
01235 
01236 
01237 
01240 
31242 
01242 
01243 
01244 
01245 
01246  
01247 
01250 
01253. 
01252 
01253 
01254 
01255 
01256 
01257 
01260 

314547646360 
242163216021 
626047514623 
256262252460 
227050465148 
674 3620't6060 
232543436023 
464562632145 
636260606060 
603060606042 
606060436060 
462262255165 
252460606060 
623127442160 
6060 50 606060 

606060264651 
446826212363 
465162606060 
606060006060 
600060606000 

513011.6 606060 

01261 0 76000 0 00166 
01262 0 02000 0 01264 
01263 0 02000 4 00003 
01264 0 5 0  
01265 0 62100 0 01271 
01266 0 77100 0 00022 
01267 0 62100 0 01274 
03.270 0 62100 0 01307 
01277 0 50000 0 00000 
012f2 -0 32000 0 01364 
01273 0 60100 0 01365 

01275 1 00000 0 01277 
01276 0 02000 4 00003 
01277 -0 63400 4 01275 
01300 0 07400 4 02326 
0'1301 0 07400 4 Of505 
01302 3 02055 0 01365 
01303 3 13624 0 01327 
01304 -1 OOOOCI 0 00364 

01274 o 34000 o oooou 

c13 

c19 

c 2 1  

c 2 2  

1 Ff 

1ff1 

1ff2 

1ff3 
1ff4 

1ff5 

BCD 6INPUT D A T A  AS PROCESSED 8 Y  OR-XLS1 

BCD 3CELL CONSTANTS 

FORM FACTORS OBSERVED S I G M A  Q RHO BCD H K L 

B D 2  0 0 t 

SUBROUTINE TO CHECK IDENTIFICATION LETTER 
SWT 6 
f R A  IFF1 
T R A  394  
CLA 1 9 4  

A R S  18 
STA I F F 3  
STA I F F 6  
CLA 0 
ANA IFF11 
STO IFF32  
CAS 0 
T X I  IFF59030 
T R A  3r4 
SXD l F f 4 * 4  
TSX O U f t 4  
TSX ECHO94 
PTH EFF12+0*1037 
PTH IFF7r096036  
FVE 244  

STA IFFZ 

ADDRESS TO BE SET 

ADDRESS TO BE SET 

I 
WI 
ul 

I 

01305 0 07400 4 02326 TSX O U T 9 4  
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01306 0 07400 4 01505 
01307 3 02015 0 00000 
01310 3 13624 0 01335 
01311 -1 00000 0 00364 
01312 0 07400 4 02326 
01313 0 07400 4 01505 
01314 3 15602 0 01343 
01315 -1 00000 0 00364 
01316 0 07400 4 02326 
01317 0 07400 4 015C5 
01320 3 23514 0 01352 
01321 -1 00000 0 00364 
01322 0 07400 4 02326 
01323 0 07400 4 01505 
01324 -1 00000 0 00361 
01325 -0 53400 4 01275 
01326 0 00000 4 Q0002 
01327 602421632260 
01330 232153.246031 
01331 242545433126 
01332 312321633144 
01333 456043256363 
01334 255160316260 
01335 604751462751 
01336 214440232243 
01337 436260264652 
01340 602321522460 
01341 663163306043 
01342 256363255160 
01343 604764636023 
01344 465151252363 
01345 602321512460 
01346 334560512521 
01347 242551602145 
01350 246047514623 
01351 252524336060 
01352 606346602270 
01353 472162626021 
01354 434360312425 
01355 456331263123 
01356 216331464560 
01357 632562636260 
01360 636451456046 

ADDRESS TO BE SET 
TSX ECHO+4 

IFF6 PTH 010*2037 
PTH IFF890*6036 
FVE 244 
TSX OUT94 
TSX ECHO94 
PTH IFF990*7042 
FVE 244 
T S X  OUT94 
TSX ECHO94 

FVE 244 
TSX OUT94 
TSX ECHO94 
FVE 241 
L X D  IFF494 
HTR 2 9 4  

PTH r ~ ~ i o ~ 0 9 1 0 0 6 0  

IFF7 3CO 6 DATA CAR5 IDENTIFICATION LETTER 15 

IFF8 BCD 6 PROGRAM CALLS FOR CARD WITH LETTER 

IFF9 6CD 7 PUT CORRECT CARD IN READER AN0 PROCEED. 

IFF10 BCD TO BYPASS ALL IDENTIFICATION TESTS TURN ON SENSE SWITCH 6 0  
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I . 

01361 456062254562 
01362 256062663163 
01363 233060063360 
01364 0 00000 0 00177 
01365 0 00000 0 00000  

01366 -0 63400 1 01374 
01367 0 50000 4 00001 
Of370 0 62100 0 01372 
01371 -0 73400 1 00000 
01372 0 50000 1 00000 
09373 0 34000 0 01403 
01374 1 00000 0 01376 
09375 0 02000 0 01400 
01376 -0 53400 1 01374 
01377 0 02000 4 00003 
05400  2 00001 I 01372 
0 1 4 0 9  -0 53400  1 01374 
01402  0 02000 4 00002 
01403  606060606060 

01404 0 07400 4 02326 
01405 0 07400 4 01505 
01406 3 27451 0 03200 
01401 3 02066 0 01220 
0 1 4 1 0  1 00001 0 00003 
0143.1 0 5 3 4 0 0  P 01503 
09412 0 07400 4 02326 
01423 0 07400 4 01505 
01414 -2 1 9 5 3 1  1 00000 
0 1 4 1 5  -2 17562 1 00001 
014.16 - 2  19613 1 00002 

Ol420 E 00000 0 00003 
01421 -0 75400 P 00000 
024.22 0 79100 0 00022 
0 1 4 2 3  0 7 6 0 0 0  0 00006 
0 9 4 2 4  0 40000 0 Of203 
01425 0 73400 2 00000 
01426 -0 75400 2 00000 
01427 0 Sg500 0 00043 
01430 0 53400 4 Of207 
01431 0 76700 0 00003 

O P W  -2 17644 1 a0003 

ADDRESS TO BE SET 

IFFPP P Z E  1 2 7  MASK 
I F F 1 2  LETTER FROM CARD 

SUBROUTINE TO TEST FOR BLANK F I E L D  
BLNK S X D  BLNK291 

C L A  1 9 4  

S ? A  BLNKl  
PDX O P E  

B t N K l  C L A  001 
CAS BLNK5 

BLNK2 T X I  BLNK390sO 
T R A  BfNK4 

BLNK3 L X D  BLNK291 
T R A  3 9 4  

BLNK4 P I X  BLNKL#lsI 
LXD BLfuK299 
T R A  2 9 4  

BLNKS BCD P 

RUMP TSX OUT94 
O C T A L  AND F L O A T I N G  DECIMAL DUMP FOR 

TSX ECHO94 
PTH T1290,120?3 
PTH C190,1078 

L X A  DUMP791 

T S X  ECHOe4 
S I X  0~198025 
S I X  1,1s8050 
S I X  2913a045 
S I X  39198200 
FON U 4 , O o O  
PXD O # f  
ARS 18 
COM 
ADD f l  
P A X  0+2 
PXD 092 
BRS 35 
L X A  1 6 9 4  

PON U ~ ~ O , P  

DUMP1 T s X  OUT94 

DUMPS ALS 3 

TEST PURPOSES 
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01432 
01433 
01434 
01435 
01436 
01437 
01440 
01441 
01442 
01443 
0 1444 
0 1445 
0 1446 
0 1447 
01450 
01451 
01452 
01453 
01454 
01455 
01456 
01457 
01460 
01461 
01462 
01463 
01464 
01465 
01466 
01467 
01470 
01471 

01503 
01504 

-0 76300 0 00003 
2 00001 4 01431 

-0 50100 0 01504 
0 60200 0 01502 
0 53400 2 01211  
0 56000 1 00000 
0 53400 4 01207 
0 76700 0 00003 

-0 76300 0 00003 
2 00001 4 01441 
0 60200 2 01502 
0 53400 4 01207 
0 76700 0 00003 

-0 76300 0 00003 
2 00001 4 01446 
0 60200 2 01503 
1 77777 1 01453 
2 00002 2 01437 
0 07400 4 02326 
0 07400 4 01505 
3 01756 0 01502 
3 01772 0 01472 
3 0 2 0 0 1  0 01473 
3 02023 0 01474 
3 02032 0 01475 
3 02054 0 01476 
3 02063 0 01477 
3 02105 0 01500 
3 02114 0 01501 
1 00060 0 00003 
3 74541  1 01412 
0 0 2 0 0 0  0 00144 

01472 
0 00500 0 74622 
600000000000 

01505 0 12000 0 01523 
01506 -0 10000 0 01523 
01507 -0 63400 4 01541  
01510 0 07400 4 02326 
01511 0 02000 0 01514 
01512 3 15602 0 01532 
01513 -1 00000 0 00000 

LGL 3 
T I X  DUMP8 94 9 1 
ORA DUMP9 
SLW DUMP648 
LXA I 8 9 2  

DUMP2 LDQ 091 
LXA I 6 * 4  

DUMP3 ALS 3 
LGL 3 
T I X  DUMP394rI 
SLW DUMP6.i.892 
LXA 1 6 ~ 4  

DUMP4 ALS 3 
LGL 3 
T f X  DUMP49491 
SLW OUMP6+9*2 
T X I  DUMP5tl9-1 

DUMP5 T S X  DUMP29292 
TSX OUT94 

PTH DUMP6+89091006 
PTH DUMP6 9041018 
PTH DUMP6+190,1025 
PTH DUMP6429091043 
PTH DUMP6+3*091050 
PTH DUMP6+4,0,1068 
PTH DUMP64-5 9 0  9 1075 
P TH DUMP 6+6 t 0 9 10  9 3 
P TH DUMP647 9 0 9 1 100 
PON U4rOt48 
TXH DUMPl*l*-M8-10 DECREMENT IS - (FINAL ADDRESS+l )  
TRA RCD 

TSX ECHO94 

DUMP6 BSS 9 
DUMP7 PZE - D 1  - ( I N I T I A L  ADDRESS) 
DUMP9 BCD 1 00000 

ECHO TPL ECHO4 
TNZ ECHO4 
SXD ECHQ794 
TSX OUT94 
TRA ECHO2 
PTH E C H 0 6 ~ 0 ~ 7 0 4 2  

SUBROUTINE TO TEST NATURE OF ERROR RETURN FROM NY OUT3 

ECHO1 FVE 

I wl 
Y 
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I . b 
b k 

TO NORMAL RETURN OF NY OUT3 

01514 -0 53400  4 0 1 5 4 1  ECHO2 LXD ECHO794 
01515 -0  50000  4 00001 ECHO3 CAL 194  

01517 0 34000 0 01531 CAS ECHO5 
01520 1 77777 4 01515 T X I  ECHO394911 
O P 5 2 f  0 02000 4 00002 TRA 2 9 4  
01522 1 77777 4 01515 T X I  ECH0394s-9 
01523 -0 75400 4 00000 E C H O 4  P X D  0 9 4  
01524  0 76000 0 00006 COM 
01525 -0 73400 4 00000 P O X  0 ~ 4  
01526 -0  7 5 4 0 0  4 0 0 0 0 0  P X D  0 9 4  
0'1527 0 7 7 1 0 0  0 00022 ARS 18  
01530 0 0 0 0 0 0  0 0 0 1 4 4  HfR RCD CALLING SEQUENCE ERROR. ADDRESS I N  ACCc 
0 1 5 3 1  8 OOCOO 0 0 0 6 0 5  ECHO5 FZE 5 
01532 605454546047 ECHO6 BCD 7 *** PRINTER ERROR I N  PREVIOUS L I N E  *+* 
01533 513145632551 
01534 602551514651 
01535 603145604751 
01536 256531466462 
01537 604331452560 
0 1 5 4 0  5 4 5 4 5 4 6 0 6 0 6 0  
0 1 5 4 1  0 0 0 0 0 0  0 00000 ECHQ7 PZE INDEX SAVED XN DECREMENT 

01516 0 77100 0 00041 ABS 37, 

THE FOLLOWING SUBROUTINES ARE ON RELOCA'TABLE CARDS 
01542 DBDB 65s 1 3 6  
01752 F I L E  BSS 197 
02257 BUFFER BSS 14 
02275 SQRS BSS 25 
02326 OUT BSS 4 0 8  

D A T A  STORAGE 
03156 0 00000 0 00000 D i  NUMBER OF FORM FACTOR TABLES 
03157 0 00000  0 00000 0 2  A *  
03160 0 00000 0 00000 D3 i3+ 
0 3 1 6 1  0 0 0 0 0 0  0 00000 04  e* 
03262 0 00000  0 0 0 0 0 0  05 cos ALPHA* 
03163 0 00000 0 00000 06 cos B E t 4 *  
03164 0 0 0 0 0 0  0 00000  07 COS GAMM&* 

03165 0 80000 0 00000 T I  T O T A L  NO O F  ENTRIES I N  TABLES 

03169 0 00000 0 00000 T 3  KB* 

03.qqi  0 00000  0 0 0 0 0 0  7-5 4 / S I [ N  THETA/LAMBDAQ**2=Q 
03172 0 00000 0 00000 f 6  SIGMA FOR 6CD OUTPUT 

TEMPORARY STORAGE 

03166 0 00000 0 00000 '12 HA* 

03170 0 00000  0 00000 T 4  LC* 

0 
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* . . b 

00 144 
00145 
00 146 
00160 
00161 
00004 
00003 
00005 
00455  

00455 0 02000 0 00461 
00456 0 02000 0 Q3334 
00457 0 02000 0 05153 
00460 0 02000 0 03164 
00461 0 76200 0 00321 
00462 0 07400 4 05363 
00463 0 00000  0 10406 
00464 0 00000 0 00144 
00465 0 07400 4 05030 
00466 0 04357 0 10421 
00467 0 02000 0 00461 
00470 0 02000 0 02250 
00471 0 02000 0 02712 
00472 0 53400 1 10324 
00473 0 53400 2 10316 
00474 0 76200 0 00321 
00475 0 07400 4 05363 
00476 0 00000  0 06100 
00477 0 00000 0 00144 
00500 0 07400 4 05030 
00501 0 04354 0 06113 
00502 0 02000 0 00474 
00503 0 07400 4 05135 
0 0 5 0 4  0 00010 0 06110 
00505 0 02000 0 00550 
00506 0 07400 4 05573 
00507 -2 00157 L 00000 
00510 -2 03132 1 00002 
00511 -2 06105 1 0 0 0 0 4  
00512 -0 01455 0 10435 
00513 -0 04430 0 10436 
0 0 5 1 4  -0 07403 0 10437 
00595  -0 01767 0 10440 

OR-XLS2 MAIEd SEGMENT 
RCD EQU 100 
LDCD EQU 101 
WTB EQU 102  
KH EQW 112 
KI EQU 113 
u1 EQU 4 NUMBER OF BINARY INPUT TAPE 
u2 EQU 3 NUMBER OF BCD OUTPUT TAPE 
u3  EQU 5 NUMBER OF BINARY OUTPUT TAPE 

ORG 3 0 1  
START TRA XCA 

T R A  X T D  
TRA DUMP 
TRA XS0 

TSX D B D 3 . 9 4  
PZE T55 
HTR RCD 
T S X  I F F 9 4  
PZE T5!5+11*O,IT 
TRA XCA 

XCB TRA XDA 
XCC TRA XEB 
XRA LXA T61?1 

LXA S I 0 9 2  
XRB RCD 

TSX OB01,4 
PZE BUFFER 
HTR RCD 
TSX IFF94  
PZE BUFFER+ll,O9fM 
T R A  XRB 
TSX 8tNK114 
P Z E  BUFFER+8*0+8 
TRA XRf 

MTW 091*111 
MTW 2,191626 
MTW 49 193141 
MZE T63909813 
MZE T63+19092328 
MZE T63-l-29013843 
MZE T63939091015 

X C A  RCD 

XRC TSX FILE,4 

END OF F I L E  

OR T X I  XCD 

END OF F I L E  
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00516 -0 04742 0 10441 
00517 -0 07715 0 10442 
00520 0 00000 0 00144 
00521 0 53400 4 04340 
00522 0 50000 0 04534 
00523 -0 32000 4 10440 
00524 0 10000 0 00532 
00525 0 40200 0 04340 
00526 0 56000 4 10440 
00527 -0 77300 0 00031 
00530 0 16200 0 00532 
00531 0 40200 0 04340 
00532 0 76700 0 00022 
00533 0 60100 1 0 0 0 0 1  
00534 0 50000 0 04634 
00535 -0 32000 4 10443 
00536 0 10000 0 00544 
00537 0 40200 0 04340 
00540 0 56000 4 1 0 4 4 3  
00541 -0 77300 0 00031 
00542 0 16200 0 00544 
00543 0 40200 0 04340 
0 0 5 4 4  -0 60200 h O O O O L  
00545 1 77776 I 00546 
00546 2 00001 4 00522 
00547 2 00001 2 00474 
00550 0 76200 0 00321 
00551 0 07400 4 05363 
00552 0 00000 0 06100 
00553 0 00000 0 00144 
00554 0 07400 4 05030 
00555 0 04352 0 06113 
00556 0 02000 0 00550 
00557 0 07400 4 05135 
00560 0 00013 0 06113 
00561 0 02000 0 00620 
00562 0 07400 4 05573 
00563 -2 01772 0 20462 
00564 -2 03607 0 10463 
00565 -2 05424 0 10464 
00566 - 2  0 7 2 4 1  0 10467 
00567 -2  11056 0 1 0 4 6 6  
00570 -2  12673 0 10465 

XRD 
XRE 

X R E l  

XRE2 
XRF 
X RG 
XRH 
X R I  

MZE T63+49092530 
MZE T63+59094045 
HTR RCD ERROR RETURN FROM FILE 
L X A  I394 
C L A  C60 
ANA T63+314 
TZE X R E l  
SUB I3 
LDQ T63+3,4 
RQL 25 
TQP X R E l  
SUB I 3  
A L S  18 
STO 2 9 1  
C L A  C6Q 
A N A  T63.t.694 
TZE XRE2 

L D Q  T63+6+4 
RQL 25 
TQP XRE2 
SUB 13 
ORS 1 9 1  
T X I  XRG919-2 
T I X  X R E P 4 , l  
T P X  X R B r 2 , l  
RCD 
TSX 0601*4 
PZE BUFFER 
HTR RCD END OF FILE 
TSX IFF94 
PZE BUFFER+lI9O+IC 
TRA X R I  
TSX BLNK94 
PZE BUFFER+ll 9 0  9 I1 
TRA XCD 
TSX FILE14 
MTW T789091018 
MTW T 7 9 9 0  91927 
MTW T809092836 
MTW T8390~3745 
MTW T829034654 
MTW T819095563 

SUB 13 

1 
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00571 
00572 
00573 
00574 
00575 
00576 
00577 
00600 
00601 
00602 
00603 
00604 
00605 
00606 
00607 
00610 
00611 
00612 
00613 
00614 
00615 
00616 
00617 
00620 
00621 
00622 
00623 
00624 
00625 
00626 
00627 
00630 
00631 
00632 
00633 
006’34 
00635 
00636 
00637 
00640 
00641 
00642 
00643 

0 00000 0 00144 
0 56000 0 10462 
0 26000 0 10463 
0 60100 0 10473 
0 56000 0 10462 
0 26000 0 10464 
0 60100 0 10474 
0 56000 0 10463 
0 26000 0 10464 
0 60100 0 10475 
0 53400 1 04340 
0 56000 1 1 0 4 6 5  
0 26000 1 10465 
0 60100 1 10473 
0 56000 1 10476 
0 26000 1 10470 
0 60100 1 10476 
2 00001 1 00604 
0 53400 3, 04343 
0 56000 0 04752 
0 26000 1 10476 
0 60100 1 10476 
2 00001 1 00614 
0 02000 0 03034  
0 77200 0 00204 
0 53400 4 04341 
0 76200 0 00224 
0 70000 0 10450 
0 02000 0 00627 
0 00000 0 00144 
2 00001 4 00623 
0 50000 0 05025 
0 40200 0 10330 
0 77100 0 00001 
0 60100 0 10504 
0 77100 0 00001 
0 40000 0 10504 
0 73400 1 00000 
0 77200 0 00205 
0 76600 0 00225 
0 70000 0 04335 
2 0 0 ~ 0 1  1 00641 
0 53400 1 10504 

X R J  

X R J 1  

X R J 2  

x CD 
XCE 

X C E l  

XCE2 
XCF 

XCFl 

HTR RCD 
LDQ T78 
FMP T79 
SJO T87 
LDQ T78 
FMP T80 
STO T88 
LDQ T79 
FWP T80 
STO T89 
LXA I 3 9 1  
LDQ T78+391 
FMP T78+3,1 
STO T84i -391 
LDQ T87-t.391 
FMP T81+391 
S T O  T87+3,1 
T X X  XRJ1 ,1 ,1  
L X A  I 6 ,1  
LDQ C80 
FMP T84+6,1 
STO T84+6#1 
T I X  XRJ29191 
T R A  XF8 
REW U l  
LXA I 4 9 4  
RTB U1 
CPY T69 
TRA XCE2 
HTR R C D  
T I X  XCE1,4,1 
CLA C90 
SUB T l l  
ARS 1 
STO T96 
ARS 1 
ADD T96 
P A X  O p 1  
REW U3 
WTB U3 
CPY IO 
T I X  XCF19191 
LXA T9691 

8 

ERROR RETURN FRQM F I L E  

a . 

END OF FILE 

OR TRA XCG 
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00644 
00645  
00646  
00647  
0 0 6 5 0  
0 0 6 5 1  
00652  
00653  
0 0 6 5 4  
00655  
0 0 6 5 6  
00657  
0 0 6 6 0  
0 0 6 6 1  
00662  
0 0 6 6 3  
0 0 6 6 4  
00665  
00666  
00667  
00670  
0 0 6 7 1  
0 0 6 7 2  
00673  
0 0 6 7 4  
00675  
00676  
00677  
0 0 7 0 0  
00701 
00702 
0 0 7 0 3  
0 0 7 0 4  
00705  
0 0 7 0 6  
00707  
00710  
0 0 7 1 1  
00712 
00713  
00914 
00715  
00716  

0 7 6 6 0 0  0 00225  
0 7 0 0 0 0  0 0 4 3 3 5  
2 00001 1 00645  
0 5 3 4 0 0  1 0 5 0 2 6  
0 7 6 6 0 0  0 00225  
0 7 0 0 0 0  0 0 4 3 3 5  
2 00001 1 0 0 6 5 1  
0 5 3 4 0 0  1 0 5 0 2 7  
0 7 6 6 0 0  0 0 0 2 2 5  
0 70000 0 04335  
2 0 0 0 0 1  1 00655  
0 7 6 6 0 0  0 0 0 3 3 3  
0 53400 1 0 4 3 4 3  
0 6 0 0 0 0  1 10377  
2 0 0 0 0 1  1 0 0 6 6 1  
0 6 0 0 0 0  0 1 0 4 4 4  
0 60000 0 10445  
0 60000 0 10500 
0 6 0 0 0 0  0 05362  
0 7 6 0 0 0  0 0 0 1 6 3  
0 02000 0 0 0 6 7 2  
0 0 2 0 0 0  0 0 0 7 0 0  
0 07400 4 06647  
0 0 7 4 0 0  4 0 5 2 5 4  
3 2 3 5 1 4  0 0 5 0 0 5  
3 06002 0 0 5 0 2 1  

-0 0 0 0 2 7  0 0 4 3 4 0  
-1 00000 0 0 0 3 6 4  

0 0 7 4 0 0  4 0 5 3 3 6  
0 00000 0 00707 
0 0 7 4 0 0  4 0 6 1 4 7  
0 0 7 4 0 0  4 0 5 2 5 4  
3 2 7 4 5 1  0 1 0 4 0 6  
3 0 2 0 6 6  0 0 4 3 6 2  
1 0 0 0 0 1  0 0 0 0 0 3  

-1 0 0 0 0 0  0 0 0 3 6 4  
0 0 7 4 0 0  4 0 5 3 3 6  
0 00000  0 0 0 7 1 6  
0 0 7 4 0 0  4 06147 
0 0 7 4 0 0  4 0 5 2 5 4  
0 0 0 0 0 0  0 0 0 0 0 0  
1 0 0 0 0 0  0 0 0 0 0 3  

-1 00000  0 0 0 3 6 4  

XCF2 

XCF3 

X C F 4  

XCG 
X C G l  

XCH 

X C H l  

XCX2 

X C H 3  
XCH4 

XCH5 

XCH6 

WTB U3 
CPY IO 
T I X  XCFZ9Is1 
L X A  C 9 1 r l  
WTB U 3  
CPY I O  
T T X  XCF39191 
LXA C 9 2 r 1  
WTB U3 
CPY 10 
T I X  X G F 4 9 1 9 1  
I OD 
L X A  1691 
STZ T424-691 
T I X  X C G 1 9 1 9 1  
STZ T65 
STZ T66 
STZ T92 
S T Z  SWTF8 
SWJ 3 
TRA X C H l  
TRA XCH2 
TSX O U T 9 4  
TSX ECHO94 
PTH 686 e0 fi 1OU60 
PTH C889093074  

FVE 2 4 4  
TSX S W T F 4 4  
P Z E  XCH3 
T S X  OUT94 
T S X  E C H Q 9 4  
P T H  T5590912073  
PTH C 3 ~ 0 9 1 0 7 8  
PON U 2 9 0 9 1  
FVE 2 4 4  
TSX SWTF94 
P Z E  XCH6 
TSX O U T 9 4  
TSX ECHO94 
PZE 
PON U 2 * 0 + 0  
F V E  2 4 4  

FOR 13 ,0923  

OR TRA X A  

TO BE SET 
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00717 0 07400 4 0533 X 
00720 0 00000 0 00724 
00721 0 07400 4 06147 
00722 0 07400 4 05254 
00723 1 00060 0 00003 

H7 

00724 
00725 
00726 
00727 
00730 
00731 
00732 
00733 

r D  r D  00734 
00735 
00736 
00737 
00740 
00741 
00742 
00743 
00744 
00745 
00745 
00747 
00750 
0 0 7 5 1  

b D  00752 
b D  00753 

00754 
00955 
00756 
00757 
00760 

bD 00761 
TD 00762 

-1 
0 
0 

-0 
0 
0 
0 
I 
1 
0 
2 
0 

-3 
0 
0 

-2 
1 
0 
0 
0 
2 
1 
1 
0 
0 
1 
0 
0 

-0 
1 
1 

00000 
53400 
76200 
76000 
76100 
53400 
70000 
00000 
00000 
00000 
00001 
53400 
00000 
53400 
70000 
00001 
77777 
00000 
53400 
70000 
00001 
00000 
00000 
53400 
70000 
77777 
00000 
76600 
76000 
00000 
00000 

0 00000 
4 04340 
0 00224 
0 00012 
0 00000 
1 04344 
1 10514 
0 00736 
0 02065 
0 00144 
1 00732 
1 10313 
1 00746 
2 10330 
2 00000 
1 00746 
2 00742 
0 00144 
1 04346 
1 10525 
1 00747 
0 00753 
0 00757 
1 10327 
1 00000 
1 00754 
0 00000 
0 00333 
0 00012 
0 00763 
0 00767 

XCH8 
X A  
X A 1  

X A 2  

XA3 

XA4 

XA5 
XA6 

XA7 
X A 8  

XA9 

. 

TSX SWTF94 
PZE XCH8 
TSX OUTt4 
T S X  ECHO94 
PON U230,48 
FVE 
LXA I 3 v 4  
RTB U 1  
R T T  
NOP 
L X A  1791 
CPY M 1 + 7 9 1  
T X I  XA3 
T X I  X B I  
HTR RCD 
T I X  X A 2 * l s l  
LXA T 4 t 1  
TXL XA5,3.+0 
LXA T1192 
CPY 0,2 
TNX XA59191 
T X I  XA4+2#-1  
HTR RCD 

CPY M8+991 
T I X  X A 6 s l ~ l  
T X I  XA7 
T X I  XA9 
LXA T%,1 
C P Y  0 9 1  
T X I  X A 8 r 1 9 m l  
PZE 
I OD 
R TT 
T X I  X A l O  
T X I  XB 

L X A  

00’963 0 76400 0 00204 X A l O  BST U 1  
00764 2 00001 4 00726 T I X  X A 1 , 4 + 1  
00965 0 76200 0 00224 RTB U 1  
00766 0 00000 0 00725 HTR X A  
00367 0 53400 1 10332 XB LXA TlOsl 
00770 0 53400 2 10326 LXA T792 
00791  0 60000 2 00000 X B 1  STZ 092 

. 

RECORD TOO SHORT 

I 

VI 
I 

RECORD TOO SHORT 

RTT F A I L S  3 TIMES. START TO SKIP RECORD 
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0 0 7 7 2  -2 0 0 0 0 1  1 0 0 7 7 4  
00773  1 7 7 7 7 7  2 0 0 7 7 1  
0 0 7 7 4  0 5 3 4 0 0  4 1 0 3 1 6  
00775  0 53400  1 1 0 3 2 4  
0 0 7 7 6  -0 6 3 4 0 0  1 1 0 4 3 4  
00777  0 7 6 1 0 0  0 00000 
01000 -0 6 3 4 0 0  4 1 0 3 5 3  
0 1 0 0 1  0 6 0 0 0 0  0 1 0 3 3 3  
0 1 0 0 2  0 5 3 4 0 0  4 0 4 3 4 3  
01003  0 6 0 0 0 0  4 1 0 4 3 4  
0 1 0 0 4  2 0 0 0 0 1  4 0 1 0 0 3  
01005 0 5 3 4 0 0  1 0 4 3 4 0  
0 1 0 0 6  -0 5 3 4 0 0  2 1 0 4 3 4  
01007  0 5 6 0 0 0  1 10510 
01010 0 2 6 0 0 0  2 0 0 0 0 0  
01011 0 3 0 0 0 0  0 1 0 3 3 3  
0 1 0 1 2  0 60100 0 1 0 3 3 3  
0 1 0 1 3  0 5 0 0 0 0  2 00001 
0 1 0 1 4  -0 73400  4 00000  
01015  - 3  00000  4 0 1 0 2 1  
0 1 0 1 6  0 5 0 0 0 0  1 10510  
01017  0 30000  4 1 0 4 3 4  
0 1 0 2 0  0 60100 4 1 0 4 3 4  
0 1 0 2 1  0 5 0 0 0 0  2 0 0 0 0 1  
01022  0 7 3 4 0 0  4 0 0 0 0 0  
01023  - 3  0 0 0 0 0  4 0 1 0 2 7  
0 1 0 2 4  0 5 0 0 0 0  I 1 0 5 1 0  
01025  0 30000 4 1 0 4 3 4  
01026 0 6 0 1 0 0  4 1 0 4 3 4  
01027  1 7 7 7 7 6  2 0 1 0 3 0  
01030  2 00001 1 01007  
0 1 0 3 1  - 0  6 3 4 0 0  2 1 0 4 3 4  
01032  0 5 3 4 0 0  1 0 4 3 4 0  
01033  0 53400  2 0 4 3 3 5  
0 1 0 3 4  0 5 0 2 0 0  1 1 0 4 3 1  
01035  0 30000 I 1 0 4 3 4  
01036  0 6 0 1 0 0  2 1 0 3 3 6  
0 1 0 3 7  1 00001 2 OP040 
O l O l P O  2 0 0 0 0 1  1 0 1 0 3 4  

TD 0 1 0 4 1  f 0 0 0 0 0  0 0 1 0 7 0  
01042  0 5 6 0 0 0  1 1 0 3 3 7  
0 1 0 4 3  0 2 6 0 0 0  1 1 0 3 3 7  
01044 0 6 0 1 0 0  S 1 0 3 4 2  

T N X  X C 9 1 , l  
PXI XB1929-1 

LXA T 6 1 9 1  
SXD T 6 2 9 1  

XD NOP 
X E  SXD T 2 8 9 4  
XF S T Z  T 1 2  

LXA I 6 9 4  
X F l  STZ T60+694  

T I X  XFlr491 
LXA 1 3 9 1  
LXD T6292  

FMP 0 9 2  
FAD T I 2  
STO T12  
CLA 192 
PDX 0 9 4  
TXL XF39490 
CLA M I 9 3 9 1  
FAD T 6 0 + 6 ~ 4  
STO T 6 0 + 6 r 4  

XF3 CLA 192 
PAX 0 9 4  
TXL XF49490 
CLA M 1 9 3 ~ 1  
FAD T60+6,4 
STO T 6 0 i - 6 9 4  

x F 4  TXI XF5929-2 
XF5 T I X  X F 2 9 1 9 l  

X C  LXA T 1 9 4  

XF2 LDQ M1+3,1 

SXD T6292  
L X A  I391 
L X A  1092 

XF6 CLS T60+391 
FAD T60+6s1  
STO T1592  
T X I  XF7929f 

XF7 T Z X  XF69194i 
X G  T X I  XH 
XGl LDQ T 1 3 9 3 9 1  

FMP T13-i-391 
S T O  T164-391 

OR T R A  XDL 

OR T R A  XH 

OR L X A  I 3 9 1  
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01045 
0 1046 
01047 
01050 
01051 
01052 
01053 
01054 
01055 
01056 
01057 
01060 
01061 
01062 
01063 
01064 
01065 
01066 
01067 
01070 
01011 
01072 
01073 
01074 
01075 
01076 
01077 
01100 
0 1 1 0 1  
01102 
01103 
01104 
01105 
01106 
01107 
01110 
01111 
01112 
01113 
01114 
01115 
0 1 Z l 6  
01317 

2 0 0 0 0 1  1 01042 
0 56000 0 10334 
0 26000 0 10335 
0 60100 0 10342 
0 56000 0 10342 
0 26000 0 04366 
0 60100 0 10342 
0 56000 0 10334 
0 26000 0 10336 
0 60100 0 10343 
0 56000 0 10343 
0 26000 0 04366 
0 60100 0 10343 
0 56000 0 10335 
0 26000 0 10336 
0 60100 0 10344 
0 56000 0 30344 
0 26000 0 04366 
0 60100 0 10344 
0 53400 4 10314 
0 53400 2 10325 
0 53400 I 10326 
0 76100 0 00000 

-0 63400 4 10346 
0 50000 0 10333 
0 60100 0 10345 
0 53400 4 04340 
1 77777 2 01101 
0 56000 2 00000 
0 26000 4 10337 
0 30000 0 10345 
0 60100 0 10345 
1 77777 2 01106 
2 00001 4 01101 
0 07400 4 06777 
0 60100 0 10347 
0 50000 0 10345 
0 07400 4 07000 
0 60100 0 10350 
1 77777 2 01335 
0 60000 0 10351 
0 56000 2 00000 
0 26000 4 10345 

T I X  X G 1 9 1 ~ 1  
LDQ T13 
FMP T14 
STO T l 9  
LDQ T 1 9  
FMP C7 
STO T19 
LDQ T 1 3  
FMP T 1 5  
STO T20 
LDQ 1 2 0  
FMP C7 
STO T20  
LDQ T 1 4  
FMP T I 5  
STQ T 2 1  
LDQ T21 
FMP C 7  
STO T 2 1  

XH L X A  T294 
L X A  f 692  
L X A  T 7 ~ 1  

SXD T2394 
C L A  T12 
STO T22 
LXA 1394 
T X I  X I 1 ~ 2 9 ~ 1  

X I 1  LDQ 092 
FMP T13+3+4 
FAD T22  
STO T22 

X I  NOP 

TXI x r z 9 z , - 1  
X I 2  TIX X I 1 ~ 4 9 1  

TSX S I N 9 4  
STQ T24 
CLA T22 
TSX SIN+1,4 
STO f25 

X4 7x1 X K 9 2 9 - 2  
STZ T26 

X41 LDQ 092 
FMP T16+694 

1 . 

INSERT T R A N S F E R  TO HANDLE SPECIAL POSITIOMS 

OR L X A  1694 
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01120 
01121 
01122 
01123 
01124 
01125 
01126 
01127 
01130 
01131 
01132 
01133 
01134 
01135 
01136 
01137 
01140  
01141 
01142 
0 1143 
01144 
01145  
01146 
01147  
01150 
01151 
01152 
01153 
01154 
01155 
01156 

PD 01157 
O l l 6 0  
01161 
01162 
01x63 
01164  
01165 
01166 
09167 
01170 
01171 
O l l ’ P 2  

0 30000  0 10351 
0 60100 0 10351 
1 7 7 7 7 7  2 01123 
2 00001 4 01116 
0 07400 4 07027 
0 00000 0 00144 
0 60100 0 10352 
0 56000 0 10352 
0 26000 0 10347 
0 60100 0 10347 
0 56000 0 10352 
0 26000 0 10350 
0 60100 0 10350 
0 50000 0 10350 
0 30000 1 00000 
0 60100 1 00000 
1 7 7 7 7 7  1 01141 
0 53400 4 04340 
0 56000 0 10347 
0 26000 4 10337 
0 30000 1 00000 
0 60100 1 00000 
1 7 7 7 7 7  1 01147 
2 00001 4 01142 
1 77777  1 01157 
0 56000 0 10350 
0 26000 4 10345 
0 30000 1 00000 
0 60100 1 00000 
1 77777  1 0115€ 
2 00001 4 01151 
1 00000 0 01201 

0 60100 1 00000 
1 77777  1 01163 
0 53400 4 04340 
0 56000 0 10350  
0 26000 4 PO337 
0 30000 1 00000 
0 6010Q E 00000 
1 7 7 7 7 7  1 01171 
2 00001 4 01164 
1 7 7 7 7 7  1 01201  

o 30000 I aoooo 

FAD 126 
STO 1 2 6  
T X I  XJ2929-1 

T S X  E X P 9 4  
HTR RCD 
STO T27 
LDQ 1 2 7  
FMP T24 
STO T24 
LDQ T27 
FMP T25 
STO T25 

XK CLA T25 
FAD 0 9 1  
STO 093,  
T X I  XL,l,-l 

X J 2  T I X  X J 1 9 4 9 1  

Xb L X A  I 3 9 4  
X t l  LDQ T24 

FMP T13+394 
FAD 0 9 1  
S T O  0,l 
T X I  X L 2 t l t - 1  

XL2 TIX X L 1 ~ 4 9 1  
XM T X f  X N s l e ’ l  
XMP I D Q  T25 

FMP T16+6#4 
F A D  0 9 1  
STO O t l  
TXP XM2919-E 

X M 2  T I X  X M l r 4 9 1  
X N  T X I  X Q  

FAD 091 
STO 091 
TXP XO>l9-l 

LOQ T25 
FMP TP3t.394 
FAD 0 9 1  
STO 0 9 1  
T X I  X O Z 9 l a - i  

xo L X A  ‘1394 

X02 T I X  X 0 1 9 4 , P  
XP T X I  X Q s 1 9 - 1  

. 

N E G A T I V E  ANIS TEMP FACTOR 

OR P X I  XN 

OR L X A  X694 

OR CLA K24 

OR T X f  XQ 
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01173 0 56000 0 10347 
01174 0 26000 4 10345 
01175 0 30000 1 00000 
01176 0 60100 1 00000 
01177 1 77777 1 01200 
01200 2 00001 4 01173 
01201 -0 53400 4 10346 
01202 2 00001  4 01073 
01203 -0 53400 4 10353 
01204 2 00001 4 00777 
01205 0 53400 4 10314 
01206 0 53400 2 10325 
01207 0 53400 1 10326 
01210 0 50000 0 04335 
01211  0 56000 0 04335 
01212 0 02000 0 01215 
01213 0 50QOo 0 10514 
01214 0 56000 0 10515 
01215 0 60100 0 10516 
01216 -0 60000 0 10517 
01217 -0 63400 4 10346 
01220 0 50000 2 00000 
01221  -0 76000 0 00003 
01222 0 40000 0 10330 
01223 0 40000 0 04336 
01224 0 73400 4 00000 
01225 0 50000 4 00000 
01226 0 6OlQO 0 10354 
01227 0 56000 0 10513 
01230 0 26000 2 00004 
01231 0 07400 4 07027 
01232 0 00000 0 00144 
01233 0 60100 0 10355 
01234 0 56000 0 10355 
01235 0 26000 0 10354 
01236 0 60100 0 10354 
01237 1 77773 2 01242 
01240 0 50000 0 04360 
01241 0 60100 0 10355 
01242 0 56000 0 10354 
01243 0 26000 1 00000 
01244 0 60100 0 10356 
01245 0 30000 0 10516 

X P 1  

XP2 
XQ 

XR 

xs 

xs1 

XS2 

xs3 

X T  
xu 
xu1 

xu2 
xv 

xw 
xx  

LDQ T24 
FMP T16+694 
FAD 0 9 1  
STO 091 
TXX XP2*19-1 
T I X  X P 1 9 4 9 1  
L X O  T2394 
T I X  X I 9 4 9 1  
LXD T2894 
T I X  XD94,l 
LXA T 2 r 4  
LXA T692 
LXA T791, 
CLA I O  
LDQ I O  
TRA X S 3  
CLA M 8  
LDQ M 9  
STO M 1 0  
STQ M 1 1  
SXD T 2 3 r 4  
CLA 092 
SSM 
ADD T l l  

PAX 094 
CLA 094 
STQ T29 
LDQ M 7  
FMP 492 
TSX EXPr4 
HTR RCD 
5TO T30 
LDQ T30 
FMP J29 
STO T29 
T X I  X X 9 2 9 - 5  
CLA C1 
5 f O  T30 
LDQ T29 
FMP 091 
STO T31  
FAD M10 

ADO r i  

Of? TRA XS2 

OR T X I  XU2 

OR TXI  XW92,n10 

NEGATIVE SYMM TEMP FACTOR 
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01246 
01247 
01250 
01251 
01252 
01253 
01254 
01255 
01256 
01257 
01260 
01261 
01262 
01263 
01264 
01265 
01266 
01267 
01270 
01231 
0127.2 
01273 
01274 
01275 
01276 
01277 
01300 
01301 
01302 

TO 01303 
01304 
01305 
01306 
01307 
01310 
01311 
01312 
01313 
01314 
01315 
01316 
01317 
01320 

0 60100 0 10516 
0 56000 0 10355 
0 26000 1 0 0 0 0 0  
0 60100 1 00000 
1 77777 1 01253 
0 56000 0 10354 
0 26000 0 04361 
0 60100 0 10360 
0 76000 0 00002 
0 60100 0 10361  
0 53400 4 04340 
0 56000 0 10361  
0 26000 1 00000 
0 60100 1 00000 
1 77777 1 01265 
2 00001 4 01261 
0 56000 0 10356 
0 26000 0 10513 
0 76000 0 00002 
0 60100 1 00000 
1 77777 1 01303 
0 50200 0 10354 
0 60100 0 10362 
0 53400 4 04343 
0 56000 0 10362 

0 60100 1 00000 
1 77777 1 01302 
2 00001 4 01276 
1 O Q O O O  0 01335 
0 26000 1 00000 
0 60100 0 10357 
0 30003 0 10517 
0 60100 0 10517 
0 56000 0 10355 
0 26000 1 00000 
0 60100 1 00000 
1 77777 1 01314 
0 53400 4 04340 
0 56000 0 10360 
0 26000 1 00000 
0 60100 f. 00000 
1 77777 1 01321 

o 26000 1 00000 

S T O  M I 0  
LDQ T30 
FMP 0 9 1  
STO 0 9 1  
T X I  XY1,lb-l 
1 O Q  T29 
FMP C2 
S T O  T33 
CHS 
S T O  T34 
LXA I 3 + 4  
LDQ T34 
FMP 0 , P  
STO 0 , l  
TXf XY3,1,11 
T I X  X Y 2 * 4 * 1  
LDQ T 3 1  
FMP M7 
CHS 
STO 0,1 
T X I  XAB*19-1 
CLS T29 
S T O  T35 
LXA 1694 
LDQ T35 
FMP 091 
STO 091 
TX I X A A 2  9 19-1 
T I X  X A A 1 ~ 4 9 1  
T X I  XAF 
FMP 0 9 1  
STO T32 
FAD M 1 1  
S T O  M I 1  
LDQ T30 
FMP 091 
STO 091 
T X Z  XAC1,1,-1 
LXA I 3 9 4  
LDQ T33 
FMP 0 9 1  
STO O t l  
VXI XAC3919-1 

OR T X I  X A A  

OR LDQ T 2 9  

OR PXI X A F i l b - 1  
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01321  
01322 
01323 
01324 
01325 
01326 
01327 
01330 
01331  
01332 
01333 
01334 
01335 
01336 
Of337 
01340 
01341  
01342 
01343 
01344 
01345 
01346 
01347 

2 00001 4 01315 
0 56000 0 10357 
0 26000 0 10513 
0 76000 0 00002 
0 60100 1 00000 
1 77777 1 01335 
0 5 3 4 0 0  4 04343 
0 56000 0 10362 
0 26000 1 00000 
0 60100 1 00000 
1 77777 1 01334 
2 00001 4 01330 

-0 53400 4 10346 
2 00001 4 01217 
0 56000 0 10513 
0 26000 0 00000 
0 07400 4 07027 
0 00000 0 00144 
0 60100 0 10363 
0 50000 0 10525 
0 40000 0 10512 
0 62100 0 01347 
0 56000 0 00000 

XAC3 
X A D  

X A E  
XAEL 

XAE2 
XAF 

x AG 
X A G l  

XAG2 
01350 -0 60000 0 10364 
01351 0 26000 0 10363 
01352 0 60100 0 10363 

TD 01353 1 0 0 ~ 0 ~  0 01354 XAH 
01354 0 50000 0 10363 X A I  
01355 0 30000 0 10363 
01356 0 60100 0 10365 
01357 0 56000 0 10365 
01360 0 26000 0 10516 
01361 0 60100 0 10520 

T D  01362 1 00000 0 01463 
01363 0 56000 0 10516 X A J  
01364 0 26000 0 10516 
01365 0 60100 0 10367 
01366 0 56000 0 10517 
01367 0 26000 0 10517 
01370 0 30000 0 10367 
01371 -0 10000 0 01376 
01372 0 60000 0 10520 
01373 0 60000 0 10365 

T I X  XAC294*1 
LDQ T32 
FMP M 7  
CHS 
S T O  0 9 1  
TXE XAFr19-1 
LXA 1694 
LDQ T35 
FMP 091 
STQ 0,1 
T X I  XAE2t ls -1  
T I X  X A E l r 4 9 1  
LXD T 2 3 r 4  
T X X  X T 9 4 r l  
LDQ M7 
FMP 0 
TSX EXP94 
HTR RCD 
STO T36 
CLA T5 
ADD M6 
S T A  XAG2 
LDQ 0 
STQ T37 
FMP T36 
STO T36 
T X I  X A I  
C L A  T36 
FAD T36 
STO T38 
LDQ T38 
FMP M I 0  
STO M12 
T X I  X A M  
LDQ M10 
FMP M 1 O  
STO T40 
LDQ M I 1  
FMP M 1 1  
FAD 1 4 0  
TNZ X A J l  
STZ M P 2  
STZ T38 

OR T X I  X A E  

ADDRESS TO BE SET 

NEGATIVE OVERALL TEMP FACTOR 

AOORESS TO BE SET 

OR T X I  XAK 
OR T X I  X A J  
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01374 0 60000 0 10366 S T Z  T39 
TD 01375 1 00000 0 01463 T X E  X A M  

01376 0 0 7 4 0 0  4 06116 X A J 1  TSX SQRT94 
01377 
01400 
01401 
01402 
01403 
01404 
01405 
01406 
01407  
01410 
01411 
Of412 
01413 

TD 01414 
01415  
01416 
01417 
0 1420 
01421 
01422 
01423 
01424 
01425 
01426 
01427 
01430 
01431 
01432 
01433 

TD 01434 
01435 
01436 
01437 
01440 
01441 
01442  
01443 
01444 
01445 
02446 

0 00000 0 00144 
0 60100 0 10367 
0 56000 0 10367 
0 26000 0 10363 
0 60100 0 10520 
0 50000 0 10363 
0 24000 0 10367 

-0 60000 0 10366 
0 26000 0 10516 
0 60100 0 10365 
0 56000 0 10366 
0 26000 0 10517 
0 60100 0 10366 
1 00000 0 01463 
0 50000 0 10363 X A K  
0 30000 0 10363 
0 60100 0 10365 
0 56000 0 10365 
0 26000 0 10365 
0 60100 0 10365 
0 56000 0 10365 
0 26000 0 10516 
0 60100 0 10365 
0 56000 0 10365 
0 26000 0 10516 
0 60100 0 1 0 5 2 0  

0 30000 0 10365 
0 60100 0 10365 
1 00000  0 01473 
0 56000 0 10363 XAL 
0 26000 0 10363 
0 60100 0 10365 
0 30000 0 10365 
0 60100 0 10366 
0 56000 0 10516 
0 26000 0 PO516 
0 60100 0 10369 
0 56000 0 10597  
0 26000 0 10517 

o 50000 o 10365 

HTR R C D  
STO T40 
LDQ T40 
FMP T36 
STO M12 
CLA T36 
FDH T40 
STQ T39 
FMP M10 
SfO T38 
LDQ T39 
FMP M I 1  
STO T39 
T X f  X A M  
C L A  T36 
FAD T36 
STO T38 
LDQ T38 
FMP T38 
STO T38 
LDQ T38 
FMP M10 
S T O  T38 
CDQ T38 
FMP MI0  
STO M12 
CLA T38 
FAD T38 
STO T38 
TXP X A N  
LDQ T36 
FMP T36 
STO T38 
FAD T38 
STO T39 
LDQ M I 0  
FMP M I 0  
STO T4O 
IDQ M’IP 
FMP M 1 P  

. 

NEGATIVE RADICAND 

OR T X f  XAL 
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01447 
01450 
01451 
01452 
01453 
01454 
01455 
01456 
01457 
01460 
01461 

TD 01462 
01463 
01464 
01465 
01466 
01467 
01470 
01471 

TD 01472 
01473 
01474 
01475 
01476 
01477 
01500 
01501  
01502 
01503 
01504 
01505 
01506 
01507 
01510 
01511 
01512 
01513 
01514 
01515 
01516 

’D 01517 
01520 

0 30000 0 10367 
0 60100 0 10367 
0 56000 0 10367 
0 26000 0 10365 
0 60100 0 10520 
0 56000 0 10516 
0 26000 0 10366 
0 60100 0 10365 
0 56000 0 10517 
0 26000 0 10366 
0 60100 0 10366 
1 00000 0 01473 
0 50000 0 10520 X A M  
0 24000 0 10364 

-0 60000 0 10523 
0 56000 0 10513 
0 26000 0 10520 
0 76000 0 00002 
0 60100 0 10524 
1 00000 0 Of507 
0 50000 0 10520 X A N  
0 24000 0 10364 

-0 60000 0 10523 
0 50000 0 10523 
0 30000 0 10523 
0 60100 0 10523 
0 56000 0 10513 
0 26000 0 10520 
0 76000 0 00002 
0 60100 0 10524 
0 30000 0 10524 
0 60100 0 10524 
0 53400 4 10314 XAO 
0 53400 2 10326 
0 53400 1 10327 

-0 63400 4 10346 X A P  
0 53400 4 10370 
0 56000 0 10365 X A Q  
0 26000 2 00000 
0 60100 1 00000 
1 00000 0 01523 X A R  
0 26000 2 00000 X A R l  

FAD T40 
S T O  T40  
LDQ T40 
FMP T38 
5 T O  M 1 2  
LDQ M L O  
FMP T39 
STO T38 
LDQ M 1 1  
FMP T39 
STO T39 
T X I  X A N  
C L A  M 1 2  
FDH T37 
STQ M15 
LDQ M7 
FMP M12 
CHS 
STO M16 
T X I  X A O  
C L A  MI2  
FQH T37 
STQ M15 
C L A  M 1 5  
FAD M15 
STO M15 
LDQ M? 
FMP M12 
CHS 
STO M16 
FAD M16 
STO M16 
LXA T294 
L X A  T792 
LXA T 8 9 1  
SXD T2394 
LXA T4194 
LDQ T38 
FMP 0 9 2  
S T O  0 9 1  
T X I  X A S  
FMP 0 9 2  

OR T X f  XAW 

OR TXI  XAW 

OR LDQ T39 
ADDRESS TO BE SET 

01521 0 30000 1 00000 FAD 0 9 1  
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01522 0 60100  1 00000 
01523 1 77777 2 01524 
01524 1 77777 1 01525 
01525 2 0 0 0 0 1  4 01514 
01526 - 0  53400 4 10346 
01527 -2 00001 4 01533 
01530 1 00000 0 01512 
01531 2 0 0 ~ 0 0  2 01512 
01532 0 00000 0 00144 
01533 0 50000 0 10510 
01534 0 56000 0 10520 
01535 0 16200 0 01540 
01536 -0 76000 0 0 0 0 0 3  

T Q  01537 1 00000  0 01541 
01540 0 76000 0 00003 
01541  0 30200 0 10520 
01542 0 60100 0 10521  
01543 0 76000 0 00003 
01544 0 30000 0 10371  
01545 0 60100 0 1 0 3 7 1  
01546 0 56000 0 10511  
01547 0 26000 0 1 0 5 2 1  
01550 0 60100 0 10377 
01551  0 56000 0 10377 
01552 0 26000 0 10377 
01553 0 60100 0 10423 
01554 0 30000 0 10373 
01555 0 60100 0 10373 
01556 0 50000 0 10510 
01557 0 l.0000 0 01567 
01560 0 50000 0 10521  
01561 0 76000 0 00003 
01562 0 30000 0 10372 
01563 0 60100 0 10372 
01564 0 50000 0 10423 
01565 0 30000 0 10374 
01566 0 60100 0 10374 
01567 0 50000 0 10510 
0 1 5 4 0  0 76000 0 00003 
01571  0 30000 0 10375 
01572 0 60100 0 10375 
09573 0 56000 0 10510 
01574 0 26000 0 1 0 5 1 1  

X A S  
X A S l  
X A T  
XAU 

X A V  
X A V l  

XAW 
X A W l  

XAWZ 
XAW3 

XAW4 

S T O  0 9 1  
T X I  XASl92s-1 
T X I  X A T g 1 9 - 1  
T I X  XAQ9491 
LxD T2394 
TNX XAW9491 
T X I  XAP 
T I X  XAPs.290 
HTR RCD 
C L A  M4 
LDQ M12 
TQP XAW2 
SSM 
TXI  XAW3 
SSP 
FSB M12 
STO M13 
SSP 
FAD T42 
STO T42 
L D Q  M 5  
FMP M13 
STO T48 
LDQ 548 
FMP T48 
STO T 5 7  
FAD T44 
STO T44 
C L A  F44 
T Z E  XAW4 
CLA M13 
SSP 
FAD T43 
STO T43 
C L A  T57 
FAD T45 
STO T45 
C L A  M4 
SSP 
FAD T46 
STO T46 
I D Q  M 4  
FMP M5 

OR NOP 
DECREMENT TO BE SET 
L O O K I N G  FOR STORAGE THRU ZERO 
OR T X I  XBK 
OR T X I  XAW3 
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01575 0 0100 0 10400 S T O  T 
01576 
01577 
01600 
01601 
01602 
01603 
01604 

01705 
01706 
01707 
01710 
0 171 1 
01712 
01713 
01714 
01715 
01716 
01717 
01720 
01721 
0 1722 
01723 
01724 
01725 

TD 01726 
01727 
01730 

T D  01731 
01732 
01733 
01734 

TD 01735 
01736 
0 1737 
0 1740 
0 1741 
01742 
01743 
01744 
01745 
01746 

0 56000 0 10400 
0 26000 0 10400 
0 60100 0 10400 
0 30000 0 10376 
0 60100 0 10376 
0 60000 0 10522 
0 02000 0 01705 

01405 
0 50000 0 10522 

-0 10000 0 01717 
0 50000 0 10511 
0 10000 0 01717 
0 50000 0 10444 
0 30000 0 04360 
0 60100 0 10444 
0 50000 0 10445 
0 30000 0 10423 
0 60100 0 10445 
0 50000 0 10377 
0 76000 0 00003 
0 30200 0 04366 
0 12000 0 01732 
0 50000 0 10522 
0 10000 0 01727 
0 50000 0 04363 
1 00000 0 01737 
0 50000 0 04362 
0 60100 0 10401 
1 00000 0 01740 
0 50000 0 1 0 5 2 2  
0 10000 0 01736 
0 50000 0 04365 
1 00000 0 01737 
0 50000 0 04364 
0 60100 0 10401 
0 07400 4 05336 
0 00000 0 01753 
0 07400 4 06147 
0 07400 4 05254 
3 03734 0 04367 

-3 00004 0 10505 
-3 00010 0 10506 

X A X  

X A X X  

X A Y  

X A Z  

X B A  

XBB 

X B B l  
XBC 

XBD 

XBE 
XBF 
XBG 

9 
LDQ T49 
FMP T 4 9  
S T O  T49 
FAD T47 
S T O  T47 
STZ M14 
T R A  X A X X  
BSS 64 
CLA M 1 4  
TNZ X A Y  
CLA M5 
TZE X A Y  
CLA T65 
FAD C I  
STO T65 
CLA T66 
FAD T57 
STO T66 
CLA T48 
SSP 
FSB C7 
TPL XBC 
CLA M14 
TZE XBB 
CLA C4 
T X I  XBF 
CLA C3 
S T 0  T50 
T X I  XBG 
CLA M14 
TZE XBE 
CLA C6 
T X I  XBF 
C L A  C 5  
S T O  T50 
TSX SWTF94 
P Z E  X B G 1  
TSX OUT94 
TSX ECHO94 
PTH C990,2012 
SVN M19094 
SVN M29098 

OR REJECTION TEST 

OR T X I  XBH 

OR T X I  XBH 
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01747 -3 00014 0 10507 SVN M390912 
01750 -3 05721  0 10520 SVN M129093025 
01751 -3 05736 0 10516 SVN MlQ9093038 
01752 1 00060 0 00003 PON U29Os48 
01753 -1 00000 0 00000 X B G I  FVE 
01754 0 02000 0 02035  TRA XBH 
01755 0 07400 4 05336 XBG2 T S X  SWTF94 
01756 0 00000 0 01771 PZE XBG3 
01757 0 07400 4 06147 TSX OUT94 
01760 0 07400 4 05254 TSX ECHO94 
01761 3 03734 0 04367 PTH C99092012 
01762 -3 00004 0 10505 SVN M19094 
01763 -3 00010 0 10506 SVN M29098 
01764 -3 00014 0 10507 SVN M390912 
01765 -3 05721  0 10520  SVN M12 9 0  93025 
01766 -3 05736 0 10516 SVN M109093038 
01767 -3 05753 0 10517 SVN M l l t 0 , 3 0 5 1  
01970 1 00060 0 00003 PON U290948 
01771 -E 00000 0 00000 XBG3 FVE 
01772 0 0 2 0 0 0  0 02035 TRA XBH 
041773 0 07400 4 05336 XBG4 TSX SWTF94 
01774 0 00000  0 0 2 0 1 2  P Z E  XBG5 
01745 0 07400 4 06147 TSX OUT94 
01776 0 07400 4 05254 TSX ECH0,4 
01737 3 03734 0 04367 PTH C990s2012 
02000  -3 00004 0 1 0 5 0 5  S V N  M l 9 O s 4  
02001 -3 00010 0 10506 S V N  M.29098 
02002 -3 00014 0 10507 SVN M390912 
02003 - 3  05721  0 10510 SVN M49093025 
02004 -3 05736 0 1 0 5 2 0  SVN M129093038 
02005 -3 05753 0 10516  SVN M109093051 
02006  -3 05770 0 10521  SVN M13e093064 
02007 -3 04033 0 PO377 SVN T4890a2075 
02010 3 02072 0 10401  PTH T509091082 
02011 1 00060 0 00003 PON U290948 
02012 -1 00000 0 Q O O O O  XBG5 FVE 
02013 0 0 2 0 0 0  0 02035 TRA XBH 
02014 0 07400 4 05336 X B G 6  TSX SWTF94 
02015  0 0 0 0 0 0  0 02034 P Z E  Y B G 3  
02016 0 07400 4 06147 PSX OUT94 
02017 0 03400 4 0 5 2 5 4  TSX ECHO94 
02020  3 03734 0 04367  PTH C9,0a2092 
0 2 0 2 1  -3 00004 0 1 0 5 0 5  SVN M I 9 0 9 4  
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02022 -3  00010 0 10506 
02023 -3 00014 0 10507 
02024 -3 0 5 7 2 1  0 10510 
02025 -3 05736 0 10520 
02026 -3 05753 0 10516 
02027 -3 05770 0 10517 
02030 -3 06005 0 10521 
02031 -3 04050 0 10377 
02032 3 02107 0 1 0 4 0 1  
02033 1 0 0 0 6 0  0 00003 
02034 -1 00000 0 00000  
02035 0 76600 0 00225 
02036 0 53400 1 04344 
0 2 0 3 7  0 70000 1 10514 
02040  2 00001 1 02037 
0 2 0 4 1  0 53400 1 10313 
02042 -3 00000 1 02047 
02043 0 53400 2 10330 
0 2 0 4 4  0 70000 2 00000 
02045 -2 00001 1 02047 
02046 1 77777 2 02044 
02047  0 70000 0 10514 
02050 0 70000 0 10515 
02051 0 70000 0 10516 
02052 0 70000 0 10517 
02053 0 70000 0 10520 
02054 0 70000 0 10521 
02055 0 70000 0 10522 
02056 0 70000 0 10523 
02057 0 70000 0 10524 
02060 0 53400 1 10331 
02061 0 53400 2 10327 
02062 0 70000 2 00000 
02063 -2  00001 1 00725 
02064 1 77777 2 02062 
02065 0 50000 0 10375 
02066 -0 10000 0 02072 
02067 0 60000 0 10402 
02070 0 60000 0 10403 

T D  02071 1 00000 0 02100 
0 2 0 7 2  0 50000 0 10371 
02073 0 24000 0 10375 
0 2 0 7 4  -0 60000 0 10402 

XBG7 
XBH 

X B H l  

XBH2 

XBH3 

XBH4 

XBH5 

XBH6 

X B I  

X B I  1 

SVN M21098 
SVN M3,0,12 
SVN M49093025 
SVN M12*0,3038 
SVN M 1 0 3 0 t 3 0 5 1  
SVN M11*0,3064 
SVN M13,0,30?7 
SVN T48t012088 
PTH T50t091095 
PON U2s0148 
FVE 
WTB U3 
LXA I 7 9 1  
CPY Ml.i.711 
T I X  X B H 1 + 1 * 1  
LXA T 4 1 1  
T X L  XBH3r l tO  
LXA T 1 1 9 . 2  
C P Y  0 9 2  
TNX XBH39191 
T X I  XBH2121-1 
CPY M8 
CPY M 9  
C P Y  M10 
CPY M 1 1  
CPY M 1 2  
C P Y  M13 
CPY M14 
CPY M15 
CPY M 1 6  
LXA T991 
L X A  T812 
CPY 0 1 2  
T N X  X A 9 1 9 1  
T X I  XBW6t29-1 
C L A  T46 
TNZ X B I L  
STZ T 5 1  
STZ T52 
T X I  XBI2  
CLA T42 
FDH T46 
STQ T 5 1  

OR T X I  X A  

OR T X I  X A  

OR T X I  XA 

OR TRA X S A  
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02075  0 50000 0 10372 
02096 0 24000 0 10375 
02077 -0 60000 0 1 0 4 0 3  
02100  0 50000  0 10373 
0 2 1 0 1  0 0 7 4 0 0  4 06116 
02102 0 0 0 ~ 0 0  0 00144 
02103 0 6 0 1 0 0  0 10373  
0 2 1 0 4  0 5 0 0 0 0  0 PO374 
02105 0 07400 4 06116 
0 2 1 0 6  0 00000  0 00144 
02107 0 60100 0 1037’4 
024110 0 5 0 0 0 0  0 10376 
022.11 0 0 7 L c O O  4 06116 
02112 0 0 0 0 0 0  0 00144 
024113 0 60100 0 10375 
022.14 - 0  90000 0 0 2 1 2 0  
02115 0 6 0 0 0 0  0 10404 
02116 0 6 0 0 0 0  0 1 0 4 0 5  

P D  02119 1 00000  0 0 2 1 2 6  
02120 0 50000 0 10373 
02121 0 24000 0 1 0 3 7 6  
02122 -0 60000 0 l O r c O 4  
02123  0 50000 0 103’94 
0 2 1 2 4  0 24000 0 1 0 3 7 6  
02125  -0 6 0 0 0 0  0 PO405 
02126 0 07400 4 06147 
02127  0 07’400 4 0 5 2 5 4  
02130 3 2 7 4 5 1  0 1 0 4 0 6  
02131 3 0 2 0 6 6  0 04362 
02132  1 00001 0 0 0 0 0 3  
02133 -1 00000  0 0 0 3 6 4  
0 2 1 3 4  0 07400 4 0 6 1 4 7  
02135 0 07400 4 0 5 2 5 4  
022.36 3 19560 0 04766 
0 2 x 3 7  3 11727 0 04371 
02140  1 00000 0 00003  
0 2 1 4 1  -1 0 0 0 0 0  0 0 0 3 6 4  
02142  0 07400 4 06147 
02143 0 04400 4. 05254 
0.2144 3 03934 0 04376 
0 2 1 4 5  3 0 5 4 2 4  0 04403  
0 2 1 4 6  -3 05762  0 10371  
0 2 9 4 9  - 3  05747 0 10375 

N E G A T I V E  R A D I C A N D  

N E G A T I V E  R A D I C A N D  

N E G A T  KVE RAD 1 CAND 
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0 2 1 5 0  -3 06011 0 1 0 4 0 2  
0 2 1 5 1  1 0 0 0 0 0  0 00003 
02152  -1 0 0 0 0 0  0 0 0 3 6 4  
0 2 1 5 3  0 0 7 4 0 0  4 06147  
0 2 1 5 4  0 0 7 4 0 0  4 0 5 2 5 4  
02155  3 0 3 7 3 4  0 04376  
02156  3 0 5 7 2 4  0 0 4 4 0 6  
02157  -3 0 5 7 6 2  0 1 0 3 7 2  
02160  -3 0 5 7 7 7  0 10375  
0 2 1 6 1  -3 0 6 0 1 1  0 1 0 4 0 3  
02162  1 00000  0 0 0 0 0 3  
02163  -1 0 0 0 0 0  0 0 0 3 6 4  
0 2 1 6 4  0 0 7 4 0 0  4 06147  
02165  0 0 7 4 0 0  4 0 5 2 5 4  
0 2 1 6 6  3 0 5 7 1 2  0 0 4 4 0 0  
0 2 1 6 7  3 0 5 7 3 5  0 04403  
0 2 1 7 0  -3 0 5 7 6 2  0 10373 
0 2 1 7 1  -3  0 5 7 7 7  0 1 0 3 7 6  
0 2 1 7 2  - 3  0 6 0 1 1  0 1 0 4 0 4  
02173 1 00000  0 00003  
0 2 1 7 4  -1 00000 0 0 0 3 6 4  
02175  0 0 7 4 0 0  4 06147  
0 2 1 7 6  0 0 7 4 0 0  4 0 5 2 5 4  
0 2 1 7 7  3 0 5 7 1 2  0 04400  
0 2 2 0 0  3 0 5 7 3 5  0 04406  
0 2 2 0 1  -3  05762  0 1 0 3 7 4  
0 2 2 0 2  -3 0 5 7 7 7  0 1 0 3 7 6  
0 2 2 0 3  -3 06011  0 10405  
0 2 2 0 4  1 00000  0 00003 
0 2 2 0 5  -1 00000 0 0 0 3 6 4  
0 2 2 0 6  0 50000  0 1 0 4 4 4  
0 2 2 0 7  0 3 0 2 0 0  0 1 0 4 4 6  
0 2 2 1 0  -0 12000 0 02237  
0 2 2 1 1  0 1 0 0 0 0  0 0 2 2 3 7  
0 2 2 1 2  0 60100 0 1 0 4 4 7  
0 2 2 1 3  0 50000 0 1 0 4 4 5  
0 2 2 1 4  0 2 4 0 0 0  0 20447 
0 2 2 1 5  -0 60000 0 1 0 4 4 7  
0 2 2 1 6  0 50000 0 10445  
0 2 2 1 7  0 0 7 4 0 0  4 061f6 
0 2 2 2 0  0 00000  0 0 0 1 4 4  
0 2 2 2 1  0 6 0 1 0 0  0 1 0 5 0 3  
0 2 2 2 2  0 5 0 0 0 0  0 10447  

SVN T 5 1 1 0 9 3 0 8 1  
PON U21090 
F V E  2 4 4  
T S X  O U T 9 4  
T S X  ECHO94 
P T H  C209092012 
P T H  C239093028 
SVN T439013058  
SVN T 4 6 9 0 9 3 0 7 1  
SVN T 5 2 9 0 9 3 0 8 1  
PON U29090 
FVE 2 4 4  
T S X  OUT94 
TSX ECH0#4 
P T H  C 2 1 * 0 9 3 0 1 8  
P T H  C2290,3037 
SVN T 4 4 9 0 9 3 0 5 8  
SVN T 4 7 9 0 9 3 0 7 1  
SVN T 5 3 9 0 1 3 0 8 1  
PON U29090 
FVE 2 4 4  
TSX O U T 1 4  
TSX E C H O 1 4  
P T H  C 2 1 9 0 * 3 0 1 8  
P T H  C239093037  
SVN T459013058  
SVN T 4 7 9 0 9 3 0 7 1  
SVN T 5 4 9 0 j 3 0 8 1  
PON u29090 
FVE 2 4 4  
CLA f 6 5  
FSB T 6 7  
T M I  X B I l l  
TZE XBIll 
S T O  T68  
CLA T66  
FDH T 6 8  
STQ T 6 8  
CLA T66  
TSX SQRT94 
H T R  R C D  
STO T95  
CLA T 6 8  

NEGATIVE R A D I C A N D  

Page 87



02223 0 07400 4 06116 
02224 0 00000 0 00144 
02225 0 60100 0 10447 
02226 0 07400 4 06147 
02227 0 07400 4 05254 
02230 3 31426 0 04650 
02231  -3 05762 0 10503 
02232 -3 00104 0 10444 
02233 -3 00110 0 10446 
02234 -3 06011  0 10447 
02235 1 O O Q O O  0 00003 
02236 -1 00000 0 00364 
02237 0 07400 4 06147 
02240 0 07400 4 05254 
02241  -1 00000 0 00361  
02242 0 02000 0 03162 
02243 0 50000 0 10516 
02244 0 60100 0 10514 
02245 0 50000 0 10517 
02246 0 60100 0 10515 

TD 02247 1 00000 0 01717 
02250 0 76200 0 00321 
02251  0 07400 4 05363 
02252 0 00000 0 06100 
02253 0 00000 0 90144 
02254 0 07400 4 05030 
02255 0 04356 0 06113 
02256 0 02000 0 02250 
02257 0 53400 1 04350 
02260 0 50000 0 04466 
02261  0 60100 0 02265 
02262 0 50000 0 04467 
02263 0 60100 0 02273 
02264 0 07400 4 05573 
02265 0 00000 0 00000 
02266 0 00000 0 00144 
02267 0 50000 0 10424 
02270 0 40200 0 04362 
02271 0 10000 0 02275 
02272 0 07400 4 05573 
02273 0 00000 0 00000 
02274 0 00000 0 00144 
02275 -2 00001 1 02303 

T S X  SQRTv4 
HTR RCD 
STO T68 
TSX OUT94 
TSX ECHO94 
PTH C6390913078 
SVN T959093058 
SVN T6590968 
SVN T6790972 
SVN T689093081 
PON U29090 
FVE 244 

TSX ECHO94 
FVE 241 
TRA XSA 

XBK CLA M L O  
STO M8 
CLA M 1 1  
S T 0  M9 
T X I  X A Y  

TSX DBD194 
PZE BUFFER 
HTR RCD 
TSX IFF94  
PZE BUFFER+1I.,O,IS 
TRA XDA 

CLA C 2 8  
STO X D C l  
CLA C 2 9  
STO X D D l  

X B f l l  TSX OUT14 

X D A  RCD 

XDB L X A  I 1 2 9 1  

XDC TSX FTLE#4 
X D C l  PZE 

HTR RCD 
CLA T58  
SUB C 3  
TZE XDE 

XDD TSX F ILE94 
X D D l  P Z E  

HTR RCD 
XDE TNX XDFF9191 

N E G A T I V E  RADICAND 

OR T X I  X A Y  

END OF F I L E  

TO BE SET 
ERROR RETURN FROM F I L E  

TO B E  SET 
ERROR RETURN FROM F I L E  
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02276 
02277 
02300 
02301  

TD 02302 
02303 
02304 
02305 
02306 
02307 
02310 
02311  
02312 

TD 02313 
TD 02314 
TO 02315 
TD 02316 

02317 
02320 
02321  
02322 
02323 
02324 
02325 
02326 
02327 
02330 
02331 
02332 
02333 
02334 
02335 
02336 
02337 
02340 
02341  
02342 
02343 
02344 
02345  
02346 
02347 
02350 

0 50000 0 02265 
0 40000 0 04470 
0 62200 0 02265 
0 62200 0 02273 
1 00000 0 02264 
0 07400 4 02305 
0 02000 0 00471 

-0 63400 4 1 0 4 2 2  
0 53400 4 10305 
3 00004 4 02317 
0 50000 4 04314 
0 60100 0 02722 
0 02000 4 02317 
1 00000 0 02350 
1 00000 0 02336 
1 00000 0 02331 
1 00000 0 02320 
0 00000 0 00144 
0 50000 0 04336 
0 60100 0 10311 
0 60100 0 10321 
0 60100 0 10323 
0 50000 0 04337 
0 60100 0 10312 
0 60100 0 10322 
0 50000 0 04160 
0 02000 0 02361 
0 50000 0 04337 
0 60100 0 20321 
0 60100 0 10322 
0 50000 0 04160 
0 02000 0 02361 
0 50000 0 04336 
0 60100 0 10321 
0 60100 0 10312 
0 60100 0 10322  
0 50000 0 04337 
0 60100 0 10321 
0 50000 0 04340 
0 60100 0 10323 
0 50000 0 04157 
0 02000 0 0 2 3 6 1  
0 50000 0 04336 

XDF 

XDFF 

XDG 

X D C l  
XDG2 

XDG3 

XDG4 

XDG5 

C i A  X D C l  
ADD C30 
STD X D C l  
S T D  X D D l  
T X I  XDC 
TSX XDG94 
T R A  XCC 
SXD T5694 
i X A  5194 
TXH X D G l ~ 4 9 4  
CLA lXEC1+1,4 
STQ X E C l  
TRA XDG194 
T X I  XDG5 
T X I  XDG4 
T X I  XDG3 
T X I  XDG2 
HTR RCD 
C L A  11 
STO S 5  
S T O  5 1 2  
STO S 1 4  
€LA I2 
STO S 6  
STO S13 
C L A  lXSB 
TRA XDG6 
CLA 12 
STO s 1 2  
STO S13 
CLA l X S 8  
TRA XDG6 
C L A  I1 
STO S5 
S I 0  S 6  
STO S I 3  
C t A  I2 
STO S 1 2  
CLA 13 
STO S I 4  
CLA 2XSB 
TRA XDG6 
CEA I 1  

MODE NOT SPECIFlEO 
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02351 
02352 
02353 
02354 
02355 
02356 
02357 
02360 
02361  
02362 
02363 
02364 
02365 
02366 
02367 
02370 
02371 
02372 
02373 
02374 
02375 
02376 
02377 
0 2 4 0 0  
02401  
02402  
02403 
02404 
02405 
02406 
0 2 4 0 7  
02410 
02411  
02412 
02413 
02414 
02415 
024’16 
02417 
02420  
02421  
02422  
02423 

0 60100 0 1 0 3 1 1  
0 60100 0 10312 
0 50000 0 04337 
0 60100 0 10322 
0 60100 0 1 0 3 2 2  
0 50000 0 04340 
0 60100 0 10323 
0 50000 0 04157 
0 60100 0 03164 
0 5 3 4 0 0  4 10306 
3 00002 4 02365 
3 00000 4 02366 
0 00000 0 00144 
0 50000 4 04163 
0 60.200 0 01353 
0 50000 4 04165 
0 60100 0 01534 
0 50000 4 04316 
0 60100 0 02727 
0 53400 4 10307 
3 00003 4 023’97 
3 00000 4 0 2 4 0 0  
0 00000 0 00144 
0 50000 4 04153 
0 60100 0 03116 
0 50000 4 04144 
0 60100 0 10307 
0 50000 4 04321 
0 60100 0 02734 
0 53400  4 10307 
0 50000 4 04167 
0 60100 0 03104 
0 50000 4 04171 
0 60100 0 01041  
0 50000 4 04193 
0 60100 0 01114 
0 50000 4 04175 
0 60100 0 01150 
0 50000 4 04177 
0 60100 0 01172 
0 50000 4 04201 
0 60100 0 0 1 2 2 7  
0 5 0 0 0 0  4 0 4 2 0 3  

STO s5 
STO 56 
CLA I 2  
STO 512 
STO 513 
CLA I 3  
STO S14 
CLA 2XSB 

XDG6 STO XSB 
XDH LXA S294 

TXH XDHl9492 
TXH XDH29490 

X D H l  HTR RCD 
XDH2 CLA 1XAH+lr4 

STO XAH 
CLA 1XAWl+1,4 
STO X A W l  
CLA lXEC2+194 
STO XEC2 
LXA S 3 9 4  
TXH XDH39493 
TXH XDH4~490 

XDH3 HTR RCD 
XDH4 CLA 1XGA-I-194 

S T O  XGA 
C L A  1 S 3 + 1 9 4  
STO s3 
CLA 1XEC3+194 
STO XEC3 
LXA S 3 r 4  
C i A  1XFF2+194 
STO XFF2 
CLA 1xG4.194 
STO X G  
CLA 1xJ-I-194 
STO X J  
CLA IXM*f,4 
STO XM 
C I A  1XP+Pb4 
STO XP 
CLA 1XVS194 
S T O  XV 
CLA 1 X Z + 9 9 4  

52 NOT SPECIFIED 

8 w 
a 

53 NOT SPECIFIED 
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c . . * a 

0 2 4 2 4  
02425  
02426 
02427  
02430  
0 2 4 3 1  
02432  
0 2 4 3 3  
0 2 4 3 4  
02435  
0 2 4 3 6  
02437  
02440  
02442  
02442  
0 2 4 4 3  
0 2 4 4 4  
02445  
02446  
02447  
0 2 4 5 0  
0 2 4 5 1  
0 2 4 5 2  
02453  
0 2 4 5 4  
02455  
02456  
0 2 4 5 7  
02460  
0 2 4 6 1  
02462  
02463  
0 2 4 6 4  
02465  
02466 
02467 
02470 
0 2 4 7 1  
024’72 
02473  
02474 
02475 
02476  

0 6 0 1 0 0  0 01266  
0 5 0 0 0 0  4 04205 
0 6 0 1 0 0  0 01322  
0 5 0 0 0 0  4 04207  
0 6 0 1 0 0  0 10370  
0 6 2 1 0 0  0 01520 
0 7 6 7 0 0  0 0 0 0 2 2  
0 6 2 2 0 0  0 0 1 5 3 1  
0 6 2 2 0 0  0 04102  
0 5 0 0 0 0  4 04150  
0 6 0 1 0 0  0 03747 
0 50000 4 04146  
0 6 0 1 0 0  0 03773  
0 5 3 4 0 0  4 10310 
3 0 0 0 0 3  4 0 2 4 4 4  
3 00000 4 02445 
0 00000 0 0 0 1 4 4  
0 5 0 0 0 0  4 04212  
0 6 0 1 0 0  0 00666  
0 5 0 0 0 0  4 04215  
0 6 0 1 0 0  0 Of717 
0 5 0 0 0 0  4 04220  
0 6 0 1 0 0  0 01731 
0 50000 4 0 4 3 2 4  
0 6 0 1 0 0  0 02741 
0 5 3 4 0 0  4 1 0 3 1 1  
3 00002  4 02460  
3 00000 4 0 2 4 6 1  
0 0 0 0 0 0  0 0 0 1 4 4  
0 50000  4 04222  
0 60100 0 02035  
0 5 0 0 0 0  4 04155  
0 60100 0 00630  
0 5 0 0 0 0  4 04157 
0 6 0 1 0 0  0 03162  
0 5 0 0 0 0  4 0 4 2 2 4  
0 60100 0 0 4 1 2 1  
0 5 3 4 0 0  4 1 0 3 1 2  
3 0 0 0 0 2  4 0 2 4 7 4  
3 00000 4 02475  
0 00000 0 0 0 1 4 4  
0 50000 4 04226  
0 60100 0 01533 

STO X Z  
C L A  1 X A D + l s 4  
S T O  X A D  
CLA lT414-194 
STO T41 
S T A  X A R l  
A L S  1 8  
S T D  X A V l  
STD XWU 
CLA 1 XWD+ 1 9 4 
S T O  X W D  
CLA l X W P 1 + 1 9 4  
STO X W P l  
LXA S 4 9 4  
T X H  XDH59493 
T X H  XDH69490 

X D H 5  H T R  RCD 
XDH6 CLA l X C H + 1 9 4  

STO XCH 
CLA 1 X A y + 1 # 4  
STQ X A Y  
CLA l X B B 1 + 1 9 4  
STO X 6 6 l  
CLA l X E C 4 + 1 9 4  
STO X E C 4  
LXA 5 5 9 4  
TXH XDH79492 
TXH XDH89490 

X D H 7  H T R  RCD 
XDH8 CLA 1 X B H - t - 1 9 4  

STO X B H  
CLA 1XCF4-194 
STO XCF 
CLA l X S A - f - 1 9 4  
STO X S A  
CLA 1 X V I i - 1 9 4  
STQ X V I  
LXA 5 6 9 4  
T X H  XDH99492 
T X H  X D H 1 0 , 4 , 0  

XDH9 H T R  R C D  
X D H l O  CLA l X A W + 1 9 4  

STO X A W  

S 4  NOT S P E C I F I E D  

S5 NOT SPECIFIED 

S6 NOT SPECIFIED 
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8 

02552  
0 2 5 5 3  
0 2 5 5 4  
02555  
02556  
02557  
02560  
0 2 5 6 1  
02562  
02563  
02564  
02565  
02566  
02567  
0 2 5 7 0  
0 2 5 7 1  
02572  
02573  
0 2 5 7 4  
02575  
0 2 5 7 6  
02577  
02600 
0 2 6 0 1  
0 2 6 0 2  
02603  
0 2 6 0 4  
02605 
02606  
02607  
02610  
0 2 6 1 1  
02612  
02613  
0 2 6 1 4  
02615  
0 2 6 1 6  
0 2 6 1 7  
0 2 6 2 0  
02621  
0 2 6 2 2  
02623  

0 5 0 0 0 0  4 04335 
0 60100 0 0 3 0 2 1  
0 5 3 4 0 0  4 1 0 3 2 1  
0 5 0 0 0 0  4 0 4 2 5 4  
0 60100 0 01210  
0 5 0 0 0 0  4 04256  
0 6 0 1 0 0  0 02243  
0 5 3 4 0 0  4 10322  
0 5 0 0 0 0  4 04260 
0 6 0 1 0 0  0 0 1 1 4 1  
0 5 0 0 0 0  4 04262 
0 6 0 1 0 0  0 01163  
0 5 0 0 0 0  4 0 4 2 6 4  
0 6 0 1 0 0  0 01247 
0 5 0 0 0 0  4 04266 

0 5 0 0 0 0  4 04270  
0 6 0 1 0 0  0 01463 
0 5 0 0 0 0  4 04272 
0 60100 0 01473  
0 53400 4 10323  
0 5 0 0 0 0  4 04275 
0 6 0 1 0 0  0 0 2 0 5 1  
0 5 0 0 0 0  4 04300 
0 6 0 1 0 0  0 02054  
0 50000  4 04327 
0 6 0 1 0 0  0 02750  
0 5 0 0 0 0  0 04337  
0 4 0 2 0 0  0 1 0 3 1 2  
0 7 6 7 0 0  0 00001  
0 4 0 0 0 0  0 10315 
0 7 3 4 0 0  4 00000  

0 6 0 1 0 0  0 0 0 7 1 4  
0 5 0 0 0 0  4 04310  
0 60100 0 Of740 
0 5 6 0 0 0  0 1 0 3 1 4  
0 2 0 0 0 0  0 04342  
0 20000  0 10307 

-0 60000  0 1 0 3 3 1  
0 53400 4 10322  

-3 00001  4 02625 

o 6 0 1 0 0  o 01310  

o 5 0 0 0 0  4 0 4 3 0 4  

0 2 6 2 4  0 5 6 0 0 0  0 1 0 3 1 4  

CLA 1 X E K 2 + l r 4  
STO XEK2 
LXA 5 1 2 9 4  
CLA LXS1+194 
STO X S 1  
CLA 1 X B K t - 1 9 4  
STO X B K  
LXA S 1 3 9 4  
C L A  1XL+194 
STO X t  
CLA 1X0+1+4 
STO XO 
CLA 1 X Y + 1 + 4  
STO X Y  
CLA 1 X A C + 1 * 4  
STO XAC 
CLA lXAM+1,4 
S T O  XAM 
CLA 1 X A N + l r 4  
STO XAN 
L X A  S34*4 
CLA l X B H 4 4 - 1 9 4  
STQ X B X 4  
CLA 1XBH5+lt4 
STO XBH5 
CLA l X E E l + L + 4  
STQ XEEl 
CLA I2 
SUB S6 
ALS 1 
ADD S 9  
P A X  0 9 4  
CLA 1XCH5+194 
STO XCH5 
CLA 1X8G+1+4 
S T O  X B G  
LOQ S8 
MPY I5 
MPY 5 3  
STQ T 9  
L X A  5 1 3 9 4  
TXL X D J 1 9 4 9 1  
LDQ S 8  

, 

I 
co ul 
I 
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02625 0 20000  0 1 0 3 1 5  
02626  -0 6 0 0 0 0  0 1 0 3 3 2  
0 2 6 2 7  0 50000  0 0 4 3 3 7  
02630  0 4 0 2 0 0  0 1 0 3 1 7  
0 2 6 3 1  0 6 0 1 0 0  0 10443 
02632  0 56000  0 1 0 4 4 3  
02633  0 20000  0 0 4 3 4 3  
0 2 6 3 4  0 2 0 0 0 0  0 1 0 3 1 6  
02635  -0  6 0 0 0 0  0 1 0 4 4 3  

T 02636  -0 7 5 4 0 0  0 00000  
02637  0 76000  0 0 0 0 0 6  
02640  -0 7 3 4 0 0  1 0 0 0 0 0  
0 2 6 4 1  -0 7 5 4 0 0  1 00000 
02642 0 77100  0 0 0 0 2 2  
02643  0 60100 0 1 0 4 2 5  
0 2 6 4 4  0 5 0 0 0 0  0 1 0 5 2 5  
02645  0 4 0 0 0 0  0 0 4 3 3 6  
0 2 6 4 6  0 4 0 0 0 0  0 1 0 3 2 0  
02647  0 62100 0 0 1 3 4 0  
02650  0 6 2 1 0 0  0 03505  
3 2 6 5 1  0 6 2 1 0 0  0 0 3 5 3 5  
02452  0 6 2 2 0 0  0 0 3 5 4 7  
02653  0 6 2 1 0 0  0 0 3 5 5 0  
0 2 6 5 4  0 6 2 1 0 0  0 0 3 7 4 2  
02655  0 6 2 1 0 0  0 0 3 7 6 5  
02656  0 6 0 1 0 0  0 1 0 3 2 4  
02654  0 40000 0 1 0 4 4 3  
02660  0 6 0 1 0 0  0 1 0 3 2 5  
0 2 6 6 1  0 4 0 0 0 0  0 1 0 3 3 1  
02662  0 6 0 1 0 0  0 1 0 3 3 0  
02663  0 4 0 0 0 0  0 1 0 3 1 3  
0 2 6 6 4  0 6 0 1 0 0  0 LO326 
02665 0 4 0 0 0 0  0 1 0 3 3 2  
02666  0 6 0 1 0 0  0 1 0 3 2 7  
02667  0 53400  4 E0305 
02670  -3 0 0 0 0 2  4 0 2 6 7 4  
0 2 6 4 1  0 40000 0 0 5 0 2 4  
02672  0 4 0 0 0 0  0 7 7 7 6 0  
02673  0 4 0 0 0 0  0 1 0 3 3 1  
02674  0 3 4 0 0 0  0 1 0 4 2 5  
026?5 0 0 0 0 0 0  0 00144 
02676  0 76100 0 00000  
0 2 6 7 7  0 53400  4 0 4 3 4 2  

X D S l  MPY S 9  
STQ T 1 0  
C L A  I 2  
SUB S15 
S T O  T 6 4  
LDQ T 6 4  
MPY 16 
MPY S I 0  
STQ T64 
PXD 
COM 
PDX 0 9 1  
PXD 091 
ARS 98 
STO T 5 9  
CLA T 5  
ADD I9 
ADD S11 
S T A  X A G l  
S T A  X T W  
S T A  X T Y l  
S T A  XU51 
S T A  XU02 
S T A  XWA 
STA XWN 
STO T 6 1  
ADD T 6 4  
S f O  T6 
ADD T9 
STO T l i  
ADD ST 
S T O  T 7  
ADD T10 
STO T8 
L X A  SI94 
TXL X032+492  
ADD C 8 9  
ADD K 1  
ADD T 9  

XDd2 CAS T 5 9  
H T R  RCD 
NOP 
L X A  1 5 9 4  

‘ 1 . r. 

PROBLEM EXCEEDS MEMORY C A P A C I T Y  
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0 2 7 0 0  0 5 0 0 0 0  4 1 0 3 3 1  
0 2 7 0 1  0 7 6 0 0 0  0 00006 
02702  0 60100 4 1 0 3 3 1  
0 2 7 0 3  2 00001 4 02700 
0 2 7 0 4  0 5 0 0 0 0  0 1 0 3 3 0  
0 2 7 0 5  0 7 6 7 0 0  0 00022  
0 2 7 0 6  0 6 2 2 0 0  0 03331  
02707  0 6 2 2 0 0  0 0 4 1 2 4  
02710 -0  5 3 4 0 0  4 10422  
0 2 7 1 1  0 0 2 0 0 0  4 00001 
02712  0 0 7 4 0 0  4 06147  
02713 0 07400  4 0 5 2 5 4  
0 2 7 1 4  3 2 7 4 5 1  0 10406  
02715 3 0 2 0 6 6  0 04362  
0 2 7 1 6  -3 00000  0 00364  
0 2 7 1 7  0 0 7 4 0 0  4 06147  
0 2 7 2 0  0 0 7 4 0 0  4 0 5 2 5 4  
0 2 7 2 1  3 0 1 7 5 6  0 0 4 4 7 1  
02722  0 0 0 0 0 0  0 00000 
0 2 7 2 3  -1 00000  0 0 0 3 6 4  
0 2 7 2 4  0 0 7 4 0 0  4 06147  
0 2 7 2 5  0 0 7 4 0 0  4 0 5 2 5 4  
0 2 7 2 4  3 0 3 7 3 4  0 0 4 5 2 1  
02727  0 0 0 0 0 0  0 00000  
0 2 7 3 0  -1 00000  0 00000  
0 2 7 3 1  0 0 7 4 0 0  4 06147 
02732  0 0 7 4 0 0  4 05254  
02733  3 0 7 6 7 0  0 04526  
0 2 7 3 4  0 00000  0 00000 
02735  -1 0 0 0 0 0  0 00000  
0 2 7 3 6  0 0 7 4 0 0  4 06147  
02737  0 0 7 4 0 0  4 0 5 2 5 4  
02740  3 0 3 7 3 4  0 04536  
0 2 7 4 1  0 OOQOO 0 00000 
02742  -1 0 0 0 0 0  0 00000 
02743  0 5 3 4 0 0  4 1 0 3 3 1  
0 2 7 4 4  3 00001 4 02753  
02745  0 0 7 4 0 0  4 06147 
02746  0 0 7 4 0 0  4 05254  
02747  3 0 5 7 1 2  0 0 4 5 4 4  
02750  0 0 0 0 0 0  0 0 0 0 0 0  
0 2 7 5 1  -1 0 0 0 0 0  0 QOOOO 

T D  02752  1 0 0 0 0 0  0 02760  

XDJ3 

XDK 

X E B  

XEC 

X E C l  

XEC2 

XEC3 

X E C 4  

X E E  

X E E l  

C L A  T61+5,4  
COM 
STO T61+594 
T I X  XDJ39491 
CLA T 1 1  
ALS 18 
STD X T C L  
S T D  X V f l  
LXD T 5 6 r 4  
T R A  1 9 4  
TSX O U T 9 4  
TSX E C H O 9 4  
P T H  T 5 5 9 0 9 1 2 0 7 3  
PTH C 3 s 0 * 1 0 7 8  
FVE 2 4 k  
T S X  O U T 9 4  
TSX ECHO94 
PTH C 3 1 * 0 , 1 0 0 6  
PZE 
FVE 2 4 4  
TSX O U T 9 4  
TSX ECHO94 
PTH C 3 6 + 0 * 2 0 1 2  
P Z E  
FVE 
T S X  OUT94 
TSX ECHO94 
P T H  C 3 9 9 0 t 4 0 2 4  
PZE 
FVE 
TSX O U T 9 4  
TSX E C H 0 + 4  
PTH C 4 2 9 0 * 2 0 1 2  
PZE 
F V E  
LXA S594  
T X H  X E F 9 4 r L  
TSX O U T 9 4  
TSX ECHO94 
P T H  C46*0 ,3018 
P Z E  
FVE 
T X I  X E G  

TO B E  SET 

TO BE SET 

TO BE SET 

TO BE SET 

TO BE SET’ 
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02753  0 0 7 4 0 0  4 06147  XEF 
02754  0 0 7 4 0 0  4 0 5 2 5 4  
02755  3 05712  0 0 4 5 4 4  
02756  3 01775  0 0 4 5 4 3  
02757  -1 0 0 0 0 0  0 0 0 0 0 0  
02760  0 0 7 4 0 0  4 06147  XEG 
02761 0 0 7 4 0 0  4 0 5 2 5 4  
02762  3 1 1 6 4 6  0 0 4 5 6 3  
02763  0 0 0 0 0 0  0 0 0 0 0 0  XES1 
02764  -1 0 0 0 0 0  0 0 0 0 0 0  
02765 0 50000  0 1 0 3 1 3  XEH 
02766  -0 10000 0 0 2 9 7 4  
02367  0 07400  4 0 6 1 4 7  X E I  
0 2 7 7 0  0 0 7 4 0 0  4 0 5 2 5 4  
02731 3 0 3 7 3 4  0 0 4 5 7 4  
02792 -1 00000 0 00000 

TO 0 2 7 7 3  1 0 0 0 0 0  0 0 3 0 0 1  
0 2 9 7 4  0 0 7 4 0 0  4 06147  X E d  
02275  0 0 7 4 0 0  4 0 5 2 5 4  
02776  3 1 3 6 2 4  0 0 4 5 7 6  
027’77 -0 00016 0 1 0 3 4 3  
03000 -1 0 0 0 0 0  0 00000  
03001 0 0 7 4 0 0  4 06147  XEK 
0 3 0 0 2  0 07400  4 0 5 2 5 4  
03003 3 1 3 6 2 4  0 0 4 6 0 4  
03004  -0 0 0 0 4 7  0 1 0 3 1 4  
0 3 0 0 5  -1 0 0 0 0 0  0 0 0 0 0 0  
03006  0 07400 4 0 6 1 4 7  
03007  0 0 7 4 0 0  4 0 5 2 5 4  

’TSX O U T e 4  
TSX ECHO94 
P7t-l C469093018 
P W  C45n091021 
FVE 
TSX O U T 3 4  
PSX ECHO94 
P T H  C509095030 
P Z E  
FVE 
CLA s-7 
TNZ XE3 
TSX O U T 1 4  
TSX E C H Q o 4  
PTH C539092012 
FVE 
T X I  X E &  
TSX O U T 9 4  
JSX E C H O 9 4  
PTet C54rOa6036 
FOR 5790914  
FVE 
PSX O U T e 4  
T S X  ECHO94 
Pl”i-4 C55eOa6036 
FOR 58,0939 
FVE 
TSX O U T 9 4  
TSX ECHQs4 

03010  0 0 0 0 0 0  0 0 0 0 0 0  
03011 -1 0 0 0 0 0  0 0 0 0 0 0  
0 3 0 2 2  0 07400 4 0 6 1 4 7  
03023  0 0 7 4 0 0  4 0 5 2 5 4  
03014 3 1 7 5 6 0  0 0 4 6 1 f  
03015 -0 0 0 0 6 2  0 1 0 3 1 6  
03316 -1 0 0 0 0 0  0 0 0 0 0 0  
03017 0 0 7 4 0 0  4 06147  
0 3 0 2 0  0 09400 4 0 5 2 5 4  
0 3 0 2 ;  0 00000  0 00000 
03022 -1 00000 0 0 0 0 0 0  
03023  0 0 7 4 0 0  4 0 6 1 4 7  

0 3 0 2 5  3 11646 0 04627  
0 3 0 2 4  0 0 7 4 0 0  4 0 5 2 5 4  

X E k i  PZE 
W E  

TSX E C H O 9 4  
PTH C589098048 
FOR SPOs0950 
FUE 
T S X  o U T $ 4  
TSX E C H O 9 4  

XEK2 P Z E  
FVE 
TSX OUT34 
BSX ECHO94 
P r h  C 5 9 * 0 9 5 0 3 0  

rsx O U T ~ L ~  

TO BE SET 

TO BE SET 

TO BE SET 
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03026 -0 00034 0 10320 
03027 -1 0 0 0 0 0  0 00000  
03030 0 07400 4 06147 
0 3 0 3 1  0 07400 4 05254 
03032 -1 00000 0 00361 
03033 0 02000 0 00472 XEL 
03034 0 50000 0 10320 XFB 
03035 0 40000 0 04336 
03036 0 73400 1 00000 
03037 0 50000 0 10525 
03040 0 76000 0 00006 
03041 0 73400  2 00000 
03042 0 76200 0 00321 XFC 
03043 0 07400 4 05363 
03044 0 00000 0 06100 
03045 0 00000 0 00144 
03046 0 07400 4 05030 
03047 0 04355 0 06113 
03050 0 02000 0 03042 
0 3 0 5 1  0 07400 4 05135 
03052 0 00002 0 06102 
03053 0 02000 0 03116 
03054 0 07400 4 05573 
03055 -2 00155 2 00000 
03056 0 0 0 0 0 0  0 00144 
03057 1 77777 2 03060 
03060 2 0 0 0 0 1  1 03042 XFD 
03061 0 53400 1, 10314 XFE 
03062 0 53400 2 10325 
03063 0 76200 0 00321 XFF 
03064 0 07400 4 05363 
03065 0 00000 0 06100 
03066 0 0 0 ~ 0 0  0 00144 
03067 0 07400 4 05030 
03070 0 04355 0 06113 
0 3 0 7 1  0 02000 0 03063 
03072 0 07400 4 05135 
03093 0 00013 0 06113 
03074 0 02000 0 03116 
03095 0 07400 4 05573 

FOR S11t0928 
FVE 
TSX OUT94 
TSX ECHO94 
FVE 2 4 1  
TRA X R A  
CLA T3 
ADD I 1  
P A X  093. 
C L A  T5 
COM 
PAX 0 9 2  
RCD 
TSX DB0194 
PZE BUFFER 

TSX IFF94 
PZE BUFFER+11,09IP 
J R A  XFC 
TSX BLNKe4 
PZE BUFFER+2,0,2 
TRA XGA 
TSX F I L E 9 4  
MTW 0,29109 
HTR RCD ERROR RETURN FROM F I L E  
T X I  XFD92,-1 
T I X  X F C 9 1 9 1  
LXA T 2 9 1  
LXA T 6 9 2  
RCD 
TSX DBD194 
PZE BUFFER 
HTR RCD END OF F I L E  
TSX I F F 9 4  
PZE BUFFER+11,O+iP 
TRA XFF 
T S X  B L M K v 4  
PZE BUFfEf?+11+0~11 
TRA XGA 
TSX F I L E 9 4  

HTR RCD END OF F r t E  

03096 -1 00153 2 00000 X F F l  MON 0929107 OR MTW Os29107 
03077 -2 01456 2 00001 MTW 1929814 
03100 -2 0 2 7 6 1  2 00002 MTW 2 9 2 9 1 5 2 1  
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03101 -2 04264 2 00003 
03102 -2 05567 2 0 0 0 0 4  
03103 0 0 0 0 0 0  0 00144 
03104 1 77773 2 03115 
03105 0 07400 4 05573 
03106 -2 07072 2 00000 
03107 -2 10375 2 00001 
03110  -2 11700 2 00002 
03111 -2 13203 2 00003 
03112 -2 14506 2 0 0 0 0 4  
03113 0 00000 0 00144 
03114 1 77773 2 03115 
03115 2 00001 1 03063 
03116 0 0 2 0 0 0  0 00621 
03117 0 60100 0 10307 
03120 0 07400 4 02305 
03121 0 56000 0 04342 
03122 0 20000 0 10314 
03123 -0 60000 0 10476 
03124 0 50000 0 10325 
03125 0 40200 0 10476 
03126 0 40000 0 04336 
03127 0 73400 1 00000 
03x30 0 40200 0 10436 
03131 0 40000 0 04342 
03132 0 733400 2 00000 
03133 0 53400 4 10314 
03134 0 50000 1 O O O G O  
03135 0 60100 0 10477 
03136 -0 63400 1 10346 
03137 0 53400 1 04343 
03140 0 56000 0 10477 
03141 0 26000 1 10476 
03142 0 60100 2 0 0 0 0 0  
03143 -2 00001 I 03145 
03144 1 77777 2 0 3 1 4 0  
03145 -2 00001 4 00621 
03146 1 00017 2 03147 
03147 -0  53400 1 10346 
03150 1 00005 1 0 3 1 5 1  
03151 0 50000 3. 00001 
03152 0 60100 2 00006 
03153 0 5 0 C O O  1 00002 

MTW 3 9 2 9 2228 
MTW 4,292935 
HTR RCD 

XFF2 T X I  XFGg2,-5 
XFF3 TSX F I L E 9 4  

MTW 09293642 
MTW 1 9 2  94349 
MTW 29295056 
MTW 39295763 
M T W  49296470 
HTR RCD 
T X I  XFG92,-5 

XFG T I X  XFFPlvE 
XGA TRA XCE 

S T O  S3 
XGB T S X  X D G 9 4  
XGC LDQ 1 5  

MPY S8 
SJQ T90 
CLA T6 
SUB T90 
ADO f l  
P A X  O r 1  

ADD 1 5  
P A X  Or2 

XGD LXA 5894 
X G E  CLA 0 9 1  

STO T 9 1  
SXD T2391 

sue T ~ O  

XGF L X A  I 6 9 1  
XGG LDQ T9L 

FMP T 8 4 t . 6 9 1  
ST0 092 

XGH TNX X G J 9 1 9 1  

X G I  T X I  XGG*2*-1 
X G J  TNX XCE9491 
XGK T X I  XGLv2915 
X G L  LXD T2391 

T X I  XGMs195 
XGM C L A  1 9 1  

S T O  692 
C L A  2,1 

E R R O R  RETURN FROM FILE 
OR T X I  XFF3tp29-5 

ERROR RETURN FROM F I L E  

OR CLA I2 
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03154 0 60100 2 00007 
03155 0 50000 1 00003 
03156 0 60100 2 00010 
03157 0 50000 1 0 0 0 0 4  
03160 0 60100 2 00011 
03161 0 02000 0 03134 
03162 0 77000 0 00205 
03163 0 77000 0 00205 
03164 0 76200 0 00321 
03165 0 07400  4 05363 
03166 0 00000 0 06100 
03167 0 00000 0 03164 
03170 0 07400 4 05030 
0 3 1 7 1  0 04353 0 06113 
03172 0 02000 0 03164 
03173 0 07400 4 05135 
03174 0 00002 0 06102 
03175 0 0 2 0 ~ 0  0 03217 
03176 0 07400 4 05573 
03177 -1 00152 0 77761 
03200 -1 Of310 0 77760 
03201 -2 00152  0 10446 
03202 0 00000 0 00144 
03203 0 50000 0 77760 
03204 0 76700 0 00001  
03205 0 60100 0 77760 
03206 0 53400  1 77760 
03207 0 76200 0 0 0 3 2 1  
03210 0 53400 2 04346 
0 3 2 1 1  0 70000 1 77760 
03212 0 02000 0 03214 
03213 0 00000 0 03209 
03214 0 70000 1 7 7 7 6 1  
03215 2 00001 2 03211 
03216 2 00002 1 03207 
03217 0 5 3 4 0 0  1 77761 
03220 3 00000 1 03223 
0 3 2 2 1  0 60000 0 77760 
0 3 2 2 2  0 02000 0 0 3 3 6 1  
0 3 2 2 3  0 50000 0 10313 
0 3 2 2 4  0 60100 0 77763 
0 3 2 2 5  0 50000 0 10305 
03226 0 60100 0 77774 

STO 7 9 2  
C L A  3 9 1  
S T 0  8 9 2  
CLA 491  
STO 9 9 2  
TRA XGE 

X S A  WEF U3 
WEF U3 

XSB RCD 
TSX DBD194 
P Z E  BUFFER 
HTR XSB 

PZE BUFFER+l I ,O~IK 
T R A  XSB 

PZE BUFFER+2+0+2 
TRA XSK 

MON K2909106 
MON K1209712 
MTW T67*0s105 
HTR R C D  
C L A  K1 
A L S  1 
S T O  K 1  

X S C  TSX I F F 9 4  

XSD TSX BLMK94 

XSE T S X  F I L E 9 4  

XSF LXA K 1 9 3  
X S G  R C D  

LXA I 9 9 2  
XSH CPY K l s l  

TRA XSHP 
HTR XSG 

XSHf CPY K l f l s l  
X S I  T I X  XSHs291 
XSJ T I X  X S G 9 1 9 2  
XSK L X A  K291 

TXH X S M 9 1 9 0  
XSL STZ K 1  

TRA X T O  
XSM C i A  57 

STO K4 
C L A  S1 
STO K13 

OR TRA XSB 

OR TRA XVH 

END OF FILE 

ERROR RETURN FROM FILE 

END OF FILE 
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03227  0 50000  0 7 7 7 6 1  
03230  0 4 0 0 0 0  0 0 4 3 3 6  
0 3 2 3 1  0 7 6 5 0 0  0 0 0 0 4 3  
03232  0 20000 0 7 7 7 6 1  
0 3 2 3 3  0 76500  0 00001 
0 3 2 3 4  -0 6 0 0 0 0  0 7 7 7 7 5  
03235  0 50000  0 0 4 6 6 5  
0 3 2 3 6  0 40200  0 7 7 7 6 0  
03237  0 6 0 1 0 0  0 7 7 7 7 6  
0 3 2 4 0  0 4 0 2 0 0  0 7 7 7 6 1  
0 3 2 4 1  0 60100 0 7 7 7 7 3  
03242  0 4 0 2 0 0  0 7 7 7 7 5  
03243  0 6 0 1 0 0  0 7 7 7 7 5  
0 3 2 4 4  0 4 0 2 0 0  0 7 7 7 6 1  
03245  0 4 0 2 0 0  0 0 4 3 3 6  
03246  0 7 6 0 0 0  0 00006  
03247  0 6 0 1 0 0  0 7 7 7 7 1  
03250  0 5 0 0 0 0  0 7 7 7 7 5  
0 3 2 5 1  0 4 0 2 0 0  0 0 4 3 3 6  
03252  0 7 6 0 0 0  0 0 0 0 0 6  
03253  0 6 2 1 0 0  0 7 7 7 7 7  
0 3 2 5 4  0 50000 0 7 7 7 7 3  
03255  0 4 0 2 0 0  0 0 4 3 3 6  
03256  0 7 6 0 0 0  0 00006 
03257  0 7 6 7 0 0  0 00022  
03260  0 6 2 2 0 0  0 7 7 7 7 7  
03261 0 50000  0 7 7 7 7 5  
03262  0 40000 0 7 7 7 6 1  
03253  0 60100 0 7 7 7 7 2  
0 3 2 6 4  0 5 3 4 0 0  4 7 7 7 7 1  
03265 0 6 0 0 0 0  0 7 7 7 6 2  
0 3 2 6 6  0 53400  2 1 0 3 2 0  
03267  0 53400  1 7 7 7 6 0  
03270  -0 5 0 0 0 0  1 7 7 7 6 0  
0 3 2 7 1  -0 6 3 4 0 0  1 7 7 7 6 6  
03272  0 53400  1 0 4 3 5 1  
03273  -0 7 6 0 0 0  0 0 0 0 0 1  
0 3 2 7 4  0 02000  0 0 3 3 0 3  
03275  0 6 0 2 0 0  0 7 7 7 6 7  
0 3 2 7 6  0 5 0 0 0 0  0 7 7 7 6 2  
0 3 2 7 7  0 4 0 0 0 0  0 0 4 3 3 6  
03300  0 6 0 1 0 0  0 7 7 7 6 2  
0 3 3 0 1  -0 5 0 0 0 0  0 7 7 7 6 7  

XSN CLA K2 
ADD I 1  
LRS 35 
MPY K2 
LRS 1 
STQ K 1 4  
CLA C64 
SUB Kl 
STO KI.5 
S U B  K2 
STO K12 
S U B  K14 
S T O  K14 
S U B  K2 
SUB 11 
CUM 
STO K10 
C L A  K 1 4  
SUB I1 
COM 
STA K16 
C L A  K12 
SUB I Z  
COM 
h%S 18 
STD K16 
C L A  K14 
ADD K2 
STO K 1 1  

S T Z  K 3  
XSO L X A  Kl.094 

XSP L X A  S l . 1 ~ 2  
XSQ L X A  K 1 9 1  
XSR CAC K 1 9 1  

SXD K791 
L X A  1 3 6 9 1  

XSS PBT 
T R A  XSU 

X S T  SLW K 8  
C L A  K3 
ADD E l  
S T O  K 3  
C A L  K 8  
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03302 1 77777 4 03303 
03303 0 76700 0 00001 
03304 -2 00001  1 03307 
03305 2 00001 2 03273 
03306 0 02000 0 03315 
03307 -0 53400 1 77766 
03310 -2 00001 3 03322 
03311 2 00001 2 03270 
03312 -0 50000 1 77760 
03313 -0 63400 1 77766 
03314 0 53400 1 04351 
03315 0 60200 0 73767 
03316 -0  63400 1 77765 
03317 -0 63400 4 77764 
03323 0 50000 0 04336 
03321 0 02000 0 03323 
03322 0 50000 0 04337 
03323 0 60100 0 77770 
03324 0 76400 0 00205 
03325 0 76400 0 00205 
03326 0 76200 0 00225 
03327 0 07400 4 00146 
03330 0 00000 0 00005 
0 3 3 3 1  0 ~ 0 0 0 0  0 77323 
03332 0 77200 0 00205 
03333 0 02000 0 00144 
03334 0 53400 1 04342 
03335 0 76200 0 00225 
03336 2 00001 1 03335 
03337 0 53400 4 04340 
03340 0 76200 0 00225 
03341 -0 76000 0 00012 
03342 0 76100 0 00000 
03343 0 53400 1 10326 
03344 0 70000 0 10502 
03345 0 70000 1 00000 
03346 1 77777 1 03345 
03347 0 00000 0 00144 
03350 0 75600 0 00333 
03351 -0 76000 0 00012 
03352 0 02000 0 03356 
03353 0 77200 0 00205  
03354 0 77200 0 00204 

TXf XSU,49-1 
XSU AL5 1 
X S V  TNX XSX91*1 
XSW T I X  XSS,2,1 

TRA X T A  
X S X  LXD K 7 9 1  

TNX X T B 9 1 9 1  
X S Y  T I X  XSR9231 
XSZ CAL K l s l  

SXD K 7 9 1  
L X A  23691 

SXD K 6 9 1  
SXD K594 
C L A  I 1  
TRA XTBl  

X T B  C L A  1 2  
X T B ~  S T O  K9 
X T C  BST U3 

RTB U3 
T S X  WTB94 
PZE U3 

REW U3 
TRA RCD ENTER OR-XCS3 

XTD LXA 1 5 3 1  RETURN FROM OR XLS5 
X T D l  RTB U3 

XTE LXA E394 
XTF RTB U3 

R T T  
NOP 

X T G  LXA T791 
CPY T94 

XTH CPY 091 
XTP T X I  XTH919-1 

HTR RCD 
X T J  I O D  

RTT 
TRA X T L  

X T K  REW U3 
REW U 1  

X T A  SLW K8 

BST U3 

X T C l  PZE - S T A R T 3 0 9 0  DECREMENT TO e€ SET 

T I X  X T D l 9 f s l  

END OF F I L E  

Page 101



0 3 3 5 5  
0 3 3 5 6  
0 3 3 5 7  
0 3 3 6 0  
0 3 3 6 1  
03362  
0 3 3 6 3  
0 3 3 6 4  
0 3 3 6 5  
0 3 3 6 6  
0 3 3 6 7  
0 3 3 7 0  
0 3 3 7 1  
0 3 3 7 2  
0 3 3 7 3  
0 3 3 7 4  
03375  
0 3 3 7 6  
0 3 3 7 7  
0 3 4 0 0  
0 3 4 0 1  
03402  
0 3 4 0 3  
0 3 4 0 4  
03405  
0 3 4 0 6  
03407  
03410  
0 3 4 1 1  
03412  
0 3 4 1 3  
0 3 4 1 4  
03415  
0 3 4 1 6  
03417  
0 3 4 2 0  
0 3 4 2 1  
03422  
03423  
0 3 4 2 4  
03425  
0 3 4 2 6  
0 3 4 2 7  

0 0 2 0 0 0  0 
0 7 6 4 0 0  0 
2 0 0 ~ 0 1  4 
0 0 0 0 0 0  0 
0 0 7 4 0 0  4 
0 0 7 4 0 0  4 
3 2 7 4 5 1  0 
3 0 2 0 6 6  0 
1 0 0 0 0 1  0 

-1 0 0 0 0 0  0 
0 5 0 0 0 0  0 
0 3 0 2 0 0  0 
0 6 0 1 0 0  0 
0 5 0 0 0 0  0 
0 3 0 2 0 0  0 
0 6 0 1 0 0  0 
0 1 0 0 0 0  0 
0 5 0 0 0 0  0 
0 2 4 0 0 0  0 

-0 6 0 0 0 0  0 
0 5 0 0 0 0  0 
0 0 7 4 0 0  4 

- 0  7 6 0 0 0  0 
0 6 0 1 0 0  0 
0 5 0 0 0 0  0 
0 0 7 4 0 0  4 

-0 7 6 0 0 0  0 
0 6 0 1 0 0  0 
0 0 7 4 0 0  4 
0 0 7 4 0 0  4 
3 0 3 7 3 4  0 
3 1 1 7 2 7  0 
1 0 0 0 0 0  0 

-1 0 0 0 0 0  0 
0 0 7 4 0 0  4 
0 0 7 4 0 0  4 
3 31426  0 

- 3  05762  0 
-3 0 0 1 0 4  0 
- 3  0 0 1 3 0  0 
-3 0 6 0 1 1  0 
1 0 0 0 0 0  0 

-1 00000  0 

0 3 3 6 1  
0 0 2 0 5  
0 3 3 4 0  
0 3 3 3 7  
06  147  
0 5 2 5 4  
1 0 4 0 6  
0 4 3 6 2  
0 0 0 0 3  
0 0 3 6 4  
1 0 4 4 5  
1 0 5 0 2  
1 0 4 4 5  
1 0 4 4 4  
1 0 4 4 6  
1 0 4 4 7  
0 3 4 0 1  
1 0 4 4 5  
1 0 4 4 7  
1 0 4 4 7  
1 0 4 4 5  
0 6 1 1 6  
0 0 0 0 3  
1 0 5 0 3  
1 0 4 4 7  
0 6 1 1 6  
0 0 0 0 3  
1 0 4 4 7  
0 6 1 4 7  
0 5 2 5 4  
04776 
0 4 3 7 1  
0 0 0 0 3  
0 0 3 6 4  
06  147 
0 5 2 5 4  
0 4 6 5 0  
1 0 5 0 3  
1 0 4 4 4  
1 0 4 4 6  
1 0 4 4 7  
0 0 0 0 3  
0 0 3 6 4  

T R A  XTO 
XTL BST U3 
X T M  T I X  X T F 9 4 9 1  
X T N  H T R  X T E  
X T O  TSX O U T 9 4  

TSX E C H O + 4  
P T H  T 5 5 9 0 9 1 2 0 7 3  
P T H  C39091078 
PON U29011  
FVE 244 

XTOO CLA T66 
FSB T 9 4  
STO T 6 6  
CLA T65 
F S B  T67  
S T O  T68  
T Z E  X T O O l  
CLA T 6 6  
FDH T68 
STQ T68 

X T O O l  CLA T 6 6  
T S X  S Q R T 9 4  
SSM 
STO T95 
CLA T68 
TSX S Q R T i 4  
SSM 
STO T68 

XT002 TSX O U T 9 4  
TSX E C H O 1 4  
P T H  C 8 4 9 0 ~ 2 0 1 2  
P T H  C1990,5079 
PON U29090 
FVE 244 

TSX E C H O i 4  
P T H  C 6 3 * 0 9 1 3 0 7 8  
SVN T 9 5 ~ 0 9 3 0 5 8  
SVN T6590968  
SVN T6790972  

PON U29090 
FVE 244 

XT003  TSX O U T 9 4  

S V N  ~ 6 8 9 0 9 3 0 a i  

RTT FAILS  3 T I M E S .  START TO T R Y  A G A I N  
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a 

03430  
0 3 4 3 1  
03432  
0 3 4 3 3  
0 3 4 3 4  
03435  
0 3 4 3 6  
03437  
03440  
0 3 4 4 1  
03442  
0 3 4 4 3  
0 3 4 4 4  
03445  
03446  
03447 
03450  
0 3 4 5 1  
03452  
0 3 4 5 3  
0 3 4 5 4  
03455  
0 3 4 5 6  
03457  
03460  
0 3 4 6 1  
03462  
0 3 4 6 3  
0 3 4 6 4  
03465  
0 3 4 6 6  
0 3 4 6 7  
0 3 4 7 0  
0 3 4 7 1  
0 3 4 7 2  
0 3 4 7 3  
0 3 4 7 4  
03475  
0 3 4 7 6  
03477  
03500  
0 3 5 0 1  
03502  

0 
0 
3 
1 

-1 
0 
0 
0 
0 
0 
0 
0 
3 
3 

-0 
-1 

0 
0 
0 
0 
3 
1 

-1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 

-0 
0 

-0 
0 

- 0  
-0  
- 0  

0 

0 7 4 0 0  
0 7 4 0 0  
1 1 6 4 6  
00000  
00000 
50000  
6 0 1 0 0  
7 6 0 0 0  
0 2 0 0 0  
0 2 0 0 0  
07400  
0 7 4 0 0  
2 3 5 1 4  
0 4 0 2 4  
0 0 0 2 7  
00000  
07400 
00000  
0 7 4 0 0  
0 7 4 0 0  
2 3 5 1 4  
00000  
0 0 0 0 0  
5 0 0 0 0  
60100 
50000  
6 0 1 0 0  
5 0 0 0 0  
60100 
5 3 4 0 0  
53400  
53400  
0 0 0 0 0  
60000  
0 2 0 0 0  
5 0 0 0 0  
6 0 2 0 0  
6 3 4 0 0  
53400  
6 3 4 0 0  
5 0 0 0 0  
7 6 0 0 0  
0 ~ 0 0 0  

4 06147 
4 05254  
0 05000  
0 00003  
0 00364  
0 0 5 3 3 4  
0 05335 
0 0 0 1 6 4  
0 03442 
0 03450  
4 06147 
4 0 5 2 5 4  
0 05005 
0 05017  
0 0 4 3 4 1  
0 0 0 3 6 4  
4 0 5 3 1 1  
0 0 3 4 5 6  
4 0 6 1 4 7  
4 05254  
0 04666 
0 00009  
0 0 0 3 6 4  
0 04700  
0 1 0 4 5 1  
0 0 4 7 0 1  
0 10452  
0 04336  
0 10453  
2 1 0 3 2 6  
1 1 0 3 2 0  
4 7 7 7 5 0  
4 03473  
0 77767  
0 03475  
4 7 7 7 6 0  
0 7 7 7 6 7  
4 7 7 7 6 6  
4 0 4 3 5 1  
4 7 7 7 6 5  
0 7 7 7 6 7  
0 00001 
0 03537  

XTOO4 

X T P P  

X T P P l  

X T P P 2  

XTPP3 

X T P P 4  
XTP 

X T Q  

X T R  

X T S  

X T T  

XTU 

T S X  O U T 1 4  
TSX E C H O 9 4  
P T H  C 8 5 ~ 0 9 5 0 3 0  
PON u29010 
FVE 2 4 4  
C L A  SWTP7 
S f O  SWTP8 
SWT 4 
TRA X T P P 2  
TRA X T P P 3  
TSX O U T 9 4  
TSX ECHO94 
P T H  C8650,10060 
PTH C 8 7 s 0 + 2 0 6 8  
FOR 14 ,0123  
FVE 2 4 4  
TSX SWTP94 
PZE XTPP4 
TSX O U T 9 4  
TSX ECHO94 

PON u290,o 
FVE 2 4 4  
CLA C66 
STO T70  
C L A  C6641  
STO T 7 0 4 1  

STO T 7 1  
L X A  T 7 9 2  
L X A  S111I 
L X A  K 1 9 4  
T X H  X T . 5 9 4 9 0  
STZ K8 
TRA X T T  
C A t  K 1 9 4  
SLW K 8  
SXD K 7 9 4  
L X A  1 3 6 1 4  
SXD K694 
CAL K8 
P B T  
TRA XUA 

P T H  c65909iao60 

CLA r i  
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0 3 5 0 3  
0 3 5 0 4  
03505  
03506  
03507  
0 3 5 1 0  
0 3 5 1 1  
03512  
03513  
0 3 5 1 4  
0 3 5 1 5  
0 3 5 1 6  
0 3 5 1 7  
0 3 5 2 0  
0 3 5 2 1  
0 3 5 2 2  
0 3 5 2 3  
0 3 5 2 4  
03525  
03526  
03527  
03530  
0 3 5 3 1  
03532  
0 3 5 3 3  
0 3 5 3 4  
03535  
0 3 5 3 6  
03537  
0 3 5 4 0  
0 3 5 4 1  
0 3 5 4 2  
03543  
0 3 5 4 4  
03545  
0 3 5 4 6  
0 3 5 4 ?  
0 3 5 5 0  
0 3 5 5 1  
03552  
03553  
03554  
0 3 5 5 5  

0 7 6 7 0 0  0 OOOOL 
0 6 0 2 0 0  0 7 7 7 6 7  
0 5 0 0 0 0  1 00000  
0 6 0 1 0 0  0 1 0 4 5 4  
0 30000  2 00000 
0 6 0 1 0 0  0 1 0 4 5 5  
0 5 0 0 0 0  2 0 0 0 0 1  
0 0 7 4 0 0  4 0 6 1 1 6  
0 00000 0 0 0 1 4 4  
0 6 0 1 0 0  0 1 0 4 5 6  
0 5 6 0 0 0  0 1 0 4 5 6  
0 2 6 0 0 0  0 1 0 4 4 7  
0 6 0 1 0 0  0 1 0 4 5 6  
0 07400 4 0 5 3 1 1  
0 00000 0 0 3 5 3 3  
0 0 7 4 0 0  4 0 6 1 4 7  
0 0 7 4 0 0  4 0 5 2 5 4  
3 0 3 7 3 5  0 1 0 4 5 1  

-0 0 0 0 2 0  0 1 0 4 5 3  
-3  0 7 6 7 1  0 1 0 4 5 4  
" 3  0 7 7 0 4  2 0 0 0 0 0  
-3 0 7 7 1 7  0 1 0 4 5 5  
-3 0 7 7 3 2  0 1 0 4 5 6  

1 00000  0 00003  
-1 00000  0 0 0 3 6 4  

0 5 0 0 0 0  0 1 0 4 5 5  
0 6 0 1 0 0  1 00000  
1 7 7 7 7 6  2 0 3 5 5 3  
0 76700 0 OOOOP 
0 6 0 2 0 0  0 7 7 7 6 7  
0 07400 4 0 5 3 1 1  
0 00000  0 03552  
0 0 7 4 0 0  4 06147  
0 0 7 4 0 0  4 0 5 2 5 4  
3 0 3 7 3 5  0 1 0 4 5 1  

-0 0 0 0 2 0  0 1 0 4 5 3  
-3 0 9 6 7 1  1. 0 0 0 0 0  
- 3  0 7 7 1 7  1 0 0 0 0 0  

1 0 0 0 0 0  0 0 0 0 0 3  
-1 0 0 0 0 0  0 0 0 3 6 4  
-2 00001 1 0 3 5 6 4  

0 5 0 0 0 0  0 1 0 4 5 3  
0 4 0 0 0 0  0 0 4 3 3 6  

XTW 

XTW 

XTX 

X T X l  
XTY 
XTY B 
XTP 
XUA 

X U B  

XUBi 
XU52 

xu53  
xue 
XUD 

A L S  1 
SbW K 8  
C L A  0 9 1  
S T O  T72  
FAD 0 9 2  
STO T 7 3  
CLA 1 9 2  
TSX SQRT94 
H T R  RCD 
STO T 7 4  
LDQ T 7 4  
FMP T 6 8  
STO T 7 4  
T S X  S W T P 9 4  
PZE X T X l  
TSX O U T 9 4  
TSX E C H O 9 4  
P T H  T 7 0 9 0 9 2 0 1 3  
FOR T71909P6 
SVN T729C94025 
SVN 0 ,294036  
SVN T739094047  
SVN T743094058  
PON U 2 9 0 9 0  
F V E  2 4 4  
CLA T 7 3  
STO 091 
T X I  XUC929-2 
ABS 1 
SLW K8 
T S X  S W T P 9 4  
P Z E  XWB3 
TSX OUT94 
TSX ECHO94 
PTh T 7 0 9 0 ~ 2 0 1 3  
FOR T 7 1 9 0 s l 6  
SVN 0 9 1 9 4 0 2 5  
SVN 0,194047 
PON 112,0,0 
FVE 2 4 4  
T N X  X U H 9 l p P  

CLA T?i 
ADO 'I1 

ADDRESS TO BE SET 

INVERSE DIAGONAL IS NEGATIVE 

ADDRESS T O  BE SET 

ADDRESS T O  BE SET 
ADDRESS TO BE SET 
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03556 0 60100 0 10453  
03557 - 0  53400 4 77765  
03560 2 00001 4 03477 
0 3 5 6 1  -0 53400  4 77766  
03562  2 0 0 0 0 1  4 03473 
03563  0 02000 0 0 3 4 7 1  
0 3 5 6 4  -3 O G O O O  9 03574  
03565 0 53400  1 04335 
03566  0 6 0 0 0 0  0 10453  
03567 0 5 0 0 0 0  0 04702  
03570 0 6 0 1 0 0  0 1 0 4 5 1  
0 3 5 7 1  0 5 0 0 0 0  0 04703  
03572  0 6 0 1 0 0  0 10452  
03573  0 0 2 0 0 0  0 03557 
0 3 5 7 4  0 53400  4 1 0 3 1 4  
03575  0 5 0 0 0 0  0 04336 
03576  0 60100 0 10453  
03577  0 53400  1 10325 
03600 -0 6 3 4 0 0  1 10457  
0 3 6 0 1  - 0  6 3 4 0 0  4 10460  
03602  0 0 7 4 0 0  4 05311  
03603  0 0 0 0 0 0  0 03611  
0 3 6 0 4  0 0 7 4 0 0  4 0 6 1 4 1  
03605 0 0 7 4 0 0  4 05254  
03606  3 0 1 7 5 6  0 04704  
03607 -0 0 O o l . O  0 10453 
03610 1 0 0 0 0 0  0 00003 
0 3 6 1 1  -1 0 0 0 0 0  0 00364  
03612  0 5 0 0 0 0  0 10370  
03613  0 7 6 7 0 0  0 00001  
0 3 6 1 4  0 7 3 4 0 0  1 0 0 0 0 0  
03615 0 40000  0 04740 
0 3 5 x 6  0 62100 0 03652 
03697 0 4 0 0 0 0  0 04336  
0 3 6 2 0  0 62100  0 03654  
0 3 6 2 1  -3  O OOlZ 1 03625 
0 3 6 2 2  0 5 0 0 0 0  0 04933 
03623  0 5 6 0 0 0  0 04334  
0 3 6 2 4  0 0 2 0 0 0  0 03627 
03625 0 5 0 0 0 0  0 04731  
0 3 6 2 6  0 56000  0 04932 
0 3 6 2 7  0 6 0 1 0 0  0 04715 
03630 - 0  6 0 0 0 0  0 04716 

STO T 7 L  

T P X  X T U 9 4 9 1  

T I X  X T S 9 4 9 1  
T R A  X T R  

XUH T X L  X U J , l * O  

XUE L X D  K694 

XUF L X D  K794 

XUI L X A  r o 9 i  
STZ T 7 1  
C L A  C67 
STO T 7 0  
C L A  C67+1 
STO T 7 0 9 1  
TRA XUE 

XUJ L X A  5 8 9 4  
XUK C L A  11 

STO T 7 1  
XUL L X A  T 6 9 1  

SXD T 7 5 9 1  
XUM SXD T 7 6 9 4  
XUM1 TSX SWTP94 

PZE XUM2 
PSX OUT,4 
TSX ECHOe4 
PTH C68*0 ,P006  
FOR T71,0,8 
POM u29090 

XUM2 FVE 2 4 4  
XUN C L A  T 4 l  

ais 1 
P A X  0 9 1  
ADD C98 
S T A  X U V l  
ADD I f  
S T A  XUV2 
T X L  X U N l e P e 1 0  
C L A  c72 
LOQ C72+9 
TRA XUN2 

LDQ C7P1. 

S T Q  C7041 

XUNX C L A  C 7 P  

x u l v i l  s r o  e 7 0  
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0 3 6 3 1  -0 5 0 0 0 0  0 04735  
03632  0 02000  0 0 3 6 3 4  
0 3 6 3 3  -0 5 0 0 0 0  0 0 4 7 3 6  
0 3 6 3 4  0 6 0 2 0 0  0 0 3 7 2 4  
03635  0 4 0 0 0 0  0 0 4 7 3 7  
0 3 6 3 6  0 6 0 2 0 0  0 0 3 7 2 5  
03637  -0 5 3 4 0 0  4 7 7 7 6 5  
03640  2 0 0 0 0 1  4 0 3 6 5 1  
0 3 6 4 1  -0 5 3 4 0 0  4 7 7 7 6 6  
03642  2 00001 4 03645  
0 3 6 4 3  0 6 0 0 0 0  0 7 7 7 6 7  
0 3 6 4 4  0 0 2 0 0 0  0 0 3 6 4 7  
03645  5 0 0 0 0  4 7 7 7 6 0  
03646  0 6 0 2 0 0  0 7 7 7 6 7  
03647  -0 6 3 4 0 0  4 7 7 7 6 6  
0 3 6 5 0  0 5 3 4 0 0  4 0 4 3 5 1  
03651 -0 6 3 4 0 0  4 7 7 7 6 5  
0 3 6 5 2  0 5 0 0 0 0  1 00000  
03653  0 6 0 1 0 0  0 1 0 4 5 1  
03654 0 5 0 0 0 0  1 00000 
0 3 6 5 5  0 6 0 1 0 0  0 1 0 4 5 2  
03656  -0 6 3 4 0 0  1 1 0 4 6 1  
03657  -0 5 3 4 0 0  1 1 0 4 5 7  
0 3 6 6 0  -0 5 0 0 0 0  0 7 7 7 6 7  
0 3 6 6 1  -0  7 6 0 0 0  0 00001 
03662  0 02000 0 0 3 7 1 5  
0 3 6 6 3  0 7 6 7 0 0  0 00001 
0 3 6 6 4  0 60200  0 7 7 7 6 7  
03665  0 5 0 0 0 0  1 0 0 0 0 0  
03666  0 3 0 0 0 0  2 0 0 0 0 0  
03667  0 6 0 1 0 0  0 20455 
0 3 6 7 0  0 5 0 0 0 0  2 00001 
0 3 6 7 1  0 0 7 4 0 0  4 0 6 1 1 6  
0 3 6 7 2  0 00000 0 0 0 1 4 4  
03673  0 6 0 1 0 0  0 1 0 4 5 6  
0 3 6 7 4  0 5 6 0 0 0  0 1 0 4 5 6  
03675  0 2 6 0 0 0  0 1 0 4 4 7  
03676  0 6 0 1 0 0  0 1 0 4 5 6  
03677  0 0 7 4 0 0  4 0 5 3 1 1  
03700  0 0 0 0 0 0  0 0 3 7 1 1  
0 3 7 0 1  0 0 7 4 0 0  4 0 6 1 4 7  
03702 0 0 7 4 0 0  4 0 5 2 5 4  
03703  3 0 3 7 3 4  0 1 0 4 5 1  

XU0 C A L  C 7 5  
TRA X U P l  

XUP CAL C76 
X U P l  SLW X V D l  

ADD C77 
SLW XVD2 

XUQ L X D  K694 
T I X  X U V * 4 , 1  

X U R  LXD K794 
T I X  X U T 9 4 9 1  

XUS S T Z  K8 
TRA XUU 

XUT CAL K 1 9 4  
SLW K8 

XUU SXD K794 
L X A  I 3 6 9 4  

XUV SXD K 6 9 4  
X U V l  C L A  091 

STO T 7 0  
XUV2 C L A  0 9 1  

STO T70+1 
SXD T 7 7 9 1  
L X D  T 7 5 * 1  

PBT 
TRA XVC 

xux 141s I 
SLW K8 

XUY CLA 0 9 1  
FAD 092 
STO T73  
CLA 1 9 2  
TSX S Q R T 9 4  
H T R  RCD 
S T O  T74 
LDQ T74 
FMP T68 
STO T74 

P Z E  X U Z l  
TSX O U T 9 4  
TSX ECHO94 
P T H  T703092012  

XUW CAL K8 

XUZ TSX SWTP94 

OR T R A  XUP 

ADDRESS TO B E  SET 

ADDRESS TO BE SET 

I N V E R S E  D I A G O N A L  IS N E G A T I V E  
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03704  - 3  1 5 5 6 1  1 0 0 0 0 0  
03705 -3  1 5 5 7 4  2 0 0 0 0 0  
03706 -3  1 5 6 0 7  0 10455  
03707  - 3  1 5 6 2 2  0 10456  
03710 1 0 0 0 0 0  0 00003 
03711  -1 0 0 0 0 0  0 00364  
03712  0 5 0 0 0 0  0 10455  
03713  0 6 0 1 0 0  1 0 0 0 ~ 0  
0 3 7 1 4  1 7 7 7 7 6  2 03730 
03715  0 7 6 7 0 0  0 00001 
03716  0 6 0 2 0 0  0 77767  
03717  0 0 7 4 0 0  4 0 5 3 1 1  
03720  0 00000 0 03727 
0 3 7 2 1  0 07400  4 06147 
03722  0 0 7 4 0 0  4 0 5 2 5 4  
03723  3 0 3 7 3 4  0 1 0 4 5 1  
0 3 7 2 4  -3 1 5 5 6 1  1 00000 
03725 -3 1 5 6 0 7  1 0 0 0 0 0  
03726  1 00000  0 00003  
03727 -1 00000  0 00364  
03730  1 7 7 7 7 7  1 0 3 7 3 1  
0 3 7 3 1  -0  6 3 4 0 0  1 10457  
03932  -0 53400  1 10461 
03733 2 0 0 0 0 2  1 03633 
0 3 7 3 4  -0 5 3 4 0 0  4 1 0 4 6 0  
03735 -2 0 0 0 0 1  4 03742  
03736  0 5 0 0 0 0  0 10453  
0 3 7 3 7  0 40000 0 04336 
03740  0 6 0 1 0 0  0 10453  
0 3 7 4 1  0 02000 0 0 3 6 0 1  
03742  0 5 0 0 0 0  0 0 0 0 0 0  
03743 0 10000 0 03766  
0 3 7 4 4  0 60100 0 10477 
03345  0 5 3 4 0 0  1 1 0 3 1 4  
03746  0 5 3 4 0 0  2 10325 
0 3 7 4 9  0 5 0 0 0 0  0 PO477 
03750 0 3 0 0 0 0  2 0 0 0 0 4  
03751 0 60100 2 00004  
03752  -2 00001 9 03765 
0 3 7 5 3  1 7 7 7 7 3  2 03747 
0'3754 1 7 7 7 7 4  2 03755 
0 3 7 5 5  0 5 3 4 0 0  4 04343  
03756  0 5 6 0 0 0  0 10497  

xuzp 
X V A  

XVD 

X V D l  
XVD2 

X V F  

X w A 

XWB 
XWC 

XWD 

XWE 
XWF 
XWH 
X W I  
x w i  

SVN 0 ~ 3 . ~ 7 0 2 5  
SVN 0 9 2 , 7 0 3 6  
SVN T739097047  
SVN T749097058  
PON u2,0,0 
F V €  2 4 4  
C L A  T 7 3  
STO 091  
T X I  X V E 9 2 9 - 2  
A t S  I 
SLW K8 
TSX S W T P 9 4  
P Z E  XVD3 
TSX O U T 9 4  
TSX ECHO94 
PTH T 7 0 s 0 9 2 0 1 2  
SVN 0 9 1 t 7 0 2 5  OR FOR 0,1*21 
SVN 091 ,7047  OR FOR 091943  
PON U2SO90 
F V E  244 
T X I  X V E I , 1 * - 1  
SXD T 7 5 9 1  
L X D  T 7 7 9 1  
T I X  XUP,192 
L X D  T 7 6 9 4  
TNX X W A 9 4 , l  
CLA T 7 1  
ADD I 1  
STO T 7 1  
TRA X U M  
C L A  0 
T Z E  XWO 
STO T 9 1  
LXA S 8 r l  
L X A  T 6 9 2  
C L A  T 9 1  
FAD 4 9 2  
s'ho 4 9 2  
TRX X W N 9 1 9 1  

T X I  XWD92,-5 
T X I  X W ; r 2 ~ " 4  
i x A  1 6 9 4  
LDQ r 9 l  

ADDRESS T O  BE SET 

OR TRA XWH 
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03757  0 2 6 0 0 0  4 1 0 4 7 6  
0 3 7 6 0  0 3 0 0 0 0  2 00000  
0 3 7 6 1  0 6 0 1 0 0  2 0 0 0 0 0  
03762  1 7 7 7 7 7  2 0 3 7 6 3  
03763  2 0 0 0 0 1  4 0 3 7 5 6  
0 3 7 6 4  2 00001 1 0 3 7 5 4  
03765  0 6 0 0 0 0  0 00000 
03766  0 5 3 4 0 0  1 1 0 3 1 4  
03767  0 5 3 4 0 0  2 1 0 3 2 5  
0 3 7 7 0  0 5 0 0 0 0  0 0 4 3 3 6  
0 3 7 7 1  0 60100 0 1 0 4 5 3  
033772 0 7 6 1 0 0  0 00000  
03773  0 50000 2 0 0 0 0 4  
0 3 7 7 4  -0 1 2 0 0 0  0 0 4 0 7 1  
03775  0 0 2 0 0 0  0 0 4 1 0 1  
03776 0 7 6 1 0 0  0 00000  
0 3 7 7 7  0 5 0 0 0 0  2 0 0 0 0 4  
04000  -0 12000 0 0 4 0 7 1  
0 4 0 0 1  0 50000  2 0 0 0 0 5  
04002  -0 1 2 0 0 0  0 0 4 0 7 1  
0 4 0 0 3  0 5 0 0 0 0  2 0 0 0 0 6  
0 4 0 0 4  -0 22000  0 0 4 0 7 1  
04005 0 5 6 0 0 0  2 0 0 0 1 1  
04006  0 2 6 0 0 0  2 00011 
04007  0 6 0 1 0 0  0 1 0 5 0 1  
04010  0 56000  2 0 0 0 0 5  
0 4 0 1 1  0 2 6 0 0 0  2 00006 
04012  0 30200 0 1 0 5 0 1  
04013  -0 12000 0 0 4 0 7 1  
0 4 0 1 4  0 5 6 0 0 0  2 OOOLO 
04015  0 2 6 0 0 0  2 0 0 0 1 0  
0 4 0 1 6  0 6 0 1 0 0  0 10501 
04017  0 5 6 0 0 0  2 0 0 0 0 4  
0 4 0 2 0  0 26000  2 0 0 0 0 6  
04021  0 3 0 2 0 0  0 10501 
04022  -0 1 2 0 0 0  0 0 4 0 7 1  
04023  0 56000 2 00007 
0 4 0 2 4  0 2 6 0 0 0  2 0 0 0 0 7  
04025  0 6 0 1 0 0  0 10501 
04026  0 5 6 0 0 0  2 0 0 0 0 4  
04027  0 2 6 0 0 0  2 00005  
0 4 0 3 0  0 3 0 2 0 0  0 10501 
0 4 0 3 1  -0 1 2 0 0 0  0 0 4 0 7 1  

FMP T84-I-694 
FAD 092 
STO 0 9 2  

XWK TXZ X W L t 2 t - I  
XWL T I X  XWJt491 
XWM T f X  X W W , l + l  
XWN STZ 0 
XWO L X A  S 8 * 1  

L X A  T 6 9 2  
C L A  11 
STO T71 

XWP NOP 
XWPl  CLA 492 

T M I  XWS 
TRA XWT 

XWQ NOP 
XWR C L A  4 t 2  

T M f  XWS 
C L A  5 9 2  
T M I  XWS 
CLA 6 + 2  
TMI XWS 
LDQ 9 9 2  
FMP 992  
STQ T 9 3  
LDQ 592 
FMP 6+2 
FSB T93  
TMZ XWS 
LDQ 8 t 2  
FMP 892 
STO T 9 3  
LDQ 492  
FMP 6 + 2  
FSB T 9 3  
T M I  XWS 
LDQ 7 9 2  
FMP 7 # 2  
S T 0  T93  
LDQ 4 9 2  
FMP 5 9 2  
FSB T93  
T M I  XWS 

AODRESS TO BE SET 

TRANSFER TO RESET R E L A T I O N S  BETWEEN X , Y s Z  
OR TRA XWQ 

TRANSFER TO RESET R E L A T I O N S  BETWEEN BETAS 

I 
P 
0 
0 
I 
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4 . . . 

04032  
0 4 0 3 3  
0 4 0 3 4  
04035  
04036  
04037  
04040  
0 4 0 4 1  
04042  
04043  
0 4 0 4 4  
04045  
04046  
04047 
04050  
0 4 0 5 1  
04052  
04053  
0 4 0 5 4  
04055 
04056  
0 4 0 5 7  
04060  
0 4 0 6 1  
04062  
04063 
0 4 0 6 4  
04065  
04066  
04067  
04070  
0 4 0 7 1  
04072  
04073 
0 4 0 7 4  
04075 
04076 
04077  
0 4 1 0 0  
0 4 1 0 1  
04102  
04103  
0 4 1 0 4  

0 5 6 0 0 0  2 00004  
0 2 6 0 0 0  2 00011 
0 7 6 5 0 0  0 00043 
0 2 6 0 0 0  2 00011 
0 6 0 1 0 0  0 10501  
0 56000  2 00007 
0 2 6 0 0 0  2 00007 
0 7 6 5 0 0  0 00043  
0 2 6 0 0 0  2 00006 
0 3 0 0 0 0  0 1 0 5 0 1  
0 6 0 1 0 0  0 10501  
0 5 6 0 0 0  2 00010 
0 26000  2 00010 
0 7 6 5 0 0  0 00043  
0 2 6 0 0 0  2 00005 
0 30000  0 1 0 5 0 1  
0 60100 0 10501  
0 56000  2 00004  
0 2 6 0 0 0  2 00005 
0 7 6 5 0 0  0 00043 
0 2 6 0 0 0  2 00006  
0 3 0 2 0 0  0 1 0 5 0 1  
0 6 0 1 0 0  0 1 0 5 0 1  
0 5 6 0 0 0  2 00007 
0 2 6 0 0 0  2 00010 
0 7 6 5 0 0  0 00043 
0 2 6 0 0 0  2 00011 
0 7 6 5 0 0  0 00043  
0 2 6 0 0 0  0 04753 
0 3 0 0 0 0  0 1 0 5 0 1  
0 1 2 0 0 0  0 04101 
0 0 7 4 0 0  4 06147 
0 07400  4 05254  
3 2 3 5 1 4  0 04754  

-0 0 0 0 3 6  0 10453  
1 0 0 0 0 0  0 0 0 0 0 3  

-1 0 0 0 0 0  0 00364  
0 50000  0 04336 
0 6 0 1 0 0  0 1 0 5 0 0  

-2 00001 1 04110 
2 00000  2 0 4 1 0 4  
0 00000 Q 00144  
0 5 0 0 0 0  0 10453  

L D Q  4 9 2  
FMP 992  
L R S  35 
FMP 992  
STO T 9 3  
LDQ 7 9 2  
FMP 7 9 2  
LRS 35 
FMP 692 
F A D  T 9 3  
STO T 9 3  
LDQ 8 9 2  
FMP 8 9 2  
L R S  35 
FMP 5 9 2  
FAD T 9 3  
STO T 9 3  
LDQ 492  
FMP 592  
L R S  35 
FMP 6 , 2  
F S B  T93  

LDQ 7 9 2  
FMP 8 ,2  
LRS 35 
FMP 9 9 2  
L R S  35  
FMP C 8 1  
FAD T 9 3  
T P L  X W T  

TSX ECHO94 
PTH C 8 2 9 0 9 1 0 0 6 0  
FOR T7190930  
PON U Z 9 O r O  
FVE 2 4 4  
CLA I f  
STO T92 

XWT T N X  X V G G 9 1 9 1  
XWU T I X  X W V 9 2 9 0  

HTR RCD 
XWV CLA T 7 1  

STO T 9 3  

XWS TSX O U T 9 4  

1 
1-' 
0 
7 

DECREMENT TO B E  SET 
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04105 
04106 
04107 
04110 
04111 
04112 
04113 
04114 
04115 
04116 
04117 
04120 
04121 
04122 
04123 
04124 
04125 
04126 
04127 
04130 
04131 
04132 
04133 
04134 

04135 
04136 
04137 
04140 
04141 
04142 
04143 
04144 
04145 
04146 
04147 
04150 
04151 
04152 
04153 
04154 
04155 
04156 

0 
0 
0 
0 

-0 
0 
0 
0 
0 
0 

-1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

40000 
60100 
02000 
50000 
10000 
76000 
02000 
02000 
07400 
07400 
00000 
77200 
77200 
07400 
00000 
00000 
76200 
07400 
00000 
00000 
77200 
50000 
10000 
02000 

0 04336 
0 10453 
0 03772 
0 10500 
0 04115 
0 00164 
0 04115 
0 04120 
4 06147 
4 05254 
0 00361 
0 00204 
0 00205 
4 00146 
0 00005 
0 77323 
0 00225 
4 00146 
0 00005 
0 00400 
0 00205 
0 10500 
0 00160 
0 00161 

0 02000 0 10526 
0 76100 0 00000 
0 02000 0 01070 
0 60000 0 10333 
0 00000 0 00001 
0 00000 0 00002 
0 00000 0 00001 
0 02000 0 03776 
0 50000 2 00004 
0 02000 0 03754 
0 50000 0 10477 
0 50000 0 04337 
0 02000 0 00621 
0 02000 0 00621 
0 02000 0 00660 
0 50000 0 05025 
0 02000 0 03164 
0 77000 0 00205 

ADD 11 
S T O  T 7 1  
TRA XWP 

XVGG C L A  T 9 2  
TNZ XVGGZ 
SWT 4 
TRA XVGGl 
TRA XVH 

X V G G l  TSX OUT94 
T S X  E C H O 9 4  
F V E  241 

X V H  REW Ul, 
X V I  REW U3 

TSX WTB94 
PZE w3 

X V X l  P Z E  -STARTvO9O 
R T B  U3 
T S X  WTB94 
PZE U 3  
P Z E  -325129090 
REW U3 

TZE KH 
TRA IC1 

TRA X D 1  

TRA XH 

P Z E  1 
P Z E  2 

1S3 P Z E  1 
TRA XWQ 

1 X W P l  C L A  4 9 2  
TRA XWH 

l X W D  C L A  T 9 1  
C L A  I2 
TRA XCE 

l X G A  TRA XCE 
TRA XCG 

lXCF C L A  C 9 0  
TRA XSB 

1 X S A  WE% U 3  

X V J  C L A  f 9 2  

SENSE-SETTING WORD5 

1 X D  NOP 

1XF S T Z  T 1 2  

OR TRA X V J  

DECREMENT TO BE S E T  
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b . 

T D  
T D  
T D  

TD 

T D  

T D  

TD 

TD 
TD 
T D  
T D  

f D  

0 4 1 5 7  0 7 6 2 0 0  0 0 0 3 2 1  
0 4 1 5 0  0 0 2 0 0 0  0 04120  
0 4 1 6 2  1 0 0 0 0 0  0 01415  
0 4 1 6 2  1 0 0 0 0 0  0 01354  
0 4 1 6 3  1 0 0 0 0 0  0 0 1 5 4 1  
0 4 1 6 4  0 5 6 0 0 0  0 10520  
04165 1 77773 2 03105  
0 4 1 6 6  1 77773  2 03115  
0 4 1 6 7  0 5 3 4 0 0  P 04340  
0 4 1 7 0  1 0 0 0 0 0  0 01070 
0 4 1 7 1  0 5 3 4 0 0  4 04343  
04172  1 7 7 7 7 7  2 01135  
0 4 2 7 3  0 5 3 4 0 0  4 04343  
0 4 1 7 4  1 7 7 7 7 7  1 01157 
04175  0 5 3 4 0 0  4 04343 
04176 1 7 7 7 7 7  1 01201 
0 4 1 7 7  1 7 7 7 6 6  2 01240  
0 4 2 0 0  0 5 6 0 0 0  0 10513  
0 4 2 0 1  1 0 0 0 0 0  0 01273 
0 4 2 0 2  0 56000  0 10356  
0 4 2 0 3  1 00000  0 01327  
0 4 2 0 4  0 5 6 0 0 0  0 10357  
04205  0 0 0 0 0 0  0 00012 
0 4 2 0 6  0 0 0 0 0 0  0 00005 
04207  0 0 2 0 0 0  0 00725 
0 4 2 1 0  0 6 0 0 0 0  0 05362 
0 4 2 1 1  0 60000 0 05362 
0 4 2 1 2  1 0 0 0 0 0  0 02035 
04213  0 5 0 0 0 0  0 1 0 3 7 7  
0 4 2 1 4  0 50000 0 10377 
0 4 2 1 5  1 0 0 0 0 0  0 0 2 0 3 5  
0 4 2 1 6  1 0 0 0 0 0  0 02035  
0 4 2 1 7  1 0 0 0 0 0  0 01740 
0 4 2 2 0  t 0 0 0 0 0  0 00725  
0 4 2 2 1  0 7 6 6 0 0  0 00225 
0 4 2 2 2  0 02000 0 04132 
0 4 2 2 3  0 7 7 2 0 0  0 00205 
0 4 2 2 4  1 0 0 0 0 0  0 02243  
0 4 2 2 5  0 5 0 0 0 0  0 10510 
0 4 2 2 6  0 0 2 0 0 0  0 03162 
0 4 2 2 7  0 5 0 0 0 0  0 10375  
0 4 2 3 0  -2 0 0 1 5 3  2 0 0 0 0 0  
0 4 2 3 1  -E  0 0 1 5 3  2 0 0 0 0 0  

2XSB RCD 
i X S B  TRA XVH 

TXI X A K  
l X A H  T X I  X A I  

T X I  XAW3 
lXhWl LDQ M12 

T X 4  X F F 3 9 2 9 - 5  
1XFF2 f X T  X F G 3 2 , - 5  

i X A  1 3 9 1  
1 X G  T X I  X H  

L X A  I 6 9 4  
1x3 TXI X K 9 2 9 - 1  

LXA 1 6 9 4  
1 X M  T X I  X N 9 1 1 - 1  

LXA I 6 9 4  
1 X P  T X I  XQ91,-1 

T X l  XWrZt-10 
1 X V  L D Q  M7 

T X I  X A A  
1 x 2  LDQ T 3 1  

TXT X A E  
l X A D  hDQ T 3 2  

PZE 1 0  
I T 4 9  PZE 5 

T R A  X A  
S T Z  SWTF8 

P X C H  S f Z  S W T F 8  
T X I  X B H  
CLh T48  

l X A Y  C L A  T48  
T X I  X B H  

1x881 T X I  XBG 
TXI X A  

l X B H  WTB U 3  
T R A  X V J  

l X V P  R E W  U 3  
S X I  X B K  

l X A W  C L A  M4 
T R A  XSA 

1 x 6 1  CLA T46  
2XFFI MTW 0129107  
l X F F 1  MON 0 9 2 9 1 0 7  

T x r  XBH 

I 
P 
0 
c;’ 
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T O  

T O  
fD 

T O  

T O  

TD 

T O  

TO 

T O  

T D  

f D  

TD 

T D  
TD 

04232  1 0 0 0 0 0  0 0 1 2 2 6  
04233  -0  7 6 0 0 0  0 0 0 0 0 3  
0 4 2 3 4  0 0 2 0 0 0  0 0 3 6 3 3  
04235  -0 5 0 0 0 0  0 04735  

04237 1 00000  0 0 1 2 0 1  
0 4 2 4 0  0 56000  0 1 0 3 5 4  
0 4 2 4 1  1 00000  0 01335  
0 4 2 4 2  1 0 0 0 0 0  0 0 1 3 6 3  
04243  0 5 0 0 0 0  0 1 0 3 6 3  
0 4 2 4 4  1 0 0 0 0 0  0 01435  
04245  0 50000 0 1 0 3 6 3  
04246  0 5 6 0 0 0  0 1 0 3 6 6  
04247  1 0 0 0 0 0  0 0 1 5 2 3  
04250  0 7 6 1 0 0  0 00000  
0 4 2 5 1  1 00000 0 0 1 5 1 2  
04252  0 02000 0 0 1 2 1 3  
04253  0 5 0 0 0 0  0 04335  
0 4 2 5 4  1 0 0 0 0 0  0 0 1 7 1 7  
04255  0 5 0 0 0 0  0 1 0 5 1 6  
04256  1 00000  0 0 1 1 5 7  
04257  0 5 3 4 0 0  4 0 4 3 4 0  
04260 1 0 0 0 0 0  0 0 1 2 0 1  
0 4 2 6 1  0 5 3 4 0 0  4 0 4 3 4 0  
04252  1 7 7 7 7 7  1 0 1 3 0 3  
04263  0 5 6 0 0 0  0 1 0 3 5 5  
04264  1 77777 1 0 1 3 3 5  
04265 0 5 6 0 0 0  0 ’10355 
04266  1 00000  0 0 1 5 3 3  
04267 0 5 0 0 0 0  0 1 0 5 2 0  
04270  1 0 0 0 0 0  0 0 1 5 3 3  
0 4 2 7 1  0 5 0 0 0 0  0 1 0 5 2 0  
04272  0 7 0 0 0 0  0 1 0 5 1 6  
0 4 2 7 3  0 7 0 0 0 0  0 1 0 5 1 6  
0 4 2 7 4  1 0 0 0 0 0  0 00725  
04275 0 7 0 0 0 0  0 1 0 5 2 1  
04276  1 0 0 0 0 0  0 0 0 7 2 5  
04277 1 00000 0 00725  
04300  3 3 7 3 4 0  0 0 4 4 4 6  
0 4 3 0 1  3 3 3 4 0 4  0 0 4 4 3 0  
04302  3 2 1 5 3 6  0 0 4 4 1 7  
04303  3 1 3 6 2 4  0 0 4 4 1 1  
0 4 3 0 4  0 0 2 0 0 0  0 0 2 0 1 4  

04236  0 50000  0 1 0 3 4 7  

2XU1 T X I  X U 2  
1 X U l  SSM 
2XUO TRA XUP 
l X U 0  C A L  C75 

C L A  T 2 4  
L X N  T X I  XQ 

LDQ 7 2 9  
l X A B  T X I  X A F  

T X I  X A J  
1 X A I  C L A  T 3 6  

T X I  XAL 
l X A K  C L A  T 3 6  

LDQ T 3 9  
l X A R  T X I  XAS 

NOP 
l X A V  T X I  X A P  

TRA XS2 
1 x 5 1  C L A  IO 

T X I  XAY 
l X B K  C L A  M 1 Q  

TXI X N  
1XL LXA I 3 9 4  

T X Z  X Q  
1x0  L X A  I 3 9 4  

TXI XAB+l,-E 
1 X Y  LDQ T 3 0  

PXI XAFbls-E 
l X A C  LDQ T 3 0  

T X I  XAW 
l X A M  C L A  M I 2  

T X f  XAW 
1 X A N  CLA M I 2  

CPY M I 0  
CPY M L O  

1XBH4 T X I  X A  
C P Y  M13 
T X I  XA 

1 X B H 5  T X P  XA 
P T H  62790 ,16096  
P T H  C2690 ,14084  
PTH C 2 5 9 0 ~ 9 0 5 4  

1XCH5 P T H  C249096036 
T R A  XBG6 
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c . 

04305 
04306 
04307 
04310 
04311 
04312 
04313 
04314 
04315 
04316 
04317 
04320 
04321 
04322 
04323 
04324 
04325 
04326 
04327 
04330 
04331 
04332 
04333 
04334 

04335 
04336 
04337 
04340 
04341 
04342 
04343 
04344 
04345 
04346 
04347 
04350 
04351 
04352 
04353 
04354 
04355 
04356 

0 02000 0 01773 
0 02000 0 01755 
0 07400 4 05336 
3 13632 0 04513 
3 15610 0 04504 
3 07676 0 04500 
3 13632 0 04472 
3 03745 0 04524 
3 01767 0 04523 
3 21563 0 04741 
3 G3761 0 04534 
3 03761 0 04532 
3 01772 0 04543 
3 03750 0 04541 
3 01772 0 04540 
3 05731 0 04560 
3 07707 0 04554 
3 11665 0 04547 
3 03772 0 04572 
3 03772 0 04570 
3 03734 0 04615 
3 05712 0 04612 
3 13624 0 04642 
3 11646 0 04635 

0 0 0 0 0 0  0 0 0 0 0 0  
0 0 0 0 0 0  0 00001  
0 0 0 0 0 0  0 00002  
0 00000 0 00003 
0 OOQOO 0 00004 
0 00000 0 00005 
0 00000 0 00006 
0 00000 0 00007 
0 00000 0 00010 
0 00000  0 00011 
0 00000 0 00013 
0 00000  0 00014 
0 00000 0 00044 
000000000023 
000000000042 
000000000044 
000000000047 
000000000062 

T R A  XBG4 
TRA XBG2 

PTH C359096042 
PTH C349097048 
PTH C339094030 

l X E C l  PTH C329096042 
PTH C3890t2021 

1 X E C 2  PTH C379091015 
PTH C799099075 
PTH C41,0,2033 

1XEC3 PTH C40~092033 
PTH C45s091018 
PTH C449092024 

l X E C 4  PTH C43#091028 
PTH C499093033 
PTH C48 9 0  94039 

l X E E l  PTH C479095045 
PTH C529092042 

lXEGl PTH C5190,2042 
PTH C57*0,2012 

l X E K l  PTH C569093018 
PTH C629096036 

1XEK2 PTH C61+095030 

IO PZE 0 
I1 PZE 1 
I2 P Z E  2 
I3 PZE 3 
I 4  PZE 4 
I 5  P Z E  5 
I6 PZE 6 
I7 PZE 7 
18 PZE 8 
I9 P Z E  9 
111. PZE 11 
I12 P I E  1 2  
I36 PZE 3 6  
IC BCD l O O O O O C  
I K  BCD l O O O O O K  
I M  BCD f00000M 
I P  BCD lOOOOOP 
IS BCD 1OOOOOS 

LXBG T S X  SWTF94 

INTEGERS 

vt 
I 
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04357  0 0 0 0 0 0 0 0 0 0 6 3  

04360  
0 4 3 6 1  
04362  
0 4 3 6 3  
0 4 3 6 4  
04365  
04366  
04367  
0 4 3 7 0  
0 4 3 7 1  
0 4 3 7 2  
0 4 3 7 3  
0 4 3 7 4  
04375  
04376  
0 4 3 7 7  
0 4 4 0 0  
0 4 4 0 1  
0 4 4 0 2  
0 4 4 0 3  
0 4 4 0 4  
0 4 4 0 5  
04406 
0 4 4 0 7  
04410 
0 4 4 1 1  
04412  
0 4 4 1 3  
0 4 4 9 4  
0 4 4 1 5  
0 4 4 1 6  
04417 
0 4 4 2 0  
0 4 4 2 1  
0 4 4 2 2  
0 4 4 2 3  
0 4 4 2 6  
04425  
0 4 4 2 6  
04427 
04430 

. 

+201400000000  
+ 20 3622  077 3 2 4  

6 0 6 0 6 0 6 0 6 0 6 0  
5 4 6 0 6 0 6 0 6 0 6 0  
5 4 5 4 6 0 6 0 6 0 6 0  
5 4 7 3 5 4 5 4 6 0 6 0  

+202400000000  
6 0 6 0 6 0 0 0 6 0 6 0  
6 0 0 0 6 0 6 0 6 0 0 0  
4 5 6 4 4 4 2 5 5 1 2 1  
6 3 4 6 5 1 6 0 6 0 6 0  
2 4 2 5 4 5 4 6 4 4 3 1  
4 5 2 1 6 3 4 6 5 1 6 0  
6 0 6 0 6 0 6 0 6 0 5 1  
6 0 5 1 6 0 2 6 2 1 2 3  
6 3 4 6 5 1 6 0 6 0 6 0  
6 0 6 6 2 5 3 1 2 7 3 0  
6 3 2 5 2 4 6 0 5  1 6 0  
2 6 2 1 2 3 6 3 4 6 5 1  
3 1 4 5 2 3 4 3 6 4 2 4  
314527607125  
5 1 4 6 6 2 6 0 6 0 6 0  
4 6 4 4 3 1 6 3 6 3 3 1  
4 5 2 7 6 0 7 1 2 5 5 1  
4 6 6 2 6 0 6 0 6 0 6 0  
6 0 6 0 6 0 3 0 6 0 6 0  
6 0 4 2 6 0 6 0 6 0 4 3  
6 0 6 0 6 0 2 3 2 1 4 3  
236443216325  
2 4 6 0 6 0 6 0 6 0 6 0  
6 0 6 0 6 0 6 0 2 1 6 0  
6 0 6 0 6 0 3 0 6 0 6 0  
6 0 4 2 6 0 6 0 6 0 4 3  
6 0 6 0 6 0 2 3 2 1 4 3  
236443216325  
2 4 6 0 6 0 6 0 6 0 6 0  
6 0 6 0 6 0 6 0 2 1 6 0  
6 0 6 0 6 0 6 0 6 0 6 0  
6 0 6 0 6 0 6 0 6 0  2 2  
6 0 6 0 6 0 6 0 6 0 6 0  
6 0 6 0 6 0 3 0 6 0 6 0  

I T  BCD IOOOOOT 
CONS TAN TS 

C I  OCT 2 0 1 4 0 0 0 0 0 0 0 0  F L O A T I N G  ONE 
c 2  DEC 6 6 2 8 3 1 8 5 3  
c3 BCD 1 I N D I C A T O R S  FOR OUTPUT 
c 4  BCD 1* X 
c 5  BCD 1** x 
C6 BCD E*)** X 
c7 DEC 2 r  L I M I T  ON DELTAOSIGMA 
c9 BCD 2 0 0 0 

2PI 

R C 1 9  BCD SNUMERAYOR DENOMINATOR 

C 2 0  BCD 2 R FACTOR 

C 2 f  BCD 3 WEIGHTED R FACTOR 

C 2 2  BCD 3 I N C L U D I N G  ZEROS 

C23 BCD 3 O M I T T I N G  ZEROS 

C24 BCD 6 H K 1, CALCULATED 

C25  BCD 9 H K t CALCULATED 

A 

A 

C26 BCD H K L  OBSERVED CALCSLATED 

a w 1 

B 

A 

n 
pc 
r3 m 
n 

O B S  
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0 4 4 3 1  6 0 4 2 6 0 6 0 6 0 4 3  
04432  6 0 6 0 6 0 6 0 6 0 4 6  
04433  226225516525  
04434  2 4 6 0 6 0 6 0 2 3 2 1  
04435  4 3 2 3 6 4 4 3 2 1 6 3  
04436  2 5 2 4 6 0 6 0 6 0 6 0  
04437  6 0 6 0 6 0 6 0 6 0 2 1  
04440  6 0 6 0 6 0 6 0 6 0 6 0  
0 4 4 4 1  6 0 6 0 6 0 4 6 2 2 6 2  
04442  4 0 2 3 2 1 4 3 6 0 6 0  BCD 4-CAL (OBS-CAL) /S IGMA 
04443  7 4 4 6 2 2 6 2 4 0 2 3  
0 4 4 4 4  2 1 4 3 3 4 6 1 6 2 3 1  
04445  2 7 4 4 2 1 6 0 6 0 6 0  
04446  6 0 6 0 6 0 3 0 6 0 6 0  C27 BCD H K L  OBSERVED CALCULATED 
04447  6 0 4 2 6 0 6 0 6 0 4 3  
04450  6 0 6 0 6 0 6 0 6 0 4 6  
0 4 4 5 1  226225516525  
04452  2 4 6 0 6 0 6 0 2 3 2 1  
0 4 4 5 3  4 3 2 3 6 4 4 3 2 1 6 3  
0 4 4 5 4  2 5 2 4 6 0 6 0 6 0 6 0  
04455  6 0 6 0 6 0 6 0 6 0 2 1  
04456  6 0 6 0 6 0 6 0 6 0 6 0  
04457  6 0 6 0 6 0 6 0 6 0 6 0  
04460  2 2 6 0 6 0 6 0 6 0 6 0  BCD 6 8  OBS-CAL (OBS-CAL)/SIGMA 
0 4 4 6 1  6 0 6 0 6 0 6 0 4 6 2 2  
04462  6 2 4 0 2 3 2 1 4 3 6 0  
0 4 4 6 3  6 0 7 4 4 6 2 2 6 2 4 0  
0 4 4 6 4  232143346162  
04465 3 1 2 7 4 4 2 1 6 0 6 0  
04466  -0 00147  0 1 0 4 2 4  C 2 8  MZE T58909103  
04467  -1 0 0 1 4 7  1 1 0 3 2 1  C29 MON S 1 + 1 2 ? 1 ? 1 0 3  
04470  -0 0 0 4 5 7  0 00000 C30 MZE 0909303  
0 4 4 7 1  6 0 4 4 4 6 2 4 2 5 4 0  C 3 1  BCD 1 MODE- 
0 4 4 7 2  6 0 2 3 4 6 4 4 4 7 6 4  C32 BCD 6 COMPUTE F I X E D  ATOM C O N T R I B U T I O N S  
04473  6 3 2 5 6 0 2 6 3 1 6 7  
0 4 4 7 4  2 5 2 4 6 0 2 1 6 3 4 6  
04475  4 4 6 0 2 3 4 6 4 5 6 3  
0 4 4 7 6  5 1 3 1 2 2 6 4 6 3 3 1  
0 4 4 7 7  4 6 4 5 6 2 6 0 6 0 6 0  
04500 6 0 2 3 4 6 4 4 4 7 6 4  C 3 3  6CD 4 COMPUTE F O R  F S Q U A R E D  
0 4 5 0 1  6 3 2 5 6 0 2 6 6 0 4 6  
04502  5 1 6 0 2 6 6 0 6 2 5 0  
04503  6 4 2 1 5 1 2 5 2 4 6 0  

A 
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04504 
04505 
04506 
04507 
04510 
04511 
04512 
04513 
04514 
04515 
04516 
04517 
04520 
04521 
04522 
04523 
04524 
04525 
04526 
04527 
04530 
04531 
04532 
04533 
04534 
04535 
04536 
04537 
04540 
04541 
04542 
04543 
04544 
04545 
04546 
04547 
04550 
04551 
04552 
04553 
04554 
04555 
04556 

602346444764 
632560242551 
316521633165 
256260264651 
604325216263 
606250642151 
256260606060 
604325216263 
606250642151 
256260646231 
452760464324 
602425513165 
216331652562 
602221622524 
604645606060 
602660606060 
602660625064 
235125246060 
606325444725 
512163645125 
602621236346 
516240606060 
606270444425 
635131236060 
602145316246 
635146473123 
602223246046 
646347646340 
602664434360 
604721516331 
214360606060 
604546452560 
602231452151 
706046646347 
646340606060 
606330516460 
263167252460 
216346446023 
464553513122 
646331464562 
606330516460 
266046516026 
606250642151 

C 3 4  BCD 7 COMPUTE D E R I V A T I V E S  FOR L E A S T  SQUARES 

C 3 5  BCD 6 L E A S T  SQUARES USING OLD D E R I V A T I V E S  

C36  BCD 2 BASED ON 

C37 BCD 1 F 
C 3 8  BCD 2 F SQUARED 

C39 BCD 4 TEMPERATURE FACTORS- 

C40 BCD 2 SYMMETRIC 

C41 BCD 2 A N t S O T R O P f C  

C42 BCD 2 BCD OUTPUT- 

C43 BCD 1 F U L L  
C44 BCD 2 P A R T I A L  

C45 BCD 1 NONE 
C46 6CD 3 B I N A R Y  OUTPUT- 

C47 BCD 5 THRU FIXED ATOM C O N T R I B U T I O N S  

C48 BCD 4 THRU F OR F SQUARED 
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L . . 

04557  
04560  
04561  
04562 
04563  
04564 
04565 
04566 
04567 
04570  
04571  
04572  
04573  
0 4 5 7 4  
04575 
04576  
04577  
04600  
0 4 6 0 1  
04602  
04603  
0 4 6 0 4  
04605  
04606  
04607 
04610 
0 4 6 1 1  
04612 
0 4 6 1 3  
0 4 6 1 4  
04615 
04616  
04617  
04620  
0 4 6 2 1  
04622  
04623  
0 4 6 2 4  
04625 
04626  
0 4 6 2 7  
04630  
0 4 6 3 1  

2 5 2 4 6 0 6 0 6 0 6 0  
6 0 6 3 3 0 5 1 6 4 6 0  
2 4 2 5 5 1 3 1 6 5 2 1  
6 3 3 1 6 5 2 5 6 2 6 0  
6 0 4 6 2 2 6 2 2 5 5 1  
6 5 2 5 2 4 6 0 2 6 6 0  
46 516026  6 0 6  2 
5 0 6 4 2 1 5 1 2 5 2 4  
6 0 6 3 4 6 6 0  2225 
6 0 2 3 4 6 4 5 6 2 3 1  
2 4 2 5 5 1 2 5 2 4 6 0  
6 0 3 1 2 7 4 5 4 6 5 1  
2 5 2 4 6 0 6 0 6 0 6 0  
6 0 4 5 2 5 6 4 6 3 5 1  
4 6 4 5 6 0 6 0 6 0 6 0  
6 0 6 7 4 0 5 1 2 1 7 0  
6 0 6 6 3 1 6 3 3 0 6 0  
6 0 6 0 6 0 4 2 3 1 4 5  
2 4 6 2 6 0 4 6 2 6 6 0  
2 6 4 6 5 1 4 4 6 0 2 6  
212363465162  
6 0 4 5 6 4 4 4 2 2 2 5  
5 1 6 0 4 6 2 6 6 0 2 1  
6 3 4 6 4 4 6 2 6 0 3 1  
4 5 6 0 2 1 6 2 7 0 4 4  
4 4 2 5 6 3  51 3 E. 23  
6 0 6 4 4 5 3 1 6 3 4 0  
6 0 2 3 2 5 4 5 6 3 5 1  
4 6 6 2 7 0 4 4 4 4 2 5  
6 3 5 1 3 1 2 3 6 0 6 0  
6 0 2 1 2 3 2 5 4 5 5 3  
5 1 3 1 2 3 6 0 6 0 6 0  
6 0 4 5 6 4 4 4 2 2 2 5  
5 1 6 0 4 6 2 6 6 0 6 2  
7 0 4 4 4 4 2 5 6 3 5 1  
706023 2 1 5 1 2 4  
6 2 6 0 4 6 5 1 6 0 6 2  
7 0 4 4 4 4 2 5 6 3 5 1  
7 0 6 0 5 1 4 6 6 4 6 3  
3 1 4 5 2 5 6 2 4 0 6 0  
6 0 4 5 6 4 4 4 2 2 2 5  
5 1 6 0 4 6 2 6 6 0 6 2  
2 3 2 1 4 3 2 5 6 0 2 6  

C49 BCD 3 THRU D E R I V A T I V E S  

C50 BCD 5 OBSERVED F OR F SQUARED TO BE 

C 5 1  BCD 2 CONSIDERED 

C52 BCD 2 IGNORED 

C 5 3  BCD 2 NEUTRON 

C 5 4  BCD 6 X-RAY W I T H  K I N D S  O F  FORM FACTORS 

C 5 5  BCD 6 NUMBER OF ATOMS I N  ASYMMETRIC U N I T -  

C56 BCD 3 CENTROSYMMETRIC 

C 5 7  BCD 2 A C E N T R I C  

C58 BCD 8 NUMBER OF SYMMETRY CARDS OR SYMMETRY R O U T I N E S -  

C59 BCD 5 NUMBER O F  S C A L E  FACTORS- 

I 
t-' 
0 
\o 
I 

Page 117



04632  
0 4 6 3 3  
0 4 6 3 4  
04635  
04636  
0 4 6 3 7  
04640  
0 4 6 4 1  
04642  
0 4 6 4 3  
0 4 6 4 4  
0 4 6 4 5  
0 4 6 4 6  
0 4 6 4 7  
04650  
0 4 6 5 1  
04652  
04653  
0 4 6 5 4  
04655  
0 4 6 5 6  
04657  
04660  
0 4 6 6 1  
0 4 6 6 2  
0 4 6 6 3  
0 4 6 6 4  
04665  
04666  
0 4 6 6 7  
04670  
0 4 6 7 1  
04672  
0 4 6 7 3  
0 4 6 7 4  
04675  
0 4 6 7 6  
04677  
04700  
0 4 7 0 1  
0 4 7 0 2  
0 4 7 0 3  
0 4 7 0 4  

2 1 2 3 6 3 4 6 5 1 6 2  
4 0 6 0 6 0 6 0 6 0 6 0  
0 00000  0 0 0 0 1 7  C60 P Z E  15  MASK USED T O  DECODE SYMMETRY CARDS 
6 0 6 4 6 2 2 5 6 0 2 7  C61 BCD 5 USE GENERAL SYMMETRY ROUTINE 
2 5 4 5 2 5 5 1 2 1 4 3  
6 0 6 2 7 0 4 4 4 4 2 5  
6 3 5 1 7 0 6 0 5 1 4 6  
6 4 6 3 3 1 4 5 2 5 6 0  
6 0 6 2 7 0 4 4 4 4 2 5  C62 BCD 6 SYMMETRY R O U T I N E S  SUPPLIED BY U S E R  
6 3 5 1 7 0 6 0 5 2 4 6  
6 4 6 3 3 1 4 5 2 5 6 2  
6 0 6 2 6 4 4 7 4 7 4 3  
3 1 2 5 2 4 6 0 2 2 7 0  
6 0 6 4 6 2 2 5 5 1 6 0  
6 0 6 2 5 0 6 4 2 1 5 1  C63 6CD SQUARE ROOT (SUM WfOBS-CALC1~*2/ (M-N)1  
2 5 6 0 5 1 4 6 4 6 6 3  
6 0 7 4 6 2 6 4 4 4 6 0  
6 6 7 4 4 6 2 2 6 2 4 0  
2 3 2 1 4 3 2 3 3 4 5 4  
5 4 0 2 6 1 7 4 4 4 4 0  
4 5 3 4 3 4 6 0 6 0 6 0  
6 0 6 0 6 0 6 0 6 0 6 0  
6 0 5 0 6 0 6 0 6 0 6 0  
6 0 6 0 6 0 6 0 6 0 6 2  
5 0 5 1 6 3 7 4 6 0 6 0  BCD 3QRTt 0- 01 
6 0 0 0 4 0 6 0 6 0 0 0  
3 4 6 0 6 0 6 0 6 0 6 0  
0 00000 0 7 7 7 6 0  C64 PZE K 1  ADDRESS OF F I R S T  INTERSEGMENT T E M P O R A R Y  
6 0 4 7 2 1 5 1 2 1 4 4  C 6 5  BCD P A R A M E T E R  OLD CHANGE NEW E R R O R  
2 5 6 3 2 5 5 1 6 0 6 0  
6 0 6 0 6 0 6 0 6 0 6 0  
6 0 6 0 4 6 4 3 2 4 6 0  
6 0 6 0 6 0 6 0 6 0 2 3  
3 0 2 1 4 5 2 7 2 5 6 0  
6 0 6 0 6 0 6 0 6 0 6 0  
4 5 2 5 6 6 6 0 6 0 6 0  
6 0 6 0 6 0 6 0 2 5 5 1  
5 1 4 6 5 1 6 0 6 0 6 0  
6 2 2 3 2 1 4 3 2 5 6 0  C66 BCD ZSCALE FACTOR 
2 6 2 1 2 3 6 3 4 6 5 1  
4 6 6 5 2 5 5 3 2 1 4 3  C67 BCD ZOVERALL B 
4 3 6 0 2 2 6 0 6 0 6 0  
6 0 2 1 6 3 4 6 4 4 6 0  C 6 8  BCD 1 ATOM 

S 

t I U I 
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A * I c . . a 

04705  6 0 2 6 4 6 5 1 4 4 6 0  C69 
0 4 7 0 6  2 6 2 1 2 3 6 3 4 6 5 1  
04707  6 0 6 7 6 0 6 0 6 0 6 0  
0 4 7 1 0  6 0 6 0 6 0 6 0 6 0 6 0  
0 4 7 1 1  6 0 7 0 6 0 6 0 6 0 6 0  
04712  6 0 6 0 6 0 6 0 6 0 6 0  
04713  6 0 7 1 6 0 6 0 6 0 6 0  
0 4 7 1 4  6 0 6 0 6 0 6 0 6 0 6 0  

0 4 7 1 7  6 0 2 2 2 5 6 3 2 1 7 4  
0 4 7 2 0  0 2 7 3 0 2 3 4 6 0 6 0  
0 4 7 2 1  6022.25632174 
0 4 7 2 2  0 3 7 3 0 3 3 4 6 0 6 0  
0 4 7 2 3  6 0 2 2 2 5 6 3 2 1 7 4  
0 4 7 2 4  0 1 7 3 0 2 3 4 6 0 6 0  
04725  6 0 2 2 2 5 6 3 2 1 7 4  
0 4 7 2 6  0 1 7 3 0 3 3 4 6 0 6 0  
04327  6 0 2 2 2 5 6 3 2 1 7 4  
04730  0 2 7 3 0 3 3 4 6 0 6 0  
0 4 7 3 1  6 0 2 1 6 3 4 6 4 4 3 1  c 7 1  
04732  2 3 6 0 2 2 6 0 6 0 6 0  
0 4 7 3 3  6 0 2 2 2 5 6 3 2 1 7 4  c72 
0 4 7 3 4  0 1 7 3 0 1 3 4 6 0 6 0  
04735  -0 0 0 0 2 5  1 00000 C75 
04736  -3 1 5 5 6 1  1 00000 C76 

04740  0 0 0 0 0 0  0 04705 C78 
0 4 7 4 1  6 0 6 2 7 0 4 4 4 4 2 5  c 7 9  
04742  6 3 5 1 3 1 2 3 6 0 2 3  
0 4 7 4 3  4 6 4 5 6 5 2 5 5 1 6 3  
0 4 7 4 4  2 5 2 4 6 0 6 3 4 6 6 0  
04745  2 1 4 5 3 1 6 2 4 6 6 3  
04746  514647312360  
0 4 7 4 7  222526465125  
04750 605125263145  
0 4 7 5 1  3 1 4 5 2 7 6 0 6 0 6 0  
04752  + i ~ ~ 4 o o o o o a o o  C80 
0 4 7 5 3  +202400000000  C81 
0 4 7 5 4  6 0 6 3 2 5 4 4 4 7 2 5  C 8 2  
04755  512163645125  
0 4 7 5 6  4 0 2 6 2 1 2 3 6 3 4 6  
0 4 7 5 7  5 I 6  046 2660  2 1 
04760  6 3 4 6 4 4 6 0 6 0 6 0  

04715 C70 

04737 o 0 0 0 2 6  o oooao ~ 7 7  

BCD 2 FORM F A C T O R  

BCD 2 X 

BCD 2 Y 

BCD 2 Z 

BSS 2 TO B E  SET 
BCD 2 BETA12921 

BCD 2 B E T A I 3 r 3 )  

BCD 2 B E T A ( l r 2 )  

BCD 2 B E T A ( 1 + 3 )  

BCD 2 B E T A ( 2 9 3 )  

BCD 2 A T O M I C  B 

BCD 2 B E T A ( l t 1 )  

FOR 0 , 1 , 2 1  X-RAY FORM FACTOR OUTPUT 
SVN 0 1 1 ~ 7 0 2 5  NEUTRON FORM FACTOR OUTPUT 
PZE 0 9 0 + 2 2  
PZE C69 ADDRESS OF FIRST T I T L E  
BCD 9 SYMMETRIC CONVERTED T O  A N I S O T R O P I C  BEFORE REFINING 

DEC a25 
DEC 2 r  
BCD T E M P E R A T U R E  FACTOR OF ATOM IS NOT POSITIVE-REFINITE.  
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04761 
04762 
04763 
04764 
04765 
04766 
04767 
04770 
04771 
04772 
04773 
04774 
04775 
04776 
04777 
05000 
05001 
05002 
05003 
05004 
05005 
05006 
05007 
05010 
05011 
05012 
05013 
05014 
05015 
05016 
05017 
05020 
05021 
05022 
05023 
05024 
05025 
05026 
05027 

05030 
05031 
05032 

603162604546 
636047466231 
633165254024 
252631453163 
253360606060 
602431622351 C 8 3  BCD 8 DISCREPANCY FACTORS BASED ON I N P U T  PARAMETERS. 
254721452370 
602621236346 
516260222162 
252460464560 
314547646360 
472x53 2 I442 5 
632551623360 
602562633 144 C 8 4  BCD 2 E S T I M A T E  OF 
216325604626 
602221622524 C 8 5  BCD 5 BASED ON OUTPUT PARAMETERS. 
604645604664 
6 34764 6 3 6 047 
215121442563 B 

255162336060 
606364514560 C86 6 C D  TURN ON SENSE S W I T C H  TO SUPPRESS O N - L I N E  P R I N T I N G  OF 
464560622545 
622560626631 
632330606060 
634660626447 
475125626260 
464540433145 
256047513145 
633145276046 
266060606060 
472151214425 C87 BCD ZPARAMETERSa 
632551623360 
266046 5 16026 C 8 8  BCD 3 F  OR F SQWAREDI 
606250642151 
252433606060 
0 00000 0 00020 C89 PZE 16 NO1 OF INTERSEGMENT STORAGE L O C A T I O N S  
3 77777 7 77323 C 9 0  P T H  - S T A R T t 7 9 3 2 7 6 7  USED TO COMPUTE LENGTH OF DUMMY RECORD 
0 00000 0 00300 C 9 1  P Z E  192 LENGTH OF DUMMY' RECORD 3 
0 00000 0 00200 C 9 2  P Z E  128 LENGTH OF DUMMY RECORD 4 

0 76000 0 00166 IFF SWT 6 
0 02000 0 05033 TRA IFF1 
0 02000 4 00003 TRA 3 9 4  

SUBROUTINE TO CHECK I D E N T I F I C A T I O N  LETTER 

1 Y I t 1 L 1 
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05033 0 50000 4 00001 
05034 0 62100 0 05040 
05035 0 77100 0 00022 
05036 0 62100 0 05043 
05037 0 62100 0 05056 
05040 0 50000 0 00000 
05041 -0 32000 0 05133 
05042 0 60100 0 05134 
05043 0 34000 0 00000 
05044 1 00000 0 05046 
05045 0 02000 4 00003 
05046 -0 63400 4 05044 
05047 0 07400 4 06147 
05050 0 07400 4 05254 
0 5 0 5 1  3 02015 0 05134 
05052 3 13624 0 05076 
05053 -1 00000 0 00364 
05054 0 07400 4 06147 
05055 0 07400 4 05254 
05056 3 02015 0 00000 
05057 3 13624 0 05104 
05060 -1 0 0 0 0 0  0 00364 
05361 0 07400 4 06147 
05052 0 07400 4 05254 
05063 3 15602 0 05112 
05064 -1 0 0 0 0 0  0 00364 
05065 0 07400 4 06147 
05066 0 07400 4 05254 
05067 3 23514 0 05121 
05070 -1 00000 0 00364 
05073, 0 07400 4 06147 
05072 0 07400 4 05254 
05073 -1 0 0 0 0 0  0 00361 
05074 -0 53400 4 05044 
05075 0 0 0 0 0 0  4 00002 
05076 602421632160 
05077 232251246031 
05100 242545633126 
05101 312321633146 
0 5 1 0 2  456043256363 
05103 255160316260 
05104 604751462751 
05105 214450232143 

IFF1 C L A  194 
STA IFF2 
ARS 1 8  
STA IFF3 
STA IFF6 

ANA IFF11 
STO IFF12 

IFF2 CLA 0 

IFF3 CAS 0 
IFF4 7x1 IFF59090 

T R A  394 
IFF5 S X D  IFF494 

TSX OUT94 
TSX ECHO94 
PTH IFF12~0~1037 
PTH IFF73096036 
FVE 244 
TSX OUT94 
TSX ECHO94 

IFF6 PTH 09091037 
PTH IFF89096036 
FVE 244 
TSX OUT94 
TSX ECHOs4 
PTH IFF99097042 
FVE 244 
TSX OUT94 
TSX ECHOt4 
PTH iFFfO~Os1006Q 
FVE 244 
TSX OUT94 
TSX ECHO94 
FVE 241 
LXD IFF494 
HTR 2 s 4  

IFF7 BCD 6 DATA CARD IDENTIFICATION LETTER XS 

IFF8 BCD 6 PROGRAM CALLS FOR CARD WITH LETTER 

ADDRESS TO BE SET 

ADDRESS TO BE SET 

ADDRESS TO BE SET I 
P 
P w 
I 
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05106 
05107 
05110 
05111  
05112 
05113 
0 5 1 1 4  
05115  
05116 
05117 
05120 
05121  
05122 
05123 
05124 
05125 
05126 
05127 
05130 
05131  
05132 
05133 
05134 

436260264651 
602321512460 
663163306043 
256363255150 
6047646360 23 
465151252363 
602321512460 
314560512521 
242551602145 
246047514623 
252524336060 
606346602270 
472162626021 
434360312425 
456331263123 
216331464560 
632562636240 
636451456046 
456062254562 
256062663163 
233060063360 
0 00000 0 00177 
0 00000 0 00000 

05135 -0 63400 1 05143 
05136 0 50000 4 00001 
05137 0 62100 0 05141  
05140 -0 73400 1 00000 
05141  0 50000 1 00000 
05142 0 34000 0 05152 
05143 1 00000 0 05145 
05144 0 02000 0 05147 
051.45 -0 53400 1 05143 
05146 0 02000 4 00003 
05147 2 00001 1 05141  
05150 -0  53400 1 05143 
05151  0 02000 4 00002 
05152 606060606060 

05153 0 07400 4 06147 
05154 0 07400 4 05254 
05155 3 27451  0 10406 
05156 3 02066 0 04362 

IFF9 BCD 7 PUT CORRECT CARD I N  READER AND PROCEED. 

IFF10 BCD T O  BYPASS ALL IDENTIFICATION TESTS TURN ON SENSE SWITCH 6. 

I F F 1 1  PZE 127 MASK 
IFF12  LETTER FROM CARD 

SUBROUTINE TO TEST FOR BLANK FIELD 
BLNK SXD BLNK291 

CLA 194 
S T A  B L N K 1  
PDX 0 9 1  

B L N K l  C L A  0 9 1  ADDRESS TO BE SET 
CAS BCNK5 

BLNK2 T X I  BLNK39090 
T R A  BLNK4 

BLNK3 LXD BtNK291 
TRA 394 

BLNK4 T I X  B L N K l f i l 9 1  
LXD B L N K 2 9 9  
TRA 294 

BLNK5 BCD 1 

DUMP TSX OUT94 
OCTAL AND FLOATING DECIMAL DUMP FOR T E S T  PURPOSES 

T S X  ECHO94 
PTH T5590912073 
PTH C39091078 

v b 1 1 
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05157 1 0 0 0 0 1  0 00003 
05160 0 53400 1 05252 
05161  0 07400 4 06147 
05162 0 07400 4 05254 
05163 -2 1 7 5 3 1  1 00000 
05164 -2 17562  1 00001 
05165 -2 17613 1 00002 
05166 -2 17644 1 00003 
05167 1 00000 0 00003 
G5170 -0 75400 1 00000 
05171  0 77100 0 00022 
05172 0 76000 0 00006 
05173 0 40000 0 04336 
05174 0 73400 2 00000 
05175 -0 75400 2 00000 
05176 0 76500 0 00043 
05177 0 53400 4 04343 
05200 0 76700 0 00003 
05201  -0 76300  0 00003 
05202 2 00001 4 05200 
05203 -0  50100 0 05253 
05204 0 60200 0 05251  
05205 0 53400 2 04345 
05206 0 56000 1 00000 
05207 0 53400 4 04343 
05210 0 76700  0 00003 
05211  -0 76300  0 00003 
05212 2 00001 4 05210 
05213 0 60200 2 05251  
05214 0 53400 4 04343 
05215 0 76700 0 00003 
05216 -0 76300 0 00003 
05217 2 00001  4 05215 
05220 0 60200 2 05252 
0 5 2 2 1  1 77777 1 05222 
05222 2 0 0 0 0 2  2 05206 
05223 0 07400 4 06147 
05224 0 07400 4 05254 
05225 3 01756 0 05251 
05226 3 01772 0 0 5 2 4 1  
05227 3 02001 0 05242 
05230 3 02023 0 05243 
05231  3 02032 0 05244 

PON U2,Osl 
I X A  DUMP791 

TSX ECHO94 
S I X  0,198025 
S I X  1 9 1 3 8 0 5 0  
S I X  29198075 
S I X  39198100 
PON U2t0,O 
PXD 091 
ARS 1 8  
COM 
ADD I 1  
P A X  0 9 2  
PXD 092 
LRS 35 

DUMP1 TSX OUT94 

L X A  r m  
DUMP8 ALS 3 

LGL 3 
T l X  DUMP89491 
ORA DUMP9 
SLW DUMP6-i-8 
LXA I 8 9 2  

DUMP2 LDQ 091 
LXA 1694  

DUMP3 ALS 3 
LGL 3 
T I X  DUMP39491 
SLW DUMP64-8 9 2  

LXA I 6 * 4  
DUMP4 ALS 3 

LGL 3 
T I X  DUMP49491 
SLW DUMP6-t-992 
T X I  DUMP5 9 1  9-1 

DUMP5 T I X  DUMP2*292 
TSX OUT94 
TSX ECHO94 
PTH DUMP6+8t0*1006 
PTH DUMP69091018 
PTH DUMP6+19091025 
PTH DUMP6+29091043 
PTH DUMP6+39091050 
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0 5 2 3 2  
0 5 2 3 3  
0 5 2 3 4  
0 5 2 3 5  
0 5 2 3 6  
0 5 2 3 7  
0 5 2 4 0  

05252  
0 5 2 5 3  

3 0 2 0 5 4  0 0 5 2 4 5  
3 0 2 0 6 3  0 0 5 2 4 6  
3 0 2 1 0 5  0 0 5 2 4 7  
3 0 2 1 1 4  0 0 5 2 5 0  
1 00060 0 0 0 0 0 3  
3 6 6 6 5 3  1 05161 
0 0 2 0 0 0  0 0 0 1 4 4  

0 5 2 4 1  
0 00000  0 6 7 4 7 3  
6 0 0 0 0 0 0 0 0 0 0 0  

0 5 2 5 4  0 1 2 0 0 0  0 0 5 2 7 2  
0 5 2 5 5  -0 10000 0 0 5 2 7 2  
0 5 2 5 6  -0 6 3 4 0 0  4 0 5 3 1 0  
05257  0 0 7 4 0 0  4 0 6 1 4 7  
0 5 2 6 0  0 0 2 0 0 0  0 0 5 2 6 3  
0 5 2 6 1  3 1 5 6 0 2  0 0 5 3 0 1  
0 5 2 6 2  -1 0 0 0 0 0  0 00000  
0 5 2 6 3  -0  5 3 4 0 0  4 0 5 3 1 0  
0 5 2 6 4  - 0  5 0 0 0 0  4 0 0 0 0 1  
05265  0 T7l-00 0 OQ041 
05266  0 3 4 0 0 0  0 0 5 3 0 0  
05267  1 7 7 7 7 7  4 0 5 2 6 4  
05270  0 1)2000 4 0 0 0 0 2  
0 5 2 7 1  1 7 7 7 7 7  4 0 5 2 6 4  
0 5 2 7 2  -0 7 5 4 0 0  4 00000 
0 5 2 9 3  0 76000 0 00006 
0 5 2 7 4  -0 7 3 4 0 0  4 00000 
0 5 2 7 5  -0 7 5 4 0 0  4 00000  
0 5 2 7 6  0 7 7 1 0 0  0 0 0 0 2 2  
0 5 2 7 7  0 00000  0 0 0 1 4 4  
0 5 3 0 0  0 cW60 8 OOcos 
0 5 3 0 1  6 0 5 4 5 4 5 4 6 0 4 7  
0 5 3 0 2  5 1 3 1 4 5 6 3 2 5 5 1  
0 5 3 0 3  6 0 2 5 5 1 5 1 4 6 5 1  
0 5 3 0 4  6 0 3 1 4 5 6 0 4 7 5 1  
0 5 3 0 5  2 5 6 5 3 1 4 6 6 4 6 2  
0 5 3 0 6  6 0 4 3 3 1 4 5 2 5 6 0  
0 5 3 0 7  5 4 5 4 5 4 6 0 6 0 6 0  
05310  0 0 0 0 0 0  0 00000  

0 5 3 1 1  0 5 0 0 0 0  4 00001 
0 5 3 1 2  0 62100 0 0 5 3 3 1  

P T H  DUMP6+4~0,1068 
P T H  DUMP6+5*091075 
PTH DUMP6+690 9 1093  
PTH DUMP6+790~1100  
PON U2eO948 
T X H  DUMPl,l~-T5-256 DECREMENT I S  - B F I N A L  A D D R E S S + l I  
TRA RCD 

DUMP6 BSS 9 
DUMP7 P Z E  - S 1  - [ I N I T I A L  ADDRESS)  
DUMP9 BCD 1 00000 

ECHO TPL E C H O 4  
TNZ E C H O 4  
SXD E C H O 7 9 4  
TSX OUT94 
T R A  ECHO2 
P T H  ECH06,097’042 

SUBROUTINE TO TEST NATURE OF ERROR RETURN FROM NY O U T 3  

ECHO1 F V E  
ECHO2 LXD ECHO794 
ECHO3 CBL 1 + 4  

A9-S 35 
C A S  ECHCF 
JXT E C H 0 3 s 4 9 - 1  
TRA 2 9 4  
T X I  ECH0394 .a -1  

ECHO4 PXD 0 9 4  
COM 
PDX 094 
P X D  0 9 4  
ARS 1 8  
HTR RCD C A L L I N G  SEQUENCE ERROR* ADDRESS I N  ACCQ 

ECHO5 P B B  5 
ECHO6 BCD 9 %+* DRINfER ERROR I N  P R E V I O U S  L I N E  *%3e 

ECi-139 P Z E  XNDEX S A V E D  IN DECREMENT 

SWTP CLA 1 9 4  
S U B R O U T I N E  TO S U P P R E S S  ON-LINE P R I N T I N G  OF P A R A M E T E R S  

STA SWTP5 

TO NORMAL RETURN OF N Y  OUT3 
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05313 0 76000 0 00164 
05314 0 02000 0 05327 
05315 0 5 0 0 0 0  0 05335 
05316 0 1 0 0 0 0  0 05325 
05317 0 60000 0 05335 
05320 -0 63400 4 05326 
0 5 3 2 1  0 07400 4 06147 
05322 0 07400 4 05254 
05323 -1 0 0 0 0 0  0 00361 
05324 -0 53400 4 05326 
05325 0 56000 0 05333 

05327 0 56000 0 05334 
05330 - 0  6 0 0 0 0  0 05335 
05331 -0 62000 0 00000 
05332 0 02000 4 0 0 0 0 2  
05333 0 76100 0 00000  
05334 -1 00000  0 00000 
05335 0 0 0 0 0 0  0 00000 

05326 1 ooooa o 05331 

05336 0 50000 4 00001 
05337 0 62100 0 05356 
05340 0 76000 0 00163 
05341 0 02000 0 05354 
05342 0 50000 0 05362 
05343 0 16;)ooO 0 05352 
05344 0 60000 0 05362 
05345 -0 63400 4 05353 
05346 0 07400  4 06147 
05347 0 07400 4 05254 
05350 -1 00000 0 00361 
05351 -0  53400 4 05353 
05352 0 56000 0 05360 
05353 1 00000 0 05356 
05354 0 56000 0 05361 
05355 -0 60000 0 05362 
05356 -0 62000  0 00000 
05357 0 0 2 0 0 0  4 0 0 0 0 2  
05360 0 76100 0 0 0 0 0 0  
05361 -1 0 0 0 0 0  0 00000 
05362 0 0 0 0 0 0  0 0 0 0 0 0  

05363 

SWT 4 
TRA SWTP4 
CLA SWTP8 
TZE SWTP2 
STZ SWTP8 
SXD SWTP394 

SWTPl TSX OUT94 
TSX ECHO94 
FVE 2 4 1  
LXD SWTP3r4 

SWTP2 LDQ SWTP6 
SWTP3 T X I  SblTP5,090 INDEX SAVED I N  DECREMENT 
SWTP4 LDQ SWTP7 

STQ SWTP8 
SWTP5 SLQ 0 ADDRESS TO BE SET 

T R A  2 9 4  
SWTP6 NOP CONSTANT 
SWTP7 FVE CONSTANT 
SWTP8 P Z E  INDICATOR 

SWTF CLA 1 9 4  
SUBROUTINE TO SUPPRESS ON-LINE PRINTING OF F OR F**2 

S T A  SWTF5 
SWT 3 
TRA SWTF4 
C L A  SWTF8 
TZE SWTF2 
STZ SWTF8 
SXD SWTF394 

SWTFl TSX OUT94 
TSX ECHO94 
FVE 2 4 1  
LXD SWTF394 

SWTF2 LDQ SWTF6 
SWTF3 T X I  SWTF59090 INDEX SAVED I N  DECREMENT 
SWTF4 LDQ SWTF7 

STQ SWTFB 
SWTF5 S L Q  0 ADDRESS TO BE SET 

TRA 2 9 4  
SWTF6 NOP CONSTANT 

CONSTANT SWTF7 FVE 
SWTF8 PZE INDICATOR 

D B D l  BSS 136 
THE FOLLOWING SUBROUTINES ARE ON RELOCATABLE CARDS 

Page 125



10305 
10306 
10307 
10310 
10311 
10312 
10313 
10314 
10315 
10316 
10317 
10320 
10321 
10322 
10323 

10324 
10325 
10326 
10327 
10330 
10331 
10332 
10333 
PO334 
10335 
10336 
10337 
E0340 
10341 
BO342 

05573 F I L E  BSS 197 
06100 BUFFER BSS 14 
06116 SQRT BSS 25 
06147 OUT BSS 4 0 8  
06777 S I N  BSS 24 
07027 EXP Bss 35 
07072 TABLES BSS 651 

SENSE I N D I C A T O R S  
0 0 0 0 0 0  0 0 0 0 0 0  s1 
0 0 0 0 0 0  0 00001 s2 P Z E  1 
0 00000 0 00001 s3 PZE 1 
0 00000 0 00001 54 P Z E  1 
0 00000 0 00002 s5 P Z E  2 
0 00000 0 00001 S 6  P Z E  1 
0 00000 0 0 0 0 0 0  s7 
0 0 0 0 0 0  0 0 0 0 0 0  S8 
0 00000  0 0 0 0 0 0  S 9  
0 0 0 0 0 0  0 00000  s10 
0 00000  0 00001 S 1 5  P Z E  1 
0 00000 0 00001 Sl1 P Z E  1 
0 00000 0 00000 512 
0 0 0 0 0 0  0 00000 S13 
0 00000 0 00000 S14 

TEMPORARY STORAGE 
10316 T 1  SYN 510 
10314 T 2  SYN 58 
10320 T3 SYN Sll 
10313 T 4  SYN 57 

0 00000 0 00000 T 6 1  
0 00000 0 00000 T 6  
0 00000 0 00000 77 
0 00000 0 00009 T 8  
0 0 0 0 0 0  0 0 0 0 0 0  T l f  
0 0 0 0 0 0  0 0 0 0 0 0  T9 
0 0 0 0 0 0  0 0 0 0 0 0  T I 0  
0 0 0 0 0 0  0 00000  T I 2  
0 00000 0 00000 TI3 
0 0 0 0 0 0  0 0 0 0 0 0  T14 
0 00000 0 0 0 0 0 0  T I 5  
0 0 0 0 0 0  0 0 0 0 0 0  TI6 
0 0 0 0 0 0  0 0 0 0 0 0  T I 7  
0 0 0 0 0 0  0 0 0 0 0 0  T I 8  
0 00000 0 00000 TI9 

MODE I N D I C A T O R  
F OR F SQUARED I N D I C A T O R  
SYMM OR A N I S  I N D I C A T O R  
BCD OUTPUT I N D I C A T O R  
B I N A R Y  OUTPUT YES OR NO 
OBSERVED TO B E  CONSIDERED 
NUMBER OF FORM FACTOR T A B L E S  
NUMBER O F  ATOMS I N  ASYMMETRIC U N I T  
CENTRO OR A C E N T R I C  
NO* OF SYMM CARDS OR SYMM R O U T I N E S  
GENERAL OR USERS SYMMETRY R O U T I N E  
NO. OF S C A L E  FACTORS 
F I X E D  ATOM C O N T R I B U T I O N  I N D I C A T O R  
ARE D E R I V A T I V E S  COMPUTED 
E X T E N T  OF B I N A R Y  OUTPUT 

COMP LOC F I R S T  SYMMETRY CODE WORD 
COMP LOC F I R S T  ATOM PARAMETER 
COMP LOC SUMMATION STORAGE 
COMP LOC D E R I V A T I V E  STORAGE 
COMP LOC FORM FACTOR STORAGE 
N o r  O F  A T O M I C  PARAMETERS 
NOe OF I N T E R M E D I A T E  SUMS 
T t J j  
H ( 4 1  
K ( J j  
Lf.J l i  
H * * 2 l J i  
K*923Jyt 
L**2(Q$ 
2 W K % 3 1  

c 9 1. 1 
Page 126



I e . . 

10343 
10344 
1 0 3 4 5  
10346 
10347 
1 0 3 5 0  
1 0 3 5 1  
1 0 3 5 2  
1 0 3 5 3  
1 0 3 5 4  
1 0 3 5 5  
1 0 3 5 6  
1 0 3 5 7  
1 0 3 6 0  
1 0 3 6 1  
10362  
1 0 3 6 3  
1 0 3 6 4  
1 0 3 6 5  
10366 
10367 
10370 
1 0 3 7 1  
1 0 3 7 2  
10373 
1 0 3 7 4  
1 0 3 7 5  
10376 
10377 
1 0 4 0 0  
10401  
10402 
10403 
10404 
1 0 4 0 5  

1 0 4 2 2  
1 0 4 2 3  
1 0 4 2 4  
1 0 4 2 5  

1 0 4 3 4  

0 0 0 0 0 0  
0 00000 
0 0 0 0 0 0  
0 00000  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 00000  
0 0 0 0 0 0  
0 0 0 0 0 0  
9 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 00000 
0 O O O O G  
0 00000 
0 00000 
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 00000 
0 O O @ O O  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 00000 
0 00000 
0 0 0 0 0 0  
0 0 0 0 0 0  

0 o c o o o  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  

0 0 0 0 0 0  

0 0 0 0 0 0  
0 00000 
0 00000  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 00000 
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 00000  
0 00000 
0 00000 
0 00000 
0 0 0 0 0 0  
0 013000 
0 0 0 0 0 0  
0 0 0 0 0 0  
0 00000  
0 0 0 0 0 0  
0 00000 
0 0 0 0 0 0  
0 00000 
0 0 0 0 0 0  
0 00000  
0 0 0 0 0 0  
0 00000 
0 00000 
0 00000 
0 00000 
0 00000 

10406 
0 00000 
0 00000  
0 00000  
0 00000 

10426 
0 00000 

10435 

T 2 0  
T 2 1  
T 2 2  
T 2 3  
T 2 4  
T 25 
T 2 6  
T 2 7  
T 2 8  
T 2 9  
T 3 0  
T 3 1  
T 3 2  
" 3 3  
T 3 4  
T 3 5  
T 3 6  
T 3 7  
T 3 8  
T 3 9  
T 4 0  
T 4 1  
T 4 2  
T 4 3  
T 44 
T 4 5  
T 4 6  
T47 
T 4 8  
T 4 9  
T 5 0  
T 5 1  
T52 
T 5 3  
T54 
T 5 5  BSS 1 2  
T 5 6  
T57 
T 5 8  
T 5 9  
T 6 0  BSS 6 
T 6 2  
T 6 3  BSS 6 

2 H L ( J )  
2 K L I J )  
T R I G  ARGUMENT C I s J )  
I N D E X  I I N  DECREMENT 
S I N ( I , J )  3 E X P ( I , J ) S I N ( I , J l  
C O S ( I , J ) ,  E X P ( I , J I C O S ( I , J )  
EXP ARGUMENT (1,Jf 
EXP ( I ,J 1 
I N D E X  J I N  DECREMENT 
F ( I f 9  SYM T . F a ( f j F f I )  
SYM T a F o ( 1 )  
F ( I 1 S Y M  T o F o ~ I ) S U M ~ I ~ E X P ~ I ~ J ) C ~ S ~ I , J ~  
F f I l S Y M  T . F o ( I ) S U M ( I ) E X P ( I , J ) S I N f I , J )  
2 P I  F ( 1 ) S Y M  T e F o ( 1 )  
M I N U S  2 P I  F ( 1 I S Y M  T m F i ( f )  
M I N U S  F ( I ) S Y M  T o F o ( I 1  
O V E R A L L  ToF.9 SCALE*OVaT.F 
S C A L E  FACTOR 
C O E F F I C I E N T  O F  D A / D  PARAMETER 
C O E F F I C I E N T  OF D B/D PARAMETER 
A * * Z ,  ( A * * 2 + 8 * * 2 ) * * ( 1 / 2 ) s A * * 2 + 6 * * 2  
5 FOR SYM OR 10 FOR A N I S  T o F o  
R FACTOR NUMERATOR 
SAME O M I T T I N G  UNOBSERVEDS 
WEIGHTED R FACTOR NUMERATOR 
SAME O M I T T I N G  UNOBSERVEDS 
R FACTOR DENOMINATOR 
WEIGHTED R FACTOR DENOMINATOR 
( O B S - C A L C I / S I G M A  
W *O B S** 2 
HOLLERITH DISAGREEMENT I N D I C A T O R  
R FACTOR 
SAME O M I T T I N G  UNOBSERVEDS 
WEIGHTED R FACTOR 
SAME O M I T T I N G  UNOBSERVEDS 
I D E N T I F I C A T I O N  OF PROBLEM 
I N D E X  4 I N  DECREMENT 
W(OBS-CALC)**Z 
SENSE INPUT T O  TEST FOR B L A N K  
M A C H I N E  C A P A C I T Y  LESS ONE 
COMPONENTS OF TRANSFORMED I N D I C E S  
COMP CURRENT LOC SYMM CODE WORD 
H O L L E R I T H  I N P U T  FROM SYMMETRY CARDS 

8 
P 
P 
u3 

I 
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10443 
1 0 4 4 4  
10445 
10446 
10447 
10450 

10453 
10454 
10455 
10456 
10457 
10460 
10461 
10462 
10463 
10464 
10465 
10466 
10467 
10470 
10471 
10472 
10473 
10474 
10475 
10476 
10477 
10500 
10501 
1 0 5 0 2  
10503 
1 0 5 0 4  

10505 
10506 
10507 
10510 
10511 
10512 
10513 
1053.4 
10515 

0 0 0 0 0 0  0 00000 
0 0 0 0 0 0  0 00000  
0 0 0 0 0 0  0 0 0 0 0 0  
0 00000  0 00000  
0 00000  0 0 0 0 0 0  
0 00000 0 00000 

10451 
0 00000 0 0 0 0 0 0  
0 0 0 0 0 0  0 00000  
0 00000  0 00000  
0 0 0 0 0 0  0 0 0 0 0 0  
0 00000 8 QOOOO 
0 00000  0 00000  
0 0 0 0 0 0  0 00000  
0 0 0 0 0 0  0 00000 
0 00000 0 00000 
0 00000  0 00000 
0 0 0 0 0 0  0 00000 
0 00000 0 00000 
0 00000 0 00000 
0 0 0 0 0 0  0 00000 
0 00000 0 00000 
0 00000 0 00000 
0 00000 0 00000 
0 0 0 0 0 0  0 00000  
0 0 0 0 0 0  0 00000 
0 0 0 0 0 0  0 00000 
0 00000  0 00000 
0 00000  0 00000 
0 00000 0 00000 
0 0 0 0 0 0  0 00000  
0 00000  0 00000  
0 0 0 0 0 0  0 0 0 0 0 0  

00000  
00000 
00000  
0 0 0 0 0  
0 0 0 0 0  
00000  
00000  
0 0 0 0 0  
00000  

0 0 0 0 0 0  
0 00000  
0 00000 
0 0 0 0 0 0  
0 OOOOQ 
0 00000 
0 00000 
0 00000 
0 00000  

T 6 4  
T 6 5  
T 6 6  
T 6 7  
T 6 8  
T69 
T 7 0  BSS 2 
T 7 3  
T72 
7-73 
T 7 4  
T 7 5  
T76 
T 7 7  
T 7 8  
T 7 9  
T 8 0  
T 8 1  
T 8 2  
7 8 3  
T 8 4  
T85 
T 8 6  
T 8 7  
T 8 8  
T 8 9  
T 9 0  
T 9 1  
T 9 2  
T 9 3  
T 9 4  
T 9 5  
T 9 6  

M I  
M2 
M3 
M4 
M 5  
M6 
M 9  
M 8  
M9 

NUMBER OF SYMMETRY CODE WORDS 
M, NUMBER OF R E F L E C T I O N S  USED 
SUM W[OBSmCALC)* *2  FOR R E F L E C T I O N S  USED 
N s  NUMBER OF PARAMETERS V A R I E D  
SQRT (SUM W ( O B S - C A L C ) * * 2 / ( M - N ) )  
D I S C A R D S  C O P I E D  HERE 
PARAMETER T I T L E  FOR OUTPUT 
S C A L E  FACTOR OR ATOM NUMBER 
OLD PARAMETER 
NEW PARAMETER 
STANDARD ERROR OF PARAMETER 
I N D E X  P I N  DECREMENT 
I N D E X  I I N  DECREMENT 
I N D E X  Q I N  DECREMENT 
A *  
B* 
C* 
COS GAMMA* 
COS BETA*  
COS ALPHA*  
( 4 2 5 )  ( A * )  ( A * ]  
( * 2 5 ) ( 6 * ) ( 8 * 1  
( r 2 5 1 ( C * 3 ( C * )  
( r 2 5 f ( A * ) ( B * ) ( C O S  GAMMA*) 
(r25)[A*lIC*)(CQS B E T A * ]  
(a25)(B*f~C*l(COS ALPHA*3c) 
~ ( N O I  OF ATOMS1 
B ( I  1 s  OVERALL B 
I N D I C A T O R  FOR POS-DEF TEMP. FACTOR 
USED FOR T E S T S  ON TEMPr FACTORS 
CORRECTION PO SUM W(OBS-CALCD**2 
SQRT (SUM WlOBS-CALC! *4+2 1 
HALF LENGTH OF CODE DUMP 

H 
K 
L 
06s  
SQRT W-1PSEGMA 
S C A L E  FACTOR I D E N T I F I C A T I O N  

F I X E D  ATQM A 
F I X E D  ATOM 8 

DATA AND OUTPUT TEMPORARIES 

?SIN THETA,’bAMBDA9**2 

k 
0 
I 
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. 

1 0 5 1 6  
1 0 5 1 7  
1 0 5 2 0  
1 0 5 2 1  
1 0 5 2 2  
1 0 5 2 3  
1 0 5 2 4  

1 0 5 2 5  
1 0 5 2 6  

7 7 7 6 0  
7 7 7 6 1  
7 7 7 6 2  
77763 
77764 
7 7 7 6 5  
77766 
77767 
77770 
7 7 7 7 1  
7 7 7 5 2  
77-7-79 
77294 
7 7 7 7 5  
7 7 7 7 6  

0 0 0 0 0 0  0 0 0 0 0 0  
0 0 0 0 0 0  0 0 0 0 0 0  
0 0 0 0 0 0  0 00000 
0 00000 0 00000 
0 00000 0 00000 
0 00000 0 00000 
0 00000 0 0 0 0 0 0  

0 00000  0 1 0 5 2 6  
0 00000 0 00000  

0 00000 
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 00000 
0 00000 
0 00000 
3 00000 
0 0 0 0 0 0  
0 0 0 0 0 0  
0 00000 
0 00000 
0 0 0 0 0 0  
0 00000 
0 00000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

77760 
00000 
00000 
00000 
00000  
00000 
00000 
00000 
00000 
0 0 0 0 0  
00000 
00000 
00000 
00000 
00000 
00000 

M f O  A 
Ml?. 8 
M 1 2  C A L C  
M13 OBS-CALC 
M 1 4  R E J E C T I O N  I N D I C A T O R  
M15 D C A L C / D  S C A L E  
M 1 6  D C A L C / D  OVERALL  T o F o  

THE FOLLOWING M A Y  BE CHANGED BY THE USER 
T 5  P Z E  X D 1  ADDRESS OF L A S T  LOC USED 
X D 1  SYMMETRY R O U T I N E S  I F  W R I T T E N  BY USER 

I M M E D I A T E L Y  FOLLOWING THE ADDRESS S P E C I F I E D  I N  T 5  THE 
PROGRAM A S S I G N S  THE FOLLOWING STORAGE- 

S C A L E  FACTORS. 
O V E R A L L  TEMPERATURE FACTOR. 
S I X  SYMMETRY CODE WORDS FOR EACH SYMMETRY CARD. 
F I V E  OR TEN PARAMETERS PER ATOM. 
FORM FACTORS U N L E S S  PROBLEM I S  NEUTRON ONE. 
F I V E ,  TEN, OR TWENTY L O C A T I O N S  PER ATOM USED 

FOR D E R I V A T I V E S  OF A AND B o  
T H I S  AREA LATER USED FOR PARAMETER CHANGES AND 
D I A G O N A L  ELEMENTS OF I N V E R S E  M A T R I X .  

D E R I V A T I V E S  O F  F OR F SQUARED. 
F I V E  OR TEN L O C A T I O N S  PER ATOM USED FOR 

THE PROGRAM A S S I G N S  THE FOLLOWING STORAGE 
I M M E D I A T E L Y  PRECEEDING INTERSEGMENT STORAGE- 

PARAMETER S E L E C T I O N  WORDS. 
INTERSEGMENT TEMPORARY STORAGE 

ORG 32752 
K 1  NUMBER OF PARAMETER S E L E C T I O N  WORDS 
K 2  NUMBER OF PARAMETERS TO BE V A R I E D  
K 3  NUMBER O F  SCALE FACTORS TO BE V A R I E D  
K4 NUMBER O F  K I N D S  OF FORM FACTORS 

K 6  B I T  COUNTER I N  DECREMENT 
K 7  S E L E C T I O N  WORD COUNTER I N  DECREIrlENT 
K 8  PARTLY S H I F T E D  S E L E C T I O N  WORD 
K 9  BY-PASS ZNDICATOR 

K P 1  I N I T I A L  M A T R I X  ADDRESS +N 
K 9 2  I N f T I A L  VECTOR ADDRESS 
K 1 3  MODE NclMEER 
K14 I l V I T I A L  M A T R I X  ADDRESS 
K 1 5  l N I T I A i  S E L E C T I O N  WORD AODRFLSS 

K 5  COMPO D E R I V .  ADDRESS I N  DECREMENT 

K10 COMPn I N I T I A L  D E R I V A T I V E  ADDRESS 
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00455  
00456 
00457 
00460 
00461 
00462 
00463 
00464 
00465 
00466 
00467 
00440 
00471 
00472 
00473 
00474 
00475 
00476 
00437 

e 0 5 0 1  
00502 
00503 
00504 
00505 
00506 
00507 
0 0 5 1 0  
00511 
00512 
00513 
00514 
00515 
OC5i6 
30517 
00520  
0 0 5 2 1  
00.522 

oc500 

00005 
00 144 
00 146 
00455 

0 02000 0 00461  
0 00000 0 00144 
0 02000 0 00144 
0 00000 0 00144 
0 5 3 4 0 0  4 77774 
3 00004 4 00464 
3 00002 4 00465 
0 00000 0 00144 
0 50000 4 00717 
0 60100 0 00645 
0 53400 4 77770 
0 50000 4 00717 
0 60100 0 00546 
0 50000 0 77775 
0 62100 0 00642 
0 62100 0 00643 
0 62100 0 00653 
0 62100 0 00654 
0 62100 0 00674 
0 50000 0 77796 
0 62100  0 00675 
0 62100 0 00676 
0 62100 0 00515 
0 50000 0 77'397 
0 76700 0 00022 
0 62200 0 00561  
0 50000 0 77701 
0 40000  0 OO"a'(1 
0 7 6 5 0 0  0 Q 0 0 4 3  
0 2 0 0 0 0  0 ?7761 

0 7 3 4 0 0  1 00000 
0 60000 1 0 0 0 0 0  
2 G O O 0 1  T. 0 0 5 5 5  
0 5 3 4 0 0  4 0 3 7 2 1  
0 7 6 2 0 0  0 0 0 2 2 5  
2 00001 4 0 0 5 2 0  
G 5 3 4 0 0  4 0 0 7 2 0  

o 76300 e 00042 

OR-Xi93 M A T R I X  STORING SEGMENT 
u3  EQU 5 NUMBER OF BINARY OUTPUT TAPE 
RCD EQU 100 
WTB EQU 102  

ORG 3 0 1  
START TRA X J A  

HTR RCD 
T R A  RCD 
HTR RCD 

TXH XJA2.9494 
T X h  X J A 2 9 4 a 2  

X J A l  HTR R C D  
X J A 2  CLA 3XKL+394 

STO X K L  
LXA K 9 + 4  
C L A  IXJK+194 
STO XJK 
CLA K14 
STA XKK2 
S T A  XKK3 
S T A  X K O  
STA X K O l  
STA X K T l  
CLA K 1 5  
STA XKT2 
S T A  XKT3 
STA XJA3 
C L A  K16 
A C S  18 
STD X J N i  
CLA K2 
ADD 13 
LRS 35  
MFY K 2  
ccs 3 4  
P A X  G 9 l  

X J A 3  STZ 091 
T I X  X 4 , & . . ' 3 r l 9 1  

X J B  L X A  1 4 0 4  
X J B f  RTB U3 

X J C  L X A  1394  

X J A  LXA K1394 

T X X  X J B 1 9 4 ~ 1  

NO ENTRY HERE 

NO ENTRY HERE 

INCORRECT MODE SPECIFIED 

ADDRESS TO BE SET; 
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, ” 4 . 

00523 -0 63400 4 00724 
00524 0 76200 0 00225 
00525 -0 76000 0 00012 
00526 0 76100 0 ~ 0 0 0 0  
00527 0 70000 0 00725 
00530 0 02000 0 00533 
00531 0 02000 0 00701 
00532 0 00000 0 00144 
00533 0 53400 4 00721 
00534 0 70C00 0 00725 
00535 2 00001 4 00534 
00536 0 70000 0 00726 
00537 0 50000  0 77763 
00540 0 4 0 0 0 0  0 00722 
0 0 5 4 1  0 73400 4 00000 
00542 0 70000 0 00727 
00543 2 0 0 0 0 1  4 00542 
00544 0 70000 0 00730 
00545 0 70000 0 00731 
00546 -0 53400  4 77764 
00547 -0 53400 1 77765 
00550 -0 53400 2 77766 
00551 -0 50000 0 77767 
00552 0 70000 4 00000 
00553 0 02000 0 00556 
00554 0 0 0 0 0 0  0 0 0 ~ 0 0  
00555 0 02000 0 00573 
00556 -0 76000 0 00001 
00557 0 02000 0 00562 
00560  1 77777 4 00561 
00561 -3 00000 4 00570 
30562 0 76700 0 00001 
00563 2 O Q O O l  1 00552 
00564 -2 00001 2 00570 
00565 0 53400 1 00723 
00566 -0 50000 2 77760 
00567 0 02000 0 00552 
00570  0 70000 0 00732 
0 0 5 7 1  0 02000 0 00570 
00572 0 00000 0 00000 
00573 0 76600 0 00333 
30574 -0 76000 0 00012 
00575 0 02000 0 00577 

X J D  

X J E  

XJF 
X J F l  

X J G  
XJH 

XJHl  

X J f  
X J J  
X J K  

XJL 

X J M  

X J N  
X J N l  
x J O  
x JP 
X J Q  
X J R  

X J S  

X J T  

S X D  T30194 
RTB U3 
R T T  
NOP 
CPY T302 
TRA XJF 
T R A  XLE 
HTR RCD 
L X A  I 4 9 4  
CPY T302 
T I X  X J F I 9 4 9 1  
CPY T303 
CLA K4 
ADD 1 7  
P A X  0 9 4  
CPY T304 
T I X  XJHl9491 
C P Y  T305 
CPY T306 
I X D  K594 
LXD K 6 9 1  
LXD K792 
C A L  K 8  
CPY 0 9 4  
TRA X J M  
PZE 
T R A  X J T  
PBT 
TRA X40 
T X I  X J N 1 9 4 9 - 1  
TXL XJS9490 
A L S  1 
T L X  XJL9I.91 
TNX XJS9291 
L X A  1 3 6 9 1  
C A L  K192 
TRA XJL 
CPY T307 
TRA X J S  
PZE 
f OD 
R T T  
TRA X J U  

NO WORDS I N  RECORD 

OR TRA X J S  
c 
E 
Wi 

0 

DECREMENT TO RE SET 
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00576 0 02000 0 00604 
00577 -0 53400 4 00724 
00600 -2  00001  4 00603 
00601 0 76400 0 00205 
00602 0 02000 0 00523 
00603 0 O O @ O O  0 00522 
00604 0 50000 0 00730 
00605 -0 10000 0 00522 
00606 0 50000 0 00725 
00607 0 10000 0 00522 
00610 0 53400 1 77762 
00611 -3 00000 P 00640 
00612 0 53400 2 77771 
OO6Z.3 0 60000 2 00000 
00614 1 77777 2 00615 
00615 2 0 0 0 0 1  f 00613 
00616 3 53400 2 73771  
00613 0 53400 4 00726 
00620 0 53400 1 77760 
00621 -0 50000 P 77760 
00622 -0 63400 1 00724 
00623 0 53400 1 00723 
0 0 6 2 4  -0  76000 0 00001 
00625 0 02000 0 00633 
00626 2 00001 4 00632 
00627 0 56000 0 00731 
00630 -0 60000 2 00000 
00631 0 02000 0 00640 
00632 1 77717 2 00634 
00633 -2 00001 4 00640 
OC634 0 76700 0 00001 
00535 2 00001  1 00624 
00636 -0 53400 1 00724  
00637 2 00001 1 00621 
03640  0 534013 1 77761 
OC64l 0 56000 0 00725 
00642 0 26000 S 00000 
00643 0 60100 2 00000 
OGR44 2 00001 1 00641 
006+5  0 50000 0 7 7 7 T 2  
00646 0 62100 0 00655 
00647 0 62100 0 00656 
0 0 6 5 0  0 5 3 4 0 0  P 7776: 

x,u 

X$V 

X J W  
X J X  

X S Y  

XQZ 

X 3 Z 1  

X J Z 2  
X K A  

XKB 

X K C  

XKQ 
XKE 

XKF 
X KG 
X Mil 
X K I  
X K J  

X K K  

TRA X J X  
L X D  7-30194 
TNX XJWs491 
BST U3 
T R A  X J D  
HTR X J C  
C l A  T305 
TNZ X J C  
CLA T302 
T Z E  X J C  
LXA K39P 
TXL X K K 9 l s O  
L X A  K P O a 2  
SPZ 092 
‘ X I  XJZ2929-P 
?xX xJz19191  
L X A  g l o b 2  
LXA T30394 
LXA K 1 9 P  
CAL K 1 , P  
SXD T3GIe2 
L X A  13691 
PET 
T R A  X K G  
T X X  XKF949i 
LDQ 7306 
STQ 0 9 2  
SRA X K K  
TXP X K H s Z a - %  
TNX XKK.9491 
A L S  I 
P I X  X K C S ~ P I  
LXD T30191 
T I X  X # B * P 9 1  
L X A  K 2 s i  

RTT FAILS 3 T I M E S .  STAR? TO SKIP RECORD 

ADDRESS TO BE SET 
A D D R E S S  TO RE S E T  

OR T R A  XKS 
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b 

0 0 6 5 1  
0 0 6 5 2  
0 0 6 5 3  
0 0 6 5 4  
0 0 6 5 5  
0 0 6 5 6  
0 0 6 5 7  
00660 
0 0 6 6 1  
0 0 6 6 2  
0 0 6 6 3  
0 0 6 6 4  
0 0 6 6 5  
0 0 6 6 6  
0 0 6 6 7  
0 0 6 7 0  
0 0 6 7 1  
0 0 6 7 2  
0 0 6 7 3  
0 0 6 7 4  
0 0 6 7 5  
0 0 6 7 6  
0 0 6 7 7  
00700 
00701  
00702  
0 0 7 0 3  
0 0 7 0 4  
00705 
0 0 7 0 6  
00707 
00710 
00711 
00712 

00713 
0 0 7 1 4  
00715 
0 0 7 1 6  
90'717 
0 0 7 2 0  
0 0 7 2 1  
0 0 7 2 2  

-0 7 5 4 0 0  1 00000 
-0 73400 2 00000 

0 5 6 0 0 0  1 00000 
0 26000  2 00000  
0 30000  2 00000 
0 6 0 1 0 0  2 00000 
2 00001 2 0 0 6 5 3  

-2 00001 1 0 0 6 6 7  
-0 7 5 4 0 0  1 00000 

0 77100 0 0 0 0 2 2  
0 40000 0 0 0 6 5 5  
0 6 2 1 0 0  0 0 0 6 5 5  
0 6 2 1 0 0  0 0 0 6 5 6  
0 0 2 0 0 0  0 0 0 6 5 1  
0 5 3 4 0 0  1 7 7 7 6 1  
0 56000 0 0 0 7 2 5  
0 2 6 0 0 0  0 0 0 7 2 7  
0 6 0 1 0 0  0 0 0 7 2 7  
0 5 6 0 0 0  0 0 0 7 2 7  
0 2 6 0 0 0  1 00000 
0 30000 1 00000  
0 60100 2 0 0 0 0 0  
2 0 0 0 0 1  2, 0 0 6 7 3  
0 0 2 0 0 0  0 0 0 5 2 2  
0 7 6 2 0 0  0 0 0 2 2 5  
0 0 7 4 0 0  4 00146 
0 00000 0 00005 
0 77054 0 7 7 3 2 3  
0 5 0 0 0 0  0 77777 
0 60100  0 0 0 7 1 1  
0 07400 4 0 0 1 4 6  
0 0 0 0 0 0  0 0 0 0 0 5  
0 0 0 0 0 0  0 00000 
0 02000 0 00144 

0 0 2 0 0 0  0 0 0 6 6 7  
0 5 0 0 0 0  0 7 7 7 7 2  
0 0 2 0 0 0  0 0 0 5 7 0  

-0 5 3 4 0 0  4 7 7 7 6 4  
0 00000 0 00001  
0 00000 0 0 0 0 0 3  
0 00000 0 00004  
0 00000 0 0 0 0 0 7  

XKN 

X KO 
X K O l  
X K 0 2  
X K 0 3  
XKP 
XKQ 
XKR 

X K S  

XKT 
X K T l  
X K T 2  
X K T 3  
XKU 

X L E  
XLF 

X L G  

X L G l  

3 X K L  

l X J K  
r i  
1 3  
14  
I 9  

PXD 0 9 1  
PDX 0 9 2  
LDQ 0 9 3  
FMP 0 9 2  
FAD 0 9 2  
STO 0 9 2  
T I X  X K 0 9 2 t l  
TNX X K S 9 1 9 1  
P X D  091 
ARS 18  
ADD X K 0 2  
STA X K 0 2  
STA X K 0 3  
TRA XKN 
L X A  K 2 9 1  
LDQ T 3 0 2  
FMP T 3 0 4  
STO T 3 0 4  
LDQ T 3 0 4  
FMP 0 9 1  
FAD 091 
S T 0  091 
T I X  X K T 9 1 9 1  
TRA X J C  
RTR U3 
TSX W T B t 4  
P Z E  W3 
PZE - S T A R T * O , - I 3 6 - 1  
C L A  K 1 6  
STO X L G l  
TSX W T 0 9 4  
P Z E  U3 
P Z E  TO BE SET 
TRA R C D  ENTER OR-XLS4 

TRA XKS 
C L A  K l 1  
TRA X J S  
LXD K 5 9 4  
P I E  1 
P Z E  3 
P I E  4 
P Z E  7 

S E N S E - S E T T I N G  WORDS 

ADDRESS TO BE SET 
ADDRESS TO BE SET 
ADDRESS TO BE SET 
ADDRESS TO BE SET 

ADDRESS TO BE SET 
ADDRESS TO B E  SET 
ADDRESS TO BE SET 
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00723 
00724 
00725 
00726 
00727 
00730 
00731 
00732 

0 00000 0 00044 I36 PZE 3 6  
0 00000 0 00000 T301  
0 00000 0 00000 T 3 0 2  
0 00000 0 00000 T303 
0 00000 0 00000 T 3 0 4  
0 00000 0 00000  T305 
0 00000 0 00000 T 3 0 6  
0 00000 0 00000 T307 

77760 
77761 
77762 
77263 
77764 
77765 
77766 
77767 
77730 
1 7 7 7 1  
77772 
77173 
77774 
77775 
71776 
77777 
00000 

I N D E X  STORED I N  DECREMENT 
SQRT W 
S C A L E  FACTOR I D E N T I F I C A T I O N  
OBS-CALC 
R E J E C T I O N  I N D I C A T O R  
D C A L C / D  S C A L E  
D I S C A R D S  ARE COPIED HERE 

THE PROGRAM A S S I G N S  THE FOLLOWING STORAGE 
I M M E D I A T E L Y  P R E C E E D I N G  INTERSEGMENT STORAGE- 

N L O C A T I O N S  FOR THOSE D E R I V A T I V E S  USED. 
N ( N + 1 1 / 2  L O C A T I O N S  FOR THE M A T R I X .  
N L O C A T I O N S  FOR THE VECTOR. 
PARAMETER S E L E C T I O N  WORDS& 

INTERSEGMENT TEMPORARY STORAGE 
K l  EQU 32752 NUMBER OF PARAMETER S E L E C T I O N  WORDS 
K 2  EQU K1+1 NUMBER OF PARAMETERS TO B E  V A R I E D  
K3 EQU K 2 + 1  NUMBER OF SCALE FACTORS TO BE V A R I E D  
K 4  EQU K3+1 NUMBER OF K I N D S  OF FORM FACTORS 
K 5  EQU K 4 + 1  COMPa D E R I V a  ADDRESS I N  DECREMENT 

K 7  EQU K6+1 S E L E C T I O N  WORD COUNTER I N  DECREMENT 
K8 EQU K 7 + 1  P A R T L Y  S H I F T E D  S E L E C T I O N  WORD 
K9 EQU K 8 + 1  BY-PASS I N D I C A T O R  
K10 EQU K9+1 COMPa I N I T I A L  D E R I V A T I V E  ADDRESS 
K 1 1  EQU K10+1 I N I T I A L  M A T R I X  ADDRESS +N 
K 1 2  EQU K 1 1 + 1  I N I T I A L  VECTOR ADDRESS 
K 1 3  EQU K l 2 + 1  MODE NUMBER 
K 1 4  EQW K133-1 I N I T I A L  M A T R I X  ADDRESS 
K15 EQU K 1 4 + 1  I N I T I A L  S E L E C T I O N  WORD ADDRESS 
K16 EQU K 1 5 + 1  -MATRIX  ADDRESS+O,-VECTOR ADDRESS 

k 
K6 EQU K 5 i - 1  B I T  COUNTER IN DECREMENT 'p 

END 0 
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t 1 

00455 
00456 
00457 
00460 
00461 
00462 
00463 
00464 
00465 
00466 
00467 
00470 
00471 
00472 
00473 
00474 
00475 
00476 
00477 
00500 
0 0 5 0 1  
00502 
00503 
00504 
00505 
00506 
00507 
00510 
0 0 5 1 1  
00512 
00513 

0 02000 
0 00000 
0 0 2 0 0 0  
0 00000 
0 53400 
3 00003 
0 50000 
0 76700 
0 62200 
0 50000 
0 62100 
0 07400 
0 00000 
0 00000 
0 07400 
0 00000 
0 76720 
0 50000 
0 60100 
0 07400 
0 00000 
0 00000 
0 02000 
0 50000 
0 6 2 1 0 0  
0 07400 
0 00000 
0 0 0 0 0 0  
0 00000 
0 76400 
0 0 ~ 0 0 0  

0 
0 
0 
0 
4 
4 
0 
0 
0 
0 
0 
4 
0 
0 
4 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 

00004 
00005 
00144 
00146 
00 147 
00455 
00461 
OC144 
00 144 
00 144 
77774 
00504 
77761 
00022 
00471 
77777 
00471 
00514 
00000 
00144 
00146 
00005 
77323 
77777 
00502 
00146  
00005 
00000 
00 144 
77777 
00510 
00 147 
00004 
00000 
00 144 
00204 
00473 
00514 

u1  
u 3  
RCD 
WTB 
R T B  

STAR 
NO ENTRY H E R E  

NO ENTRY H E R E  
XMA 

XMB 

XMC 
X M C l  

XMD 

XME 

X M E l  

XMF 

X M F I  

S M I  

OR-XLS4 M A T R I X  I N V E R S I O N  SEGMENT 
EQU 4 
EQU 5 
EQU 1 0 0  
EQU 1 0 2  
EQU 1 0 3  
ORG 301 

T TRA XMA 
HTR RCD 
TRA RCD 
HTR RCD 
L X A  K1394 
TXH X M F 9 4 9 3  
C L A  K 2  
ALS 1 8  
STD X M C l  
CLA K16 
S T A  X M C l  
TSX S M I 9 4  
P I E  TO BE SET 
HTR RCD M A T R I X  IS S I N G U L A R  
TSX W T B b 4  
PZE u3 
P Z E  -START*Q,-SMI-228 
C L A  K16 
STO X M E l  
TSX WTB94  
P Z E  U3 
P Z E  TO BE SET 
TRA RCD ENTER OR-XLS5 
C L A  K16 
STA X M F l  
TSX R T B 9 4  
P Z E  U 1  
P Z E  ADDRESS T O  B E  S E T  
HTR RCD END O F  F I L E  
B S T  U 1  
TRA XMD 
BSS 228 

NUMBER OF B I N A R Y  I N P U T  T A P E  
NUMBER O F  B I N A R Y  OUTPUT T A P E  

THE PROGRAM ASSIGNS T H E  F O L L O W I N G  STORAGE 
I M M E D I A T E L Y  P R E C E E D I N G  INTERSEGMENT STORAGE- 

N LOCATIONS USED B Y  OR S M I  
N ( N + i I % 2  L O C A T I O N S  FOR THE M A T R I X .  

n 
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77760 
77761 
77762 
77763 
77764 
77765 
77766 
77767 
77770 
77771 
77772 
77773 
77774 
77775 
77776 
77777 

00000 
0 0 0 0 0  0 00000  0 00000 
00001 0 0 0 0 0 0  0 00514 

00000 

N L O C A T I O N S  FOR THE VECTORo 
PARAMETER S E L E C T I O N  WORDS. 

INTERSEGMENT TEMPORARY STORAGE 
K 1  EQU 32752 NUMBER OF PARAHETER S E L E C T I O N  WCRDS 
IC2 EQU K 9 + 1  NUMBER OF PARAMETERS T O  BE V A R I E D  
K 3  EQU K 2 + i  NUMBER O F  S C A L E  FACTORS TO BE V A R I E D  
K 4  EQU K 3 + 1  NUMBER OF K I N D S  OF FORM FACTORS 
K 5  EQU K 4 + 1  COMPe D E R I V o  ADDRESS I N  DECREClENT 
K 6  EQU K 5 + l  B I T  COUNTER I N  DECREMENT 
K 7  EQU K 6 + i  S E L E C T I O N  WORD COUNTER I N  DECREMENT 
K 8  EQU K7t .P P A R T L Y  S H I F T E D  S E L E C T I O N  WORD 
K 9  EQU K8t.1 BY-PASS I N D I C A T O R  
K f O  EQU K 9 + 1  COMPe I N I T I A L  D E R I V A T I V E  ADDRESS 
K 1 1  EQU KPO+l I N I T I A L  M A T R I X  ADDRESS + N  
K12 EQU K11+E I N I T I A L  VECTOR ADDRESS 
K13 EQU K124-1 MODE NUMBER 
K i 4  EQU K 1 3 + 1  I N I T I A L  M A T R I X  ADDRESS 
K15 EQU K 1 4 i - l  I N I T I A L  S E L E C T I O N  WORD ADDRESS 
K 1 6  EQU K 1 5 + i  -MATRIX  ADDRESS50,-VECTOR ADDRESS 

T H I S  S E C T I O N  PRODUCES AN O R I G I N  CARD FOR THE SUBROUTINE 
ORG 0 
P Z E  
P Z E  SMI 
END 0 

I 
P w 
? 

t t 
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4 . b 

OR-XLS5 M A T R I X - V E C T O R  MULTIPLICATION SEGMENT 
00005 U3 EQU 5 NUMBER OF B I N A R Y  OUTPUT TAPE 
00144 RCD EQU 100 
00146 WTB EQU 1 0 2  
00155 K E  EQU 1 0 9  
00455 ORG 3 0 1  

00455 0 02000 0 00461 START T R A  XNA 
00456 0 00000 0 00144 
00457 0 02000 0 00144 
00460  0 00000 0 00144 
00461 0 50000 0 77776 X N A  
00462 0 62100 0 00475 
00463 0 62100 0 00517 

00465 0 62100 0 00507 
00466 0 62100 0 00534 
00467 0 53400 4 77777 XNB 
0 0 4 7 0  0 53400 1 77761 
00471 0 60000 0 00566 XNC 
00472 - 0  63400 4 00571 
00473 0 53400 2 77761 
00474 0 56000 4 00000 XND 
00475 0 26000 2 00000 X N D l  
00476 0 30000 0 00566 
00477 0 60100 0 00566 
00500 -2 00001 2 00507 XNE 
0 0 5 0 1  -0 63400  2 00502 XNEE 

00464 0 50000 0 77775 

HTR RCD 
T R A  RCD 
HTR RCD 
C L A  K15 
S T A  X N D l  
S T A  XNHH2 
CLA K14 
S T A  XNG 
STA XNL 
L X A  K1694 
L X A  K291 
STZ T501 
SXD T50494 
LXA K 2 9 2  
LDQ 0 + 4  
FMP 092  
FAD T 5 0 1  
STO T501 
TNX X N G 9 2 9 1  

00502 3 00000 1 00506 
00503 -0 63400 2 00504 
00504 2 00000 4 00474 
00505 0 00000 0 00144 
00506 1 77777 4 00474 
00507 0 60100 1 00000 
00510 -2 00001 1 00513 
0 0 5 1 1  -0 53400 4 00571 
00512 1 77777 4 00471 
00513 0 60000 0 00570 
00514 0 53400 1 77771 
00515 0 53400 2 77761 
00516 0 56000 1 00000 
00517 0 26000 2 00000 
00520 0 30000 0 00570 
00521 0 60100  0 00570 

SXD XNEE192  
XNEEl TXH XNFF9190 
XNF SXD XNF192 
XNFl T I X  XND94,O 

HTR RCD 
XNFF T X I  XNQ949-1 
XNG STO 091 
XNH TNX XNHH9191 
XNCC LXD T50434 

T X I  XNC949-1 
XNHH STZ T503 

L X A  K1091 
LXA K 2 9 2  

XNHHl LDQ 0 9 1  
XNHH2 FMP 092 

FAD T503 
STO T503 

NO ENTRY H E R E  

NO ENTRY HERE 

I 
I-‘ w r 

ADDRESS TO BE SET 

DECREMENT TO BE SET 

DECREMENT TO BE SET 

ADDRESS TO BE SET 

ADDRESS TO BE SET 
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00522  
0 0 5 2 3  
0 0 5 2 4  
00525  
00526  
00527  
0 0 5 3 0  
0 0 5 3 1  
00532  
0 0 5 3 3  
0 0 5 3 4  
00535  
00536  
0 0 5 3 9  
00540  
0 0 5 4 1  
00542  
0 0 5 4 3  
0 0 5 4 4  
00545  
0 0 5 4 6  
00547  
0 0 5 5 0  
0 0 5 5 1  
00552  
0 0 5 5 3  
0 0 5 5 4  
00555  
00556  
0 0 5 5 7  
00560  
0 0 5 6 1  
00562  
0 0 5 6 3  
0 0 5 6 4  
00565  
0 0 5 6 6  
0 0 5 6 7  
0057'0 
0 0 5 7 1  

1 77777 1 0 0 5 2 3  
2 00001 2 0 0 5 1 6  
0 0 7 4 0 0  4 0 0 1 4 6  
0 0 0 0 0 0  0 0 0 0 0 5  
0 7 7 2 1 2  0 7 7 3 2 3  
0 53400  4 0 0 5 6 4  
0 7 6 6 0 0  0 0 0 2 2 5  
0 5 3 4 0 0  1 7 7 7 6 1  
0 5 3 4 0 0  2 7 7 7 7 7  
0 7 0 0 0 0  0 00570 
0 7 0 0 0 0  1 0 0 0 0 0  
0 7 0 0 0 0  2 0 0 0 0 0  

-0 6 3 4 0 0  1 0 0 5 3 7  
2 0 0 0 0 0  2 0 0 5 4 1  
0 0 0 0 0 0  0 0 0 1 4 4  
2 00001 1 0 0 5 3 4  
0 7 6 4 0 0  0 00205  
0 7 6 2 0 0  0 0 0 2 2 5  

-0 7 6 0 0 0  0 000'12 
0 7 6 1 0 0  0 00000  
0 7 0 0 0 0  0 0 0 5 6 7  
0 0 2 0 0 0  0 0 0 5 4 6  
0 0 0 0 0 0  0 00000  
0 7 6 6 0 0  0 0 0 3 3 3  

-0  7 6 0 0 0  0 00012 
0 0 2 0 0 0  0 0 0 5 6 1  
0 7 7 0 0 0  0 00205 
0 5 3 4 0 0  4 0 0 5 6 5  
0 7 6 4 0 0  0 0 0 2 0 5  
2 0 0 0 0 1  4 0 0 5 5 6  
0 02000  0 0 0 1 5 5  
0 7 6 4 0 0  0 0 0 2 0 5  
2 00001 4 0 0 5 3 0  
0 0 0 0 0 0  0 0 0 5 2 7  
0 0 0 0 0 0  0 0 0 0 0 3  
0 0 0 0 0 0  0 0001Q 
0 0 0 0 0 0  0 00000 
0 0 0 0 0 0  0 0 0 0 0 0  
0 0 0 0 0 0  0 00000 
0 00000  0 00000  

ADDRESS TO BE S E T  

DECREMENT TO BE SET 

1 
I-' w 
Iu 
1 

TY1: XNHH3,Es-1  
XNHH3 TPX X h H H l e Z a L  
X N I  TSX WTB94 

P Z E  W3 
P Z E  - S T A R f 9 0 , - 1 8 - 1  

XNJ L X A  I 3 9 4  
XNK WTB U 3  

L X A  K 2 9 1  
L X A  K 1 6 9 2  
C P Y  T503  

XNL CPY 091 
CPY O t 2  

XNM SXD XNM1s3. 
X N M l  T I X  X N N 9 2 s O  

XNN f i x  XNka191 
XNO BST U 3  

RTB U3 
R T T  
NOP 

XNP CPY T 5 0 2  
TRA XNP 
P Z E  

XNQ IOD 
R T T  
TRA XNT 

HTR RCD 

XNR WEF W3 
XNS L X A  I894 
X N S l  EST U3 

T I X  X N S 1 9 4 9 1  
TRA ICE 

XNT B S T  U3 
XNU T I X  X N K 9 4 9 1  
XNV HTR X N J  R T T  F A I L S  3 TIMES. START TO T R Y  A G A I N  
I 3  P Z E  3 
18 P Z E  8 
7 ' 5 0 1  COMPJTED PARAMETER CHANGE9 X ( Z 1  
T 5 0 2  D I S C A R D S  COPIED HERE 
1 5 0 3  C0RRECT;ON TO SUM W f O B S - C A b C l + ~ * ~ - 2  
T 5 0 4  I N I T I A L  ADDRESS SAVED HERE 

THE PROGRAM ASSZGNS THE FOLLOWING STORAGE 
I M M E D I A T E L Y  P R E C E E D I N G  INTERSEGMENT STORAGE-  

N L O C A T I O N S  FOR THE COMPUTED PARAMETER CHANGES 
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J I b ' b e 

77760 
77761 
77762 
77763 
77764 
77765 
77766 
77767 
77770 
77771 
77712 
77773 
77774 
77775 
77776 
77777 
00000 

N ( N + 1 1 / 2  L O C A T I O N S  FOR THE M A T R I X ,  
N L O C A T I O N S  FOR THE VECTOR. 
PARAMETER S E L E C T I O N  WORDS. 

INTERSEGMENT TEMPORARY STORAGE 
K 1  EQU 32752 NUMBER OF PARAMETER S E L E C T I O N  WORDS 
K2 EQU K 1 + 1  NUMBER OF PARAMETERS TO B E  V A R I E D  
K3 EQU K2+1 NUMBER OF S C A L E  FACTORS T O  BE V A R I E D  
K 4  EQU K3+1 NUMBER OF K I N D S  OF FORM FACTORS 
K5 EQU K4+l COMP. D E R I V o  ADDRESS IN DECREMENT 
K6 EQU K5+1 B I T  COUNTER I N  DECREMENT 
K 7  EQU K6+1 S E L E C T I O N  WORD COUNTER I N  DECREMENT 
K 8  EQU K7+1 P A R T L Y  S H I F T E D  S E L E C T I O N  WORD 
K9 EQU K8+1 BY-PASS I N D I C A T O R  
K10 EQU K9+1 COMPo I N I T I A L  S O L U T I O N  ADDRESS 
K 1 1  EQU K10+1 I N I T I A L  M A T R I X  ADDRESS +N 
K12 EQU K11+1 I N I T I A L  VECTOR ADDRESS 
K13 EQU K 1 2 + 1  MODE NUMBER 
K14 EQU K13+1 I N I T I A L  M A T R I X  ADDRESS 
K 1 5  EQU K 1 4 + 1  I N I T I A L  S E L E C T I O N  WORD ADDRESS 
K16 EQU K15+1 -MATRIX  ADDRESStOg-VECTOR ADDRESS 

END 0 

1 
P w w 
I 
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00125 
00126 
Q0127 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
08133 
00140 
00141 
00142 
06143 
00144 
00145 
00 146 
00147 
00150 
00151 
0 0 f 5 2  
80153 
00154 
00155 
00156 
00157 
00160 
00161 
00162 
00163 
00164 
00165 
OQ166 
00167 

OR XLS6 OUTPLJT O F  M A T R I X  OR I N V E R S E  
00455  START EQU 301 REFERS TO OR XbS2 
10406 
77761 
00125 

0 77200 0 00205 
0 50000 0 01314 

-0 10000 0 00142  
0 76200 0 00225 
0 76200 0 00225 
0 Of400 4 0 0 3 4 3  
0 00000 0 00005 
0 00000 0 76463 
0 00000 0 00000 
0 50000 0 01676 
0 60100 0 01334 

-0 10000 0 0 0 1 4 2  
0 00000 0 00000 
0 76200 0 00225 
0 70000 0 01315 
0 02000 0 00142 
0 0 2 0 0 0  0 00147 
0 02000 0 00142 
0 07400 4 00343 
0 00000 0 00005  
0 00000 0 76463 
0 00000 0 00000 
0 53400  4 0 0 4 2 6  
0 50000 4 11262 
0 60100  4 00445 
2 00001 4 00154 
0 76200 0 00225 
0 7 6 0 0 0  0 00165 
0 02000 0 00166 
0 7 6 2 0 0  0 00225  
0 76200 0 00225 
0 50000  0 00417 
0 60100 0 00245 
0 074C0 4 00343 
0 OD000 0 00005  

7-55 
K2 

MA 
MB 

M 6  

MD 

ME 

ME1 

M E 2  

Mi= 

MG 

M H  

E N D  QF F I L E  

N 1s ZERO 

EQU 4 3 5 8  R E F E R S  TO OR X L S 2  
E Q U  32753 R E F E R S  TO OR XLS2 
ORG 85 
REW 5 
CLA N 
TNZ M E  
RTB 5 
RTB 5 
TSX %Ti384 
PZE 5 
PZE -A  
HTR 0 
C L A  A - 3 2 5 1 2 d K 2  
S T O  Iv 
TNZ ME 
Ha€? 0 
R T B  5 
CPY A 
TRA ME 
TRA ME1 
TRA ME 
TSX RTBs4 
?ZE 5 
P I E  -A 
HTR 0 END QF FILE. TAPE 
L X A  2 1 2 8 4  
C b A  A-START+T55+12s4 
STQ TIhbE+1294 
TIX ME28481 
RTB 5 
SWT 5 
TRA MH 
RTB 5 
RTB 5 
CbA 65 
SYO M P 2  
TSX RTBs4 
PZE 5 

I S  INCQMPbETEe 
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00170  0 00000  0 7 6 4 6 3  
0 0 1 7 1  0 00000  0 00000 
00172  0 7 7 2 0 0  0 00205 
0 0 1 7 3  0 5 3 4 0 0  1 0 1 3 1 4  
0 0 1 7 4  -0 6 3 4 0 0  1 0 0 3 4 1  
00175  0 5 3 4 0 0  1 00425 
0 0 1 7 6  -0 6 3 4 0 0  1 0 0 2 7 4  
00177 -0 7 5 4 0 0  1 00000 
00200  0 7 7 1 0 0  0 00022  
0 0 2 0 1  0 6 0 1 0 0  0 00445 
00202  0 5 0 0 0 0  0 0 0 4 2 4  
00203  0 4 0 2 0 0  0 00445  
0 0 2 0 4  0 7 3 4 0 0  2 00000 
00205  0 5 3 4 0 0  4 00430  
0 0 2 0 6  0 50000  4 0 0 4 1 4  
00207  0 6 0 1 0 0  4 00330  
0 0 2 1 0  2 0 0 0 0 1  4 00206  
0 0 2 1 1  0 5 3 4 0 0  4 00427  
0 0 2 1 2  0 50000 0 00445 
0 0 2 1 3  0 4 0 0 0 0  0 00425  
0 0 2 1 4  0 60100 4 0 0 4 6 3  
00215  2 00001 4 00213  
00216  0 5 0 0 0 0  0 00462  
00217  0 4 0 2 0 0  0 0 1 3 1 4  
0 0 2 2 0  -0 1 2 0 0 0  0 0 0 2 3 4  
00221  0 10000 0 0 0 2 3 4  
00222  0 7 3 4 0 0  4 00000 
00223  0 5 0 0 0 0  0 00373  
0 0 2 2 4  0 6 0 1 0 0  4 00330  
00225  0 50000  0 00423  
00226  0 6 0 1 0 0  4 00265  
00227  0 5 0 0 0 0  0 00413  
00230  0 6 0 1 0 0  4 00327  
0 0 2 3 1  0 60100 4 0 0 2 6 4  
00232  0 5 3 4 0 0  4 0 1 3 1 4  
0 0 2 3 3  0 02000 0 00235  
0 0 2 3 4  0 5 3 4 0 0  4 00462  
0 0 2 3 5  -0 6 3 4 0 0  4 0 0 3 3 6  
00236  0 0 7 4 0 0  4 00453  
00237 a ooooo o 00236  

P Z E  -A 
HTR 0 
R E W  5 

SXD M X 1 9 1  
LXA 1 1 9 1  

M J  SXD M S 9 1  
PXD 0 9 1  
ARS 1 8  
S T O  J1 
CLA C10 
SUB J 1  
PAX 0 9 2  

M I  LXA N 9 1  

MK L X A  1 1 6 9 4  
M K 1  C L A  C Z + l 6 9 4  

STO MU+1894 
T I X  M K 1 9 4 9 1  

M L  L X A  1 1 3 9 4  
CLA J 1  

M L 1  ADD 1 1  
STO J14-1494 
TIX ML19491 

MM CLA J 2  
SUB N 
TMI MO 
T I E  NO 

CLA C 1  
STO M V 9 4  
CLA C9 
STO M P 1 9 4  
CLA C2+15 
S T O  MV-J,94 
STO oulP1-1+4 
LXA N 9 4  
TRA M01 

MN PAX 0 9 4  

MO L X A  J 2 9 4  
M01 SXD M W 1 9 4  
M02 TSX O U T 9 4  

HTR M02 

END OF FILE 

I 
P w ul 
I 
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00240 3 27451 0 00431 
00241 3 02066 0 00420 
00242 1 00001 0 00003 
00243 0 07400 4 00463 
00244 0 00000 0 00243 
00245 3 01757 0 00414 
00246 -0 00016 0 00445 
00247 -0 00026 0 00446 
00250 -0 00036 0 00447 
00251 -0 00046 0 00450 
00252 -0 00056 0 00451 
00253 -0 00066 0 00452 
00254 -0 00076 0 00453 
00255 -0 00106 0 00454 
00256 -0 00116 0 00455 
00257 -0 00126 0 00456 
00260 -0 00136 0 00457 
00261 -0 00146 0 00460 
00262 -0 00156 0 00461 
00263 -0 00166 0 00462 
00264 1 00060 0 00003 
00265 0 07400 4 00463 
00266 0 00000 0 00245 
00267 1 00060 0 00003 
00270 0 53400 1 00425 
00271 -0 75400 1 00000 
00272 0 77100 0 00022 
00273 0 60100 0 01313 
00274 -3  00000 1 00306 
00275 0 50000 0 00462 
00276 0 40200 0 01313 
00277 0 73400 4 00000 
00300 0 50000 4 00262 
00301 0 60100 4 00325 
00302 0 50000 0 00422 
00303 0 62100 4 00325 
00304 0 50000 0 00421 
00305 0 60100 4 00324 
00306 0 07400 4 00463 
00307 0 00000 0 00306 

PTH TfTbE9OnL2073 
PTH C69091078 
PON 3,091 

MP TSX OUT94 
HTR MP 

MP2 PTH C3tOs1007 
FOR J 1 9 0 9 14 
FOR Jlt.1~0922 
FOR J l b - Z s O t 3 0  
FOR Jlt .3 $ 0 9  38 
FOR d1+490944 
FOR Jlt.590954 
FOR JL+6,0t62 
FOR J1+7 9 0 9 70  
FOR J l t . 8  Y 09-78 
FOR J1+990986 
FOR J1+1090994 
FOR J1+11909102 
FOR J 1 + 1 2 9 0 a l l O  
FOR Jl+f3909118 
PON 33,0948 

HTR M P 2  
PON 3 9 0 9 4 8  

MP1 TSX OUT94 

MQ L X A  I 1 9 1  
MR PXD 091 

ARS 1 8  
S T O  I 

MS T X L  MU9190 
MT C L A  J2 

SUB I 
PAX 094 
C L A  MP+1594 
STO MUt.1594 
C L A  C 8  
STA MU4-1594 
C L A  C 7  
STO MUt.1494 

H T R  MU 
MU T S X  OUT94 

I 
P w 
I 

J1 SET IN DECREMENT 
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00310 
00330 0 50000 0 01314 
00331  0 40200 0 01313 
00332 0 75700 0 00022 
00333 0 62200 0 00334 
00334 2 00000 2 00335 
00335 1 00001 1 00336 
00336 -3 00000 1 00271 
00337 0 33400 1 00445 
00340 1 00016 1 00341 
00341  -3  00000 1 00176 
00342 0 00000 0 00000 

00343 0 50000 4 00001 
00344 0 40000 0 00371  
00345 0 60100 0 00354 
00346 0 50000 4 00001 
00347 0 40000 0 00372 
00350 0 60100 0 00366 
00351  -0 53400 1 00364 
00352 0 50000 4 00002 
00353 0 73400 2 00000 
00354 0 76200 0 00220 

00356 0 76100 0 00000 
00357 0 70000 2 00000 
00360 1 77771  2 00357 
00361  0 02000 4 00003 
00362 0 76600 0 00333 
00363 -0 76000 0 00012 
00364 1 00003 0 00366 
00365 0 02000 4 00004 
00366 0 76400 0 00200 
00367 2 00001  1 00352 
00370 0 00000 0 00351  
00371 0 76200 0 00220 
00372 0 76400 0 00200 
00373 0 02000 0 00330 

00375 -2 05710 2 01314 

00355 -0 76000 o 00012 

00374 -0 a0006 o 01313 

MV 

M V 1  
MW 
M W 1  
MX 

MX 1 

R T B  

R T B l  
RTB2 

RTB3 

RTB4 

RTB5 

RTB6 

RTB? 
RTB8 
C l  
cz 

BSS 15  
CLA N 
SUB I 
ALS 18 
STD M V 1  
T I X  P i W 3 2 9 0  DECREMENT SET A T  N - I  
T X I  M W I 9 1 9 1  

TXL M R * l r O  DECREMENT SET A T  J2 
LXA J 1 9 1  
T X I  M X l * f , l 4  
TXL M J 9 l r O  DECREMENT SET A T  N 
HTR 0 END OF PROGRAM 

CLA l t 4  
ADD RTB7 
STO RTB3 
CLA 1 9 4  

ADD RTB8 
STO RTB6 
LXD RTB511 
CLA 294 
PAX 012  
RTB 0 
R TT 
BOP 
CPY 092 
T X I  RTB4929-1 
TRA 394  
I OD 
R T T  
T X I  RTB69093 
TRA 494 
BST 0 TO BE SET 
T I X  RTB29191 
HTR RTB l  RTT FAILS 3 TIMES. START TO TRY AGAIN,  
RTB 0 CONSTANT 
BST 0 CONSTANT 
TRA MV 
FOR 19096 
S I X  A - l s 2 r 3 0 1 6  

SUBROUTINE TO READ RECORD FROM TAPE 

TO BE SET 

I 
P w 
4 
I 
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00376  -2 0 5 7 2 0  2 0 1 3 1 5  
00377  -2 0 5 7 3 0  2 0 1 3 1 6  
00400 -2 0 5 7 4 0  2 0 1 3 1 7  
0 0 4 0 1  -2 0 5 7 5 0  2 0 1 3 2 0  
0 0 4 0 2  -2 0 5 7 6 0  2 0 1 3 2 1  
0 0 4 0 3  -2 0 5 7 7 0  2 0 1 3 2 2  
0 0 4 0 4  -2 06000 2 0 1 3 2 3  
00405 -2 0 6 0 1 0  2 0 1 3 2 4  
0 0 4 0 6  -2 0 6 0 2 0  2 0 1 3 2 5  
00407  -2 0 6 0 3 0  2 0 1 3 2 6  
00410  -2 0 6 0 4 0  2 0 1 3 2 7  
0 0 4 1 1  -2 0 6 0 5 0  2 0 1 3 3 0  
00412 -2 0 6 0 6 0  2 0 1 3 3 1  
00413 1 0 0 0 6 0  0 0 0 0 0 3  
004  14 442 1 6 3  5 1 3 1 6 7  
00415 3 1 4 5 6 5 2 5 5 1 6 2  
0 0 4 1 6  2 5 6 0 6 0 6 0 6 0 6 0  
00417  3 03735 0 0 0 4 1 5  
0 0 4 2 0  6 0 6 0 6 0 6 0 6 0 6 0  
00422  3 O f 7 5 7  0 0 0 4 2 0  
0 0 4 2 2  0 00000 0 0 1 3 1 3  
0 0 4 2 3  0 0 2 0 0 0  0 0 0 2 6 5  
00424  2 00000 0 00000 
0 0 4 2 5  0 00000 0 0 0 0 0 1  
0 0 4 2 6  0 00000 0 00014 
00427  0 00000 0 00015 
0 0 4 3 0  0 00000  0 00020 

0 0 4 3 1  
0 0 4 4 5  

0 0 4 6 2  0 00000 0 00000 
00463 

0 1 3 1 3  0 00000 0 0 ~ 0 0 0  
0 1 3 1 4  0 00000 0 00000 
01315  0 00000 0 0 0 ~ 0 0  

ooaoo 
00000 0 00000 0 00000 
00001 0 00000 0 0 0 4 6 3  

00125  

c3 
c4 

c 5  
C6 
c 7  
68  
c9 
C10 
x1 
I12 
I13 
I16 

S I X  A9293024  
S I X  Ad.19213032 
S I X  A s 2 9 2 t 3 0 4 0  
S I X  A+392s3048 
S I X  A-t-49293056 
S I X  A+592,3064 
SIX A+69293072 
S I X  Ab.79293080 
S I X  A+89293088 
S I X  A+9s2,3Q96 
S I X  A+ lOs293104  
S I X  A + 1 1 ~ 2 9 3 1 1 2  
S I X  A+12s2s3120 
PON 390948  
BCD l M A T R I X  
BCD Z I N V E R S E  

PTH 6 4 9 0 9 2 0 1 3  
BCD 1 
PTH C6sOs1007 
P Z E  d, 
TRA F i P l  
PSW 
PZE 1 
PZE 12 
PZE 13  
PZE 1 6  

I 
P w 
P 

LARGE POSITIVE I N T E G E R  

T I T L E  BSS 12 
Jl BSS 13 F I R S T  COLUMN IN S E C T I O N  
J2 LAST COLUMN IN SECTIOfd  
OUT BSS 408 
I CURREN? ROW MUMBER 
N ORDER O F  M A T R I X  
A START Of  STORAGE AREA 

ORIGIN CARD FOR OUT 
ORG 0 
PZE 
PZE OUT 
END MA 
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NOTICE 

T h i s  d o c u m e n t  c o n t a i n s  in fo rma t ion  of a p r e l i m i n a r y  n a t u r e  
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LEGAL NOTICE 

Th is  report wos prepared os on account o f  Government sponsored work. Neither the Uni ted States, 

nor the Commission, nor m y  person act ing on beholf of the Commission: 

A. Makes ony warranty or representation, expressed or implied, w i th  respect to  the occuracy, 

completeness, or usefulness of the informotion contoined i n  th is  report, or thot  the use of 
any informotion, apparatus, method, or process d isc losed in  th i s  report may not in f r inge 

pr ivote ly  owned r ights; or 

B. Assumes any l i ab i l i t i es  w i th  respect t o  the use of, or for damoges resul t ing from the use of  

ony informotion, apporatus, method, or process d isc losed i n  th is  report. 

As used in the obove, "person act ing on behalf of the Commission" includes any employee or 

controctor of the Commission, or employee of such contractor, t o  the extent  thot  such employee 

or contractor of the Commission, or employee of  such contractor prepares, disseminates, or 

provides occess io, ony information pursuant t o  h i s  employment or contract w i th  the Commission, 

or h is  employment w i th  such controctor. 

. 
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MATHEMATICAL METHOD 

The functions which t h e  program computes are of the form 
f = f b z ,  ISas P3 * * = * 0  82, az * * e .  %) 

where the p's  are  the atomic parameters and the a's are %he uni t  c e U  parmeters,  
Each kind of f is computed by a special  subroutine for t h i s  purpose, and %he 
mathematied expressions are  best obtainedl from %he Fortran language lf%t%ngs 
of these subroutines designated FUN1, 

The standard error  of fi is  given 
e = (et2 

where 

and 

m2, etc. 

by 
+ eet2) 1/2 

1, 

Here Vi3 i s  a.n eleanen%.of the variance-covaianee matrix which describes the 
errors of the atomic parameters, and U i J  is an element of a similar matrix 
for the uni t  c e l l  parameters. 

When errors are t o  be computed the user has %he option of obtaining 
from the binary output tape of OR XLS. In  %his ease %he program s%,cres 

V i r [  ~ v ( O S S  - CAIC)2/(m-m> 3 biJ  

where bid is  an element of the inverse matrix of the normal equationsd and 
the constant i n  brackets is the sum of the weighted residuals squared dived& 
by the number of degrees of eeedom. The other option available to t h e  ueer 
i s  t o  readVij direct ly  fran cards. 

The uni t  c e l l  errors may be put i n  in  two ways. If no covariances are 
known then the user may supply only the s ix  standard errors u ( a i ) .  
gram then se t s  

The prc- 

u i i  = a2(a i )  
u i j  = 0, i # j 

Alternatively the 21 independent values of U i j  ( d  5 j )  can be read from cards. 
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The necessary derivatives are  computed numerically by adding an increment 
Api  t o  p i  and re-entering the subroutine far f ,  The derivatilpe is then 

The increment used is &pi = (0.0b)Vi i1/2. The derivatives with reapect %t;3 the  

c e l l  parameters are obtained similarly. 
I 

The program is arranged so t h a t  it computes derivatives only wi th  respect 
t o  t h e  parameters actually involved i n  f .  

are is  provided by the subroutines PREEL, PRE2, etc., which are supplied f o r  
each type of function. 
t o  fixed parameters which are not represented i n  %he variance-covariance m a t r i x  
(e  .ga , the coordinates of atoms i n  special  positions ) . 

The information as t o  which these 

Derivative computations are a lso omitted wi th  respect 

Note tha t  fo r  the derivative computation t o  be correct a l l  symmetry trans- 
formations must be made a f t e r  Api has been added t o  pie 
s t r a in t s  on the parameters must be s e t  a f t e r  incrementing. (See t h e  section 
en t i t l ed  "Constraints on t h e  Parametera".) In other words, t h e  f b c t i o n  f is  
always computed d i rec t ly  f r o m  the  fwndmentab parameters, the errors of whj~h 
are  described by the matrices 

Similarly a l l  eon- 

and U,. 
The output of the program includes a &escri;?tion of the function9 %he 

value, f,  of the fbct ion,  the standard error, e, of the Punct%on, and e * >  the 

standard error  not including t h e  effect  of ~n%% c e U  errors.  

CONSTRAINTS ON TSE BARAME!L'ZRS 

In  order t o  insure %hat  t h i s  program correctly computes t h e  errors of 
various f'unctions it is necessary fo r  the user t o  consider whether t h e  symn?cili=y 

of t h e  c rys ta l  introauces constraints e i ther  on the c e l l  parameters, A, or OP 

the atomic parameters, P. 
parameter t o  have a fixed value, and t h i s  s i tuat ion is  correctly handled 'by 

specifying t h a t  the error  of t h i s  parameter is  zero. 
cedure i s  required when t h e  symmetry 34mposes a relationship between two o r  
more parameters. 
as independent and a Fortran I1 subroutine Is written t o  set the values of 
t h e  dependent parameters i n  terms of it. The main program will enter t h i s  

A simple case occurs when the symmetry forces a 

A more complicated pro- 

In t h i s  case one of the interrelated parameters is chosen 
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subroutine immediately before each entry t o  the h e t i o n .  computing subroutine 
so tha t  the derivatives needed fo r  the error  ca lcuht ion  are correctly c m -  

puted. 
should be s e t  t o  zero. 
refinement t h i s  is probably abutmatic since the dependent parameters would 
not have been varied. 

In  the input dlata the errors assoeia%ed with the dependent parmeters 
In the case of atamie pamunetem from a l ea s t  squares 

Specifications fo r  Fortran P I  Subroutines 
1. Name the subroutine SE’GA or  SEW. 
2. 

3. 
The subroutine has no arguments. 
Use the standard COMMON and DIMENSION s ta tments  such as are used in 
sEG2 of OR XFE. 
Write theprograms t o  s e t  A or  P fo r  the dependent variables; in terns 
of the independent variables. 
Campile with Fortran I1 and inser t  jus t  before the t ransfer  card of 
Segment 2 (see Operating Procedure, page 13 1. This  subroutine w % 1 1  

automatically supercede a dummy subroutine of the same name which is 
part of the program deck. 

4, 

5 .  

Example 1 

For a hexagonal c rys ta l  we have cos 7 = -O,5 and a = b. Choosing a. as 
the independent variable we write the subroutine: 
c EXAMe-1 

SUEROUTINE SETA 

COMMON ( F i l l  i n )  
DIMENSION ( F i l l  i n )  
DIMENSION ( F i l l  in )  
A ( 2 )  = A ( 1 )  

RETURN 

END (0 ,  1, 0, 0, 0 )  
The c e l l  parameter errors associated with b and wlth cos a, cos 8, and 

cos 7 are  put i n  as zero. 
irrelevant. 
Example 2 

The parameter b ( i . e .  A ( 2 )  1 which is  read in  is  

Let us assume tha t  there are no restr ic t ions on the atomic parameters of 
atom 1 but atoms 2 and 3 have y = x, f322 = Bibs and 823 = - 8 ~ 3 ~  Let us t&e 
x, Bluand 813 as independent. The subroutine may then be written as folZows: 
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c MAMBm2 
SUBRQmIm SEW 
COrnOM (Fill in) 

D m S H O N  (Fill i n )  
DIMENSION (Fill. i n )  
J40 1,1=22,3 

J 
K = E(9) * (1-1) I- XC(10) 
P (s+1) = P(J) 

J . E ( ~ )  * (1-1) -I- Ic(8) 

I? (K+l.) = P(K) 
1 P (K+5) = -P(K&) 

R E m  

EmJl (0 ,  1, 0, 0, 0 )  
This example makes use of the parameter asangemect integers JcC(7), I C ( 8 ) ,  

(See "Atomic Parameters", IC(g),  ar-d IC (LO) t o  cmpute the permeter  Loca-bims e 

page 15. ) The user may prefer t o  compute these iocations in advance. 

TO pT0gl-W a l'E% ",e of ~ ~ ~ C % ~ O f i  tk i l B C "  ;ects a ftm.c.,tfon designatirsn 
integer, 
assigned in t h e  program as written, .b~.% .these may be redefined i f  desired.) 
The user %Den writpes f a r  Fo;%"e;rm IX au&;pou%ines named B 3 D i ,  PREi, FUNi, and 

OlTTi. 
of Segment 2 ,  

names * i i c h  aye aL*aedy ir- t he  program, 

*&em 1, 5 k c 22, (Ru~e"von &esfg.na2;20r~~ 1-15 h m e  already been 

These are empiied m d  added t o  t"7e b 1 n . a ~ ~  deck before t h e  trasdsfar card 
Tkey will au';mez.tieally supercsde &mmy subrcutines -with t h e  sxn2 

* 
The ~X~~EUTEIET should refer t o  t h e  s p b o l i e  l i s t i n g  of fhnetions 1-15 fa- 

examples o f  these routines, 
EEDi 

The user m&y mit  this subrou5ine i f  desire& 

an overall heading which defines t h e  % n e  of fluxtion. 
time the function designatio2 IM(1) is changed, 

Its purpose is t o  pdt out 
It is  entered each 

"WhEin an 8192 mr& maechine i s  used t h e  user should cheek the section '$bary 
Cards Supplied** t o  be sure t h a t  the memory capacity is not exceeded. 
routines for  fwnct;ions 1-15 may be omitted ent i re ly  i f  necessary. 

Sub- 
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1. 
2, No COMMON or  DIMEDISIQN statements are needed. 

3 ,  
4. 
5. 

The subroutine has no arguments, 

But out the  heading on tape 3 .  
The first Hollerith character should be zero t o  cause double spacing. 
More than one l ine  may be put out i f  desired. 

PREi - 
This subroutine need be included only i f  standard errors are t o  be sm- 

puted. 
volved i n  the function to be computed. 
necessary derivatives. 

Its purpose is t o  instruct t h e  program as t o  which parameters are in- 
The program thus avoids cmputing m- 

1. 

2. 

The subroutine has no arguments. 
Include the standard CObll4OIV and DIMBNSIOB statements used t h r o u g b ~ d  
Segment 2. 
Enter t h e  subroutines SEWand/or  SETKB once for  each atom insrolved 
i n  the  function. See page9 for more details. 

3 .  

FUNi - 
The purpose of t h i s  subroutine is  t o  compute t h e  desired fune.t;ion given 

t h e  various input b t a  found i n  common storage, 
1. 

2.  

The subroutine has no arguments. 
Include t h e  standard COMMON and DLMENSION statements used throughout 
Segment 2. 

The significance of the instruction integers I N ( K )  except for DXi(L) 
i s  a t  the  discretion of the programmer. 
The necessary atomic coordinates or temperature factor eoef%ieie~fx 
are called: fo r  by meas of subroutines ArOM or BETA. 

and/or STOBB must be entered. 
See t h e  section on arithmetic subroutines for  t he i r  usage. 

3 .  

4 , 

5 *  If the metric tensors AA or  BB are t o  be used the subroutines SWAA 

6. 
7. Store t h e  function at  mt i n  cammon and return, 

owi 
The purpose of t h i s  subroutine is t o  put out t h e  detailed description of 

the individual. f'unction computed, Its inclusion is optional but certainly de- 
s irable . 

1. 

2 ,  

The subroutine has no arguments. 
Include t h e  standard COMMON and DIMENSION statements used throughout 
Segment 2. 
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. 

The description which probably includes the  relevant instruction 
integers, IN, is put out on tape 3 .  
The first character o+” %he first l i n e  ~t t h i s  2es::ription should be 

a lAolleri5h + t o  suppress spacing. 
The description should not extend past column 49 or it will pr in t  
over the  compu%ed value of‘ t h e  flxaact;ion. 
More t h a n  one l i ne  may be put out i f  desired. 

ARITRMETIC SUBPROQaAEJIS AVAELABZE FOR 
PROGRAMlvlINCa mw FUTJCTSONS 

1, CALL SETKX ( U ( K ) )  
Instmcts t h e  program t o  calculate derivatives wi th  respect t o  %he co- 

ordinates of the atom designated i l y l  IIV(K), 
FBEliminary subroutines. 
2. CALL SElXB (IM(K) 

This subroutine i s  used by t h e  

Instructs t h e  program t o  caLculate derivatives wlth respect t o  t h e  aniso- 
tropic “tmpera-ture faetsr coefficients of’ t h e  atm designated in IN(K). 
subroutine is  used by t h e  E1REBimisaq subroutdms. 
30 CALLSrnAA 

T h i s  

stores the 5 x 3 metric tensor g ( ~ h e s e  gi;ij EL~*~J) a t  AA i n  e m o n  
storage 
4. c u  STOBB 

Stores t h e  3 x 3 reciprocal metric tensor g S 2  (where (g-L)ij = bb0b ) a t  
r.J. -3 

BB i n  common stomge. 
5. CALL ATOM (IW(K),Z) 

DIMENSION Z( 3 )  
Stores at Z the coordinates of t h e  %tom specified by t h e  instruction 

integers PN(K) and LM(Kcl) ,, 
They have been transformed according %o %he symnaet~y specified. 
6 ,  C A U  BETA (IN(K) ,Z)  

These coordinates refer  Lo the t r i c l i n i c  acese 

DIMENSION z( 3> 3 )  
Stores at; Z t h e  3 x 3 matrix of t h e  temperature factor coefficients of 

the atom specified by instruction integers IN&) and IN(K+1).  
been transformed according -to the s.yrmetry specified, 

The matrix has 
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7 .  cm m (x, Y, 2) 

D m S I O N  X(S ,3> ,  u(3,3), z (393)  
Performs the  m a t r i x  mul%iplica%ion = ge The location of 5 must be 

different frnm X =-ad and Y. .v 

8. c a u  MV (x, Y, 2) 
DIMENSION 5(3,3)3 Y(3)j z(3) 
Performs the matrix-vector multiplicatien E = The ~oe&..%Qn of w Z mvsh 

be different from Y," 
9 .  CALL VM (x, Y, 2) 

DIMENSION X ( 3 ) 9  Y ( 3 9 3 ) t  Z ( 3 )  
Perfoms t h e  vector-matrix multiplication 5% = zT. %e kOc%%iOns S'f 

2 must be different  from 2. 
10. Function W(X, Y )  
' DllCFJ'JSXON X(3), Y(3) 

N 

Performs the vector-vector multiplication zTY, = Z ( a  scalar) e 

11. mct;iDa VMV (w, x, Y) 
DIMENSION w(3),X(3,3),  Y ( 3 )  
Performs the vector-matrix-vector multiplication W?XY W C I N  = 2 (a, scalar)  E 

G A L L  DLFV (X, Y, 2) a2. 

D%MENSION x(9, Y(31, z ( 3 )  
Performs t h e  -rector subtraction X, - = 5. zmay have the same 10catia.i 

as x, or u,. 
13. CALL m (x, Y, z) 

DIMENSION X(3), Y ( 3 ) ,  Z(3) 
Performs t h e  vector summation X, f Y, = &. gmay have the  same lsea%ion 

as X, or x. 
1.4. Function COW (x,Y) 

DIMENSION X(3), Y(3) 
Computes t h e  cosine of t h e  angle defined by vectors X, and%. These 

vectors are assumed t o  refer t o  the  t r i c l i n i c  coordinate system, and it. I s  

also assumed t h a t  the metric tensor has been stored a t  AA i n  common s%carE%e. 
15. Function ARCCOS (x) 

Computes Q, t h e  arc  cos of X i n  degrees. 0 5 8 < 180. 
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. 

16. CALL NORM (X, Y, Z )  

DDfEWUBN X ( 3 ) ,  Y ( 3 ) ,  Z ( 3 )  
Stores a t  Z a vector perpendicular t o  both X, and Y,. The sense of g is  N 

t h a t  of the vector product, ; = k X, x Y,, but i ts  length is  arbitrary. A l l  
vectors are referred t o  t h e  t r i c l i n i c  coordinate system, and it is assumed 
t h a t  t h e  reciprocal metric tensor has been stored a t  BB i n  common storage. 
17. CALL AXES (U, V, X) 

DIMENSION m), v(3), x(3,3) 
Stores three mutually perpendicular vectors of arbi t rary length at  

X ( I , l ) ,  X(I,2), and X ( I , 3 ) .  X ( I , 1 )  = U ( 1 ) .  X(I,2) is normal t o  U, a d  
i.e., i n  t h e  direction of U, x V,. 
as t o  yield a right-handed coordinate system, 
ferred t o  the  t r i c l i n i c  coordinate system, and it is assumed t h a t  the recip- 
rocalmetr ic  tensor has been stored a t  BB i n  common storage. 
18. CAW, EIGVAL (W,Y) 

X ( I , 3 )  is normal t o  X ( 1 , l )  and X ( 1 , 2 )  so 

A l l  these vectors are re- 

IXDENSION W ( 3 , 3 ) ,  Y ( 3 )  
Stores t h e  three eigenvalues Y of the  matrix W. 

N 

19. CALL, EIGVEC (W,Y,Z) 

D=SION w(3,3), z(3) 
Given an eigenvalue Y of the matrix E, t h i s  subroutine stores the eigen- 

vector 2. 
20. Function TRACE (X)  

DIMENSION X ( 3 , 3 )  
Computes t h e  trace of the  matrix g. 

ATOM DESIGNATION AND SXMMEZRY TRlLNSFORMATIONS 

I n  the course of preparing an instruction card t o  specify a f’unction t o  
be computed it w i l l  be necessary t o  define the  one or  more atoms involved i n  
t h i s  function. Th i s  is done by means of an atom designation consisting of 
t he  two  integers 5 and 100 2 + E. Here = 1, 2, 3, .... is t h e  number of 
the atom i n  the parameter l ist ,  s = 0, 1, 2, .... is t h e  number of t h e  symme- 
t r y  transformation t o  be applied, and c = 0, 1, ..... 7 defines t h e  unit ce l l  
translations as described below. 

- 
- 
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The program obtains the coordinates of an atom in  the following way., 

1. The integer a- is used t o  cmpute t h e  loca%ion of the coordinates in 
$he parameter l i s t  a d  x, y8 z are picked up. If 2 "- 0 She pr~gram sets 

x = y = z = o .  

2. These coordinates are then transformed t o  XI, y', z1 according to 
%he sym1~1et3-y f n f ~ ~ ~ ~ a t i ~ n  p ~ c h e d  OII symmetry Card 2. If 0 $IXLYIS~QXTI~- 

t ion f a  made. 

3 .  The c e l l  translations are then made according t o  the following table' 

0 Z l  Y' X' 

1 2' Y' xq - 1 
2 Z *  y' - l X'  

21 y' - 1 x'  * 1 3 
4 Z' - 1 Y' X' 

5 Zt - 1 Y' x' - 1 
6 21 - 1 y' - I X' 

7 Z *  - 1 y' - 1 x' - 1 
( A s  a memory aid, note tha t  t he  Its i n  t h f s  table correspond t o  the binary 
representation 0% 2.  ) 

For example, atom (3,208) is a%om 3 in  t h e  parameter l i s t  %ransfasmedl t2 
symmetry position 8 of c e ~  2? while atm 
i n  the  l i s t  of parame-bers. 
"mokcule" i n  a non-rigorous way, referring to atm 3 i n  molecuh 208 or a%mi 
5 i n  t h e  basic molecule (molecule O), 

is  atm 5 just  as it appears 
I n  t h e  subsequent section we will use %ha tam 

Note tha t  transfornations such as x*  = -x and xt  "- 1-x are not equfarala-!t~ 
f o r  purposes of t h i s  program, 

eff ic ients  of an atom i n  a similar way except t h a t  the elements of t h i s  ma%six 
are transformed as t h e  corresponding produets of t h e  coordinates. This  pro- 
cedure is valid fo r  an atom i n  either a special  o r  general posil ioa proviclec?, 
t h a t  the symmetry card (See H. A. Le-q, 
Acta Cryst, (1956). - 9,679). 
formation is irrelevant i n  t h i s  case as i s  t h e  c e l l  LmsZation 2. 
- a a t  zero causes a nu l l  matrix t o  be generated, 

The program obtains the matrix of t h e  anisotropic temperature factor  c.3- 

i s  written for  a general position, 
The translational par t  of the symmetry trans- 

Setting 
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matrix is  t o  be used. 

1. --- 

OPERATING PROCEDURE 

matrix has been ' matrix has been read 
taken from binary from cards. 
output tape of 
OR XLS. 

1. Segment IA (red) 1. Segment 133 (orange) 
2.  --- 2. a-- 2, Data consisting of: 

a )  Variance-covariance 
matrix. 

JC 
With 8192 core memory only one of these decks may be used at  
one time. 

4. 
5. Segment 2 transfer card, (red stripe) 
6. Data consisting of: 

Any Fortran I1 subprograms added by user. 

T i t l e  card. 
Control card. 
Atomic parameters i f  called f o r  by control card. Otherwise they are 
read from binary output tape from OR XLS. 
Parameter selection cards i f  matrix is  read from cards and i f  calle5 
fo r  by control card, 
Cell parameters . 
Cell parameter errors i f  called fo r  by control card. 
Symmetry cards i f  called fo r  by control card., 
Instruction cards. 

7. Three blank cards. 
Operating instructions 
1. Mount a blank tape on unit 3 fo r  BCD output. 

t h e  program before using. 
It w i l l  not be rewound by 

2. 

3 .  
4. Clear and load cards. 
5. L i s t  tape 3, program,control, automatic overflow. 
6. Eold tape 5 i f  desired. 

If t h e  binary output tape from OR XLS i s  t o  be used mount it on unit 5. 
F i le  protect on i f  desired. 
If errors are t o  be computed mount a blank on unit 6. 

Stops with 777778 in storage register.  
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DETAILS OF DATA INPUT 

A U  data cards wi th  the exception of the parameter selection cards are 
read by the Fortran REALl subroutines. 
FORMAT statement will be given as an a id  t o  data preparation. 
Variance-covariance matrix, PM, for  structure parameters 

In the fo32oWbIg description the 

The user has the  option of m i t t f n g  t h i s  matrix if, errors based on i% 

are no% to be computed, 
output tape of OR XLS or  from cards prepared as follows: 
F i r s t  card. FORMAT (19, E9.4) 

When it i s  t o  be used it may be read from t h e  binary 

1-9 
10-18 

M, athe order of the matrix. 
A scale factor by which the matrix WfU. be multiplied. 
be un i ty  or  Cw(Po-Fc)2/(m-n), for  example. 

The N(N+1)/2 unique elements of t h e  matrix FW punched eight per 
card in  the order W( l , l ) ,  PM(1,2) . o e e . ~ ~ ( l , M ) ,  PM(2,2), PM(2,3) . . . .PM(2,N), PM( 3,3) . . . . .PM(N,N) . The parameters wi th  which t h i s  
matrix is associated are defined by the parameter selection cards 
(see below) , 

This could 

Subsequent cards , IX)RMAT (839.4) 

T i t l e  
FORMAT (72H 1 

1 Blank. 
2-72 Any desired Hollerith information. This  w;tU be printed unchanged 

on the output. 
Control card integers, I C  

Ten integers which control the program are  read from t h i s  card. FORMAT (3-313). 
C o l m s  

1-3 

4-6 

7-9 

IC (l), variance-covariance matrix and parameter selection infoma- 
t ion w i l l  
(0) not be used. 
(1) 
(2) be read from cards, 
IC(2) ,number of structure parmeters t o  be read from cards (see be- 
low). 
tape of OR XLS. 
IC( 3 ) ,  c e u  parameter errors are 
(0)  not t o  be used. 
(1) 
(2)  

be read from binary output tape of OR XLS. 

If I C ( 2 )  = 0 these parameters will be read from binary output 

t o  be read i n  the form of s t a n b r d  errors. 
to be read i n  the form of a variance-covariance matrix, 
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These ~-59% be s e d  from t h e  binary mtpvit tape of OR X U  if I C ( 2 )  = C, 

Otherw%se IC(2) parmeters must be pweiaed aS&t per card, KB,NAbT (8E3.bj. 
Th@ earrangmen& of these parmeters is su5Jee-t Lo %he fo1loWng "reat'r 0 * 

a) 

b 1 

c )  

d)  

For each atom %he position parmeters x, ys z must be in 3eqcx 

Position parameters f o r  successive atoms must appear p e r i o d i z a ~ y  i~r, 
t h e  order of the atom clesignation. 
7;f: anisotropic temperature factor coefficients zra f n e P u ~ ~  t5ey ma% 
be i n  the sequence f3kkr 822, 833., PE, B L ~ . ,  1323~ f ~ r  each atom. 
Temperature factor coefficients of succaselve atoms must appear g w i 3 i i -  
cally in the order of the atcam d&iSignatbIl. 

Thus the posi t ion parameters of atom 1 start wfth P(3) where J = IC(7)*(1=2) .; 
I C ( 8 )  and the temperature factor coefficients of %%om 1 start with I$&) VLI 

K I@(g)* ( I - l )  -I- EC(10). 
Parameter selection cards 

The purpose of these cards is  do identify those parameters whfah are aaslc,z:,- 

ated with elements of the variance-covariance matrix. 
same as the parameter selection cards used with OR XU. 

They are exactLE;)P t h e  
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These ear& are  not t o  be supplied unless the control card irrteger I C ( 1 )  

specified tha t  the variance-covariance matrix and. parameter selection informa- 
tion is  t o  be read from cards, F’wthermore, i f  the variance-covariance matrix 
of order N corresponds t o  the first M pasmeters read, then it is permisslble 
t o  s e t  I C ( 6 )  = 0 and t o  a m i t  the parameter selection cards. 

Each colmn of a parameter selection card corresponds t o  m e  parameter. 
The first  card is associated wi th  parameters 1 t o  72, the second wi th  parme- 
t e r s  73 t o  144, etc. 
punched in  the corresponding column, otherwise a zero or  a blank i s  punched. 
(Actually, a l l  rows but the 1 row are ignored by the program.) 
number of one punches must be equal t o  N, the order of the matrix. The firs% 
parameter i n  the l i s t  fo r  which a one punch is  found is  assumed t o  correspsr31- 
t o  the first row and column of the matrix, the second with the second, e%c. 
Cel l  parameters, A 

If a parameter is  represented in  the matrix a one is  

The t o t a l  

These six direct  un i t  c e l l  parameters must alsays be supplied. 
FORMAT (639.4) 
Columns 

1-9 A ( l )  = a 
10-18 A(2) = b 

19-27 A(3) = 
28-36 A(4) = COS a 
37-45 A ( 5 )  = COS B 
46-54 A ( 6 )  = COS 7 

Cell  parameter errors, AM 

The the effect  of c e l l  parameter errors is  t o  be considered they must be 
supplied in  one of two forms as specified by the control card integer E C ( 3 ) .  

a )  Standard error  form, (IC(3) = 1). If t h i s  input is  used the esvari- 
anees between the c e l l  parameters are  assumed t o  be %era  
FYIRMAT (639.4) 
Columns 

1-9 a(a)  
10-18 o(b) 
19-27 ~ ( c )  
28-36 O(COS a )  
37-45 d c o s  B )  
47-54 a(c0s 7) 
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. 
b)  Variance-covariance matrix form, ( I C ( 3 )  = 2 ) .  If information on the  

covariances between c e l l  parameters is available, then the 21 unique elements 
of t h i s  6 x 6 matrix may be read from three cards. 
FORMAT (839.4) 

Card 1: AM(a,a), AM(a,b) N(a, cosy), AM(b,b), AM(b,c). 

Card 2: AM(%, cos a )  .... AM(b, cos 7), AM(c,c) ..... &(cos a, COS a ) .  
Card 3:  AM(cos 01, cos B) . e.. . . AM(cos 7, cos 7) e 

If symmetry gives r i s e  t o  constraints on the c e l l  parameters the CAUTION: 
errors will not be correctly computed unless t h e  instructions in  t h e  section 
"Constraints on the parameters" are  followed. 
Symmetry cards 

The number of symmetry cards t o  be read is given by IC(4) on t he control 
card, There must be a card for  each symmetry transformation which will be 
callec?. f o r  by an instruction card (see the section on %pecifieaLion of an 
atomsn). 

then no symmetry cards need be supplied. 
~f t h e  functions t o  be computed require no symmetry transfornations 

The form of a symmetry card i s  essentially t h e  same as those for OR XLS2. 
FORMAT (~11.8, 4H ~11.8, 4H ~11.8, 4H ) 
Columns 

1-15 

1-11 

2 2  

13 
14 

15 

16 -30 

16 -26 

27-30 

31-45 
31-41 
42-45 

CAUTION: 

The expression fo r  the transformed coordinate x '  as follows: 
Floating point translational part of x t  o r  blank. 

Hollerith -, +, or  blank. The sign associated with t h e  symbol i n  
column 13. B l a n k  and + are equivalent. 
Hollerith X, Y, 2, or blank. 

Hollerith -, +, or blank. The sign associated wi th  the symbol 13 
column 15. 

Hollerith X, Y, 2, or  blank. Note tha t  columns 12 and 13 are ex- 
ac t ly  equivalent t o  14 and 15. 
may be punched 

Blank and + are equivalent. 

Thus the transformation xt = 1/2-x 

Note t h a t  t h e  expression x' = 2x must be treated as x' = x 9 x. 
The expression for the transformed coordinate yt as folLows: 
The floating point translational par t  of y f  or  blank. 
Hollerith sign, symbol, sign, symbol as described above. 
The expression for  the transformed coordinate z '  as follows: 
Floating point translational par t  of z '  or  blank. 
Hollerith sign, symbol, sign, symbol as described above. 
Note t h a t  transformations such as x f  = 1-x and x' = -x are not 
equivalent i n  t h i s  application. 
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DEllAUS OF INSTRUCTION INPUT 

Each flmctisn t o  be computed by the program is specified by a sequence of 
integers, IN, which are read from one or more instruction cards. 
integer i n  t h i s  sequence, IN(l), defines the  type of function t o  be computed, 
and %he interpretation of t h e  remaining instruction integers W i l l  i n  general 
be different f o r  different; types of functions. 
integers for each type of f’unction are given below. 

The first 

Details of the instruction 

Each instruction card is read with IRBMAT (2423). O f  t h e  24 integers on 
%his card only the  first 23 are  considered t o  be par t  of the instruction, r%a. 

Usually one card w i l l  suffice t o  specify a M c t i o n ,  but i f  a f’unction requires 
more than 23 integers t o  define it then up t o  ten cards may be used with 23 in- 
tegers on each card. 
an instruction card indicates t h a t  t h e  instruction is continued on the next 
card, 

kmction 1 

Punching a one (or any non-zero integer) i n  f i e l d  24 of 

One interatomic distance. 
COLumnS 

1-3 1 

4 -6 a L  

7 -9 100C~ f s 1  atom designation 1. 

atom designation 2. 
10-l2 a2 
13-15 1OOc2 + Sg 

Function 101 

A l l  distances (less than d(max)) between atoms i n  t w o  molecules. 
Columns 

A 

1-3 101 
4 -6 
7-9 

a(max), the number of atoms i n  the  parameter Ifst .  
l O O c l  -I- sl, molecule designation 1. 

PO-I2 --- 
l3-lT 
16-18 

100c2 + s2, molecule designation 2. 
The integer lOd(max). 

(This  may be the  same as 1.) 
If t h i s  is l e f t  blank then d(max> = 4.OA. 

Function 201 
A l l  distances (less than d(max)) between atoms in  the basic molecule and 

a l l  molecules (i,e,, a l l  combinations of c and s ) .  
necessarily campute a l l  distances i n  the c rys ta l  which are less than d(max). 

Note t h a t  t h i s  does not 
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C o l m s  

1-3 201 

4 -6 a(max), the number( of atoms in the parameter list. 

The integer lOd(max). 
7-15 --- 
16-18 If this is left blank then d(max) = 4.0A. 
Function 2 

Angle defined by three atoms. 

Colwnns 
1-3 2 

4 -9 Atom designation 1. 

10-15 Atom designation 2 (vertex), 

16-21 Atom designation 3. 
Function 3 

of t h e  normals is that of (1,2)x(lY3) and (4,5)x(4,6) where 1,2 is the vector 
defined by atom designations 1 and 2, etc. 

Columns 

Angle between normals toglanes each defLned b;r; three atamJs. The direction 

1-3 3 
4 -9 Atom designation 1 I- 

1 
10-15 Atam designation 2 Plane 1 

16-21 Atom designation 3 

28-33 Atom designation 5 Plane 2 

22-27 Atom designation 4 

34-39 Atom designation 6 
Function 4 

Difference between two interatomic distances. 

Columns 
1-3 4 
4 -9 Atam designation 1 Distance l- 10-15 Atom designation 2 

16-21 Atom designation 3 
22-27 A t a n  designation 4 Distance 2 
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Function 5 
Difference between two angles each defined by three atoms. 

Columns 

1-3 5 

1 
1 

4-9 Atom designation 1 

10-1.5 Atom designation 2 (vertex) Angle 1 

16-21 Atom designation 3 

28-33 Atom designation 5 (vertex) Angle 2 

22-27 Atom designation 4 

34-39 Atom designation 6 
Function 6 

The sum of several angles each defined by three atoms. 

Columns 

1-3 
4 -6 
7-12 
13 -18 
19 -24 
25-30 
31-36 
37-42 

6 

n, the number of angles to be summed. 

Atom designation 2 (vertex) 

Atom designation 1 

Atom designation 3 
Atom designation 4 

Angle 1 1 
Atom designation 5 (vertex) 
Atom designation 6 
etc e 

Function 7 
The RMS component of thermal displacement of one atom along principal 

F a  9 

Columns 

4-54 Atom designation 

r (= 1, 2, or 3 )  10-12 

Function 107 
Same as Function 7 camputed for each of the three values of r. 

4-9 Atom designation 
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Function 207 

with the three values of r. 

Colwnns 

Same as Function 7 computed for each atom of a given molecule, each 

4-6 a(max), the number of atoms in the parameter list. 

7-9 Molecule designation 

Function 8 

2 and 3. 
Angle between principal axis r of atom 1 and a vector defined by atams 

Columns 
1-3 8 
4-9 Atom designation 1 
10-12 r (= 1, 2, or  3) 

Vector I- 1-3-18 Atom designation 2 
19-24 Atom designation 3 
Function 1.08 

Same as Function 8 cixnputed for each of the three values of r. 
Columns 

1-3 108 

4-9 Atom designation 1 
10-12 --- 

Vector I- 13-18 Atom designation 2 

19-24 Atom designation 3 
Function 208 

Same as Function 8 computed for each atom in a given molecule, each M t h  
the three values of r. 

Columns 
1-3 208 

4-6 a(max), the number of atoms in the parameter list. 

7-9 Molecule designation 
10-12 --- 

Vector 
13-18 Atom designation 2 

19-24 Atom designation 3 
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Function 9 

r, projected on a vector defined by atoms 2 and 3. 
The RMS component of thermal displacement of atom 1 along principal axis 

Columns 

1-3 9 
4 -9 Atom designation 1 

10-12 

13-18 Atom designation 2 

19-24 Atom designation 3 

r (= 1, 2, or 3 )  

Vector 

Function 109 
Same as Function 9 computed for the three values of r. 

Columns 

1-3 109 
4 -9 Atom designation 1 
10-52 _-- 
13-18 Atom designation 2 

19-24 Atom designation 3 Vector 

Function 209 

the three values of r. 
Columns 

Same as Function 9 cmputed for each atom in a given molecule, each with  

1-3 209 
4 -6 
7 -9 Molecule designation 

a(ma.x) ,  the number of atoms in the parameter list. 

l o  -E --- 
13-18 Atom designation 2 
19-24 Atom designation 3 Vector 

Function 10 

ordinate system. 
Axis 1 is vector (2,3). 

Columns 

Angle between principal axis r of atom 1 and axis i of a Cartesian co- 
'&+e latter is defined by at%s 2, 3, 4, and 5 as follows: 

Axis 2 is (Axis l)x(4,5). Axis 3 is (Axis l)x(Axis 2). 

1-3 10 

4 -9 Atom designation 1 
10-12 

13-15 
r (= 1, 2, or  3) 
i (= 1, 2, or  3) 
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Function 10, cont'd 

Columns 
16-21 Atom designation 2 

22-27 Atom designation 3 
28-33 Atom designation 4 
34-39 Atom designation 5 

Axis defining vectors 

Vector Vector 1 1 
Function 110 

Same as Function 10 computed for the nine combinations of r and i. 
Columns 

1-3 110 
4-9 Atom designation 1 
10-15 --- 
16-21 Atom designation 2 

22-27 Atom designation 3 
28-33 Atom designation 4 
34-39 Atom designation 5 

Axis defining vectors 

Vector 

Function 210 

with the nine combinations of r and i. 

Columns 

Same as Function 10 computed for all atoms in a given molecule, each 

1-3 210 

4-6 
7-9 Molecule des ignat ion 

.(mu), the number of atoms in the parameter list. 

10-15 --- 
16-21 Atom designation 2 

22-27 Atom designation 3 
28-33 Atom designation 4 
34-39 Atom designation 5 

Axis defining vectors 

Vector 

Function 11 

r, projected on axis i of a Cartesian coordinate system defined by atoms 2, 
3, 4, and 5 as described under Function LO. 

The RMS component o f  thermal displacement of atom 1 along principal axis 

Columns 
1-3 11 
4-9 Atom designation 1 
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Function 11, cont'd 

Columns 
10-12 

13-15 

r (= 1, 2, o!r 3 )  
i (= 1, 2, or 3) 

16-21 Atom designation 2 

22-27 Atom designation 3 
28-33 Atom designation 4 
34-39 Atom designation 5 

' Vector } Axis defining vectors 
Vector 

Function 111 

Same as Function 11 computed for the nine Combinations of r and i. 
COLumnS 

1-3 111 

4 -9 Atom designation 1 

10-15 --- 
16-21 Atom designation 2 1 22-27 Atom designation 3 
28-33 Atom designation 4 
34-39 Atom designation 5 

1 &is defining vectors 

Vector 

Function 211 

with the nine combinations of r and i. 
eo1umns 

Same as Function 11 computed for all atoms in a given molecule, each 

1-3 211 

4 -6 
7 -9 Molecule designation 

a(max), the number of atoms in the parameter list. 

10-15 --- 
12-21 Atom designation 2 7 - 

Axis defining vectors 

Vector 22-27 Atom designation 3 ) 
28-33 Atom designation 4 

Vector 34-39 Atom designation 9; 
Function 12 

a vector defined by atoms 2 and 3. 
Columns 

The RMS component of thermal displacement of atom 1 in the direction of 

1-3 12 

4 -9 Atom designation 1 

10-15 Atan designation 2 

16-21 Atom designation 3 Vector 

c 
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- Function 13 
The RMS radial thermal displacement of an atom. 

Collarnns 

1-3 13 
4-9 Atom designation 

Function 14 
Interatomic distance averaged over-thermal motion. Second atam i s  assumed 

t o  ride on the  first. 
is  t h e  uncorrected interatomic distance, 
displacement of atom i, and 
atom i in  the  direction defined by t h e  interatomic vector 
Columas 

The fhnction is R = Ro + (3 - E - + z)/2R~ where RQ 
is  t h e  mean square rauial thexmal  

is t h e  mean square component of displacement of 

1-3 14 
4-9 Atom designation 1 

10-15 Atom designation 2 
Function 15 

Interatomic distance averag2d over thermal motion. Atoms aesumed t o  move 
independently. The Aurction is R = Ro + (3 - 
bols are  defined as i n  Function 14 above. 
Columns 

+ 3 - q ) / 2 R o  where t h e  s p -  

1-3 15 
4 -9 Atom designation 1 

10-15 Atom designation 2 

ERROR INDICATORS 

During the course of calculation t h e  program makes many t e s t s  for errors 
If t h e  error is which may indicate t h a t  the problem is not s e t  up correctly. 

one which would probably cause all answers t o  be incorrect t h e  program stops 
w i t h  an oc ta l  number i n  t h e  storqge register,  t h e  meaning of which can be 

found i n  t h e  table below. If, on t h e  other hand, t h e  e r ror  is  l ike ly  t o  
cause trouble i n  only one answer then t h e  program does not h a l t .  

the incorrect answer t h e  program puts art "**NG'' where NG is  an integer, t h e  

meaning of which i s  tabulated below. The program then proceeds with t h e  next 
f'unction t o  be computed. 

Instead of 
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Stops 

Storage 
Register 

2 

3 

4 

5 

17 

30 

77777 

NG 
1 
- 

2 

3 

4 

5 

6 
7 
8 
9 
10 
11 

Subprogram 
SUB2 

SUB4 

SUB17 

SEG2 

Subrogram 
ATOM, BETA 

PRE 

FUN 

BETA 

ATOM, BETA 

STOBB 
EIGVAL 
EIGVEC 
cosw 
FUNXI 
SUB 12,14,18 

Meaning 
Record 1 on unit 5 (fram OR XLS) is  not long enough, 
o r  RTT f a i l s  3 times. To t r y  again, push START. 
Record 3 on uni t  5 (from OR XLS) is not long enough, 
or  RTT f a i l s  3 times. 
Number of parameter selection cards specified is  too 
large for  storage area9 or card reader indicates end- 
of-f i le .  ReplerzLSh cards and start. 
Number of symmetry cards specified i s  too large, i .e.  
IC(4) > 48. 
Number of one-punches i n  parameter selection cards 
(i .e. ,  Kl) is  Less than the order of the matrix. 
Number of parameter selection words fram OR XLS 
binary tape is larger than the storage area f o r  
these words. 
End of problem as indicatecl by IN(1) = 0. 
more instruction cards push START. 

To t r y  again, push START. 

Storage capacity is  40 words. 
To read 

Error Returns 
Meaning 

The symmetry position specified is negative or  greater 
than the number of symmetry cards. 
N o  PRE routine has been 
fiedd 
No FUI? routine has been 
f ied. 
Temperature factors are  
IC@> 6. 

supplied for  the f\unction speci- 

supplied for  the function speei- 

not i n  anisotropic form, i 0 e e j  

The program is looking for  a parameter before %be start 
or  beyond the end of the l ist .  
The c e l l  parameter A ( l ) ,  A(2), or  A ( 3 )  s 0. 
The eigenvalues are  imaginary. 
Only n u l l  eigenvectors are  found. 
One of the vectors is  nul l .  
Z'he vector is  null .  
A non-existent Function has been specified, i .e.  
XMODF(IN(~),~OO) 20. 

Page 176



-27- 

c 

Symbol and Dimension 
NG 
IC (10) 

m(251) 

COMMON STORAGE 
Des c r  i p  t ion 

Error return indicator. 
Control card integers. 
One row of t h e  variance-covariance matrix associated w i t h  
the atomic parameters. pM(1) = V i i j  PM(2) = V i i + l j  e tc .  
The increments Api = (0.OD.i 112 . 

The increments Aai  = (O.Ol)Uii 112 . 

The derivatives d f / h i  
The variance-covariance matrix associated wi th  t h e  six 
c e l l  parameters. N(1) = U11, AM(2) = UE, ... m(6) = 
u16, ~ ~ ( 7 1  = ~ 2 2 ,  . . . ., etc. 

The derivatives af/aai. 
Instruction integers. 
The t ranslat ional  par t  of t h e  symmetry information. 
See below. 
Integers representing the non-translational par t  of t h e  
symmetry information. 
transformation is y-x, -x, 113 f z, t h i s  information 
would be stored as follows: 

I S ( l , l , J )  = 2 (for y)  
IS(2,1,J) = -1 (for -x) 
TS(2,J) = 0.0 
IS(1,2,J) = -1 ( fo r  -x) 
IS(2,2,J) = 0 
TS(3,J) = 0.333333 
IS(1,3,J) = 3 (for  z >  
IS(2,3,J) = 0 

The direct  l a t t i c e  parameters a, b, c, cos a, cos @, 
and cos y .  

The metric tensor 6 where g i j  = a - * a  
The reciprocal metric tensor g-l where (g")ij = ki.2~. 
The computed value of flrnction f t o  be put out. 
The computed value of f'unction f as stored by the sub- 
routines FlTNi. 

The atomic or least squares parameters. The dimension 
300 is  only a dummy dimension. The t rue  capacity will 
be greater than t h i s  and is determined by the memory 
size and the length of any subroutines added bu t h e  

For example if  the J t h  symmetry 

T S ( ~ , J )  = 0.0 

-1 .vj' 

I 

user. 
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BINARY DECKS SUPPLIED 

Identification 
Segment UI. (red*) 

NyRBLl 
SEGlA 
SEGlA 

Segment 1~ (orange) 

SEGlB 
SEGlB 
SEGlB 
WRITE 
SEGlB 

Sement 2 

Loader (yellow) 
SEG2 

Basic program, SAP (yellow) 
SUB2 
 SUB^ 
SUBG 
SUBK 
READ 
SET 
IIED 
PRE 
m 
OUT 

Basic program, Fortran (yellow) 
SEG2 
SUB5 
 SUB^ 
SUB10 
SUB11 
sm13 
SUB 19 
SUB21 
SUBF 

Number of 
Lo ca t  ions Remarks 

123 
5 1  

125  
280 
37 
1 
1 
4 
4 + 

Loader 
Program 
Transfer card 

Fortran I1 BSS loader 
Calling program 
Fortran l ib rary  subroutine 
SAP subroutine 
Fortran I1 t ransfer  card 

Fortran I1 BSS loader 

36 5 Calling program 

101 
83 

30 
39 

403 
33 
149 

c 

Fortran l ib rary  subroutines 

* 
It is  suggested t h a t  the user reproduce t h e  binary decks i n  t h e  indicated 
colors. 
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Number of 
Identification Lo c a t  ions - 

Ari"ce-i;rS:: subprograms, Fortran (yellow) 
60 
60 
49 
149 
231 
296 
2 
48 
46 
36 
36 
33 
33 
58 
38 
71 
76 

239 

-2i- 
75 

;i2 
20 
3-9 
46 
38 
29 
19 
48 
40 
29 
I22 

57 
38 
29 
25 
53 
36 

25 

35 
38 
41 
67 

lo18 
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Identification 

Functions 7-11, Fortran (blue) 

m 
Fmc 
FuNx 
RED7 
m 7  
nrrJ7 
OW7 
RED8 
gRE8 
m8 
ova8 
HEDg 

FUN9 

HEDPO 
PRELO 
mI!J10 
OUT10 
RED11 

FUN11 

--_ 
_-- 

--- 
-_-  

Functions 12-15, Fortran (brown) 
rn 
F"UNCR 
FUNXI 
ml2 
ml2 
F U N 1 2  
OUT12 
RED13 
PRE7 
m13 
0 ~ ~ 1 3  
HEDl4 
PRE14 
FUN14 
OUT1 
m~15 

Number of 
Locat ions 

71 
80 

152 
47 
18 
30 
44 
48 
32 
25 
50 
57 

24 

53 
32 
25 
60 
62 

24 

58 
93 

113 
51 
32 
25 
50 
39 
18 (duplicate ) 
24 
43 
45 
38 
36 
46 (duplicate) 
45 

Page 180



-31- 

Identification 
Transfer card (red s t r ipe )  

SEG2 

Storage requirements, Segment 2 
Functions : 1-6 
Basic program, SAP 627 
Basic program, Fortran 2483 
Arithmetic 1780 
F’unct ions 1018 
Loader 24 
Common (program) 17% 
Common (Fortran) 205 

Total 7923 

Number of 
Locat ions Remarks 

Fortran transfer card 

7-11 
627 

2483 
1780 
934 

1786 
205 

7839 

24 

12-15 
627 

1780 
792 
24 

1786 
205 

7697 

2483 

1-15 
627 

2483 
1780 
2744 

24 
1786 
205 

9649 
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S E G i A  R E M  SEGMEht TO READ Tkl/ERSE M A T R I X  FROM T A P E  
START EQU 3 0 1  REFERS 70 OR XLS2 
T 6 8  
K 2  

A 1  

A14 

A 1 5  
A 2  

A 3  

A 4  

A 5  

A6 

EQU 4391  REFERS T O  OR XLS2 
EQU 32753 REFERS TO OR XLS2 
ORG 85 
REW 5 
REW 6 
TSX R T B 9 4  
P Z E  5 
PZE -PM 
HTR 0 
LDQ P M - S t A R f + T 6 8  
FMP P M - S t A R f + T 6 8  
STO SCALE 
Rl 'B  5 
TSX R T B 9 4  
P Z E  5 
P Z E  -PM 
HTR 0 
€ L A  PM-325 12+K2 
S T O  N 
TNZ A15 
HTR 0 
RTB 5 
RTB 5 
CPY D I S C  
TRA A2 
L X D  A 4 9 4  
RTB 5 
CPY D I S C  
T X I  A 5 9 0 9 4  
HTR 0 
T I X  A 3 9 4 9 1  
TSX R T B 9 4  
P Z E  5 
P Z E  -PM 
HTR 0 

END OF F I L E  

EHD OF F I L E  

ORDER OF M A T R I X  IS ZERO 

END OF F l L E  

END OF F I L E  

s E Z p  
SEG A 
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A 7  

A 8  

A 9  

A 1 0  

All 

REW 5 
CLA N 
ADD I 1  
LRS 3 5  
MPY N 
LRS 1 
STQ M 
L X A  M s 4  
LXA A 6 9 2  
LDQ SCALE 
FMP 0 9 2  
STO 0 9 2  
T X I  A892,-1 
T I X  A 7 9 4 9 1  
CAL N 
SUB 1 1  
ALS 18 
ADD N 
SLW DELTA 
CAL A 6  
SUB N 
ALS 18 
ADD A 6  
SLW A 1 0  
L X A  N 9 1  

SXD X 1 9 1  

TSX WTB94 
P Z E  6 
PZE ** 
LXD X 1 9 1  

TNX A l l 9 1 9 1  
CAL A 1 0  
SUB DELTA 
SLW A 1 0  
CAL DELTA 
SUB I D 1  
SLW DELTA 
TRA A 9  
WEF 6 

1; 
\ 

'\ \ i  \ 

SEGbA 
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
SEGlA  
S E G l A  
S E G l A  
SEGLA 
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
S E G l A  
SEGIA  
SEGLA 
SEGLA 
S E G l A  
S E G l A  
SEGLA 
SEGfiA 
SEG1A 
S E G l A  
S E G I A  
S E G l A  
6EG1A 
S E G l A  
S E G l A  
5 E G l A  

I w w 
I 
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REW 6 

CPY 0 
TRA A 1 3  
HTR A 1 2  END OF F I L E  

A 1 3  CPY 1 
I R A  0 
REM SUBROUTINE TO STO'IE BLOCK ON TAPE 

ADD WTB12 
STA WTB3 
STA WTB7 
CLA 1 9 4  
ADD WTB13 
STA WTB6 
STA W T B l l  

A 1 2  RCD 

W i B  CLA 194 

W T B l  LXD WTB991  
WTB2 CLA 2 9 4  

PAX 0 9 2  
STD WTBS 

WTB3 WTB 0 
WTB4 CPY 092 

WTB.5 TXH W f B 4 9 2 9 0  
WTB6 BST 0 
WTB7 RTB 0 

T X I  WTB592,-1 

RTT 
NOP 

WTB8 CPY WTBlO 
WTB9 T X I  WTB89093  
WTBlO PZE 

I OD 
RTT 
TRA W T B f l  
TRA 3 9 4  

T I X  WTB2 9 1 9  1 
HTR W T B l  

W T B l l  BST 0 

WTB12 WTB 0 

ADDRESS TO BESET 

DECREMENT TO B E  SET 
ADDRESS TO BE SET 
ADDRESS TO BE SET 

READ-BACK COP I ED HERE 

SEGLA 
S E G l A  
S E G l A  
SEGZA 
S E G l A  
SEG1A 
S E G l A  
XLS 037 
XLS 038 
XLS 0 3 9  
XLS 040 
XLS 041  
XLS 042 
XLS 043 
XLS 044  
XLS 045 
XLS 046 
XLS 047 
XLS 0 4 8  
XLS 049 
XLS 050 
XLS 0 5 1  
XLS 052 
XLS 053 
XLS 054 
XLS 055 
XLS 056 
XCS 057  

XLS 059  
XLS 060 
XLS 0 6 1  
XLS 062 
XLS 063 
XLS 064  

ADDRESS TO BE SET XLS 065 
XLS 066 

RTT F A I L S  3 TIMES. START TO TRY A G A I N  XLS 067 
CONST ANT XLS 068 

XLS 0 5 8  
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WTB L 3 

RTB 

RTBP 
R T B 2  

R T B 3  

R T B 4  

R T B 5  

R T B 6  

R T B 7  
R T B 8  
1 1  
I DP 
SCALE 
N 
M 
DELTA 
x 1  
D I S C  
PM 

BST 
REM 
CLA 
ADD 
STO 
CLA 
ADD 
STO 
LXD 
CLA 
PAX 
RTB 
RTT 
NOP 
CPY 
TXZ 
I R A  
I OD 
RTT 
T X I  
TRA 
BST 
T I X  
HTR 
RTB 
BST 
P Z E  
P Z E  

END 

. I 1 I 

TO BE SET 

0 CON ST ANT 
SUBROUTINE TO READ RECORD FROM TAPE 
194 
R T B 7  
RTB3 
1 9 4  

RTB8 
R T B 6  
RTB5 9 1  

2 9 4  
0 9 2  
0 

0 9 2  
R T B 4 9 2 9 - 1  
3 9 4  

R T B 6 ~ 0 9 3  
4 9 4  
0 TO BE SET 
R T 6 2 9  1 t l  

RTBL R T T  F A I L S  3 TIMES. START TO TRY AGAIN. 
0 CONSTANT 
0 CONSTANT 
1 
1,091 

SCALE FACTOR FOR M A T R I X  
ORDER OF MATRIX 
NUMBER OF MATRIX ELEMENTS 
INCREMENT FOR A 1 0  
INDEX SAVED HERE 
DISCARDS COPIED HERE 
START O F  M A I N  STORAGE 

A 1  

C S E G l B  1 4 7 1  WRB SEGMENT 1p C A L L I N G  PROGRAM 
COMMONPM 

X L S  069 
XLS 070 
X L S  073, 
X L S  072 
XLS 073 
X L S  074 
X L S  075 
XLS 076 
X L S  077 
X L S  078 
X L S  079 
XLS 080 
XLS 0 8 1  
X L S  0 8 2  
X L S  083  
X L S  084 
X L S  0 8 5  
X L S  086  
XLS 087 
X L S  088  
XLS 089 
xes 0 9 0  
XLS 091  
X L S  092 
X L S  093 
XLS 0 9 4  
S E G l A  
SEGEA 
SEG3A 
S E G l A  
S E G i A  
SEG1A 
S E G l A  
S E G I A  
SEGjlA 
S E G I A  

6 E G l  B 10 1 
S E G l B  103 
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DIMENSIOMPM(1000) 

READl099N9SCALE 
109 FORMAT(I99E9.4) 

C ABOVE DIMENSION IS DU/VIMY. MATRIX LIMITED ONLY BY MEMORY 

M=(N+(N+1)1/2 
READllS,tPM(I),I=l,M) 

D0119I=ltM 

REWI ND6 
K = l  
L=N 
D0207J=l¶N 
CALLWR I TE I6  PM ( K  1 9L 1 
K = K + L  

207 L=L-1 
REWIND6 
ENDtO9l,O,O,l) 

115 FORMAT(8E9.4) 

119 PM(II=SCALE*PM(I) 

S E G l  B 105 
CAPACITY, S E G l B 1 0 6  

S E G l B  107 
S E G l B  109 
S E G l B  11 1 
S E G l B 1 1 3  
SEGl B I15 
SEG1 B 117 
S E G l B 1 1 9  
S E G l B l 2 1  
S EG1B 123 
S E G l B l 2 5  
S E G l B 2 0 1  
S E G l B 2 0 3  
S E G l B 2 0 5  
S E G 1 8 2 0 7  
S E G l B 2 0 9  
SEGlB.211 

REM WR6 1471 SUBROUTINE WRITEffAPEttOC+NO*WORDS) 
ORG 0 
FUL 
MZE 0,094 
PZE 
PZE WTB13-i-1 
P Z E  
BCD lWRITE 
PZE A 
ORG 0 
REL 
PZE 
PZE 
PZE 

A SXD A-391 
SXD A-292 
SXD A-194 
C L A  1 9 4  
STA WTB 
C L A  294 

SAVE INDEX 1 
SAVE INDEX 2 
S A V E  INDEX 4 
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STA WTB4 
CLA 3 9 4  
STA WTB2 

ARS 1 8  
STO WTBlO 
ADD W T B l 2  
STA WTB3 
S T A  WTB7 
CLA WTBLO 
ADD WfB13 
STA WTB6 
STA W T B l l  

WTB C L A  0 

WTBf LXD Wf8991 
WTB2 LXD 094 

PXD 090 
PDX 0 9 2  

WTB3 WTB 0 
WTB4 CPY 0 9 2  

T X I  WTB.59291 
WTB5 T I X  WTB49491 
WTB6 BST 0 
WTB7 RTB 0 

RTT 
NOP 

WTB8 C P Y  WTBSO 

WTBlO P Z E  
I OD 
RTT 
TRA W T B l l  
LXD A-391  
LXD A-292 
LXD A - 1 9 4  
TRA 494 

T I X  WTB29191 
HTR WTB1 

WTB9 T X I  WTB89093 

W T B l l  BST 0 

WTB12 WTB 0 

ADDRESS TO BE SET 

ADDRESS TO BE SET 

ADDRESS TO BESET 
I w 

-4 
E 

ADDRESS TO BE SET 
ADDRESS TO BE SET 

READ-BACK COPIED HERE 

ADDRESS TO BE SET 

RTT F A I L S  3 TIMES. START TO TRY AGAIN 
CONSTANT 
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WTB13 BST 0 
END 0 

CONSTANT 

SUB2 

SUB2 

S2A 
5 2 8  

s 2 c  

REM 1471 WRB READ PARAMETERS FROM XLS B INARY TAPE 
REM PROGRAM CARD 
FUL 
MZE 0 7 0 9 4  9 L  
PZE 
PZE T l + 1  
PZE 
BCD l S U B 2  
PZE SUB2 7R 
REM SUBROUTINE S U B 2 ( p 9 I C )  
ORG 0 
REL 
SXD X l t l  
SXD X 2 9 2  
SXD X 4 9 4  
CLA 1 9 4  
STA S2U 
STA S2AA 
C L A  2 9 4  
SUB 1 1  
STA S2AC 
SUB I 5  
STA S2AF 
SUB I 1  
STA SZAD 
SUB I 1  
STA SZAG 
SUB I 1  
STA S2AE 
L X A  1391 
REW 5 
RTB 5 
R T T  
NOP 
L X A  C 1 ~ 2  
CPY s3 

SUB2 001  
SUB2 002 
SUB2 003 
SUB2 004 
SUB2 005 
SUB2 006 
SUB2 007 
SUB2 008 
SUB2 009  
SUB2 010 
SUB2 011 
SUB2 012 
SUB2 013 
SUB2 014 
SUB2 015 
SUB2 016 
SUB2 017 
SUB2 018 
SUB2 019 

20 
2 2  
22 

SUB2 023 
SUB2 0 2 4  
S U B 2  025  
SUB2 0 2 6  
SUB2 027 
SUB2 028 
SUB2 029  
SUB2 030 
SUB2 0 3 1  
SUB2 032 
SUB2 0 3 3  
SUB2 0 3 4  
SUB2 035 
SUB2 036 
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S2D 

S2E 

S2F  

S 2G 

SZH 

5 2  I 

S 2 J  

S2K 

S 2 L  

S2M 

S2N 

s20 

S2P 

S2Q 

S2R 

52s 

S2T  

TRA S2E 
HPR 2 
TRA S2D 
T I X  S 2 C 9 2 t l  
L X A  C 2 9 2  
CPY S l l  
TRA S2H 
HPR 2 
TRA S2G 
T I X  S2F9291 
LXA C 3 9 2  
CPY T 6 1  
TRA S2K 
HPR 2 
TRA S 2 J  
T I X  521 ,291  
LXA C 4 t 2  
CPY T 6  
TRA S2N 
HPR 2 
TRA S2M 
T f X  S 2 L 9 2 9 1  
L X A  C592  
CPY T 5  
TRA S 2 0  
HPR 2 
TRA S2P 
T I X  S 2 0 9 2 9 1  
CLA T 5  
SUB C 6  
PAX 0 9 2  
CPY T 1  
TRA S2T  
HPR 2 
TRA S2S 
T I X  S 2 R 9 2 9 1  
PXD 090 
PDX 0 9 4  
LXA 51x92 

END OF F I E L  OR RECORD 
SUB2 0 3 7  

SUBZ 0 3 9  
SUB2 040 
SUB2 041 
SUB2 042 
SUB2 043 
SUB2 044 
SUB2 045  
SUB2 046 
SUB2 047 
SUB2 048 
SUBZ 049 
SUB2 050 
SUB2 051 
SUB2 0 5 2  
SUB2 053 
SUB2 0 5 4  
SUB2 055 
SUB2 056 
SUB2 057 
SUB2 058  
SUB2 059 
SUB2 060 
SUB2 061 
SUB2 062 
SUBZ 063 
SUB2 064  
SUB2 065 
SUB2 066 
SUB2 067 
SUB2 068 
SUB2 069 
SUB2 070 
SUB2 071 
SUB2 0 7 2  
SUB2 073 
SUB2 074 
SUB2 075 

SUBZ 038  

I w 
'p 

Page 189



s 2 u  

s2v 

s 2 w  

s 2 x  

S2Y 

s 2 z  
S 2 A A  

S2AB 

S2AC 

S 2 A I  
S2AD 

S 2 A J  
S 2 A E  

S2AF 
5 2 A G  

T X I  S 2 U 9 2 9 1  
C P Y  * * 9 4  

T X I  S2W9491  
HPR 2 
T R A  S2V 
T I X  S 2 U 9 2 9 1  
C L A  T 6 1  
SUB T 6  
T Z E  S2AA 
PAX O b 2  
CPY T l  
TRA 5 2 2  
HPR 2 
TRA S2Y 
T I X  S 2 X 9 2 9 1  
CPY * * 9 4  
T X I  S 2 A A 9 4 9 1  
HTR 0 
IOD 
RTT 
TRA SZAH 
PXD O b 4  
STO ** 
L X A  Slls4 
T X I  S 2 A I 9 4 9 3  
PXD 0 9 4  
STO ** 
T X I  S Z A J 9 4 9 3  
PXD 094 
STO ** 
LDQ 53 
MPY I 5  
L L S  1 8  
STQ ** 
STQ ** 
L X D  X l ~ l  
L X D  X 2 9 2  
L X D  X 4 9 4  
T R A  3 9 4  

P ( 1 1  

I C ( 2 )  

SUB2 07'6 
SUB2 077  
SUB2 078 
SUB2 079  
SUB2 080 
SUB2 0 8 1  
S U B 2  0 8 2  
SUB2 083 
SUB2 0 8 4  
SUB2 0 8 5  
SUB2 0 8 6  
SUB2 087 
SUB2 088 
SUB2 089  
SUB2 090 
SUB2 0 9 1  
SUB2 0 9 2  
SUB2 093 
SUB2 095  
SUB2 0 9 6  
SUB2 097 
SUB2 098 
SUB2 981 
SUB2 0 9 9  
SUB2 100 
SUB2 101 
SUB2 10 11 
SUB2 102 
SUB2 1 0 3  
SUB21031 
SUB2 104  
SUB2 1 0 5  
SUB2 106 
SUB2 107 
SUB2 108  
SUB2 1 0 9  
SUB2 110 
SUB2 111 
SUB2 112 

k -  I .  

.. . 
, ,, 
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S2AH 

L 1  
L 2  
L3 
L 4  
L 5  
L6  
1 1  
I 3  
I 5  
c 1  
c 2  
c3  
c4  
c 5  
C 6  
X I  
x 2  
x 4  
s3 
s11 
T 6 1  
7 6  
T 5  
T 1  

T I X  S Z B 9 l t l  
HPR 2 
TRA S2A 
E Q U  3 0 1  
EQU 4 2 9 5  
EQU 4 3 0 4  
EQU 4 3 0 8  
EQU 4 3 0 9  
EQU 4 4 3 7  
PZE 1 
P Z E  3 
PZE 5 
PZE L2-Lf- t .1 
PZE L 3 - L Z  
P Z E  L 4 - L 3  
PZE L 5 - L 4  
PZE L 6 - L 5  
PZE L6 

RTT F A I L S  3 TIMES. START 
TO T R Y  A G A I N  
4 5 5 ( 8 1  L O C  START I N  X L S 2  
1 0 3 0 7 ( 8 )  LOC 53 I N  XLSZ 
1 0 3 2 0 ( 8 1  LOC 511 I N  XLS2 
1 0 3 2 4 ( 8 )  L O C  T 6 1  I N  X L S 2  
1 0 3 2 5 ( 8 )  L O C  T6 I N  X L S 2  
1 0 5 2 5 ( 8 )  L O C  T5 I N  XLS2 

INDEX SAVED HERE 
INDEX SAVED HERE 
INDEX SAVED HERE 
X L S 2  SYMM OR A N I S  INDICATOR 
XLS2 NO. OF SCALE FACTORS 
XLS2 COMP LOC SYMM CODE 
X L S 2  COMP LOC ATOM PARATETERS 
XLS2 LAST LOC USED 8 Y  CODE 
DISCARDS COPIED HERE 

END 0 

S U B 6  REM 1471 WRB DECODE SYMMETRY INFORMATION 
REM PROGRAM CARD 
FUL 
MZE 0 ,094  9L 
PZE 
PZE TEMP+l  
P I E  
BCD l S U B 6  
PZE SUB6 7R 
REM SUBROUTINE S U B 6 ( l , l r K )  TO DECODE SYMM CARD K 

SUB2 113 
SUB2 114 
SUB2 115 
SUB2 116 
SUB2 117 
SUBZ 118 
SUB2 119 
SUB2 120 
SU82 1 2 1  
SUB2 122 
SUB2 123 
SUB2 124 
SUBZ 125 
SUB2 126 
SUB2 127 
SUB2 128 
SUB2 1 2 9  
SUB2 1 3 0  
SUB2 131 
SUB2 1 3 2  
SUB2 133 
SUB2 134 
SUB2 1 3 5  
SUB2 136 
SUB2 137 
SU82 138 
SUB2 139 
SUB2 140 

SUB6 001 
SUB6 002 
SUB6 003 
SUB6 004  
SUI36 005 
SUB6 006 
S U B 6  007 
SUB6 008 
SUB6 009 
SUB6 010 

, 
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SUB6 

S6A 

5 6 8  

S6C 
S6D 

S6E 

S6F  

S 6 G  

REL 
ORG 0 
SXD X 1 9 1  
SXD X 4 9 4  
C L A  194 
STA S6D 
STA S6H 
PXD 0 9 0  
PDX O t l  
C A L  F 2 9 4  
ALS 2 2  
ANA MASK 
T Z E  S6B 
SUB D 6  
SLW TEMP 
C A L  F 2 9 4  
ANA MASK1 
TNZ S6C 
C t S  TEMP 
TRA 5 6 0  
PXD OtO 
TRA S6D 
C L A  TEMP 
STO * * v l  
T X I  S 6 E 9 l ~ l  
C A L  F2+1 ,4  
ARS 1 2  
ANA MASK 
TZE S6F 
SUB D 6  
SLW TEMP 
C A L  F 2 9 4  
ANA MASK2 
TNZ S6G 
CLS TEMP 
T R A  S6H 
PXD 0 9 0  
I R A  S6H 
C L A  TEMP 

FROM FORMAT I N  SUB5 

FROM FORMAT I N  SUB5 

L O C  IS(l$l$Kl 

FROM FORMAT I N  SUB5 

FROM FORMAT I N  SUB5 

SUB6 011 
SUB6 0 1 2  
SUB6 0 1 3  
SUB6 014 
SUB6 0 1 5  
SUB6 016 
SUB6 017 
SUB6 018 
SUB6 029 
SUB6 020 
SUB6 0 2 1  
SUB6 022 
SUB6 023 
SUB6 024  
SUB6 0 2 5  
SUB6 0 2 6  
SUB6 027 
SUB6 028  
SUB6 029 
SUB6 030 
SUB6 031 
SUB6 032 
SUB6 033 
SUB6 034 
SUB6 0 3 5  
SUB6 035 
SUB6 037 
SUB6 038  
SUB6 0 3 9  
SUB6 040 
SUB6 041 
SUB6 0 4 2  
SUB6 043  
SUB6 044 
SUB6 0 4 5  
SUB6 046 
SUB6 047 
SUB6 048  
SUB6 049 

I -r 
fu ;* 
I 
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S6H S T O  **91 
T X I  S61,lrl 

S61 TXH S6J9195 
T X I  S 6 A 9 4 t - 2  

S 6 J  LXD X 1 9 1  
LXD X 4 9 4  
TRA 2 9 4  

MASK OCT 000017000000 
MASK1 OCT 000000400000 
MASK2 OCT 000000000040 
D 4  PZE 0,094 
x 1  INDEX SAVED HERE 
x4  INDEX SAVED HERE 
TEMP 
F2 EQU 22 

END 0 
SECOND FORMAT WORD LESS TSX SUB6 

SUBG REM 1471 WRB COMPUTED SUBROUTINE E N T R I E S  
REM PROGRAM CARD 
FUL 
MZE 090,10 9L 
PZE 
P Z E  X4+1,0,82 
PZE 
BCD 1SUB7 
PZE SUB7 
BCD 1SUB12 
PZE SUB12 
BCD 1SUB14 
PZE SUB14 
BCD 1SUB18 
PZE SUB18 
ORG 0 
REL 

SETA BCD l S E T A  
SETP BCD l S E T P  

BCD 1HED20 
BCD 1HED19 
BCD 1HED18 

4 R  

SUB6 050 
SUB6 0 5 1  
SUB6 052 
SUB6 053  
SUB6 0 5 4  
SUB6 0 5 5  
SUB6 0 5 6  
SUB6 0 5 7  
SUB6 058 
SUB6 059 
SUB6 060 
SUB6 061  
SUB6 0 6 2  
SUB6 063 
SUB6 064 
SUB6 065 

SUBG 001 
SUBG 002 
SUBG 003 
SUBG 004 
SUBG 005 
SUBG 006 
SUBG 007 
SUBG 008 
SUB6 009 
SUBG 010 
SUBG 011 
SUBG 022 
SUBG 013 
SUBC 014 
SUBG 015 
SUBG 016 
SUBG 0317 
SWBG 018 
SUBG Oh9 
SUBG 020 
SUBC 021 
SUB8 0 2 2  

I -\, 

,. ,: 

,' -, 
1 

'3 
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BCD l H E D l 7  
BCD 1HED16 
BCD 1 H E D l S  
BCD 1HED14 
RCD 1HED13 
BCD 1HED12 
BCD l H E D l l  
BCD l H E D l O  
RCD 1HED9 
BCD l H E D 8  
BCD 1HED7 
BCD 1HED6 
BCD 1HED5 
BCD 1HED4 
BCD 1HED3 
BCD l H E D Z  
BCD l H E D l  

BCD 1PRE20 
BCD 1PRE19 
BCD l P R E 1 8  
BCD lPRE1- I  
BCD l P R E 1 6  
B f D  l P R E 1 4  
BCD l P R E l 4  
BCD 1PRE7 
B f D  1 P R E f 2  
BCD l P R E l O  
BCD L P R E l O  
BCD 1PRE8 
BCD 1PRE8 
BCD 1PRE7 
BCD l P R E 6  
BCD 1PRE3 
BCD 1PRE4 
BCD 1PRE3 
BCD 1PRE2 
BCD l P R E l  

HED BSS 0 

PRE BSS 0 

SAME AS PREh5 

SAME AS PRE 1 3  

SAME AS P R E l l  

SAME AS PRE9 

SAME A S  PRES 

SUBG 023  
SUBG 0 2 4  
SUBG 0 2 5  
SUBG 026  
SWBG 027 
SUBG 028 
SUBG 029  
SUBG 030 
SUBG 0 3 1  
SUBG 032 
SUBG 033 
SUBG 0 3 4  
SUBG 0 3 5  
SUBG 036 
SUBG 037 
SUBG 038 
SUBG 0 3 9  
SUBG 040 
SUBG 045, 
SUBG 042 
SUBG 043 
SUBG 0 4 4  
SUBG 045  
SUBG 046 
SUBG 047  
SUBG 048 
SUB6 049 
SUBG 050 
SUBG 0 5 1  
SUBG 052 
SUBG 053  
SUBG 0 5 4  
SUBG 055  
SUBG 056  
SUBG 0 5 7  
SUBG 058  
SUBG 059  
SUBG 060 
SUBG 061  

i .r= c 
I 

Y 
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BCD 1FUNZO 
BCD 1FUN19 
BCD 1FUN18 
BCD 1FUN17 
BCD 1FUN16 
BCD 1FUN15 
BCD 1FUN14 
BCD l F U N 1 3  
BCD 1FUN12 
BCD l F U N l 1  
BCD l F U N l O  
BCD 1FUN9 
BCD l F U N 8  
BCD 1FUN7 
BCD 1FUN6 
BCD 1FUN5 
B t D  l F U N 4  
BCD 1FUN3 
BCD 1FUN2 
BCD l F U N l  

BCD l O U T 2 0  
BCD 1 0 U T 1 9  
BCD 1QUT18 
BCD 1 0 U T 1 7  
BCD 1QUT16 
BCD l O U T l  
BCD 1 O U T l  
BCD 1 0 U T 1 3  
BCD l O U T 1 2  
BCD l O U T l O  
BCD l O U J l O  
BCD 10UT8  
BCD 10UT8 
BCD 1 0 U J 7  
BCD 10UT6  
BCD 10UT3  
BCD 1 0 U T 4  
BCD 10UT3  

FUN BSS 0 

SAME AS OUT15 
SAME AS OUT14 

SAME AS OUT11 

SAME AS OUT9 

SAME AS OUT6 

S U B G  062 
SUBG 063 
SUBG 054 
SUBG 065 
SU6G 066 
SUBG 067  
SUBG 068  
SUBG 069 
SUBG 070 
SUBG 071 
SUBG 072 
SUBG 073 
SUBC 074  
SUBG 0 7 5  
SUBG 076 
SUBG 077 
SUBG 0 7 8  
SUBG 079 
SUBG 080 
SUBG 0 8 1  
SUBG 0 8 2  
SUBG 083  
SUBG 084  
SUBG 0 8 5  
SUBG 0 8 6  
SUBG 087 
SUBG 088  
SUBG 0 8 9  
SUBG 090 
SUBG 091 
SUBG 092  
SUBG 0 9 3  
SUBG 094 
SUBG 095 
SUBG 096 
SUBG 097 
SUBG 0 9 8  
SUB6 099 
SUBG 100 

I c w 
B 
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BCD 10UT2 
BCD l O U T l  

OUT BSS 0 
SUB7 SXD X 2 9 2  

SXD X 4 9 4  
CLM 
LDQ I N  
L i s  0 
DVP DlOO 
PDX 0 9 2  
TXH EXIT92,ZO 
TSX H E D I 9 4  
TRA E X I T  

H E D I  TRA HED92 
SUB12 SXD X 2 9 2  

SXD X 4 9 4  
TSX S E T A 9 4  
TSX S E T P 9 4  
LXD I N 9 2  
TXH EXNG92920  
TSX Full194 
TRA E X I T  

FUN1 TRA FUN92 
SUB14 SXD X 2 9 2  

SXD X 4 9 4  
LXD I N 9 2  
TXH EXNG92920  
TSX P R E I 9 4  
TRA E X I T  

P R E I  TRA PRE92 
SUB18 SXD X 2 9 2  

SXD X 4 9 4  
LXD I N 9 2  
TXH EXNG92920  
TSX O U T 1 9 4  
TRA E X I T  

OUT1 T R A  OUT92 
EXNG CLA D 1 1  

STO NG 

SUBG 1 0 1  
SUBG 102 
SUBG 1 0 3  
SUBG 104 
SUBG 1 0 5  
SUBG 106 
SUBC 107 
SUBG 108  
SUBG 509 
SUBG 110 
SUBG 111 
SUBG 1 1 2  
SUBG 113 
SUBG 114 
SUBC 1x5 
SWBG 1 1 6  
SUBG 117 
SWBG 118 
SUBG 119 
SUBG 1 2 0  
SUBG 1 2 1  
SUBG 1 2 2  
SUBG 123 
SUBG 124 
SUBG 1 2 5  
SUBG 1 2 6  
SWBG 127 
SUBG 128 
SUBG 1 2 9  
SUBG 130 
SUBC 131 
SUBG 132 
SWBG 133  
SUBG 134 
SUBG 135 
SUBG 136 
SUBG 137 
SUBG 1 3 8  
SUBG 139 

c 
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E X I T  

D 1 1  
D l O O  
I N  
NG 
x 2  
x4  

SUBK 

LXD X292  
L X D  X 4 r 4  
T R A  194 
PZE 0 ~ 0 , 1 1  
PZE 090,100 
SYN 3 1 7 6 5  REFERS TO COMMON STORAGE 
SYN 32562 REFERS T O  COMMON STORAGE 

INDEX STORED HERE 
INDEX STORED HERE 

END 0 

REM 1471 WRB KEY WORD SUBROUTINES 
REM PROGRAM 
FUL 
MZE 0 ~ 0 9 1 6  
PZE 
PZE X 4 4 - 1  
PZE 
BCD l S U B l  
PZE S U B l  
BCD 1SUB3 
PZE SUB3 
BCD l S U B 4  
PZE SUB4 
BCD 1SUB15 
PZE SUB15 
BCD 1SUB16 
P Z E  SUB16 
BCD 1 S U B l - I  
PZE SUB17 
BCD 1SUB20 
PZE SUB20 
REM SUBROUT 
ORG 0 
R E L  

LXA I D I M K 9 1  
SUBl SXD X l b l  

CARD 

9L 

1 R  
E SUB1 TO CLE 

S 1 A  STZ K;Z+DIMK,l 
T I X  S l A 9 1 9 1  

R K 2  

SUBG 140 
SUBG 141 
SUBG 142 
SUBG 143 
SUBG 144 
SUBG 145 
SUBG 146 
SUBG 147 
SUB6 148 
SUBG 149 

SUBK 001 
SUBK 002 
SWBK 003 
SUBK 004 
SUBK 005 
SUBK 006 
SUBK 007 
SUBK 008 
SUBK 009 
SUBK 010 
SUBK 011 
SUBK 012 
SUBK 013 
SUBK 014 
SUBK 015 
SUBK 016 
SUBK 017 
SUBK 0 1 8  
SUBK 019 
SUBK 0 2 0  
SUBK 0 2 1  
SUBK 0 2 2  
SUBK 023 
SUBK 0 2 4  
SUBK 025 
SUBK 026 
SUBK, 027 
SUBK 028  
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LXD X 1 r 1  
TRA 194 
REM SUBROUTINE 

SUB3 SXD X 1 9 1  
SXD X292 
CLA 1 9 4  

STA S3K 
RTB 5 

S3A LXA 1 3 9 1  
5 3 8  RTB 5 

RTT 
NOP 
L X A  IDIS~Z 

S3C CPY K 1  
TRA S3E 

S3D HPR 3 
TRA S3D 

S3E T I X  S 3 C 9 2 9 1  
L X A  I D I M K 9 2  

S3F  CPY Kl+DIMK,Z 
TRA S3H 

536 HPR 3 
TRA S 3 G  

S3H T I X  S3F9291 
CPY NK 
CPY N 
TRA S3J 

S 3 1  HPR 3 
TRA S 3 1  

S 3 J  CPY K 2  
TRA S 3 J  
HPR 3 
I OD 
RTT 
TRA S 3 0  
L X A  N r l  
PXD 091 

S3K STO ** 
C L A  N K  

S U B ~ ( I C ( ~ ) )  TO READ K 1  AND I C ( 5 )  FROM TAPE 

END OF FILE OR RECORD 

END OF RECORD 

END OF RECORD 

L O C  I C ( 5 )  

SUBK 0 2 9  
SUBK 030 
SUBK 031  
SUBK 0 3 2  
SUBK 033 
SUBK 034 
SUBK 035 
SUBK, 035 
SUBK 037 
SUBK 038 
SUBK 0 3 9  
SUBK 040 
SUBK 041 
SWBK 0 4 2  
SUB& 043 
SUBK 044 
SUBK 045 
SUBK 046 
SUBK 047 
SUBK 048 
SUBK 049 
SUBK 050 
SUBK 0 5 1  
SUBK 052 
SUBK 053 
SUBK 054  
SUBK 0 5 5  
SUBK 056 
SUBK 057 
SUBK 058 
SUBK 059  
SUBK 060 
SUBK 061 
SUBK 0 6 2  
SUBK 063 
SUBK 064 
SUBK 065 
SUBK 6 5 1  
SUBK 066 
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S3L 

S3M 
S3N 

S 3 0  

SUB4 

S4A 

S4B 

s4c 

ADD L O C K 1  
STA S3N 
L X A  NKt1 
SXD N K 9 1  
TXL 53M919DIMK 
HPR 2 4  NK GREATER THAN DIMK 
T R A  5 3 L  
CAL K l + D I M K , l  
SLW * * 9 1  NK+LOCKl  
T I X  S3F9,191 
LXQ x 1 9 1  

LXD X 2 t 2  
REW 5 
T R A  2 9 4  
8ST 5 
T I X  S 3 8 9 1 , l  
HPR 3 RTT F A I L S  3 TIMES. 
TRA 538 START TO TRY AGAIN 
REM SUBROUTINE S U B 4 ( I C ( 6 ) )  TO READ K 1  FROM CARDS 
SXD X 1 9 1  
SXD X 2 9 2  
C A L  194 
STA S4A 
CLA ** LOC I C ( 6 )  
TZE S 4 F  
ALS 1 
STQ NK 
PDX 0 9 1  
ARS 1 8  
ADD LOCK1 
STA S4D 
ADD I 1  
STA S4E 
TXL S4C919DIMK 
HPR 4 
TRA S4B 
LXA I932 
R CD 

S4D CPY *+*I NK+LOCKl 

S U E K  067 
SUBK 068 
SUBK 069 
SUBK 070 
SUBK 071 
SUBK 072 
SUBK 073 
SUBK 074  
SUBK 075 
SUBK 076 
SUBK 077 
SUBK 078 
SUBK 079 
SUBK 080 
SUBK 0 8 1  
SUBK 082 
SUBK 083 
SUBK 084 
SUBK 085 
SUBK 086 
SUBK 087 
SUBK 088 
SUBK 089 
SUBK 090 
SUBK 093 
SUBlC 092 
SUBK 0 9 3  
SUBK 094  
SUBK 095 
SUBK 096 
SUBIC 097 
SUBK 098 
SUBK 099  
SUBK 100 
SUBK 101  
SUBK 102 
SUBK 103 
SUBK 1 0 4  
SUBK 105 

B ‘  

I -  

... 
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S4E 

S 4 F  

S4G 

S4H 

TRA S4E 
HPR 4 
TRA S4C 
CPY * * 9 1  

T I X  S 4 D 9 2 9 1  

TRA S4H 
LXA I D I M I ( 9 1  
SXD N K 9 1  
PXD 090 
COM 
SLW K l + D  I MK 9 1 
T I X  5 4 G i l 9 l  
LXD X 1 9 1  

LXD X 2 9 2  

T I X  S 4 C Q f 9 2  

E N D  OF F I E L  

NK+ LOCK 1 + 1 

TRA 2 ~ 4  
REM SUBROUTINE S U B 1 5 ( K 3 t  TO STORE SECONDARY KEY WORDS 
REM STORES K 3 ( 1 )  ONE B I T S  STARTING WITH K 3 ( 2 )  B I T  
REM OF K 3 ( 3 )  WORD 

SUB15 C A L  1 9 4  

STA S15A 
SUB I1 
STA SLSB 
SUB 11  
STA S15C 

S 1 5 A  C L A  ** 
ARS 1 8  
STA S15D 

S 1 5 B  C L A  ** 
ARS 1 8  
STA S15E 

S15C C t A  ** 
ARS 1 8  
ADD LOCK2 
STA 515G 
SUB I 1  
STA S l 5 F  
PXD 090 
LRS 3 5  

LOC K 3 ( 1 )  

LOC K 3 ( 2 )  

LOC K 3 ( 3 )  

SUBK 106 
SUBK 107 
SUBK 1 0 8  
SUBK 109 
SUBK 110 
SUBK 111 
SUBK 122 
SUBK 113 
SUBK 114 
SUBK 1 1 5  
SWBK 116 
SUBK 117 
SUBK 1 1 8  
SUBK 119 
SUBK 1 2 0  
SUBK 1 2 1  
SUBK 122 
SUBK 1 2 3  
SUBK 124  
SUBK 1 2 5  
SUBK 126 
SUBK 127 
SUBK 1 2 8  
SUBK 129 
SUBK 130 
SWBK 131  
SUBK 132  
SUBK 133 
SUBK 134 
SUBK 135 
SUBK 136 
SUBK 137 
SUBK 1 3 8  
SUBK 139 
SUBK 140 
SUBK 141  
SUBK 142 
SUBK 143 
SUBK 144 
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COM 

COM 
S 1 5 D  ARS ** K 3 ( 1 )  

S15E LRS ** K 3 ( 2 )  
S15F ORS ** K 3  ( 3  1 +LOCK2-1 

S 1 5 G  ORS ** K 3  t 3 f +LOCK2 
L L S  3 6  

T R A  2 9 4  
REM SUBROUTINE SUB16 T O  I N I T I A L I Z E  SUB17 

SUB16 C L A  NK 
STD XWORD 
ARS 1 8  
ADD LOCK1 
STA S17B 
CLA NK 
ARS 18 
AD5 LOCK2 
STA S17G 
CLA 036 
STD X B I T  
C A L  K 1  
SLW T K 1  
C A L  K 2  
SLW TK2 
TRA 194 
REM FUNCTION SUB17 T O  TEST KEY WORDS 

LXD X B I T 9 1  
T I X  S17C,l,L 
LXD XWORD91 
T I X  5178,191 

TRA S17A 

SLW T K 1  

SLW TK2 
SXD XWORDsL 
LXD 03691  

SUB17 SXD X 1 9 1  

S 1 7 A  HPR 7 1  N AND KEY WORDS DISAGREE 

S 1 7 B  CAL * * s l  NK+LOCKl SET BY SUB16 

S17G C A L  **91 NK4LOCK2 SET BY SUB16 

SUBK 1 4 5  
SUBK 146 
SUBK 147 
SUBK 148 
SUBK 149 
SUBK 150 
SUBK 1 5 1  
SWBK 1 5 2  
SUBK 153  
SUBK 154 
SUBK 1 5 5  
SUBK 156 
SUBK 157 
SUBK 1 5 8  
SUBK 159 
SUBK 160 
SUBK 161, 
SUBK 152 
SUBK 163 
SUBK 164 
SUBK 165 
SUBK 166 
SUBK 167 
SUBK 168 
SUBK 169 
SUBK 170 
SUBK 1 7 1  
SUBK 172 
SUBK 173 
SUBK 174 
SUBK 1 7 5  
SUBK 176 
SUBK 177 
SUBK 178 
SLIBK 1 7 9  
SUBK 1 8 0  
SUBK 2 8 2  
SUBK 18.2 
SUBK 1 8 3  
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S17C SXD X B I T 9 1  
CAL T K l  
PBT 
TRA S17E 
ALS 1 
SLW T K 1  
C A L  TK2 
PBT 
TRA S17D 
ALS 1 
SLW TK2 
C L A  ONE 
TRA S l 7 F  

SLW TK2 
C L A  ONE 
CHS 
TRA S17F  

SLW T K 1  
C A L  TK2 
ALS 1 
SLW TKZ 
PXD 090  

TRA 2 1 4  
REM SUBROUT I NE SUB20 

SUB20 REW 5 
RTB 5 

5170 ALS 1 

S 1 7 E  ALS 1 

S 1 7 F  LXD X l b l  

TRA 
REM 
EQU 
EQU 
EQU 
PZE 

194 
CONSTANTS AND TEMPORARIES 
40 DIMENSION K l  AND K 2  
256 
16 
L l - L 2 - D I M K  

WORDS I N  XLS TAPE RECORD 3 
WORDS I N  XLS INTERSEGMENT STORAGE 
WORDS TO BE DISCARDED FROM TAPE 

DIMK 
L 1  
L2 
I D f S  
IDEMK PZE DIMK 
I 1  PZE 1 
I 3  PZE 3 
I 9  P I E  9 

SUBK 1 8 4  
SUBK 1 8 5  
SUBK 1 8 6  
SUBK 1 8 7  
SUBK 1 8 8  
SWBK 1 8 9  
SUBK 190 
SUBK 191  
SUBK 1 9 2  
SUBK 193  
SUBK 194 
SUBK 1 9 5  
SUBK 196 
SUBK, 197 
SUBK 1 9 8  
SUBK 199 
SUBK 200 
SUBK 2 0 1  
SUBK 202 
SUBK 2 0 3  
SUBK 204  
SUBK 205 
SUBK 206 
SUBK 2 0 7  
SUBK 2 0 8  
SUBK 209 
SUBK 210 
SUBK 211, 
SUBK 212 
SUBK 213 
SWBK 2 1 4  
SUBK 215 
SUBK 216 
SUBK 2 1 7  
SUBK 2 1 8  
SUBK 2 1 9  
SUBK 2 2 0  
SUBK 2 2 1  
SUBK 2 2 2  

1 
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D 3 6  PZE 070,36  
ONE DEC I r O  
LOCK1 P Z E  K 1  
LOCK2 P Z E  K 2  
K 1  BSS D I M K  
K 2  BSS D I M K  
T K 1  
TK2 
XWORD 
X B I T  
N K  
N 
X l  
x 2  
x 4  

END 0 

PRIMARY KEY WORDS 
DECONDARY KEY WORDS 
CURRENT K 1  
CURRENT K2 
K E Y  WORD COUNTER SAVED 
B I T  COUNTER SAVED 
NUMBER OF KEY WORDS USED 
ORDER O F  FIATRIX 
I D E X  SAVED HERE 
I D E X  SAVED HERE 
I D E X  SAVED HERE 

REM WRB 1471 SUBROUTINE READ(TAPE9LOC1 
ORG 0 
F U L  
MZE 0 ,094  
P Z E  
P Z E  RTB9+1  
P Z E  
BCD l R E A D  
P Z E  A 
ORG 0 
REL 
P Z E  
P Z E  
P Z E  

A SXD A - 3 9 1  
SXD A-292 
SXD A-194 
CLA 194 
STA RTB 
CLA 2 9 4  
S T A  R T B 4  

RTB CLA 0 

SAVE INDEX 1 
SAVE INDEX 2 
SAVE INDEX 4 

ADDRESS TO BE SET 

SUBK 223 
SUBK 2 2 4  
SUBK 2 2 5  
SUBK 2 2 6  
SUBK 227 
SUBK 2 2 8  
SUBK 2 2 9  
SUBK 230 
SUBK 2 3 1  
SUBK 2 3 2  
SUBK 233 
SUBK 2 3 4  
SUBK 235 
SUBK 2 3 6  
SUBK 237 
SUBK 2 3 8  
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R T B l  
RTBZ 

RTB3 

RTB4 

RTBS 

RTB6 

RTB7 
RTB8 
RTB9 

SET 

TO BE SET 

END OF F I L E  

ARS 1 8  
STO RTB9 
ADD RTB7 
STO RTB3 
C L A  RTB9 
ADD RTB8 
STO RTB6 
LXD R T B 5 9 1  
PXD 090 
PDX 0 9 2  
RTB 0 
RTT 
NOP 
CPY 0 9 2  
T X I  R T 6 4 9 2 9 1  
HTR R I B 3  
I OD 
RTT 
T X I  RTB690,3 
LXD A - 3 9 1  
LXD A-292 
LXD A - 1 9 4  
TRA 3 9 4  
BST 0 TO BE SET 
T I X  R T B 2 9 1 9 1  

RTB 0 CONST ANT 
BST 0 CONSTANT 
PZE TAPE NUMBER 
END 0 

HTR R T 8 1  RTT F A I L S  3 TIMES. START TO T R Y  AGAIN. 

REM 1471 WRB DUMMY RQUTINES. M A Y  BE SUPERCEDED BY USER, 
REM PROGRAM CARD 
FUL 
MZE 0,096 9 L  
PZE 
PZE SET+1  
P Z E  
BCD l S E T A  

SET 001 
SET 002 
SET 003 
SET 005 
SET 006 
SET 007 
SET 008 
SET 009 
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PZE SET 
BCD l S E T P  
PZE SET 6R 
REM SUBROUTINES SETA AND SETP 
REL 
ORG 0 

END 0 
SET T R A  194  

HED REM 1471 WRB DUMMY Ro'JTINES TO BE SUPERCEDED 
REM PROGRAM CARD 1 
FUL 
MZE 0 3 0 9 2 2  9 L  
PZE 
PZE HED-f-1 
PZE 
BCD l H E D l  
PZE HED 
BCD 2HED2 
PZE HED 
BCD 1HED3 
PZE HED 
BCD l H E D 4  
PZE HED 
BCD l H E D 5  
PZE HED 
BCD 1HED6 
PZE HED 
BCD l H E D 7  
PZE HED 
BCD fHED8 
PZE HED 
BCD 1HED9 
PZE HED 
BCD l H E D l O  
PZE HED 12R 
REM PROGRAM CARD 2 
MZE 0 9 0 9 2 0  9e 
PZE 

S E T  010 
SET 011 
SET 012 
SET 0 1 3  
SET 014  
SET 015  
SET 016 
SET 017 

HED 0 0 1  
HED 002 
HED 003 
HE0 004 
HED 005 
HED 006 
HED 007 
H E 0  008 
HE0 009  
HED 010 
HED 011 
HED 012 
HED 013 
HED 014 
HED 015 
HED 016 
HED 017 
HED 018 
HED 019 
HED 020 
HED 0 2 1  
HED 0 2 2  
HED 0 2 3  
HED 0 2 4  
HED 025 
HED 026 
HED 027 
HE0 028  
HED 029 
HED 030 
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BCD 1 H E D 1 1  
PZE HED 
BCD 1HED12 
PZE HED 
BCD l H E D 1 3  
PZE HED 
BCD 1HED14 
PZE HED 
BCD 1HED15 
PZE HED 
BCD 1HED16 
P / E  HED 
6CD 1HED17 
P I E  HE0 
BCD 1HED18 
PZE HED 
BCD 1HED19 
PZE HED 
BCD 1HED2O 
PZE HED 
REM DUMMY SUBROUTINE HED 
REL 
ORG 0 

END 0 

1 f R  

HED TRA l r 4  

PRE REM 1471 WRB DUMMY ROUTINES TO BE SUPERCEDED 
REM PROGRAM CARD 1 
FUL 
MZE 
PZE 
PZE 
PZE 
BCD 
PZE 
BCD 
PZE 
BCD 
PZE 

090922 

024-1 

I P R E l  
PRE 
I P R E 2  
PRE 
1PRE3 
PRE 

9L 

H E 0  0 3 1  
HED 0 3 2  
HED 0 3 3  
HED 0 3 4  
HED 035  
HED 036 
HED 037 
HED 038 
HED 0 3 9  
HED 040 
HED 0 4 1  
HED 0 4 2  
H E 0  043  
HED 044 
HED 045 
HED 046 
HED 047 
HED 0 4 8  
H E 0  049  
HED 050  
HED 051  
HED 052  
HED 053 
HED 0 5 4  
HED 055 

PRE 001 
PRE 002 
PRE 003 
PRE 004  
PRE 005 
PRE 006 
PRE 007 
PRE 008 
PRE 009 
PRE 010 
PRE 011 
PRE 012 
PRE 013 
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6CD l P R E 4  
P Z E  PRE 
BCD l P R E 5  
P Z E  PRE 
BCD I P R E 6  
PZE PRE 
BCD 1PRE7 
PZE PRE 
BCD 1PRE8 
PZE PRE 
BCD 1PRE9 
PZE PRE 
SCD l P R E l O  
P Z E  PRE 1 2 R  
REM PROGRAM CARD 2 
MZE 0 1 0 9 2 0  9 e  
PZE PRE 
BCD l P R E l l  
PZE PRE 
BCD 1PRE12 
PZE PRE 
BCD 1PRE13 
PZE PRE 
BCD l P R E l 4  
P I E  PRE 
BCD 1PRE15 
PZE PRE 
BCD 1PRE16 
PZE PRE 
BCD l P R E 1 7  
PZE PRE 
BCD 1PRE18 
PZE PRE 
BCD 1PRE19 
PZE PRE 
BCD l P R E 2 0  
PZE PRE 1 1 R  

REL 
REM DUMMY SUBROUTINE5 PRE 

PRE €314 
PRE 015 
PRE 016 
PRE 017 
PRE 018 
PRE 019 
PRE 020 
PRE 0 2 1  
PRE 022 
PRE 023 
PRE 0 2 4  
PRE 025 
PRE 026  
PRE 027  
PRE 028 
PRE 0 2 9  
PRE 030 
PRE 031 
PRE 032  
PRE 033  
PRE 034 
PRE 0 3 5  
PRE 036 
PRE 037 
PRE 038 
PRE 039  
PRE 040 
PRE 042 
PRE 042 
PRE 0 4 3  
PRE 0 4 4  
PRE 045  
PRE 046 
PRE 047 
PRE 048 
PRE 0 4 9  
PRE 0 5 0  
PRE 0 5 1  
PRE 0 5 2  
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ORG 0 
PRE CLA 0 2  

STO NG 
TRA 1 9 4  

D 2  PZE 0 9 0 9 2  
NG SYN 32562 

END 0 
7 7 4 6 2 ( 8 )  START OF COMMON 

FUN REM 1471 WRB DUMMY ROUTINES TO BE SUPERCEDED 
REM PROGRAM CARD 1 
FUL 
MZE 0,0,22 9 L  
PZE 
PZE 03+1 
PZE 
6CD l F U N l  
PZE FUN 
BCD 1FUN2 
PZE FUN 
BCD l F U N 3  
P Z E  FUN 
BCD I F U N 4  
PZE FUN 
BCD I F U N 5  
PZE FUN 
BCD kFUN6 
PZE FUN 
BCD 1FUN7 
P I E  FUN 
BCD l F U N 8  
PZE FUN 
ECD fFUN9 
P Z E  FUN 
BCD l F U N l O  
PZE FUN 12R 
REM PROGRAM CARD 2 
MZE 0 1 0 9 2 0  9L 
P I E  
BCD l F U N l l  

PRE 053 
PRE 0 5 4  
PRE 055  
PRE 056 
PRE 057 
PRE 0 5 8  
PRE 0 5 9  

FUN 001 
FUN 002 
FUN 003 
FUN 004 
FUN 005 
FUN 006 
FUN 007 
FUN 008 
FUN 009  
FUN 010 
FUN 011 
FUN 012 
FUN O f 3  
FUN 014 
FUN 0 1 5  
FUN 016 
FUN 017 
FUN 018  
FUN 019 
FUN 020 
FUN 021. 
FUN 022 
FUN 0 2 3  
FUN 0 2 4  
FUN 025 
FUN 026 
FUN 027 
FUN 028 
FUN 029 
FUN 030 
FUN 0 3 1  
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PZE FUN 
BCD l F U N l 2  
PZE FUN 
BCD 1FUN13 
PZE FUN 
BCD 1FUN14 
PZE FUN 
BCD l F U N 1 5  
PZE FUN 
BCD 1FUN16 
PZE FUN 
BCD l F U N 1 7  
PZE FUN 
BCD 1FUN18 
PZE FUN 
BCD 1FUN19 
PZE FUN 
BCD 1FUN20 
P Z E  FUN 1 1 R  
REM DUMMY SUBROUTINE FUN 
R E L  
ORG 0 

FUN CLA D3 
STO NG 
TRA 194 

D3 PZE 0,093 
NG SYN 3 2 5 6 2  7 7 4 6 2 / 8 )  START OF COMMON 

END 0 

OUT REM 1471 WRB DUMMY ROLITINES TO 6E SUPERCEDED 
REM PROGRAM C A R D  1 
FUL 
MZE 0,0,22 9 L  
PZE 
PZE OUT+1 
PZE 
BCD l O U T l  
PZE OUT 
BCD 10UT2 

FUN 0 3 2  
FUN 033  
FUN 034  
FUN 0 3 5  
FUN 036  
FUN 037 
FUN 038  
FUN 0 3 9  
FUN 040 
FUN 041  
FUN 042  
FUN 0 4 3  
FUN 044 
FUN 045 
FUN 046  
FUN 047 
FUN 048 
FUN 049 
FUN 050 
FUN 0 5 1  
FUN 052  
FUN 0 5 3  
FUN 0 5 4  
FUN 0 5 5  
FUN 056 
FUN 057 
FUN 058  
FUN 0 5 9  

OUT 001 
OUT 002 
OUT 003 
OUT 004 
OUT 005 
QUT 006 
OUT 0 0 7  
OUT 008 
O U T  0 0 9  
OUT 010 
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PZE OUT 
BCD 10UT3  
PZE OUT 
BCD 1 0 U T 4  
P Z F  0% T 
BCD 1 0 U T 5  
PZE OUT 
BCD 1 0 U T 6  
PZE OUT 
BCD 1 0 U T 7  
PZE OUT 
BCD 10UT8  
PZE OUT 
BCD LOUT9 
PZE OUT 
BCD l O U T l O  
PZE OUT 12R 
REM PROGRAM CARD 2 

PZE 
BCD l O U T l l  
PZE r3UT 
ECD l O U T 1 2  
PZE OUT 
BCD 1 0 U T 1 3  
PZE OUT 
BCD l O U T l 4  
PZE OUT 
BCD 10UT15 
PZE OUT 
BCD 1 0 U T 1 6  
PZE OUT 
BCD 1 0 U T 1 7  
PZE OUT 
BCD l O U T 1 8  
PZE OUT 
BCD 1 0 U T 1 9  
PZE OUT 
BCD 1 0 U T 2 0  

MZE 0 9 0 9 2 0  9L 

OUT 011 
OUT 012 
OUT 013 
OUT 0 1 4  
OUT 015 
OUT 016 
OUT 017 
OUT 0 1 8  
OUT 019 
OUT 020 
OUT 0 2 1  
OUT 0 2 2  
OUT 023  
OUT 0 2 4  
OUT 025  
OUT 026 
OUT 0 2 7  
OUT 028 
OUT 029  
OUT 0 3 0  
OUT 0 3 1  
OUT 032 
OUT 033 
OUT 0 3 4  
OUT 035 
OUT 036 
OUT 037 
OUT 0 3 8  
OUT 0 3 9  
OUT 040 
OUT 0 4 1  
OUT 042 
OUT 0 4 3  
OUT 044 
OUT 0 4 5  
OUT 0 4 6  
OUT 047 
OUT 0 4 8  
OUT 049 
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" . 

PZE OUT 11R 
REM DUMMY SUBROUTINE OUT 
REL 
ORG 0 

END 0 
OUT TRA 1 9 4  

CSEG2 1471 WRB SEGMENT 2 CALLING PROGRAM 
READ107 

107 FORMAT(72H 
1 1 
READ505,(IC(f)~I=1,10~ 
IF(IC(2))113,113,203 

113 CA&LSUB2(P9ICl 
IFIIC(1)-1~117~121~12~ 

117 REWIND5 
GOT0217 

121 CALLSUB3(IC(Sf) 
GOT0217 

125 REWIND5 
GOT0215 

203 J=IC(29 
READ2079(P(I),I=19J9 

IF(IC(l)-lf217,211,215 

GOT0121 

207 FORMAT18E9.4) 

211 CALLSUB20 

215 CALLSUB4(ICt6)) 
217 READ2079(AII),I=1,6) 

223 D02251=1921 
225 AM(I)=O*O 

IFIIC(3)-11323,223930? 

R E A D 2 0 7 ~ A M 1 1 ~ ~ A M ~ 7 ~ ~ A M o , A M f 1 6 9 , A M ~ l 6 ~ ~ A M ~ l 9 ~ ~ A ~ ~ 2 l ~  
D03051=1,21 

GOT0311 
305 AM[I)=AMII)*AM(I) 

3 0 9  READ207,~AM(I?,f=ls21~ 
311 K = l  

L=6 

OUT 050 
OUT 051 
OUT 052 
OUT 053 
OUT 0 5 4  
OUT 0 5 5  

SEG2 101 
SEG2 105 
SEG2 107 
SEG2 108 
SEG2 109 
SEG2 111 
SEG2 113 
SEGZ 115 
SEGZ 117 
SEG2 119 
SEG2 121 
SEGZ 123 
SEG2 125 
SEGZ 201 
SEG2 203 
SEGZ 2 0 5  
SEG2 207 

SEG2 211 
5EG2 213 
SEG2 215 
SEG2 217  
SEG2 2 2 1  
SEG2 223 
SEG2 2 2 5  
SEG2 301  
SEG2 303 
SEG2 305 
SEGZ 307 
SEG2 309 
SEG2 331 
SEG2 313 
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DO32 1 I = 1 9 6 

K=K+L 
3 2 1  LZL-1 
3 2 3  CALLSUB5 

401 N = I C ( 5 I  

D A ( f ) = ( O . O l ) ~ S Q R T F ( A M ( K ) )  

I F ( I C ( 1 f ) 4 f 1 9 4 1 1 9 4 0 1  

DO40 7 I = 1 9  N 
C A L t R E A D ( 6 r P M )  

407 DP(I)=10~01)*SQRTFfPM(Z)) 
REW I ND6 

411 WRITEOUTPUTTAPE39413 
413 FORMAT( lH1) 

WRITEOUTPUTTAPE3t lO7  
WRITEOUTPUTTAPE3t419  

419 FORMAT(1H 1 
421 I N S A V E = I N ( I )  
423 K = l  

D 0 5 0 9 I = l t 1 0  
L=K+23  
R E A D 5 0 5 , t I N ( J ) , J = K , L !  

5 0 5  F O R M A T ( 2 4 1 3 )  
I F  t I N (  L )  ) 5 0 9  9 5 1 1 9 5 0 9  

5 0 9  K = L  
5 1 1  I F ( I N ( l t ) 5 1 5 9 5 1 3 9 5 1 5  
5 1 3  P A U S E 7 7 7 7 7  

G O T 0 4 2 3  
5 1 5  f F f I N ( 1 ) - I N S A V E ) 5 f 7 r 5 1 9 , 5 1 7  
5 1 7  CALLSUB7 
519 I F t I N ( 1 ) - 1 0 0 ) 5 2 1 , 5 2 1 ~ ~ 2 5  
5 2 1  CALLSUB19  

5 2 5  C A L L S U B 2 1  
G O T 0 4 2 1  

G O T 0 4 2 1  
END( 0 9 1 t O , O + O  1 

CSUBlO 1471  WRB MULTIVALUED FUNCTIONS 7 9  89 AND 9 
SUBROUTINESUB10 
C O M M O N N G , I C , P M , D P ~ D F D p , A M , D A , D F D A , T N , f S , I S 9 A 9 A A ~ ~ B ~ F ~ ~ X ~ ~  

SEG2 3 1 5  
SEG2 3 1 7  
SEG2 319 
SEG2 3 2 1  
SEG2 3 2 3  
SEG2 3 2 5  
SEG2 401 
SEG2 403 
SEG2 4 0 5  
SEGZ 407 
SEGZ 409 
SEG2 411 
SEG2 413 
SEGZ 415 
SEG2 417 
SEG2 419 
SEG2 4 2 1  
S E G 2  423 
SEG2 425  
SEG2 5 0 1  
SEG2 503 
SEG2 505  
SEG2 5 0 7  
SEG2 509 
SEG2 511 
SEG2 513 
SEG2 514 
SEG2 515 
SEG2 517 
SEGZ 519 
SEG2 5 2 1  
SEG2 5 2 3  
SEGZ 5 2 5  
SEG2 6 0 1  
SEGZ 603  

SUB10 01 
SUB10 03 
COM 0 1  
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CSUB5 1471 WRB READ SYMMETRY CARDS 
SUBROUT INESUB5 
C O M M O N N G , I C , P M , D P e D F D P , A M 1 D B J D F D A ~ D F O A ~ I N ~ T S ~ I S 9 A ~ A A ~ B % ~ F ~ ~ ~ ~ P  
DIMENSIONIC~1O~ ~ P M ~ 2 5 1 ) , D P o , D F D P ~ 2 5 l ~ ~ D F D ~425l~~AM~2l~~DA~6~~DFDA~6~ 
D f M E N S I O N I N ( 2 3 1 ) , T S 1 3 , 4 ~ ) ~ I S ~ 2 ~ 3 ~ 4 8 ) ~ A ( 6 ~ ~ A A ( 3 ~ 3 ~ ~ B B ( 3 ~ 3 9 ~ P ~ 3 0 0 )  
N S = I  C 4 1 
T F f N S - 4 8 ) 1 0 7 ~ 1 0 7 ~ 2 0 3  

203 STOP5 
107 E F ( N S ~ 1 1 7 ~ 1 1 7 ~ 1 0 9  
109 D0115KZ1 ,PIS 

R E A D 1  13  9 ( TS f J ,K 1 9 J=Z 9 3 1 
113 F O R M A f ( E l l o 8 , 4 H  E L I  .8 9 4 H  E l  1 8 9 4 H  1 
1 1 5  C A C L S U % 6 ( I S ( l , l , K f 9  
117 RETURN 

END ( 0  9 1 ~ 0 9 0 9 0 )  

CSUB8 1471 WRB COMPUTE ALL D I S T A N C E S  BETWEEN TWO MOLECULES 
SUBROUTINESUB8 
COMMONNG,IC,PM,DP,DFDP,AMJDAsDFDA,IN,TS,IS~A,AA,BB,F~FX~P 
DIMENSIONIC(lO)~PM4251),DP(2519aDFDP(Z5l~~DF~P~25l~~AM~2l~~DA~6~~DF~A~6~ 
D I M E N S I O N I N ( 2 3 1 )  , T S ( 3 , 4 8 )  ,IS(2,3,48),A(6),AA(3,3) , B B ( 3 9 3 )  ,P(300) 
I F ( I N ~ 6 ) 1 1 0 7 ~ 1 0 7 ~ 1 1 3  

G O T 0 1 1 3  
111 D M A X = I N ( 6 ) / 1 0  
113 N = I N I 2 )  

117 D 0 2 1 5 1 = 1 , N  
I N ( 2 ) = I  
D 0 2 1 3 J = l , N  
I F ( I N ( 3 ) - I N ( 5 )  1 2 0 1 9 1 2 5 9 2 0 1  

107 DMAXt4 .0  

IF(N1217+217rlll 

D I M  0 1  
D I M  03  
S U B 1 0  05 
SUB10 07 
SUB10 09 
SUB10 11 
SUB10 13 

SUB5 1 0 1  
SUB5 1 0 3  
COM 01 
D I M  0 1  
DIM 03 
SUB5 105 
SU85  201 
SUB5 203 
S U B 5  107 
SUB5 109 
SUB5 111 
SUB5 113 
SUB5 1 1 5  
SUB5 111 
SUE35 119 

SUB8 101 
SUB8 1 0 3  
CQM 0 1  
D I M  01 
D I M  03  
SUB8 105  
SUB8 107 
SUB8 109 
SUB8 111 
SUB8 113 
SUB8 1 1 5  
SUB8 117 
SUB8 119 
SUB8 121 
SUB8 1 2 3  

I 
o\ 
M 

8 ‘. 
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\ 
1 2 5  I F ( J - I ) 2 0 1 , 2 1 5 , 2 1 5  
2 0 1  I N ( 4 ) = J  

NG=O 
CALLSUB12 
I F t F X - D M A X ) 2 0 9 , 2 0 9 * 2 1 3  

CALLSUB13 
209  F=FX 

2 1 3  CONTINUE 
2 1 5  CONTINUE 
2 1 7  RETURN 

E N D f 0 * 1 , 0 * 0 9 0 )  

4A BE3 F,FX 

C S U B l l  1471 WRB MULTIVALUED FUNCTIONS 10 AND 11 
SUBROUTINESUB11 
COMMONNG,IC,PM,DP,DFDp~AM,DA,DFDA,INJTS,IS~A 

SUB8 1 2 5  
SUB8 2 0 1  
SUB8 203 
SUB8 2 0 5  
SUB8 207 
SUB8 209  
SUB8 2 1 1  
S U B 8  213 
SUB8 2 1 5  
SUB8 2 1 7  
SWB8 219 

S U B 1 1  0 1  
S U B l l  03 
cot4 0’1, 
D I M  0 1  
D I M  03 
S U B 1 1  05  
SUB11 07 
S U B l l  09 
S U B l l  11 
S U B 1 1  1 3  
S U B 1 1  1 5  
SUB11 17  

C S U B l 3  1471  WRB ERROR CALCULATION AND OUTPUT S U B 1 3 1 0 1  
SUBROUTINESUB13 

D I M E N S I O N I C ( l O ) , P M ( 2 5 1 1 , D P ( 2 5 l ) , D F D P ( 2 5 l ) ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  D I M  0 1  

I F ( N G l 1 0 5 ~ 1 1 3 ~ 1 0 5  S U B 1 3 1 0 3  
S U B 1 3 1 0 5  1 0 5  WRITEOUTPUTTAPE3,107jh’G 

107 FORMAT(55HO *** S U B 1 3 1 0 7  
113)  S U B 1 3 1 0 9  

G O T 0 7 1 5  S U B 1 3 1 1 1  
S U B 1 3 f l 3  

VARP=O*O S U B 1 3 1  1 5  
I F ( I C ( 3 ) ) 1 1 9 , 3 1 3 , 1 1 9  SUB1 3 117 

119 D 0 2 1 1 1 = 1 , 6  S U B 1 3 1 2 0  

COMNONMG,IC,PM‘ ,DP,DFDp,AM,DA,DA~DFDA, I~ ,TS, IS ,A~AA~BB~F~~X~P COM 01 

D I M E N S I O N I N ( 2 3 1 ) , T S ( 3 , 4 8 f J I S ( 2 ~ 3 ~ 4 8 ) , A ( 6 ) ~ A A ( 3 ~ 3 ~ ~ ~ B ( 3 ~ 3 ) ~ P ( 3 0 0 )  D I M  03 

1 1 3  VARA=O.O 

i 

* . I 
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IFfDAIIl~201~123,201 
123 DFDA( Il=OaO 

GOT0211 

A(If=A(If+DA(Il 
CALLSUB12 
A(I)=SAVEA 
DFDA(I)=(FX-FI/DA(II 

K = l  
L=6 
D03111=1,6 
IF(DFDA(I))225,2219225 

GOT0311 

D0309JzI 9 6  

IFtDFDA(J))305,307,305 

201 SAVEA=A(I) 

211 CONTINUE 

221 K=K+L 

225 C=la0 

305 VARA=VARA+C*DFDA(I)*D!=DA(Jl*AM(K) 
307 K=K+1 
309 Cz2.0 
331 L=L-1 
313 IF(IC(lt)315,525+315 
315 CALLSUB14 

CALLSUB 16 
J = O  
N=IC(51 
DO42 31 = 1 ,N 

S=SUB17( J )  

FREQUENCY403(10,2,1) 

GOT0423 

325 J=J+1 

403 IF(S)407,325~411 

407 DFDP(II=OaO 

411 IF(DP(I))413,407,413 
413 SAVEP=P(J) 

P(J)=P(J)+DP(I) 
CALLSUB 12 
P(J)=SAVEP 

SWBl312 1 
SUB13123 
SUB13 1 2 5  
SUB13201 
SUB 13 2 0  3 
SUB13205 
SUB13207 
SUB 13 2 09 
SUB13211 
SUB132 13 
SUB13215 
SUB13217 
SUB13239 
SUB13221 
SU613223 
SUB13225 
SUBl 3 30 1 
SUB13303 
SUB13305 
SUB13307 
SUB13309 
SUB 1331 1 
SUB13313 
SUB13315 
SUB13317 
SUB13319 
SUB1 332 1 
SUBl 3 323 
SUB13325 
SUBl 3401 
SUB 13403 
SUBl 3405 
SUB13407 
SUE313409 
SUB 1341 1 
SUB13413 
SU8134L5 
SUB13417 
SUBl 3419 
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D F D P ( I ) = ( F X - F ) / D P [ I )  
L= I 

D 0 5 1 9 1 = 1 , L  
CALLREAD(6,PM) 

4 2 3  CONTINUE 

5 0 3  I F ( D F D P ( I ) 1 5 0 5 , 5 1 9 9 5 0 5  
5 0 5  Cz1.0 

K = l  
D 0 5 1 7 J = I , t  

5 1 1  I F ( O F D P ( J ) ) 5 1 3 + 5 1 5 ~ 5 1 3  
5 1 3  VARP=VARP+C*DFDP(I)*DFDP(J)*PM(KI 
5 1 5  K=K-i-1 

5 1 9  CONTINUE 
5 1 7  Cz2.0 

F R E Q U E N C Y 5 0 3 1 1 ~ 1 0 ~ 1 ~ , 5 1 1 0  
REWI ND6 

5 2 5  I F ( N G ) 6 0 1 , 6 0 9 , 6 0 1  
6 0 1  WRfTEOUTPUTTAPE3,603,F,NG 
6 0 3  FORMAT(49HO 

GOT0715  

E=SQRTF(VARP+VARAI 
I F ( I C ( L ) ) 6 1 5 , 6 1 7 , 6 1 5  

6 1 5  I F ( I C ( 3 f 1 6 1 9 ~ 7 0 1 ~ 6 1 9  
6 1 7  I F ( I C ( 3 1 ) 7 0 1 + 7 0 9 , 7 0 1  
6 1 9  WRITEOUTPUTTAPE3,621,FJE,E1 
6 2 1  F O R M A f ( 4 9 H O  

GOT0715 
701 WRITEOUTPUTTAPE3,703,F,E 
7 0 3  FORMAT( 4 9 H 0  

COT0715  

71  1 FORMAT ( 4 9 H O  
7 1 5  CALLSUB18 

RETURN 
END(O*1,0,0,0)  

1 9 H  * * * I 3 1  

609 E l = S Q R T F t V A R P )  

l F 9 r 4 9 5 H  +OR-F7*4,2H ( F 7 0 4 9 1 H 1 )  

1F9.455H +OR-F7.4) 

709 WRITE OUTPUT T A P E  39 711, F 

S U B l  3421 
SUB13422  
SUB13423  
SUB13425  
S U B 1 3 5 0 1  
S U B 1 3 5 0 3  
SUB 1 3 5 0 5  
S U B 1 3 5 0 7  
SUB13509  
S U B l  3 5 1 1  
S U B 1 3 5 1 3  
SUB 1 3 5  1 5  
SUB13517  
S U B l  3 5 1 9  
SUB1 3 5 2 1  
SUB13523  
SWB13525 
S U B 1 3 6 0 1  

SUB13605  
SUB13607  
SUB13609  
S U B 1 3 6 1  1 
SUB13613  
S U B l  3 6 1 5  
S U B 1 3 6 1 7  
SUB1 3619 
SUB1362  1 
S U B 1 3 6 2 3  
S U B 2 3 6 2 5  
S U B 1 3 7 0 1  
S U B 1 3 7 0 3  
SUB13705  
SUB13707  
SUB13709  

SUB13715  
S U B 1 3 7 1 7  
S U B 1 3 7 1 9  

F9.49 SUB13603  

F9.4) S U B 1 3 7 1 1  
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CSUB19 1 4 7 1  WRB FUNCTION PQD ERROR CALCULATION 
SUBROUTINESUB19 

IF(IN(1))117~117~109 
109 I F f ~ N ( l f - 2 0 ) 1 1 1 ~ 1 1 1 ~ ~ ~ 7  
111 CALLSUB12 

F=FX 
CALLSUB 13 

END t 0 9 1 9 0  $ 0  90 ) 
117 RETURN 

CSUB2 

111 
113 
115 
117 
119 

123 

211 

2 1 5  

1 1 4 7 1  WRB COMPUTE MULTIVALUED FUNCTIONS 
SUBROUTINESUB21 

I N t 1 ? = I N (1 1 - 1 0 0 3C I H 
IF { I N  f 1)-11~11 I, 111 9319 
IFfIN(ll-9)113,113,305 
I F t I N ( 11 -6 1 115 9 11 5 ,215 
IFfINfl)-1)117~117~31~ 
IF(IH-1)119,119,123 
CALtSUB8 
GOT0319 
N=IN(Z) 
M=IC ( 4  )+1 
IN(31=0 
D02111=1,8 
DO2 11 J = l *  M 
IN(21=N 
INt51=100*(I-I)+J-l 
CALLSUB8 
GOT0319 
IF( Ifl-1)21792179221 

SUBl 91 0 1  
SUB1 9103 
COM 01 
DIM 01 
DIM 0 3  
SUBl 9105 
SUB19107 
SUB 19 109 
SUB19111 
SUB 191 13 
SUB 1911 5 
SUB19117 
SUB1 9119 

SUB2 110 1 
SUB21 103 
COM 01 
DIM 01 
DIM 03 
SUB2 11 05 
SUB21 107 
SUB21 109 
SUB2111 1 
SUB2 11 13 
SUB2 11 15 
SUB2 11 17 
SUB21119 
SUB21121 
SUB21 123 
SUB21125 
SUB21201 
SUB21203 
SUB21205 
SUB21207 
SUB21209 
SUB21211 
SUB2 12 13 
SUB2 1 2  15 
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2 1 7  CALLSUB10 
G O T 0 3 1 9  

2 2 1  N = I N ( 2 )  
DO30 1 I =1* N 
I N ( Z I = I  

G O T 0 3 1 9  
3 0 1  CALLSUB10 

3 0 5  I F ( 1 H - 1 1 3 0 7 ~ 3 0 7 , 3 1 1  
3 0 7  C A L L S U B l l  

GOT0339 
3 1 1  N = I N / Z l  

D 0 3 1 7 1 = 1 , N  
I N ( 2 I = I  

317 C A L L S U B l l  
319 RETURN 

E N D ( O * l J O + O ~ O )  

CSETKX 1 4 7 1  WRB SET KEY WCRDS FOR ATOM COORDINATES 
S U B R O U T I N E S E T K X ( I 1  

C I = I N ( K I r  THE INSTRUCTION INTEGER S P E C I F Y I N G  THE ATOM NUMBER 
COMMONNG,IC,PM,DP,DFD~,AM,DA,DFDA,IN,TS, IS,A,AAJB~,F*FX~P 
D f M E N S I O N I C ~ 1 ~ ) ~ P M f 2 5 r l , D P ~ Z 5 l ~ ~ ~ F ~ P ( 2 ~ l ~ ~ A M ~ 2 l l ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  
DIMENSIONIN(231),TSt3,48) s IS /2 ,3 ,48 ) ,A /6 } ,AA(3 ,3 ) ,BB(3 ,3 ) ,P (3001  
D I M E N S I O N K 3 ( 3 1  
I F ( I ~ 1 2 3 9 1 2 3 ~ 1 1 1  

J = I C ( 8 1 + I C ( 7 ) * ( 1 - 1 ~  
K = J / 3 6  
K 3 / 2 ) = J - 3 6 * K  
K 3  ( 3  1 =K+1 
C A L t S U B 1 5 ( K 3 )  

E N D ( 0 ,  1,0,0,0) 

111 K 3 ( 1 ) = 3  

1 2 3  RETURN 

SUB2 I2 17 
SUB2 1 2 1 9  
SUB2 1 2 2  1 
SUB2 1 2 2 3  
S U B 2 1 2 2 5  
SUB2 130 1 
SUE321303 
S U B 2 1 3 0 5  
S U B 2 1 3 0 7  
S U B 2 1 3 0 9  
S U B 2 1 3 1 1  
SUB2 1 3 1  3 
S U B 2 1 3 1 5  
SUE321317 
SUB2 1 3 1 9  
SUB2 1 3 2 1  

S E T K X l  
S E T K X l  
S E T K X l  
COM 01  
D I M  0 1  
D I M  03 
SETKXL 
S E T K X l  
SETKX1 
S E T K X l  
S E T K X I  
S E T K X l  
SEtlCX1 
SETKX1 
S E f K X l  
S E T K X I  

CSETKB 1475, WRB SET KEY WORDS FOR ATOM BETAS S E T K B l  
S U B R O U T I N E S E T K B ( I 1  SETICE31 

C I = I N ( K ) ,  THE INSTRUCTION INTEGER S P E C I F Y I N G  THE ATOM NUMBER S E T K B l  
C O M M O N N G , I C , P M ~ D P , D F D p t A M , D A ~ D F D A , I N , T S , I ~ ~ A ~ A A ~ B B ~ F ~ F X ~ P  COM 0 1  
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D I M E N S I O N I C f l O l ~ P M ( 2 5 1 )  , D P ( 2 5 1 ) , D F D P ( 2 5 1 ) , A M / 2 1 E s D A ( b ) , D F D A ( 6 )  D I M  01 D I M E N S I O N I N ( 2 3 1 )  , T S ( 3 , 4 8 )  , I S ( 2 , 3 , 4 8 ) , A i 6 ) , A A ( 3 , 3 ~  , B B ( 3 9 3 ) 9 P ( 3 0 0 )  D I M  03 

D I M E N S I O N K 3 ( 3 )  S E T K B l  
I F ( I ) 1 2 3 9 1 2 3 , 1 1 1  S E T K B l  

111 K 3 ( 1 ) = 6  S E T K B l  S E T K B I  
S E T K B l  
S E T K B l  
S E T K B l  
S E T K B l  
S E T K B l  
S E T K B l  

CSTOAA 1 4 7 1  WRB STORE M E T p I C  TENSOR 
SUBROUTINESTOAA 

CSTOBB 1 4 7 1  WRB STORE RECIPROCAL M E T R I C  TENSOR 
SUBROUTINESTOBB 

S T O A A l  
S T O A A l  
CQM 01 
D I M  01 
D I M  03 
S T O A A l  
S T O A A l  
S T O A A l  
S T Q A A l  
S T O A A l  
S T O A A l  
S T Q A A l  
S T O A A l  
S T O A A l  
S T O A A l  
STOAAI. 

S T O B B l O l  
S T O B B 1 0 3  
COM 01 
D I M  01 
DIM 0 3  
STOBBIOS 
S T O B B 1 0 7  
STQBf31Q9 
S T O B B l l k  
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C A T O M  

1 0 9  

117 

5 0 3  

119 

1471  WRB ATOM COORDINATE SUBROUTINE 
SUBROUTINEATOM(1,Zl  
COMMONNG,IC,PM,DP,DFDp,AM,DA,DFDA,IN,TS,I~,A,AA,EB,F,F~~P 
D I M E N S I O N i C I 1 O I ~ P M ~ 2 5 1 1 J D P / 2 5 f f , D F D P I 2 5 1 ~ ~ A ~ ~ Z l ~ ~ D A ~ 6 ~ ~ D F ~ ~ ~ 6 ~  
DIMENSIONIN(23l),TS(3,48) , I S t 2 , 3 , 4 8 ) , A ( 6 ) , A A ( 3 J 3 f  ,BB(393),PP300) 
D I M E N S I O N 1  ( 2  f ,X f 3 j J Y  ( 3 )  92 (3) 
I F ( I ~ 1 ) ) 1 0 9 ~ 1 0 9 ~ 1 1 7  
X (  1 1  =0.0 
X I  2 =0.0 
X I  3 )  =o.o 
G O T 0 1 2 5  
K = I C [ 7 ) * c ( I  f l ) - l f + I C ( 8 )  
I F ( K + 2 - I C ( 2 ) ) 1 1 9 ~ 1 1 9 , 5 0 3  
NG=5 
G O T 0 3 2 5  
DO12 3 J = l j  3 
X I  J l  =P (Kl 

STQi38113 
STOB5115 
STOBB117 
STOBB119 
STOBB121 
STOBB123 
S T O B B l 2 5  
STOBB201 
STOBB203 
STOBB205 
STOBB207 
STOBB209 
STOBB211 
STOBB213 
STOBB2 1 5  
S T Q B 6 2 1 7  
STOBB219 
S TOB B 2 2  1 
S TOBB 2 2 3  
STOB8225 
5 7 0 8 8 2 2 7  

ATOM 
ATOM 
COM 
D I M  
D I M  
ATOM 
ATOM 
ATOM 
ATOM 
A f Q M  
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 

1 0 1  
103 
01, 
0 1  
03 

105  
107 
109 
111 
113 
115 
117 
501 
503 
505 
119 
1 2 1  
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123  K = K + 1  
‘125 KC=I(21/100 

K S = I  f 2 ) - 1 0 0 * K C  
I F ( K S - I C f 4 1 ) 2 0 3 ~ 2 0 3 , 4 0 3  

G O T 0 3 2 5  
403 NG=1 

203 I f ( K S ) 4 0 3 , 2 0 5 , 2 1 3  
2 0 5  Y I l ) = X ( l )  

Y f 2  ) = X (  2 )  
Y ( 3  1 = X (  31 
G O T 0 3 1 1  

2 1 3  D 0 2 1 5 J = l 9 3  
2 1 5  Y ( J j t T S ( J 9 K . S )  

D 0 3 0 9 K = 1 , 3  
D 0 3 0 7 J = f  92 
L= I S  ( J 9 K,KS ) 
I F f L ) 2 2 5 9 3 0 7 9 3 0 5  

Y ( K ) = Y ( K ) - X [ L )  
G O T 0 3 0 7  

3 0 5  Y ( K ) = Y ( K ) + X ( L )  
307 CONTIMUE 
309 C O N T I N U E  
3 x 1  K C 4 = K C / 4  

2 2 5  L=-L 

K C 3 =  KC-4*KC4 
K C Z = K C 3 / 2  
K C  1= KC3-2*KC2 
Z ( l ) = Y f l ) - F L O A T F I K C l )  
Z ( Z ) = Y ( Z ) - F L O A T F ( K C 2 )  
Z ( 3 ) = Y ( 3 f - F L O A T F ( K C 4 )  

ENDfO,J.*O9O,O) 
3 2 5  RETURN 

CBETA 1471  WRB STORE TRANSFORMED A N I S O T R O P I C  TEMP FACTOR M A T R I X  
S U B R O U T I N E B E T A ( I N S 9 2 S  
C O M M O N N G ~ I C , P M , D P J D F ~ ~ ~ A M ~ D A ~ D F D ~ ~ I N ~ ~ S J I S , A ~ A A ~ B ~ ~ F $ F X , P  
D I M E N S I O N f C ( 1 O ~ ~ P M f 2 5 1 ) , D P [ 2 5 1 ) , D F D P ( Z 5 l ~ ~ D F D P ~ 2 5 l ~ ~ A ~ ~ 2 l ~ ~ D A ~ 6 ~ ~ ~ F D A ( 6 ~  
D I M E N S I O N I N ( 2 3 1 )  9 T W 3 9 4 8 )  , I S ( 2 9 3 9 4 8 ) , A f 6 )  9 A A ( 3 9 3 f  , B B ( 3 * 3 )  ,P(SOO) 
D I M E N S I O N f N S I Z ) , Z ( 3 , 3 9 1 8 1 ( 6 ) r 8 2 ( 9 1  

ATOM 123  
ATOM 125  
ATOM 2 0 1  
ATOM 401 
ATOM 403 
ATOM 405 
ATOM 203 
ATOM 205 
ATOM 207 
ATOM 2 0 9  
ATOM 2 1 1  
ATOM 213 
ATOM 215  
ATOM 2 1 f  
ATOM 219  
ATOM 2 2 1  
ATOM 223 
ATOM 225  
ATOM 301 
ATOM 303 
ATOM 305 
ATOM 307 
ATOM 309 
ATOM 3 3 1  
ATOM 313 
ATOM 315 
ATOM 317 
ATOM 319 
ATOM 322 
ATOM 323 
ATOM 325 
ATOM 327 

B E T A  1 
BETA I, 
COM 01 
D I M  01 
D I M  03 
BETA 1 

Page 221



C I N S  I S  ATOM DESCRIPTIO49  2 I S  TRANSFORMED MATRIX 
I F ( I C ( 9 ) - 6 ) 1 1 1 ~ 1 1 5 ~ 1 1 ~  

GOT0423  

I F I K S ) 1 2 1 ~ 1 1 9 ~ 1 1 9  

2 1 1  NG=4 

1 1 5  K S = X M O D F I I N S ( 2 ) , 1 0 0 )  

119 I F ( K S - I C I 4 ~ ~ 1 2 5 , 1 2 5 , 1 2 ~  
1 2 1  NC=1 

G O T 0 4 2 3  
125 I F (  I N S (  1 )  ) 2 1 1 9 2 0 1 9 2 0 7  
2 0 1  D 0 2 0 3 1 = 1 , 6  
203 B l ( I ) = O o O  

G O T 0 2 2 1  
207  J=IC(lOf+IC19)~(INS~l)-l) 

IF(J+5-IC(25)215,215,211 
2 1 1  NG=5 

G O T 0 4 2 3  
2 1 5  D 0 2 1 9 1 = 3 , 6  

B l ( T ) = P ( J I  
219 J=J+1 
221 B Z f l ) = B l t l )  

8 2  ( 2  1 = B 1 ( 4 )  
8 2  ( 3  f = B 1 { 5  1 
B 2 ( 4 1 = B 1 ( 2 )  
B 2 ( 6 ) = 8 1 ( 6 )  
8 2  ( 9  j = B 1 ( 3 1  
D 0 4 2 1 1 = 1 + 3  
D 0 4 1 9 J z I  93 
l F ( K S ) 1 2 1 , 3 1 3 , 3 1 9  

B 3 = B 2 1 M )  
G O T 0 4 1 5  

D 0 4 1 3 K = 1 9 2  
D 0 4 1 1 L = 1 9 2  
M = I S ( K , I ~ K S ) ~ I S ~ L J J ~ K S )  
I F  ( M ) 4 0 7 9 4 1 1 , 4 0 3  

4 0 3  B 3 = B 3 + B 2 ( M )  
G O T 0 4 1 1  

313 M = I * J  

319 8 3 ~ 0 . 0  

BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 1 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 2 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 3 
BETA 4 
BETA 4 
BETA 4 

I 

'. 

r 

i 

'. 
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407 

411 
413 
415 

419 
4 2  1 
4 2 3  

CMM 
C 

117 

CMV 
C 

1 1 3  

CVM 
C 

M=-M 
8 3 = B 3 - B 2 ( M )  
CONTINUE 
CONT IMUE 
2 ( I  9 J ) = B 3  
2 (J, I I z B 3  
CONTINUE 
CONTINUE 
RETURN 
E N D ( 0 , 1 * 0 * 0 , 0 9  

1471 WRB M A T R I X  * VECTOR 
2 ( 3 ) = X ( 3 , 3 ) * Y / 3 )  

SUBROUT INEMVf X ,Y 92 B 
D I M E N S I O N X ( 3 9 3 ) , Y ( 3 3 9 7 ( 3 )  
D O 1  1 3  I=1 B 3 
Z ~ I ~ = O * O  
D O 1  1 3  J = l 9 3  
Z ( I J = Z f I ) + X f I , J ) ~ Y f J )  
RETURN 
END? 0 9 1 9 0  9 0  9 0  1 

1471 WRB TRANSPOSED VECTOR TIMES M A T R I X  
Z 1 3 1 = X ( 3 ) * Y ( 3 , 3 )  

SUBROUTINEVM(X,Y*Z)  
DIMENSIONXf3)~Y(3,3)%7(3) 
DO 11 5 J = l 9 3  

BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 
BETA 4 

MM 101 
MM 103 
MM 105 
MM 109 
MM 209 
MM 111 
MM 1 1 3  
MM 115 
MM 117 
MM 119 
MM 1 2 1  

MV 1 
MV 1 
MV 1 
MV 1 
MV 1 
MV 1 
MV 1 
MV 1 
MV 1 
MV I 

VM 101 
VM 103 
VM 105 
Vtdt 107 
VM 109 
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cvv 1 4 7 1  WRB TRANSPOSED VECTOR * VECTOR 
C V V = X f 3 1 * Y [ 3 )  

F U N C T I O N V V ( X 9 Y )  
D I M E N S I O N X ( ~ ) J Y / ~ )  
VV=O.O 
D O l l l 1 = 1 , 3  

111 V V = v V + X t I 9 * Y ( I ~  
RETURN 
END f 0 s 1 9 0  9 0  90 1 

CVMV 14.71 WRB TRANSPOSED VECTOR * MATRIX * VECTOR 
C V M V = W f 3 ) * X ( 3 , 3 l * Y ( 3 )  

FUNCTIONVMVIW,X,Y) 
DIMENSIONW13),X13,3),y(3f,Z(3),2(3) 
C A L i M V ( X , Y s Z )  
VMV=VV(W,Z) 
RETURN 
END(O,I~O,O+OS 

C D I F V  1 4 7 1  WRB VECTOR - VECTOR 
C z ( 3 9 = x  ( 3 1 -Y 3 1 

SUBROUTINEDIFVt  X ,Y 12 1 
D I M E N S I O N X ( 3 )  9 Y t 3 )  + z ( 3 1  
D O l l l 1 = 1 ~ 3  

111 Z ~ I l = X t I l - Y ~ I ~  
RETURN 
E N D ( O + ~ , O , O ~ O ~  

CSUMV 1471  WRB COMPUTE T I E  SUM OF TWO VECTORS 
C 2 ( 3 ) = X  ( 3 9 +Y ( 3 1 

SUBROUTINESUMV(XsY,Z9 
D I M E N S I O N X ( 3 ) 9 Y ( 3 ~ 9 2 1 3 3  
D O l l l I = 1 9 3  

VM 111 
Vp4 213 
VM 1 1 5  
VM 117 
VM 119 

vv 1 
vv 1 
vv 1 
VV 1 
vv 1 
vv f 
vv 1 
vv 1 
vv 1 

VMV 1 
VMV 1 
VMV 1 
VMV 1 
VMV t 
VMV 1 
VMV 1 
VMV 1 

DIFV 1 
DIFV 1 
OlFV I. 
D I F V  h 
D I F V  1 
DIFV 1 

D f F V  1 
D w v  1 

SUMV 101 
SUMV 103 
SUMV 1 0 5  
SUMV 107 
SUMV 109 

n 
4 
f 
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NORM 125 

CAXES 1 4 7 1  WRB STORE THREE MUTUALLY PERPENDICULAR 
C VECTORS X ( I , l ) $  X f I , 2 ) 9  AND X ( I i 3 9  G I V E N  
C VECTORS U AND V. 

SUBROUTINEAXES(U,V,X) 
D I M E N S I O N U ( 3 ) , V ( 3 ) + X ~ 3 ~ 3 )  
D 0 1 1 3 1 = 1 , 3  

C A L L N O R M f U , V , X f l , 2 ) 9  
C A L t N O R M ( X ( l t l ) , X ( 1 , 2 9 9 X ( L , 3 f )  
RETURN 
END(O,190,0 ,0)  

1 1 3  X ( I , l ) = U [ I I  

C E I G V A L  1471 WRB F I N D  EIGEhWALUES Y OF M A T R I X  W 
S U B R O U T I N E E I G V A L ( W ~ Y I  
COMMONNG 
D I M E N S I O N W ( 3 , 3 ) , Y ( 3 ) , X I 3 ) , 2 ( 6 9 6 )  
D 0 1 1 9 J = 1 , 3  
0 0 1 1 9 1 = 1 ~ 3  
Z l = W (  I 9 J 9  

Z (  I ,  J)  =Zl 
Z ( I + 3 , J t = 2 1  
Z 1 I , J + 3 t = Z 1  

P = Q i O  
Q = O * O  
R = O i O  
D 0 2 0 7 1 = 1 , 3  
P=P-Z(  1 9 1 )  
Q = Q + Z ( I , I ) ~ Z ( I ~ l , I + 1 9 - Z ( I , I + ~ ) * Z ~ I + ~ i I )  

P 3 = P J 3 . 0  
A =Q-P*P 3 
5 = 2 . O * P 3 " P 3 ~ P 3 - Q ~ P 3 + R  
B 2 = B  / 2  00 
A 3=A / 3 0 

119 2 ( 1 + 3 , J + 3 f = Z l  

2 0 7  R ~ R + Z f 3 ~ 1 9 ~ Z ~ 2 ~ 1 ~ 1 ~ * Z I 1 , 1 + 2 ) ~ 2 ~ 1 ~ 1 ? * Z ~ 2 ~ 1 + 1 ~ * Z ~ 3 ~ I ~ 2 ~  

B 4 = B 2 * 8 2  
A 2 7 = A 3 * A 3 * A 3  

AXES 1 0 1  
AXES 103 
AXES 105  
AXES 107 
AXES 109  
AXES 111 
AXES 113 
AXES 1 1 5  
A X E S  117 
AXES 119 
AXES 1 2 1  

E IGVAL03 .  
E I G V A L 0 3  
E I G V A L 0 4  
E I G V A L 0 5  
E I G V A L 0 7  
E I GVALOO 
E I G V A t l 1  
E f GVA L 13 
E f G V A L 1 5  
E I G V A L 1 7  
E f G V A L 1 9  
E I G V A L 2  1 
E f G V A L 2 3  
E I G V A L 2 5  
E I G V A L O  1 
EEGVAL03  
E f G V A L 0 5  
E I G V A L 0 7  
E I G V A L 0 9  
E I G V A L l 1  
E f G V A L l 3  
E I G V A L Z S  
E I G V A L L 7  
E I G V A L  19 
E I G V A L 2 1  

I I 
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IF(84+A27)303,303,225 

GOT0317 

C=-SIGNF((Z*O~SQRTF(-A3)),8) 
X[ll=C*COSF(PHI3) 
X(2)=C*COSF(PHI3*4.188790205) 
X(3)=C~COSF(PHI3~20094395103) 
D03151=1,3 

2 2 5  NG=7 

303 P H I ~ = ( A S I N F ( S Q R T F ( ~ O O + ( B ~ / A Z ~ ) ) ~ ) / ~ O ~  

315 Y(I)=X(I)-P3 
3 1 7  RETURN 

END(O*l,O,O,O) 

CEIGVEC 1471 WRB COMPUTE EIGENVECTOR Z OF MATRIX 
C W GIVEN EIGENVALUE Y 

S U R R O U T I N E E I G V E C ( W ~ Y ~ ~ )  
COMMONNG 
DIMENSIONW(3,3)tX16,6)sZ(3)~P(3~ 
DO12 3 J = 1 +  3 
D01231=1*3 
Xl=W(I,J) 
X f I 3  J 1 =X1 
X ( I+3 9 J 1 =X1 
X(I,J+3)=X1 

Yl=Y 
D02091=1,3 
X4I,If=X~I9I)-Y1 
X(I+3rIl=X~I+3,I)-Y1 
XII,I+3)=XII,I+31-Y1 

2 0 9  X I I + 3 $ 1 + 3 ) = X ( 1 + 3 ~ 1 + 3 ) - y 1  
s1=000 
D0307I=1+3 
s = o I o  
D0223J=1,3 
P J = X f I t J + l f ~ X f I + l ~ J + 2 ~ - X ( I ~ J + 2 ) x X ( I + 1 , J + l ~  
P ( J )  =PJ 

123 X(f+3sJ+3)=Xl 

223 S=S+PJ*PJ 
IF ( S-S1)3079307 9 301 

E IGVA L2 3 
E I GVA L25 
E I GVA LO Z 
EIGVALO3 
E IGVALOS 
EIGVALO7 
E I GVA LO9 
E IGVAtll 
E IGVAL 13 
E I GVAL 15 
E1 GVALlS 
E I GVA Lh9 

E1 GVECOl 
EIGVEC03 
EIGVECOS 
EIGVECO7 
EIGVECOS 
E IGVECll 
EIGVEC13 
EIGVEC15 
E1 GVEC17 
E I GVEC 3 9 
EIGVEC21 
EIGVEC23 
EIGVEC25 
EIGVECOl 
E IGVEC03 
EIGVECO5 
EIGVEC07 
EIGVECOB 
EIGVEC11 
EIGVEC13 
E I GVECl5 
E I GVEC17 
E I GVECO 1 
EEGVEG21 
EIGVEC23 
EIGVECZS 

1 
4 -  
4 -  
1 
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3 0 1  S l = S  

3 0 5  Z(J9=P(J) 
307 CONTINUE 

3 1 1  NG=8 
3 1 3  RETURN 

D0305J=1,3  

I F ( S 1 1 3 1 1 ~ 3 1 1 ~ 3 1 3  

END[O, l ,O9090)  

CTRACE 1471 WRB COMPUTE TRACE OF MATRIX  X 
FUNCTIONTRACE(X1 
D I M E N S I O N X t 3 , 3 )  
TRACEzO. 0 
D 0 1 1 1 1 = 1 ~ 3  

111 TRACE=TRACE+X( I , I I  
RETURR 
END ( 0  9 190 $ 0  90 9 

CFUNA 1471  WRB ANGLE SUBqOUTINE USED BY FUN29 FUN59 FUN6 
FUNCTIONFUMA(1)  
C O M M O N N G s I C t P M ~ D P , D F D p J A M t D A , D F D A s I N , f S , I S ~ A ~ A A ~ B B ~ F ~ F X ~ P  
D I M E N S I O N I C ( 1 0 )  , P M ( 2 5 1 ) , D P ( 2 5 l ) , D F D P ( 2 5 1 ) , A M ( 2 1 ) , D A t 6 ) , D ~ D A ( 6 )  
DIMENSIONIN(231)9TS(3,48) ,fS12,3,48),A(6),AA(3,3),BB(3$3~~P~300) 
D I M E N S I O N I ( 6 ) , X l f 3 1 , X 2 f 3 ) , X 3 ( 3 ) 9 V l ( 3 ) , V 2 ( 3 )  
C A L L S  TOAA 
C A L L A T O M ( I ( l ) , X l )  
C A L t A T O M ( I ( 3 )  9 x 2 )  
C A L L A T O M ( I ( 5 ) , X 3 )  
I F ( M G ) 1 2 3 + 1 1 7 , 1 2 3  

117 C A L L D I F V I X l , X 2 9 V l )  
CALLDIFV(X3 ,X2 ,V2)  
FUNA=ARCCOS(COSVVfV1~V21~ 

E N D ( 0  9 1 ,09090 1 
123  RETURN 

CFUND 1471 WRB DISTANCE SUBROUTINE USED BY FUNi  AND FUN4 
F U N C T I O N F U N D ( I 1  
C O M M O N N G , I C , P M , D P , D F D p , A M , D A , D F D A , I N , T S , I S ~ A ~ A A ~ B ~ ~ F ~ F X 9 P  
D I M E N S I O N I C ( 1 0 9 t P M ~ 2 5 1 ) , D P ~ 2 5 1 ) , D F D P ( Z 5 l ) ~ A M ~ 2 l ? ~ D A ~ 6 ~ ~ D F Q A ~ 6 ?  

E IGVECO1 
EIGVECO3 
E I G V E C 0 5  
EIGVECO7 
EIGVECOS 
E1 GVECl1 
E IGVECL 3 
E IGVEC15  

TRACE101  
TRACE103 
TRACE105 
TRACE107 
TRACE109 
TRACE111 
TRACE113 
TRACE115 

FUNA 0 1  
FUNA 03 
COM 01 
D I M  01 
D I M  03 
FUNA 05 
FUNA 07 
FWNA 09 
FUNA 11 
FWNA 1 3  
FUNA 1 5  
FUNA 17 
FUNA 1 9  
FWNA 2 1  
FUNA 23 
FUNA 25 

FUND 01 
FUND 03 
COM 01 
D I M  01 

.. 

.. 

IC 

. 4 
Page 228



CHEDl 1471 WRB HEADING 1 
SUBROUTINEHEDL 
WRITEOUTPUTTAPE3,107 

RETURN 
END( 0 9 1 , 0 ~ 0 , 0 )  

107 FORMATf34HOINTERATOMIC DISTANCE IN ANGSTROMS) 

CPREl 1471 WRB SET KEY WORDS FOR INTERATOMIC DISTANCE 
SUBROUTINEPREl 
C O M M O N N G ~ I C ~ P M ~ D P ~ D F D P ~ A M ~ D A ~ D F D A ~ I N ~ T S ~ I S ~ A ~ A A ~ B B ~ ~ ~ F X ~ P  
D f M E N S I O N I C ~ l O ~ ~ P M ~ 2 5 1 ) J O P ( 2 5 L t , D F D P ~ Z 5 l ~ ~ D F D P ~ 2 5 l ~ ~ A M ~ Z l ~ ~ D A ~ 6 ~ ~ ~ F D A ~ 6 ~  

CALLSEfKX(IN(2)) 
CALLSETKXIIN(4) 
RETURN 
END(0 9 1~0*0+0 1 

DfMENSIONIN(231),TS(3,48) , IS (2 ,3 ,48 ) ,A f6 ) ,AA t3 ,3 ) ,8813 ,31 ,P f300)  

CFUNl 1471 WR6 COMPUTE INTERATOMIC DISTANCE 
SUBROUTINEfUNl 
C O M M O N N G , I C , P M ~ D P I O F D P , A M , D A ~ D F D A ~ D F D A ~ I N ~ ~ ~ ~ ~ S ~ A ~ A A ~ B ~ ~ F ~ F X ~ P  
D I M E N S I O N I C ( I O ) ~ P M ( 2 5 1 ) , D P ( 2 5 1 f , D F D P ( 2 5 f ~ ~ A ~ ~ 2 l ~ ~ D A ~ 6 ~ ~ D F D ~ ( 6 ~  
D I M € N S I O N I N ( 2 3 1 ~ ~ T S ( 3 3 4 8 ) , I S 1 2 , 3 , 4 8 ) ~ A ~ 6 ~ ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 0 0 ~  
FX=FUND1 I N f 2 1 1  
RETURN 
E N D ( O ~ l ~ O ~ O ~ 0 ~  

DIM 03 
FUND 05 
FUND 07 
FUND 09 
FUND 11 
FUND 13 
FUND 15 
FUND 17 
FUND 19 

H E D l  01 
HE01 03 
H E D l  05 
H E 0 1  107 
HEDl 09 
HEDL 11 

PREl 1 
P R E l  1 
COM 01 
DIM 01 
DIM 03 
PREI, 1 
P R E l  1 
P R E l  I 
P R E l  1 

FUNl 01 
FUN1 03 
COM 02 
D I M  01 
DIM 03 
FUN1 05 
FUN1 07 
FUNl 09 

COUT 1 1471 WRB PUT OUT DFSCRIPTION OF INTERATOMIC DISTANCE OUT1 I 
SUBROUTINEOUT1 O W T I  1 

CQM O b  C O M M O N N G J I C , P M ~ D P , D F D ~ ~ A M ~ D A , I N , T S , I S ~ A ~ A ~ ~ B B ~ F ~ ~ ~ ~ P  

,. -. 

1 
-3 u) 
14 

-. 
i.. 

' .  
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CHED2 1 4 7 1  WRB HEADING 2 
SURROUT INEHED2 
WRITEOUTPUTTAPE39107 

RETURN 
END( 0 9 1,090~0 9 

107 FORMAT(46HOBOND ANGLE I N  DEGREES. CENTRAL ATOM I S  VERTEX) 

CPRE2 1 4 7 1  WRB P R E L I M l N A p Y  SUBROUTINE 2 
SUBROUTINEPRE2 
COMMONNG,IC,PM,DP,DFDp,AM,DAtDFDA,IN,TS, IS,A9AA955,F,FX9P 
D I M E N S I O N I C ~ l 0 ~ ~ P M ~ 2 5 1 ) , D P ( 2 5 1 ) , D F D P ~ 2 5 1 ? ~ A M ~ 2 1 ~  , D A t 6 I , D F D A ( 6 1  
D I M E N S I O N I N ( 2 3 1 )  t T S ( 3 9 4 8 )  , I S 1 2 , 3 , 4 8 ) ~ A ( 6 ) , A A ( 3 , 3 a  ,881’3939 , P ( 3 0 0 1  
DO107  I = 2  96 7 2  

107  C A L L S E T K X 1 I N ( I t )  
RETURN 
END(O,190,0,09 

CFUN2 1 4 7 1  WRB BOND ANGLF SUBROUTINE 
SUBROUTINEFUN2 
COMMONNG, IC,PM~DP,DFDP,AM,DA,DFDA, IN,TS, IS ,A,AA~BB,F~FX,P 
D I M E N S I O N I C i l O ) ~ P M ~ 2 5 1 ) , D P ~ 2 5 f ) , D F D P ~ 2 5 1 ~ ~ A M ~ 2 l ~ ~ C A ~ 6 ~ ~ D F D A ~ 6 ~  
D I M E N S I O N I N [ 2 3 1 )  , T 5 ( 3 9 4 8 )  b I S ( Z s 3 , 4 8 9 , A ( 6 1 , A A ( 3 , 3 9  , B 6 ( 3 9 3 ” r P 1 3 0 0 )  
f X = F U N A ( I N ( 2 ) )  
RETURN 
END( 0 9 190,090 1 

COUT2 1 4 7 1  WRB OUTPUT DESCRIPTION 2 
SUBROUTINEOUT2 
C O M M O N N G ~ I C , P M , D P , D F D p , A M , D A , D F D A , I N ~ T S ~ I S ~ A 9 A A ~ B B ~ F ~ F X ~ P  
D I M E N S I O N I C ( 1 O ~ ~ P M ~ 2 5 1 ) , D P ~ 2 5 1 ) , D F D P ( 2 5 1 ) ~ A M ~ 2 l ) ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  
D I M E N S I O N I N ~ 2 3 1 ) , T S ~ 3 , 4 8 ) ~ I S ( 2 , 3 , 4 8 9 , A ( 6 ~ , A A ~ 3 ~ 3 9 ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 0 0 ~  
WRITEOUTPUTTAPE391079(IN( 1 ) 9 1 = 2 9 7 )  

D I M  01 
D I M  03 
O U T l  1 
OUT1 1 
OUT1 1 
O U T l  1 

HEDZ 01 
HED2 03 
HEDZ 05 
HED2 107 
HED2 09 
HED2 11 

PRE2 01  
PRE2 03 
COM 0 1  
D I M  0 1  
D I M  03 
PRE2 05 
PRE2 07 
PRE2 09 
PRE2 11 

FUN2 0 1  
FUN2 0 3  
COM 01 
D I M  0 1  
D I M  0 3  
FUN2 05  
FUN2 07 
FUN2 09 

OUT2 01 
OUT2 03 
COM 01, 
D I M  01 
D I M  0 3  
OUT2 05 
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107 FORMAT( 12H+ ( 1 2 s l H , I 3 , 3 H )  f 1 2 , 1 H , I 3 9 3 H )  ( 1 2 , l H 9 1 3 9 1 H f l  OUT2 107 
RETURN OUT2 09 
ENDfO,l,O,O,Ol OUT2 11 

HED3 0 1  
SUBROUT INEHED3 HED3 0 3  
WRITEOUTPUTTAPE3,107 HED3 05 

1MS f WED3 108 
HED3 09  RETURN 

E N D ( 0  9 1,0~0,0) HE03 11 

CHED3 1 4 7 1  WRB HEADING 3 

1 0 7  FORMAT158HODIHEDRAL ANGLE BETWEEN PLANES EACH DEFINED BY THREE ATOHED3 107 

CPRE3 1 4 7 1  WRB PRELIMINARY SUBROUTINE 3 
SUBROUT I NEPRE 3 
COMMONNG,IC,PM,DP,DFDP,AM1DAJDFDA,IN,TS,IS,A,AA,BB,F,~X~P 
D I M E N S I O N I C ~ 1 O ~ ~ P M ~ 2 5 1 1 , D P / 2 5 1 ) , D F O P ~ 2 5 l ~ ~ D F D P ~ 2 5 l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 )  
D I M E N S I O N I N ~ ~ ~ ~ ~ ~ T S ~ ~ ~ ~ ~ ~ Y I ~ ~ Z ~ ~ ~ ~ ~ ~ ~ A ~ ~ ~ ~ A A ~ ~ ~ ~ ~ ~ B B ~ ~ ~ ~ ~ ~ P ~ ~ O O ~  
D01071=2 ,12 ,2  

RETURN 
END(O91,0 ,0 ,0 )  

1 0 7  CALLSETKX(  I N (  I) 1 

CFUN3 1 4 7 1  WRB DIHEDRAL ANGLE SUBROUTINE 
SUBROUT INEFUN3 
COMMONNG, IC ,PM,DP,DFDP,AM,DA, IN ,TS, IS ,A ,AA,BB~F,FX~P 
D I M E N S I O N I C ( 1 O ~ ~ P M ~ 2 5 ~ ~ ~ D P ~ 2 5 l ~ ~ D F D P ~ Z ~ l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ ~ F D A ~ 6 ~  

D I M E N S I O N X ( 3 , 6 ) , V l f 3 )  , V 2 1 3 ) , V 3 ( 3 ) , V 4 ( 3 ) , V 5 ( 3 f , V 6 t 3 )  
CALLSTOAA 
CALLSTOBB 
I F ( N G ) 2 0 7 , 1 1 3 , 2 0 7  

DIMENSIONIN(2311,TS13,48) , I S ( 2 , 3 , 4 8 ) , A ( 6 ) , A A ( 3 , 3 ~ , B B ( 3 , 3 )  , P ( 3 0 0 )  

1 1 3  D 0 1 1 5 I = 1 , 6  
1 1 5  C A L L A T O M ( I N ( 2 * I I , X ( l , I ) )  

f F ( N G ) 2 0 7 , 1 1 9 ~ 2 0 7  
119 CALLDIFV(X(1,2),X(l,l~,Vl~ 

CALLDIFV(X(1,3f,Xfl,l)+VZ) 
C A L L D I F V ( X ( 1 , 5 ) , X ( 1 , 4 ) , V 3 f  
C A L L D I F V I X ( 1 , 6 1 , X ~ l t 4 ) , V 4 )  
CALLNORMfVl ,V2,V5)  

PRE3 
PRE3 
COM 
D I M  
D I M  
PRE3 
PRE3 
PRE3 
PRE3 

FUN3 
FUN3 
COM 
D I M  
D I M  
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 
FUN3 

0 1  
0 3  
01 
01  
0 3  
0 5  
0 7  
09 
11 

01 
0 3  
01 
01 
0 3  
05 
07 
09 
11 
13 
3.5 
17 
19 
21 
23 
25 
01 

I co 
Y '  
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C A L L N O R M ( V 3 9 V 4 9 V 6 )  
F X = A R C C O S ( C O S V V t V 5 9 V b f )  

END(  0 9 1 , 0 9 0 9 0  1 
2 0 7  RETURN 

FUN3 03  
FUN3 05 
FUN3 07 
FUN3 09  

COtFT3 1471 WRB OUTPUT DESCRIPTION 3 OUT3 
SUBROUTINEOUT3 OUT3 
C O M M O N N G , I C , P M , D P , D F D P , A M , D A , D F D B , I N , T S ~ I S , A ~ A A ~ B B , F , F X ~ P  COM 
D I M E N S I O N I C ( 1 O ) ~ P M ( 2 5 ~ ~ ~ D P ~ 2 ~ l ) ~ D F D P ~ 2 5 l ) ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F D A ~ ~ ~  D I M  

W R I T E O U T P U T T A P E ~ ~ ~ ~ ~ , ( I N ( I N ~ I ~ ~ I ~ ~ ~ ~ ~ ~  OUT3 
107 FORMAT( 12H+ ( 1 2 , 1 H , I 3 , 3 H )  ( 1 2 9 l H 1 1 3 9 3 H )  f I 2 ~ 1 H ~ I 3 ~ 1 H ) / 1 2 H O U T 3  

1 ( 1 2 9 1 H 9 1 3 9 3 H )  1 1 2 9 1 H 9 1 3 , 3 H )  ( 1 2 9 1 H 9 1 3 9 1 H I )  OUT3 
RETURN OUT3 
E N D ( O 9  1 ,0,090 1 OUT3 

D I M E N S I O N I N ( 2 3 l ) ~ T S f 3 ~ 4 8 ) ~ I S ~ 2 ~ 3 ~ 4 8 ) ~ A ( 6 ) ~ A A ~ 3 ~ 3 ) ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 0 0 ~  D I M  

01 
08 
01 
01 
03 
05 
107 

09  
11 

l o a  

CHED4 1471  WRB HEADING 4 HED4 01 
SUBROUTINEHED4 HED4 03 
WRITEOUTPUTTAPE39107 WED4 0 5  

107 FORMATf45HODIFFERENCE BETWEEN TWO INTERATOMIC DISTANCES! HED4 107 
RETURN HED4 12. 
END f 0 9 1 90 90 90 HED4 13 

CPRE4 1 4 7 1  WRB P R E L I M I N A R Y  SUBROUTINE 4 
SUBROUTINEPRE4 
COMMONNG,IC,PM,DP,DFDp,AM,DA,DfDA,fN,TS,IS~A,AA,BB,F,FX~P 
D I M E N S I O N I C ~ 1 O ~ ~ P M t 2 5 1 f , D P ~ 2 5 l ) ~ D F D P ~ 2 5 l ) ~ A ~ ~ 2 l ~ ~ ~ A ~ 6 ~ ~ D F D A ~ 6 ~  
D I M E N S I O N I N ( 2 3 1 ) ~ T S ~ 3 ~ 4 ~ ~ ~ I S ~ 2 ~ 3 ~ 4 ~ ~ ~ A ~ 6 ~ ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 ~ O ~  
D 0 1 0 7 1 = 2 9 8 9 2  

107 C A L L S E T K X ( I N ( 1 ) )  
RETURN 
END ( 0 9 1,090 9 0  1 

PRE4 
PRE4 
COM 
D I M  
D I M  
PRE4 
PRE4 
PRE4 
PRE4 

01 
03 
0 1  
0 1  
03 
05 
07 
09 
11 

CFUN4 1471  WRB DIFFERENCE BETWEEN BOND DISTANCES FUN4 01  
FUN4 0 3  SUBROUTINEFUN4 

COMMONNG, IC ,PM,DP,DFDp,AM,DA,DFDA, IN ,TS, IS ,~9AA~BB, f~FX~P COM 01 
D I M E N S I O N I C ( 1 0 )  , P M ( 2 5 1 ) , D P f 2 5 1 ) , D F D P [ 2 5 1 ) , A M ( 2 l ) , D A ( 6 ~ , D F D A ( 6 )  D I M  0 1  
D I M E N S I O N f N f 2 3 1 ~ ~ T S ~ 3 , 4 8 ~ , I 5 ( 2 , 3 , 4 8 ~ ~ A ~ 6 ) ~ A A ~ 3 ~ 3 ) ~ ~ 6 ~ 3 ~ 3 ~ ~ P ~ 3 ~ ~ ~  D I M  03 
FX=FUND(IN(Z))-FUND(IR(6)) FUN4 05  

I 
cr, 
Iu 
I 
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FUN4 07 
FUN4 09 

OUT4 01 
OUT4 03 SUBROUTINEOUT4 

COMMONNG,IC,PM,DP,DFDP,AM,DA,DFDA,TNslSJIS,A,A~~BB~F,~X~P COM 01 

COUT4 1471 WRB OUTPUT DEFCRIPTION 4 

D I M E N S I O N I C ~ l O ~ ~ P M ~ 2 5 ~ ~ ~ D P ( Z 5 l ~ ~ D F D P ~ Z 5 l ) ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F ~ A ( 6 ~  DIM 01 
D I M E N S I O N I N ( 2 3 1 ) ~ T S ( 3 , 4 8 ~ ~ I S ~ 2 ~ 3 ~ 4 ~ ~ ~ A ( 6 ~ ~ A A ~ 3 ~ 3 ~ ~ 6 B ~ 3 ~ 3 ~ ~ P ~ 3 O O ~  DIM 0 3  

OUT4 05 
107 FORMAT(lZH+ (1291H,I3,3H) (IZtlH,13,1H1/12H (I2QUT4 197 

191H91393H) (1291H91391HIj OUT4 108 
RETURN OUT4 09 
END( 0 9 1  9 0 ~ 0 , O  1 OUT4 11 

WRITEOUTPUTTAPE3,107, (IN( 1 ) 9 1 = 2 9 9 )  

CHED5 1471 WRB HEADING 5 
SUBROUT I NEHED5 
WRITEOUTPUTTAPE3s107 

RETURN 
END(O~1*0,0,0) 

107 FORMAT135HODIFFERENCE BfTWEEN TWO BOND ANGLES) 

CFUNS 1471 WRB DIFFERENCE BETWEEN BOND ANGLES 

HED5 01 
HED5 03 
HEDS 05  
HEDS 107 
HEDS 11. 
HED5 13 
FUN5 01 

CHED6 1471 WRB HEADING 6 
SUBROUT INEHED6 
WRITEOUfPUTfAPE3,107 

RETURN 
END(0 9 1 *0 ,090  1 

107 FORMATl27HOSUM OF SEVERAL BOND ANGLES) 
I 

CPRE6 1471 WR6 PRELIMINARY SUBROUTINE 6 
SUBROUTINEPRE6 

HED6 Oh 
HEDb 0 3  
HED6 05  
HEDb 107 
HED6 11 
HE06 13 

PRE6 01 
PRE6 03 

.-. 

. .. 
. .  
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C F U N 6  1 4 f l  WRB SUM OF BOND ANGLES 
SUBROUTINEFUN6 
C O M M O N N G , I C , P M , D P , D F D p b A M , D A , D F D A ~ I ~ ~ ~ S ~ I ~ ~ A ~ ~ A ~ B 6 ~ F ~ F X ~ P  
D I M E N S I O N I C ( l ~ ) , P M ~ 2 5 1 1 , O P o 5 l ) ~ ~ ~ D P ~ 2 5 1 ) ~ A M ~ 2 l ~ ~ D ~ ~ 6 ~ ~ Q F D A ~ 6 ~  
DIMENSIONIN(23lf , T S f 3 , 4 8 ) , f S ( 2 , 3 , 4 8 ) , A ~ 6 ) 2 A A f 3 , 3 )  ,BB(3,3) ,P(300) 
N=IN(2) 
FX=O.O 
DOlllJ=l,N 

RETURN 
E N D ( O ~ l ~ O ~ O * O f  

111 FX=FX+FUNA(IN(6*J-3)) 

c OM 
D I M  
DIM 
PRE6 
PRE6 
PRE6 
PRE6 
PRE6 

FUN6 
FUN6 
COM 
DIM 
DIM 
FUN6 
F UN6 
FUN6 
FUN6 
FUN6 
FUN6 

01 
01 
0 3  
05 
07 
09 
11 
13 

01 
03 
01 
01 
03 
05 
07 
09 
11 
13 
15 

COUT6 1471 WRB OUTPUT DESCRIPTION 6 OUT6 01 
SUBROUTINEOUT6 OUT6 03 

D I M E M S I O N I C ~ l O ) , P M ~ 2 5 ~ ) ~ D P ( 2 5 1 ) , D F D P ~ Z 5 l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D ~ ~ A ~ 6 ~  DIM 01 

J=IN(2)*6+2 OUT6 05 
W R I T E O U T P U T T A P E 3 ~ 1 0 9 ~ ( I N ~ I l ~ I ~ 3 ~ J I  OUT6 07 

109 FORMAT(12H+ (IZtlH,I3,3H) (I2,1H,I3,3H) 112,1H,I3,1Hf/(lZOUT6 109 
OUT6 110 

RETURN OUT6 11 
OUT6 13 END(O,1,0,0,0) 

C O M M O N N G , I C , P M ~ D P Y D F D ~ , A M , D B , D F D A ~ I ~ ~ ~ S ~ I S ~ A ~ A A ~ B ~ ~ F ~ F X ~ P  COM 01 

DIMENSIONIN(231),TS(3,48),IS(2,3,48),A(6),AA(3,3~,BBf3,3~ ,P(300) D I M  03 

1H (12~1fl91393H) (I2,1H,I3,3H) (12,1H,I3,lHf)l 

F U N B  01 
SUBROUTINEFUNB ( W  $ 2  9Zl) FUN6 0 3  

COM 01 C O M M O N N G , I C , P M , D P ~ D F D p , A M , D A ~ D F D A , I M , T S s I S 9 A ~ A A ~ ~ ~ ~ F ~ F X ~ P  
D I M E N S I O N f C I 1 0 1 ~ P ~ ( 2 5 1 1 , D P t 2 5 1 ) , D F D P f 2 5 1 ~ t A M ~ Z l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  DIM 01 
D I M E N S I O N I N t 2 3 1 ) , T S ( 3 , 4 8 ~  , J S f 2 , 3 , 4 8 ) ~ A ( 6 ) , A A ( 3 , 3 ) , 8 8 o , P ( 3 0 0 )  DIM 03 
DIMENSIONBf3,3),Wr3,39tY(3) FUN6 05  

CFUNB 1471 WRB SET UP MATRIX AND GET EIGENVALUE 
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CALLSTOAA 
C A L L B E T A ( I N ( 2 ) , 6 )  
I F ( N G ) 1 2 3 , 1 1 3 9 1 2 3  

11 3 CALLMM ( B ~ A A J  W 1 
C A L L E I G V A L ( W 9 Y )  
I = I N ( 4 )  
Z = Y ( I )  
Zl=SQRTFIZ*O.Q50660591.8) 

123 RETURN 
END ( 0 9 1 90 9 0  90 1 

CFUNC 1471  WRB COS ANGLE OF P R I N C I P A L  A X I S  AND VECTOR 
S U B R O U T I N E F U N C t C i Z )  
C O M M O N N G , I C , P M 9 D P , D F D p 9 A M 9 D ~ 9 D F D A 9 I N 9 T S 9 I S ¶ A 9 A A 9 B 5 9 F 9 F ~ i P  
D I M E N S I O N I C ~ 1 O ~ ~ P M ~ 2 5 1 1 , D P o 1 D F D P ~ 2 5 l ) ~ D F D P ~ 2 5 l ~ ~ A M ~ 2 l ) i D A ~ 6 ~ ~ D F D A ~ 6 )  

D I M E N S I O N W (  3 93 ) 9 x 1  ( 3  1 9 x 2  
C A C L F U N B ( W 9 Y t Z )  
I F ( N G ) 1 2 5 , 1 1 1 ~ 1 2 5  

1 1 1  C A L L E I G V E C ( W 9 Y , V l )  
I F  NG 1 1 2 5  9 I15 9 1 2 5  

115  C A L L A T O M f I N ( 5 1 , X l )  
C A L L A T O M I I N ~ ~ S P X ~ )  
I F t N G t  12!59 l219125  

1 2 1  C A L L D I F V f X Z , X l , V 2 )  
c=cosvvlv1 ,v2 1 

125 RETURN 
END ( 0 9 J, ,090,O 1 

D I M E N S I O N I N ( 2 3 1 1  , T S ( 3 9 4 8 )  , I S f 2 t 3 , 4 8 ) , A f 6 ) , A A ( 3 , 3 )  9 B B f 3 9 3 )  9 P f 3 0 O l  
3 1 , V I  ( 3  1 9 V 2  ( 3 ) 

CFUNX 1 4 7 1  WRB COS ANGLE OF P R I N C I P A L  AND C A R T E S I A N  AXES 
S U B R O U T I N E F U N X ( C i Z 1  
C O M M O N N G ~ I C , P M I D P ~ D F D ~ , A M , D A , D F D A , I N , T S , I S ~ A ~ A A ~ B B ~ F ~ F X ~ P  
D I M E N S I O N I C ( 1 O ~ ~ P M I 2 5 1 l , D P o , D F D P I 2 5 l ) ~ D F D P ~ Z 5 l ~ ~ A M ~ Z l ~ i D A t 6 ~ ~ 5 F D A ~ 6 ~  
D I M E N S I O N I N ~ 2 3 l ~ t T S f 3 ~ 4 8 ~ ~ I S ~ 2 ~ 3 ~ 4 8 ) , A ( 6 ~ ~ A A ~ 3 ~ 3 ~ ~ B B t 3 ~ 3 ~ ~ P ~ 3 0 0 )  
D f M E N S I O N W ( 3 , 3 1 t V ( 3 ) 9 ~ ( 3 9 4 ) ~ V l ( 3 )  9 \ / 2 ( 3 1 9 A X [ 3 9 3 )  
C A t L F UN B ( W t Y 9 Z f 
CALLSTOBB 
I F ( N G l 2 0 7 ~ 1 1 3 ~ 2 0 7  

1 1 3  C A L L E I G V E C  ( 1 4 9  Y 9V 1 

FUNB 07 
FUNB 09 
FUNB 11 
FUNB 1 3  
FUN5 1 5  
FWNB 17 
FUNB 19 
FUN6 2 1  
FUNB 2 3  
FUNB 2 5  

FUNC 01 
FUNC 03 
COM 0 1  
D I M  0 1  
D I M  03 
FUNC 05 
FUNC 07 
FUNC 09 
FUNC 11 
FUNC 1 3  
FWNC 1 5  
FWNC 17 
FUNC 19 
FUNC 2 1  
FWNC 23 
FWNC 25 
FWNC 27 

FUNX 1 0 1  
FUNX 103 
COM 03 
D I M  01 
D I M  03 
FUNX 105 
FUNX IO7 
FUNX 109 
FUNX 111 
FUNX 113 

, 
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I F ( N G ) 2 0 7 , 1 1 7 , 2 0 7  
117 D 0 1 1 9 1 = 1 $ 4  
119 CALLATOM f I N  ( 2 *  1+4 1 ,X ( 1, I 1 1 

I F ( N G t 2 0 7 , 1 2 3 , 2 0 7  
1 2 3  C A L L D I F V f X ( l ~ 2 t , X ( l , l ) * V l )  

C A L L D I F V f X f l , 4 ) ~ X f l s 3 ) ~ v 2 ~  
C A L L A X E S ( V I , V ~ J A X )  
I = I N ( 5 1  
C = C O S V V f V , A X l l , I f )  

E N D ( 0 , 1 ~ 0 , 0 , 0 1  
2 0 7  RETURN 

CHED7 1471 WRB HEADING 7 
SUBROUTINEHED? 
WRITEOUTPUTTAPE3,107 

1 0 7  FORMATt72HORM.5 COMPONENT OF THERMAL DISPLACEMENT ALONG P R I N C I P A L  
1x1s R a  ANGSTROMS/25HO ATOM R )  

RETURN 
END( O , l ~ O ~ O , O  1 

CPRE7 1 4 7 1  WRB P R E L I M I N P p Y  SUBROUTINE 7 
SUBROUT INEPRE7 
C O M M O N N G ~ I C , P M ~ D P ~ D F D ~ , A M ~ D ~ ~ D F D A ~ I N ~ T S ~ I S ~ A ~ A A J ~ ~ ~ F ~ ~ X J P  
D I M E N S I O N I C ~ 1 O ~ ~ P M ~ 2 5 1 l , D P ~ 2 5 1 ) , D f D P ~ 2 5 l ~ ~ A M ~ Z l ~ ~ D A ~ 6 ~ ~ O ~ D A ~ 6 ~  
D I M E N S I O N I N ( Z ~ ~ ) , T S I ~ ~ ~ ~ ) J ~ S ( Z ~ ~ ~ ~ ~ ) ~ A ( ~ ) ~ A A ~ ~ ~ ~ )  ~BB(393) gP(3OO) 
C A t L S E f K B ( I N / 2 ) 1  
RETURN 
END ( 0  J 1,,0,0,0) 

CFUN7 1471 WR6 RMS P R I N C I P A L  DISPLACEMENT 
SUBROUTINEFUN7 
C O M M O N N G , ~ C ~ P M , D P , D F D ~ J A M , D A , D F D A , I N ~ T S , I S , A ~ A A ~ B ~ J F ~ F X , P  
D I M E N S I O N I C ~ ~ O ~ ~ P M ~ ~ ~ ~ ) , D P ~ ~ ~ ~ ~ , D F D P ~ ~ ~ ~ ) J A M ~ ~ ~ ~ ~ O A ~ ~ ~ ~ D F ~ A ~ ~ ~  
DIMENSIONIN(231)9TS(3948) ,IS(2,3,48),A(6),AA(3,3) 96B(393) 9P(3OO) 
D I M E N S I O N W f 3 e 3 )  
CALLFUNB(W92,FX)  
RETURN 
END(O,1,OJO,O) 

FUNX 1 1 5  
FUNX 1 1 7  
FUNX 119 
FUNX 121 
FUMX 123 
FUNX 125 
FUNX 2 0 1  
FUNX 203 
FUNX 205 
FUNX 207 
FUNX 209 

HED7 0 1  
HED7 03 
HED7 05 

AWED7 107 
HE07  1 0 8  
HED7 11 
WED7 13 

PRE7 0 1  
PRE7 03 
COM 01 
D I M  0 1  
D I M  03 
PRE? 05 
PRE7 0 7  
PRE7 09 

FUN7 02 
FUN7 03 
COM 02 
D I M  0 1  
D I M  03 
FUN7 05  
FUN7 07 
FUN7 09  
FUN7 11 

Page 236



COUT7 1 4 7 1  WRB OUTPUT DESCRIPTION 7 
SUBROUT INEOUT7 
COMMONNG,IC,PM,DPJDFDP,AM~DA,DFDA,IN,TS, I~,A,AA,BB,F,FX,P 
D I M E N S I O N I C ( 1 O ) ~ P M ( 2 5 ~ ~ ~ D P ( 2 ~ l ~ ~ D F D P ~ 2 5 l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ ~ F ~ A ~ 6 )  
D I M E N S I O N I N ( 2 3 1 ) , T S ( 3 , 4 8 )  9 1 5 ( 2 , 3 , 4 8 ) s A ( 6 ) , A A [ 3 1 3 ) , B B ( 3 , 3 ) , P ~ 3 0 0 )  
W R I T E O U T P U T T A P E 3 ~ 1 0 7 ~ ( I N ( I 1 , I t 2 , 4 )  

RETURN 
END( 0 s 1,0,0,0 1 

107 FORMAT( 12H+ ( 1 2 r l H , 1 3 , 6 H )  11 )  

OUT7 02 
OUT7 0 3  
COM 0 1  
D I M  01  
D I M  03 
OUT7 0 5  
OUT7 107 
OUT7 0 9  
OUT7 11 

CHED8 1 4 7 1  WRB HEADING 8 HED8 0 1  
SUBROUT I NEHED8 HED8 03 
WRITEOUTPUTTAPE3,107 HED8 05 

107 FORMAT(63HOANGLE BETWFEN P R I N C I P A L  A X I S  R AND VECTOR D E F I N E D  BY TWHED8 107 
10 ATOMS/4OHO ATOM R VECTORS HED8 1 0 8  

RETURN HED8 11 
END( 0 9 l s O 9 0 , O  1 HED8 13 

CPRE8 1471 WRB P R E L I M I N A R Y  SUBROUTINE 8 
SUBROUT INEPRE8 
C O M M O N N G , I C , P M , D P , D F D P s A M ~ D A 6 1 N , T S , I S ~ A , A A ~ B B , F , F X , P  
D I M E N S I O N I C ( 1 O ) ~ P M ( 2 5 ~ ~ ~ D P ~ 2 5 l ~ ~ D F D P ~ 2 5 l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F O A ~ 6 ~  
D I M E N S I O N I N ~ 2 3 l f ~ T S ~ 3 ~ 4 8 ~ ~ I S ~ 2 ~ 3 ~ 4 8 ~ ~ A ~ 6 ~ ~ A A ~ 3 ~ 3 ~ ~ 6 ~ ~ 3 ~ 3 ~ ~ P ~ 3 0 0 ~  
C A L L S E T K B ( I N ( 2 ) )  
D01091=5,7,2 

109 C A L L S E T K X ( I N ( 1 ) )  
RETURN 
END(O,l,O,O,O) 

CFUN8 1471 WRB ANGLE BETWEEN P R I N C I P A L  A X I S  AND VECTOR 
SUBROUT I NEFUN8 
C O M M O N N G ~ I C ~ P M ~ D P s D F D p ~ A M ~ D A ~ D F D A ~ I N ~ T S ~ I 5 ~ A ~ A A ~ 6 6 ~ ~ ~ F ~ ~ P  
D I M E N S I O N I C ~ 1 O ~ ~ P M ~ 2 5 1 1 , D P o J D F D P ~ 2 5 l ~ ~ D F D P ~ 2 5 l ~ ~ A ~ ~ 2 l ~ ~ D A ~ 6 ~ ~ D ~ D ~ ( 6 ~  
D I M E N S I O N I N ( 2 3 1 )  , T S ( 3 + 4 8 )  , I S ( 2 , 3 , 4 8 l , A ( 6 ) , A A ( 3 s 3 ) , B B ( 3 , 3 5  9 P ( 3 0 0 )  
CALLFUNC(C,Z) 
FX=ARCCOS ( C )  
RETURN 
E N D f 0 , 1 ~ 0 , 0 , 0 )  

PRE8 
PRE8 
COM 
D I M  
D I M  
PRE8 
PRE8 
PRE8 
PRE8 
PRE8 

FUN8 
FUN8 
COM 
D I M  
D I M  
FUN8 
FUN8 
FUN8 
FUN8 

01, 
03 
0 1  
0 1  
03 
05 
07 
09  
11 
13  

01 
03 
O b  
0 1  
03 
05 
07 
09 
11 

I -. 
03 
4 
1 
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COUT8 

107 

1471 WRB OUTPUT DESCRIPTION 8 OUT8 0 1  
SUBROUTINEOUT8 OUT8 03 
C O M M O N N G , I C , P M , D P 9 D F D P , A M , D A , D F D A , T N , T S b I S 9 A ~ A A , B B s F , F X , P  COM 01 
D I M E N S I O N I C ( l O ) * P M ( 2 5 ~ )  , D P ( 2 5 1 ) , D F D P ( 2 5 1 ) , A M ( 2 l ~ , D A ( 6 ) , D F D A ~ 6 ~  D I M  0 1  

WRITEOUTPUTTAPE3,107,1 IN(  I l t I = 2 9 8 )  OUT8 05 
FORMAT(12H-i-  ( 1 2 , 1 H , I 3 , 6 H )  I 1 9 5 H  ( 1 2 * 1 H , I 3 , 3 H )  ( 1 2 3 O U T 8  107 

DIMENSIONIN(231),TS(3,48) , I S ( 2 , 3 , 4 8 ) , A ( 6 l , A A ( 3 , 3 ) s B B ( 3 , 3 1 , P ( 3 0 0 1  DIM 0 3  

OUT8 108  
OUT8 09 
OUT8 11 

CHED9 1471 WRB HEADING 9 HEDB 0 1  
SUBROUT I NEHED9 HEDB 03 
WRITEOUTPUTTAPE3,107 HED9 05 

l A X I S  R PR03ECTED ON VECTOR DEFINED BY TWO ATOMS. ANGSTROMS/40HO HED9 108 
2 ATOM R VECTOR 1 HED9 109 

RETURN HED9 11 
END(O, l ,Os090)  HED9 1 3  

107 FORMAT(113HORMS COMPOrqENT OF THERMAL DISPLACEMENT ALONG P R I N C I P A L  HED9 107 

CFUN9 1471 WRB P R I N C I P A L  A X I S  PROJECTED ON VECTOR 
SUBROUT INEFUN9 
COMMONNGtIC,PM,DP,DFDp,AM,DA,DFDA,IN1TS,~S,A,AA,BB,F,FX,P 
D I M E N S I O N I C ( 1 ~ ~ ~ P M f 2 5 1 ) , D P o 5 l ) ~ D F D P ( 2 5 1 ~ ~ A M ~ Z l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  
D I M E N S I O N I N ( 2 3 1 )  , T S ( 3 , 4 8 ) , I S 1 2 , 3 , 4 8 ) , A O , A A ( 3 , 3 )  r B B / 3 , 3 ) , P ( 3 0 0 )  
CALLFUNC(C,Z) 
FX=C*Z 
RETURN 
END[O*1,0,0,0) 

CHEDlO 1471 WRB HEADING 10 
SUBROUT T NEHED 10 
WRITEOUTPUTTAPE3s l07  

107 FORMAT(85HOANGLE BETWFEN P R I N C I P A L  A X I S  R 
l S Y S T E M  D E F I N E D  BY TWO VECTORS/45HO 
2 N I N G  VECTORS) 

RETURN 
E N D ( 0  3 1  ,O ,O*O 1 

FUN9 
FUN9 
COM 
D I M  
D I M  
FUN9 
FUN9 
FUN9 
FUN9 

01 
Q3 
03 
01 
03 
05 
07 
09 
11 

HED10 01  
H E D l O  0 3  
H E D l O  05 

AND A X I S  I OF CARTESIAN H E D 1 0 1 0 7  
ATOM R I D E F I H E D 1 0 1 0 8  

HED 10 109 
H E D l O  11 
H E D l O  13 
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CPRELO 1471 WRB PRELIMINARY SUBROUTINE 10 
SUBROUT I NEPRE 10  
COMMONNG, IC,PM,DP,DFDp,AM,DA,DfDA, IN, fSs IS~A,AA9BB,F,F~,P 
D I M E N S I U N I C I L O ) ~ P M ( 2 5 1 ) 9 D P ( 2 5 1 ) s O F D P ( 2 5 1 ) ~ A M ~ 2 l ) ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  
D I M E N S I O N I N ( 2 3 1 ) ~ T S ( 3 , 4 8 ) ~ I S ( Z ~ 3 ~ 4 8 ) ~ A ~ 6 ) ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 0 0 ~  
C A t L S E T K B ( I N ( 2 1 )  
D01091=6,12,2  

109 C A L L S E T K X ( I N ( I I 1  
RETURN 
END ( 0  9 1  ,O,ObO 1 

CFUNlO 1471  WRB ANGLE BETWEEN P R I N C I P A L  AND CARTESIAN AXES 
SUBROUTINEFUN10 
COMMONNG,IC,PM,DP,DFDP,AM,DA,DFDA,IN,TS,IS~~,AA,BB,F,FX,P 
D I M E N S I U N I C ( 1 0 )  , P M ( 2 5 1 ) , D P ( 2 5 1 ) , D F D P O  v A M ( 2 1 )  , D A ( 6 ) , D F D A ( 6 )  
D I M E N S I O N I N ( 2 3 1 )  9 T S ( 3 + 4 8 )  ,IS(2,3,48),A(6),AAI3,3) , B 3 ( 3 , 3 h P ( 3 0 0 )  
C A L L F U N X I C 9 Z )  
FX=ARCCOSfC)  
RETURN 
ENDf O r  1,030,O 1 

P R E l O  0 1  
P R E l O  0 3  
COM 01 
DIM 0 1  
D I M  0 3  
PRElO 05 
PRElO 07 
P R E l O  09 
P R E l O  11 
PRElO 13 

FUNlO 0 1  
FUNlO 0 3  
COM 0 1  
D I M  0 1  
D I M  03 
FUNlO 05  
FUNlO 0 7  
FUNlO 09 
FUNlQ 11 

COUTlO 1471 WRB OUTPUT DESCRIPTION 1 0  OUT lO 0 1  
SUBROUTINEOUTlO OUTlO 0 3  
COMMOMNG,IC~PM,DP,DFD~,AM,DB,DFDA,IN~TSJIS,A,AA,BB,F,FX,P COM 0 1  
D I M E N S I O N I C ( 1 O ) ~ P M f 2 5 1 ) , D P ( 2 5 l ) ~ D F D P ( 2 5 1 ) ~ A M ( 2 l ~ ~ D A ( 6 ~ ~ D F ~ A ~ 6 ~  D I M  01 

W R I T E O U T P U T T A P E 3 ~ 1 0 7 ~ ( I N ~ I ~ ~ I ~ Z ~ l 3 ~  O U T l O  05  
107 FORMAT( IZH+ (12 ,1H, I3 ,4H)  1 1 , 1 3 9 4 H  (12,1H,I3,3HS (12 ,QUT10106  

1 1 H , I  39lH) / 30H (12 ,1H, I3 ,3Hf  ( 1 2 , 1 H , I 3 t O U T 1 0 1 0 7  
21H)) OUT1 0 1  08 

RETURN OUT10 09 
OUT10 11 END( 0 9 1 ,O,O,O 1 

DIMENSIONIN(231),TS(3,48) , I S ( 2 , 3 9 4 8 f , A ( 6 ) , A A ( 3 , 3 ) , B B ( 3 J 3 f , P ( 3 0 0 )  DIM 0 3  

H E D l l  0 1  
SUBROUTINEHEDl l  HEDll 03 
WRITEOUTPUTTAPE3,107 H E D l l  05 

107 FORMATf lO lHORMS COMPONENT OF THERMAL DISPLACEMENT ALONG P R I N C I P A L  H E D l l l O f  
l A X I S  R PROJECTED ON A X I S  I OF CARTESIAN SYSTEM/34H DEFINED BY TWO HED11108  
2VECTORS. ANGSTROMS/45HO ATOM R I D E F I N I N G  VECTORHEDl1109 

C H E D l l  1471 WRB HEADING 11 
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H E D l 1 1 1 0  
H E D l l  11 
H E D l l  1 3  

C F U N l l  1471 WRB P R I N C I P A L  A X I S  PROJECTED ON C A R T E S I A N  A X I S  
S U B R O U T I N E F U N 1 1  
COMMONNG,IC,PM,DP,DFDp,AM,DA,DFDA,IN,TS,IS,A,AA*BB,F,FX~P 
D I M E N S I O N I C ~ 1 O ~ ~ P M ( 2 5 1 ) r D P o  t D F D P ( 2 5 1 ) , A M ( 2 1 )  , D A ( 6 ) , D F D A ( 6 )  
D I M E N S I U N I N ~ 2 3 1 ~ ~ T S ~ 3 , 4 8 ~ ~ I S ~ 2 ~ 3 ~ 4 8 ~ ~ A ~ 6 ) ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 O O )  
C A L L F U N X ( C , Z )  
FX=C*Z 
RETURN 
E N D ( O 9 1  ,O,O*O 1 

CFUNR 1471 WRB MEAN SQUApE R A D I A L  DISPLACEMENT 
SUBROUTINEFUNR(1,RSQ)  
COMMONNG,ICIPMJDP,DFDP,AM,DA,DFDA,IN,TS,IS,A,AA,BB,F,FX~P 
D I M E N S I O N I C ~ 1 O ~ ~ P M ~ 2 5 1 ) , D P 1 2 5 1 ) , D F D P ~ 2 5 l ~ ~ D F D P ~ Z 5 l ~ ~ A M ~ Z l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  
DIMENSIONIN(2311,TS(3,48) ,IS(2,3,48),A(6),AAf3,3),5B(3,3) ~ P ( 3 0 0 )  
D I M E N S I O N B ( 3 , 3 ) , B A A ( 3 , 3 1  
CALLSTOAA 
C A L L B E T A ( I I B I  
CALLMN(B,AA,BAA) 
RSQ=TRACE(EAAI*O~0506~05918 
RETURN 
E N D ( 0 ,  1 ,O,O,O) 

CFUNCR 1471 WRB COMPUTE Q U A N T I T I E S  FOR MEAN BOND D I S T A N C E  
SUBROUTINEFUNCR(C,R) 
COMMONNG,IC,PM,DP,DFDP,AM,DA,DFDA,DF~A,IN,TS,IS,A,AA,BB,F,FX,P 
D I M E N S I O N I C ( 1 O ~ ~ P M ~ 2 5 1 ) , D P 1 2 5 1 ) , D F D P ~ 2 ~ l ~ ~ D F D P ~ Z 5 l ) ~ A M ~ Z l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 )  
D I M E N S I O N I N ( 2 3 1 )  , T S ( 3 , 4 8 )  , IS12 ,3 ,48 ) ,A (6 ) ,AA(3 ,3 ) ,88 (3 ,3 )  , P ( 3 0 0 )  
D I M E N S I O N C ( 2 )  , X ( 3 9 2 b V ( 3 )  

C A L L F U N R ( I N ( 2 * I ) , R S Q )  
CALLFUNXI(IN(2*1),IN(2)~XISQ) 
C (  11 =RSQ-XISQ 

CALLDIFV(X(l,Z),X(l,l)~V~ 

~ o i i 5 r = i , z  

1 1 5  C A L L A T O M ( I N ( 2 * I ) , X ( I , T f l  

F U N l l  0 1  
F U N l l  0 3  
COM 0 1  
D I M  01 
D I M  0 3  
F U N l l  0 5  
F U N l l  07 
F U N l l  09  
F U N l l  11 

FUNR 101 
FUNR 1 0 3  
COM 0 1  
D I M  0 1  
D I M  03  
FUNR 1 0 5  
FUNR 107 
FUNR 109 
FUNR 111 
FUNR 1 1 3  
FUNR 3 2 5  
FUNR 117 

FUNCR 01 
FUNCR 03 
COM 01 
D I M  0 1  
D I M  0 3  
FUNCR 05 
FUNCR 07 
FUNCR 09 
FWNCR 11 
FUNCR 1 3  
FUNCR 15  
FUNCR 17 

/ 

-, , 

i ' )  

'\ 
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R t S Q R T F I V M V ( V r A A s V 1 )  
RETURN 
ENDf 0 9 1 r 0 , O s O  1 

CFUNXI  1471 WRB MS DISPLACEMENT I N  G I V E N  D I R E C T I O N  
SUBROUTINEFUNXIfI9J,X~5Ql 
C O ~ ~ O N N G , T C , P M , D P r D F D p r A ~ ~ , D A , I N , T S , I S , A ~ A A s B B , F s F X r P  
D I M E N S I O N I C ( 1 O ) r P M ( 2 5 ~ ) ~ D P ~ 2 5 l ) ~ D F D P ~ 2 5 l ~ ~ A M ~ 2 l ~ ~ ~ A ~ 6 ~ ~ D F ~ A ~ 6 ~  

D I M E N S I O M I ( 2 ) , J ( 4 ) r 6 ( 3 , 3 )  + X 1 ( 3 ) , X 2 ( 3 ) r V ( 3 )  , B A A ( 3 , 3 ) s A A B A A ( 3 r 3 )  
C A L L S  TOAA 
C A L L B E T A (  I r B )  
CALLATOMI J , X l )  
CALLATOM( J ( 3 )  9 x 2 )  
I F ( N G 1 2 0 7 r 1 1 7 r 2 0 7  

117 C A L L D I F V t X 2 b X 1 9 V )  
D=VMV t V r A A  T V )  
I F ( D ) 1 2 3 9 1 2 3 r 2 0 1  

G O T 0 2 0 7  
C A L L M M  ( B rAA9BAA ) 
CALLMM(AA+BAA,AABAA) 
X ISQ=VMV('J,AABAA,V ) + 6 0 . 0 5 0 6 6 0 5 9 1 8 / D  

D I M E N S I O N I N f 2 3 1 )  r T S ( 3 9 4 8 )  , I S ( 2 , 3 , 4 8 1 , A ( 6 ) , A A ( 3 , 3 ) , 8 8 ( 3 , 3 )  ,P(3OO) 

123 N G = l O  

201 

2 0 7  RETURN 
E N D ( O ~ l r O , O , O l  

FUNCR 19 
FWNCR 2 1  
FUNCR 2 3  

F U N X I l O l  
FUNXT103 
COM 0 1  
DIM 0 1  
DIM 03 
FUNX I 1 0 5  
FUNX I107 
F U N X I 1 0 9  
FUNX I 11 1 
F U N X I 1 1 3  
F U N X I 1 1 5  
FUNX I1 17 
FUNX I 119 
FUNX I121 
FWNX I123 
FUNX I125 
F U N X I 2 0 1  
F U N X I 2 0 3  
FUNX 1205 
FUNX 1207 
FUNX I209 

CHED12 1 4 7 1  WRB HEADING 1 2  
SUBROUTINEHED12 
WRITEOUTPUTTAPE3,107 

107 FORMAT(83HORMS COMPONENT O F  THERMAL DISPLACEMENT 
l N E D  BY TWO ATOMS. ANG$TROMS/40HO ATOM 
ZECTORS 

RETURN 
END[Osl,O,O,OI 

HED12 0 1  
HED12 03 
HED12 05 

I N  D I R E C T I O N  D E F f H E D l Z 1 0 7  
VHED12l.08 

H E D 1 2 1 0 9  
HED12 11 
HED12 13  

CPRE12 1 4 7 1  WRB P R E L I M I N A R Y  SUBROUTINE 12 PRE12 0 1  
SUBROUTINEPRE12 PRE12 03 
C O M M O N N G r I C r P M , D P , D F D p r A M r D A , I N , f S s I S r A ~ A A ~ B B , F ~ F X $ P  COM Q;1 
DIMENSIONICflO~~PM~2 51 1, DP o, DF DP 12 51 ~r AM ~2 l~~DA~6~~DfDA(6~ DIM 01 
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'. .i 

C 

1 0 9  

UN1 

D I M E N S I O N I N ( 2 3 1 ) ~ T S ( 3 , 4 8 ) ~ I S ~ Z ~ 3 ~ 4 8 ) ~ A ~ 6 ~ ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 ~ ~ ~  D I M  0 3  
C A L L S E T K B ( I N ( 2 ) )  PRE12 05 

PRE12 07 
C A L L S E T K X ( I N ( 1 ) )  PRE12 09 
RETURN P R E l 2  11 
END ( 0 9 1  ,090,O 1 PRE12 13 

o o i 0 9 1 = 4 , 6 ~ z  

1471 WR6 RMS DISPLACEMENT L N  GIVEN D I R E C T I O N  FUN12 0 1  
SUBROUTINEFUN12 FUN12 03 
C O M M O N N G ~ I C , P M , D P , D F D p l A M , D A ~ D F D A , I N , T S , I S ~ A ~ A A ~ B B ~ F ~ F X ~ P  COM 01 
D I M E N S I O N I C ~ l O ~ ~ P M ~ 2 5 1 ) , D P ~ 2 5 1 ) r D F D P ( Z 5 l ~ ~ A M ~ 2 l ~ ~ D A ~ 6 ~ ~ D F D A ~ 6 ~  D I M  0 1  

CALlFUNXI(IN(21,IN(4),XISQ) FUN12 0 5  
FX=SQRTF I X I  SQ f FUN12 07 
RETURN FUN12 09 
END( 0 9 1 ,O,O,O 1 FUN12 11 

COUT12 1471 WRB OUTPUT DESCRIPTION 1 2  OUT12 0 1  
SUBROUTINEOUT12 OUT12 03 
COMMONNG,IC,PM,DP,DFDp,AM,DA,DFDA,IN,TS,IS,A,AA,BB,F,FX,P COM 0 1  
D I M E N S I O N I C f l O l , P M ( 2 5 1 f , D P ( 2 5 l ) , D F D P ( 2 5 l ~ ~ A M ~ Z ~ ~ ~ D A ~ 6 ~ + D F Q A ~ 6 ~  D I M  01  

W R I T E O U T P U T T A P E 3 , 1 0 7 + ( I N ~ I ) ~ I = 2 , 7 )  OUT12 05 
107 F O R M A f ( l Z H +  ( 1 2 9 1 H 9 1 3 9 1 2 H )  (12,1H, I3,3H) (12~1H,OUT22107 

OUT 1 2 1 08 
RETURN OUT12 09 
END(O,1,0,0,0) OUT12 11 

D I M E N S I O N I N ~ 2 3 l ) ~ f S ~ 3 , 4 8 ) ~ I S ~ 2 ~ 3 ~ 4 8 ) ~ A ~ 6 ~ ~ A A ~ 3 ~ 3 ~ ~ B B ~ 3 ~ 3 ~ ~ P ~ 3 O O ~  D I M  03 

DIMENSIONIN(231),TS(3,48) ,IS(2,3,48),A(6),AA(3,3) , B B ( 3 , 3 ) 9 P 1 3 0 0 )  D I M  03 

1 1 3 9 1 H )  1 

CHED13 1471 WRB HEADING 1 3  H E D l 3  01 
HED13 03 SUBROUTINEHEDL3 

WRITEQUTPUTTAPE3,107 HED13 05 
H E D l 3  1 07 

RETURN HED13 11 
END(O,l,OtO,O) HED13 13 

107 FORMAT(51HORMS RADIAL  THERMAL DISPLACEMENT OF ATOM. ANGSTROMS) 

C F U N l 3  I 4 7 1  WRB RMS R A D I A L  DISPLACEMENT FUN13 01 
SUBROUTINEFUN13 FUN13 03 
COMMONNGjIC,PM,DP,DFDP,AM,DA,DFDA,IN,TS, IS,A,AA,BB~F,FX,P COM 01 
D I N E N S I O N I C ( ~ O ) J P M ( ~ ~ ~ )  ,DP(25l l ,DFDP1251) ,AM(21) ,DA(61,DFDA(6)  DIM 01 

I 1  ..- 

r 

. -/ 

' .. .' 

--' 
I '  w 

"(" .. 

, -.. 

Page 242



COUT13 1471  WRB OUTPUT D E S C R I P T I O N  1 3  OUT13 01 
SUBROUTINEOUTl.3 OUT13 03 
COMMONNG 9 I C ~ P M J D P  9DFDp 9AM t DA 9DFDA t I N  9 TS9 I S * A  9 A A 9  BB 9F 9FX 9 P COM 01  
D I M E N S I O N I C ~ I O ) ~ P M ~ ~ ~ ~ ~ ~ D P ( Z ~ ~ ~ J O F D P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ D ~ ( ~ ) ~ ~ F ~ A ~ ~ )  DIM 01 

WRITEOUTPUTTA?E3t107 , ( IN1  f t 9 I t Z t 3 )  OUT13 05 
107  FORMAT( 12H+ ( 1 2 9 l H t I 3 9 1 H ) )  OUT1 3107 

RETURN OUT13 09  
END (0 9 190,090 1 OUT13 11 

C H E D Z ~  1 4 7 1  WRB HEADING 14  H E 0 1 4  0 1  
SUBROUTINEHEGI4 HE014 03 
W R I T E O U T P U T T A P E 3 ~ 1 0 7  HED34 0 5  

107 F O R M A T ( 8 8 H Q I N T E R A T O M I ~  DISTANCE AVERAGED OVER THERMAL MOTIONo SECOHED14107 
1 N D  ATOM ASSUMED T O  R I D E  ON F I R S T )  HED14108 

H E D l 4  3 1  RETURN 
END[ 0 9 1  9 O + O , O )  HED14 1 3  

D ~ M E N S I O N I N ( ~ ~ ~ ~ ~ T S ~ ~ ~ ~ ~ ) ~ I S ~ Z ~ ~ J ~ ~ ~ ~ A ( ~ ) J A A ( ~ ~ ~ ) ~ E ~ ( ~ ~ ~ ~ Q P ( ~ ~ O ~  D I M  03 

CPRE14 1471 WRB P R E t I M I N A p Y  SUBROUTINE 14 
SUBROUTINEPREl.4 
C O M M O N N G ~ ~ C ~ P M J D P ~ D F G ~ ~ A M J O A ~ G F D A ~ I N ~ T S ~ ~ S J A ~ A A ~ B E ~ F ~ F X ~ P  
DIMENSIONfC(lO)sPM(25~~9DP(25l~~DFDP(2~l~gAM(2l.)9DA~6~9DFDA~6) 
D Z M E N S I O N I N ~ ~ ~ ~ ~ J T S ~ ~ ~ ~ ~ ) ~ ~ S ( ~ , ~ J ~ ~ ~ ~ A ~ ~ ~ ~ A A ~ ~ ~ ~ ~ J B B ~ ~ ~ ~ ~ ~ P ~ ~ O O )  
D O 1 0 9  I=2 J 4 J 2 
C A C i S E f K X f I N ( f j )  

509 C A L L S E T K B ( I N (  I 1  j 
RETURN 
END{ 0 $ 1 9 0 9 0 9 0 )  

PRE14 01 
PRE14 0 3  
CQM 01 
D I M  01 
DIM 03 
PRE14 05 
PREL4 07 
P R E L 4  09 
PRE14 11 
PRE14 13 

C F U N l 4  f4?1 WRB MEAN BOND DISTANCE ASSUMING R I D I N G  PUN14 01 
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This memorandum describes a Fortran program fo r  calculating the 

absorption correction t o  be applied t o  single crystal  x-ray or  neutron 

diffract ion intensi ty  measurements. 

the program which is  available from the authors i n  the form of symbolic 

punched cards. 

Lnstructions are included for  using 
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-2 - 
INTRODUCTION 

The derivation of structure factors from integrated intensi ty  

measurements i n  X-ray or neutron diffract ion usually requires a correction 

f o r  absorption of radiation i n  t h e  specimen, 

correction, expressed as the r a t i o  of in%egrated in%ensitY Yielded by 

an absorbing specimen t o  t h a t  ydelaed by an hypothetical nOn-absQfbiW3 

specimen of equal volume, are available fo r  cylindrical  ( ~ r a d ~ e ~ ,  1935) 

and spherical (Evans and Ekstein, 1952) sample shapes For accurate 

measurement of structure fczctzors, t h e  spechen is often redU@& tQ one 

of these simple forms. 

Tabulated Values Qf t h i s  

However, for  a number of reasons, it freqmntly proves t o  be 

undesirable o r  d i f f i c u l t  t o  shape a sample. 

available crystals  may not permit cutting a sphere 0;: cylinder large 

enough t o  give sat isfactory intensi t ies .  

anisotropic resistance t o  grinding, o r  ease of cleavage or frrackure may 

make shaping d i f f i cu l t .  

i n  only one orientation; while a spherical spechen obvh%es %his 

difficulty,  it may not permit optimm use of a beam @-th a long narrow 

cross section such as is  usual i n  neutron diffract ion speetrsmeters. 

The size and shape of 

Physical properties such as 

F’ulothemoreg n cy3_in&ical specimen may be used. 

Several methods of correcting f o r  absorption in  samples of other 

shapes have been r e p r t e d  by Rendershot ( 1937) Albrecht ( 1939) 3 Howells 

( 1950 1 a d  Evans (1952) , but all of them appear t o  be rather laborious e 

The ava i lab i l i ty  of high-speed computers now makes possible t h e  rapid 

calculation of t h e  absorptioii correetion factor  f o r  each ref lect ion from 

a crys ta l  Qf essent ia l ly  arbi t rary shape. 

i s  similar t o  one prepared fo r  t h e  8& R i d g e  computer, the Oracle 

(Busing and Levy, 1956). 

. 

The program $0 be describe6 

a 
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e 

(1) a x + b y + c n - d  20, 8 = 1, 2, 0 0 . 9  n, s 9 8 e 

wi th  coefficients yz s p  bs, csB dE; chose3 86 %lip;% the inequalities are  a l l  

s a t i s f i ed  only i f  the point x, ys z lfas insiaz o r  on the surface of the 

crystal .  

angles between boundil?g pXme~, a condition which is  assumed for t h i s  

treatment. 

t o  describe the angles which giire the directions o f  the primary and 

diffmc%ed beam. 

ANGm . 

T h i s  is a sa%iee"acJ;ory descriBtion i f  there are no re-entrwt  

Cartesian coordb-ate axes for t h i s  description are those used 

Twc cszTYgmrstions are discussed under %he subroutine 

Xr, %hi& progran t h e  intagral. is  es-alutz.ted nmerfcally using the method of 

Gauss (see, fo r  example, Margerxm and Murphy, 19kij8 p. b62) which will be 

where 
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f 

is  evaluated, while the R i t s  - are the re la t ive  weights of the terms in  

the sum. 

For t r i p l e  integration, the approximation becomes 

m m m  

where 

- = a+(b-a)ui, 

Tests of the method for conditions typical  of neutron diffract ion stutlies 

indicate that; arr m of 8 i s  satisfactory.  The problem of determining A 

then reduces t o  finding $be limits of integration, a, b, c(xi), d(xi)' 

e(xi3y.), J and f(xi9yi) ana evaluating g (x , , y , ,~ )  = (l/v>exr, [-dra+rp) 1. 
In order to f ind a and b, the lower and upper limits on x, the 

routine firs% takes a l l  possible combinations of three 0% t he  n planes 

which bound the crystal and solves for the coordinates of t h e i r  in te r -  

sections. Because there are no re-entrant angles between the faces, those 

intersections which are not comers of the c rys ta l  must l i e  outside of it. 

These are distinguished from the corners by reject ing points which f a i l  t o  

s a t i s fy  my one of the inequalit ies (1). 

in the remaining s e t  are then taken as a and b, respectively. 

The smallest and largest x values 

For 8 given value of x the limits on y are found in  a similar way i' 

by solving the equations of all. possible pairs  of faces, subject t o  the 

8 
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b 

. 

and the smallest and largest  y values remaining are taken as c(xi) and 

d(xi), respectively. 

fo r  given values of x and yJ. 

The limits on z are  determined i n  an analogous way 

i 
For a point xi$ y %, the function exy, [-p(r +r ) ]  is evaluated 3 a B  

as follows, The distance from t h i s  point t o  the intersection of the 

primary beam w i t h  a face s of t h e  c rys ta l  ( o r  i ts  extension) specified 

by one of the inequalit ies (1) is given by 

where the y0lts are  t h e  direction cosines of a vector pa ra l l e l  t o  t h e  

primary beam and directed toward its source. Th i s  quantity i s  posit ive 

i f  the intersection l i e s  toward the source of t h e  primary beam frm 

(Xi,yJ,%) and negative if it l i e s  away from the source, The desired 

path length, ra, is t h e  smallest posit ive quantity of the set ras. 

Similarly, the path length r is the m a l l e s t  posit ive quantity in  the B 
s e t  

where the y *s are  t h e  direction cosines of the diffracted beam, 

exponential is then eva1.uated i n  a straightforward way. 

The B 

OUTLINE OF PRO@= 

It is  usually necessary t o  deternine t h e  values of A for many 

reflections from a given crystal ,  a d ,  sametimes, for several values 

of p. The program avoids much r q e t i t i o n  by calculating only once the 

limiQs of integration a, b, c, d, e, and f and, the points of integration 

xi’ yiJ zi. 

(7) and the m3 m i g h t s  of h t eg ra t ion  

These determine t h e  nm3 numerators of Equations (6) and 
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= (b-a)(d-c)(f-e)R R % , 

Ri jk i j  
which are saved i n  a block of core, or on magnetic tape, i f  necessary. 

In the second. part of the program the numerators are used t o  determine 

A fo r  each reflection. 

The amount of core available for data storage is determined by 

a subroutine (which must be the last one loaded) which determines the 

length of the code, s ize  of machine, and amount of upper core unavaila- 

ble ,  The s ize  of the numerator block is then computed as t h e  l a rges t  

factor of m.' possible, considering the number of faces, number of points 

of integration, and number of IJ.. In some cases, a11 numbers can be 

stored i n  f a s t  storage, and no magnetic tape i s  used. 

The madority of t h e  input i s  read by two subroutines, one of which 

describes the shape of the c rys ta l  (FACE) and the other of which describes 

the angles of the reflection (ANGL?3), Thus the user may describe h i s  

c rys ta l  and reflections in  any convenient manner and supply a sabroutine 

which W i l l  convert h i s  input into the desired data. 

The calculations begin wi th  the determination of the limits a and b 

as described ear l ie r ,  and the values of xi are  then found from ( 3 ) ,  using 

the tabulated u t s .  For each x.  the limits c and d are then calculated 

and the values of y Finally, for each canbination xi, 

y the limits e and f are determined and the values % taken from ( 5 ) .  

Given the coordinates xi, 

be calculated and stored, together wi th  the w i g h t  which i s  determined 

1 

found from (4) .  J 

J 
and % the n numerators of (6) and (7)  may ys 

using the tabulated values of R. The c rys ta l  volume, which is  sinply 

the sum of all the weights, is also determined in  t h i s  par t  of the code. 

I n  the second par t  sf the program remaining storage is  used for 

4 

ref lect ion data fo r  several reflections.  By performing the calculation . 
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Calculate c .  In i t ia  I ize : - > Allocate 
Rewind tapes. 
Determine size 

U N C L A S S I F I E D  
O R N L - L R - D W G .  54735 

Determine corners 

Report corners if 
of crysta I. 

i f  desired. 
of core. 

c 

available storage. 

For one reflection 
calculate denomi- 
nators of ras and 
fas for a l l  s. 

Determine 
i 

J 
ra and 2. - 

For each p ;  
accumulate 

6 Beginning of Part I 

Beginning of Part IC 

ref lect ions 
in  NANGLI. 

0 + NANGLI 

I \ I 1 0 4 A ;  I . .  1 

Sample clock. 
Report t imes 

and volume. 

ABSORPTION CALC U L A T  ION 
FLOW OF PROGRAM 

End of , 

L J 

Read numerators 
of ras yf#S from 
taDe if necessarv. 

Calculate volume 

Report absorption Rewind tape 
i f  used, 

for more 
reflections. 

Calculate l imi ts  

Calculate l imits 

Calculate l imi ts  
E, F, F-E. i . 

Calculate points 
of in tegrat ion 
and numerators. 
of ras  and r b S .  

on tape if 
necessary. 

Write numerators 

Write EOFon 

Sample clock. 
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fo r  several reflections at  a time, mwnetic tape handling is  minimized. 

As each block of numerators is read from magnetic tape, the 2n denomi- 

nators of (6) and (7) are calculated. 

determined, and appropriate contribution added t o  the sums for  each 

reflection i n  core. 

The distances ra and r are B 

An on-line clock helps the user t o  estimate the time required for  

each run. The clock is sampled a t  the  beginning of the program, a t  the 

end of the first part, and a t  the end of the problem. The l a s t  page of 

output for  any crys ta l  is  a log giving the c rys ta l  identifieation, date, 

n, m, number of blocks of magnetic tape used, the nwaber of values of 

CL, %he number of reflections,  and the time required fo r  the two parts  

of the program. 

for  checking purposes. 

The volume of the c rys ta l  is  also reported at  t h i s  time 

Several checks are  made during the calculationsl Should the 

program fa i l  a check, a notation is made on the output as t o  the nature 

of t h e  error  and the extent o f  the calculation before the run is  termi- 

nated. 

PREPARATION OF THE PROGRAM DECK 

There are many features of t h i s  program which depend e i ther  on the 

arrangement of the diffract ion equipment rased o r  on t h e  requirements of 

the computing ins ta l la t ion .  

most cases minor modifications will have t o  be made before the program 

can be used. 

of symbolic cards, although columr-binary cards are  a l so  available on 

request 

For this reason it is expected t h a t  i n  

The program is therefore being tra.nsmi%ted in the form 

The following is  a l i s t  of the subprograms which should Se included 

i n  t h e  assembled program deck. Several of them are  discussed i n  more 

. 
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detail  i n  t h e  next section. 

Subprograrr, Idmtifica'tiion of 
S-ymboiic Car& 

1. Fortran I1 BSS loader 

3 .  Fortran I1 library 
subroutines 

4. GAUS~L G 337-384 

7. EPsEi ' E l  408-413 

8.  CL&K 

9. mGm 

10. FACE EL 592-630 

11. SIZE s 631-659 

Subroutlnes ERRdR an& EXIT 

Remarks 

Not punched auto- 
matfcally on compiling 

Alternative versions 

Alternative versions 

Must be last  subprogram 

These constants are read 
by the  program as data 
C a r d s .  

T!ne Oak R M g e  f r s t a l h t i c m  recpires t h a t  a m be terminated i n  one 

The Fortran input routine has been modEified t o  recognize ef three ways, 

an end of flle on the iqxt tape as t h e  normal end of t h e  run. An entrance 
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into EXIT subroutine terminates the problem i n  a sbnilar fashion. 

entrance in to  E%IR#R implies t ha t  an oc ta l  dump of core is  desired. 

Ars 

The 

user must supply EXIT and E R R ~ R  routines F ~ ~ F C ~ I  conform to locad 1 stmaam. 

Subroutine SIZE 

This  subrouthe d.etem+nes the nwnber ~f ce l l s  available i n  core 

for  storage of data. 

The routine labelled S i n  columns 77-78 should be usable on a. 

I B M  704, 709, or 7090 of my size ,  

amount of upper core not available t o  %he program (205 fo r  Oak hiidge) e 

The routine uses the Tact t h a t  it is the l a s t  subprogram l ~ d e d  t i3  

de.8;emine She length of the code and the par t  of lower core not avaF1abBe 

t o  the program. 

I n  t h e  decrement of SIT33 + 5 is t h e  

If a 6ew routine is  written it must use t h e  calPing sequence 

c m  SIZE (NS) 

t h e  length of the array DATA. 

Subrou+,ina CL&K 

The routine CL@K is entered three times for  each crystal t o  prsvicle 

the user with the date of t h e  ran %tad the time required for  Pwts 9 and I1 

of the program. 

l3m subroutines we provide?d. CL&K wi th  the identifieatism CP i n  

columns 77-78 is a d m y  which places blanks in DATE and gives zero for  

the time I n  T. It may be used when no on l i n e  clock is available. 
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. 

The second. routine, identified by C 2  i n  colwas 77-78, reads a 

Chrono-log d i g i t a l  clock model 2704-1, which has been connected t o  the 716 

on-him pr in te r  ccntrol panel according t o  drawing 2704-9 which i s  

furnishes wi th  t h e  clock by t h e  Chrono-log Corporation of Philadelphia 31, 

Pennsylvania, 

run from %he load switching c i r cu i t  (clock cable wire 50)  through a f i l t e r  

in to  t h e  sense entry hub. 

pr in te r  sense exit six.. 

In addition %Q %ha wiring shown on the &awing, a wire is 

The read out of t h e  clock is under control of 

The daSe of t h e  pun i s  given ic BCD i n  DATE i n  

the form mmddyy, mm being t h e  month, dd9 the day, and yyr the year, The 

time of the m i n  lOus of seconds is placed i n  t h e  decrement of I T .  

The call ing sequence is CALL CL&K ( I T 3  DATE) Tbz routine, i n  general, 

m w t  place 6 BCD chararsters i n  DATE and 

The main program will report elapsed % b e  8s IT-ITp (ITx c2,tained 

integer i n  &ha decrement of I T ,  

m 

e a r l i e r  entry) 

Subrout i r e  EPSR 

Whe2 determining t h e  corzers c-f the zrystsl, it is necessary, because 

of rounding errors9 t o  accept a point EX on the c rys ta l  surface; i f  

a ~ + b y + ~ ~ ~ - d  s S 8 + E 4 0  

for some s m a l l  E > 0, If t h e  program is not giving r ,~rrec% results,  it 

is possible tha t  aq examination of the corners of the crys6,al t h a t  were 

found muld in&fca%e t h a t  a adjustment of t $e  tolerance E i s  required. 

The main progrm reads an input parameter EPS. The subroxtine EPSR 

must calcul&te EPSl which is  t o  be used as E i n  t h e  above inequality. 

subprogram ident i f ied by El i n  columns 77-78 simply sets EPSb equal to EPS. 

Subrotatine FALX 

The 

This 6ubrmti.Gt: pwvides the pmgrm w%th .$"&e 4n coefPicients as> 

bs, cs,  and ds defined i n  Equation (3.3. The sziloroutke inclxdes 
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. 
the reading of input, the o&cmla;"tian of coefficients, and the reporbing 

of input or coefficients, i f  desired. 

The subroutine identified by F1 i n  columns 77-78 re& the following 

input cards v ia  tape 18: 

CWd 1: Columns 1-5: N, the number of faces of the crystal ,  N 108 

6 -18 N#P, A number other than zero -lies t ha t  the 

input is t o  be reported. 

as 

bS 

3L40 dS 

CWds 2, . . a )  N + 1: Columns 1-10 

11-20 

21-30 
As defined i n  Ecp~ation 

c 
S 

The coefficients as$ bs, cSt ds must be given with references t o  a 

coordinate system which is consistent w i t h  the angle description (see 

below). 

a l i s t  of the coefficients a, b9 c, and d are repo?Aed on tape 9. 

If l@P is  not zero, the t i t l e  card read in the ma3n program and 

To write a different  subroutine FACE, the following conventions 

should be observed:, 

The subroutine is enterea with the statement CALL FACE (DENT, 

N, DATA, KdF, DATE). 

The subroutine should include the reading and reporting of %a1 

data needed %o define t h e  c rys ta l  faces. Butput on tape K may 

be headed with the t i t l e  and date of run by using the statanent 

CALL H)$UT (IDENT, DATE, K)  

The number of faces is stored by the subroutine &s an integer 

i n  the decrement sf N, 

The 2d.n coefficients are store& i n  DATA (IKfiF) through DATA 

(E$F -t 4 N  0 I) i n  the order a&, bl, cI, dl, ap9 etc.  At leas% 
. ,  
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2N ce l l s  beyond DATA (N@F + 4N - 1) are available t o  the sub- 

routine for  temporary storage. 

If sense l i gh t s  1 and 2 are used, they must be turned off before 

returning t o  the main program. 

( 5 )  

Subroutine ANGLE 

This subroutine gives the main program an identification for  each 

ref lect ion and calculates the direction cosines ym, y 
a y b  yaz) Ypx’ 

and ypz used i n  Equations (6) and (7). Two versions of t h i s  sub- %Y > 

routine have been provided. 

The subprogram identified by Al i n  columns 77-78 deals with reflec- 

t ions i n  one zone. kt the z-axis be para l le l  t o  the zone axis being 

studied, and l e t  the x-axis l i e  i n  a crystal  plane which w i l l  be used 

as a reference plane for  a l l  the reflections being studied. 

i s  chosen t o  give a r igh t  handed coordinate system. 

the crystal  and the spectrometer for  a given reflection is  specified by 

8, the Bragg angle, and X, the  interplanar angle with respect t o  the 

The y-axis 

The configuration of 

reference plane. (See Busing and Levy, 1957, Fig. 1.) From these the 

routine calculates 
a = x + g + a  

and 
@ = X - Q  

which define the reverse directions of the primary beam and the forward 

direction of the diffracted beam. The direction cosines required by 

the main program are 

y, = cos a 

yay = s in  Q 

Yaz = 0 

Page 263



- 14- 
. 

Snput for each reflection consists of a BCD ident i f icat ion and the angles 

0 and X. This input w i l l  be reported as BCD output on tape 6 i f  desired. 

The subprogram identified A2 i n  columns 77-78 i s  for  use with the Oak 

Ridge automatic neutron diffractometer or with the General Electric single 

crystal  orienter. 

0, the Bragg angle, and X and $, the orienter sett ings.  

The geanetry for  each ref lect ion i s  defined by three angles: 

The crystal  may be mounted on the orienter i n  an a rb i t ra ry  way (but the 

values of X and $ depend on the way i n  which it is  mounted). The coordinate 

system t o  which the c rys ta l  faces are referred is  chosen as shown .. i i Z  Fig. 1. 

Assume the instrument t o  be i n  position for  a hypothetical ref lectfoc for  

which X = jd = 0 and Q has a small positive value. The x-axis i s  then chosen 

as the normal t o  th i s  hy-pothetical ref lect ing plane, and the z-axis i s  taken 

para l le l  t o  the $-axis i n  the direction away from the goniometer mount. 

y-axis i s  then para l le l  t o  the X-axis in a direction chosen so tha t  the coorili- 

nate system w i l l  be right-handed. 

"he 

For the  Oak Ridge diffractometer (Fig. l a )  

the y-axis w i l l  point i n  the general direction of the primary and diffracted 

beams, while for  the General Electric orienter (Fig. 15) the opposite w i l l  he 

true.  

and diffracted beams are  interchanged but t h i s  has no e f fec t  on the calculation.) 

The subprogram evaluates the required direction cosines as follows: 

(Note tnat for  the General Electric orienter the roles  of the prinary 

8 

= COS X cos s in  €3 - sin 15 cos 8 

= cos x s in  pl s i n  Q + cos 6 cos GI 
'Px 

"YY 

ym = cos x cos 16 s in  Q + s in  pl cos Q 

= cos x s in  6 sin Q - cos 16 cos Q yay 
raZ = s in  X s i n  Q yBz= sir? X s in  Q 0  

Input fo r  the subroutine consists of a BCD ident i f icat ion and the angle$ 

9, X, and fie If desired, the ident i f icat ion and input angles w i l l  be 

reported as BCD output on tape 6. 
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UNCLASSIFIED 
ORN L - LR-DWG 68509 

‘INCREASE (p I 

I -/ 

INCREASE X I  X 

Figure 1. 
automatic diffractometer and (b ) the General Electric single crystal  
orienter. 
for x = j4 = 0.  

The angles and coordinate systems for  ( a )  the Oak Ridge 

The axes t o  which the crystal  faces are  referred are shown 
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To write ANGLE subroutines f o r  other c rys ta l  orientations, the 

following specifications must be adhered to .  

Entry i s  by the statement (1) 

CALL ANGLE (IDENT, DATA, IANG, NANGL, DATE, NANGLl)o 

The arguments are defined below. 

(2)  

reflections.  

The routine must read a l l  of the input needed t o  define t h e  

If %he user wishes t o  reDort t h i s  input o r  other results, 

t h i s  must be done within the  subroutine, 

a t  the beginning of t he  main program and may be used f o r  output by 

Tape 6 i s  rewound only once 

ANGLE 

( 3 )  The c rys ta l  ident i f icat ion i s  found i n  the  twelve wordh BCD 

array IDENT, and t h e  date is  in  BCD i n  DATE, These may be reported by 

t h e  subroutine on tape K, together wi th  a skip t o  Channel 1, by the  

statement 

CALL IDOUT (DENT, DAm, IC) 

(4) The first entry inta  ANGLE may be distinguished from subsequent 

entr ies ,  since iVANGL1 I s  zero only f o r  t h e  f irst  entry. 

(5)  The program is more e f f ic ien t  on small mackines if the data 

fo r  several reflections are  in  core as a group. The m a x i m u m  number of 

reflections t h a t  can be processed i n  such a group is  found i n  NANGL en 

t h e  first entry only. 

number of reflections for  which t h e  angle data has been stored i n  corec 

The subroutine should s e t  l"?GL t o  the actual  

( 6 )  Data fo r  t h e  reflections must be stored i n  the one-dimensional 

array DATA beginning a t  DATA ( I A N G )  . A t  exit ,  the data should be stored 

i n  groups of seven words i n  t h e  following order: 

1st word: $ix BCD characters t o  identify -the followfng ref lect ion 

2nd word: sbay 1 
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3rd word: 'OlY ). directioa cosines fo r  primary beam 
4 t h  word: ya, 

yBx \1 5 t h  word: 

6th word: directior, cosines for  diffracted beam 
I 

7 t h  word: yBz 1 

NANGL words of storage i n  DATA following the reflection data may be used 

as temporary storage. 

( 7 )  When the data f o r  the last reflection has been read in to  

core, the subroutine must turn on sense l i gh t  1. 

RESTEUTTIONS AND MACHINE REQUIREMEIWS 

The following restr ic t ions and requirements apply t o  the program 

- 

as written. 

modification. Equipment needed: 

Most of them can be ehaged by making t h e  appropriate 

(1) The source program may be assembled and run on an I B M  704, 709, 

or  7090. At; l e a s t  8,192 vords of storage are  required. 

(2) At most k tape uniQs are required. One f o r  scratch (tape 2), 

one fo r  input (tape LQ), ax& %m f o r  az;",ut. (Main output is on tape 9, 

but reflection angles are  put out v ia  tape 6, i f  desired). 

( 3 )  

(4) 

A card-to-tape uni t  is used t o  prepare t h e  iriput tape. 

AU outpvt is  printed off-line. 

(5)  An on-line clock is used fo r  timing. 

Program restr ic t ions:  

(1) Uses sense l igh ts  1 and 2. 

(2) 

( 3 )  

Does not use sea86 switches. 

Output gives 56 l ines  per page. It should be l i s t e d  under 

program control. Automatic overflow switch should be off i f  t h e  carriage 

tape has less than 56 l ines .  
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(4) Program does not rewind input o r  output tapes. No end of f i l e  

is written on the main output tape by t h e  program a t  t h e  end. of a m. 

TIMING 

The machine time fa r  a problem may be estimated from t h e  expression 

T = (C, N -I- C2)R 

Here T i s  t h e  time i n  seconds, fJ is  the number of crystal faces, and R 

is  the number of reflections f o r  which the correction is t o  be calculated. 

Preliminary t e s t s  on an I B M  704 computer show t h a t  C1 = 1.1 seconds per 

face per reflection, and C2 = 2.0 seconds per ref lect ion i f  intermediate 

magnetic tape storage is  used, or  C2 = 0 *en magnetic storage is not 

needed. 

not with a 32 K memory. 

Usually magnetic storage w i l l  be needed wi th  an 8K memory buC, 

DATA ImT 

1. T i t l e  card. FORMAT (l2A6) 

cols 0 

1-72 Any 72 Holleri th dmracters.  T h i s  t i t l e  w i l l  head each section 

of the output. 

2. Card control. FORMAT (15, ~15 .8 ,  15) 

cols . 
1-5 
6-20 

M, the number of absorption coefficients. 

EPS, the increment used to compensate fo r  round-off error  i n  

1s NElzJ 5 6 .  

determining t h e  limits of integration. 

dimensions of %he order of 0.1 and face equations w i t h  

coefficients o f  t h e  order of 1 an EPS of lom6 (i.e. 9.OE-6) ~111 

For crystals  of 

c 

usualby be satisfactory.  

K@ = 0 i f  output of coordinates of c rys ta l  corners i s  not desired, 

K$d = i t o  obtain t h i s  output. 

21-25 

Page 268



-19- 

3 .  Absorption coefficients, FORMAT (6~10.8) 

cols . 
1-10 MU(K), %he absorption coefficients to be used in calculating 

A for each reflection. The number of W(K) must be W given 11-20 
'etc. 

on the control, card above. 

4. Input for FACE routine F1. 

a. Face control card. F@MAT (215) 

col. 
1-5 N, the number of faces of the crystal. 4 5 N C 100 

6-10 NJdP = 0 if output of the coefficients a, b, c, d are not 

desired; N$P = 1 if this output is desired. 

b. Coefficients of planes describing faces of crystal. @RMAT (4E10.8) 

The number of cards is equal to N, the number of faces of the crystal. 

col. 
1-10 a. 

11-20 b, 

21-30 C. 

31-40 d. 

Note that the coordinate system to which these equations refer must be 

consistent with the angle description used below. 

5. Input for A N G U  routine Al. (Used for zero level reflections). 

a. Angle control card FjihYAT (11) 

Column 1 = 1 if the input angles are to be reported. 

Column 1 = 0 or blank, if this output is not desired. 

b. Reflection angles and identification. F$RMAT (2(~6, 2FG.3)) 

Two refTections are placed on each card. For a definition 

of the reference system used in measuring the angles, see the 

discussion of the subroutine, 
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col. 
1-6 

7-14 

15-22 

23-28 

29-36 

37-44 

Angles 

6 BCD characters to identify the following reflection 

8, the Bragg angle 

$,, the interplanar angle 

6 BCD characters to identify the following reflection 

8, the Bragg angle 

f ,  the interplanar angle 
are given in degrees. The list of reflections is terminated 

with six zeros in the identification field following the last Y . 
6. Input for ANGLE routine A2. (Used with three-dimensional orienter). 

a. Angle control card @RMAT(I~) 

Column 1 = 1 if the input angles are to be reported. 

Column 1 = 0 or blank if this output is not desired. 

b. 

Two reflections are placed on each card. 

Reflection angles and identification F$WT ( 2 ( ~ 6 ,  3F8.3)) 

For a definition of the 

reference system used in measuring the angles, see the discussion of the 

subroutine . 
col. 
1-6 

7-14 

15 -22 

23-30 

31-36 

37-44 

45-52 

53-60 

Angles 

6 BCD characters identifying the following reflection 

8, the Bragg.angle 

$1 orienter angles 
6 BCD characters identifying the following reflection. 

8, the Bragg angle 

$1 orienter angles 
are given in degrees. The list of reflections is terminated 

with six zeros in the identification field following the last 0. 
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CARD DECK FOR OAK RIDGE INSTALLATION 

1. Monitor control cards 

2. Program deck 

3 .  Data 

b,  Control card 

c.  Absorption coefficients 

d. I n p t  f o r  FACE routine 

e. Input f o r  ANGLE routine 

4, Repeat ( 3 )  i f  absorption coefficients a re  t o  be calculated f o r  more 

than one c rys t a l  in  a single monitor job, 

OPERATING PROCEDURF: FOR OAK RIDGE INSTALLATION 

When preparing the monitor control cards the user should c a l l  f o r  

tapes on uni ts  2 and 6 ,  If e i the r  ANGLE rolztines A 1  o r  A2 are used and 

the angle output is  called ?or, the mmber 02 t h e  f i l e s  on tape 6 t o  be 

printed i s  equal t o  t h e  number of c rys ta l s  rmn. 

not been called for,  there w i l l  be nothing on tape 6,  

tape 6 regardless of which ANC%E routine is being used. 

If the angle output has  

The program rewinds 

SYMBOLS USED 

EPS input parameter. 
t a l e r a c e  use3 fa? t h e  determination of the corners. 

It is  used? i n  the calculation of E, the 

NS amount of core storage available i n  data block. 

Np NP * M * ( N + 1 )  WOEIS are  m i t t e n  i n  each block of magnetic 
tape i n  t h e  first pa r t  of the program. 

number 0% ref lect ions t o  be processed a t  one time. W G I ,  

N 

v volume of crystal, 

number of planes bounding c rys t a l  
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v1 

IDENT 

I T 1  

IT2 

I T 3  

NANGLl 

NMU 

X$F 

NEND 

IANG 

ISUM 

IDIFL 

IDIF2 

T 

TA 

m 
x 
RA 

RB 

wx 

volume of c rys t a l  computed with weights read from magnetic 
tape; used as a check. 

BCD array containing c rys t a l  ident i f icat ion.  

clock time a t  beginning of program; time for  par t  1. 

clock time a t  end of pa r t  I of program; time for  pa r t  11. 

clock time a t  end of program. 

t o t a l  number of ref lect ions processed. 

number of values of p t o  be used. 

DATA subscript  of first Coefficient al of planes describing 
c rys ta l .  

DATA subscript  of last coeff ic ient  drJ of planes describing 
c rys ta l .  

DATA subscript  of first numerator of rw i n  core. 

DATA subscript  of last  numerator of ras i n  core. 

t h e  number of words t o  be reported i n  one l i n e  c rys t a l  
corner output. 

DATA subscript  of first angle ident i f icat ion.  

DATA subscript  of first absorption correction factor .  

DATA subscript  of the f irst  of the N differences ds - a s i  x 
(Par t  1); DATA subscript of the first of t he  N 
denominators ayW + bras + cyas (Part  2 ) .  

DATA subscript  of the first of the N differences ds - asxi - bsy ( P a r t  1); DATA subscript  of the f irst  of the N 
denomdnators ay  Bs + byB, + cyBs (Part  2).  

temporary storage used by Gaussian elimination routine.  

current value of ras. 

Bs e 

current value of r 

current value of x coordinate of point of integration. 

ra 

rP 
(b-a) xi 

Page 272



Y 

wy 

z 

A 

B 

DIFl 

C 

D 

DIF2 

E 

F 

VMU 

DATA 

IVDATA 

Ix 

R 

U 

IP 

I& 

rn 
I 

current value of 

-23- 

y coordinate of point  o f  integrat ion.  

equivalent t o  IS, current value of z coordinate of point  
o f  integrat ion.  

a, lower l i m i t  of integrat ion on x axis. 

b, upper l i m i t  o f  integrat ion on x axis .  

b-a; equivalent t r J  C. 

c ( x . ) ,  lower l i m i t  o f  integrat ion on y ax i s .  

d ( x . ) ,  upper l iai t  of integrat ion on y axis 

d(xi) - c(x.  1, eqaivalent t o  D .  

e(xi, yj’ lower l i m i t  of integrat ion on z axis. 

f (xi ,  y . )  upper l i m i t  of in tegra t ion  on z axis ,  

equivalent t o  DATA; storage f o r  values of p. 

nme of block of s tarage which contains coef f ic ien ts  of  
faces, d i rec t ion  eosines of angles, values of d - asxi - 
’sYj s k9 
equivalent t o  DATA; f ixed point name f0r DATA. 

DATA subscr ipt  f o r  first index of corners of  c rys t a l .  

Gaussim weights. 

Gaussian points .  

1 

1 

1 

J 

- c z eSc. The subscr tpts  f o r  each bloc& are calculated.  

DAW subscr ipts  used i n  detemining cornerc of c rys t a l .  

I P l  and IQ1 

11, 12, 139 14, 15, 16, 17, J, K, K 1  Dummy subscr ipts  fo r  DATA. 

EPSl 

K$ 

M 

“;,oleranee E used irs i?e%em-ining corners of c rys t a l .  

output option QE t h e  r q a r % i n g  of t he  coraers of t h e  crystal. 

r m b e r  of Gaussian pDints used i n  integrat ion.  
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K#NST 

NP1 

Number 
of words 

N M ~ T C ~  

4 * N  

JPM*(N+~) 

N 

N 

I 2  

7*NANGL 

N$lU*NANGL 

-24 - 

number of words of C@MM#N storage used excepting DATA block. 

number of blocks on magnetic tape. 

SMRAGE TABU FOR THE ARRAY DATA* 

d -a x.-b y s s 1 s jmcszk 
(b-a)(d-c)(f-e)R R R f o r  s = 1, ..., n 
i, j, k = 1, .,., m 
(Part 1) ds-asxi (s = 1, . . ., n) 
(Part 2)  as"/(xx + bsyW + cSraz 

i j k  

(Part 1) Indices of planes and coordinates 
of corners 

Subscript 

1 
I 

NMET 

y @ F  
NEND 

NUM 

NuMED 

IDIFl 

IDIF2-1 

IDIF2 

Ix-1 

M 
I 
M4-11 

YUlJG 

Ism-1 
IsldM 

I 

I 

I 

%Am is equivalent to VMU and NDATA. 

. 
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C ABSORPTION C A L C U L A T I O N (  3 - D I M E N S I O N A L  P 1  000 
COMMON E P S ~ N S ~ N B , N P , N A N G L , N , V , V ~ , I D E N T , I T ~ , I T ~ , I T ~ ~ N A N G L ~ ~ N M U ~  P 1  0 0 1  

2 NCO F 9 NEN D 9 N UM 9 N UME D 9 I D I F 1 9 I D I F 2 9 I AN G 9 I SUM J COR 9 P 1  0 0 2  
P 1  0 0 3  3 T  9 X  9 W X  ,Y ,'dY 9Z ,A 9 B ,C*D,E 9 F 9D I F 1  9 D I  F 2  ,D I F 3  ,TA s T B  9 R A  ,RE? 9 

4VMU ,DATA P l  0 0 4  
D I M E N S I O N I D E N T ( 1 2 ) ~ T ( 1 2 ) , R ( 1 6 ) , U ( 1 6 ) , V M U ( l ) ~ D A T A ( l ) ~ N D A T A ( l )  P 1  005 
E Q U I V A L E N C E ( E P S , D U M 4 ) , ( N S , D U M 5 ) 9  P 1  006 

~ ( I D E N T , D U M ~ Z ) , ( I T ~ , D U M ~ ~ )  , ( I T 2 9 D U M 1 4 )  , ( I T 3 9 D U M 1 5 ) , ( N A N G L l , D U M 1 6 )  9 P 1  008 
3 ( N M U , D U M 1 7 1 , ( I A N G , D U 3 3 ) , ( I S U M , D U 3 4 ) ,  P 1  0 0 9  
4 ( N C O F ~ D U M 1 9 ) ~ ( N E M D , D U M Z O ) ~ ( N U M , D U M 2 1 ) , ( N U M E D ~ D U ~ 2 2 ) ~ ( J C O R ~ D U M 2 3 ) ~  P 1  010 
5 ( I D I F l , D U 3 1 )  ,(IDIF2,DU32),(T(3),X),(T(6) 9 \ r J X ) + ( T ( 9 )  9Y),tT(12),WY) 9 P 1  011 
6 ( Z , I 6 ) , ( A , D U M 2 4 ) r ( B , D I F 1 ) , ( C 1 D U M 2 5 )  , ( D , D I F 2 ) , ( E , D U M 2 6 ) , ( F , D T F 3 ) ,  P 1  0 1 2  

P 1  0 1 3  
8 (DATA,VMU,NDATA) P 1  014 

R E A D I N P U T T A P E 1 0 9 1 0 0 3 , M  P 1  0 1 5  
I F ( M - 1 6 ) 9 0 0 1 ~ 9 0 0 1 ~ 9 0 0 2  P 1  0 1 6  

P 1  017 
REWIND 6 P 1  0 1 8  
L I N E S  =50  P 1  0 1 9  
SENSELIGHTO P 1  0 2 0  
C A L L S  I ZE NS 1 P 1  0 2 1  

3 2 1 3  C A L L C L O C K ( I T 1 , D A T E )  P 1  0 2 2  
P 1  0 2 9  R E A D I N P U T T A P E ~ O , ~ O O ~ ~ ( I D E N T ( I ) ~ ~ = ~ ~ ~ ~ ~  

READ I N P U T T A P E  1 0  9 1 0 0 3  ,NMU 9 EPS 9 K O  P l  024 
I F ( NMU-6 1 3 1 4 9 3 1 4 9 3 1 5  P 1  0 2 5  

3 1 4  NCOF=NMU+l P 1  0 2 6  
R E A D I N P U T T A P E 1 0 , 1 0 0 4 , ( V M U ( I S , I = 1 ~ N M U )  P 1  027 
CALLFACE ( I DENT 9N 9 DATA +NCOF, DATE 1 P 1  0 2 8  

9 0 2 0  CALLEPSR ( E P S v E P S l )  P 1  0 2 9  
I 1 = N S -KO N S T - N M U - 6 Gf N - 1 2 P 1  030 
N P = I 1 / ( M 3f ( N + 1 ) 1 P 1  0 3 1  
I 2=p.q?c,e2 P 1  032 

3 1 6  I F  (Xi?ODF( I 2 9 N P )  ) 3 1 8 9 3 1 2 9 3 1 8  P 1  0 3 3  
3 1 5  NPZNP-1  P 1  0 3 4  

GO T O 3 1 6  P 1  0 3 5  
3 1 2  I F ( N P ) 8 3 1 3 , 8 3 1 3 9 3 1 1  P l  036  

P 1  0 3 7  
I F ( N A N G L - 2 ) 3 1 7 , 3 1 7 , 3 1 3  P l  0 3 8  

317  I F ( N P - 1 ) 8 3 1 3 , 8 3 1 3 , 3 1 8  P 1  039 
3 1 3  N B = I Z / N P  P 1  0 4 0  

P 1  0 4 1  

1 ( N B 9 DUM 6 9 ( LIP 9 DUM7 1 9 ( NAN GL DUM 8 ) 9 ( M 9 DUM 9 1 9 ( V 9 DUM 1 0 ) 9 ( V 1 9 DUVl11) 9 P 1 00 7 

7(IPl,IQl,I)r(T(l),TA),(T(2),TB)1(T(4)tRA),(T(5)9RB)9 

9 0 0 1  R E A D I N P U T T A P E 1 0 ~ 1 0 0 5 ~ ( U ( I ) , I = 1 , M ) , ( R ( I ) ~ I = l ~ M )  

3 11 NAN G L =  ( I 1-N P*P4+f ( N + 1 ) +I 2 ) / ( 7+NMU 1 

N EN D = b! CO F + 4  35 N - 1 
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, 

NUM=r\l  END+^ 
NUMED=NP*MS I N + 1 )  +MEND 
I D  I F l = N U M E D + l  
I D I F 2 = I D I F 1 +N 
I X =  I D  I F 2 + N  
I A N G = I X  
I S U P.1 = NAN G L -:C 7 + I A N G 

C CALCULATE A, B,  B - A  
I F ( N B - 1 ) 7 0 0 6 , 7 0 0 6 , 7 ~ 0 7  

C DETERMINE C O E F F I C I E P l T S  OF CORNERS AND REPORT 

7007 REWIND2 
7006 I F ( K 0 ) 6 0 , 6 0 , 6 1  

6 1  C A L L  I DOUT ( I DENT 9 D A T E  99 1 
WRITEOLITPUTTAPE 9 9  2 C 0 1  
N L I N E S = L I N E S  

0=-  A 
J C O R = O  
I l = N - 2  
D 0 2 7 I P = l * I l  
I P l = I P + l  
I l = N - 1  
D 0 2 6 I Q = I P l , I l  
I Q 1 =  IQ+1 
D 0 5 4 I R = I Q 1  ,N 
I l =NCOF+4++  ( I P - 1 )  
D 0 2 4 K = 1 , 1 2 , 3  

60  AZ10.OE37 

T ( O = D A T A ( I l )  

I l = N C O F + 4 *  ( I Q-1 ) 
D 0 2 3 K = 1 , 1 2 9 3  
T ( K + l ) = D A T A ( I l )  

I l = N C O F + 4 + +  ( I R - 1 )  
D 0 2 2 K = 1 9 1 2 + 3  
T ( K + 2  ) = D A T A (  11) 

C A L L G A U S O L ( T 9 3 )  
I F ( S E N S E L I G H T 2 1 5 4 9 6 9  

69 D028K=NCOF,NEND,4 
I F ( D A T A ~ K ) ~ T ( 1 O ) + D A T A ( K + l ~ ~ ~ T ( l l ~ + D A T A ( K + ~ ~ ~ T ~ l ~ ~  

2 4  Il=I1+1 

2 3  I 1 = 1 1 + 1  

2 2  I 1 = 1 1 + 1  

i 4 , 2 8 , 2 a  
z a  CONTINUE 

P 1  0 4 2  
P 1  0 4 3  
P 1  044 
P 1  045  
P1 0 4 6  
P 1  0 4 7  
P1 048  
P1 0 4 9  
P 1  0 5 0  
P 1  0 5 1  
P 1  052  
P 1  0 5 3  
P 1  0 5 4  
P1 0 5 5  
P1 0 5 6  
P1 057  
P 1  0 5 8  
P 1  0 5 9  
P 1  060 
P I  0 6 1  
P1 0 6 2  
P1 0 6 3  
P 1  0 6 4  
P 1  0 6 5  
P 1  0 6 6  
P 1  067 
P1 0 6 8  
P1 0 6 9  
P1 0 7 0  
P 1  071  
P 1  072 
P1 073  
P1 0 7 4  
P1 075  
P 1  0 7 6  
P 1  077 
P 1  0 7 8  
P 1  079 
P 1  0 8 0  
P 1  081 

, D A T A ( K + ? ) + E P S l ) S  P 1  0 8 2  
P 1  0 8 3  
P 1  0 8 4  

I 
I\) 
-4 

I 
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IF(A-T(1@))5Q95@951 
51 A=T(10) 
53 IF(T(10)-8)52952953 
53 B=T(10) 
52 IF ( K O  154954962 
62 I1= IX+JCOR 

NDATA( Il)=IP 
NDATA( Il+l)=IQ 
NDATA( I1+2) =IR 
D020Kz395 
Il=JCOR+K+IX 

20 DATA(Il)=T(K+7) 
JCOR=JCOS+6 
IF(JCOR-12)54929929 

29 CALLOCOR(DATA1IX9JCOR) 
54 CONTINUE 
26 CONTINUE 
27 CONTINUE 

64 IF(JCOR)57957,58 
58 CALLOCOR(DATA,IX9JCOR) 
57 DIFl=B-A 

IF(DIF1156956955 
55 CONTINUE 

v =0.0 
NP 1 =N P 
K 1 = NU M 
D0107Izl ,M 
X=A+DIFl++U( I )  
WX=R ( I )*DIF1 
I2=IDIF1 
D07011=NCOF+NEND94 
DATA(I2)=DATA(I1+3)-DATA(Il)*x 

I F  ( K O  157 957964 

70 I2=12+1 
C CALCULATE C9 D9 D-C 

C=l0 a OE3 7 
D=-C 
I20=N-1 
DO71 IP=1 I I20 
IPl=IP+l 
DO 7 6 I Q = I P 1 9 N 
Il=NCOF+1+4*(IP-l) 

P1 085 
P1 086 
P1 087 
P1 088 
P1 089 
P1 090 
P1 091 
P1 092 
P1 093 
P1 094 
P1 095 
P1 096 
P1 097 
P1 098 
P1 099 
P1 100 
P1 101 
P1 102 
P1 103 
P1 104 
P1 105 
P1 106 
P1 107 
P 1  108 
P1 109 
P 1  110 
P1 111 
P1 112 
P1 113 
P 1  114 
P1 115 
P1 116 
P1 117 
P 1  118 
P1 119 
P1 120 
P 1  121 
P1 1 2 2  
P1 123 
P1 124 
P1 125 
P1 126 
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J 4 , 

D073K=194,3 
T(K)=DATA(Il) 

I l=NCOF+1+4+? ( I Q - 1 )  
DO 74K=19 4 9 3 
T(K+l)=DATA(Il) 

Il=IDIFl+IP-l 
T(7)=DATA(IlI 
Il=IDIFl+IQ-l 
T(8)=DATA(I1) 
CALLGAUSOL(T921 
IF(SENSELIGHT2)76,68 

D075Il=NCOF9NEND94 
I F ( D A T A ( I 1 + ~ ) " T ( 7 ) + D A T A ( I 1 + 2 ) " T ( 8 ) - D A T A ( I 2 ) + E P S l ) 7 6 ~ 7 5 ~ 7 5  

75 12=12+1 
IF(C-T(7))77,77,78 

78 C=T(7) 
77 IF(T(7l-D)76976,79 
79 D=T(7) 
7 6  CONTINUE 
71 CONTINUE 

DIF2zD-C 
IF(DIF2)72972980 

80 CONTINUE 
D091J=l,l4 
Y=C+DIFZ*U(J) 
WY=WX*DIF2-%R( J )  
IZ=IDIFl 
13=IDIF2 
DO9 0 I 1 =N COF 9 NEND 9 4 
DATA(I3)=DATA(I2)-DATA(Il+l)*y 
I2=12+1 

90 13=13+1 
E = 1 0 1  OE37 
F=-E 
13= ID IF2 
D093Il=NCOF*NEND94 
Z=DATA(I31/DATA(I1+2I 
14= ID IF2 
DO 9 4 I 2=N COF 9 NE N D 9 4 
I F ( D A T A ( I 2 + 2 ) " Z - D A T P ( I 4 ) + E P S 1 ) 9 3 , 9 4 , 9 4  

73 I1=11+1 

74 Il=I1+1 

6 8  12=IDIFl 

P1 127 
PI 128 
P 1  129 
P1 130 
Pl 1 3 1  
P 1  1 3 2  
P 1  1 3 3  
P 1  1 3 4  
P1 1 3 5  
P 1  136 
P1 1 3 7  
P1 1 3 8  
P 1  1 3 9  
P 1  1 4 0  
P I  141 
P1 1 4 2  
P 1  1 4 3  
P 1  144 
P1 145 
P1 146 
P 1  147 
P 1  148 
P 1  1 4 9  
P1 1 5 0  
P 1  1 5 1  
P 1  152 
P1 1 5 3  
P1 1 5 4  
P 1  155 
P 1  156 
P1 157 
P1 158 
P 1  1 5 9  
P 1  160 
PL 161 
P 1  162 
PL 163 
PI 1 6 4  
P1 1 6 5  
P1 166 
P1 167 
P1 168 
P I  169 
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9 4  I 4 = 1 4 + 1  
I F ( E - Z ) 9 6 , 9 6 , 9 7  

9 7  E=Z 
9 6  I F ( Z - F I 9 3 9 9 3 1 9 8  
98  F=Z 
9 3  I 3 = 1 3 + 1  

D I F 3 z F - E  
I F ( D I F 3 ) 9 9 , 9 9 9 1 0 0  

1 0 0  CONTINUE 
D O l O l K = l I M  
Z=E+D IF3*U ( K )  
I2= I D  I F 2  
DO 1 0 2  I l=NCOF 9 NEND I 4 
DATA(Kl)=DATA(IZ)-DATA(11+2)*Z 
I F ( D A T A ( K 1 ) ) 1 0 3 ~ 1 0 3 ~ 1 0 4  
D A T A  ( K 1 )  =CY. 0 1 0 4  

1 0 3  K l = K 1 + 1  
1 0 2  I 2 = 1 2 + 1  

DATA( K 1 )  =WY*DIF3*R ( K  1 
V=V+DATA ( K 1 )  

I F  ( N B - l ) 9 1 ,  9 1 9 7 0 0 2  

I F ( N P 1 ) 1 0 5 1 1 0 5 9 9 1  

Kl=NIJM 
NPl=NP 

9 1  CONTINUE 
1 0 7  CONTINUE 

7 0 0 5  ENDFILE2 

7 0 0 4  CALLCLOCK(IT2,DATE) 

101 K l = K 1 + 1  

7 0 0 2  N P l z N P 1 - 1  

1 0 5  W R I T E T A P E 2 , ( D A T A ( I l ) , I 1 = N U M , N U M E D S  

I F ( N B - 1 ) 7 0 0 4 ~ 7 0 0 4 ~ 7 0 0 5  

REWIND2 

C END OF PART I ,  BEGINNING OF P A R T  I 1  
CALLIDOUT( IDENTIDATEI~I  

NANGL 1=0 

V l = O a O  
NANGLl=NANGLl+NANGL 
K 1  =N+1 
13=NANGL*7-1+IANG 

W R I T E O U T P U T T A P E ~ ~ ~ ~ ~ ~ , ( V M U ( I ~ ~ ~ = ~ I N M U )  

2 1 1  CALLANGLE(IDENT,DATA,IANG,NANG9NANGL9DATE,NANGLl)  

P 1  1 7 0  
P 1  171 
P 1  1 7 2  
P 1  173 
P 1  1 7 4  
P 1  1 7 5  
P 1  1 7 6  
P 1  1 7 7  
P 1  1 7 8  
P1 1 7 9  
P 1  1 8 0  
P 1  1 8 1  
P 1  1 8 2  
P 1  1 8 3  
P 1  1 8 4  
P 1  1 8 5  
P 1  1 8 6  
P 1  1 8 7  
P 1  1 8 8  
P 1  1 8 9  
P 1  1 9 0  
P I  1 9 1  
P 1  1 9 2  
P 1  1 9 3  
P 1  194 
P 1  1 9 5  
P 1  1 9 6  
P1 197 
P I  1 9 8  
P l  1 9 9  
P1. 2 0 0  
P 1  2 0 1  
P 1  2 0 2  
P 1  2 0 4  
P 1  2 0 5  
P1 2 0 6  
P 1  2 0 7  
P 1  2 0 8  
P 1  2 0 9  
P 1  2 1 0  
P 1  2 1 1  
P 1  2 1 2  

1 , . . 
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t 

12=ISUM+NMU*NANGL-l 
D020011=ISUM, I2  

DO2 0 1 I 1=1 i N B 
I F ( N B - 1 1 7 0 0 1 ~ 7 0 0 1 ~ 7 0 0 ~  

7 0 0 3  R E A D T A P E 2 , ( D A T A ( I 2 ) , I Z = N U M ,  

2 0 0  D A T A ( I l ) = O a O  

7001 I 6 = I S U M  
DO202 I 2 =  IANG ’I I 3  ’I 7 
19= I D  I F 1  
I 8 =  I D I F 2  
D020314=NCOF,NEND,4 

I UI 

P 1  
P 1  
P 1  
P I  
P 1  

ED 1 P 1  
P 1  
P 1  
P 1  
P l  
P l  

D A T A ( I 9 ) = D A T A ( I 4 ) ~ D A T A ( I 2 + 1 ) + D A T A ( I 4 + l ) ~ D A T A ( I ~ + 2 1 + D A T A ( I 4 + ~ ) * D A T A P ~  

D A T A ( I 8 ) = D A T A ( 1 4 ) + D A T A ( I 2 + 4 ) + D A T A ~ I 4 + l ) ~ D A T A ~ I 2 + 5 ) + D A T A ( I 4 + Z ) ~ D A T A P ~  
1 ( 1 2 + 3 1  P 1  

1 ( I 2 + 6  P L  
I 9 =  I 9 + 1  P 1  

2 0 3  I 8 = 1 8 + 1  P1 
D021517=NUM,NUMED,Kl P 1  
I 5 = I 7  P 1  
RA=lOoOE37 P 1  
RB=RA P 1  
I 9 = I D I F 2 - 1  P 1  
1 8 =  I D  I F2 P 1  
D C 2 0 8 1 4 = I D I F l , I 9  P 1  
I F ( D A T A ( I 4 )  1 9 1 1 t 2 1 3 9 2 1 3  P 1  

9 1 1  TA=DATA( I 5 ) / D A T A (  1 4 )  P 1  
IF(RA-TA1213,213,205 P 1  

2 0 5  RA=TA P 1  
2 1 3  I F ( D A T A ( I 8 )  )216 ,217 ,2 ]7  P 1  
2 1 6  TB=DATA( I 5  1 /DATA( 1 8 )  P 1  

I F ( R B - T 8 ) 2 1 7 , 2 1 7 ’ 1 2 0 7  P 1  
2 0 7  RB=TB P 1  
2 1 7  I 5 = 1 5 + 1  P l  

18=18+1  P 1  
2 0 8  CONTINUE P 1  

R A= R A +R B P1 
I 1 0 = 1 6  P 1  
D020614=1 iNMU P 1  
D A T A ( I 1 0 ) = D A T A ( I 1 0 3 + E X P F ( - V M U ( I 4 ) * R A ~ ~ + D A T A ( I 5 )  P 1  

2 0 6  110=110+1  P1 
2 1 5  CONTINUE P 1  

16= I6+NMU P1 
2 0 2  CONTINUE P 1  

2 1 3  
2 1 4  
2 1  5 
2 1 6  
2 1 7  
2 1 8  
2 1 9  
2 2 0  
2 2 1  
2 2 2  
2 2 3  
2 2 4  
2 2 5  
2 2 6  
2 2 7  
2 2 8  
2 2 9  
23 0 
2 3 1  
2 3 2  
2 3 3  
2 3 4  
23  5 
2 3 6  
2 3 7  
2 3 8  
2 3 9  
2 4 0  
2 4 1  
2 4 2  
2 4 3  
2 4 4  
2 4 5  
2 4 6  
2 4 7  
2 4 8  
2 4 9  
2 5 0  
25  1 
2 5  2 
2 5 3  
2 5 4  
255  

I 
W 

Y 
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DO8 2 0 4 1  4=NUM 9NUMED , K 1  
1 5 =  I 4 + N  

8 2 0 4  V l = V l + D A T A (  1 5 )  
2 0 1  CONTINUE 

I F ( N B - l ) 7 0 0 9 ~ 7 0 0 9 , 7 0 l n  
7010 REWIND2 
7 0 0 9  16= ISUM+NANGL*NMU- l  

a021 D A T A (  I 4 ) = D A T A ( I 4 ) / V  
D 0 8 0 2 1 1 4 = 1 S U M , I 6  

I F ( V - V 1 ) 2 0 9 , 2 1 0 , 2 0 9  

1 5 = I A N G + 7 5 N A N G L - l  
D 0 4 0 0 1 1 = I A N G , I 5 , 7  
1 3 = 1 2 + N M U - l  
N L I N E S E N L I N E S - 1  
I F ( N L I N E S ) 2 4 0 , 2 4 0 , 2 4 1  

C A L L I D O U T ( I D E N T , D A T E * 9 )  

210  I 2 = I S U M  

2 4 0  N L I N E S = L I N E S  

WRITEOUTPUTTAPE9t2003,IVMU(I)~I=l~NMU) 
2 4 1  N R I T E  OUTPUT T A P E ~ v ~ O ~ ~ , D A T A ( I ~ ) ~ ( D A T A ( I ~ ) , I ~ = I ~ ~ I ~ )  
400 I 2 = 1 3 + 1  

2 1 2  C A L L C L O C K ( I T 3 , D A T E )  
I F ( S E N S E L I G H T 1 ) 2 1 2 , 2 1 1  

I T  1= I T2- I T 1  
I T 2 = I T 3 - I T 2  
C A L L I D O U T ( I D E N T v D A T E 9 9 )  
WRITEOUTPUTTAPE9,2093,V 
W R I T E O U T P U T T A P E 9 , 2 0 0 4 ~ N ~ N A N G L l t N M U , I T 1 , I T ~  
G O T 0 8 2 1 3  

C ERROR RETURNS 
3 1 5  C A L L I D O U T ( I D E N T , D A T E , 9 )  

WRITEOUTPUTTAPE9,201@gNMU 
C A L L E X I T  

5 6  C A L L I D O U T ( I D E N T , D A T E O  
W R I T E O U T P U T T A P E 9 t 2 0 1 I r A , D I F 1  
CALLERROR 

7 2  C A L L I D O U T ( I D E N T t D A T E ( 9 5  
WRITEOUTPUTTAPE9,2012,CgDIFZ 
CALLERROR 

99 C A L L I D O U T ( I D E N T , D A T E , 9 )  
WRITEOUTPUTTAPE9~2013gEiDIF3 
CALLERROR 

P 1  2 5 6  
P 1  2 5 7  
P 1  2 5 8  
P 1  2 5 9  
P 1  260 
P 1  2 6 1  
P 1  2 6 2  
P 1  2 6 3  
P 1  2 6 4  
P 1  2 6 5  
P 1  2 6 6  
P1 2 6 7  
P 1  2 6 8  
P 1  2 6 9  
P 1  2 7 0  
P 1  271, 
P1 2 7 2  
P 1  273 
P 1  2 7 4  
P 1  2 7 5  
P 1  2 7 6  
P 1  277 
P1 2 7 8  
P 1  2 7 9  
P1 2 8 0  
P 1  2 8 1  
PI 2 8 2  
P 1  2 8 3  
P l  2 8 4  
P 1  2 8 5  
P 1  2 8 6  
PI. 2 8 7  
P 1  2 8 8  
P 1  2 8 9  
P 1  2 9 0  
P a  2 9 1  
P 1  2 9 2  
P 1  2 9 3  
P 1  2 9 4  
P 1  2 9 5  
P 1  2 9 6  
P1 2 9 7  

I 
W 

’;” 
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. t 

2 09 C A L L  I DOUT ( I DENT Y D A T E  9 9 j 
W R I T E  O U T P U T T A P E 9 $ 2 0 2 n , V , V 1  
C A L L  ERROR 

9021 C A L L I D O U T ( I D E N T v D A T E 9 9 )  
W R I T E O U T P U T T A P E 9 9 2 0 9 2 , N  

9002 W R I T E O U T P U T T A P E 9 9 2 0 9 0 , M  
C A L L  E X  I T 

C A L L E X I T  
3 3 1 3  C A L L  I DOUT ( I DENT 9 D A T E  99 1 

WRITEOUTPUTTAPE9,2313,N,MtNMU,NS,NP 

P 1  
P 1  
P 1  
P 1  
P 1  
P L  
P 3  
P 1  
P 1  
P 1  
P 1  

2 3 1 3  F O R M A T ( 3 6 H O M E M O R Y  I S  TOO S M A L L  F O R  P A R A M E T E R S o / 4 H O N  = I 3 9 3 H M  ‘ 1 3 9 5 H P l  
P 1  
P 1  2 0 9 0  F O R M A T ( 2 1 H l M  I S  TOG L A R G E &  M = 1 5 )  
P l  2 0 9 2  F O R M A T t 5 H O N  = I 5 9 1 5 H  IS TOO LARGE.)  
P l  2 0 9 3  FORMAT ( 1 O H O V G L U M E  = F 1 5 . 8 )  

C A L L E X  IT 

l N M U  = 1 2 9 1 9 H A V A I L A B L E  S T O R A G E  z I 6 9 4 H N P  = I 5 1  

1 0 0 1  F O R M A T ( 1 2 A 6 )  P 1  
1002  F O R M A T ( l I 1 )  P 1  

1 0 0 4  F O R M A T ( 6 E 1 0 . 8 )  P 1  
1005  F O R M A T ( 4 F l O e 8 )  P 1  

P 1  1003 F O R M A T (  I 5 9 E 1 5 . 8 9  I 5  1 

2001 F O R M A T l 3 4 H O C O O R D I N A T E S  O F  CORNERS O F  C R Y S T A L / 5 2 H O I N D E X  OF P L A N E S  F P l  
P 1  

2003 F O R M A T ( 3 3 H O A B S O R P T I O N  C O R R E C T I O N  F A C T O R 9  A / 6 H O M U  6 ( E 1 0 * 5 ) / / 1  P1 
2004 F O R M A T ( 5 H O N  = 1 5 9 3 X 9 1 9 H N U M B E R  O F  A N G L E S  = 1 5 y 3 X 9 1 5 H N U M B E R  O F  MU = P 1  

1 1 2 / / 2 9 H  T I M E  U S E D  I N  P A R T S  1 AND 2 = 2 1 1 0 , 3 X , 1 8 H I N  10s O F  S E C O N D S S P 1  

l O R M I N G  CORNER, F O L L O W E D  B Y  X 9  Y 9  Z / / )  

2 )  P 1  
2C08 F O R M A T ( 1 H 0 1 A 6 , 3 X , 6 F 1 Z b 8 )  P 1  

1 6.1 P 1  
2010 F O R M A T ( 2 9 H O I N P U T  ERROR. NUMBER OF MU = I 5 , 2 4 H W H I C H  I s  G R E A T E R  T H A N P l  

2 0 1 1  F O R M A T ( 6 2 H O E R R O R  I N  C A L C U L A T I O N  O F  U P P E R  AND LOWER L I M I T S  ( B ,  A , ) * P 1  
P 1  

2012 F O R M A T ( 6 2 H O E R R O R  I N  C A L C U L A T I O N  OF U P P E R  A N D  LOWER L I M I T S  ( D ,  C ) o  P 1  
P 1  

3013 F O R V A T I 6 2 H O E R R O R  1 4  C A L C U L A T I O N  OF U P P E R  AND LOWER L I M I T S  CF, E ) .  P1 
P 1  

2 0 2 0  F O R M A T ( 5 8 H O E R R O R a  VOL’JME FROM CORE IS N O T  E Q U A L  T O  V O L U M E  FROM T A P 1  
P 1  

1 A = E 1 5 0 8 9 8 H 9  B - A  = E 1 5 r 8 / 1 9 H O C O R E  DUMPS FOLLOW.)  

1 C = E 1 5 * 8 , 8 H +  D-C = E 1 5 * 8 / 1 9 H O C O R E  DUMPS F O L L O W * )  

1 E = E 1 5 . 8 9 8 H ~  F-E = E 1 5 * 8 / 1 9 H O C O R E  DUMPS FOLLOW.)  

l P E / l l H O V ( C O R E I  = E 1 5 * 8 r l O H V ( T A P E )  = E 1 5 * 8 / 1 4 H O D U M P  F O L L O W S * )  
END (0,1,0~0~0) P1 

298 
299 
300 
3 0 1  
3 02 
3 0 3  
3 0 4  
3 0 5  
306  
307 
3 0 8  
3 0 9  
3 1 0  
3 1 1  
312  
313 
314 
3 1 5  
316 
317 
3 1 8  
319 
320  
32 1 
322 
3 2 3  
3 2 4  
3 2 5  
3 2 6  
327  
3 2 8  
329  
330  
3 3 1  
3 3 2  
333  
3 3 4  
3 3 5  
3 3 6  

1 w w 
1 
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C SUSROUTINE GAUSOL(A,N) 
SUBROUTINE GAUSOL(A9N) 
DIM ENS I ON A ( 3 9 4 1 

C SOLUTION OF SYSTEM OF EQUATIONS BY GAUSSIAM ELIMIMATION 
C USING INTERCHANGES 
C A = N A M E  OF MATRIX (ORIGINAL PATRIX IS DESTROYED) 
C MATRIX IS STORED BY COLUMNS, VECTOR FOLLOWS 
C N = ORDER OF VATRIX 
C 
C SOLUTION IS FOUND IN A(I*N+l) THROUGH A(N,N+l) 

(N MUST BE LESS THAN OR EQUAL DIMENSIOb! STATEMENT) 

IF(SENSELIGHT2)20920 
20 N2=N-1 

Nl=N+l 
DO9 I1=1 9N2 
L=O 
R=A(IlgIl) 
I ll=I 1+1 
DOZIR=Ill,N 
I F ( A B S F ( R ) - A B S F ( A ( I R , I 1 ) ) ) 3 , 2 9 2  

3 R=A(IR,I11 

2 CONTINUE 
IF(L149495 

5 D06IJ=Il$Nl 
X=A (L 9 I J 1 
A(L,IJ)=ACIl,IJI 

6 A(Il*IJ)=X 
4 D0812=Ill,N 

L=IR 

T=A(I2911)/A(Il~Il) 
DO7 13=I 11 rN1 
At I29 13) =A( 129 I3 )-A( 11 9 I3 )+cT 7 

8 CONTINUE 
9 CONTINUE 

A(N1Nl)=A(N,Nl)/A(N,N) 
DOll1=1 tN2 
Il=N-I 
I2=Il+l 
D01013=129N 

10 A ( I 1 , N 1 ) = A ( I 1 ~ N 1 ) - A ( I ~ ~ I 3 ) ~ A ( I 3 ~ N l )  
11 A ~ I l ~ N l ~ ~ A ~ I l ~ N l ~ / A ~ I ~ ~ I l ~  

15 SENSELIGHTZ 
IFDIVIDECHECK15914 

G 337 
G 338 
G 339 
G 340 
G 341 
G 342 
G 343 
G 344 
G 345 
G 346 
G 347 
G 348 
G 349 
G 350 
G 351 
G 352 
G 353 
G 354 
G 355 
G 356 
G 357 
G 358 
G 359 
G 360 
G 361 
G 362 
G 363 
G 364 
G 365 
G 366 
G 367 
G 368 
G 369 
G 370 
G 371 
G 372 
G 373 
G 374 
G 375 
G 376 
G 377 
G 378 

w 1 
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1 , 

14 I F  ACCUMULATOR OVERFLOW12917  
1 2  S E N S E L I G H T 2  
17  I F Q U O T I E N T O V E R F L O W 1 6 ~ ~ 3  - 
1 6  S E N S E L I G H T 2  
1 3  RETURN 

END (0 9 1  9 0 ~ 0 9  1 I 

C REPORT CRYSTAL I D E N T I F I C A T I O N  
SUBROUTINE I D O U T ( I D E N T , D A T E I N )  
D I M E N S I O N  I D E N T (  12) 

2001 F O R M A T ( l H 1 1 2 A 6 , 4 1 X , l A 6 )  
~ ~ ~ R I T E O U T P U T T A P E N ~ 2 0 0 1 ~ ~ I D E N T ~ I ~ ~ I ~ l ~ l 2 ~ ~ D A T E  

RETURN 
END (0 9 1 9 090 9 0 )  

C 379 
C 3 8 0  
G 3 8 1  
G 3 8 2  
C 3 8 3  
G 3 8 4  

I D  3 8 5  
ID 3 8 6  
ID 387  
ID 3 8 8  
ID 3 8 9  
ID 390 
I D  3 9 1  

C REPORT ONE L I N E  OF ONE OR TWO CORNERS OF A CRYSTAL OC 3 9 2  
C FOR 3 - D I M E N S I O N A L  PROBLEM oc 3 9 3  
C F I R S T  THREE NUMBERS REPORTED ARE INTEGERS N H I C H  D E S I G N A T E  oc 3 9 4  
C THE PLANES WHICH FORM CORNERS, oc 3 9 5  
C SECOND THREE NUMBERS ARE THE X ,  Y ,  Z COORDINATES OF THE CORNERaQC 396 
C NOTATION X = L O C A T I O N  OF ARRAY OF 1 2  NUMBERS oc 3 9 7  
C I X  = S U B S C R I P T  OF F I R S T  NUMBER OF ARRAY X OC 3 9 8  
C JCOR = 6 " I v  WHERE I IS THE NUMBER OF CORNERS TO REPORT OC 399  

SUBROUTINEOCOR(XIIX~J~OR) OC 400 
D I M E N S I O N  X ( 1 )  O C  4 0 1  
JCOR = J C O R + I X - l  OC 4 0 2  
WRITE OUTPUT T A P E 9 * 2 0 0 2 , ( X ( K ) , K = I X , J C O R )  OC 4 0 3  
JCOR=O O C  4 0 4  

O C  4 0 5  
RETURN O C  4 0 6  
END ( 0 9 1 9 0  $0 9 0 1 O C  407 

2002 FORMAT(1H 2 ( 3 1 3 * 0 , 3 F l ? r 9 9 4 X ) I  

C DUMMY EPSR SUBROUTINE 
C TO CALCULATE E P S l  = TOLERANCE FOR CORNERS OF CRYSTAL 

SUBROUTINEEPSR(EPS9EPsl) 
EPS 1=EPS 
RETURN 
END ( 0  9 1  9 0 9 1  9 0  1 

E l  4 0 8  
E l  409 
E l  4 1 0  
E l  411  
E l  4 1 2  
E l  4 1 3  

I 
W 
ul 
I 
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C 
C 

S B L K  

?t 

ADD 

DUMMY CLOCK S U B R O U T I N E  

S U B R O U T I N E  C L O C K (  I T ~ D A T E )  
A L F  
I T  = O  
D A T E =  BLK 
R E T U R N  
E N D  ( 0  9 1  ,0,090) 

P L A C E S  0 I N  T I M E ,  B L A N K S  I N  D A T E  

C L O C K  S U B R O U T I N E  
F U L  
ORG 0 
M Z E  09094  
P Z E  0 
P Z E  T + 1  
P Z E  0 
B C D  l C L O C K  
P Z E  0 
ORG 0 
R E L  
C L A  194 
S T A  ADD 
C L A  2 9 4  
S T A  ADD+2 
S X D  T 9 4  
T S X  C L O C K 9 4  
H T R  ? C + l  
A L S  1 8  
S T O  0 
C L A  D A T E  
S T O  0 
L X D  T 9 4  
T R A  3 9 4  

D A T E  BSS 1 
O R C L K 5  REM 

PROGRAM CARD 
PROGRAM C A R D  
9L 
9 R  
8 L  
8 R  
7L 
7 R  

c 1  
c 1  
c 1  
c 1  
c1  
c 1  
c 1  
c 1  

c2  
c2 
c2 
c 2  
c 2  
c 2  
c2 
c 2  
c 2  
c 2  
c2 
c 2  
c 2  
c2 
c 2  
c 2  
c2 
c 2  
c2 
c 2  
c 2  
c 2  
c2  
C 2  
c 2  
c 2  

R E M  R E A D  CHRONO-LOG C L O C K  R O U T I N E .  ERROR R E T U R N  I F  C L O C K  F A I L S  C 2  
R E M  B I N A R Y  T I M E  (10 S E C * = 1  U N I T )  I N  A C *  F O R  U S E  W I T H  CHRONO-LOG C 2  
REM D I G I T A L  C L O C K  MODEL C 2  ^ ^  

2704-1 W I R E D  T O  7 1 6  P R I N T  ECHO E N T R I E S .  
C L O C K  R P R  

S P R  6 
S T Z  D A T E  

S E N S E  T H E  C L O C K  
C L  
c2 
c 2  

414 
4 1 5  
4 1  6 
41  7 
418 
419 
4 2 0  
4 2  1 

4 2 2  
42 3 
424 
4 2 5  
4 2 6  
4 2  7 

4 2  9 
430 
43 1 
4 3 2  
433 
434 
43 5 
436  
437 
43 8 
439  
440 
44 1 
4 4 2  
44 3 
444 
4 4 5  
44 6 
447 

449 
4 5 0  
45 1 
4 5 2  
45 3 

4 2 8  

4 4 8  
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S X D  j t+3592 
S T Z  COMMON 
S X D  COMMON+l,  1 
L X D  *+13,1 
T N X  +@+159192 
C P Y  D A T E  
C P Y  COMMON 
T Q P  +-3 
L X D  + + 1 5 9 2  
L X A  * + l g l  
P X D  3 
RQL 1 
T Q P  *+5 
R Q L  1 
T N X  ++6,1,1 
T Q P  "-2 
T X L  * + 3 9 9 4 7  
ADD +6+14,2 
T I X  " - 7 , 1 9 1  
T X I  * + 1 2 , 4 , 1  
T N X  3$+119291 
T R A  +*+5,2 
T X I  + + - 1 0 t l 9 9  
T X I  *-119195 
T X I  " - 1 2 , 1 9 9  
T X I  'k-139195 
D E C  3600,3609603691 
L X D  COMMON+1,1 
L X D  * + 3 9 2  
S P T  
T R A  2 9 4  
T X L  +-2 

COMMON B S S  2 
T H T R  0 

E N D  0 

ERROR I F  R Q  M I N U S  

ERROR R E T U R N  

C S U B R O U T I N E  A N G L E  (ID€NT,DATA,IANG,NANGL,DATEtNANGLl) 
C U S I N G  O N L Y  TL!O A N G L E S (  T H E T A  AND C H I  
C ZERO I S  S T O R E D  FOR R E I J A I N I N G  D I R E C T I D N  C O S I N E S  

S U B R O U T I N E A N G L E ( I D E M T , D A T A , I A ~ G , ~ A ~ ! G L , D A T E ~ N A N G ~ ~ )  
D I M E N S I O N I D E M T ( 1 2 )  , D A T A ( l )  
K 1 = 0  

c 2  4 5 4  
c 2  4 5 5  
C2 4 5 6  
c 2  5 5 7  
c 2  4 5 8  
c 2  4 5 9  
C2 4 6 0  
C2 4 6 1  
C2 4 6 2  
C2 4 6 3  
6 2  4 6 4  
C 2  4 6 5  
C2 4 6 6  
C2 4 6 7  
C2 4 6 8  
C2 4 6 9  
C2 4 7 0  
C 2  471 
C2 4 7 2  
c 2  4 7 3  
c 2  474 
c 2  4 7 5  
C2 4 7 6  
c2 477 
c2 478 
c 2  4 7 9  
C2 4 8 0  
C2 4 8 1  
C2 4 8 2  
c2 4 8 3  
C2 4 8 4  

C2 4 8 6  
c 2  4 8 7  
C2 4 8 8  

c 2  4 8 5  

A 1  4 8 9  
A 1  4 9 0  
A 1  4 9 1  
A 1  4 9 2  
A 1  4 9 3  
A1 4 9 4  
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132 I A N G + 7 ~ ~ N A N G L - l  A 1  
I F ( N A N G L 1 ) 3 0 , 3 1 , 3 0  A 1  

A 1  
A 1  

1 4 = 1 2 + 1 3  A 1  

A 1  D 0 1 3 1 5 = 1 2 9  I 4 9 7  
A 1  I F ( D A T A ( I 5 ) )  13912913 

1 3  Kl=K1+1 A 1  
I F ( N A N G L - K 1 - 2 )  11910910 A 1  

12 S E N S E L I G H T 1  A 1  
N A N G L = K l  A 1  
GOT01  1 A 1  

10 CONTINUE A 1  
11 1 3 = I A N G + 7 % N A N G L - l  A 1  

I F ( N O P ) 1 7 , 1 6 , 1 5  A 1  
1 5  NOP=-1  A 1  

C A L L  I DOUT ( I DENT 9 DATE 9 6 1 A 1  
A ?  W R I T E O U T P U T T A P E 6 ~ 2 0 0 1  

17 W R I T E O U T P U T T A P E ~ , 2 0 0 ~ ~ ~ D A T A ~ I l ~ ~ D A T A ~ I l + l ~ ~ D A T A ~ I l + 2 l ~ I l ~ I A N G ~ I 3 ~ 7 A l  
1) A 1  

A 1  I F ( SENS EL I GHT 1 ) 20 9 16 
A 1  2 0  SENSEL I G H T l  

END F I L E  6 A 1  
1 6  D 0 1 4 1 2 = 1 A N G , I 3 , 7  A 1  

D A T A ( I 2 + 6 ) = ( D A T A ( 1 2 + 2 ) - D A T A ( I 2 + 1 1  ) * O n 0 1 7 4 5 3 3  A 1  
D A T A (  12+3)=(DATA(12+2)+DATA(IZ+l) ) ~ ~ 0 . 0 1 7 4 5 3 3 + 3 . 1 4 1 5 9 2 6  A 1  
D A T A ( I 2 + 1 ) = C O S F ( D A T A ( I 2 + 3 ) )  A 1  
DATA(IZ+Z)=SINF(DATA(12+3)) A 1  
D A T A (  I2+3)=O A 1  
DATA(I2+4)=COSF(DATA(I2+6)) A 1  
D A T A ( I 2 + 5 ) = S I N F ( D A T A ( I 2 + 6 ) )  A 1  

14 D A T A (  1 2 + 6 J = O  A 1  
1 0 0 1  F O R M A f ( 2 ( 1 A 6 , 2 F 8 e 3 ) )  A 1  
1002 FORMAT ( 1 I1 1 A 1  

C H I / / )  A 1  2 0 0 1  FORMAT(12HOANGLE I N P U T / l H 0 9 9 X , 1 4 H T H E T A  
2002 FORMAT(1H ( 2 ( 1 A 6 , 2 F 1 O 1 3 , 5 X )  1 )  A 1  

RETURN A 1  
END ( 0 , 1 ~ 0 , 0 , 0 )  A 1  

3 1  READIMPUTTAPE10,1002 ~ N O P  
30  DO10 I 2 =  I A N G  I 3  9 1 4  

R E A D I N P U T T A P E 1 0 ~ 1 0 0 1 ~ ( D A T A ~ I l ~ ~ D A T A ~ I l + l ~ ~ P A T A ~ I l + 2 ~ ~ I l ~ I 2 ~ I 4 ~ 7 ~  A 1  

4 9  5 
4 9 6  
49 7 
4 9  8 
499 
5 0 0  
5 0 1  
5 0 2  
5 0 3  
5 0 4  
5 0 5  
5 0 6  
5 07 
5 0 8  
5 0 9  
5 1 0  
5 1 1  
5 1 2  
5 1 3  
5 1 4  
5 1 5  
5 1 6  
5 1 7  
5 1 8  
5 1 9  
5 2 0  
5 2 1  
5 2 2  
5 2 3  
5 2 4  
5 2 5  
5 2 6  
5 2 7  
5 2 8  
5 2 9  
5 3 0  
5 3 1  
5 3 2  
5 3 3  

I w 
F” 
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. 

C SIIRROUTINE ANGLE(2)r FOR 3-D ORIENTING EQUIPMENT A2 5 3 4  
C WRITTEN 9-9-60 A2 535 

S l J R R O U T I N E A N G L E ( I D E N T , D A T A , I A N ~ r N A N G L ~ D A T E ~ N A N G L I ~  A2 536 
DIMENSION IDENT(I?)rDATA(I) A2 537 
KINO A2 538 
I3PIANG+7*NANGL-I A2 539 
IF!NANGLI ) 3 0 , 3 1  930 A2 5 4 0  

3 I READINPlJTTAPE IO r 1002 r MOP A2 541 
30 DO!OI2#IANGrI3r I4 A2 542 

COFJT I NlJE A2 5 4 4  

RE,lDINPUTTAPF10,1001 ,(DATA(II )rDATA(I I + l  )rDATA(I 1+2)rDATA(I1'3) A2 546 

D01315#12,14r7 A2 548 
IF(DATA(I5)) 13r12r13 A2 5 4 9  

IF!NANGL-KI-2) I l r l O r I ~  A2 551 
I2 SEYSELIGHT I A2 552 

CONT I NUE A2 543 

14PI2+13 A2 545 

IrII#I2,14r7~ A2 547 

13 KIPKI+I A2 5 5 0  

NANGL#K I A2 553 
GOTOI 1 A2 5 5 4  

10 CONTINUE A2 555 

IF!NOP)17r16r15 A2 557 
I I I3#1ANG+7*NANGL-I A2 556 

15 NOP#-I A2 558 
CALLIDOUT(IDENTIDATE,~) A2 559 
WRTTEOlJTPUTTAPE6r20Ol A2 5 6 0  

III#IANGrI3r7) A2 562 

20 SENSELIGHTI A2 5 6 4  
A2 565 

16 DOI412#IANGrI3r7 A2 566 
DATA(I2+1)#DATA(I2+1)*OoI74532925E-l A2 567 
DATA(I2+2)#DATA(I2+2)*OoI74532925E-l A2 568 
DATA(I2+3)#DATA(I2+3)*OoI74532925E-l A2 569 

A2 5 7 0  TI#SINF(DATA(IZ+I)) 
A2 571 TZ#COSF(DATA(I2+t) 1 

T3#VINF(DATA(I2+?)) A2 572 
T4PCOSF(DATA(I2+3) 1 A2 573 
DATA(I2+6)#SINF(DATA(~2+2))*Tl A2 5 7 4  

D A T A ( I 2 + 4 ) # D A T A ( I 2 + 3 ) x T 4  A2 576 

I7 W R I T E O U T P U T T A P E 6 r 2 0 0 2 ~ ~ D A T A ~ I l ~ ~ D A T A ~ I l + l ~ ~ D A T A ~ I l + 2 ~ ~  DATA(II+3)rA2 561 

TF(SENSELIGHTI)ZOrt6 A2 5 6 3  

END FILE 6 

DATA(I2+3)#COSF(DATA(12+2) )*TI A2 575 

I w 
'p 
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D A T A ( I 2 + 5 ) = T 3 " T 2  A 2  
D A T A (  I 2 + 1 ) = D A T A (  I 2 + 4 ) + D A T A (  I 2 + 5 )  A 2  
DATA(I2+4)=DATA(I2+4)-DATA(I2+5) A 2  
D A T A ( I 2 + 5 ) = T 4 * T 2  A 2  
D A T A (  I 2 + 3 ) = D A T A (  I 2 + 3  ) % T 3  A 2  
QATA(I2+2)=DATA(I2+3)-DATA(I2+5) A 2  
DATA(I2+5)=DATA(I2+3)+DATA(I2+51 A 2  
D A T A ( I 2 + 3 ) = D A T A ( I 2 + 6 )  A 2  

14 C O N T I N U E  A 2  
1 0 0 1  F O R M A T ( 2 ( 1 A 6 9 3 F 8 . 3 ) )  A 2  
1002 F O R M A T ( 1 1 1 )  A 2  
2 0 0 1  F O R M A T ( 1 H 0 1 6 X 9 1 1 H A N G L F  INPUT/1HOlOX~SHTHETA~8X~3HCH1~8X~3HPHI//~ A 2  
2 0 0 2  F O R M A T ( 1 H  ( 2 ( A 6 9 3 F l l e ? 9 6 X ) ) )  A 2  

R E T U R N  A 2  
E N D  ( 0 , 1 9 0 9 0 9 0 )  A 2  

C S U B R O U T I N E  F A C E ( I D E h \ T , N 9 D A T A , N C O F ~ D A T E ) ,  3 D I M E N S I O N A L  P R O B L E M  F 1  
C B E F O R E  E N T R Y ,  I D E N T ,  N C O F  A R E  S E T  
C UPON E X I T ,  S U B R O U T I N E  S U P P L I E S  N AND C O E F F I C I E N T S  W H I C H  
C D E S C R I B E  P L A N E S  F O R M I N G  F A C E S  OF C R Y S T A L  
C N O T A T I O N  I D E N T  = I D E N T I F I C A T I O N  O F  C R Y S T A L  
C N = NUMBER O F  F A C E S  
C D A T A  = B L O C K  O F  G E N E R A L  S T O R A G E  
C N C O F  = E L E M E N T  O F  D A T A  C O N T A I N I N G  F I R S T  
C C O E F F I C I E N T  D E S C R I B I N G  P L A N E S 9  OR F I R S T  
C A V A I L A B L E  C E L L  OF S T O R A G E  U P O N  E N T R Y  
C NOP = 0 I M P L I E S  DO NOT R E P O R T  I N P U T  
C = 1 I M P L I E S  R E P O R T  I N P U T  
C D A T E  = B C D  D A T E  

SUBROUTINEFACE(IDENT~~l~DATA~NC0F~CATE) 
D I M E N S I O N  I D E N T C  12 , D A T A (  1 )  
R E  A D  I N P U T T  A P E  1 0 9 1 0 0 1 9 N 9 N OP 
N E N D = 4 * N + N C O F - 1  
R E A D I N P U T T A P E 1 0 ~ 1 0 0 ~ ~ ( D A T A ( I l ~ ~ I l ~ N C O F ~ N E N D ~  
I F  ( N O P ) 2  9 2  9 3  

3 N B E G = N C O F  
K 3 = 0  

7 C A L L I D O U T ( I D E N T 9 D A T E 9 9 )  
h ' R I T E O U T P U T T A P E 9 ~ 2 0 0 1 , N  
D 0 4 K l = N B E G , N E N D 9 4  
K 2 = K 1 + 3  

F 1  
F 1  
F 1  
F 1  
F 1  
F1  
F 1  
F 1  
F 1  
F1 
F 1  
F 1  
F 1  
F 1  
F 1  
F 1  
F l  
F 1  
F1 
F1 
F 1  
F 1  
F 1  
F 1  

577 
578 
579 
580 
58 1 
582 
5 8 3  
584 
585 
586 
587 

589 
590 
59 1 

588 

592 
593 
594 
595 
596  
597 
598 
599 
600 
6 0 1  
6 0 2  
603 
6 0 4  
605 
606 
607 
608 
609 
610 
611 
612 
6 1 3  
6 1 4  
6 1  5 
616 

1 
4= 
0 
1 
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F1 6 1 7  K 3 = K 3 + 1  
WRITEOUTPUTTAPE9~2002,K3~(DATA(Il)~Il=K~~K2) F 1  6 1 8  
I F ( 5 0 - K 3 ) 5 9 5 , 4  F 1  619  

5 N B E G = K l  F 1  6 2 0  
F l  6 2 1  GOT07 
F 1  6 2 2  4 CONTINUE 

1 0 0 1  F O R M A T ( 2 1 5 )  F 1  6 2 3  
1 0 0 2  F O R M A T ( 4 E 1 0 . 8 )  F1  6 2 4  
2 0 0 1  FORMAT(1H+,70X,17HNUMBER OF FACES = 1 5 / 7 5 H O C O E F F I C I E N T S  A, B I  C9 D F 1  6 2 5  

IWHERE AX + B Y  + CZ D D E S C R I B E S  FACE OF C R Y S T A L / l H 0 , 2 X 9 1 H N , 7 X , 1 F 1  6 2 6  
2 H A 9 9 X , l H B 9 9 X t l H C , 9 X , 1 H D / / I  F1  6 2 7  

F 1  6 2 8  FORMAT ( 1 H 
F 1  6 2 9  

END ( 0 9 1  9 0,090)  F 1  6 3 0  

2 0 02 I 3 9 2 X 9 4 F 10  6 5 1 
2 RETURN 

REM T H I S  SUBROUTINE MUST BE THE L A S T  SUBROUTINE LOADED. 
F U L  
ORG 0 
MZE 0,094 9L 
P Z E  0 9R 
P Z E  END+1 8L 
P Z E  0 8R 
BCD l S I Z E  7L 
P Z E  0 7 R  
ORG 0 
REL 

S I Z E  SXD END94  
CLA 1 9 4  
STA S I Z E + 6  
L X A  E N D * 4  
T I X  + + 1 9 4 $ E N D  
T I X  46+1949 2 0 5  
SXD 0 9 4  
L X D  END94  
TRA 2 9 4  

END 0 
END HTR -1 

N C  

PROGRAM CARD 

3F SUBROUTINE S I Z E  S 6 3 1  
REM TO DETERMINE AVOUNT OF STORAGE A V A I L A B L E  F O R  DATA S 6 3 2  
REM MAKE DECREMENT OF S I Z E  + 5 =PART OF UPPER CORE NOT A V A I L A B L E  S 6 3 3  
REM ENTER WITH TSX S I Z E 9 4  S 6 3 4  

S 6 3 5  REM HTR N S  
REM E X I T  W I T H  TRA 2 9 4  S 6 3 6  

S 637 
S 6 3 8  
S 6 3 9  
S 6 4 0  
S 6 4 1  
S 6 4 2  
S 643 
S 6 4 4  
S 6 4 5  
S 6 4 6  
S 6 4 7  
S 6 4 8  
S 6 4 9  
S 6 5 0  
S 6 5 1  
S 6 5 2  
S 6 5 3  
S 6 5 4  
S 6 5 5  
S 6 5 6  
S 6 5 7  
S 6 5 8  
S 6 5 9  

REM NS WILL C O N T A I N  AMOUNT OF A V A I L A B L E  STORAGE I N  DECREMENT. 
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M 660 
U 1  6 6 1  
U2 662 
R 1  663 

R2 6 6 4  
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. 

ABSTRACT 

. 
' r r  

This report  describes a computer program which w i l l  adjust  %he 

parameters of an arb i t ra ry  function to fit a set  of observed values by the 
method of least squareso 
terms of a subroutine prepared by the user. 
the  method of l e a s t  squares are  e i ther  obtained numerically by the program 
or calculated ana1yticall.y by the user*s  subroutine. 
i s  writ ten i n  %he Fortran l a x p g e  t o  f a c i l i t a t e  any desired modffications 
and t o  permit i t s  use on various machilzes. Instructions a re  included fo r  
the use of the program, which i s  available i n  caxd form from the authors. 

The form of th i s  function i e  t o  be defined i n  
The derivatives needed fo r  

Most of the progrem 

* *. 

Page 301



2 

INTRODUCTION 

The computer program t o  be described will adjust  the parameters of an 
arb i t ra ry  function t o  obtain a least-squares f i t  t o  a set of observations. 
The function involved may have any form which can be defined by a subpro- 
gram, prepared by the user, t o  obtain i t s  value for  a given set of trial 
parameters and independent variables. 
method of least squares are e i ther  obtained numerically by the program or 
calculated analyt ical ly  by the user 's  subroutine. 

The derivatives needed fo r  the 

The input data t o  each job include a s e t  of observations, each with 
i t s  corresponding independent variables, and, i f  desired, i t s  estimated 
standard error.  
the use of uni t  weights i s  specified. 
t r ia l  parameters and an indication of which of these axe t o  be adjusted. 
If numerical different ia t ion is  t o  be performed, a parameter increment t o  
be used i n  t h i s  process is associated w i t h  each parameter t o  be varied. 

The l a t t e r  determines the weight of the observation unless 
The program also reads a set of 

More than one cycle of refinement w i l l  be required t o  converge on the 
final. solution unless the function t o  be f i t t e d  happens t o  be l inear  i n  
the variable parameters. 
of cycles t o  be performed i n  each job and a l so  permits him t o  provide a 
test  t o  terminate the calculation after fewer cycles i f  appropriate. Pro- 
vision is  made t o  t ransfer  the parameters from one job t o  another by means 
of e i ther  magnetic tape or punched cards. 

The. program allows the user t o  specify the number 

A l is t  comparing the observed and calculated function is put out 
together with an over-all  agreement factor  before each cycle of refinement 
and once more after the last adjustment. 
t h e i r  calculated standard e r rors  are l is ted after each cycle, and the 
correlation matrix is put out a t  the end of each job. 

The old and new parameters with 

The program has been used successfully for c rys ta l  s t ructure  refine- 
ments involving more than ninety variables and over two thousand observa- 
t ions.  Most of it is writ ten i n  Fortran t o  f a c i l i t a t e  any desired 

modifications and t o  permit i t s  use on various machines. 
and column binary cards axe available from the authors. 

Both symbolic 
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GENERAL DESCRIPTION 
0 

1 . .  

b . .  .. 

* .  
. L  

It i s  expected that the Fortran l i s t i n g  and the glossary of symbols 
which w e  provided w i l l  serve as a complete description of the program. 
The form of <he input i s  described i n  d e t a i l  i n  a separate section? and 
an example of such input, together with the corresponding output, i s  also 
given. 
of the method. 

This section is  therefore intended t o  serve only as a brief summa3-y 

O f  fundamental importance i s  the user 's  subroutine CALC which, dwing 
each cycle, i s  entered once for  each observation t o  obtain YC, the  valse 
of the function based on the current parameters and the NX independent 
variables associated with the observation. 
gram stores  i n  the array DV the  derivatives of YC with respect t o  those 
parameters P which a re  t o  be varied. 
derivatives obtained numerically, he must associate with each P( I) a pmam- 
e t e r  increment DP(1). 

t o  P(1) and re-enters CALC t o  obtain YD, the  function based ora. the param- 
e t e r s  with one incremented. 

For each observation the pro- 

If the user e l ec t s  t o  have these 

For each of the NV variables the pro,gr.eura adds W ( I )  

The required derivative is then %&kea as 
m(1) = (YD-YC)/W(I).  

Alternatively, the  user may e l ec t  -to include the analyt ical  cahcula- 
t fon of the derivatives i n  subroutine C A E ,  and th i s  w i l l  save appreciable 
machine time i n  problems with compllcated functions and many ;raPiables. 
In  t h i s  case the subroutine i s  entered only once for  each observation, and 
the derivatives with respect t o  every possible variable are stored. in  the 
array DC a t  the  same time t h a t  YC i s  calculated. 
R.om t h i s  array the derivatives with respect t o  those parameters t o  be 

varied i n  a par t icular  job. 

The program later se lec ts  

It is possible t o  use a combination of numerical and programmed 
derivatives by specif'ying numerical derivatives but  s e t t i ng  t o  zero the 
parameter increments associated with some variables. 
f inds such a zero increment, it assumes t h a t  a programmed derivative i s  t o  
be used for  tha t  variable. 

When the  program 

Additional f l e x i b i l i t y  i s  provided by an optional user 's  subrcutine 
PRELIM which i s  entered once a t  the beginning of each job. 

used t o  read various constants, make preliminary computations, and other- 
wise prepme for the fwlction calculationo 

This may be 

It, may a160 be used f u r  data 
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J 

processing, weight calculation, or  other modification of the observation 
input 

For each cycle the matrix and vector of the normal equations are 
stored by computing we contributions of one observation at  a time. 
calculated function and the required derivatives me obtained as described 
above, and a l i n e  of output comparing the observation w i t h  i t s  calculated 
value i s  put out. 
AM(=), the J,Kth element of the matrix, where SQRTW is  the square root  of 
the weight of the observation. 
V ( J )  is (SQRTW*DV(J))*(SQRTW(YO-YC)), and that  t o  the agreement factor 
SIG is  (SQRW(YO-YC))*2.  
the I t h  observed value of the function. 

The 

The term (SQRTW*W( J))*( SQRTWIN(K)) i s  then added t o  

The contribution t o  the vector element 

Here YO i s  used as an abbreviation for  YO(I), 

This process is repeated until the contributions *om a l l  the observa- 
t ions have been obtained. A t  t h i s  point an agreement factor,  the standard 
error  of an observation of uni t  weight, SQRTF(SIG/(NO-NV)), is computed 
and put Out. 

The storage scheme used for  the matrix AM i s  described i n  the glossary. 
To make e f f i c i en t  use of memory space, only the upper t r i a q u l a r  pa r t  of 
th i s  symmetric matrix i s  stored. 
ments of the exis t ing matrix inverter, SMI, the matrix is stored forward 
i n  core or  backwwd i n  the normal Fortran indexing system. 

Furthermore, t o  conform t o  the require- 

Before the matrix i s  inverted it i s  tes ted  fo r  zero diagonal elements 
which would indicate a singular matrix w i t h  one or more zero row-columns. 
This would be the result if the derivatives with respect t o  the corres- 
ponding parameters were zero fo r  a l l  observations. 
t o  the attempt t o  vary set6 of parameters with one or  more redundancies 
w i l l  be found i n  the course of the inversion. 
singularity, the job is  terminated with the appropriate comment. 

A singular matrix due 

In case of either type of 

The matrix inversion procedure i s  described i n  detail elsewhere 
(W. R. Busing and H. A. Levy, Comm. ACM, 1962. 
volves the diagonalization of the matrix by a series of congruent t rans-  

formations, inversion by taking reciprocals of the diagonal elements, and 

To be published.) It in- 

a sequence of reverse transformations. 
inverse matrix has replaced the or iginal  one i n  the array AM. 

Upon completion of the process the 

e 
a _  

L '  

b 
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The vector is  then multiplied by the inverse matrix t o  obtain the 
parameter changes, PD. An estimated new value of the agreement factor  S I G  
i s  obtained by subtracting from it PD(I)*V(I) summed over the NV variables, 
and a revisn4 SQRTF(SIG/(NO-NV)) i s  computed. 
eters is then put out showing the changes which were made and the estimated 
standard errors  associated with these variables. The l a t t e r  are  computed 
as SQRTF( DIAG( J)*SIG/(NO-NV)) where DIAG i s  an array of the diagonal ele- 
ments of the inverse matrix. It should be noted that these estimates are  
exact only i f  the function i s  l inear  i n  the paraneters, are approximately 
correct for  converging nonlinear functions, but may be gpossly incorrect 
i f  the caLculation is  diverging. 

The ent i re  l i s t  of param- 

A t  t h i s  point the program enters  a subroutine TEST which may be pro- 
vided a t  the option of the user. 
whether the new parameter values a re  seasonable, modify them i f  necessary, 
or terminate the job. 
from several cycles so that the job may be terminated when convergence is  
achieved. 
the above procedure w i l l  be repeated fo r  the specified number of cycles, 
and then a f i n a l  calculation and dutput of YC w i l l  be made. 

This routine may be used t o  determine 

It may also be used t o  t e s t  the  agreement factors  

Unless the job i s  ended by TEST or because of a singular matrix, 

A t  the end of the job, unless a singular matrix has been found, the 
program computes the correlation matrix by dividing each inverse matrix 
element AM(1J) by SQRTF(DIAG(I)*DI.AG(J)). 
of t h i s  symmetric matrix i s  reported, and the other elements appear as 
zero i n  the l i s t i n g .  

Only the upper tr iangular par t  

DATA INPUT 

m e  l imitat ions marked with an asterisk depend only on the dimensions 
w i t h  which the program is  compiled. 

1. T i t l e  card. FORMN' (12A6) 
Columns 
l- 72 TIT= consisting of any desired Holleri th informa- 

t ion.  
section of output. 

This w i l l  be put out as a heading on each 

2. Control card. FORMAT (713) 
Columns 
1- 3 NC, the  number of cycles t o  be run on th i s  job. Cal- 

culated values of YC w i l l  be l i s t e d  NC + 1 times. If 
NC = 0 one l i s t  of calculated YC w i l l  be put out, but 
no refinement w i l l  be made. 
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4-6 

7-9 

10-12 

13-15 

16-18 

19-21 

NV, the  number of parameters t o  be vasied. 
NC = 0 then NV i s  irrelevant.  

If 
1 6 NV 4 loo.* 

NX, the  nutuber of independent var ia i les  associated 
with each observation. 1 Q  NX < 5. 
ID, the derivative indicator. ID = 0 indicates that 
the required derivatives have been programmed by the 
user. 
w i l l  be calculated numericallCy except for  parameters 
which have DP(1) = 0. 

ID = 1 indicates that the required derivatives 

IW, the weight indicator. 
vidual standard e r rors  w i l l  be supplied by the user 
fo r  each observation. 
gram is  t o  weight each observatfon a t  unity. 

IW = 0 indfcates that  indi- 

IW = 1 indicates t ha t  the  pro- 

IP, the parameter input indicator. 
that  t r ia l  parameters are supplied as input data. 
I 2  > 0 indicates that  the program is t o  read the 
input parameters from a private tape using those from 
cycle IP  of a previous job. 

IP  = 0 indicates 

IT, the auxiliarpy output indicator. 
corrected parameters are not to be saved for  later use. 
If I T  = 1 the corrected parameters are t o  be writ ten 
on a private tape. If I T  = 2 the corrected pmameters 
are t o  be written on an auxiliary output tape t o  be 
punched on cards off-l ine.  

If I T  = 0 the 

3. T r i a l  parameter cards. FORMAT ( 13/(8Fg 0 4 ) ) 
These are t o  be provided only when IP = 0 on the control card. 

F i r  st card. 
Columns 
1- 3 NP, the t o t a l  number of pairmeters t o  be read (includ- 

ing those t o  $e vasied ana those t o  be held constant). 
1 4 NP < 200. 

Second card. 
Columns 
1-9 

10-18 

19-27 

P(1), the tr ial  value of the first parameter, etc.  

. 
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Third card. 
Columns 
1-9 p(9 1 
10-18 

4. Observation cards. FORMAT (11,~.4,,739.4/(8E9.4)) 
Include one or more caxds for each of NO observations. 16 N O <  999. * 
Columns 
1 Blank  

2-9 YO, the observed value of the dependent variable. 

10-18 SIGYO, the  standard error  of t h i s  observation. If 
IW = 1 on the control card th i s  f ie ld  is irrelevant.  

19-27 X(l), the  first independent variable. 

28-36 X ( 2 ) ,  the second independent variable. 

X(NX), the last independent variable. Note that 
these f i e l d s  can be used t o  input an;y numbers which 
per ta in  t o  an individual observatfan. (If it i s  
desired Lo m a k e  NX > 5 then the prqpm must be 
recompiled with a l te red  dimension statements. 
Nx = 6 then a second card which is ts.lank m u s t  be 
suppl.ied for each observation unless the FORMAT 
statement is changed.) 

If 

5-  Observation termination card. FORMAT (11) 

Column 
1 ISENT = P as sent ine l  fo r  end of observation deck. 

(If NX > 6 then blank cards must be added so that the 
termination includes as many cards as an observation.) 

6. Key intgger capds. FaRMAIT (72Li-I 
These &e omitted i f  HC = 0. 
72 tr ial  parameters (or f ract ion thereof read. 

Otherwise one card is  included fo r  each 

F i r s t  card. 
Column 
1 KI(1) = 0 i f  P(1) is not t o  be vmied. 

P(1) i s  t o  be varied. 
KI(1) = 1 if 

’ t  
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2 KI(2) associated i n  the same way with P(2), etc.  . 

Second card. 
Column 
1 KI(73) 

7. Parameter increment cards. FORMAT (839.4) 
These cards are  included only i f  both NC 3 1 and I D  = 1, that is, i f  
some of the l e a s t  squares derivatives a re  t o  be computed numerically. 

F i r s t  caxds. 
Columns 
1-9 DP( l), the parameter increment associated with P( 1) 

If the derivative of YC w i t h  respect t o  P(1) is  to 
be determined numerically, DP(1) i s  the p a m e t e r  
increment which w i l l  be added t o  P(1). If KI(1) = 0 
then DP(1) i s  irrelevant.  
then the program w i l l  expect the derivative with 
respect t o  P(1) t o  be calculated by the user 's  s a -  
program, C A E .  

If KI(1) = 1 and DP(1) = 0 

10-18 

. 
64:72 

DP( 2), the parameter increment associated w i t h  P( 2), 
etc.  

Second cmd. 
Columns 
1-9 W 9 )  . 

8. Any data t o  be read by the user's subroutine PRELIM. 

TAPES REQUIRED 

Listed here are the monitor tape control cards required for  operation 
A t  other i n s t a l l a t ions  at  the Oak Ridge Central Data Processing Faci l i ty .  

the necessary tapes should be specified appropriately. 
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VAPE(4, Reel number, SAVE) 
This is  required only i f  IP  > 0 indicating t h a t  the i n i t i a l  values 
of the t r i a l  parameters a re  t o  be taken from t h i s  tape, which was 
writ ten on a previous job. 

jcTAPE(5, POOL, SAVE) 
This is  required only if IT = 1 indicating t h a t  

e t e r s  are  t o  be writ ten on th i s  tape a f t e r  each 
i n i t i a l l y  rewound and an end-of-file i s  written 
the job. 

wAPE(G, AUXOUT) 
This i s  required only i f  IT = 2 indicating %hat 
e t e r s  are t o  be writ ten on th i s  tape a f t e r  each 

the adjusted parrun- 
cycle. This tape i s  
upon completion of 

the adjusted param- 
cycle Cards sui table  

for input t o  another job w i l l  then be punched off- l ine.  
not rewound and no end-of-file i s  writ ten on it by the program. 

This tape i s  

q A P E ( 9 ,  OUTPUT) 

SeTAPE(10, INPUT) 

. J :  

SUBROUTI1\ES 

SUBROUTINE CAIX: (X1,Y ,P, D) 

To BE SUPPLIED BY TKE USER 

This subroutine must be supplied by the user t o  evaluate the f’unction 
and t o  calculate the necessary derivatives i f  these are t o  be programmed. 

The argument X I  i s  used as a vector of the NX independent variables 
for  one observation. 
sional c u i n g  program array X, and the CALL statement for observation I 
uses the argument X ( 1 , X ) -  
DIMENSION statement. 
subroutine any information which per ta ins  t o  a par t icular  observation. 

This vector represents column I of the  two dimen- 

If NX > 1 then X I  must be included i n  a 
Note that t h i s  array may be used t o  convey t o  the 

Y i s  the single valued function t o  be calculated. The ca l l ing  pro- 
gram uses e i ther  YC or YD as the corresponding argument,. 

P is the array of trial paraneters some of which are t o  be varied. 
This axray may a l so  be It should be included i n  a DIMENSION statement. 

used t o  convey constants or  instruct ions t o  the subroutine, but such 
parmeters  should not be adjusted. 

D i s  the asray i n  which derivatives a re  t o  be stored i f  they w e  
calculated by t h i s  subroutine. It i s  i n  one t o  one correspondence with 
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the array P. 
should be included i n  a DDENSION statement. 

The ca l l ing  program refers t o  it as DC or  DD. The array 

If COMMON storage is  used for  communication with subroutine PRELIM 
(see below) then care should be taken t o  include the COMMON and DIMENSION 
statements from the ca l l ing  programs 

The user must program the calculation of Y from the independent 
variables XI and the parmeters  9. 
AY/dP(J) should be sLored i n  D(J), etc .  Only derivatives w i t h  respect t o  
parameters t o  be vwied  need be programmed, but  s tor ing derivatives which 
w i l l  not be used is permitted. 
w i p l  save appreciable machine time on problems with complicated functions 
and many variables. 
compaxing the results of a least-squares cycle which uses it w i t h  those of 
the sane cycle using numerical different ia t ion.  

If derivatives a re  programmed, then 

Programming the derivative calculation 

The derivative progranrming cam often be checked by 

The usual RETURN and END statements are added, and the compiled 
program is  inserted before the t ransfer  card i n  the program deck. 

SUBROUTINE PRELIM 

This optional subroutine i s  entered once after all the input has 
been read but before the i n i t i a l  values of the t r ia l  parameters are put 
out. 
t ions,  and otherwise prepare Subroutine C A I C  fo r  the function computation. 
In i t s  present form the main program p roedes  no arguments for  PRELIM, and 
f t  i s  expected that COMMON storage w i l l  be used t o  cammunicate with CAIC. 

me subroutine must include COMMON and DIMENSION statements exactly 

It may be used t o  read additional input, m a k e  preliminary calcula- 

as they appear i n  the main program, preceding any COMMON statements 
inserted by the user. 

The usual RETURN and 3END statements are added, and the compiled pro- 
gram is substi tuted fo r  the dummy prograa which is included with the card 
deck provided. 

SUBROUTINE TEST 

Thls optional subroutine is entered once at  the end of each cycle 
after the parameters have been adjusted and l is ted but  before they are put 
out OE. tape or cards for  use i n  mother Job. It may be used t o  t e s t  

. 
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. *  

whether the new parameter values are reasonable, modify them i f  desired, 

or terminate the job. 
least-squares procedure. 

It may a lso  be used t o  t e s t  for  convergence of the 

No arguments are provided by the cal l ing program i n  i t s  present form, 
but communication may be made by means of COMMON storage. 

The subroutine must include COMMON and DIMENSION statements exactly 
as they appear i n  the main program, preceding any COMMON statements 
inser ted by the user. 

Before TEST i s  called, the main program s e t s  ISTOP Lo zero. If the  
job is  t o  be terminated, TEST should set ISTOP t o  a non-zero integer. 
When a job i s  terminated i n  t h i s  way, the value of ISTOP it; given in the 
output l i s t i n g  so that it may be used as an indicator t o  ident i fy  one of 
several  reasons fo r  stopping. 

When TEST is  called, SQSIG(1) contains the estimated agreement factor 
SQRTF(SIG/(NO-NV)) for the new parameters. 
t a i n s  the same quantity from the  previous cycle. 
each job SQSIG(2) i s  zero. 

The array SWIG may be used as the  basis of a t e s t  for convergence. 

For comparison SQSIG(2) con- 
On the first cycle of 

The usual RETURN and END statements a re  added, and the compiled pro- 
gram i s  substi tuted for the dummy routine which i s  included i n  the card 
deck provided. 

Subprogram 

CARD DECKS PROVIDED 
Symbolic Column 

card binary cw*d 
numbers numbers 

Calling program Fortran 1 - 384 691 - 756 
PRELIM (dunmry) Fortran 385 - 389 757 - 758 
TEST (dumrsy) Fortran 390 - 394 759 - 760 
SMI FAP 395 - 647 761 - 774 
CALX: (example) Fortran 648 - 666 775 - 779 

Library subroutines t o  be inserted here if not supplied by monitor system. 

Transfer caxd 
Data for example 

667 
668 - 690 

q h e s e  column binary cards were compiled or assembled on an IBM 7090. For 
use on a 704 the ca l l ing  program should be recompiled, but the remaining 
subprograms which are included here should be sat isfactory.  
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LIBRARY SUBROWINES 

A t  the Oak Ridge Central Data Processing Fac i l i ty  a l l  necessary 
subroutines, except those described above, are supplied from the monitor 
l ib rary  tape. 
be provided: 

A t  other ins ta l la t ions  the following subroutines should 
Fortran input-output routines, SQRT, FPTRP, ERROR, and EXIT. 

FP'I'RP i n i t i a l i z e s  a f loat ing t r a p  routine so tha t  underflows are 
set t o  zero and overflows cause a t ransfer  t o  ERROR. ERROR terminates 
the calculation and initiates an optional memory dump. 
ended by cal l ing MIT. 

A job is normally 

GLOSSARY OF SYMBOLS 
*Indicates input data. 

A. Single Storage, Variables 

* NC 

* N v  

* N x  

*ID 

*Iw 

Jc IP 

* m  

Number of cycles of refinement t o  be performed 
i n  th i s  job. The program puts out YC, the 
values of the calculated function, NC + 1 times. 
If NC = 0, YC is  calculated, but no refinement 
occurs 0 

Number of parameters t o  be varied. 
MI is  irrelevant.  

If NC = 0 then 

Number of independent variables associated with 
each observation. 

Derivative calculation indicator. If I D  = 0 it is 
assumed that the user 's  subroutine CAIX: calculates 
the derivatives and stores  them i n  DC. If ID = 1 
derivatives are t o  be calculated numerically 
(except fo r  those parameters fo r  which DP(1) = 0). 

&it weight indicator. 
are assigned uni t  weights. 7;f I W = O  then the 
weibts are taken as l.O/SIGYO(I)W. 

E IW = 1 a l l  observations 

Parameter input indicator. If IP = 0 the param- 
eters P are t o  be read from cards. If IP > 0 then 
the parameters are t o  be taken from the magnetic 
tape output of cycle IP of a previous job. 

Parameter output indicator. 
are not t o  be writ ten on tape for  later use, i f  
IT = 1 they are t o  be writ ten on a pr ivate  tape, 
and it IT = 2 they are writ ten on the  monitor 
auxiliasy tape i n  such a way as t o  yield punched 

If I" = 0 parameters 
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NO 

IC 

NCY 

SIG 

SQRTW 

YC 

YD 

m 

SIGP 

ISTOP 

* ISENT 
DPK 

PDI 

JK 

IJ 

IJD 

cards. 
i s  terminated by an end-of-file while the 
auxiliary tape i s  not. 

The private tape is  i n i t i a l l y  rewound and 

Total  n'mober of parameters including those t o  be 
varied as well as those t o  be held constant. 

Number of observations . 
Identifying number of a particular cycle i n  t h i s  
job 

NC + 1, the number of cycles plus one. 
the n W e r  of times the list of YC will be put out. 

This is 

(SQRW(YO-YC))W2 summed over a l l  observations. 

Square root of the weight for  each observation. 

Calculated value of the function stored by sub- 
routine CAfic. 

Calculated value of the function as stored by sub- 
routine C A U  for computing numerical derivatives. 

Yo-YC 

(YO-YC ~)/SIGYO( I) 

Parameter saved while or ig ina l  i s  incremented for 
numerical different ia t ion.  

(NV*(NV + 1))/2, the number of elements i n  the 
matrix. 

Standard e r ror  of a paxameter. 

Stop indicator set # 0 by subroutine TEST t o  indi- 
ca te  that  no further cycles are t o  be run on this 
job. Otherwise ISTOP = 0. 

Sentinel s e t  a t  1 t o  end observation deck. 

DP(K) saved fo r  derivative calculation. 

Index used so that AM(=) i s  ajk. 

Index used so that AM(15) is arj. 

Increment subtracted from IJ t o  s tep down a 
column of matrix AM(m). 
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POLD 

I1 

I I D  

Ism 

Parameter before correction is  added. Saved for  
output 0 

Index used so that AM(I1) is  diagonal element aii.  

Increment subtracted from I1 t o  s tep  down diagonal 
of matrix AM(II). 

Singularity indicator set a t  1 i f  a zero diagonal 
element is  found i n  the or ig ina l  matrix or  if  a 
diagonal element becomes zero or  negative during 
inversion by SMI. Otherwise ISING = 0. 

NPCD Multiple of 8 greater than or equal t o  Np. 

m Number of private or auxiliary tape used fo r  out- 
put of parameters t o  be saved. 

B. Arrays With Their Miniman Dimensions. 

* TITU(12)  

* X(rVx,NO) 

Alphanumeric t i t l e  read at  start of problem and 
transcribed t o  the output. 

List of NP parweters ,  some of which w i l l  be verried. 

List of increments t o  be used i f  numerical differ- 
entation i s  t o  be performed. 

Key integers corresponding t o  the pwweters. 
KI(1) = 1 if  P(1) is t o  be varied. Otherwise 
KI(1) h 0. 

M[ independent variables fo r  each of NO observa- 
t ions 

NO ob served dependent variable s o  

Standard errors  of the NO observations. 

Matrix of the normal equations. 
used for  the inverse matrix. 
words are used for  the matrix, but NV more are 
used by the inverter. 
t r iangle  of the matrix i s  stored, and this  is 
stored forward i n  the memory - i.e., backward i n  
the Fortran indexing system. If aij represents a 
matrix element than a l l  i s  a t  AM((NV*(NV+1))/2), 
a u  a t  AM((NV*(NV+~))/~ - l), etc . ,  9 2  i s  at  
W(NV*(Nv+1))/2 - .w, and aw,m is  a t   AM(^). 
For exemple i f  3N = 4 the storage is  as illustmted: 

This area is also 
Only (NV*(NV+1))/2 

Only the upper right 
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ROW( W) 

Vector of the normal equations. 

Calculated derivatives of YC with respect to P. 
If derivatives w e  programmed they are stored here 
by the user's subroutine. 

Derivatives of those parameters which are to be 
varied multiplied by the square root of the weight. 

Calculated parameter changes for those parameters 
which were varied. 

Diagonal elements of the inverse matrix. 
used for calculating the standsrd errors of the 
pamaeters which were varied. 

These are 

&relevant derivatives calculated by CAIX: on entry 
for numerical derivatives. 
because both numerical and calculated derivatives 
may be used in the sue problem. 

SQSIG(1) is the emor of fit, SQRTF(SIG/F~ATF(NO-NV)). 
SQSIG(2) is SQSIG(1) saved f r o m  the previous cycle 
of this job. SQSIG(2) will be set to zero for the 
first cycle of each job. 

This array is needed 

A row of the correlation matrix ready for output. 
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.. ; < 

1 2 U H O S U P i k + ( C - C ) t * 2 1  IS E t l o 4 / 3 5 h O S Q R T F ( S U ~ [ ~ ~ ~ O - ~ ) ~ * 2 ~ / ~ ~ ~ - ~ V ) )  I S O R G L S  39 
2 F I C 0 4 1  ORGLS 40 

130081 F O R M A T 1 6 0 H U E S T I M A T E C  AGREEMEhT F A C T O R S  EASE0 ON PARAMETERS A F T E R  CORGLS 41 
l Y C L E  I 2 / 2 0 H O S U M I W + ( O - C ) t * 2 )  I S  E I 1 * L I 3 S H O S Q R T f 1 S U M ( ~ ~ ~ O - C 1 * ~ Z ~ / ( N O ~ R ~ l S  42 

O R G L S  43 2 - N V ) I  I S  F i C . 4 )  
OOG83 F O R t 4 A T I 6 2 H  C A T R I X  H A S  A ZERO D I A G O N A L  E L E M E N T  C C R R E S P O N D I N G  T O  P A R O R G L S  44  

I A M E T E R I 3 r l 6 P  OF THOSE V A R I E D 1  O R G L S  45 
OCC85 F O R I U A T ( 4 0 H  S I N G U L A R I T Y  R E T U R N  FRCW M A T R I X  I N V E R T E R )  O R G L S  4 6  
00086 F O R R A T f 3 7 H O P A R A H E T E R S  AFTER LEAST SQUARES CYCLE12/43HO OLD O R G t S  47 

I CHANGE NEk, E R R O R / I H  1 O R G L S  48 
O R G L S  49 

ilEQ89 F O R P A T (  !fi 13,4F10e4) O R G L S  50 
OC090 F C R Y A T 1 6 5 H C S ~ B R C U T I h E  T E S T  I N D I C A T E S  T H A T  JOB I S  T C  OE T E R M I h A T E C  O R G L S  51 

1FGR R E A S O N L Z )  O R G L S  52 
OC092 F C R Y A T 1 O I H C I N P b T  DATP/3CHC:  I P I 1 1  K I ( 1 )  C P ( I l / 1 H  1 O R G L S  53 
OC093 FCRMAT(IH I3rF10*4,f4p3XsEls,4) O R G L S  54 
OCG94 F C R V A T # S I H G C G R R E C T E D  PARAP 'ETERS NCT 'TC BE S A V E D  FCR L A T E R  U S E )  O R G L S  55 
O G C 9 5  F C R Y A T ~ S 1 H U C G R R E C T E O  P A R A R E T E R S  T O  B E  k R I T T E h  CIV P R I V A T E  T A P E )  O R G L S  56 
GCD96 F O R P A f ( 5 l h C C O R R E C T E C  P A R A M E T E R S  TO B E  k R I T T E h  F C R  CARD O l ~ T P t 1 9  O R G L S  57 

OfC88 F O R Y A T ( I k  1 3 r F l C . 4 ~ 1 C X q F I 0 - 4 )  

CC097 F O R Y A T ( t 9 H E C C R R E L A T I C N  PATRIXI ORGLS sa 
C C C 9 8  F C R ~ A T ~ 1 ~ 0 1 3 , l C F 9 , 4 / ~ ~ ~  3 X o l C F 9 - 4 ) )  O R G L S  59 4 

P 

O R G L S  60 
C REbC T I T L E  AND CONTRCL CARD O R G L S  61 

K E A C  I K P U T  TAPE ~ C p C C D 5 l r Z T I T L E l I ) o I # 1 , 1 2 )  C R G L S  62 
h ' R I f E  O G T P L T  T A P E  9 c C O C 5 2 , ( T I ~ L E ( I ) , I # l 9 1 2 ~  O R G L S  6 3  
C U F Y Y # F P T R P F (  E 9 - i )  O R G L S  54 

O R G L S  65 
L t R I T E  CLTPUT T A P E  9vfOC549NCoNVTNX ORGCS 66 
I F ( I C B C C 2 ~ 6 p C G 2 C 4 9 C G 2 Q ~  ORGLS 67 

O R G L S  68 
O02Ct h R I T E  OUTPUT T A P E  9 9 C O G 5 E  O R C L S  0 9  

GO T C  002Ci7 ORGCS 7P 
O R G L S  7 1  

RC206 h R I T E  CUTPUT T A P E  90CQc159 ORGCS 72 
O R G L S  73 

OC2C7 I F Q I W ) O C ~ ~ O ~ C C ~ C ~ P C O ~ ~ C  O R G L S  74 
C R G L S  75 

002C8 h R I T E  OUTPUT T A P E  9 9 c O n 6 l  O R C L S  76 

REAC IhPliT T A P E  1 0 p e C U 5 3 9 N C r h V o N X 1 I C p f k c l P , J T  
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GO TO 00211 

002Lll #RITE OUTPUT T A P E  9.00062 

002118 1F~xP~oc212Qoo212Qoo214 

002 I2 WRXTE O U T P U T  T A P E  99130063 
GO TO 00215 

00214 X R X T E  O U T P U T  T A P E  9,00064.1P 

002 I6 h R I T E  OUTPUT T A P E  9,00094 
GO T O  0 0 3 0 1  

002 I E W R I T E  C U T P U T  T A P E  9 p C O O 9 5  
R E M I N D  5 
GO TO o u m  

0022 I Y R I T E  OUTPUT T A P E  9pC0090 

C R E A C  T R I A L  PARAMETERS 
003Ql IF~IP~O04Olp130401~013SOS 

0040 I R E A D  XMPUT T A P E  ICpOC066*NPp(P(IBel#l.~P~ 
GO TO ODbOI 

OD50 1 R E W I M O  4 
DO I3G503 J # l r  I P  

OC608 W R I T E  OUTPUT T A P E  9gCiOQ67,NP 

C REAL? O B S E R V A T I O N S  TO S E N T I N E L  
J#O 

ORGLS 77 
O R G L S  78 
O R G L S  79 
O R G L S  80 
O R G L S  81 
ORGLS 82 
O R G L S  83 
O R G L S  84 
O R G L S  85 
O R G L S  86 
O R G L S  87 
O R G L S  88 
O R G L S  09 
O R G L S  90 
O R G L S  91 
ORGLS 92 
O R G L S  93  
ORGLS 94 
O R G L S  95 

O R G L S  97 
ORGCS 98 
O R G L S  99 

ORGLS 1 C I 
O R G L S  !02 
O R G L S i 0 3  
O R G L S  I04 
O R G L S 1 0 5  
O R G L S  IO6 
O R G L S  I 07  
ORGLS 108 
O R G L S  I09 
O R G L S l  10 
O R G C S I  1 1  
O R G L S I  12 
O R G C S I  I3 
O R G L S l l 4  

I-J O R G L S  96 (33 

ORGLS I no 

' 
. .  
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OllCt NO#J-I 
W R I T E  OUTPUT T A P E  9pC00699MO 

C R E A C  K E Y  I N T E G E R S  ANC P A R A P E T E R  I N C R E Y E K T S  I F  S P E C I F I E D  
1 F ~ N C ~ R 1 5 0 t ~ 0 1 6 0 1 t 0 1 3 0 1  

C I h l I T I A C I Z E  PROBL€M Ah0 E N T E R  S U S R O t l T f N E  P R E L I M  IF P R O V I D E D  
01601 NM#(NV+(MV+111/2 

SQSIGt I ) # R e 0  
C A L L  P R E L I M  

C P U T  OUT T R I A L  PARAMETERS, K E Y  INTEGERS? AND P A R A P E T E R  I I U C R E E E K T S  
W R I T E  OUTPUT T A P E  99cno92 
DO C 1 6 S 3  I # I t N P  

C S T A R T  COOP TO PERFORP NC CYCLES AND Chi€ F I N A L  C A L C U L A T l C b  OF Y 
NCY #NC+ 6 
DO C E S O i  f C # l p N C Y  

C C L E A R  ARRAYS AM AND L E X C E P T  Clu LAST C Y C L E  
I F I I C - N C Y ) O I B S l p C 2 0 C 1 , 0 2 C C I  

01851 CO Cite52 I # l p N M  

0 I 8 5 2  A M I I ) # C . G  

ORGLS t 15 
ORGLSI 16 
ORGLS I I7 
ORGLS I 1 8  
ORGLSl 19 
ORGLSIZO 
O R G t S  I2 1 
ORGLS I 2 2  
C R G L S  I23 
ORGLS 124 
ORCLS i 25 
ORGLS126 
ORGLS I 2 7  
ORGt S I 28 
O R C L S  I29 
ORGLS I30 
O R G L S l 3 1  
O R G t S  I 3 2  
ORGLS I33 

O R G L S  I35 
O R G L S  I 3 6  
ORGLS 137 
O R G t S  138 
ORGLS i 39 
O R G L S l 4 0  
O R G L S 1 4 1  
ORGLS I 4 2  
O R G L S  143 
O R G L S i  44 
O R G L S I  45  
ORGLS 146 
ORGLS I 4 7  
ORGLS J 48 
ORGLSI 49 
ORGLS 1 SO 
ORGLS IS 4 
O R G L S  i 52 

P O R G t S  134 u) 
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n 1902 
C 
0200 I 

c 
0220 I 

C 

c 

0250 I 

0260 f 

02701 

C 

I 

C 

C 
0300 I 

I F 9 1 ~ 9 ~ 2 6 C S ~ C 2 5 0 1 ~ 0 2 6 ~ I  

S Q R T W # I , O / S f G Y O I f l  
GO TO 0 2 7 0 1  

S I G Y O (  I 1 # 1  o C  
SURTH#I,O 

B Y # Y O l  I I - Y C  
WDY#SCRTk+CY 
S I G # S I G + k O Y * W C Y  

PUT OUT Y ( C A L C 1  Ani0 OTHER I N F O R Y A T I O h i  FOR ONE 

O R G L S  I53 
V (  I I R C I I J  ORGLS i 54 

O R G L S  1 55 
I N Z T I A L I Z E  FOR C Y C L E  IC AND PUT OLT CAPTICM FCR L I S T  OF Y e C A L C t O R G L S I 5 6  

O R G L S  157 S Q S X G ( 2 ) # S Q S I G 6 1 )  
S I G # O , 0  ORGLS I58 
k R I T E  OUTPUT TAPE 9 p f 0 0 5 2 0 % T I T L E i I ) c I # 1 9 t 2 %  ORGLS I59 
W R I T E  OUTPUT 1 A P E  9,COff7291[C O R G L S t b O  
W R I T E  OUTPUT TAPE 9oC0073 ORGLS 16 I 

ORGL S 1 62 
S T A R T  LOCP THROUGH NC O B S E R V A T I O N S  O R G L S  I63 
GO aslot  i#l*MO O R G L S  I 6 b  

ORGLS i 65 
ENTER USERS SUBROUTIRE TO COMPUTE Y B C A L C )  AND C E R I V A T I V E S  O R G L S 1 6 6  
CALL C A L C (  X I  I 9 I 1  9 YCpP PCC ) O R G L S  157 

ORGLS I68 
O B T A X h  WEIGHT AND C A L C M A T E  QUANTITIES F R O M  Y(OBSI-YlCALC1 O R G L S 1 6 9  

ORGLS 1 70 
O R G L S  I7 J 
O R G L S 1 7 2  CD O R G t S  173 0 

ORGLS I74 
ORGL S I 75 
ORGLS 176 
O R G L S 1 7 7  
O R G L S l 7 8  
ORGLS 179 
ORGL S 180 
ORGLSIB! 

CBSERVATICN ORGLS182 

JSfloNXII ORGLS184  
O R G t S  185 

C A L C  O F  Y O R G L S 1 8 6  
ORGLS I 87 
ORGCS I 8 8  

S T A R T  L O O P  TO STORE AN A R R A Y  OF NV G E R I V A T I V E S  O R G L S  I89 
J#  I ORGLS I90 

o W D Y o B X ( d p I 1 ~  O R G L S 1 8 3  

B Y - P A S S  CERIVATKVE ANC M A T R I X  SET-UP ON FINAL 
I F ( f C - N C Y ) 0 3 C O E 1 G S B O B p 0 5 1 C I  
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048131  

OSGQ I 
C 

05lOU 
c 
C 

C 

C 
0 5 4 C  I 

0560 I 

0570 I 

0580 B 
c 
C 

C 

V I J ) R V ( J B + O V ( J ) + W D Y  
C O N T I N U E  
END LOOP TO STORE M A T R I X  AND VECTOR 

C O N 1  I N U E  
EMG L C O P  THROUGH NO O B S E R V A T I O N S  

COMPUTE AND P U T  OUT AGREEMENT FACTORS 
S O S I G ( l } # S Q R T F ( S a G 4 F L O A T F ~ N O - N V ) )  
& R I P E  OUTPUT TAPE 9 0 C 0 0 8 0 v I C g S I G , S Q S I G C l b  

BY-PASS M A T R I X  I N V E R S I O N  AND P A R A P E T E R  OU'TPUT CN F I N A L  C Y C L E  
I F B % C - M C Y % 0 5 4 0 a g O e ? C l o 0 8 7 0 1  

S T A R T  L O W  T O  T E S T  FOR ZERO D I A G O N A L  E L E M E N T  
i S I N G # O  
I I # N M  
r I D ~ V  
DO nsem I ~ I ~ N V  

I S I N G # B  
WRITE OUTPUT T A P E  9,000a3,i 

I I # I I - I I D  
I I O f 1  I D -  1 
C O N T I N U E  
END LOOP TO TEST f O R  ZERO D I A G O N A L  ELEMENT 

T E R W I M A T E  JOB IF ZERO DIAGONAL E L E M E N T  k A S  FOUND 
I F ( I S I N G ) 1 0 3 0 1 q 0 6 G O a ~ ~ U 3 0 ~  

E N T E R  SUBROltTI tc iE T O  R f P L A C E  M A T R I X  W I T H  ' INVERSE 

O R G L S 2 2 9  
ORGLS230 
ORGL S 2 3  I 
O R G L S 2 3 2  
O R G L S 2 3 3  
O R G L S 2 3 4  
O R G L S 2 3 5  
ORGLS236 
O R G L S 2 3 7  
O R G L S 2 3 8  
ORGLS239 
O R G I S 2 4 0  
O R G L S 2 4 1  
O R G L S 2 4 2  
O R G L S 2 4 3  
ORGL S 2  44 
O R G L S 2 4 5  
O R G t S 2 4 6  
O R G L S 2 4 7  
O R G L S 2 4 8  
O R G l S 2 4 9  
ORGLS2SO 
O R G L S 2 5  I 
ORGLS252 
ORGL 5253 
O R G L S 2 5 4  
O R G L S 2 5 5  
O R G L S 2 5 6  
O R G L S 2 5 7  
U R G l S 2 5 8  
O R G L S 2 5 9  
O R G L S 2 6 0  
O R G L S 2 6 1  
O R G L S 2 6 2  
O R G L S 2 6 3  
ORGL S 2  64 
ORGL $2 65 
ORGLS266 

Iu 
Iu 
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0500 1 

C 
0620 1 

C 
C 
W C I  

0670 1 

c 
06813 I 

06901 
07GO I 

072C 1 
C 

C 

c 

T E R M I N A T E  J O B  I F  SIEiGlfLAR M A T R I X  k A S  FCLchiO 

GO T O  I C 3 0 1  
kRITE OUTPUT TAPE 9vD0085 

S T A R T  LOOP FOR HATRIX 'JECTOR MULTIPLICATION FOR 
P A R A M f T E R  C H A N G E S  

CC 072131 IIIpNV 

PCI#G.O 
IJ#hM-I+I 
I JC#NL- 1 
CC G7COI J # i T h i i  

IJYIJ-IJC 
IJC#XJCI-I 
GC TO C7OGl 

SAkE C I A G C h A L  E L E R E h T S  CF IbVERSE K A T R I X  
DIAG(I)#AY(IJI 

IJk13-i 
CC h T I &UE 

PCIIJhPCI 
SIG#SIG-PCI*V(I 
CGNTIhiUE 
EhD LCOP F O R  K A T R I X  V E C T C R  V U L T I P F I C A T I G K  

R E C O P P U T E  AGREEPENT FACTCR USING M C D I F I E C  SIG 
S Q S I G l e ) # S Q R T F 1 S I G / F l O A T f ( N C - ~ V ~ ~  

P U T  ObT C A P T I O N  FOR L I S 7  OF C O R R E C T E D  P A R A M E T E R S  

O R G t S 2 6 7  
O R G L S 2 6 8  
O R G L S 2 6 9  
O R G t S 2 7 0  
O R G L S 2  7 I 
O R G t S 2 7 2  
O R G t S 2 7 3  
O R G L S 2 7 4  
O R G L S 2 7 5  
O R G L S 2 7 6  
Q R G t  S277 
O R G L S 2 7 8  
O R G L  S279 
O R G L S 2 8 0  
O R G L S 2 8 i  
O R G t S 2 8 2  
O R G L S 2 8 3  
O R G C S 2 8 4  
O R G L S 2 8 5  

0 RGL S 2 87 
ORGLS288 
O R G L S 2 8 9  
O R G L S 2 9 0  
O R G L S 2 0  1 
O R G L S 2 9 2  
O R G L S 2 9 3  
O R G L S 2 9 4  
CRGtS295 
ORGtS206 
ORGLS297 
O R G C S 2 9 8  
O R G L S 2 9 9  
O R G L  S 3C0 
O R G L S 3 O J  
ORGLS302 
O R G L S 3 0 3  
ORGLS304 

O R G 1 . 5 2 8 6  Iu u 
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C 

Q7601 

07713 I 

m o m  
c 
C 

C 
C 

C 
c 
08213 n 

08202 

C 

WRITE OUTPUT TAPE O v O 0 0 5 2 r ( T I f L E t I ) t I # l r 1 2 ]  O R G L S 3 0 5  
W R f T E  OUTPUT T A P E  9,00086rIC O R G L S 3 0 6  
START LOOP TO CORRECT AND P U T  OUT PARAMETERS O R G L S 3 0 7  

O R G L S 3 0 8  
O R G L S 3 0 9  J# I 

DO 08001 I#l.NQ O R G L S 3 1 0  
O R G L S 3 1  I 

I F B K I ~ I 9 ~ 0 7 6 0 1 ~ 0 7 6 0 1 g C 7 7 Q l  O R G C S 3 1 2  
O R G L S 3 1 3  
O R G L S 3  I4 

GO TO 0800t O R G L S 3 1 5  
ORGLf i3  I 6  

POLD#P( 13 O R G L S 3  I 7  
P ( I I # P O L D + P D ( J I  O R G L S 3  18 
S I G P # S Q R T F ( D I A G I J I ) I S a S I G o  ORGL 53 I9 
k R I T E  OUTPUT TAPE 9 v 0 0 0 8 9 9 1 p P C L O v P D ( J I ~ F ~ X ~ ~ S ~ G f ~ R G L S 3 2 U  
J#J+ I O R G L S 3 2 1  

O R G L S 3 2 2  
C O N T I N U E  O R G L S 3 2 3  

O R G t S 3 2 5  
PUT OUT E S T I M A T E O  AGREEHEM1 F A C T O R S  O R G L S 3 2 6  
& R I T E  OUTPUT TAPE 9 0 0 0 0 8 1 r I C r S I G 1 S Q S I G ~ ~ ~  O R G L S 3 2 7  

O R G t S 3 2 8  
ENTER USERS SUBRCUTINE TC TEST AND PODIFY PARAPETERS O R G L S 3 2 9  

OR E K E  J C B  O R G L S 3 3 0  
IS?OQ#O ORGLS331 
C A L L  T E S T  O R G L S 3 3 2  

ORGL S 333 
# R I T E  CORRECTED PARAMETERS ON A U X I L I A R Y  TAPE IF O R G L S 3 3 4  

DES I REO O R G L S 3 3 5  
O R G L S 3 3 6  
ORGC 53 37 

NT#IT+4 O R G L S 3 3 8  
N P C D # 8 * I ( N P - I  1/8+111 O R G L S 3 3 9  

O R G L S 3 4 0  
O R G L S 3 4 l  

T E R M I N A T E  JOB IF INDICATED BY USERS SUBROUTIKE T E S T  ORGLS342 

W R I T E  OUTPUT T A P E  9 g R 0 0 8 8 9 1 s P I I B v P t I l  

I\) END LOOP TO C O R R E C l  AND PUT CUT P A R A P E T E R S  O R G L S 3 2 4  F 

IF(ITI08202008301.08202 

W R I T E  OUTPUT T A P E  N T , C O O 6 6 9 N P p ( P l I ) g I # l o N P C D )  

. .  . - 
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-' ' .  

STA Y I  

S T A  Y 2 8  
S T A  SIMGI 

PCX 0 9 1  
S T C  Y27 
S X C  T I P 4  

C L A  394 

Y l  C L A  0 

Y 2  sxc Y 2 5 9 1  
S X C  7 2 9 1  
S X C  i s 2  
S T Z  f 4  
S T Z  f 5 9  
L X C  T 4 9 4  

Y 4  SXC Y790 
C L A  092 
S S P  
F S E  f 4  
T # f  Y ?  
C t A  0 9 2  
S S P  
S T C  T 4  
S X C  T5 .4  

WTR Yl! 
Y7 T I X  Y89290 

ya  T h X  Y B E p l l p S  

T X I  Y 4 9 4 p l  
Y I O  C A L  T 3  

A C C  T 2  
PCX 094 
C L P  T S  
S T C  0 9 4  
T S X  X i 9 4  
L X C  7 3 9 2  
C L A  0,2 
T Z E  S I N G  
T N I  SING 
C l A  F L C M E  

ADD SET 

Y 2  

Y3 

Y 4  
Y 5  

Y 6  

Y 7  CEC SET Y 4 g D E L J A  

Y 8  
Y 9  
Y 1 0  

Y I  t 
Y i 2  

Y 1  

ORGL S 4  I O  
O R G L S 4  I 1 
O R G L S 4  I 2  
O R G L S 4 1 3  
O R G l S 4 i 4  
ORGL 54 I 5 
O R G L S 4 1 6  
O R G L S 4 1 7  
O R G L S 4  18 
O R G L S 4 1 9  
O R G L S 4 2 0  
O R G L S 4 2 J  
C R G L S 4 2 2  
O R G L  5423 
O R G L S 4 2 4  
O R G L S 4 2 5  
O R G L S 4 2 6  
O R G l S 4 2 7  
O R G L S 4 2 8  

O R G L S 4 3 0  
O R G L S 4 3 1  
O R G L S 4 3 2  
O R G L S 4 3 3  
O R G C S 4 3 4  
O R G L S 4 3 5  
O R G L S 4 3 6  
O R G L S 4 3 7  
O R G L S 4 3 8  
O R 6 1  5439 
O R G L S 4 4 0  
O R G l S 4 4  1 
O R G L S 4 4 2  
O R G L S 4 4 3  
O R G L S 4 4 4  
O R G L S 4 4 5  
U R G L S 4 4 6  
13RGLS447  

Iu O R G L S 4 2 9  -3 
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500 4-4 
lUo8 
1202 
1308 
15-6 

1804 
19,8 
2104 
22e2 
24013 
25,2 

1 7 0 4  

2702  
28.8 
3000 
32,2 
34-2 

0 0001 

O R G L S 6 7 0  

O R G L  S 6  72 
O R G L S 6 7 3  
O R G L S 4 7 4  
ORGLS675 
O R G L S 6 7 6  
O R G L S 6 7 7  
O R G l S 6 7 8  
O R G L S 6 7 9  
O R G L S 6 8 0  
O R G L S 6 8 1  
O R G L S 6 8 2  
O R G L S 6 8 3  
ORGtS684 
ORGLS685 
O R G L S 6 8 6  
O R G L S 6 8 7  
O R G t S 6 8 8  
O R G L S 6 8 9  

5.5 8 0 4  13,2 16-3 17- 3 0 R G L S 6 7  I 

0.05 0 . C I  o m  o m  C e O I O R G L S 6 9 0  

w 
4= 

I . _  .k *, ' -  
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EXAMPLE0 F I T T I N G  A CURVE WITH A S E Q U E M E  t?F STRAIGHT LINE SEGMENTSO 

NURBER OF CYCLES I N  THIS  JOB IS I 

NUMBER OF PARAMETERS TO BE VARIED I S  6 

NUMBER OF lNOEPENOENT VARIABLES PER OBSERVATION IS 1 

NUMERICAL OfRXVATIVES UNLESS PARAMETER IMCREPENT IS ZERO 

UNIT WEIGHTS TO BE SET BY PROGRAM 

PARkMETERS TO BE REAC A S  INPUT DATA 

CORRECTED PARAMETERS NOT TO BE SAVED FOR LATER USE 

N U M B E R  01" PARAMETERS READ IS 8 

N U M B E R  OF OBSERVATIONS R E A D  I S  16 

INPUT DATA 

I t 0 e OOCG 
2 5 0 OOOC 
3 4 0 40GC 
4 5,5000 
5 8,40[313 
6 13,200C 

8 1703000 
7 16o3OOO 

Page 335
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ABSTRACT 

This r e p o r t  d e s c r i b e s  a computer program t o  perform t h e  

l e a s t - s q u a r e s  r e f i n e m e n t  of c r y s t a l  s t r u c t u r e  pa rame te r s  

based on x-ray  or  n e u t r o n  d i f f r a c t i o n  measurements. The 

program is written most ly  i n  t h e  F o r t r a n  language t o  f a c i l i -  

t a t e  m o d i f i c a t i o n  and t o  pe rmi t  its use  on v a r i o u s  machines.  

De ta i l ed  i n s t r u c t i o n s  f o r  i ts u s e  are inc luded ,  and t h e  

r e q u i r e d  c a r d  decks  may be o b t a i n e d  from t h e  a u t h o r s .  
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INTRODUCTION 

T h i s  r e p o r t  descxribes a computer program t o  perform the 

l e a s t - s q u a r e s  r e f inemen t  of c r y s t a l  s t r u c t u r e  pa rame te r s  

based 09 x-ray o r  neu t ron  d i f f r a c t i o n  measurements. D e t a i l e d  

i n s t r u c t i o n s  f o r  i ts u s e  a re  inc luded ,  and t h e  r e q u i r e d  c a r d  

decks  may be o b t a i n e d  from the  a u t h o r s .  

T h e  program performs s u c c e s s i v e  cyc les  of r e f inemen t  

u s i n g  t h e  f u l l  mat r ix  of t h e  normal e q u a t i o n s .  The 

pa rame te r s  which may be a d j u s t e d  i n c l u d e  s e v e r a l  scale  

f a c t o r s  a n  o v e r - a l l  t empera tu re  f a c t o r  coef f icieiit , t h e  

n e u t r o n  s c a t t e r i n g  f a c t o r s ,  i n d i v i d u a l  atom m u l t i p l i e r s ,  

a tomic  c o o r d i n a t e s  , and i s o t r o p i c  or a n i s o t r o p i c  i n d i v i d u a l  

atom t empera tu re  f a c t o r  c o e f f i c i e n t s ,  The pa rame te r s  t o  be 

v a r i e d  m2y be  s p e c i f i e d  a r b i t r a r i l y ,  and s t r u c t u r e s  of any 

s y m m e t r y  may be accommodated. The r e f inemen t  may be based  

e i t h e r  on the s t r u c t u r e  f a c t o r s  o r  t h e i r  s q u a r e s ,  and t h e  

o b s e r v a t i o n s  may be weighted i n d i v i d u a l l y ,  o r  t h e  u s e  of u n i t  

w e i g h t s  may be s p e c i f i e d .  

The program is makhematical ly  s imi la r  t o  an ear l ie r  

v e r s i o n ,  OR XLS ( W .  R .  Busiiig a n d  11. A .  Levy, "A C r y s t a l l o -  

graphic Leask Squa res  Refinement, Program f o r  t h e  ICBM 704,'t 

OItNIL-CF 59-4 -37 ,  1 9 5 9 ) .  .A b a s i c  d i f f e r e n c e  is t h a t  t h e  

p r e s e n t  p ~ o g r a m  i s  no t  segmen$ed and does  n o t  u s e  magnet ic  

tape for i a t e r m e d i a x e  storage. T h i s  i m p l i e s  t h a t  a 32k c o r e  

xmemory w i l l  be required f o r  most problems.  A means of 

expanding %he s torage  c a p a c i t y  w i t h  magnet ic  t a p e  is 
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mentioned b r i e f l y  i n  a l a te r  s e c t i o n .  P r o v i s i o n  is made t o  

t r a n s f e r  pa rame te r s  from one j o b  t o  t h e  n e x t  by means of 

magnet ic  t a p e  or punched c a r d s .  

The p r e s e n t  program is: d e r i v e d  from a g e n e r a l  l eas t -  

s q u a r e s  program (W. R .  Busing and H. A .  Levy, ''OR GLS, A 

Genera l  F o r t r a n  Least Squares  Program, It BRNL-TM-271, 1 9 6 2 )  , 
and programmers con templa t ing  e x t e n s i v e  changes shou ld  con- 

s i d e r  s t a r t i n g  w i t h  t h a t  b a s i c  program, 

In o r d e r  t o  f a c i l i t a t e  m o d i f i c a t i o n  of t h e  program and. 

t o  pe rmi t  its u s e  on v a r i o u s  machines,  OR FLS has been 

w r i t t e n  i n  t h e  For t ran  language e x c e p t  fsr t h e  matrix 

i n v e r t e r  which is i n  PAP s u i t a b l e  for  t h e  IBM 7 0 4 ,  7 0 9 ,  o r  

7 0 9 0 .  A t e s t  problem is provi.ded Lo s e r v e  as an example and 

t o  a i d  i n  checking  t h e  program a t  o t h e r  i n s t a l l a t i o n s .  

GENERAL DESCRIPTION 

It is expec ted  t h a t  t h e  F o r t r a n  l i s t i n g  and the 

g l o s s a r y  of symbols which a r e  p rov ided  w i l l  s e r v e  as a com- 

p l e t e  d e s c r i p t i o n  of t h e  program. The form of t h e  i n p u t  is 

d e s c r i b e d  i n  d e t a i l  i n  a s e p a r a t e  s e c t i o n ,  and an example of 

s u c h  i n p u t ,  t o g e t h e r  w i t h  t h e  co r re spond ing  o u t p u t ,  is a l s o  

g i v e n .  T h i s  s e c t i o n ,  thel-efQl-@, is intended to s e r v e  o n l y  

as a. summary s f  t h e  method. 

Because t h e  p r e s e n t  r o u t i n e  is a m o d i f i c a t i o n  of the 

genera l  l e a s t - s q u a r e s  prsgram, OR GES, i d ;  w a s  convenient t o  

divide it i n t o  s e v e r a l  subprograms. T h e  main program p e r -  

f c o s m s  the basic opera$ ions  a s s o c i a t e d  w i t h  %he l e a s t - s q u a r e s  
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r e f i n e m e n t ,  w h i l e  s u b r o u t i n e  PRELIM s e r v e s  t o  r e a d  t h e  con- 

t r o l  i n fo rma t ion  and pa rame te r s  which clef i n e  t h e  t r i a l  

c r y s t a l  s t r u c t u r e .  S u b r o u t i n e  CALC computes t h e  scaled 

s t r u c t u r e  f a c t o r s  or t h e i r  s q u a r e s  and t h e  d e r i v a t i v e s  of 

khesc q u a n t i t i e s  w i t h  respec% t o  t h e  t r i a l  pa rame te r s ,  and 

s u b r o u t i n e  TEST de te rmines  whether the a d j u s t e d  t empera tu re  

f a c t o r  c o e f f i c i e n t s  a re  p o s i t i v e - d e f i n i t e ,  

In t h e  c a l c u l a t i o n  of t h e  s t r u c t u r e  f a c t o r s  and t h e i r  

d e r i v a t i v e s  it is u s e f u l  t o  d i s t i n g u i s h  t h e  d i f f e r e n t  t y p e s  

of pa rame te r s  such  as sca le  f a c t o r s ,  c o o r d i n a t e s ,  and ternper- 

a t u r e  f a c t o r  c o e f f i c i e n t s  and to  s t o r e  them i n  s e p a r a t e  

a r r a y s .  For t h e  l e a s t - s q u a r e s  ad jus tmen t  p rocedure ,  however, 

it is more conven ien t  t o  s t o r e  a l l  t h e  pa rame te r s  i n  a s i n g l e  

a r r a y .  T o  a c h i e v e  bo th  of t h e s e  o b j e c t i v e s  t h e  program u s e s  

d u p l i c a t e  s t o r a g e  a r r ays  f o r  t h e  c r y s t a l  s t r u c t u r e  pa rame te r s ,  

atid s u b r o u t i n e  PTBSB is provided  t o  copy them from t h e  a r r ay  

P t o  t h e  various; s t o r a g e  l o c a t i o n s  SC,  TO, SF, A I ,  XYZ,  and 

BETA. S u b r o u t j  ne SBTOP performs t h e  r e v e r s e  in fo rma t ion  

transfer and is also used  t o  e x e c u t e  an ana logous  o p e r a t i o n  

w i t h  the c a l c u l a t e d  d e r i v a t i v e s .  

The sequence of o p e r a t i o w  beg ins  w i t h  t h e  r e a d i n g  of 

a l l  the i n p u t  da ta .  T h i s  is perfornied p a r t l y  by t h e  main 

program and  p a r t l y  by s u b r o u t i n e  PRELIM. Most of t h e  i t e m s  

read a ~ e  i m m e d i a t e l y  p u t  o u t  by the program t o  a i d  i n  

d i agnos ing  d i f f i c u l t i e s ,  

If the con t ro l  card i n d i c a t e s  t h a t  i s o t r o p i c  t empera tu re  
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f a c t o r  c o e f f i c i e n t s ,  T i ,  are t o  be conve r t ed  t o  a n i s o t r o p i c  

f o r m ,  s u b r o u t i n e  PRELIM computes f o r  each  atom 

Here t h e  p ' s  are *,he a n i s o t r o p i c  t empera tu re  f a c t o r  c o e f f i -  

c i e n t s  d e f i n e d  i n  t h e  next s e c t i o n ,  and a*, b*, . . . , y* are 

t h e  r e c i p r o c a l  c e l l  pa rame te r s .  The program t h e n  proceeds  

as though a n i s o t r o p i c  c o e f f i c i e n t s  had been r e a d .  

For each  cyc le  t h e  m a t r i x  and v e c t o r  of t h e  normal 

e q u a t i o n s  a r e  s t o r e d  by computing t h e  c o n t r i b u t i o n s  of one 

o b s e r v a t i o n  a t  a t i m e .  For t h i s  purpose  s u b r o u t i n e  CALC is 

e n t e r e d  once f o r  each  r e f l e c t i o n  $0 o b t a i n  YC, t h e  c a l c u l a t e d  

a b s o l u t e  v a l u e  of t h e  s c a l e d  s t r u c t u r e  f a c t o r  o r  i ts s q u a r e .  

CALC a l s o  s t o r e s  i n  t h e  a r r a y  DC t h e  d e r i v a t i v e s  of YC w i t h  

r e s p e c t  to a l l  p a r a m e t e r s ,  P, whether  t h e y  are t o  be  v a r i e d  

o r  30%. The e x p r e s s i o n s  €or t h e s e  q u a n t i t i e s  are summarized 

i n  the f o l l o w i n g  t a b l a ,  i n  which  F is t h e  magnitude of t h e  

s t r u c t u r e  f a c t o r ,  s 

t e m p e r a t u r e  f a c t o r  c o e f f i c i e n t ,  p is s i n 2 0 / A z j  A and B a r e  

t h e  r e a l  and imaginary compo;ients of t h e  s t r u c t u r e  f a c t o r ,  

and p is any  i n d i v i d u a l  atom pa rame te r .  

is t h e  s c a l e  factor, To is t h e  o v e r - a l l  
4 
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Centrosymmetric 
w i t h  o r i g i n  a t  
symmet ry  c e n t e r  

The e x p r e s s i o n s  for A and 13 and t h e i r  d e r i v a t i v e s  are 

summarized i n  t h e  f o l l o w i n g  table. Her=@ t h e  s u b s c r i p t s  i 

and j r e f e r  t o  t h e  v a r i o u s  atoms i n  t h e  asymmetric u n i t  and 

t o  khe d i f f e r e n t  e q u i v a l e n t  p o s i t i o n s ,  r e s p e c t i v e l y .  T i ,  f i ,  

and ai  are t h e  i s o t r o p i c  t empera tu re  f a c t o r  c o e f f i c i e n t  

s c a t t e r i n g  f a c t o r ,  ar,d s c a t t e r i n g  f a c t o r  m u l t i p l i e r ,  

r e s p e c t i v e l y ,  f o r  atom i. The terms cos i j9  s i n . .  and expi j  

are  thc t r i g o n o m e t r i c  c o n t r i b u t i o n s  and t h e  a n i s o t r o p i c  

t empera tu re  f a c t o r  of atom i i n  e q u i v a l e n t  p o s i t i o n  j .  The 

13 ’ 

e x p r e s s i o n s  h a n d  (Zhk) are  r e p r e s e n t a t i v e  of the t r a n s -  

formed indices and index p r o d u c f , ~ .  T h e s e  t e r m s  are  d i s c u s s e d  

j j 

i n  detail i n  the next sect. iom. 
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I s o t r o p i c  
t empera tu re  

f a c t o r  

f ; f . a . e x P G T i p )  2320s.. 
1 1 1  j 1J 

Ef . a . exp( -T ip )  Z s i n i j  
j 

i l l  

aiexp ( -Tip .z;S i n i  
J 

- 2?rf i" i@xp -T ip> Th . s i n i  
3 J  

----- 

Anisotropic 
temper a t u r e  

f a c t o r  

Zf i 1 .a .Zexpi jcos  1' 
i j  J 

Ef.a.I=exp sin 
i j  i j  

i l j  

a .Zexp cos 
i j  i j  

j 
1 

a .  ?expi s i n  
=J i j  

fiXexp cos j i j  ij 

f . Z e x p  s i n  
l j  i j  i j  

-2r f  1 . a . ? ; h . e x p i j s i n i j  13 J 

2 n f .  a .  a. exp i j cos i j  
1 J-j J 

-f . a .&(2hk)  . e x p .  . c o s i j  
'J J 1J 

The  program does  t h e  computa t ion  f o r  each  r e f l e c t i o n  i n  

three s teps .  F i r s t  t h e  sums o v e r  j are accumulated.  These 

a r e  &hen conver t ed  t o  t h e  d e r i v a t i v e s  of A and B with r e s p e c t  

to the a tomic  parameters, and A and B are o b t a i n e d .  F i n a l l y ,  

the scaled s-b;ructure f a c t o r  o r  its s q u a r e  and t h e  d e r i v a t i v e s  

of t h i s  q u a n t i t y  are computed. 
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R e f i n i n g  on IP I 

Upon r e t u r n  from s u b r o u t i n e  CALC, a l i n e  of o u t p u t  com- 

p a r i n g  t h e  o b s e r v a t i o n  w i t h  its c a l c u l a t e d  v a l u e  is p u t  o u t .  

The t e r m  (SQRTW*DV(J>)*(SQRTW*DV(K)) is t h e n  added t o  AM(JK) , 
t h e  J,Kth element  of t h e  m a t r i x ,  w h e r e  SQRTW is t h e  s q u a r e  

roo% of t h e  weight  of t h e  o b s e r v a t i o n .  The c o n t r i b u t i o n  to 

t h e  v e c t o r  e lement  V ( 9 )  is (S$RTW*DV(J) )*(SQRTW*(YO-YC)), 

and t h a t  t o  t h e  agreement f a c t o r  SIC; is (sQRTw*(Yo-Yc))**~. 

Here YO is used as an a b b r e v i a t i o n  f o r  YO(I), t h e  I t h  

observed va lue  of IF [  or P * .  

The sums involved  i n  t h e  f o l l o w i n g  unweighted and 

weighted R factors are accumulated bo th  f o r  a l l  o b s e r v a t i o n s  

and f o r  non-zero o b s e r v a t i o n s .  

I_- 

R e f i n i n g  on F2 

Weighted 
R 

_ll_.____ 

T h e  c a l c u l a t i o n  of YC and its d e r i v a t i v e s  is r e p e a t e d  

u n t i l  t h e  c o n t r i b u t i o n s  from a l l  t h e  o b s e r v a t i o n s  have been 

obtained. A t  t h i s  p o i n t  an  agreement f a c t o r ,  t h e  s t a n d a r d  

error of a n  o b s e r v a t i o n  of u n i t  w e i g h t ,  SQRTF(SIG/(NO-NV) 1, 

is computed and p u t  o u t  t o g e t h e r  w i t h  She R f a c t o r s .  

The s t o r a g e  scheme used f o r  t h e  m a t r i x  AM is d e s c r i b e d  

i n  t h e  g l o s s a r y .  T o  make e f f i c i e n t  use of memory space ,  
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o n l y  t h e  upper t r i a n g u l a r  p a r t  of t h i s  s y m m e t r i c  m a t r i x  is 

s tored.  Fur thermore ,  t o  conform t o  t h e  r equ i r emen t s  of t h e  

e x i s t i n g  m a t r i x  i n v e r t e r ,  SMI, t h e  m a t r i x  is s%ored forward 

i n  core or backward i n  t h e  normal F o r t r a n  index ing  system. 

Before t h e  matrix is i n v e r t e d  it is t e s t e d  f o r  zero 

diagonal. e l emen t s  which would i n d i c a t e  a s i n g u l a r  matrix w i t h  

one or more zero r o w - c o k u m n s .  T h i s  would be the r e s u l t  i f  t h e  

d e r i v a t i v e s  w i t h  r e s p e c t  to t h e  co r re spond ing  pa rame te r s  w e r e  

z e r o  for all1 o b s e r v a t i o n s .  A s i n g u l a r  matrix due t o  t h e  

a t t e m p t  to vary  sets of pa rame te r s  w i t h  one or more redundan- 

c ies  w i l l  be  found i n  t h e  c o u r s e  of t h e  i n v e r s i o n .  I n  case 

of e i t h e r  t y p e  of s i n g u l a r i t y ,  t h e  job is t e r m i n a t e d  w i t h  the 

a p p r s p r i a t e  comment. 

T h e  m a t r i x  i n v e r s i o n  p rocedure  is d e s c r i b e d  i n  d e t a i l  

e l s ewhere  (W. R .  Busing and H .  A .  Levy, "A Procedure  f o r  

I n v e r t i n g  Large  Symmetric Matrices," Comma ACM (Aug. 1962)  - 5 

445-446).  I t  i n v o l v e s  $he d i a g o n a l i z a t i o n  of t h e  m a t r i x  by a 

series of congruent  t r a n s f o r m a t i o n s ,  i n v e r s i o n  by t a k i n g  

reciprocals sf the d i a g o n a l  elements, and a sequence of r e v e r s e  

t r a n s f o r m a t i o n s .  Upon comple t ion  of t h e  p r o c e s s  t h e  inve r se  

matrix h a s  r e p l a c e d  t h e  o r i g i n a l  one i n  t h e  a r r a y  AM. 

The v e c t o r  is then m u l t i p l i e d  by t h e  i n v e r s e  m a t r i x  t o  

o b t a i n  t h e  parameter changes ,  PD. Ana e s t i m a t e d  n e w  v a l u e  of 

t h e  agreenrent factor SXG is o b t a i n e d  by s u b t r a c t i n g  from it 

PD(I)*V(I] summed over  the w v a r i a b l e s ,  and a r e v i s e d  

SQRTF(SPG/(NB-NV)) i s  camputed. The e n t i r e  l ist of parameters 

is t h e n  p u t  ou t  showing t h e  changes which were made and t h e  
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est imated s t a n d a r d  e r r o r s  a s s o c i a t e d  w i t h  t h e s e  v a r i a b l e s .  

The l a t t e r  are computed as S Q R T F ( D I A G ( J ) * S I G / ( N o - N V ) ) ,  where 

DIAG is an a r r ay  of t h e  d i a g o n a l  e l emen t s  of t h e  i n v e r s e  

m a t r i x .  I t  shou ld  be noted  t h a t  t h e s e  estimates a re  approxi -  

m a t e l y  e o r r e c t  i f  t h e  r e f inemen t  is converg ing  b u t  may be 

g r o s s l y  i n c o r r e c t  i f  t h e  c a l c u l a t i o n  is d i v e r g i n g .  

The program t h e n  c a l l s  s u b r o u t i n e  TEST t o  examine t h e  

new t empera tu re  f a c t o r  c o e f f i c i e n t s .  If  t h e  o v e r - a l l  temper- 

a t u r e  f a c t o r  To is n o t  z e r o ,  i t  is added t o  t h e  i n d i v i d u a l  

atom t empera tu re  f a c t o r s  S O  t h a t  T i  = Ti  + To f o r  i s o t r o p i c  

t empera tu re  f a c t o r s  o r  

p i 1  = P I 1  + To a*‘/4, 

P L  = P l Z  + To a*b*cos y*/4, 

e tc .  

f o r  a n i s o t r o p i c  t empera tu re  f a c t o r s .  To is t h e n  s e t  t o  z e r o .  

These o p e r a t i o n s  are performed s o  t h a t  t h e  t empera tu re  f a c t o r  

c o e f f i c i e n t s  may be t e s t e d  f o r  p o s i t i v e - d e f i n i t e  form i n  t h e  

f o l l o w i n g  way. For i s o t r o p i c  t empera tu re  f a c t o r s :  

T i  3 0 .  

P l a  >/ 09 P 2 2  20 ’  P 3 3  30’ 

For a n i s o t r o p i c  t empera tu re  f a c t o r s :  

P Z Z  (323 P11 P a s  0 1 1  P l 2  
> o  > o  >/ 0 ,  1 P z s  P 3 3  I ’ ’ I P I ,  P 3 3  I ’ ’ I P I 2  P z z  I 
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F a i l u r e  of One of t h e s e  t es t s  means t h a t  t h e  c o e f f i c i e n t s  do 

n o t  r e p r e s e n t  p h y s i c a l  r e a l i t y .  I n  t h i s  case an i n d i c a t o r  

is se t  to t e r m i n a t e  t h e  j o b ,  and a s t a t e m e n t  is p u t  o u t  

d e s c r i b i n g  the e r r o r  

Upon r e t u r n  from. TEST, i f  %he c o n t r o l  i n t e g e r  I T  # 0 ,  

t h e  new paramete r s  are p u t  o u t  on a n  a u x i l i a r y  magnet ic  t a p e  

i n  the same format as  t h e  parameter  i n p u t .  T h i s  t a p e  may be 

used  t o  punch c a r d s  %or i n p u t  t o  f u t u r e  jobs, or t h e  t a p e  

i t s e l f  may s e r v e  as t h i s  i:-nput. 

Un les s  t h e  j o b  is ended by TEST o r  u n l e s s  a s i n g u l a r  

ma.trix has been found,  t h e  l e a s t - s q u a r e s  p rocedure  w i l l  be 

r e p e a t e d  f o r  t h e  s p e c i f i e d  number of cyc les ,  and t h e n  a f i n a l  

c a l c u l a t i o n  and o u t p u t  of s p o r  ( sqFIZ  w i l l  be  made. 
q 

I f  a s i n g u l a r  matrix has n o t  been found,  t h e  program 

compu%es t h e  c o r r e l a t i o n  matrix by d i v i d i n g  each  i n v e r s e  

m a t r i x  e lement  AM(IJ) by s Q ~ ~ F ( D I A G ( I > * D I A e ( J ) )  when t h e  

r e f i n e m e n t  is t e r m i n a t e d .  Only t h e  upper  t r i a n g u l a r  p a r t  of 

t h i s  symmetr ic  m a t r i x  is r e p o r t e d ,  and t h e  o t h e r  e l emen t s  

appear  as  zero i n  t h e  l i s t i n g ,  

At t h e  end  sf t h e  j o b ,  i f  t h e  c o n t r o l  i n t e g e r  I X F E  = 1, 

and i f  t h e  m a t r i x  is not  s i n g u l a r ,  a t a p e  is w r i t t e n  f o r  u s e  

K. 0. M a r t i n ,  and H., A .  Levy,  "OR FFE, A F o r t r a n  C r y s t a l l o -  

graphic :  Funcr$ion and Er ro r  Prcgram," ORNL-TM-306, 1 9 6 2 ) .  

T h i s  t a p s  i n c l u d e s  t h e  final paramete r s ,  t h e  v a r i a n c e -  

sova r i ance  matr ix ,  and other q u a n t i t i e s  needed f o r  t h e  

c a l c u l a t i o n  cmif intera$omic d is?~ ,ances ,  a n g l e s ,  p r i n c i p a l  
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t he rma l  d i sp l acemen t s ,  e t c . ,  and t h e  s t a n d a r d  e r r o r s  of t h e s e  

q u a n t i t i e s  e 

SYMMETRY CONSIDERATIONS 

and 
I n  t h e  express i ,ons  f o r  A and B ,  t h e  t e r m s  c o s i j  

a r e  t h e  t r i g o n o m e t r i c  c o n t r i b u t i o n s  o f  t h e  i t h  atom Lrans- 

formed t o  t h e  j t h  e q u i v a l e n t  p o s i t i o n ,  and expij  is t h e  a n i s o -  

t r o p i c  t empera tu re  f a c t o r  f o r  t h i s  atom. OR FLS sets  e i t h e r  

exp(-Tip) Or exp i j  t o  u n i t y ,  depending on t h e  k i n d  of temper- 

a t u r e  f a c t o r  t o  be used .  

The t r i g o n o m e t r i c  c o n t r i b u t i o n  cos i j  cou ld  be computed 

as 

COS = COS 2 n ( h x . .  + kYij + i z i j > .  
i j  1J 

Here h ,  k, and 1 are t h e  i n d i c e s  and x i j ,  y i j ,  and z i j  a r e  

t h e  c o o r d i n a t e s  of the i t h  atom i n  t h e  a s y m m e t r i c  u n i t  t r a n s -  

formed t o  t h e  j t h  e q u i v a l e n t  p o s i t i o n .  OR FLS does  n o t  do 

t h i s ,  however. I n s t e a d  of t r a n s f o r m i n g  t h e  c o o r d i n a t e s ,  t h e  

i n d i c e s  h 9  k ,  and 1 are t r ans fo rmed  i n  a way which makes t h e  

result i d e n t i c a l  w i t h  t h e  above: 

C O S  = cos 2n(ka.x c k . y  -I- p j z i  + t.), 
i j  J i  J i  J 

H e r e  x i ,  yi9 and zi are t h e  (unt ransformed)  c o o r d i n a t e s  f o r  

t h e  i t h  atom i n  t h e  a s y m m e t r i c  u n i t ;  11 k and j! are  t h e  

t r ans fo rmed  i n d i c e s ;  and t .  is a t r a n s l a t i o n a l  t e r m .  A s  an 

example, w e  w i l l  i l l u s t r a t e  the t r a n s f o r m a t i o n s  used for t h e  

j’ j ’  j 

J 

g e n e r a l  positions o f  s p a c e  group p3 ,2 .  S u b s t i t u t i o n  of t h e s e  

quantities i n  t h e  two e x p r e s s i o n s  foi- c o s  w i l l  g i v e  i d e n t i c a l  

r e s u l t s .  The e x p r e s s i o n  f o r  sin is o b t a i n e d  i n  a n  ana logous  

way.  

i .j 

i j  
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1 

2 

3 

a 

5 

6 

X Y z 

X-Y -Y -z 

Y-x -X 1/3 -f- z 

-X Y -X 1/3 - z 

-Y x-Y 2 /3  4- z 

Y X 2 / 3  - z 

h .  k .  i .  t .  
.I J 

h k Q 0 

h -h-k -Q 0 

-b-k h Q 1163 

-h-k k -Q Q/3 

k -h-k 1 2Q/3 

k h -P 2Q/3 

OR FLS p e r m i t s  any d e s i r e d  symmetry t o  be i n t r o d u c e d  b y  

means of symmet ry  c a r d s  i n c l u d e d  as i n p u t  d a t a .  There is one 

such  card f o r  each  j v a l u e ,  and it c o n s i s t s  of a s ta tement .  o f  

%be c o o r d i n a t e  t r a n s f o r m a t i o n s  (as i n  t h e  l e f t  h a l f  of the 

above t a b l e ) .  The program a u t o m a t i c a l l y  t r a n s f o r m s  t h e  

i n d i c e s  i n  ways which  a r e  e q u i v a l e n t  t o  t h e  c o o r d i n a t e  trans- 

f o r m a t i o n s  s p e c i f i e d .  

The a n i s o t r o p i c  t empera tu re  f a c t o r  expiqj is handled  

s i m i l a r l y .  The fundamental  e x p r e s s i o n  is 

where PI et@. I a r e  t h e  s i x  t empera tu re  f a c t o r  c o e f f i c i e n t s  

f o r  t h e  ith atom of the asymmetric u n i t  t r ans fo rmed  to the J t h  

equ iva len t  p o s i t i o n .  Again t h e  program makes the compuka t i sa  

by t r ans fo rming  t h e  index  p r o d u c t s  ra ther  than  %he c o e f -  

f i c i e n t s  themselves  so %hat  

i j  
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H e r e  (ha”) e tc . ,  are t h e  t ransformed index p r o d u c t s  which 

nmke t h e  two e x p r e s s i o n s  idesa t i ca l .  

J ’  

Rules  f o r  o b t a i n i n g  the t ransformed c o e f f i c i e n t s  PI. 

e t c . ,  f o r  any space  group have been g i v e n  by H .  A .  Levy (Acta  _- 

. - - ~  C r y s t .  (1956) - 9 ,  6 7 9 ) .  From these r u l e s  it may be deduced 

1J 

that &or atoms i n  general  p o s i t i o n s  ( h z >  = ( h j 1 2 ,  e t c . ,  SO 
j 

t h a t  the t r ans fo rmed  index p r o d u c t s  are s imply  t h e  p r o d u c t s  

Of t h e  t r ans fo rmed  i n d i c e s .  T h i s  is n o t  n e c e s s a r i l y  t r u e  for 

atoms i n  s p e c i a l  p o s i t i o n s ,  however. OR FLS computes t h e  

p r o d u c t s  of t r ans fo rmed  i n d i c e s  and assumes t h a t  (hz) = ( h j 1 2 ,  

e t c  arid t h e r e f  o r e  t h e  computed a n i s o t r o p i c  t empera tu re  f a c t o r  

J 

may n o t  be v a l i d  f o r  atoms --- i n  s p e c i a l  p o s i t i o n s .  

C e l l s  w i t h  t r a n s l a t i o n a l  symmet ry  ( c e n t e r i n g )  

-_I- 

T h e  s p e c i f i c a t i o n  of s y m m e t r y  i n  t h e  case o f  face- 

c e n t e r e d ,  end-centered ,  o r  body-centered c e l l s  can  be s i m p l i -  

f i e d  (and t h e  computing t i m e  reduced)  p rov ided  t h a t  t h e  

r e f l e c t i o n s  which are e x t i n g u i s h e d  by c e n t e r i n g  are  n o t  

computed. S i m i l a r  c o n s i d e r a t i o n s  apply  t o  a rhombohedral 

c e l l  d e s c r i b e d  by hexagonal  c o o r d i n a t e s .  In t h e s e  cases, 

s y m m e t r y  cards need be s u p p l i e d  on ly  for p o s i t i o n s  no t  re la ted 

by t r a n s l a t i o n .  The atom m u l t i p l i e r s  should t h e n  be i n c r e a s e d  

by the a p p r o p r i a t e  f a c t o r  e 
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S p e c i a l  p o s i t i o n s  

The w a y s  of per forming  t h e  computat ion when atoms are 

i n  s p e c i a l  p o s i t i o n s  w i l l  now be c o n s i d e r e d .  The impor t an t  

e f f e c t s  of atoms be ing  i n  s p e c i a l  p o s i t i o n s  are (a) t h a t  t h e  

number of t h e s e  atoms is smaller t h a n  i f  t h e y  were i n  g e n e r a l  

p o s i t i o n s ,  (b) that t h e r e  are  c e r t a i n  r e s t r i c t i o n s  on t h e  

p o s i t i o n  pa rame te r s ,  and (el  that there  may be  some 

r e s t r i c t i s n s  on t h e  a n i s o t r o p i c  t empera tu re  f a c t o r  c o e f f i -  

c i e n t s .  No r e s t r i c t i o n s  on i s o t r o p i c  t e m p e r a t u r e  factors 

a r e  i n t r o d u c e d ,  however ., 

The ways of t r e a t i n g  s p e c i a l  p o s i t i o n s  w i t h  OR FLS 

depend on s e v e r a l  f a c t o r s :  (1)  whether  a l l  t h e  atoms are  

i n  t h e  same k i n d  of s p e c i a l  p o s i t i o n ,  (2 )  w h e t h e r  t h e  p o s i t i o n  

pa rame te r s  have a f i x e d  v a l u e  o r  whether t h e r e  is a r e l a%ion-  

s h i p  among t w o  o r  more c o o r d i n a t e s ,  ( 3 )  whether  a n i s o t r o p i c  

t e m p e r a t u r e  f a c t o r s  a r e  used o r  n o t ,  and (4) i f  t h e y  are used ,  

whether  t h e r e  are (a> no r e s t r i c t i o n s  on t h e  c o e f f i c i e n t s ,  

( h )  c e r t a i n  c o e f f i c i e n t s  f i x e d  a t  a e r o ,  o r  ( c )  a r e l a t i o n s h i p  

between t w o  o r  more c o e f f i c i e n t s .  H .  A .  Levy ( l o c .  c i t . )  has  

g i v e n  a r u l e  f o r  de t e rmin ing  the r e s t r i c t i o n s  on t h e  a n i s o -  

t r o p i c  t e m p e r a t u r e  f a c t o r  c o e f f i c i e n t s  of atoms i n  s p e c i a l  

p o s i t  i o n s .  

F ixed  p a r a m e t e r s .  When c o o r d i n a t e s  o r  t empera tu re  f a c t o r  

c o e f f i c i e n t s  have f i x e d  v a l u e s ,  these v a l u e s  may be p u t  i n t o  

t h e  l i s t  of t r i a l  p a r a m e t e r s ,  and t h e  parameter  s e l e c t i o n  

cards are p r e p a r e d  so t h a t  t h e s e  pa rame te r s  are no% v a r i e d .  
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Symmetry c a r d s  f o r  t h e  g e n e r a l  p o s i t i o n s  are used  so t h a t  

a n i s o t r o p i c  t empera tu re  f a c t o r s  are c o r r e c t l y  computed. 

Syinmetry c a r d s  f o r  s p e c i a l  p o s i t i o n s .  I f  a l l  atoms are  i n  

t h e  same k i n d  a f  s p e c i a l  p o s i t i o n ,  and i f  a n i s o t r o p i c  temper- 

a t u r e  f a c t o r s  are no t  used ,  then  t h e  c o r r e c t  r e s u l t  w i l l  be 

o b t a i n e d  by u s i n g  syaimetry c a r d s  f o r  t h e  s p e c i a l  p o s i t i o n s .  

For  exawple,  t h e  s p a c e  group P 3 , 2  mentioned above h a s  s p e c i a l  

p o s i t i o n s  f o r  y = x, z = 1/3 w i t h  t h e  t r a n s f o r m a t i o n s :  

X X 1/3 

T h i s  i n f o r m a t i o n  can  be i n t r o d u c e d  w i t h  t h r e e  symiiietry c a r d s  

i n s t e a d  of u s i n g  six f o r  the g e n e r a l  pos i t i o i z s .  A l l  c o o r d i -  

n a t e s  y and z i n  the p a r a m e k r  i n p u t  are t h e n  i r r e l e v a n t ,  and 

no a t t e m p t  may be made t o  vary  them. 

Wr i t ing  a spec ia l .  s u b r o u t i n e ,  9% is p o s s i b l e  t o  t r e a t  any 

symmetry s i t u a t i o n  which can  a r i s e  by u s i n g  s y m m e t r y  c a r d s  

f o r  the g e n e r a l  p o s i t i o n s ,  a l lowing  t h e  program t o  compute 

t h e  t ransformed i n d i c e s  and t h e  index  p r o d u c t s  which would 

be v a l i d  f o r  these general p o s i t i o n s ,  and t h e n  c a u s i n g  t h e  

program to modify these t ransformed i n d i c e s  a p p r o p r i a t e l y  

by means of a specially prepa red  s u b r o u t i n e .  Cons ide r ,  for 

Page 362



example, t h e  s p e c i a l  p o s i t i o n s  mentioned above. The b a s i c  

program alone would produce t h e  t r i g o n o m e t r i c  argument 

If xi is assumed t o  be t h e  independent  v a r i a b l e ,  t h e n  y i  =-: xi 

and z i  = 183. S u b s t i t u t i n g  these i n  t h e  argument y i e l d s  

h.x. c k . x .  4 P.83 + t.. 
J 1  J I  J J 

T h e  program w i l l  produce this r e s u l t  if a s u b r o u t i n e  is pra- 

v ided  t o  r e p l a c e  h .  by hj = h .  + k k .  by k !  = 0 ,  Q j  by 
J J J 9  J J 

0 ,  and t by + ' = t . + P j / 3  The pa rame te r s  y and z w i l l  -OJ = j "J J 

a g a i n  be i r r e l e v a n t  and must n o t  be v a r i e d .  

T h e  r e s t r i c t i o n s  on t h e  a n i s o t r o p i c  t e m p e r a t u r e  fac tor  

c o e f f i c i e n t s  may be handled  i n  a s i m i l a r  way. For t h e  atoms 

i n  t h e  above example, Levy's  r u l e  shows t h a t  P z 2  = P l a  

formations t o  be performed by t h e  s u b r o u t i n e  a r e :  

(2ka>;  = 0 ,  

I n  t h i s  case p Z z  and /323 are i r r e l e v a n t  and must n o t  be v a r i e d .  

One s u b r o u t i n e  named PATCH may be p r e p a r e d  by t h e  u s e r  

to t r a n s f o r m  both t h e  indices and the index  p r o d u c t s .  Speci-  

f i c a t i o n s  f o r  t h i s  subprogram a r e  g i v e n  below. 

Although the parameters y p  p z z ,  and P E 3  i n  t h e  above 
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example a re  i r r e l e v a n t ,  it may be d e s i r a b l e  t o  reset  y = x,  

f i z z  = f i l a ,  and f i z 3  = - P l 3  a t  t h e  end of each  c y c l e .  I n  t h e  

case of t h e  a n i s o t r o p i c  t empera tu re  f a c t o r  c o e f f i c i e n t s ,  

this is necessary i f  t h e  t e s t  f o r  p o s i t i v e - d e f i n i t e  form is 

t o  be v a l i d .  To p r o v i d e  f o r  such  r e s e t t i n g ,  t h e  program 

c a l l s  t w o  s u b r o u t i n e s  named RESETX and RESETB which may be 

p repa red  by t h e  u s e r  acco rd ing  t o  s p e c i f i c a t i o n s  g i v e n  below. 

There is no r e a s o n  why a combina t ion  o f  t h e  f i x e d  

parameter  and s p e c i a l  s u b r o u t i n e  methods may n o t  be used .  

I n  t h e  above example t h e  z paramete r s  cou ld  be f i x e d  a t  1 / 3  

w h i l e  t h e  s u b r o u t i n e  p r o v i d e s  f o r  t h e  r e s t r i c t i o n ,  y = x .  

1% may a l s o  be p o s s i b l e  t o  choose a c o o r d i n a t e  s y s t e m  which 

s i rnpl i f  i es  t h e  r e s t r i c t i o n s  on t h e  pa rame te r s .  

C o r r e c t i n g  t h e  number of akoiiis. The program as w r i t t e n  

always sums over  a l l  t h e  e q u i v a l e n t  p o s i t i o n s  s p e c i f i e d  by 

t h e  symmetry cards .  Thus the e f f e c t i v e  number of t i m e s  an  

atom is inc luded  is  equal t o  t h e  number of symmetry c a r d s  

fop non-centrosymmetric s t r u c t u r e s  and t w i c e  t h a t  number f o r  

cent rosymmetr ic  s t r u c t u r e s .  If the s y m m e t r y  c a r d s  d e s c r i b e  

t h e  g e n e r a l  positions, t h e n  atoms i n  s p e c i a l  p o s i t i o n s  may 

be p u t  i n  c o r r e c t l y  by u s i n g  t h e  a p p r o p r i a t e  atom m u l t i p l i e r .  

When t h e  s y m m e t r y  c a r d s  are  w r i t t e n  f o r  t h e  s p e c i a l  p o s i t i o n s  

directly9 an  atom m u l t i p l i e r  ~f u n i t y  w i l l  u s u a l l y  be c o r r e c t .  
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SPECIFICATIONS FOR SUIBROUTINES 

T h i s  s e c t i o n  w i l l  g i v e  t h e  s p e c i f i c a t i o n s  for the three 

s u b r o u t i n e s  which may be needed when a t o m  are i n  s p e c i a l  

p o s i t i o n s .  The purpose  of these subprograms has been d i s -  

cussed i n  the p r e v i o u s  s e c t i o n ,  and examples of such rnu t ine r j  

are i n c l u d e d  i n  %he test problem which is provided, This 

problem is a h y p o t h e t i c a l  one based on alpha quar tz  w i t h  

s p a c e  group P3,2, and %he general  and s p e c i a l  p o s i t i o n s  used 

as examples earlier cor re spond  ta t h e  positions of oxygen 

and s i l i c o n  atoms, r e s p e c t i v e l y .  

PATCH ( I TJ I HJ HHJ 1 
I n  t h e  c a l c u l a t i o n  O S  one s t r u c t u r e  f a c t o r ,  t h i s  r o u t i n e  

will be c a l l e d  NA t i m e s  f o r  each of t h e  N S  s y m m e t r y  p o s i t i o n s .  

On  each  e n t r y  t h e  argument I d e f i n e s  t h e  atom which is being 

c o n s i d e r e d  so % h a t  1 =: 1 , 2 ,  . . . ,  MA on s u c c e s s i v e  e n t r i e s  f o r  

a g i v e n  symmetry p o s i t i o n ,  

The remain ing  argumentas r e p r e s e n t  the transformed i n d i c e s  

and index  p r o d u c t s  as described i n  the g l o s s a r y .  O n  t h e  first 

e n t r y  for each symmetry positism, % h a t  i s ,  % o r  P = 1, t h e s e  

arguments  w i l l 1  have been set by the program according t c s  the 

i n f o r m a t i o n  on one s y m m e t ~ y  card. It is t h e  task sf t h i s  

s u b r o u t i n e  t o  modify these q u a n x i t i e s  a p p r o p r i a t e l y  L( On 

s u c c e s s i v e  entries f o r  t h e  same symmetry p a s i t i o n  these 

arguments w i l l  r e t a i n  the values se t  previcausly by t h e  sub- 

r o u t i n e .  The main p r o g l - ~ ~  dses n o t  reset them u n t i l  it 

advances t o  a new symmet~y  p o s i t i o n .  
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The a r r ay  HHJ is i r r e l e v a n t  when i s o t r o p i c  t empera tu re  

f a c t o r s  a r e  used ,  so  t h a t  no d i f f i c u l t y  w i l l  be  i n c u r r e d  by 

i n c l u d i n g  a s u b r o u t i n e  p repa red  f o r  t h e  a n i s o t r o p i c  case i n  

an  i s o t r o p i c  re€ inement, e 

The statements r e q u i r e d  may be o u t l i n e d  as f o l l o w s :  

Interrogate X with one or more I F  s t a t e m e n t s  t o  

determine whether t h e  v a l u e s  of t h e  arguments are  

t o  be modi f ied  e 

S e t  t h e  v a l u e s  of t h e  arguments a p p r o p r i a t e l y .  

The s u b r o u t i n e  shou ld  be compiled and s u b s t i t u t e d  f o r  

thc dummy program which is inc luded  w i t h  t h e  card deck 

p rov ided .  

RESETX (XYZ) 

T h i s  s u b r o u t i n e  is c a l l e d  once n e a r  the end of each  

c y c l e  of l ea s t  s q u a r e s .  It is e n t e r e d  a f t e r  t h e  m a i n  o u t p u t  

o f  t h e  a d j u s t e d  pa rame te r s  but, b e f o r e  t h e  a u x i l i a r y  o u t p u t  

on c a r d s  or t ape .  

The  a r r a y  XYZ c o n t a i n s  t h e  a tomic  c o o r d i n a t e s  as 

described in t h e  glossary. T h e  s t a t e m e n t s  t o  be inc luded  

may be summarized as  f s l l o w s :  
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SUBROUTINE RESETX(XYZ) 

DIMENSION XYZ(3,20) 

S e t  t h e  v a l u e s  of t h e  c o n s t r a i n e d  c o o r d i n a t e s  e q u a l  

t o  t h e  a p p r o p r i a t e  f u n c t i o n s  of t h e  pa rame te r s  which 

have been a d j u s t e d .  

T h e  s u b r o u t i n e  shou ld  be compiled arrd s u b s t i t u t e d  f o r  %be 

dummy program which is i n c l u d e d  w i t h  t h e  c a r d  deck p r o v i d e d .  

RESETB (BETA) 

T h i s  s u b r o u t i n e  is c a l l e d  once nea r  t h e  end o f  each  

cyc le  e x c e p t  t h a t  it is n o t  c a l l e d  when i s o t r o p i c  tempera- 

t u r e  factors are used .  I S  is en te red  a f t e r  t h e  main o u t p u t  

of t h e  a d j u s t e d  pa rame te r s  b u t  b e f o r e  t h e  tes ts  f o r  p o s i t i v e -  

d e f i n i t e  form and b e f o r e  t h e  a u x i l i a r y  o u t p u t  on c a r d s  o r  

t a p e  

The a r r a y  BETA c o n t a i n s  the a n i s o t r o p i c  t e m p e r a t u r e  

factcar c o e f f i c i e n t s  a s  d e s c r i b e d  i n  t h e  g l o s s a r y .  The 

s t a t e m e n t s  t o  be i n c l u d e d  may be summarized as f o l l o w s :  

SUBROUTINE RESETB (BETA) 

DIMENSION BETA(6,20) 

S e t  t h e  v a l u e s  of t h e  c o n s t r a i n e d  c o e f f i c i e n t s  equal  

t o  the a p p r o p r i a t e  f u n c t i o n s  of t h o s e  which have been 

a d j u s t e d  Y 
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RETURN 

END 

T h e  s u b r o u t i n e  shou ld  be compiled and s u b s t i t u t e d  €o r  t h e  

dummy program which is incliaded w i t h  t h e  c a r d  deck p rov ided .  

POSSIBLE CAUSES OF A SINGULAR MATRIX 

A s i n g u l a r  matrix may be the r e s u l t  of one of several. 

k i n d s  of e r r o r s  i n  the i n p u t  da t a .  When one or more zero 

d i a g o n a l  elements a re  found i n  t h e  o r i g i n a l  m a t r i x ,  t h e  

f o l l o w i n g  s o u r c e s  o f  er.1-or shou ld  be cons ide red :  

1 )  Attempting t o  vary  soine undetermined pa rame te r ,  for 

example, a z - c o o r d i n a t e ,  when on ly  hkQ d a t a  are  used .  

2 )  Attempting to vary  a parameter  which shou ld  be f i x e d  

because an  atom is i n  a s p e c i a l  p o s i t i o n .  

A s i n g u l a r  ma t r ix  w i t h  no zero d i a g o n a l  e l emen t s  may be 

t h e  r e s u l t  CPP one of the  f o l l o w i n g   error"^: 

3 )  At ten ip t ing  Lo vary  more pa rame te r s  t h a n  t h e r e  a re  

a b s e r v a k i o n s .  An e r r o r  i n  we igh t ing  cou ld  cause  t h i s  

d i f f i c u l t y .  

4) Attempting t o  v a r y  redundant  pa rame te r s  such  as  t h e  

over-all t empera tu re  fac$or and a l l  t h e  i n d i v i d u a l  atom 

tcaipera-hrare f a c t o r s ,  o r  t h e  c o o r d i n a t e s  of a l l  atoms when t h e  

o r i g i n  is n c t  fixed b y  the s y m m e t r y .  

The s i n g u l a r i t y  without zero diagonal e lemen t s  is more 

d i f f i c u l t  t o  d i agnose ,  I f  other approaches  f a i l ,  t h e  

redundant parameters c a n  a l w a y s  bc i d c n t i f i e d  by t r y i n g  

refinements with various parameters h e l d  c o n s t a n t .  
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Maximum 
Values 

I n  e i t h e r  c a s e ,  t h e  o u t p u t  of t h e  t r i a l  pa rame te r s  and 

parameter  s e l e c t i o n  i n t e g e r s  shou ld  be checked,  as t h e  d i f f i -  

c u l t y  may s imply  be t h e  r e s u l t  of a mis t ake  on t h e s e  i n p u t  

cards. 

S t o r a g e  Used 

CAPACITY AND ARRAY DIMENSIONS 

The u s e r  may wish t o  r ecompi l e  t h e  program w i t h  modi f ied  

DIMENSION s t a t e m e n t s  i n  order t o  a l l o c a t e  starage f o r  a 

p a r t i c u l a r  problem. T h e  f o l l o w i n g  t a b l e  i l l u s t r a t e s  t h e  way 

i n  which t h e  s t o r a g e  used by t h e  arrays depends on t h e  

d i f f e r e n t  v a r i a b l e s .  The f i g u r e s  i n c l u d e d  cor respond t o  t h e  

dimensions i n  t h e  program a s  d i s t r i b u t e d .  

Nv 1 0 0  

NP 2 3 0  

NO 2 5 0 0  

MA 2 0  

NQ 9 

m 1 0  

5*MV -I- MV*(NV +- 3 ) / 2  5 6 5 0  

3 *NP 6 9 0  

6*NO 1 5 0 0 0  

45*NA 9 0 0  

2*NQ 1 8  

32*NF 3 2 0  1 
9*NS 2 16  

T o t a l  2 2 7 9 4  

T h e  number of l o c a t i s n s  occupied  by t h e  complete  program 

w i t h  temporary s t o r a g e  no t  l i s t e d  above is  about  6 5 0 0 ,  This 
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l e a v e s  approximate ly  3400  l o c a t i o n s  for u s e  by the monitor 

system, f o r  s u b r o u t i n e s  added by the u s e r ,  o r  f o r  expansion 

of t h e  c a p a c i t y  of t h e  program. 

F a r  l a rge  problems a s imple  m o d i f i c a t i o n  may be made 

w h i c h  w i l l  remove all. r e s t r i c t i o n s  f r o m  NO and allow NV to 

i n c r e a s e  Lo about  2 0 0 ,  Sirice t h e  o b s e r v a t i o n s  are used one 

a t  a time, the v a l u e s  of X ,  YO, and SIGyO may be written on 

magnet ic  t ape  a k  i n p u t  t i m e ,  one o b s e r v a t i o n  t o  a r e c o r d ,  and 

r e a d  back for u s e  d u r i n g  t h e  loop through t h e  o b s e r v a t i o n s .  

Ano the r  approach t o  large problems would be t o  vary  

d i f f e r e n t  b l o c k s  of pa rame te r s  s u c c e s s i v e l y .  For  t h i s  purpose  

t h e  u s e r  may wish t o  iiiodify t h e  program t o  read parameter 

s e l e c t i o n  cards at t h e  beginning  of each  c y c l e .  

DATA INPUT 

T h e  1 i rn i t a . t i ons  niayked w i t h  an a s t e r i s k  ("1 depend on ly  
on t h e  dimensions w i t h  which t h e  program is compiled.  

1. T i t l e  card, 
C'o lumws  
1 - 7 2  

2 .  C o n t r o l  cards. 
F i r s t  card 
C o  luanns 
1-3 

4-6 

FORMAT ( 1 2 A 6  1 

T i t l e  c o n s i s t i n g  s f  any  desired H o l l e r i t h  
in fo rma t i an .  T h i s  w i l l  be p u t  o u t  as  a 
heading on each seca,ion o f  o u t p u t .  

M@, % h e  xiamber of cyc le s  to be r u n  on t h i s  
Job .  Calculated values of YC, the s c a l e d  
s t r u c t u s - e  fact.,or or i ts  s q u a r e ,  w i l l  be 
l i s t e d  NC -F 1 timcse If NC = 0 ,  one l ist  
of YC w i l l  be  p u t  o u t ,  b u t  no r e f inemen t  
w i l l  be made. 

NV, b h r  number of pa rame te r s  t o  be v a r i e d .  
16% MC = 0, then NV i s  i r r e l e v a n t .  
a. < MV < l o o * *  
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Columns 
7-9 

10-12  

13-15 

16-18 

Second card 
Columns 
1-3 

4 -6 

7-9 

10-12 

IW9 t h e  weight  i n d i c a t o r .  1W = 0 i n d i -  
cates  t h a t  i n d i v i d u a l  s t a n d a r d  e r r o r s  w i l l  
be supplied by the user f a r  each obser- 
v a t i o n .  IW = 1. i n d i c a t e s  that t h e  program 
is t o  w e i g h t  each  o b s e r v a t i o n  a t  u n i t y .  

IP, t h e  parameter  i n p u t  i n d i c a t o r ,  If 
PP = 0 ,  t h e  trial paramete r s  P are Lo be 
read as i n p u t  da t a .  I f  TP 3 0, t h e n  the  
paramekers are t o  be t a k e n  from the  
magneRic tape o u t p u t  of c y c l e  IP of a 
p r e v i o u s  j o b  0 

I T ,  the parameter  ou tpu t  indicator, I f  
IT = 8 ,  paramete r s  are n o t  t o  be w r i t t e n  
on  t a p e  f o r  use as  i n p u t  l o  later Ileast- 
s q u a r e s  cycles: .  1% 1'6" = B, t h e y  are t o  be 
written on a p r i v a t e  tape. If I T  = 2 ,  
t h e y  are w r i t t e n  on t h e  moni tor  auxiliary 
t a p e  in such  a way as  -to y i e l d  punched 
c a r d s .  The p r i v a t e  t a p e  is i n i t i a l l y  
rewound and is terminated by a n  end-of- 
file while t h e  a u x i l i a r y  t ape  is not. 

IXFE, the  f u n c t i o n  and e r r o r  o u t p u t  indi- 
c a t o r .  Ib f  IXFE = 1, i n f o r m a t i o n  i n c l u d i n g  
t h e  pa rame te r s  and. t h e  va r i ance -csva r  iance 
m a t r i x  w i l l  be w r i t t e n  on  a p r i v a t e  t a p e  
f o r  use by OR PEE. If IXFE = 0 ,  no such  
~ u t p u t  w i l l  be made. 

SFSQ, t h e  F2 i n d i c a t c r .  If IFSQ = l 9  t h e  
program c a l c u l a t e s  6 P .  If IFSQ = 2 ,  the 
program c a l c u l a t e s  ( s  F ) Z .  

ITF, t h e  t empera tu re  f a c t o r  i n d i c a t o r  e 

PTF = l for i s o t r o p i c  t empera tu re  f a c t o r s .  
ITF = 2 f o r  a n i s o t r o p i c  t empera tu re  
f a c t o r s ,  If 13°F = Z s  the program conver t s  
i s o t r o p i c  temperature factor c o e f f i c i e n t s  
t o  a n i s o t r o p i c  form b e f o r e  r e f i n i n g .  

il 

NP, t h e  number of d i f f e r e n t  x-ray form 
f a c t o r  tables t o  be used.  For neutron 
diffraction N F  = 0 ,  0 ?;IF ,$ LO.* 

??A9 t h e  number of atoms i n  t h e  a s y m m e t r i c  
u n i t ; .  I.& N A <  2 Q * *  
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Columns 
13-15 

16-15 

1 9 - 2 1  

PCENT, t h e  symmetry i n d i c a t o r .  ICENT = 1 
i n d i c a t e s  a cent rosymmetr ic  s t ruc- t ;ure  w i t h  
t h e  o r i g i n  a t  a symmetry c e n t e r .  ICENT = 
2 i n d i c a t e s  a non-centrosymmetric 
s t r u c t u r e .  

NS, the number of symmetry c a r d s .  For 
non-centrosymmetric s t r u c t u r e s  NS is eq 
t o  t h e  number s f  e q u i v a l e n t  p o s i t i o n s ,  
For cent rosymmetr ic  s t r u c t u r e s  NS is eq 
t o  one-half  t h e  number of e q u i v a l e n t  
p o s i t i o n s .  14 NS\( 24 . *  

NQ, the number of scale f a e t o r s  i n  t h e  
parameter  l i s t .  14 NQ 4 9 . *  

tal 

La1 

3 ,  S c a t t e r i n g  f a c t o r  t a b l e s .  PORMAT(8P9.3) 
Four c a r d s  are t o  be provided  for each  of NT t a b l e s ,  For 
n e u t r o n  d i f f r a c t i o n  problems NF = 0 ,  and t h e s e  c a r d s  a re  
o m i t t e d .  E n t r i e s  beyond t h e  r ange  needed f o r  l i n e a r  
i n t e r p o l a t i o n  may be l e f t  b l ank .  

First c a r d  
Columns 
1-9 

10-18 

64-72  

Second c a r d  
C o  L umns 
1-9 

T h i r d  c a r d  
Columns 
1-9 

F o u r t h  c a r d  
Columns 
1-9 

64-72  

S c a t t e r i n g  f a c - t o r  f o r  s i n o / h  = 0 . 0 0  

S c a t t e r i n g  f a c t o r  f o r  s ine/X = 0 . 0 5  

S c a t t e r i n g  f a c t o r  f o r  s i n @ / h  = 0 . 3 5  

S c a t t e r i n g  f a c t o r  for sinQ/h = 0.40 

Scattering f a c t o r  f o r  s i n Q / h  = 0.80 

S c a t t e r i n g  f a c t o r  f o r  s i n e / h  = 1 . 2 0  
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4. Symmetry c a r d s .  F Q R ~ T ~ F P ~ . ~ , ~ I ~ , F ~ L . ~ , ~ I ~ ~ F ~ ~ . ~ , ~ I ~ ~  
Each of t h e s e  NS c a r d s  d e s c r i b e s  one symmetry  t r a n s f o r -  
mat ion j of t h e  a tomic  c o o r d i n a t e s .  For non-centro- 
s y m m e t r i c  s t r u c t u r e s ,  N S  is t h e  number of e q u i v a l e n t  
p o s i t i o n s .  For cent rosymmetr ic  s t r u c t u r e s  (wi th  t h e  
o r i g i n  a t  a c e n t e r ) ,  MS is h a l f  t h e  number of e q u i v a l e n t  
p o s i t i o n s ,  and on ly  one p o s i t i o n  of each cenl rssymmetr i -  
c a l l y  r e l a t e d  p a i r  is used .  The b a s i c  p o s i t i o n  x, y, z 
must be inc luded  i n  t h e s e  cards. See t h e  sample problem 
f o r  an example of t h i s  i n p u t .  

Columns 
1-11 T r a n s l a t i o n a l  part of x or b lank .  

j 
12-13  

14-15 

16-26 

27-30 

31-41 

42-45 

1, 2, 3 ,  -1, -2 ,  -3, or blank  f o r  x ,  y p  
z ,  -x, - y ,  - z ,  or  b l ank ,  r e s p e c t i v e l y ,  
a s  used i n  t h e  e x p r e s s i o n  f o r  t h e  trans- 
formed x ., 

1, 2 ,  3 ,  -1, -2 ,  -3 ,  or  blank for x, y ,  
z, -x, -y ,  - z j  or b l a n k ,  r e s p e c t i v e l y ,  
as used i n  t h e  e x p r e s s i o n  f o r  t h e  t r a n s -  
formed x j .  
exac t ly  e q u i v a l e n t  t o  1 4  and 1 5 .  Also, 
n o t e  t h a t  an e x p r e s s i o n  such as  xj =,2x  
must be t r e a t e d  as x = x c x.) 

T r a n s l a t i o n a l  p a r t  of y or b lank .  

Integers r e p r e s e n t i n g  p l u s  or minus x9 y ,  
o r  z i n  t h e  e x p r e s s i o n  f o r  t h e  t r a n s -  
formed y a s  d e s c r i b e d  above. 

T r a n s l a t i o n a l  p a r t  of z .  o r  b l ank .  

I n t e g e r s  r e p r e s e n t i n g  p l u s  CSP minus x, y p  
o r  z i n  t h e  e x p r e s s i o n  for t h e  t r a n s -  
formed z .  

j 

(Columns 1.2 and 1 3  are 

J 

j 

J 

a 

J '  

5 .  R e c i p r o c a l  c e l l  d a t a  c a r d a  FORMAT(~FO .&I 

Columns 
1-9 a* i n  r e c i p r o c a l  Angstroms 

10-18 b* i n  r e c i p r o c a l  Angstroms 

19-27 c* i n  r e c i p r o c a l  Angstroms 

28-36 CBSCY* 

37-45 @OSP* 

46-54 cosy* 
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6 .  T r i a l  parameter  c a r d s ,  
T h e s e  c a r d s  are i nc luded  o n l y  i f  IP = 0 .  Otherwise  t h e  
t r i a l  pa rame te r s  ( i n  e x a c t l y  t h e  same format )  w i l l  be 
r e a d  from t h e  magnet ic  t a p e  o u t p u t  of cyc le  IP of a 
prev ious  job .  

A .  Scale f a c t o r  cas.ds, FBRhlAF g IF 9 . 6 3 

10-18 

64-72 

Second scale  f a c t o r ,  s t .  

Eigh th  scale  f a c t o r ,  s 8 .  

The scale f a c t o r s  are con t inued  on a d d i t i o n a l  cards  i f  
there are more than eight of them. 

B. Over -a l l  t empera tu re  f a c t o r  c a r d .  FORMAT(F9.6) 

Columns 
1-9 To, t h e  c o e f f i c i e n t  € o r  t h e  o v e r - a l l  

t empera tu re  f a c t o r  exp ( - ~ , s i n 2  O / A ~  1 . 
@. Atom parameter  c a r d s .  

TWQ c a r d s  are  needed for each atom i i n  t h e  asymmetr ic :  
u n i t ,  where i = 1 2 2 9 0 . 0 ,  NA. 

F i r s t  card PORMAT(A4,3X, 5F9 6 )  
eo lurnns 
1-6 Any 6 H o l l e r i t h  c h a r a c t c r s  i d e n t i f y i n g  

atom i. These w i l l  be p r i n t e d  w i t h  t h e  
parameter  o u t p u t .  

7 - 9  Blank  

10-1,8 X-ray  s c a t t e r i n g  factor i d e n t i f i e r  or 
neut ron  s c a t t e r i n g  factor For x-ray 
problems (NF # 0 )  t h i s  is ar! i n t e g e r  
from one t o  NP which i d e n t i f i e s  t h e  
s c a t b e r i n g  f a c t o r  t a b l e  t o  be used f o r  
a-k.csrn i. The s c a t t e r i n g  factor tables 
are  numbered i n  t h e  o r d e r  i n  which t h e y  
were read.  I n c l u d e  a dec imal  p o i n t  a f t e r  
this number 9 

For. n e u t r o n  problems (NF = 0 )  t h i s  is t h e  
n e u t r o n  s c a t t e r i n g  f a c t o r  i t s e l f  
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Columns 
19-27 A m u l t i p l i e r ,  a i ,  a p p l i e d  t o  t h e  scatter- 

i n g  f a c t o r  of atom i. T h i s  number w i l l  
u s u a l l y  be 1 . 0  u n l e s s  s y m m e t r y  c o n s i d e r -  
a t i o n s  d i c t a t e  o t h e r w i s e .  

2 8 - 3 4  

37-45 

4 4 - 5 4  

Second c a r d  FORMAT(6F9.6) 

The c o o r d i n a t e  xi  for atom i. 

The c o o r d i n a t e  y i  f o r  atom i. 

T h e  c o o r d i n a t e  zi  f o r  atom i. 

For i s o t r o p i c  t e m p e r a t u r e  f a c t o r s  (or f o r  i s o t r o p i c  
t e m p e r a t u r e  f a c t o r s  conve r t ed  t o  a n i s o t r o p i c  form b e f o r e  
r e f i n i n g )  : 

Columns 
1-9 T i ,  t h e  c o e f f i c i e n t  for t h e  i s o t r o p i c  

t e m p e r a t u r e  f a c t o r  for atom i, 
exp(-Tis in2@/X2)  

For a n i s o t r o p i c  t e m p e r a t u r e  f a c t o r s :  

Columns 
1-9 P l a i ,  a c o e f f i c i e n t  i n  t h e  e x p r e s s i o n  f o r  

t h e  a n i s o t r o p i c  t e m p e r a t u r e  f a c t o r  f o r  
atom i, e x p [ - ( p l l i h z  f- FZEik2 f p33iB2 + 
ZPlZihk + 2/3,3ihL + 74P23kL)]* 

10-18 P Z Z ~  

19-27 6 3 3  i 

2 8 - 3 4  PI. 2 i 

37-45 61.3 i 

46-54 P 2 3  i 

7 .  R e f l e c t i o n  d a t a  c a r d s .  FORMAT ( I 1 F 8 . 0 5F9 . 0 1 
One card is needed f o r  each  r e f l e c t i o n  observed  or f o r  
each  s t r u c t u r e  f a c t o r  t o  be  computed. 
14 NQ 4 2499.* 

Columns 
1 Blank 

2-9 T h e  index  h. N o  decimal p o i n t  is needed. 

10-18 The index k .  N o  deciinaY p o i n t  is needed, 
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3 0  

co lurnns 
1 9 - 2 7  

2 8 - 3 6  

37-45 

46-54 

The index P. N o  dec imal  p o i n t  is needed. 

The observed  v a l u e  of IF /  or F* ,  which- 
e v e r  is be ing  r e f i n e d .  For s t r u c t u r e  
f a c t o r  c a l c u l a t i o n s  t h i s  f i e l d  may be l e f t  
b lank  ,, 

T h e  s t a n d a r d  error of t h i s  o b s e r v a t i o n .  
If PW = 1 on t h e  c o n t r o l  c a r d ,  t h i s  f i e l d  
is i r r e l e v a n t  ., 

q ,  where 1 .\( q 6 NQ and s4 is t h e  scale  
f a c t o r  t o  be used  i n  computing t h i s  
r e f l e c t i o n .  N o  dec imal  p o i n t  is needed. 

8 .  Obse rva t ion  t e r m i n a t i o n  c a r d .  FORMAT ( 11) 

Column 
1 1 as a s e n t i n e l  f o r  t h e  end of t h e  

o b s e r v a t i o n  deck ,  

9 ., Parameter  s e l e c t i o n  c a r d s  FORMAT ( 7 2 11) 
These c a r d s  s p e c i f y  the NV paramete r s  t o  be v a r i e d .  Con- 
s i d e r  t h e  t r i a l  pa rame te r s  t o  be s t o r e d  i n  t h e  a r r ay  P i n  
t h e  f o l l o w i n g  o r d e r :  t h e  NQ s ca l e  f a c t o r s ,  t h e  o v e r - a l l  
t empera tu re  f a c t o r  c o e f f i c i e n t ,  t h e  s i x  or e l e v e n  
pa rame te r s  for t h e  f irst  atom, t h o s e  for t h e  second atom, 
e t c .  The pa rame te r s  f o r  each  atom are t h e  s c a t t e r i n g  
f a c t o r ,  t h e  m u l t i p l i e r ,  t h e  t h r e e  c o o r d i n a t e s ,  and t h e  one 
or s i x  t empera tu re  f a c t o r  c o e f f i c i e n t s  I) Each column of 
t h e  parameter  s e l e c t i o n  c a r d  c o n t a i n s  an  i n t e g e r  KI(1) s o  
t h a t  i f  KI(I) = 0 ,  t h e n  P ( 1 )  w i l l  be h e l d  c o n s t a n t .  If 
K I ( I )  = 1, t h e n  P ( I )  will be a d j u s t e d .  

S i x  t empera tu re  f a c t o r  c o e f f i c i e n t s  per  atom shou ld  be 
assumed if a n i s o t r o p i c  t empera tu re  f a c t o r s  are  s p e c i f i e d  
or if i s o t r o p i c  t empera tu re  f a c t o r s  are  t o  be conve r t ed  
t o  a n i s o t r o p i c  form b e f o r e  r e f i n i n g .  For i s o t r o p i c  
r e f i n e m e n t s  t h e r e  i s  o n l y  one t e m p e r a t u r e  f a c t o r  p e r  atom. 

Note t h a t  f o r  b o t h  x-ray and neu t ron  problems t h e  sca t te r -  
i n g  f a c t o r  is c o n s i d e r e d  to be a pa rame te r .  The n e u t r o n  
s c a t t e r i n g  f a c t o r  may be a d j u s t e d  by l ea s t  s q u a r e s ,  b u t  
va ry ing  an  x-ray s c a t t e r i n g  f a c t o r  m u s t  n o t  be a t t empted .  

F i r s t  c a r d  
C o  l u m r r  
1 RI(1)  

2 

7 2  
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Second c a r d  
Column 
1 KI(73> 

'TABES REQUIRED 

L i s t e d  h e r e  are t h e  moni tor  t a p e  c o n t r o l  c a r d s  r e q u i r e d  

for o p e r a t i o n  at the O a k  R,idge C e n t r a l  Data  P r o c e s s i n g  

F a c i l i t y .  A$ o t h e r  instalfatisns t h e  n e c e s s a r y  t a p e s  shou ld  

be s p e c i f i e d  a p p r o p r i a t e l y .  

*TAPE(3 POOL, SAVE) 

T h i s  is r e q u i r e d  o n l y  i f  ImE = I, i n d i c a t i n g  t h a t  d a t a  

f o r  t h e  Func t ion  and E r r o r  Program, OR FFE, are t o  be 

saved an tape a f t e r  t h e  f i n a l  cycle sf r e f i n e m e n t .  This 

tape is i n i t i a l l y  rewound and an e n d - o f - f i l e  is w r i t t e n  

upon completicm of t h e  j o b .  

*TAPE(.$, R e e l  numberg SAW) 

T h i s  is r e q u i r e d  o n l y  i f  IP > 0, i n d i c a t i n g  t h a t  t h e  

i n i t i a l  values of t h e  t r i a l  pa rame te r s  are t o  be Laken 

from this t a p e ,  which w a s  w r i t t e n  on a p rev ious  job .  

*TAPE g 5 POOL SAVE) 

This is r e q u i r e d  only if I T  = 1, i n d i c a t i n g  t h a t  t h e  

ad*justed pa rame te r s  are to be w r i t t e n  on t h i s  t a p e  

a$-ter each  cyclea T h i s  t ape  is i n i t i a l l y  rewound and 

a n  end-of-file is w r i t t e n  upan comple t ion  of t h e  job .  

T h i s  is required o n l y  if IT = 2 ,  indicating that t h e  

adjus$ed parameters m e  $0 be w r i t t e n  on this t a p e  
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*TAPE(6 ,AhnrOUT> Continued 

a f t e r  each cyc1,e. Cards s u i t a b l e  f o r  i n p u t  t o  ano the r  

j o b  will t h e n  be punched o f f - l i n e .  T h i s  t a p e  is no t  

rewound and no e n d - o f - f i l e  is w r i t t e n  on i t  by t h e  

T h i s  is &he monitor  o u t p u t  t ape  t o  be  listed. 

*TAPE(lO, I N P U T >  

T h i s  is t h e  monitor  i n p u t  t a p e  p repa red  from c a r d s ,  

CARD DECKS PROVIDED 

S u bp 1- o g r am 

C a l l i n g  program 

PRELIM 

CAkC 

TEST 

PTOSB 

SBTOP 

SMI 

PATCH (dummy) 

BESETX i dummy > 
RESETB (dumrny) 

-- Type 

F o r t r a n  

F o r t r a n  

F o r t r a n  

For  t r a n  

P or t,r a n 

For  tr an 

FAP 

F0rtx.X-I 

F o I t, I" a n  

F 0 1" t, r an 

Symbolic 
c a r d  

numbers 

Column 
b i n a r y  c a r d  

numbers 

1 - 474 

475 - 629 

630 - 929 

930 - 1018 
1019 - 11058 

1059 - 1098 
1099 - 1351 

1352 - 1358 

1 3 5 9  - 1365 
1366 - 1 3 7 2  

* 1' 
1472 - 1560 , 
1561 - 1590* 
1591 - 1636* 

1633 - 1649* 

1 6 5 0  - 1658 

16.59 - 1667 

1668 - 1681 
1682 - 1683 

1684 - 1685 
1686 - 1687 

* T h e  column b i n a r y  c a r d s  p rov ided  w e r e  compiled and assembled 
o n  a n  BBM 9 0 9 0 .  The c a l l i n g  program, PRELIM, CALC, and TEST 
s h s u l d  be recompiled i f  t h e y  are t o  be used on a n  PBM 7 0 4 ,  
b u t  khe remaining subprograms shou ld  work s a t i s f a c t o r i l y  on 
either machine 0 

TCaPd N o .  14'72 is ;I c o n t r o l  c a r d  f o r  t h e  Oak Ridge Monitor 
S y s t e m .  1% may n o t  be a p p r o p r i a t e  a t  o t h e r  i n s t a l l a t i o n s .  
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Symbolic Column 
card binary c a r d  

- Subprogram Type  numbers numbers 

L i b r a r y  r o u t i n e s  SQRT? SIN, COS, EXP, and E X I T  (which termi- 
n a t e s  t h e  job)  s h o u l d  be i n s e r t e d  here i f  t h e y  a re  nod 
suppEied by the monitor  system. 

PATCH (example) For t r an  

RESETX (example) For%i;ran 

RESETB (example3 F s r t r a n  

~agansfela card 

Permanent d a t a  cards 

Data  for t?XalTlple 

?These cards must be present an 

1688 - 1 4 9 2  1 3 7 3  - 1389 

1390 - 1398 1 6 9 3  - 1695 

1399 - 1408 2696 - 1698 

14Q9 

1418 - al l -aq 

1413 - 14-71 

all problems. 

GLOSSARY OF SYMBOLS 

Arrays are represented by s y m b s l s  followed by t h e i r  
minimum a l l o w a b l e  d imens ions .  A B 1  o t h e r  symbols refer to 
s i n g l e  s t o r a g e  v a r i a b l e s .  Those marked w i t h  an asterisk (*I 
are read as i n p u t  data. 

A ~ e a l  component of the s t r u c t u r e  f a c t o r .  

* A P ~ N . A )  Atom multipliers, ai" 

AM g 0 -w* I w+ 3 1 .I 2 ,I Matrix of $he nchrmal equa-fLions. T h i s  
area is a l s o  used f o r  t h e  i n v e r s e  

used  f o r  t h e  mahrix, b u t  NV more are 

right t r i a n g l e  of t h e  ma t r ix  is s t o r e d ,  
and t h i s  is s to red  forward  i n  the 
memory - i . e . ,  backward i n  t h e  F o r t r a n  
indexing s y s t e m .  

matrix element, t h e n  a f P  is at 
AM((W*&MVcl~)/Z) an E is at 
A M ( W V * ( N T T + ~ ~ > / ~ - % ~ ~  e -b ;~ . ,  .azz is at 
. A M U N Y * W + I ~ ~ / ~ - W L  ana axV,MV is at 

storage is as illustrated; 

matrix. Qinsy <NV*(NVcl))/Z words are 

used by the i n v e r t e r .  Only the upper  

I f  aij r e p r e s e n t s  a 

AM(1). Poly example,  if NV = 4, the 
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B 

*BETA(6,NA? 

CA 

CB 

COSIJ 

DADA I ( NA) 

DADB(6 NA) 

DADFI(NA) 

'I----+ 

Alphanumeric name of each atom r e a d  i n  w i t h  
t h e  pa rame te r s  o f  %ha.-& atom and used i n  t h e  
outpu% as  a heading  f o r  t h o s e  pa rame te r s .  

Imaginary component of t h e  s t r u c t u r e  f a c t o r .  

A n i s o t r o p i c  t empera tu re  f a c t o r  c o e f f i c i e n t s  

f o r  the NA atoms. If i s o t r o p i c  t empera tu re  
f a c t o r s  are  used, t h e n  BETA(l,1) is t h e  me€-  
f i c i e n t  f o r  atom 1. 

P r  9 5 B 2 Z  ? P p g  J P I  a: 9 P I  3.9 6 2 3  (in t h a t  oi-der) 

C o e f f i c i e n t  of a A / a p  i n  t h e  e x p r e s s i o n  for 
a(s P)/ap o r  a ( s q W / a p .  

(4 
C o e f f i c i e n t  of as /*ap i n  t h o  e x p r e s s i o n  f o r  
a 0 s q ~ > / a p  01- a $ S q 2 P h p .  

COS I J* EXPI: J e 

Tr igonomet r i c  c o n t r i b u t i o n  of atom I i n  
s y m m e t r y  p o s i t i o n  J .  A l s o  used f o r  

aA/aai - T h i s  a r r a y  is a l s o  used  f o r  

a A / a P l 1  i, e t c .  - T h i s  a r r a y  is a l s o  used f o r  

Xh."OS exp. ' 9  e t c .  
j .I i J  1.1 

a A / a f i  - T h i s  array is a l s o  used f o r  

Ccosijexpij  0 

j 
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DBDAI(NA1 

DBDPPSNA) 

DBDX(3 NA) 

DC(NP) 

DFDAI (NA) 

DIAGQW) 

a A / a x i l  aA/ayi’ and aA/az i  - T h i s  a r r ay  is a l so  

used f o r  Zh. sin. .expij et@ 
j J 1J 

a3/aai - T h i s  a r r a y  is a l s o  used  for 

3 f i s i n i j e x p i j  e 

J 

aB/ap,  ,, i 4  e t c  L1 - T h i s  a r r a y  is also used  fo r  

Z h . 2 s i n i j e x p i j  e tc .  
j J  

a B / a f i  - T h i s  a r r a y  is also used  for 

Zs in i j exp i j  
3 
aB/ax i9  aB/aYiP and a B / a z i  - T h i s  a r r a y  is a l so  

used  for Fh .cos i j exp i j ,  e t @ .  
J J  

C a l c u l a t e d  d e r i v a t i v e s  of YC w i t h  r e s p e c t  t o  
a l l  p a r a m e t e r s  p a  

a (sqF) /aa i  o r  a(sqZF2)/aai - Later c o p i e d  t o  

a r ray  DC. 

a(sqp>/ag,,,, e tc . ,  or a b  2 F z ) / a P l p i ,  e tc .  

L a t e r  cop ied  $0 DC. When i s o t r o p i c  tempera- 
% u r e  f a c t o r s  are specified, DFDB(1,I) is used  
f o r  a(s,F)/aTi o r  +3CsqZFZ)/aTi. 

91 

a(sqF)/dsq or 3 ( s q z F 2 ) ) / a s q e  

a r ray  DC.  

Later cop ied  t o  

Diagonal e l e m e n t s  of t h e  i n v e r s e  m a t r i x .  These  
are used f o r  c a l c u l a t i n g  the s t a n d a r d  e r r o r s  of 
t h e  paramelkers which were varied. 

D e r i v a t i v e s  of t h o s e  p a r a m e t e r s  which are t o  be 
v a r i e d ,  m u l t i p l i e d  by t h e  s q u a r e  roo% of t h e  
weight  - 
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DY 

EXPIJ 

F 

F I  

FRACP" 

FTA 

FTACOS 

FTASIN 

HHB 

HHJ(~) 

H J ( 3 )  

HOLD 

HX 

IC 

YO( I) -Y@ 0 

A n i s o t r o p i c  t empera tu re  factor for atom I i.n 
s y m m e t r y  p o s i t i o n  J .  

s F o r  s zF2. F is t h e n  copied  t o  'TIC. 

Atomic scattering f a c t o r ,  fi. Also used f o r  

q q 

fiexPQ-Tip] and fol* -fi"xp(-Tip) 

Fractionxi1 p a r t  of PT. 

a .  f for a n i s o t r o p i c  t empera tu re  f a c t o r s ,  o r  

aif iexp(-Tip) f o r  i s o t r o p i c  t empera tu re  

f a c t o r s  e 

a i  

aif iexp ( - ~ , p >  zcosij 
J 

S c a t t e r i n g  f a c t o r  t a b l e s .  

Untransformed i n d i c e s  h ,  k ,  and Q, and t h e  
scale f a c t o r  s p e c i f i c a t i o n ,  q .  H is t h e  same 
as column I ox" a r r a y  X .  

Exponen t i a l  argument.  

Transformed index  p r o d u c t s  (h2) (k2) ( 1 2 ) j ,  

(2hk)j, (2hl)j, and (2ka) 
j '  

i n  tha t  o r d e r .  
j 

Transformed i n d i c e s  1 k .  and 1 . 
j' J '  j 

Temporary loca t ion  used i n  r e v e r s i n g  t h e  order  
o f  e lements  of m a t r i x  AM. 

Tr igonometr ic  argument,  h .x. + k .  y +- Q . z .  + -& . 
J 1  J i  J 1  J 

I d e n t i f y i n g  iiurnber of a p a r t i c u l a r  c y c l e  i n  t h e  
j o b .  

Symmetry i n d i c a t o r .  $CENT = 1 for c e n t r o -  
s y m m e t r i c  s t r u c t u r e s .  ZCENT = 2 f o r  non-ccptro-  
s y m m e t r i c  s tx -uc tu res  

F2 i n d i c a t o r ,  If IFSQ --I 1 t h e  r e f inemen t  is 
based on the s c a l e d  s t r u c t u r e  f a c t o r s .  I f  
IFSQ =: 2 t h e  s q u a r e s  O S  these q u a n t i t i e s  are 
used D 
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IHKL(4) 

I1 

I ID 

IJ 

I J D  

* PP 

IPT 

I& 

* ISENT 

ISING 

The array X(4,NO) conver t ed  t o  f i x e d  p o i n t  
numbers f o r  o u t p u t  pu rposes .  

Index used so t h a t  AM(IC1) is d i a g o n a l  e lement  
a .  ii 

Increment  s u b t r a c t e d  from TI to s t e p  down 
d i a g o n a l  s f  matrix AM(1I) ., 

Increment  s u b t r a c t e d  from IJ t o  s t e p  down a 
column of m a t r i x  AM~IJ). 

Parameter  i n p u t  i n d i c a t o r .  I f  I P  = 0 t h e  t r i a l  
pa rame te r s  p a r e  to be r e a d  as i n p u t  data. I f  
IP > 0 ,  t h e  pa rame te r s  are t o  be t a k e n  from $he 
magnet ic  t a p e  o u t p u t  of cyc le  I P  of a p r e v i o u s  
j ob .  

I n t e g r a l  p a r t  of PT. 

Independent  v a r i a b l e ,  q, s p e c i f y i n g  t h e  scale 
f a c t o r ,  s a s s o c i a t e d  with a g i v e n  reflection. 

S e n t i n e l  se t  a t  1 3 0  end t h e  o b s e r v a t i o n  deck.  

q9 

S i n g u l a r i t y  i n d i c a t o r  set a t  1 if a z e r o  
diagona.1 e l emen t  is found i n  &he o r i g i n a l  
m a t r i x  o r  i f  a d i a g o n a l  e l e m e n t  becomes z e r o  
o r  n e g a t i v e  d u r i n g  i n v e r s i o n  by SMX. Otherwise  
ISING = 0 .  

* IS ( 2 J 3 , NS 1 Integers representing the  n o n - t r a n s l a t i o n a l  
p a r t  of t h e  symmetry i n f o r m a t i o n .  For example, 
i f  t h e  J t h  symmet ry  transformatian is y-x, -x2 
163 + z ,  this i n f o r m a t i o n  would be s t o r e d  as 
fO12SWS: 

ISTQF Stop  i n d i c a t o r  se t  a t  L by s u b r o u t i n e  TEST t o  
i n d i c a t e  $ha t  no f u r t h e r  cycles are t o  be r u n  
0 n  t h i s  j o b .  O-kherwise ISTOP = 0 .  
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* IT 

* ITF 

*IW 

* IXFE 

Parameter o u t p u t  i n d i c a t o r ,  If IT = 0 ,  
p a r a m e t e r s  a re  not  t o  be w r i t k e n  o n  t a p e  foi- 
u s e  as  i n p u t  t o  later l e a s t - s q u a r e s  cyc les .  If 
I T  = 1, they  a r e  t o  be w r i t % e : I  on  a p r i v a t e  
t a p e .  If IT = 2, t h e y  are written on the 
m o n i t o r  a u x i l i a r y  tape  i n  s u c h  a way as t o  
y i e l d  punched cards .  Tho p r i v a t e  tape is 
i q i t i a l l y  rewound and is t e r m i n a t e d  by a n  end- 
o f - f i l e  wkile t h e  a u x i l i a r y  tape is n o t .  

Temperataure fac tc r  i n d i c a t o r .  ~ T F  =; l for 
i s c t r o p i c  temperature f a c t o r s .  ITF -- 2 f o r  
a n i s o t r o p i c  t c m p e r a z u r e  f ac to r s .  If ETF = 3 ,  
t h e  program c o n v e r t s  i s o t r o p i c  t e m p e r a t u r e  
i ac to r  c o e f f i c i e n t s  t o  a n i s o t r o p i c  form before 
r e f i n i n g .  

Func t ion  and e r r o r  o u t p u t  indicator. If 
IXFE --- 1 i n f  o m a t i o n  i n e l u d i n g  t h e  parameters 
and t h e  v a r i a n c e - c o v a r i a n c e  matrix w i l l  be 
written on a p r i v a t e  tape f o r  u s e  by OR PFE. 
If IXFE = 0 ,  no such  cautpuk w i l l  bc made. 

jk' JK Index used s o  that AMgJK)  is a 

*KI(NP) Parameter  selection i n t e g e r s .  KH(I) =. 1 i f  
P ($ )  is $0 be var ied ,  O t h e r w i s e  KI(I1 1= 0 .  

*LABEL( 2 14) Alphanumeric labels read i n  at the  start of t h e  
problem and  US^ t o  label each parameter a t  
t h e  time o f  &he o u t p u t  of t h e  old and new 
parameteins  

* NA 

QNC 

NCY 

* N F  

Number of atoms i n  the a s y m m e t r i c  u n i t ,  

Number of c y c l e s  o f  refiaerncnt t o  bs performed 
i n  t h e  j o b .  T h e  program p u t s  out, YC, t h e  
c a l c u l a t e d  valli~es of t h e  scaled s t r u c t u r e  
f a c t o r  o r  i t s  square,  NC +- 1 times. I f  NC = 0 ,  
YC is c a l c u l a t d  and p u t  o u t ,  but no r e f i n e m e n t  
O@CUr"S I 

NC +- 1, t h e  number of c y c l e s  p l u s  one .  This 
is &he number of t i m e s  the l ist  of YC will be 
p u t  o u t .  

Number of different x-ray form f a c t o r  t ab l e s  
t o  be used .  For n e u t r o n  d i f f r a c t i o n  N F  = 0 .  
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NM 

NO 

NP 

NPCD 

* NQ 

*NS 

NT 

*Nv 

Nx 

PD I 

PD(NV) 

PIFI  

P(NP) 

POLD 

PRCP ( 6 ) 

KT 

R 

(NV*(NV f 1 ) ) / 2 ,  t h e  number of e l emen t s  i n  t h e  
matr ix  AM. 

Number of o b s e r v a t i o n s .  

T o t a l  number of pa rame te r s  i n c l u d i n g  t h o s e  t o  
be v a r i e d  as well as  t h o s e  t o  be h e l d  c o n s t a n t .  

S m a l l e s t  m u l t i p l e  of 8 greater t h a n  o r  e q u a l  t o  
NQ. Used f o r  punching scale  f a c t o r s  8 t o  a 
c a r d .  

Number of s ca l e  f a c t o r s  i n  t h e  parameter  l ist .  

Number of s y m m e t r y  c a r d s .  For non-centro- 
s y m m e t r i c  s t r u c t u r e s ,  NS is e q u a l  t o  t h e  
number of e q u i v a l e n t  p o s i t i o n s .  For c e n t r o -  
s y m m e t r i c  s t r u c t u r e s ,  NS is h a l f  t h e  number of 
e q u i v a l e n t  p o s i t i o n s .  

Number of p r i v a t e  or  a u x i l i a r y  t a p e  used f o r  
o u t p u t  of pa rame te r s  t o  be  saved .  

Number of pa rame te r s  t o  be v a r i e d .  I f  NC = 0 ,  
t h e n  NV is i r r e l e v a n t .  

Number of independent  v a r i a b l e s  a s s o c i a t e d  w i t h  
each  o b s e r v a t i o n .  NX is f i x e d  a t  4 i n  t h i s  
program. 

PD(I). 

C a l c u l a t e d  parameter  changes f o r  t h o s e  
pa rame te r s  which were v a r i e d .  

-2naifiexP(-Tip) o r  2.na.f . e x p ( - ~ . p ) .  1 1 1  

L i s t  of NP paramete r s ,  some of which w i l l  be 
v a r i e d .  These are cop ied  f r o m  v a r i o u s  a r r a y s  
by t h e  s u b r o u t i n e  SBTOP, a d j u s t e d ,  and t h e n  
r e s t o r e d  t o  t h e  a r rays  by s u b r o u t i n e  KTOSB. 

Parameter  b e f o r e  c o r r e c t i o n  is added. 

P r o d u c t s  of t h e  r e c i p r o c a l  c e l l  pa rame te r s ,  
a*2/4, b*2/4, c*2/4, a*b*cosy*/4, a*c*cosp*/4, 
b*c*cosa*/4, i n  t h a t  o r d e r .  

1 . 0  +- ( s ine /X) / .05 .  T h e  l o c a t i o n  of PI i n  t h e  
s c a t t e r i n g  f a c t o r  t ab l e ,  FX. 

R f a c t o r  i n  which t h e  summatioils are made over  
a l l  non-zero o b s e r v a t i o n s .  
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40 

*RCP(6) 

RHO 

RNlJM 

ROW(WI 

RZ 

SIG 

SIGP 

*SIGYO(NO) 

SINIJ 

SIIWHL 

SQRTAB 

SQBTW 

SQS IG 0 2 1 

SQTO 

TI? 1 

*T PTLE ( 12) 

R e c i p r o c a l  c e l l  pa rame te r s ,  a*, b*,  c*,  COSQ*, 

cos@*, cosy*9 i n  that o r d e r ,  

p = ( s ~ Q / X > ~  f o r  each r e f l e c t i o n .  

Numerator of R .  

A row of t h e  c o r r e l a t i o n  m a t r i x  ready f o r  
o u t p u t  . 
R f ac to r  i r ~  which the  sumanaltions a re  made over  
a l l  obse rva t ions ,  i n c l u d i n g  z e r o  o b s e r v a t i o n s .  

Denominator of b a t h  R and RZ. 

Numerator of R Z .  

XQ scale  f a c t o r s ,  

For  n e u t r o n  problems, S F ( f 1  is t h e  s c a t t e r i n g  
f a c t o r  f i  far atom I. For x-ray problems,  i t  
is a3 i n t e g e r  ( i n  f l o a t i n g  p o i n t  form) which 
d e f i n e s  ",be s c a t t e r i n g  f a c t o r  t a b l e  t o  be used .  

S t anda rd  error" of a parameter a 

SZandard" e r ~ o r s  of t h e  NO observed s t r u c t u r e  
f a c t o r s  or t h e i r  squares. 

Xr igonomztr ic  ca3tr i b u t i o n  of atom 1 i n  
positio-? 9. A l s o  used f o r  SBNIJ*EXPIJ. 

Square root of t h e  weight  f o r  each o b s e r v a t i o n .  

SQSIGgl) is t h e  error a1 f i t ,  SQRTFQSBGJ 
PLOATS(NO-NV~>. SQSleG(2) is SQSIG(1) saved  
from the p r e v i o u s  cyc le  of t h i s  j o b .  SQSIG(2) 
w i l l  be set  t o  zero f o r  t h e  f irst  c y c l e  of 
each  j o b .  

Isotropic temperature f a c t o r ,  exp(-Tip) 

Alphanumeric t i t l e  read at; start of problem 
and t r a n s c r i b e d  to t h e  o u t p u t .  
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TJ 

VAR I 

v(Nv) 

WDY 

WR 

WRNUM 

WRZ 

WRZDEN 

WRZNW 

*X ( 4 ,  NO) 

*XYZ ( 3 I NA) 

YC 

T r a n s l a t i o n a l  term, t for t h e  t r i g o n o m e t r i c  
argument,  H X ,  j’ 

O v e r - a l l  t empera tu re  f a c t o r  c o e f f i c i e n t ,  To. 

T r a n s l a t i o n a l  p a r t  of s y m m e t r y  i n fo rma t ion .  
(See  1% f o r  an  example,)  

SQSIG(1)**2, t h e  c o n s t a n t  used  t o  c o n v e r t  t h e  
i n v e r s e  matrix t o  t h e  va r i ance -cova r i ance  
m a t r i x  

Vector  of t h e  normal e q u a t i o n s .  

Weighted R f a c t o r  i n  which t h e  summations are 
made ove r  a l l  non-zero o b s e r v a t i o n s .  

Numerator of WR. 

Weighted R f a c t o r  i n  which t h e  summations 
are made ove r  a l l  o b s e r v a t i o n s ,  i n c l u d i n g  
zero o b s e r v a t i o n s  

Denominator of bo th  WR and WRZ. 

Numerator of WRZ, 

Four independent  v a r i a b l e s  f o r  each  of NO 
o b s e r v a t i o n s .  These  are t h e  i n d i c e s  h ,  k, 
and 1 and q ,  t h e  number s p e c i f y i n g  t h e  sca le  
f a c t o r .  The l a t t e r  w i l l  be moved t o  I&. 

Atomic c o o r d i n a t e s  x, y ,  and z f o r  t h e  NA 
atoms 

C a l c u l a t e d  v a l u e  of t h e  s c a l e d  s t r u c t u r e  
f a c t o r  o r  i t s  s q u a r e  s t o r e d  by  s u b r o u t i n e  
CALC e 

NO observed  s t r u c t u r e  f a c t o r s  o r  t h e i r  
squares. 
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* T Y P I l F C K T R h L i  
C 0 9  CLS. FOkT2Ai. C R Y S T A L L 0 Z Y A P h : C  L E A S T  SOUARES 
C C ~ L L ~ ~ C  

F L S  I 
F L S  2 

OOU71 FOR?'ATIIOFlZ.81 F L S  
00072 F O R ~ A T I ~ i 6 Y n C A : C U L A T E C  Y RASED CN PA9dkETEP.S t3EFCRE C Y C L E I Z !  F L S  
0 0 0 7 5  F O R V A T I T 7 H 0  H K L Y i O R S l  Y I C A L C I  A a F L S  

? I  
2 2  
2 3  

26 
2 7  
1 Y  
2 3  
3 1  
31 
32 
3 3  
3 I+ 

3 5  
36 
3 7  
31 
30 
4c1 
41 
4 2  
4 3  
4!4 
4 5  
46  
4 7  
48 
4') 
5 0  
51 
52 
53 
54 
55 
5 0  
5 7  
> 3  
59  
6 0  
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I CRS-CALC S I G I C )  lO-CI/SIilOl IQ/IH ) F L S  
OO'Z78 FCRlaAT( IHOAhi F L S  
O O C 7 9  F C R V A T i  I l l  3 1 4 ,  7 F  I I. 4.17 I F L S  
0 0 C h O  F U R V S T I S l h O d i R E E C E l ~ T  FACTORS S A S E 0  ON PARAMETERS HEFORE CYCLE I:/ F L S  

I 2 3H? Fl!P I vi* ( 0-C ) * *2 i I S F L S 
2 r i c . 4 )  F L S  

03Ocl FCKVAT(6CHOESTIt !ATEC AGkFEMENT FACTORS A A S E G  ON PARPMETERS AFTER C F L S  
I Y C L r  1 2 / 2 0 H C S U ~ l W + I O - C ) + + 2 I  1 5  E l i . 4 / 3 S H O S O K T F I S l l ~ ~ h ~ ~ O - C I ~ ~ 2 1 / 1 ~ 0 F L S  
Z - N V L I  I S  F I C . 4 )  F L S  

D O C 3 3  F C R P A T ( O 2 H  V A T R I X  H A S  A L E R O  D I A G O h A L  E L F W E h T  Ct iKRESI 'UNDIP& 10 PAfZFLS 
I A k ! E I E R I 5 , 1 6 k  OF I H O S E  V P R I E C )  F L S  

COLI95 F ? R P , f i T ( 4 3 k i  S I N G U L A K I T Y  KtTUGN F9OM MbTREX I N V E 9 r E K I  F L S  
Coat36 F u R ~ ~ T ( ~ ~ ~ ~ P A K A ~ ~ T E ~ S  AFTER L E 4 S T  S Q U A R E $  C Y C L E I ? / 6 : i H : l  PARAY,ETFF. F L Z  

1 C L U  CHAYCE NE n E H R O R )  F L S  
C O C P E  F S R C 4 T [  IH32A6tFI4.l9 1 J X , F 1 3 . 7 ;  F L S  
O C O I 2 9  F L ' R V A T I  I d 3 2 A b t  lX ,4F13 .7 )  F L S  
GCC3G F C f i P A T l O h ~ n S ~ e R C U T l N E  TEST I N C I C A T F S  lH4T JOB I S  TC 3 F  T E K C I h h r F U  F C S  

1 S E I I .4 I 3  SHE SOR TI' I SIJV I K *  I 0-C  ) * * 2 ) / I NO-X V I 

00216 h ; i l T F  OUTPUT T A P E  7 ,C 'SGS4 
G O  T O  G C 2 2 2  

F L 5  
F L S  
F L S  
F L S  
F L S  
F L S  
F L Z  
F L S  
F L S  
iis 
F LS 
F L S  
F L S  
F L S  
T L s  
F L S  
F L S  
F C S  
F L S  
F L 5  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
P L S  
I-LS 
F L S  

F L S  
F L S  
F LS 
F C S  
F L S  
F L S  
F L S  
F L S  

r c s  

rp 
w 

. .  
F L S  123 
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F L S  121 

CLS 1 2 3  
F L S  1 2 4  

GC225 h 9 I T E  O U T P U T  T A P E  9 v C O J 3 7  F L S  125 
2 E r l l N i :  3 F L S  126 

F L S  127 
C th iTFR P k E L I w  T C  R t A O  C R Y S T A L L O G Q W I i l C  INiPUT F L S  128 
OC3Ul  C b L L  P R t L I F l  F L S  129  
0e4r.11 & R I T E  ci i r iwi  T A P E  9 . c i l c 6 7 , l u ~  F L S  E5U 

F L S  I I I  
C R E A C  O R S E R V A T I C X S  T O  S E h T l N F L  F L S  132  

JliIl K L S  1 3 3  
f L 5  1 3 4  

008C i J #  J +  I F i S  155 
H A 0  INPI! I  T A P E  i C , C C 0 6 H I I S t N i , l X ~ I . J l , I # I r ~ ~ r Y ~ i J ~ r S I J Y C L J ~ ~  F L S  136  

F L S  ! 3 1  

30223 I*?ITF O ~ T P U T  r n p z  9 , ~ 0 3 3 5  F L S  122 
C :  IC I I C 5 C :  

C 

0 1 3 C 1  

C 
C: 16C'I 

C 

E 1 6 5 3  

C 

C 

0 ! 8 5 1  

3 I 8 5 2  

0;9i17 

C 
C 2 C C '  

F L S  1.5R 

F L S  l 4 f l  
F L S  1 4 1  
F L $  142 
F L S  I 4 3  
F L 5  I 4 4  
F L S  1 4 5  
F L S  1'14 
F L S  1 4 7  
F L S  146  
F L S  l4Y 
F L q  157 
r L s  151 
F i S  152 
F L S  I S <  
F L S  1 5 4  
F L S  I 5 5  
r L s  1 5 6  
F L S  117 
F L S  I S A  
F L S  i 5 9  
F i S  I613 
F L S  i h l  
F L S  162 
F L S  l h 3  
F L S  164  
F L S  I 6 5  
F L S  166 
F L 5  167  
F L S  I68  
F L S  169 
F L S  Ill: 
F L S  171 

r L S  1 3 9  

F L S  I 7 2  
C F  Y l T A L C ! F L S  I t 5  

F L S  1 7 4  
F L S  1 7 5  
F L S  I 7 4  
F L S  177 
F L S  I78  
F L S  I 7 9  
F L S  187 
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% R I T E  OUTPUT TAP: ?,C3ff73 

C START L C C P  THROUGH NC O e S E R V d T L O X S  
0 2 2 0 1  C O  05101 I#I,XO 

C E h T E R  S U @ H C U T I h E  C A L C  T O  CGMPUTE Y l C A L C l  ANS C E R I Y A T L V E S  
C A L L  C A L C l X 1 I r I ) , Y C + P , C C )  

C O H r A l N  I I E l G H t  CIYC C 4 L C L L A T E  O'.,AYTITIES FROM Y l C B S ) - Y ( C A L C l  
lFlIk~C26U1~C2501.326Cl 

02501 S P R l U ! # I . O / S I G Y C ! I l  
SO TO 021CI 

0 2 6 0 1  

C2 752 

C 
o z n t  I 

0 2 8 C 2  

C 

C 
0 3DO I 

02701 G Y # Y O (  1)-YC 
WCYhSCRTh*OY 
5 I L #  S 1 G t  hllY * h C Y  
R Z N U M # ~ Z N U ~ + n H S F I C Y j  
RZCCNSRZEEY+ABSFI  YO{ I 1 )  
dRZNUYXWRZUUM+WDY**2 
n H Z O t h # ~ R Z C E L + ! S Q R T ~ t Y O ( l )  I * * ?  
lFIY0l11132752,02~01,C27~2 

R N L P # R ? L P t A E S f I D Y )  
h RhUM ff n R 'iUX t h C  Y *2 

PUT OIJT Y I C A L C I  AhD OTPFR I Q F O R Y A T I O N  FOR OUE O B S E R V A T I O N  
30 02802 K # l , 4  

I H K L I K I C X I  Y ,  I I 

 RITE a u w u t  r w F  ~ , C ~ C ~ ~ , ~ ~ H K L ~ K ~ , K ~ ~ . ~ ~ , Y C I I I , Y C . A . ~ . ~ Y ,  
I S I G Y O I ! I , ~ D Y , I H K L I C I  

BY-P4SS C E K I V A T L V E  Ah0 P A T R I X  SET-UP CEr F f h A L  CALC OF Y 
I F I IC-  hC Y ) 0 30 L I t C 5 I C 1 , C 5 i 1; I 

START LCOP T O  S T O R E  A N  A K R A Y  O F  'YV C E R I V A T I V C S  
J# I 
OC G 4 l C I  K ' f I I Y P  

S F I K I I K 1 1 0 4 1 U l r C 4 1 C I ~ C ~ 3 C I  

033G1 

D 4 @ G  I 
0 4 1 C I  
C 

C 
C 

G J I J ) X S B R T W * C C ( K I  

J#J+I  
C C h T l N U E  
ElvD LCOP T C  O B T A I Q  C E R I V A T I V E S  

S T P R T  LCGP T C  S T O R E  P A T R I X  AND VECTOR. SEE GLOSS4RY FUR 
STORAGE S C H E V F  

F L S  I 8 1  
F L S  1 8 2  
FLS 1113 
F L S  18b 
F L S  135 
F L S  1 8 6  
F L S  187  
F L S  isa 
F L S  l a 9  
F L S  193 
F L S  191 
F L S  192 
F L S  I 9 1  
F L S  1 9 4  
F L S  195 
F L S  I 9 6  
F L S  I 9 7  
F L S  198 
F L S  199 
F L S  2110 
F L S  2131 
F L S  E 0 2  
F L S  2U3 
F L S  2 3 4  
F L S  205 
F L S  206 
F L S  2 0 7  
F L S  2 3 8  
F L S  Z O V  
FLS 2 1 0  
F L 5  211 
F L S  212 
F L S  2 1 5  
F L S  21k 
F L S  215 
F L S  216 
F L S  2 1 7  
F L S  218 
F L S  2 1 1  
F L S  2?0  
F L S  2 2 1  
F L S  2 2 2  
F L S  2 2 3  
F L S  2 2 k  
T i s  2 2 5  
F L S  2 2 6  
F L S  227  
F L S  22G 
F L S  220 
F L S  230  
F L S  251  
F L S  2 3 2  
F L S  2 5 3  
F L S  2 3 4  
F L S  23s 
F L S  256 
F L S  237 
F L S  238 
F L S  2.39 
F L S  249 

P 
cn 
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0 4 3 @ l  

C 
0440 :  

045 i l l  

U 4 8 0 1  

0S:cI 
C 

C 

L 

C 
C54CI 

05601 

057Ci  

0 5 E C  I 
C 

C 

0 6 C C l  

I S I N G H I  
i r K I l E  I : I I iP l !T  l A P i  9,Ci;C2!,I 

I i # I  1-1 i D  
I ; c # ! I D - I  

C 0 IU T i NU E 
t1'1T: i C O P  T O  T E S T  F C K  ( F h O  D : A G C X A L  ELEECFNT 

T i K M I h A T E  
1 F I I S I l r ; G I I  

I t -  Z E R O  
I , C C . C i j l  I 

C I A G C '4 A L E L  E ME 4 T 
I15CI 

k A S  FCLND 

F L S  
F L S  
F LS 

F L S  
F L S  
F L S  
F L S  

F L S  
F L S  
F L S  
F L S  
i L S  
F L S  
F L 5  
F L S  
F L S  
F L S  
F L S  
F L S  
F L 5  
F L S  
F L S  
F L S  
F LS 
F L S  

F i s  

F L S  
F L S  
F L 5  
F L S  
i 1. 5 

C Y C L C  F L S  
F L S  
F L S  
F i S  
F i S  
C L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F i S  
T L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
K L S  

r i s  

rLs 

r L S  

r L s  

2 4  I 
2 4 2  
2 4 3  
2 4 4  
2 4 5  
2 4 6  
2 4 7  
24H 
24') 
2 5Cl 
251 
2 52 
253 
2 5 4 

2 5 6  
2 5 7  
2 58  
2 5 ' )  
2611 
2 6  1 
2 6 2  
2 6 4  
2 0 4  
2 6 5  
2 6 6  
26 I 
2 6 8  
2 6 9  
7 7 0  
2 1 1  
2 7 2  
2 7 5 
2 71r 
2 7 5  
2 76 

2 I R  
2 7 7  
2 ~ l J  
2 n  I 
262 
7 3 3  
2<!4 
2.85 
2.86 
2 8 7  
2 8 8  
2d19 
2 9 3  
2 7 1  
2 9 2  
275  
2 '9 4 
2 7 s  
2 9 6  
2 ? 7  

25: 

2 7 1  

2 v n  
2 9 9  
5lJJ 
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C 
C6201 

C 
C 
06301 

06?C1 

C 
C 6 B C  I 

C b P O I  
07CCl 

07201 
C 

C 

C 

C 

C 

07452 

07454 

0745h 

a7457 

0745') 

TERMIWATE JC9 I F  S I k G U L A R  H A T R I X  H 4 S  FCLND 
A R I T E  O U l P U T  T A P E  9,CCgRS 
GO TO I I S i l l  

S T A R T  LOCP FOR EldTRIX VECTOR f l b L T l P L 1 C A T I O N  F O R  
P AR AEl il TFR C HA !.IC E S 

00 07201 I # l , Y V  

PI: 1 ri 0. I:: 
IJ#NY-It1 
I JD#NV- I  
C O  07CCl Jfi1,hV 

P C I # P G I + A M ( I J l * V f J )  
IFIJ-IlC67Ci .CdHClrC6FUI 

I J #  I J - I J O  
I J C #  1 JO- I 
GC T O  C7CCI 

S A V E  DIAGC' iAL ELEWCYTS GF I N V E R S E  P A T R i X  
D I b G (  [ I MAP(  L J I  

L J  # I J- I 
C C h T  I N t  C 

P C I  I I X P C I  
F [ G H S I b - P O ! * V l I l  
CChTIhUi 
t h U  LCOF' FOY W A l R I X  V E C T G R  V i . J L r I I ' L I C A T I O i Y  

R E C O V P L T E  A G R E E H E W  F B C T C K  L S I V G  t!GECII~IEO SIG 
S Q S  I S ( I 1 d W R  TF I S I G / f - L C A T  F I N  D-i:V ) ) 

PUT OUT C A P l I C N  FOR L I S T  C F  C O R R E C T E D  P B R h H C T E K S  
. K I T E  C U T t ' L l  T A P E  9~11C052~11IlLEfII1I#IrlZ~ 
w k I T E  CUTPLT T A P E  ?.C1lOc(C,IC 

START LGCt' TO C O R R E C T  AkC P L T  O L T  PARAMilTEKS 
Jli I 
hi# 1 
CO O A O ? I  I# I ,NP 

SEl -  K TO SELECT A P P R C P R I A T E  L A F E L  
I F (  I-hU-1 ) C i 4 5 2 , i i 7 Y S i l , C ? ~ j b  

K # I  
G O  TU 075111 

I F ( I T F - I l L 7 4 5 1 ~ C 7 4 5 7 ~ C 7 Y 6 l  

K # XVGD F I 1-IvQ-2 I h I t 3 
LFiK-eiO7462,07459,C7459 

K # I  4 
GO TO C75111 

F L S  3 U 1  
F L S  502 

F L S  304 
r L s  3 0 3  

F L S  305 

F L S  307 
F L S  308 
F L S  309 
F L S  51C 
F L S  3 1 1  
F L S  312 
F L S  3 1 3  
F L S  514 
F L S  315 
F L S  316 
f L S  517 
F L S  5 1 8  
F L S  319 
F L S  520 
F L S  321  
F L S  322 
F L S  3 2 3  
F L S  5 2 4  
F L S  325 
F L S  526 
F L S  327 
F L S  324 
F L S  329 

FLS 5 1  
F L S  332 
F L S  533 
F C S  554 
F L S  355 
F L S  536 
FLS 3S7 
F L S  3.58 
F1.S 3 3 1  
F L S  340 
F L S  3 4 1  
FL!; 34: 
F L S  543 
F L S  34U 
F L S  3 4 5  
F L 5  546 
F L S  547 
F L S  348 
T L S  349 
F L S  550 
F L S  3 5 1  
F L S  352 
F L S  3 5 3  
F L S  $54 
F L S  3s5 
F L S  356 
FLS 357 
I'LS 3se 
F L S  359 
FLS 5 6 0  

F L b  3@6 

F L S  330 P 
4 
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0 7 4 6 1  

07462 

0 7 4 6 3  

C 
3 7 5 0 1  

0 7 6 3 1  
I 

377171 

O R C C l  
C 

C 

C 

I 
08209 

C 
083C I 

084C I 

085? I 
C 

F L S  3 6 1  
F L S  Z62 
F L S  363  

I F L K - 3 I C 7 5 C 1 1 i l 7 4 5 3 , ~ 7 5 0 1  F L S  564 
F i S  365 

W K I r F  O U T P U T  TAPE 9 , 0 0 0 7 8 , A T O M I N I  F L S  366 
kt!Y+i F L S  3 6 1  

F L S  363 
TEST K E Y  I N l E C t 3 S  F L S  3 6 9  
I F i K i ~ I l 1 C 7 6 C 1 ~ 3 / 6 0 1 ~ C ~ I C i  F L S  373 

F L S  371 
W R I T E  C U T P U T  l A P E  F . O C U B B ~ i L A H E L I L , K l , L # l , 2 1 ,  F L S  372 

P ( I ) , P i I )  F L S  3 7 3  
GO .ro OROCI f L S  3 7 4  

F L S  3 7 5  
P O L D # P I  1 i F L S  3 7 6  
P I  I l # P O L D t P D l  J I  F L S  3 1 7  
S I G P H S ( 3 R T F l ~ I A C i J I ) r S I ) S I G L I  I F L S  57R 
h R I T E  O d T P L T  :APE F , C C l ~ ~ 9 , l L A S F L ( L I K ) , L # l  - 2 1 ,  F L S  579 

P O i O t ? S I J ) ~ J i I i ~ S l G P  F L S  380 
J C J t l  F L S  381 

F L S  382 
C C N T l N L I E  F L S  3 8 5  
EIUD LCOI' r o  C O K K E C ~  A ~ D  PUT O U T  I P A X A V E T C R S  F L S  384 

F L 5  385 
PUT OUT E S T I M A I E C  A G K C E M E W  FACTORS F L S  3 8 6  
W R I T E  O U I i ' L f  l A P E  Y .C i :CH l , i L ,S IG ,SOSIG i  I I FLS 3 8 7  

F L S  5 H R  
E N T C R  S U R H O b T I k E  T C  T E 5 T  P A R A M E T E R S  F L S  383 
I s i n p # n  F L S  3 9 0  
C A L L  T E S T  F L S  3 9 1  

F L 5  392 
w R l l E  CCKRFC.TCD P A K A b ' E r t R S  C'? A I I X 1 L : A K Y  T A P E  1 F  F L S  5 9 3  

D T S I : < t O  F L S  594  
I F  j 1 T l C H 2 U 2 . n H 3 C  I ,CP21 IZ  F L S  195 

F L S  3 9 6  
Y T # I T t 4  F L S  5 9 7  
N P C O # B + I i Y O - I 1 / 3 + I I  F L S  398  
W X I S F  O b T P U T  T A P F  : . I I , C i ? C S I ,  : S C i I  I I # l  , Y P C O l  F i S  599  
I * X I i E  O L T P I J I  I A P E  ' i T , C E U 5 ? r T G  F L S  
00 C H 2 0 7  : # l , ' V A  F L S  4 3 1  

F L S  4C2 
h i 9 I l F  OUTPUT 1 A P F  I \ T , ~ ~ ~ J 3 r A ~ l ~ ~ I I l , S ~ l I l t A l l i ~ t  F L S  4 C 3  

i X Y 7 I K t i l , K W l 1 3 1  F L S  4 0 4  
h K I T F  O I I T P U T  T A P E  ~ T ~ ~ [ 1 C 4 ~ l B F ~ A ~ K ~ I ) r K # l ~ 6 ~  F L S  4 0 5  

F L S  430 
T F H M I N A r E  JUB I F  I N f l I C A l E f l  l i Y  U S C i l S  S b E K O U I I k E  1 C C T  F L S  407 

F L S  428 
F L S  4 c 9  

k R i T z  OLTPU'! T A P t  9, l?Cd9C,ISTCP F L S  410  
GO TU L l P f C l i  F L S  411  

F L S  4 1 2  
C C Y ?  1NL:E  F L S  4 1 5  
E N D  L C O P  i H H C i J t H  V C  C Y C L E S  A M  F I N 4 L  C A L C  O F  Y F L S  4 1 4  

F L S  4 1 5  

K # X Y O O F 1 i - ~ Q - 2 r l l ) + 3  

F L S  b l h  
F L S  4 l T  
F l y  4 i 9  

C L A L C U L A T F  A h 0  P U T  O L T  C O R R E L A T I C h  Y A l R I X  F L S  419 
088CI *r911F OUTPUT T A P E  P , C 0 0 ~ 2 , l T I I L E ~ I ) 1 1 # 1 ~ 1 2 1  F L S  42L  
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09101 

h R I T E  OUTPUT T A P E  V.CCS97 
C C  09101 I # l ~ i u V  

C ~ ~ G ' I ) # I . C / S O R T F l D I A G ( I ~ l  
C C N T I h ' U E  

I JllNM 
GO IC201 I # I , Y l f  

00 096CI  J # I * N J  

DC I C C U l  J # I , h V  

C ' d R i T E  DATA R E Q L I R E D  F O R  FkJYCTIC\  AhD ERROR PROGRAM 
105~11 I F ~ I X F E ) 1 0 6 0 1 ,  11501. ICOCl 

106Dl  I l R I T C  OUTPUT TAPE J , C C 3 5 3 r I T F , N C , h P  
h K I T E OUT ?U f 
i i R I T E  O U T P U T  TAPE 3 , C ~ C 7 C , l K I I I ) , I # I r ~ P )  
WRITE OUTPUT T A P E  3,C7!353,VV 

TAP E 3 9 C O O 7  I 9 i P I I I 9 I # I , UP 1 

VPR I #spS IG L 
CC 10703  I# 

IC7133 A V ( i l # A M  

K :I h ?, / 2 
LHkM 
c c  11201 1 I I I . K  

H C L O # b M l l )  
A M i I l # A M i L )  
A M  I L 1 N H O L  D 
L # L -  I 

I I 2 0 1  CGhT I NlJE 

W R I T E  GUTPUT TAPE 3 , C ~ 0 9 9 , i b ~ l l ) . f X l , h t ! ~  
ChC F I L E  3 

561 L F (  I T - l  ) I 17CI .  I IbO:, I 1 7 C l  

601 E h C  F I L E  5 

701 CALL E X I T  
€ M I :  

r T Y P E I F C Y T H A N )  
C OR F L S +  F O K l R A h  CRYSThLLOGRhPHIC L F A S T  S O V A K E S  
C R t A C  C R Y S T A L  S I K U C T t t R f  CATA ANG S T 0 9 C  P P 9 A M E T t R S  

F L S  421  
F L S  4 2 2  
F L S  1123 
F L S  424 
F L S  425 
P L S  426 
F L S  4 2 7  
F L S  4 2 8  
F L S  429 
F L S  IrTU 
F L S  431  
F L S  432 
F L 5  4 3 3  
F L S  4 3 4  
F L S  4 3 5  
F L S  I436 
F L S  4J7  
FLS 43R 
F L S  4 1 9  
F L S  4 4 R  
F L S  4 4 1  
F L S  4 4 2  
F L S  4 U 5  
F L S  4 4 4  

F L S  4 4 6  
F L S  4 4 7  
F L S  448  
F L S  4 4 9  
F L S  k511 
F L S  4 5 1  
F L S  4 1 2  
F L S  453 
F L S  4 5 4  
F L S  455 
F L S  456 
F L S  4 5 7  
F L S  45R 
F L S  4S9 
F L S  460 
FLC 4 0 l  
F L 5  4 0 2  
F L S  4 6 3  
F L S  4 6 4  
F L S  4 6 5  
F L S  466 
F L S  4 6 7  
F L S  4 6 8  
F L S  4b9 
F L S  k 7 0  
F L S  4 7 1  
F L S  4 7 2  
F L S  4 7 3  
F L S  4 7 4  

F L S  4 4 5  

F L S  4 7 5  
F L S  4 7 6  
F L S  4 7 7  
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2 

4 
5 

7 
8 

? 

I I1 
I1 

I Z  
14 

I h 
i r  

19 
2c 

22 

I 

F LS 
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F i s  
I= L S  

R E A L  i R P U T  T A P E  I U r 2 ~ L F S O ~ I I F ~ C F ~ ~ C , I C E h T ~ ~ 5 ~ ~ Q  F L S  
F C H P A r  171.3) F L S  
i r  I I f s o -  I 1 4 ,4,7 

I . R I T E  CUTPUT T A P E  9.5 
F O R P A T  I I H Z I H A S E C  ON F l  
io r c  v 

W K i T E  O U T P U T  T A P E  9.e 
FORNAT iI9HCnASFC ON F SlJlJARFDl 

r L s  
F L S  
F L S  
F LS 
F L S  
F L S  
F L S  
F L 5  
F I  5 
F L S  
F L S  

I F  { I T F - 2 )  I O  9 1 3 ,  I 6  

U K i T F  OUTPUT TAPE 9 , I I  
F C K h A l  1 3 2 h Z I S C I K C P I C  I E Y P E K A T U S t  F A C T O K S I  
C O  T 2  I ?  

h R I l t  C I ITPUT T A P E  9 . 1 4  
FCRWAT i 3 2 H C A h I S C T K O P  :C T E M P F H A T I I R E  FAC i O R S l  
C C  ill 1 9  

i " R l T F  i l U l P U T  TAPE 9.17 
FLRMAT i 4 3 H U I S C T R C P I C  TLHPEKATURE FACTORS C O N V C k  

28H AZUISCIKOI'IC PEFCKE ~ F F L I V I N G I  

h i l l T F  CLJTPIJT TAPE 912U,I \F 
F O K C A T  I3HHZ'lLI,MtIFR O F  S i R T i E R I Y G  F A C T O K  TABLES I S  1 3 1  F L S  
v l R I i i l  OUTPIIT T A V E  9,22 , \A  F i S  
FORYAT I J H ~ C h U P R E K  (If- ATOMS iN ASYYMETRIC U h I l  I S  I f 1  F i S  
I F I  I C F ~ T - :  124,24,:7 F L S  

F L S  

F L S  
F L 5 
F !  S 
F i S  
F i S  
F L S  
F I  S 
F L S  
F L S  

: T E D  TC, F L S  
F L 5  
F L S  
F L S  

4 7 8  
4 79  
4 86 
4 d  j 
482 
4335 
4 8 4  
4AS 
486 
4 8 7  
48A 
487  
4 9 c  
4 9  I 
4 9 2  
4 9 5  
494 
415 
4 9 6  
rr 0 7 
4 9 H  
4 9 9  
5r!fl 
so I 
5C2 
5 c 3  
5 r 4  
5 [I 5 

507  
S D f l  
i d 0  
510 
51  I 
517 
515 
5 1 4  
5 I 5 
516  
51 7 
518  
5 1 9  
52fl  
52 I 
5 2 2  
52  3 
S 2 4  
575 
5 2 6  
5 2 7  
326 
5 2 9  
5 59 
S j !  
5 52 
5 3 3  
534 
5 55 
536 

j r i o  

2 4  N R I T C  :>!ITPUT TAPE 9 , 2 1  F L S  5 3 1  
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26 FORMAT i I 6 H C C E N T R C S Y ~ M C T R 1 C l  
GO T O  2 9  

2 7  L R I T E  OUTPUT T A P E  9.28 
2 8 F C R F  A T I 2 OHG M CN- C E N  1 R 0 S Y MME 1 R LC 1 

2 9  W R I T E  C L T P U T  TAPE 9,301115 
30 F C R l r b T  i 2 d H C N U V B E R  O F  SYMMETRY CAUCS I S  1.31 

W H I T E  O U l P U T  TAPE 9,32,iUQ 

F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  

3 2  FORWAT 1 2 7 H C N U P O t R  OF SCALE FACTORS I S  I31 F L S  
F L S  

C HEAC ANC PUT OUT S C A T T E R I N G  FACTOR T A B L E S  F L S  
I F l N F 1 4 C 1 6 0 , 4 0  F L S  

F L S  
4 0  REAC I Y P U T  1 A P E  I C ~ 5 O ~ ~ ~ F X 1 I ~ J l , I # I ~ 3 2 ) ~ J # I r h F l  F L S  
50 FORMAT 18F9.3) F L S  

CO 56 J # l r N F  F L S  
F L S  

W R I T E  OUTPUT TAPE 9.55.J F L S  
5 5  FCRMAT I 2 4 H 0 6 C A T T E R I N G  FACTOR T A B L E 1 3 / l H  1 F L S  
5 6  W R I T E  OUTPLT TAPE 9 , 5 7 r ~ F X l I ~ J l ~ I # I ~ 3 2 )  F L S  
57 FCRMAT ! l H  AF12.3)  F L S  

F L S  
t RFAC A 4 C  P U T  O c l T  SYMPETRY T R A N 5 F O R M A l I O h S  F L S  

60 REAC I N P L T  TAPE l G ~ 7 C ~ I l T S l l r J ~ ~ l I ~ l K ~ i ~ J ~ ~ K ~ l ~ 7 ~ ~ I ~ l ~ 3 l ~ J # I , N S ~  F L S  
7@ FCRVAT ~FI1.6,2I2.F11.6,212,FI1.6,2121 F L S  

W R I T E  O b T P U T  TAPE 9 1 7 4  F L S  
7 4  FORYAT (Z IHOSYCMETRY I N F O P M A T I C U 1 6 7 H C  TRANSFORPEG X F L S  

ITRPhSFCRMEG Y TUANSFOKPED ziir  I F L S  
WRITC O b T P U T  T A P E  9 ~ 7 6 ~ l l T S l I ~ J l r ~ L S I K ~ I ~ J 1 r K # l ~ Z ~ ~ I # 1 ~ 3 ~ r J # I ~ N S I  F L S  

7 6  FCRPAT I I H  F13.6~?12rF20.6,212,F20.6,21?)  F L S  
F L  Z 

C REAC AhC P L T  OUT R E C I P R C C A L  C E L L  PARAMETER5 F L S  
HEAC I N P U T  TAPE I O I P C I ( R C P I K ) ~ K # I V ~ I  F L I  

9 U  F O R P A 1  16F9.6) F L S  
W R I T E  CUTPUT T A P E  9 , 9 4 r I K C P I K ) , K # l r 6 1  FLS 

9 4  FGKPAT l 2 9 H C K E C I P R G C A L  C E L L  PARAMETERS 6 F 1 1 . 6 1  F L S  
P R C P I I ) # R C P l l 1 ~ ~ 2 ~ . ? 5  F L S  
P K C P I 2 )  #RCP(  2 )  **2+.25 F L 5  
P K C P l 3 l # R C P l 3 l e ~ 2 ~ . 2 5  F L S  
P K C P ~ 4 ) # R C P I I ~ ~ R C P l 2 l * R C P l 6 ~ ~ . 2 5  F L S  
P R C P I I ) # R C ~ I I l x R C P l 3 l x R C P l 5 l ~ . P 5  F L S  
P K C P l h )  # R C P 1 2 1  *RCP i 3)*RCPI 4)*.25 F L S  

F L \  
C S T T  TAPE INIICBER FOR PARAMTTER I N P U T  F L S  

F L S  
F L S  

I F  I 11’) I 3C,140, I 3 C  

I5il h T H 4  
P E h I V C  4 
G O  TC I S 0  

1 4 0  N T U I C  
I P U I  

C START LCOP T O  H t A C  P 4 K A C E 1 E R S  U ‘ U T I L  C E b I R E O  S E T  
C r I A 5  8 E E i Y  K E A 0  

1 5 C  GC I90 J # l r I P  

READ I N P U T  TAPE Y T ~ I 7 0 r l S C ~ I 1 , I Y l r Y d l  
170 F O 9 M A l  1AF9.6) 

F L S  
FLS 
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
F L S  
f LS 

5 38 
5 39 
540 
541 
542 
543 
544 
545 
546 
5 4 7  
5 4 8  
549 
550 
5 5 1  
5 5 2  
553 
5 5 4  
555 
5 56 
557 
558 
559 
5 6 0  
561 
562 
563 
564 
S 05 
566 
56 I 
5 b 8  
569 
5 rn 
57 I 
5 7 2  
5 7 3  
3 7 4  
5 15 
5 76 
5 17 
5TR 
5 79 
580 
5d1 
582 
5d3 
5H4 
585 
586 
5H7 
588 
589 
5 9 P  
5 9  I 
5 0 7 
59'5 
594 
5‘75 
516 
597 
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190 
2 0 0  
Z I J  

C 

230 

26U 

2 7 3  

C 
2 8 3  

2FO 

310 

C 
3 2 0  

HEAC I N P I I T  I A P F  N T 1  170110 F L S  598  
CtI 198  I # l , U 4  i L S  s99 

F L S  bo l l  
HEAD I f r P l J f  T 4 P F  N T 7 2 0 C , A T O V I  1 1 ~ S ~ 1 ~ 1 ~ A I l 1 1 ~  ( X Y L I K s  I l ~ K # l t  5 1  F L S  6 i l l  
READ I N P L T  TAPE h T . 2  I C ,  I H E I P !  K t  I I t K # l  161 F L S  hG7 
FORYAT l A 6 , 3 X 1 5 F ? . h l  F i S  6L3 
FCKMAT 1 6 F 9 . 0 )  F L S  6C4 

F L S  5 0 5  
C C N V t R T  ISOrKOPIC Itb'PFK4TL;SE F A C I O K  TO A Y I S C T R O P I C  I F  S P E C I F I E D  F L S  S,J6 

i L j  6 J 7  I F  1 ::F-312R0,25G.?HC 

C O  26 '1  i f l : , N A  

? F I d B E l A l I r I 3  
110 ZbC' K # 1  , 6  

H E T A I K ,  I J X T F L * P Y C P ( K )  

t ? F l i 2  

COP'PIJlF T H E  T U T A L  N L C B E 3  O F  PARAHCTEHS 
:FIiTf-lj31G129C~jIL 

P ,  P I f  6 * Y A + k Q  t I 
GC T C  3 Z C  

N V # I I + N A + N C t I  

LCPY PARAMFTFHS I N T O  T t i  4 R d A Y  P 
C A L L  S H f O P I P , 5 C 1 T O r S F , C I . ~ Y Z ~ ~ E T A ~ I T F ~ N A , M Q , N P )  
RETL,XY 
E,\: 

F L S  63R 
F L S  6 0 9  
i L S  610 
F L S  611 
F L S  6 1 2  
F i S  6 1 3  
F L S  h i 4  
F L S  6 1 5  
F L S  616 
i L S  6 1 7  
F L S  618 
F i S  519 
FL\ 6 2 0  
F i S  5 2 1  
F L S  622 
F L S  623 
F L S  624 
F L S  6 2 5  
F L S  6 2 6  
F L S  677  
F L S  628 
F i  S 6 2 9  

F L S  63'! 
F L 5  611 
F L S  h4?  
F L S  6 5 s  
F L S  6 5 4  
F L S  635 
F i S  6 5 6  
F L S  6 5 7  
F L S  6 3 3  
F L S  6 3 9  
F L S  640  
F L S  6 4 :  

5 4 2  
6 4 1  
644  
6115 
h46 
6U7 
b4R 
6 4 9  
650 
651 
6 5 2  
655 
0 5 4  
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DIMENSIOV D H C F 1 l 2 0 l ~ D A D A I ~ 2 L I , ~ M D A L l Z C ~ ~ O A D X ~ ~ ~ 2 O ~ ~ ~ ~ D X l 3 , 2 O ~  
DIPENSION DAOn16,2O),DRCRI6,2C),OFDSl 911DFDF1120~rCFDbI120) 
DIPENSION O f D X l 5 ~ 2 0 l , O F C B l 6 ~ 2 C ~ ~ T S l ~ ~ 2 4 J ~ ~ S l Z ~ 3 , 2 4 ~ ~ H J l 3 ~ ~ H l 4 ~  
DIVEYSION H ~ J l 6 ~ , R C ? l 6 ~ . F X l 3 2 ~ I @ l , ~ K C P I C ~  

C C O V P U T E  REOULRED S U N S  OVER NS S Y P M E I R Y  TRANSFDRMATI2YS 
c FOR EACH OF NA A T O M S  
C CLEAR S T O R A G E  ARRAYS 

DO 109 I # I , N A  

CACF I I I I #G.C 
CBCFI(I)#C.O 
CC I C 6  KBlr3 

CADXIK,I)#O.O 
1 C6 DRDX~K,IJ#O.O 

C O  IC9 K#1.6 

DADBIKII)#O+U 
IO? DECBIKtI)#O.O 

C S T A R T  LCOP THRCUGH THE h S  SYPMETRY TRANbFORPATIONS 
00 23iII J#l.NS 

C 

31 I 

312  

313 

314 

315 

31 6 

C 

S T C R E  TRANSFORMED INOICFS 
TJ#O.O 
PO 316 1#1 .3  

TJ#TJthlIl+TSlI,J) 
HJlIl#O.O 
DO 3 1 5  K#1,3 

KKKXK 
DO 3 1 4  LWIr2 

LLL#L 
M#ISIL,K+J) 
LFfH-I)312,311,312 

HJfI~#HJlIlthlKI 
G O  T O  3 1 4  

IFlNtIJ314,313.314 

I i J t  I )  #HJ ( 1)-H IK 1 

c m r  twt 

CChTIhUE 

CGNTIZUE 

C C V P U T E  PRCCUCTS O f  T R A N S F O R M E D  I h C I C E S  
PHJlII#HJlll**2 
kHJl2J#HJl21*+2 
bHJI 3)#HJI3)**2 
r H J ( 4 1 # 2 . C + ~ J I I ) r ~ J f 2 )  
~ H J I 5 ) # 2 . C . H J l l ) * ~ J l 3 )  
bHJl6)#2.C+HJl2j*rJI3) 

FLS 655 
FLS 656 
FLS 657 
FLS 658 
FLS 659 
FLS 6 6 0  
FLS 661 
FLS 662 
FLS 6 6 3  
FLS 66L  
FLS 665 
FLS 6h6 
FLS 667 
FLS 6 h 8  
FLS 669 
FLS 670 
FLS 671 
FLS 672 
FL5 6 7 3  
FLS 674 
FLS 675 
FLS 676 
FLS 6 7 7  
FLS 678 

FLS 6 R O  
FLS 681 
FLS 6d2 
FLS 683 
FLS 6 8 4  
FLS 685 
FLS 686 

FLS 688 
FLS 639 

FLS 691 
FLS hP2 
FLS 693 
FLS 694 
FLS 695 
FLS 696 
FLS A 9 7  
FLS 698 
FLS 699 
FLS 700 
FLS 701 
FLS 7 C 2  
FLS 705 
FLS 704 
FLS 7 0 5  
FLS 706 
FLS 707 
FLS 709 
FLS 709 
FLS 710 
FLS 7 1 1  
FLS 7 1 2  
FLS 7 1 3  
FLS 7 1 4  

FLS 679 

FLS ha7 

FLS 69n 
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C C C P P U I E  A A h 0  6 AN0 T H E I R  C E R I V A T I V E S  
A#C.i l  
8#C.O 
R H C X H ~ I ~ Q ~ ~ + P R C P ~ ~ ~ ~ ~ ~ ~ ~ + ~ ~ + P R C P ~ ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ P R C P ~ ~ ~  

I t 2 . 0 * h l l ) ~ H ~ 2 ) t P R C P 1 4 ) + 2 . 0 * h f I ) ~ H l ~ ) + P R C ~ ~ 5 )  
2 + Z . C + r ( 2 ) f H 1 3 ) * V K C P 1 6 )  

I F l h F ) Z 7 C l r 2 @ 0 l . 2 7 C I  

2701 S I Y T H L # S C R T F I K H O I  
P T # S I h T H L / . C S i I . C  
I P T # P T  
F K A C P T # P T - F L C A T F  I I P T  1 

C S T A R T  L C C P  THRCUGH hP D T O F i S  
2 8 C l  D C  5201 l # l r f i A  

C C R T A I N  S C A T T E R I h G  FPCTCR 
I F l k F ) 3 1 C 1 , 3 C C 1 , 3 1 2 1  

3cr I F l # S F I  I 1  
G C  TO 32C' I  

3101 L # S F I  I I 
F I # F X ( I P T ~ L ) i ( F X l I P T i l ~ L ~ - F X l ~ P T ~ L ) ) . F K P C P T  

C CCTP\:TE I S G T R C P I C  TFYPERATURE F A C T O R  
3 2 C I  I F i I T F - l ) 3 4 3 1 ~ J 4 C I , ? ~ C I  

T F 1 g I . C  
GC 1 G  3 5 C I  

T F I I E k P F ( - R E T A (  I r I I * R H C J  

3 3 C I  

3 4 0 1  

C CCKPI ITF b AND i l S  $ € R I V A T l V F T  
35Li F T P # F  I + T F  I* A I ( I 1 

F L S  775 
F L S  776  
F L S  777 
F L S  77P 
F L S  7 7 9  
F L S  760 
F L S  7H1 
F L S  782 
FLS 7 8 5  
F L S  784 
F L S  7 b 5  
F L S  786 
F L S  7d7 
F L S  788 
F L S  7 8 9  
F L S  790 
T L S  ( V I  
F L S  792 
F L S  7 9 3  
F L S  794 
F L S  7 9 5  
F L S  796 
F L S  7 9 7  
f L 5  798 
FLS 799 

F L S  B f l l  
f L $  HU? 
FLS P O 3  
F L S  BOl t  
F L S  tin5 
F L S  tic6 
F L I  P O 7  
F L F  RCR 

F L 5  d l f l  
F L S  till 
FLS 817  
F L S  d l 4  
F L S  0 1 4  
F L S  815 
F L S  H l h  
F L S  8 1 1  
FLS H I 8  
F L S  HI9 
F L S  R3f 
F L S  B P I  
F L S  827 
F L S  8 2 5  
F L S  824 
F L S  825  

F L F  8 2 7  
F L S  R 7 R  
F L S  b29 

F L S  t i 4 1  
F L S  8 3 2  
F L S  H $ 3  
F L S  d54 

F L S  RCU 

F L S  609 

F L S  ti26 

F L S  ~ 3 r  

ui 
ui 
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F L S  Fly3 
F L S  R94 
FLS 895 
F L S  '396 
F L S  897 
F L S  8 9 8  
F L S  899 

F L S  '101 
F L S  902 
F L S  904 
FL S 904 
F L S  9E5 
F L S  900 
F L S  907 
FCS TOE 
F L S  909 
F L S  9 l i i  
FLS 911  
F L S  912 
FLS 91.5 
F L S  9111 
FLS 915 
F L S  9 t h  
F L S  Y 1 7  
F L Z  9IH 
F L S  J1'7 
F L S  921i 
F L 6  9 2 1  
F L S  9 2 2  
FLS 1 2 3  
F L S  92L 
F L S  9 2 s  
F L S  9 2 t >  
F L S  927 
F L S  9 2 0  
F L S  92') 

FLS 920 

F L S  Y 3 C  
F L S  Y 5 1  
FLS Y 3 i  
F L S  9-55 
F L S  954 
f L 5  0 3 5  
F L S  9 3 0  
F L S  937 
F c S  9 5 8  
F L S  1933 
F L S  959 
F L S  94; 
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8 2  

C 
9 0  

I C I 1  

C 
I I C  

I 2 9  

L 

i 3 C  

147 
1 4 5  

I 5 3  

I hi' 

I 7 0  

1 ti0 

2 
3 

C 
I S T  
20u 

I 

9 9 9  
9 1 n  
9 5  i 
9 5 2  
9 5 z  
9 5 4  
755 
9 5 6  
9 5 7  
9 5 8  
9 5 9  
9 6 U  
9 6 1  
9 0 2  
9 6 3  
164 
9 65  
9 6 6  
7 6 7  
9 h P  
7 6 9  

9 7 1  
9 12 

7 7n 

F L S  9 7 3  
F L S  9 7 4  
f L S  9:5 

TEST FCS 9 7 6  
F L S  9 7 1  
F L S  97R 
F L S  9 7 9  
F L S  V O f l  
F L S  P A :  

F L S  9 0 3  
F L S  9H4 
F L S  9 8 5  
F L S  9116 
F L S  987 
F L S  9 c 9  
F L S  9 6 9  
F L S  9 9 0  
F L S  9 7 1  
FLS 9 9 7  
F L S  9 9 3  
f L S  994  
F L 5  9 9 5  
F L S  9 9 6  
F L S  987 
F L S  9 9 8  
F L S  9 9 9  
F L S  13LlC 
F L S  IXIi 
F L S  I2L2  
F L S  I C ' C 5  

F I ~ S  1025 
F L 5  lOC l6  
F L 5  1[11;7 

F L S  9 n z  

F L S  i n c u  

F L S  i o n 9  
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220 CCkTINUE 
C E W  LCOP 1HROlIGH N A  ATOMS 

1L' IC.C 

C COPY P A R A M E T E R S  1 4 7 0  TEE ARRAY P 
C A L L  S 8 1  CPL P t  SC, TO, SF, A I . X Y L  ,BETA, I T F I N A ~ N ' J ~ N P )  
R E T b R h  
Ekt! 

+ T Y P E ( F C R T P A N l  
C CQ fLS, kORIRAh C R Y S T A L L O G R A P H I C  L E A S T  (WIJAIIES 
C C C P Y  P I K A M E T E R S  FRCY ARRAY P TO A R R A Y S  L S E O  P Y  SUPRCbTIhES 

S U A R O U T I W  P T O S B I P t S C , T C . ~ F , A L . X Y Z ~ ~ E T A , I T F , N A , N ~ , ~ P ~  
C I I " C N 5 I L N  P l 2 3 0 ) , S C I  9 1 ~ S T 1 2 C ) ~ A L 1 2 C J t X Y Z 1 3 ~ 2 0 ) , ~ E ~ ~ ~ 6 , 2 0 J  

I 0  L i i l  
20 EO 40 J k l r N f  

3CI S C I J ) # P ( I )  
4G I Y I t l  

5c T C 1 I P I I t  
6C L f f I t l  
7C. OG 22C J41 ,NA 

HC S F l J l # P I I l  
90 A L ( J ) 4 P l I + I )  

I C @  1#I+2 
I l i l  C U  1 3 C  K f f 1 ~ 3  

t 20 X Y  Z (  K,J PP ( I 1  
I30 I f l l + l  

140 I F ~ I T F - ~ ~ ~ ~ O ~ ~ ~ C I I ~ C  

159 e E T A l l . J I # P I I )  
160 I # l + l  
I73 G O  TO 22C 

190 O C  21C K#I,b 

2c0 @ E T A ( k , J ) # P ( L I  
210 I t l I * l  

220 C C ~ T I N U E  

I I F T \ ' f i h  
E h C 

+ T Y P F l F C R T R A h l  
C OR F L S ,  F f l K I I t A F !  CRYSTALLOGRAPII IC L F A S T  ( Q U A K E S  
C CCPY P A i < A Y f l F K S  FRCM ARRAYS U b E C  R V  SLUHOUTINES TO 4 R R A Y  P 

F L S  I O D ?  
F L S  l 3 l O  
F L S  1011 
F L S  Id12 
F L S  1015 
F C S  IC314 
F L 5  I C 1 5  
F L S  1316 
F L S  1017 
F L S  l U l S  

F L S  1311 
F L T  I0i'C: 
F L S  1021 
F L S  IG22 
F L S  1023 
F L S  I024  
F L S  I025  
F L S  I C 2 6  
FLS 1037 
F L 5  1028 
F L L  1029 
F L S  l O C  
F L 5  1351 
F C S  1032 
F L S  1053 
F L S  1034 
F L S  1055 
F L S  1036 

F L S  1058 
F L S  l U 5 V  
F L S  1040 
F L S  1041  
F L S  I042 
F L S  IC45 
F L S  I C 4 4  
F L S  1045 
F L S  IC46 
F L S  1C47 
F L S  I 0 4 8  
F L S  JU49 
F L S  1030 
F L S  1U51 
F L S  IO52 
F L S  1353 
F L S  1054 
F L S  1055 
F L S  1056 

F L S  l e 3 7  

F L S  I C 5 7  
F L S  1058 

F L S  13S9 
FLS 1000 
F L S  1361 
FLS 1362 
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I' , sc 
sc ( 

.! 
9 1  2 5 1  

5 0  PillYTO 

7 C  D C  2.?C JI l l  ,hA 

t 9  P I I I I l S F ( J 1  
90  P I I t I l B A i l J 1  

I C C  i#I+2 
i 1 0  CO 1 3 0  < f f i , 3  

6 0  I l i i t l  

120  
130 I # i + l  

I 4 0  

I 5 0  P ( I I U P E T A ( 1 . J )  
1 6 C  ! U I + I  

P ( i 1 # X Y I  (Kv .13  

IF( I I F - I  1 l 5 C ,  IS;, 19C 

I 7 0  G C  r o  z z c  
I 9 0  C C  21: K # I 1 6  

2C3 
2 i O  I # I t i  

229 C C N l - I N U E  

P I I I # R E T A I K , J I  

RETCIRN 
Ehi! 

b T Y P E ! F A P l  

S M I  

Y :  

CCUNT 23C 
RFh' S Y M M E T R I C  M A T R I X  INVERSE. S E E  GLOSSARY FOR S T O R A G E  S C d E P f .  
REM FOR U S E  O h  704, 7 C 9 ,  OR T C P G .  
R E P  I * R I T T C N  I N  F A P  FOR ASSEMBLY ON 7C9 OR 7C9C. 
FNTRY S M I  
S X C  T 1 1 3 t l  
S X C  T I 4 9 2  
L F T M  
T Z C  *+I  
CAL l r 4  
COP 
PAX 0,2 
T X I  at1,Z.I 
C L A  2.4 
S,TA Y 1  
CLA 5,4 
S T A  Y2A 
S l A  S I N G 1  
CLA 0 
P O X  3.1 

OVERFLOW TOGGLES 

ADD S E T  

F L S  I l l 6 5  
FLS l U h 4  

FLS I L h h  

F L S  1068 
F L S  i n 6 9  
F L S  : 0 7 0  
FLS I O ( !  

F L 5  Jr373 
F L S  1 3 7 4  
FLS 1375 
F L S  1 0 7 6  
F L S  1077 
F L S  1 3 7 8  
F L S  I C 7 9  
F L S  1033 
F:S I C i H l  
F L S  I U H 2  

F L S  1984 

FLS 1086 
FLS I O 8 7  

F L S  1 c 6 5  

F L S  i r 0 7  

F L S  1 0 7 2  

r L s  i i l ~ 3  

F L S  i n t i 5  

F L S  i n w  
F L S  1 0 8 9  
F L S  i i l 9 0  
FLS l 0 9 i  
F L S  1 3 9 2  
F L S  I C 9 3  
FLS 1 0 9 4  
F L S  I C 9 5  
FLS 1096 
F L S  1 0 9 7  
FLS 109A 

FLS 1 0 9 9  
F L S  1 : O O  
F L S  1101 
FLS I102 
F L S  1103 
F L S  1 I G 4  
F L S  1105 
F L S  1106 
F L S  I1117 
F L S  IIOA 
FLS 1 1 0 9  
F L S  i l l 0  
F L S  1 1  I 1  
i L S  I l l ?  
F L S  1 1 1 3  
F L S  Ill4 
F L S  1 1 1 5  
F L S  1116 
F L S  1 I 1 7  
F L S  I 1  18 
F L S  I119 

Page 406



Y2 

Y 4  

Y 7  

Y 8  

Y I O  

Y I S  
Y 1 6  

S T C  Y 2 1  
S X C  11.4 
SXG Y 2 5 , l  
S X C  T2,I 
S X C  T 3 r 2  
S T Z  T 4  
STZ 1 5 ,  
LXC T 4 . 4  
S X C  Y 7 , l  
CLA 0,2 
S S P  
FSP T 4  
T Y I  Y 7  
CLA 0.2 
SSP 
S T L  TI, 
S X C  T5 .4  
T I X  Y8.2,O 
HlR Y8 
TNX YlC.1~1 
T X I  Y4.4.1 
CAL T3 
A C C  T 2  

C C P  T 5  
S T C  0 1 4  
T S X  X I 9 4  

LXO T3.2 
CLA 0 1 2  
T Z t  SIhG 
T M I  SING 
C L h  FLONE 
FOP 0 9 2  
STQ 0 9 2  
CLS 0 , z  
S T O  Tb 
CLA * C Y  

A R S  18 
5 T d  YlhA 
STA Y 1 9  
CLA PCN 
sue  t 3  
A C C  T 2  
A R S  18 
S T A  Y l 6  
S T A  Y 1 9 A  
LXG 72.1 
LXC T2 .2  
CLA 1 3  
ZUB T2 
PCX 0.4 
TNX Y 1 7 , l . l  
L C Q  011 
FPP 16 
TNC Y 1 b A  
S X C  T 1 Z r 4  
T S X  CFL.4 

POX Ll,4 

SUE r 3  

LXC T 1 2 , 4  
Y I 6 A  S T O  O b 1  

Y 2  

Y3 

Y 4  
v s  

Y b  

Y 7  GEC SET Y 4 e D E L T A  

Y 8  
Y9 
l l i l  

Y 1 1  
Y12 

Y 1 3  

Y 1 4  

S E T S  A C G R E S S E S  
A 1  V 

SETS BEDRESSES 
A T  Hth 

Y I S  
Y 1 6  ACE SET Y14,M+N 

ACC SET Y I 4 , H  

F L S  1120 
F L S  1121 
F L S  1122 
FLS 1 1 2 3  
F L S  1 t 2 b  
F L S  1125 
F L S  1126 
F L S  1127  
F L S  1128 
F L S  1129 
F L S  1130  
F L S  1 1 5 1  
F L S  1132 
F L S  1 1 5 3  
F L S  1 1 3 4  
F L S  1135 
F L 5  1136 
F L S  I I57 
f L S  1138 
F L S  1139 
F L S  I 1 4 0  
F L S  1141 
F L S  1142 
F L S  1 1 4 3  
F L S  I I44 
F L S  114s 
F L S  1146 
F L S  1 I 4 7  
F L S  1 1 4 8  
F L S  I 1 4 9  

F L S  115) 
F L S  I152 
F L S  1153  
F L S  1154  
F L S  1155 
F L S  1150 
F L S  1157 
F L S  1158 
F L S  1159 
FCS 1160 
F L S  1161 
F L S  1 1 6 2  
F L S  1163 
F L S  I l h 4  
F L S  1165 
F L S  I I O h  
F L S  1167 
F L S  1168 
FLS 1169 
F L S  I i 7 0  
F L S  1 I 7 1  
F L S  1172  
F L S  1173 
F L S  I I l 4  
F L S  1 1 7 5  
F L S  1176 
F L S  1177 
F L S  I178 
F L S  I I 7 9  

FLS 1150 

Page 407



6
2

 

- f 
L

 

V
 

in 

w
 

V
I 

w
 

*3
 

c
 

m
*

 
t
 

w
 

W
 

<
 

a
 

c
 

U
 

0
. 

a
 

0
.
0

.
 

" 
N

 
N

N
 

0
. 

l
j
 
;
I
 

ul 
*

G
I
-
 

>
 

2. 
>

>
 

I
 

- 
hl 

N
 

N
 

N
N

N
 

--w
 

0
0
 

t
-
 

-- 
"
>

 
>

>
 

>
 

>
 

>
 

>
 

>
>

>
 

Page 408



Y 3rc 

Y35 

Y 3 6  

Y3bA 

Y37  
Y 38 

Y 388 

Y 3at  

Y 3 9  
Y 3 V h  

Y3V8 

Y39C 

LIT12 
S LhG 

CLA T 3  
SUB T 2  
P C X  0.4 
PXC n , 2  
P C X  0 , l  

FMP 0,4 
TND Y 3 6  
S X D  T 1 2 , 4  
T S X  O F L 1 4  
LXD T 1 2 ~ 4  
FAC 0 , l  
7 N O  Y 3 o A  
S X C  T I 2 , i c  
T S X  OFL.4  
LXO T12,4 
S T O  0, I  
T X I  Y 3 7 ~ 4 , - I  
TkK Y39*l,I 
LCQ 3 , l  
FMP 0,4 
T k O  Y 3 8 8  
S X C  T12,4 
T S X  O F L 9 4  
LXC T12.4 
FAD 092 
TNC Y 3 8 C  
S X C  T12 .4  
T S X  C F L t 4  
L X D  T I 2 1 4  

T N X  Y35.0 .C 
LCQ 0.2 
FMP C,2 
T N O  Y3YR 

f S X  OFL.4  
L X D  T I 2 9 4  
FAC C 
TNO Y39C 

T S X  CFL.4  
C X C  T12.4 
S T C  U 
T I X  Y 3 4 . 2 , I  
CAL 7 3  
ACC T 2  
PCX 0,4 
C h L  0 ~ 4  
S L h  T5 
T S X  X I  , I +  

LXC T 2 , I  

P X C  0 .2  
LXO T I 3 1 1  
LXC T14.2 
LXC T l . 4  

L C O  n , z  

sTa 0.2 

S X D  r 1 2 , k  

S X D  r 1 2 , b  

L X C  r 3 . 2  

TNX ~26,n,o 

CLA ONE 
SING1 STO 0 

Y 3 4  

Y35 ADD SET Y 3 0 , M  

Y36 ACC S E T  Y3O.W+N 

A00 SET Y 3 0 r M + N  

Y 3 7  
Y38 AOC SET Y 3 0 t M  

ACD SET Y 3 f l e M t N  

AGD SET Y 3 0 + M + N  

Y39 AOD S E T  Y3f l .M  
AGO S E T  Y?;O.M+M 

l l C C  S E T  Y30.M 
Y Y O  GO r o  Y ~ C  
Y50 

Y51 
Y52  

CEC FOR T I 2  
S I N G U L A R I T Y  RETtiRN 

BOD S E T  

FLS 1240 
F L S  1241 
F L S  1 2 4 2  
F L S  1 2 4 3  
F L S  1 2 4 4  
F L S  1245 
FCS l 2 k 6  
F L S  1247 
F L S  1248 
F L S  1 2 4 9  
F L S  1250 
F L S  1251  
F L S  1252 
F L S  1 2 5 3  
F L S  1244 
F L S  1255 
F L S  I 2 5 6  
F L S  1 2 5 7  
F L S  1258 
F L S  1259 
F L S  1260 
F L S  1 2 6 1  
F L 5  1 2 6 2  
F L S  1 2 6 3  
F L S  1264 
F L S  1 2 6 5  
F L S  1266 
F L S  1267 
F L S  1268 
F L S  I269 

F L S  1271 
F L S  1 2 7 2  
F L S  1273 
F L S  I274 
F L S  I 2 7 5  
F L S  1 2 7 6  
F L S  1 2 7 7  

F L S  1 2 7 9  
F L S  l P R 0  
FCS 1 2 8 1  
F L S  1 2 8 2  
F L S  1283 
F L S  1284 
F L S  12d5 
F L S  1286 

F L S  1288 
F L S  1 2 8 9  
F L S  1 2 9 0  
F L S  1 2 9 1  
FLS 12T2 
F L S  1295 
F L S  1 2 9 4  
F L S  1295 
F L S  1296 
F L S  1297 
F L S  12TA 
6 L S  1 2 9 9  

F L S  i?rn 

FLS 1 2 7 ~  

F L S  1 2 ~ 7  

6 
w 
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E F T V  
T R A  4 1 4  E R R O R  RETURV 

U C L  A 9 5  I C V E R F L O C - d U D E  RF L CW 
PET 

0713 TNX UFL+5,010 3EC FJR J 1 3 , C I I : i  
P X D  c.0.0 
T R A  1.4 
PXD 0.4 
S 5 P  

CLA 15 X I  
C T I b  TNX S l I I G + i r C . 3  D E C  FOR 1 1 4 . C I K 2 )  
X I  

x3  

Xb 

X6 

X E A  
x 9  

.~ 
I Z E  1.4 
SX5 112 ,4  x 2  
LXC '12.1 
LXO T 3 r 2  
GAL T 3  
SUB 1 5  
J U X  014 
STC Xb 
GAL C,? 
LDhl c,4 
SLri 0,4 
s r c  0,2 
TNX Y . 9 t i r l  
s x c  X8,I 
( X k I  X8,2.0 
C A L  CNE 
SI3 X R  
T i X  X 8 A v 4 r 2  
HIR 0 
T X I  X3r2.-1 
LXU T3,2 
LX0 X6,4 
CAL 0.2 
L C Q  c.4 
S L K  0.4 
S T O  0 1 2  
LXD T12.4 
T R A  1 - 4  

FLCNE DEC 1.3 
ONE P Z E  0.0.1 

PON PCN c.o.0 
1 2  PZE fl,c,o 
7 3  P Z E  0,u.o 
T h  P Z E  0,U,D 
T5 PZE 010~0 
T 1  SYN U T 1  
76  SYN 14 
112 SYN C T l Z  
T i 3  S Y h  0 1 1 3  
T l 4  S Y N  3 1 1 4  

EN0 0 

X3 

x 4  
x 5  
Xh DEC S E T  X2 
x 7  

X8 CEC S E T  X5,X7 

x 9  

X I 0  

UNE 
FLOhE 
LGNO 
T2r  N 
15,-W 
T4.X T h , - B I I  
T 5 r  J 
G {  1 4 )  
- E 1  I 
CII41 FOR SR 
C 1 I 1 1  
C I  I21 

*TYPE ( F O R l R A I U )  
OR FLSr  FORTRAN CRYSTALLOGRAPHIC LEAST SQUARES 

c OIJPPY SUBROU~IM T O  B E  REPLACED BY USER I F  N E C E S S A R Y  

SUBROUTINE P A ? t H I l r T J c H J ~ H k l J J  

F L S  i m n  
FLS 13C i  
FLS 1302 
FLS 13C3 
'LS 1304 
F L S  1305 
FLY 1356 
FLS 13a7 
FLS I 3 G R  
FLS 1509 
F L S  1310  
FLS 1511 
FLS 1312 
F L S  1313  
FLS i > l 4  
F L S  1315  
F L S  1516 
F L S  1317  
FLS 1 3 1 8  
F L S  1519 

FLS 1321 
f L S  1322 
FLS I 3 2 3  
FLS 1324  
FLS 1325  
GLS 1326  
FLS 1327 
FLS 1528  
F L S  1379  
FLS 1530  
FLS 1331 
FLS I 3 3 2  
FLS 1333  
FLS 1334  
FLS 1335  
FLS 1 3 3 6  
F L S  1 3 3 7  
FLS 1 5 3 8  
FLS 1339  
FLS 134'1 
FLS 1341  
FLS 1342  
FLS 1343  
FLS 1344  
FLS 1345  
FLS 1346 
FLS 1347 
FLS l3&8 
FLS 1349  
FLS 1350  
FLS 1351 

F L S  1 3 2 0  

FLS 1352 
FLS 1353 
FLS 1354 
FLS 1355 
FLS I356 
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RETURN 
EM0 

FLS 1357 
FLS 1358 

VTYPEIFORTRANI 
t OR FLSr  FORTRAN CRYSTALLOGRAPHIC LEAST SQUARES 
C OUYPY SUBROUTiNE T O  BE REPLACEC BY USER I F  NECESSARY 

SUBROUTINE RESETXIXYZ) 
RETURN 
END 

4TYPEf FORTRAN I 
C OR FLS. FORTRAN CRYSTALLOGRAPHIC LEAST SQUARES 
C OUIJMY SUBROUTINE TO BE REPLACED BY USER I F  NECESSARY 

SUBROUTINE RESETB(BETA1 
RETURN 
ENC 

SUBROUTINES FOR EXAMPLE 
cTYPE1FORTRAN) 
K EXbMPLE. HYPUTHETICAL PROBLEM PkSED Clu ALPHA BUARTZ. 

SU@ROUTINE PATCHl l rTJs?JJ ,HHJ)  
0I ) rENSION H J I 3 l r N H J l 6 )  

C BY-PASS MOOIFICATION FOR F I R 5 7  A T O M  
I F I L - l ) 2 t 2 r l  

1 H J (  i l # H J (  I ) + H J I 2 1  
HJl2)IO.C 
H H J I I I # h H J 4 I ) + H H J I Z I  
I - H J ( Z ) # G . C  
h H J I S f # P H J I S I - H H J I 6 )  
HHJI6)CO.U 

2 RETURN 
tND 

~TYPEIFOWIRAN)  
C EXAPPLE. HYPOTHETICAL PROBLEM BASED CN ALPHA QUAR72. 

WBRGUTINE RESETXIXYZ! 
DIMENSIGN X Y L L 3 . 2 3  

X Y Z 1 2 r 2 ) b X Y Z ( l r 2 )  

RETURN 
ERC 

*TYPE(FORlRAN) 
C EXAPPLE.  HYPUTl.El1CAL PROBLEM PASED CN ALPHA QUARTZ. 

SUBKGUT INE RE Sf T B I BET A ) 

F L S  I 3 5 9  
FLS 1360 
FLS 1361 
FLS 1362 
FLS 1363 
FLS 1364 
FLS I365 

FLS 1366 
FLS 1367 
F L S  1368  
FLS 1369  
FLS 1370  
FLS 1 3 7 1  
FLS 1372 

FLS 1 3 7 3  
F L S  1374  
FLS 1375 
FLS 1376 
FLS 1 3 7 7  

FLS 1379  
FLS 1380  
FLS 1361 
FLS 1382 
F L S  1385 
FLS 1384 
FLS 1385 
FLS 1366 
FLS 1 3 8 7  
FLS 1388  
FLS 1389  

FLS 1378 

FLS 1390  
FLS I 3 9 1  
FLS 1.592 
FLS 1393  
FLS I 5 9 4  
FLS 1395  
FLS 1396  
FLS 1397  
FLS t 3 9 8  

F L S  1,399 
FLS 1400 
FLS 1401 
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R i T LI R bl 
t h C  

e C A T A  
SCPLF FAC1090VFRALL I? 
2 R E W I  I, 1 )  
B E T A J Z , 3 )  A T C . ’ I l C  8 
i X A V P L t . C Y  1’0 i H E T 7 C A L 

2 1 5  I n c c 
2 3 2 7 2 6  

I @ . C C C  9.551 
2.9 i6  2.568 
i .5-;4 : - 5  I S 
1.22;1 1.179 

7.31 b.7P 
3.71 3.42 
2.06 1.96 

1c.n~ 9.95 

I 
1-2 
2- I 

-I 
-2 

2 
0.23504 0.23504 

I .C 
0 

0.3R 

0.43 

I 
6 1 
5 3 
4 0 
3 I 
3 2 
4 4 
3 I 
5 2 
2 c 
6 i 
5 ? 
1 0 
5 I 
3 2 
3 0 

G I .  

S I  2. 

1 n 

2 2 
3 c 
h I 

6 2 
6 a 

DATA FQR EXAMPLE 

F G R C  FACTOR P U L i I P L I F R  X 
@ E l D i Z r 2 3  F I E 7 A 1 3 ~ 3 )  BETAi1 .21  

P R G e i E C  B A 5 E C  C h  ALPHA O I J A R T Z .  

1 
R.475 7.159 5.9G8 4.t?57 
2.287 2 . I C 6  1.929 1.8:2 
1.469 1.425 1.381 1.339 
1.143 1 . I C 5  I.C6R 1.033 

9 . 7 9  9.54 7.20 8.79 
6.26 5.77 5.3P 4.85 
3.13 2.90 2.68 2.50 
1 . e 6  D 0 0 

2 2 

-2 -3 
- 1  0.33333335+5 

2-1 0.33333353-3 
1-2 0 .66666667+3  
1 0.66666667-5 

C .  18524 

1 .c 
0.5 

a 
C 
C 
c 
i 
I 
I 
1 

- 1  
- I  
2 
2 
2 

- 2  
- 2  
- 2  

3 
3 

-3  
-3  
4 
4 

0 0 

U.4ISO G.27CO 

3.5200 0.5200 . 
234.6 
317.5 

76.0 
27.9 

308.2 
56.5 
I .5 
6.7 

199.8 
145.6 

18.7 
11.5 
58.0 
8C.j 

9.0 
74.1 

212.0 
12.5 

231.3 
b4.4 
32.0 

45.a 

0.50000 

C.IPCC 

,3333333 

I 
I 
! 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
1 
I 
1 

FLS : 4 0 2  
F L S  I 4 0 3  
F L S  I4Ci4 
FLS I 4 0 5  
FLS I406 
FLS 1407 
FLS 1438 

FLS 
Y FLS 
B E T A (  I FLS 

F L S  
F LS 
SLS 
F L S  

4.028 3 . 5 9 4 i L S  
1.714 l . 637FLS 
1.299 1.259FLS 
0.997 0.966FLS 
8.33 7 . 8 3 F ~ S  
4.42 4.06FLS 
2.33 2 . I9FLS 

c OFLS 
FLS 
FLS 
F L S  
FLS 
F i S  
F L S  

1409 
1410 
141  I 
1412  
1513 
1 4 1 4  
1b15 
1416 
1417 
1418 
11419 
1420  
1421 
1422 
1423 
1 4 2 4  
1425 
1426 
1427  
1428 
1429 

F L S  I 4 3 0  
FLS I431 

FLS FLS 1 4 Z 3  I 4 3 2  
FLS I 4 3 4  
F L S  1 4 3 5  
FLS I 4 3 6  
FLS 1437 
FLS I 4 3 8  
FLS 1439  
FLS 1 4 4 0  
FLS I441  
FLS 1442 
FLS I 4 4 3  
FLS I 4 4 4  
FLS 1445 
FLS 1446 
FLS 1 4 4 7  
FLS l 4 4 R  
FLS 1449  
F L S  1450 
F L S  1451  
FLS 1 4 5 2  
FLS 1453  
FLS 1 4 5 4  
FLS 1 4 5 5  
FLS 1456  
FLS 1457 
F L S  1 4 5 8  
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5 C - 4  18C.2 
4 2 - 4  33.3 
I 1 5 162.5 
3 c - 5  8.2 
2 2 6 85.9 
4 0 -6  110.5 
4 I r 1c.6 
I 1 -7 ~ R . O  

2 1 - a  37.2 
3 C 8 134.9 

2 c -9 1C.B 
I 
100011111111ICGIOCICIIIO 

1 
I 
I 
1 
1 
1 
I 
I 
1 
I 
1 

FLS 1459 
FLS 1460 
F L S  1461 
F L S  1462 
FLS 1463 
F L S  I464 
FCS 1465 
F L S  146.6 
FLS 1467 
F L S  1468 
F L S  1469 

FLS 1471 
FLS 147a 
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%ROGRAI$ OrnPtrS FOR E X A Z D U  
E X A P P L E .  h Y ? U T H f J b C A L  PYOBLFf’ f l A S E C  .?N A L P P A  P U A % T Z .  

h J ’ 3 f R  O F  C Y C L E S  i N  THIS JO6 i S  2 

h U * B E R  CF P A R A M E T E R S  TO @ E  V B R I E 2  : S  : 5  

U A I T  d E l G h T S  T O  BE S E T  B Y  P R C G R 4 P  

P B R A C E I E R S  T C  B E  R E A C  A S  I N P L T  OATA 

CORPECTEC P b R A N E T E R S  NOT T O  B E  S A V E D  FOR LA’IER USE 

: N P U f  C P i A  F C f t  OR-FORIRPE,  F U h C T l C h  PhC ERRCR PROGRAM NCI TO B E  S P V E O  

E A S E C  O r  F SCUAREO 

1S:TROPIC T E M P E R f l l U S E  F A C T J R S  C C N V E R T E D  T C  dh!SOT3OPIC, B E F J R E  REF1N:NG 

hLPBER CF S C A T T E R l h G  F A C 7 Q R  I A B L E S  I S  2 

l L U C B E R  CF d T O P S  I11 A S Y M H E Y R I C  U N I T  I S  2 

N C h - C E N T R C S Y P P E T R I C  

EIUVBES OF SYMMETRY CAAC‘S 15 6 

h U P 3 E R  C F  S C A L E  FACTORS IS 

SCdTTERKhG F A C l O R  T d B L E  1 

I0.COC 9.551 
2.916 2.568 
3 -574 1.515 
1.220 1.179 

S C P T T i i l l h C  F A C T O R  T B B L E  2 

JC.OOC 9 . 9 5 c  
7.316 6.78C 
3.710 3.42C 
2.060 J.96C 

S Y C H E T R Y  I N F O R M A T I O N  

TRAhSFCRHED X 

-0. $-a 
-0. 1-2 
-0. 2- I 
-0.  -1-0 
-0. -2-0 
-0. 2- 0 

R E C I P R O C A L  C E L L  P P R A M E T f R S  

1 

8.475 7 . 1 5 9  
2.287 2.106 
i -469 J -1125 
3 . 3 4 3  1.105 

9 -790 9.5UO 
6.26C 5.770 
3.13C 2.900 
i.86C 0. 

TRdhSFORNED V 

-0. 2- 0 
-0. -2-0 
-C. -I-C 
-0. 2- B 
-0. I- 2 
-0. 1-0 

6.235CbC E.235040 

5.908 4.857 
1.929 1.812 
1.381 1 . 3 3 9  
1 .C68 1.033 

9.200 0.79C 
5.280 4.85C; 
2 . 6 ~  2.500 
C. 0. 

T R P h S F O R M E D  Z 

-0. 3-3 
-0. -3-0 
0.333333 3-0 
0.333333-3-c 
0.6t6667 3-C 
0,666667-3-0 

4-028 
1.714 
1.299 
11.997 

8.330 
4.b20 
2.330 
0. 

3.394 
1.637 
1.259 
0.966 

7.830 

2.190 
0. 

4.~60 

o.soonoa 
f v U Y B E R  OF P b R A H E T E R S  R E n D  IS 24 

k U C B E R  O f  O B S E R V A T I C Y S  R E A D  IS 33  

IPIPUT D P T A  
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EXAWPLE. H V P O T H E T I C A L  PRO8LEM BASED ON ALPHA QUARTZ. 

PAR*lrETERS AFTER L E A S T  SQUARES CYCLE 1 

P I R A H E T E R  

SCALE FACTOR 

OVERALL e 
0 

F O R 8  FACTOR 

PULT I P L  IIR 

x 
Y 

L 

B E l A ( l v ? )  

BETA(2.21 

BETA (3,31 

BETA I 1, 2 )  

B E T A t l 1 3 )  

BETA(2r 3 I 

5 1  

FCRP F A C I O R  

M U L T I P L I E R  

x 
Y 

z 
BETA(  I r  I )  

B E l A ( 2 ~ 2 1  

BETA (31  3) 

BETA(  1 e 2 1  

B E T A t I  131 

BEfA12.31 

OLD 

1.0000000 

0. 

I .cooocoo 
I .cooo0co 
0.41 O O O O t  

0.27000cc 

0. f200GCO 

O.CO52482 

0.0052482 

0.0032~2a 

0.0026241 

0. 

0. 

2 . coc~coc  
0. SOOOGGC 

0.5200ccc 

0.5200ccc 

0.3333333 

0.00593a7 

0.0059387 

o .003~ao 8 

0 - (10296 9 3 

0. 

0. 

CHANGE 

O.GOO5857 

O.CO53155 

-0.0023085 

-0.C025466 

-0.CC26719 

-0.001 9391 

-0 .ows46a 

-0,CC28966 

- 0 cco 9 I 10 

o.oco3(ra2 

0. c oa e 59 7 

0.0033190 

O.CCJ343CO 

O.CO41426 

[I. c cn 4 6 4 9 

NE Y 

t .ooos8sr 
0. 

f .ooooooo 
8 .000C000 

0.4153155 

0.2676915 

0.4 174534 

0.0025762 

0.0033091 

0.0027C60 

-0.OOC2725 

-0.0009170 

0.0003482 

2 . ~ O C C E C O  

0. SOOCOOO 

0.5286597 

0.520CCOO 

0.3333333 

0.0092577 

0.0059387 

O.CO41 I O 8  

G.0071120 

0 .0004649 

0. 

ERROR 

C .0064983 

C .OOO6499 

C.0008087 

C.0006581 

c.oo231ra3 

C .OD22263 

C.0007256 

C.0016950 

G.001C200 

0.0008362 

C.0003916 

E.0006799 

C.0003421 

C.0011583 

C.0004607 

E S T I R A T E O  AGREEMENT FAGTORS BASED ON PARAMETERS AFTER CYCLE I 

S U l r ( H + ( G - C l + * 2 )  IS 0.307CE C3 

S P R T F ( S U F t W + ( O - - C l * ~ ~ l / I # ~ - N V ~ ~  IS 6.t300 
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EXAMPLE. HYPOTHETlClL PRO8tEH BASED ON ALPHA QUARTZ. 

PARAPETERS AFTER LEAST SGUARES CYCLE 2 

PARAMETER 

SCALE FACTOR 

CYERALL B 

O 

FORM FACTOR 

PULTIPLIER 

X 

Y 

L 

@ETA( I r  I )  

BETA (2.2) 

B E T A l 3 t 3 1  

B E T A ( l r 2 )  

EETAI 1.3) 

BETA I 2 9  31 

SI 

FOR8 FACTOR 

PULT IPL IER 

X 

Y 

2 

8ETAi 1. i 1 

BETA12.23 

8 E T A l 3 r 3 l  

BETA1 1.25 

EETAl1.31 

8ETAl2.31 

OLO 

l.CCC5857 

0. 

I .oocoocC 
8 .cococcc 
0.4153155 

0.26769 15  

0.1174534 

O.CO25762 

C.CO33C9I 

0.0027C6C 

-O.COC2725 

-0.EO09l7C 

0.0003482 

z.cococcc 
0. SOOOCCC 

0.5288597 

0.52ee597 

0.3333333 

C.CO92577 

O.CR92577 

0.004l Ice 
0.0071 120 

C.CCO4649 

-0.CO04649 

CkANGE 

-E.CCC23C6 

O.GCO2572 

-0.OCOC361 

O.CC05404 

0.001 3601, 

0 . ~ ~ 1 2 0 0 8  

O.CCCC222 

O.CC22977 

0. OCOF 445 

-0.COO1149 

O.GGO6168 

-0.CC25950 

-O.CGCC992 

-O.C036@85 

-0.CCO2781 

NE U 

1.0003550 

0. 

I .0oococo 

1 .OOOOCOO 

0.41 55727 

0.2676554 

C. I I 7 9 9 9 8  

0.0039366 

0.0045C99 

0.0027282 

0 .OC20252 

O.OOOC276 

0.0002333 

2 . 0 0 0 c c 0 ~  

0.5OOOOOO 

0.5294765 

0.5288597 

0.3333333 

C. 0066626 

0.0092577 

C.OO4C I 1 6  

0.0034235 

0.0001868 

-0.00011649 

ERROR 

O.OO3C9I4 

C.0002937 

c.cno37~ 7 

C.00031 k 6  

C.0009567 

C.0009366 

C. COO357h 

C.0007473 

C.0004045 

C.0003J95 

c.oooie49 

C.0003353 

C.0001728 

C.0005466 

C.0001929 

ESTIPATEG AGREEMENT FACTORS BASE0 ON PARAPETERS AFTER CYCLE 2 

S U P ~ ~ + I O - C ~ + * Z J  IS 0 . 6 4 2 ~  t 2  
S C R T F l S U ~ ~ Y + I O - C ~ + + 2 ~ I ( # O - N V l ~  IS 1.@@9C 

-3 
w 
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- i .  I 11-r I 
- 2 . 3 : 3 9  
C .2 379 

-C - 3  7 80 
- 1 . 5 c Q 6  

AGREEMENT FACTORS E A S E D  Shi 24RANiTERS 6EF3RE C!CLE 3 

SUP1h*iO-C1**2> IS 0.635eE C2 

S Q R " F I S L l l ( k * 1 0 - C I . 4 2 ~ ~ ~ N O - ~ ~ ~ ~  IS 1.6795 

NUMERATOR OEMOMINB!OR R 

R FdC70R I N C L U O I N G  Z E R O S  37.504 3C95.2CD 0.Cl12 

R F A C T O R  OMITTING ZEROS 57.504 3CQ5.200 0.012 

U f l G W T E D  R SACTOR INCFJOING ZEMOS 7 . 9 Z Q  91r2.UKT 0.08 S 

kEIGHlEC R FACTOR OPITTING ZEROS 1 .974  742.C77 C.Ol9 
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EXAHPLE. HYBOlHETICAL PROBLEM BASE0 ON ALPHA QUARTZ. 

CORRELATIOM W l T R I X  

I l.COO0 -0.2333 -0.456C 0.3507 0.3961 0.1185 0.1093 0.2206 0.3441 
0.3054 0.1460 0.038C -0.1757 -0.O327 

2 0. 1.0000 0.6823 -0,3275 -0.1391 
-0.1213 0.0795 0.3163 0.3530 -0.1876 

3 0, 0. I .0CCO 4.4928 0.0294 
- 0 - ) 7 3 f  -0.0925 0.3310 0.2453 -0.C533 

4 0. e. 0. 1.c0c0 -0.2308 
0-36fi C-02S4 -0.2946 -0-30129 -0.i763 

5 0. 0. 0. 0. t .c1300 

6 0. 0. 0. 0. 0. 

- e m 3 7  0.15a2 0.2053 0.1425 -0.C606 

0.1512 -C.1385 0.1851 C.065t  0.C631 

7 0. 0. e. 0. 0. 
0*248I -0.C295 -0.6210 -0.2146 -0.0209 

8 0. 0. 0. 0. 0. 
-0.1230 0.2205 0.3056 0.3943 -0.0921 

9 

IO 0. 0. e. 0. C m  

I I  a*  0. 0. 0. 0. 

I2 c. C, 0. a. 0. 

13 8. 0. Q. G. 0. 

I 4  0. 0. 0. 0. 0. 

15 0. 0. 0. 0. 0. 

-aao8 i6  0.0905 - 0 . ~ 4 7 8  0 . ~ 5 1 4  0.1900 

1.COOO -0.3190 -0.1875 -0,4356 -0.1760 

a. i.oooo -0.ic99 0.8212 -0.2014 

a. 0. 1.euco c . 1 ~ ~  -0.0327 

0. 0 .  G. i.occ0 -0.2221 

0. 0. 0. 0. I .EO00 

0.2778 

0.0029 

-0.0646 

-0.3b91 

I .ocee 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

-0.0905 

-0.0474 

0.2524 

-0.1624 

-0.1 i I4 

I .0000 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.3230 

0.2678 

-0.3675 

0.4986 

0.4683 

-0.1634 

I .oom 

n. 

0. 

0. 

0. 

0. 

0. 

0. 

-0.2142 

-0.3841 

n.5313 

0.C317 

-0. I232 

0.1826 

-0.1179 

t .con0 

0. 

0 ,  

0. 

0. 

0. 

0. 

-o.o88o 

-0.0365 

-0.1 187 

0.1ba2 

-0.31 I ?  

0.2852 

0.0746 

-0.COPI 

0.1294 

I .oooa 

0. 

0. 

0. 

0. 

C. 
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ABSTRACT 

T h i s  r e p o r t  d e s c r i b e s  a computer program which ( c a l c u l a t e s  

i n t e r a t o m i c  d i s t a n c e s ,  bond a n g l e s ,  p r i n c i p a l  axes of the rma l  

motion,  and o t h e r  f u n c t i o n s  of t h e  u n i t  c e l l  pa rame te r s ,  the 

a tomic  c o o r d i n a t e s ,  and t h e  t empera tu re  f a c t o r  c o e f f i c i e n t s  sf 

a c r y s t a l  s t r u c t u r e ,  T h e  s t a n d a r d  e r r o r s  of t h e s e  f u n c t i o n s  

a re  computed from t h e  va r i ance -cova r i ance  m a t r i x  of t h e  

p a r a m e t e r s  i f  t h i s  is known. The program may be used inde-  

p e n d e n t l y ,  or t h e  i n p u t  may be t a k e n  from a magnet ic  t a p e  

p repa red  by t h e  c r y s t a l l o g r a p h i c  l e a s t - s q u a r e s  program OR FLS, 

T h e  program is w r i t t e n  e n t i r e l y  i n  F o r t r a n ?  and d e t a i l e d  

i n s t r u c t i o n s  f o r  i t s  use a r e  i n c l u d e d .  The n e c e s s a r y  card 

decks  may be o b t a i n e d  from t h e  a u t h o r s ,  

, 
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INTRODUCTION 

Given t h e  u n i t  c e l l  pa rame te r s  of a c r y s t a l  t o g e t h e r  w i t h  

t h e  atomic c o o r d i n a t e s  and/or  t h e  a n i s o t r o p i c  t empera tu re  

f a c t o r  c o e f f i c i e n t s ,  t h i s  program computes v a r i o u s  f u n c t i o n s  

of t h e s e  pa rame te r s ,  such  a s  t h e  d i s t a n c e  between two atoms, 

a n  a n g l e  d e f i n e d  by t h r e e  atoms, t h e  p r i n c i p a l .  a x e s  of t h e  

a n i s o t r o p i c  t empera tu re  f a c t o r ,  e tc ,  1% t h e  e r r o r s  of t h e  

i n p u t  pa rame te r s  are  a v a i l a b l e  t o  t h e  program i n  t h e  form of 

a va r i ance -cova r i ance  m a t r i x  o b t a i n e d ,  f o r  example, from t h e  

i n v e r s e  m a t r i x  of a l e a s t  s q u a r e s  r e f i n e m e n t ,  t h e  program w i l l  

a l s o  compute t h e  s t a n d a r d  e r rors  of  t h e  f u n c t i o n s  w i t h  and 

wi thou t  t h e  c o n t r i b u t i o n  of t h e  c e l l  parameter  e r r o r s .  T h i s  

program may be used independen t ly ,  w i t h  a l l  i n p u t  d a t a  r e a d  

from c a r d s ,  o r  i t  may be used i n  c o n j u n c t i o n  w i t h  t h e  l e a s t  

s q u a r e s  r e f inemen t  program OR PES, i n  which case much of t h e  

i n p u t  is t a k e n  f r o m  a magnetic: t a p e  produced by t h a t ;  program. 

The t y p e s  of f u n c t i o n s  which can  be e v a l u a t e d  are  

d e f i n e d  by s u b r o u t i n e s ,  of which f i f t e e n  a r e  inc luded  i n  t h e  

p r e s e n t  program. The d e t a i l e d  s p e c i f i c a t i o n  of  each f u n c t i o n  

o r  group of func.l;ions t o  be computed is made by means of a n  

i n s t r u c t i o n  c a r d  which w i l l  be d e s c r i b e d  below. If  f u n c t i o n s  

a r e  d e s i r e d  o t h e r  t h a n  t h o s e  a l r e a d y  inc luded ,  t h e  user need 

o n l y  w r i t e  a F o r t r a n  HI s u b r o u t i n e  f o r  t h e  f u n c t i o n ,  compile  

i t ,  and add i t  t o  t h e  deck ,  To f a c i l i t a t e  such  programming, 

s e v e r a l  s u b r o u t i n e s  f o r  t h e  man ipu la t ion  of mat,ri.ces and 

v e c t o r s  are  inc luded  i n  t h e  program, and d e s c r i p t i o n s  of t h e s e  
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w i l l  be  g i v e n  below t o g e t h e r  w i t h  d e t a i l e d  s p e c i f i c a t i o n s  fo r  

w r i t i n g  s u b r o u t i n e s  for new f u n c t i o n s .  

T h i s  program is a r e v i s i o n  of t h e  ea r l i e r  OR XFE 

(W, R .  Busing and M. A ,  Levy, C r y s t a l l o g r a p h i c  F u n c t i o n  

and E r r o r  Program f o r  t h e  EBM 704,pp ORNL-CF 59-12-3 (11959'4)0 

I t  is  now w r i t t e n  e n t i r e l y  i n  F o r t r a n  11 and comments have 

been added t o  f a c i l i t a t e  any m o d i f i c a t i o n  which may be 

desired, Card decks  are a v a i l a b l e  f r o m  t h e  a u t h o r s  on 

r e q u e s t  

MATHEMATICAL METHOD 

The f u n c t i o n s  which t h e  program computes are of t h e  form 

f = f ( p , ,  p 2 >  p3 o D o o o  a l ,  a2  a6 3 

where t h e  p ' s  are  t h e  atomic p a r a m e t e r s  and t h e  a 9 s  a r e  t h e  

u n i t  c e l l  p a r a m e t e r s .  Each k i n d  of f u n c t i o n  is computed by a 

s p e c i a l  s u b r o u t i n e  f o r  t h i s  pu rposea  and t h e  mathemat ica l  

express ions  used  a re  b e s t  o b t a i n e d  from t h e  F o r t r a n  language 

l i s t i n g s  of t h e s e  s u b r o u t i n e s  d e s i g n a t e d  FUN1, FUN2,  etc, 

The s t a n d a r d  e r r o r  of f is g i v e n  by 

1/2 e = ( e ' 2  + e l b z )  

where 

n n / \ I  

and 
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H e r e  V i j  is an  element  of  t h e  va r i ance -cova r i ance  m a t r i x  

which d e s c r i b e s  t h e  e r r o r s  of t h e  a tomic  pa rame te r s ,  and U i j  

is an element  of a s i m i l a r  m a t r i x  f o r  t h e  u n i t  c e l l  

pa rame te r s .  C i j  = 1 i f  i = j ; o t h e r w i s e  C i j  = 2 .  

When e r r o r s  are  t o  be computed t h e  u s e r  h a s  t h e  o p t i o n  

of o b t a i n i n g  v V from a t a p e  produced by OR FILS, I n  t h i s  case 

t h e  program s t o r e s  

= [ZW(OBS - CALC)2/(m-n)] b i j  
vi j 

where b i j  is a n  element  of t h e  i n v e r s e  m a t r i x  of t h e  normal 

e q u a t i o n s ,  and t h e  c o n s t a n t  i n  b r a c k e t s  is t h e  weighted  sum of 

t h e  s q u a r e s  of t h e  r e s i d u a l s  d i v i d e d  by t h e  number of d e g r e e s  

of freedom. The o t h e r  o p t i o n  a v a i l a b l e  t o  t h e  u s e r  is  t o  r e a d  

V i j  d i r e c t l y  from c a r d s .  

The u n i t  c e l l  e r r o r s  may be p u t  i n  i n  two ways. If no 

c o v a r i a n c e s  a r e  known t h e n  t h e  u s e r  may supply  t h e  s i x  

s t a n d a r d  e r r o r s  o ( a i ) .  The program t h e n  sets 

Uii = 0 2 ( a i )  

U i j  = 0 ,  i # j. 

A l t e r n a t i v e l y  t h e  2 1  independent  v a l u e s  of U i j  ( i  < j )  can  be 
\ 

r e a d  from c a r d s .  

The n e c e s s a r y  d e r i v a t i v e s  a r e  computed numer i ca l ly  by 

adding  an  increment  Api t o  pi and r e e n t e r i n g  t h e  s u b r o u t i n e  

f o r  f -  The d e r i v a t i v e  is t h e n  

The increment  used is Api = (O.O1)Vii e The d e r i v a t i v e s  
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w i t h  r e s p e c t  t o  the c e l l  pa rame te r s  are  o b t a i n e d  s i m i l a r l y ,  

The program is a r r anged  so t h a t  it computes d e r i v a t i v e s  

o n l y  w i t h  r e s p e c t  to t h e  parameters a c t u a l l y  involved  i n  f ,  

The  i n f o r m a t i o n  a s  t o  which these are  is p rov ided  by  t h e  

s u b r o u t i n e s  PBEI, PRE2, e t e ,  which are  supplied f a r  each t y p e  

of f u n c t i o n ,  Derivative computa t ions  a r c  a l so  omi t t ed  with 

r e s p e c t  t o  f i x e d  pa rame te r s  which a re  fast represented in t h e  

v a r i a n c e - c o v a r i a n c e  m a t r i x  If this s i t u a t i o n  arises because  

c e r t a i n  atoms are  i n  spec ia l !  p o s i t i o n s ,  t h e n  t h e  e r r o r s  are  

computed c o r r e c t l y e  However, i f  pa rame te r s  have been f i x e d  

f o r  o t h e r  r e a s o n s ,  i t  is poss ib l e  t h a t  important; t e r m s  a re  

o m i t t e d  from t h e  c a l c u l a t e d  e r r o r s ,  

Note t h a t  f o r  t h e  d e r i v a t i v e  computation ta be ccjrreet 

a l l  symmetry t r a n s f o r m a t i o n s  must be made a f t e r  ryPi has been 

added t o  pi. 

must be s e t  a f t e r  inc remen t ing .  (See  the  s e c t i o n  e n t i t l e d  

""Cons t ra in ts  om t h e  ParametersqP a 1 En other words the 

f u n c t i o n  f is always computed d i r e c t l y  from t h e  fundamental  

p a r a m e t e r s ,  t h e  errors of wh.ich a r e  described by t h e  matrices 

'V and E. 

S i m i l a r l y  a 4 1  c o n s t r a i n t s  on the  parameters 

9p 

T h e  o u t p u t  of t h e  program inc ludes  a d e s c r i p t i o n  0% the 

f u n c t i o n ,  t h e  v a l u e  f o f  t h e  f u n c t i o n ,  t h e  s tandard  error e 

o f  the  function, and t h e  s t a n d a r d  e r r o r  el n o t  ~nc laxd ing  t h e  

effect  of unit c e l l  errors, 

Page 435



6 

CONSTRAINTS ON THE PARAMETERS 

I n  o r d e r  t o  i n s u r e  t h a t  t h i s  program c o r r e c t l y  computes 

t h e  e r r o r s  of v a r i o u s  f u n c t i o n s ,  i t  is n e c e s s a r y  f o r  t h e  u s e r  

t o  c o n s i d e r  whether t h e  s y m m e t r y  of t h e  c r y s t a l  i n t r o d u c e s  

c o n s t r a i n t s  e i t h e r  on t h e  c e l l  pa rame te r s ,  a o r  on t h e  

a tomic  pa rame te r s ,  

f o r c e s  a parameter  t o  have a f i x e d  v a l u e ,  and t h i s  s i t u a t i o n  

is correct ly  t r e a t e d  by s p e c i f y i n g  t h a t  t h e  e r r o r  of t h i s  

parameter  is  z e r o .  A more compl ica ted  p rocedure  i s  r e q u i r e d  

when t h e  symmetry imposes a r e l a t i o n s h i p  between two or” more 

pa rame te r s .  I n  t h i s  c a s e  one of t he  i n t e r r e l a t e d  pa rame te r s  

is  chosen as  independent  and a F o r t r a n  I1 s u b r o u t i n e  is 

written t o  se t  t h e  v a l u e s  of t h e  dependent  pa rame te r s  i n  terms 

of i t .  The main program w i l l  e n t e r  t h i s  s u b r o u t i n e  immedi- 

a t e l y  b e f o r e  each  e n t r y  t o  t h e  funct ion-computing s u b r o u t i n e  

so t h a t  t h e  d e r i v a t i v e s  needed f o r  t h e  e r r o r  c a l c u l a t i o n  a r e  

c o r r e c t l y  computed. I n  t h e  i n p u t  da ta  t h e  errors a s s o c i a t e d  

w i t h  t h e  dependent pa rame te r s  shou ld  be set  Lo z e r o .  (When 

t h e  atomic pa rame te r s  a r e  t a k e n  f r o m  a l e a s t - s q u a r e s  r e f i n e -  

ment t h e s e  e r r o r s  a r e  a u t o m a t i c a l l y  z e r o ,  s i n c e  t h e  dependent  

pa rame te r s  would n o t  have been v a r i e d . )  

i’ 

A s i m p l e  c a s e  o c c u r s  when t h e  symmetry Pi 

Spec i f  i c a t i o i i s  are givei i  h e r e  for s u b r o u t i n e s  SETA and 

SETP which e s t ab l i sh  these c o n s t r a i n t s ,  and examples are 

i nc luded  i n  t h e  sample c a l c u l a t i o n s .  The s t a t e m e n t s  r e q u i r e d  

a r e  summarized a s  follows: 
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SUBROUTINE SETA(A) 

DIMENSION A ( 6 )  

I n c l u d e  statements t o  set  t h e  v a l u e s  of t h e  A ( I ) ' s  

which are  t a k e n  a s  dependent  i n  terms of t h o s e  chosen 

as  independent  

RETURN 

END 

SUBROUTINE SETP(F1 

DIMENSION P ( 3 0 0 )  

I n c l u d e  s t a t e m e n t s  t o  se t  t h e  v a l u e s  of t h e  P ( I ) ' s  

which a r e  t a k e n  a s  dependent  i n  t e r m s  of t h o s e  chosen 

a s  independen t .  

RETURN 

END 

These  r o u t i n e s  s h o u l d  be compiled and s u b s t i t u t e d  i n  t h e  

b i n a r y  deck for t h e  dummy r o u t i n e s  w i t h  t h e  same names. 

ATOM DESIGNATION AND SYMMETBY TRANSFORMATIONS 

I n  t h e  c o u r s e  of p r e p a r i n g  an i n s t r u c t i o n  c a r d  t o  s p e c i f y  

a f u n c t i o n  t o  be computed, it w i l l .  be n e c e s s a r y  t o  d e f i n e  t h e  

one  OF more a t sms  invo lved  i n  t h i s  f u n c t i o n s  This is done by 

means of an  atom d e s i g n a t i o n  c o n s i s t i n g  of t h e  t w o  i n t e g e r s  a 

and l O O c  + s .  Here a = 1, 2 ,  3 ,  is  t h e  number of t h e  

atom i n  t h e  parameter  l i s t ,  s -I 0 ,  1, 2 ,  e is t h e  number of 

t h e  symmet ry  t r a n s f m r n a t i o n  t o  be a p p l i e d ,  and  d= = 8 ,  1, n T l . o o  

7 d e f i n e s  t h e  u n i t  cell t r a n s l a t i o n s  a s  d e s c r i b e d  belowa 
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The program o b t a i n s  t h e  c o o r d i n a t e s  of an atom i n  t h e  

f o l l o w i n g  way: 

1. The i n t e g e r  a is used  t o  compute t h e  l o c a t i o n  OP t h e  

c o o r d i n a t e s  i n  t h e  parameter  l ist and x, y ,  z a r e  p icked  up. 

If a = 0 t h e  program sets x = y z = 0.  

2 .  These c o o r d i n a t e s  are  t h e n  t ransformed t o  X I ,  y ' ,  z '  

a c c o r d i n g  t o  t h e  symmetry i n f o r m a t i o n  punched on symmetry c a r d  

s .  I f  s = 0 no t r a n s f o r m a t i o n  i s  made. 

3 .  The c e l l  t r a n s l a t i o n s  a r e  t h e n  made a c c o r d i n g  t o  t h e  

f o l l o w i n g  t a b l e :  

! I  I I  I /  
X 

I_ y_ C Z - - 
I 

0 Z' Y f  X 

1 Z Y f  XI - 1 

2 2 y f  - 1 X 

3 Z f  y J  - 1 XI - 1 

4 z f  - 1 Y f  X 

5 z f  - 1 Y f  x f  - 1 

6 z f  - 1 y J  - 1 XI 

7 z J  - 1 y f  - 1 XI - 1 

I 

I I 

I 

( A s  a memory a i d ,  n o t e  t h a t  t h e  1's i n  t h i s  t a b l e  co r re spond  
t o  t h e  b i n a r y  r e p r e s e n t a t i o n  01 c . )  

For example, atom (3 ,208)  is  atom 3 i n  t h e  parameter  l i s t  

t r ans fo rmed  t o  syinnietry p o s i t i o n  8 of c e l l  2 ,  w h i l e  atom ( 5 , O )  

is atom 5 j u s t  a s  i t  a p p e a r s  i n  t h e  l ist  of pa rame te r s .  I n  a 

subsequent  s e c t i o n  we w i l l  r e f e r  t o  atom 3 i n  asymmetric u n i t  

208 or atom 5 i n  t h e  b a s i c  asymmetric u n i t  ( u n i t  0 ) .  
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Note t h a t  t r a n s f o r m a t i o n s  such  a s  x' = -x and x' =: I-x 

a r e  n o t  i n  g e n e r a l  e q u i v a l e n t  for purposes  of t h i s  program- 

The program o b t a i n s  t h e  m a t r i x  of t h e  a n i s o t r o p i c  temper- 

a t u r e  f a c t o r  c o e f f i c i e n t s  of an  atom i n  a s i m i l a r  way excep t  

t h a t  t h e  e l emen t s  of this m a t r i x  a r e  t r ans fo rmed  a s  the c o r r e -  

sponding  p r o d u c t s  of t h e  c o o r d i n a t e s ,  T h i s  p rocedure  is v a l i d  

f o r  an  atom i n  e i t h e r  a s p e c i a l  or g e n e r a l  p o s i t i o n  provided  

t h a t  t h e  s y m m e t r y  c a r d s  a r e  w r i t t e n  f o r  g e n e r a l  p o s i t i o n s .  

(See  H. A .  Levy, A c t a  C r y s t ,  (19561, 9 ,  6 7 9 ) .  The t r a n s -  

l a t i o n a l  p a r t  of t h e  symmetry t r a n s f o r m a t i o n  is i r r e l e v a n t  i n  

- 

t h i s  case as  is t h e  ce l l  translation c o  If a = 0 ,  a n u l l  

m a t r i x  w i l l  be g e n e r a t e d ,  

DATA lNPUT 

1, T i t l e  card., 
Columns 
1-72 T i t l e  c o n s i s t i n g  of any d e s i r e d  H o l l e r i t h  

i n f o r m a t i o n ,  T h i s  w i l l  be p r i n t e d  
unchanged on t h e  o u t p u t ,  

2 ,  C o n t r o l  card. FORMAT(913) 
Columns 
1-3 IBM, t h e  a tomic  parameter  error i n d i c a t o r  'i 

The v a r i a n c e - c o v a r i a n c e  m a t r i x  and 
pa rame te r  s e l e c t i o n  i n f o r m a t i o n  w i l l  

(HPM = 0 )  n o t  be u s e d ,  
(IPM = I> be used t o  compute e r r o r s ,  

4-6 NP, the i n p u t  indicator, I f  Mz = 0, t h e  
s t r u c t u r e  pa rame te r s  w i l l  be r e a d  from t h e  
p r i v a t e  t a p e  w r i t t e n  by OR FLS. (If t h e  
v a r  i ance -cova r i ance  m a t r i x  and parameter  
s e l e c t i o n  i n f o r m a t i o n  a r e  t o  be used ,  t hey  
will a l s o  be r e a d  f r o m  this t a p e  when M P  = 
0 ) .  I€ HP > 8 ,  da ta  will be t a k e n  
e n t i r e l y  from Cards9  and NP is e q u a l  t o  
t h e  number of s t r u c t u r e  pa rame te r s  t o  be 
r e a d  from t h e  c a r d s ,  

0 6 NP 6 3 0 0 "  
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1 0  

Columns 
7-9 

1 0 - 1 2  

13-15 

I A M ,  t h e  c e l l  pa rame te r  e r r o r  i n d i c a t o r  
The c e l l  parameter  e r r o r s  a r e  

( I A M  = 0 )  n o t  t o  be u s e d ,  
(IAM = l) t o  be r e a d  i n  t h e  form of 

s t a n d a r d  e r r o r s .  
(XAM = 2 )  t o  be r e a d  i n  t h e  form of a 

va r i ance -cova r i ance  m a t r i x  

N S ,  t h c  niamber of s y m m e t r y  c a r d s  t o  be 
r e a d  

0 < NS < 48,  

NV, t h e  o r d e r  of t h e  va r i ance -cova r i ance  
m a t r i x ?  Pld, i f  i t  is t o  be r e a d  from 
c a r d s .  If t h e  m a t r i x  is  t o  be read from 
t h e  OR FLS t a p e ,  NV w i l l  a l s o  be r e a d  
from t h i s  t a p e  and t h i s  f i e l d  is 
i r r e l e v a n t .  If t h e  va r i ance -cova r i ance  
m a t r i x  is n o t  t o  be used ,  se t  NV = 0 .  

0 6 NV 6 2 0 0  

The f o l l a w i n g  parameter  arrangement  i n t e g c r s  must be 
s u p p l i e d  i f  t h e  s t r u c t u r e  pa rame te r s  a r e  r e a d  from c a r d s .  
They a r e  s u p p l i e d  au tomat , ica l ly  by t h e  program i f  t h e  
p a r a m e t e r s  are  r e a d  from t h e  p r i v a t e  o u l p u t  t a p e  of 
OR FLS. For more d e t a i l s  see 3 below 

Columns 
16-18 J X P ,  t h e  p e r i o d  of t h e  p o s i t i o n  pa rame te r s  

i n  t h e  parameter  l i s t .  If no p o s i t i o n  
pa rame te r s  a r e  inc luded  i n  t h e  l i s t ,  set  
J X P  and JX = 0 

19-21 

22-24 

J X ,  t h e  p o s i t i o n  of t h e  f i r s t  x c o o r d i n a t e  
i n  t h e  parameter l i s t .  

J B P ,  t h e  p e r i o d  of t h e  t empera tu re  f a c t o r  
c o e f f i c i e n t s  i n  -the parameter  l i s t ,  I f  no 
t empera tu re  Pac ts r  c o e f f i c i e n t s  a r e  
inc luded  i n  t h e  l ist,  set  J B P  and JB = 0 .  

25-27 JB,  t h e  p o s i t i o n  of t h e  f i r s t  t empera tu re  
f a c t o r  c o e f f i c i e n t  i n  t h e  parameter  l i s t .  

3 .  Atomic parameter  c a r d s .  FORMAT ( 8P9.4)  
I f  N P  = 0 ,  t h e  a tomic  pa rame te r s  w i l l  be r e a d  from t h e  
p r i v a t e  o u t p u t  t a p e  of  01% FLS, and t h e  a tomic  parametei- 
c a r d s  a r e  o m i t t e d  f r o m  the c a r d  i n p u t ,  Otherwise  NP 
pa rame te r s  must be punched e i g h t  p e r  c a r d .  The a r r ange -  
ment of t h e s e  pa rame te r s  is  s u b j e c t  t o  t h e  f o l l o w i n g  
r e s t r i c t i o n s :  
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a )  For each  atom t h e  p o s i t i o n  p a r a m e t e r s  x 2  y I  z 
must be i n  sequence .  

b) Position p a r a m e t e r s  for s u c c e s s i v e  atcams must 
appear  p e r i o d i c a l l y  i n  t h e  o r d e r  of t h e  atom 
des i g n a  t i o n  ,, 

c> If a n i s o t r o p i c  t e m p e r a t u r e  f a c t o r  c o e f f i c i e n t s  
a re  i n c l u d e d ,  t hey  must be ia t h e  sequence 

These  0 ' s  a r e  defsncd. by the f o l l o w i n g  e x p r e s s i m  
f o r  the t e m p e r a t u r e  f a c t o r :  

P s r  9 P E 2 P  Pss 9 P I  2 9  P I 3  B P 2 3  3 f0-r each atom, 

d )  Tempera ture  factor eseff ic ients  of s u c c e s s i v e  
atoms must appear  p e r i o d i c a l l y  i n  the order  of 
t h e  atom d e s i g n a t i o n ,  

Thus t h e  p o s i t i o n  parameteys of a t o m  P s t a r t  w i t h  P ( J )  
where J = JXP*(I-T) -t- J X ,  and t h e  t e m p e r a t u r e  f a c t o r  
coe f f i c i en t s  of atom H s t a r t  w i t h  P ( K 1  where K = JBB*(I-L) 
f JB. 

4., Paramete r  se lec t ion  c a r d s ,  FORMAT g a ZI i d  
The pu rpose  of these c a r d s  is t o  i d e n t i f y  t h o s e  pa rame te r s  
w h i c h  a r e  a s s o c i a t e d  w i t h  t h e  e l e m e n t s  of the wayiance- 
c o v a r i a n c e  m a t r i x  PM, They a r e  e x a c t l y  t h e  same a s  t h e  
pa rame te r  s e l e c t i o n  c a r d s  used w i t h  OR FLS, 

These c a r d s  are  n o t  t o  be supplied unless the  c o n t r o l  c a r d  
i n t e g e r s  IPM and NP s p e c i f y  t h a t  t h e  v a r i a n c e - c o v a r i a n c e  
m a t r i x  and parameter  selection i n f o r m a t i o n  w i l l  be used  
and w i l l  be  r e a d  from c a r d s  (XPM =: k and NB > O ) ,  

Each column of a pa rame te r  s e l e c t i o n  c a r d  co r re sponds  t o  
one p a r a m e t e r ,  The first card is a s s o c i a t e d  w i t h  
p a r a m e t e r s  4. t o  7 2 ,  t h e  second w i t h  p a r a m e t e r s  73 t o  144, 
e tc .  If a. paramete r  is r e p r e s e n t e d  i n  t h e  m a t r i x  a one 
is  punched i n  the corresponding  column; o t h e r w i s e  a zero 
or b lank  is punched, T h e  t o t a l  number sf one punches must 
be e q u a l  t o  NV, t h e  o r d e r  o f  t h e  ma t r ix .  The  first 
paramete r  i n  t h e  l ist  for w h i c h  a one punch i s  found is 
assumed to cor re spond  to t h e  first; ram and 60Ltamn of t h e  
m a t r i x ,  t h e  second w i t h .  t h e  second, ctc, 

5 ,  Var i ance -cova r i ance  m a t r i x ,  PM, %SY s t r u c t u r e  parameters. 

These  cards a r e  t o  be s u p p l i e d  o n l y  i f  the v a r i a n c e -  
c o v a r i a n c e  m a t r i x  is  to be used and is ts be r e a d  f r o m  
c a r d s  (IPM =: B and MI0 > 0 )  

~ ~ ~ ~ A ~ ~ 4 ~ ~ ~ ~ ~ ~  
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F i r s t  card 
Columns 
1 -12  A scale  f a c t o r  by  which t h e  m a t r i x  w i l l  

b e  m u l t i p l i e d .  T h i s  c o u l d  be  u n i t y  o r  
Zw(Fo - Fc)Z/ (m - n), f o r  example. 

Subsequent  cards  
The NV(NV I- 1 ) / 2  un ique  e l emen t s  of t h e  m a t r i x  PM punched 
s i x  p e r  card i n  t h e  o r d e r  PM(l,l), PM(1,2), ....., PM(l,NV), 
PM(2,2), PM(2,3), ,..., B M ( Z , W ) ,  PM(3,3),.,.., P M ( N V , N V ) ,  
where NV is t h c  order  of t h e  m a t r i x .  T h e  pa rame te r s  w i t h  
which t h i s  i i iatrix is a s s o c i a t e d  a r c  d e f i n e d  by t h e  pa ra -  
meter s e l e c t i o n  cards .  

6 ,  C e l l  pa rame te r  card ,  FORMAT(6F9.4) 
These  s i x  d i r ec t  u n i t  c e l l  pa rame te r s  must a lways be 
s u p p l i e d ,  

Columns 
1 -9  A ( 1 )  = a 

10-18 A ( 2 )  --- b 

19-29 A(3) = c 

28-34 A(4) = cos CY 

37-45 Ad51 = c o s  /3 

44-54 A ( 4 )  = cos y 

7 .  C e l l  parameter  e r ro r  c a r d s .  
Xi' t h e  e f f e c t  of t h e  c e l l  parameter  e r rors  is n o t  t o  be 
c o n s i d e r e d  ( I A M  = O ) ,  t h e s e  cards a re  o m i t t e d ,  I f  it is 
t o  be  i n c l u d e d ,  t h e  c e l l  pa rame te r  errors must b e  s u p p l i e d  
i n  o n e  of t w o  forms a s  s p e c i f i e d  by t h e  c o n t r o l  c a r d  
i n t e g e r  I A M -  

a)  S t a n d a r d  error  P o r m  ( I A M  = 1) e FORMAT(6F9.4) 
Tf t h i s  i n p u t  is  used t h e  c o v a r i a n c e s  between 
the c e l l  pa rame te r s  a r e  assumed t o  be zero. 

Columns 
1-9 o(a> 

28-36 O ( C 0 S  CY) 

37-45 o ( c 0 s  p, 
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b)  Var i ance -cova r i ance  m a t r i x  form (HAM = 21,  
I f  i n f o r m a t i o n  on t h e  c o v a r i a n c e s  between 
c e l l  pa rame te r s  is a v a i l a b l e ,  t h e  2 1  un ique  
e l e m e n t s  of t h i s  6 x 6 m a t r i x  shou ld  be 
punched on t h r e e  c a r d s ,  

Card 1: AM(a,a), AM(a,b) e FI AM(a, c o s  y S 2  AM(b,b) 

Card 2 ;  AM(b, cos AMtb, c o s  y > ,  AMQc,c),  

Card 3 :  A M ( c o s  a, cos p > g o e o o 9  AMOcos y ,  cos 7 ) .  

AM(b,c) 

AM(cos (Y, cos a > ,  

8.  Symmetry c a r d s ,  FORMAT (F11 6 , 2 1 2 ,  F11 e 6 212 2'11 6 2 121 
T h e  number of symmet ry  cards  t o  be r e a d  is g i v e n  by NS on 
t h e  c o n t r o l  c a r d .  There  must be  a c a r d  f o r  each s y m m e t r y  
t r a n s f o r m a t i o n  which w i l l  be c a l l e d  f o r  by a n  i n s t r u c t i o n  
c a r d  (see t h e  s e c t i o n  " A t o m  Des igna t ion  and Symmetry 
T r a n s f o r m a t i o n s " ) .  If t h e  f u n c t i o n s  t o  be computed 
require no symmetry t r a n s f o r m a t i o n s ,  t h e n  no s y m m e t r y  
c a r d s  need be s u p p l i e d .  

T h e s e  symmet ry  cards have the same fo rma t  a s  those f o r  
OR FLS. 

Columns 
1-11 T r a n s l a t i o n a l  p a r t  of x o r  b l a n k ,  

j 
12-13  1, 2 ,  3 ,  -1, -2 ,  - 3 ,  or blank  f o r  x ,  y r  

z ,  -x, - y s  - z f  or b lank ,  r e s p e c t i v e l y ,  a s  
used i n  t h e  e x p r e s s i o n  f o r  t h e  t r a n s -  
formed x " 

3 
14-15 

16-26 

2 7 - 3 0  

31-41 

42-45 

1,  2 ,  3 ,  -1, -2, - 3 ,  or blank for  x ,  y s  
z ,  -xs  -y, - z J  or b lank ,  r e s p e c t i v e l y ,  
a s  used i n  the e x p r e s s i o n  f o r  t h e  t r a n s -  
formed x .  * (Columns 1 2  and 1.3 a r e  e x a c t l y  
equ iva leXt  t o  14 and 115, Also ,  note t h a t  
an  e x p r e s s i o n  such a s  x = 2x must  be 
t r e a t e d  a s  x = x + x.> j 

j 
T r a n s l a t i o n a l  p a r t  of: y or  blank, 

J 

I n t e g e r s  r e p r e s e n t i n g  p l u s  or minus x ,  y ,  
or  z i n  t h e  e x p r e s s i o n  f o r  t h e  t r ans -  
formed y .  as  d e s c r i b e d  above. 

J 

T r a n s l a t i o n a l  p a r t  of z or b lank .  
j 

I n t e g e r s  r e p r e s e n t i n g  p l u s  or minus x ,  y ,  
or z i n  t h e  expres s ion  f o r  t h e  t r a n s -  
formed 2 s 

j 
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9 .  

1 0 .  

I n s t r u c t  i o n  c a r d s .  FORMAT ( 2 4 I3  ) 
See  t h e  nex t  s e c t i o n ,  " I n s t r u c t i o n  I n p u t , "  f o r  t h e  
s p e c i f i c a t i o n s  f o r  this i n p u t  

I n s t r u c t i o n  t e r m i n a t i o n  c a r d .  FORMAT(2413) 
Columns 
1-3 0 ( z e r o )  a s  a s e n - t i n e 1  f o r  t h e  end of t h e  

i n s  tiwet i o n  deck e 

INSTRUCTION INPUT 

Each f u n c t i o n  to  be computed by t h e  program is s p e c i f i e d  

by a sequence  of i n t e g e r s ,  I N ,  which a r e  r e a d  f rom one o r  

more i n s t r u c t i o n  c a r d s ,  The f i r s t  i n t e g e r  i n  t h i s  sequence ,  

I N ( 1 ) ,  d e f i n e s  t h e  t y p e  of f u n c t i o n  t o  be computed, and t h e  

i n t e r p r e t a t i o n  of t h e  remain ing  i n s t r u c t i o n  i n t e g e r s  w i l l  i n  

g e n e r a l  be d i f f e r e n t  for d i f f e r e n t  t y p e s  of f u n c t i o n s  

D e k a i l s  of t h e  i n s t r u c t i o n  i n t e g e r s  f o r  each  t y p e  of f u n c t i o n  

a r e  g i v e n  below, 

Each i n s t r u c t i o n  c a r d  is  r e a d  w i t h  FORNAT(24I3), Of t h e  

2 4  i n t e g e r s  on t h i s  c a r d  o n l y  t h e  f i r s t  23  are  c o n s i d e r e d  t o  

be p a r t  of the instruction, I N .  Usua l ly  one c a r d  w i l l  s u f f i c e  

t o  s p e c i f y  a f u n c t i o n ,  but i f  a f u n c t i o n  r e q u i r e s  more t h a n  2 3  

i n t e g e r s  t o  d e f i n e  i t ,  up t o  t e n  c a r d s  may b e  used w i t h  2 3  

i n t e g e r s  on each c a r d .  Punching a one (or any non-zero 

i n t e g e r )  i n  f i e l d  2 4  of an i n s t r u c t i o n  c a r d  i n d i c a t e s  t h a t  t h e  

i n s t r u c t i o n  is con t inued  on t h e  n e x t  card.  
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1 5  

F u n c t i o n  1 

One i n t e r a t o m i c  d i s t a n c e  .) 

Columns 

1-3 1 

atom d e s i g n a t i o n  1. 

atom d e s i g n a t i o n  2 .  

4 -6 aIi 

7 - 9  l 0 O C l  3 S I  

10-12 a2 

13-15 lOOCZ 4- s2 

F u n c t i o n  1 0 1  

A l l  d i s t a n c e s  ( l e s s  t h a n  d(max)> between atoms i n  two 

asymmetric u n i t s .  

Columns 

1-3 1 0 1  

4-6 a(max),  t h e  number of atoms i n  t h e  parameter  l i s t .  

7-9 100cl  4 sl ,  d e s i g n a t i o n  of f i r s t  asymmetric u n i t .  

10-12 ...I_ 

13-15 100cz  + s2, d e s i g n a t i o n  of second asymmetric u n i t .  
( T h i s  may be  t h e  same a s  t h e  f i r s t . )  

16-18 The i n t e g e r  lOd(max). If t h i s  is l e f t  b l ank ,  
d(max) = 4,OA. 

F u n c t i o n  2 0 1  

All d i s t a n c e s  ( less  t h a n  d(max)) between atoms i n  t h e  
b a s i c  asymmetric u n i t  and atoms i n  a l l  asymmetric u n i t s  
( i . e . ,  a l l  combina t ions  of c and s) 

I n  o r d e r  t o  c a u s e  t h i s  i n s t r u c t i o n  t o  compute a l l  
p o s s i b l e  d i s t a n c e s  less t h a n  d(max),  t h e  b a s i c  asymmetric 
u n i t  shou ld  be chosen  close t o  t h e  o r i g i n ,  and t h e  symmetry  
t r a n s f o r m a t i o n s  s p e c i f i e d  shou ld  g e n e r a t e  asymmetric u n i t s  
t o  f i l l  o u t  a u n i t  c e l l  on t h e  p o s i t i v e  s i d e s  of t h i s  b a s i c  
u n i t ,  Even so,  f o r  c e r t a i n  s y m m e t r y  s i t u a t i o n s  or f o r  s m a l l  
u n i t  ce l l s ,  some of t h e  d e s i r e d  d i s t a n c e s  w i l l  be o m i t t e d  if 
t h e  atoms invo lved  l i e  o u t s i d e  of t h e  e i g h t  u n i t  c e l l s  
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g e n e r a t e d ,  The u s e r  may p r e f e r  t o  u s e  i n s t r u c t i o n  101  and t o  
s e l ec t  i n  advance t h e  asymmetric u n i t s  l i k e l y  t o  be involved  
i n  t h e s e  c o n t a c t s .  

Columns 

1-3 2 0 1  

4-6 a(max), t h e  number of atoms ,in t h e  parameter  l i s - b .  

16-18 The i n t e g e r  lOd(max) I f  t h i s  is  lef-l; b lank  t h e n  
d(max) = 4.OA. 

Func t ion  2 

Angle d e f i n e d  by three atoms. 

C s  lumns 

1-3 2 

4-9 Atom d e s i g n a t i o n  1 

10-1s Atom d e s i g n a t i o n  2 ( v e r t e x )  

16-21 Atom d e s i g n a t i o n  3 .  

Func t ion  3 _I...-. 

Angle between normals  t o  p l a n e s  each d e f i n e d  9 t h r e e  
at.oms.-The L j r e c t i o n  of, t h e  normals  i s  t h a t  of (1,2)x(1”3) 
and ( 4 , 5 ) x ( 4 , 6 )  where 1 , 2  is t h e  vector d e f i n e d  by atom 
d e s i g n a t i o n s  1 and 2 ,  e t c .  

Columns 

1-3 3 

4-9 Atom d e s i g n a t i o n  1 7 
i 

10-15 Atom d e s i g n a t i o n  2 P l a n e  1 

16-21 Atom d e s i g n a t i o n  3 

2 2 - 2 7  Atom d e s i g n a t i o n  4 

28-33 Atom d e s i g n a t i o n  5 

34-39 Atom d e s  igiiat ion 6 

P l a n e  2 
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F u n c t i o n  4 

D i f f e r e n c e  between t w o  in te ra tomic  d i s t a n c e s .  

Columns 

1-3 4 

4-9 Atom d e s i g n a t i o n  1 

10-15 A t o m  d e s i g n a t i o n  2 
D i s t a n c e  1 

D i s t a n c e  2 
A t o m  d e s i g n a t i o n  3 7 

i 
1 6 - 2 1  

22-27 A t o m  d e s i g n a t i o n  4 

F u n c t i o n  5 

D i f f e r e n c e  between two a n g l e s  each  d e f i n e d  by t h r e e  

atoms a 

Columns 

1-3 5 

4-9 Atom d e s i g n a t i o n  1 

10-15 Atom d e s i g n a t i o n  2 ( v e r t e x )  

1 6 - 2 1  Atom d e s i g n a t i o n  3 

22-27  Atom d e s i g n a t i o n  4 

2 8 - 3 3  Atom d e s i g n a t i o n  5 ( v e r t e x )  

34-39 Atom d e s i g n a t i o n  6 

F u n c t i o n  6 

Angle 1 

Angle 2 

The sum of s e v e r a l  a n g l e s  each  d e f i n e d  by t h r e e  atoms,  

Columns 

1-3 6 

4-6 n, t h e  number of a n g l e s  t o  be summed. 

7-12  A t o m  d e s i g n a t i o n  1 

Angle 1 13-18 Atom d e s i g n a t i o n  2 ( v e r t e x )  

1 9 - 2 4  Atom d e s i g n a t i o n  3 
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Columns 

Angle 2 

25-30 Atom d e s i g n a t i o n  4 

31-36 A t o m  d e s i g n a t i o n  5 ( v e r t e x )  

37-42 A t o m  d e s i g n a t i o n  6 
e t c  

J 
Func t ion  7 _l..__ll__._._ ~ 

T h e  RMS component of t he rma l  d i sp l acemen t  of one atom 

a long  p r i n c i p a l  a x i s  r. 

Columns 

1-3 7 

4-9 A t o m  d e s i g n a t i o n  

10-12  r (= 1, 2 ,  o r  3)  

Func t ion  107 

Same a s  Func t ion  7 computed for each  of t h e  t h r e e  v a l u e s  

of r, 

Columns 

1-3  1 0 7  

4-9 A t o m  d e s i g n a t i o n  

Funct ion  207 

Same a s  Func t ion  7 computed for each atom of a g i v e n  

asymmetric u n i t ,  each  w i t h  t h e  t h r e e  va lues  of r .  

Columns 

1-3 2 0 7  

4 -6 a(max),  t h e  number of atoms i n  the parameter  l i s t .  

7 -0  Des igna t ion  of t h e  asymmetric u n i t .  
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F u n c t i o n  8 

Angle between p r i n c i p a l  a x i s  r of atom 1 and a v e c t o r  

d e f i n e d  by atoms 2 and 3 .  

Columns 

1-3 8 

4-9 A t o m  d e s i g n a t i o n  1 

10-12 r (= 1, 2 ,  o r  3 )  

13-18 Atom d e s i g n a t i o n  2 

19-24 A t o m  d e s i g n a t i o n  3 
Vector  1 

F u n c t i o n  108 

Same as  F u n c t i o n  8 computed for each  of t h e  t h r e e  v a l u e s  

of r. 

1-3 108 

4-9 Atom d e s i g n a t i o n  1 

10-12  --- 
13-18 Atom d e s i g n a t i o n  2 

19 -24  A t o m  d e s i g n a t i o n  3 
Vector 

F u n c t i o n  208 

Same a s  F u n c t i o n  8 computed for each  atom i n  a g i v e n  

molecule ,  each  w i t h  t h e  t h r e e  v a l u e s  of r, 

Columns 

1 - 3  208 

4-6 a(max),  t h e  number of atoms i n  t h e  parameter  l i s t ,  

7-9 D e s i g n a t i o n  of t h e  asymmetric u n i t .  

10 -12  --- 

13-18 Atom d e s i g n a t i o n  2 

19-24 Atom d e s i g n a t i o n  3 
Vector  
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Func t ion  9 

The RMS component of thermal. d i sp l acemen t  of atom 1 

a long  p r i n c i p a l  a x i s  r, p r o j e c t e d  on a v e c t o r  d e f i n e d  by 

atoms 2 and 3 ,  

Columns 

1-3  9 

4-9 Atom d e s i g n a t i o n  1 

10-12  r (= 1, 2 ,  or 3 )  

Vector  
13-18 A t o m  d e s i g n a t i o n  2 

1 9 - 2 4  A t o m  d e s i g n a t i o n  3 

Func t ion  1 0  9 

Same as Func t ion  9 computed for t h e  t h r e e  v a l u e s  of r e  

1-3 109  

4-9 A t o i i i  d e s i g n a t i o n  1 

11.0-12 --I 

13-18 A t o m  d e s i g n a t i o n  2 

19 -24  A t o m  d e s i g n a t i o n  3 

Func t ion  2 0 9  

Vector  

Same a s  F u n c t i o n  9 computed f o r  each  atom i n  a g i v e n  

asymmetric u n i t ,  each w i t h  t h e  t h r e e  v a l u e s  of r. 

Co I.umns 

1-3 2 0 9  

4 -6 a(max),  t h e  number of. atoms i n  t h e  parameter  l i s t .  

7-9 Des igna t ion  of t h e  asymmetric u n i t  
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Columns 

Vector t 13-18 Atom d e s i g n a t i o n  2 

19-24  Atom d e s i g n a t i o n  3 ~ 

F u n c t i o n  1 0  

Angle between p r i n c i p a l  a x i s  r of atom 1 arid a x i s  i of a 

C a r t e s i a n  c o o r d i n a t e  s y s t e m ,  The l a t t e r  is d e f i n e d  by atoms 

2 ,  3, 4, and 5 a s  follows: A x i s  1 is i n  t h e  d i r e c t i o n  of 

vector ( 2 2 ) .  Axis  2 is i n  t he  d i r e c t i o n  Of (Ax i s  l ) x ( 4 7 5 ) *  

Axis  3 is i n  t h e  d i r e c t i o n  of (Axis  l ) x ( A x i s  21 ,  

Columns 

1-3 1 0  

4-9 A t o m  d e s i g n a t i o n  1 

10-12  r (= 1, 2 ,  o r  3 )  

13-15 i C,= 1, 2, or 3 )  

1 6 - 2 1  Atom d e s i g n a t i o n  2 

22-27 A t o m  d e s i g n a t i o n  3 

28-33 Atom d e s i g n a t i o n  4 

3 4 - 3 9  A t o m  d e s i g n a t i o n  5 

Fun@ t i o n  1 k 0 

Vector  1 
~ Vector Vectors d e f i n i n g  axe6 

Same as  F u n c t i o n  10  computed for t h e  n i n e  combina t ions  

of r and i. 

Go 1 umn s 

1 - 3  

4-9 

18-15 

110 

A t o m  d e s i g n a t i o n  1 

--- 
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Columns 

7 1 6 - 2 1  Atom d e s i g n a t i o n  2 I 

22-27  Atom d e s i g n a t i o n  3 . 
Vec to r s  d e f i n i n g  a x e s  

Atom d e s i g n a t i o n  4 '1 

34-39 Atom d e s i g n a t i o n  5 J  
> Vector  

28-33 

F u n c t i o n  210 

Same a s  F u n c t i o n  1 0  compnted € o r  a l l  atoms i n  a g i v e n  

asymmetric u n i t ,  each w i t h  t h e  n i n e  combina t ions  of r and i. 

C o l u m n s  

1-3 210  

4-6 a(max),  t h e  number of atoms i n  t h e  parameter  l i s t .  

7-9 Des igna t ion  of t h e  asymmetric u n i t  

16-21. A t o m  d e s i g n a t i o n  2 

2 2 - 2 7  A t o m  d e s i g n a t i o n  3 
V e c t o r s  d e f i n i n g  axes 

Atom d e s i g n a t i o n  4 1 
Vector 

28-33  

34-39 A-toin d e s  igna- t ion  5 

F u n c t i o n  11 

The RMS cortiponent of therrnal d i sp l acemen t  of atom 1 

a long  p r i n c i p a l  a x i s  r, p r o j e c t e d  on a x i s  i of a C a r t e s i a n  

c o o r d i n a t e  s y s t e m  d e f i n e d  by atoms 2, 3 ,  4,  and 5 a s  

d e s c r i b e d  under  Func t ion  1 0 ,  

C o  1 um 11 s 

1-3 11 

4-9  Atom d e s i g n a t i o n  1 

10-12 r (= 1, 2, ox' 3) 
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Columns 

13-15 i (= 1, 2 ,  o r  3 )  

Vector  

V e c t o r s  d e f i n i n g  a x e s  

1 6 - 2 1  A t o m  d e s i g n a t i o n  2 

22-27 Atom d e s i g n a t i o n  3 

2 8 - 3 3  A t o m  d e s i g n a t i o n  4 

34-39 A t o m  d e s i g n a t i o n  5 

F u n c t i o n  l P 1  

Same a s  F u n c t i o n  11 computed €or t h e  n i n e  combina t ions  

of r and i .  

1-3 111 

4-9 Atom d e s i g n a t i o n  1 

1 6 - 2 1  A t o m  d e s i g n a t i o n  2 

22-27 A t o m  d e s i g n a t i o n  3 

28-33 A t o m  d e s i g n a t i o n  4 

34-39 A t o m  d e s i g n a t i o n  5 

F u n c t i o n  2 1 1  

Vector  

Vectors d e f i n i n g  a x e s  

Same a s  Function 11 computed f o r  a l l  atoms i n  a g i v e n  

asymmetric u n i t ,  each  w i t h  t h e  n i n e  combina t ions  of r and i. 

Columns 

4 -6 a(max), t h e  number of atsms i n  t h e  pa rame te r  l ist.  

7-9  D e s i g n a t i o n  of asymmetric u n i t  a 

10-45  --- 
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Columns 

Vector  

Vec to r s  d e f i n i n g  a x e s  

16-21 Atom d e s i g n a t i o n  2 

2 2 - 2 7  Atom d e s i g n a t i o n  3 J 

28-33 A t o m  d e s i g n a t i o n  4 

34-39 Atom d e s i g n a t i o n  5 

Func t ion  1 2  

The RMS compoiieiit of t he rma l  d i sp l acemen t  of atom 1 i n  

t h e  d i r e c t i o n  of a v e c t o r  d e f i n e d  by atoms 2 and 3 .  

Columns 

1-3 1 2  

4-9 Atom d e s i g n a t i o n  1 

Atom d e s i g n a t i o n  2 7 
Vector  

10-15 

16-21 Atom d e s i g n a t i o n  3 

Func t ion  13 

The RMS r a d i a l  t he rma l  d i sp l acemen t  of an atom. 

co lurnns 

1-3 13 

4-9 A t o m  d e s i g n a t i o n  

Func t ion  14 

I n t e r a t o m i c  d i s t a n c e  averaged ove r  thermal  motion.  

Second atom is assumed t o  r i d e  on t h e  f i r s t .  The f u n c t i o n  

is R = Ro f- ( r$  - 5 f  - r? + 6f)/2R0 where Ro is t h e  

u n c o r r e c t e d  i n t e r a t o m i c  d i s t a n c e ,  ri is t h e  mean s q u a r e  r a d i a l  

t he rma l  d i sp l acemen t  of atom i, and 5 ;  is t h e  mean s q u a r e  

component of d i sp l acemen t  of atom i i n  t h e  d i r e c t i o n  d e f i n e d  

- II_ - - - 

- 
- 

by t h e  i n t e ra tomi . c  v e c t o r .  
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Columns 

1-3 14 

4-3 A t o m  d e s i g n a t i o n  1 

10-15 Atom d e s i g n a t i o n  2 

Function 15 

I n t e r a t o m i c  d i s t a n c e  averaged  ove r  t h e r m a l  mot ion ,  

A t o n i s  assumed t o  mave i n d e p e n d e n t l y .  The f u n c t i o n  is 

(r$ - g$  $. rf - 6f>/2R0 where t h e  symbols a r e  d e f i n e d  a s  i n  

F u n c t i o n  114 above ,  

= Ro + 
_1 - - - 

Columns 

1-3 15 

4-9 Atom d e s i g n a t i o n  1 

10-15 A t o m  d e s i g n a t i o n  2 

TAPES REQUIRED 

L i s t e d  h e r e  are  t h e  moni tor  c o n t r o l  c a r d s  r e q u i r e d  for 

o p e r a t i o n  a t  t h e  Oak Ridge C e n t r a l  Data P r o c e s s i n g  F a c i l i t y .  

A t  o t h e r  i n s t a l l a t i o n s  t h e  n e c e s s a r y  t a p e s  shou ld  be s p e c i f i e d  

a p p r o p r i a t e l y  I) 

*TA.PE(~,  Reel Number, SAVE) 

T h i s  t a p e  is r e q u i r e d  o n l y  i f  NP = 0 ,  i n d i c a t i n g  t h a t  

i n f o r m a t i o n  is t o  be  t a k e n  from the o u t p u t  of OR FLS, I t  

w % l l  be  rewound b e f o r e  b e i n g  r e a d  and may be  f i l e  p r o t e c t e d  

i f  d e s i r e d  

*TAPE !( 9 ,  OWPUT) 

T h i s  is t h e  moniLor o u t p u t  t a p e  t o  be l i s t e d .  

*TABE(1Q, INPhJa') 

T h i s  is t h e  moni-k;or i n p u t  t a p e  p r e p a r e d  from cardsl 
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ERROR INDICATORS 

If an e r r o r  is d e t e c t e d  i n  t h e  c o u r s e  of computing a 

f u n c t i o n ,  an i n d i c a t o r  is p u t  o u t  i n  p l a c e  of t h e  r e s u l t ,  and 

t h e  program p roceeds  t o  compute t h e  nex t  f u n c t i o n ,  The form 

of t h e  i n d i c a t o r  is  "***NG" where NG is  a n  i n t e g e r ,  t h e  

meaning of which i s  t a b u l a t e d  h e r e ,  

I_ NG Subprogram 

1 ATOM, BETA 

4 BETA 

5 

6 

7 

8 

9 

10 

11 

ATOM, BETA 

STOBB 

EIGVAL 

EIGVEC 

COSVV 

FUNXI 

F U N 1  

Meaning 

The symmetry p o s i t i o n  s p e c i f i e d  is o u t  
o f  r ange  of t h e  symmet ry  c a r d s  s u p p l i e d .  

The t empera tu re  f a c t o r s  a r e  no t  i n  
a n i s o t r o p i c  form,  E i t h e r  ITF = 1 on 
OR FLS t a p e  or J B P  < 6 when pa rame te r s  
a r e  r e a d  from c a r d s ,  

The atom s p e c i f i e d  is o u t  of r a n g e  of 
t h e  parameter  l ist  

A c e l l  parameter  A ( l ) ,  A(2 ) ,  or  A ( 3 )  < 0 -  

T h e  e i g e n v a l u e s  are complex, 

Only n u l l  e i g e n v e c t o r s  a r e  found ,  

One of t h e  v e c t o r s  is  n u l l .  

The v e c t o r  used t o  s p e c i f y  t h e  d i r e c t i o n  
is null, 

The f u n c t i o n  s p e c i f i e d  is o u t  of r ange .  
The program r e q u i r e s  
Q < XMODP(SN(1),100) < 1 5 ,  

SPECPFPCATIONS FOR SUBROUTINES TO COMPUTE 

NEW TYPES OF FUNCTIONS 

To program a new t y p e  of f u n c t i o n  the u s e r  se lec ts  a 

f u n c t i o n  d e s i g n a t i o n  i n t e g e r ,  i o  Func t ion  d e s i g n a t i o n s  1-15 

have a l r e a d y  been a s s i g n e d  i n  t h e  program a s  w r i t t e n  s o  t h a t  

normal ly  n e w  d e s i g n a t i o n s  would be 16 ,  1 7 , .  .. 
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Subprograms HEDZ, P R E I ,  FUNI, and OUTI must each  b e  

modi f ied  a s  f o l l o w s :  

l o  Change t h e  second I F  s t a t e m e n t  to permit t h e  

new f u n c t i o n  designationn 

2 ,  Add a branch  *_Q the  computed GO TO, 

3 -  Add a CALL s t a t e m e n t  f o r  t h e  new r o u t i n e  fo l lowed  

by a GO TO l $ O +  

The user  t h e n  w r i t e s  f o u r  F o r t r a n  $1 s u b r o u t i n e s  named 

H E D i ,  PREi, F U N n ,  and OUTi  as  d e s c r i b e d  below A l l  t h e s e  

subprograms are  compiled and added t o  t h e  b i n a r y  deck removing 

t h e  o r i g i n a l  r o u t i n e s  where n e c e s s a r y .  

The programmer shou ld  r e f e r  to t h e  symbol ic  l i s t i n g  of 

f u n c t i o n s  1-15 f o r  examples of t h e  following r o u t i n e s ,  

HED i 

The u s e r  may o m i t  t h i s  subro3tine i f  d e s i r e d ,  I ts  

purpose  is t o  put  o u t  a n  o v e r - a l l  heading  which d e f i n e s  t h e  

t y p e  @f f u n c t i o n :  It is e n t e r e d  each t i m e  t h e  f u n c t i o n  

d e s i g n a t i o n  HM(1) is changed e 

1. The s u b r o u t i n e  h a s  no arguments ,  

2, NS COMMON or DIMENSION s t a t e m e n t s  are  needed.  

3 ,  P u t  o u t  t h e  heading  on t a p e  5 I e  

4, T h e  first Hollerith c h a r a c t e r  should  be z e r o  -to 

cause double  s p a c i n g  

5 s  More than one l i n e  may be p u t  o u t  i f  d e s i r e d ,  

PRE i 

T h i s  s u b r o u t i n e  need be inc luded  o n l y  i f  s t a n d a r d  e r r o r s  

are to be computed, Its purpose  is t o  i n s t r u c t  t h e  program as  
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t o  which pa rame te r s  are  involved  i n  t h e  f u n c t i o n  t o  be 

computed. The program t h u s  a v o i d s  computing unnecessary  

d e r i v a t i v e s  

1. The s u b r o u t i n e  h a s  no arguments .  

2 .  I n c l u d e  t h e  s t a n d a r d  COMMON and DIMENSION s t a t e m e n t s  

used throughout  t h e  program. 

3 .  E n t e r  t h e  s u b r o u t i n e s  SETKX and/or  SETKB once f o r  

each  atom involved  i n  t h e  f u n c t i o n .  See t h e  s e c t i o n  

"Ar i thme t i c  Subprograms Ava i l ab le"  for d e t a i l s  of 

t h e s e  r o u t i n e s  

F U N i  

The purpose  of t h i s  s u b r o u t i n e  is t o  compute t h e  d e s i r e d  

f u n c t i o n  when g i v e n  t h e  v a r i o u s  i n p u t  d a t a  found i n  corninon 

s-borage 

1. The s u b r o u t i n e  h a s  no arguments .  

2 .  I n c l u d e  t h e  s t a n d a r d  COMMQN and DIMENSION s t a t e m e n t s  

used  throughout  t h e  program, 

3 The s i g n i f i c a n c e  of t h e  i n s t r u c t i o n  i n t e g e r s  IN(K) 

excep t  f o r  IN(1) is a t  t h e  d i s c r e t i o n  of t h e  

programmer, 

4 .  The n e c e s s a r y  a tomic  c o o r d i n a t e s  o r  t empera tu re  

f a c t o r  c o e f f i c i e n t s  are c a l l e d  f o r  by means of 

s u b r o u t i n e s  ATOM or BETA. 

5 .  I f  t h e  m e t r i c  t e n s o r s  AA o r  BB a r e  t o  be used ,  t h e  

s u b r o u t i n e s  STOAA and/or  STOBB must be e n t e r e d .  

See t h e  s e c t i o n  "Ar i thme t i c  Subprograms Ava i l ab le"  

f o r  a d e s c r i p t i o n  of t h e s e  r o u t i n e s .  
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6 ,  S t o r e  t h e  f u n c t i o n  a t  F X  i n  COMMON and RETURN, 

OUTi 

The purpose  of  t h i s  s u b r o u t i n e  is t o  p u t  o u t  t h e  d e t a i l e d  

d e s c r i p t i o n  of  t h e  i n d i v i d u a l  f u n c t i o n  computed, I ts  

i n c l u s i o n  is o p t i o n a l  but. c e r t a i n l y  d e s i r a b l e ,  

1, T h e  s u b r o u t i n e  h a s  no  arguments .  

2 .  I n c l u d e  t h e  s t a n d a r d  COMMON and DIMENSION s t a t e m e n t s  

used  th roughou t  Segment 2, 

3. The d e s c r i p t i o n  which probably  i n c l u d e s  t h e  r e l e v a n t  

i n s t r u c t i o n  i n t e g e r s ,  I N ,  shou ld  be p u t  o u t  on 

t a p e  9 -  

4 .  T h e  first c h a r a c t e r  of t h e  f i r s t  l i n e  of t h i s  

d e s c r i p t i o n  shou ld  be  a H o l l e r i t h  z e r o  t o  c a u s e  

doub le  s p a c i n g ,  

5 ,  More t h a n  one l i n e  may be put  ou t  if d e s i r e d ,  

ARITHMETIC SUBPRWRAMS AVAILABLE 

B ,  CALL SETRX ( leN(K> 1 

I n s t r u c t s  t h e  program t o  c a l c u l a t e  d e r i v a t i v e s  w i t h  

r e s p e c t  t o  the c o o r d i n a t e s  of t h e  atom d e s i g n a t e d  i n  % E J ( I K ; ) ,  

T h i s  s u b r o u t i n e  is used by t h e  p r e l i m i n a r y  s u b r o u t i n e s ,  PREi. 

2 .  CALL SETH3 (31NgK))  

I n s t r u c t s  t h e  program t o  calculate d e r i v a t i v e s  w i t h  

r e s p e c t  t o  t h e  a n i s s t r o p s c  teinperaOure f a c t o r  c o e f f i c i e n t s  

of t h e  atom d e s i g n a t e d  i n  HM(K) T h i s  s u b r o u t i n e  is used  

by t h e  p r e l i m i n a r y  subrout ines  PR,Ei,  
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3 ,  CALL STQAA 

S t o r e s  the 3 x 3 metric t e n s o r  (where g = 8 . a . )  
i j  -i -J 

a t  AA i n  common s torage .  

4. CALL STQBB 

S t o r e s  t h e  3 x 3 r e c i p r o c a l  metr ic  t e n s o r  g-’ (where 

( g m R I i j  = b;b.) a t  BB i n  cormon s t o r a g e .  

5 ,  CALL ATOM(PN(K),Z) 
-1 “J 

BIMENSI[ON Z & 3 )  

S t o r e s  a-t Z t h e  coordinates of t h e  atom s p e c i f i e d  by 

t h e  i n s t r u c t i o n  i n t e g e r s  X N ( K )  and IN(Kt-1) T h e s e  e o o r d i n a t e s  

re le r  to  the t r i c l i n i c  a x e s ,  They  have  been t r ans fo rmed  

a c c o r d i n g  t o  t h e  s y m m e t r y  s p e c i f i e d  - 
6 CALL BETA QINgM) , Z )  

DIMENSION Z6;3,33 

Stores  at Z the 3 x 3 m a t r i x  of t h e  t e m p e r a t u r e  f a c t o r  

c o e f f i c i e n t s  o f  t h e  atom s p e c i f  i e d  by i n s t r u c t i o n  i n t e g e r s  

% N ( K )  a n d  I X ( K - r l )  The m a t r i x  h a s  beern t r ans fo rmed  accord ing  

t o  t h e  symmetry s p e c i f i e d ,  

7 ,  CALL k!M Qx, H, Z )  

DIMENSION X(3,3), X ( 3 , 3 ) ,  % ( 3 , 3 )  

Performs t h e  m a t r i x  m u l t i p l i c a t i o n  52 = The l o c a t i o n  

of Z must be d i f f e r e n t  f rom 5 and x. 
8 ,  CALL MY (X, Y ,  Z )  

- 
DIMENSION XQ3,3), Y g 3 ) ,  2 0 )  

Perforws t h e  m a t r i x - v e c t o r  m u l t i p l i c a t i o n  FL = go The 

l o c a t i o n  of g must be d i f f e r e n t  f r o m  x. 
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DIMENSION X ( 3 )  Y(3,3) Z ( 3 )  

Performs t h e  vector-matrix multiplication = 
T T 

The locations of Z must be different from 

10. Function VVCX, Y) 

c 

DIMENSION X ( 3 )  Y(3) 

Performs the vector-vector multiplication E x  = Z T 

( a  scalar), 

11, Function VMV (W? X,  Y )  

DIMENSION W(3) X(3,3) Y(3) 

Performs the vector-matrix-vector multiplication 5 = 
T 

Ca scalar)< 

1 2 ,  CALL D I F V  (X, Y, 2 )  

Performs t h e  vector subtraction E - = - Z .  5 may have 

the same location as 5 or x- 
1 3 ,  CALL SUMV {X, YI Z)  

Performs the vector summation 5 + = z, 5 may have 

t h e  same location as X or x. - 
1 4 ,  Function COSVV ( X ,  Y> 

DIMENSION X(3), Y&3) 

Computes t h e  cosine of the angle defined by VeCtQrS 5 

and x. 
coordinate systemp and it is also assumed t h a t  the metric 

These vec to r s  are assumed to refer to the triclinic 

tensor has been stored at AA in common storage, 
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1 5 ,  Func t ion  ARCCOS ( X )  

Computes 0 ,  t h e  a r c  cos of X i n  d e g r e e s .  0 6 0 6 180, 

l b 0  CALL NORM Qx, Y ,  21) 

DIMENSION x ( 3 > ,  Y(3) j Z ( 3 )  

Stares a t  Z a v e c t o r  (noi, a u n i t  v e c t o r )  p e r p e n d i c u l a r  - 
t o  b o t h  X and Y o  T h e  sense 01: is  t h a t  of t h e  v e c t o r  p roduc t  

X x Y .  A 1 1  v e c t o r s  are  referred t o  t h e  l r i c l i n i c  c o o r d i n a t e  

s y s t e m ,  and it  is assumed t h a t  t h e  r e c i p r o c a l  metric t e n s 3 r  

h a s  been s t o r e d  a t  BB in common s t o r a g e ,  

1 7 ,  CALL AXES (U, V ,  X> 

5 T.. 

2 Y 

DPTvlENSION U(3) V(3) X ( F ; , 3 )  

SlcBres three niutual ly  p e r p e n d i c u l a r  v e c t o r s  ( n o t  u n i t  

vec tors !  a t  X ( J C , l ) ,  X ( Z , 2 > ,  ai;d X ( I , 3 ) .  X ( 1 , l )  -= U ( I ) ,  

X ( I , 2 )  is normal t o  U and x9 i o e o 9  i n  t h e  d i r e c t i o n  o f  U x i '. 

X ( I , 3 )  i s  normal t o  X ( I , 1 )  anu X ( I , Z )  so  a s  t o  y i e l d  a r i g h t -  

- - .-.I) 

handed c o o r d i n a t e  sys tem,  AI:.. t h e s e  v e c t o r s  are  r e f e r r e d  t o  

t h e  t r i c l i n i c  c o o r d i n a t e  s y s t ~ m ,  and i t  is assumed t h a t  t h e  

r e c i p r o c a l  m e t r i c ,  tensor  has  been s t o r e d  a t  BB i n  common 

s to rage  0 

1 8 ,  CALL EIGKAL QW, Y >  

D1MEYSION W(3,3), Y ( 3 )  

S t o r e s  the three  e i g e n v a l u e s  Y of t h e  m a t r i x  Eo 
The method used f o r  s o l v i n g  t h e  c u b i c  d e t e r m i n e n t a l  

e q u a t i o n  is t h a t  d e s e r i b e d  by R. S .  Bur ing ton ,  _I-__- Handbook of - 

Mathematical  Tab le s  and Formu:Las, I .---- (Handbook P u b l i s h e r s ,  Inc * ,  

Sandusky, O h i o ,  1 9 5 4 > ,  3 r d  ed., pp.  7 - 9 .  

I- 
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1 9 .  CALL EIGVEC (W, Y, Z)  

DIMENSION W(3,3) ,  Z(3)  

Given an  e i g e n v a l u e  Y of t h e  m a t r i x  k3 t h i s  s u b r o u t i n e  

s t o r e s  t h e  c o r r e s p o n d i n g  e i g e n v e c t o r  g >  

S o l v i n g  a n y  pair of t h e  t h r e e  available e q u a t i o n s  would 

y i e l d  a vector  i n  t h e  d e s i r e d  d i r e c t i o n .  Because of special 

symmetry s i t u a t i o n s ,  however, t h e  p a i r s  chosen  cou ld  be 

redundant  s o  t h a t  a n u l l  v e c t o r  would be o b t a i n e d .  T h e  

s u b r o u t i n e  t h e r e f o r e  r e p e a t s  the c a l c u l a t i o n  w i t h  each  of t h e  

t h r e e  p o s s i b l e  p a i r s ,  and t h e  v e c t o r  of l a r g e s t  magnitude i s  

t a k e n  as t h e  c o r r e c t  r e s u l t .  If a l l  t h r e e  p a i r s  y i e l d  null 

v e c t o r s ,  t h e  s u b r o u t i n e  sets an error  i n d i c a t o r ,  because  t h i s  

i m p l i e s  t h a t  t h e  d i r e c t i o n  of t h e  e i g e n v e c t o r  is i n d e t e r m i n a t e ?  

2 0 .  F u n c t i o n  TRACE ( X >  

DIMENSION X(3,3) 

Computes t h e  t r a c e  of t h e  m a t r i x  5,” 

DI[S@USSHON OF EXAMP3LES 

Data f a r  two t e s t  problems a r e  inc luded  with the c a r d  

deck f o r  OR FFE, Both a r e  e x t e n s i o n s  of t h e  h y p o t h e t i c a l  

problem based 8x1 alpha quartz which was i n c l u d e d  w i t h  t h e  

program OR YES, Example 1 uses  card i n p u t  o n l y ,  and tests 

the p r e s e n t  program i n d e p e n d e n t l y ,  Example 2 t a k e s  p a r t  of 

i ts i n p u t  from a tape produced by OR PLS, and tests t h e  two 

prograins together T o  o b t a i n  the required magnet ic  t a p e  from 

OR PLS it i s  n e c e s s a r y  t o  modify the  test  d a t a  c a r d  FLS 11414 

by s u b s t i t u t i n g  a f o r  0 i n  eoEumn I$? 
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I t  shou ld  be emphasized a g a i n  t h a t  t h i s  problem is a 

h y p o t h e t i c a l  one ,  Although t h e  s t r u c t u r e  c o n s i d e r e d  is 

q u a l i t a t i v e l y  t h a t  o f  a l p h a  q u a r t z 7  t h e  o b s e r v a t i o n s  used i n  

t h e  OR FLS t e s t  a r e  s y n t h e t i c ,  and t h e  pa rame te r s  which r e s u l t  

a r e  n o t  r e l a t e d  t o  t h e  t r u e  s t r u c t u r e  of t h i s  m a t e r i a l ,  

Silicon atom ( 2 , 3 0 0 )  l i e s  on a s i n g l e  twofold  r o t a t i o n  

a x i s  and h a s  oxygen atoms ( 1 9 L ? ) J  (193), (1_,300), and (1 ,305)  

a s  f o u r  n e a r e s t  ne ighbors  i n  a n  approximate ly  t e t r a h e d r a l  

conf i g u r a t  ion  Example 1 comlmtes t h e  independent  d i s t a n c e s  

and a n g l e s  01 t h i s  g roup ,  The d i h e d r a l  a n g l e  computed is a 

measure of t h e  d i s t o r t i o n  of t h e  t e t r a h e d r o n ,  T h e  d i f f e r e n c e s  

computed show how t h e  program can  be used  t o  de t e rmine  whether 

chemica l ly  e q u i v a l e n t  bu t  @ r y ~ ~ t a l l o g ~ a p h i @ a l l y  d i s t i n c t  

d i s t a n c e s  o r  a n g l e s  have s i g n i f i c a n t  d e v i a t i o n s  Irom each 

s t h c r  0 

Example 2 i n c l u d e s  computa t ions  r e l a t i n g  t o  the a n i s o -  

t r o p i c  t empera tu re  f a c t o r  coe-If i c i e n t s  F i r s t  t h e  root-mean- 

sq'zare displacements i n  t h e  pa-incipal a x i s  d i r e c t i o n s  a r e  

o b t a i n e d ,  Then t h e  a n g l e s  whkch p r i n c i p a l  axes  of t h e  0 

atom ( 1 , 2 )  make w i t h  t h e  S i - 8  bond ( 2 , 3 0 0 )  ( 1 , 2 )  a r e  @omputt~d, 

Next a carTes ian  c o o r d i n a t e  s y s t e m  is d e f i n e d  in t e r m s  of the 

S i - 0  v e c t o r s  (2 ,300)  d 1 , 2 )  and ( 2 , 3 0 0 )  ( B , 3 )  so t h a t  t h e  

p r i n c i p a l  axes  of 0 can be r e l a t e d  t o  t h i s .  Note t h a t  t h e  

a x i s  w i t h  1 -= P is j u s t  t h e  S i = - O  bond d i r e c t i o n  used above 

so  t h a t  the a n g l e s  with 1 = 1 r e p e a t  t h o s e  computed e a r l i e r ,  

Because t h e  S i  atom is l o c a t e d  0 n  a twofold  a x i s ,  one of 

i t s  p r i n c i p a l  axes  is c0ns t r a ined  t o  l i e  i n  t h a t  d i r e c t i o n .  
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By choos ing  a c o o r d i n a t e  s y s t e m  based on S i  a t o m  i n  d i f f e r e n t  

ce l l s ,  C a r t e s i a n  a x i s  1 is made t o  f a l l  on t h e  twofold  a x i s ,  

ax i s  2 l i e s  i n  t h e  x , y  p l a n e  and a x i s  3 is p a r a l l e l  t o  z ,  

P r i n c i p a l  axes 1 and 3 are  b o t h  seen  t o  make a n g l e s  of 90 

w i t h  C a r t e s i a n  a x i s  1, a s  e x p e c t e d +  P r i n c i p a l  a x i s  2 shou ld  

t h e r e f o r e  make a n g l e s  of Oo (or 180°), go", and 90° w i t h  

C a r t e s i a n  axes  1, 2 ,  and 3 ,  r e s p e c t i v e l y ,  U n f o r t u n a t e l y ,  t h e  

results are  o n l y  approximate ly  c o r r e c t  i n  t h e  p r e s e n t  test 

problem, The pa rame te r s  from t h e  h y p o t h e t i c a l  81& FLS t e s t  

problem r e p r e s e n t  atoms which a re  n e a r l y  i s o t r o p i c ,  and i t  is 

b e l i e v e d  t h a t  t h i s  s i t u a t i o n  p e r m i t s  round-off  e r r o r s  t o  c a u s e  

t h e  observed  d i s c r e p a n c i e s ,  

o 

F i n a l l y  three o t h e r  t y p e s  of f u n c t i o n s  are  computed t o  

comple te  t h e  t e s t ,  

CARD DECKS PR 

Subprogram 

C a l l i n g  program 

SUB8 

s m 1 0  

SB113l.P 

SUB13 

SUB19 

S k v B Z l  

HEDI 

S ymbs l ic 
c a r d  

numbers 

Column 
b i n a r y  card 

numbers* 

1 - 246 

247 - 3 0 0  

3 0 1  - 324. 

3 2 2  - 347 

348  - 491 
492 - 508 

5 0 9  - 5121 
5 8 2  - ;.sa 

2 0 5 1  - 2%03**  

2104 - 2109 

2110  - 2112 
23.13 - 21115 

2116 - 2233 

2134  - 2836 

2137 - 2145 

2146 - 2155 
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S y m b o l i c  
card 

n u m b e r s  

638 - 0 7 8  

Column 
b i n a r y  card  

numbers*  - 

2156 - 2162  

Subprogram 

PREE 

P U N 1  

OUT 1 

SETKX 

S ETKR 

STQAA 

STOBB 

ATOM 

BETA 

MM 

MV 

VIM 

vv 

VMV 

BHFV 

SJJMal’ 

GQSVV 

ARCCOS 

NORM 

AXES 

ElEYAL 

EXGVEC 

TRACE 

FUNA 

6 7 9  - 746 2163  - 2 1 7 2  

747 - 786 2173  - 2179  

2 1 8 0  - 2 1 8 2  787  - 8 0 3  

8 0 4  - 8 2 0  2183  - 2186 

8 2 1  - 8 4 0  2187  - 2190  

8 4 1  I- 874 2 1 9 1  - 2 1 9 7  

2 1 9 8  - 2 2 0 9  8 7 5  - 9 2 7  

9 2 8  - !I87 2210 - 2 2 2 4  

2225 - 2228  988 - ? 9 9  

1 0 0 0  - lCi l0  2 2 2 9  .- 2 2 3 2  

2233  - 2236 1 0 1 1  - l u 2 l  

1 0 2 2  - 1 6 3 1  2237 - 2 2 3 9  

1 0 3 2  - 1 0 4 0  2240  - 2242  

2243  - 2245  1 0 4 1  - 1 0 4 9  

1 0 5 0  -- 1058 2246 - 2 2 4 8  

2249 - 2253  1 0 5 9  - 1 0 7 5  

2254  - 2 2 5 6  

2 2 5 7  - 2 2 6 0  

1 0 7 6  - 1 0 8 1  

1 0 8 2  - 1107- 
2 2 4 1  - 2265  1 1 0 2  - 1 1 1 3  

1114 - 1 1 6 0  2266 - 2277 

2 2 7 8  - 2 2 8 4  1 1 6 1  - 1 1 9 5  

1196 - 1 2 0 4  

1 2 0 5  - 1 2 2 4  

2 2 8 5  - 2287  

2 2 8 8  - 2 2 9 2  
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Subprogram 

FUND 

HEDl 

PREl 

F U N 1  

OUT1 

HED2 

PRE2 

FUN2 

om2 

HED3 

PRE3 

FUN3 

om3 

MED4 

PRE4 

F U N 4  

om4 

HED5 

FUNS 

KED6 

PREb 

PUN6 

O W 6  

FUN3 

Symbolic 
card 

numbers 

1 2 2 5  - 1 2 4 1  

1 2 4 2  - 1 2 4 8  

1 2 4 9  - 126:l  

11262 - 12’73 

1 2 7 4  - 1 2 8 b  

1 2 8 7  - 1 2 9 3  

1 2 9 4  - 1 3 0 6  

1307 - 1318 

1319 - 13311 
1 3 3 2  - 133‘3 

1340 - 1 3 5 3  

1353 - 137.7 

1 3 7 8  - 1 3 9 1  

11392 - 1 3 9 8  

1 3 9 9  - B41,:L 

1 4 1 2  - 1 4 2 3  

1 4 2 4  - 1 4 3 7  

1438 - 1444 

1 4 4 5  - 1 4 5 6  

1457 - 1463 

1464 - 1 4 7 7  

1 4 7 8  - 1 4 9 2  

1433 - 1 5 0 7  

1508 - 1 5 2 7  

Colunxn 
b i n a r y  card 

numbers* 

2293  - 2 2 9 6  

2297 - 2 2 9 9  

2 3 0 0  - 2 3 0 2  

2303  - 2 3 0 5  

2306 - 2308 

2309  - 2 3 1 1  

2 3 1 2  - 2314 

23.1s - 2317  

2318 - 2320  

2 3 2 1  - 2323  

2 3 2 4  - 2326 

2327  - 2333  

2 3 3 4  - 2 3 3 7  

2 3 3 8  - 2340  

2 3 4 1  - 2343  

2 3 4 4  - 2346  

2347  - 2 3 5 0  

2 3 5 1  - 2 3 5 3  

2354  - 2356  

2 3 5 7  - 2 3 5 9  

2360 - 2362 

2363  - 2 3 6 5  

2366 - 2369 

2.370 - 2 3 7 4  
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Symbolic 
card 

numbers 

Column 
b i n a r y  card  

number s * 
1528 - 1548 

1549 - 1573 

1574 .- 15131 

1582 - 1503 
1594 - 1604 
1607 - 16.19 

1 6 2 0  - 16L7  

1628 - 1641 

1642 - 1454 
1655 - 1608 

1669 - 1677 

1 6 7 8  - 1690 

1691 - 1699 
1 7 0 9  - 17:!3 
1714 - 1726 

1727 - 1741 

B742  - 175E 

1752 - 1764 
1765 - 1780 
1781 - 1709 
1800 - 1824 
1825 -- I 8 3 3  

1834 - 1847 
1848 - 1800 

2375 - 2 3 7 9  

2380 - 2386 

2387 - 2390 
2391 - 2393 
2394  - 2396 
2 3 9 7  - 2399 
2400 - 2403 
2404 - 2406 
2407 - 2409 
2410 - 2413 

24-14 - 2417 
2418 - 2420 

2421 - 2424 

2425 - 2427 
2428 - 2430 

2431 - 2434 

2435 - 2438 

2439 - 2441 

2442 - 2445 
2446 - 2451. 

2452 - 2457 
2458 - 2461 
246% - 2464 

2465 - 2467 
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Subprogram 

om112 

HED13 

PUN13 

0ml.3 

HED 14 

PRE3.4 

FUN14 

HED85 

FUN15 

ASXN 

SETA (Pi rnm 

SETP (Dummy) 

SETA (Examples 1 and 2 )  

SETP (Example 1) 

S E W  (Example 2 )  

Transfer .  ca rd  and 
d a t a  for Example 1. 

T r a n s f e r  card and 
d a t a  f o r  Example 2 

*The column b i n a r y  cards 

S ymbo 1 ic 
card 

numbers 

1861 - 18174 

2875 - 1881 
1 8 8 2  - 1894 

1895  - 1 9 0 7  

1 9 0 8  - 1 9 1 5  

1'9l.6 - 1 9 2 9  

1930 - I943  

9 0 4 4  - 19.51 
11052 - l.965 

1966 - 1 9 7 0  

1?73. - e975 

1 4 7 6  - 1982 

X'?83 - 1989 

1 9 9 0  - 1 9 9 8  

2 0 2 3  - 2 0 5 0  

p r o v i d e d  were ' I  

Column 
b i n a r y  card 

numbers * 
2468 - 2471 

2472 - 2434 

2475 - 2477 

2478 - 2480 

2481 - 2483 

2 4 8 4  - 2486  

2487 - 2489 

2490 - 2 4 9 2  

2 4 9 3  - 2495 

2496 - 2499*'* 

2.550 - 2 5 0 1  

2502 - 2 5 0 3  

2504  - 2 5 0 6  

2 5 0 7  - 2509 

2510 - 2512 

compiled on an 
IBM 7 0 9 O U  
if t hey  are t o  be used on a n  U 3 M  704.  

Nost of the subprograms must be reccampiled 

**Card No, 2 0 5 P  is a c o n t r o l  card f o r  t h e  Oak Ridge moni tor  
sys tem.  It may n o t  be appropr i a t e  at o t h e r  i n s t a l l a t i o n s .  

***The ASIM r o u t i n e  is included because it is not available 
from the Oak Ridge library t ape .  Ht may n o t  be needed at, 
o t h e r  installations. L i b r a r y  r o u t i n e s  SQRT, COS, and EXIT 
(which t e r m i n a t e s  t h e  job) shou ld  a l s o  be i n s e r t e d  here i f  
they are no t  supplied by the m o n i t ~ r  sys'ieaii 
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"ysers who r e c e i v e d  a temporary c a r d  deck d u r i n g  1963 will 
probably  f i n d  t h a t  t h e  on ly  change h a s  been t o  add idcnti- 
f y i n g  numbers t o  t h e  f i n a l  v e r s i o n .  The most r e c e n t  modifi- 
c a t i o n s  t o  t h e  program were made i n  t h e  c a r d s  now numbered 
PFE 0 7 2 ,  0 7 3 ,  162,  9 3 9 ,  9 4 0 ,  and 1140-1143. If t h e s e  c a r d s  
a r e  v e r i f i e d  and c o r r e c t e d  where necessa ry ,  t h e n  t h e  
temporary deck will. conform t o  t h i s  r e p o r t ,  

GLOSSARY OF SYMBOLS 

The f o l l o w i n g  l ist  d e f i n e s  t h e  s y m b o l s  used  i n  t h e  main 
p a r t s  o f  t h e  program. Some of' the independent  a r i t h m e t i c  
s u b y o u t i n e s  r e p e a t  c e r t a i n  symbols wi th  d i f f e r e n t  meanings,, 
and t h e s e  a r e  n o t  i nc luded  i n  t h i s  g l o s s a r y .  

Arrays  a r e  r e p r e s e n t e d  by symbcals  fo l lowed  by t h e i r  
minimum a l lowab le  d imens ions .  All o t h e r  symbols r e f e r  to 
single-storage v a r i a b l e s o  T h o s e  marked w i t h  a n  a s t e r i s k  ("1 
aye sometimes read a s  i n p u t  d a t a ,  

D i r e c t  c e l l  pa rame te r s  a ,  b ,  c ,  cos a ,  COS p ,  
and cos y .  

Metric t e n s o r  g where g .  . -= a. - a .  
1,; --i 'J 

AAg3,3) 

AM(Z1) Upper t r i a n g u l a r  p a r t  o f  t h e  v a r i a n c e -  
c o v a r i a n c e  m a t r i x  a s s o c i a t e d  w i t h  the six c e l l  
pa rame te r s .  A M C L )  = U B I  AM(Z) = UB 2 ,  

A M ( & )  U i Q ,  A M & ' I )  = U z 2 , . o o o ,  etc. 

c 

- Reciprocal metric tensor g-' where (g"' 1 ij - 
b:h 
-1 -=j 

Fac tor  C . .  ussr:d i n  computing v a r i a n c e s  i n  
s t ~ 1 . 3  EJ . =: I. if i = j ; o t h e r w i s e  ciii = 2 ,  

i J  
a / 2  Xmcrements Lb.3~ - ( 0 >  01) ui.i 

I. 

D e r i v a t i v e s  S f / aa io  

D e r i v a t i v e s  a f / a p i  E 

Maximum d i s t a n c e  which  w i l l  be  p r i n t , e d  when 
u s i n g  i n s t r u c t i o n s  P O 1  o r  2 0 1 .  

S t a n d a r d  e r r o ~ ,  e ,  of t h e  f u n c t i o n  including;  
c o n t r i b u t i o n s  f r o m  c e l l  parameter  errors ancl 
atomic parameter e r r o r s  _. 
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F 

PX 

*PAM 

I H  

S t a n d a r d  e ~ r o r ,  e' of the f u n c t a o n  i n c l u d i n g  
o n l y  c o n t r i b u t i o n s  from least-squares 
parameter ~ Y T O ~ S  + 

Computed value of f u n c t i o n  f t o  be pu t  out... 

Computed value of f u n c t i o n  f as stared by t h e  
s u b r o u t i n e s  PUN2 * 

Cell parameter error Indicator. If ITAM = 0 ,  
ce l l  parameter errors a r e  n o t  to be used. 
If HAM = 1, they arc  ta  be r ead  as s t anda rd  
errors. I f  IAM = 2 ,  t h e y  a r e  to be read as 
a var iance-covar iance  mat r ix ,  

H u n d r e d s  digit af t h e  instruction number, 
m(s) I) 

* I N ( 2 3 1 )  Array o€ integers used  ts d e f i n e  t h e  f u n c t i o n  
to be computed. r N { l a  specifies the k i n d  os' 
f unc t.ion e 

1 NSAVE IN(13 saved f r - o m  t h e  prev ious  i n s t r u c t i o n  
in t ege r s .  The  function head ing  i s  p u t  o u t  
if % M ( l l  f INSAYE. 

* IPM A t o m i c  parameter error f n d j c a t o r ,  6% 1PM = 0,  
these e r rors  w i l l  n o t  be used  181 computing the 
s t a n d a r d  ermi'  of t#hc f u n c t i o n .  If  $PM = 1, 
t h e y  will be l lsed* 

*XS(%,3,MS) I n 6; e g  er s r epr  e s e n .f, i ng t he no n- t z- a n s Z a % i o n  a P 
p a r t  Qf t h e  s y m m e t r y  information. For 
example, if the Jth symmetry transformation is 

stored as fo%.',cws: 
y - x ,  "X, 113 -i- z ,  t h i s  i n f a r m a t i a n  would be 

LTF Temperature factor  indicator. ITF --- 0 if 
parameters w e r e  read from cards. Otherwise 

OR FES and is I or 2 f o r  baotropie  or an'is01- 
fTP is read from t h e  p x i v % ? > P  o u t p u t  t a p e  of 

t r s p l c  temperature f ac to r s ,  r e s p e c t i v e l y  0 
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NG 

NM 

P o s i t i o n  of t h e  F i r s t  t empera tu re  f a c t o r  
c o e f f i c i e n t  i n  t h e  parameter  l ist 

P e r i o d  of t h e  t empera tu re  factor c o e f f i c i e n t s  
i n  %he parameter  l i s t .  

Posi-Lion of t h e  f i r s t  x -coord ina te  in t,he 
parameter  list. 

P e r i o d  of t h e  c o o r d i n a t e s  i n  t h e  paramejter 
list, 

Parameter seI .ect ion i n t e g e r s .  KIa(I) = I if 
P(14 cor re sponds  t o  a row-column 01 t h e  
vapian@e-covar iance  naatrix, PM. Otherwise 
K$1(Tb =.. 0 .  

111t~egex-s set  by s u b r o u t i n e  PREi t o  s p e c i f y  
t h e  pa rame te r s  involved  i n  t h e  function be ing  
coriiputed, KIi!(I> i s  s e t  t o  1, if P(X) is 
i n v o l v e d  i n  the f u n c t i o n .  Otherwise  K U ( P )  = 
0 .  

Index used s o  that. PM(K#) is a diagonal. 
e lement  of the va r i ance -cova r  i a m e  rnatr ix 

Increment t o  be added t o  KK t o  s t e p  f r o i n  one 
d i a g o n a l  elernr2n.a; of PM t o  t h e  n e x t .  

I n t e g e r  sawed t o  r e c o r d  t h a t  DFBP6LNZ) is the 
Past non-zero d e r i v a t i v e  i n  t h e  a r r a y .  

Xunabeu of a t o m  i n  t h e  parameter  lisk a s  
specifjed hy  t h e  i n s t r u c t i o n  i n t e g e r s  f o r  
ce r t a in  multivalued f u n c t i o n s  e 

Error i n d i c a t o r  set t o  a non-zero iriteger 
when at? error i s  found i n  the c e u r s ~  of 
c a l c u l a t i n g  a f u n c t i o n  o r  i t s  d e r i v a t i v e .  
See  the sectr.on "Error I n d i c a t o r s v t  f o r  a 
l i s t  of thesc:  F t r T O P s .  

NY6MV+1)/Z3 the number of elements i n  t h e  
upper t r i a n g u l a r  p a r t  of the v a r i a n e e -  
cova r i ance  m a t r i x ,  PM. 

Number sf pa rame te r s  i n  t h e  parameter  list* 

Number of s c a l e  f a c t o r s  i n  a parameter  l i s t  
which has bees? read f rom Lhe p r i v a t e  o u t p u t  
t a p e  o f  OR FLS,  
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*NS 

NSP 

*Nv 

*P(NP) 

*PM ( NM) 

ROW(6) 

SAVEA 

Number of s y m m e t r y  c a r d s  r e a d .  

NS+l, t h e  number of s y m m e t r y  p o s i . t i o n s  
i n c l u d i n g  t h e  b a s i c  asymmetric u n i t .  

Order  of t h e  v a r i a n c e - c o v a r i a n c e  m a t r i x  f o r  
t h e  a tomic  pa rame te r s  I 

L i s t  of a tomic  p a r a m e t e r s  r e a d  e i t h e r  from 
c a r d s  o r  from t h e  p r i v a t e  o u t p u t  t a p e  of 
OR FLS. 

Upper t r i a n g u l a r  p a r t  of v a r i a n c e - c o v a r i a n c e  
m a t r i x  a s s o c i a t e d  w i t h  t h e  a tomic  pa rame te r s  
PM(1) == V l l ,  PM(2) = V 1 2 ,  ....) PM(NV) = 

, N V ,  PM(NV4-1) == V 2 2 ,  .. e tc .  

A u x i l i a r y  array used i n  pu-tt ing o u t  t h e  m a t r i x  
AM. 

Temporary s t o r a g e  f o r  a c e l l  pa rame te r  which 
is be ing  incremented  d u r i n g  t h e  d e r i v a t i v e  
c a l c u l a t i o n .  

SAVEP Temporary s t o r a g e  for a n  a tomic  pa rame te r  
which is be ing  incremented  d u r i n g  t h e  
d e r i v a t i v e  c a l c u l a t i o n .  

*SCALE Coizstaizt used  t o  s c a l e  t h e  v a r i a n c e - c o v a r i a n c e  
m a t r i x  i f  i t  is  r ead  fro,n c a r d s .  

"TZTLE(l2) Alphanumeric t i t l e  r e a d  a t  t h e  s t a r t  of t h e  
problem and t r a n s c r i b e d  t o  t h e  o u t p u t .  

*TS ( 3 ,  N S )  T r a n s l a t i o n a l  p a r t  of symmetry i n f o r m a t i o n .  
(See IS fox. an example.)  

VARA 

VARP 

Var i ance  of f based on t h e  c e l l  parameter  
e r r o r s  o n l y .  

Var i ance  of f based  on t h e  a tomic  parameter  
e r r o r s  o n l y .  
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Read input  
and make 
pre I i rn i na r y 
ca lcular t ion  - 

Figure 1 .  Schematic flow diagram of the main program showing the 
su bpi-og rams ca 1 I ed by i t  . 

Figure 2.  SUB19 which controls the calculation and output for a single-valued 
function. 
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to put out 
desc r ip t i on  

i n  calculat ion 

R E T U R N  

L Q O ~  tQ 
C A L L  FUN1 
in ca lcu la t ion  
o f  der  i va t i ves  
w i t h  respect t o  
least  s q u a r e s  
p a r a m e t e r s  

Figure 3. SUB13 which calculates the error i f  required and puts out the 
resw I ts .  
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compute functions 
of 3 pr inc ipa l  axes  
and 3 Cartesian 

I Loop t h r u  al l  
k i n d s  of a toms 
and C A L L  S U B l l  
t o  c o m p u t e  functions 
of 3 pr incipal  axes 
and 3 Cartesian axes 
.- - 

......................... .- 

........... 

k i n d s  of atoms 
and C A L L  SUR10 
to  compute funct ions 
of 3 p r i n c i p a l  a x e s  

C A L L  S U B 8  to  
compute in teratomic 
d is tan e e s  b e t  ween 

a s y m m e t r i c  u n i t s  
2 otarns i n  t w o  

L-- 
............ 

sy  m rn e t r y  posi t  ions 
and C A L L  SUE8 to  
compute d i s tances  

Figure 4 .  SUB2 1 which  controls the calculat ions for mu1 tiple-values functions. 
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fl 1.4, NA 
are both atoms to calculate 

FX ,  the  distance 
between atoms 

C A L L  SUB13 
to  c a l c u l a t e  
error and 
put  out  "i results  

RETURN 

Figure 5.  SUB8 which calculates a l l  distances less than DMAX between atoms 
of two asymmetric units. 

Figure 6. SUB10 which controls the calculation of funtions of each of the 
three principal axes of thermal motion. 
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Figure 7. SUB1 1 which controls the calculation of  functions of  each of the 
three principal axes and o f  three axes of a specified Cartesian coordinate system. 

Figure 8. FUN1 which transfers control to the appropriate function-calculating 
subroutine. HEDI, PREI, and OUT1 are almost analogous to FUNI. 
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SYMBOLIC PROGRAM LISTING 

FFF 0 3 9  
FFF 0 4 0  
TFE 0 4 1  
F f F  042  
F1-F 1 4 3  
FF' r l4L 
FFF 0 4 5  

F F E  f l47 
FFE 0 4 8  
FFE i l49 
FFE 050  
FFE 0 5 1  
FFE: 0 5 2  
FFF 135'3 
FFE 0 5 4  

FPF n46 

, 
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no505 
0 0 5 0 6  

I 
2 

0 '3509 

c1"5 I n 
@Q51 I 

I 
2 
3 

e 0 6 3  I 
qn6C)Z 

0087 1 
0 0 8 7 2  

0 0 9 7 5  

0 3 9 5 2  

C 
C 
0 1 0 0 1  

0 I no& 
n I rin7 

01101 

0 1 ~ 0 1  

01501  

01711  

0 2 0 7 2  

W R I T F  OUTPCll r A P F  9 , 2 n 5 0 6 s J X P , J X  
FORMAT 1 4 1 H O P F R I C D  OF T H F  P O S I T I O P ,  PARA?: ' I -TF '?S I N  THF 

1 8 H  PARAP'ETFP L I S T  I S 1 3 / 2 7 k l R P O S I T I O N  O F  T Y F  F I R S T  
3 8 H  X C O O R D I N A T E  I K  TLIF P 4 F A Y E T E R  L I S T  I S 1 3 1  

I TF#O 
I F l J P P l 0 ~ 6 ~ 1 ~ 3 C 6 f l ~ C 0 5 1 0  

I : 'RITE OUTPVT TAPE 9,f'r151 I r J B P , J B  
FORMAT ( 4 6 H O P E R I O D  OF T t i E  TEMPERATURE PACTOR C O E F F I C I E N T S  

2 5 H  I N  THE PARAPETER [ L I S T  I S I ~ / l 6 H O P O S I T I 3 N  O F  T i i F  
44t4 F I R S T  TEU?ERATURE FACTOR C O E F F I C I F N T  IY T P t  
I R H  PbRCL"TFR L I S T  I C I ? )  

GO TO ? ? I ' l l  

J X P # 6  
J B P # 6  
GO T O  0 1 5 0 1  

J X P # I  I 
J P P * I  1 

W R I T E  OtJTPlJT T A P E  7 , n n 5 P 6 , J X D , J X  
W R I T E  OUTDUT T A P F  9 9 0 n 5 1  I , J B P , J B  
I F 1  I P M )  I) 17'7 I ,n2 I n  I , r l I 7 1 l  I 

READ I N P U T  T A P E  3 ~ 0 0 8 0 2 ~ 1 K I l ( I 1 ~ I b l ~ N P 1  
READ I N P U T  T A P E  33'302q2,FIV 
b I R I T F  OUTPUT TAPE 9 ,@f l5@2, I \V  

READ I N D U T  T A P E  ? r f 1 2 C 0 2 , ( P L A ( K ) , K # I  , N u l  
FORMAT ( R F 1 5 . 8 )  

N " # ( N V * ( b ! V + I )  )/2 

C O U T  OUT Ih lP l JT  PAsPV. "TTFP+ 

0 2  I 3 2  FORVAT ( I I H"1NPUT D A T A / 2  I H3 I P ( J )  KII(II/IH ) 
0 2 1 7 1  W R I T F  CUTDUT T A P F  9 , 0 2 1 0 2  

DO 1 2 1 0 ~ .  I # I  ,PP 

0 2  I D b  W R I T E  OUTPLJT T A P E  9 9 l 2  I r15 9 I,? ( I 1 , K I  I ( I 1 
C l2115  FORMAT I I H  1 3 r F 1 3 . 4 9 1 4 1  

C R F A D  AND ?UT OUT CEI L P A R A u E T F R S  
READ I N P U T  TAPE 1 ~ , ~ ~ 2 2 ~ 2 , ( A ~ I ) r I # l , b )  

F F E  0 4 7  
F F C  n68  
F F T  n69 
F F E  07rl 
FFC' 071 
F F E  0 7 2  
F F E  0 1 3  
F F E  074 
F F E  @ 7 5  
F F F  f l7h  
F F E  0 7 7  
F F F  c178 
F F F  r179 
F F t  n8P 
F F C  f l R I  
F F F  i182 
F F E  f l83 
F F E  0 8 4  

F F E  n e 6  
F F F  [ l a 7  

F F F  P q 9  
F c E  P 9 n  
FFC no1  
F F F  r 9 2  
F F €  '393 
F F F  n 9 4  
F F F  f ls5 
F F F  no6 
F F F  1 0 7  
c F C  098 
F F E  0 9 ?  
F F F  I c I@ 
'FE 101 
F F '  I n 2  
= F C  l r17 
c F c  I n &  
F F F  115  
F F F  I q h  

F F F  107 

F F -  109 
F F '  I I n  
F I E  I l l  
F F '  I 1 2  
F F F  13 
F c F  I 1 4  
F r C  I I C  

F F F  I I 7  
F F C  I 1 8  
F F F  I 1 9  
F F E  12'1 
FFE 121 
F F F  122 
F F F  173  
F F C  171. 
k F F  1 2 5  
Z F F  1 7 6  
F F F  1 2 7  
F F F  1 7 8  
F F E  I 2 9  
F F F  1'0 
F F E  131 
F F E  1 3 2  
F F F  133 
F F E  1 3 4  
F F E  1 3 5  
F F E  136 

i F F  r l R 5  

rCE n a s  

FF: i r b  

F c t  I I 6  
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F F E  I 3 7  
FFE 178 
FFF 119 

F F E  141 
F-FE 142 
F F F  1 4 3  
F F E  144 
F F k  145 
FF-F 146 
F F E  147 

F-FE 1 4 0  

FFE 
F F E 

I 5 8  
1 5 9  

c R i 4 D  V A R I A N C f - C O V A 4 I A N C F  M A T R I X  FOR C E L L  P A R A M F T E R S  F F E  160 
0 7 7 1  I RFAn I M D I J T  T A P F  I ~ r ~ l 4 0 7 , ( C M ( I I , I # I . 2 1 )  F F F  161 

W R I T F  O U T P l J T  T A P C  9 6 7 7 0 3  F F E  167 
0 7 7 7 3  FORMCT ( 4  I H ~ V A ~ I P N C F - C O V A o l A N C F  PPbTRIX FOR C E L L  DAPb'JFTFR5) F F F  163 

I .I# I FFC I 6 4  
no n 7 r n l  I # l , F .  f-FF I 6 5  

FFF 166 
DO 1129112 J # l  96 F F E  I 4 7  

F F F  168 
0 2 9 0 3  POCnr ( J ) #  C. 0 F F E  159 

F F E  170 
DO 0 3 0 0 3  JbI,h FFE 171 

FFF 1 7 2  
R O P ! ( J ) # A V I  I J )  F F F  173 

030n'3 I J i r I J +  I F F F  174 
FFF 1 7 5  

0 3 1 n 1  W R I T E  OIJTPIJT T A P E  9 , 0 3 1 0 2 ~ ( R 0 1 ~ ' ( . J ) , J # 1  9 6 )  I - f E  176 
c 3  I O 2  FORMAT ( I HT?hFI  1 .4 )  FFE 1 7 7  

C COP4PUTF CEL.L P A R A I E T E K  I M C R E V E N T S  U S F D  T O  O F T P . I N  D F R i V A T I V F S  
c320 I K i r  1 F F F  180 

L f f h  FFE 1 8 1  
DO 03303 I # l r h  F F E  I 8 2  

F F E  1 8 3  
D A I  I ) 6 ( 3 . 0 1  ) * S O R T F ( A Y ( K ) )  FFE 1 3 4  
K#I(.+L FF-E I 8 5  

0 3 7 3 1  C # L -  I FFE 1 8 6  
F F C  187 

f l 7 4 1 1  I F ( N S ) 0 7 7 f l 1 , ~ 3 7 ~ l , 0 ~ 6 0 1  F F E  188 
FFF 189 

C REPI) AND PUT OIJT .SYPb'/ETRY T R A N S F O R M A T I O N 5  FFE I 9 0  
(1360 I R E A D  I N P U T  T A P E  1 0 , 0 3 6 0 2 , (  ( T S ( I , J ) ~ ( I S ( K I I , J ) , ~ # I ~ ~ ) , I # I ~ ~ ~ ~  F F F  191 

I J#IrNS) F F I -  I 9 2  
036112 FORMAT ( F l l . b s ? I 2 , F 1 l . 6 , 2 1 2 , F I I . 6 r 2 i ~ )  FFE 193 

W R I  IFI O U T P U T  T A P E  9 , 0 3 6 0 4  F F E  194 
133604 FORMAT ( 7  I H D S Y P M E T R Y  I N F O R M A T I O N /  I 9 t i f l  TRANSFORMED X F F E  1 9 5  

I 4 8 1-1 -r F! A N .<, FC R v r D Y TRANSF-ORMED Z /  I H  ) F F E  1'36 

I J# l  t N S )  FFF 139 
036c18 FORYAT ( I ti F I  3.6 9 2 1 %  9 F 2 G e 6  3 7  I2 q F 2 n . h ~  2 I 2  1 FFF 199 

F F E  2 0 0  
(137rJ1 I F ( 1 ? " ) 3 3 8 3 1  9 f l 4 f l q l  ,03801 F F E  2131 

F F F  7r i2  
c CO'4PUTE PARA!IETE:! I I ' JCREMENTS USf:Cl TO O B T A I N  DERIVATIVES F-FF 203 
n 3 8 0  I K# I F F E  20't 

L # N V  F-FF 2 0 5  
DO 0390% I#I,NV F F E  2 0 6  

' W R I T E  OLJTPUT T A P E  O ~ C ~ ~ C ~ I ( ( T S ( I ~ J ) , ( I S ( K , I . J ) , K B ~ , ~ ) , I # ~ , ~ ) , I # I ~ ~ ) ~  FFE 197 
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04flr)l WRITE OCITPU- T A D F  9,C40”2,l~ITLF(Il,I#I,I21 
04007 FORVAT ( 1 H I  I 2 A F /  I H I 

C 
“4101 

?&?’I 1 

0460 I 

C 
0 4 7 0  I 

0 4 8 0  I 

C 
0 4 S 0  I 

0 5 0 0  I 

C 
0 5 1 1 1  

C 
0520 1 

READ O N E  SET O F  I Y S T R U C T I C N S  
K # I  
DO 0 4 5 0 1  I#ltlO 

L # K + 2 3  
READ I N P U T  TAPE 1 0 , 0 ~ 2 f l 2 , ( I N ( J I , J # Y , L )  
I F ( I N ( L ) 1 0 4 5 0 1 ~ 0 4 6 0 1 ~ 0 4 5 n l  

K # L  

I F t I N l  1 ))“POI r C l 4 7 D I  .@48@1 

FNO Or JOf i  
CALL F X I T  

I F ~ I N ~ I l - l N S A V E l C 4 9 3 1 ~ ~ 5 0 0 1 , O 4 ~ ~ l  

PUT OUT HEADING FOQ NEW T Y P E  OF FLlNCTiOY 
CALL HFr’ I  ( I N (  1 ) )  

INSAVE#IN( I I 
I C ( I M ( I l - 1 ~ ~ l ” 5 1 ~ l r 1 5 1 ~ 1 ~ ~ 5 7 ~ l  

rOMPIJTF S I N G L F - V A L U F n  ‘UNCT I O h ’  
CALL SUP19 
G 3  TO 74101 

COYPUTE ~* ‘ULTIPLF-VALLJED FUYCTICN 
C A L L  c1UF2 I 
GO T O  n/4lCI 

C 

C 

F F F  
F F E  
F F €  
FFF 
F F F  
FFE 
F F F  
FFE 
FFE 
F r F  
FFE 
F F E  
FFt 
FF‘ 
F F E  
F F F  
F:F 
’F E 
ZFF 
FFE 
F F F  
FFE 
FFE 
FFE 
F F F  
F F r  
FFE 
F F T  
F f  
F F F  
FFF 
F F F  
F F E  
F t t  
FFF 
F F t  
‘FL 
F F L  
F C r  
FF t 

2 p 7  
2 0 8  
2 0 9  
2 I O  
2 1  I 
2 1 2  
2 1 3  
2 I 4 
2 1 5  
2 1 6  
217 

2 1 9  

22r) 
2 2  I 
2 2 2  
2 2 ?  
7 2 4  
2 2  5 
2 2 6  
2 7 7  

2 2 ?  
2 3 0  
23 I 
2 3 2  
2 3 3  
2 3 4 
235 
?3h 
2 ’4 7 
238 
219 

2 4  I 
242 
2 3 
2 4 4 
2 4 5  
7 4 h 
2 4 7  
2 4 9  
z1.0 
7 5 P  
2 5  I 
752 
2 5 3  
2 5 la 

2 5 5  
7 r, 6. 

2 5 7  
256 
255 
Zhri 
2 h  I 
262 
Zh? 
2 0 4  
2 6 5  
2 6 6  
7 6 7  

2 6 9  
27c 
2 7  I 
2 7 2  
2 7 3  
2 7 4  
2 7 5  
2 7 6  

2 1 8  

2 2 8  

2 4 0  

2 6 8  
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E N D l O , I , O , f l , @ )  
* T Y P F ( F O R T R A Y I  
C ERROR C A L C U L A T I C N  AND OUTPUT 

SUBROUT I N E  .CUR I 3 

F F F  
F F E  
F F E 
F F E  
F F F 

I 2 ?  

2 0  I 

2 1  I 

C 

2 7  I 

2 2 5  

K # K f  I 
r s 7 . n  

31 I L # L -  I 

3 1 1  I F l I P ~ ) 3 1 5 ~ h 1 5 r 3 1 5  

C S E L E C T  D E R I V A T I V F S  TO @ E  COkAPUTEL\ 
3 1 5  00 3 1 9  I # l , N P  

3 1 0  K I  3 I I ) # n  

F c F  
F'r 
F F c  
F F F  
F F E  
F F F  
FFF 
F F E  
F F E  
F F F  
c F E  
FFF 

F F F  
F c C  

3 4  
3 4 5  
3 4 9  
3 5 0  
35 I 
3 5 2  
3 5 3  
3 6 4  
3 5 5  
3 5 6  
257 
3 5 8  
3 5 9  
3 6 0  
3 6  I 
3 6 2  
3 6 3  
3 6 4  
3 6 5  
3 6 6  
3 6 7  
?68 
3 6 9  
'1 rn 
3 7 1  
3 7 2  
3 7 3  
3 7 4 
3 7 5  
3 7 5  
3 7-1 

7 7 8  
3 I 9  
3 8 0  
3 8  I 
7 8 2  
3 8 3  

385 
3 86 
3 8 7  
3 8 8  
3 8 9  
39n 
2 9  I 
302 
" $ 3  
3 4 4  
3 9 5  
1 3 6  
3 3 7  
396 
? ori 
J c c  
4r l  I 

4 0 3  
br14 

4 7 6  
4 0 7  
4 n 8  

n 9 

41 I 
4 1 7  
4 1 3  
6 1 4  

4 1 5  
4 1 6  

3 8 4  

4r 2 

4 n 5  

~t I n 
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C 

C 

5 2 7  KPLKK 
CHI e "  

DO fi  I 1 J S l  ,Ch!Z 

619 
h l  I 

K # K +  I 
CY7.0 

6 1 7  K K X % K + i ( K n  
611 K K D Y K K D -  1 

6 1 C, I F ( NG16 I7  9 6 7 7 9  6, I 7  

C P1JT @UT FRPnR IF4DICATOR I F  N O T  Z F R O  
h 1 7 'dR I T F  O U T  P1.J T TAP E 0 9 6 I 9 5 F 9 N G  
619 FORMAT ( I t <  48X,F9.4,bi:93t-l"aKI3) 

GO TO 7 2 3  

C COMPUTE STANDARD ERRORS A N D  PUT OUT RESIJLTS 
6 2 7  E I # S O R l f ' ( V A P P )  

E 6 O R T F ( V A R P + V P R A )  
I F (  I P M I  7fl397i25 9 7 5 3  

7 7 2  

7 n c  

7 3 7 WRITE OUIP!JT TAPE 9 1 7 0 9 9 F 1 E 3 E I  
7 7 3  FORMAT I I H  48X1F9.49F.H +OR-F7*492H (F7.43 1 1 4 ) )  

I F I I A'.' 7n7 9 7 I 3 9 7 07 

I F I IP ' )  ) 7 I 3 9 7 I 9 9 7 I 3 

GO T O  723  

7 1 1  W R I T E  O I J T P U T  T P P F  7 9 7 1 5 9 F 9 K  
7 1 5  FORr4AT ( I H  48X9F9.4r5W +OR-F7.4) 

GO T O  7 2 1  

FF' 
FFF 
F F F  
F TFr' 
FFE 
FFF 
FFE 
F F E 
f F E  
F F 1- 
FFF 
F-FC 
FF F 
FFE 
FFE 
F F' E 
F F E  
FFE 
'FF 
F F F  
FFE 
FF' 
FFF 
F F F  
FFE 
FFF 

F F F :  
FF E 
F F. E 
F F E 
F F F  
F F I' 
F F- c 
F ,: ,: 

F' 1: L: 
FFF 
F F f' 
FFE 

CFE 

FF E 

FFF 
FFE 
FFF 
FVF 
F f' F 
FFF 
F 1: 7 

FFE 
F F E  
F F c 
FFE 

FFE 
FFE 
FF; 
F F E 
F F F  
FFF 
F-FE 
F F F  
i-F'F: 
F F t 
F F E 
FFF 
FFE 
F f ' F  
FFF 

F f.. [: 

F- F C 

417 
41R 
4 I 3 
4 7 8  
42  I 
4 2 2  
4 2 3  
4 2 4  
425  
426  
4 2 7 

4 z 9 
4 3 0  
4 3  I 
4 3 2 
4 3 3  
4 3 4 
4 5 
436  
4 3 7 
4 3 8  
/I z 9 
44 0 
4 4  I 
4 4 2 
4 4 3  
4 4 4 
4 4  5 
h46  
447 
L 4 8  
h 4 9  
4 5 n  

h 5  I 
4 5 2 
4 5  7 
b ? LL 

4 5 5 
4 5 h 
I+ 5 7 

4 5 0  
4 h n  
4 6  I 
4 6 ?  
4 6 3  
& 6 4 
465 
4 6 6  
46 7 
4 6 8  
4 5 9  
4 7 0  
4 7  I 
4 72 
4 13 
4 7 4  
4 7 4  
14-76 
477  

4 7 9  
4 8 0  
4 8  1 
4 8 2  
4 9 3  
4 5 4  
4 8 5 
4 9 6  

428  

4 5 a  

478  
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2 1 5  I F ( I H - I 1 2 1 7 r 2 1 7 ~ ? 7 1  

C COb4DUTE F U V C T I O N S  I N V O L V I N C  T H R E E  D?IVCIPAL A X E S  
7 1 7  C A L L C ' I P  1 1  

GOTO'  I Q 

C C 0 " P U T E  F U U C T I O N S  IhVOLVING THqFFF P R I b I C I P A L  4 X F S  

F F t  549 
F F F  55cl 
F F E  5 5 1  
F F F  5 5 2  
F F T  5 E 3  
r i c  5511 

F F F  C i 6  
L F C  q F 5  
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C 
? ?  1 

31 I 

FOR ALL  ATOMS 

G O T 0 3  I 9  

305 I F ( I H - I I ~ ' J 7 , 3 ~ 7 ~ ~ 1 1  

C COMPIJTF. FOR ALL PRINCI"A1- AXES AND ALL RFFFRENCE AXES 
107 CALLSIIR I I 

GOT03 I 9  

C 
C 

COMPUTE FOR ALL PRINCIPAL AXES, ALL REFERENCE AXES9 
AND ALL PTOYS 

3 1  I NA#IN(Zl 
D 0 3 1 7 I # I , N A  

C A L L  HFDl 
GO TO l 6 q  

CALL HF02 
GO T O  160 

CALL H E 0 7  
GO T O  160 

CALL H E 0 4  
GO T O  I 6 n  

CALL Y E 0 5  
GO TO 1 6 P  

C A L L  HE06 
GO TO Ibr! 

CALL HED7 
GO TO I 6 P  

CALL H F D P  
c n  T O  1613 

G O  TO i h n  
CALL HED9 

CALL H E D l r l  
GO TO 1617 

C A L L  HFnl I 
GO TO l h n  

CALL H E O l 2  
GO TO I 6 9  

FF E 
FFF 
FFE 
FFE 
FFE 
FFE 
FFE 
FFE 
FFF 
FFF 
FFf l  
F- F E 
FFF 
FFE 
FFE 
FFE 
F F E- 
FFF  
I: F E 
FFE 
FFF 
FFF 
FFF 
FF F 
F F E  
FFE 
FFE 
FFE 
FFE 
FFE 
FFE 
FFF 
FFC 
FF E 
FFF 
FFT 
FFE 
FFF 
FFE 
FFE 
FFE 
FFF 
FFE 
FF F 
FFE 
FFF 
FF E 
FFL 
FFE 
FFE 
FFE 
FFE 
FFE 
FFC 
FFE 
FFF 
F F E 
FFF 
FFF  
FFE 
FFE 
F F E  
FF E 
FFE 
F FE 
FFF 
FFE 
FFF 
FFE 
FFE 

5 5 7  
5 5 8  
5 5 9  
5 6 0  
5 6  I 
5 6 2  
5 6 3  
5 6 4  
5 h 5  
5 h6 
5 h 7  
5 6 8  
5 6 9  
5 7 0  
5 7  I 
5 7 2  
5 7 3  
5 7 4  
5 7 5  
5 1 6  
5 7 7  

5 7 9  
5 qrl  
5 8  I 
5 8 2  
5 8 3  

585 
586 
5 8 7  
5 8 6  
5 8 9  

5 9  I 
5 9 7  
597 
5 9 4  
595 
5 9 6  
53  I 
5 95 
5 9 9  
6c1f1 
6 0  I 
6 q 2  
6D? 
g04 

5 n h  
607 

5 0 9  
6 1 0  
h !  I 
512 
h13 
h I 4 
h 15 
616 
5 17 
6 18 
h 1 9  
6 2 0  
6 2  I 
6 2 2  
6 2 3  
6 2 4  
6 2 5  
6 2 6  

5 78 

5 8 4  

5 9 0  

6 II li 

605 
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1 3 n  CALL H E 2 1 3  
GO T O  1 6 0  

I:tQ CALL HEDlL 
GO TO 1 6 0  

150 C A L L  H E D I S  

I r !  CALL P R E l  
GO T O  I 6 f l  

Z n  CALL PRFZ 
GO T O  l 6 n  

3rl  CALL PRE? 
GO TO 16@ 

'tn CALL PRE4 
GO T O  1 6 n  

6n CALL PREh 
GO T O  15q 

I O ?  CALL P R E l l  
GO T O  I 6 ?  

I Z n  CALL P R E I Z  
GO TO l 6 p  

IS r !  CALL P R F 1 4  

160 RETURN 

* T Y " C  (FORTRANI 
C SELECT THE FUN SUBROUTINE TO BE ENTERED 

END(J,I9O,O,C) 

SUeROUTINE F U r \ l I ( I )  

F F F  6 2 7  
FFE 6 2 8  
F F E  6 2 9  
FFE 6 3 0  
F F E  6 3 1  
FFE 6 3 2  
FFE 6 3 3  
FFF 6 3 4  
F F F  6 3 5  
F F F  6 3 6  
CFF 6 3 7  
FFF F- 3 8  
F F F  639 
'FE 64Cl 
FFE 6 4 1  
FFE 6 4 2  
FFE 6 4 3  
FFF 6 4 4  
FFE 6 4 5  
FFF 6 4 6  
F F F  6 4 7  
F F E  6 4 8  
FFt -  6l.9 
FFE 6 5 0  
F-FF 6 5 1  
F F F  6 5 2  
F F F  6 5 3  
F F Z  6 5 4  
FF; 6 G 5  
F F F  6 5 6  
F F E  0 5 7  
F F l I  658 
FFF 659 
FF-E 6hO 
F F F  661 
F F r  6 6 2  
F F E  6 6 3  
F r ?  6 h d 
FFE 6 6 5  
F F E  6 6 6  
F t E  66.1 

FFE 6 6 9  
FFE 67C 
FFE 6 7 1  
FFF: 6 7 2  
F F F  67? 
FFF 6 7 4  
F F F  6 7 5  
F F F  6 7 6  
F F F  h 7 7  
F F E  6 7 8  
FFE 6 7 9  
F F E  680 
FFE 681 
F F F  6 8 2  

F F F  6 6 9  
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C A L L  FlJNI 
GO TO 160 

CALL FlJY2 
FC TO 160 

CALL FUN3 
GO T O  160 

CALL FlJN4 
GO TO l b n  

CALL. F(JN5 
GO TO I 6 f l  

CALL FUN7 
CO TO I h C  

CALL FIJN8 
GO T O  160 

CALL FLJN? 
GO T O  160 

CALL FlJN l f l  
GO TO 160 

CALL FUN1 I 
GO T O  I 6 P  

CALL FUN12 
GO T O  160 

CALL FUN13 
GO T C  i 6 n  

CALL FlJN14 
GO T O  IhCl 

CALL FUN15 

31 CALL O U T ?  
GO TO 167 

411 CALL O U T 4  
GO TO i b r )  

F F F  6 9 7  
FFF 698  
FFE 6 3 9  
FFE 700 
F F F  701  
FFE 702 
FFE 703  
FFFI 704 
FFE 705 
FFE 7 0 6  
F f  E 707  
FFE 708  
FFE 7 0 9  
FFE 7 1 0  
FFF: 7 1  I 
FFF 7 1 2  
FFE '7 I 3  
FFF. 714  
FFE 7 1 5  
FFF 716  
F F E  7 1 7  
FFE 7 1 8  
FFE 719 
FFF 7 2 0  
FFF 7 2 1  
FFE 7 2 2  
F F E  7 2 3  
FFE 7 2 4  
FFE 7 2 5  
FFF 7 2 6  
FFE 7 2 7  
F F E  728  
FFF 7 2 9  
FFE 7 3 0  
FFF: 731 
FFE: 7 3 2  
FFE 7 3 3  
FFF 7 7 4  
FFE 735  
FFE 7 3 6  
F F E  7 3 7  
FFE 7 3 8  
FFF 7 3 9  
T F E  7 4 0  
FFE 741 
FFE 7 4 2  
FFE 743  
FFE 7 4 4  
FFE 745  
F F E  746  
FFE 7 4 7  
FFC 7 4 8  
F-FF 749  
FFF 7 5 0  
FFE 7 5 1  
FFK 752  
FFE 7 5 3  

FFE 7 5 5  
FFF 756  
F F E  757 

FFE 7 5 9  
FFE 7 6 0  
FFF 751 
FFE 7 6 2  
F F F  763 
FFF 7 h 4  
Ff'E 7 6 5  
f F E  7 6 6  

F F E  7 5 4  

F F E  758 
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60  C A L L  O U T 6  
GO T O  l 6 n  

7 0  C A L L  OUT7 
GO T C  16rl 

81 C A L L  OUT8 
GO T O  160 

6 FE 
FFE 
F F E  
F F E  
F F E  
FFF 
FFE 
FFE 
k FE 
FFF 

7 6 7  
7 6 6  
7 6 9  
7 7 0 
77 I 
7 7 2 
77 3 
7 7 4  
77 5 
7 7 6  
7 77 
778  
7 79 
7813 
78 I 
7 8 2  
7 6 3  

785 
786 
787 
7 H 8 
785 

7 9  I 
1 9 2  
793 
794  
7 9 5  
776 
797  
798  
7 0 9  
Finrl 
8 P  I 
Qrl? 
803 

5 0 5  
806  
80 7 
806 
n 'lQ 
81n 
8 1  I 
8 1 2  
8 1 3  
??I/. 
8 1 5  
8 1 6  
617 
8 1 6  
8 1 9  
820  
8 2  I 
822 
"23 
6 2 4  
8 2 5  
825  
8 2  7 

8 2 9  
8 3 0  
83 I 
8 3 2  
833 
W?4 
P ? 5  
835  

7-84 

7 9 n  

5 0 4  

8 2 8  

Page 490



61 

8 7 7  
8 3 8  
8 3 9  
840  
8 4  I 
8 4 2  
8 4 3  
8 4 4  
845 
845 
(i 4 7 
8 4 8  
8 49 
8 5 0  
8 5  I 
852 

8 5 4  
8 5 5  
856 
8 5 7  
8 5 5  

8 6 0  
8 6  I 
862 
8 6 3  
8 6 4  
8 6 5  
3 6 6  
8 6  7 
8 6 8  
8 6 9  
u 7 n  
R7  I 
8 7 2  

874  
8 7 5  
876 

8 7 8  

8 8 0  
8 8  I 
8 8 2  
8'33 
8 8 4  
8 8 5  
8 3 6  
53537 
888 
889 
8 9 0  
e 7  I 

8 9 3  
6 9 4  
8 9 5  
836 
8 9 7  
898  
8 9 9 
9 0 0  
90 I 
9 0 2  
9 0 3  
9 13 4 
9 0 5  
9 0 6  

a13 

8 5 9  

a 7 3  

877 

a 7 9  

892 
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2 1 1  D O 2 1 5 J # l r 3  FFE 9 @ 7  
215 Y ( J ) # T S ( J , K S )  F F F  C O 8  

D 0 3 0 9 K # 1 , 3  F I E  9 0 9  
D 0 3 ? 7 J #  I 92 FFC 9 1 0  
L.pL 1 5  ( J  * K *  Y S )  FFF 9 1  I 
I F ( L ) 2 2 5 , 3 7 7 , 1 1 5  FFF 9 1 2  

2 7 5  L#-L  F F F  9 1 3  
Y ( K ) # Y ( K I - X ( L )  k F F  9 1 4  
K n T O ? l 7  F F F  9 1 5  

3 9 5  Y ( K ) # Y ( K ) + X ( L )  k F F  9 1 6  
3 1 7  COYTINUF F F r  9 1 7  
3 0 0  COYTIYUF F F F  9 1 8  
3 1  I K C 4 # K C / 4  k F t  9 1 9  

KC3#KC-[t*KC4 I F E  9 2 3  
K C  2#hC3 / 2  F t t  9 2 1  
KCI#KC?-2*KC2 FFE 9 7 2  
Z ( I ) # Y ( I l - F L O A T F ( K C I l  FFE 9 2 3  
Z ( ? ) # Y ( 2 ) - F L O A T F ( K C 2 )  F F F  9 2 L  
Z ( 3 ) # Y ( 3 ) - F L O A T F ( K C 4 )  t F F  4 2 5  

3 2 5  R E r U ? N  F F F  3 2 6  
EN"j(C, I ,C*? , ' J )  F F E  9 2 7  

*TYPF(FORTRAN)  F-F' 9 2 8  
C S T O R E  TRAMSIORVED A N I  SOFRCPIC TFMP FACTOR MATRIX F F F  9 2 9  
C I N S  I S  ATO.4 DFSCRIPTION,  Z I S  TRAFISFOR" D b"FTR1X F F F  9 3 3  

SUBROUTINE B E T A ( I N S , 7 1  FFE 9 3 1  
COMvON N G ~ I P Y , N P I I A ~ ~ ~ N S Y N V ~ J X P ~ J X ~ J B P ~ J ~ ~ N M , S C A L E , I T F ~ ~ Q , I ~ S A V E  I F E  9 3 2  
COIJ'4ON DF'AX 9 t . A  F F E  9 3 3  
COFIMOY T I I L E ~ P ~ ~ D P ~ D F D P ~ A M ~ D A I D F D A I I N , - S I I S ~ l S ~ ~ ~ A A ~ ~ ~ ~ P ~ R O ~ ~ ~ K I l ~ K I 2  FFE 9 3 4  
D I M E N S I O N  T I T L F (  IZ),PM~2(11~10I,C)~~7'!l1)~LFI)P(2~11~~~~7I ) , " A ( 6 1  F F F  915 
F I I ~ " " E S I 0 N  C L C A ~ ~ ) ~ I N ~ 2 3 1 ) ~ T S ~ 3 ~ 4 8 l ~ I S f ? ~ 3 ~ 4 8 l ~ A ~ t ) ~ A A ~ 3 ~ 3 ~ ~ B ~ ~ ~ ~ 3 ~ ~ F ~  9 3 6  
) Ih 'EENSION P ( 3 n f l l , R C k ( 6 ) , K I I  ( 3 P l ) , K I ? ( ? P ' l )  F-Ft 9 3 7  
D I ~ ~ ~ N S 1 @ ~ l ~ 1 t ( 7 ) r 7 ( 7 , 3 ) r B I  ( 6 )  , F 2 ( 9 )  F F F  9 7 8  
I F ~ I T F - I ) l n ~ ~ l l l ~ l l ~  F F F  ? ? 7  

l @ n  I F ( J 3 ~ - 6 ~ 1 1 1 , 1 1 5 ~ l 1 5  TFF 9 / ~ n  
1 '  I Y G I 4  I F F  941  

GOT0477 F T F  9 4 2  
I I 5  KSKX'lODF ( I N ?  ( 2 ) 9 I O C  ) F F F  9 4 3  

I F ( K S 1  l ? l ~ l l 9 ~ l l 9  F I E  9 4 4  
1 1 0  I I ~ K S - h S ) 1 2 C ~ 1 7 5 ~ 1 2 1  F c I  9 4 5  
I 2 1  N G # I  F F F  9 4 6  

GOTOb23 F C E  9 4 7  
r k t  948 125  I F ( I N S ( 1 ) ) 2 1  1 ,701,2P7 

2 0 1  c ) 0 2 ~ 3 1 # 1 , 5  FFF Q L Q  
2 0 1  S l ( I ) # 0 . 0  TFC 9in 

G P T 0 2 2  I I F F  9 5 1  
2 7 7  JPJP+JRD+( I ~ I S (  I 1 - 1  1 F F F  4 5 2  

I F (  J+5 -NP 1.2 1 5 9 2  I592 I I I F F  9 5 3  
2 1  1 NG#5 FFE 9 5 4  

1 ? 0 ~ 0 4 7 ~  F F F  9 5 5  
2 1 5  D 0 2 1 ? I # 1 9 S  FFE 9 5 6  

B I ( I ) # P ( J )  F F F  9 5 7  
2 1 9  J # J + I  FFE 9 5 8  
2 2 1  R 2 ( 1 ) # P I ( I )  F F F  9 5 9  

B 2 ( 2 ) # 3 1  ( f L \  kFF Q 6 n  
+ F F  9 6 1  e 2 ( ~ l P R l ( S )  

8 7 1 4 ) * 9 1 ( 7 )  F r r  9 6 2  

*7 ( 6  I ( 6  1 L l L  Oh? 

e ? ( ~ ) a B l ( 3 1  FFC 961, 

D 0 4 7 1 1 # 1 , 3  F F F  c)5!= 
n 0 4 1 Q J n I 9 3  F F F  Oh6 
I F f K S ) 1 2 1 ~ 3 1 3 ~ 3 1 9  F F L  9 6 7  

3 1 3  M # I + J  FFE 9 6 8  
01#@2 I Y )  FFE 9 6 9  
GCT04 I 5  F F F  4 7 0  

3 1 9  B3#'l.O F F t  9 7 1  
' 3 0 4 1 3 K # I r 2  F F F  072 
r ) O 4 1 1 L P 1 , 7  F F F  0 7 3  
M # I  S (  Y 9 I ,KS ) " I  q I  L ,J , K 5 )  FFE 9 7 4  

I F ( ~ ~ 1 4 0 1 , 4 1  I 9 4 " 3  F F F  9 7 5  
4 0 7  3 3 # 8 3 + 8 2  ( M  1 F F F  9 7 6  

F 9 I X  ,LNZ, KK,KKD,SAVEA ~ S P V E P I V A R P  , V A R P *  C I 9 E 9 I P 9 YSP 
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I l l  Z ( I ) # X ( I ) - Y ( I )  F F F  I 0 4 7  
R E T U R N  F F E  10/+8 
ENP(C, l ,n ,O,q)  F F F  I C 4 9  

* T Y P E ( F O R T R A N )  F F E  1 0 5 0  
C COMPUTE TIHE SUV O F  TWO VECTORS F F E  1051 
C 2 ( 3 ) # X ( 3 ) + Y ( 3 )  F F E  1 0 5 2  

SLJBROUTINE ?UMV(X,Y  9 2 )  F F E  1 0 5 3  
) I " F N S I O N X ( ?  1 ,  Y ( ?  1 9 2  ( 3 )  F F E  I O 5 L  

DO1 I I I # l  9 3  F-FE 1055 

R E T U R N  F F E  1 0 5 7  
FND(3,I,q,fl,7) F F F  I F 5 3  

* T Y P F ( F O R T R A N )  F F F  I n 5 7  
C C O S I K E  OF Ab!C:I..F- @ € T W E E N  VECTORS X AND Y F F E  I O 6 F  

F U N C T I O N  C O S V V ( X , Y  I F F E  1061 
COh?V ON F F E  1062 
COMMON DI,lAX, NA, F ,  F X  LNZ 9 KK,KKC, SAVEA SAVE VARA,VARP,E I  ~ € , I L i s N S f '  F F €  I D 6 3  
COMMON F F E I C 6 4 
D I Y E N S I O N  T I T L E (  I 2  I ,P$!( 2 0  I C O )  , 3 P (  20" 1 , D F D P (  2 0 7 )  ,Al. l(  2 I ) , ? A (  6 )  F F E  I n 6 5  
D I b l E N S i O N  D F D A I ~ ) ~ I N ( ~ ~ I ) , T S ( ~ , ~ ~ ) , ~ S ( Z Y ~ ~ ~ ~ ) ~ A ( ~ ) ~ A A ( ~ , ~ ) , ~ B ( ~ , ~ ) ~ F ~  1066 
D I Y E K S I O N  P ( 3 T J f l )  r R O k ( 6 )  9 K I  I (30C1) ,KI2(3OO) F F E  1 0 6 7  
0 I hAEN S I ON X ( 3 1 9 Y ( 3 ) F F E  1 0 6 8  
E #  SOR T F I V MV ( X , A A  p X I *VMV ( Y P A  7 Y F F F  1069 
I F ~ D ~ I I I ~ I I I ~ I I 5  F F E  Ig7LJ 

1 I I Y G V Q  F F C  I n 7 1  
GOTO I I7 F F E  1072 

I 1 5  C O S V V # V M V ( X , A A , Y I / D  F F E  1073 
I 1 7  R E T U R N  F F E  1074 

E N D ( G 9  I ,3,0,0) F F E  1 0 7 5  
* T Y P E ( F O R T R A N )  F F E  1076 
C A R C C O S ( X )  I N  DEGREES 

I l l  Z ( I ) # X ( I ) + Y ( I I  FFF 1 0 5 6  

NG 9 I PI! 9 N P 9 I A Y 9 N S 9 NV 9 J X P 9 J X 9 J B P 9 J B 9 

T I T L E , P M , D P 9 D F C P 9 A I*' 9 D A 9 C F D A 9 I N 9 T S I I S 9 A 5 A A 9 B B 9 P 9 ROW 3 K I I 9 K I 2 

, S C A l . E , I T F , N O , I N S A V E  

1 

F U N C T I O N  A R C C O S ( X )  

R E T V R N  F F E  I O 8 0  
END(O,I,O,I,OI F F E  l f l e l  

* T Y P F ( F O R T R A N )  F F F  l r l R 2  
C s ' r o R E  ,4 VECTO'I z Y O R N A L  T O  V E C T O Q S  x ANP Y F F F  In83 

SUBROUT I N F  POPRm( X , Y  ,Z ) F F E  1 0 8 4  

ARCCOS#90.0-(57.29577?5I)*SIGNF(ASINF(Xl,X) 

COMMON I 0 8 5 
COM!+ON DMAX, NAIF F X  ,LNZ 9 KK ,KKD,SAVEA S A V E P  ,VARA ,VARP,E I ,E 9 I H ,NSP F F E  I O 8 6  
COVMON T I T L F , P ~ ~ r D P ~ D F C P ~ A M ~ D A , D F D A , I N , I N ~ T S ~ I S ~ A ~ A A ~ ~ ~ ~ P ~ R O W ~ K I l ~ K I 2  F F E  1 0 8 7  

NG 9 I PL.l NP 9 I A 4' 9 N S 9 NV  9 J XP t JX J B P  9 J B 9 NM 9 SC AL F 9 I TF 9 NO 9 I NSAV E F F E 

D I M E N S I O N  T I T L E ( ~ ~ ) , P ~ ~ ~ ~ O ~ ~ O ) , D P ~ ~ ~ ~ ) ~ D F D P ( ~ ~ ~ ) , A Y ( ~ ~ ~ ~ D A ( ~ )  F F E  I n 8 8  

D I P E N S I O N  P(300),RO~~(6),KII(300),K12(3f103 F F E  1090 
D I M E N S I O N X ( 3 ) , Y ( 3 ) , L ( 3 ) , X I ( b ) , Y 1 ( 6 )  , 2 1 ( 3 )  F F E  1 0 9 1  
~ 0 1 1 5 I # 1 , 3  F F E  1 0 9 2  

< I ( I ) # X (  I ) FFF l Q 9 3  
X I I I + ? ) # X ( I )  F F E  l 0 S / ~  
Y I I I ) # Y ( I )  F F E  1 0 9 5  

1 1 5  Y I ( I + 3 1 # Y ( I I  F F F  1096 
D 0 1 1 9 I # I , ?  F F E  1097 

1 1 4  Z I ( I I # X I ( I + I ) " Y I (  I + 2 ) - X I ( I + Z ) ~ Y I ( I t l I  F F E  1098 
C A L L M V ( B R 9 Z I  92) F F E  I 0 9 9  
R E T U R N  F F E  I 100 
E N D ( O , I , G , f l ~ O )  F F E  I I D 1  

+ T Y P € ( F O R T R A N )  F F F  I I O 2  
C S T O R E  THREE iriu r u A L L Y  PERPENDICULAR F F E  I 1 0 3  
C VECTORS X ( I , I ) ,  X(I,Z), AND X ( I 9 3 )  G I V E N  F F E  I I D 4  
C VFCTORS U AND V. FFF I I 0 5  

SURQOLJT I N E  AXFC ( 1',V X F F E  I In6 
D I M E N S I O N U ( 3 ) , V ( 3 )  r X ( 3 r 3 )  F F E  I 1 0 7  
D 0 1 1 3 1 # 1 , 3  F F E  I 1 0 8  

1 1 - 3  X ( I , I ) # U ( l )  F F E  I 1 0 9  
C A L L N O R M ( U , V , X ( l , 2 1 )  F F E  I I I O  
C A L L N O R M ( X ( I , I ) , X ( I , 2 I , X ( l r 3 ) )  F F E  I I I I 
R E T U R N  F F E  I I 1 2  
END(O, I , i 3 ,0 ,@1 F F E  I I 1 3  

* T Y P E (  F O R T R A N )  F F E  I 1 1 4  
C F I N D  E I G E N V A L U E S  Y OF M A T R I X  b! F F E  I115 

S U B R O U T I N E  E I G V A L ( W 9 Y )  F F E  I 1 1 6  

D I Y E N S I O N  D F D A ( 6 l ~ I N ( 2 3 1 ) ~ T S l 3 , 4 8 ) ~ I 5 ( 2 ~ 3 ~ 4 8 ) ~ A ~ 6 ~ ~ A A l 3 ~ 3 ) , C R ( 3 , 3 l F F ~  l r389 
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F F C  I I 1 7  
FFF I 1  18 
FFE I 1  19 
FFE I 1 2 0  
FFE I 1 2 1  
FFE I 1 2 2  
FFE I 1 2 3  
FFF I 1 2 4  
FFE I 1 2 5  
F f E  I 1 2 6  
FFE 1 1 2 7  
F F E  I 1 2 3  
FFE I I 2 9  
FFF I130 
F F F  I I ? !  
FFE I I 3 2  
F F F  I133 
FFE I 1 3 4  
FFE 1135 
FFL I136 
f F E  1 1 ? 7  

FFF 1139  
F F F  I 140 
F F F  I 141  
F F F  I 1 4 2  
F F F  1143 
F F F  I144 
FFE I145  
FFE I 1 4 6  
FFE I 1 4 7  
f'FE I148 
FFE I 1 4 9  
FFE I I 5 0  
FFF 1151 
FFE I 1 5 2  
FFF I I 5 3  
FFE I 1 5 4  
F F r  I I 5 5  
F F F  I I 5 6  
FFF I 1 5 7  

FFE 1 1 5 9  
FF-E I 1 6 0  
FFE 1161 
FFE I 1 6 2  
FFE I 163 
F f F  1164 
F F F  I 1 6 5  
FFE I166 
FFF 1 1 6 7  
FFE I 1 6 8  
F F E  I 1 6 9  
F F E  I 1 7 0  
F F F  I I 7 1  
F F E  I 1 7 2  
FFE 11-73 
fFi?  I 1 7 4  
F F F  I 1 7 5  
FF-E I 1 7 6  
FFE I 1 7 7  
FFE I 1 7 8  
FFE I 1 7 9  
F F F  I 1 8 0  
FFE 1 1 8 1  

FFE I 1 8 3  
f:F-FI I 1  84 
FFF I 1 8 5  
FFE I 1 8 6  

F F E  I 1-38 

F F E  1 1 5 8  

F F E  I 182 
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I F  15-5 I 1 3 0 7  9 3 0 7 9  3r? I F F E  I 1 8 7  
301 5 l # S  F F E  I 1 8 8  

[ 7 0 3 ? 5 J #  I 9 1 F F F  1 1 8 9  
3 P 5  E ( J l # P ( J )  F F F  l 1 9 E  
3 0 7  C C N T I N U F  F F E  I 1 9 1  

I F ( S l ) 3 1 1 ~ 3 1 1 , 3 1 3  F F E  I 1 9 2  
3 1  I NG#9 F F E  I 1 9 3  
317 RETURN F F E  I 1 9 4  

E N D i O , I , 9 t n t P )  F F E  I 1 9 5  
* T Y P E ( F O R T R A N )  F F E  I 1 9 6  
C CCKPUTF TRACE CF M A T R I X  X F F E  I 1 9 7  

F U N C T I O N  T R A C E ( X )  F F E  I 1 9 8  
D I b j E N S I O N X (  3 93) F F E  I 1 9 9  
TRACE#O.O F F E  1 2 0 0  
DOIIII#lt? F F E  1 2 0 1  

I l l  TR.ACE#TRACE+X( 1 1 1 )  F F F  1 2 9 2  
RETURN F F E  1 2 0 3  
E N D ( 9 ,  I t C l , ? t G l  FFE. I 2 0 4  

" T Y P E i F C R T R A h )  F F E  1 2 0 5  
C ANGLE SUBROUTINE USED B Y  FUN2,  F U N 5 9  FUN6 F F E  1 2 n h  

F U N C T I O N  F U N A (  I I F F E  1 2 0 7  
COP4MON F F  E I 2 0 8 
COMMON D M A X t N A , F , F X , L N Z , K K t K K D , S A V E A I S A V E A ~ S A V E P , V A R A , V ~ , R ? 9 E I 9 E ~ I t i 9 N S P  F F E  1 2 Q 9  
3Oh""ON FFF I 2 1'1 
D I YENS I ON T I 7 L E  ( I 2 1 9 PM ( 2 n I J 0 I 9 D P 1 2 fl0 I 9 c1 F3 P ( 2 r! 0 I 9 AV ( 2 I I 9 DA I 6 I F F E  1 2 1 1  
D I ' J F N S I O N  DFDA(6) ~ I N ( 2 3 1 l ~ T S l 3 t 4 E ) ~ I S ( 2 ~ ? ~ ~ 8 ) ~ A l 6 l ~ A A ~ ~ ~ 3 )  , R B ( 3 9 3 l F F E  1 2 1 2  
D I LIE i d  5 I O N  P I I? 5 r! I 9 R Ob! I 6 1 9 K I I I 3 C 0 ) 9 K I 2 ( 3 DO ) F F E  1 2 1 3  
D I " F N 5  I ON I I 6 ) 9 X I ( 3 I 9 X 2 ( ? ) t X 3 ( 3 ) 9 V I i 2 ) t V 7  I 3 ) FFF 1 2 1 4  
CAl_l_5T?PAA FFF 1 7 1 5  
CALLATr?h.f l l  I( I ) 9 x 1 )  F F E  1 2 1 6  
CALi.PTO'."( I ( ? )  . X Z )  FFE 1 2 1  7 
C A L L A T O M l I ( 5 ) , X 3 )  F F F  1 2 1 8  
I F ( N G l 1 2 7 ~ 1 1 7 ~ 1 ? 3  F E E  1 7 1 9  

117 C A L L D I F V ( X ~ ~ X Z I V I )  F F E  1 2 2 0  
C A L L D I F V I X 3 9 X 2 9 V 2 )  F F E  1 2 2 1  
F U N A # A R C C O Z l C O S V V ( V I , V 2 ) 1  F F E  I 2 2 2  

1 2 3  RETURN FF I '  I 2 2 3  
END(J,I,O,OICI) F F E  1 2 2 4  

* ~ Y ~ ) ~ ~ F c ~ T R A ~ : )  F F F  1 2 2 5  
C P I S T A N C F  S U P R O U T I G F  U S F D  E Y  FUN1 A N 0  FUN4 FFf-  i 2 2 6  

F U N C T I O N  FUI.!D I I I F F E  1 2 2 7  

NG 9 I PM t N ? 9 1 A M  9 NS 9 NV 9 JXP 9 J X  9 J R P 9 J B 9 1.114 9 SCALE 9 I T F 9 V ( I 3  I N.5 A V  E 

T I  T L E  9 Phh 9 C P  9 DFUP, PI.1, EA 9 DFDA 9 I N 9 T S t  1 S 9 A 3 AA r e 9  9 P 9 ROkIs K I I 9 K I 2  

COhlb'GN F F E  I 2 2 8  
COMbJON F F E  I 2 2 9  
CCv\'ON T I T L F , P ~ , D P t D F D P , A ~ ~ , D A , r F 3 A , I N ~ T 5 t I S ~ A , A A , P ~ t P r R O ~ i ~ ~ I I r K 1 2  FFF 173'1 
D I M E N S I O N  TITLEi12l~PM~201COl~DP~20fllrDFDPl2~0I~AMl2Il~DA~6l F F F  1 2 3 1  
DI,VEP.ISION D F D A l 6 l r I h l 2 3 1 l ~ T S l ~ ~ 4 8 ~  , I S l 2 , 3 ~ 4 8 )  r A ( 6 1  , A A ( 3 9 3 l r B 6 ( 3 9 3 ) F F E  1 2 3 2  
D I P E N S I O N  P i 3 0 0 1  9 R O h I 6 ) 9 K l  I ( 3 O c l )  9 K I 2 1 3 P f l )  F F E  1 2 3 3  
3 1 ~ ~ E ~ 5 1 O N 1 1 4 1 ~ X 1 1 3 1 ~ X 2 1 3 ~  , V I 3 1  F- F E I 2 3 4  
C A L L S T C A A  F F E  1 2 3 5  
C A L L A T O l n I  I I1 ) , X  1 )  F F E  1 2 3 6  
C A L L A T O N  I I ( 2  1 9 x 2  1 F C F  123.1 
C A L L D I F V I X 2 , X I , V I  F F E  1238 

F F E  1 2 3 9  
RETURN F F E  1 2 4 0  
E N D ( f l , I , L l r D , F l  F F E  1 2 4 1  

* T Y P F (  FORTRAY)  F F E  1 2 4 2  
C H F A D I N G  I F F F  1 2 4 3  

SUBROUT I NE. HED I FFE 1 2 4 4  
W R I T E O U T P U T T A P E 9 , 1 0 7  F F E  1 2 4 5  

107 F O R " A T ( 3 4 H n I N T F R A T O " i C  CIISTANC' I N  PNG.C.TROM5) F F F  12/46 
RETURN F F E  1 2 4 7  
F N ~ f C I 9 1 , " ~ P t ~ )  C F F  1 2 4 8  

* T Y P E 1  - 0 R T Q A N )  F F F  1 2 4 9  
c S C T  K E Y  \4ORqS FOR I N T E K A T O Y I C  9 I S T A b I C E  F F E  1 2 5 0  

SI IBROIJT I NE DRF I F F F  1 2 5 1  

NG, I Oh", klP9 I A L ' 9 N S 9  NV, J X P  9 JX  t J B F  9 J B ,  N"t  5 C A L E  9 I T F ,  NO, I N S A V E  
G M A X  9 NA 9 F9  FX ,LNZ 9 K K t  K K D t S A V E A  9 S A V E P t  VARA 9VARP 9 E I 9 E 9 I t i t b ! S P  

F U Y n # S 3 0 T F ( V " V ( V , A A , V l  ) 

Cr3&.4"3Y 
COVMON 
COVM3N 
D I P F  N 5 I O N  
D I M E N S I O N  D F D A l 6 )  ~ I N l 2 3 l l r T S ~ 3 ~ 4 8 l ~ I S ~ 2 ~ 3 r 4 8 ~ 9 A l ~ l ~ A A ~ 3 ~ 3 ~ ~ ~ ~ i 3 ~ 3 l F F E  1 2 5 5  

NG 9 I P'J I N P t I Ahr 9 r\! 5 t NV 9 J X P 9 J X 9 J E P 9 J B 9 NF4 9 S C A L i t I T F t NO 9 I M S A V  F 
DMAX 9 NA 9 F I F X  I L N I  Y KK 9 KKD 9 SAVFP 9 SPVE P 9 VAR A 9 VAR P t E I 
T I TLF tPh/, ,  DP t DFDP 9 A V  9 D A  9 DFDA 9 I N 9 1  S t I S  r A  9 PA 9 5 R  9 P 3 ROW 9 K 1  I 9 K I 2  

F F E 
F F  E 
F F E  

I 2 5 2 
1 2 5 3 
I25 '+ 

E 9 I k i  9 NS P 

F F F  1 2 5 5  T I T L F  I I 2 I 9 P '4 I 2 0 I L!Zl) t DP ( 2 00 I 9 0 FD P I 20n I 9 AM ( 2 I I t @A I 6 I 
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C 

I O 7  

"TYPE 
C 

I 0 7  

FFE 1 3 2 7  )I PEKs I ON K I 2 ( 3 O C  1 
WI!ITE OUTPUT TAPE 9 9 1 0 7 r ( I N ( I  ) , 1 8 2 , 7 )  FFE 1 3 2 8  

I 3 7  FORMAT ( I Z H O  ( 1 2 , I H , I ? , ? H )  1 1 2 9 I t + 9 1 3 9 3 H )  ( 1 2 ~ l t l ~ 1 3 ~ l H ) )  FFC 1 3 2 9  
RETURN F F E  1 3 3 0  
ENDII;.  I r 0 , 0 t 0 )  F F E  1 3 3 1  

*TYPE(FORTRAR) FFE 1 3 3 2  
C t iEADI?IG 3 FFE 1 3 3 3  

SUBROIJTI NE t iED3  FFE 1 3 3 4  
IdR I "E O U T p l J T  TAPF 9 I n 7  F F E  1335  

I O ?  F@R"AT(5AH'2nIHcDRAL ANGLF PFTUIFFY PLPNFS FACE C ' F I Y F n  PY TI-IRFF ATOFFF 1336  
FFF 1717  
FFE 1 3 3 8  
FFE 1 3 3 9  
FFE 1340 
F F E  1 3 4 1  
F F E  I 3 4 2  

NSAVE FFE 1 3 4 3  

K I I y K I 2  FFE 1 3 4 5  
6 )  FFE 1 3 4 6  
, E 9 ( 3 , 3 ) F F E  1 3 4 7  

FFE 1 3 4 8  
F F F  1 3 4 9  
FFE 1 3 5 0  
F F F  1 3 5 1  
FFE 1 3 5 2  
FFE 1 3 5 3  
F F E  1351-t 
FFE 1 3 5 5  

P ( 3 Q O  ) rie'h' 1 6 1 9 K I I 3 0 f l I  

I i - i r r d s P  F F E  I 3 4 ~  

COMMON hG, I P'4,NP IAM,NS,  NV, JXP ,.JX 9 JBP,  J B ,  NlA9'.CAL~F I TF ,Nor  I N S A V E  FFF I 3 5 6  
C O : ~ P O N  EMA x , N P  , F , F X  , L NZ , K K  K K P  , S A  VE A , S Q V F  P , V A R A  , V P  R P  + F I , E , I H , N s P FF F I 3 5 7 
COP.*'lO'.l T I  T L F  9 Phj 9 DP  9 DFPP 9 AM,  PA ,DWA 9 I N 9 TS, I S  9 A ,  4A 9, P 9 Q O g ! ,  Y I I r K  I 2  F F E  I 3 5 8  
D I " E N 5 I O N  T I  T L F (  I 2  ) ,PIA( 20 1 3 0 )  ,OP(2'JO 1 ,DFDP( 2 ? n )  , A ? ( 2  I , L A (  6) F F E  1 3 5 9  

F F F  1 3 6 1  
F F F  1362 
F F F  1 3 6 3  
FFE 1364 
FFE 1 3 6 5  
FFE 1366 
FFE 1 3 6 7  
FFE 1 3 6 8  
FFE 1 3 6 9  
FFE 1 3 7 0  
F F r  1 3 7 1  
F F I  1 3 7 2  
F F F  1 3 7 3  
FFE 1 3 7 4  
F F F  1 3 7 5  
FFE 1 3 7 6  
F F F  1 3 7 7  
FFE 1 3 7 8  
F F E  1 3 7 9  
FFC 1 3 8 0  

NSAVE F F E  1 3 8 1  
I H , N S P  F F F  1382 
K I I g K I 2  FFE 1383 
6 )  F F F  1 3 8 6  
, B B l 3 , 3 ) F F E  1 3 8 5  

l ~ K I 1 ( 3 0 L ! ) , K I 2 l 3 1 L l 9  F F F  1 3 8 6  
I N ( I ) , I K 2 i l 3 )  FFE 1 3 8 7  
12,1kI,13,3H) l 1 2 , 1 H , 1 3 , 3 H )  ( 1 2 ~ l t i , i 3 , I H i / I Z H F F E  1 3 8 8  
H )  ( 1 2 r I H 9 1 3 r ? H )  l 1 2 ~ 1 H ~ 1 3 ~ l 1 ~ 1 ~  F F E  1389 

F F F  1390  
F F E  1391 
F F F  1 3 9 2  
F F E  1393 
FFE 1 3 9 4  
F F F  13995 
FC'F 1 7 9 6  
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i747 
i748 
i749 
1750 
I75  I 
1752 
175? 
1754 
1755 
175.5 
1 7 5 7  
1738 
1759 
176'1 
1761 
1752 
1763 
1754 
1765 
1766 
1767 
1768 
1769 
1770 
1771  
1772 
I ? ? ?  
1 ? 7 f ~  
1775 
1776 
I ? 7 i 
1778 
1779 
17817 
I78 I 
1782 
17-83 
1784 
1785 
17-96 

1788 
1789 
1730 
1731 
1792 
1793 
1'794 
1705 
1796 
1797 
1798 
1799 
I 9C;o 
I 8 0  I 
1602 
1813 
1834 
I S P 5  
1806 
1807 
I S r ) l ?  
1309 
18!2 
I t i l  I 
1 8 1 2  
I S ! ?  
1a14 
1 6 1 5  
1816 

I 787 
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I qn7 
1 9 9 "  
i889 
1sqr-I 
I n o  I 
1892 
1 8 9 3  
1894 
1895 
1896 
1 8 9 7  
1898 
I R 9 Q  
I o'lq 
! 9 ? 1  
1 ? l 2  
1 0 1 3  
I sg4  
1975 
1916 
1 9 0 1  
19c1e 
I 509 
1910 
I T  I 
1 9 1 2  
1 9 1 3  
1914 
1 0 1 5  
1 9 1 6  
1917 
1 3 1 8  
1919 
1 9 2 2  
I 9 2  I 
1922 
1973 
1921. 
1$25 
1 9 2 6  
i 9 2 7  
1928 
1929 
1933 
I93 I 
1932 
1913 
1934 
1535 
1936 
I"? 
I ? ? S  
I ??9 
1949  
i ? 4  I 
19/.2 
1943 
1944 
1945 
1946 
1 0 4 7  
1948 
1949 
I ? 5 n  
1,351 
1952 
i 9 5 3  
1954 
1 9 5 5  
I 3 5 5  
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SUBROUTINES FOR EXAMPLES 

DATA FOR EXAMPLES 

*DATA 

F f: C i 97 6 
FFE 1977  
FFF  I 9 7 8  
FFF 1979 
FFE 1980  
FFE 1981 
FFE 1982 
F-FE I983 
FFE 1904  
FFFI 1985  
FFE 1986 
FFE 1 9 8 7  

FFr '  L. 1989  
F F F  19917 
FFF 1771 
FFF 1992 
FFF: 1393 
FFE 1994 
FFE 1'395 
FFE 1996 
F'FE I 9 9 7  
FF-E 1998 

F F F  i 9 R a  

F- F- E 1 '3 9 9 
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I 2 3 0 0  
I 2 3 0 0  
2 1 2  
2 l 3 c l Q  
2 13'1" 
3 23'19 
4 2 7 q ~  
5 1 2  
r- 

"DA-A 
EXA"1PLE 2. 

1 0 1  
4.913 

.OD5 

I 2 3 0 0  
1 2?0Q 
2 1 2  
2 1 3 0 0  
2 1 3 0 0  
3 2 3 0 0  
4 23130 
5 1 2  

2137 2 n 
I n 8  I 7 
I I @  I ? 
I I F  z q e n  

12 I 2 
I 2  2 3 0 F  
13 I 2 

15 2 3 7 q  
1 3  2 3 0 0  

0 

H Y P O T H E T I C A L  PROELEL)  BPSED Oh 4 L P H A  QUARTZ. USES 
5 

0 5.4cI* D n -0. 5 
1 .o I 0  n 13 

1-2 - 2  - 3  
2- I - I  . 3 3 3 3 ? 3 3 3 + 3  
I 2- I . 3 3 3 3 3 ? 3 3 - 3  
2 1-2 .6h66hhF. 7+:, 
2 I 6 6 6 6 6 6 6  1 - 3  

1 2  
1 3 0 3  
2?nO I 3 
73fl313 1 3 1 5  
2 3 0 0  I 2 
I 2 I 3 Z3C0 1300 1 3 3 5  
I 2 2 3 5 f l  1 3 0 0  
7 3 0 0  I 3 1 3 0 0  230C 1 3 0 5  

7 3 q m  I 2 
230Q I 2 2 3 0 0  I 3 
7 3 n n  7 n 2'vo 7 7 1 1  

2300 I 7 
7 3 r n  I 2 

I 2  

F F F  2 q 1 2  
F F E  2 0 1 3  
FFE 2 0 1 4  

FFE 2 0 1 6  
FFE 2 0 1 7  
FFF 2 0 1 8  
FFE 2D19 

FFF 2n21 
F F F  2Q22 
FFE 2 0 2 3  

F F E  2C25 
FFE 2 0 2 6  
FFE 2 0 2 7  
FFE 2 0 2 8  
FFE 2 0 2 3  
FFE 2 C 3 0  
F F F  2 0 3 1  
FFE 2 0 3 2  
FFF 2 0 3 3  
FFE 2 0 3 4  
FFE 2 0 3 5  
FFE 2 0 3 6  
FFE 2 0 3 7  
FFE 2 0 3 8  
F F E  2 0 3 9  

FFE 2 0 4 1  
F F F  2 f l 4 2  
FFE 2 0 4 3  
FFF 21144 
F F F  2 0 4 5  
F F F  2r146 
F F E  2 0 4 7  
FFF 2 1 4 8  
FFE 2 C 4 7  

F F E  2 0 1 5  

Ft -F  z n 2 -  

OR F L S  T A P E e F F E  2 3 2 4  

F F E  2 0 4 0  

FFE 21150 

F F F  2 0 5 1  
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PROGRAM OUTPUT FOR EXAMPLES 

E X A M P L E  1 .  H Y P O T H E T I C A L  PROBLEM BASED ON ALPHA QUARTZ. USES CARD I N P U T .  

I N P U T  D A T A  TO B E  R E A D  FROM CARDS 

NUMBER O f  STRUCTURE PARAMETERS IS 6 

V A R I A N C E - C O V A R I A N C E  M A T R I X  AND PARAMETER S E L E C T I O N  I N F O R M A T I O N  WILL 
BE U S E D  

NUMBER O f  SYMMETRY CARDS IS 5 

C E L L  PARAMETER ERRORS AH€ 
TO B E  R E A 0  f M  THE FORM OF STANDARD ERRORS 

OROfR OF T H E  V A R I A N C E - C O V A R I A N C E  M A T R I X  FOR THE STRUCTURE PARAHETERS IS 4 

P E R I O D  OF T H E  PQSXTION P A R A M E r E R S  IN THE PARAMETER L I S T  I S  3 

P O S I T I O N  OF T H E  F I R S T  X C O O R D I N A T E  IN THE PARAMETER L I S T  I S  I 

INPUT D A T A  

I R ( I )  K X I t I )  

I U,4156 I 
2 0.2677 1 
3 0.1180 ! 
4 0 ,5295  1 
5 @.5295 0 
6 0 . 3 3 3 3  0 

EXAMPLE I .  H Y P O T H E T I C A L  PROBLEM BASED ON ALPHA QUARTZ. USES CARD INPUT.  

CELL PARAHETERS 

4-91 50 n. 5.4040 0. 0 .  -0.5000 

STANDARD ERRORS, R E S P E C T I V E L Y t  OF THE ABOVE C E L L  PARAMETERS 

0.00 50 ff. O.DIDO 0 .  0. a. 

SYMMETRY INFORMATXON 

TRANSFOKMfO X TRANSFORMED Y TRANSFORMED Z 

-0 1-2 -ne  -2-0 -0 * -3 -0  
-0. 2- t -17. -1-0 0 . 3 3 3 3 3 3  3-0 
-0. -r-o -c " 2- f 0.331333-3-0 
-8. -2-0 -a. 1-2 n.656667 3-'J 
-0. 2-0 -D. 1-0 0.666667-3-Sl 

EXAMPLE 9 .  H Y P O T H E T I C A L  PROBLEM BASED ON ALPHA QUARTZ. USES CARD I N P U T .  

I N T E R A T O M I C  D I S T A N C E  IN ANGSTROMS 
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BOND ANGLE I N  D E G R E E S .  C E N T R A L  A f O M  IS V E R T E X  

I I, 21 ( 2 r300 )  ( I r  3 )  
109,2048 + O R -  o. ios3 ( 0.0975) 

I 1,300) I 2 . 3 C U )  ( l r 3 0 5 1  
110.1962 +OR- C . 1 6 8 9  ( 0.1443) 

( 1 , 3 m )  ( 2s30n) ( 1 ,  21 
i c 9 . 9 5 1 a  +OR- 0.0875 ( a.07551 

DIHEDRAL A N G L E  B E T W E C N  P L A N F S  E A C H  D E F I N E D  B Y  T H R E E  ATOMIS 

( 2,3001 i I ,  2) I i r  3 )  
I 2.3001 l I r 3 C l O i  ( l r 3 C 5 )  

89.1601: +OR-- u.112a ( 0 . ~ 4 7 8 )  

DIFFERENCE B E T W E E N  TWO I N T E R A T O M I C  D I S T A N C E S  

I 2,3003 ( I ,  2 )  
( 2,300) ( 1,3001 

-0.oi19 + O R -  0.~026 I 13.0022) 

D I F F E R E N C E  B E T W E E N  THO BOND ANGLES 

I I .  21  ( 2,300) I I .  31  
( l r 3 8 n )  ( 2.300) ( l r 5 0 5 )  

E X A M P L E  2, H Y P O T H E T I C A L  P R O B L E M  B A S E D  ON A L P H A  Q U A R T Z .  U S E S  OR FLS T A P E .  

I N P U T  D A T A  T O  B E  R E A U  F R O M  O R  F L S  T A P E  

V A R I A N C E - C O V A R I A N C E  M A T R I X  A N D  P A R A M E T E R  S E L E C T I O N  I N F O R M A T I O N  W I L L  
R E  U S E D  

NUPIBER O F  S Y Y P E T R Y  C A R D S  I S  5 

C E L L  P A R A M E T E R  E Q R C R S  A R E  
T O  RE R E A D  ird T H E  F O R M  OF S T A N D A R C  ERRORS 

NUMBER O F  S T R U C T U R E  P h R A M E T t R S  IS 24 

P E R I O D  O F  Tb lE P U S I T I O N  P A R A M E T E R S  IN THE P A R A M E T E R  L I S T  IS I I  

P O S I T I O N  O f  T t - E  F I R S T  X C O O R D I N A T E  I N  THE P A R A M E T E R  L I S T  I S  5 

P E R I O D  O F  THE T E C P E K A T U R F  F A C T O R  C O E F F I C I E N T S  I N  T H E  P A R A M E T E R  L I S T  I S  I I  

P O S I l I O N  O F  TI-€ F I R S T  T E I I P E R A T U H E  F A C T O R  COEFFlCfENT I N  T H E  P A R A M E T E R  L I S T  IS 8 

O R D E R  OF T V E  V A R I A N C E - C O V A R I A N C E  M A T R I X  F O R  T H E  S T R U C T U R E  P A R A M E T E R S  IS 15 

I N P U T  D A T A  

I I .OOO4 
2 0 ,  
3 I.OO0C 
Ir I .Clona 
5 0.4156 
6 0.2577 
7 O . 1 1 B C  
8 0.0039 
9 o m o m s  

i o  o.uuz7 

I 
I: D 

L 
I 
I 
I 
1 
L 
I 
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I I  0.002C 
12 o,oauo 
1 3  0.GC02 

i s  0.5000 
16 0.5295 
1 7  n , 5 2 9 5  
1 8  0 , 3 3 3 3  
19 O.CO67 
28 0.0!167 

1 4  2,ccon 

21 n .004a 
2 2  n.0034 

24 -0.0ua2 
2 3  0.OCiO2 

1 
I 
1 
0 
0 
1 
0 
0 
1 
0 
1 
1 
I 
ci 

E X A M P L E  2.  H Y P O T k E T I C A L  P R O B L E M  B A S E D  ON A L P H A  Q U A R T Z .  USES O R  FLS T A P E .  

CELL P A R A P E T E R S  

4.9130 0 .  5.4040 0. 0 .  -0. so00 

S T A N D A R D  E R R O R S *  K E S P E C T I V E L Y o  O F  THE A B O V E  C E L L  P A R A M E T E R S  

O.Oi350 II. 0.rJ100 0. 0. 0 .  

S Y M M E T R Y  I N F O R M A T I O N  

T R A N S F O R Y E C  X T R A N S F O R M E D  Y T R A N S F O R P E D  Z 

-13. 1-2 -0.  -2-0 -0. -3-0 
-0. 2- 1 -0. - I-n 0.333333 3-0 
4. -1-0 -E. 2- 1 0 . 3 3 3 3 3 3 - 3 - 0  
-11 e -2-0 -0 .  1-2 0 .666667  3-f.I 
-0. 2-0 -E. 1-0 De 666667-3-0 

E X A M P L E  2.  H Y P O T F E T I C A L  P R O B L E M  B A S E D  OF1 A L P H A  Q U A R T Z .  U S E S  O R  F L S  T A P E .  

I N T E R A T O M I C  C I S T A N C E  I N  A N G S T R O M S  

( 2 1 3 0 0 )  I I t  2 )  
1.6012 +OR- O . O D i 9  0.00121 

I 2 , 3 0 0 )  ( 1,3nn) 
1.6131 +OR-  0.0021 [ 0.00I2) 

BONC ANGLE I N  C E G R E t S .  C E N T R A L  ATOM I S  V E R T E X  

109.2048 +OR- O , l 0 J b  ( 0 . 0 9 7 J l  

110.1962 +OR- 0.1688 f Oe14Y1E 

199.9518 +OR- 0.0875 f 0.0756) 

D I H E D R A L  A N G L E  BETHEEN P L A N E S  EACh C E F I N E D  B Y  T H R f E  A T O M S  

D I F F E R E N C E  BETWEEN T H O  I N T E R A T O M I C  G l S T A N C E S  

( 2 9 3 0 C )  f I Y  21 
I 2 , 3 0 C )  ( I ,snc,  
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OIFFERENCE BETWEEN TWO BOND ANGLES 

8.9914 +OR- 0.1781a ( 3.1679) 

RHS CCMPONENT O F  THERMAL OISPLACEMENT ALONG PRINCIPAL A X I S  R .  A N G S T R O M S  

A TOM R 

I 2, 01 2 
0.0785 +OR- 0.0033 ( 0.3033) 

I 2, 0 )  3 
0.0798 +OR- o.0035 ( 0 . 0 0 3 5 )  

ANGLE EETWFEN PRINCIPAL A X I S  R AND V E C T O R  OEFINEO B Y  TWO A T O M S  

ATOM R V E C T O R  

[ I ,  2 )  I ( 2 ,3c01 I I ,  2 )  
76.6802 +0R-56.4312 (56.431 I I 

t I ,  2) 2 [ 2 ,300 )  [ I ,  2 )  
79.0386 +0R--57.5388 (57.53401 

I I ,  2 )  ? ( 2130ilI ( I ,  2 )  
17.3808 +OR-30.1984 (39 .1957)  

ANGLE BETWEEN PRINCIPAL A X I S  R A N 0  A X I S  I OF CARTESIAN S Y S T E l Y  DEFINED B Y  TWO VECTORS 

ATOM H I DEFINING VECTORS 

I I, 2 1  I I t 293CO) [ I t  2 )  
( 2 t3CO) [ I ,  3) 

76.6802 +OR-56.4312 (56.4311 I I 

t I ,  2 )  I 2 ( 2 ,300 )  L I ,  2 )  
( 3 ,300 )  ( I t  31 

77.3633 +OK-51.2667 151.2667) 

I I ,  2 )  I 3 ( 2 ~ 3 0 0 )  [ I ,  2 )  
[ 2 ,300 )  ( 1 ,  3 )  

161.4757 +OR-80.2633 (80.2633)  

I I ,  2 )  2 I ( 2 ,3001 ( I t  21 
( 2 , 3 0 0 )  [ I t  3 )  

79.0386 +OR-57.5388 (57.53401 

1 I t  2 )  2 2 [ 2930 I I )  ( I ,  2 )  
2,3001 ( I ,  3 )  

164.9587 +0R-32.7963 (32 .7957)  

( I ,  2 )  2 3 ( 2 r 3 C O l  ( I ,  2) 
( 2 Y 3 C O )  ( I ,  3 )  

100. I 7 2 6  +OR-48.7792 (48.7790)  
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I I ,  2 )  3 I ( 2,3001 ( 1 ,  2 )  
I 2,300) I I t  3 )  

17.3808 +0R-39.1984 (39.1957) 

1 1 ,  2 )  3 2 I 233001 I 1 ,  2)  
( 2,3001 ( 1 ,  3 )  

81,9750 +OR-43.5891 (43.5834) 

t I ,  2 )  3 3 ( 2r3GO) ( 1 ,  2) 
( 2,3C0) I I s  31 

74.6870 + O U - ~ ~ . W R ~  (37.97841 

I 2r3001 1 I I 2,3001 I 2 9  D l  
( 2,3001 ( 217CU) 

9il.OOOD +OR- 0. I 0, I 

I 2p300) I 2 1 2,3001 ( 2, 0 )  
( 2,300) 4 2,700) 

t 2,3001 I 3 ( 2,300) t 2 ,  0 )  
( 2,300) ( 2,700) 

45.2094 +OR-24.2878 124.2720)  

44.7904 +0~-24,2879 (24.2721) 

I 2,300) 2 I ( 21300) I 2 ,  01 
( 2,300) t 2,700) 

179.9815 +OR- 1.4866 I 1.3673) 

I 2,300) 2 2 ( 2,300) I 2r 0 )  
t 2,3001 I 217001 

89.9902 +OR- 3.0562 ( 2.60731 

4 2,300) 2 3 I 2+3001 2, 0)  
( 2,300) I 2,700) 

90.01SJ +OR- 5.7403 ( 4.8985) 

t 2,300) 3 I ( 2,300) [ 2, 0 )  
( 2,3001 I 2,700) 

90.0000 +OR- 0. ( 13. ) 

1 2 ~ 3 0 0 )  3 2 ( 21300) I 2, 0 )  
( 2,3CO) ( 2,7001 

135,2073 +OR-24.0921 (24.06711 

1 2 t 3 0 0 1  3 3 ( 2,3001 ( 2, 0 )  
( 2,300) I 2v7CO) 

45.2073 +OR-24.U921 (24.0672) 

RMS C O M P O N E N T  OF T H E R M A L  DISPLACEMENT fN OfRFCTION OEFINED B Y  TWO A T O M S .  ANGSTROMS 

A TOM V E C T O R  

t 2 ,30U)  ( 2,3001 t I ,  2) 
O . G ~ V I  +OK- 0.0022 I 0.0022) 

RHS R A D I A L  T H E R M A L  C I S P L A C E M E N T  OF ATOM.  A N G S T R O M S  

I 21300) 
0.1343 +OR- 0.0016 0.c1016) 

I N T E R A T O M I C  O I S T A N C E  A V E R A G E D  OVER T H E R M A L  MOTION. A T O M S  ASSUMED T O  HOVE INDEPENOENTLY 

I 2 ~ 3 0 0 1  ( I t  23 
1.6072 +OR- 0.0019 l 0.0012) 
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OR TEP: A FORTRAN THERMAL-ELLIPSOID PLOT PROGRAM 
FOR CRYSTAL STRUCTURE ILLUSTRATIONS 

0 

Carrol l  K. Johnson 

A BST R AC T 

T h i s  report d e s c r i b e s  a computer program for drawing c r y s t a l  s t ructure  i l lustrat ions 
with a mechanical  plotter. Ball-and-stick type  i l lus t ra t ions  of a quality su i tab le  for publi- 
cat ion a r e  produced with ei ther  s p h e r e s  or thermal-motion probability e l l ipso ids  on t h e  
atomic s i t e s .  T h e  program c a n  produce s te reoscopic  pa i r s  of i l lustrat ions which aid in  t h e  
v isua l iza t ion  of complex packing arrangements  of atoms and  thermal motion patterns. Inter- 
a tomic d is tances ,  bond a n g l e s ,  and  principal a x e s  of thermal motion a r e  a l s o  calculated t o  
a id  t h e  s t ructural  s tudy.  

T h e  FORTRAN coding u t i l i z e s  t h e  comparable fea tures  of IBM 709/7090 FORTRAN I1 
and CDC 1604/1604A FORTRAN 6 3  so that  t h e  program can b e  executed  on a number of differ- 
e n t  machines  which have  32 K word memories. T h e  machine-oriented plotting subrout ines  
a r e  s tandard library-type rout ines  with s l igh t  modifications. Both CalComp and Benson 
Lehner  off-line magnetic-tape plotting s y s t e m s  have been  used  successfu l ly .  

Sample stereo-figure i l lustrat ions and a viewer a r e  included with t h e  report. 

1. INTRODUCTION 

Appropriate i l lus t ra t ions  a r e  e s s e n t i a l  i n  any  manuscript dea l ing  with crystal lographic  s t ructures .  An 

often quoted express ion  might just i f iably be  paraphrased to read tha t  a well-planned figure is worth a 

thousand numbers. With t h e  so-ca l led  information explosion in i t s  ear ly  exponent ia l  s t a g e s ,  t h e  author of 

a s t ruc ture  paper  should fee l  par t icular ly  obl igated to help t h e  reader  as  much as  he c a n  with “crystal  

c lear”  i l lustrat ions.  

T h i s  computer program, O R  TEP (Oak Ridge Thermal El l ipso id  P l o t  program) is a n  attempt t o  supply 

a tool  which c a n  reduce the  tedium a s s o c i a t e d  with drawing cer ta in  t y p e s  of c rys ta l  s t ructure  i l lustrat ions.  

In addition, t h e  precis ion obta inable  through machine plotting makes  feas ib le  the  production of de ta i led  

s te reoscopic  i l lus t ra t ions  which a re  impract ical  to  draw by convent ional  drafting methods. T h e  program 

d o e s  not i n  any s e n s e  rep lace  t h e  exper ience  of the  crystal lographic  draftsman; i t  is only a way of imple- 

menting cer ta in  of h i s  ideas .  Touching up t h e  f igures  by hand to  correct  for overlap and t o  add further de- 

ta i l  great ly  enhances  t h e  figure’s appea l  and usefu lness .  T h e  u s e r  i s  encouraged t o  do t h i s  and not  to b e  

content  with t h e  raw i l lus t ra t ions  as they come from the  plotter. 

Four  m a j o r  goa ls  were spec i f ied  for OR T E P ,  and they a r e  l i s ted  here in t h e  order of the i r  a s s i g n e d  

importance. (1) T h e  program must produce high qual i ty  i l lustrat ions,  including s te reoscopic  pa i r s  of  

thermal-motion f igures ,  as  free as poss ib le  of visual ly  dis t ract ing approximations. (2) T h e  program must 

be  general  both with respec t  to t h e  t y p e s  of i l lus t ra t ions  it c a n  draw and t h e  types  of computing and 

plotting equipment that  i t  c a n  ut i l ize .  (3) T h e  program must b e  e a s y  t o  u s e  and require a minimum of in-  

put; i t  should also be  e a s y  t o  modify. (4) T h e  computation time should  b e  minimized. Memory size l i m i -  

tation w a s  not one  of t h e  considerat ions;  hence  the  program requires  a 32 K word memory. 

L 1 

Page 523



2 

Stereoscopic  c r y s t a l  s t ruc ture  i l lustrat ions were used  qui te  ex tens ive ly  i n  t h e  1920's  and 1930's ,  

particularly by M. von L a u e  and R. von Mises i n  their  beaut i ful ly  done  two-volume s e r i e s  of s t e r e o s c o p i c  

drawings. ' More recent ly ,  computer techniques  were appl ied in  making c r y s t a l  s t ruc ture  s te reoscopic  

pictures  by W. R. Busing '  u s i n g  a n  IBM 704 computer with ca thode  ray tube  output. T h e  ava i lab i l i ty  of 

larger, f a s t e r  computers  and  higher resolut ion plotting d e v i c e s  led  q u i t e  naturally t o  t h e  present  work. 

A s  usua l ,  there  is a n  unlimited horizon for future work with more sophis t ica ted  i d e a s  and equipment. 

I am part icular ly  indebted t o  my col leagues,  Drs. H. A. Levy,  W. R. Busing,  G. M. Brown, and  R. D. 

El l ison,  for many helpful d i scuss ions ,  and t o  R. A. Holl is ter ,  a summer par t ic ipant  with t h e  ORNL Mathe- 

mat ics  Division, who helped plan and c o d e  s e v e r a l  par t s  of t h e  program. T h e  i n i t i a l  vers ion of OR TEP 
was  written a s  a subrout ine for the  Busing,  Martin, and Levy Funct ion  and  Error Program, OR F F E ; 3  and 

many of t h e  concepts  and s e v e r a l  of t h e  subrout ines  of OR FFE a r e  incorporated into t h e  present  program. 

Several par t s  of EIGEN were taken  from a program written by R. E. Funder l ic  a n d  B. Franz  from t h e  Central  

Data P r o c e s s i n g  group. Subroutine AXEQB w a s  adapted  from a subrout ine obtained from t h e  Oak Ridge 

Central Data P r o c e s s i n g  Library. 
T h i s  report c o v e r s  t h e  following topics .  F i r s t ,  Sect. 2.1 is a summary t a b l e  of ins t ruc t ions  and is t h e  

part of the  report t o  which t h e  experienced user  wil l  routinely refer. Next, t h e  philosophy of t h e  program 

is out l ined and a n  example given. Sect ion 3 def ines  t h e  terms u s e d  i n  t h i s  report and d e s c r i b e s  t h e  input  

in detai l .  T h e  computational procedures  used  by  t h e  program a r e  d i s c u s s e d  in  Sect. 4, and  s t e p s  a r e  out- 

lined for adapt ing t h e  program t o  other configurations of equipment. T h e  next  s e c t i o n  summarizes  the  

mathematics  of thermal motion probability e l l ipso ids .  Sect ion 6 c o n t a i n s  a number of examples  of f igures  

produced with OR TEP. Most of t h e s e  drawings a r e  s t e r e o s c o p i c  p a i r s  of perspec t ive  project ions and a r e  

included t o  i l lus t ra te  t h e  information t ransfer  advantages  gained through the  u s e  of s t e r e o  figures. T h e  

final sec t ion  conta ins  t h e  complete  OR TEP FORTRAN listing. 

2. GENERAL PRINCIPLES AND PROCEDURES 

2.1 Summary Table of Instructions 

A brief summary of t h e  input cards  is given a t  t h i s  point to  s e r v e  as a check l i s t  for u s e  with OR TEP. 
All a s p e c t s  a r e  explained in de ta i l  i n  Sect .  3. 

1. T i t l e  card  (see 3.2.1) 

2. Cell parameter c a r d  ( s e e  3.2.2) 

3. Symmetry c a r d s  with s e n t i n e l  in  column 1 on l a s t  card  (see 3.2.3) 

4. Atomic parameter c a r d s  (two per atom) with sen t ine l  i n  column 1 of very l a s t  card ( s e e  3.2.4) 

5. Znstruction c a r d s  with -1 i n  columns 8 and  9 of f inal  instruct ion card. T h e  ins t ruc t ions  a r e  summa- 
r ized i n  Table  2.1 and  explained i n  de ta i l  i n  Sect. 3.3. 

'M. von Laue and R. von Mises (eds.), Stereoscopic Drawings of Crystal Structures, vols. I and 11, Springer, 

'W. R. Busing, Abstract  of Washington, D. C., Meeting of the ACA, Jan. 24-27, 1960, F-7, p. 23. 
3W. R. Busing, K. 0. Martin, and H. A. Levy, OR FFE,  a FORTRAN Crystallographic Function a n d  Error 

Berlin, 1926 and 1936. 

Program, ORNL-TM-306 (March 1964). 
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Table 2.1. Summary Table of Al l  Instructions 

Function 1-3 4-9 10-18 19-2 7 28-36 37-45 46-54 55-63 64-72 

Structure ana lys i s  

Dis tances  
Dist. +ang .  
Princ. a x e s  

ORG 1 
ORG 1 

ORG 2 
ORG 2 

TAR 1 
TAR 1 

TAR 2 
TAR 2 

DMAX (A) - 
DMAX (A) - 

Plotter control 

Initialize 
Advance and term. 

2 01 
2 02 

P lo t  boundary 

Dimensions 
Ti t le  rotation 
Retrace displace 

301 
3 02 
3 03 

VIEW(1N) 
- 
- 

BRDR( IN) 
- 
- 

w 

Atoms l is t  

Run add 
Run subtract  

Sphere add 
Sphere subtract  

Box add 
Box subtract  
Zero atoms l i s t  

401 From 
411 From 

402 ORG 1 
0 or 2 412 ORG 1 

- 403 O R G l  
413 ORG 1 

- 
- 

- 
- 410 - 

.... 

.... 
.... 
.... 

.... 

.... 
ORG 2 TAR 1 TAR 2 DMAX (A) - - 
ORG 2 TAR 1 TAR 2 DMAX (A) - - 
ORG 2 TAR 1 TAR 2 A/2 (A) E/2 (A) C/2 (A) 
ORG 2 TAR 1 TAR 2 A/2 (A) B/2 (A) C/2 (A) 

Cartesian system 

Definition 
Rotate reference 
Rotate  working 

501 ORGN 
502 Axes No. 
503 Axes No. 

VIA 
Rotate (O) 

Rotate (O) 

V1 B V2A V2B 
Axes No. Rotate (O) .... 

- - 
e . . -  .... 
- - 
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Table  2.1 (continued) 

Function 1-3 4-9 10-18 19-27 28-36 3 7 4 5  46-54 55-63 64-72 

Center and s c a l e  

Explicit  - 601 XO(1N) YO (IN) 
Scale only - 602 XO(1N) YO (IN) 
Center only - 6 03 - - 
Center and sca l e  - 604 - - 
I. P. and I.S.a - 611 lkO(1N) AYO (IN) 
I .P.  and sca l e  - 612 lkO(1N) AYO (IN) 
I. S. and center - 613 - - 

Ellipsoids 

Shaded football 0 or 1 701 
(Format No. 1 trailer card) - - 

Football  O o r  1 702 
Open model 0 or 1 703 
Eoundary only 0 or 1 704 
Other types 0 or 1 705 

(Format No. 1 trailer card) - 
A s  above except no  0 or 1 711 

printed output of 0 or 1 712 
individual coordinates 0 or 1 713 

0 or I 714 
0 or 1 715 

- - 
A1 (IN) A0 (IN) 

(same a s  701) 
(same a s  701) 
(same a s  701) 
NPLANE NDOT 
A0 (IN) A1 (IN) 
(same a s  701) 
(same a s  701) 
(same a s  701) 
(same a s  701) 
(same a s  705) 

Bonds 

Explicit  0 or 1 801 FROM(1) TO (1) 

Implicit fancy 2 802 - - 

Implicit line 2 8 03 - - 

(cont.) 

(Format No. 2 trailer card) 

(Format No. 2 trailer card) 

?. P. and I. S. s ignif ies  increment position and increment scale.  
b ~ ~ ~ - ~ ~ ~  s ignif ies  parallel  offset (in.). 
‘PER-OFF signif ies  perpendicular offset (in.). 

SCALl  
- 

SCALl 
- 

ASCALI 

&CALI 

- 

NLINE 

FROM (2) 

- 

- 

SCAL2 
SCAL2 
SCAL2 
SCAL2 
SCAL2 
SCAL2 
SCAL2 

NDASH 

SYM HGT 
- 

SYM HGT 

FROM (3) 

- 

- 

PAR- OFF^ PER-OFF‘ 
- - 

PAR-OFF~ PER-OFF‘ P 
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Table 2.1 (continued) 

Function 1-3 4-9 10-1 8 19-27 28-36 3 7 - 4 5  46-54 55-63 64-72. 

A s  above except  - 
no printed output 2 

2 

Labels  

CHEM SYMB - 
REG TITLES 3 

Format No. 3 
t i t le  card 

PROJ VECT TITLE 3 
Format No. 3 
title card 

VECTOR TITLE 3 
Format No. 3 
t i t le  card 

PROJ BOND LABEL - 
(1, 2, 3 dec. places)  - 

- 
BOND LABEL - 

(1, 2, 3 dec. places) - 
- 

CENTERED SYMB 
(with pen u p  or pen down) 
(Format No. 1 trailer card) 

1 
1 
- Saved sequence 

START - 
S T O P  - 
EXECUTE - 

Terminate job - 
New job follows - 

(from ti t le card on) 

811 (same a s  801) 
812 (same as 802) 
813 (same a s  803) 

901 ATOM-1 
902 ATOM-1 

903 ATOM-1 

913 ATOM-1 

904 ATOM-1 
905 
9 06 

914 ATOM-I 
915 
916 

908 ATOM-1 
909 
- SYMB# 

1101 - 
1102 - 
1103 - 

-1 - 
- 2  - 

TOM-2 
(ATOM-2) 

ATOM-2 

ATOM-2 

ATOM-2 

ATOM-2 

(ATOM-2) 

- 

X Edge R e s e t  Y Edge R e s e t  HGT(1N) P. R-OFF PER-OFF 
X Edge R e s e t  Y Edge R e s e t  HGT (IN) PAR-OFF PER-OFF 

X Edge R e s e t  Y Edge R e s e t  HGT(1N) PAR-OFF PER-OFF 

- - HGT (IN) PAR-OFF PER-OFF 

X Edge R e s e t  Y Edge R e s e t  HGT (IN) PAR-OFF PER-OFF 

- - HGT (IN) PAR-OFF PER-OFF 

X Edge Rese t  Y Edge R e s e t  HGT (IN) PAR-OFF PER-OFF 

- - - - - 
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2.2 Programming a Nonstereoscopic I l lustration for OR TEP 

2.2.1 General Comments on Automated Graphics. - In order t o  produce high quality i l lustrat ions with 

OR TEP, one  must in  general u s e  an i te ra t ive  approach;  tha t  i s ,  t h e  i l lustrat ion must usual ly  b e  computed 

and plot ted severa l  t imes  before  a n  optimal figure is produced. With e a c h  t r ia l ,  as many fac tors  as  poss i -  

ble a re  optimized t o  give a more informative and  more es the t ica l ly  p leas ing  resul t .  One often requires  

about four t r i a l s  for a s te reoscopic  figure of an unfamiliar s t ruc ture  (barring blunders  and  plotter mal- 

functions). 

Overlap is one  of the major problems, particularly for  chemica l  symbols  and bond d i s t a n c e  labels .  If 

the user  is not drawing s te reoscopic  f igures ,  i t  i s  of ten bet ter  to do t h e  le t ter ing with a L e R o y  le t ter ing 

template i n s t e a d  of t h e  computer. T h e  template  le t ter ing is neater  than t h e  computer le t ter ing,  and it c a n  

be  posi t ioned much more eas i ly .  However, for s te reoscopic  le t ter ing t h e  manual procedure appears  to  b e  

unsat isfactory b e c a u s e  of t h e  necess i ty  for e x a c t  re la t ive  placement  of t h e  le t ter ing on t h e  two v iews  to  

maintain good s te reops is .  

Overlapping atoms a r e  another  problem. T h e  program d o e s  not l e a v e  out t h e  par t s  of a n  atom hidden 

behind other  atoms. T h i s  feature  would be  a difficult (although not impossible)  programming feat. T h i s  

can  b e  accomplished manually, however, by e ras ing  or “whiting out”  t h e  unwanted par t s  of a n  atom. 

Even with s t e r e o  views,  t h e  f igures  a r e  more effect ive if overlap is taken  c a r e  of, espec ia l ly  when 

opaque” e l l ipso ids  a r e  used. 11 

In order t o  maintain general i ty  in  OR TEP, t h e  concept  of  programming i s  appl ied  t o  t h e  problem of 

drawing i l lustrat ions with a plotter. T h i s  concept  a l lows  access t o  a s e r i e s  of b a s i c  bui lding block op- 

erat ions which a r e  put together  b y  t h e  user  to “program” a n  i l lustrat ion.  T h e  ins t ruc t ions  u s e d  in  

programming OR TEP a r e  divided into t h e  following categories:  (1) ins t ruc t ions  u s e d  t o  s p e c i f y  prelimi- 

nary graphical de ta i l s ,  (2) ins t ruc t ions  u s e d  to  compose an  i l lustrat ion,  (3) ins t ruc t ions  u s e d  t o  draw the  

illustration, (4) instruct ions u s e d  t o  repeat  a sequence  of other  ins t ruc t ions ,  and (5) termination instruc-  

tions. E a c h  instruct ion s t a r t s  o n  a s e p a r a t e  punched card and c o n t a i n s  a n  identifying number and what- 

ever  parameters  a r e  needed  for the par t icular  instruction. The genera l  r o l e  of these ins t ruc t ions  is ex-  

plained in  t h e  remaining s e c t i o n s  of P a r t  2, and the  individual ins t ruc t ions  are descr ibed  in  de ta i l  i n  3.3. 
T h e  s imples t  way to cons t ruc t  t h e  program is, f i rs t ,  to  s c a n  through t h e  l i s t  of ins t ruc t ions  i n  numerical 

order and  pick out t h e  relevant  o n e s  t o  construct  t h e  framework of t h e  program. Then  cer ta in  other  in- 
s t ruct ions a r e  placed into the  framework program to furnish t h e  remaining “bookkeeping” de ta i l s .  

L e t  u s  assume that  t h e  s t ructural  da ta  c a r d s  (described i n  3.2) h a v e  been  prepared for a c r y s t a l  

s t ructure  and that  we want t o  prepare a program to draw a s i n g l e  nonstereographic  figure of t h e  conten ts  

of o n e  unit cel l .  We descr ibe  next  t h e  general s t e p w i s e  procedure o n e  would follow t o  program s u c h  an 

i l lustrat ion.  

2.2.2 Preliminary Graphical Detai ls.  - T h e  f i r s t  instruct ion card should  b e  t h e  plotter control instruc-  

t ion 201 (see 3.3.3.1) which wil l  in i t ia l ize  t h e  plotting package. 

Next, t h e  plot boundary instruct ion 301 ( s e e  3.3.4.1) i s  needed  t o  s e t  t h e  following parameters :  (1) X 
dimension i n  inches  for t h e  plot boundary, (2) Y dimension in i n c h e s  for t h e  p lo t  boundary, (3) viewing 

. 
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d i s t a n c e  i n  i n c h e s  for perspec t ive  projection (zero as  a s igna l  for paral le l  projection), and (4) border (or 

margin) dimension i n s i d e  t h e  boundary. 

No  other  200 or 300 s e r i e s  instruct ions a r e  required for t h i s  particular hypothetical figure. 

T h e  preliminary graphical  d e t a i l s  a r e  analogous t o  what a draftsman might do in  se t t ing  up  h i s  drafting 

board i n  preparation for a drawing. 

2.2.3 composing the Illustration. - T h i s  s t e p  involves  specifying:  (1) which atoms a r e  t o  b e  used  as  

t h e  figure subjec t ,  (2) t h e  rotat ional  orientation of t h e  subjec t ,  and (3) t h e  sca l ing  and positioning of t h e  

subjec t  re la t ive t o  t h e  drawing area.  T h e s e  t h r e e  components of composition a r e  implemented by t h e  400, 

500, and 600 s e r i e s  ins t ruc t ions  respect ively.  

For our hypothet ical  example, s u p p o s e  we want t o  p lace  t h e  b crys ta l  a x i s  a long the  plot ter  x a x i s  and 

the  c a x i s  of t h e  c rys ta l  in  t h e  plotter xy plane  as  nearly as  p o s s i b l e  paral le l  t o  t h e  plotter y axis .  T h i s  

se t t ing  c a n  b e  accomplished with a 501 instruct ion ( s e e  3.3.6.1) a lone;  but if addi t ional  reorientation were 

necessary ,  a 502 instruct ion ( s e e  3.3.6.2) would also b e  used. 

A rectangular box of enc losure  c a n  b e  descr ibed  with a 403 instruct ion ( s e e  3.3.5.3) to  contain the  de- 

s i red atoms for t h e  s u b j e c t  definition. T h e  sca l ing  and  posi t ioning of t h e  subjec t  t o  fill t h e  drawing a r e a  

may b e  accomplished automatical ly  with a 604 instruct ion (see 3.3.7.1). 
2.2.4 Drawing the Illustration. - Crys ta l  s t ructure  i l lustrat ions of t h e  ball-and-stick type a r e  made u p  

of three  components: b a l l s  (atoms), s t i c k s  (bonds), and labe ls .  T h e  three  components a r e  drawn with t h e  

700, 800, and 900 instruct ion s e r i e s  respec t ive ly ;  t h e  first two instruct ion series c a n  a l s o  perform cer ta in  

types  of labeling. 

The atom representat ion c a n  b e  ei ther  a general  e l l ipsoid or a boundary e l l ipse .  In some cases t h e s e  

become a sphere  and a circle .  Chemical  symbols  may b e  plot ted s imultaneously with t h e  atoms. 

For our example we might s imply draw c i r c l e s  and  put t h e  chemical  symbols  within t h e  c i r c l e s  by  

us ing  instruct ion 7 0 4  (see 3.3.8.1). T h i s  instruct ion wil l  draw all t h e  a toms of the  subjec t  and their  chemi- 

cal symbols .  
T h e  bonds a r e  not  a lways  n e c e s s a r y  i n  a drawing, but for s t ruc tures  with molecules  or with d is t inc t ive  

groupings they a r e  usua l ly  qui te  helpful. The most  convenient  method for descr ibing and drawing bonds is 

instruct ion 812 ( s e e  3.3.9.2). 
user’s knowledge of the  s t ructural  chemistry and  t h e  interatomic d i s t a n c e  ranges  for t h e  compound be ing  

drawn. Covalent  bonds or any  other  des i red  t y p e  a r e  found and drawn automatical ly  from t h e  l i s t  of atoms 

which make up t h e  subject .  If des i red ,  t h e  interatomic d i s t a n c e  l a b e l  c a n  a l s o  b e  drawn with e a c h  bond 

(see 3.3.9). 

T h i s  instruct ion u s e s  vector s e a r c h  c o d e s  ( s e e  3.1.5) which reflect the  

Various t y p e s  of label ing c a n  be  done with t h e  900 s e r i e s  instruction. The  one  which wil l  most of ten 

b e  included is a capt ion for t h e  figure us ing  instruct ion 902 (see 3.3.10.2). 

2.2.5 Terminating the Drawing of the Illustration. - T h e  plotter control  instruct ion 202 (see 3.3.3.2) 
a l lows  t h e  u s e r  to remove t h e  f inished drawing from t h e  plotting a r e a  and  t o  p lace  a fresh a rea  of plot 

paper in  position for a n y  addi t ional  plots  which may b e  drawn. 

To terminate t h e  computer job, a ( -  1) instruct ion (see 3.3.12) would b e  u s e d  as the  last instruct ion 

of t h e  program. 
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2.3 Programming a Stereoscopic I l lustration for OR TEP 

A s te reoscopic  pair of f igures  is simply two perspect ive v iews  of  the  s u b j e c t  as s e e n  from two differ- 

en t  viewpoints  (which a r e  usual ly  about 6 O  apart). T h i s  pair is produced with OR TEP by programming for 

two drawings. A few addi t ional  instruct ions supplementary t o  t h o s e  out l ined i n  2.2 a r e  useful  for producing 

s te reo  figures. T h e s e  ins t ruc t ions  a r e  t h e  s te reoscopic  rotation instruct ion 503 and t h e  1100 s e r i e s  of in-  

s t ruct ions,  which fac i l i t a te  t h e  repetition of a s e r i e s  of instruct ions.  

2.3.1 Stereoscopic Rotations. - In general, one  member of a de ta i led  s te reoscopic  i l lustrat ion cannot  

be  drawn completely independent  of t h e  other  member of t h e  pair  b e c a u s e  cer ta in  fea tures  (e.g., which 

octant  of a n  el l ipsoid is shaded)  must b e  done ident ica l ly  in  t h e  two drawings. In OR TEP t h e  “s te reo-  

scopical ly  s e n s i t i v e  d e c i s i o n s ”  are handled by us ing  two Car tes ian  coordinate  sys tems:  t h e  re ference  

Cartesian sys tem and t h e  working Cartesian sys tem (see 3.1.8). T h e  s t e p s  involved i n  picture  composition 

(see 2.2.3) and t h e  s te reoscopica l ly  s e n s i t i v e  d e c i s i o n s  a r e  a l w a y s  b a s e d  on t h e  reference sys tem,  but t h e  

drawing of the  i l lus t ra t ion  (see 2.2.4) is a lways  based  o n  the  working system. A s t e r e o s c o p i c  rotation is 

simply a rotation of t h e  working sys tem from t h e  reference s y s t e m  about t h e  a x i s  which is vert ical  whi le  

viewing t h e  f inal  result. For  example, a nominal rotation of +3O about  t h e  plot ter  y a x i s  might be  used  for 

t h e  lef t -eye view and a rotation of - 3’ about t h e  same a x i s  might b e  made before  plot t ing the  right-eye 

view, t h u s  producing a to ta l  interocular  a n g l e  of 6 9  

A program t o  draw a s t e r e o  pair would involve t h e  following s t e p s :  

1. preliminary graphical  d e t a i l s ,  

2. composition of subjec t ,  

3. lef t -eye s t e r e o  rotation, 

4. draw t h e  subjec t ,  

5. advance  t h e  plotter, 
6. right-eye s t e r e o  rotation, 

7. draw t h e  subject ,  

8. advance  the  plotter, 

9. terminate t h e  job. 

2.3.2 Repeating a Sequence of Operations. - It should b e  noted  that  s t e p s  7 and  8 i n  t h e  s t e r e o  

program of t h e  l a s t  s e c t i o n  a r e  ident ica l  to  s t e p s  4 and  5. T h e  program c a n  b e  shor tened  somewhat by 

using t h e  “saved s e q u e n c e ”  ins t ruc t ions  ( s e e  3.3.11). A 1101 instruct ion ( s ta r t  s a v e d  sequence)  would 

be  p laced  between 3 and 4,  and  a 1102 instruct ion (end s a v e d  sequence)  be tween 5 and 6. Then s t e p s  7 
and 8 c a n  b e  replaced by a 1 1 0 3  instruct ion (execute  s a v e d  sequence) .  

Any s e q u e n c e  of instruct ions c a n  b e  s a v e d  i n  t h i s  manner and repea ted  as many times as des i red  with 

1103 instruct ions.  F o r  example, t h e  s a v e d  s e q u e n c e  feature  c a n  b e  used  to  produce a complete  s e r i e s  of 

v iews  of a s t ructure  a t  ( say)  l S O i n t e r v a l s  about a n  axis .  Note tha t  t h e  ins t ruc t ions  between t h e  s t a r t  and  

s top  instruct ions are both e x e c u t e d  a n d  s a v e d  t h e  f i rs t  time through. 
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2.4 Drawing the Cubane Structure: An Example 

r. 

. 

T h e  novel compound c u b a n e 4  ( C 4 H 4 )  h a s  been crys ta l l ized  and  the  s t ruc ture  deter-  

mined. s T h e  carbon-carbon bonds l i e  a long  t h e  e d g e s  of a c u b e  within experimental error. 

T h e  compound c r y s t a l l i z e s  with t h e  trigonal symmetry of s p a c e  group R3. One carbon and 

o n e  hydrogen a r e  in  s p e c i a l  pos i t ions  along t h e  3 a x i s ,  and t h e  remaining carbon and hy- 

drogen are i n  general  posi t ions.  Anisotropic temperature  factcr  coeff ic ients  were fitted to 

t h e  carbon atoms during t h e  leas t - squares  refinement of t h e  s t ructure ,  and isotropic  tem- 

perature  fac tors  were u s e d  for the  hydrogen atoms. 

- 

- 

T h e  c e l l  parameters a r e  

a = p = y = 72.26O. 
_ - -  - - -  - 

T h e  equivalent  pos i t ions  of s p a c e  group6 R3 a r e  x, y ,  z ;  z, x, y ;  y ,  z ,  x; x, y ,  z ;  z ,  x, y ;  and 

Y ,  2, x * 
- _ -  

T h e  posi t ional  parameters for C1, C2, H1, and  H2 a r e  given a s  -0.18711, 0.19519, 
0.10706; 0.11546, 0.11546, 0.11546; -0.3246, 0.3468, 0.1848; and 0.2100, 0.2100, 0.2100, 
respect ively.  T h e  an iso t ropic  temperature  fac tors  given for t h e  carbon atoms a r e  of t h e  
type  ca l led  zero' in  t h i s  report (see 3.2.4.2). T h e  coef f ic ien ts  b l l ,  b Z 2 ,  b,,, b l , ,  b 1 3 ,  b,, 

for C1 and C2 a r e  0.0410, 0.0425, 0.0450, - 0.0042, - 0.0142, - 0.0051; and 0.0468, 0.0468, 
0.0468, -0.0143, -0.0143, -0.0143. 

2.4.1 Data Input for Cubane. - 2.4.1.1 Tit le Card (see 3.2.1). - FORMAT (12A6) 
C a r d  No.  

(1) CUBANE (E. B. FLEISCHER (1964) J. A. C. S. 86, 3889) 

2.4.1.2 Cell Parameter Card ( s e e  3.2.2). - FORMAT (6F9.6) 

( 2 )  5.34 5.34 5.34 72.26 72.26 72.26 

2.4.1.3 Symmetry Cards ( s e e  3.3.3) 

FORMAT (11, F14.10,3F3.0,2(F15.10,3F3.0)) 

(3) 0 0 . 1 0 0  0 . 0 1 0  0 . 0 0 1  

(4) 0 0 . 0 0 1  0 . 1 0 0  0 . 0 1 0  

4P. Eaton and T. Cole, J .  Am. Chem. SOC. 86, 3157 (1964). 
'E. B. Fleischer. J .  Am. Chern. SOC. 86, 3889 (1964). 

6N. F. M. Henry and K. Lonsdale (eds.), International Tables  for  X-Ray Crystallography, vol. I, Kynoch, Bir- 

'Unfortunately, many authors of structure papers neglect  to  define the equation for the  anisotropic temperature 
factor coefficients. 
factor l is ted in anisotropic form in their Table  I. In other instances  one must arbitrarily choose a type (usually 0, 
1, or 4 in the U.S.A.) and do the principal a x i s  transformation, then check that the principal values  a re  correct, or 
a t  l eas t  reasonable. 

mingham, 1962. 

In the present c a s e ,  the type c a n  b e  determined from t h e  comparative isotropic temperature 

In particular, the principal values must a l l  b e  positive. 
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0 0 . 0 1 0  
0 0 . - 1  0 0 

0 0. 0 0-1 

1 0. 0 - 1  0 

0 . 0 0 1  
0. 0 - 1  0 
0 . - 1  0 0 
0. 0 0 - 1  

2.4.1.4 Atomic Parameter  Cards. - 

Posi t iona l  parameters  ( s e e  3.3.4.1): FORMAT (A6, 3X,5Fg96,F9.0) 

Thermal  parameters  (see 3.2.4.2): FORMAT 01 ,  F8.6,5F9.6,F9.0) 

0 . 1 0 0  
0. 0 0 - 1  
0. 0 - 1  0 
0 . - 1  0 0 

Atoms 1 and 2 a r e  entered with posi t ional  parameters  t y p e  0 and anisotropic  temperature 

fac tors  t y p e  0. 

c1 -.18711 .19519 .lo706 0 
0 .04100 .04250 .04500 -.00420 -.01420 -.00510 0 

c2 .11546 .11546 .11546 0 

0 .04680 .04680 -04680 -.01430 -.01430 -.01430 0 

Atoms 3 and 4 a r e  entered with posi t ional  parameters  type  0 and with dummy sphere  tem- 

perature  fac tors  ( type 7) 0.1 A i n  radius. 

H1 - .32460 .34680 .18480 0 
0 .1 7 

H2 .21000 .21000 .21000 0 
0 .1 7 

Atom 5 is a dummy atom at t h e  cell origin with a blank card  dummy sphere  ( s e e  l a s t  para- 

graph of 3.2.4.2). T h i s  could also b e  entered with type 7 as were  a toms 3 and 4. 

ORGN .ooooo .ooooo .ooooo 0 
1 0 

In t h e  card  deck  for t h i s  sample  program, ex tens ive  u s e  of Format No. 3 t ra i ler  c a r d s  

(see 3.3.1) is made as a method of including a comment with a n  instruction. T h i s  con-  

vention is not mandatory, but i t  is a convenient  method for annotat ing a program. T h i s  
example u s e s  a wide range of instruct ions in  order  to demonstrate  them. A s  in  t h e  case 

with any  programming system, there  a r e  many w a y s  of doing any given problem. T h e  

Formats  a r e  descr ibed  i n  3.3. 
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Card No. 

(19) 

2.4.2 Analysis of Structure (see 3.3.2). - T h e s e  ins t ruc t ions  are not  connected with 

producing t h e  figure. They a r e  shown here  jus t  to  demonstrate  how they a r e  used. A 101 
instruct ion is used  t o  obtain a tabulat ion of t h e  atoms surrounding one  atom or a s e r i e s  of 

severa l  des igna ted  atoms. To obtain a l i s t  of all atoms (hydrogen and  carbon atoms)  o u t  

t o  a l i m i t  of (say) 3.61 A about t h e  two carbons  C1 and C2, o n e  would u s e  t h e  following 

instruction. (The  notation is explained i n  Sect ion 3.3.2.) 

101 , 155501 2 ,  1 4 I 3.61 , 
Atoms 1 through 2 of 
symmetry operat ion 1 

Atoms 1 through 4 of all symmetry 
and t ranslat ion operat ions 

D max 

A 102 instruct ion g i v e s  both interatomic d i s t a n c e s  and interatomic angles .  In order to  

find all covalent  bonds and bond a n g l e s  about  the  two carbons  we might u s e  t h e  following 

instruction. 

102  155501 2 1 4 1.8 

In t h i s  case a smaller D max w a s  used  so that  only t h e  d i s t a n c e s  and a n g l e s  of immediate  

in te res t  would b e  computed. 

2.4.3 Programming the Cubane Il lustration. - F i r s t  w e  must in i t ia l ize  t h e  plotter 

package.  

201 

T h e  two plot boundary dimensions can  b e  e q u a l  for t h e  present  i l lustrat ion s i n c e  the 

c u b a n e  molecule  i s  a cube. Suppose w e  u s e  an 11- by 11-in. boundary and spec i fy  a 1- 
in. margin t o  give a to ta l  working area of 9 by 9 in. A 24-in. view d is tance  might b e  

reasonable  t o  u s e  i n  viewing a m o d e l  of t h i s  size. 

301 11 11 2 4  1 

In general we  would u s e  retracing to  make t h e  lettering, and  cer ta in  other  de ta i l s ,  

s t a n d  out more prominently. However, for t h e  t e s t  example w e  wil l  e l iminate  t h e  re- 

t racing so tha t  t h e  i l lustrat ion wil l  plot a s  f a s t  a s  poss ib le .  

303 0 

T h e  subjec t  of t h e  i l lustrat ion is a s i n g l e  cubane  molecule, which we wil l  now de-  

fine, O n e  way of designat ing t h i s  s u b j e c t  is to spec i fy  a sphere  of enclosure,  centered 
on t h e  dummy atom 555501, which is a t  t h e  center  of a cubane  molecule. A radius  of 3.2 

A should be  adequate  t o  isolate a s ingle  molecule. 

. 
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Card No. 

(24) 

where t h e  s e v e r a l  p a r t s  designate:  

( a )  a run of origin atom (center  of sphere)  from atom 5 to  atom 5 in symmetry position 
55501 (that i s ,  i n  t h i s  example, a s i n g l e  sphere) ,  

( b )  a run of target  atom from atom 1 t o  atom 4, and  

(c)  a sphere  rad ius  of 3.2 A. 

To orient t h e  molecule ,  we  will f i rs t  def ine a coordinate s y s t e m  along t h e  e d g e s  of 

t h e  cubane cube. We wil l  then rotate t h e  molecule  re la t ive t o  t h i s  coord ina te  system to 

minimize overlap. 

T h e  origin of t h e  coordinate  sys tem wil l  be  posi t ioned on t h e  dummy atom No. 5. T h e  

des i red  coordinate  sys tem orientation wil l  b e  def ined by  spec i fy ing  two vectors  from t h e  

s p e c i a l  posi t ion atom 255501 t o  t h e  two symmetry-related general-position a toms 155501 
and 155502. 

501 555501 255501 155501 255501 155502 0 0 

A rotation of 25Oabout t h e  Y a x i s  (ax is  2) followed by a rotation of 28Oabout t h e  X 
a x i s  (ax is  1) will produce a sat isfactory view of t h e  molecule. 

502 2 25 1 28 

The s te reoscopic  rotation for t h e  left e y e  c a n  be  done  at t h i s  point jus t  to  keep the  

ins t ruc t ions  i n  numerical order. We will u s e  a rotation of 3O about t h e  Y a x i s  (ax is  2) for 

t h e  lef t -eye view. L a t e r  i n  t h e  program, w e  wil l  make a - 3'rotation about  the  same a x i s  
for t h e  right-eye view to give a total interocular  angle  of 69 

503 2 3.0 

T o  scale and position t h e  subjec t  for projection onto the drawing board, we  wil l  u s e  

two instruct ions.  T h e  first wil l  automatical ly  scale and posi t ion t h e  subjec t  to u t i l i ze  

all ava i lab le  s p a c e .  T h e  second will shr ink t h e  scale s l igh t ly  to al low more s p a c e  along 

t h e  border. 

A 604 instruct ion wil l  automatical ly  s e t  XO, YO, and SCALl. However, t h e  el l ipsoid 

scale factor  ra t io  SCAL2 must be  spec i f ied  independent ly .  If we want thermal e l l ipso ids  

corresponding to  50% probability, then we wil l  en te r  1.54 for SCAL2. 

604 0 0 0 1.54 

To shrink t h e  overal l  scale factor (SCALl) by 10% we u s e  t h e  incremental  instruct ion 

611 and en ter  0.9 for SCAL1. 
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Card  No.  

(29) 611 0 0 .9  0 

T h i s  comple tes  t h e  composition of the  i l lustrat ion.  

S ince  t h e  s t ruc ture  will b e  drawn twice,  o n c e  for e a c h  eye ,  t h e  “saved  s e q u e n c e ”  

fea ture  c a n  b e  used  t o  shorten t h e  program. Note that  t h e  instruct ions between t h e  s t a r t  

and  s t o p  instruct ions a r e  both executed and saved t h e  first time through. They  c a n  then 

b e  re-executed as many t imes  a s  des i red  by u s i n g  t h e  “execute  s a v e d  s e q u e n c e ”  ins t ruc-  

tion 1103. 
T h e  1101 instruct ion s t a r t s  t h e  s a v e d  sequence.  

1101 

T h e  ATOMS l i s t  currently conta ins  all t h e  atom des igna tors  for o n e  cubane molecule. 

We want t o  draw t h e  molecule  i n  two s e p a r a t e  s t e p s  s o  that  the  hydrogen and carbon atoms 

c a n  b e  given different graphical  representat ions.  To el iminate  t h e  hydrogens from t h e  list 

we u s e  a sphere-of-enclosure elimination instruct ion and inc lude  only t h e  hydrogens i n  i t s  

target  l i s t .  T h i s  wil l  l eave  only t h e  carbon atom des igna tors  i n  t h e  atoms l is t .  

412 555501 5 3 4 3.2 

To draw t h e  carbon atoms we will construct  a s p e c i a l  code  that  ( a )  draws t h e  t h r e e  

principal-plane forward t r a c e s  and t h e  boundary-plane t r a c e  (NPLANE = 4), ( b )  omits  t h e  

reverse  s i d e s  of t h e  principal planes (NDOT = 0), (c)  draws t h e  forward principal a x e s  

without addi t ional  shading (NLINE = l ) ,  and ( d )  omits  t h e  reverse  principal a x e s  

(NDASH = 0). In addition we want t h e  chemical  symbols  to b e  drawn with l e t t e r s  0.2 in. 

high (before project ion)  and d isp laced  from t h e  atomic center  by  0.6 in. in t h e  horizontal 

direction and 0.7 in. i n  t h e  ver t ical  direction. . 
715 4 0 1 0 

T h e  715 instruct ion is u s e d ,  rather than 705, t o  shorten the  output l i s t ing  of t h e  example. 

Normally we would u s e  t h e  7 0 5  to obtain a l i s t ing  of a l l  coordinates. 

T o  draw t h e  hydrogen atoms w e  must f i rs t  c l e a r  t h e  atoms array. 

(33) 410 

We then rebuild i t  with hydrogen atom des igna tors  a lone.  We could u s e  a sphere  of 

enclosure;  however, for variety we wil l  u s e  a n  atom designator  code  run instead.  T h e  

atom numbers run from 3 through 4 and t h e  symmetry operators  run from 1 through 6. All 

a toms wil l  be  in c e l l  555;  consequent ly ,  there  a r e  no t ranslat ion runs. Since one of  t h e  

atoms (atom 4) is i n  a s p e c i a l  position, dupl ica te  en t r ies  will occur;  but they a r e  elimi- 

nated automatically. 

. 
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Card N o .  

(34) 401 355501 - 455506 

b 

. 

(35) 

Since  t h e  hydrogen a toms a r e  t o  be  drawn with a s tandard  model, t h e  construct ion d e t a i l s  

will b e  taken c a r e  of automatically. We want chemical  symbols  0.2 in. high and of fse t  

0.35 in. horizontally and  0.4 in. ver t ical ly .  

712 0 0 0 0 .2 .35 .4 

Before drawing t h e  bonds, we must reconstruct  t h e  complete  molecule. T h i s  can  b e  

accomplished with a s p h e r e  of enc losure  ident ica l  to  t h e  original one.  T h e  hydrogens tha t  

a r e  a l ready i n  t h e  atoms l i s t  wil l  not c a u s e  complicat ions,  s i n c e  dupl ica tes  a r e  automati- 

ca l ly  eliminated. 

402 555501 5 1 4 3.2 

T h e  most  convenient  procedure for drawing bonds is to u s e  t h e  implici t  bond instruc-  

tion 812. All other information can  b e  en tered  with a s i n g l e  format No. 2 t ra i ler  card  

(vector search  c o d e  card). 

(37) 2 812 

(38) 0 

where 

(a) and ( b )  a r e  atom number runs for atom-pair bonds to  b e  drawn, 

(c) denotes  bond type 4, 

(d )  denotes  t h e  d i s t a n c e  range 0.9 to 1.6 A, which wil l  cover  all covalent  
bond d i s t a n c e s ,  and 

( e )  the  bond radius ,  i s  0.04 A. 

T h e  remaining f ie lds  in  t h e  card c a n  b e  blank,  s i n c e  a complete  s e t  of bond d i s t a n c e  

l a b e l s  is not desired.  

B e c a u s e  of the  symmetry, there  a r e  only two different C - C bond lengths  i n  cubane.  

T h e s e  a r e  C1-C1 and Cl-C2. We s h a l l  l abe l  o n e  example of e a c h  of t h e s e  bonds. For 
variety let u s  labe l  o n e  with a normal bond-length labe l  and t h e  other  with a perspec t ive  

label .  T h e  two bonds which c a n  be  labe led  most  advantageously a r e  ( a )  155504 -+ 155503 

and ( b )  255504 -+ 155505. T h e  l a b e l s  wil l  b e  0.15 in. in height  a n d  d isp laced  vertically 

from t h e  bond center  b y  - 0.4 in. 

906 155504 155503 0 0 .15 0 - .4 

916 255504 155505 0 0 .15 0 - .4 

. 

i 
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T h e  final feature  t o  b e  drawn is a capt ion (CUBANE) for t h e  illustration. T h i s  can 

convenient ly  b e  posi t ioned by “hanging” i t  from t h e  dummy atom 555501 and “bouncing” 

i t  1 in. off the l o w e r y  boundary. 

C a r d  No. 

(41) 3 902 

(42) 

555501 0 

CUBANE 

(43) 

(44 1 

(45) 

(47) 

(49) 

T h e  s a v e d  s e q u e n c e  c a n  now b e  terminated. 

1102 

0 1. .25 0 0  

T h e  plot ter  is then advanced 9 in .  a long  x i n  preparation for the right-eye view. 

202 9 

T h e  s t e r e o  rotation of - 3 O  about a x i s  2 is now performed in  preparation for t h e  right-eye 

view. (Note t h a t  t h i s  rotation starts with t h e  reference orientation, not t h e  previous 

working orientation.) 

5 03 2 -3.0 

T h e  s a v e d  s e q u e n c e  c a n  now be  repeated for t h e  right eye. Note tha t  t h e  atom l i s t  now 

conta ins  t h e  same information tha t  i t  did when t h e  f i rs t  view w a s  drawn. 

1103 

T h e  i l lustrat ion is now complete. T h e  plotter is next advanced  20  in. along x to remove 

t h i s  figure from t h e  working area. 

2 02 2 0  

A dummy plot for t h e  CalComp sys tem is now added t o  a i d  i n  s topping the CalComp 

plotter. 

202 0 

Fina l ly  w e  terminate  t h e  j o b  and  ex i t  from t h e  program. 

-1 

2.4.4 Stereoscopic I l lustration of Cubane. - Figure  2.1 s h o w s  t h e  s te reoscopic  pa i r  

exac t ly  as i t  w a s  plot ted by  t h e  CalComp 580 system. F i g u r e  2.2 s h o w s  t h e  s a m e  

i l lustrat ion af ter  i t  w a s  “touched up” by hand to  correct for overlap. 

Note t h a t  one  bond d is tance  l a b e l  w a s  drawn in perspec t ive  along t h e  bond, and the  

other  w a s  drawn as a regular labe l  paral le l  t o  t h e  page. 
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. 

1 

CUBRNE 

I 

CUBRNE 

Fig.  2.1. T h e  Sample Figure Cubane Before Retouching. 

I 

CUBANE 

1 

CUBRNE 

8 

Fig. 2.2. T h e  Sample F igure  Cubane After Retouching. 
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2.4.5 L ist ing of Sample input and Output. - 2.4.5.1 Listing of Input Cards. - 

I 

CUBANE (E.B.FLEISCHER ( 1 9 6 4 )  J.A.C.5 8 6 9 3 8 8 9 )  
5.34 5.34 5.34 7 2 - 2 6  72.26 72.26 

C l O D  0 0 l O  

0 0 1 0  0 0 0 1  
0 - 1  0 0 cl 0 - 1  0 
0 0 0 - 1  0 - 1  0 0 
n 0 - 1  0 0 0 0 - 1  

D O 0 1  o i o n  

C I  -.I8711 . I 9 5 1 9  . I O 7 0 6  
. 0 4 1 0 0  .04250  .El4500 - .00420 - .01420 -.00510 

c 2  .I1546 . I 1 5 4 6  .I1546 
. a 4 6 8 0  - 0 4 6 8 0  - 0 4 6 8 0  - .01430 - .01430 --OIb30 

HI 

H2 

ORGN 
I 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

**I** 

**a** 

+*++* 

***++ 

+**+* 

*I*** 

***** 
++***  

* * * * e  

****a 

***** 

0 0 0  

0 1 0  
0 0 0  
0 0 - I  
0 - I  0 
0 
0 
0 
0 

a n i  

EXAM00 IO 
EX A MOO20 

I EXAM0030 
gEXAM0040 
OEXAP0050 

OEX AM0070 
OEXAM0080 

EXAM00911 
EXAPOIOO 
EXAMOI l f l  
EXAM0120 

- I  EXAM0060 

-. 3 2 4 6 0  -34680 1 8 4 8 0  0 EXAM01 311 
. I O  7 EXAM01 40 

. 2 1 o c o  .21000 . 21003  0 EXAMOI 50 
.IO 7 EXAM01611 

0 0 0 0 EXAM0170 
0 EXAM01 8 0  

101 155501 2 I 4 3.61 EXAMOl911 
F l N D  ALL NEIGI-IBOR ATOMS AROUNC C I  AN0 C2 OUT TO 3.61 A +***+ EXAM0200 
102 155501 2 I 4 I .8 EXAC02 I O  
F I N D  COVALENT BONDS AND BOND ANGLES AROUND CARBONS ***+* EXAM022rl 
2 0  I E XAM02 3 0  
I N I T I A L I Z E  CALCOMP PLOT PACKAGE * *+**  EX A PO24D 

EXAMO25n 30 I 1 1 .  I I .  24. 1 .  
I I X I I  BCUNOARY, 9 x 9  I N S I D E  I INCH M A R G I Y ,  VIEW FRCM 2 4  INCHES ++**EXAM0260 
3 0 3  0 EXAM027n 
E L I M I N A T E  ALL RETRACING *****  EXAM02 80 
4 0 2  555501 5 I 4 3.2 EXAM029f l  

E XAM030fl ENCLOSER SPHERE OF RADIUS 3.2 A ABOUT DUMMY ATOM 5 +*+** 
5 0 1  5 5 5 5 0 1  255551 155501 2 5 5 5 0 1  1 5 5 5 0 2  OEXAM03 I O  
ORGN A T  DUMMY A T O M  5 1  VECTORS ALONG 2 EDGES OF CUBANE ***** EXAM0320 
5 0 2  2 2 5  I 28. EXAM033n 
ROTATE 25 DEGREES ABOUT YI THEN 28 DEGREES ABOUT X ****+ EXAC034O 
5 0 3  2 3.0 E X A  PO3 59 
STEREO RDTATICN OF 3.0 DEGREES ABOUT Y FOR LEFT EYE *****  EXAM0360 
6 0 4  n il I3 I .54 EXAP0370 
AUTO SCALE AND P O S I T I O N  TO 9x9 .  5 0  PERCEWT P R O B A B I L I T Y  E L L I P S O I D S  EXAM0380 
61 I D 0 .9 0 EX A Ma3 90 
SHRINK SCALE B Y  I O  PERCENT FOR SAFETY ***** EX AM040fl 

3 1101 EXAM04 IO 
I***+ START SAVE SEQUENCE * * + e *  EX A M04 2 0  

3 4 1 2  5 5 5 5 0 1  5 3 4 3 . 2  E XAM04 30 
* * *+*  E L I M I N A T E  HYOROGENS WITH ENCLOSER SPHERE E L I M I N A T I O Y  * * * *e  E XAC044rl 

3 7 1 5  4 0 I 0 - 2 3  .60 .7UEXAM045U 

3 4 1 0  EX AM0470 
****I Z E R O  A T C M S  ARRAY, THIS  STRUCTURE I S  TO BE DRAWN PIECEMEAL ***+* EXAM0480 

3 4 0 1  3 5 5 5 0 1  - 4 5 5 5 3 6  E XAMO490 
**I** REPLACE HYDROGENS CYLY H I T H  AN ATOM DESrGNATOR RUN ***** EX AMOSO@ 

.2 .35 .4OEXAMOSIO 3 7 1 2  
*+*** S O L I D  MOOEL WITH .2 INCH CHEM SYMBOLS OFFSET .35,.40 INCH e*** *  EXAM0520 

3 4 0 2  5 5 5 5 0 1  5 I 4 3.2 EXAM0530 
*I*+* ENCLOSER SPHERE WITH COMPLETE MODEL +***+ E XAM0540 

E XAM0550 2 8 1 2  
3 1 4 1 4 4  .9 I - 6  .Ob E X A PO560 

3 9 0 6  1 5 5 5 0 4  155503 0 0 . I 5  0 -.4EXAM0580 
* + e * *  LABEL UNIQUE C-C BCNDS . CAPTION # CUBANE *****  EXAM059’Y 

3 9 0 2  5 5 5 5 0 1  0 0 I .o .25  0 OEXAM06 I !3 
C UBANE E X A  MO62O 

5 1132  EXAM0630 
* * * * i t  END OF SAVE SEQUENCE ****+ E XAM0640 

3 2 0 2  9. EXAM065r3 

++I*+ SPECIAL MODEL WITH - 2  IN .  CHEM SYMBOLS OFFSET - 6 0  9 - 7 0  IN. ***** EXAM0460 

* ****  TYPE 4 BONDS,.04 A M A X  RADIUS* ALL VECT09S - 9  TO 1.6 A LONG **+** EXAM0570 

9 1 6  2 5 5 5 0 4  1 5 5 5 0 5  0 0 . I 5  0 -. 4EXAMO600 
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I 

****+ ADVANCE PLOTTER 9 INCHES ALONG X FOR R I G H T  EYE V IEW e * * * *  
3 503 2 -3.0 

* * + * e  STEREO R O T A T I C N  FOR R I G H T  E Y E  * *e * *  

* * * e *  EXECUTE SAVED SEQUENCE FOR R I G H T  EYE V I E W  **e**  

**I** ADVANCE PLOTTER 20 INCHES * * * * i t  

****e ADDS DUPMY PLOT TO MAGNETIC TAPE ****I 

3 1103 

3 232 20. 

5 202 n 
- I  

E X A M 0 6 6 0  
EX A M0670 
EX AM06 Rn 
EX AM0690 
EXAMO7Ofl 
EXAM0710  
EXAM0720  
E X A M 0 7 3 0  
EXAM074fl  
EXAM0750  

c 
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2.4.5.2 Listing of Output from the Monitor Output Tape of the Computer. - 

NO. A T O M  
I C I  
2 c2  
3 H I  
4 H2 
5 O R G N  

>IO. A T O M  
I C I  
2 c 2  
3 H I  
4 H2 
5 ORGN 

C U B A N E  ( E . B . F L E I S C H E R  ( 1 9 6 4 )  J.A.C.S 86,38891 

D I R E C T  C E L L  P A R A M E T E R S  
A B C A L P H A  B E T A  GAMMA 

5 340000 5.340000 5.34couo 72.260 72.260 72.260 
C O S I N E  0.5046981 I 0.3046981 I 0.30469811 

R E C I P R O C A L  C E L L  P A R A M E T E R S  
A +  B* C *  A L P H A *  B E T A +  GAMMA* 

0.202207 0.202207 0.202207 I03.506 103. 506 103.506 
C O S I N E  -0.23353916 -0.23353916 -0.23353916 

S Y Y M E T  R Y TR AN S FORM A T I ON S 
YO.  T R A N S F O R M E D  X T R A N S F O R M E D  Y T R A N S F O R M E D  L 
I 3. 1 .  x 0. Y 0. z 0. 0. x 1 .  Y 0. 2 0. 0. x 0. Y 1 .  2 
2 3. 0. x 0. Y I. 2 0. 1 .  x 0 ,  Y 0. z 0. 0 ,  x 1 .  Y 0. L 
3 3. 0. x I .  Y 0. z 0. 0. x 0. Y I .  2 0. I .  x 0. Y 0. 2 
4 a. - 1 .  x 0.  Y 0. z 0. 0. x - 1 .  Y 0. z 0. 0. x 0. Y -1 .  z 
5 0. 0 .  x 9. Y - 1 .  z 0.  - I .  x 0. Y 0. z 0. 0. x - 1 .  Y 0 .  L 

- 1 .  x 0. Y 0. L 6 0 .  0. x - 1 .  Y c. z 0. 0. x 0. Y -1. 2 0. 

X Y z 81 I 82 2 633 812 813 8 2 3  T Y P E  
-G.187110 0.195190 0.107060 0.04lOOO 0.042500 0.045000 -0.004200 -0.014200 -0.0C515'5 0 .  c 0.115460 0.115460 0.115460 0.046800 0.046800 0.046800 -0.U14300 -0,014300 -0.0143bU 0. W 

-u.3246co 0,346800 O.IW+BUO 0.100000 -0. -0. -0. -u. -0. 7. 
rJ.21COOC1 0.210000 0.210000 0.100000 -0. -0. -0. -0. -U. 7. 
e.  0. 0. -0. -0. -0. - 0 .  -D -U. il. 

R M S D  3 X Y Z R M S D  I R M S D  2 
-0 .  I 8 7  I I O  0.195 I 9 0  0 .  IO7060 0.204899 0.239856 0.255794 

0. I I5460 0. I I5460 0.  I I 5 4 6 0  0.205704 0.247753 0.247735 
-0.324600 0.346800 0. I84800 0. I00000 0.100000 0. I 00000 

2.2 10003 0.210000 0.21 0000 0. I00000 0. I00000 0.1 ooouo 
0 . 0. 0 .  0. I oouoo 0. I00000 0. I00000 

C U 8 A N E  ( E . 5 . F L E I S C H E R  (19641 J.A.C.S 8693889) 

O R T H O Y O R M A L  R E F E R E N C E  V E C T O R S  B A S E D  ON C R Y S T A L  A X E S  P O S T - F A C T O R  T R A N S F O R M A T I O N  M A T R I X  
X V E C T O R  Y V E C T O R  Z V E C T O R  

2. I872659E-00 -0.5990827E-01 -0.472231 9E-01 0.5340000E 0 I 0.4473348E-07 0.2980232E-67 
e. 0.19661 52E-00 -0.472231 9 E - 3 1  0.1627088E 01 0.5086078t 01 0.2980232E-G7 
0. 0. 0.2022067E-00 0.1627088E 01 3.1187798E 01 0.4945434E i l l  

* e + * *  F I N D  A L L  N E I G H B O R  ATOMS A R O U N D  CI A N D  C2 O U T  T O  3.61 A +*)+** 

-0 .  

F K O M  ATOMS TO ATOMS W I T H  R A D I U S  OR, I F  A B O X ,  W I T H  S E M I D I M E N S I O N S  
C O C E  ( M I N  M A X )  ( M I N  M A X )  A 8 C 
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I01 155501 2 I 4 3.610 -0. -0. 

V E C T O R S  F R O M  A T O M  
C I  H I  
C I  C I  
C I  C I  
C I  c 2  
C I  CI 
C I  C I  
C I  c 2  
C I  H I  
61 H I  
C I  H2 
C I  C I  
C I  H I  
C I  H I  
C I  H2 
C I  H2 
C I  H2 
C l  H I  
C I  H I  
C I  ti  I 
C I  c 2  

c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  

V E C T O R S  F R O M  A T O M  
H2 
C I  
C I  
C I  
C I  
C I  
C I  
H I  
HI  
H I  
c 2  
H I  
H I  
H I  
H I  
H I  
H I  
C I  
C I  
C I  

4 
3,555011-0.3246 0.3468 0.1848 
1,555051-O.lO71 0.1871-U*1952 
1,55506)-0~1952-0.1071 0.1871 
2,555011 0.1155 0.1155 0.1155 
l r 5 5 5 0 2 1  0.1071-0.1871 0.1952 
1,555031 0.1952 o. ia71-o.1871 

3 , ~ 5 ~ 0 5 ) - 0 . 1 8 4 8  0.3246-0.3468 

2,555041-0.1155-0.1155-0.1155 
3,555061-U.3468-0.1846 0.3246 

4,555011 0.2100 i1.2100 Us2100 
1,55504) 0.1871-0.1952-0.1071 
3,555021 0.1848-0.3246 0.3468 
3,555031 0.3468 0.1848-0.3246 
4,45501)-0.7900 C.2100 0.2100 
4 ,56504 1-0-2 I 00 0.7900-0.2 I O 0  
4 ~ 5 5 5 0 4 1 ~ 0 ~ 2 1 0 0 ~ 0 ~ 2 1 0 0 ~ ~ ~ 2 l 0 0  
3,55605)-0.1848 0.3246 0.6532 
3,45603)-0.6532 0.1848 0,6754 
3,46504)-0.6754 0.6532-0.1848 
2,565041-0.1155 0.8845-0.1155 

4 
4,55501) 0.2100 0.2100 0.2100 
l ~ 5 5 5 O l l - O . l 8 7 l  0.1952 0.1071 
I t 5 5 5 0 2 1  0.1071-0.1871 0,1952 
lr55503) 0.1952 0.1071-0.1871 
1,55504) 0.1871-0.1952-0.1071 
1,555051-0.1071 0.1871-0.1952 
lr555061-O.IQ52-0.IO71 0.1871 
3r55501)-0.3246 0.3468 0.1848 
3,55502) 0.1848-0-3246 0.3468 
3,55503) 0.3C68 0.1848-0.3246 
2,555041-0.1155-0.1155-0.1155 
3,55504) 0.3246-0.3468-0.1848 
3,55505)-0.1848 0.3246-0.3468 
3,555061-0.3468-0.1848 0.3246 
3,56504) 0.3246 U.6532-0.1848 
3rS5605)-0.1848 0.3246 0.6532 
3,65506) 0.6532-0.1848 0.3246 
1,56504) 0,1871 0,8048-0.1071 
1~55605) -0 .1071 0.1871 0.8048 
i r 6 5 5 0 6 )  0,8048-0.1071 0.1871 

( ( ( I (  INSTRUCTION IO2 1 1 1 1 )  
0.15550ICE 06 0.2000000E 01 O . I O C O O O O E  01 C.4000000E 01 il.1800000E 01 -0. 

*e*** F I N D  COVALENT BONDS AND BOND ANGLES AROUND CARBONS *+**e 

FROM A T O M S  TO A T O M S  WITH R A D I U S  OR, I F  A B O X ,  WITH SEMIDIMENSIONS 
COO€ (MIN M A X )  ( M I N  M A X I  A 0 C 

D Y 1.812 
D fk 1.549 
D Y 1.549 
D Y I .552 

D 2.185 
D Y 2.232 
D # 2.282 
0 Y 2.306 
0 # 2.376 
D Y 2.677 
D It 5.052 
D Y 3.069 
D # 3.077 
D Y 5.096 
D # 3.175 
D Y 3.239 
D # 3.284 
0 Y 5.388 
D Y 3.609 

0 Y 2 .183 

D # 1.109 
D # 1.552 
D # 1.552 
D # 1.552 
D # 2.202 
D Y 2.202 
D # 2.202 
D # 2.273 
D # 2.273 
D # 2.275 
D # 2.710 
D # 5.031 
D # 3.091 
D Y 5.Li9l 
D # 3.181 
D Y 3.181 
D # 3.181 
D # 3.609 
D Y 3.6139 
U # 3.639 

-0. 

tu 
0 
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( ( ( ( (  INSTRUCTION 4 0 2  ) ) I ) )  
0.S555010E 06 0.5000000E 01 3.10COOOOE 01 0.4000000E 01 0 .3200000E 01 -0 .  

a * * * *  ENCLOSER SPHERE OF RADIUS 3.2 A ABOUT DUMMY ATOM 5 a**** 

FROM A T O M S  TO ATOMS WITH RADIUS OR, I F  A B O X ,  WITH SEMIDIMENSIONS 
COCE ( M I N  M A X I  ( M I N  M A X )  A B C 

4 0 2  555501  5 I 4 3.200 -0. -0. 

-0. 

VECTORS FROM A T O M  ( 5,555011 TO A T O M S  I THROUGH 4 

CONTENTS OF A T O M S  A R R A Y  
155501 2 5 5 5 0 1  355501. 4 5 5 5 0 1  155502.  3 5 5 5 0 2 .  155503. 355503. 155504 .  255504 .  
355504.  455504.  155505. 355505 .  155506. 3 5 5 5 0 6 .  

( [ ( ( I  INSTRUCTION 501 1 1 ) ) )  
0 . 5 5 5 5 0 1 0 E  06 0.2555010E 06 0.1555010E 06 0 .2555010E 06 0 .1555020E 06 -0. 

* * * e *  ORGN A T  DUMMY A T O M  5, VECTORS ALONG 2 EDGES OF CUBANE ***+* 

0 .  

ORTHONORMAL REFEREYCE VECTORS BASED ON CRYSTAL AXES POST-FACTOR TRANSFORMATION M A T R I X  
X VECTOR Y VECTOR 2 VECTOR 

-0. I 9 5 0 1 7 2 E - 0 0  -0 .533241 7E-01 0 .551781 5E-02 -0 .5161574E 01 0 . 2 1 2 8 9 7 4 E - 0 0  0 .1352193E 01 
0.51 3 e 8 8 4 E - 0 1  0 .4031208E-02 0 .1955262E-00 -0 .2760937E-00 0 . 1 3 5 0 0 8 0 6  01 0 .5159133E U I  

- 0 . 5 4 1 4 1 0 1 E - 0 2  0 .1954783E-00 -0 .5144393E-01 -0.1402323E 01 O.5145891E 01 0 . 2 6 2 k 6 9 1 E - 0 3  

( ( ( ( 1  INSTRUCTION 502 ) ) ) ) I  
0 . 2 0 0 0 0 0 0 E  01 0 .2500000E 02 O.IO~0000E 01 0.28000UOE 02  -0. 

* * * * *  ROTATE 25  DEGREES ABOUT YI THEN 2 8  DEGREES ABOUT X *t**+ 

ORTHONORMAL REFERENCE VECTORS BASED ON CRYSTAL AXES 
X VECTOR Y VECTOR 2 VECTOR 

-a. -0. 

POST-FACTOR TRANSFORMATION M A T R  I X  

-2 .  I 7 5 2 5 8 9 E - 0 0  -0.8727205E-01 0.50551 48E-01 -0 .4106513E 01 - 0 . 1 4 1 1 4 5 5 E  01 0.3108044E 01 
0 -  I 2 9 2 0 7 0 E - D O  -0 .6943834E-01 0.1391 81 2E-00 0 .1930118E 01 - 0 . I G 5 7 8 6 7 E  01 0 . 4 8 6 5 J U I E  01 

- 0 . 2 6 6 4 7 9 8 E - 0 1  0. I 9 3 4 1  I 5 E - 0 0  0.5262520E-01 -0.1 1 6 0 0 1 2 E  D l  3 . 4 1 5 3 6 4 5 E  01 0.314916GE d l  

-0. -0. - .o . - 0 .  

+ i t * *  STEREO ROTATION OF 3.0 DEGREES ABOUT Y F O R  LEFT EYE *****  

ORTHONORMAL WORKING VECTORS BASE0 ON CRYSTAL AXES POST-FACTOR TRANSFORMATION M A T R I X  
X V E C T O R  Y VECTOR Z VECTOR 

- 0 . 1 7 2 3 7 3 1 E - 0 0  -0 .8727205E-01 0 .5965454E-01 - 0 - 3 9 3 8 2 2 3 E  D l  -0 .1411455E 01 0 . 3 3 1 8 7 0 3 E  01 
0. 1 3 6 3 1  4 I E - 0 0  -0 .6943834E-01 0- 1 3 2 2 2 8 3 6 4 ~ 0  0.2182103E 01 - 0 . 1 0 5 7 8 6 7 E  01 0 . 4 7 5 7 6 1 9 E  U I  

-0 .2385727E-01 0. I 9 3 4 1  I 5 E - 0 0  0.5394772E-01 -0 .9936078E 00 0.4153645E 01 U.3205554E 01 

I ( ( ( (  INSTRUCT104 6 0 4  1 ) ) ) )  
0. a. 0. 0 .1540000E 01 -0. -0. -0. 

h) 
h) 
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I I * * 

* * * a *  A U T O  S C A L E  A N D  P O S I T I O N  T O  9x9. 50  P E R C E N T  P R O B A B I L I T Y  E L L I P S O I D S  

O R I G I N  P O I N T  I N  P L O T T E R  COORD.1 5.26 9 5.89 1 IN.  
O V E R A L L  S C A L E  # 2.196 I N C H / A N G S T R O M  E L L I P S O I D  S C A L E  # 1.540 
V I E W  O I S T A N C E  24.000 I N C H E S  

l ( l ( (  I N S T R U C T I O N  611 1 ) ) ) )  
0. 0. 0 .90eoooo~ oo o. -0. 

SHRINK S C A L E  ey I O  PERCENT FOR S A F E T Y  * * a * +  

O R I G I N  P O I N T  I N  P L O T T E R  COORD.1 5.26 9 5 - 6 9  1 IN. 
O V E R A L L  S C A L E  # 1.977 I N C H / A N G S T R O M  E L L I P S O I D  S C A L E  Y 1.540 
V I E W  D I S T A N C E  24.000 I N C H E S  

-0. 

( ( I ( (  I N S T R U C T I O N  1101 ) ) ) ) I  
- 0 .  -0. -0. -0. -0. -0. 

(I**** S T A R T  S A V E  S E Q U E N C E  * * * *e  

I l l ( (  I N S T R U C T I O N  412 1 ) ) ) )  
0.5555010E 06 0 . 5 0 0 0 0 O O E  01 0.3000000E 01 0.4000000E 01 0.3200000E 01 -3. 

* * * * a  E L I M I N A T E  H Y O R O G E N S  W I T H  E N C L O S E R  S P H E R E  E L I M I N A T I O N  *****  
F R O M  ATOMS TO ATOMS W I T H  R A D I U S  OR, I F  A B O X 9  W I T H  S E M I D I M E N S I O N S  

C O D E  ( M I N  M A X )  I M I N  M A X )  A B C 

-0. 

-0. 

-0. 

412 555501 5 3 1 ,  3.200 -0- -0. 

V E C T O R S  FROM ATOM I 5155501)  T O  A T O M S  3 T H R O U G H  4 

C O N T E N T S  OF ATOMS A R R A Y  
155501. 255501. 155502. 155503. 155504. 255504. 155505. 155506. 

( I f ( (  I N S T R U C T I O N  7 1 5  ) ) I ) )  
0.400’3000E 01 0. O.IOCOOOOE 01 0. 0.2300OOOE-00 0.60DOOOGE 00 0.7CICIOGCEE O i l  

* * e + *  S P E C I A L  M O D E L  W I T H  e2 I N .  C H E M  S Y M 6 O L S  O F F S E T  - 6 0  9 - 7 0  IN .  * *+**  
I l l ( (  I N S T R U C T I O N  410 I ) ) ) )  

-0. -0. -3. -0. -0. -0. -0. 

+ i t * * *  Z E R O  A T O M S  A R R A Y ,  T H I S  S T R U C T U R E  IS T O  B E  DRAWN P I E C E M E A L  * * e * *  

I l l ( (  I N S T K l J C T I O N  401 I ) ) ) )  
0.3555010E 06 -0.45550606 06 -0. -0. -0. 

* * * + *  R E P L A C E  H Y D R O G E N S  O N L Y  W I T H  A N  A T O M  D E S I G N A T O R  R U N  **++* 

-0. -0. 

N 
W 

C O N T E N T S  OF ATOMS A R R A Y  
355501 455501. 355502. 355503. 355504. 455504. 355505. 355506. 
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* * * * *  SOLID  MODEL WITH - 2  INCH CHEM SYMBOLS OFFSET e35p.40 INCH *I*** 

( ( ( ( (  INSTRUCTION 4 0 2  ) ) ) I )  
0 . 5 5 5 5 0 1 0 E  06  0.50OOOOOE 01 O . I O @ O O O O E  01 0 .400@000E 01 0 .3200000E 01 -0.  - 0 .  

**I** ENCLOSER SPHERE WITH COMPLETE MOOEL * * * * *  

FROM ATOMS TO ATOMS WITH RADIUS OR, I F  A BOX, WITH SEMIDIMENSIONS 
CODE ( M I N  M A X )  ( M I N  M A X )  A B C 

4 0 2  5 5 5 5 0 1  5 I 4 3.200 -0. -0. 

VECTORS FROM ATOM ( 5,55501) T O  ATOMS 1 THROUGH 4 

CONTENTS OF ATOMS ARRAY 
3 5 5 5 0 1  - 4 5 5 5 0 1 -  3555CI2. 355503 .  355504 .  4 5 5 5 0 4 .  355505. 355506. 155501. 255501 .  
155502.  155503.  155504. 255504 .  155505.  155506. 

( ( ( ( (  INSTRUCTION 812 ) ) ) I )  
-0. -0. -0. -0. -0. -0 -0. 

-0. -0 .  -0 .  - 0 .  I 4 I 4 4 0.90aoo 1.60000 0.040oo -0. 

* * * a *  TYPE 4 BONDSf.04 A M A X  RADIUS* ALL VECTORS a 9  T O  1.6 A LONG ****a  

BONO SELECTION CODES 

( S E O U E N C E ( A I ) ( S E Q U E N C E ( B ) )  (BOND) (D ISTANCES) (  BOND ) ( P E R S P . - - L A B E L S l ( N O R M A L - - L A B E L S ) ( D I G I T S )  
( M I N  M A X  MIR3 M A X  ) ( T Y P E )  ( M I N  M A X ) ( R A D I U S ) ( H E I G H T  OFFSET) (HEIGHT OFFSET)(NUMBER) 

FAULT NG # I 4  455504.  800 
-0. -G. -0. -0 .  I 4 I 4 4 0.90 1.60 0.040 -0. 

( I ( ( (  INSTRUCTION 9 0 6  ) ) I ) )  
0 . 1 5 5 5 0 4 0 E  06 0.1555030E Ob 0. 0. 0.1500000E-00 0. -0.4000CGUE-UG 

* * * * *  LABEL UNIQUE C-C BONDS CAPTION # CUBANE + e * * *  

( ( ( ( (  INSTRUCTION 916 ) I ) ) )  
0.255504CE 06 0.155505UE 06 0. 0, U. 15DOOOOE-00 0 .  

( (  ( I  ( INSTRUCTION 902 1 )  1 )  1 
0 . 5 5 5 5 0 1 0 E  06  0. 0. O.IOOOOOOE 01 0.2500000E-00 0 .  

CUBANE 

[ ( I ( (  INSTRUCTION 1 1 0 2  ) ) ) ) )  

-0. -0. -0. -0. -0. -0. -0. 

I 

* * * * *  END OF SAVE SEQUENCE *e*** 
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_ - .  - . 

b a * 

( ( ( ( (  INSTRUCTION 2 0 2  ) I ) ) )  
0.900COOOE 01 -0 .  -0. -0. -0. 

I**** AOVAQCE PLOTTER 9 INCHES ALONG X FOR RIGHT EYE VIEW * * *e*  

-0. -0. 

-0. -0. -0. -0. 

* * * i t *  STEREO ROTATION FOR RIGHT €YE * + * e *  

ORTHONORMAL WORKING VECTORS BASED ON CRYSTAL AXES POST-FACTOR TRANSFORMATION M A T R I X  
X VECTOR Y VECTOR Z VECTOR 

-0. I 7 7 6 6 4 4 E - 0 0  -0 .8727205E-01 0.41 30986E-01  -0 .4263548E 01 -0.1411455E 01 0.2888866E 01 

-0 .2936565E-01 0.19341 ISE-00  0.51 15843E-01 -0 .1323236E 01 0 . 4 1 5 3 6 4 5 6  01 0.3U84133E 01 
0 .1217458E-00 -0.6943834E-01 0 .1457526E-00 0 0 1 6 7 2 8 4 3 E  U I  - 0 . 1 0 5 7 8 6 7 t  01 0 . 4 9 5 9 6 4 8 €  01 

( I ( ( (  INSTRUCTION 1103 ) I ) ) )  
-0. -0. -0. -0. -0. -0. -0 

*****  EXECUTE SAVED SEQUENCE FOR RIGHT EYE VIEW ***e* 

****I) E L I M I N A T E  HYDROGENS WITH ENCLOSER SPHERE E L I M I N A T I O N  * * * * a  

FROM A T O M S  TO A T O M S  WITH RADIUS OR, I F  A B O X ,  WITH SEMIDIMENSIONS 
C O O €  ( M I N  M A X )  ( M I N  M A X )  A 0 C 

4 1 2  5 5 5 5 0 0  4 3 4  3.200 -0. -0. 

-0. 

V E C T O R S  FROM A T O M  t 5*55500) T O  A T O M S  3 THROUGH 4 

CONTENTS OF A T O M S  A R R A Y  
155501. 255501.  155502.  155503 .  155504.  2 5 5 5 0 4 .  155505. 155506. 

0.9999999E 00 D e  0 - 2 0 0 0 0 0 0 E - 0 0  0 ~ 6 0 0 0 0 0 0 E  00 0~7GOOOOOE OU 

* i t * * *  SPECIAL MODEL WITH .2 IN. CHEN SYMBOLS OFFSET - 6 0  9.70 I N .  ***** 
( ( ( ( (  INSTRUCTIOY 4 1 0  ) ) ) I )  

-0. -0. -0 * -0. -0. -0. 

****I ZERO A T O M S  ARRAY,  THIS  STRUCTURE I S  T O  BE DRAWN PIECEMEAL * ****  

-0. -0. -0 .  

-0. 

XI 

* a * * *  REPLACE HYDROGENS ONLY WITH AN A T O M  DESIGNATOR RUN *****  
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CONTENTS OF ATOMS ARRAY 
355501 455501. 355502. 355503. 355504. 455504. 355505. 355506. 

( ( ( ( (  INSTRUCTION 7 1 2  ) I ) ) )  
-0. -0. -0. -0. 

* * a * *  SOLID  MODEL WITH - 2  INCH CHEM SYMBOLS OFFSET .359.40 INCH * * *+*  

( ( ( ( (  INSTRUCTION 4 0 2  ) I ) ) )  
0.S555010E 06 0.5000000E 01 0.9999999E 00 0.4000000E 01 0.3200000E 01 -0. -0. 

a * * * *  ENCLOSER SPHERE WITH COMPLETE MODEL ****+ 
FROP ATOMS TO ATOMS WITH RADIUS OR,  IF A BOX, W lTH SEMIDIMENSIONS 

COCE ( M I N  M A X )  ( M I N  M A X )  A B C 

402 555500 4 I 4 3.200 -0. -0. 

VECTORS FROM ATOM I 5~55500) TO ATOMS 1 THROUGH 4 

CONTENTS OF ATOMS A R R A Y  
355501. 4 5 5 5 0 1  355502. 355503. 355504. 455504 .  355505. 355506. 155501 2555Ul. 
155502. 155503. 15550b. 255504. 155505. 155506. 

( ( ( 1 1  INSTRUCTION 812 1 ) ) ) )  
-0. -0. -0. -0. -0. -0. -0. 

I 4 I 4 4 0.90000 1.60000 0.04COO -0. -0. -0.  -0. -0 .  

* * * * a  TYPE 4 BONDSv.04 A M A X  RADIUS, ALL  VECTORS a 9  TO 1.6 A LONG * * * * *  
BOND SELECTION CODES 

(SEQUENCEIA))(SEQUENCE(B)) (BOND) ( D I S T A N C E S ) (  BOND ) ( P E R S P . - - L A B E L S ) ( N O R M A L - - L A B E L S ) ( D I G I T S )  
( M IN  M A X  M I N  M A X  1 (TYPE)  ( M I N  M A X ) ( R A D I U S ) ( H E I G H T  OFFSET) (HEIGHT OFFSET)(NUMBER) 

FAULT NG # 14 4555US. 800 
I 4 I 4 4 0.90 I .60 0.040 -0. -0. -0. -0 . -0. 

I ( ( ( (  INSTRUCTION 906 ) ) ) ) I  
0.1555040E 06 0.1555030E 06 0 ,  0. 0.I50OOOOE-00 0 .  -0.40OUOGOE-00 

* * * a *  LABEL UNIQUE C-C BONDS . CAPTION # CUBANE * * * e *  

0. 0 .  I 50OOOOE-00  0.  

( I ( ( (  INSTRUCTION 902 ) ) ) I )  
0.5555010E 06 0. 0. 0 .9999999E 00 0.2500000E-UO 0. 

CUBANE 

-0.4000000E-00 

0. 
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a 

( ( ( ( 1  I N S T R U C T I O N  1102  ) ) ) ) I  
-0.  -0. -0 .  -0. 

* * * * *  END OF SAVE SEQUENCE ***** 
I I I I I  I N S T R U C T I O N  202 1 ) ) ) )  

0.2000000E 02 -0 ,  -0. -0. 

**I+* ADVANCE PLOTTER 20 INCHES ***** 

0. -0. 

* s i * *  ACDS OUMMY PLOT TO MAGNETIC TAPE a * * + *  

( ( ( ( (  I N S T R U C T I O N  - I  1 ) ) ) )  

-0. 

-0. 

-0. 

I c 

-0 .  I 

-0 

-0. 

-0. 

-0. 

-0. 

N 
U 
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3. D E T A I L E D  O P E R A T I N G  INSTRUCTIONS 

3.1 Definitions 

Several  convent ions must b e  def ined before t h e  instruct ions c a n  b e  explained.  

3.1.1 Atom Designator Code (ADC)  and Addressable Point. - In order t o  spec i fy  a par t icular  atom in 

the  c rys ta l  within a reasonable  d i s t a n c e  from t h e  crystal lographical ly  defined origin, t h e  following five- 

component atom designator  code word (ADC) i s  u s e d .  

ADC = AN*105 + (TA + 5)*104 + ( T B  + 5)*103 + ( T C  + 5)*102 + SN 

where 

AN = ATOM NUMBER (0 2 AN 5 NATOM 2 200) = t h e  sequent ia l  number of t h e  atom i n  t h e  input l i s t  

of a t o m s  in  t h e  asymmetric unit, which conta ins  NATOM atoms. Atom zero  is not in  t h e  input 

atom l i s t  but refers  t o  t h e  c r y s t a l  origin point (0. , O., 0 .). 

TA,TB,TC = c r y s t a l  l a t t i c e  t ranslat ion d ig i t s  a long  c e l l  e d g e s  a, b, and c. E a c h  digi t  in  ADC c a n  

range from 1 t o  9; consequent ly ,  i t  is p o s s i b l e  t o  move up t o  + 4  la t t ice  t rans la t ions  in any di- 

rect ion from the  origin cell 5,5,5. In cer ta in  cases O,O,O is permitted in p lace  of 5,5,5; how- 

ever ,  a mixed t ranslat ion designat ion s u c h  as 0,5,5 is not permitted. 

< <  < SN = symmetry operator  number (0 = SN = NSYM = 48) = the  numerical posi t ion of t h e  symmetry op- 

erator  in  t h e  input  symmetry operator l i s t  which conta ins  NSYM ent r ies .  Symmetry operator 

number z e r o  is not in  t h e  input l i s t  but refers t o  a n  ident i ty  operator. However, t h e  identity 

operation (corresponding t o  posi t ion x, y, z )  must in  general  also b e  somewhere in  the  input 

symmetry operator  list. 
Example: An atom designat ion code  of 347502 re fers  to  atom 3 moved through symmetry operat ion 2 ,  

then  t rans la ted  - 1 cell t ranslat ion along a, + 2  cell t rans la t ions  along b, and  0 cell t rans la t ions  along c. 

An a d d r e s s a b l e  point  in  t h e  c rys ta l  is a n y  point for which a n  atom designator  c o d e  e x i s t s .  In general, 
the  addressable  region is approximately a 9 x 9 x 9 block of uni t  c e l l s .  

3.1.2 Vector Designator Code (VDC).  - A vector  direct ion is s p e c i f i e d  by two atom designator  c o d e s .  

T h e  vector  direct ion is from t h e  f i r s t  t o  t h e  second.  
Example: 253704 263704 is a vector  a l o n g  t h e  posi t ive a direct ion of t h e  crystal  la t t ice .  

3.1.3 Atom Designator Run (ADR). - A s t ra ight  run s e q u e n c e  of a toms c a n  b e  def ined u s i n g  two atom 

designator  c o d e s  with a negat ive  s i g n  preceding the  s e c o n d  of t h e  two. T h e  run hierarchy is: first, atom 

number AN; second,  symmetry operation SN; third, a t ranslat ion TA; fourth, b t ranslat ion T B ;  and las t ,  c 

t ranslat ion TC.  

Example: ADR (145502 - 245603) wil l  generate  t h e  8-atom run 145502, 245502, 145503, 245503, 

145602, 245602, 145603, 245603. 

3.1.4 Atom Number Run (ANR). - T h e  Atom Number Run is a s u b s e t  of t h e  Atom Designator  Run. In 

th i s  case, only t h e  atom number AN is al lowed t o  change .  Normally, a n  ANR is entered by u s i n g  only t h e  

atom number (AN) va lues  for the f i r s t  a n d  l a s t  members of t h e  s e q u e n c e  without a minus s ign.  

Example: (1 4)  wil l  des igna te  a toms 1, 2, 3, a n d  4 of t h e  input  l i s t .  
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3.1.5 Vector Search Code (VSC). - A vector  s e a r c h  c o d e  c o n s i s t s  of two atom number runs and a d is -  

tance  range. It is u s e d  for finding interatomic d i s t a n c e s  which have  a par t icular  chemical  s ign i f icance ,  

s u c h  a s  covalent  and  coordination bonds. 

Example: Suppose tha t  metal  a toms a r e  numbers 1 and 2 in  t h e  atom l i s t  and  oxygen atoms a r e  6-12 

and tha t  t h e  interatomic d i s t a n c e  range between meta ls  and  oxygens is 1.9 A t o  2.4 A.  The metal-to- 

oxygen vectors  c a n  be spec i f ied  by t h e  vector s e a r c h  code  (1 2)  (6 12) (1.9 2.4). Several  var ia t ions of 

th i s  b a s i c  code  a r e  used  in  t h e  program. 

3.1.6 Sphere of Enclosure. - T h e  sphere  of enc losure  s p e c i f i e s  some or all of t h e  atoms lying within 

a sphere  of radius  D max about  a given “origin” atom without the  n e c e s s i t y  of del ineat ing e a c h  atom in- 

dividually. T h i s  “sphere of enc losure”  i s  s a i d  to contain a complete population i f  a l l  addressable  a toms 

within t h e  D max radius a r e  included. If t h e  sphere  of enc losure  conta ins  only cer ta in  types  of atoms 

which a r e  der ived from a group of sequent ia l  a toms in  t h e  input  l i s t ,  then t h e  s p h e r e  is s a i d  t o  have a 

partial population. Fina l ly ,  t h e  population (complete or partial) of t h e  s p h e r e  of enc losure  c a n  b e  screened  

as  se lec t ive ly  as  des i red  through t h e  u s e  of vector  s e a r c h  c o d e s  (3.1.5), and  t h e  resul t ing conten t  is c a l l e d  

a vector screened population. 

A sphere  of enc losure  can b e  centered  on any  addressable  atom, but one should not .use  points  in  t h e  

outermost cells as  centers  b e c a u s e  of t h e  possibi l i ty  of having nonaddressable  points  within t h e  D max 

radius. 

3.1.7 Box of Enclosure. - T h i s  is a rectangular  paral le lepiped which c a n  be  centered about  any 

addressable  point and  a s s i g n e d  arbitrary or ientat ion and dimensions.  T h i s  “box of enc losure”  can 

have a complete population or a partial population as  descr ibed for t h e  sphere  of enc losure  (3.1.6). 

However, vector  sc reening  is not  a l lowed with t h e  box of enclosure.  

3.1.8 Reference, Working, and Standard Cartesian Coordinate Systems. - Many of t h e  OR TEP cal- 

cu la t ions  u s e  fract ional  coordinates  b a s e d  on t h e  c r y s t a l  a x e s  a, b, and c (triclinic coordinate  system); 

but other  s t e p s  n e c e s s i t a t e  t h e  introduction of orthonormal b a s e  vector  t r iplets  (Cartesian coordinate  

systems) .  T w o  Car tes ian  s y s t e m s  (reference and  working) a r e  ut i l ized.  T h e  reference (major) sys tem 

is used  for al l  operat ions except  plotting, where the working (minor) sys tem is used .  F o r  a right-eye 

or left-eye s t e r e o  view,  the  working sys tem is moved from t h e  reference s y s t e m  by rotation about  an 

a x i s  of t h e  reference sys tem,  However, cer ta in  d e c i s i o n s  made while  plotting must s t i l l  b e  referred 

to  t h e  reference s y s t e m  t o  maintain accura te  s te reops is .  T h e  u s e r  c a n  def ine and  or ient  t h e  t w o  

Cartesian s y s t e m s  through t h e  instruct ions of s e r i e s  500. Until a 500-ser ies  instruct ion i s  given, a 

“standard Car tes ian  sys tem” i s  ut i l ized for both t h e  reference and  working sys tems.  T h e  orthonormal 

b a s e  vectors  of t h e  s tandard  sys tem a r e  oriented as  follows: 

x a x i s  a long  a,  

y a x i s  a long  (a x b) x a, 

z a x i s  a long  (a x b) = c* ,  

where a, b, and c a r e  c rys ta l  a x e s  and  x denotes  t h e  outer  vector  product (c ross  product). T h e  symbol 

c* refers  t o  a reciprocal  a x i s .  

. 
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3.1.9 Prime Parameters and Primer Constants. - In the  process  of mathematically descr ib ing  a n  

i l lustrat ion to b e  machine drawn, many parameters  must b e  used .  T h e  more b a s i c  among t h e s e  param- 

e te rs  a r e  ca l led  Prime Parameters. T h e  va lues  a s s i g n e d  t o  t h e s e  prime parameters  a r e  often s imi la r  or 

ident ical  from one problem t o  t h e  next. T h e  f i r s t  th ing  OR T E P  d o e s  is to call subrout ine PRIME, which 

s e t s  as  many prime parameters  as  poss ib le  t o  reasonable ,  "in t h e  ba l l  park," Primer Constants. F o r  ex- 

ample, t h e  maximum plot dimensions (instruction 300 s e r i e s )  a r e  s e t  a t  30.0 in. for x maximum and 11.0 

in. for y maximum, and  t h e  overall scale for plot t ing (instruction 600  s e r i e s )  is s e t  a t  1.0 in./A. If t h e  

value a s s i g n e d  t o  a par t icular  cons tan t  by t h e  primer routine is sa t i s fac tory ,  t h e  u s e r  d o e s  not have t o  

reset  t h i s  cons tan t  with OR T E P  instruct ions.  

3.2 Crystal  Structure Data Input 

3.2.1 T i t l e  Card. - FORMAT (12A6) 

C o l u m n s  

1-72 T i t l e  cons is t ing  of any  des i red  alphanumeric  ident i f icat ion information. 

T h i s  wil l  appear  periodically in  t h e  output. 

3.2.2 C e l l  Parameter Card. - FORMAT (6F9.6). Any o n e  of t h e  four following input  a l te rna t ives  may 

be  used  (no indicator  i s  needed  t o  specify which type). ' 

T h e  parameters a*, etc . ,  refer t o  t h e  reciprocal  uni t  cell s u c h  that  a.a* = 1. All  four types  wi l l  be  

printed out regardless  of which type w a s  used  for input. 

3.2.3 Symmetry Cards (1 2 NSYM 6 48). - FORMAT ( I l , F l 4 . 1 0 ,  3F3.0,2(F15.10,3F3.0)). T h e  card 

will b e  interpreted in one  of two ways ,  depending on t h e  numerical va lue  of t h e  number in  columns 70-72. 

If that  number i s  t5.0,  t h e c a r d  is interpreted a s  a crystal lographic  symmetry operat ion;  but  i f  t h e  number 

is =5.0, t h e  card is interpreted as a general  helix-screw symmetry operat ion* along t h e  c* c r y s t a l  a x i s 3  > 

> > 'The routine assumes that  a = 1.0 A, a*  < 1.0 A-', a (or a*) = 1.09 and lcos 

'The general helix-screw symmetry operation is not an allowed element of a crystallographic group, s o  that the 
molecular environment of the transformed unit will not in general b e  identical to  that of the untransformed unit (unless  
the crystal  is considered to  be one dimensional). This  input is simply a n  expedient for u s e  in plotting hel ical  polymer 
structure models with minimum input. In general i t  would b e  possible  t o  produce the same resul ts  by specifying the 
complete crystallographic asymmetric unit and normal crystallographic symmetry transformations. 

continue uninterrupted from cell to ce l l  along the c axis. 

(or lcos a* [ ) < 1.0. 

3This input mode is only meaningful i f  the  ce l l  angles  a and p are  909 s o  that  c lies along c* and the  helix can 
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(third a x i s  of t h e  s tandard  Car tes ian  s y s t e m ;  see 3.1.8). T h e  two symmetry t y p e s  c a n  b e  intermixed if 

desired.  

(a) C r y s t a l l o g r a p h i c  s y m m e t r y  

(70-72 = 5 )  
( b )  H e l i x  s y m m e t r y  

(70-72 = 5)  > C o l u m n s  < 

1 
2-15 

16-18 
19-21 
22-24 
25-39 
40-42 
43-45 
46-48 
49-63 
64-66 
67-69 
70-72 

0 l a s t  card  only 

T l  
S l l  

S l ,  

T2 
s2 1 

s2 2 

7-3 

'1 3 

'23 

'3 1 

'3 2 

s3 3 

f 0 l a s t  card only 

T2 

- 

T3  
L 
M 
N 

(a )  Crystal lographic  symmetry: Transformed t r ic l inic  coordinates  (X1 ,Y 1, Z1) a r e  obtained from input 

t r ic l inic  coord ina tes  (X ,Y ,Z)  by 

X ,  = T ,  + S l l  X + S 1 ,  Y + S 1 3  2 ,  

Y 1  = T ,  + S,,  X + S,, Y + S,, 2 ,  

2 ,  = T ,  + S,, X + S,, Y + S 3 3  2 ,  

or in matrix notation 

X ,  = T -t S X , 

where 
T = ( T l , T , , T 3 )  as  fract ions of cell edges .  

(b )  Helix screw symmetry: 

X , = T + S X ,  

where 

T = ( T l ,  T , ,  T 3  + L / N )  a s  fract ions o f  cell e d g e  a n d  

S = a counterclockwise rotation of L.M/N c y c l e s  about  C* ax is .  

For  example, t h e  P a u l i n g  and Corey right-handed a lpha  hel ix  repea ts  af ter  5 turns  and  18 res idues  and  c a n  

b e  represented by  18 symmetry c a r d s  with N = 18; M = 5; L = 0 ,  1, . . . , 17; T , ,  T, ,  T ,  = 0. T h e  input 

atom l i s t  conta ins  t h e  conten ts  of one residue. 

3.2.4 Atom Parameter Cards (1 5 N A T O M  (= 200). - T w o  c a r d s  a r e  required for e a c h  input  atom. T h e  

first conta ins  t h e  chemica l  symbol  and  posi t ional  parameters ,  and t h e  second conta ins  temperature factor  

c 

. 
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information or other information which s p e c i f i e s  how t h e  atom is t o  be  represented on the  drawing. T h e  

format a l lows  the  u s e  of t he  atom parameter ca rds  produced by  the  FORTRAN L e a s t  Squares Program OR 

FLS by Busing, Martin, and Levy (1962).4 Severa l  a l t e rna te  inputs  a r e  poss ib l e  for e a c h  of t he  two cards ,  

and the number in columns 55-63 deno tes  t h e  type  used  on tha t  particular card.  

3.2.4.1 Positional Parameter Card. - FORMAT(A6,3X,SF9.6,F9.0) 

C o l u m n s  

1-6 
7-9 Blank 

Up t o  s i x  alphanumeric charac te rs  centered  in  t h e  s ix-p lace  f ie ld  

T y p e  0 T y p e  1 T y p e  2 T y p e  3 

10-18 - - - xo (A) Car tes ian  
19-27 - - - y o  (A) Car tes ian  
28-36 x (fractional,  crystal)  x (A, c rys t a l )  x (A, Car tes ian)  r (A) cylindrical  
37-45 y (fractional,  c rys ta l )  y (A, crys ta l )  y (A, Car tes ian)  + (9 cylindrical  
46-54 z (fractional, crystal)  z (A, c rys t a l )  z (A, Car tes ian)  z (A) cylindrical  
55-63 0 or blank 1 2 3 

Type 0 is the  normal input based  on t r ic l inic  coordinates.  Some authors  g ive  coord ina tes  in A along the  

unit cell vector; type 1 would b e  used  in s u c h  a case. Type  2 a l lows  one to  p l ace  a model described in 

Cartesian coordinates onto a general  t r ic l inic  la t t ice .  T h e  orientation of t h e  Car tes ian  sys t em x y z in 

the  general  l a t t i ce  a b c is the  s tandard  type  descr ibed  in  3.1.8 with x a long  a and z a long  c*.  Type 3 
is similar t o  type  2 except  t ha t  cylindrical  coord ina tes  r, +, z a re  used  and the  a x i s  of t he  sys tem can  

be d isp laced  from ze ro  in the  x y Car tes ian  p lane  by the  displacement  xo, y o .  Cylindrical  coord ina tes  

are often used  in  the l i terature t o  descr ibe  a he l i ca l  structure.  T h e  xo, y o  t rans la t ion  should b e  zero  

i f  he l ica l  symmetry operators a re  used .  T h i s  t rans la t ion  fea ture  is meant t o  b e  used  in  explicit ly de- 

sc r ib ing  the  conten ts  of a multiple he l ix  cell. 

3.2.4.2 Temperature Factor Card. - FORMAT(Il,F8.6,5F9.6,F9.0) 

C o l u m n s  

1 A sen t ine l  # 0 for last atom only 

19-27 

28-36 

37-45 

46-54 

b3 3 

b12 

b l  3 

b 2 3  

0 
0 

55-63 0 , 1 2 3  495 6 (or 0) 6 (or 0) 7 7  

. 

~~ 

4W. R. Busing and H. A. Levy,  A Fortran Crystallographic Leas t -Squares  Program, ORNL-TM-305 (Nov. 21, 1962). 
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T h e  coef f ic ien ts  b . . (i, j = 1,2,3)  of t h e  an iso t ropic  temperature factor, types  0-3, a r e  def ined a s  follows: 

T h e  complete  temperature factor  is 
‘ I  

\-(b,,h2 + b , , k 2  + b3,12 + c b 1 2 h k  + c b I 3 h l  + c b z 3 k l ) !  
(Base) 

where in  type  0: Base = e,  C = 2; 
type 1: B a s e  = e,  C = I; 
type  2: B a s e  = 2,  C = 2; 

type 3: B a s e  = 2,  C = 1. 

T h e  coef f ic ien ts  U ,  ,(i,j = 1,2,3)  of t h e  anisotropic  temperature factor, types  4 and 5, a r e  def ined as  fol- 

lows: T h e  complete  temperature factor is 
11 

1 
4 

e x p  {- - (a:’ U ,  , h 2  + a z 2  U, ,k2 + a:‘ U 3 3 1 2  + Cays; U ,  2hk + CaTa: V I  3hl  + Ca;a:U23kr)) , 

where a;, a:, a: a r e  reciprocal  c e l l  dimensions a n d  in type  4, C = 2;  in  type  5, C = 1. Type  6 a l lows  t h e  

input of t h e  Debye-Waller isotropic  temperature fac tor  B ,  which is used  a s  follows: 

e x p  (- B s in’  0/A2) , 

where A is t h e  wavelength a n d  0 is t h e  Bragg angle .  T h e  parameter B is related t o  mean-square d isp lace-  

ment p 2  of the  atom from i t s  mean posi t ion by t h e  relat ion 
- 

B = 877‘ p? . 

When t h e  i so t ropic  temperature factor  is used,  t h e  atom is represented as  a n  isotropic  e l l ipso id  (sphere) 

with equal  pr incipal  a x e s  of length p. When t h e  f ie ld  i n  columns 19-27 i s  0 or  blank, t h e  d i rec t ions  of 

t h e  pr incipal  a x e s  a r e  a long  t h e  s tandard  Car tes ian  sys tem a x e s  ( s e e  3.1.8). However, o n e  c a n  reorient 

t h e s e  arbi tary orthogonal vec tors  by us ing  t h e  two vector  designator  c o d e s  VDCl  and VDC,; then  t h e  

three new principal-axis vectors  wil l  b e  VDC,, (VDC, x VDC,), and  VDC, x (VDC, x VDC,). T h i s  is 

str ic t ly  a n  a r t i s t i c  feature  of no  physicaI  s ign i f icance .  
T y p e  7 a l lows  t h e  input of arbitrary s p h e r e s  of radius  i‘i = R in  angstroms.  T h e  vector  t r iplet  orienta- 

tion is spec i f ied  as with type  6. An addi t ional  fea ture  a l lows  one  t o  u s e  a completely blank card  (except  
perhaps column 1) for  a temperature factor  card.  In th i s  case t h e  program a s s u m e s  type  7 with a n  R = 

0.1 A .  

3.3 Instruction lnpui 

T h e  instruct ions a r e  t h e  commands u s e d  i n  programming a n  i l lustrat ion,  a n d  there  is no required se- 

quence for t h e  instruct ions,  except  as  indicated by t h e  programming logic. Some instruct ions require 

trailer cards ,  which may have  three different formats. T h e  program is informed what the  format of t h e  

next card wil l  b e  with t h e  “look a h e a d ”  f ie ld ,  columns 1 to 3. T h e  program ac t ion  is a l s o  inf luenced 

by t h i s  information. 
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“ L o o k  a h e a d ”  

( c o l u m n s  1 - 3 )  N e x t  c a r d  w i l l  b e  - P r o g r a m  a c t i o n  

0 or  blank 

1 

2 

3 

Format No. 0, a new instruct ion 

Format No. 1, cont inuat ion of 
present  instruct ion 

Format No. 2, vector  s e a r c h  
code  

Format No. 3 ,  alphanumeric info. 

Execute  present  instruct ion;  

Read  cont inuat ion card;  then 

then read  next  card.  

check  “Look ahead .”  

Read  (VSC) card;  then check  

Read alphanumeric  info. and 
e x e c u t e  instruct ion;  then 
read next  card.  

“Look ahead.”  

3.3.1 Instruction Cards. - 3.3.1.1 The Format No .  0 Instruction Card. - FORMAT(I3,16,7F9.0) 

C o l u m n s  

1-3 
4-9 

10-18 

19-27 

64-72 

“Look ahead”  (0,1,2,3) 

Instruct ion number 

1 s t  parameter 

2nd parameter 

7th parameter 

3.3.1.2 Format No. 1, Instruction Continuation Card. - FORMAT(13,16,7F9.0) A maximum of 19 con- 

tinuation c a r d s  per  instruct ion is permitted. 

. 
C o l u m n s  

1-3 “Look ahead”  (0,1,2,3) 

4-9 Blank 

10-18 8th  parameter, or 15th,  . . . , or 134th 

64-72 14th  parameter, or 21s t ,  . . . , or 140th 

3.3.1.3 Format No. 2, Vector Search Code (VSC) Card. - FORMAT(I3,6X,513,8F6.0) A maximum of 

twenty VSC c a r d s  is al lowed,  T h e s e  c a r d s  c a n  b e  entered with any instruct ion,  but  only cer ta in  instruc- 

t ions wil l  u s e  them. They  must b e  en tered  with t h e  par t icular  instruct ions that  require them; that  is, they 

are  not held over. T a b l e  3.1 wil l  b e  referred t o  a s  t h e  individual  instruct ions a r e  explained.  
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Table 3.1. Vector Search Code Cards 

_I 

Bond Plot t ing Instructions Search Instructions 
Columns 101 402 

102 412 801 802 8 03 

1-3 

4-9 

10-12 

13-15 

16-18 

19-2 1 

22-24 

2 5-3 0 

31-36 

37-42 

43-48 

49-54 

55-60 

61-66 

67-72 

Look ahead 

- 

ORG. ANR i 
1 TAR. ANR 

- 
D min (A) 

D max (A) 

- 
- 
- 
- 
- 
- 

Look ahead 

- 
- 
- 
- 
- 

Bond type 

- 
- 

Bond radius (A) 

Perspect ive label hgt. (in.) 

Perpendicular displ. (in.) 

Nonperspective label  hgt. (in.) 

Perpendicular displ. (in.) 

Digits indicator 

Look ahead Look ahead 

- - 

} ANR (A) ANR (A) 

ANR (B) ANR (B) 

Bond type 

D min (A) 

D max (A) 

Bond radius (A) 

Perspect ive labe l  hgt. (in.) 

Perpendicular displ. (in.) 

Nonperspective labe l  hgt. (in.) 

Perpendicular displ. (in.) 

Digits indicator 

- 
D min (A) 

D max (A) 

- 
- 
- 
- 
- 
- 

3.3.1.4 Format No. 3, Labeling Card. - FORMAT(12A6) 

C o l u m n s  

1-72 Up t o  72 d ig i t s  of a lphanumeric  labe l  information centered about  columns 36 and 37. 
Note: There  is n o  “look a h e a d ”  column in Format No. 3; t h e  next  card  must  b e  a 
new instruct ion card. Instruct ions 902, 903, and  913 a r e  t h e  only o n e s  which require 
th i s  input. It may b e  used  with o ther  instruct ions a s  a device  to t ransfer  comments 
about  t h e  par t icular  instruct ion to  t h e  monitor output l is t ing.  

3.3.2 Structure Analysis lnstructions (100 Series). - T h i s  s e r i e s  of instruct ions is not connec ted  

with drawing i l lustrat ions.  It is u s e d  t o  obtain on t h e  s tandard output medium of t h e  computer a con- 

venient tabulat ion of t h e  chemical ly  in te res t ing  a s p e c t s  of a crys ta l  s t ructure ,  s u c h  as  interatomic d is -  

tances ,  interatomic angles ,  and  principal a x e s  of thermal motion. 

3.3.2.1 Znstructions 101 and 102. - T h e s e  instruct ions call subrout ine SEARCH, which f inds a l l  

target”  a toms within a s p h e r e  of enc losure  of radius  D max about  a par t icular  “origin” atom. T h e  ( <  

inst ruct ion card  h a s  a n  atom number run (see 3.1.4) of origin atoms (Org. ANR) and a n  atom number 

run of target  a toms (Tar. ANR). T h e  Org. ANR a l lows  one  t o  c a l c u l a t e  s e v e r a l  s p h e r e s  s u c c e s s i v e l y  

with a printout of r e s u l t s  a f te r  e a c h  one. F o r  example,  s u p p o s e  there  a r e  nine a toms in  t h e  input l i s t  
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and w e  want t h e  to ta l  surroundings of a toms 365502, 465502, and 565502 out t o  a maximum radius ,  D 
max, of 4 A. T h e  Org. ANR is des igna ted  (365502, 5 )  or (365502, 565502)’ and  t h e  Tar .  ANR is 

designated (1,9). Further  se lec t ion  of the  interatomic vec tors  from a par t icular  origin atom t o  t h e  

target a toms which fal l  within t h e  limiting s p h e r e  is poss ib le  with vector  s e a r c h  c o d e  (VSC) c a r d s  of 

Format No. 2 ( s e e  3.3.1), which c a n  b e  en tered  with t h e  instruct ion.  If VSC c a r d s  a r e  present ,  then 

the  vectors  must also s a t i s f y  one of t h e  VSC’s in order t o  be  saved .  A VSC card  t o  spec i fy  t h e  se- 

lection of a s h e l l  of vec tors  in  the  above  example might be  coded  a s  fol lows:  Org. ANR (3,5)  Tar .  ANR 

(1,9) Dist .  range (2.0, 2.7). More se lec t ive  VSC’s a r e  also poss ib le .  They  a r e  meant t o  b e  based on 

known interatomic d i s t a n c e  ranges,  s u c h  a s  t h o s e  tabulated i n  Vol. 111 of t h e  International Tables for 

X-Ray Crystallography. 

Vectors  found about  a par t icular  origin atom a r e  s tored  i n  a t a b l e  of dimension 200 sor ted  on d is tance .  

Duplicate vec tors  (not dupl ica te  d i s t a n c e s )  a r e  eliminated. If more than  200 a c c e p t a b l e  a toms a r e  found 

about a n  origin atom, t h e  200 s h o r t e s t  vectors  a r e  saved.  At  t h e  e n d  of t h e  s e a r c h  about  e a c h  origin atom, 

the d i s t a n c e s  a r e  printed out a long  with t h e  atom designator  c o d e s  (ADC), chemical  symbols ,  a n d  tri- 

c l inic  c rys ta l  coordinates  for t h e  origin and ta rge t  a toms.  If the  instruct ion is 102,  all p o s s i b l e  inter- 

atomic a n g l e s  a r e  also ca lcu la ted  and  printed for t h e  s tored  vectors. There  wi l l  b e  n(n - 1)/2 a n g l e s  

for n vectors .  

T h e  tabulat ion of atom designator  c o d e s ,  which is obtained automatical ly  when t h e s e  instruct ions 

a r e  given, is of ten usefu l  for planning a n  i l lustrat ion.  Although t h e  tabulat ion is complete  within the  

addressable  region of 9 3  c e l l s ,  t h e  computing t ime i s  general ly  only a matter of s e c o n d s  per sphere  

u n l e s s  a very la rge  D rnax is spec i f ied .  Subroutine SEARCH is a rather e labora te  routine designed to  

minimize computing time. T h i s  subrout ine i s  a l s o  u s e d  for instruct ions 402 and 403, which a r e  ex- 

plained in 3.3.4. 

Instruction card  for instruct ions 101 and 102: 

C o l u m n s  

1-3 
4-9 1 0 1  or  102  

0 or 2 (look ahead)  

ORIGIN (atom number run) 
10-18 
19-27 

TARGET (atom number run) 
28-36 

37-45 

46-54 D max (A) 

3.3.2.2 Instruction 103. - Principal  a x e s  of thermal motion (or arbitrary spheres ,  accord ing  t o  t h e  

temperature fac tor  input) for a l l  a toms i n  t h e  input  l i s t  a r e  ca lcu la ted .  T h e  printout conta ins  root-mean- 

’For the origin sequence 355501, 455501, 555501, a n  Org. ANR i.nput (3,5) is allowed a s  well a s  (355501,s) and 
(355501,555501); however, the Tar. ANR must a lways be designated a s  shown. In sect .  2.1, Org. ANR is designated 
a s  ORG 1, ORG 2; and Tar. ANR is denoted by TAR 1. TAR 2. 

X-Ray Crystallography, vol. 111, ed. by K. Lonsdale, Kynoch, Birmingham, 1962. 
6H. Ondik and D. Smith, “Interatomic Distances in Inorganic Compounds,” p. 257 in International Tables  foz 

. 
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I 

squa re  ampli tudes of displacement  a long  t h e  principal a x e s  of the  t r ivar ia te  normal probability densi ty  

function and direction c o s i n e s  for t h e  principal a x e s  re la t ive to  the reference Car t e s i an  b a s e  vectors .  

A symmetric covariance dispers ion matrix b a s e d  on t h e  reference Cartesian sys t em is also printed out. 

The diagonal  e lements  a r e  t h e  mean-square displacements  a long t h e  reference Cartesian a x e s .  

C o l u m n s  

1-3 
3-9 Blank 

0 or blank (look ahead)  

10-18 103 

3.3.3 Plotter Control Instructions (200 Series). - T h e  200 s e r i e s  is a group of instruct ions that  con- 

trol the  plotter ini t ia l izat ion,  f r ame  advance,  termination, and any other peripheral  commands tha t  a re  re- 

quired for a particular equipment configuration or plot t ing package.  When t h e  program i s  modified for a 

different equipment configuration, t h e s e  series 200 instruct ions,  which a r e  executed through subroutine 

F200, should b e  redefined t o  s u i t  t h e  user’s requirements.  Instructions for controll ing the CalComp 580 
off-line magnetic t ape  plott ing s y s t e m 7  a r e  given here .  

3.3.3.1 Instruct ion 201, P l o t  P a c k a g e  Init ialization. - T h i s  instruction must b e  executed before any 

plotting c a n  take place.  It is a s a f e  policy a lways  t o  make t h i s  t h e  f i r s t  instruction card.  I t  should be  

used only once  per computer job regardless  of how many p lo ts  a r e  t o  b e  drawn during t h e  job. 

3.3.3.2 Instruct ion 202, Plot Terminate and Frame Advance. - T h i s  t a k e s  c a r e  of putt ing t h e  correct 

plot termination information onto t h e  magnetic tape  t o  inform the plot ter  tha t  the  current plot i s  f inished.  

I t  a l s o  al lows advance of the  paper s o  tha t  t h e  old plot is removed and new paper is in posit ion for the 

next plot. 

C o l u m n s  I n s t r u c t i o n  201 I n s t r u c t i o n  202 

1-3 

4-9 

10-18 

Blank Blank 

201 2 02 
- Plot te r  movement a long x 

edge  of paper i n  i n c h e s  

3.3.4 P l o t  Boundary Instructions (300 Series). - T h i s  is a set of miscel laneous instruct ions for 

specifying the  dimensions of the  drawing, viewing d is tance ,  general  le t ter ing orientation, and pen dis-  

placement for l ine  retracing. 

3.3.4.1 lnst ruct ion 301. - T h i s  instruct ion de f ines  t h e  l imiting x and y dimensions,  in inches ,  of 
the plot boundary and the border indentat ions.  T h e  boundary dimensions must not  exceed  t h o s e  allowed 

by the  plotter.  T h e  program will  prevent t h e  pen from get t ing c l o s e r  t han  0.1 in. to  any boundary. T h e  

border indentation is a n  equa l  margin ins ide  t h e  ent i re  boundary. When automatic  s c a l i n g  is used  (600 

’The CalComp is an incremental plotter. T h e  particular Benson-Lehner model available a t  Oak Ridge Central 
Data Processing Faci l i ty  h a s  a l s o  been used. 
converter. In general i t  seems that  an incremental plotter is better sui ted t o  the  requirement of OR TEP. The user  
should be warned that in the author’s experience the magnetic tape  plotting systems are  notoriously troublesome; an 
annoying percentage of plot failures is to  b e  expected because  of equipment malfunctions. 

The  Benson-Lehner is an electromechanical x-y plotter with an analog 
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ser ies) ,  t h e  center  points  of t h e  a toms a r e  prevented from fal l ing in  the  margin; but t h e  atom represen- 

tation, which h a s  a f ini te  s i z e ,  may ex tend  into t h a t  area.  To compensa te  for t h e  overlap, t h e  border 

dimensions should  b e  la rge  when t h e  overal l  drawing scale and  t h e  el l ipsoid scale a r e  expected to b e  

large. 

In addition, instruct ion 301 s p e c i f i e s  the  perspect ive viewing d is tance ,  in  i n c h e s ,  from t h e  p lane  of 

the drawing. An entry of 0 for view d i s t a n c e  i s  u s e d  t o  ind ica te  a n  inf ini te  view d is tance ,  and  t h e c r y s t a l  

s t ructure  is then mapped in  paral le l  projection normal to t h e  drawing board. 

C o l u m n s  P r i m e r  C o n s t a n t  

- 1-3 - 

4- 9 3 0 1  - 
10-18 P l o t  x limit (in inches)  30. 
19-27 Plo t  y limit (in inches)  11. 
28-36 View d i s t a n c e  (in i n c h e s )  0. (paral le l  proj.) 

37-45 Border (in i n c h e s )  0.5 

3.3.4.2 Znstruction 302, Title Rotation. - F o r  regular t i t l e s  a n d  chemica l  symbols ,  t h e  t i t l e  rotation 

is spec i f ied  with instruct ion 302. T h e  le t te r ing  base l i n e  for all le t ter ing is rotated counterclockwise by 

an angle  theta ,  i n  degrees ,  from t h e  x a x i s  of t h e  plotter. Although any  v a l u e  is al lowed,  Oo and -90° a r e  
the va lues  most often used,  s o  tha t ,  when one  views t h e  f in i shed  drawing, e i t h e r  t h e  y plotter a x i s  is ver- 

t i ca l  or t h e  x plot ter  a x i s  is vert ical .  

C o l u m n s  P r i m e r  C o n s  t a n i  

1-3 Blank 

4-9 302 

10-18 Theta  i n  degrees  

- 

0. 

3.3.4.3 Instruction 303, Retrace Displacement. - F o r  a r t i s t i c  purposes ,  cer ta in  l i n e s  a r e  made heavier  

than others  by retracing over  t h e  path s e v e r a l  t imes  with s l igh t  pen d isp lacements  (DISP) from t h e  or iginal  

path. F o r  example, in  drawing e l l i p s o i d s  t h e  forward half of t h e  pr incipal  p lane  t r a c e  is made heavier  than 

the  hidden half s o  t h e  eye  does  not confuse  the  two ha lves .  In addi t ion all regular  le t te r ing  (but not  per- 

spec t ive  lettering) is gone over  four t imes  t o  give i t  boldface appearance.  In preliminary runs or when t h e  

plotter is not of t h e  incremental  type,  t h i s  embel l ishment  may b e  object ionable  t o  t h e  u s e r  because  of t h e  

increased computing and  plot t ing t imes  (particularly t h e  latter). Al l  re t racing c a n  b e  el iminated by s e t t i n g  

DISP = 0. T h e  primer parameter for  DISP is 0.005 in., which is t h e  resolution of t h e  CalComp plot ters  a t  

ORNL. F o r  other  plot ters  or for var ious inking pen  sizes, DISP c a n  b e  rese t  a t  t h e  user ' s  discret ion.  

C o l u m n s  P r i m e r  C o n s t a n t  

1-3 - 
4-9 3 03 

10-18 DISP (in i n c h e s )  

- 

0.005 

Page 560



39 

3.3.5 Atom L i s t  Instructions (400 Series). - T h i s  s e r i e s  a l lows  t h e  u s e r  t o  spec i fy  which atoms a r e  

t o  b e  included in  t h e  i l lustrat ion.  T h e  atom des igna tors  for t h e  chosen  atoms a r e  s tored  in  t h e  ATOMS 

array for future u s e  by other  instruct ions.  T h e  ATOMS array c a n  hold 500 a toms;  but if the  intended 

i l lustrat ion h a s  more than t h i s ,  t h e  i l lustrat ion c a n  b e  segmented and t h e  segments  drawn sequent ia l ly  

on the  same plot. T h i s  technique may also b e  u s e d  when different par t s  of t h e  drawing a r e  t o  have  dif- 

ferent graphic representat ions.  T h a t  is, w e  would def ine t h e  f i r s t  segment ,  draw i t  with t h e  f i rs t  rep- 

resentat ion,  c l e a r  the ATOMS array,  def ine t h e  s e c o n d  segment ,  a n d  draw i t  with t h e  second graphic 

representation. 
Groups of atoms a r e  added t o  or e l iminated from t h e  ATOMS array (which is s e t  t o  zero  a t  t h e  s t a r t  

of t h e  program) with t h e  400 and 410 s e r i e s  respect ively.  T h e  groups can  b e  denoted  by atom designator  

runs ( s e e  3.1.3), s p h e r e s  of a toms about  any  c e n t e r  point (see 3.1.6), and rectangular boxes  of atoms 

centered on any point ( s e e  3.1.7). Duplicate  en t r ies  of t h e  s a m e  atomic position a r e  prevented by  t h e  

program. T h e  conten t  of t h e  ATOMS l i s t  is printed on t h e  monitor output tape  af ter  each 400 s e r i e s  in- 

struction. 

3.3.5.1 Instruct ions 401 a n d  411, Atom Designator  Run Add a n d  Atom Designator  Run Eliminate. - 
T h e s e  ins t ruc t ions  can  contain: (a)  atom designator  c o d e s  (ADC) for a s i n g l e  atom, (b )  atom designator  

runs (ADR) for s e v e r a l  a toms in  a run, (c)  blank f ie lds  (except between t h e  two ent r ies  of a run), and 

(4 a n y  combinat ions of (a),  (b),  and (c). Since  up  t o  1 9  Format No. 1 cont inuat ions a r e  p o s s i b l e  per  

instruction, up to 70 runs c a n  b e  made per  instruct ion a n d  a n  unlimited number of instruct ions c a n  b e  

used. T h e  ATOMS l i s t ,  however, wil l  only a c c e p t  t h e  f i rs t  500 atoms. 

C o l u m n s  

1-3 
4-9 401 or 411 

Blank or 1 (depending on what  fol lows)  

10-1 8 

A s  descr ibed above  

64-72 

3.3.5.2 Ins t ruc t ions  402 a n d  412, Sphere of Enclosure  Add a n d  Sphere of Enclosure  Eliminate. - 
T h e s e  instruct ions a l low t h e  u s e r  t o  build or  modify t h e  subjec t  by spec i fy ing  t h e  conten ts  (complete, 
partial, or vector  sc reened ,  see 3.1.6) of a s p h e r e  of enc losure  about  any  addressable  point. F o r  in- 

s t ruct ion 402, t h e  conten ts  of t h e  s p h e r e s  a r e  added to the  atom l i s t  except  f o r  posi t ional  dupl icat ions,  

which a r e  omitted. In t h e  412 instruct ions,  al l  points  in  t h e  s p h e r e s  a r e  e l iminated from t h e  atoms l i s t  

if they a r e  present  in  tha t  l i s t .  T h e  instruct ions call subrout ine SEARCH, and t h e  instruct ion input de- 

ta i l s  a r e  ident ica l  t o  t h o s e  of instruct ions 1 0 1  and 102  (see 3.3.2.1) except  for t h e  instruct ion number. 

In t h e  monitor output, only t h e  ATOMS l i s t  a tom designator  c o d e s  a r e  printed a n d  not the  coordinates  

and interatomic d is tances .  If t h e  origin a toms on which t h e  s p h e r e s  of enc losure  a r e  centered  a r e  to be  

saved ,  t h e  ta rge t  atom number run (Tar. ANR) must contain t h i s  atom number. Furthermore, if vector  

. 
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search  c o d e  c a r d s  of Format No. 2 a r e  used,  one  of them must s a t i s f y  t h e  intra-atom nul l  vector for t h e  

origin atom i n  order t o  re ta in  i t .  

3.3.5.3 Instructions 403 and 413, Box o f  Enclosure Add and Box o f  Enclosure Eliminate. - T h e s e  

instruct ions al low t h e  u s e r  t o  build or modify t h e  subjec t  by spec i fy ing  t h e  conten ts  (complete or  par t ia l  

but not vector  sc reened ,  see 3.1.7) of a box of enc losure  about  any addressable  point (or a tom number 

run of addressable  points). T h e  three  a x e s  of t h e  box a r e  paral le l  to t h e  three  b a s e  vec tors  of t h e  ref- 

erence Car tes ian  sys tem,  and  t h e  semidimensions of t h e  box a r e  spec i f ied  on t h e  instruct ion card. If a n  

orientation of t h e  box different from t h e  s tandard or ientat ion ( s e e  3.1.8) is desired,  than a 501 or a 502 

instruction, or both, should  b e  used  before this instruct ion t o  reorient t h e  reference Car tes ian  sys tem.  

After t h i s  instruct ion h a s  been  executed,  t h e  reference s y s t e m  c a n  undergo further reorientation as  de- 

s i red for plot t ing purposes ,  e tc .  

A s  in  t h e  case of t h e  s p h e r e  of enc losure  ( s e e  3.3.5.2), the  origin atom on which t h e  box i s  cen tered  wil l  

not b e  included u n l e s s  t h e  target  atom number run inc ludes  t h e  origin atom number. Vector s e a r c h  c o d e s  
a re  not  u s e d  by t h i s  instruct ion.  Subroutine SEARCH is u s e d  by t h i s  instruct ion,  a n d  t h e  instruct ion in- 

put d e t a i l s  a r e  s imilar  t o  t h o s e  descr ibed in  3.3.2.1 except  t h a t  D max is replaced by t h e  semidimension 

a/2 of t h e  box and  t h e  following f ie lds  on t h e  card a r e  used  t o  spec i fy  t h e  other  two semidimensions b/2 

and c /2 .  One must u s e  caut ion  in  choos ing  t h e  box dimensions so t h a t  the atom t a b l e  d o e s  not  overflow. 

C o l u m n s  

1-3 Blank 

6-9 403 (or 413) 

Origin ANR (see 3.3.2.1) 
10-18 

19-27 

Targe t  ANR ( s e e  3.3.2.1) 
28-36 
37-45 
46-54 a /2  

55-63 b/2 

64-72 c /2  

3.3.5.4 Instruction 410, Clear Atoms List .  - T h i s  instruct ion c l e a r s  t h e  atoms l i s t  t o  zero .  When t h e  
program is f i r s t  en te red  the l i s t  is automatical ly  s e t  t o  zero.  

3.3.6 Orienting Instructions (500 Series). - T h i s  s e r i e s  of instruct ions or ien ts  t h e  reference and work- 

ing Car tes ian  s y s t e m s  ( s e e  3.1.8). E a c h  t ime t h e  reference sys tem is redefined with a 501 or  rotated with 

a 502, t h e  working sys tem is automatical ly  made coincident  with t h e  reference sys tem.  T h e  working s y s -  

tem c a n  b e  displaced from t h e  reference s y s t e m  by rotat ing about  a n  axis of t h e  reference s y s t e m  with a 

503 instruction. T h e  working sys tem is a l w a y s  positioned by a rotation from t h e  reference s y s t e m  and 

d o e s  not depend on t h e  previous working s y s t e m  orientation. After e a c h  500 s e r i e s  instruct ion,  the  b a s e  

vectors  of t h e  relevant  Car tes ian  sys tem a r e  printed out. T h e s e  vectors  a r e  b a s e d  on t h e  t r ic l in ic  co- 

ordinate sys tem.  T h e  pos t fac tor  transformation matrix for  converting from tr ic l inic  coord ina tes  t o  
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Car tes ian  coord ina tes  is a l s o  printed out. T h e  inverse  transformation matrix may b e  formed by placing 

the three b a s e  vec tors  together in row vector form. 

3.3.6.1 Instruction 501, Reference  Car tes ian  System Assignment. - Any Car t e s i an  coordinate sys tem 

is based  on three  orthonormal b a s e  vectors and an  origin point. T h e  origin point in the  model (ORGN) is 

spec i f ied  with a n  atom designator code .  T h e  three orthonormal b a s e  vec tors  c a n  be  descr ibed  by two non- 

coll inear vec tors ,  and  OR T E P  provides the  two following sepa ra t e  techniques for performing t h i s  opera- 

tion, u s ing  vector c r o s s  products of t h e  two vec to r s  u and v. 

i 

I -  

1 -  

T y p e  A T y p e  0 

B a s e  vector 1 (x ax i s )  U U 

B a s e  vector 2 ( y  ax i s )  

B a s e  vector 3 (z  ax i s )  

u x v  (u x v) x u 

u x (u x v) u x v  

T h e  reference sys t em x and y a x e s  wil l  parallel  t h e  plotter x and y a x e s ,  and the  origin point ORGN will  

lie in the  p lane  of the  plotter. T h e  viewer wi l l  b e  looking into the  z ax i s  vector of t he  coordinate sys tem 

from a d i s t ance  VIEW in inches  ( s e e  3.3.4.1) directly above  the  origin point. 

C o l u m n s  

1-3 - 
6-9 501 

10-18 ORGN(ADC) 

19-27 

28-36 
37-45 

46-54 

Vector u (VDC) 

Vector v (VDC) 

E f f e c t i v e  

P r i m e r  C o n s t a n t  

055500 

055500 

065500 

055500 

056500 
- 55-63 - 

64-72 0 = T y p e  A, > O  = Type B 1 

3.3.6.2 Instruction 502, Reference Car tes ian  System Rotation. - T h e  c r y s t a l  model can  b e  given any  
orientation des i red  with a series of rotations of t h e  model about t he  teference sys t em axes .  In general, 

three rotations (e.g., t hose  of a n  Eulerian sys tem)  a re  suf f ic ien t  t o  ach ieve  any orientation, but for con- 

venience an  unlimited number of rotations a r e  permitted in the  program. In addition, rotations of 120° 

about t he  body diagonal of t he  reference Car tes ian  sys t em are permitted (this is achieved  by a cyc l i c  

permutation of reference base  vectors). 

E a c h  operation requires two f i e lds  in  the  instruction card.  For a x i a l  rotations,  t he  f i rs t  f ie ld  of each  

pair will  have the  number 1, 2, or 3 t o  ind ica te  rotation about t h e  x, y ,  or z a x e s  of t he  reference s y s t e m .  

T h e  second  f ie ld  will  have  the  rotation angle  in  degrees  for a right-handed rotation of t he  model about 

the designated ax is  (i.e., a pos i t ive  ang le  s ign i f i e s  a counterclockwise rotation of the  s t ruc ture  with the  

des igna ted  a x i s  pointing toward t h e  reader). T h e  body diagonal rotation is des igna ted  by e i ther  a (- 1)  

. 
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or a (- 2) in t h e  f i r s t  f ie ld  to ind ica te  a 120' or  a 240' right-handed rotat ion about  t h e  body diagonal, and 

the  s e c o n d  f ie ld  is blank. A (-3) would ro ta te  the s t ruc ture  completely around and  t h u s  not change  i t s  

previous orientation. 

C o l u m n s  

1-3 
4-9 

10-18 

19-27 
28-36 
37-45 
46-54 
55-63 
64-72 

1 

10-18 

F i r s t  C a r d  

0 (or 1 if cont inued on next  card)  

502 
1,2,3,- 1,-2 

4; 

4; 

4: 

1,2,3,-1,-2 

1,2,3,--1,-2 

1,2,3,- 1,-2 

S e c o n d  C a r d  

4: 

If desired,  e a c h  rotation c a n  b e  executed  with a s e p a r a t e  502 instruct ion card. 

3.3.6.3 Znstruction 503, Working Car tes ian  System Rotat ion (Stereoscopic Rotation). - T h e  working 

(minor) Car tes ian  s y s t e m  is automatical ly  made coincident  with t h e  reference s y s t e m  whenever  the ref- 

erence sys tem is redefined with a 501 instruct ion or rotated with a 502 instruct ion.  To define a n  orien- 

tation of t h e  working sys tem which is not co inc ident  with t h e  reference s y s t e m  w e  u s e  a 503 instruct ion,  
which a l lows  one rotation about  one  a x i s  of t h e  reference sys tem.  Actual ly  a n y  number of s u c c e s s i v e  

rotations c a n  b e  made, but t h e  effect  i s  not  cumulat ive s i n c e  t h e  s t a r t i n g  point for  e a c h  rotat ion is 

a lways  t h e  reference sys tem.  Body diagonal  rotat ions a r e  not permitted. 

A 503 rotat ion normally precedes  e a c h  member of a s te reoscopic  pa i r  of  plots .  T h e  rotation is about  

a x i s  2 if t h e  s t e r e o  pair  is t o  b e  viewed with t h e  x a x i s  para l le l  to t h e  observer 's  interocular  l i n e  and 

about a x i s  1 i f  t h e  y a x i s  is to b e  paral le l  to t h a t  l ine.  

C o l u m n  

1-3 - 

4-9 503 

10-18 1,2,3 
19-27 wo 

3.3.7 Positioning and Scaling lnstructians (600 Series). - T h e s e  instruct ions a r e  used  t o  direct  t h e  

placement of t h e  origin point ORGN (spec i f ied  by instruct ion 501) onto t h e  drawing (dimensioned by in- 
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. 
st ruct ion 301). In addi t ion t h e  three-dimensional assembly  of a toms (chosen by t h e  400 s e r i e s  instruction) 

const i tut ing t h e  model is s c a l e d .  T h e  atomic c e n t e r s  of t h e  model wil l  then b e  hanging in  s p a c e  above  
and below t h e  drawing board correct ly  posi t ioned t o  b e  projected from t h e  e y e  point descr ibed  with 301. 

3.3.7.1 Normal Modes o f  Positioning and Scaling. - Several  normal modes of operation a r e  ava i lab le  

to  t h e  user  for posi t ioning and  s c a l i n g  t h e  model. Instruct ion 601 requires  t h e  u s e r  t o  supply  a complete  
expl ic i t  descr ip t ion  of posi t ion ( x o , y o )  and s c a l e  (SCAL1). At t h e  other  extreme, instruct ion 604 auto- 

matically scales and  posi t ions the  model so t h a t  t h e  peripheral projected atom centers  will touch two 

opposi te  borders and  t h e  peripheral a toms i n  t h e  remaining dimensions wi l l  b e  centered on t h e  drawing. 

An intermediate  mode is ava i lab le  through 602, which provides  automatic  s c a l i n g  a f te r  expl ic i t  posi- 

tioning. In general  t h i s  a l lows  only one  e d g e  of t h e  model to  touch a border. Final ly ,  instruct ion 603 
requires a n  expl ic i t  scale and  d o e s  automatic  center ing.  

In general  t h e  604 is t h e  e a s i e s t  and s a f e s t  one t o  use ,  but s i tua t ions  a r i s e  in  which t h e  u s e r  

should not re l inquish control t o  t h e  program. F o r  example, i f  a big i l lustrat ion is t o  b e  drawn piece- 

wise  on a s m a l l  plotter, t h e  u s e r  wil l  have  t o  maintain control  over t h e  scale, and  probably over  

positioning, so  t h a t  t h e  par t ia l  plots  c a n  b e  f i t ted together correctly. 

A s e c o n d  scale factor SCAL2 is required i n  connect ion with t h e  e l l ipso id  (or sphere)  size. I t  is 

a dimensionless  scale factor  ratio u s e d  to modify all rms displacement  v a l u e s  before plot t ing equi- 

probability e l l ipso ids  or spheres .  A t a b l e  of SCAL2 values  v s  probability is given in  Sect. 5.2. T h e  

primer cons tan t  for SCAL2 is 1.54, corresponding to 50% piobability. If t h e  instruct ion’s  entry for 

SCAL2 is 0 or blank, then SCAL2 is not modified by  t h e  instruction. T h e  same s ta tement  also holds  

for xo, y o ,  and SCAL1. T h a t  i s ,  if t h e  instruct ion entry is zero  or blank for a n y  of t h e s e ,  then t h e  va lue  

of the  c o n s t a n t  i n  memory is not  changed.  T h i s  means  tha t  a n  x o  or y o  cannot  b e  entered as exac t ly  

zero, so t h a t  i f ,  ze ro  is wanted, a small nonzero number should b e  entered.  

C o l u m n s  601 602 603 6 0 4  P r i m e r  C o n s t a n t  

- - - - 1-3 - 
4-9 601 602 603 604 - 

10-18 xo X - - 15.0 

- - 5.5 
28-36 SCALl - SCALl - 1.0 
37-45 SCAL2 SCAL2 SCAL2 SCAL2 1.54 

0 

19-27 y o  YO 

3.3.7.2 Incremental Modes of Positioning and Scaling. - Additional flexibility is provided through t h e  

incremental instruct ions 611, 612, and  613. T h e s e  a l low t h e  u s e r  to “nudge” t h e  model or modify t h e  

scale fac tor  (SCALl), o r  both, a f t e r  the  parameters  have  been  in i t ia l ly  s e t  with a previous 600 s e r i e s  in -  

s t ruct ion.  T h e  611 instruct ion a d d s  Axo, Ayo  t o  t h e  previous xo, y o  posi t ion for t h e  ORGN placement 

and mult ipl ies  t h e  ex is t ing  SCALl by AK (except  if AK = 0, SCALl is unmodified). Instruct ion 612 
increments t h e  posi t ion and then d o e s  a n  automatic  scal ing;  613 f i r s t  increments  the scale (by multi- 

plying by AK) a n d  then automatical ly  reposi t ions.  
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A conserva t ive  general approach is to follow a 604 with a 611 having  Axo = 0, Ay0 = 0 and AK = 0.9. 
T h i s  wil l  simply reduce t h e  scale 10% so t h a t  there  is more s p a c e  for  labe ls ,  e tc .  

C o l u m n  6 1  1 6 1  2 6 1  3 

- - - 1-3 
4-9 611 612 613 

- 10-18 Ax0 AxO 

19-27 AYO AYO - 
28-36 AK - AK 
37-4s SCAL2 SCAL2 SCAL2 

3.3.8 Atom Plott ing Instructions (700 Series). - T h e s e  instruct ions a r e  concerned  with drawing 
various representat ions of t h e  atom based  on the  familiar ball-and-stick molecular model. T h e  ba l l  in 

the general  case is a n  e l l ipso id  represent ing a contour s u r f a c e  of e q u a l  probability densi ty .  Alterna- 

tively, when thermal  motion is not be ing  portrayed, t h e  ba l l  c a n  b e  a s p h e r e  of arbitrary dimension. 

T h e  700 s e r i e s  a l s o  h a s  provision for labe l ing  t h e  a tomic  s i t e  with t h e  corresponding chemica l  symbol. 

T h e  instruct ions in  t h i s  s e r i e s  draw t h e  “ATOMS l i s t ”  a toms which project  onto t h e  u s a b l e  par t  of t h e  

drawing area.  Atoms found to b e  out  of bounds a r e  bypassed ,  and  a F a u l t  Message  (NG = 10) is printed 

on t h e  monitor output. An atom is out of bounds under t h e  following condi t ions:  (1) if its z coordinate  in  

the s c a l e d  reference Car tes ian  s y s t e m  is greater  than v2 t h e  viewing d is tance ,  (2) i f  its c e n t e r  a f te r  pro- 

ject ion falls outs ide  the limiting boundary of t h e  drawing board, or (3) i f  t h e  projected center  is within 

of t h e  margin width (BRDR) of a limiting boundary. 

An e l l ipso id ,  for graphical purposes  i n  OR TEP, is considered t o  b e  composed of e l l i p s e s  and s t ra ight  

l ines .  T h e  e l l i p s e s  a r e  of t w o  types ,  pr incipal  e l l i p s e s  and  boundary e l l i p s e s .  Rela t ive  t o  t h e  viewpoint, 

a principal e l l i p s e  is further subdivided i n t o  a front half and  a back,  or hidden,  half. There  a r e  three 

principal e l l i p s e s  per  e l l ipso id ,  corresponding t o  t h e  three pr incipal  planes.  T h e  boundary e l l i p s e  is the  

edge  of t h e  el l ipsoid a s  s e e n  from t h e  viewpont. T h e  front and back  h a l v e s  of t h e  pr incipal  e l l i p s e s  meet 

at the  boundary e l l ipse .  T h e  straight-line segments  of t h e  OR TEP el l ipso id  a r e  t h e  forward principal 
a x e s ,  reverse  pr incipal  a x e s ,  and  oc tan t  shading  l ines .  

Figure 3.1 s h o w s  various combinat ions of t h e s e  elements .  I t  is obvious t h a t  cer ta in  of t h e s e  com- 

binat ions a r e  bet ter  representat ions than others .  Instruct ion 701 genera tes  t h e  SA model of F ig .  3.1, 
instruction 702 generates  2A, and  703 produces 3B.  Instruction 704 draws t h e  boundary e l l i p s e  alone.  

If an atom is entered  as a sphere ,  the  boundary wil l  be  c i rcu lar  before projection and  s l igh t ly  e l l ip t ica l  

af ter  perspec t ive  projection. Instruct ion 705 a l lows  t h e  u s e r  to make up  any representat ion from the  

b a s i c  components. 

Chemical  symbols  u p  t o  s i x  alphanumeric c h a r a c t e r s  i n  length a r e  included with t h e  input  s t ructural  

parameters for  e a c h  atom. T h e s e  symbols  c a n  b e  put onto t h e  i l lustrat ion with one  700 s e r i e s  or s e v e r a l  

900 s e r i e s  instruct ions.  T h e  700 s e r i e s  p l a c e s  t h e  c e n t e r  of t h e  s ix-character  f ie ld  of e a c h  atom in the  

s a m e  posi t ion relat ive t o  t h e  atom center ;  t h e  900 s e r i e s  a l lows  t h e  u s e r  t o  posi t ion e a c h  symbol  individ- 

ually. T h e  700 s e r i e s  requires  only three  parameters  as follows: (1) symbol  height  in  inches ,  (2) paral le l  
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(left-right) offset i n  inches ,  and  (3) perpendicular (up-down) offset  i n  inches .  T h e  parameters refer t o  the  
model before projection, and they wil l  change  s l igh t ly  during perspec t ive  projection. T h e  paral le l  and  
perpendicular of fse t  refer t o  t h e  e x a c t  cen ter  of t h e  s ix-character  input  f ie ld  and a r e  re la t ive to the le t ter-  

ing b a s e  l ine  s e t  u p  with t h e  302 the ta  rotation. A symbol height  of 0 or  blank wi l l  c a u s e  t h e  symbol- 

drawing routine t o  b e  bypassed .  

It is p o s s i b l e  to vary the  th ickness  of the  boundary e l l i p s e  l i n e  by making i t  a function of z, t h e  

height of t h e  atom from t h e  drawing board. T h i s  option is normally used  with t h e  704 (boundary only) 

1. Principal ellipses 

Principal and 
2* enveloping ellipses 

Principal ellipses 
and axes 3. 

Principal ellipses 

with envelope 
4. and axes 

Principa I ellipses 
and axes 

5* with envelope and 
octant shading 

ORNL DWG. 64-5255 

A .  8. e. 
Without back Ful l  l i ne  Dotted 

or reverse axes back back  

G @  
Q @ Q  .............. ... 

@, @ ',-- - (JJ - _  2 . i  

@ .. I ... ... 

'. .' .... 

I 
I . , . . I  ... I .' .: ..... ..... .. 

..... * ..... ... : - i - -  

Fig. 3.1. Various Combinations of E l l ipsoid  Components. 
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instruction but wil l  work for  a n y  700 instruction. Ent r ies  a r e  put in  t h e  A .  and A I  f ie lds  of t h e  in- 

s t ruct ion continuation card  to spec i fy  t h e  coef f ic ien ts  of 

AR(z) = A .  + A l z  , 

where 

AR i s  t h e  i n c r e a s e  i n  radial  dimension t o  be  added t o  t h e  width of t h e  s i n g l e  pen l ine,  

A. is AR for a n  atom a t  z = 0, and  

A I  i s  t h e  ra te  of i n c r e a s e  in  radial  dimension with z. 

A s  a n  example, a s s u m e  tha t  t h e  atoms of t h e  s c a l e d  model range f rom 5 in. below t o  5 in. a b o v e  t h e  

drawing board and t h e  pen width is 0.2 mm (.008 in,). If we  want  t h e  c l o s e s t  e l l i p s e  boundary t o  b e  

five times as wide  a s  t h e  far thest ,  then AR(- 5 in.) = 0, AR(5) = 0.008 x (5 - 1) = 0.032 in.; thus  

A .  = 0.016 in. and A l  = 0.0032 in. 

T h e  program widens t h e  l ine  by s tepping  radial ly  in  increments  of DISP, which is s e t  by primer 

cons tan t  t o  0.005 in. A 303 instruct ion c a n  b e  u s e d  t o  change  DISP if desired.  

T h e  monitor output for t h e  701 through 705 instruct ions c o n s i s t s  of t h e  following: 

1. x,y plotter coordinates:  t h e  coordinates ,  i n  inches ,  for  the  projected atom c e n t e r  on t h e  plot, 

measured from t h e  lower left-hand corner  of t h e  l imit ing boundary. T h i s  is t h e  fixed plotter coordinate  

sys tem with origin point s e t  by the  plotter operator. 

2. x,y,z working Car tes ian  coordinates:  t h e  coord ina tes ,  in  inches ,  for t h e  or iented and  s c a l e d  

atomic model before  projection. T h e  x and y a x e s  paral le l  t h e  plot ter  x and y a x e s ,  and  t h e  origin of 

the s y s t e m  is in t h e  p lane  of t h e  plotter a t  t h e  point xo,yo (see 3.3.7) in plot ter  coordinates .  T h e  point 

ORGN of t h e  s c a l e d  model is at th i s  point ( s e e  3.3.6.1). 
3. x,y,z t r ic l inic  coordinates ,  in  f rac t ions  of t h e  unit-cell e d g e s  relat ive to  t h e  c r y s t a l  unit-cell 

origin. 

4. Pr inc ipa l  a x e s  of thermal motion, c o n s i s t i n g  of (a) principal v a l u e s  of root-mean-square d is -  
placement and  ( b )  direct ion c o s i n e  for pr incipal  vectors  re la t ive t o  t h e  working Car tes ian  sys tem.  

5. T h e  atom designator  code  and chemica l  symbol  for  t h e  atom. 

Instruct ions 711 through 715 a r e  ident ica l  to 701 through 705 except  that  the  710 s e r i e s  s u p p r e s s e s  

all monitor output  except  faul t  messages .  

3.3.8.1 Atom Plo t t ing  Instruct ions 701, 702, 703, 704, a n d  711, 712, 713, 714. - 

C o l u m n s  

F i r s t  Card 

1-3 
4-9 

1 (if boundary retracing is des i red ;  otherwise 0) 
701, 702, 703, 704, 711, 712, 713, 714 

10-18 Blank 

19-27 Blank 

28-36 Blank 

37-45 Blank 
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46-54 Symbol height  (in.) 

55-63 Perpendicular  of fse t  (in.) 

64-72 P a r a l l e l  offset  (in.) 

Second C a r d  ( n e e d e d  on ly  for  boundary  r e t r a c i n g )  

1-3 Blank 

4-9 Blank 

10-18 A .  (in.) 

19-27 A ,  (in.) 

3.3.8.2 Atom Plot t ing  lns t ruc t ions  705 a n d  715. - 

C o l u m n s  

F i r s t  C a r d  

1-3 
4-9 705 or 715 

1 (if boundary retracing is des i red ;  otherwise 0) 

10-1 8 NPLANE 
= 0, no  el l ipsoid components 
= 1, boundary e l l i p s e  only 
= 3 ,  principal  e l l i p s e s  only 
= 4, boundary + principal e l l i p s e s  

<0, s o l i d  l i n e  back s i d e  
= 0, back s i d e  omitted 
= 3,  4 d o t s  on back s i d e  
= 4, 8 d o t s  on back  s i d e  
= 5, 1 6  dots  on back  s i d e  
= 6,  32 dots  on back  s i d e  

19-27 NDOT (back s i d e  of pr incipal  e l l i p s e s )  

28-36 NLINE (forward pr incipal  a x e s  a n d  shading)  
= 0, no  forward a x e s  or  s h a d i n g  
= 1, forward principal a x e s  only 
= N, forward a x e s  + (N - 1) l i n e  s h a d i n g  

37-45 NDASH (dashed reverse  pr incipal  a x e s )  
= 0, no reverse  a x e s  
= N, dashed  reverse  a x e s  with N d a s h e s  

46-54 Symbol height  (in.) 

for symbols  
55-63 Perpendicular  offset  (in.) 

64-72 P a r a l l e l  offset (in.) 

S e c o n d  C a r d  same a s  701 

3.3.9 Bond Plott ing lnstructions (800 Series). - T h e  bond plotting instruct ions a r e  grouped into two 
general types,  expl ic i t  and implicit,  depending on how t h e  bonds a r e  spec i f ied .  Expl ic i t  bonds require a 

vector designator  code  ( s e e  3.1.2) for e a c h  bond. Implicit bonds make u s e  of vector  s e a r c h  c o d e s  ( s e e  

3.1.5) to find pa i rs  of atoms from t h e  ATOMS array s e t  up  by  the 400 s e r i e s  instruct ions.  
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There  a r e  two types  of bonds tha t  c a n  b e  drawn, s t i c k  bonds and  l ine  bonds.  T h e  l i n e  bond is a 

very crude, but  rapid, method useful  i n  drawing preliminary i l lustrat ions.  It is cons t ruc ted  by placing 

centered symbols  (e.g., +, x, *, etc.) on t h e  two atom s i t e s  a n d  drawing a s i n g l e  s t ra ight  l ine  between 

them. L i n e  bonds a r e  a l w a y s  spec i f ied  implicitly (803, 813 instruct ions) .  
T h e  more elaborate  bond is t h e  s t i c k  bond, which could a l s o  b e  c a l l e d  a conica l  bond b e c a u s e  of i t s  

accentuated perspec t ive  taper .  

ing cone  ( tangent  cone)  which h a s  i t s  a p e x  a t  t h e  viewpoint and is tangent  t o  a n  e l l ipso id .  In general, 

the  e l l ipsoid in te rsec t ion  i s  automatically u s e d  i f  t h e  a x i s  of t h e  bond i n t e r s e c t s  the e l l ipso id  at  a point 

which is vis ib le  t o  t h e  viewpoint; otherwise,  t h e  tangent  c o n e  intersect ion is u s e d ,  s o  tha t  t h e  bond ap- 

pears  t o  terminate a t  t h e  boundary of t h e  e l l ipso id .  However, t h e  u s e r  c a n  spec i fy  t h a t  t h e  e l l ipso id  in- 

tersect ion a l w a y s  b e  used  i n  order t o  make t h e  ske le ton  type  model (e.g., 3B of F ig .  3.1) appear  even  

more transparent. T h e  radius  of t h e  s t i c k  bond a n d  t h e  number of l i n e s  which a r e  u s e d  to  draw t h e  bond 

a r e  specif ied by input  parameters. 

E a c h  end of t h e  bond i n t e r s e c t s  e i ther  (1) a n  el l ipsoid or (2) a n  envelop-  

Bond-distance l a b e l s  c a n  b e  drawn automatical ly  with s t i c k  bonds, but not with l i n e  bonds.  T h e  

bond-distance labe l  numbers a r e  i n  Angstrom uni t s  to one, two, or th ree  p l a c e s  p a s t  t h e  decimal point. 

The  bond labe ls  on t h e  i l lustrat ion wil l  h a v e  their  base l i n e s  para l le l  t o  t h e  s t i c k  bonds  and  wi l l  b e  

right s i d e  up for the  viewer. T h e  height  of t h e  l a b e l  in  i n c h e s  a n d  the perpendicular  offset  d i s t a n c e  

for the  center  of t h e  labe l  re la t ive  t o  t h e  c e n t e r  of t h e  bond a r e  parameters  t o  b e  s p e c i f i e d  by t h e  user .  

With t h e  present  primer cons tan t  for FORE, if t h e  s i n e  of t h e  a n g l e  be tween t h e  bond a n d  t h e  mean view- 

ing vector  i s  greater than 0.5, t h e  le t ter ing is done  i n  perspec t ive  a long  t h e  bond. When t h e  s i n e  of t h e  

angle  is less than 0.5, t h e  perspec t ive  le t ter ing would b e  excess ive ly  foreshortened. T h e  le t ter ing is 

then made paral le l  t o  t h e  p lane  of t h e  drawing with i t s  b a s e  l i n e  paral le l  t o  t h e  projected bond. Dif- 

ferent le t ter ing he ights  and  different perpendicular offset  d i s t a n c e s  c a n  b e  a s s i g n e d  t o  t h e  perspec t ive  

and nonperspect ive bond-distance labe ls .  

All bond parameters  a r e  input with Format No. 2 t ra i ler  c a r d s  ( s e e  3.3.1). T h e  bond parameters  a r e  
as follows: 

< 

negat ive in tegers  denote  that both e n d s  of t h e  bonds terminate a t  t h e  e l l ipso ids .  T h e  pos i t ive  integers  

denote  bonds ending  ei ther  a t  the el l ipsoid or t h e  tangent  cone,  as  descr ibed  previously in  t h i s  sec t ion .  

An entry of zero  draws  no bond. A magnitude of 1 for NBOND produces two l ines ,  one  for e a c h  bond 

edge, 180" apart  in t h e  p lane  normal to  the  bond a x i s .  L i n e s  a r e  drawn go", 459 22.5O, or 11.25' apar t  

for NBOND magnitudes of 2, 3, 4, o r  5, respect ively.  T h e  back s i d e  of t h e  bond is not drawn. Repre- 

sen ta t ive  samples  a r e  shown i n  F i g ,  6.1. 

1. Bond type (for s t ick bond) is des igna ted  by a n  in teger  NBOND, where -5  =< NBOND = 5. T h e  

2. T h e  bond radius (mean va lue  for s t i c k  bonds)  is in Angstrom uni ts .  Values  between 0.01 and 

0.06 A usual ly  give good resul ts .  Any posi t ive va lue  may be  used  as  long  as i t  is smal le r  than the  

s c a l e d  e l l ipso id  minimum semidimension. T h e  bond radius is not changed by t h e  el l ipsoid s c a l e  fac tor  

ratio SCAL2. 

'The accentuated taper may be increased or decreased by changing the value assigned to  TAPER in SUB- 
ROUTINE PRIME (see TAPER in sect .  4.5). 
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3. T h e  height  of perspec t ive  l a b e l s  for bond d i s t a n c e s  is entered a s  z e r o  i f  n o  bond d i s t a n c e s  a r e  

t o  be  labeled.  P o s i t i v e  va lues  denote t h e  le t te r ing  height  in  i n c h e s  before  projection. 

4. T h e  perpendicular offset  for  bond d i s t a n c e  perspec t ive  l a b e l s  (in i n c h e s )  per ta ins  t o  offset  of the  

center  of t h e  d i s t a n c e  labe l  re la t ive  t o  t h e  c e n t e r  of t h e  bond. 

5. T h e  height  of regular labe ls  for  bond d i s t a n c e s  is entered a s  z e r o  if no bond d i s t a n c e s  correspond- 

ing to foreshortened bonds a r e  t o  b e  drawn. P o s i t i v e  va lues  give t h e  le t ter ing height  in  i n c h e s  before 
projection. 

6. T h e  perpendicular offset  for bond-distance regular l a b e l s  h a s  t h e  same definition as  parameter 4 
above. 

7. T h e  s igni f icant  d ig i t s  indicator  is - 1, 0, or  1, denot ing bond d i s t a n c e  l a b e l s  with one,  two, or 
three digi ts ,  respect ively,  a f te r  the decimal  place.  

Instruct ions 801, 802, and  803 differ from 811, 812, and  813 only in  t h e  monitor output l is t ing.  T h e  

second group h a s  no output e x c e p t  error m e s s a g e s .  T h e  f i r s t  group l i s t s :  (1) plot ter  coordinates  in  

inches ,  (2) s c a l e d  Car tes ian  coordinates  (in i n c h e s )  of atom before projection, and  (3) t r ic l inic  c rys ta l  

coordinates  for t h e  a toms of e a c h  bond. T h e  interatomic bond d i s t a n c e  in angstroms is a l s o  l i s ted .  

If a n  atom of a bonded pair is out of bounds,  a faul t  m e s s a g e  (NG = 10)  is printed on t h e  monitor output. 

If the bond is hidden and cannot  b e  drawn, faul t  m e s s a g e  NG = 1 4  is printed. F a u l t  NG = 13 s i g n i f i e s  

that a n  imaginary intersect ion w a s  found with a bond radius larger  than t h e  e l l ipso id  semidimension. 

3.3.9.1 Instructions 801 and 811, Explicit Stick Bonds. - T h e  only entry on t h e  instruct ion card is 

the instruct ion number. A Format No. 2 t ra i ler  card  i s  required with t h e  f ie lds  spec i f ied  under column 

801 in T a b l e  3.1 properly filled in. T h e  bonds a r e  descr ibed  with t w o  atom designator  c o d e s  for each  

bond. T h e  two atom designator  c o d e s  for a bond must b e  i n  ad jacent  f ie lds ,  but  blank f ie lds  c a n  b e  

inser ted between t h e  different bonds. S ince  there  a r e  s e v e n  f ie lds  ava i lab le  per  card ,  i t  is a good idea  

t o  u s e  only two, four, or s i x  of them so tha t  the card s e q u e n c e  within t h e  instruct ion (other than f i rs t  

and last cards)  wi l l  b e  unimportant. 

3.3.9.2 Instructions 802 and 812, Implicit Stick Bonds. - All parameters a r e  input with Format No. 2 

trailer c a r d s  ( s e e  T a b l e  3.1). T h e  only entry on t h e  instruct ion card is t h e  instruct ion number. 

3.3.9.3 Instructions 803 and 813, Implicit Line Bonds. - All parameters a r e  input  with Format No. 2 
trailer c a r d s  ( s e e  T a b l e  3.1). T h e  centered symbol  placed on a given atom wil l  b e  t h e  centered symbol  

whose c a l l i n g  number corresponds t o  t h e  atom number modulo 10 ( s e e  Fig.  4.2). 

3.3.10 Label Plott ing  Instructions (900 Series). - T h e  900 s e r i e s  a l lows  t h e  u s e r  t o  plot general  
t i t l es  up  t o  72 charac te rs  i n  length, chemica l  symbols  u p  t o  6 charac te rs  long, bond length labe ls ,  and  

centered symbols .  T h e  bond length l a b e l s  c a n  h a v e  two decimal  p l a c e s  before t h e  decimal point  and 

one, two, or th ree  p l a c e s  a f te r  t h e  decimal  point. T h e  700 and  800 s e r i e s  ins t ruc t ions  can plot chemical  

symbols and  bond length labe ls ,  but i t  is often des i rab le  t o  posi t ion cer ta in  l a b e l s  individually with the  

900 s e r i e s .  

General  t i t l e s  a n d  bond length l a b e l s  c a n  b e  drawn ei ther  i n  perspec t ive  or paral le l  t o  t h e  plane of 

the  drawing. Chemical  symbols  a n d  centered  symbols  a r e  a lways  drawn paral le l  to t h e  plot ter  plane. 
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Instructions 913 through 916 a re  for perspec t ive  lettering, and  ins t ruc t ions  901 through 909 produce 

regular lettering. 

Two vec tors ,  t h e  upright vector and t h e  base-line vector, are needed t o  desc r ibe  a le t ter ing plane. 
In OR T E P  the  upright le t ter ing vector is a lways  para l le l  t o  the  p lane  of the  drawing. For  perspec t ive  

lettering the  base-line vector is a gener a1 vector in three  dimensions.  In the nonperspec t ive  c a s e  the  

base-line vector is e i the r  a long  the projection of a genera l  vector or a long  the vector (in the  p l ane  of 
the plotter)  which is oriented with 302 t i t l e  rotation instruction (theta b a s e  line). If the ta  ( se t  by 302) 
is zero,  then t h e  the ta  base-line vector is a long  the  plotter pos i t ive  x axis .  

T h e  e x a c t  cen te r  of t he  l abe l  is a lways  referred t o  when spec i fy ing  the  pos i t ion  of t h e  label .  T h e  

program goes  through t h e  following s t e p s  t o  posit ion the  center  point of t he  l a b e l  on to  the  drawing. (1) 
A point P1 is found which is ei ther  t h e  posit ion of atom A or  the  mean of two  atom pos i t ions  (atom A 
and atom B). T h e  atom A posit ion is used  if no atom designator e x i s t s  in the  atom B f ie ld  of t he  in- 

struction card.  (2) A point P 2  is found by (a) t rans la t ing  from P1 along t h e  base- l ine  vector for the 

d i s t ance  spec i f ied  by para l le l  offset, then ( b )  t rans la t ing  a long  the upright vector b y  t h e  perpendicular 

offset  d i s tance .  (3) A point P3 is found by projecting P 2  onto the  p lane  of t he  plotter.  (4) If t h e  x 

edge r e s e t  is > 0, then x is reset t o  this  value. If x edge re se t  is <0, x is re se t  t o  the  pos i t ive  x plot 

boundary minus Ix edge reset l .  N o  rese t t ing  is done  if x edge rese t  is zero.  T h e  y parameter is handled 

in the  same manner with y edge reset .  

T h e  format for the entire 900 s e r i e s  is as follows: 

C o l u m n s  

1-3 
4-9 

10-18 

19-27 

28-36 

37-45 
46-54 

55-63 
64-72 

Blank or 3 (or 1 i f  second ca rd  is needed)  

Instruction number 

Designator for atom A 

Designator for atom B (or blank) 

x edge  reset (in.) 
y edge  reset (in.) 

Le t te r ing  height (in.) 

Pa ra l l e l  offset  (in.) 

Perpendicular  offset  (in.) 

S e c o n d  Card (if needed)  

1-3 Blank 

4-9 Blank 

10-18 Centered symbol number (0-14) 

3.3.10.1 Instruction 901. - A nonperspective chemical  symbol  with the ta  b a s e  l i ne  i s  drawn us ing  the  

chemical symbol  for atom A .  
3.3.10.2 Znstruction 902. - A nonperspective t i t l e  with the t a  b a s e  l i ne  is drawn. T h e  t i t l e  must b e  

entered with the  ins t ruc t ions  on a Format No. 3 t ra i ler  card.  T h e  t i t l e  should b e  centered about columns 

36-37 of that  card. 
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C 

3.3.10.3 Instruct ions 903 a n d  913. - A general  vector t i t l e  i s  drawn with nonperspect ive le t ter ing 

for 903 and perspect ive le t ter ing for  913. T h e  general  vector  is from atom A t o  atom B. T h e  t i t l e  is 
entered a s  descr ibed for 902 ( s e e  3.3.10.2 above). 

3.3.10.4. lns t ruc t ions  904, 905, 906, 914, 915, a n d  916. - T h e s e  a r e  instruct ions for general-vector 

bond-length labe ls .  T h e  f i r s t  t h r e e  a r e  f o r  nonperspect ive le t ter ing with one, two, and three p l a c e s  a f te r  

the decimal  point; and  t h e  l a s t  three a r e  for  t h e  corresponding bond-length l a b e l s  with perspec t ive  le t -  

tering. T h e  general  vector  is from atom A t o  atom B. Note that  t h e  s e n s e  of t h e  vector is important in  

order t o  h a v e  t h e  labe l  right s i d e  up. 

3.3.10.5 Instruct ions 908 a n d  909. - T h e s e  instruct ions a r e  for  centered symbols .  With 908 the  pen 
is up while  moving t o  t h e  posi t ion where t h e  centered symbol is t o  b e  drawn, but with 909 t h e  pen is lef t  

down. T h e  centered symbol  is o n e  of t h e  15 l i s ted  for t h e  CalComp SIMBOL routine (the misspel l ing of 

“symbol” is intentional). T h e  symbol  number must b e  i n  t h e  range 0-14. 

3.3.1 1 Saved Sequence Instructions (1100 Series). - It i s  often des i rab le  t o  repeat  a s e q u e n c e  of in- 

s t ruct ions one  or  more t imes with other  instruct ions inser ted between t h e  repetitions. T h e  1100 s e r i e s  

a l lows t h e  user  t o  d o  t h i s  without t h e  n e c e s s i t y  of put t ing in  dupl ica te  s e q u e n c e s  of instruct ion cards .  

It is not a n  elaborate  looping device ,  but i t  d o e s  give addi t iona l  f lexibi l i ty  t o  t h e  sys tem.  

T h e  three instruct ions i n  t h i s  s e r i e s  a r e  to s t a r t  t h e  s a v e d  s e q u e n c e  (instruction l l O l ) ,  terminate  t h e  

saved  s e q u e n c e  (instruction 1102), and e x e c u t e  t h e  s a v e d  s e q u e n c e  (instruction 1103). All instruct ion 

cards  and  their trailer c a r d s  between t h e  1101 and 1102 instruct ions a r e  executed and  s a v e d  on a mag- 

net ic  s c r a t c h  tape.  A 1103 instruct ion rewinds t h i s  s c r a t c h  t a p e  and  repea ts  a l l  t h e  instruct ions s tored  

there before another instruct ion is read from t h e  monitor input. There  a r e  no  parameters t o  b e  entered 

with t h e  1100 s e r i e s  instruct ions.  

3.3.12 Job Termination lnstructions (Negative Series). - A (- 1) instruct ion terminates  t h e  job and  

ex i t s  via  SUBROUTINE EXIT. 
A (-2) instruct ion re in i t ia l izes  t h e  whole program and s t a r t s  over  with another  s t ructure  from t h e  title 

card on. A s  many s t ruc tures  a s  des i red  may b e  run in  s e q u e n c e  in  t h i s  manner before  ex i t ing  with a (- 1 )  

instruction. Note t h a t  t h e  201 instruct ions should occur  only once  and  should  not b e  repeated for  succeed-  

ing jobs ,  
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. 
3.4 L i s t  of Fault  I n d i c a t o r s  

Certain errors a r e  checked for in  OR TEP, and when one of t h e s e  occurs ,  a n  error m e s s a g e ,  “ F A U L T  

NG = ng ADC rn” is written on t h e  monitor output tape. T h e  number NG is explained below. T h e  ADC and 

m identify t h e  atom c o d e  a n d  t h e  instruct ion involved (if t h e s e  a r e  relevant). If poss ib le ,  correct ive meas-  

ures  a r e  made by OR TEP and t h e  ca lcu la t ion  proceeds;  otherwise,  t h e  job  is terminated by c a l l i n g  SUB- 

ROUTINE EXIT. 

N G  

1 

2 

3 

4 

5 

6 

7 

9 

10 
11 
12 

13 
14  
15 

Subrout ine  
I n v o l v e d  

PRELIM 

PRELIM 

PRELIM 

ATOM,PAXES 

ATOM,PAXES 

EIGEN 

EIGEN 

MAIN,SPARE 

BOND,F700 
F800 
F600 

BOND 

BOND 

F 900 

F a u l t  

No sent ine l  found af te r  reading 
48 symmetry c a r d s  

No sent ine l  found af ter  reading 
t h e  parameter c a r d s  for 200 
atoms 

Anisotropic  temperature fac tor  
coef f ic ien ts  form a matrix 
which i s  not  posi t ive def ini te  

Symmetry operation number is 
higher  than  t h e  number of in- 
put operat ions 

Atom number is higher  than  t h e  
number of input  a toms 

Null temperature factor  matrix 
or fa i lure  in  bisect ion rout ine 

Eigenvector  routine fai lure  due  
to null  vector  

Unidentified instruct ion 
number 

Atom out of bounds 

N o  vector  s e a r c h  c o d e s  

Insuff ic ient  number of a t o m s  
in  ATOMS l i s t  

Imaginary bond intersect ion 

Hidden (end-on} bond 

N u l l  vector  as b a s e  l ine  

A c t i o n  

T r i e s  t o  read parameter c a r d s  

T r i e s  t o  read instruct ion cards  

EXIT af te r  printing out al l  rms 
pr incipal  v a l u e s  (imaginary 
o n e s  a r e  negative} 

Omit atom 

Omit atom 

EXIT,  af ter  printing out a l l  
principal v a l u e s  

EXIT,  a f te r  printing out a l l  
pr incipal  v a l u e s  

Omit faulty instruct ion 

Omit atom 

Omit instruct ion 

EXIT 

Omit bond 

Omit bond 

Omit label  
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4. C O M P U T A T I O N A L  PROCEDURES (HOW T H E  PROGRAM WORKS) 

Cer ta in  of the numerical procedures '  used  in OR T E P  are of a nature somewhat  unfamiliar to many 

crystal lographers .  T h e s e  a s p e c t s  are  out l ined for the benefit of the reader  who may wish to  write a 

s imilar  program or  modify the present  one .  

4.1 Graphic-Computational Methods 

T h e s e  a re  the techniques  used  in  producing t h e  graphical  de ta i l s  of the i l lustrat ions.  

4.1.1 Drawing Ellipsoids. - Figure  3.1 demonstrates  the various el l ipsoid graphical  representat ions 

that  c a n  be  drawn with OR TEP. T h e  major components i n  the representat ions are the three principal 

e l l i p s e s  and the  boundary (outline) e l l ipse .  T h e  principal e l l i p s e s  have  a front half and a back (hidden) 

half. T h e  en t i re  boundary e l l i p s e  is v is ib le .  

An e l l i p s e  i s  approximated by connect ing a s e r i e s  of points  on the e l l i p s e  with s t ra ight  l ine s e g -  

ments. Poin ts  on a n  e l l i p s e  having a general orientation i n  three  dimensions a re  computed; then  e a c h  of 

t h e s e  points  is projected onto the drawing board for plotting. 

T h e  b a s i c  algorithm for finding t h e  points  a long a given general  e l l i p s e  u t i l i zes  the  propert ies  of 

conjugate  diameters .  Assume that  we h a v e  the three principal a x i s  vectors  V I ,  V2, V3 of the general  

e l l ipsoid and a vector V4 from t h e  center  o f  the e l l ipso id  t o  the  viewpoint. T h e  vector  V5 normal to  t h e  

polar p lane  (see Fig .  4.1), whose pole  is the viewpoint, c a n  be  obtained from 

V5 = A V 4 ,  

where A is the matrix for the  e l l ipso id  which is defined by 

X T A X  = d ,  

(4.1.1.1) 

(4.1.1.2) 

where d is a cons tan t .  

T h e  boundary e l l i p s e  i s  defined by two conjugate  vectors ,  one of which is any vector V6 perpendicular 
to V 5  and the second is V7, where 

V7 = V5 x A V 6 .  (4.1.1.3) 

The assumption made for  t h i s  boundary e l l ipse  der ivat ion is that  the view d i s t a n c e  is la rge  compared to 

the el l ipsoid size. Therefore ,  the boundary e l l i p s e  defined a b o v e  a lways  lies on t h e  diametral polar plane 

(see Fig. 4.1). 

'For a treatment of the sol id  analyt ical  geometry involved, the  following three books are  recommended. The first  
one is particularly useful. 

J.  Heading, Matrix Theory for Physicis ts ,  chap. 3, pp. 81-106, Longmans, Green and Co., London, 1958. 
B. Spain, Analytical Quadrics, Pergamon Press ,  New York, 1960. 
G. A. Korn and T. M. Korn, Mathematical Handbook for Scient is ts  and  Engineers, McGraw-Hill Book Company, 

New York, 1961. 
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ORNL- DWG. 65-2671 

I /  / 
VECTOR NORMAL TO POLAR PLANE- 

PRINCIPAL A X I S  2 

POLAR P L A N E  

/ 
Fig. 4.1. Polar  P lanes Formed by Tangent Cyl inder  and Tangent Cone. 

A principal e l l ipse  which l i e s  in  the plane of the  pr incipal  ax is  vectors  V1 and V2 will  have  the third 

principal axis vector  V3 normal t o  t h e  plane of the e l l ipse .  The  intersect ion of t h i s  pr incipal  e l l i p s e  with 
the boundary e l l i p s e  is along t h e  vector V8 where 

V8 = V 5  x V3 . (4.1.1.4) 

T h i s  vector d iv ides  the front  and back  (hidden) s i d e s  of t h e  pr incipal  e l l ipse .  A vector  conjugate  to V8 
and in  the  principal p lane  containing V1 and V2 is V9, where 

V9 = V3 x A V8 . (4.1 .I .5) 

After the conjugate  vec tors  have been found, the i r  l engths  a r e  a d j u s t e d  t o  make them sa t i s fy  (4.1.1.2) 

by le t t ing  X = s I where I is a uni t  vector. Solving for s, we obtain 

s’= [d/(ITA1)]1’2. (4.1.1.6) 
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I .  

X T  B X  = d , 

A conjugate  vector  pair is expanded into a n  e l l i p s e  by subrout ine RADIAL. Since an e l l i p s e  is 

centrosymmetric, t h e  two conjugate  vec tors  and their  nega t ives  give u s  four vectors  whose end points  lie 

on t h e  e l l ipse .  By performing a vector  s u m  of t w o  adjacent  vectors  and dividing the  resu l tan t  vector 

components by 6, we c a n  obta in  a n  addi t ional  vector. After doing t h i s  for all ad jacent  pairs ,  we then 

have a total  of e ight  vectors .  T h i s  p r o c e s s  c a n  b e  repea ted  as many t imes as des i red  except  that  the 

s c a l i n g  constant  will b e  different for e a c h  cyc le .  T h e  constant  i s  descr ibed  by 

CONT (i) = 12[1 + cos (~r/i)Il”~ 

where i is the c y c l e  number. 

T h i s  to ta l  p rocess  may be thought of as taking a planar  rad ia l  s e t  of equally s p a c e d  uni t  vec tors  and 

performing a deformation and s c a l i n g  on the s p a c e  in which i t  is descr ibed .  In geometry t h i s  deformation 

i s  ca l led  an affine transformation. 

Complete de ta i l s  on drawing e l l ipso ids  c a n  b e  obtained from the FORTRAN coding of subrout ines  

F 7 0 0  and RADIAL. 

4.1.2 Drawing Bonds. - T h e  major problem in drawing bonds is to obtain the  intersect ion where t h e  

bond penetrates  t h e  el l ipsoid.  T h r e e  quadrics  a r e  used  in subrout ine BOND to ca lcu la te  bond intersect ion.  

T h e s e  three a r e  t h e  e l l ipso id ,  the  tangent  cyl inder ,  and t h e  tangent cone.  

T h e  el l ipsoid is descr ibed  in  matrix notat ion as  

X T A X = d ,  (4.1.2.1) 

where d is a cons tan t  and X is any vector  from t h e  center  t o  t h e  sur face  of t h e  el l ipsoid.  T h e  matrix A is 

3 by 3 symmetrical with components a i j  (i,j  = 1 ,  2 ,  3). 
T h e  el l ipt ic  cyl inder  tangent  t o  t h e  e l l ipso id  and with i t s  a x i s  a long z is descr ibed by 

(4.1.2.2) 

where 

B =  
a 1 3 8 3 2  

a l z  -- 
8 3 3  

0 

a 2 3 a 3 1  
a 1 2  -- 

a 3 3  

a 2 3 a 3 2  a -  
2 2  ~ 

a 3 3  

0 

0 i (4.1.2.3) 

and d is the  cons tan t  used  i n  (4.1.2.1). T h e  tangent  cyl inder  is used  when it is n e c e s s a r y  to  terminate 

the bond at t h e  boundary of t h e  el l ipsoid when a parallel projection is used. 

To find the  in te rsec t ion  of a cyl indrical  bond along V b  with rad ius  r with ei ther  t h e  el l ipsoid or t h e  

tangent  cyl inder ,  we proceed as follows: 

1. Form a radial  s e t  of vec tors  Vr .  of length r normal to Vb. 
J 
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2. T a k e  a unit vector  I paral le l  to Vb and l e t  

X .  = Vr.  + s I ,  
1 1  

where s is a c o n s t a n t  t o  be determined. Subst i tut ing in (4.1.2.1) we  obtain 

s 2 I T A I  + 2 s  V r T A l  + V r T A V r  - d =  0 ;  

so lv ing  for s w e  get  

- V r T A I  +J (Vr ’A I ) ’  - ( I T A I ) ( V r T A V r -  cf) 

l T A l  
s =  

(4.1.2.4) 

(4.1.2.5) 

(4 .l. 2.6) 

T h e  e l l ip t ic  cone  which is tangent  t o  t h e  el l ipsoid and which h a s  i t s  apex  on t h e  viewpoint c a n  be  

obtained from the matrix A and from t h e  vector Vu which ex tends  f rom t h e  center  of the  e l l ipso id  to t h e  

viewpoint. T h i s  i s  performed i n  t h e  following s t e p s :  

1. T h e  el l ipsoid is transformed with a rotation matrix t o  a new Car tes ian  frame of reference which h a s  

the z a x i s  a long  the view vector  Vu. 
2. T h e  tangent  cone  c a n  now be  descr ibed  as 

Y T C Y = O ,  

where Y is a vector or iginat ing from t h e  ver tex (viewpoint) of the cone  and 

, K = d / J V u \  . 
K - a 3 3  K-a,, 

a Z 2  +----- ~ 

a 1 3 a 3 2  a I 2  f- ~ 

1 3 a 3 1  a 
+ 

K-33 K-33 

K - 3 3  

a 2 3 a 3 2  
a a  

2 3  3 1  
a 2 1  + 

C =  

(4.1.2.7) 

(4.1.2.8) 

3.  T h e  f r a m e  of reference is rotated back to  i t s  or iginal  or ientat ion with a rotation matrix which is t h e  

inverse  of the  o n e  used  in s t e p  1. Note that  the  origin is now on the  viewpoint rather than the  

el l ipsoid center .  

To f ind t h e  length,  s, of a vector  s I extending from any point p i n s i d e  t h e  c o n e  to  the  sur face  of the 

cone  w e  l e t  

Y = V p + s l  (4.1.2.9) 

and obtain from (4.1.2.7) 

(Vp + s I)T c (Vp  + s I )  = 0 ; 
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then so lv ing  for s w e  obtain 

- V p T  c I + J(VpT c I ) *  - ( I  c I )  ( V p T  c Vp) 
s =  

l T C l  
(4.1.2.10) 

T h e  vector  Vp from t h e  ver tex  to  p i s  formed by 

v p  = - v u  + Vr 7 

where Vr is any member of a rad ia l  s e t  such as tha t  descr ibed  for t h e  regular e l l ipso id  intersect ion.  

4.2 OR TEP Subprograms 

T h e  subprograms c a n  b e  grouped into four functional ca tegor ies .  T h e s e  c a n  b e  ca l led  Mainstream, 

Subsidiar ies ,  Arithmetic, and Plot t ing.  T h e  f i rs t  three c a t e g o r i e s  a re  coded  in a FORTRAN d i a l e c t  

which will compile  with ei ther  IBM-7090 FORTRAN I1 or CDC-1604A FORTRAN 63. T h e  plot t ing 
routines are  general ly  different for e a c h  machine configuration and a r e  usual ly  written i n  a machine- 

oriented symbolic  language.  In general, the  s tandard library plot t ing rout ines  ava i lab le  a t  most computing 

centers  c a n  b e  used  with very minor modification. 

4.2.1 Mainstream Subprograms. - T h e  f i rs t  three (PRIME, PRELIM, and MAIN) a r e  t h e  general  con- 

trolling rout ines ,  and t h e  remainder a r e  oriented toward particular OR TEP instruct ions.  

4.2.1.1 P R I M E .  - T h i s  routine “primes the program” by in i t ia l iz ing  a l l  the “primer parameters”  

including the  magnetic t a p e  log ica l  number ass ignments .  

4.2.1.2 P R E L I M .  - All  ca lcu la t ions  concerned with process ing  (e.g., principal a x i s  transformations) 

and s tor ing the input crystal lographic  parameters  a r e  performed by PRELIM. 

4.2.1.3 M A I N .  - MAIN is t h e  control l ing rout ine which decodes  t h e  OR TEP instruct ions.  It e i ther  

executes  t h e  command direct ly  or c a l l s  the  appropriate subrout ine which c a n  e x e c u t e  t h e  instruct ion.  

4.2.1.4 F200.  - T h i s  is t h e  plotter “nursemaid routine” which is controlled through t h e  200 s e r i e s  
instruct ions.  It satisfies t h e  whims and fanc ies  of any par t icular  plot t ing sys tem control package.  

4.2.1.5 F400.  - T h i s  is the subrout ine t h a t  e x e c u t e s  t h e  401 and 411 instruct ions.  

4.2.1.6 F500.  - T h i s  is t h e  subrout ine t h a t  e x e c u t e s  a l l  500 s e r i e s  instruct ions.  

4.2.1.7 F600.  - T h i s  is t h e  subrout ine t h a t  e x e c u t e s  all 6 0 0  s e r i e s  instruct ions 

4.2.1.8 F700.  - T h i s  is t h e  el l ipsoid plot t ing rout ine,  which e x e c u t e s  all 700 s e r i e s  instruct ions.  

4.2.1.9 F800.  - T h i s  is the  subrout ine that  e x e c u t e s  all 800 s e r i e s  instruct ions.  Bonds t o  be  drawn 

are  found by F800,  then drawn by subrout ine BOND. 

4.2.1.1 0 F900. - T h i s  is t h e  subrout ine t h a t  e x e c u t e s  all 900 s e r i e s  instruct ions.  

4.2.1.1 1 F1000.  - T h i s  is a dummy subrout ine which  is c a l l e d  by t h e  present ly  nonexis tent  1000 

s e r i e s  instruct ions.  T h i s  s e r i e s  c a n  b e  coded by t h e  u s e r  for any s p e c i a l  purpose which may develop.  

4.2.1.12 S P A R E ( N J ) .  - Further  expansion of t h e  instruct ion l i s t  may be  done through t h i s  dummy 

subroutine, which is ca l led  by any NJ 1 1 2 .  - NJ = inst ruct ion/100.  
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4.2.2 Subsidiary Subprograms. - 4.2.2.1 A T O M ( A D C , X ) ,  D I M E N S I O N  X ( 3 ) .  - T h i s  wil l  f ind the  

triclinic coord ina tes  X for the atom descr ibed by t h e  atom des igna tor  code  ADC. 
4.2.2.2 B O N D  ( A D C l ,  A D C 2 ,  N B ) .  - BOND is t h e  bond plot t ing routine t o  draw a bond,  descr ibed  

by Format  No. 2 t ra i ler  card  number NB, between atoms ADCl  and ADC2. 
4.2.2.3 D R A W  ( W , D X , D Y , N P E N ) ,  D I M E N S I O N  W ( 3 ) .  - DRAW interconnects  OR TEP and t h e  plot 

package.  It also prevents  the pen from c r o s s i n g  the  boundaries. If the indicator  ITILT in common is 

zero, the  array W conta ins  x and y i n  plot ter  coordinates .  While perspec t ive  le t ter ing is being plot ted,  

I T I L T  f 0; and W conta ins  x, y, z in Cartesian coordinates ,  which will be  rotated and projected by 
DRAW to form plotter x,y coordinates .  D X  and D Y  are added t o  the  plotter x and y, respec t ive ly ,  

before the  plot package is ca l led .  N P E N  = 2 for pen down and 3 for pen up. 

4.2.2.4 E R P N T  ( A D C , I N S T ) .  - T h i s  is t h e  printout r o u t i n e c a l l e d  when a F a u l t  is found. T h e  argu- 

ments identify t h e  atom designator  code  and  the  instruct ion involved in  t h e  F a u l t .  T h e  faul t  indicator ,  

NG, is in common. 
4.2.2.5 P A X E S  ( A D C , I T Y P E ) .  - T h e  covar iance  (dispers ion)  matrix for the thermal e l l ipso id  or i t s  

inverse  matrix, which is t h e  matrix of coef f ic ien ts  in  t h e  quadrat ic  form descr ibing t h e  e l l ipso id ,  is s tored  

in common at Q for the atom ADC. 

I T Y P E  > 0 for covar iance  matrix 

ITYPE < 0 for el l ipsoid quadrat ic  form matrix 

IITYPEI = 1 based  on triclinic sys tem 

/ I T Y P E /  = 2 based  on working Car tes ian  s y s t e m  

IITY PEI = 3 b a s e d  on reference Car tes ian  sys tem 

4.2.2.6 P L T X Y  ( X , Y ) ,  D I M E N S I O N  X ( 3 ) , Y ( 2 ) .  - T h i s  c a l c u l a t e s  t h e  plot ter  coordinates  Y from t h e  

unscaled Car tes ian  coordinates  X .  T h e  d i s t a n c e  t o  t h e  closest boundary of the plot is p laced  in  common 

a t  locat ion EDGE. 
4.2.2.7 P R O  J ( D ,  D P ,  X ,  X 0 , V  I E W ,  I1,12,13),  D I M  E N 5 I O N  D (3 ,12 9) ,  D P (2 ,129 ) ,  X (3 ),X 0 ( 3 ) .  - T h i s  routine 

is used to obtain an array, D P ,  of plotter coord ina tes  from a s c a l e d  array, D, of points  descr ibed  i n  

Car tes ian  coordinates .  X, XO, and VIEW a r e  parameters  involved in  t h e  projection, and 11, 12, I3 a r e  DO 

loop parameters  for indexing through t h e  array. 

4.2.2.8 R A D I A L ( N D ) .  - Given two conjugate  rad ius  vec tors  of an  e l l i p s e  in t h e  array DA in common, 
RADIAL genera tes  a “radial”  array (D in common) of points  lying on the e l l ipse .  From 8 to 1 2 8  points  

a re  generated depending on t h e  va lue  of ND (1 =< ND 5 5). 
4.2.2.9 S E A R C H .  - Instruct ions 101, 102 ,  402, and 403 u t i l i ze  t h i s  routine to conduct  an exhaus t ive  

(but educa ted)  s e a r c h  t o  find all po in ts  within a sphere  or rectangular  box. Interatomic d i s t a n c e s  and 

angles  a r e  also ca lcu la ted  for t h e  100 series. 

4.2.2.10 S T O R E .  - T h i s  rout ine stores atoms in (or removes atoms from) t h e  ATOMS array. 

Coordinates  in  whichever  s y s t e m  is in u s e  and t h e  atom des igna tor  c o d e  a r e  communicated to STORE 
via  array V1 of common. 

4.2.2.11 X Y Z ( A D C , X , I T Y P E ) ,  D I M E N S I O N  X ( 3 ) .  - Coordinates  for atom ADC a r e  returned in x .  
I T Y P E  = 0: t r ic l inic  coordinates  
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I T Y P E  = 1 or 2: working Car tes ian  sys tem coordinates  

I T Y P E  = 3: reference Car tes ian  sys tem coordinates  

4.2.3 Arithmetic Subprograms. - 4.2.3.1 F u n c t i o n  A R C C O S  ( X ) .  - T h i s  rout ine computes  8, t h e  

arc c o s i n e  of X in  degrees ;  0 2 8 5 180'. 
4.2.3.2 A X E Q B  ( A , X , B , N ) ,  DIMENSION A ( 3 , 3 ) , X ( 3 , 3 ) , 6 ( 3 , 3 ) .  - T h i s  routine s o l v e s  t h e  matrix 

equation A X = B for X. T h e  matr ices  B and X are  (3 ,N) and A is always (3,3). To invert  A, make 

B an identity matrix. 

4.2.3.3 A X E S  ( X ,  Y ,  A ,  I T Y P E ) ,  DIMENSION X ( 3 ) , Y ( 3 ) , A ( 3 , 3 ) .  - T h i s  routine provides  three  

orthogonal column vec tors  in A, e a c h  1 A long,  from the  two vectors  X and Y. 
ITYPE > 0: Car tes ian  sys tem 

I T Y P E  5 0: t r ic l inic  sys tem 

IITYPEI = 1: A,  = X; A, = (X  x Y); A, = X x (X  x Y) 
~ I T Y P E ~  = 2: A ,  = X; A, = (X  x Y) x X; A, = X x Y 
ITYPE = 0: s a m e  as type  2 except  x = a crys ta l  a x i s ,  Y = b crys ta l  a x i s .  

4.2.3.4 D l F V  ( X , Y , Z ) ,  DIMENSION X ( 3 ) , Y ( 3 ) , Z ( 3 ) .  - T h i s  routine performs t h e  vector subtract ion 

X - Y = Z. Z may have  t h e  same locat ion as X or Y.  
4.2.3.5 E I G E N  ( A , X , B ) ,  DIMENSION A ( 3 , 3 ) , X ( 3 ) , 6 ( 3 , 3 ) .  - EIGEN determines t h e  three e igenvalues  

X and the  three  column eigenvectors  B of t h e  matrix A. Indeterminate e igenvectors  a r e  replaced by zeros  

and t h e  F a u l t  indicator NG s e t  to  a negat ive  va lue  (eigenvectors  a r e  ass igned  for the  indeterminate 

cases by PRELIM). 
4.2.3.6 MM ( A , B , C ) ,  DIMENSION A ( 3 , 3 ) , 6 ( 3 , 3 ) , C ( 3 , 3 ) .  - MM performs t h e  matrix multiplication 

A B = C. T h e  locat ion of C must b e  different from A and B. 
4.2.3.7 M V  ( A , X , Y ) ,  DIMENSION A ( 3 , 3 ) , X ( 3 ) , Y ( 3 ) .  - MV performs the matrix-vector multiplication 

A X = Y. T h e  locat ion of Y must b e  different from A and X .  
4.2.3.8 N O R M  ( X , Y , Z , I T Y P E ) ,  DIMENSION X ( 3 ) , Y ( 3 ) , Z ( 3 ) .  - NORM s t o r e s  a t  z a vector (not 

necessar i ly  a uni t  vector) perpendicular to  both X and Y.  T h e  s e n s e  of Z is tha t  of t h e  vector  

product X x Y. 
ITYPE > 0: Car tes ian  s y s t e m  

ITYPE 5 0: t r ic l inic  s y s t e m  

4.2.3.9 T M M  ( A , B , C ) ,  DIMENSION A ( 3 , 3 ) , 6 ( 3 , 3 ) , C ( 3 , 3 ) .  - T M M  performs t h e  matrix multiplication 

(AT B)T = C. T h e  locat ion of C must b e  different from A and B. 
4 .2 .3 .10  U N I T  ( X , Y , I T Y P E ) ,  DIMENSION X ( 3 ) , Y ( 3 ) .  - T h e  v e c t o r y i s  made 1 A long and paral le l  t o  

X. T h e  vectors  X and Y may h a v e  t h e  same locat ion.  

I T Y P E  > 0: Car tes ian  sys tem 

ITYPE < 0: t r ic l inic  sys tem 

4.2.3.11 V M  ( X , A , Y ) ,  DIMENSION X ( 3 ) , A ( 3 , 3 ) , Y  (3 ) .  - VM performs the vector-matrix multiplication 

X T  A = Y '. T h e  locat ion of Y must b e  different from X and A. 
4.2.3.12 F U N C T I O N  V M V  ( X , A , Y ) ,  DIMENSION X ( 3 ) , A ( 3 , 3 ) , Y ( 3 ) .  - VMV performs t h e  vector-matrix- 

vector multiplication X T  A Y = scalar. 
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4.2.3.13 F U N C T I O N  V V  ( X , Y ) ,  D I M E N S I O N  X(3),Y(3). - vv performs thevec tor -vec tor  multiplication 

X T Y  = sca la r .  

4.2.4 Plotting Subprograms for the CalComp Plotter. - T h e  plot t ing subrout ines  a r e  taken from t h e  

Library rout ines  currently in u s e  a t  Oak Ridge Nat ional  Laboratory with t h e  CDC 1604A and t h e  IBM 7090 
computers. A CalComp model 580 Magnetic T a p e  Plo t t ing  System is used .  T h e  three major rout ines  

required a r e  der ived  from the  CalComp subrout ines  PLOTS,  SYMBOL, and NUMBER. T h e  OR TEP 

modifications a r e  c a l l e d  PLOTS,  SIMBOL, and NOMBER. 

4.2.4.1 

a) ENTRY - P L O T S  (A, LENGTH, LTNO) 
T h i s  is t h e  ini t ia l izat ion entry for t h e  plotter package  and should be  u s e d  only o n c e  in t h e  program. 

Subrout ine  PLOTS. - T h i s  is an unmodified CalComp Library routine with two entry points .  

T h i s  call must be  made prior t o  u s a g e  of any other  subrout ines  in  t h e  package.  

A i s  an array which may be  u s e d  by t h e  plot t ing package  for s t o r i n g  d a t a  to  b e  written on the 

plot tape.  

LENGTH is t h e  number of loca t ions  in  A avai lable  t o  the plot ter  package.  

LTNO is an integer  which  t e l l s  the plotter package  the  log ica l  t a p e  number of the plotter t a p e .  

In subrout ine F 2 0 0  w e  h a v e  

DIMENSION PLA(2000) 
and card F2000170 conta ins  

“210 C A L L  P L O T S  (PLA,2000.  LTNO)” 

for the  CDC 1604A or 

“210 C A L L  P L O T S  (PLA(2000), 1998,LTNO)” 

for t h e  IBM 7090. T h e  reverse  s torage  of common in t h e  IBM 7090 is t h e  r e a s o n  for the difference.  

LTNO is in common and w a s  s e t  to 2 3  by subrout ine  PRIME. 

An O R T E P  201 instruct ion d i rec ts  the  execut ion of t h i s  ini t ia l izat ion.  

b) ENTRY - P L O T  (X,Y , IPEN)  
T h i s  is t h e  b a s i c  entry to  convey d a t a  to  t h e  subrout ine for plotting. To fac i l i t a te  t h e  subs t i tu t ion  of 

other plot t ing rout ines ,  O R T E P  conta ins  only one  instruct ion (card DRAW0320 in  subrout ine DRAW) which 

calls t h i s  entry point. All the  plot t ing information p a s s e s  through DRAW before going  to  the a c t u a l  plot t ing 

routine P L O T .  

X is the a b s c i s s a  e x p r e s s e d  i n  inches.  

Y is t h e  ordinate  e x p r e s s e d  i n  inches .  

IPEN = 3, the  pen wil l  b e  l i f ted prior t o  execut ion of the movement to t h e  given ( x , Y )  position. 

I P E N  = 2,  the pen will b e  lowered to  t h e  paper and  a s t ra ight  l i n e  wil l  b e  drawn f rom t h e  current 

(X,Y) to  t h e  given (X,Y) position. 

I P E N  = -3, the subrout ine wil l  interpret th i s  as b e i n g  t h e  end of the  current plot; and, following move- 

ment t o  t h e  new (X,Y) posi t ion,  i t  wi l l  s e t  X = 0.0, s o  t h a t  a new origin is e s t a b l i s h e d  for t h e  

following plot  (an O R T E P  202 instruct ion e x e c u t e s  t h i s  termination procedure). 
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T h i s  subrout ine k e e p s  track of current  X and Y pos i t ions ,  and whether or not t h e  pen i s  i n  contac t  with 

the  paper. It s t o r e s  d a t a  it, t h e  array A provided by t h e  programmer and wri tes  out  a record on the spec i f ied  

tape  e a c h  time the  s torage  a rea  is filled or  an end-of-plot call is made. It a l so  generates  sequent ia l  plot 

addresses  for e a c h  plot on t h e  magnetic t a p e ,  s o  that  phys ica l  plot t ing of the  p lo ts  c a n  b e  done in any order, 

regardless  of the order i n  which they were placed on tape.  

4.2.4.2 Subrout ine  S I M B O L .  - SIMBOL differs  from the s tandard  rout ine SYMBOL in two respec ts :  

1. T h e  input posi t ional  parameters spec i f ied  in  t h e  input argument should b e  a n  array containing 

X ,  Y ,  and 2 in  ad jacent  memory loca t ions .  Three-dimensional parameters a re  required t o  produce 

perspect ive labe ls .  T h e  2 parameter is not u s e d  by SIMBOL but i s  transferred to another array t h a t  is 

referenced when SIMBOL c a l l s  DRAW. 

2.  T h e  s tandard routine SYMBOL calls P L O T  directly while  SIMBOL c a l l s  DRAW which i n  turn 

calls PLOT.  When perspect ive l a b e l s  a r e  u s e d ,  DRAW will perform a three-dimensional rotation and a 

projection of t h e  grid points  on which the le t te rs  a r e  formed, t o  obtain true perspect ive.  T h e  c a l l i n g  

sequence  for DRAW is d e s c r i b e d  in 4.2.2.3. 

T h e r e  a r e  two u s e s  of subrout ine SIMBOL. T h e  f i rs t  u s e  is for producing l a b e l s ,  and the second 

is for plotting one  of 1 5  s p e c i a l  centered symbols .  

1. ENTRY - SIMBOL (X(l),X(2),H,BCD,THETA,N), DIMENSION X(3) (note N 2 0) 
X(l),X(2) a re  the  X and Y coord ina tes  of the lower left-hand e d g e  of t h e  f i r s t  charac te r  to  b e  

drawn. 

X(3) is the 2 coordinate .  It is u s e d  only with perspec t ive  labeling. 

H is the height in  inches  of t h e  character  to  be  drawn. T h e  width of the  character  is e q u a l  to 

‘4 t h e  height  and the character  spac ing  is ‘4 t h e  height .  

BCD spec i f ies  t h e  address  of an array containing the BCD c h a r a c t e r s  to be plotted. 

T H E T A  is the a n g l e  i n  degrees  by which t h e  b a s e  l i n e  of t h e  charac te rs  is to be rotated 

counterclockwise from the  posi t ive X a x i s .  

N is an integer  which s p e c i f i e s  the number of c h a r a c t e r s  i n  the array BCD that  a re  t o  b e  drawn. 

2. ENTRY - SIMBOL (X(l) ,X(2>,H,NUM,THETA,L),  DIMENSION X(3) (note  L < 0) 

X(l),X(2) a r e  t h e  X and Y coordinates  of the c e n t e r  of the symbol. 

H is t h e  height  of t h e  symbol  to be plotted. 

NUM is a n  integer  such  that  0 2 NUM 5 14  which determines which symbol  is to be plotted. 

A l i s t  of t h e  integers  and the symbols  generated is shown in F ig .  4.2. 

THETA is the  angle  of rotation as descr ibed  previously. 

L = -1: t h e  centered  symbol wil l  be plotted without a l ine b e i n g  drawn from the previous ( X , Y )  
posi t ion.  

L < -1: a straight  l i n e  w i l l  b e  drawn from the previous ( X , Y )  position t o  t h e  given (X ,Y )  position. 
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Fig.  4.2. Characters Avai lable  in 1604-A Symbol Routine. 
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4.2.4.3 Subrout ine  N O M B E R .  - T h i s  is a subrout ine to convert  a machine format number to  i t s  BCD 

equivalent  and plot it according to a spec i f ied  format. 

NOMBER is different from t h e  u s u a l  subroutine NUMBER in tha t  i t  c a l l s  SIMBOL rather than SYMBOL. 

ENTRY - NOMBER(X(l),X(2),H,A,THETA,nHFORMAT) 
X(l),X(2),H and THETA a r e  descr ibed i n  Sect .  1 of  the  SIMBOL routine. 

A is t h e  address  of t h e  f loat ing or fixed point number which is to b e  plotted. 

nHFORMAT is a BCD argument which s p e c i f i e s  t h e  manner in  which the  number i s  to  b e  converted and 

plot ted.  

4.3 Adapting OR TEP to Other Equipment Configurations 

Card decks’  for O R T E P  wil l  b e  provided f r e e  of charge to crystal lographers  and others  who reques t  that  

the deck b e  sen t  t o  them. 

T h e  c a r d  d e c k  contains:  

1. T h e  FORTRAN source  d e c k  with all FORTRAN subprograms arranged alphabet ical ly .  An except ion 

is MAIN, which is f i r s t  i n  t h e  deck.  The  deck  is set up  for compilat ion by  IBM 7090 FORTRAN 11. T h e  

changes  required to  compile  t h e  d e c k  with CDC 1604 FORTRAN 6 3  a r e  descr ibed  in 4.3.1. 

2. E i ther  the FAP plot t ing subrout ines  for u s e  on  t h e  IBM 7090 or the  CODAP plotting subrout ines  for 

the CDC 1604 will b e  s e n t  if so reques ted  by the user .  

3. Complete binary deck  for e i ther  t h e  IBM 7090 or the CDC 1604A. 

4. C a r d s  for t h e  example  f igure,  cubane.  

4.3.1 OR TEP Source Deck Differences for the IBM 7090 and the CDC 1604A. - T h e  fol lowing c h a n g e s  

should b e  made to  s e t  up t h e  FORTRAN source  deck  for  compilat ion with CDC 1604 FORTRAN 63. 

1. Remove the “*LIST8” and “*LAPEL” c a r d s  which precede  e a c h  subprogram. 
2. P l a c e  a “PROGRAM MAIN” card  jus t  before c a r d  MAIN0010. 

3. R e p l a c e  c a r d  F2000170 with “210 C A L L  PLOTS (PLA,2000,LTNO).” 

4. Replace  PRIM0210 with IN = 50, 
PRIM0270 with NOUT = 51,  
PRIM0280 with NSR = 57,  

or with whatever numbers t h e  monitor s y s t e m  requi res  for Input, Output, and Scratch tapes .  

T h e  coding  of the plot t ing rout ines  is completely different for t h e  two sys tems.  In addition, the IBM 

7090 plot package  conta ins  t w o  subrout ines ,  TRW2 and MSG, which t h e  CDC 1604 package d o e s  not have .  

‘The s ize  of the card deck  (3000-5000 cards)  is such that  it is generally more economical to send the program on 
magnetic tape. If convenient, the user  should send a blank magnetic tape to  the author. Card images will b e  written 
on that tape in either 200 or 556 bit-per-inch density binary-coded-decimal and the  t a p e  returned to the sender. 
Alternately, the card deck  will be sen t  i f  desired. 
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4.3.2 Magnetic Tape Logical Number Assignments. - Logica l  t a p e  number ass ignments  are  made i n  

subroutine PRIME. Four  c a r d s  a r e  involved in  this ini t ia l izat ion:  

M a g n e t i c  S y m b o l i c  P r i m e r  L o c a t i o n  

T a p e  F u n c t i o n  N a m e  Cons t a n  t in  P R I M E  

a )  Monitor Input IN = 10 PR IM02 1 0 

b) Monitor Output NOUT = 9 PRIM0270 

c )  Scratch NSR = 11 PRIM0280 

d) Plot t ing  LTNO = 2 3  PRIM 024 0 

4.3.3 Plotter Systems Other than the CalComp 580. - In general ,  only subrout ine P L O T S  (with e n t r i e s  

P L O T S  and P L O T )  n e e d s  to  b e  rep laced  when a different plot t ing s y s t e m  i s  used.  T h i s  routine is c a l l e d  

from only two loca t ions ,  one  in F 2 0 0  and the other  in DRAW. F200 will probably h a v e  to b e  rewri t ten,  and 

the  200 s e r i e s  instruct ions may have  to be redefined and expanded to accommodate t h e  ru les  of the  new 

sys tem.  

Locat ion DRAW0320 in  subrout ine DRAW should also be modified to call t h e  new line-drawing routine 

with the correct  argument. 

4.3.4 Computing Systems Other than the CDC 1604A and IBM 7090. - Basica l ly ,  t h e  OR TEP s y s t e m  

is des igned  to  b e  u s e d  in  a 32 K memory. There  a re  about  7000, unused  cells when the sys tem o p e r a t e s  

with a 3 2  K word IBM 7090. Consequent ly ,  OR TEP would h a v e  t o  be changed cons iderably  t o  opera te  i n  

a much smaller  memory. 

I t  is hoped t h a t  the  FORTRAN subprograms will also compile on other  machines ,  but  t h i s  possibi l i ty  

h a s  not b e e n  checked .  

If it becomes necessary  to replace the machine language  subrout ines  SIMBOL and NOMBER with 

completely different rout ines ,  the s ta tements  ca l l ing  t h e s e  rout ines  will also n e e d  to b e  modified. 

SIMBOL is c a l l e d  from B O N D a 5 0 ,  BONDm70,  F7000080,  F9001280, F9001310, and F9001450. 
NOMBER is c a l l e d  from BOND2460, BOND2480, BOND2500, F9001380, F9001400, and F9001420. 

4.4 Addition of New OR TEP Instructions 

O c c a s i o n s  wil l  a r i s e  when addi t ional  s p e c i a l  purpose instruct ions would b e  useful .  F o r  example,  

perhaps a cell out l ine  rout ine would b e  desirable .  (Originally, t h e  1 0 0 0  s e r i e s  of ins t ruc t ions  were  

planned for drawing a paral le lepiped def ined by four general  vec tors .  However, t h i s  fea ture  la ter  

seemed somewhat  redundant and w a s  omitted, s i n c e  c r y s t a l  cell out l ines  c a n  b e  produced with judicious 

usage  of smal l  dummy a toms and t h e  800 s e r i e s  instruct ions.)  

T h e  subrout ines  F l O O O  and SPARE a r e  intended to b e  u s e d  for addi t ional  ins t ruc t ions .  All  1000 
s e r i e s  instruct ions call subrout ine F1000,  which i s  currently j u s t  a dummy routine. Instruct ions 2 1200 

c a l l  another dummy routine, subrout ine SPARE(NJ), where N J = inst ruct ion number/100. 

A l l  Arithmetic subprograms (see 4.2.3) and many of t h e  subs id ia ry  subprograms (see 4.2.2) a r e  

avai lable  for coding t h e s e  Mainstream subprograms (see 4.2.1). 

. 
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4.5 Glossary of Symbols in OR T E P  Common, with Array Dimensions 

Direct  c rys ta l  cell parameters ,  a,  b, c, cos a,  cos /3, cos y ,  a ( O ) ,  p(”) ,  y ( O ) .  

Metric tensor  g where 9 . .  = a i * a . .  
11 I 

AAREV(3,3) Pos t fac tor  transformation matrix t o  convert  coord ina tes  from tr ic l inic  t o  
t h e  reference C a r t e s i a n  system. A A R E V  = AA R E F V .  

AAWRK(3,3) Pos t fac tor  transformation matrix t o  convert coord ina tes  from tr ic l inic  t o  
the working Car tes ian  system. AAWRK = A A  WRKV. 

AID(3,3) Identity matrix. 

AIN(140) 

ATOMS(4,sOo) 

Array containing the input parameters  of the  current OR TEP instruct ion.  

Column 1 conta ins  atom designator  c o d e s  for t h e  atoms which a r e  to be 
included in  t h e  s c a l i n g ,  plotting, bond searching ,  e t c .  T h e  o ther  t h r e e  
columns are  u s e d  for temporary s torage  of coordinates  in  any of s e v e r a l  
coordinate  sys tems.  

BB(3,3) 
P BRDR 

CD (8,2 0) 

CHEM(200) 

P CONT(5) 

D (3,13 0) 

DA(3,3) 
DP(2,13 0) 

P DIS P 

EDGE 

EV(3,200) 

P F O R E  

Reciprocal  m e t r i c  tensor .  BB = AA-’. 
Border width in i n c h e s  e x t e n d i n g  inward from plot boundary. 

P a r t  of vector s e a r c h  code  array. Used  in conjunct ion with KD array. 

Chemical  symbols  for the input atoms. 

Cons tan ts  used  in subrout ine RADIAL. 

Array in  which  three-dimensional po in ts  on  an e l l i p s e  a r e  s tored  by RADIAL. 

Transmi ts  conjugate  vec tors  t o  RADIAL. Also u s e d  for temporary s torage.  

Array in which two-dimensional points  for e l l i p s e  a r e  s tored  af ter  projection. 

Displacement  parameter for re t racing.  

Dis tance  in i n c h e s  from a projected point to  t h e  c l o s e s t  boundary. 
Se t  in PLTXY. 

Root-mean-square d isp lacements  for e a c h  pr incipal  a x i s  of each input  atom. 

C o s i n e  of c r i t i ca l  angle  between bond and Car tes ian  z a x i s  vec tors  for 
perspect ive bond d i s t a n c e  l a b e l s .  At smaller angles  t h e  l a b e l s ,  produced 
from subrout ine BOND, a r e  drawn without perspect ive t o  prevent e x c e s s i v e  
foreshortening. 

F S(3,3,4 8) Rotat ion matr ices  for input symmetry operat ions based  on t r ic l inic  sys tem.  
Used  with T S  array. 

P IN 

P I T I L T  

KD(5,20) 

P LATM 

P LTN 0 

NATOM 

P NC D 

Logica l  number for monitor input  magnetic tape.  

Indicator u s e d  t o  s i g n a l  subrout ine DRAW, whether or not to  do perspec t ive  
l a b e l i n g  (“Tilted T i t l e s ” ) .  

P a r t  of vector search  c o d e  array. Used  in  conjunction with CD. 

Number of en t r ies  in  ATOMS array. 

Logica l  t a p e  number for magnetic plotting tape.  

Number of input atoms. 

Number of Format  No. 2 trailer c a r d s  for an instruct ion (vector s e a r c h  codes) .  

Note: ( P )  ind ica tes  “prime parameters ,”  which a re  in i t ia l ized  in  subrout ine PRIME. 
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P NG 

NJ 

NJ2 
P NOUT 

P NSR 

NSYM 

ORGN(3) 

P(3,200) 

PA(3,3,200) 

PAT(3,3) 

Q(3,3) 

REFV(3,3)  

P RES(4) 

RMS(5) 

P S C A L l  
P SCAL2 

F A U L T  INDICATOR ( s e e  3.4). 

Instruct ion number/100. 

L a s t  two decimal  d ig i t s  of the  instruct ion number (instruction = NJ*100 + NJ2). 

Logica l  number for monitor output magnetic t a p e .  

Logica l  number for scra tch  magnet ic  tape .  

Number of input symmetry operat ions.  

Tricl inic  coordinates  for the atom which is t h e  origin of the  drawing (i.e., on 
t h e  opt ic  a x i s  for the projection). 

Tricl inic  pos i t iona l  coordinates  for t h e  input atoms. 

Matrices f o r  e a c h  input a tom made up  of three  orthogonal column e igenvec tors  

A 3 x 3 matrix produced by subrout ine PAXES and made up  of three  orthonormal 

each  1 A long, based  on t h e  t r ic l inic  s y s t e m  (principal a x i s  vec tors ) .  

principal a x i s  column vectors ,  b a s e d  on ei ther  t h e  working or reference Car tes ian  
s y s t e m .  Columns 4 and 5 are u s e d  in subrout ine F 7 0 0  to  dupl ica te  columns 
1 and 2 for ease in indexing. 

column vectors  e a c h  1 H long,  b a s e d  on t h e  t r ic l inic  sys tem.  

or i t s  inverse ,  based on e i ther  the  working or reference Car tes ian  s y s t e m s .  

A matrix made up  of three orthogonal column vectors ,  e a c h  1 4. long,  b a s e d  on 
t h e  t r ic l inic  sys tem.  T h i s  is t h e  b a s e  vector t r iplet  for the reference 
Car tes ian  coordinate  sys tem.  T h e  t r a n s p o s e  is t h e  postfactor  transformation 
matrix for conver t ing  coordinates  from t h e  reference orthogonal s y s t e m  to 
the triclinic system. R E F V T  = AAREV- ’ .  

longes t  principal a x i s  x in the given e l l ipso id  of the s c a l e d  model. 

A matrix produced by subrout ine PAXES and composed of th ree  pr incipal  a x i s  

A matrix produced by subrout ine PAXES. Conta ins  e i t h e r  t h e  d ispers ion  matrix 

R e g u l a t e s  t h e  resolut ion of the plot t ing of a given e l l i p s e  a s  a function of t h e  

x 2 Res(1)  128-point e l l i p s e  

Res(1)  > x 2 Res(2)  64-poi n t ell ips  e 

Res(2)  > x >= Res(3)  32-point e l l i p s e  
Res(3)  > x 16-point e l l i p s e  

Res(4)  i s  not u s e d .  

T h e  rms d isp lacements  a long the pr incipal  a x e s  in a r rays  PAC and P A T .  

T h e  scale of t h e  model in  i n c h e s  per  angstrom before  projection. 

The  scale factor ratio which sets the el l ipsoid scale re la t ive  to SCAL1. 
If SCAL2 = 1.54, then the ins tan taneous  posi t ion of the atomic center  
wil l  b e  within t h e  el l ipsoid 50% of the time (5Wo probability e l l ipsoid) .  

P S C L  SCL = SCAL1 t imes  SCAL2. 

P SYMB(3,3) A rotation matrix b a s e d  on the  angle  THETA which i s  s e t  by instruct ion 302. 

P T A P E R  T h e  exaggerated bond t a p e r  parameter. T h e  t o p  and bottom e n d s  of a bond 
have  radii: RADIUS = 1. + T A P E R  *T6 where T6 = ( c o s i n e  of angle  be tween 
bond and z a x i s  of Car tes ian  system1 . 

Note: (P) indica tes  “prime parameters ,”  which  a r e  ini t ia l ized in subroutine PRIME. 

. 
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P THETA 

TITLE(12)  
TITLE2 (12) 

TS(3,4 8) 
P VIEW 

VT(3,4) 

V2(3) , . . . . , V6(3) 
WRKV(3,3) 

Angle in degrees  between plotter x a x i s  and le t te r ing  base- l ine vector. 

Alphanumeric job t i t le  s torage.  
Alphanumeric information s torage  for Format  No. 3 t ra i ler  card. 

Translat ion vector  for e a c h  input symmetry operation. Used  with FS array. 
Viewing d is tance  in inches.  

Perspec t ive  t i t l e  rotation matrix and t ranslat ion vector .  Also used  for  
temporary s torage ,  I 

Array to t ransfer  data  to subrout ine STORE. Also u s e d  for temporary 
s torage  . 

Temporary s torage.  

Same def ini t ion as for  R E F V  except  that  t h i s  o n e  i s  for  working 

Elements  (1) and (2) a r e  x and y plot dimensions. Element  (3) i s  not u s e d .  

Elements  (1) and (2) denote  t h e  posi t ion in plotter coord ina tes  (in inches)  
where OHGN is placed.  Element  (3) is not used .  

Tr ic l in ic  coord ina tes  for an atom posi t ion a r e  placed here  by subrout ine XYZ. 

Car tes ian  system. W R K V ~  = AAWRK-I. 

Note: (P) indica tes  “prime parameters ,”  which a r e  ini t ia l ized in subrout ine PRIME. 
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5. MATHEMATICS OF THERMAL-MOTION P R O B A B I L I T Y  ELLIPSOIDS 

It i s  convenient  t o  develop t h e  phys ica l  s ign i f icance  of t h e  anisotropic  temperature factor  with the 

notation and terminology of probability theory rather than with t h e  more familiar Fourier  transform theory. 

T h e  resu l t s  are ,  of course ,  ident ica l  regard less  of t h e  terminology used .  T h e  reason  for  t h i s  c h o i c e  is 

that  t h e  l i terature  of mathematical  s t a t i s t i c s  and probability theory is somewhat nea ter  and e a s i e r  to  

follow. T h e  t e x t s  by  Wilks, '  Cramer, ,  Miller, 

Burington and May6 and Owen' a r e  found to  b e  par t icular ly  useful .  

Hamilton,4 and L u k a c s  and Lana '  and t h e  handbooks by  

5.1 Probability Density Function (pdf) of a Trivariate Normal Distribution 

Given three c h a n c e  var iab les  X , ,  X ,, X, and S which is a region i n  X ', X ,, X s p a c e ,  T h e  prob- 

abi l i ty  P(S)  t h a t  t h e  point ( X l ,  X 2 ,  X 3 )  falls i n  t h e  region S is given by 

P(S) = J / J # X , ,  X , ,  X 3 )  dX, d x ,  dX3 (5.1.1) 
S 

If t h e  integrat ion is carr ied over a l l  s p a c e ,  then 

T h e  function &X1, X,, X 3 )  is ca l led  t h e  probability dens i ty  function (pdf) for t h e  jo in t  distribution of 
X ', X , ,  X 3 .  Using vector  notat ion,  w e  c a n  des igna te  the pdf as  $(X). 

When t h e  dis t r ibut ion is t h e  type  s a i d  t o  b e  normal or Gauss ian ,  the  pdf is 

T h e  matrix M-' is t h e  i n v e r s e  of t h e  symmetrical d i spers ion  (variance-covariance) matrix M, where 

(5.1.3) 

A 
T h e  symbols  u: represent  t h e  second moments or v a r i a n c e s  about  t h e  mean posi t ion X. T h e  symbols  

u.a.p.. a r e  t h e  corresponding covar iances  and p . ,  a r e  t h e  correlation coeff ic ients .  ' I 11 ' I  

IS. S. Wilks, Mathematical Statistics, Wiley, New York, 1962. 
2H. Cramer, Random Variables and Probability Distributions, Cambridge University Press ,  London, 1962. 
3K. S. Miller, Multidimensional Gaussian Distribufions, Wiley, New York, 1964. 
4W. C. Hamilton, S ta t i s t ics  in Phys ica l  Science, Ronald, New York, 1964. 
'E. Lukacs and R. G. Lana,  Applications of Characteristic Functions, Hafner Publishing Co., New York, 1964. 
6R. S. Burington and D. C. May, Handbook of Probability and Sta t i s t ics  with Tables, Handbook Publishers, 

7D. B. Owen, Handbook of Stat is t ical  Tables, Addison-Wesley, Reading, Mass., 1962. 
Sandusky, Ohio, 1953. 
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5.2 Equip roba bi I i ty  E I I ip soid s 

A /\ 

F o r  a proper normal distribution t h e  quadrat ic  form (X - X)TM-l (X - X) is posi t ive def ini te ,  and a 

principal a x i s  transformation is p o s s i b l e  which will make t h e  c r o s s  correlat ion coeff ic ients  p . .  = 0 (i # j ) .  

T h i s  transformation is d i s c u s s e d  i n  5.4. T h e  resul t  of t h e  transformation is the pdf 
11 

where 

(5.2.1) 

(5.2.2) 

T h e  y i  a r e  coordinates  b a s e d  on t h e  Car tes ian  principal a x i s  sys tem and g2 are  t h e  var iances  a long t h e  

principal a x e s ,  i = 1 , 2 , 3 .  
Y i  

T h e  normal probability dens i ty  function is cons tan t  for points  on t h e  el l ipsoid Q = C 2  where C i s  a 

constant .  T h e  probability t h a t  a random point ( y , ,  y,,  y 3 )  in  t h e  distribution will fa l l  i n s i d e  t h e  el l ipsoid 

i s  

T h i s  result is derived from (5.1.1), (5.2.1), and (5.2.2) by transforming t o  spher ica l  coordinates. 

When C = 1.5382, P = 0.5 and the  corresponding e l l ipso id  is ca l led  the  50% probability e l l ipsoid.  A 

t ab le  of P v s  C va lues  is found on page  2 0 3  of  Owen’s Handbook of Statistical Tables.’ For  conven- 

ience ,  that t ab le  is reproduced here  a s  T a b l e  5.1. 

5.3 Characteristic Function (c.f.) of a Trivariote Normal Distribution 

T h e  charac te r i s t ic  function @(T) corresponding to a t r ivar ia te  dis t r ibut ion +(X) is t h e  expec ted  va lue  

of e i ~  T ~ ,  namely, 

@(T) = 1 bo +(X) e iT  T X  dX . 
-M 

(5.3.1) 

F o r  t h e  t r ivar ia te  normal pdf (5.1.3) t h e  corresponding charac te r i s t ic  function is 

@(T) = exp [ i T T X  - Y2TTMT1 , (5.3.2) 

where M is t h e  var iance-covariance d ispers ion  matrix descr ibed  in  5.1 and X is t h e  center  of m a s s  of t h e  

distribution. 

T h e  crystal lographic  s t ruc ture  fac tor  equat ion which incorporates  genera l  anisotropic  temperature 

factor coef f ic ien ts  is 

F(h)  = Zf,(h) exp ( 2 v i h T i n )  e x p  (-hTBnh) , (5.3.3) 
n 
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T a b l e  5.1. C r i t i c a l  Values for Probabil i ty E l l ipsoids of a Tr ivor ia te  Normal Distributiona 

P C 

0.01 
0.02 
0.03 
0.04 
0.05 

0.06 
0.07 
0.08 
0.09 
0.10 

0.11 
0.12 
0.13 
0.14 
0.15 

0.16 
0.17 
0.18 
0.19 
0.20 

0.21 
0.22 
0.23 
0.24 
0.25 

0.26 
0.27 
0.28 
0.29 
0.30 

0.3 1 
0.32 
0.33 
0.34 
0.35 

0.36 
0.37 
0.38 
0.39 
0.40 

0.3389 
0.4299 
0.4951 
0.5479 
0.5932 

0.6334 
0.6699 
0.7035 
0.7349 
0.7644 

0.7924 
0.8192 
0.8447 
0.8694 
0.8932 

0.9162 
0.9386 
0.9605 
0.9818 
1.0026 

1.0230 
1.0430 
1.0627 
1.0821 
1.1012 

1.1200 
1.1386 
1.1570 
1.1751 
1.1932 

1.2110 
1.2288 
1.2464 
1.2638 
1.2812 

1.2985 
1.3158 
1.3330 
1.3501 
1.3672 

P C 

0.41 
0.42 
0.43 
0.44 
0.45 

0.46 
0.47 
0.48 
0.49 
0.50 

0.51 
0.52 
0.53 
0.54 
0.55 

0.56 
0.57 
0.58 
0.59 
0.60 

0.61 
0.62 
0.63 
0.64 
0.65 

0.66 
0.67 
0.68 
0.69 
0.70 

0.71 
0.72 
0.73 
0.74 
0.75 

0.76 
0.77 
0.78 
0.79 
0.80 

1.3842 
1.4013 
1.4183 
1.4354 
1.4524 

1.4695 
P .4866 
1.5037 
1.5209 
1.5382 

1.5555 
1.5729 
1.5904 
1.6080 
1.6257 

1.6436 
1.6616 
1.6797 
1.6980 
1.7164 

1.7351 
1.7540 
1.7730 
1.7924 
1.8119 

1.8318 
1.8519 
1.8724 
1.8932 
1.9144 

1.9360 
1.9580 
1.9804 
2.0034 
2.0269 

2.0510 
2.0757 
2.1012 
2.1274 
2.1544 

P C 

0.81 
0.82 
0.83 
0.84 
0.85 

0.86 
0.87 
0.88 
0.89 
0.90 

0.91 
0.92 
0.93 
0.94 
0.95 

0.96 
0.97 
0.98 
0.99 
0.991 

0.992 
0.993 
0.994 
0.995 
0.996 

0.997 
0.998 
0.999 
0.9991 
0.9992 

0.9993 
0.9994 
0.9995 
0.9996 
0.9997 

0.9998 
0.9999 
0.99999 
0.999999 
0.9999999 

2.1824 
2.2114 
2.2416 
2.2730 
2.3059 

2.3404 
2.3767 
2.4153 
2.4563 
2.5003 

2.5478 
2.5997 
2.6571 
2.7216 
2.7955 

2.8829 
2.9912 
3.1365 
3.3682 
3.4019 

3.4390 
3.4806 
3.5280 
3.5830 
3.6492 

3.7325 
3.8465 
4.0331 
4.0607 
4.0912 

4.1256 
4.1648 
4.2107 
4.2661 
4.3365 

4.4335 
4.5943 
5.0894 
5.5376 
5.9503 

aReproduced from Ref. 7 by permission of Addison-Wesley Publishing Company, Inc., Reading, Mass. The orig- 
inal caption was  “Critical Values for the Spherical Normal Distribution.” 
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where 

h is a vector giving the  Miller ind ices ,  

Xn is a vector giving the  fractional unit cell coordinates of the  nth atom, 

Bn is the anisotropic temperature factor coefficient matrix, and 

fn(h) is the atom form factor va lue  for atom n. 

If a change o f  var iab les  T = 2nh is made, then (5.3.3) can  b e  rewritten as 

F(T) = Z f , ( T ) e x p  (iTT^Xn - '4 T T  
n 

(5.3.4) 

The s c a l e d  anisotropic temperature factor  matrix (1/2n2)B is seen  to  b e  ident ica l  with the  variance- 

covariance d ispers ion  matrix M i n  (5.3.2). 

T h e  corresponding c rys t a l  s p a c e  t r ivar ia te  normal pdf for any particular atom n is 

[2n2 det  (5 - ' ) ] ' / '  /\ A 

exp [-n2(X - X)TB-l(X - X)] ; 
(2.13'2 

#m = 

or i f  M-' = 2n'B- l  then 

(5.3.5) 

(5.3.6) 

which is ident ica l  to (5.1.3). 

5.4 Principal Axis Transformation 

T h e  transformation of anisotropic temperature factor coef f ic ien ts  (for t he  general  tr iclinic c a s e )  to 

and Cruickshank et al. l o  principal a x e s  of thermal motion is d i scussed  by Waser, Busing and Levy,  

T h e  principal a x i s  transformation is necessa ry  to find the  thermal-motion probability e l l i p so ids  dis- 

c u s s e d  in 5.2. T h e  principal a x e s  of the matrix M-' i n  (5.3.6) are  the  vec tors  y, ,  y,, y 3  for which the  

inner vector product (yi, yi) h a s  a s ta t iona ly  va lue  sub jec t  to  the cons t ra in t  

(Yj, M-'Yj) = 1 , i = 1, 2, 3 .  (5.4.1) 

For  the  general  t r ic l inic  crystal  sys t em this  means  that  t he  quadratic form yTG-'y h a s  a s ta t ionary  va lue  

subjec ted  to the  constraint  

Y TG- 'M- ' y = l ,  (5.4.2) 

'J. Waser, Acta Cryst. 8, 731 (1955). 
'W. R. Busing and H. A .  Levy, Acta Cryst. 11, 450 (1958). 

'OD. W. J. Cruickshank et  al., p. 74 in  Computing Methods and the P h a s e  Problem in X-Ray Crystal Analysis, 
ed. by R. Pepinsky, J. M. Robertson, and J. C. Speakman, Pergamon, New York, 1961. 
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where G-' is t h e  metric tensor  with components  ai a and ai a is t h e  s c a l a r  vector product of two of t h e  

three uni t  cell vectors. Introducing t h e  Lagrange multiplier l / h  l e a d s  to  
i i 

= 0 (i 2: 1,2,3); (5.4.3) 

premultiplying by  M y i e l d s  

I MG-' -t I )  y i  = 0 (i = 1,2,3) . 

Or we c a n  d o  some addi t ional  rearranging and obtain 

[GM-' - h i l l y i  = 0 (i = 1,2,3) . 

(5.4.4) 

(5.4.5) 

Equation (5.4.4) is equivalent  to o n e  of t h e  resu l t s  der ived by Bus ing  and Levy,  except  t h e  hi obtained 

here  a re  t h e  reciprocals  of the i r  hi b e c a u s e  we a r e  doing t h e  principal a x i s  transformation on M" while  

their formulation performs t h e  transformation on M. T h e  numerical procedure u s e d  i n  OR TEP f i n d s  t h e  

e igenvalues  and eigenvectors  of t h e  unsymmetrical matrix M G-' i n  (5.4.4). 
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6. EXAMPLES OF ILLUSTRATIONS THAT HAVE BEEN PRODUCED WITH OR TEP 

Most of t h e  drawings reproduced h e r e  were made while  OR TEP w a s  under  development. Consequent ly ,  

certain d e t a i l s  i n  t h e  f igures  a r e  not t h e  s a m e  a s  t h o s e  produced with t h e  present  vers ion of t h e  program. 

In particular, t h e  l i n e s  of shading i n  t h e  el l ipsoid “open octant”  a r e  now a lways  evenly spaced .  

6.1 Nonsteroscopic Drawings Showing Thermal Motion 

T h e  f igures  i n  t h i s  s e c t i o n  have  t h e  viewpoint at infinity (paral le l  projection). 

6.1.1 Comparison of Graphical Representations of Thermal Motion. - Figure  6.1 s h o w s  t h e  chelat ion 

pattern of two c i t ra te  molecules  re la ted  by a twofold screw a x i s  i n  t h e  c rys ta l  s t ruc ture  of magnesium 

c i t ra te  decahydrate .  O n e  molecule  h a s  “ t ransparent  e l l ipso ids”  and  t h e  other has “opaque, plugged 

el l ipsoids .”  Bond t y p e s  1, 3, and 4 ( s e e  3.3.9) a r e  i l lustrated.  Note that  cer ta in  bonds  terminate  at the 
el l ipsoid boundary while  o thers  in te rsec t  t h e  el l ipsoid.  T h e s e  var iab les  a r e  under t h e  user’s  control and 

can b e  used  t o  advantage for s p e c i a l  e f fec ts .  

F igure  6.2 is another drawing of magnesium c i t r a t e  decahydrate  with the  rms magnitudes of d isp lace-  

ment a long principal a x e s  ind ica ted  around t h e  equiprobability thermal e l l ipsoids .  

F igure  6.3 i l l u s t r a t e s  t h e  s a m e  f igure with t h e  thermal-motion representat ion mentioned by Waser, i n  

which t h e  thermal motion is portrayed by a fourth-degree sur face  generated b y  a radius  vector  with length 

proportional to  the  rms component of displacement  i n  the  direction of t h e  rad ius  vector. T h e  charac te r i s t ic  

peanut s h a p e  of t h i s  fourth-degree sur face  is most  apparent for  atom 0,. 

T h e  thermal e l l ipsoid s e e m s  to  b e  t h e  preferred representation, and t h e  present  vers ion of O R  TEP 
will draw e l l ipso ids  only,  

6.1.2 Thermal El l ipsoids Derived from Independent Sets of Diffraction Data. - F i g u r e s  6.4(a) and ( b )  

show t h e  thermal e l l i p s o i d s  for potassium dihydrogen i s o c i t r a t e 3  obtained from two independent s e t s  of 

three-dimensional x-ray d a t a  (copper K ,  d a t a  and chromium X, data). F igure  6.4(a) is presumably a b e t t e r  

representat ion s i n c e  i t  is b a s e d  on  a much larger  number of measurements .  In fact ,  it is rather surpr is ing 
tha t  t h e  thermal-motion f igures  a r e  so s imilar ,  consider ing t h e  l imited number of d a t a  obta inable  with 

chromium radiation. 

6.1.3 Thermal Motion in Molecules Not  Related by Crystallographic Symmetry. - Myo-inositol4 h a s  

two molecules  i n  i t s  crystal lographic  asymmetric unit. F igures  6.5(a) and 6.5(b) permit a comparison of 

t h e  two s e t s  of thermal e l l ipso ids  i n  ident ical  molecular or ientat ions.  T h e  hydrogen bonds  to neighboring 

atoms a r e  also indicated.  T h e  similarity be tween t h e  two el l ipsoid sets is readily apparent. 

‘C. K. Johnson, Acta Cryst., in press (1965). 

‘5 .  Waser, Acta Cryst. 8, 731 (1955). 

3D. van der Helm, J. P. Glusker, C. K. Johnson, J .  A. Minkin, N. E. Burow, and A .  L. Patterson, Acta  Cryst., 

41. N. Rabinowitz and J. Kraut, Acta Cryst. 17, 159 (1964). 

in  press (1965). 
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6.2 Stereoscopic Drawings of Crystal Structures 

6.2.1 Thermal Ell ipsoids Derived from Neutron Studies. - Thermal e l l ipso ids  for hydrogen atoms c a n  

b e  derived from neutron diffraction data .  Some recent crystal  s t ructure  resu l t s  refined from three-dimen- 

s ional  neutron d a t a  are shown here a s  s t e reoscop ic  pairs  of pe r spec t ive  projections.  T h e  thermal e l l ipso id  

for a hydrogen atom i s  almost a lways  larger  than tha t  of t h e  heavier  neighbor atom b e c a u s e  of zero-point 

energy . 
6.2.1.1 Chloral  Hydrate. - Figure 6.6 fea tures  two molecules  of chloral  hydrate '  re la ted by  a center  

of symmetry. T h e  neighboring hydroxyl groups which a r e  involved i n  hydrogen bonding t o  t h e  two mol- 

e c u l e s  a re  a l s o  included. 

6.2.1.2 Sugars.  - A s ingle  molecule  of s u c r o s e 6  is shown i n  Fig.  6.7 with t h e  six-membered g lucose  

ring to t h e  left and the  five-membered f ruc tose  ring to  t h e  right. Two intramolecular hydrogen bonds are 

drawn between the  two moieties.  Only one hydroxyl group in the  molecule  d o e s  not form a hydrogen bond; 

t h i s  group h a s  t h e  abnormally la rge  thermal e l l ipsoid for hydrogen on t h e  left s i d e  of the figure.  

T h e  thermal motion of a g lucose  molecule i n  t h e  a -g lucose  c rys ta l  s t ructure '  is i l lus t ra ted  by  Fig.  6.8. 
T h i s  f igure was  drawn with OR T E P  by G. M. Brown. 

6.2.1.3 Lithium Sulphate  Monohydrate. - T h e  inorganic  s t ructure  lithium su lpha te  monohydrate h a s  

been  refined with three-dimensional x-ray da ta  by La r son '  and with three  zones  of two-dimensional neu- 

tron d a t a  by Smith and Levy.  

ture. The  hydrogen thermal e l l ipso ids  were taken from the  neutron a n a l y s i s  and t h e  remainder from t h e  

x-ray resul ts ,  T h e  outs tanding feature  i n  t h i s  i l lustrat ion is t h e  la rge  thermal motion of t h e  water mol- 

ecule ,  which ind ica tes  much looser  binding than i n  t h e  rest of the  s t ructure .  

F igu re  6.9 i l lus t ra tes  t h e  charac te r i s t ic  atomic arrangement in tha t  s t ruc-  

6.2.1.4 Pofassium Hydrogen Chloromaleate. - T h i s  s t ruc ture  con ta ins  a centered hydrogen bond. 

T h e  interatomic bond d i s t a n c e s  and the  surrounding K atoms are  a l s o  shown in Fig.  6.10, which w a s  

drawn with OR T E P  by R. D. El l ison and H. A. Levy.  

6.2.2 Thermal Ell ipsoids Derived from X-Ray Studies. - T h e  examples  shown i n  t h i s  s e c t i o n  were 
t aken  from t h e  l i terature  and from t h e  work of severa l  crystal lographers  who kindly sen t  their  unpublished 

resu l t s  to  ORNL to  b e  drawn. 

6.2.2.1 Long-chain Aliphatic Organic Compounds. - Dihydromalvalic acid l 1  (cis, D ,  ~ - 8 , 9 - m e t h l  

heptadecanoic  acid)  is shown in Fig.  6.11. T h e  thermal motion perpendicular to t h e  chain direct ion 

s e e n  to inc rease  in  amplitude toward the  nonpolar end of the  chain.  

ene- 

S 

'6. M. Brown and H. A.  Levy,  Abstracts ACA Meeting, Villanova, Pa., H-11 (1962). 

6G. M. Brown and H. A .  Levy,  Science 141, 921 (1963). 

7G.  M. Brown and H. A. Levy, Science 147, 1038 (1965). 

'A. C. Larson, Acta Cryst. 18, 717 (1965). 

'H. G .  Smith and H. A. Levy,  Abstracts ACA Meeting, Boulder, Colorado, 1961. 

'OR. D. Ellison and H. A. Levy,  Acta Cryst., in press (1965). 

"G.  A. Jeffrey and M. Sax, Acta Cryst. 16, 1196 (1963). 
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Figure 6.12 i l lus t ra tes  t h e  thermal motion i n  the  tr iglyceride beta-tricaprin.  l 2  T h e  two molecules 

shown a r e  re la ted by a center  of symmetry. Again t h e  amplitude of motion perpendicular to t h e  chain in- 
c r e a s e s  toward t h e  end of the chain.  

6.2.2.2 Copper Chelation Compound. - T h e  chelat ion pattern in bis-(3-amino-l-phenyl-2-butene-l-ono)- 

Cu(I1) l 3  is demonstrated in  F ig .  6.13. T h e  copper atom is on a symmetry center .  

6.2.2.3 Large Biological Molecule. - Harunganin, l 4  which is a plant  pigment, is shown in Fig.  6.14. 

The  pair  of "half atoms" a t  the  upper right is an approximation used  i n  t h e  least-squares  refinement t o  

correct  for e i ther  very la rge  thermal motion or disorder  which occur s  in tha t  part of the crys ta l  structure.  

The  thermal parameters are  somewhat quest ionable  s i n c e  the  s t ructure  w a s  not refined t o  convergence. 

However, the  stereogram d o e s  permit t h e  molecular configuration to b e  readily visual ized.  

6.2.2.4 Abnormal Motion in Cr(lZ1) Acetylacetonate. - Dr. Bruno Morosin from Sandia Corporation 

sen t  t h i s  most unusual  example of thermal motion. Cr(1II) ace ty l ace tona te '  h a s  three ace ty l ace tona te  

l igands arranged to  form an octahedral  coordination of oxygens about t h e  Cr  atom, a s  shown in Fig. 6.15. 
One of the  l i gands  d i sp lays  very la rge  thermal anisotropy. When a molecular packing diagram such  as 

Fig.  6.16 is viewed, t h e  large displacements  a re  s e e n  to b e  paral le l  to the  b crystal  ax is .  It appea r s  tha t  

s h e e t s  of t h e s e  l igands  a r e  e i ther  disordered or  undergoing longitudinal vibration. Morosin h a s  evidence 

from other  diffraction experiments which supports  t h e  hypothesis  that  i t  is a thermal vibration phenomenon 

'and not s t a t i c  disorder in  t h e  crystal .  

6.2.3 Crystal  Structure Packing Diagrams. - I t  is often des i rab le  t o  i l lus t ra te  t h e  way t h a t  molecules  

pack together i n  a c rys ta l  structure.  Sometimes thermal motion can  b e  interpreted on t h i s  b a s i s ,  as w a s  

done in 6.2.2.4. In  other  i n s t a n c e s  one may b e  more interested in  visual iz ing t h e  general  packing geom- 

etry of the  c rys ta l  s t ructure .  Stereograms are very useful for both appl icat ions.  

6.2.3.1 Potassium Hydrogen Chloromaleate. - A molecule  of t h i s  s t ructure"  is shown in F ig .  6.10. 

Packing diagrams were a l s o  drawn by E l l i son  and Levy and are reproduced here. Figure 6.17 shows  t h e  

packing of anions about the two types  of potassium ions.  One  coordination polyhedron is a n  irregular 

octahedron of oxygen atoms. T h e  other  is an irregular 14-hedron having s i x  oxygen atoms and four chlo- 

rine atoms at its ver t ices .  Figure 6.18 is a different view of t h e  packing with a larger area included. 

6.2.3.2 Packing Diagrams for Inorganic Structures. - T h e  reader may have noticed t h a t  most of t h e  

i l lustrat ions are of organic s t ructures .  The  reason is that  organic  molecules  a re  e a s y  to draw. Con- 

siderably more planning is required to produce an informative i l lustrat ion of an inorganic s t ructure .  

An approach which is fairly s u c c e s s f u l  is the  following: 

1. Draw a preliminary stereogram of the con ten t s  of a box which e n c l o s e s  somewhat more than one  

unit  cell. Bonds  should b e  drawn in accordance with known interatomic d i s t a n c e  ranges.  T h e  dimensions 

'*A. J. Mabis and L. H. Jensen,  Abstracts  ACA Meeting, Bozeman, Montana, F-9 (1964) and L. H. Jensen, 

13G. E. Gurr, Abstracts  ACA Meeting, Bozeman, Montana, K-7 (1964) and private communication, 1964. 

14R. A. Alden, G. H. Stout, J. Kraut, and D. F. High, Acta Cryst. 17, 109 (1964). 

15B. Morosin, Acta Cryst., i n  press  (1965) and B. Morosin, private communication, 1964. 

private communication, 1964. 
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for t h i s  drawing may b e  such  t h a t  t h e  plot c a n  b e  viewed directly with a s t e reoscope  without photographic 

reduction. 

2. While viewing t h e  preliminary stereogram, pick out  t h e  b a s i c  s t ructural  uni ts  and dec ide  on a 

grouping of t h e s e  u n i t s  for t h e  desired figure. 

3. Describe t h e  intended subjec t  with whichever technique is t h e  most convenient and draw t h e  new 

figure. Figure 6.19, potassium perxenate  nonahydrate, I6 is an example of a n  i l lustrat ion planned i n  t h i s  

way. T h i s  figure w a s  drawn by  J. H. B u m s  a t  ORNL. 
6.2.3.3 I l lus t ra t ions  of the  Contents  of a Unit Cell .  - A favori te  method used by  crystal lographers  is 

to  draw a unit c e l l  out l ine and t h e  cell contents  within tha t  outl ine.  Figure 6.20, which is a stereogram 

showing lithium a-monodeuteroglycolate,  

cut off a t  the ce l l  outl ine.  

is of t h i s  nature.  T h e  molecules  were kept in tac t  rather t han  

6.3 Hel ica l  Structures 

OR T E P  h a s  cer ta in  features  which fac i l i t a te  the  drawing of nonintegral  he l ica l  s c rew models s u c h  a s  

t h o s e  d i s c u s s e d  i n  the field of molecular biology. T h e  Paul ing,  Corey, and Branson alpha-helix model ' 
for protein s t ructure  is a n  example.  Figure 6.21 shows  t h e  modification of t h i s  s t ructure  which is present  

in  t h e  synthet ic  polypeptide poly-L-alanine. ' 

1 6  A. Zalkin, J. D. Forrester, D. H. Templeton, S. M. Williamson, and C. W. Koch, J. Am. Chem. S O C .  86, 3569 
(1964). 

"C. K. Johnson, E. J. Gabe, M. R. Taylor, and I. A. Rose, J .  Am. Chem. SOC.  87, 1802 (1965). 

18L. Pauling, R. B. Corey, and H. R. Branson, Proc. N a t l .  Acad. Sci. U.S. 37, 235 (1951). 

"A. Ell iot t  and B. R. Malcolm, Proc. Roy. SOC. London A 249, 30  (1959). 
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ORNL DWG. 65-2448 

Fig. 6.1. 
Decahydrate. 

obi I i ty distr ibut ion.  

Che lo t ion  Pattern V iewed A long a T w o f o l d  Screw A x i s  i n  the Crys ta l  Structure o f  Magnesium Ci t ra te  

E l l i p s o i d s  represent equiprobobi I i t y  surfaces of thermal displacement and contain 65% of the prob- 

DRNL DWG. 65-2443 

Fig. 6.2. Thermal E l l i p s o i d  Representat ion for Magnesium Ci t ra te  Decahydrote w i t h  Pr inc ipa l  Values o f  RMS 
Displacement in Angstrom Units.  E l l i p s o i d s  enc lose  74% probabi l i ty .  Structure i s  v iewed along b axis. 
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ORNL DWG. 65-2444 

, 
0.t5 ,’ 

0.21’) I 
I ’  
t ’  , ’  
, I  

Fig. 6.3. Peanut-Shaped RMS Thermal-Displacement F i g u r e  Representat ion far Magnesium C i t r a t e  Decahydrate. 

Pr inc ipa l  values o f  rms displacement i n  Angstrom u n i t s  are ind ica ted  around the  displacement figures, w h i c h  are 

drawn a t  double scale. Same v i e w  o f  structure as shown i n  Fig.  6.2. 

ORNL DWG. 65-2449 

Fig.  6.4. Potass ium Dihydrogen l s o c i t r a t e  w i t h  Thermal E l l i p s o i d s  Scaled t o  Inc lude 74% Probabi l i ty .  ( a )  
Resu l ts  obtained from 1350 three-dimensional copper K a d a t a  (disagreement factor 6.5%). (t) Resu l ts  obtained from 

340 three-dimensional  chromium K a d a t a  (disagreement factor 2.2%). Note: T h i s  is not a s tereo pair. 
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ORNL DWG. 65-2450 

n n 

MYO-INOSITOL MYO-INOSITOL 

Fig. 6.5. Comparison of Thermal E l l i p s o i d s  i n  the T w o  Crys to l lograph ico l l y  Independent Mo lecu les  of Myo- 

E l l i p s o i d s  are Inos i to l  (6.5a and 6.56). 
scaled to inc lude 74% probabi l i ty .  

Hydrogen bonding i s  shown, s i n c e  t h i s  might in f luence the thermol motion. 

Note: T h i s  is not a s tereo pair. 

Fig. 6.6. Stereogram (Stereoscopic P a i r  of Perspec t ive  Pro iec t ions)  of Ch lora l  Hydra te  V iewed A long the 

Two molecules ore shown re la ted  by a center of symmetry, w i t h  the hydrogen bonds connect ing Reciprocal  A x i s  a* .  

them together and t o  other molecules.  E l l i p s o i d s  ore sca led  to inc lude 48% probobi l i ty .  
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SUCROSE FROM NFUTRON OIFFRRCTION SUCROSE FROM NEUTRON OIFFRRCTION 

Fig. 6.7. Stereogram Showing the Sucrase Molecule with Thermal E l l ipso ids  Scaled to Enc lose  50% Probability. 

Fig. 6.8. A Molecule of Glucose with Thermal E l l ipso ids  Scaled to Enclose 50% Probabi l i ty .  
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Fig. 6.9. L i t h i u m  Sulphate Monohydrate. The l i t h i u m  ions and sulphate ions are coordinated in to  a compact 

network. The structure i s  v iewed along the rec ip roca l  a* axis. The e l l i p s o i d s  are sca led  to  enc lose  20% probabi l i ty .  

wmr E n  Lmr nt POTASSIUM HYDROGEN CHLOROHRLEATE POTASSIUM HYDROGEN CHLDROMRLEATE 

Fig. 6.10. Potass ium Hydrogen Chloromaleate. The chloromaleate i o n  i s  v iewed normal t o  i t s  own plone. The 

thermal e l l ipso ids  enc lose  50% probabi l i ty .  

Fig. 6.11. A Molecu le  of Dihydromalva l i c  A c i d  w i t h  Thermal E l l i p s o i d s  Scaled to Enc lose  48% Probabi l i ty .  
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el l ipsoids are 
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Fig.  6.13. Chelat ion Complex of Bis-(3-amino-l-phenyI-2-butene-l-ono)-Cu(ll) with Thermal E l l ipso ids  Scaled 

to Include 50% Probability. 

HRRUNGRNIN HRRUNGRNIN 

Fig. 6.14. A Molecule of the P lant  Pigment Harunganin with Thermal El l ipsoids Scaled to Include 48% Prob- 

obi I ity. 
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CR I1 I 1 1  R C E T Y L R C L T O N A T E  CR [ I  I I 1  A C E T Y L A C E T O N R T E  

Fig.  6.15. A U n i t  o f  Tris-acetylacetonatochromium(lll) Viewed Along i ts  Threefold Ax is  of Chemical  Symmetry. 

The thermal el l ipsoids are  scaled to enclose 20% probability. 

Fig.  6.16. Pack ing  Diagrams for Tris-ocetylacetonotochromium(lll) V i e w e d  Along the Reciprocal  Ax is  c* .  

Thermal el l ipsoids are scaled to  enclose 20% probability. 
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POTASSIUM HYDROGEN CHLOROMALEATE -- 
C L d  &H 121 

POTASSIUM HYDROGEN CHLOROMRLEATE ..- - 

Fig.  6.17. P a c k i n g  o f  Chloromaleate Ions Around the Potassium Ions i n  Potassium Hydrogen Chlaromaleate. 

Thermal e l l i p s o i d s  are scaled The edges o f  the Coordination polyhedra are shown. 

to contain 50% probabi l i ty .  

V iew i s  near ly  a long the  c axis. 

POTR5SIUM HYDROGEN CHLOROPALERTE POTASSIUM HYOROGEN CHLOROMRLERTE 

Fig. 6.18. Pack ing  Diagrams far Potassium Hydrogen Chlaramaleate. Atoms are represented as smal l  c i rc les.  

V iew i s  near ly  a long the a axis. The edges o f  t h e  coord ina t ion  polyhedra around the potassium ions are shown. 
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POTRSSIUM PERXENRTE NONRHYORRTE POTRSSIUM PERXENRTE NONRHTDRRTE 

Fig. 6.19. Pack ing  Diagram for Potassium Perxenate 9-Hydrate, I l l us t ra t i ng  the Network  of H i g h l y  Hydrated 

Another layer, re la ted  to  the  Potassium Ions  Surrounding Perxenate Ions. 

present one by a twofo ld  screw ax i s  along a ,  i s  needed to complete the structure. 

The v i e w  i s  para l le l  to the a axis.  

Fig. 6.20. A Stereogram Showing the Un i t -Ce l l  Contents of  Anhydrous Li Q-monodeuteroglycolate. The unique 

monoc l in ic  b ax is  po in ts  up i n  the page and the mean c ax i s  out from the page. 
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. 

b 
%7/13 RLPHR HELIX 97/13 RLPHR HELIX 

F ig .  6.21. A Stereoscopic P a i r  of Perspect ive  Pro-  

jections Showing the Alpha-Hel ix  Which I s  Present  in  

Poly-L-Alanine.  There are 47 amino-acid residues in 

13 turns of the hel ix .  Stereoviewingis  accomplished by 

placing a sheet of cardboard between the hel ices.  
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7. FORTRAN LISTING OF OR TEP 

+ L I  ST8 
*LAREL 
CMAIN 
C +**e* OAK RIDGE THERPAL E L L I P S O I D  PLOT PROGRAM ****+ MAINOOIO 

DICENS I C N  A ( 9  M A 1  NO020 
D I C E N S I  CN ATOMS 14 ,500)  9 6 9 (  3, 3 )  9 CD( 8, 2 0  1 ,CHEM( 200) ,CONTI 5 1 * D {  3r  1 3 0 )  M A I N 0 0 3 0  
DIMENS I C N  DA(  3.3 1 ,  OP ( 2 ,  1301, EV( 3,202 1 ,  F S (  39 31 4 8 )  , kD( 5 1 2 0 )  VORGN(3 1 P A I N 0 0 4 0  
DIMENSICN P ( 3 r 2 D O ) , P A ( 3 , 3 r 2 ~ O ) r P A C ( 3 , 5 ) r P A T ( 3 , 3 ) , Q ( 3 , 3 ) , R E F V ( 3 * 3 )  M A I N 0 0 5 0  
01 MENSICN M A I N 0 0 6 0  
DIMENSICN YAfNOO70 

COMMCN ~ G ~ A ~ A A ~ A A 4 E V ~ b A W R K ~ A I O ~ A I N ~ A T O M S ~ ~ B ~ ~ R D R ~ C D ~ C H E M ~ C O N T ~ D  M A I N 0 0 9 0  
CCPMCN M A  I NO I 00 
COCMON N J , N J ~ ~ N O U T I N S ~ ~ N S Y M , C R G N ~ P ~ P A ~ P A C ~ P A T ~ ~ ~ R E F V ~ R E S ~ R M S ~ S C A L I M A I N O I I O  
COMMON S C A L 2 ~ S C L ~ S Y M B , T A P E R , T H E T A I T 1 T L E , T I T L E ~ T l T L E 2 ~ T S ~ V I E W ~ V T ~ V l ~ V 2  MAINOIPO 

9 A A (  37 3 )  , AAREV ( 3 ,  31 9 AAWRK ( 31 3 )  ,A I D  I 3 . 3 )  V A I N (  1 4 0 )  

RES ( 4  1 9 RMS ( 5  1 , SYMB ( 3 9 3  1 ,  T I T L E (  I 2  1 ,  T I T L E  1 2 )  9 T S 1 3 9 4 8  1 
VT (3.4 1 r V  I ( 4) 9 V2(  3 ) ,V3( 3 )  r V 4 (  3 1  9 V 5 (  3 )  * V t (  3 )  9 WRKVt 393)  

D I  MENS I C N  XLNG( 3 )  , X 0 ( 3 )  ? X T (  3 ) M A 1  NO080 

CA , DP 9 D I S P  9 E CGE , EY, FORE 9 FS 9 I N  I T I L T  9 KO , LA T F L TNO NATOM, NCD 

COCMCN V 3 r V 4 , V 5 * V 6 r W R K V , X L N G I X O , X T  M A I N 0 1 3 0  
2 CALL PRIME M A 1  NO I 4 0  

C * * * * *  READ JOB T I T L E  CARO *e*** MAINOISO 
READ INPUT TAPE I N , 4 y ( T I T L E (  I ) i I # I 1 1 2 )  MAIN01 60 

4 FORMAT( lZA6)  MA1 NO1 70 
WRITE OUTPUT TAPE NOUT 9 6, ( T I TLE ( I 9 I # I  t I 2 ) MAIN01 80 

5 F O R M A T ( I H O l O X ~ I 2 A 6 )  MA1 NO1 90 
h F O R M A T ( I H I I C X , 1 2 A 6 )  MA I NO200 

CALL PRELIM MA I N 0 2  I r? 
WRITE OUTPUT TAPE N O U T ~ 6 ~ 1 T I T L E ( I ) r I # I r 1 2 1  V A I N 0 2 2 0  
ISAVE#O M A  I NO233 
G O  TO 5C7 M A  I NO2 4 0  

7 ISAVE#O M A  I N 0 2 W  
C *+**+  ZERO A I N  ARRAY ++**I PA I NO260 

8 DO I O  J # l r 1 4 0  CA I NO270 
I 0  A I N ( J ) # O .  M A 1  NO280 
I I C A I  NO290 
1 2  F O R M A T ( I 3 r 1 6 , 7 F 9 - O )  MA1 NO30Cl 
13 F O R M A T ( I 3 r I 6 r 7 E 1 5 . 8 )  M A 1  NO3 I O  
1 4  FORMAT(IH 9X,7E15.7) MA I NO320 

C +e+*+ READ NEW INSTRUCTICN CARD * * * * *  MAIN0330  
NCD#O MA I NO340 
N I  #-6 M A I N 0 3 5 0  

I6 N I # N 1 + 7  MA I NO360 
N2#N1+6 C A I  NO370 
IF(ISAVE)22.18.18 M A I N 0 3 8 0  

18 REA0 INPUT TAPE I Y r l 2 r I C r N F t  I A I N ( I ) . I # N I , N 2 )  PA I NO390 
Z F ( I S A V E ) 2 4 , 2 4 r 2 O  MA1 NO400 

20 WRITE OUTPUT TAPE N S R ~ 1 3 ~ I C , N F , ( A I N ( I ) , I # N l ~ N 2 )  MA1 NO4 I 3  
GO TO 2 4  MA I NO420 

2 2  READ INPUT TAPE N S R I ~ ~ , I C , N F I ( A I N I I ) , I # N I , N ~ )  MA I NO4 30 
I F ( I C ) 7 , 2 4 r 2 4  M A 1  NO440 

2 4  I F ( N I - 1 ) 2 6 ~ 2 6 ~ 3 0  MA I NO4 5’5 
2 6  WRITE OUTPUT TAPE NOUT,II,NF M A 1  NO460 

NF I #NF MA I NO4 70 
I F ( N F 1 1 2 8 , 8 , 3 0  M A 1  NO480 

2 8  I F ~ N F 1 + 2 ) 2 , 2 , 3 0 O O  M A 1  NO490 
30 WRITE OUTPUT TAPE NOUT,14~(AINII),I#NI,N2) MA I N 0 5 0 0  
32 I C # I C + I  M A 1  NO5 I O  

G O  TO (90,16,38,50) ,1C MA I NO52EI 
33 F O R M A T ( I 3 , 6 X , S I 3 r 8 F 6 . ~ )  M A 1  NO539 
3 4  FORMAT(613*8EI2 .5 )  M A  I NO540 
3 5  FORMAT(IH 1 1 X * 5 1 3 r 8 F I 1 . 5 )  M A 1  NO550 

C +***+ READ FORMAT 2 TRAILER CARDS *+*e* M A I N 0 5 6 0  
38  NCD#NCD+I M A 1  NO570 

I F I I S A V E 1 4 4 , 4 0 , 4 0  M A I N 0 5 8 0  
4 0  READ INPUT TAPE I N ~ ~ ~ , I C I ( K D I I ~ N C O ~ ~ I ~ ~ ~ ~ ) ~ ( C D ( I I N C D ) . I # I ~ E ~  M A I N 0 5 9 0  

I F ( I S A V E ) 4 6 , 4 6 , 4 2  M A  I NO600 

GO TO 4 6  MA1 N062D 
4 4  READ INPUT TAPE N S R , 3 4 ~ I C ~ I K C I I , N C D ) , I ~ l ~ 5 ~ ~ l C D t I ~ N C D ~ ~ I ~ l  9 8 )  M A I N 0 6 3 0  
4 6  WRITE OUTPUT TAPE NOUTv35r (KC(  I ~ N C D ) ~ I # ~ ~ ~ ) ~ I C O ( I I N C D ~ , I # I , ~ ~  M A  I NO640 

G O  TO 32 C A I  NO650 

FORMAT ( I H04 X 9 I 7H ( f t ( ( INSTRUCT ION1 5, 6H 1 I I I I 

4 2  WRITE OUTPUT TAPE NSR,34rIC, ( K O ( I r N C D l ~ I # 1 ~ 5 ) , { C D ( I ~ N C D ) r I # l  ( 8 )  M A I N 0 6 1 0  

. 
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C *+***  READ FORMAT 3 TRAILER CARD ***I* MA I NO660 
50 I N N # I N  MA I NO670 

I F ( I S A V E ) 5 2 r 5 4 r 5 4  PA I NO680 
52 INN#NSR W A I  NO690 
54 READ INPUT TAPE I N N 1 4 , ( T I T L E 2 ( I ) r I # I ~ l 2 )  MA I NO700 

WRITE OUTPUT TAPE N O U T r 5 1 ( T I T L E 2 (  I ) ,  I#l, 1 2 )  MAIN07  I O  
1 F ( I S A V E ) 9 0 1 9 0 ~ 5 6  MA I NO720 

MA I NO7 3 0  
C ***** EXECUTE INSTRUCTION **I** MA I NO740 

9 0  NJ#NF I / I O 0  MA I NO750 
NJ2#NF1 -NJ*  Io0 M A 1  NO760 
NJ3#XMOCFI N J 2 1  I 2  1 M A I N 0 7 7 0  
I F 1 N J - t 2 ) 9 8 , 9 2 r 9 2  MA I NO780 

9 2  CALL S P P R E ( N F I 1  MA I NO790 
I F ( N G ) 9 4 * 8 , 9 4  PA I NO800 

9 4  CALL ERPNT(3 .1NFI )  MAIN08  I O  
GO T O  8 M A  I NO820 

C ******BRANCH TABLE FOR FUNCTION TYPES******  M A 1  NO830 
MA I N084C! 
M A I N 0 8 5 0  C *******STRUCTURE ANALYSIS FUNCTIONS*******  

100 GO T O  ( l 0 l ~ l O l ~ l O 4 , 1 0 4 ~ 9 4 ) , N J 2  MA I NO860 
101 CALL SEPRCH M A 1  NO870 

GO T O  8 MA I NO880 
MA I NO890 

104 DO 164 I # l ,NATOM MA I NO900 
I F ~ X M O D F t I ~ 1 4 ) - 1 ) 1 3 4 r 1 1 4 r 1 3 4  M A I N O 9 l O  

114 WRITE OUTPUT TAPE N O U T 1 6 , ( T I T L E ( J ) r J # I 1 1 2 )  MA I NO920 
WRITE OUTPUT TAPE NOUT,129 MA I NO930 

I CN REFERENCE17X,29HPROBABILITY COVARIANCE MATRIX)  MA I NO9 50 
134 TI#55501.+FLOATF(I)*l~OOOO. MA I NO960 

CALL P A X E S ( T I , - 3 )  MA I NO970 
I F I N G ) 1 4 4 r 1 5 4 r 1 4 4  MA1 NO980 

144 CALL E R P N T ( T I 1 I C 4 )  M A I N 0 9 9 0  
149 F O R M A T ~ I H O I O X ~ A 6 ~ F 1 0 ~ 6 r 6 X ~ 3 F l 2 ~ 7 ~ l O X ~ 3 F 1 2 . 7 )  M A 1  N IO00 

I , J # l  1 3 )  M A I N 1 0 2 0  

I * K # 2 1 3 )  MA I N  I040 
I 5 9  FORMAT ( I H 16x9 F IO 6 x 1  3F 1 2 - 7 9  I OX, 3F 12 7 ) MAIN1050  

GO T O  8 M A  I N I 060 

200 CALL F 2 0 0  M A 1  N I  080 
G O  T O  8 M A 1  N I  090 

3 0 0  G O  T O  ( 3 0 1  1 3 0 2 1 3 0 3 1 9 4 ) , N J 2  M A I N l  100 
C * * * * * + * P L O T  D IMENS ICNS*+* * * *  M A I N l  I I D  

3 0 1  I F ~ A I N ( I ) ) 3 2 1 , 3 2 1 r 3 1 1  M A I N l  I20 
M A I N l  I 3 0  31 I XLNG( I  ) # A I N (  I )  

321 I F ( A I N ( 2 ) ) 3 4 1 , 3 4 1 . 3 3 1  MAIN1 140 
331 X L N G t 2 ) # A I N ( 2 )  M A I N l  I 5 0  
3 4 1  I F ~ A I N ( 3 ~ ) 3 6 1 , 3 6 1 , 3 5 1  MAIN1 160 
351 V I E W # A I h ( 3 )  M A I N l  I 7 0  
361 I F I A I N ( 4 1 ) 3 6 1 ~ 3 8 1 r 3 7 I  M A I N l  I 8 0  
371 B R C R # A I N ( b )  M A I N l  I 9 0  
381 WRITE OUTPUT TAPE NOUTr389,XLNGlllrXLNG(Z)+BRDR M A  I N I 200 

112H IN, MARGIN) MA I N 1  220 
391 WRITE OUTPUT TAPF NOUT1399,V IEW M A 1  N I 2 3’3 
3 9 9  FORMAT( IH  I O X I I ~ H V I E W  OISTANCEF7.317P INCHES) M A  I N I 2 4 0  

G O  T O  8 MA I N  1 2 5 0  
C *******LEGEND ROT AT ION******* M A 1  N I  2 6 0  

3 0 2  THETA#AIN(  I )  M A 1  N I 2 7 0  
T I # T H E T A * . 0 1 7 4 5 3 2 9 2 5 2  M A  I N I 2 8 0  
COSTH#CCSF ( T  I 1 M A I N 1 2 9 0  
S I N T H # S I N F ( T I  1 MAIN1 3 0 0  
DO 312 J#1 ,9  MAIN I31 0 

312 S Y C B ( J , I  )#O- M A I N l  3 2 0  
SYMB( I , I )#COSTH MAIN1330  
SYVB(212)#COSTH M A 1  N I 3 4 0  
SYMB(3,3)#I. M A 1  N I 3 5 0  

5 6  WRITE OUTPUT TAPE N S R I ~ ~ ( T I T L E ~ ( I ) , I # I ~ ~ ~ )  

9 8  G O  T O (  I 00 ,2009  3209 4fJ09 5001 600,7009 8001 9 0 0 1  I GOO 9 I I CO 1 9 NJ 

C * * * *a  AhISOTROPIC TEMP FACTOR OUTPUT +** * *  

129 F O R M A T ( I H I I O X ~ 4 H A T O M 3 X 1 1 6 H R M S  DISPLACEMENT3X,31HROW VECTORS, BASEDMAINO940 

154 WRITE OUTPUT TAPE N O U T ~ 1 4 9 ~ C H E M ~ I ~ ~ R M S o , I P A G I J l l ~ r J # l r 3 ~ ~ ~ Q ~ J ~ l ~ M A I N l O l O  

1 6 4  WRITE OUTPUT TAPE N O U T ~ 1 5 9 ~ ( R M S ( K ) ~ ~ P A C ( J 1 K ) 1 J # l ~ 3 ~ ~ ~ Q ( J ~ K ~ ~ J # l ~ 3 ~ M A I N l O 3 0  

C * * * * * * *PLOTTER I N I T I A L I Z E I F R A M E  ADVANCEtTERMINATE FUNCTIONS*******MAINIO70 

3 8 9  FORMAT( I H O I O X * I  IHPLOT L I M I T S F 6 . 2 1 3 H  RYF6.2r15H I N .  I N C L U D I N G F 6 . 2 ~ M A I N 1 2 l O  

. 
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S Y M B ( 2 , I ) # S I N T H  MA I N  1 3 6 0  
S Y M B ( l , 2 ) # - S I N T H  M A I N 1 3 7 9  
WRITE OUTPUT TAPE NOUT,319,THETA MAIN138r3 

3 1 9  FORMAT(IH9IOX,44HREGULAR T I T L E  AND SYMBOL ROTATION I N  OEGREESF8.2)MAIN1390 
G O  TO 8 M A  I N I 400 

C **(I+* RETRACE DISPLACEMENT ****+ M A 1  N I  4 I 9  
3 3 3  D I S P # A I N t  I )  M A 1  N I 4 2 0  

WRITE OUTPUT TAPE NOUT,313*DISP M A I N I  4 3 0  
3 1 3  FORMAT(IHOIOX,22HRETRACE OISPLACEMENT # F 7 * 4 , 5 H  INCH)  M A 1  N I 4 4 0  

Y A I  N I 4 5 0  G O  TO 8 
C r * * *+* *bTOM L I S T  FUNCTIONS*******  MA1 N I 4 6 0  

4 0 0  GO T O  (4~1~401,401,490~94,94,94,94,94,4lfl~4OI,401 ,401,94) ,NJ2 M A  I N I 4 7 0  
4 5 1  CALL F 4 0 0  MA I N  I 4 8 0  

GO TO 4 9 0  M A I N 1 4 9 0  
4 1 0  LATMWO M A I N l  5 0 0  

DO 4 2 0  I#1,500 P A I N 1  5 I D  
DO 4 2 0  J # 1 , 4  M A I N 1 5 2 0  

4 2 0  ATCMS(J , I )#O.  M A  I N I 5 3 0  
4 9 3  I F ( L A T M ) 8 , 8 , 4 9 1  M A I N I  5 4 0  
4 9 1  WRITE OUTPUT TAPE N O U T , 4 9 9 , ( A T O M S I I , I ) 1 I # I , L A T M )  M A 1  N I55q 
4 9 9  F O R M A T ( I H O I O X , 2 3 H C C N T E ~ T S  OF ATOMS A R R A Y / ( 1 5 X ~ 1 3 F I O - C l ) )  M A I N 1 5 6 0  

GO TO 8 C A I N 1 5 7 0  
C *+**+**CARTESIAN COORDINATE SYSTEM FUNCTIONS***++**  M A  I N I 5 8 0  

5 0 0  CALL F 5 0 0  MA1 N I 5 9 0  
I F ( N J 3 - 3 ) 5 0 7 r 5 3 9 , 5 3 9  M A I N 1 6 0 3  

5 0 7  WRITE OUTPUT TAPE NOUT.529 M A I N l  61 0 

I # I  9 3 )  MA1 N 163'3 
GO TO 8 MAIN I640 

5 0 9  FORMAT(IH0IOX.  UPHORTHCNORMAL WORKING VECTORS BASED ON CRYSTAL AXEMAIN1650 

2TOR8X98HZ VECTOR) M A  I N I 67Cl 
5 1 9  FORMAT(1H IOX,3E l6 .7 r8X ,3E16 .7 )  M A I N 1 6 8 9  
5 2 9  FORMAT(IH310X,51HORTHONORMAL REFERENCE VECTORS BASED ON CRYSTAL AXMAIN1690 

2CTOR8X18HZ VECTOR) M A I N l  710 
5 3 9  W R I T E  OUTPUT TAPE NOUT9509 MA1 N I 7 2 0  

I # I  9 3 )  M A I N 1 7 4 0  
GO T O  8 M A  I N I 7 5 0  

C **+****PLOT CENTERING FUNCTICNS*******  M A I N l  76fl 
CAIN17713 

WRITE OUTPUT TAPE N O U T * 6 0 9 , X O ( l l r X 0 ( 2 ) ~ S C A L l S C A L 2  M A 1  N I 7 8 0  

WRITE OUTPUT TAPE NOUT*519,( (REFV(J,I),I#I,3),IAAREV(J,I),I#lr3) , JMAIN1620  

IS18X,33HPOST-FACTOR TRANSFORMATION MATRIX/16X,8HX VECTOR8Xs8HY VECMAIN1660 

IES16X,33HPOST-FACTOR TRANSFORMATION MATRIX /16X,8H> VECTOR8XqBHY VEMAIN1700 

WRITE OUTPUT TAPE NOUT*519 , (  ( W R K V ( J ~ I ) ~ I # ~ , ~ ) , ( A A W R K ( J I I ) , I # ~ ~ ~ ) ~ J M A I N I ~ ~ O  

600 CALL F 6 0 0  

6 0 9  F O R M A T ( I H O I O X ~ 3 1 H O R I G I N  POINT I N  PLOTTER COORO.(F1.2,2H v F 6 . 2 ~ 8 H  ) M A I N 1 7 9 0  
I IN. / I IX,15HOVERALL SCALE #F6.3,32H IVCH/AYGSTFOM E L L I P S O I D  SCAMAIN18CO 
2LE #F6 .3 )  MA1 N l 8  I O  

GO T O  3 9 1  MA I N  I820 
C * * * * * * * E L L I P S O I D  AND SYMBOL PLOT FUNCTIONS**+**** M A I N l  8 3 0  
C * * * * + + * * F I L L  OUT DETAILS  FOR SPECIAL MODELS******** M A 1  N I 8 4 0  

7 0 0  GO TO ~701~702~704r705r709194)rNJ3 MA I N I R5n 
7 0 1  A I N ( 3 1 # 8 .  MAIN1 860 

GO TO 7 0 3  MA I N  I 8 7 0  
7 0 2  A I N ( 3 ) t O .  M A I N 1 8 8 0  
7 0 3  A I N (  I1W4. M A 1  N I 8 9 0  

A I  N (  2 ) #O. MA I N  I 9 0 0  
A I N( 4 1 #G MA1 N I  91 3 
G O  T O  7 0 9  M A 1  N 192'1 

7 0 4  A I N (  I 1 #3.  M A I N I  9 3 3  
A I  N( 2 f # - 5 .  MAIN1 9 4 0  
GO TO 736 C A I  N I  9 5 0  

705 A I N (  I )#I.  M A  I N  I960 
A I N ( 2 1 # O .  M A I N 1 9 7 0  

706 A I N (  3 ) # 1 .  M A 1  N 1980 
A I  N(  4 1 #5 MAIN1990  

7C9 CALL F 7 0 0  M A  I N 2 0 0 0  
GO TO 8 M A l N P O l U  

C **+****BCND FUNCTIONS*****+*  MA I N 2 0 2 0  
800 CALL F 8 0 0  M A 1  N 2 0 3 g  

GO T O  8 M A  I N 2 0 4 q  
C * * * * + * + T I T L E  FUNCTICNS*******  MA I N2U5O 
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930 C A L L  F900 C A I  N2060 
GO T O  8 MA I N 2 0 7 O  

C * * * * * * * C E L L  O U T L I N E  F U N C T I O N S * * * * * * *  M A I N 2 0 8 0  
lG90 C A L L  F l o g 3  M A 1  h 1 2 0 9 0  

G O  T O  8 M A I N 2 1 0 0  
C * * * * * * * S A V E  S E Q U E W E  F U N C T I O N S * * * * * * *  M A I N 2 1  I O  

I l 8 O  I F ~ N J 2 - 2 ) 1 1 0 1 ~ 1 1 0 2 ~ 1 1 ~ 3  M A I N 2 1 2 0  
1101 I S A V E # I  M A I N 2 1 3 0  

G O  T O  I 1 0 4  MA I N 2  I 4 0  
I102  I S A V E # O  M A I N 2 1  50 

C A I  N2 I60 J#-1 
W R I T E  O U T P U T  T A P E  N S R r  I 3 , J r N F I  * ( A I N (  I ) , I # l r 7 )  M A 1  N2 I 70 
E N D  F I L E  N S R  M A I N 2  I 8 0  
G O  T O  1104 M A I N 2 1 9 0  

I 1133 ISAVER-I M A  I N2200 
11134 R E W I N D  NSR M A 1  N22 IO 

MA I N2220 GO T O  8 
3000 C A L L  E X I T  MA I N22 3 C  

E N D  H A  I N2240 
* L I S T 8  
* L A B E L  

F U N C T I O F r  A R C C O S t  X )  ARCCOO I O  
C A R C C O S  ( X  1 I N  D E G R E E S  A R C C O O 2 0  

I F ( I . O - A B S F ( X ) ) 1 + 2 , 2  A R C C O O 3 9  
I X # S I G N F ( I . O , X )  A R C C 0 0 4 0  
2 I F ( X ) 3 r 4 , 5  ARCCOOSO 
3 A R C C O S # 1 8 0 * 3 + A T A N F ( S Q R T F (  I . f l -X*X) /X)*57.29577951 A R C C O O 6 0  

G O  T O  6 A R C C 0 0 7 0  
A RCCOO 80 4 ARCCOS#9O.O 

G O  T O  6 A R C C O O 9 0  
5 A R C C O S # A T A N F  ( S Q R T F  ( I .c)-X*X 1 / X 1 e57 2957795 I A R C C O  Io0  

A R C C O I  I D  6 R E T U R N  
E N D  A R C C O  I 29 

* L I S T 8  
* L A B E L  

S U B R O U T I N E  A T O M ( Q A t 2 )  A T O M 0 0  10 
C A T C C  C O C R D I N A T E  S U B R O U T I N E  A T O M 0 0 2 0  

A T  OPOO3D D I  MENS I C N  X (  3 1  9 2 ( 31 
DI M E N S I C N  A ( 9 )  t A A (  3, 3 )  , A A R E V  (39  3 1 9  A A W R K (  3 7 3 )  , A I D (  3 r 3 1  * A I N (  1 4 0 )  A T O M 0 0 4 0  
D I C E N S I C N  ATOMS ( 4,500) t BB( 39 3 1 c C D (  8 , 2 0 1  r C H E M ( 2 O 0 )  q C O N T ( 5  I rD( 3 9  1 3 0 )  A T O P 0 0 5 0  
DI M E N S I C N  D A (  31 3 ) 9 D P  (2 ,  I30 I T  E V (  3 r  200 ) r  F S (  3 ,  3.48) 9 KD( 5 ~ 2 0  1 ,ORGN ( 3  1 A T O M 0 0 6 0  
D I M E N S I C N  P(3,20O),PA(3,3~2U0)rPnC(3r5)rPAT(3r3),S(3,3),RE~V(3r3) A T O M 0 0 7 0  
D I M E N S I C N  R E S t 4 t r R M S ( S ) r S Y M R ( 3 , 3 ) , T I T L E ( l 2 ) r T I T L E ~ ( l 2 ) , T S ( 3 , 4 8 )  A T O M 0 0 8 3  
D I M E N S I C N  A T O M 0 0 9 0  V T ( 3 - 4  1 t V  I ( 4  1 9 V 2 1 3  1, V 3 1 3  ) r V 4 1 3 )  t V 5 (  3 )  9 V t ( 3 ) ,  W R K V ( 3 . 3 )  
D I M E W S I C N  X L N G ( ~ ) T X O ( ~ ) , X T ( ~ )  A T O M 0 1  00 
COMMON N G ~ A ~ A A r A A R E V ~ d A W S K r A I D 1 A I N 1 A T O M S I B B , B R D R ~ C D r C H E M ~ C O N T ~ D  A T O M O I I O  
COMMCN C A , D P , D I S P ~ E O G E , E V T F O R E ~ F S ~ I N ~ I T I L T ~ K D ~ L A T ~ ~ L T N O ~ N A T O M ~ N C D  A T O M 0 1 2 3  
COMMON N J ~ N J ~ ~ N O U T ~ N S R T N S Y M T O R ~ N ~ P ~ P A C I P A T , Q ~ R E F V ~ R E S , R M S ~ S C A L I A T O M O I ~ U  
COMMON S C A L 2 r S C L ~ S Y M R ~ T A P E R , T ~ E T A r T I T L E 2 r T S ~ V I E W ~ V T ~ V l ~ V 2  A T O C O l 4 r l  
COCMCN V ~ ~ V ~ , V S ~ V ~ V W R K V , X L N G , X O , X T  A T O M 0 1  5c) 
K#QA/IOOfl!IO.Ll A T O M U I  60 
I F ( K l 1 0 9 ~ 1 0 9 ~ 1 1 7  A T O M O I  70 

109 X ( I ) # O . O  A T O C O I  80  
X ( 2 ) # 0 . 0  A T O M O I  90 
X ( 3 1 E 0 . U  A T  O C O 2  00 

A T O M 0 2  I O  GO T O  125 
1 1 7  I F ( K - N A T C M ) 1 1 9 r l l 9 ~ 5 0 3  A T O M 0 2 2 0  
593 N G # 5  A T O M 0 2  30 

G O  T O  325  A T O M 0 2 4 0  
I I 9  0 0 1 2 3 J # 1  13 A T O M 0 2 5 0  
1 2 3  X ( J ) # P ( J , K )  A T O M 0 2  60 
1 2 5  T A # A B S F I Q A )  A T O M 0 2 7 0  

K S Y M # M O C F I T A r 1 0 ~ 0 0 0 . 0 )  A T O M 0 2 8 0  
K T # K S Y M / I O O  A T O M 0 2 9 0  
K S # K S Y M - I O O * K T  A T O P 0 3 0 0  
I F ( K S - N S Y M ) 2 3 3 r 2 0 3 , 4 0 3  AT  O M 0 3  I D 

403 N G # 4  A T O M 0 3 2 0  
GO T O  325 A T O M 0 3 3 0  

203 I F ( K S ) 4 0 3 , 2 0 5 , 2 1 3  A T O M 0 3 4 0  
205 Z ( I  ) # X ( I  1 A T  O M 0 3 5 0  
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Z ( 2 ) # X ( 2 )  
2 ( 3  1 # X t 3  1 
GO T O  311 

213 DO 2 2 3  K#1,3 
Z ( K ) # T S ( K , K S )  
DO 2 2 3  J # l  1 3  

223 Z I K ) # Z I K ) t F S ( J t K t K S ) + X ( J )  
3 1 1  I F ( K T ) 4 0 3 * 3 2 5 r 3 1 3  
313 I F I K T - 5 5 5 ) 3 1 7 r 3 1 5 ~ 3 1 7  
5 1 5  KSYM#KS 

G O  T O  3 2 5  
317 K I # K T / l O @  

K#KT-I  OU+K I 
K 2 # K / I  0 
K3#K- IO+K2 
Z I I ) Y Z ( I ) + F L O A T F I K I - 5 )  
Z 1 2 )  #Z ( 2  )+FLOATF(K2-5 )  
2 ( 3 ) # 2 ( 3 ) + F C O A T F ( K 3 - 5 )  

3 2 5  RETURN 
EN0 

+ L I S T 8  
+LABEL 

C +I+++ SCLUTICN OF MATRIX EQUATION AX#B FOR X +++++  
C **++I USES METHOD OF TRIANGULAR E L I M I N A T I O N  ++**+ 

C +++++ T c  INVERT A MAKE B 3 BY 3 I O E N I T Y  MATRIX *++** 

SUBROUTINE A X E P B I A l r X 9 B l r J J J )  

C +*+++ B AYD X HAVE DIMENSIONS ( 3 9 J J J ) r A  IS ALWAYS ( 3 9 3 )  

DIMENSICN A I  (393)~A(39319B~3t311Bl(3.3) 
N V l J J J  

DO 2 I W 1 9 3  
DO 2 J # l r 3  
I F ( N V - J ) 2 9 1 1 1  

C ++++e TRANSFER DATA +e*++ 

I R ( I t J ) # B I l I v J )  
2 A ( I , J ) # A l ( I v J I  

C *++++ TRIANGULARIZE YATRIX A *++++ 
00 17 IYIv2 
S#O. 0 
DO 4 JIYIt3 
R # A B S F ( A ( J v I ) I  
I F  (R-S 1 4  93 1 3 

3 S#R 
L # J  

4 CCNTINUE 
I F ( L - 1 1 5 r I O t 5  

5 DO 6 JIY1.3 
S # A ( I v J )  
A I I I J ) # A ( L * J )  

6 A ( L , J ) # S  
DO 8 J d l t N V  
S # B (  I IJ)  
B ( I t  J)  # B I L c  J 1 

8 B I L v J ) # S  
I O  T E M # A ( I * I )  

I I  I P O # I + I  
I F I T E P ) I l r 1 7 ~ 1 1  

DO 16 J l t I P 0 1 3  
I F ( A ( J t I ) ) 1 2 t 1 6 r 1 2  

A ( J 9  I )  Y O . 3  
DO 13 K # I P O 9 3  

1 2  S # A ( J t I ) / T E M  

13 A I J I K ) # A ~ J , K ) - A ( I I K ) + S  
DO 15 K # I t N V  

15 B ( J ~ K ) # B ( J I K ) - B ( I ~ K ) + S  
16 CONTINUE 
I 7  CONTINUE 

C +++e+ MCOIFY SINGULAR MATRIX +**** 
DO 20 I # l r 3  
I F I A ( I ~ 1 ) ) 2 0 t l 9 r 2 0  
A ( 1 9  I )#PAX I F (  I eE-25, M A X  I F (  A (  I t I I t  A (  2.2 1 t A (  3 9 3 )  I +  I eE-15) I 9  

ATOM0360 
ATOM037P 

AT 0 PO 390 
A T  OM0403 
ATOM04 1 
ATOM0423 
ATOW0430 
ATOM0443 
A TOM04 50 
ATOM0460 

ATOM04 80 
AT OM04 90 
ATOM0500 
ATOM05 I O  
ATOF0520 
ATOP0530 
ATOM0540 
ATOM0559 

A T O M O ~ R ~  

A 1 0 . ~ 0 4  70 

AXE000 I O  
AXEQ0029 
AXEQOO 30 
AXEQ0040 
AXEQ005t l  
AXE00060  
AXEQ0070 
AXEQUO80 
AXEQOO9@ 
AXEQOl O@ 
AXEQOI I O  
AXEQOI 2 0  
AXE401 30 
AXEQOl4O 
AXEQOl50 
AXEQO I60 
AXEQOl7O 
AXEQOl80 
AXEQOl90 
AXEQ02C0 
AXE002 I O  
AXEQO22D 
AXEQ023Q 
AXEQ0240 
AXEQ0250 
AXEQ026n 
A X  EQ02 70 
AXEQ02RO 
AXEQ0290 
AXEPO303 
AXEQ03 I O  
AXE003213 
AXEQ0333 
AXEQ034D 
AXEQ0350 
AXEQO360 
AXEQ0370 
AXEQ0380 
AXE00390  
AXEQ0401) 
AXEQ04 I 0 
AXEQ042D 
AXE00433  
AXEQ0440 
AXEQ045? 
AXEQO46O 
A X  E €104 7C 
AXEQ04 8 0  

. 
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2 0  CCNTINUE AXE00490  
DO 2 4  K # l r N V  AXEQO5OO 
00 2 4  I#1 ,3  AXE005 IO 

AXE90520  
M#N+ 1 AXEQ0530 
TEM# B (N, K 1 AXEQO540 
I F ( 3 - M ) 2 3 , 2 1 r 2 1  AXEQ0550 

AXEQ056rJ 
2 2  TEM#TEM-A(N, J ) * B (  J t K )  AXE00570  

AXE90580  2 3 €3 ( N , K 1 # T E M/ A ( N , IV 
2 4  X ( N t  K )  # B  ( N T K )  AXE00590  

RETURN AXEQ0600 
EN0 AXEQ06 I O  

N#4-  I 

21 DO 2 2  J#M,3 

* L I S T 8  
*LABEL 

SUBROUTINE AXES(U,VvX, ITYPE) AXESOO IO 
C *****  STORE THREE ORTHOGONAL VECTORS EACH I ANGSTPOM LONG I***+ AXES0020 
C *e*** ITYPE aGT.0 FOR CARTESIANI.LE.O FOR T R I C L I N I C  * ***+ AXESOO 30 
C ***** X A B S F ( I T Y P E ) # I  W ( I ) U U I W ( ~ ) # ( U X V ) * W ( ~ ) # U X ( U X V )  **+e* AXES0043 
C * * * e *  X A B S F l I T Y P E ) # Z  W l l ) U U , W I 2 ) # ( U X V ) X U t W / 3 ) # I U X V )  ***** AXES0050 

AXES0070 
AXES0080 I T # I T Y P E  

I F f I T ) l l 5 ~ 1 3 5 r 1 1 5  A X  E SOD90 
1 e 5  U ( I ) # I .  AXES01 DO 

U ( 2 )  #O. AXESO I IO 
U I 3 ) # 0 .  AXESO 12'3 
V(I)#O. AXES01 3 0  
V ( 2 ) # I .  AXES01 4 0  
V ( 3 ) # 0 .  AXES01 50 

115 00 1 2 5  JC1,3 AXESO I 60 
125 W ( J , l ) # U ( J )  AXES01 7 0  

IF(XARSF(IT)-1~145rl35~l45 AXESO I 80 
135 CALL N O R M 1 U , V * U ( 1 , 2 ) r I T )  AXES01 90 

CALL NORM(U,WI I r 2 1 r W 1  I 1  3 )  I T  1 A X  E S 02 00 
G O  T O  I 5 5  AXES02 IO 

AXES0220 
CALL NOPM(W(1,3),U,W(I,2),IT) AXES02 30 

155 DO 1 9 5  I # 1 , 3  A X  E SO2 4 0  
I F ( I T ) 1 6 5 , 1 6 5 , 1 7 5  AXES0250 

165 I C # - I  AXES0260 
G O  T O  1 9 5  AXES0270 

175 IC#l A X  E SO2 80 
195 CALL U N I T ( W ( I r I ) , X ( l r I ) , I C )  AXE SO2 9 0  

RETURN AXESO3Or3 
END AXES03 I O  

C ****I ITYPE#O W ( I ) # A , H ( ~ ) # ( A X B ) X A I U O # ( A X B ) ,  A B C K E L L  VECTORS +* *AXES0060  
DIMENSICN U ( 3 ) , V ( 3 1 r W ( 3 , 3 ) , X ( 3 1 3 )  

145 CALL NORM(U,V ,W(1 ,3 ) r IT )  

+ L I S T 8  
*LABEL 

BONOOG I O  
0 I MENS I CN B ( 3 9 3 1 t E (  3 1  3 I BONO0020 
OIMENSICN V 7 ( 3 ) , W ( 1 3 r 2 ) r X ( 3 )  v Z ( 3 )  8 0 NO00 30 

SUBROUTINE B O N D ( l l ~ Z 2 t N B )  
R ( 31 3 1 t R T  ( 31  3 )  9 S (  3 t 3 1 9 U( 3 r 3  1 9 VUE ( 3 

DI MENSICN A ( 9  1 , A A (  3, 3 )  , AAREV ( 3 9 3 )  9 AAURK ( 3 .3)  * A  IO ( 3 ~ 3 )  V A I N (  140) RON00040 
01 MENS I ON ATOMS 1 4 ,  5 0 0  1 ,  BR ( 39 3 1 * CD( 8,213) 9 CHEM (200 1 ,CONT( 5 ) t D  I 3 1  130) BOND0050 
DI MENS I C N  DA( 3.3) BONO0060 
01 MENS I C N  BONO0070 
OIMENSICN R E S I 4 ) r R M S ( 5 ) ~ S Y M R ( 3 1 3 ) 1 T I T L E l 1 2 ) r T I T L E ~ ( 1 2 ) , T S ( 3 ~ 4 8 )  BONO00813 
01 MENS I C N  BOND0090 

OP ( 2 ,  I 3 0 ) ,  EV( 3,2013 1 ,  FS 13,  3.48)  v CD( 5,201 9 ORGN ( 3 )  
P (  3 r 2 i l Z  1 ,  PA(  3 1  3 r 2 L I 0 )  9 PAC( 3 1 5  1 ,PAT1 39 3 )  ,Q( 3 9 3 1  r REFV ( 3  13 1 

VT ( 3, 4 1 r V  I ( 4 1 p V213 ) *  V 3 (  3 1 t V4( 3) 9 V 5  ( 3 1 V t (  3 1 ,  WRKV(  3 93 1 
DIMENSICN X L N G ( J ) r X O ( 3 ) r X T ( 3 )  BONO01 00 
COMMON ~ G ~ A ~ A A ~ A A R E V ~ A A W R K ~ A I O , A I N , A T O M S ~ B B ~ € 3 ~ O R ~ C D ~ C H E M ~ C O N T ~ O  BONOOllO 
COMMON C A , D P ~ D I S P , E C G E , E V ~ F O R E , F S ~ I N , I T I L T ~ K D ~ L A T ~ ~ L T N O ~ N A T O ~ ~ N C O  BONDOl20 
COMMCN N J ~ N J ~ ~ N O U T ~ Y S 9 ~ N S Y M ~ O R G N ~ P ~ P A t r P A C ~ P A T ~ Q ~ R E F V ~ R E S ~ R M S ~ S C A L l ~ O N O O l 3 ~  
COMMON SCAL21SCL,SYMB,TAPERITHETAITITLEITITLE,TITLE2,TS,VIEW,VT,Vl ,V2 BOND0140 
COMMON V 3 9 V 4 9 V 5 9 V 6 r W R K V 9 X L N G , X 0 7 X T  BOND01 50 

C e * * * *  OBTAIN POSITICNAC PARAMETERS .I.***+ BOND0 I 60 
N G I # O  BONOO I 7 0  
DO 105 J # 1 , 2 6  BONOOI 80 

i n5  W ( J , I ) U O .  BONOO I 90 
W (  I ,  I ) # Z I  B 0 N 0 02 00 
W (  I , 2 ) # Z 2  BOND02 I3 
DO 1 3 5  I f 1 9 2  BONO0220 
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CALL X Y Z ( W (  I ,  I I v W ( 4 r  I ) r 2 )  RONDO2 30 
I F ( N G ) 1 2 5 r 1 1 0 t 1 2 5  RONDO2 4 0  

110 DO I 1 5  JY1.3 BOND0253 
I 1 5  W ( J + 6 r I ) # X T ( J )  BOND0269 

K # W ( I , I ) / 1 0 0 0 0 0 .  BOND0270 
L#W(ItI)-FLOATF(K)+IOOOOO. BOND0280 
CALL P L T X Y ( W ( 4 , I ) * W 4 2 t I ) )  BOND0290 
IF(EDG€-BRDR+.25)120tI28,l28 BOND0303 

I 2 0  NG#IO BOND03 1 D 
BOND0320 1 2 5  N G I # l  

WRITE OUTPUT TAPE N O U T ~ ~ ~ ~ , C H E M ( K ) ~ K T L , ( W ( J , I ) ~ J U ~ T ~ )  BOND0330 
CALL E R P N T ( W ( l r I ) r 8 O O )  BOND0340 
G O  TO 135 RONDOJ5r3 

1 2 8  I F ~ N J 2 - 1 0 ) 1 3 0 ~ 1 3 5 r 1 3 5  BOND0360 
130 WRITE OUTPUT TAPE N O U T ~ I ~ ~ ~ G H E M ( K ) ~ K I L ~ I W ( J I I ) ~ J # ~ ~ ~ )  BOND0370 
1 3 5  CONTINUE BOND0380 
136 FORMAT( I H  IOXpA6,3P I I 3 1  I H t  1 5 t 4 H )  2F8 .2 ,5X13F8 .3 ,13X,3F8-41  BOND0390 

I F ( N G 1 ) 9 9 9 ~ 1 4 0 * 9 9 9  BOND0400 
BOND04 13 

D I S T # S O R T F ( V ~ V I V 7 , a A I V 7 ) )  BOND0420 
IF~XMODF(NJ2 t10 ) -3 )143r142r142~142  BOND0430 

142  HGT#SCAL1*.12 BOND04411 

I l l  BOND0460 

1 2 )  BOND0480 
GO TO 570 BOND0490 

I 4 3  KODE#KD(SrNB) BOND0500 
I F ( K O D E ) 1 4 5 , 1 4 4 ~ 1 4 6  BOND05 I O  

144 NBND#O RONDO520  
GO TO 1 4 8  BOND053C1 

1 4 5  KODEU-KCDE RON00540 
1 4 6  NBND#128/2**KODE BOND0553 

BOND0560 
BOND0571 

150 W ( I 2 r l ) U I -  BCND0580 
W (  12,2)#1. BOND0590 
I F ( W ( 6 . 1  ) - W ( 6 ~ 2 1 ) 1 6 5 r 1 7 5 r l 7 5  BOND0600 

C +****VECTOR FROM ATOM T O  VIEWPOINT +* *e*  BOND06 I 0  
1 5 2  DO I 6 0  11112 BOND0620 

DO 155 J # 1 0 , 1 2  BOND06 3 3  
155 W ( J , I ) # - W ( J - 6 1 1 )  BOND0643 

W ( 1 2 r I ) # W (  I 2 r I ) + V I E W  BOND065CJ 
C s i * * *  DISTAMCE SQUARED TO VIEWPOINT ***+a BOND0660 

160 W ( ~ ~ T ~ ) # V V ( W ( I O ~ I ) T W I I D ~ ~ ) ~  BOND0670 
BOND0680 

C *****  SNITCH ATOMS ***.+* BOND0690 
1 6 5  DO 170 J # 1 , 1 3  BOND0700 

TI # W ( J p  I ) BOND07 I 3  
W(J.1 ) # U ( J , 2 )  BOND0720 

170 W ( J v 2 ) U T I  BOND0730 
C *****  FCRM IDEMFACTOR MATRIX * * * * a  BOND0740 

I 7 5  DO 190 J#1,3 RON00750 
E (  JI J ) # I .  BOND07611 
E ( J + I , I  ) # 3 .  BOND0770 

RONDO780 
C ***e* FCRM VECTOR SET RADIAL TO BOND * *e* *  BONDO79D 

CALL ~ I F V ( W ( 4 , 2 ) r H ( k t 1  ) r D A l l r 3 ) )  BOND0800 
CALL U N I T ( D A ( l t 3 ) r V J , I )  BOND08 I O  
T 6 # A B S F ( V 3 ( 3 ) )  BONO0820 
I F ( . 9 9 9 4 - T 6 ) 3 9 O t  185,185 BOND083rl 

185 TI#CD(3 ,NB) /SCAL2  RONDO840 
CALL A X E S ( V 3 r E f l r 3 ) r R , I  1 BOND0850 
DO 190 J # I r 3  BOND0860 
D A ( J I I ) # - B ( J T ~ ) * T I  BOND0870 

I 9 0  D b ( J * 2 ) # - B { J , 3 ) * T I  BOND0880 
I F ( N B N D ) 5 0 0 , 5 0 0 t I 9 5  RONDO890 

1 9 5  CALL R A C I A L ( 3 )  BOND0900 
C ***I* D E R I V E  QUADRICS FOR EACH ATOM e* * * *  BOND09 I 7  

BOND0920 

1 4 0  CALL D I F V I W ( 7 r l ) , W ( 7 , 2 ) t V 7 )  

CALL S I P B O L ( W ( 2 t  I 1 t W l 3 r  I )  tHGTtXMODF( X F I X F (  W (  I t 1 )  /100000.) t I O )  -0. t-BOND045C) 

SICBOL ( W (2 .2  I t  W ( 39 2 )  9 HGTt XMOOF( XF I X F  ( W ( I 9 2 )  / 100000. ) I O  1 to. t-BOND047C3 CALL 

C * * e * *  F I N D  UPPERMOST ATOM PUT I N  P O S I T I O N  ONE e * * * *  
1 4 8  I F ( V I E W ) 1 5 2 , 1 5 0 , 1 5 2  

I F t W ( l 3 r 2 ) - W ( 1 3 ~ 1 ) ) 1 6 5 r 1 7 5 , 1 7 5 ~ l 7 5  

180 E ( J + 5 , 1  ) # D e  

DO 3 8 0  I T # l r 2  
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CALL P A X E S ( W ( I , I I ) , 2 )  
I F ( N G ) 2 0 5 , 2 1 0 , 2 0 5  

2CS CALL E R P N T ( W ( l r I I ) , 8 0 3 )  
G O  TO 999 

2 1 0  T I # 3 - 1 1 * 2  
C * e * * *  DCES BOND GO TO E L L I P S O I D  OR TO ENVELOPE *****  

DO 2 1 2  J # 1 , 3  
V 3 ( J ) # V 3 ( J ) * T I  

2 1 2  VUE( J )#C.  
I F ( K D (  5 NB 1 ) 2 6 0 1 2 6 0 1 2  15 
CALL 
IF1VMV(V3,Q,R(I,3)))22C,260,260 

2 I 5  U N I T  ( W ( 10, I I I ,R ( I ,  3 1 ,  I I 

C ****I ESTABLISH VIEW COOrlDIhlATE SYSTEM *+**t 

2 2 0  IBND#O 
I F ( V I E W ) 2 2 5 , 2 2 5 , 2 3 0  

C * * *e+  DERIVE TANGENT CYLINDER ****I 
2 2 5  CCNE#O. 

G O  TO 2 4 3  
C ***** DERIVE TANGENT CONE *I)*** 

2 3 0  C C N E # S C L + S C L / W ( 1 3 r I I )  
CALL N O R M ( E ( 1 , 2 ) , R ( 1 , 3 ) , R ( l ~ I ) , l )  
CALL U N I T ( R ( l r l ) ~ R ( l ~ l 1 ~ 1 )  
CALL N O R M ( R ( l r 3 ) v R I I , I  ) ,R( 1 ~ 2 ) r l )  
DO 2 3 5  1 # 1 , 3  
DO 2 3 5  J # 1 , 3  

2 3 5  R T ( I q J I # R ( J , I )  
C * * * * *  BASE E L L I P S O I D  ON VIEW COORDINATE SYSTEM * * * * *  

CALL MM(RT,Q,U) 
CALL VM(U*RvB)  

241J T I # I . / ( C O N E - Q ( 3 , 3 ) )  
T2#COYE*TI  
DO 2 5 0  J Y 1 9 2  
DO 2 4 5  KMl.2 
S ( K t  J 1 # C  I K, J 1 +Q( K 
S 1 3 , J ) # C ( 3 r J ) + T 2  

2 5 0  S ( J , 3 ) # S ( J r 3 ) * 1 2  
S ( 3 , 3 1 # 6 ( 3 , 3 ) * 1 2  
I F  ( C O V E  ) 2 5 2  2 7 0 1  2 5 2  

2 4 5  3 1 *Q( J , 31, T I  

2 5 2  DO 2 5 5  J # 1 , 3  
2 5 5  V U E ( J 1 # - W ( J + 9 , I I ) / S C L  

C *****  BASE TANGENT COVE ON WORKING SYSTEM e * * * *  
CALL MM(R,S,U) 
CALL MM(U,RT,SI 
T5#0. 
G O  T O  3ao 

C * * * + e  TRANSFER E L L I P S O I D  * * * a *  
2 6 0  DO 2 6 5  J # l t 9  
2 6 5  S ( J , I ) # C ( J , I )  

I B N D f t I I  
270 T 5 # I .  

C * ****  ChECK FOR BCND TAPER ****+ 
300 I F ( I l - 2 ) 3 3 5 ~ 3 1 0 ~ 3 1 3  
505 RADIUS#I .+T6*TAPER 

GO TO 320 
310 RADIUS#I.-T6*TAPER 
3 2 0  CALL MV(S,VJ,V4) 

T 2 # V V ( V 3 r V 4 )  
C * i t * * *  CCMPUTE BOND INTERSECTION +*a**  

K L # S - I I -  I 1  
DO 3 6 7  K ( # l , 6 5 r 4  
DO 3 2 5  J # l  1 3  
V 6 (  J ) # D (  J v K )  *RADIUS 

3 2 5  V S ( J ) # V 6 ( J ) + V U E ( J I  
T3#VV(VS,V4) 
T4#T3*T3-T2* (VMV(  V 5 ,  S9V5 1-15 f 
I F ( T 4 ) 3 3 0 , 3 3 5 , 3 3 5  

3 3 7  NG#I 3 
CALL E R P N T ( W ( I , I I ) , R O J )  
GO TO 9 9 9  

3 3 5  T4#SQRTF(T4)  

BOND0930 
BOND0940 
BOND0950 
BOND0960 
BOND0970 
BOND098r3 
BOND0990 
BONO I 000 
BONOl 01 0 
BOND I 0 2 0  
BOND I O 3 0  
BOND I 0 4 0  
BOND I 1150 
BOND IO60 
BONO IO70 
BOND I O 8 0  
BOND I090 
BONDl IO0 
BONDl I I O  
RONDl 1 2 0  
ROhlD l  I 3 0  
BOND I I 4 0  
BOND1 I 5 0  
BONDl I 6 0  
BONDl I 7 0  
BOND1 I8Cl 
BOND1 I 9 0  
BOND I 2 0 0  
BONDl 2 I 3  
BONO I 2 2 0  
BOND123Cl 
BOND 1 2 4 0  
BOND I 2 5 0  
BOND I 2 6 0  
BOND I 2 7 0  
BOND I280 
BOND I 2 9 0  
BONO 1 3 0 0  
BONO I 3  10 
BOND I 3 2 0  
BOND I 3 3 0  
BOND I 3 4 0  
BOND I 3 5 0  
BOND I 360 
BONO I 3 7 0  
BONO I 3 8 0  
BOND I390  
BOND I 4 0 0  
BONDl 41  0 
BONDl 420 
BOND I 4 3 0  
BONO I 4 4 0  
BOND I 4 5 9  
BOND I 4 6 0  
BOND I 4 7 0  
BOND I 4 8 0  
BONDl 4 9 0  
BOND I500  
BONOl 51’3 
BOND I 5 2 0  
BONDl 5 3 0  
BONO I 5 4 0  
BONOl 5 5 3  
BOND I 5 6 0  
BONO I 570 
BOND I 580 
BOND I 5 9 0  
BONO 1600 
BOND1610 
BOND I 6 2 0  
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T l # ( T 4 - T 3 ) / T 2  
T 3 # ( - T 4 - T 3 ) / T 2  
L # K + K L - I  
DO 3 6 0  J # 1 , 3  
D ( J , L ) # ( V 6 ( J ) + T I + V 3 ( J ) ) * S C L  
D (  J, L +  I ) # ( - V 6 (  J ) - T 3 * V 3 (  J ) 1 *SCL 
CALL PRCJ( O (  I v K L  I 
I F ( I B N D - 1 ) 3 7 0 , 3 6 5 r 3 7 0  

3 6 3  
,CP( I r I I )  rW (41 I I r X 0 1  VIEW, I r65r4) 

365 CALL P R C J ( D ( I r K L + S ) , C P (  I ~ I I + ~ ~ ) , W ( ~ ~ I I ) ~ X O I V I E W ~ I ~ ~ I ~ ~ )  
G O  T O  3 8 0  

C ++*I* RETRACE TOP PALF e * * * *  
3 7 0  DO 3 7 5  K#4 ,64 ,4  

L # K +  I I 
M#L+64 
N # 6 6 - L  
D P l l r M ) # D P ( I , N I  

3 7 5  D P ( 2 r M I # D P ( 2 r N )  
3 8 0  CONTINUE 

C i t * * * *  CHECK FOR OVERLAP OR HIDDEN BOND *****  
DO 3 9 5  K#1 ,65 ,32  
T I  #O. 
T2#3 .  
DO 3 8 5  J # 1 , 2  
T I # T I + ( C P ( J r K ) - W I J + I ( I )  ) * * 2  

385 T ~ # T ~ + ( C P ( J I K + I ) - W ( J + I ~ I ) ) * * ~  
I F ( T 2 - T I ) 3 9 0 , 3 9 0 ~ 3 9 5  

3 9 0  NG#I 4 
CALL E R P Y T ( W ( l r 2 1 , 8 0 3 1  
G O  T O  9 9 9  

3 9 5  CChTIYUE 
C * * * e *  C R A W  BCNC OUTLIVE ***** 

CALL D R P W ( D P ( l r l ) r O . r ~ . r 3 )  
DO 415 K # 5 , 1 2 9 r 4  

DO 420 K # 2 r 6 6 r 4  
415 CALL D R d W I D P ( I r K I , O . r ~ . , 2 )  

4 2 0  CALL D R A W ( D P l l r K ) , O . r l . r 2 )  
CALL D R A W ( D P ( 1 , 6 5 ) , 0 i i O . r 2 )  

C *+** *  DRAW BCND DETAIL  ***** 
4 2 5  K # 6 5  
43c1 K#K-NBNC 

I F ( K - I ) 5 0 0 , 5 0 O r 4 3 5  

CALL D R A W ( D P ( I r K + I ) r O . r G . r 2 )  
K#K-NRNC 
I F ( K - I ) 5 O ~ r 5 0 0 , 4 4 0  

CALL D R A W ( D P ( l r K ) r 0 . , ~ . , 2 )  

4 3 5  CALL DRAW(DPIl,K),0.,3.,3) 

440 CALL D R A W ( D P ( I r K + 1 1 , 0 . r 3 . r 3 )  

GO TO 430 
509 HGT#CD(4rNB)  

OFF#CD(S,NB) 
I F ( H G T 1 5 1 0 ~ 5 7 0 r 5 1 0  

C e * * + *  PERSPECTIVE BCND LABEL ROUTINE *****  
C ****I BASE DECISICNS OW REFERENCE SYSTEM ***** 

510 K#O 
CALL D I F V ( W ( 7 , 2 ) , W ( 7 r I ) , V 7 )  
CALL V M ( V 7 r A A R E V v V I )  
CALL A X E S ( V l r E ( 1 , 3 ) r U , I  I 
DO 5 3 5  I # 1 9 3  

I F ( I - 2 ) 5 1 5 , 5 1 5 r 5 2 0  
T I # l .  

515 I F ( V V ( U ( l r I ) ~ S Y M B t I ~ I 1 ) ) ) S 2 S ~ S 3 O ~ S 3 O  
5 2 0  I F ( X M O O F ( K , 2 ) ) 5 3 3 , 5 2 5 r 5 3 0  
5 2 5  T l # - I .  

K#K+ I 
53!! DO 5 3 5  J # l r 3  

U ( J r I ) # C I J , I ) * T I  
5 3 5  V T ( J I I ) # F ( J ~ I ) * T I  

DO 540 J # I r 3  
VT( J (4 1 #.5* ( W t  J + 3 1  I ) +W ( J + 3 9 2  1 )  5 4 0  

C ****I CHECK FOR EXCESS FORESHORTENING * *e* *  

BOND I 6 3 @  
BOND I 6 4 0  
BOND I 6 5 0  
BOND I 660 
BONO I 6 7 0  
BOND I680 
BOND 1 6 9 0  
BONO I 7 0 n  
BONDl 7 IO 
BONO I 7 2 0  
BOND I 7 3 0  
BOND I 7 4 0  
BOND I 7 5 0  
BOND 1 7 6 0  
BOND1 7 7 3  
BOND I 7 8 0  
BOND I 7 9 0  
BOND I 8 0 0  
BONDl 810 
BOND I820 
BONO 1 8 3 0  
BOND I840 
BOND I85Q 
BOND I 8 6 0  
BOND 1 8 7 0  
BOND I 8 8 0  
BOND I 8 9 3  
BOND I 9 0 C  
BOND I91 0 
BOND I 9 2 0  
BONO I 9 3 1  
BOND I940 
BOND I 9 5 0  
RON0 I 9 6 0  
BOND I 9 7 5  
BOND 1 9 8 0  
BOND I 9 9 0  
BOND2000 
BOND20 I D 
BOND202fl 

ROND204D 
BONO2050 
BOND2060 
BOND2070 
BOND2080 
90ND2090  
BOND2 IO0 
BOND2 I IO 
BOND2 I20 
BOND2 I 3 g  
BOND2 I43 
BOND2 I S'! 
BOND2 I 6 0  
BOND2 I 6 5  
BOND2 I 7 0  
BOND2 I 8 Q  
BOND2 I 90 
BOND220E 
BOND22 I O  
ROND222rl 
BOND2230 
BOND2240 
BOND2250 
BOND226n 
BOND2270 
BOND2280 
BOND2290 
BOND2300 
BOND23 IO 

B O N D ~ O ~ ~  
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I F ( F O R E - A B S F ( U ( 3 r I ) )  ) 5 4 5 r 5 5 0 , 5 5 0  
545 CALL N O R M ( U ( l r 2 ) r S Y M B ( I r 3 ) ~ V T ( l l l ) r l ) r l ~  

V T t l r 3 ) # S Y M B I l r 3 )  
VT(2 ,3  1 # s Y ~ ~ 1 2 , 3 )  
V T ( 3  1 3  )#SYMR( 3 . 3 )  
HGTnCDt  6 r NB) 
OFF#CD(7,NB) 
I F l H G T ) 5 5 0 , 9 9 9 * 5 5 0  

553 T I # C D ( S r N B )  
Z ( l ) # V T ( I r 4 ) - ~ G T * ( 2 3 . - 3 . . 1 1 ) / 7 .  
Z l Z ) ~ V T ( 2 , 4 ) + O F F - H G T * - 5  
Z ( 3 ) # V T ( 3 r 4 1  
I T I L T # I  
I F ( T 1 ) 5 5 5 r 5 6 0 r 5 6 5  

555 CALL N O P B E R ( Z 1 1  ) r L ( 2 ) r ~ G T , D I S T r O . , 4 H F 6 . 1  I 

56‘3 CALL NOCBER(Z(l)rZ(2)r~GTrDIST,~.,4HF6.2) 

565 CALL 

G O  T O  5 7 0  

G O  T O  5 7 9  
NO?’BER( Z (  I ) r Z (  2 )  r HGT t 01 S T r  0. r4HF6.3 1 

5 7 0  I T I L T # 3  
I F ( ~ J 2 - 1 0 ) 5 8 0 , 9 9 9 r 9 9 9  

5 8 0  WRITE OUTPUT TAPE N O U T r 5 7 1 r D I S T  
571 FORMAT( I H  5 9 x 9  IUHDISTANCE # F 8 . 3 / I H  1 
9 9 9  RETURN 

E ND 
*LIST8 
* L A B E L  

C VECTOR - VECTOR 
C Z ( 3 ) W X ( 3 ) - Y ( 3 )  

SUBROUTINE D I F V 4 X r Y p Z )  

D I  MENSICNX [ 3 1 t Y  ( 3  1 9 2  ( 3 )  
D O I I I I # I r 3  
L( I )  # X (  I I - Y (  I) 
RETURN 
END 

I I I 

* L I S T 8  

BOND2320 
BOND233Cl 
BOND2340 
BOND2350 
BOND2360 
BOND2370 
BOND2380 
BOND2390 
BOND2400 
BOND24 I O  
BOND242’3 
BONO2430 
BOND2440 
BOND2450 
BOND2460 
80ND2470  
BOND248CJ 
BOND2490 
BOND2500 
BOND25 I Cl 
BOND2520 
BON0253@ 
BOND2543 
BOND2550 
BON D2 5 6Cl 

DIFVOO I O  
DI FVOO20 
O I F V 0 0 3 0  
D I F VU043 
DI FVOUSO 
D I  FVOO6O 
0 I FVOO70 
D I  FVOO80 

*LABEL 
SUBROUTINE DRAWIWtDXrDY rNPEN I DRAW00 I 3  
DIMENS I C N  W ( 3  1 C X  ( 3 )  9 Y I  3 ) , Z ( 3  I DRAW0020 
OIMENSICN A ( P ) r A A ( 3 r 3 ) r A A R E V ( 3 r 3 ) , A A W R K ( 3 , 3 ) , A I D ( 3 , 3 ) , A I N (  140) DRAW0030 
D IMENSICN A T O M S ~ 4 ~ 5 O O ~ ~ R B ~ ~ r ~ ~ r C D ~ 8 ~ ~ O ~ r C H E M ~ 2 O O ~ r C O N T ~ 5 ~ ~ D ~ 3 ~ l ~ O ~ D R A W O O 4 O  
DI MENS I ON DRAW0050 
DIMENSICN P ( 3 , 2 U 0 ) ~ P A l 3 r 3 r 2 0 0 ) ( P A C ( 3 r 5 ) r P A T ( 3 ~ 3 ) r Q ~ 3 r 3 ) r ~ E F V ~ 3 r 3 )  DRAW006g 
D IMENSICN R E S ( 4 ) r R M S ( S ) r S Y M B ( 3 r 3 ) , T I T L E (  I 2 ) r T I T L E i (  1 2 ) , T S ( 3 , 4 8 )  DRAW0070 
DIMENSICN DRAW0089 
DIMEVSICN 
COMMCN N G , A r A A ~ A A R E V r A A W R K r A I D ~ A I N ~ A T O ~ S r B B r B R D R r C D r C H E M r C O N T r D  DRAWOIOO 
COMMCN DRAW01 IO 
COMMCN ~ J r N J 2 r N O U T r N S R r N S Y M 1 0 R G N , P 1 P A I P A r P ~ C r P A T r Q r R E F V r ~ E S ~ R b ’ S r S C A L l D R A W O l Z O  
COMMON SCAL2,SCLrSYb’BrTAPER, T ~ E T A r T I T L E r T I T L E 2 ~ T S I V I E W 1 V T I V l r V 2  DRAW0130 

DA ( 3.3 1 t DP ( 2 r  I 3 0  1 P EVI  39 200 1 r FS ( 3 1  3948 1 KD( 5 r 2 0 )  r ORGN ( 3  1 

V T  ( 3.4 1 r V  I ( 4 1 ,VZ( 3 ) r V 3 (  3 1 r V4(  3 ) r  V 5 (  3 ) r  V 6 1  3 ) r  WRKVt 3 1 3  I 
XLNG( 3 )  r X O (  3 1  r X T l 3  1 DR AWOO9O 

C A r  DP r D I S P  r EDGE, EVr FORE, FSc IN r I T I L T  , KO, LA1V.L TNOt NATOM, NCD 

COMMON V 3 r V 4 r V 5 r V 6 r W R K V , X L N G r X O r X T  DRAW01 4 0  
DRAW0 I 50 Y(l)#W(I )+DX 
DRAW01 60 Y ( 2 ) # W ( 2 ) + 0 Y  
DRAW01 7 0  I F ( I T I L T ) 1 1 5 , 1 4 3 r 1 1 5  

C * * * * e  RCTATE FOR PERSPECTIVE T I T L E  ***** DRAWOI 80 
DRAW01 9 0  I I 5  Y ( 3 ) # W ( 3 )  

DO 120 I # I r 3  DRAW02 09 
120 Z ( X ) # Y ( I ) - V T ( X . 4 ~  DRAW02 I O  

00 1 3 0  I # 1 , 3  DRAW0220 
I 3 0  X I  I ) #VT 1 I t  I ) *Zt I ) + V T (  I r  2 1 * 2 (  21+VT(  1,  3 ) + Z (  3 ) + V T {  1 ,  4) DRAW0230 

CALL P L T X Y ( X r Y )  DRAW02413 
C i t * * * *  CWECK BOUNORY *+***  DRAW0250 

140 DO 160 J # 1 9 2  DRAW0260 
DRAW02 7 0  

145 Y I J )  #XLNGt . ) I - .  I DR AWO2 80 
150 I F ~ Y ~ J ) - . I ) 1 5 5 , 1 6 0 ~ 1 6 0  DRAW02 90 
155  Y ( J ) # . I  DRAW0300 
160 CCNTINUE DRAW0310 

CALL P L C T ( Y ( I ) r Y ( Z ) r N P E N )  DRAW032D 
RETURV DRAW033@ 

IF(Y1J)-XLNG(J)+.III5IrI5O,I45 
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E N D  
* L I  S T 8  
* L A B E L  

C * e + * +  E I G E N V A L U E S  A N D  E I G E N V E C T O R S  O F  3 x 3  M A T R I X  * ****  
S U B R O U T I N E  E I G E N  ( W q V A L U t V E C T )  

DI M E N S I C N  W ( 31 3 )  9 V A L U (  3 1 r V E C T (  3 1  3 1 t A I 3 1  3 1 r B  ( 3 t 3 )  t L (  3 )  1 U (  3 1 
COMMON h G  

P H I F ( Z ) # ( ( l 3 2 - Z ) * Z + B I  ) * Z + B @  

ERRNDU5.E-8  
S I G M A 6 3 .  
DO 115 J C l r 3  
DO 115 I # l r 3  
T E M # W ( I I J )  
A (  I t  J ) # T E M  

C e**** S T A T E M E N T  F U N C T I C N  ****a 

C * a * * *  S T A R T  O F  PROGRAM ***** 

115 S I G M A # S I G M A + T E M + T E C  
C * * * i t +  C P E C K  F O R  N U L L  Y P T R I X  ***** 

I F ( S I G M b ) 2 3 0 t 2 3 O t 1 2 0  
1 2 0  S I G M A I S E R T F t S I G M A )  

C ***I* F C R M  C H A R A C T E R  I S 1  I C  € Q U A T  I O N  ***+* 
B 2 # h t l t l ) + A ( 2 1 2 ) + A 1 3 , 3 1  
B l # - A I l ~ l ) * A ( 2 ~ 2 1 - A 1 I ~ l  ) * A ( 3 , 3 ) - A ( 2 , 2 1 * A ( 3 , 3 ) + A l l , 3 ) * A t 3 , 1 )  
I+A(2r3)*A(3,2)+A(I(2)*A(2,l) 

R O # A ( I  V I  ) * A ( 2 , 2 ) * A 1 3 t 3 ) t A I  1 , 2 ) * A 1 2 ~ 3 ) * A 1 3 ~ 1  ) + A (  I , ‘ ) * A ( 3 , 2 ) * A ( 2 , 1  1 
I A ( 1 , 3 ) * 4 ( 3 , 1  ) * A ( 2 9 2 ) - A (  1 . 1  ) * A ( 2 * 3 ) * A 1 3 1 2 ) - A (  1 1 2 ) * A ( 2 1 1  ) + A ( 3 1 3 )  

C * * a * *  F I R S T  ROOT B Y  B I S E C T I O N  * * * e *  
X # O .  
Y # S I  GMA 
T E M # P H I F  ( S  I G C A )  
VNEW #O - 0  
I F ~ B 0 ) 1 3 5 t 2 5 0 , 1 4 5  

135 I F t T E M ) 1 4 9 r 1 4 0 , 1 6 5  
I 4 0  Y#-Y  

145 YUO. 
GO T O  165 

X # S I G Y A  
I F I T E ~ ) 1 6 5 ~ 1 6 5 r I 5 0  

150 xu-x 

I65 V N E W U ( X + Y ) * . S  
DO 225 1 # 1 t 4 0  

C ***a* NCW PHIF(X).LT.D.AND-PHIFtY).GT.O. **I** 

1 7 5  IF(PHIF(VNEW11180r2S0~l85 
180 X Y V N E W  

185 Y # V N E W  
2 r 1 0  V O L D # V N E W  

G O  T O  2120 

VNEWU ( X + Y  1 * e  5 
T E M U  A B S  F ( VOC 0-VNEW ) 

205 I F ( V O L D ) 2 1 0 1 2 2 5 , 2 1 0  

225 C O N T I N U E  

230 N G # 6  

I F I T E M - E R R N O ) 2 5 0 r 2 5 0 t 2 ~ 5  

210 IF~ABSF(TEM/VOLD)-ERRNC~250~250t225 

C **+** D I D  N O T  C O N V E R G E t  SET ERROR I N D I C A T O R  ***** 

GO T O  400 

250 U ( 3 1 U V N E W  
C * i t * * *  S T O R E  F I R S T  ROOT ***+I 

C *I+** D E F L A T E  so*** 
C I # B 2 - V N E W  
C D # B I + C I * V N E W  

T E W C  I *C I t 4 .  *CO 
C * * a * *  S C C V E  Q U A D R A T I C  * ****  

I F ( T E M ) 2 5 5 9 2 6 5 . 2 6 3  
C e****  I G N O R E  I M A G I N A R Y  COMPONENT OF C O M P L E X  R O O T  **e** 

255 TEM#O.  
GO T O  265 

260 T E M # S Q R T F I T E M )  
265 U ( l ) # . 5 * ( C I - T E M )  

U( 2 )  # . 5 * ( C I  +TEM)  

DR AWO34’3 

E I G E O O  113 
E I G E 0 0 2 0  
E I G E  00 3 0  
E I G E O O 4 U  
E I G E O i 3 5 T  
E 1  G E 0 0 6 1 1  
E I G E ’ 3 0 7 r l  
E I GEr338r3 
E I G E 0 0 9 0  
E l  GEO 1 O‘_r 
E I G E O I  13 
F I G F O I  2‘? 
E 1  GEO I 3cl 
E I GEO I 40 
E I G E O l 5 0  
E I G E O l b n  
E I G E 3 1 7 0  
E I G E O I H O  
E I G E O  I 9 0  
,E I G E 0 2 0 ( 3  
E1 G E 0 2  In  

- E  1 G E  02 2 0  
E I G E 0 2  33 
E I G E 0 2 4 ‘ 3  
E I G E 0 2 5 0  
E I GEC!26’1 
E 1  G E 0 2 7 C  
E I G E O 2 8 0  
E I G E 0 2  9(3 
E I G E O 3 D C  
EX G E 0 3  I 2  
E I C E 0 3 2 0  
E I G E 0 3 3 0  
E I G E 0 3 4 g  
E I G E 0 3 5 n  
E I G E 0 3 6 0  
E I G E 0 3 7 9  
E I G E 0 3 8 0  
E I G E 0 3 9 0  
E I G E 0 4 0 0  
E I G E 0 4  1 3 
E I G E O 4 2 C !  
E I G E 0 4 3 0  
E I G E 0 4 4 r 3  
E I G E 0 4 5 g  
E I G E 0 4 6 D  
E I G E O 4 7 f l  
E I G E 0 4 P n  
E I G E 0 4 9 0  
E I G E 0 5 0 0  
E I G E U 5  I7 
E I G E 0 5 2 f l  
E I G E 0 5  33 
E I G E 0 5 4 0  
E I G E 0 5 5 0  
E I G E 0 5 6 ( 3  
E I G E 0 5 7 g  
E 1  G E 0 5 8 n  
E 1  G E 0 5 9 @  
E I G E 0 6 0 0  
E I G E 0 6  I O  
E I G E 0 6 2 n  
E I G E U 6 3 0  
E I G E 0 6 4 ?  
E I G E 0 6 5 0  
E I G E 0 6 6 0  
E I G E 0 6 7 0  
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. 

EIGE0680 
00 275 J#1,2 EIGE0690 
IFIU(J)-UI3))275,275,27C EIGE0700 

EIGE0710 
lJ(J)#UI3) EIGE072r3 
UI3)#TEt' EIGE073r3 

275 CCNTINUE E IGE0740 
LLL#-2 E IGE0750 
DO 375 I I I # l r 2  E 1  GEC1760 

C *I*** CHECK FOR MULTIPLE ROOTS *+e*+  EIGE0770 
TEM#ERKN0+100. E I GfO780 
NG#O EIGE0790 

E I GE080U L# I 
DO 305 ICl.2 E 1  GE08 I O  
IF(IJ( I+l )-U( I)-TEM)303,3g0,290 EIGE0820 

290 IFIUI!))295,305r295 EIGE0833 
295 IFIAESF(IU(I+I )-U(I1)/UII)1-TEM)3OO~300~305 EIGEO84D 
300 L#L-I EIGE0850 

NGrtNG-2 I E IGE086C1 
305 CCNTINUE EIGE0870 

IF(LLL-L)308,400~40!l EIGE088C3 
5C8 LLL#L EIGE0890 

C *+*** EIGENVECTOR ROUT INE *a*** E I GE0900 
DO 375 II#1,3 EIGEO9lO 

E 1  GEO920 TI#U(II) 
E I GE09 30 

C *****  TIrO VECTORS NULL FOR DOUBLE ROOT *+*+* EIGE09413 
E IGE0950 

C **I** ALL VECTORS NULL FOR TRIPLE ROO1 * * * * i t  E 1  GEO9bD 
315 DO 32D J1Y1~3 EIGE097r3 
320 VECT I J 9 I I 1 #O.O EIGE098O 

GO T O  375 EIGE0990 
322 DO 325 J#113 E I GE I OOr? 

EIGE I O 1  0 
EIGE11321! 

DO 355 I#lr3 EIGE1030 
T I # I  EIGE 1040 
IF(I-2)335,335,340 EIGE IO50 

EIGE IO60  335 I I # I + l  
340 B I I t  I I#AII92)*AIII 13)-A( I13)*A(Il12) EIGE107E! 

B ~ I I ~ ) # A ( I ~ ~ ) * A ( I ~ , ~ ) - A ( I ~ I ~ * A I I I ~ ~ )  E 1  GE I 080 
B I I ~ 3 ~ ~ A I I ~ l ~ * A ~ I l ~ 2 ~ ~ A I I ~ 2 ~ * A ~ I l ~ l ~  EIGE 1090 
TE~RRII,I)*+2+BI1,2)**2+BII,3)**2 EIGE I 10'3 

EIGEl I I O  
35g SMAX#TEV EIGE I I20 

I M A X # I  EIGEl I30 
EIGE I I 4 0  355 CONTINUE 
EIGEl 15@ 

353 NG#7 EIGEl 16" 
GO T O  375 EIGEl I70 

3 6 0  SMAX#SQRTFISMAX) EIGE I I80  
DO 3 6 5  J R l . 3  E I G E l  190 

365 V(J)WR(IPAX,J)/SMAX E IGE I200 
C * * * e *  REFINE EIGENVECTOR ***** EIGE I2 I O  

EIGE I223 
T E M # M A X I  FI ABSFIVI I 1 )  9 AESF1 VI 2) 1 rABSF(VI 3 1 )  1 EIGE I230 
00 370 J # I p 3  E I G E  I24P 

EIGE I250 
CALL UNITIV,VECT(l,II)*I) EIGE 1269 

C *+*+*  REFINE EIGENVALUE +***+ E IGE I270 
T I # V M V I V E C T ( I , I I ) ~ W ~ V E C T ( l ~ I I ) )  EIGE 1280 
UIII)#TI €1 GE 1290 

375 VALU(II)#TI E 1  GE 1300 
EIGE I3 I 9  

END E I G E  I32n 

C * * e * *  SCRT ROOTS * + * * e  

270 TEC#UIJ) 

IF(L)315r310,322 

310 IF(NG+5-11)315,322,315 

325 4 (  JI JI#WlJ, JI-TI 
SWAX n0.U 

1F(TEM-SWAX)3551355,350 

IF(SMAX)353,353,360 

CALL AXEQBI A r V p V ,  I )  

370 VIJ)#V(J)/TEM 

400 RETURY 

*LIST8 
*LABEL 

SUBROUTINE ERPNTITI1N) ERPNOO IO 
DIMENSICN A(9) ,AA( 3 9 3 )  t AAREV (3,319 AAWRKI 3 9 3  I , A I D (  593) A I N I  140) ERPN0020 
DIMENSICN A T O M S ~ 4 ~ 5 0 ~ ~ ~ B B ~ 3 r 3 ~ r C D ( 8 1 2 0 1 r C H E M ~ 2 O O l ~ C O N T ~ 5 ~ ~ D ~ 3 ~ l 3 O ~ E R P ~ O r 3 3 ~  
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DI YENS I C N  ERPNOO4D 
01 MENS I O N  ERPN0050 
OIMENSICN R E S ( 4 ) , R M S ( S ) , S Y M R ( 3 ~ 3 ) ~ T I T L E l l 2 ) r T I T L E ~ I l 2 1 ~ T S ( 3 ~ 4 ~ )  ERPNqc160 
OIMENSICN ERPN0070 

DA I 3 9  3 ) 9 DP I 2  9 1 3 0 )  9 E V I  3,  ZOO 1, F S I  3939 48) 9 P O (  59 20 )  pORGN ( 3  ) 
P (  39200 1 ,PA( 3939  2OC) ,PAC( 395  1, PAT ( 3 9 3 1  ,Q( 3, 3 )  r REFV (3 93 1 

V T (  3 9 4 )  VV I (4) 9 V 2 ( 3  ) 9 V 3 (  3 ) 9 V 4 (  3 )  9 V 5 ( 3 ) 9 V t (  31  r W R K V ( 3 - 3 )  

NG. A, AA,AAREV, 4bWRK.A ID, A I Y ,  A T O M S  ,BB,BROR ,CO,CHEMICONT,D 
C A ,  DP 9 DISP 9 E DGE, EV, FORE, FS, I N  

SCAL2 ,SCL,SYHB* TAPER, THETA, T I T L E 9 T I T L E 2 r T S 9 V I E W ,  V T t  V I  vV2 

DIMENSICN X L N G ( 3 ) 9 X 0 ( 3 ) , X T 1 3 )  ERPNOOPO 
COMMON FRPNOiJ9’3 
COMMON ERPNOI Or) 
COPMCN N J ~ N J ~ ~ N O U T ~ N S R ~ N S Y M , O R G N ~ P ~ P A I P A C ~ P A C ~ P A T ~ ~ ~ R E F V , ~ E S ~ R P S ~ S C A L ~ E R P N O I  I C !  
COPMCN ERPNOI 2 0  

I TILT9KOv LAT P ,  LTNOt Y A T O M ,  K O  

COMMON V 3 9 V 4 1 V 5 1 V 6 9 W R K V , X L N G 9 X O * X T  ERPNOl3”  
WRITE OUTPUT TAPE N D U T I I I ~ ~ N G I T I ~ N  ERPNOI 4Q 

I 1 5  FORMAT(IH I O X I I ~ H F A U L T  NG # 1 3 , F I O - O , 1 6 / I H  1 ERPNO I50 
NG#O ERPNOI 60 
RETURN ERPNOl70  
END ERPNOI 80 

* L I S T 8  
*LABEL 

SURROUTINE F 2 0 0  
01 PENS I CN PLA(  2003 
D I  MENS I C N  A (  9 ) , AA139 3 )  , AAREV I 39 3 )  9 AAWRKI 3 9 3  1 * A  I D (  793 1 * A I  N(  140) F 2 0 0 0 0 3 0  
DIMENSICN ATOMS( 4 9 5 0 0 )  9 Be( 3 9 3 )  r C D I  8 .20 )  ,CHEM12OQ1 ,CONTIS) r D  ( 3 , 1 3 0 )  F2OOOO4O 
D I  MENSICN DA( 3 9 3  1 9 DP ( 2, I 3 0  1 9  EV( 3 9  209 ), F S (  39 39 4 8 )  9 CD( 5 9 2 0  ) 9ORGN( 3 1 F20000511r 
DIMENS I C N  P (  39239 1 9 PA( 3 9 3 9 2 0 0  1 ,  PAC ( 39 5 )  9 PAT I 3 9  3 )  9 6( 3 1 3 )  (REFV ( 3  13 ) F 2 0 0 0 0 6 0  
DIMENSION R E S I 4 ) , R M S ( S ) , S Y M B ( 3 r 3 ) 1 T I T L E (  1 2 ) . T I T L E e ( 1 2 1 r T S ( 3 , 4 8 )  F200007f3 
01 MENSICN F200008 ‘3  V T  ( 3 9 4 )  * V I  ( 41 9 V 2 t 3  9V3( 3 )  9 V 4 1 3 )  ,V5(  31 , V 6 (  3 )  ,WRKV( 3 1 3 )  
OIMENSICN XLNG( 3 1 ,  X O ( 3 )  v X T ( 3  I F 2 0 0 0 0 9 0  
COMMCN N G ~ A ~ A A ~ A A R E V ~ A A W R K ~ A I O ~ A I N I A T O M S , B B ~ B R O R ~ C D ~ C H E M ~ C O N T ~ D  FZOOOIOO 
COMMCN F 2 0 0 D  I I D  
COMMON ~ J ~ N J Z ~ N O U T ~ N S R , N S Y M ~ O R G N ~ P ~ P A ~ P A C ~ P A T ~ Q ~ R E F V ~ R E S ~ R M S ~ S C 4 L I F ~ O ~ O I 2 3  
COMVCN S C A L 2 , S C L t S Y M R ~ T A P E R , T H E T A , T I T L E , T I T L E 2 ~ T S ~ V I E W , V T ~ V l ~ V 2  F 2 0 0 0 1 3 ~  

C A 9  OP 9 DI SP9 E OGE9 EV 9 FORE 9 FS p IN9 I T I L T  *KO, LAT  P ILTND~ NATOM, NCO 

COVMON V 3 9 V 4 r V S , V 6 , W ‘ 7 K V , X L Y G 9 X O 9 X T  F2@001413 
C * * * * *  CALCOMP CONTROL **+** F 2 0 0 0 1 5 n  

I F I N J 2 - l ~ 2 1 6 ~ 2 1 ! J , 2 1 2  F 2 0 0 0 I  6(! 
2 1 0  CALL P L C T S ( P L A ( 2 0 3 0 ) v 1 9 9 8 , C T N O )  F 2  000 I 70 

C *I**+ FCR C O C  1 6 0 4  A USE 21C CALL P L O T S ( P L A * 2 0 0 0 9 L T N O )  * ****  F 2 0 0 0 1 7 5  
C ***I* FCR IBM 7990 US€ 2 1 0  CALL P L O T S ( P L A I 2 0 0 0 ) , 1 9 9 8 , L T N O )  * * * + * F 2 0 @ 0 1 7 6  

G O  TO 2 1 6  F 2 0 0 0  I 8 f l  
2 1 2  CALL P L C T ( A I N (  I ) , A I N ( 2 ) , - 3 )  F 2 0 0 0 1  9c1 
2 1 6  RETURN F2D002013 

END F 2 0 0 0 2  I O  
* L I S T 8  
*LABEL 

SUBROUTINE F400  F4OOOO IO 
C * a * * +  ATCM L I S T  FUNCTIONS *+**I F 4 0 0 0 0 2 r !  

01 MENS I C N  A ( 9  1 9  A A (  39 3 1 9 AAREV ( 3 9  3 1 t AAWRK ( 31 3 1 t A ID( 3 9 3  1 9 A I  N ( 1 4 0 )  F 4 0 0 0 3 3 f l  
DIMENSION A T O M S (  4 9 5 0 0 )  9 6 B (  39 3)9CD( 89 20) r C H E M ( 2 0 0 )  vCONT(5 1 9 0  ( 3 9  13O)F4@OOO4O 
01 MENS I C N  D A l 3 9 5  1 9 DP 1 2 9  I 3 0  1 t E V (  3 9  200 1,  FS ( 39 39 48) 9 PO ( 5  9 20 1 9 ORGN ( 3  1 F400’JOSO 
DIMENSICN P ( 3 ~ 2 0 0 ) , P A ( 3 r 3 , 2 O O ) r P A C ( 3 1 5 ) r P A T ( 3 r 3 ) 1 Q I 3 , 3 ) ~ R E F V ( 3 , 3 )  F 4 0 0 0 0 6 0  
DIMENS I C Y  F 4 0 0 0 0 7 0  
DIMENSICN V T ( 3 9 4 ) r V l ( 4 ! 9 V 2 ( 3 1 r V 3 ( 3 1 1 V 4 I 3 ) 9 V C ( ~ ) , W R K V ( 3 9 3 )  F 4 0 0 0 0 8 0  

COMMCN ~ G ~ A , A A , A A R E V I ~ A W R K , A I O , A I N ~ A T O M S ~ B B ~ B R D R ~ C D ~ C H E M ~ C O N T ~ D  F 4 0 0 0 1 0 0  
C O M M C Y  F4OOO I I r] 
COMMCN ~ J ~ N J ~ ~ N O U T ~ N S R ~ N S Y M ~ O R G N ~ P I P A I P A ~ ~ P A T ~ P ~ R E F V ~ R E S ~ R M S ~ S C A L I F ~ ~ O O I ~ ~  
COMMON S C A L ~ ~ S C L ~ S Y M B V T A P E R , T H E T A , T I T L E ~ T I T L E Z , T S ~ V I F W , V T ~ V I ~ V ~  F 4 D 0 0 1 3 0  

R E S ( 4 )  9 RMS ( 5 r SYMR ( 39 3 )  * T I T L E (  12)  9 T I  T L E i I  I2 1 ,  TS( 3 9 4 8 )  

DIMENSICN X L N G ( 3 ) r X 0 ( 3 ) , X T f 3 )  F 4 0 0 0 0 9 r !  

0 A, DP 9 01 SP 9 EDGE, E V  9 FORE 9 F S t  TU I I T I L T  KD, LA T C9LTNO t NATOM, NCO 

COCMON V 3 , V 4 , V 5 9 V 6 9 W R K V 9 X L N G 9 X 0 9 X T  F k 0 0 0 1 4 0  
NG#3 F4OOOl5n  
I F ( L A T M ) 4 0 2 , 4 0 2 r 4 0 0  F4OOO I 6’3 

400 DO 401 I # I , L A T M  F4OOOi 70 
4131 CALL A T C M ( A T O M S ( l i I ) r A T O M S ( 2 1 I ) )  F4OOOI80  
4rj2 I F ~ X M O O F ( ~ J 2 , t O ) - 1 ) 4 9 9 ~ 4 O 4 ~ 4 O ?  F4OOOI 9 0  
4 0 3  CALL SEARCH F 4 0 0 0 2 0 0  

GO T O  4 9 9  F4OOO2 I O  
C *****  STORES ( 4 0 1 )  O R  REMOVES ( 4 1 1 )  RUNS OF A T O M S  ***+* F400022 ’3  
C + * * * e  RUN HIERARCHY It ATOM NO./SYM/ A/B/C TRANS. I**** F40002313 

4 0 4  I I # l  F4OOO2 4 D 
C * * *+*  F I N O  RUNS I N  A I N  A R R A Y  * * * *+  F 4 0 0 0 2 5 9  

4 1 5  T I  # A I N I  I I )  F400026rJ  
I F ( T 1 1 4 1 0 ~ 4 1 0 ~ 4 2 0  F4000270 

4 1 0  I I # I I + I  F 4 0 0 0 2  80 

. 
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I F ( 1 4 0 - I I ) 4 9 9 r 4 u 5 , 4 3 5  
4 2 0  J J # I I  

C +**+* SET I N I T I A L  RUN VALUES ***e* 
~ I # T l / l O 0 0 0 3 .  
M 2 # M O D F I T I , I D 0 * )  
M 5 # M O D F ~ T 1 / 1 0 O ~ ~ 1 0 0 0 . )  
I F (  M5 1 4 2 2 9 4 2 2 1 4 2 3  

4 2 2  M5#555 
4 2  3 M3#M5/ IO0 

M4#XMOOF ( M 5 /  1 0 , I O ~  
M5#XMODF ( M 5  9 I3 ) 

4 2 5  J J # J  J+ I 

4 3 0  T Z # - A I N ( J J )  

4 3 5  I I#JJ-I  

I F ( 1 4 0 - J J ) 4 3 5 r 4 3 0 , 4 3 0  

I F ( T 2 ) 4 3 5 , 4 2 5 r 4 4 0  

C *+*+e S E T  TERMINAL VALUES FOR DEGENERATE RUN *+**+ 
N I # M I  
N2#M2 
N3#M3 
N4#M4 
N5#M5 
GO T O  4 5 0  

440 I I # J J  
C + * i t + *  SET TERPINAL RUN VALUES *I.**+ 

N I # T 2 / 1 0 0 0 0 0 .  

N5#MOoFIT2/100.,1000.)  
N2#MODF(T2,100.)  

I F ( N 5 ) 4 4 5 , 4 4 5 9 4 4 6  
445  N5#555  
446 N3#N5/  100 

N ~ # X M O D F ( N S / I O I I O )  
NS#XMODFINSr lO)  

C ++*+* CCOQ THROUGH ALL RUNS +++I+ 

450 DO 4 9 0  L 5 # M S i N 5  
00 4 9 0  L4#M4,N4 
DO 4 9 0  L3#M3,N3 
DO 4 9 0  L2#M2,N2 
DO 4 9 0  L I # M I , N I  
V I ~ 1 ~ # F L O A T F ~ L I ~ * I O O O O O ~ + F L O A T F l L 3 + l O O O O + L 4 * l O O O + L 5 ~ l O O + L 2 ~  
CALL A T C M ( V 1  ( I  ) 1 V 1 ( 2 ) )  
I F ( N G ) 4 5 5 * 4 5 8 , 4 5 5  

455 CALL E S P N T ( V I ( I ) r b O I )  
GO T O  490 

4 5 8  CALL STCRE 
l r 9 0  CCNTINUE 

GO T O  410 
4 9 9  RETURN 

END 
*L I s ~ a  
+LABEL 

SUBROUTINE F 5 0 0  

~ 4 0 0 0 2 9 0  
F 4 0 0 0 3 0 0  
F 4 0 0 0 3  I F  
F400032 '3  
F 4 0 0 0 3 3 0  
F 4 0 0 0 3 4 0  
F 4 0 0 0 3  5s 
F 4 0 0 0 3 6 0  
F 4 0 0 0 3 7 0  
F 4 0 0 0 3 8 0  
F 4 0 0 0 3 9 O  
F4000401J 
F40004 I O  
F 4 0 0 0 4  2n 
F400043CJ 
F 4 0 0 0 4 4 0  
F40004 5r3 
F 4 0 0 0 4 6 0  
F 4 0 0 0 4 7 0  
F 4 0 0 0 4 8 0  
F 4 0 0 0 4 9 0  
F 4  0005 00 
F 4OOO5 I 3  
F 4 0 0 0 5 2 0  
F 4 0 0 0 5 3 D  
F 4 0 0 0 5 4 3  
F 4 0 0 0 5 5 0  
F 4 0 0 0 5 6 0  
F 4 0 0 0 5 7 0  
F 4 0 0 0 5  RO 
F 4 0 0 0 5 9 9  
F 4 0 0 0 6 @ 0  
F4OOc)b I c1 
F 4 0 0 0 6 2 0  
F 4 0 0 0 6 3 0  
F 4 0 0 0 6 4 0  
F 4 0 0 0 6 5 0  
F 4 0006 60 
F 4 OOO67O 

F 40006 9P 
F400070r3 
F 4 0 0 0 7  I F  
F 4 0 0 0 7 2 0  
F 4 0 0 0 7 3 0  
F4000741? 
F400075rJ  
F 4 0 0 0 7 6 0  
F 4 0 0 0 7 7 0  

~ 4 0 0 0 6 8 0  

FSOODO t 0 
F ~ O O O ~ I  
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502 CALL ERPNT(Tlr531) F5OOO2 On 
F50002 I c) CALL EXIT 

504 DO 506 K#1*4 F500022D 
TI#AIN(K+I) F5 0002 3D 
CALL ATCM(TItV1I.K)) F5000243 
IF(NG)502r536r532 F 5 0002 SO 

506 CCNTINUE F500026r3 

VI(J)BV(J.2)-V(J,I) F5000280 
507 V2(J)#V(J,4)-V(Jv3) F5000290 

I NO#- I F5000300 
IF1AIN(7))509r5~9r508 F50003 IO 

598 IN0#-2 F5000320 
5t9 CALL AXES(VI,V~~REFVIIND) F5000331 

GO T O  562 F500034c) 
510 DO 552 Lltl.139.2 F 5 0 0 0 3 5 ~  

IF(I)532~552.512 F5 0003 70 
512  X#AIN(L+11*0.31745329252 F5000390 

F500039@ T I #GOSF ( X 
T2#SINF( X )  F500040r) 
I3 # X  MODF ( I +2 9 3 1 + I F50004 IO 
II#XMOOF(I3~3)+1 F50@042@ 
12#XMOOF(Ilr3)+1 F5OOO4 30 
RMtII~II)#TI F500044O 
RM(I1912)#12 F50004 50 
RM(IlrI31#0.0 F500046'3 
RMt I29 I I )#-T2 F5OOO4 70 
RM( 129 I2)#TI F5000480 
RH ( 12. I3 1 #O-0 F5000490 

F 5OO05OO 
RM( I3 9 I2 1 W0.0 F50005 I c) 
RM113913)#l - 0  F5000520 
CALL MM(REFV,RM.V) F5000530 
IF(NJ2-3)518,525.599 F5000540 

518 DO 522 Jlllr9 F500055Q 
522 REFV(JII)#V(JII) F5000560 

GO T O  552 F5000570 
F5000580 

528 WRKV(JII)#V(JII) F500059c1 
GO T O  552 F 5 0006 00 

532 IF(NJ2-3)535,552*599 F5OOO6 IO 
535 I#XWODF(-I,3) F5000620 

DO 542 J#l , I  F5000639 
DO 542 KfI1.3 FS00064@ 
TI #9EFV(Kp3) F5000650 
REFV(K,3)#REFV(K.2) F5000660 
REFVIKI~)#REFVIKII) F5000670 

542 SEFV(K9I)#TI F50006Pc1 
F500069r) 552 CONTINUE 

IF(NJ2-3)562,582,599 F 5 0007 00 
562 CALL MM ( AAt REFVI AAREV) F50007 I @  

DO 572 J#l 9 9  F5OUO720 
WRKV(JII)#REFV(J.I) F5OUU7 30 

572 AAWRK(JvI)#AAREV(J,I) F5000740 
GO T O  599 F5000750 

582 CALL MM(AA*WRKViAAWRK) FS000760 
599 RETURN F5000770 

E N 0  F5000780 

DO 507 J#1*3 ~50002 70 

I#AINILI ~50~1036~1 

RM(I3tIl I IyO.0 

525 DO 528 J1Yl.9 

*LIST8 
*LABEL 

SUBROUT I NE F600 F60000 IO 

D I  MENS ICN MAX(3 1 ,  SCAL( 4 1 rX( 3 1 rXMAX( 3) 9 XMINI 3 )  9 Z( 2 F6000C30 
C **I** SCALING AN0 CENTERING FUNCTIONS ***** F ~ O O O O ~ O  

OIMENSICN A ( 9 ) r A A 1 3 r 3 ) ~ A A R E V ( 3 , 3 ) , A A W R K ( 3 , 3 ) r A I D ( ~ ~ 3 ) , A I N ( l 4 0 )  F600004fI 
DIHENSICN A T O M S ~ 4 ~ 5 ~ 0 ~ ~ R 8 ~ 3 ~ 3 1 ~ C D ~ 8 ~ 2 O ~ ~ C ~ E M ~ 2 O O ~ ~ C O N T ~ S ~ ~ D ~ ~ ~ I ~ O ~ f 6 ~ O O O ~ ~  
DI MENS ICN F6000060 
OIMENSICN P ( 3 . 2 0 0 ) . P A ( 3 , 3 , 2 0 0 ) ~ P A C ( 3 , S ) , P A T ( 3 ~ 3 ) , 9 ( 3 ~ 3 ) ~ R E F V ( 3 . 3 )  F6000070 

DA ( 3.3 1 9 DP ( 2. I30 J EV( 39 200 1 . FS( 393*48 1 9 I(D (51 20 1 t ORGN (3 1 

DIMENSICN RES(4)rRMS15)rSYMB (3,3),TITLE( 121 ,TITLE.?( 1 2 )  ,TS(3,48) FbOOOOAfl 
OIMENS ICN V T  13~4 1 p V I 1 4  ) 9 V213 )I V313 1 9 V 4 f  3 1, V5( 3 1 t V e l  3 1 p WRKV I3 9 3  1 F6000090 

. 
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DIMENS ICN XLNG( 3 1 t X O (  3 1 r XTt  3 1 F 6 0 0 0 l  OrJ 
COMMCN K G , A , A A ~ A A R E V ~ A A W R K ~ A I D , A I N ~ A T O M S , B B I B R D R r C D ~ C H E M ~ C O N T ~ D  F 6 0 0 0 1 1 0  
COMMON 9 LTYOI NATOC, NCD F60OOl2 f l  
COMMCN N J ~ N J 2 r N O U T r N S R ~ N S Y M ~ O Q G N ~ P ~ P A ~ P A C ~ P A T ~ Q ~ R E F V ~ R E S ~ R M S ~ S C A L l F 6 O O O l 3 ~  
COCMCN F 6 0 0 0 1 4 0  
COMMON V ~ * V ~ , V ~ ~ V ~ , W R K V I X L N G I X O ~ X T  

C A ,  DP, DISP, E D G E  9 EV, FORE t FSI I N  t I T I L T I  KO 9 LA T 

SCAL2 t SCL v SYMBI TAPER, THETA, T I  TLEt  T I  TLE2 9 T S  r VIEW, V T I  V I  p V 2  
F 6 0 O O l 5 0  

C ++++I DEL # I .  FOR INCRUMENTING FUNCTIONS +++I+ F6OOOl60  
C ++++* DEL # 0. FOR REGULAR FUNCTIONS ++:I)++ F 6 0 0 0 1 7 0  

F 6 0 0 O l 8 0  
F6OOOl90  

C ++++e E X P L I C I T  O R I G I N  AND SCALE ++I++ F 6 0 0 0 2  09 
I F ( A I N ( I l ) b J 2 , 6 0 4 , 6 0 2  F6OOO2 I D  

6 0 2  X O ( I  ) # A I N (  I ) + X O ( I  )+DEL F 6 0002 2 0  
6 9 4  I F ( A I N ( 2 ) ) 6 n 6 , 6 0 8 , 6 0 6  F6OO02 30 

F 6 0 0 0 2 4 0  606 X 0 1 2 ) # A I N ( 2 ) + X 0 ( 2 ) + 0 E L  
6C8 I F ( A I N ( 3 ) ) 6 1 2 , 6 1 2 , 6 0 9  F 6 0 0 0 2  5Cl 

F 6 0 0 0 2 6 0  
610 S C A L I # S C A L l + A I N ( 3 )  F 6 0 0 0 2 7 0  

GO T O  6 1 2  F 6 0 0 0 2 8 0  
611 S C A L I # A I N ( 3 1  F 6 9 0 0 2 9 0  
6 1 2  I F I A I N 1 4 ) ) 6 1 6 , 6 1 6 , 6 1 4  F 6  000300 

C i t + + + +  SET E L L I P S O I D  SCALE FACTOR ++++e F 6 0 0 0 3  I 0  
F 6 0 0 0 3 2 g  6 1 4  S C A L 2 # A I N ( 4 )  

C + * + + +  AUTOMATIC O R I G I N  AND/OR SCALE *++++ F 6 0 0 0 3 3 0  
616 I F I N J 2 - 2 ) 7 9 0 ~ 6 2 2 , 6 2 0  F 6 0 0 0 3 4 0  
6 2 0  X O I  I )#XLNG( 1 ) + e 5  F600035r3 

X 0 1 2 ) # X L N G ( 2 ) + . 5  F 6 0 0 0 3 6 0  
6 2 2  I F ( N J 2 - 3 ) 6 2 5 , 6 4 7 * 6 2 5  F 6 0 0 0 3 7 Q  
6 2 5  S C A L I # I .  F 6 0 0 0 3 8 0  
630 I F ( L A T M - 1 ) 6 3 5 , 6 3 5 , 6 4 0  F 6 0 0 0 3 9 0  
635 YG#12 F 6 0 0 0 4  00 

CALL E R P N T ( 0 * , 6 0 2 )  F600O4 I O  
CALL E X I T  F 6  0 0 0 4 2 0  

F 6 0 0 0 4 3 0  
XMAXtJ )# - I .E5  F 6 0 0 0 4 4 0  

6 5 0  X M I Y I J ) # I . E 5  F 6 0 0 0 4  5 0  
C +++I+ F I T  BOX AROUND SET OF ATOMS +++++ F 6 0 0 0 4 6 0  

DO 670 I#IvLATM F 6 0 0 0 4 7 0  
CALL X Y Z 1 A T O M S ( l r I l r A T O M S ( 2 ,  1 1 ~ 3 )  F60004PO 

F 6 0 0 0 4 9 0  
6 5 2  CALL ERPNT I ATOMS ( I * I )  9 600 1 F 6 0 0 0 5 0 0  

GO TO 67R F 6 0 0 0 5  I c1 
6 5 3  DO 6 6 8  J # l  93 F 6 0 0 0 5 2 0  

T I # A T O M S ( J + I , I )  F 6 0 0 0 5 3 0  
IF(XMAX(J)-T1)655,660,660 F 6 0 0 0 5 4 0  

6 5 5  X M A X ( J ) # T I  F6000550 
M A X (  J ) # I  F 6 0 0 0 5 6 0  

660 IF(Tl-XCI~(J)1665,668,668 F 6 0 0 0 5 7 0  
6 6 5  X M I N ( J ) # T I  F 6 0 0 0 5  80 
668 CCNTINUE F 6O005 90 
6 7 0  CCNTlNUE F6000600 

F60006 1 fJ 
KM#MAX 1 3  ) F6OOO62 0 

F 6 0 0 0 6 3 0  SMULT#I. 
0 0  7 8 0  M # 1 * 5  F 6 0 0 0 6 4 0  
I F ( M - 2 ) 7 4 0 , 6 7 5 * 6 7 8  F 6 0 0 0 6 5 0  

C ++++* CHECK VIEW QISTANCE +*+*+ F 6 0 0 0 6 6 f l  
6 7 5  I F ( V I E W ) 7 8 5 , 7 8 5 r 6 8 0  F 60006 70 
6 7 8  I F ( N J 2 - 3 ) 6 8 0 , 7 8 5 , 6 8 0  F 6 0 0 0 6 8 0  
600 TI#ATOMS(4*KM)+SMULT F6000690 

f 6000700 
F b 0 0 0 7  I O  C ++**+ INCQEASE VIEW CISTANCE *++++I 

685 VIEW#2.+TI F 6 0 0 0 7 2 0  
C + + + + +  F I N D  PERSPECTIVE PROJECTION L I M I T S  +++++ F 6 0 0 0 7 3 0  

690 00 7 0 0  J#1,2 F 6 0 0 0 7 4 0  
F 6 0 0 0 7 5 0  
F 6 0 0 0 7 6 0  7 0 0  X M I N ( J ) # I . E 5  

DO 7 2 5  I # l t L A T M  F 6 0 0 0 7 7 0  
no 7 0 5  J C I , ~  F 6 0 0 0 7 8 0  

705 X ( J ) # A T C ~ S ( J + I . I ) + S C U L T  F 6 0 0 0 7 9 0  

D E L # F L O A T F ( X M O D F t Y J 2 / l r J v 2 ) )  
NJ2#XMOCFINJ2,13)  

bC9 I F ~ D E L ) 6 l l t 6 l l r 6 1 0  

6 4 0  DO 6 5 0  J # l r 3  

I F ( N G ) 6 5 2 t 6 5 3 , 6 5 2  

C +++++ KP#TOP ATOY +++I* 

I F ( V I E W + . 5 - T 1 ) 6 8 5 r 6 9 0 , 6 9 ~  

X Y A X I J ) # - I . E S  
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T2#VJEW/ IV IEW-X(  3 ) )  F 6 0 0 0 8 0 0  
DO 7 2 5  J # 1 1 2  F6OOO8 I O  
T l # X ( J ) + T 2  F 6 0 0 0 8 2 0  

7 1 0  X M A X ( J ) # T I  F 6 0 0 0 8 4 0  
7 1 5  I F ~ T l - X ~ I N ~ J ) ) 7 2 O r 7 2 5 ~ 7 2 S  F 6 0 0 0 8 5 0  

F 6 0 0 0 8 6 0  7 2 0  X M I N ( J ) # T I  
7 2 5  CCNTINUE F 6 0 0 0 8 7 0  

C e**** REFINE PARAMETERS * * * * e  F6O0088(3 
7 4 0  I F ( N J 2  - 3 1 7 4 5 9 7 4 2 r 7 5 5  F 6 0 0 0 8 9 0  
7 4 2  SYUL2UI. F 6 0 0 0 9 0 0  

G O  T O  7 6 5  FbODO9 I O  
C * * a * *  AUTOMATIC SCALE CNLY * e * * *  F 6 0 0 0 9 2 0  

7 4 5  DO 7 5 0  J111.2 F 6 0 0 0 9 3 0  
T2#XO( J )  F 6 0 0 0 9 4 D  
S C A L ( J ) # ( B R D R - T 2 ) / X M I ~ ( J )  F 6 0 0 0 9 5 0  

7 5 0  S C A L ( J + 2 ) # ~ X L N G I J l - R R D R - T 2 l / X M A X ( J l  F 6 0 0 0 9 6 0  
SMUL2#MINI F ( S C A L (  I ) r S C A L (  219 SCAL( 3 )  r SCAL (4) ) F 6 0 0 0 9 7 0  
GO T O  7 8 0  F 6 0 0 0 9 8 0  

C ***I* AUTOMATIC SCALE AND POSIT ION ***** F600099r3 
F6OO 1000 

7 6 0  SCALIJ)#(XLNG(JI-BRCR*2.)/(XMAX(J)-XMIN(J)l F 6 O O l 0 1 0  
S P U L 2 # M I N I F ( S C A L (  I ) r S C A L ( 2 ) )  F 6 0 0  I 0 2 0  

C ***e* AUTOMATIC P O S I T I C N  *****  F 6 0 0  IO30 
765 DO 7 7 0  J r 1 . 2  F6OO I 0 4 P  
7 7 0  X O 1 J ) # . S + ( X L N G ~ J ) - S M U L 2 * ( X M A X ( J ) + X M I N ( J )  1 )  F 6 0 @  I 050 
7 8 0  SMULTUSPULT*SMUL2 F6OO I069 

VIEW#VIEW*SMUL2 F b O O l 0 7 r l  
7 8 5  SCALIYSCALIeSWJCT F6OO 108’3 
7 9 0  SCL#SCAL l *SCAL2  F6OO I O 9 0  

RETURN F6OOi IO0 
END F6OOl I10 

IF(XMAX(Jl-T1~7101715r7lS F ~ O O O ~ ~ C !  

7 5 5  DO 7 6 0  J # I r 2  

* L I  ST8 
*LABEL 

SUBROUTINE F 7 0 0  F 7 0 0 0 0 1 0  
C *****  SUBROUTINE T O  ORAW E L L I P S O I D S  ***** F 7 0 0 0 0 2 0  

DIMENSICN E Y E ( 3 l r V I E W V ( 3 ) , X ( 3 ) ( 2 1 3 )  F 7 OOOO30 
D I  MENSICN A (  9 )  * A A  ( 39 3 1 9  AAREV ( 39 3 1 9  AAWRK( 39 3 1 * A  I D (  3 . 3  1 t A I N  ( 140) F 7 0 0 0 0 4 0  
0 1  MENS I O N  ATOMS( 47 500) p R B (  39 3 )  9 C O (  8 1 2 0  I r CHEM ( 2 0 0 )  9CONTt 5 1 rD ( 3 9  1 3 0 )  F7OOO’39 
DIMENSICN D A ( 3 9 3 ) 9 D P ( 2 *  1 3 0 ) r E V ( 3 , 2 0 0 ) r F S ( 3 r 3 9 4 8 )  9 C 0 ( 5 r 2 0 ) , O R G N ( 3 1  F 7 0 0 0 0 6 0  
DIMENSICN P ( 3 1 2 0 0 ) ~ P A ( 3 r 3 r 2 0 0 1 r P A C ~ 3 9 5 1 p P A T ( 3 ~ 3 ) r Q ( 3 ~ 3 ) r R E F V ( 3 ~ ~ )  F 7 0 0 0 0 7 0  
DIMENS ICN F700008 ‘3  
01 MENS I CN F 7 0 0 0 0 9 0  

COMMCN h G ~ A ~ A A , A A R E V ~ P A W R K r A I D r A I ~ r A T O M S ~ B B ~ ~ R D U ~ C O ~ C H E M r C O N T r D  F7000110 
COVPCN C 4 r D P ~ D I S P ~ E O G E ~ E V ~ F O R E ~ F S ~ I N ~ I T I L T r K D r L A T F ~ L T N O r N A T O M t N C D  F 7 0 0 0 1 2 3  
C O M M O N  NJpNJ2,NOUTpNSR,NSYM, O R G N , P , P A ~ P A C ~ P A T I Q , R E F V I R E S , R M S ~ S C A L I  F7OOOl3O 
COMMCN S C A L 2 ~ S C L r S Y M B ~ T A P E R r T ~ E T A ~ T I T L E ~ T I T L E 2 , T S ~ V I E W ~ V T r V l ~ V 2  F7OOOI4O 

RES ( 4  1 7  RMS ( 5 
V T  I 3.4 ) 9 V  I (4 1 r V 2 (  3 

r S Y M R  ( 3 9 3 )  r T I T L E  ( 12 1 9  T I  TLE L^I I 2  1 pTS(  3 948 1 
9 VS( 3 )  9 V I ( 3  1 r WRKV ( 3 9 3 )  ,V3(  3 1 9  V 4 t  3 

DIMENSICN X L N G ( 3 ) r X 0 ( 3 1 r X T 1 3 )  F700OlOCl 

COPMCN V 3 9 V 4 9 V 5 9 V 4 9 W R K V 9 X L N G r X 0 9 X T  F7OOO I50 
C * * * * a  S E T  E L L I P S O I D  GRAPHIC DETAILS * * * * *  F 7 0 0 0  1 6 0  

I T I L T # 3  F7OOO I 7rJ 
NG#O F 7 0 0 0 1 8 0  
NF I RSTC I F7OOOI9Q 
NPLANE#AIN( I I F700020rJ  
I F  (NPLANE-I 172Or 7 1 5 ~ 7 2 0  F7OOO2 I [! 

7 1 5  N F I R S T # 4  F 7 0 0 0 2 2 0  
NPLANE#4 F 7 0 0 0 2 3 0  

7 2 0  N S O L I D # A I N ( 2 )  F 7 0 0 0 2 4 r !  
NDCT#64/2**(XABSF(NSOLIC)) F 7 0 0 0 2 5 0  
L I NESWA I N ( 3 1 F 7 0 0 0 2 6 0  
NDASHU A I N ( 4  1 F 7 0 0 0 2 7 0  

DHWAIN(6 ) - C H S Y M *  I7 . /7 .  F 7 0 0 0 2 9 0  
DV#AIN(7)-CHSYM*.S F 7 0 0 0 3 0 0  

C ***I* ESTABLISH REFERENCE POINT OF VIEW **e**  F70OO3 I r3 
T I # l  . E 6  F700032’3 
I F t V  IEW ) 7 4 0 9 7 4 O r  7 3 5  F 7 0 0 0 3 3 3  

7 3 5  T I  #V IEW/SCAL I F70003413 
7 4 0  DO 7 4 5  JY1.3 F 7 0 0 0 3 5 0  
7 4 5  E Y E ( J ) Y R E F V ( J r 3 l * T I + O R G N ( J )  F 7 0 0 0 3 6 0  

CHSYM#AIN(S)  ~ 7 0 0 0 2 8 0  

. 
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c 

LNS#-I  F 7 0 0 0 3 7 0  
C * ****  LCOP THROUGH ATOP L I S T  * * *e *  F700038c )  

DO 1105 I T O M # l r L A T M  F7000390 

CALL X Y Z ( T I v X p 2 )  F 7 0 0 0 4  IO 

7 4 6  CALL P L T X Y ( X t Z 1  F 7OOO43O 
K # T I  / I  00000. F 7 0 0 0 4 4 0  
L # T I - F L C A T F ( K ) * 1 0 0 0 0 0 .  F 7 0 0 0 4  5 0  
I F Z N J 2 - 1 0 ) 7 4 7 , 7 5 4 r 7 5 4  F 7 0 0 0 4  60 

7 4 7  L N S # X M O C F I L N S + l r l 8 )  F 7 0 0 0 4  70 
I F ( L N S ) 7 4 9 . 7 4 8 , 7 4 9  F 7 0 0 0 4 8 0  

7 4 8  WRITE OUTPUT TAPE NOUT,751,( T I T L E (  I ) r I # i  1 1 2 )  F 7 0 0 0 4 9 n  
WRITE OUTPUT TAPE NOUT9752 F 70005 00 

I I 1 , I ' f l r J )  F 7 0 0 0 5 2 0  

751 F O R M A T ( I H I I D X , 1 2 A 6 )  F 7 0 0 0 5 4 0  

T I # A T O P S ( I , I T O M )  F 7 0004  oe 
I F t N G ) 7 5 8 * 7 4 6 * 7 5 8  ~ 7 0 0 0 4 2 e  

749 WRITE OUTPUT TAPE N O U T , 7 5 0 , C H E M ( K ) , K ~ L t Z o r Z ( 2 ) ,  IX(I)~I#l13)1lXTIF70~O5lO 

7 5 0  FORMAT( I H  l ! 3 X * A 6 * 3 l '  ( 1 3 9  IHI I 5 , 4 H )  2F8.293Xt3F8.39 I I X v 3 F 8 . 4 )  F 7 0 0 0 5 3 0  

7 5 2  FOSMAT( IH l1DX~18HSYMROC A T O M  CODE7X*16HPLOTTER X * Y ( I N . )  3 X ~ 2 I H C A F 7 0 0 0 5 5 D  
I R T E S I A N  X t Y t Z  l IN. ) ISX,2OHCRYSTAL SYSTEM X , Y * Z / I H  19X~45H~OIRECTIOF700056~ 
2N COSIYES ( 1, J 1 *  I #  1 9 3  1 r RMSOI J 1 )  t J # l  v 3 1 2 x 1  42HFOR PRINCIPAL  AXES BASEF7000570  
3 0  CN WORKING SYSTEM/IH 1 F 7 0 0 0 5 8 0  

7 5 4  I F (  EDGE-BROR)*.75 ) 7 5 5 9 7 6 0 1 7 6 G  
7 5 5  NG#IO 
7 5 8  C4LL  E R P N T ( T I * 7 3 0 )  

G O  TO 1105 
7 6 0  I F { C H S Y C ) 7 7 5 r 7 7 5 r 7 6 5  

C ***** PLOT CHEMICAL SYMBOLS *)**** 
765 T 4 # I .  

I F ( V I E W ) 7 6 7 , 7 6 7 , 7 6 6  
7 6 6  T 4 # V I E W / ( V I E W - X ( 3 ) )  
7 6 7  T3#CHSYC*T4 

T4#DISP*T4+.5 
V I  4 I ) # X (  I )+OH*SYMB( I , I )+DV*SYMBI Ir2) 
V l 1 2 ) # X ( Z ) + D H * S Y M B ( 2 , 1  ) + D V * S Y M B ( Z r Z )  
V I  ( 3 ) # X ( 3 )  
CALL P L T X Y ( V I  r V 3 )  
IF(EDGE-CHSYM)775r768v768 

7 6 8  V 2 1 3 ) # 0 .  
00 7 7 0  I # 1 , 3 , 2  
V 2 ( 1  ) i l V 3 ( 1  ) + F L O A T F ( I - 2 ) * 1 4  

V 2 1 2 ) # V 3 ( 2 ) + F L O A T F ( J - 2 ) * 7 4  
DO 7 7 0  J # I , ~ , z  

CALL S I P R O L ( V 2 t  I 1 , V 2 t 2 ) r T 3 , C H E M I K ) * T H E T A I 6 )  
I F 1 1 4 1  775 ,775 ,773  

7 7 0  CONTINUE 
7 7 5  I F ( N P L A ~ E ) 1 1 0 5 r 1 1 0 5 ~ 7 8 0  

C * * i t * *  E L L I P S O I D  PRINC VECTORS TOWARD VIEWER ** ) * *e  
780 CALL P A X E S ( T I . 2 )  

I F ( N G ) 7 5 8 , 7 8 3 , 7 5 8  
783 C4LL  DIFV(EYE,XT,VIEWV) 

CALL 
CALL VM(VIEWVvAAvV2) 
DO 7 9 5  I # l r 3  
IFIVV(V2,PAT(I,I)))785,795,795 

U N I T (  V I  E k V I V  IEWVr -  I 1 

7 8 5  00 7 9 0  J l l r 3  
P A C l J , I ) # - P A C ( J * I )  

7 9 0  P A T ( J ~ I ) # - P A T ( J I I )  
7 9 5  CCNTINUE 

00 800 J # 1 , 3  
P A C ( J I ~ ) W P A C I J I I )  

800 P A C ( J , 5 ) # P A C ( J , Z )  
I F ( N J 2 - 1 0 ) 8 0 2 , 8 0 3 , 8 0 3  

801 F O R M A T ( I H  13Xv3(3X ,3F8 .41F8 .S) / iH  1 
8 0 2  WRITE OUTPUT TAPE N O U T , 8 0 l r (  ( ( P A C ( J , K l r J l l r 3 ) r R M S ( K ) ) , K Y l r 3 )  

C *)**e* VI, # VECTOR NORMAL T O  POLAR PLANE +*+** 
8 0 3  CALL VM(VIEWV,AAWRK,V6) 

CALL U N I T ( V 6 t V 6 , I )  
CALL MVlQ,V6,V4) 
CALL U N I T ( V 4 r V 4 , l )  

F 7 0 0 0 5 9 0  
F 7 0 0 0 6 0 0  
F 7 0 0 0 6  I O  
F 7 0 0 0 6 2 0  
F700063fl 
F700064c )  
F 7 0 0 0 6 5 0  
F 7 0 0 0 6 6 0  
F 7 0 0 0 6 7 0  
F7Cl00680 
F 7 0 0 0 6 9 0  
F 7 0 0 0 7 0 0  
F7OOO7 10 
F 7 0 0 0 7 2 0  
F 7 0 0 0 7 3 0  
F 7 0 0 0 7  40 
F 7 0 0 0 7 5 0  
F 7 0 0 0 7 6 0  
F 7 0 0 0 7 7 0  
F 7 0 0 0 7 8 0  
F 7 0 0 0 7 9 0  
F 7 0 0 0 8 0 0  
F7OOO8 I O  
F 7 0 0 0 8 2 0  
F 7 0 0 0 8 3 0  
F 7 0 0 0 8 4 0  
F 7 0 0 0 8 5 0  
F 7 0 0 0 8 6 0  
F 7 0 0 0 8 7 0  
F 7 0 0 0 8 8 0  
F 7 0 0 0 8 9 0  
F 7 0 0 0 9 0 0  
F 7 0 0 0 9 1 0  
F700092!l 
F 7 0 0 0 9  30 
F 7 0 0 0 9 4 9  
F 7 0 0 0 9 5 0  
F 7 0 0 0 9 6 D  
F 7 0 0 0 9 7 0  
F 7 0 0 0 9 8 0  
F 7 0 0 0 9 9 0  
F7UO t 000 
F 7 0 0 1 0 1  0 
F 7 0 0  I 0 2 @  
F 7 0 O I  0 3 0  
F700 I040 
F 7 0 0 I O 5 0  
F 7 0 0  I 060 
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C **I)** SET PLOTTING RESOLUTION FOR E L L I P S O I D  ***** 
T3#RMS(3) *SCL 
NRESOL# I 
N R I S # 5  
00 805 J # l r 3  
IF(T3-RES(J))804r810r8lO 

804 N B I S # N B I S - I  
805 NRESOL#hRESOL*2 
810 NRESI#NRESOL+I  

C * * *e *  LCOP THROUGH PRINC AND POLAR PLANES a * * * *  
DO 1100 I I # N F I R S T r N P L A N E  
I I O # X M O C F ( I I + 2 ~ 3 ) + 1  
I I I # X M O C F ( I I r 3 ) t 1  
I I 2 # X M O C F ( I I + l r 3 ) + 1  

C +***I GENERATE CONJUGATE DIAMETERS * * *e*  
IF(.9993A-ARSF(VV(V4~PAC(l~I12)))82C182~v82OrE~O 

8 2 0  TI C R M S  ( 1 1 3 )  *SCL 
T2#RMS ( I I I I *SCL 
DO 8 2 5  J U l r 3  
D A ( J r l ) # P A C ( J r I I O ) * T I  

8 2 5  DA t J ,2 ) #PAC ( J 9 I I I ) UT2 
GO T O  850 

830 CALL NORM( PAC( I ,  I IO) ,PAC( I r I I I )  r V I  v I 1 
CALL N O R M ( V I v V 4 r V 2 r I )  
CALL U N I T ( V 2 r V 2 r I )  
CALL M V ( Q r V 2 p V 3 )  
I F t I I - 4 ) 8 3 5 r 8 4 0 r 8 4 0  

835 C I L L  N O R M ( V 3 r V I r V 5 r I )  
GO TO 8 4 3  

840 CALL N O R Y ( V 3 v V 4 r V S r l )  
8 4 3  CALL U N I T ( V 5 r V 5 r l )  

T I Y S C L / S Q R T F ( V M V ( V 2 r Q v V 2 ) )  
T 2 # S C L / S Q R T F ( V M V ( V S v Q r V 5 ) )  
DO 8 4 5  J # l r 3  
DA( J 9 I ) # V 2  ( J  ) * T I  

8 4 5  O A ( J , 2 ) # V S ( J ) * T 2  
C * * e * *  GENERATE E L L I P S E  e*+** 

850 CALL R A C I A L ( N 8 I S I  
I F I I I - 4 ) 9 0 0 r 8 5 5 r 8 5 5  

C *****  PLOT BCUNDARY E L L I P S E  ***** 
A55 CALL PRCJ(DrDPrXvXOrVIEWvIvI29rNRESOL) 

CALL 
DO 860 J#NRESI r129rNRESOL 

I F ( D I S P ) l l 0 0 r l l 0 0 r 8 C 5  

DRAW (OP rO.rO r 3 1 

860 CALL D R 6 W ( D P ( I r J ) r O . r 0 . , 2 )  

C (I**** BCUNDARY ANNULUS AS A L INEAR FUNCTION OF HEIGHT ***** 
8 6 5  CALL  DIFV(XT.ORGN,VI) 

T S I V V ( V I r A A R E V l l r 3 ) ) * S C A L l  
NCYCLE#.S+(AIN(R)+T5*AIN(9))/DISP 
I F ~ N C Y C L E ) l 1 0 0 ~ 1 1 0 0 ~ 8 7 0  

8 7 0  T 3 # ( 2 . * D I S P ) / ( T I + T 2 )  
C * e * * *  INCREASE ANNULAR THICKNESS ***e* 

DO 8 7 5  I # I r N C Y C L E  
T 4 R T 3 * F L O A T F ( I )  
DO 8 7 5  J # I  r 129rNRESOL 

e 7 5  CALL DRAW(DP(IrJ)rO(lrJ)*T4rD(2,J)*T4,2) 
GO T O  I I O C )  

900 CALL PRC J ( 0 9  DPr XI X O r  VIEW v I r6 5rNRESOL 1 
C * * + e *  PLOT HALF AN E L L I P S E  ++I*** 

CALL DRAW(DPrO.vO. r 3 )  
DO 9 0 5  J # N R E S l r 6 5 r N R E S O L  

9 0 5  CALL D R A W ( D P ( I , J ) r O . r ~ . , 2 )  
I F ( D I S P 1 9 3 0 r 9 3 0 ~ 9 1 0  

C +**** ACCENTUATE FRCNT HALF ***** 
9 1 0  DO 9 2 5  I # l r 3 v 2  

T Z # F L O A T F ( I - 2 ) * D I S P  

K # 6 6 - J  
DO 9 1 5  J # I v 6 5 r N R E S O L  

9 1 5  CALL C R A W ( O P ( l r K ) , D I S P r T 2 r 2 )  
DO 9 2 5  K#1,65rNRESOL 

F 7 0 0  I 0 7 0  
F 7 0 0  I 080 
F 7 0 0  I 090 
F 7 0 0  I I O 0  
F 7 0 0 1  I I T J  
F7OO I I 2 0  
F7OOl l3 rJ  
F 7 0 0 1  I 4 0  
F7OOl 150 
F7OO I I6n 
F7OO I I 7 3  
6 7 0 0 1  I 8 ?  
F7OOl I90 
F7OO I 2 0 0  
F7OO I 2  I r! 
F7OCl l223  
F7OO I 2 3 C  
F 7 0 0 1 2 4 O  
F7r30 1 2 5 0  
F 7 O O l 2 6 0  
F7PO I 2 7 Q  
F7OO 1 2 8 0  
F 7 0 0  I29Cl 
F 7 0 0  1 3’50 
F 7 O O l 3 1 3  
F 7 0 0  I 3 2 0  
F7OQ I 3 3 0  
F 7 0 0 1 3 4 D  
F 7 0 0 1 3 5 9  
F700 I 3 6 0  
F7OO I 3 7 0  
F 7 0 0 1 3 8 0  
F7OO I 3 9 0  
F7tJ!lI4@r! 
F 7 0 0 1 4 1 r !  
F700142TJ 
F7OO I4313 
F70014413 
F 7 0 0  I 4 5 3  
F7OO I 4 6 q  
F 7 0 0  I 4 7 0  
F 7 0 0 1 4 8 n  
F 7 0 0  149’3 
F 7 0 0  I500 
F 7 O O  I 5 1’3 
F 7 0 0  I 5 2 3  
F 7 0 0 1 5 3 0  
F 7 0 0  I 5 4 g  
F7COI 550  
F 7 0 0 1 5 6 0  
F700157Cl  
F 7 0 0  I580 
F 7 @ 0  1 5 9 0  
F 7 0 0 1 6 @ @  
F 7 O O l 6  I !I 
F 7 0 0  1 6 2 0  
F 7 O O l 6 3 0  
F 7 0 0  I 6 4 0  
F700165‘Ir 
F7OO I 6 6 0  
F 7 0 0  1 6 7 0  
F 7 0 0 1 6 8 0  
F7OOI 690 
F 7 0 0  1 7 0 0  
F 7 0 0 1 7 1 0  
F7OO I 7 2 0  
F 7 O O l 7 3 0  
F 7 O O l 7 4 0  
F7CO I 7 5 0  
F 7 0 @  I 7 6 0  
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9 2 5  CALL D R A W t D P ( I , K ) , - D I S P , - T 2 r 2 1  
9 3 0  I F ( N S O L I D ) 9 4 0 , 9 6 7 , 9 3 5  
9 3 5  L#NOOT 

9 3 8  CALL R A C I A L ( N S O L 1 D - I )  

9 4 0  L#NRESOL 

I F ( N D O T - N R E S O L ) 9 3 8 , 9 4 5 , 9 4 0  

G O  T O  9 4 5  

9 4 5  CALL PRCJID(1,65),DP(1,65),X,XO,VIEW,l,65,L) 
I F ( N S O L I D ) 9 6 0 , 9 6 7 , 9 5 0  

C ***** DCTTED L I N E  CN REVERSE S IDE ***i t+ 

9 5 0  DO 9 5 8  J#65,129,NOOT 
CALL DRAW(DP(lrJ)rOISP,OISP,3) 
DO 9 5 5  1 # 1 , 3 * 2  
T I # F L O A T F ( I - 2 ) * O I S P  

T 2 # F L O A T F ( K - 2 ) * D I S P  
DO 9 5 5  K#1,3,2 

CALL D R b W I D P I I , J ) r T I , T 2 , 2 1  
I F f D I S P ) 9 5 8 , 9 5 8 , 9 5 5  

9 5 5  CCNTINUE 
9 5 8  CCNTINUE 

GO T O  9 6 7  
C * * * e *  S INGLE L I N E  CN REVERSE S IDE +***I 

9 6 0  DO 9 6 5  J#65,129,NRESOL 
9 6 5  CALL D R A W ( D P 1 I r J ) t O . r 0 . r 2 )  

C *e*** D E T A I L  INTERIOR FEATURES ***** 
9 6 7  T2#NDASH*2 

DO 9 7 5  J#1 ,3  
T I  # P A C (  JI I IO ) * R M S (  I I O ) * S C L  
OA(J.1 ) # T I  
D A ( J , Z ) # P A C ( J , I I I ) * R H S (  I I l ) * S C L  
O A 1 J , 3 ) # 0 *  
I F ( N D A S H ) 9 7 5 r 9 7 5 , 9 7 0  

9 7 0  V I ( J ) Y - T I  

9 7 5  CCNTINUE 
V2(  J ) # T I  /T2  

I F ( N D A S H ) 9 8 7 , 9 8 7 , 9 8 0  
C ****e DASHED L I N E  FOR REVERSE A X I S  *).e+* 

9 8 0  DO 9 8 5  J#I,NDASH 
DO 985 K # l r 2  
L # 4 - K  
CALL 
CALL DRAWIDP,O-iQ.rL) 
DO 9 8 5  I f i l - 3  

9 8 5  V I t I I # V I ( I ) + V 2 ( I )  

9 8 7  I F ~ L I N E S ) I 1 0 0 ~ 1 1 0 0 ~ 5 8 8  
98R CALL PRCJ(DA,DP,X,XOIVIEW,I,~,I) 

P R C J ( V I  ,DPpX,XO,VIEW, I ,  I t  1 I 

C e**** S C L I D  L I N E  FOR FORWARD A X I S  * * * * a  

T I # O I S P * . 5  

T 2 # F L O A T F ( 2 - I )  * T  I 
DO 9 9 0  1#1,3 ,2  

CALL O R A W ( O P v T l r T 2 v 3 )  
CALL DRAW(DP(1 , 3 ) r T l r T 2 , 2 )  
I F ( D I S P ) 1 0 0 0 ~ 1 0 0 0 ~ 9 8 9  

9 8 9  CALL D R A W ( D P ( 1 ~ 3 ) r - T l i T 2 r 2 )  
9 9 0  CALL DRAW(DP,-TI,T2,2) 

C ****e SHADE QUADRANT BETWEEN TWO P R I N C I P A L  AXES *****  
I000 L # L I N E S - I  

1005 T 2 # L I N E S  
I F ( L ) 1 1 0 0 ~ 1 1 0 0 ~ 1 0 0 5  

DO 1 0 2 5  I # I , L  
T I # F L O A T F ( I ) / T 2  
T 3 # S Q R T F ( I . - T l * T I )  
IF(XMODF(1,2))1310~1Gl5~IOlO 

I010 M#I*2 
N#M- I 
G O  T O  I 0 2 0  

M#N- I 
l U l 5  N#I*2 

102c1 DO 1 0 2 5  J g 1 . 3  
T 4 # D A ( J , I ) * T l  

F 7 0 0 1 7 7 n  
F 7 0 0 1 7 8 0  
F7OO I 7 9 0  
F 7 0 0 1 8 0 n  
F7ODI  8 In  
F 7 0 0  I 8 2 0  
F 7 0 0 1 8 3 0  
F 7 0 0  I 840 
F 7 0 0 1 8 5 0  
F7OO I860 
F 7 0 0 1 8 7 0  
F 7 0 0  I880 
F 7 0 0 1 8 9 0  
F7OU 1900 
F7OO I 9 I 0 
F 7 0 0  192'3 
f 7 0 0  I 9 3 0  
F 7 0 0  I 9 4 0  
F 7 0 0 1 9 5 9  
F7DOI 9 6 0  
F7OO I 970 
F 7 0 0 1 9 8 5  
F7OO I 9 9 @  
F 7 0 0 2 0 0 3  
F 7 0 0 2 0  I O  
F 7 0 0 2 0 2 0  
F730203 '3  
F 7 0 0 2 0 4 0  
F 7 0 0 2 0 5 0  
F 7UO2060 
F700207c1 
F 7 0 0 2 0 P Q  
F 7 0 0 2 0 9 0  
F 7 0 0 2  I OD 
F 7 0 0 2  I I 0  
F7OO2 I 2 0  
F7CO213O 
F 7 9 0 2  I 4 0  
F7OO215n 
F 7 0 0 2  I 6 0  
F 7 0 0 2  I 7 0  
F7OO2 I 80 
F 7 0 0 2  I 90 
F 7 0 0 2 2 0 0  
F 7 0 0 2 2  I 0 
F 7 0 0 2 2 2 0  
F 7 0 0 2 2  3 0  
F 7 0 0 2 2 4 n  
F 7 0 0 2 2 5 0  
F 7 0 0 2 2 6 0  
F 7 0 0 2 2 7 0  
F 7 0 0 2 2  8c1 
F 7 0 0 2 2 9 0  
F 7 0 0 2 3 0 0  
F 7 0 0 2 3  IO 
F700232c1 
F7O0233 f l  
F 7 0 0 2  3 4 0  
F 7 0 0 2 3 5 0  
F 7 0 0 2 3 6 0  
f-7002370 
F 7 0 0 2  38(3 
F 7 0 0 2 3 9 0  
F 7 0 0 2 4 0 0  
F 7 0 0 2 4  I O  
F 7 0 0 2 4 2 9  
F 7 0 0 2 4 3 0  
F 7 0 0 2 4 4 0  
F7UO24 5 0  
F 7 0 0 2 4 6 0  

8 
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4 

F 7 0 0  2 4 7 0  
F700248CI 

F 7OO25OO 
F7OO25 I 2  
F 7 0 0 2 5 2 ' J  
F 7 0 0 2 5 3 0  
F 7 0 0 2 5 4 D  
F 7 0 0 2 5 5 U  
F 7 0 0 2 5 6 Q  
F 7 0 0 2 5 7 n  

~ 7 0 0 2 4 9 ~ 1  

* L I S T 8  
*LABEL 

C ****+ SUBROUTINE F I N D S  ATOM PAIRS FOR BONDS **I** F 8 0 0 0 0 2 0  
DIMENSION I A ( 3 ) r W 1 ( 3 )  F800003 '3  

SUBROUT I NE F 8 0 0  F8OOOC 19 

01 MENSICN F 8 0 0 0 0 4 0  
DIMENSICN A T O M S ~ 4 ~ 5 0 0 ~ ~ 8 8 ( 3 ~ 3 ~ ~ C D ~ 8 ~ Z O ) ~ C H E M ~ 2 O O ~ ~ C O N T ~ S ~ ~ D ~ 3 ~ l 3 D ~ F 8 O O O ~ 5 ~  
D I M E N S  I C N  F 8 0 0 0 0 6 0  

DIMENSICN R E S ( 4 ) ~ R M S ( 5 ) , S Y M B ( 3 ~ 3 ) ~ T I T L E 1 1 2 ) , T I T L E ~ ( 1 2 ) ~ T S ( 3 ~ 4 8 )  F800008(3 
01 M E N S  I CN F 8 0 0 0 0 9 0  

COMMON ~ G ~ A ~ A A ~ A A R E V ~ A A W R K ~ A I D ~ A I N ~ A T O M S ~ ~ ~ ~ ~ R D R ~ C O ~ C H E M ~ C O N T T D  F 8 0 ~ 0 1 1 ( 3  
COMMCN C A ~ D P ~ D I S P ~ E C G E ~ E V ~ F O R E ~ F S ~ I N ~ I T I L T ~ K D , L A T ~ ~ L T N O ~ N A T O M r N C D  F 8 0 0 0 1 2 0  
COCMCN N J , N J 2 ~ N D U T ~ N S R ~ N S Y M ~ O R G N ~ P ~ P A ~ P A C ~ P A T , Q ~ R E F V , R E S ~ R M S ~ S C A L l F 8 O O O l 3 0  
COPMCN S C A L 2 , S C L ~ S Y M R , T A P E R ~ T H E T A ~ T I T L E ~ T I T L E 2 , T S ~ V I ~ W ~ V T ~ V l ~ V 2  
COMMCN V ~ ~ V ~ , V ~ W V ~ , W R K V , X L N G , X O ~ X T  

A ( 9 )  9 A A (  39 3 )  7 AAREV ( 31  3 )  

D A I  39 3 1 , DP ( 2 1  1 3 0 )  9 EV( 3, 200 1 1 F S (  3 - 3 9  48 1 

AAWRK ( 3.3 1 1 A ID{ -393 1 * A  I N (  140) 

KO ( 5 9 2 0 )  VORGN ( 3  
OIMENSICN P ( 3 , 2 3 0 ) , P A ( 3 , 3 , 2 @ C ) r P A G 1 3 , 5 ) , P A T ( 3 , 3 ) , Q ( 3 , 3 ) , R E F V ( 3 * 3 )  F 8 0 0 0 0 7 0  

VT 139 4 1 9 V I ( 4 1 , V 2  13 1, V 3 (  3 1 ,  V4 ( 3 ) 9 V S (  3 S 9 V t (  3 I W R K V (  3 13 
DI MENS I C N  XLNG(3  1 9x0 ( 3  ) 9 XTt 3 F80OOI 00 

LNS#-4 
I F(XMODF( VJ2  9 I O  1-2 )EO59 8 4 0 , 8 4 0  

C ****I E X P L I C I T  DESCRIPTION *****  
8 0 5  II#O 

8 1 5  I I # I I + I  

8211 T I # A I N ( I I )  

8 2 5  I I # I I + I  

I F ( N C C ) 8 4 5 , 8 4 5 r 8 1 5  

I F ( I 4 9 - 1 1 ) 8 9 9 , 8 9 9 , 8 2 0  

I F ( T I  )815,815,825 

T 2 # A I N (  I I )  
I F ( T 2 ) 8 1 5 , 8 1 5 , 8 3 0  

8 3 0  I F 1 N J 2 - 1 0 ) 8 3 2 , 8 3 8 , 8 3 8  
8 3 2  LNS#XMOCF(LNS+4r56 )  

8 3 4  WRITE OUTPUT TAPE N O U l t 8 3 5 1  
835 F O R b ' A T ( I H I I O X ~ 1 2 A 6 )  

I F ( L N S ) 8 3 8 , 8 3 4 , 8 3 8  
T I T L  1,121 

FBOOO I 4 g  
F 8 0 0 0 1 5 0  
F 8 0 0 0  I 60 
F 8000 I 7r) 
F8OOO I 8n 
F 8000 I 90 
F 80002ULI 
F 8 0 0 0 2  I c1 
F 8 0 0 0 2 2 Q  
F 8 0 0 0 2  33 
F 8 0 0 0 2  415 
FRO00250  
F 8 0 0 0 2 6 Q  
F80002713 
F8000281!  
F 8 0 0 0 2 9 0  

F 8 0 0 0 3 1 0  
F8005320 
F 8 0 0 0 3 3 0  

F E O O O ~ O O  

WRITE OUTPUT TAPE NOUT.837 
8 3 7  FORMAT(IHOIOX,I8HSYMEOL A T O M  CODE6X,16HPLOTTER X f Y ( I N . 1  6X121HCAF8000340  

I R T E S I A N  X t Y , Z  (IN- 1 I7X92OHCRYSTAL SYSTEM X,Y,Z/IH b F 8 0 0 0 3 5 0  
838  CALL R O & D ( T l r T Z , I )  F 8 U 0 0 3 6 0  

G O  TO 8 1 5  F 8 0 0 0 3 7 0  
C **+** I P P L I C I T  OESCRIPTION ****+ F B 0 0 0 3 8 0  

840 I F ( L A T M - 2 ) 8 4 5 1 8 5 0 , 8 5 0  F 8 0 0 0 3 9 0  

CALL ERPNT ( 0 .  ,NJ* IOO+VJ2)  F8OOO4 I O  

850 SCAL3WSCALI F 8 0 0 0 4 3 U  
F 800044 '3  
F 8 0 0 0 4 5 0  

8 5 5  CALL X Y Z ( A T O M S I I r I ) r A T O M S ( 2 ~ 1 ) ~ 2 )  F 8 0 0 0 4 6 0  
SCAL I WSCAL3 F 8 0 0 0 4 7 0  
I F ( N C D ) 8 4 5 , 8 4 5 r 8 6 0  F 8 0 0 0 4 8 0  

860 WRITE OUTPUT TAPE NOUTg861 F 8 0 0 0 4  90 

845 NGWl I F E O O O ~ O O  

G O  TO 8 9 9  F ~ 0 0 0 4 2 0  

SCAL I Y I .  
DO 8 5 5  I # l  (LATM 

861 F O R M A T I I H D I O X I ~ ~ H E O N D  SELECTION C O D E S / / I I X ~ 9 4 H I S E O U E N C E ~ A ~ ~ ~ S E P U E N F 8 0 0 0 5 0 ~  
ICE(B)) ( B C N D )  ( D I S T A N C E S ) (  BONO )~PERSP.--LA8ELSI(NORMAL--LABELS)(F8OOOSlO 
Z D I G I T S )  / l l X , 9 3 H (  M I N  M A X  H I N  M A X  1 ( T Y P E )  ( M I N  M A X ) ( R A D I F 8 0 0 0 5 2 0  

FROOII~~CI 3 U S I ( H E I G H T  OFFSETI(HE1GHT OFFSET)(NUMBER))  
DMAXXO. F 8 0 0 0 5 4 O  
00 8 7 0  I # I , N C O  F 8 0 0 0 5 5 0  
IFIDMAX-CDI2,1))865r870,870 F 8 0 0 0 5 6 0  

865 D M A X # C D ( 2 r I )  F 8 0 0 0 5 7 0  

. 
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. 

8 7 0  WRITE OUTPUT TAPE N O U T , 8 7 l , l K C ( J i I ) r J # 1 1 5 ) r ( C D ( J ~ I ~ ~ J # l , 8 )  
871 FORMAT( I H  IOX16rI5~18~I5~18~2F6~2~5F8.31F7.0) 

DMAX#DMAX*DMAX 
C * * * * e  LCOP THROUGH ATOMS A R R A Y  * * * * e  

DO 8 9 5  V#I,LATM 
T I  #ATOMS1 1 , M I  
I A ( I  ) # T 1 / 1 0 0 0 0 0 .  
I A ( 3 ) # I A ( I  1 
W I  ( I  )#ATOMS(2,M) 
W I  ( 2 )  #ATOMS( 3,  H I  
W I ( 3 ) # A T O M S ( 4 p H )  
L#M+ I 
DO 8 9 5  N#LpLATM 
D I S T # l A T O M S 1 2 , N ) - W I ( l ) ) * * 2  
IF(DMAX-DIST)895,873,873 

IF(DMAX-DIST)895r874,R74 
01 ST#DIST+  I ATOCS I4 
I F  ( D FAX-OIST ) 8 9 5 1 8 7 5 9  8 7 5  

T2#ATOMS(I ,N)  
I A ( 2  1 # T 2  / I 00000. 

8 7 3  D I S T # D I S T + ( A T O M S ( 3 r N ) - W l ( 2 ) ~ * * 2  

8 7 4  N 1 - W  I ( 3  1 f **2 

8 7 5  D I S T # S Q R T F ( O I S T I  

C ***I* SELECT BONDS ACCORDING TO CODES ****I 
DO 8 9 0  J# I ,NCD 
J B # J  
I F ( D I S T - C D ( l p J ) I  8 9 0 r 8 8 0 . 8 8 0  

880 I F ( C D ( 2 , J ) - D I S T )  8 9 0 r 8 8 1 v 8 8 1  
881 DO 8 8 5  K # 1 9 2  

I F ( I A ( K ) - K D ( I , J ) I  885 ,882 ,882  
8 8 2  I F ( K D ( 2 , J ) - I A ( K ) )  885,883,883 
883 IF(IA(K+I)-KD(3,J))885,884,884 
884 I F I K D ( 4 , J ) - I A I K + I  1 ) 8 8 5 r 8 9 1 1 8 9 1  
8 8 5  CONTINUE 
8 9 0  CCNTINUE 

GO TO 8 9 5  
8 9 1  I F I N J 2 - 1 0 ) 8 9 2 , 8 9 4 , 8 9 4  
8 9 2  LNS#XMOCF(LNS+4,56) 

I F I L N S ) 8 9 3 , 8 9 3 , 8 9 4  

WRITE OUTPUT TAPE NOU1.837 
893 Wr71TE OUTPUT TAPE NOUT~835r(TITLE(I),I#l~l2~ 

8 9 4  CALL B O h D ( T I , T 2 p J B )  
8 9 5  CCNTINUE 
8 9 9  RETURN 

END 
* L I S T 8  
*LABEL 

SUBROUTINE F 9 0 0  
DIMENSION x r 3 )  , x w f 3 , 5 )  , Y I ~ ) ,  z( 3 )  

FRO00580 
F 8 0 0 0 5 9 0  
F 8 0 0 0 6 0 0  
F8OOO6 I 0  
F 8 0 0 0 6 2 0  
F 8 0 0 0 6 3 0  
FRO00640  
F 8 0 0 0 6 5 0  
F 8 0 0 0 6 6 0  
F 8 0 0 0 6 7 0  
F 8 0 0 0 6 8 0  
F 8 0 0 0 6 9 0  
F 8 0 0 0 7 0 0  
F 8 0 0 0 7  I O  
F 8 0 0 0 7 2 0  
F 8 0 0 0 7 3 0  
FRO00740 
F 8 0 0 0 7 5 0  
F 8 0 0 0 7 6 0  
F 8 0 0 0 7 7 0  
F 8 0 0 0 7 8 0  
F 8 0 0 0 7 9 0  
F 8 0 0 0 8 0 0  
F 8 0 0 0 8  I O  
F 8 0 0 0 8 2 0  
F 8 0 0 0 8 3 0  
F 8 0 0 0 8 4 0  
F 8 0 0 0 8 5 l l  
F800086fl 
F 8 0 0 0 8 7 0  
F 8 0 0 0 8 8 0  
F 8 0 0 0 8 9 0  
F800090O 
F 8 0 0 0 9  I O  
F 8 0 0 0 9 2 0  
F 8 0 0 0 9 3 0  
F 8 0 0 0 9 4 0  
F 8 0 0 0 9 5 0  
F 8 0 0 0 9 6 0  
F 8 0 0 0 9 7 0  
F 8 0 0 0 9 8 0  
F 8 0 0 0 9 9 0  
F 8 0 0 1 0 0 0  
F 8 0 0  I 0 I 0 

F9OOOO I O  
F 9 0 0 0 0 2 0  

DI MENSICN A (  9 )  r A A I  3.3) t AAREV ( 3 9  3 )  9 AAWRKI 3 . 3  1 , A I D (  5 . 3 )  P A I N (  1 4 0 )  F 9 0 0 0 0 3 0  
DIMENSICN A T O M S ( 4 ~ 5 0 O ) r B B ( 3 ~ 3 l ~ C D ~ 8 ~ 2 O ~ ~ C H E M ~ 2 O O ) ~ C O N T ~ 5 ~ ~ D ~ 3 ~ l 3 O ~ F 9 O O O O 4 ~  
DI MENS I CN F 9 0 0 0 0 5 0  
DIMENSICN P l 3 , 2 3 0 ) , P A 1 3 , 3 r 2 D C ) r P A C 1 3 , 5 ) r P A T r 3 r 3 ) r 0 ( 3 , 3 ) , R E F V ( 3 , 3 )  F 9 0 0 0 0 6 0  
D I  HENSION F 9 0 0 0 0 7 O  
DI MENSICN F 9 0 0 0 0 8 0  

DA(3.3 1 ,  DP ( 2 ,  I 3 0  I t  E V (  39 2 0 0  ) *  F S (  3 1  39 4 8 )  9 I’D( 5r2CI) rORGN(3 1 

RES14)  9 RMS ( 5 1 r SYMR (3 ,  3 I t T I T L E (  I 2  1 , T I T L E  2 (  121 9 T S (  3.48 1 
VT(  3 9 4  1 r V  I 1 4 )  1V213  ) 1 V 3 (  3 1  t V4(  3 1 ,  V 5 (  3 )  t V t (  3 1 t WRKV(393 I 

DIMENSICN X L N G [ 3 ) , X 0 ( 3 ) , X T l 3 )  F 9 0 0 0 0 9 0  
COMMON h G ~ A ~ A A ~ A A R E V ~ A A W R K , A I D ~ A I N ~ A T O ~ S ~ ~ B ~ B R D R ~ C D ~ C H E M ~ C O N T ~ D  F 9 0 0 0 l O O  
COMMCN C A , D P , D I S P ~ E D G E ~ E V ~ F O R E ~ F S ~ I N ~ I T I L T ~ K D ~ L A T ~ , L T ~ O ~ N A T O M ~ N C D  F 9 0 0 0 1 l n  
COMMCN NJ~NJ~~NOUT~NSR~NSYM~~RGN~P~PAIPAC,PAC~PAT~~~REFV~RES~RMS~SCALIF~OOOI~~ 
COMMON S C A L 2 , S C L t S Y M B , T A P E R , T ~ E T A ~ T I T L E ~ T I T L E 2 , T S . V I E W ~ V T , V l , V 2  F 9 0 0 0 1 3 0  
COMMCN V 3 , V 4 v V 5 r V 6 , U R K V , X L N G I X O I X T  F9OOOl40  

C *****  LABELING FUNCTION SUBROUTINE ***+* F 9 0 0 0 1 5 0  
I T I L T # O  F9OOO I 60 
N J 3 # X M O C F l N J 2 * 1 3 )  F9OOO I 7 0  
TH#THETA F9OOOl80  
S INTH#SYMBi2 ,11  F9OOOl9@ 
COSTH#SYMB( I , l )  F 9 0 0 0 2 0 0  
I LAS T #  I F 9 0 0 0 2  I O  
IF(AIN(2)-11100.191O,9IO~~O5 F 9 0 0 0 2 2 0  

9 0 5  I L A S T # 2  F 9 0 0 0 2 3 0  
910 DO 9 2 5  I I # l r I L A S T  F 9 0 0 0 2 4 0  
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C * *e * *  OBTAIN WORKING CARTESIAN COORDINATES *e***  F 9 0 0 0 2  50 
CALL X Y Z l A I N ( I I ) , X W ( I , I I ) ( 2 )  F 9 0 0 0 2 6 0  
I F ( N G 1 9 1 5 r 9 2 5 r 9 I S  F 9 0 0 0 2 7 0  

9 1 2  NG#15 F 9 0 0 0 2 R n  
9 1 5  CALL E R P N T I A I N ( I I ) ~ Y J * l O O + N J 2 )  F 900029Cl 

G O  T O  I 1 9 9  F 9 0 0 0 3 0 0  
9 2 5  CALL XYZ(AINIII),XW(I,II+3)t3) F9OOO3 1 0 

I I # I  F 9 0 0 0 3 2 0  
C *****  F I N D  MEAN REFERENCE POINT *****  F 9 0 0 0 3 3 3  

DO 9 3 0  J#1 ,3  F 90003 4 0  
T2XXWI J , I L A S T )  F 9 0 0 0 3 5 0  
T I # ) I W l J ~ I )  F 9 0 0 0 3 6 0  
X W l  J 1 3  1 #T2-T I F 9 0 0 0 3 7 0  

9 3 0  X ( J ) # ( T 2 + T 1 ) * . 5  F 9 0 0 0 3 8 0  
C * * *e *  PERSPECTIVE SCALING FACTOR ***** F 9 0 0 0 3 9 0  

SCAL# I  . F 9 0 0 0 4 0 0  
I F l V I E W ) 9 4 0 ~ 9 4 0 r 9 3 5  F9OOO4 IO 

9 3 5  S C A L # V I E W / ( V I E W - X ( 3 ) )  F 9 0 0 0 4 2 Q  
9 4 0  HGT#SCAL*AIN(  51 F 9 0 0 0 4 3 0  

I F ( N J 2 - 3 ) 9 6 0 , 9 5 0 , 9 4 5  F 9 0 0 0 4 4 0  
9 4 5  I F ( N J 2 - 6 ) 9 5 0 , 9 5 3 r 9 6 0  F 9 0 0 0 4 5 0  

C *a** *  PROJECTED VECTOR BASELINE ***** F 9 0 0 0 4 6 0  
9 5 0  CALL P L T X Y ( X W ( I v 4 ) r V I )  F 9 0 0 0 4  7 0  

CALL P L T X Y I X W ( 1 , 5 ) p V 2 )  F 9 0 0 0 4 8 0  
T l # V 2 1 1 ) - V I I I )  F 9 0 0 0 4 9 0  
T 2 # V 2 1 2 ) - V I I 2 )  F 9 0 0 0 5 0 0  
T 3 # S Q R T F I T I * T I + T Z * T 2 )  F 9 0 0 0 5  IO 
I F ( T 3 ) 9 1 2 * 9 1 2 r 9 5 5  F 9 0 0 0 5 2 0  

9 5 5  C O S T H # T I / T 3  F 9 0 0 0 5 3 0  
S I N T H # T 2 / T 3  F 9 0 0 0 5 4 O  
TH#ARCCCS(COSTH) F 9 0 0 0 5 5 0  
I F l S I N T H ) 9 5 8 , 9 6 C l , 9 6 0  F 9 0 0 0 5 6 0  

9 5 8  THII-TH F 9 0 0 0 5 7 0  
9 6 0  I F ( N J 2 - 1 3 ) 9 6 5 r 9 8 5 , 9 8 5  F 9 0 0 0 5 8 @  

C ****I F I N D  CENTER OF PROJECTED LABEL * * * a +  F 9 0 0 0 5 9 0  
9 6 5  YII)#SCAL*1X(I)+AIN(6)*COSTH-AIN(7)*SINTH)+XO(l) F 9OOO60G 

Y(2)#SCAL*(X(2)+AINI6)rSINTH+AINTH+AINI7)*COSTH)+XOI2)  F9OO06 IO 
Y ( 3 ) # 0 .  F 9 0 0 0 6 2 0  

C * e * * *  CPECK FOR LEGEND RESET * * * e *  F 9 0 0 0 6 3 0  
D O  9 8 0  J # l r 2  F 9 0 0 0 6 4 0  
T I # A I N ( J + 2 )  F 9 0 0 0 6 5 0  
I F l T 1 ) 9 7 5 r 9 8 0 , 9 7 0  F 9 0 0 0 6 6 0  

970 Y I J ) # T I  F 9 0 0 0 6 7 0  

F 9 0 0 0 6 9 0  9 7 5  Y ( J)  #XLhlG( J t +T 1 
9 8 0  CONTINUE F 9 0 0 0 7 0 0  

C e**** SET PARAMETERS FOR I N 0  I V I D U A L  FUNCTIONS ***** F9OOO7 IO 

I S 5 ~ 1 0 0 5 ~ 1 0 0 5 r 9 1 5 ) ~ N J 2  F 9 0 0 0 7 3 0  
9 9 0  T 6 # 1 7 .  F 9 0 0 0 7 4 f l  

L # A I N (  I )/100000. F900075 t3  
F 9 0 0 0 7 6 0  I LASTYl  
F 9 0 0 0 7 7 0  DXWIIO. 

DYKUO. F 9 0 0 0 7 8 0  
G O  T O  1 0 3 9  F 9 0 0 0 7 9 0  

I L A S T # 1 2  F 9 0 0 0 8  IO 
T I  #HGT+36./7. F 9 0 0 0 8 2 0  
OXW#COSTH*T 1 F 9 0 0 0 8  3 0  
DYW#SINTH*T I F 9 0 0 0 8 4 0  
GO T O  1030 F 9 0 0 0 8 5 f l  

1000 T 6 # 2 2 + 3 * 1 6 - N J 3 )  F 9 0 0 0 8 6 0  
D I S T # S P R T F ( V V l X W ( 1 , 3 ) , X W ( l , 3 ) 1 ) / S C A L I  F9OOOR7fl 
GO T O  1 0 3 0  F 9 0 0 0 8 8 0  

C * * * e *  TRUE PERSPECTIVE LABELS *****  F 9 0 0 0 8 9 0  

IF(ABSF(VTt3~1))-.999~~lOlO~9l2~9l2 F9OOO9 I fI 
C * * e * *  FCRM PERSPECTIVE ROTATION MATRIX *e***  F 9 0 0 0 9 2 0  

F 9 0 0 0 9 4 0  

GO TO 9 8 0  ~ 9 0 0 0 6 8 n  

9 8 5  GO T 0 ( 9 9 0 ~ 9 9 5 ~ 9 9 5 ~ 1 0 0 O ~ l O O O ,  1 0 0 0 ~ 9 1 5 ~ 1 1 0 5 ~ 1 1 O 5 ~ 9 l 5 ~ 9 l 5 ~ 9 l ~ ~ l O O 5 ~ l O F 9 O O ~ 7 2 ~  

9 9 5  T 6 # 2 1 5 .  F ~ O O O ~ C I O  

1005 CALL U N I T ( X W ( 1 , 3 ) r V T 1 I , I ) , I )  F P O O O ~ O ~  

~ 9 0 0 0 9 3 0  I010 CALL N O R M ( A I D ~ 1 ~ 3 ) r V T ( I t l ) r V T ~ I ~ 2 ) ~ l )  
U N I T (  V T (  I 9 2  1 S V T  I I ,  2 1 ,  I )  CALL 
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CALL N O R M I V T ( l ~ l ) ~ V T ( 1 , 2 ) ~ V T ( l ~ 3 ~ ~ l )  
00 1 0 1 5  J b l . 3  

1015  V T ( J , 4 ) # X ( J )  
I T I L T #  I 
H G T # A I  N I  5 1 
TH#3 
Y ( 3 ) # X ( 3 )  
Y ( 2 ) # X 1 2 ) + A I N I 7 ) - H G T * . S  
IF1YJ2-13)1030~1025rIO20 

C * a * * *  P E R S P E C T I V E  BCND LABELS ***** 
1 0 2 0  Y ( I ) # X ( I  I +A IN I6$ - l ‘GT*FLOATF(22+3* (6 -NJ3)1 /7 .  

O I S T # S P R T F I V V I X W ( 1 , 3 ) 1 X W ( l r 3 ) ) ) ) / S C A L l  
GO T O  11350 

C * * * e *  P E R S P E C T I V E  T I T L E S  ***** 
I G 2 5  Y I I  ) # X ( I  ) + A I N ( 6 ) - k G T * 2 1 5 . / 7 .  

I LAST# I 2  
DXW#HGT+36./7. 
DYW#O. 
GO T O  1050 

OV#HGT*.5 
YIll#Y(I)-DH+COSTH+DV+SINTH 
Y ( 2 ) ~ Y I 2 ) - O H * S I ~ T H - D V * C O S T H  
Y ( 3 )  iyo. 

1030  OH#HGT*T6/7.  

C * ***+ PLOT VARIOUS LABELS +*+e* 
1050  G O  T0(106D~1060~106U,IC9O~lO95~l 1 0 0 ~ 9 1 5 , 1 1 0 5 r l l O S ~ ~ V J 3  
1060 DO 1 0 8 5  I # l r I L A S T  

0 0  1075  J # l  , 392  
Z I  I )  # Y f  I )+FLOATF(  J -2) *01SP+,S 

Z ( 2 )  # Y  ( 2  )+FLOATFI  K-2 ) * C I S P * .  5 
DO 1 0 7 5  K l f l r . 3 9 2  

I F ( N J 3 - 2 ) 1 0 6 5 , I D 6 8 ~ 1 O 6 8  
C ***e* PLOT CHEMICAL SYMBOL * * a * *  

IO65  CALL S ICBOLI  21  I 1 r Z ( 2  ) rHGT,CHEMIL 1 , TH96) 
G O  T O  107r l  

C a+*** PLOT T I T L E S  **+I* 
1068 CALL S I M B O L I Z ( I l ~ Z I 2 ) , H G T ~ T I T L E 2 I I ) ~ T H ~ 6 )  
1 0 7 0  I F I O I S P ) 1 0 8 0 , 1 0 8 0 ~ 1 0 7 5  
I 0 7 5  CONTINUE 
1080 Y 1  I ) B Y (  I )+DXW 

GO T O  I 1 9 9  
1085 Y ( 2 ) # Y ( 2 ) + O Y W  

C ***** PLOT BCND D I S T A N C E  LABELS ****+ 
I 0 9 0  CALL N O M B E R ( Y ( l l ~ Y ( 2 ) ~ H G T ~ D I S T ~ T H ~ 4 H F 6 . 1 )  

G O  T O  1 1 9 9  

G O  T O  I 1 9 9  

GO T O  I199 

I O 9 5  CALL NOMRER( Y I I I , Y  ( 2  1 ,k’GT,DI ST,TH, 4HF6.2) 

I100 CALL N O M B E R ( Y I  I )rY(2)rk’GT,DIST,TH,4HF6.3) 

C *++++ PLOT CENTERED SYPBOLS +***e 
1105 CALL SIPBOL(Y(I)~Y(~~~HGT~XFIXFIXFIAIN(~I)~TH~~-NJ~) 
1 1 9 9  I T I L T # O  

RETURN 
END 

* L I S T 8  
*LABEL 

SUBROUTIQE F 1 0 0 3  
RETURN 
E N D  

*LI S T 8  
+LABEL 

SUBROUTINE M M ( X , Y , Z )  
C PULTIPLY TWO M A T R I C E S  
C Z ( 3 , 3 1 # X ( 3 , 3 ) * Y ( 3 , 3 )  

D I M E N S I C N X ( 3 , 3 1 , Y I 3 , 3 ) r 2 ( 3 , 3 )  
001 I 7 1 # 1 , 3  
0 0 1 1 7 K # l r 3  
Z I I , K )  #O.O 
001 I 7 J # I  ,3 

117 Z(I,K)#Z(I,K)+XII,J)*Y(J,K) 

F 9 0 0 0 9 5 0  
F 9 0 0 0 9 6 0  
F 9 0 0 0 9 7 0  
F 9 0 0 0 9 R f l  

F900 lOOO 
F9OOlO10 
F 9 0 0  I 020 
F 9 0 0  I 0 3 n  
F 9 0 0  I 040 
F 9 0 0  IO50 
F9OO I060 
F90O I 0 7 0  
F 9 0 0  IO80 
F 9 0 0  I 0 9 0  
F90O I I O 0  
F 9 0 O l  I10 
F9OOl 120 
F 9 0 0  I I 39 
F9OOl I 4 0  
F 9 0 0 l  I50 
F 9 0 0 l  I 6 0  
F 9 0 O l  I70 
F9OOl I 8 0  
F 9 0 0  I I 9 0  
F90O I 2 0 0  
F 9 0 0 1 2 1 D  
F9OO I 2 2 0  
F90O 1 2 3 0  
F 9 0 0 1 2 4 0  
F 9 0 0  1 2 5 0  
F 9 0 0  1260  
F 9 0 0 1 2 7 0  
F 9 0 0 1 2 8 0  
F9OOl29O 
F 9 0 0 1 3 0 0  
F9DOI 3 I O  
F90O 1320  
F 9 O O l 3 3 0  
F 9 0 0  I 3 4 0  
F90O I 3 5 0  
F 9 0 0  I360  
F 9 0 O l 3 7 0  
F 9 0 0  I 3 8 0  
F9OO 1 3 9 0  
F 9 0 0 1 4 0 0  
F90O I 4 I 0 
F 9 0 0  I 4 2 0  
F 9 0 0  I 4 3 0  
F 9 O O l 4 4 0  
F9OO I 4 5 0  
F 9 0 0  I 4 6 0  
F90O I 4 7 0  
F9OO I 4 8 0  

~ 9 0 0 0 9 9 0  

F I OCOO I 0 
F I OC0020 
F I OCOO3O 

MM 0010 
M M  0 0 2 0  
MM 0 0 3 0  
MM 0040 
MM 0050 
MM OO6O 
MM 0 0 7 0  
MM 0080 
MM 0 0 9 0  
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RETURV MM 0100 
END MC 0110 

*LI STB 
*LABEL 

SUBROUTINE MV ( XIY r Z 1 MV 0010 
C MATRIX VECTOR MV 0020 
C 2 ( 3 ) # X ( 3 , 3 ) * Y ( 3 )  M V  0 0 3 U  

D I M E N S I C N X ( 3 r 3 ) r Y ( 3 ) r Z ( 3 )  MV 0 0 4 0  
DO1 I 3 I # I  r 3  M V  0050 
2 ( I )  #O.O MV 0060 
DO1 I 3 J # I  1 3  MV 0070 

I 1 3  Z ( I ) # Z ( I ) + X ( I , J ) * Y ( J )  MV OORO 
M V  0090 RETURN 

END M V  010'3 
* L I  S T 8  
*LABEL 

SUBROUTINE YORM(XVYIZ,ITYPE) NORCOO I 0 
C + * e + *  VECTOR PRODUCT Z#X*Y ***e* NOR MOO 2 0  
C ****I I T Y P E  eGT.0 FOR CARTESIAN,.LE.O FOR T R I C L I N I C  * * * * e  NORC0030 

DIMENSICN X ( 3 )  9 Y ( 3 ) , Z (  3,3192 l ( 3 9 3 )  NORM0040 
DI MENS I C N  A ( 9  1 ,  A A (  39 3 )  p AAREV ( 3 1  3 )  9 AAWRK( 3 r  3 1 ,A I D (  -7, 3 1 P A I N (  1 4 0 )  NORM0050 
D IMFNSI  CN ATOMS( 4 1 5 0 0 )  t BB( 3 r  3 )  rCD(  8,201 *CHEM(2OO 1 rCOYT( 5 1 t D (  3, 139) NORM0060 
01 MENS I C N  DA ( 3 9  3 )  9 DP( 21 I 3 0  1 ,  EV( 39 200 1 ,  F S (  3 ~ 3 . 4 8 )  NORM0070 
D I  MENS I C N  P ( 3 , 2 0 0 )  9 PA(  3 1  3 ,200  1 ,  PAC( 39 5) ,PAT( 39 3 NORM0080 
DIMENSICN R E S 1 4 ) r R M S I S ) , S Y M 8 ( 3 , 3 ) , T I T L E (  1 2 ) , T I T L E e ( 1 2 ) , T S ( 3 r 4 8 )  NORM0090 
DIMENSICN V T ( 3 , 4 ) , V 1 ( S ) , V 2 ( 3 ) , V 3 ( 3 ) , V 4 ( 3 ) , V 5 ( 3 ) , V ~ ( 3 ) , W R K V ( 3 , 3 )  NORWOIOD 

COMMCN N G ~ A ~ A A ~ A A R E V , A A W R K , A I D ~ A I ~ ~ A T O M S , B B ~ B R D R ~ C D ~ C H E M ~ C O N T ~ D  NORM0120 
COMMCN I T I L T  KD, L A T P r L  TNO 9 NATOMt NCD NORM0130 
COMMCN N J ~ N J 2 ~ N O U T ~ N S R ~ N S Y M , O R G N r P ~ P A ~ P A C ~ P A T ~ Q ~ R E F V ~ R E S ~ R M S ~ S C A L l N O R ~ O l 4 0  

K O (  5.20 1 r ORGN ( 3  1 
9 C( 39 3 1 rREFV ( 3  9 3  1 

DIMFNSICN X L N G ( 3 ) , X 0 ( 3 ) v X T ( 3 )  NORMOI I O  

DA, DP , D I S P  9 EDGE, EV , FORE, FSt I N  

COMMCN S C A L 2 , S C L ~ S Y M B , T A P E R ~ T H E T A , T I T L E ~ l I T L E 2 ~ T S r V I E W r V T ~ V l 1 V 2  
COMMCN V 3 r V 4 r V S , V 6 1 W R K V , X C N G t X O I X T  
00 1 2 5  I Y 1 1 3  
I I # X M O D F ( I + 3 , 3 ) + 1  

T I  # X  ( I I 1 * Y  i I 2  1-X ( 12) * Y  
I 2 # X M O D F ( I + l ~ 3 ) + 1  

I F ( I T Y P E ~ I 1 5 , 1 1 5 r 1 0 5  
I I 1 

105 Z(I)#TI 

115 Z I ( I ) # T I  
1 2 5  CCNTINUE 

GO TO 1 2 5  

I F (  I T Y P E ) I 3 5 , 1 3 5 , 3 0 0  
1 3 5  CALL P V ( B B , Z l r Z )  
300 RETURN 

E ND 
* L I S T 8  
*LABEL 

C ***** I T Y P E  .LT.O FOR COVARIANCE MATRIX I N  Q * i t * * *  

C ****I I T Y P E  .GT.O FOR E L L I P S O I D  QUADRATIC FORM I N  Q ***** 
C * e * * *  X A B S F ( I T Y P E ) # I  BASED O N  T R I C L I N I C  COOROINATE SYSTEM * * e * *  
C * * * e *  # 2  OR 3 FOR WORKING OR REFERENCE CARTESIAN -CYSTEMS ***** 
C e**** CHECK ATOM CODE * * e * *  

SUBROUT I NE PAXES ( ACODEt ITYPE 1 

DICENSICN W (  31 3 )  9 x 1 3 )  
DIMENSICN A ( P ) . A b ( 3 , 3 ) r A A R E V ( 3 ~ 3 ) , A A W R K ( 3 r 3 ) r A I D ( 3 , 3 ) ~ A I N ( l 4 0 )  

NORMO I 50 
NORMOI 60 
NORMO I 70 
NORM01 8fl 
NORM0 I 9 0  
NORC0200 
NORC02 I n  
NORM0220 
NORM0230 
NORC024n 
NORC0250 
NORM0260 
NORM02 70 
NORM0280 
NORC0290 

PAXEOO I O  
PAXEOO20 
PAXE0030 
PAXE00413 
PAXE0050 
PAXEOOA0 
PAXE0073 
PAXEOORrl 

D IMENSI  CN ATOMS ( 4  r500) 9 BR( 31 3 )  , C D (  8 ,20  1 ,  CHEM ( 2 0 0 )  ,CON1 ( 5 )  ,D( 3,130) PAXEOO9O 
DIMENS I C N  DA( 393 1 ,OP( 29 I 3 0  1 9  EV( 3,200 1 ,  F S (  3 ,  3 1 4 8 )  t F D I  5.20 1 r ORGN ( 3  1 PAXEOI 00 
DIMENSION P ( 3 , 2 3 0 ) , P A ( 3 , 3 , 2 0 C ) , P A C ( 3 , 5 ) , P A T ( 3 , 3 ) 1 Q l 3 , 3 ) , R E F V ( 3 , 3 )  P A X E O l I O  
DIMENSICN R E S ( 4 ) ~ R M S ( 5 ) ~ S Y M B 1 3 1 3 ) t T 1 T L E o r T I T L E ( l 2 ) ~ T I T L E ~ ( l 2 ) ~ T S ( 3 ~ 4 8 )  PAXE012f l  
DIMENSICN PAXEOl30  VT ( 3 . 4  1 pV I ( 4 )  * V 2 (  3 ) 9 V 3 (  3) ,  V4(  ? I  V 5 (  3 1 r V  C (  3 1 ,  WRKV( 3 ~ 3  1 
Dl M€NS I C N  XLNGt 3 )  t X O I  3 )  ,XT i  3 1 PAXEIYI 40 
COMMCN h G ~ A r A A ~ A A R E V ~ A P W R K , A I D ~ A I N ~ A T O M S ~ B B ~ 8 R D R ~ C D r C H E M r C O N T ~ D  PAXEOISO 
COMMCN C A ~ O P ~ O I S P ~ E D G E ~ E V ~ F O R E ~ F S ~ I N ~ I T I L T ~ K D ~ L A l ~ ~ L T N O ~ N A T O ~ ~ ~ C D  PAXED160 
COMMON N J ~ N J ~ ~ N O U T ~ N S R ~ N S Y M ~ O R G N , P A I P A ~ P A C ~ P A T ~ Q ~ R E F V ~ R E S ~ R M S ~ S C A L ~ P A X E O ~ ~ O  
COMMON S C A L 2 r S C L ~ S Y M B ~ T A P E R ~ T H E T A ~ T I T L E ~ T I T L E 2 ~ T S ~ V I E W ~ V T r V l ~ V 2  PAXEO18n 
COMMON V ~ , V ~ , V S , V I ~ , W R K V I X L N G I X O I X T  P A X E O l 9 0  
I T # X A B S F ( I T Y P E ) - I  PAX E02  00 
KS#MODF( ACODE, 130- 1 PAXEO2 I Cl 
I F ~ N S Y M - K S ) l 0 5 r l l S r l l S  PAXE0220 

105 NG#4 PA XE02 30 

. 
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GO TO 300 PAXEO249 
115 I I # A C O D E / 1 0 0 0 0 0 .  PAX E 02 53 

I F ( N A T O ~ - I 1 ) 1 2 5 t 1 3 0 t l 3 0  PAXE0260  
1 2 5  NGW5 PAXE0270  

PAX E 0 2  80 GO TO 300 
130 I F ( I I ) 1 2 5 ~ 1 2 5 ~ 1 3 5  P A X E 0 2 9 0  

C ****I CRYSTALLOGRAPHIC SYMMETRY ROTATION e* * * *  PAXE0300  
PAXE03 IO 

I F ( I T - l ) 1 6 5 t 1 4 5 t l 5 5  PAXE0320  
C * ****  TRANSFORM TO CARTESIAN SYSTEMS *+*e*  PAXE0330  

1 4 5  CALL  TPP(PAT,AAWRK*PAC) PAXE0340  
GO TO 175 PAXE0350  

155 CALL TCI(PAT,AAREV,PACI PAXE0360  
GO T O  175 PAXE0370  

165 I F ( I T Y P E ) 1 7 0 t 1 7 5 ~ 1 7 0  PAXE0380  
P A X E 0 3 9 0  

170 CALL AXEQBIPATtWtBBv3)  PAXE0400  
C +***I FCRM DIAGONAL MATRIX OR I T S  INVERSE I**** PAXE04 I 3  

175 DO 205 J i t l t 3  P A X E 0 4 2 1  
T I  # E V I  J t  I 1  1 PAX E 0 4  30 
I F ( I T Y P E ) 1 9 5 , 2 0 5 , 1 8 5  PAXED440 

I85 X (  J) # I  a /  ( T  I * T I  1 PA X E 0 4 5 0  
GO TO 205 PAXE0460  

I 9 5  X ( J ) Y T I * T I  PAXE0470  
2 0 5  RMSI J ) # T I  PAXE 0480 

C *****  FCRM QUADRATIC FORM ****I P A X E 0 4 9 0  
PA XE 0500 

DO 2 4 5  J # I t 3  PAXEO5 I O  
Tl l tO.0 PAXE0520  
I F ( I T ) 3 0 0 t 2 1 0 t 2 2 0  PAXE0530  

210 DO 2 1 5  K # 1 * 3  PAXE054rl l  
C **+*I BASED ON T R I C L I N I C  SYSTEM ***** PAXE0550  

215 T I # T I + P A T ( I t K 1 * W ( K t J ) * X ( K l  PAX EO5 60 
G O  T O  235 PAXE0570  

C ***** BASED ON CARTESIAN SYSTEM *****  PAXE0580  
220 DO 225 K#1,3 PAX E 0590 
225 T I # T I + P A C ( I t K ) * P A C I J I K ) , X I K )  PA XED6 O'l 
2 3 5  Q ( J t I ) # T I  PAXED6 IO 
245  O ( I t J ) # T I  PA XE0620  

PA XE 06 30 3313 RETURN 
END PAXE0640  

I 3 5  CALL  TMC(PA( I t I t I 1  ),FS( I t  I t K S ) r P A T )  

C +*I.** ( P A T ) * * ( - I )  ( A A ) * * ( - I )  + * *e*  

DO 2 4 5  I # l r 3  

* L I S T 8  
*LABEL 

SUBROUTINE PLTXY(X,Y)  PLTXOO IO 

DIMENSION X ( 3 ) r Y ( 2 )  P L T  x0030 
C * * * * e  PLOT COORD- AND CLOSEST EDGE AFTER PROJECTICN ***** P L T XU0 2 fl 

DIMENSICN P L T X 0 0 4 9  
DIMENSICN A T O M S ( 4 t 5 O C ) r B 8 1 3 ~ 3 l t C D ( 8 ~ 2 O ) t C H E M ( 2 O O ) ~ C D N T ( 5 ) ~ D ( 3 ~ l 3 O ) P L T X O O 5 ~  
D I  MENS I C N  P L T X 0 0 6 0  
D I  MENS I C N  PLTXO070  
D I  MENS I C N  PLTX008fl 
DI PENSICN PLTXOUPO 

A i 9 1  9 AA( 3 9 3 )  t AAREV (3.3)  

DA( 31  3 )  
P (  31 23'3 
RES (4 1 t RMS ( 5 )  9 SYMB ( 3 1  3 )  
VT ( 394 ) r V  I ( 4 ) ,V213 ) t V 3 (  3 

AAWRK( 39 3 )  t 4 1 D (  5.31 r A I N (  140) 

DP ( 2 9  130). EV( 3,200 ) t  F S (  31 3.48) 9 KD 1 5 9 2 0 )  t0RGNt  3 1 
t P A (  3 t 39 200) 9 PAC( 3 , s  ) 9 PAT( 3 t 3  1 t Q ( 3 9  3 )  t REFV ( 3 93 

T I T L E (  12) , T I T L E  i f  I 2 )  t T S (  3 p 4 8 )  
V 4 (  3 )  t VS( 3 )  t V 6 ( 3  1 r W R K V ( 3 r 3 )  

DIMENSICN X L N G 1 3 ) t X 0 ( 3 ) r X T ( 3 )  PLTXOl  00 
COMMCN ~ G ~ A ~ A A ~ A 4 R E V t A 4 W S K ~ A I D ~ A I N ~ A T O M S ~ 0 B ~ B ~ D ~ ~ C D ~ C H E M ~ C O N T ~ D  P L T X O l l O  
C OMMC N P L TXO I 29 C A 9 DP 9 D IS P t E D GE t EV t FORE t FS t I N I T I L T t KD , LA T Fr t L TNO t NATO M t NC D 
COMMON N J t N J 2 r N O U T , N S R t N S Y M , C R G N , P 1 P A t P t P A t P A C t P A T t Q t R E F V t R E S t R M S t S C A L l P L T X O l 3 ~  
COMMON SCAL2rSCL,SYMBtTAPER, THETA, T I T L E ,  T I T L E Z t T S t V I E W t V T , V l  t V 2  PLTXOI 40 
COMMCN V 3 9 V 4 9 V S , V 6 t W R K V 9 X L N G t X O t X T  PLTXOI 50 
T41YI. PLTXOI 60 
T l # l .  P L T X O l 7 0  
I F ( V 1 E W ) 1 2 5 t 1 2 5 t 1 1 0  P L T X U l 8 f l  

110 T 4 # V I E W - X ( 3 )  P L T X O l 9 0  
P L T X 0 2 0 0  I F ( T 4 1 1 1 5 r 1 1 5 t 1 2 0  

115 Y ( I ) # - 9 9 .  PLTX02  10 
Y ( 2 1 #-99  P L  1x0220 
GO TO 130 P L T X 0 2 3 0  

I 2 3  T I  #V IEW/T4 P L  T X 0 2 4 0  

P L T X 0 2 6 0  
P L T XU2 70 

125 Y ( I ) # X ( I ) * T I + X O ( I )  PLTXOZ sa 
Y ( 2 )  #X ( 2  ) * T I  +XO( 2 1 
TI#XLYG(I)-ABSFfY(I)+2.-XLNG(I)) 
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1 2 # X L N G ( 2 1 - A B S F ( Y ( 2 ) + 2 . - X L N C ( 2 1 1  
E D G E # M I N I F ( T l r T 2 ) + . 5  
IF(T4-VIEW*.51130~300~300 

I 3 0  EOGE#-99. 
3on RETURN 

END 
+L1 S T 8  

P L  TX028D 
P L  TX02  90 
P L T X 0 3 0 n  
P L T X 0 3 1 0  
P L T X 0 3 2 0  
PLTXO330  

+LABEL 

C 
SUBROUTINE PRELIM PRELOO I 9  
++I+++ DATA INPUT ROUTINE +**+* PRE LOO 20 
DICENSICN B ( 9 )  P R E LOO 30 

DIMENSION ATCMS( 4.500) * B B I  3 9 3 )  ,CDI 61 20) 1 t H E M ( 2 0 0 )  tCONT(5  1 ,O( 3,130) PRELOOSn 
D IMENSICN A ( ~ ) , A A ( ~ . ~ ) . A A R E V ( ~ , ~ ) , A A W R K ( ~ ~ ~ ) T A ~ ~ ( ~ , ~ ) , A I N ( I ~ O )  PRELOO40 

DIMENS I C N  P R E L 0 0 6 0  
DIMENSION P ( 3 , 2 0 0 ) 1 P A ( 3 r 3 , 2 0 C ) r P A C ( 3 r 5 ) r P A T ( 3 r 3 ) , ~ ( 3 , 3 ) , R E F V ( 3 1 3 )  PREL0070  
D IMENFICN R E S ( 4 ) r R M S ( 5 ) , S Y M 6 ~ 3 r 3 ) , T I T L E ( l 2 ) , T I T L E i ( l 2 ) , T S ( 3 , 4 8 )  P R E L 0 0 8 n  
OIMENSICN PRELOO90 

COMMON N G ~ A ~ A A ~ A A R E V I A A W R K ~ A I D ~ A I N ~ A T O M S , R B ~ B R D R ~ C D ~ C H E M ~ C O N T ~ O  P R E L O l l n  

COMMCN N J , N J ~ , N O U T , N S R , N S Y M ~ O R G N ~ P ~ P A T P A C , P A T ~ Q ~ R E F V ~ ~ E S ~ R ~ S ~ S C A L I P R E L O I ~ O  
COMMCN S C A L ~ ~ S C L ~ S Y H B T T A P E R ~ T H E T A ~ T I T L E ~ T I T L E ~ ~ T S ~ V I E W ~ V T ~ V I ~ V ~  PRELO140 

DA(  39 3 1 * DP (2,130 ) *  E V I  3,200 1 ,  F S (  39 3948) T P O (  5120 1 ,ORGN ( 3  1 

V T (  3 9 4  1 , V I  (1,) ,V2( 3 ),V3( 31, V 4 (  3 1 , V 5 1 3 ) ~  V t l 3 )  r W R K V 1 3 r 3 )  
D I C E N S I C N  X L N G ( 3 ) r X 0 ( 3 1 , X T ( 3 )  PRELOl  00 

COMMON CA,OP,DISP,EDGE, EV, FORE.FS, IN,ITILT,KDtLATFTLTNO,NATOM~NCD PRELOl2'3 

COMMON V 3 p V 4 , V S r V 6 9 U R K V , X L N G ~ X D * X T  PRELOl 50 
C +++++ CELL  OIMENSICNS +++++ P R E L O l 6 0  

106 FORMAT(6F9.6) PRELO I 70 

T I # A B S F ( A ( 4 )  1 - 1 .  PRELOl 90 
DO 125 J#1,3 P R E LO 2 00 
I F ( T 1 ) 1 1 5 ~ 1 1 0 ~ 1 1 0  PREL02 I n  

C ++++* CELL ANGLES I N  DEGREES +++*+ P R E L 0 2 2 0  
110 A ( J + 6 ) # A ( J + 3 )  PREL0230  

PREL024I7 
GO T O  120 PRE LO2 50 

C +*+++ CCSINES OF CELL  ANGLES ++++* P R E L 0 2 6 0  
1 1 5  A ( J + 6 ) # A R C C O S ( A ( J + 3 1 1  PRE LO2 70 

C ++*e* STORE IOEMFACTOR MATRIX +I*** P R E L 0 2 8 0  
120 A I D ( J , J ) # l .  PRELO29Cl 

A I D (  J+I  t I ) # D e  PREL0300  
A I D (  J+5r  I )#O. P R F L 0 3 1 0  

C ++*+*  STORE METRIC TENS04 e*+++ P R E L 0 3 2 0  
1 2 5  A A ( J v J ) W A ( J ) + + 2  PREL0330  

A A ( I  , 2 ) # A (  I ) + A ( 2 ) + A ( 6 )  PREL034Cl 
AA(1 * 3 1 # A (  I ) + A ( 3 1 + A ( 5 )  PREL03 5 0  
A A ( 2 , 3 ) # A ( 2 ) + A ( 3 ) + A ( 4 )  P R E L 0 3 6 0  
A A ( 2 1 1  ) # A A ( I  9 2 )  P R E L 0 3 7 n  
A A 1 3 ~ 1 ) # A A ( 1 , 3 )  PREL038 f l  
A A I  3 92 1 # A A ( 2  3 )  PREC0390 

C +++++ INVERT METRIC TENSOR +++**  PRE L O 4 0 0  
CALL AXEQBI A A ,  BR, A I  De 3) PREL04 I O  

C +++++ CALCULATE RECIPROCAL CELL  PARAMETERS +++++ PREL0420  
DO 128 541.3 PRELn43r l  

128 B I J ) Y S O R T F ( R B ( J , J ) )  P R E L 0 4 4 0  
8 ( 6 ) # B B ( 1 , 2 ) / ( 8 ( 1  I + B ( 2 ) )  P R E L 0 4 5 0  
B ( 5 1 # R B ( l r 3 ) / ( 8 l l ) + B 1 3 ) )  PRE L O 4 6 0  
B(4)#RB(2r3)/(R(21+6(311 PREL047D 
DO 13'3 J # l  9 3  PRELOkRn 

PREL0490  
C *++++ WAS INPUT FOR REAL OR RECIPROCAL CELL + * + + +  PREL0500  

I F ( A ( I ) - l . ) f 3 5 r 1 5 0 ~ 1 5 0  PREL05  I0 
135 DO 1 4 0  J # l r 9  PREL0520  

T I U A A ( J . 1 )  PRELO530 
A A ( J * I ) # B B ( J t l )  PRE LO54" 
B B ( J , I ) # T I  PRELO550 
T I # A ( J )  PREL0560  
A I J ) # B f J )  P R E L 0 5 7 0  

140 B ( J ) # T I  PRE L 05 80 
C I)+*++ WRITE OUT CELL  PARAMETERS +++++ P R E L 0 5 9 0  

PRELO6 I '-I 
145 F D R M A T ( I H  I O X , F 9 . 6 r 2 F 1 5 . 6 , 3 F 1 5 . 3 / I H  4 8 X t 6 H C O S I N E F 1 2 . 8 r 2 F l S . 8 )  PREL0620  

READ INPUT TAPE I N ~ l 0 6 r ( A ( I l r I # l v 6 1  PRE LO I en 

A (  J+3 1 #COSF ( A(  J+6 ) *  .O 1745329 252 1 

130 B ( J + 6 ) # A R C t O S ( B ( J + 3 ) )  

1 4 3  F O R M A T ( I H O I O X ~ 2 2 H D I R E C T  CELL PARAMETERS/IH 1SX~IHA14X~lH614X~IHCI4PRELO600 
I X 5HALPVA I OX 9 4HBETA I I X 9 5HGAMMA 
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1 4 7  FORMATfIH310X,26HRECIPROCAL CELL PARAMETERS/IH 15X,2HA*13X.2HB*13XPRELO63D 
I ~ ~ H C + I ~ X I ~ H A L P H A * ~ X ~ ~ H E E T A ~ I ~ X , ~ H G A M M A + )  PREL0640  

150 WRITE OUTPUT TAPE NOUT.143 PREL0657 

WRITE OUTPUT TAPE NOUT.147 PREL0670  

C ****I STORE STARIDARD VECTORS *****  PRE LO6 90 
CALL ~ X E S ( A I D I A I D (  I p2) rREFV.O)  PRE LO700  
CALL M M (  A A ,  REFVI AAREV) PRELO7 IO 
DO 160 I # l r 3  PREL0720  
DO 16C J # l r 3  PRE L 0730 
A A W R K ( J , I ) # A A R E V ( J , I )  PREL074D 
O ( J , I ) # R E F V ( I v J )  PRELO75fl 

160 W R K V ( J p I ) # R E F V ( J . I )  PREL0760  
C * * * e *  READ AND WRITE SYMMETRY TRANSFORMATIONS ***** PREL077n  

IFORMED X I ~ X I I ~ H T R A N S F O R M E D  Y18X~13HTRANSFORMED ZI PRE LO790  
1 7 3  FORMAT4 I I r F l 4 .  I J .  3F3.09 2 (  F l 5  10.3F3.0) PRELOAOO 
175 FORMAT( IH I J X , I 2 , 3 ( F 1 3 . 6 r F 4 . 0 , 2 H  XF4.0.2H YF4.092H Z1I PREL0810  
177 F O R M A T ( I H I I O X ~ 1 2 A 6 1  PREL0820  

WRITE OUTPUT TAPE NOUT.171 PREL083r3 
L I NES# I 4 PREL0840  
DO 1 9 0  I # 1 ~ 4 8  PREL0850  
L INESWXCODF(L INES+I ,56 )  PREL0860  
READ INPUT TAPE I N ~ l 7 3 ~ I S ~ ~ T S l J ~ I ~ r ~ F S l K ~ J ~ I ~ 1 K X l r 3 ~ r J W I ~ ~ ~  PREL0870  
I F ( L I N E S ) 1 8 5 , 1 8 0 p 1 8 5  PREL088r l  

18r3 WRITE OUTPUT TAPE N O U T . I 7 7 , ( T I T L E ( J ) , J 6 1 r 1 2 1  PRELOR90 
WRXTE OUTPUT TAPE N O U T r l 7 1  PRELOPOO 

C *****  NCN-CRYSTALLOGRAPHIC HELIX-SYMMETRY INPUT **** PREL0923  
I F t F S ( 3 r 3 r I ) - 5 . ) 1 8 8 , 1 8 6 , 1 8 6  PREL0930  

186 T I # F S ( l r 3 . I ) / F S ( 3 r 3 , 1 )  PREL 0 9 4 0  
T S ( 3 , I ) # T S ( 3 , I ) + T I  PREL0950  
T I # M O D F ( T l * F S ( 2 r 3 r I ) r l . l r 6 . 2 8 3 1 8 5 3 1  PREL0960  
T 2 # C O S F ( T I  1 PRELO97O 
T I # S I Y F ( T I  1 PREL0989  
DO I 8 7  J # I , 9  PRELO99O 

I 8 7  V T ( J , I I # A I D ( J ~ l )  PREL I OOD 
VT(  I , I 1 # T 2  PREL I O 1  0 
V T ( 2 , 2 ) # T 2  PREC102D 
V T ( 2 r l ) # - T I  PREL IO3O 
V T I l  r 2 ) # T I  PREL I O 4 0  
CALL MMlVT,O,PAC) PREL I050 
CALL M M ( A A R E V , P A C , F S ( l r l , I ) )  PREL 1060 

188 I F t I S ) 1 9 5 ~ 1 9 O ~ l P 5  PREL 1070 
iqn CONTINUE PREL 108fl 

NG# I PREL I 090 
CALL ERPNT(D.,O) PREL I IO0 

PREL l  I I 0  I #49 
195 NSYM#I PREL l  1 2 0  

* ****  PCSIT ICNAL AND THERMAL PARAMETERS *e* * *  PREL l  I30 

1 8 X , 3 H R 1 2 8 X ~ 3 H B 1 3 8 X ~ I O H E 2 3  TYPE) PREL l  I 5 0  
2C9 FORMAT1 I H 1 3 1  I X v A 6 r 3 F I  1 . 6 ~ 5 X  96F I  I -6qF5 .0 )  PRELl  I60 
2 1 0  FORMATt IH  I 3 , I X ~ A b ~ 3 F 1 1 . 6 ~ 5 X ~ 2 F 1 1 . 6 , 4 F l l . O , F 5 . 0 )  PREL I I 7 0  
211 F O R M A T I d 6 , 3 X . 5 F 9 . 6 , F 9 . 0 )  PREL I 180 
2 1 3  F O R M A T ( I l t F R . 6 r 5 F 9 , 6 r F 9 , 0 )  PREL I I9n 

L I  NES#L INES+2 P R E L l 2 0 0  
I F ( L I N E S - 5 6 ) 2 2 O , 2 1 5 , 2 1 5  PREL I 2  I P 

2 1 5  L I N E S # - I  PREL I 2 2 0  
G O  T C  2 2 5  PREL 1 2 3 0  

2 2 3  WRITE OUTPUT TAPE NOUT.207 PREL 1 2 4 0  
2 2 s  DO 2 4 5  1#1,200 PREL l25O 

L I N E S # X ~ O D F t L I N E S + I , 5 6 )  PREL 1 2 6 0  
READ INPUT TAPE IN921 I,CHEH( I ) t V I (  I ) r V l l 2 ) , 1 P ( J . I  ) r J # l  t 3 ) , T I  PREL I270 
K # I . + T I  P R E L l 2 8 3  
READ INPUT TAPE I N 9 2  139 1 s t  ( P A (  J I  I t  I ) *  JWI ~ 7 )  PREL 1290 
I F ( L I N E S ) 2 3 0 , 2 3 3 r 2 3 2  PREL I 3 0 0  

2 3 9  WRITE OUTPUT TAPE NOUT,l77,(TITLEIJlrJWl~lZ) PREL I 3 1  IY 
WRITE OUTPUT TAPE NOUTs207 PREL I32n 

WRlTE OUTPUT TAPF N O U T , 1 4 5 ~ ( d ( I ) , I # 1 ~ 3 ) ~ ( A ( I ) , I # 7 r 9 ) r l A ( I ) ~ I # 4 ~ 6 )  PREL0660  

WRITE OUTPUT TAPE N O U T ~ 1 4 5 ~ l B ( I ) ~ I f 1 ~ 3 ) ~ ~ B I I ) ~ I ~ 7 ~ 9 ~  1(BII)rI#496) PREL0680  

171 FORMAT(IHJlOX,24HSYMMETRY TRANSFORMATIONS/IH 1 4 X ~ 3 H N 0 . 1 2 X ~ l 3 H T R A N S P R E L 0 7 8 0  

185 WRITE OUTPUT TAPE N O U T , 1 7 5 ~ I ~ I T S l J ~ I ) ~ ( F S ( K ~ J ~ I ) , K # l r 3 ) , J # l ~ 3 )  P R E L 0 9 l 9  

C 
207 F O R M A T ( I I H 0  NO. ATOM 8 X ~ I H X I O X ~ I H Y I O X ~ I H Z 1 3 X 1 3 H B l 1 8 X ~ 3 H B 2 2 8 X ~ 3 H B 3 3 P R E L l l 4 0  
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2 3 2  I F f P A ( 3 , 1 ,  I ) - l 0 0 0 0 * ) 2 3 5 , 2 3 4 r  2 3 4  PREL I 3 3 0  

I , 7 )  PRELI  350 
G O  T O  2 3 8  PREL I360 

1 1 7 )  P R E L l 3 8 0  
2 3 8  GO TO ( 2 4 4 , 2 3 9 , 2 4 1 , 2 4 2 r 2 4 4 ) t K  PREL 13911 

C +++++ TYPE I POSIT ICNAL PARAPETERS (ANGSTROMS) +*+++ PREL I 4 0 0  
PRFL 1 4 1 0  2 3 9  DO 2 4 0  J U l r 3  

240 P ( J r I ) # P ( J * I ) / A ( J )  PREL 1 4 2 0  
G O  TO 2 4 4  PREL143P 

PREL I 4 4 0  
2 4 1  V I ~ I ) # P t I ~ I )  PREL 14511 

V 1 ( 2 1 # P ( 2 , 1 1  PREL 1 4 6 0  
G O  T O  2 4 3  PREL I 4 7 0  

C + + a + +  TYPE 3 FOSIT ICNAL PARAMETERS ++*+e P R E L l 4 8 3  
C ++++I CYLINDRICAL CCORCINATES RFFERRED TO STANDARC CARTESIAN +++*+PREL1493  

2 4 2  T 2 # P ( 2 1 1 ) + . 0 1 7 4 5 3 2 9 2 5 2  PREL I5On 
VI(II#VI(I)+P(ltI)+COSF(T2) P R E L l 5  I O  
V1(2)#V1(21+P(lrI)*SINF(T2) PREL I 5 2 0  

2 4 3  V I  ( 3 ) # P ( 3 , I )  P R F L l 5 3 0  
CALL V M ( V 1  r Q , P (  I r I )  1 PREL I 5 4 0  

2 4 4  I F ( I S ) 2 4 6 , 2 4 5 , 2 4 6  PREL I 5 5 0  
245 CONTINUE PREL 1560 

NG#2 PREL I 5 7 @  
CALL ERPNT(O.,O) P R E L l 5 8 O  
I # 2 0 0  PREL I 5 9 0  

2 4 6  NATOM#I PREL 1600 
C +*+++ CCNVERT TEMP FACTOR COEF TO STANDA9D TYPE Z E R O  +++++ PREL I6  I O  

PREL I629  NGI#O 
DO 450 IIY1,NATOM PRELI  63’3 
T I  # P A (  I 9 I , I )  PREL I6LO 
K # l  .+PA(7,  I r I )  PREL 1650 
I F I T 1 ) 2 5 n , 2 5 0 v 2 5 5  PREL I660 

PREL 1670 2 5 0  T I # . l  
G O  T O  4 0 5  PREL I680 

2 5 5  T 6 # . 0 5 0 6 6 0 5 9 1 8  PREL I 6 9 Q  
GO T0(27fl1260,2651265127O9 2609 400,4057 9 9 9 )  ,K PREL I700 

PREL I 7 IO 
260 D O  2 6 2  J # 4 r 6  PREL 1 7 2 0  

G O  T O  2 7 0  PREL I 7 4 0  
PRFL I 7 5 0  

265 T6# .351152464  PREL I760 
PREL I770 

C +e+++ TYPES 0 THROUGH 5 +*vu+  PREL 178n 
PREL I 7 9 0  2 7 0  IFIPA12,1,I))400,4001272 

2 7 2  DO 3 0 0  J # l r 3  PREL I 8 O f l  
DO 3 0 0  L # J 1 3  P R E L l 8 1 0  
T 2 # T 6  PREL I 8 2 0  
I F ( K - 5 1 2 8 5 r 2 7 5 9 2 7 5  PREL I 8 3 0  

C *+++e TYPES 4 A M 0  5 ++*et PREL I 8 4 0  
2 7 5  T 2 # B ( J ) * B ( L ) * T 2 * . 2 5  P R E L l 8 5 O  
285 I F ( J - L ) 2 9 0 , 2 8 2 , 2 9 0  PREL I R6n 
2 8 2  V T ( J * J ) # T 2 + P A (  JI I , I )  PREL 187’3 

G O  T O  30’1 PREL 188n 
PREL I R9n 
PREL I900 
PREL I 9 I ’J 

300 CCNTINUE PREL 1 9 2 0  
PREL 1931) 

CALL MM ( V T  7 AA,  DA 1 P R E L l 9 4 0  
CALL EIGEN(DAiRMS,PAT) PREL I 9 5 q  

C **++* ARE EIGENVALUES P O S I T I V E  +++++ PREL I96f l  
I F I R M S ( I ) ) 3 2 5 r 3 2 5 , 3 2 0  PREL 19711 

PREL 1980 
325 NG#3 PREL I 9 9 0  
3 3 0  N G I # I  PREL2000  

CALL ERP~TIFLOATF~I)*100000.+5550l.,O) PREL2O IO 
C ++*++ 3 EQUAL EIGENVALUES, USE REFERENCE VECTORS *++++ PREL202r3 

2 3 4  URITE OUTPUT TAPE N O U T I ~ ~ O ~ I ~ C H E M ( I ) ~ ( P ( J ~ I ~ ~ J # ~ ~ ~ ~ , ( P A ( J ~ I ~ I ~ ~ J # I P R E L I ~ ~ ~  

2 3 5  W R I T E  OUTPUT TAPE N O U T r 2 ~ 9 ~ 1 ~ C H E M ~ I ~ ~ ~ P ~ J ~ 1 ~ ~ J # 1 ~ ~ ~ ~ ~ P A ~ J ~ 1  r I ) , J # I P R E L 1 3 7 0  

C *++++ TYPE 2 POSIT ICNAL PARAMETERS, STANDARO CARTESIAN +++++ 

C a*+** TYPE I e++++ 

2 6 2  P A ( J i l r I ) # P A ( J , l r I ) + . 5  P R E L 1 7 3 n  

C +++++ TYPES 2 AND 3 (BASE 2 SYSTEMS) ++*++  

I F ( K - k ) 2 7 0 r 2 6 0 r 2 7 0  

2 9 0  M # J + L + I  
V T ( J , L ) # T 2 + P A ( M , I , I )  
V T I L r J ) # V T I J , L )  

C +*++I F I N D  PRINCIPAL  AXES *++++ 

3 2 0  I F ( N G ) 3 5 0 , 3 6 0 , 3 3 0  

. 
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. 

3 4 0  T 3 # S I G N F ~ S Q R T F l A B S F ~ R ~ S ~ l ~ + ~ M S l 2 ~ + R M S l 3 ~ l / 3 ~ ~ ~ R ~ S ~ l ~ ~  
DO 3 4 5  J # 1 , 3  
DO 3 4 2  K # l r 3  

3 4 2  P A ( J , K , I ) # R E F V [ J * K )  
3 4 5  E V t J r  11WT3 

350 I F ( N G + 6 ) 3 4 0 ~ 3 4 0 , 3 5 2  
G O  TO 4 5 0  

C ***** TkO EQUAL EIGENVALUES * *a* *  
3 5 2  N#NG+S 

CALL U N I T I P A T ( l r N ) , V I * - I  1 
DO 3 5 4  K#l,3 
I F I A B S F ( V M V ( V I , A A , R E F V ( I , K ) )  ) - . 58 )356 ,354 ,354  PREL2 I 4 0  

3 5 4  COhTlNUE PREL2 I 5 0  
3 5 6  CALL YMlAA,OA,VTI PREL2 I6n 

PREL2 I 70 
DO 3 5 9  K # 1 , 3  PREL2 I80 
L#XMOOF(N+K-2,3)+1 PREL2 I 9 0  
00 3 5 8  J#1 ,3  PR E L 2 2 0 0  

3 5 8  P A ( J , L * I I # D A ( J , K )  PREL22 I0 
PREL2220  
PREL22 3 0  

C * + * * e  M A K E  EIGENVECTORS I ANGSTROM LONG + * * * *  PREL2240  
360 DO 3 6 5  J # 1 , 3  PREL2250  
3 6 5  CALL U N I T I P A T I I ~ J ) , P A I I ~ J , I ) , - I )  PREL2260  
3 7 0  NG#D PREL227@ 

t * * * * *  SCRT EIGENVALUE # RMS CISPLACEMENT ***** PREL2280  
DO 3 7 5  J # 1 , 3  PREL2290  
T2#RMS ( J )  PRE L 2  3 0 0  

PREL2310  
G O  TO 4 5 0  PREL2323  

t * * * * *  TYPE 6 ( ISOTROPIC TEMP FACTOR) ++*** PREL2330  
400 T I  #SQRTF( T I  * e 0  I 2 6 4 5  I 4 8  1 PREL2340 

PREL2350  C ++***  TYPE 7 [DUMMY SPHERE) *a*** 
PREL2360  

4 1 0  E V ( J , I ) # T I  PRE L 2 3 7 n  
I F ( P A 1 3 r l r I ) ) 4 3 3 r 4 3 f l , 4 1 5  PREL2380  

PREL2390  

PREL24 I O  
CALL A T C M l T Z r V T (  I t J )  1 PREL242r l  
I F l N G l 4 2 0 ~ 4 2 5 , 4 2 0  PREL2430  

4 2 0  CALL ESPNT(T2901  PREL2440  
GO TO 4 3 0  PREL245f l  

4 2 5  CCNTINUE PREL2460  
CALL D I F V ( V T I ~ ~ ~ ) V V T ( I , I I , V I  I PREL2470  
CALL D I F V ( V T ( I , 4 ) , V T l l r 3 ) ( V 2 )  PREL24813 
CALL A X E S l V l  ,V2,PAl I ,  1 9  1 ) t - l  ) PREL249f l  
G O  T O  4 5 0  PREL25f ln  

C ++***  REFERENCE VECTORS FOR SPHERE **e** PREL25 I D  
4 3 0  DO 4 3 5  J # l r 9  PREL252Cl 
4 3 5  P A ( J ~ I ~ I I # R E F V ( J I I )  PREL2530  
450 NG#O PREL2540  

C * * * * e  WRITE OUT RHS VALUES * e * + *  PREL2550  
L I NESItL INES+2  PREL2560  
I F ( L I N E S - 5 6 ) 4 5 8 , 4 5 8 , 4 5 5  PREL2570  

4 5 5  L I N E S # - I  PREL2580  
G O  TO 4 6 0  PREL2590  

4 5 8  WRITE OUTPUT TAPE NOUT.461 PREL2600  
460 DO 4 6 5  I # I * N A T O M  PREL26 I rl 

LINESWXMODFI L I N E S +  1.56 1 PREL2620  
PRE L 2 6  3 0  

461 FORMATIIOHOYO. ATOM ~ X ~ I H X ~ ~ X ~ I H Y I O X I I H Z I ~ X ~ ~ H R M ~ D  I 4XP7HRMSD 2 4PREL2640  
IXr7HRMSC 3 1 PRFL2650  

4 6 2  WRITE OUTPUT TAPE N O U T ~ 1 7 7 ~ I T I T L E l J ) r J 6 1 , 1 2 )  PREL2660  
WRITE OUTPUT TAPE NOUTr441  PREL2670  

4 6 3  FORMAT( IH 13, IX,A6,3FI  1 - 6 1  PREL2680 

I )  PRE L 2  7 0 0  
I F ( N G l ) 9 9 9 , 9 9 9 , 4 7 0  PREL2710  

470  CALL E X I T  PREL2720  

CALL A X E S ~ V I ~ R E F V I l r K ) , D A ~ - I  ) 

3 5 9  E V I L , I ) # S I G N F ( S Q R T F l A B S F l V M V t D A I I r K ) ~ V T , D A l l r K I ) )  ) r R M S ( L ) )  
G O  TO 4 5 0  

3 7 5  E V l J ~ I ~ # S I G N F l S Q R T F l A B S F O  ) ,T21 

4 0 5  DO 4 1 0  J#1,3 

C ***** DEFINED V E C T O R S  FOR SPHERE **e**  

4 1 5  DO 4 2 5  J e t 9 4  PREL24flrI  
1 2 # P A ( J + 2 r l , I 1  

I F ( L I N E S ) 4 6 5 , 4 6 2 , 4 6 5  

4 6 5  WRITE OUTPUT TAPE N O U T ~ 2 0 9 ~ I , C H E M l I ~ ~ l P o ~ J # l ~ ~ ~ ~ ~ E V l J ~ I ~ ~ J # l ~ 3 P R E L 2 6 9 O  

PREL2030  
PREL204f3 
PREL2050 
PREL2060  
PREL207f l  
PREL2080  
PREL2090  
PREL2100  
PREL2 I I O  
PREL2 I 2 0  
PREL2 I 3 0  
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999 RETURN 
END 

* L I S T 8  

PREL2730  
PREL2740  

*LABEL 
SUBROUTINE PRIME P R I  MOO1 D 

C ****GENERAL I N I T I A L I Z A T  I C N  OF PRIME PARAMETERS**** P R I  MOO20 
DI MENS1 CN P R I M 0 0 3 0  
DIMENSION ATOMS (49500) CD( 8,201 p CHEM( 200) ,CONT( 5 1 * D  ( 3, 130) P R I  MOO40 
DIMENS I C N  ORGN ( 3  1 P R I  MOO50 
DIMENSICN P ( 3 , 2 D O ) , P A ( 3 , 3 , 2 0 0 ) r P A C 1 3 , 5 ) , P 4 T ( 3 , 3 ) ( a ( 3 , 3 ) * R E F V ( 3 , 3 )  P R I M 0 0 6 0  
DI MENS I C N  RES( 4 P R I  MOO7n 
D ICENSICN PRIMOOBO 

COMMCN N G ~ A ~ A A ~ A A R E V ~ A A W R K ~ A I O ~ A l ~ ~ A T O M S , B B , B R D R , C D ~ C H E M ~ C O N T ~ D  P R I M 0 1 0 0  
COMMCN C A , D P , D I S P ~ E D G E ~ E V , F O R E ~ F S ~ I N ~ I T I L T ~ K D ~ L A T ~ ~ L T N O ~ N A T O M ~ N C D  P R I M 0 1 1 0  
COMMCN N J, NJ2 9 NOUT, NSR , N S Y M ,  ORGN, P I  PA, PAC , PATIO,  REFV, RES ,RMS, SCALI  P R I  MOI 20 
COMMCN SCAL2 ,SCL, SYMB, TAPER, THETA, T I T L E ,  TITLE2,TS ,VIEW,VT,VI wV2 P R I  MOI 30 

A (  9 )  9 AA( 3 

DA( 3r  3 )  .DP( 2 9  130) 9 EV(  3 9  200 1, F S (  3, 3.48) 9 KO( 5.20) 

3 1 ,  AAREV ( 3, 3 I 9 AAWRK ( 3.3 , A ID { 3 9  3 1 , A  I N  ( I 4 0  1 
B B I  3 9 3 )  

p RMS( 5 1 (SYMB ( 39 3 )  t T I  TLE(  I 2  1 , T I T L E  2 1  12)  , TS ( 3  ,481 
W R K V ( 3 r 3 1  V T ( 3 9  rC 1 ,  V I  (4 I 9 V 2 (  3 ) 9 V 3 (  3 ) s  V 4 l 3 )  9 V5(  3 )  e V 6 l 3 )  

DIMENSICN X L N G ( 3 ) r X 0 1 3 ) , X T ( 3 )  P R I  MU090 

COCMCN V 3 , V 4 , V 5 , V 6 , W R K V , X L N G , X O , X T  P R I M 0 1 4 3  
BRDR#O 5 P R I  Mol 50 

C ****CALCULATE CONSTANTS**** P R I  MOI 60 
DO 2999 I#1,5 P 4 1  MOI 7 0  

2999 t C h T l I ) C S Q R T F ( 1 . / ( 2 . * (  1 . + C C S F 1 3 . l ~ 1 5 9 2 6 5 4 / 2 . * * 1 1 )  1 )  P R I M 0 1  8n 
DI SP#.OiJ5 P R I  MOI 90 
FOREfb.866 PR I M 0 2 0 n  
I N # I  0 P R I M o 2 I O  
I T I L T l O  PR I M 0 2 2 0  
LATM#O PR I M02 30 

NCD#O P R I M 0 2 5 9  
NGW3 P R I  M0260 
NOUT#9 PR 1140270 
NSR# I I P R I  MO28rJ 
R E S ( I ) # l . 2 5  P R I  140290 
RES(2 )# .5  PR I H 0 3 0 0  
RES ( 3 )  # * 2  P R I  M03 I 0  
SCALIX1.3 P R I  HO32'J 
SCAL2#1.54 PR I PU33Cl 
SCLU I .54 PR I no340 
DO 3000 I # l r 3  P R I  P O 3 5 0  
S Y M B ( I , I ) # I .  P R I M 0 3 6 0  

P R I M 0 3 7 0  
3000 SYMB(I+5, I )YO. P R I M 0 3 8 0  

TAPERt.375 PR I M039O 
THETA#O -0 P R I  M0400 
V I  EW tO.0 P R I  M04 I Q 
XLNG(I)W3D.O P R I  M042q 
X L N G ( 2 ) # I I . O  P R I  M043r3 
XO( I ) # l 5 . 3  P R I  H 0 4 4 0  

P R I M 0 4 5 9  
RETURN P R I  M046cI 
E NO PR 11.404 70 

LTNO#23 P R I  ~ 0 2 4 0  

SYYB( I+ I , I )WO.  

X0(2 )#5 .5  

* L I S T S  
*LABEL 

SUBROUT I NE PROJ 4 Ow OP , X , XOc V I  EW 9 I I 9 I 2  9 I 3  1 PROJOOIO 
C ***** 3C CARTESIAN TO 20 PLOTTER COORDINATES *e*** PRO J0020 

DIMENSION D ( 3 , 1 2 9 ) r D P ( 2 r  ( 2 9 )  , X ( 3 ) r X 0 ( 3 )  PRO JClO31 
T3#V IEW-XI 3 )  PROJCI040 
DO 145  I # I I , I 2 , 1 3  PROJOOSO 
T I # D (  I 9 I ) + X I  I ) PROJOO6O 
T 2 # D ( 2 , I ) + X ( 2 )  PROJ0073  
I F ( V I E W 1 1 3 5 , 1 3 5 ~ 1 2 0  PROJ0080  

120 T 4 # V I E W / I T 3 - 0 ( 3 , 1 ) )  PRO JOO90 
T I  # T I  * T 4  PROJOIDO 

PROJOI 10 T 2 # T 2 * T 4  
135 D P ( I w I ) # T I + X O [ I )  PROJOl20  
145 D P ( 2 , I ) # T Z + X 0 ( 2 1  P R O J O l 3 0  

RETURN PRDJOI 40 
END P R O J O l 5 0  

* L I S T 8  
*LABEL 
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RAOIOOIO 
C ***** GENFRATE E L L I P S E  FROM TWO CONJUGATE VECTORS e * * * *  RAOIOO20 

RADIO030  C *****  ORTHCNORMAL VECTORS PRODUCE 8 - 1 2 8  SPOKED CIRCLE * + * e *  
C *****  NO DENOTES NUMBER OF SUBDIV IS IONS ( I  T O  5 )  ***+e RADIO040  

SUBROUTINE RADIAL(ND1 

DIMENS I C N  A I  9 )  RADIOOSO 
DI MENS I C N  ATOMS (4 ,500  1 t BBt 3, 3 )  rCD( 8 .20 )  r CHEMf 200) tCONT I 5  1 r D (  3,130) RADIOflbO 
DI PENS I O N  DA ( 3 ~ 3 )  9 DP ( 2 1  1 3 0 )  r EV( 3r 203 1, F S (  3 . 3 ~ 4 8 1  9 PD (5 ,  2 0 )  r ORGN ( 3  1 R A O I 0 0 7 0  
DIMENSICN P ( 3 , 2 3 O ) r P A ( 3 , 3 r 2 3 0 ) . P A C ( 3 , 5 ) , P A T ( 3 r 3 ) r Q ( ~ , 3 ) , R E F V ( 3 * 3 )  RADIO080  
DIMENSICN R E S l k l ~ R M S ( 5 ) ~ S Y M 9 ( 3 , 3 ) ~ T I T L E ~ l 2 ~ ~ T I T L E ~ ~ l 2 ~ ~ T S ~ 3 ~ 4 ~ 1  RADIOO90 
01 PENS I ON RADIO1 DO 

CCMMCN ~ G ~ A ~ A A ~ A A R E V I A A W R K , A I D ~ A I N ~ A T O M S ~ ~ B ~ ~ R D R ~ C D ~ C H E M ~ C O N T , D  RAOI012i3 

COCMON 
COMMON S C A L ~ , S C L ~ S Y M B I T A P E R ~ T ~ E T A ~ T I T L E I T I T L E ~ , T S ~ V I E W ~ V T ~ V I ~ V ~  
COMMCN V 3 , V 4 r V 5 , V 6 , W R K V , X L N G I X O t X T  

A A  ( 3 t 3 1 9 AAREV ( 3 ~ 3 )  9 AAWRK ( 3, 3 )  ,A I D (  3 1 3 )  V A I N (  1 4 0 )  

VT (3,  4 1 ,  V I ( 4 1 t V 2 i  3 ) 9 V 3 (  3 1 r V 4 t  3 1 9  VSt 3 1 * V t (  3 )  v WRKV13 93 I 
DIMENSION XLNG(3)  p X O ( 3 )  r X T I 3  RADIO1 10 

CCMMCN C A ,  DP D ISP, E DGE , EV, FORE, FS I N ,  I T I L T  9 KO, LAT P,L T V O I  NATOM, NCD RADIO I 3 0  
N J t N J 2  t NOUTt NSR e NSYMI ORGN, P 9 PA, PAC t PAT Q t R EFV, RES , RMS t SCALl RAD I O 1  4 0  

DO 115 J # 1 , 3  
T I  # D A (  J s  I )  
D (  J, I ) # T I  
D ( J , 1 2 9 ) # T I  
0 ( Jq 65 f # - T  I 
T I # D A ( J * 2 )  
O ( J , 3 3 ) # T I  

00 135 K # l r N D  
T I # C O N T ( K )  
K D E L I 2 * * ( 6 - K )  
KDELI#KDEL+I  
KDEL2#KOEL/2 

J#L-KOEL 
MYL-KDEL2 

115 D ( J , 9 7 ) # - T I  

DO I 3 5  L # K D E L I  r65,KDEL 

00 1 3 5  N#1,3 
1 2  # { D ( N 9 L 1 +D Z N 
D ( h i M ) # T 2  

135 O ( h r M + 6 4 ) # - T 2  

J 1 ) *T I 

RETURN 
END 

+ L I S T 8  
*LABEL 

SUBROUTINE SEARCH 

RADIOI  50 
RADIO l  60 
RADIOI  7n 
RADIOI  80 
R A D I O l  90 
RADI  0 2 0 0  
RADIO2 10 
RADIO220  
RAD I 0 2 3 0  
R A D I 0 2 4 Q  
RAD I 0 2 5 0  
RAD I 0260 
RAD10270  
RAD I 0 2  80 
RAD I0290 
RAD I0300 
RAD103 I O  
RADI  O32fl 
RADIO330  
RADI  0 3 4 0  
RADI  0 3 5 0  
RADIO360  
R A D I 0 3 7 f l  
R A D I O 3 8 1  

SEAR001 0 

DIPENSICN 2 ( 3 )  SEAR0030 
D I  MENS I O N  N W  ( 6  1 v OX ( 3 1 * S ( 2 , 2 0 0 )  9 U( 3 1 r V (  3 1 * W I  2 1 4  1 

01 MENS I C N  A ( 9  ) S E A R 0 0 4 0  
DIMENSION ATOMS (4,5001 , AB( 3 1  3 1 r C D (  8 9 2 0  1 ,  CHEM( 2 0 0 )  r C O N T l 5  1 r 0  ( 3 9  130) SEAROOSO 
DIMENSION DA(  3 1 3  ) t DP ( 29 130 3 ,  E V (  31 2 0 0  P FS( 313,481 )cD ( 5.20 ,ORGN( 3 1 SEAR0060 
DIMENSICN P ( ~ V ~ ~ O ) ~ P A ( ~ , ~ , ~ O C ) , P A C ( ~ ~ ~ ] ~ P A T ( ~ ~ ~ ) , Q ( ~ , ~ ) ~ R E F V ( ~ , ~ )  SEAR0070 
OIMENSICN R E S ( 4 ) ~ R M S ( 5 l r S Y M 8 ( 3 r 3 ) r T I T L E ~ l 2 ) ~ T I T L E ~ ~ l 2 ~ ~ T S ~ 3 ~ 4 8 ~  SEAR0080 
01 MENSICN SEAR0090 
DIMENSICN X L N G ( 3 ) r X 0 ( 3 ) , X T ( 3 )  
COMMON N G ~ A ~ A A ~ A A R E V ~ ~ ~ W R K I A I D ~ A I ~ ~ A T O M S V B B ~ B R D R ~ C D ~ C ~ E M ~ C O ~ T ~ D  SEAROl lO  
CCCMCN SEAR01 2 0  
COMMON N J , N J ~ ~ N O U T I N S R I N S Y M I O R G N . P I P A I P A C , P ~ T I P ~ R E F V ~ ~ E S ~ R M S ~ S C A L I S E A R O I ~ O  
COMMON S C A L ~ ~ S C L ~ S Y M B I T A P E R ~ T H E T A ~ T I T L E ~ T I T L E ~ ~ T S ~ V I E W ~ V T ~ V I ~ V Z  SEAR0140 
COVMON V 3 * V 4 r V S r V 6 r W R K V 1 X L N G , X O I X T  

Wk( 2 9 3  1 t X (  4 1 t Y  ( 3 )  SEAR0020 

A A (  3 3 1 1 AAREV ( 3 9  3 )  t AAWRK( 31 3 1 A IO I ? 9  3 1 r A I  N (  1 4 0 )  

VT ( 3 ,  4) t V  I ( 4 I r V 2 (  3 1, V 3 (  31 9 V 4 (  3 1 ,  V 5 (  3 1 , V C I  3) 9 WRKVt 3131 
SEAR01 00 

C A P  DP, DISPI E OGE, EVt  FORE, FSI I N  9 I T I  LTI KO, L A T F r L  TNOI NATOMr NCO 

SEAR01 50 
EQUIVALENCE(NW( I ) r L L ) ,  I N W ( 2 )  r L U ) p I N W (  3)1ML 1 SEAR0160 
E Q U I V A L E N C E I N W ( b ) r M U ) 1 I N W ( 5 )  r N L I , ( N W ( 6 l r N U I  SEAR01 70 

C CIIC+ OBTAIN PROBLEM P A R A M E T E R S  *eo+* SEAR01 80 
WRITE OUTPUT TAPE NOUT,2n SEAR01 90 

2 0  FORMAT(IH0 9X982H FROM bTOMS T O  4TOMS WITH RADIUS ORSEAR0200 

2AX 1 7 x 1  IHARX, I H B ~ X I  IHC)  SEAR0220 
I F I A 1 N ~ I ~ ~ 1 0 0 0 0 ~ ~ 1 0 ~ ~ 1 0 0 ~ 1 0 1  SEAR02 30 

IOU I T C M I # A I N (  I )  SE AR02 4 9  
SYITOP#55501 .  SEAR025n 
GO T O  123 SEAR0260 

1 0 1  1 ~ ~ ~ 1 # A 1 ~ ( 1 1 / 1 0 0 0 0 0 .  SE AR027O 
SYITOMCMODF( A I N (  1 9 1 OOOOO. ) SEAR0280 

102  IF(AIN12)-10000.)103~Ifl3~1~4 SEAR0290 
103 I T C M 2 # A I N ( 2 )  SEAR0300 

I r  I F  A @OX, WITH SEMIDIMENSIONS / l lX ,46HCODE ( M I V  M A X )  ( M I N  MSEAR0210 
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. 
GO T O  135 S E A R 0 3  I O  

SE A R 0 3 2 n  
105 ! T A R I # A I N ( 3 )  S E A R  0 330 

I F ( I T A R I ~ 1 0 8 ~ l O 8 ~ 1 1 0  SE A R 0 3 4 0  
108 I T A R I # I  S E A R 0 3 5 0  

SE A R 0 3 6 0  I I 0  I T A R 2 # A I N ( 4 )  
D M A X # A I N ( 5 )  SE A R 0 3 7 0  

S E A R 0 3 8 0  
I 1 5  D M A X # 4 .  S E A R 0 3 9 0  

A I  N (  5 )  # C M A X  S E A R 0 4 0 0  
I 2 0  O M X d D M A X * D M A X  S E A R 0 4  I0 

T E M #  .O I S E A R 0 4 2 0  
K F U N # N J * I O ~ + X M O D F ( N J 2 ~ l O )  $E A R 0 4 3 0  
K # N J * l O O + Y J 2  S E A R 0 4 4 1  
I O # S Y  I T C M  SE A R 0 4  50 

121 F O R M A T ( I H D I O X ~ 2 I 3 ~ 2 1 5 ~ 1 7 ~ 1 5 ~  1 8 X * 3 F 9 . 3 / I H  ) S E A R 0 4 6 0  

15.7) S E A R 0 4 8 0  
124 F O R M A T ( I H  1 5 X . 2 1 5 r I 8 ~ 1 5 r 2 F 9 . 3 )  S E A R 0 4 9 0  

I F ( N C D ) 1 3 0 r 1 3 0 r 1 2 5  SE A R 0 5 0 0  

104 I T C M 2 # A I N ( 2 ) / 1 O 3 O O O .  

I F ( D M A X ) 1 1 5 ~ 1 1 5 t 1 2 0  

W R I T E  O U T P U T  T A P E  N O U T ~ 1 2 l ~ K ~ I T O H l r I O ~ I T O M 2 ~ I T A R l ~ I l A R 2 ~ ~ A I N ~ J ~ ~ J # S E A R O 4 7 ~  

125 W R I T E  O U T P U T  T A P E  N O U T I I Z ~ , (  ~ ~ K O ~ J I I ~ ~ J # ~ ~ ~ ~ ~ ~ C D ~ J ~ I ~ ~ J # I ~ ~ ~ ~ ~ I ~ ~ ~ S E A R O ~ I ~  
I N C D )  

130 DO 1 3 5  J R l r 4  

135 W ( 2 , J ) # - 9 9 .  
W ( I  9 J ) # 9 9 .  

D O  155  I # I T A R l r I T A R Z  
T I # F L O A T F ( I ) * I O ~ ~ ~ O O .  
C A L L  A T C M l T l  9 x 1  

I F ( N G ) 1 4 0 r l 4 5 * 1 4 0  
140 C A L L  E R P N T ( T I 9 K F U N )  

I 4 5  X ( 4 ) # X ( l l - X ( 2 )  
GO T O  600 

DO 155 J # l r 4  

I F ( W ( 2 , J ) - T E M ) 1 4 8 ~ 1 S ~ ~ l 5 O  
148 W ( 2 r J ) # T E M  
150 IFITEM-W~lrJ))1521155,155 
152 W ( I * J ) # T E M  

T E F ( # X (  J )  

155 C C N T I N U E  
I F l K F U N - 4 0 3 ) 1 6 5 ~ 1 6 0 ~ 6 O ~  

C *****  F I N D  P A R A L L E L E P I P E D  W H I C H  E N C L O S E S  M O D f L  B O X  ****e 
160 DO 162 J # 1 . 3  

D X  [ J  1 # 0 .  

162 D X  ( J ) # D X  ( J  1 + A B S F (  R E F V (  J. I ) * A  I N (  I + 4 )  1 
GO T O  170 

DO I 6 2  I # l t 3  

C *+e** F I N O  P A R A L L E L E P I P E D  W H I C H  E N C L O S E S  D M A X  S P H E R E  **I** 
I 6 5  T I  # I  . - A ( 4  1 * A ( 4 ) - A ( 5  1 * A (  5 ) - A (  6 ) * A (  6 ) + 2 . * A (  4 ) * A I  5 ) * A (  6 )  

00 168 JRl.3 
168 0 X ( J ) ~ S 6 4 T F ( I I . - A ( J + 3 ) * * 2 ) / T l ) * D M A X / A [ J )  

C * * * e *  S T A R T  S E A R C H  AROUND R E F E R E N C E  A T O M S  * e * * *  
170 DO 500 I T O M # I T O M l r I T O M 2  

T I # F L O A T F ( X T O M ) * l O O ~ O J . + S Y I T O M  
C A L L  A T C M ( T 1  t Y )  
I F ~ N G ) I 7 1 ~ 1 7 2 ~ 1 7 1  

171 C A L L  E R P N T ( T 1 r K F U N )  
GO T O  500 

C *.I.*** K # S Y H M E T R Y  E Q U I V A L E N T  P O S I T I O N  * ****  
172 NUM#O 
173 DO 400 K # I * N S Y C  

C *****  S U B T R A C T  S Y C M E T R Y  T R A N S L A T I C N  FROM R E F  A T O M  **e*+ 
00 1 7 5  J # l r 3  
U (  J )  # Y I  J ) - T S (  J p K I  1 7 5  

C *****  D E T E R M I N E  L I M I T I N G  C E L L S  T O  BE S E A R C H E D  *e**+ 
C *++** F I R S T . M O V E  T H E  BOX T H R O U G H  T H E  S Y M M E T R Y  O P E R A T I O N  + * S O *  

DO 185 J#113 
00 185 L # l  12 
W U ( L v J ) # O - O  
G O  185 ! # I 9 3  
T E M M F S  I I 9 J v K 1 

S E A R 0 5 2 0  
S E A R 0 5 3 0  

SE A R 0 5 5 n  
S E A R 0 5 6 0  
S E A R 0 5 7 0  
S E  A R 0 5 8 0  
S E A R 0 5 9 0  
S E A R 0 6 0 0  
S E A R O b l C i  
S E A R 0 6 2 0  
S E A R 0 6 3 n  
S E A R 0 6 4 3  
S E A R 0 6 5 n  
S E A R 0 6 6 C l  
SE A R 0 6  70 
SE A R 0 6 8 C I  
SE A R O 6 9 O  
S E A R 0 7 0 9  
S E A R 0 7  I r] 
S E A R 0 7 2 0  
S E A R 0 7 3 n  
S E A R 0 7 4 0  
S E A R 0 7 5 1 1  
S E A R 0 7 6 0  
S E A R 0 7 7 @  
SE A R O 7 8 0  
SE A R 0 7 9 0  
S E A R 0 8 0 ' 3  
F E A R O R  In 
S E A R 0 8 2 0  
SE A R 0 8 3 0  
S E A R 0 8 4 0  
S E A R 0 8 5 q  
S E A R 0 8 6 3  
S E A R 0 8 7 0  
SE A R O A 8 0  
S E A R 0 8 9 0  
S E A R 0 9 0 0  
S E A R 0 9 1  0 
S E A R 0 9 2 ' l  
SE  A R O 9 3 0  
S E A R 0 9 4 0  
S E A R 0 9 5 0  
S E A R 0 9 6 0  
S E A R 0 9 7 0  
S E A R 0 9 8 0  
S E A R 0 9 9 0  
S E A R  1000 

S E A R ~ S ~ ~  
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. 
I F ( T E M ~ 1 7 7 , 1 8 5 ~ 1 7 9  SEAR IO1 0 

1 7 7  N # X M O D F ( L , Z ) + l  SEAR I020 
GO T O  1 8 3  SEAR103R 

I 7 9  N#L  SEAR IO40 
I 8 3  W W ( L , J ) # W W ( L v J ) + W ( N q I ) * T E M  SEAR IO50 
185 CChTINUE SEAR I 060 

C **+** CHECK FOR MIXED INDEX TRANSFORMATION +*e+* SEAR I O 7 0  
DO 2 1 5  J#1 ,2  SEAR I O A O  
T F V # F S ( I . J , K )  SEARl O m  
I F ( T E M + F S ( Z , J , K )  )215,20lr215 SEAR1 100 

2’31 I F ( T E M ) 2 0 3 , 2 1 5 , 2 0 7  SEARl I I r l  
2r13 W W ( I * J ) # W I 2 r 4 ) * T E M  SEAR I I20 

k W ( 2 r J ) # W ( 1 , 4 ) * T E M  SEAR1 I 3 0  
G O  TO 215 SEAR I I40  

2 0 7  W W ( I , J ) # W l l r 4 ) + T E Y  SEAR1 I5 ’ J  
W W ( Z * J ) U W t 2 r 4 ) * T E M  SEAR I I60 

SEAR I I 7 n  215 CCNTINUt  
C +**** M C V E  4 CELLS A W A Y  THEN MOVE BACK U N T I L  PARALLELEPIPED AROUNDSEARIIAO 
C REF A T O M  AND BOX AROUND TRANSFORMED 4SYM U N I T  INTERSECT ***e* SEAR1190 

N#O SEARl 200 
DO 2 3 5  J # 1 , 3  SEAR12 In 
00 2 2 5  I H l . 2  SEAR I 2 2 0  
N#N+ I SEAR I 2 3 0  
TT#(UIJ)-WW(I,J))*FLOATF(I*2-3)-DX(J) SEAR I 2U3 
TEMP5.O SEAR 1 2 5 0  

221 TFM#TEM-1.0 SEAR1260 
I F ( T E M + T T ) 2 2 5 , 2 2 5 t 2 2 I  SEAR1270 

2 2 5  NWIN)#TEM*FLOATF(I*2-3)+5. SEAR I 2 8 0  
C *****  I F  NO P O S S I B I L I T Y  OF A H IT ,  GO TO NEXT SYMMETRY OPER e**** SEAR1290 

I F I Y W ( N ) - N W ( N - I )  ) 4 0 0 r 2 3 5 1 2 3 5  SEAR 1 3 0 0  
2 3 5  CCNTINUE SEARl 31 0 

SEAR I 3 2 0  
DO 3 9 5  L#LL,LU SEAR I 3 3 0  

SEAR I 340 V ( I ) # U ( I ) + F L O A T F ( L - 5 )  
C * *+**  M CELL TRAYSLATIONS I N  Y * *e * *  SEAR I 3 5 0  

SEAR1360 
V ( 2  1 # U ( 2  1 +FLOATF( M-5 1 SEAR I 3 7 0  

C ***+* N CELL TRAYSLATICNS I N  Z *e** *  SEAR 13813 
DO 3 9 5  NN#NL,NU SEAR I39Q 

SEAR I 4 0 0  
SEAR141 0 

DO 3 9 5  I # I T A R I  9 I T A R 2  SEAR1420 
SEAR I 4 3 0  

T EM#O. 0 SEAR1440 
DO 245 I I l t l r 3  SEAR I 4 5 0  

2 4 5  T E M # T E M + F S [ I I I J , K ) + P ~ I I , I ~  SEAR I 4 6 0  
C *****  SEE I F  W I T H I N  PARALLELEPIPED***+* SEAR147r3 

TEM#TEM-V( J )  SEAR I 4 8 0  
I F ( D X (  J )-TEM) 3 9 5 9 3 9 5 , 2 5 0  SEAR1490 

2 5 0  X I J ) U T E C  SEAR I 500 
SEAR1 510 
SEARl 520 

2 5 2  CALL V M ( X , A A R E V , V I I Z ) )  SEAR1 5 3 3  
DO 2 5 3  J l t 2 r 4  SEAR1540 

SEAR I 5 5 0  
2 5 3  CCNTIVUF SEAR I 560 

GO T O  2 7 7  SEAR I 5 7 0  
C * * * e *  SEE I F  W I T H I N  SPHERE *I*** S E A R  I580 

SEAR I 5 9 0  
I F ( D M X - C S Q ) 3 9 5 r 2 5 6 r 2 5 6  SEAR I600 

2 5 6  IF(DSQ-.00011258,260~260 SEARl 6 I O  
258 I F ( K F U N - 4 0 2 ) 3 9 5 , 2 6 0 9 3 ~ 5  SEAR I62fl 

C ***** SELECT VECTORS ACCORDING TO CODES IF ANY * * a * *  S F A R l 6 3 0  
260 TEM#SQRTF(DSQ) SEAR I 6 4 0  

I F ( N C D ) 2 7 7 , 2 7 7 r 2 6 8  SEAR I65D 
268 DO 2 7 5  J # l i N C D  SEAR 1669 
269 IF(ITOM-KD(I,J))275r270~270 SEAR1670 
2 7 0  IFIK0(2rJ1-ITOM)275,271,271 SEARl 680 
271  I F ( I - K O ( 3 , J ) )  275,272,272 SEARl69 r l  
2 7 2  I F ( K D ( 4 r J ) - I )  2 7 5 , 2 7 3 , 2 7 3  SEAR170f l  

C * * + e *  L CELL TRAYSLATICNS I N  X * a * * *  

DO 3 9 5  PUPL,MU 

V 1 3 ) # U 1 3 ) + F L O A T F ( N N - 5 )  
C **I** I # TARGET ATOM ****e 

DO 2 5 0  J # 1 , 3  

I F I K F U N - 4 0 3 ) 2 5 5 r 2 5 2 , 2 5 5  
C *++** SEE I F  W I T H I h  MODEL BOX e**** 

IFIAIN(J+3)-ABSF(VI(Jl))395r253,253 

255 DSQ#VMV(X,AAIX) 
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2 7 3  I F ( T E M - C D ( I , J ) )  275,274,274 
2 7 4  I F I C D ( 2 , J ) - T E M )  2 7 5 , 2 7 7 , 2 7 7  
2 7 5  CONTINUE 

GO T O  395  
2 7 7  V I ( I  1 # I O O ~ O O . . F L O A T F ( I ) + F L O A T F ( ( I I I G - L * I O ~ - M * I O - N N ) + I O O + K )  

I F ( K F U N - 4 0 2 ) 2 7 8 , 3 2 5 , 3 2 5  
C *****  DETERMINE CORRECT P O S I T I O N  I N  SORTEO VECTOR TABLE ***I* 

2 7 8  I F t N U M ) 3 1 7 * 3 1 7 * 2 7 9  
2 7 9  DO 3 1 5  I I # I , N U M  

TTRS ( 2  I I )-TEM 
IF(ABSF(TT)-0.03011297~297~281 

2 8 1  I F ( T T ) 3 1 5 , 2 9 7 , 2 8 3  
C ***** MCVE LCNGER VECTORS TOWARD END OF TABLE ***** 

2 8 3  I F ( Z D D - N U Y ) 2 8 7 r 2 8 7 , 2 8 9  
2 6 7  NUM#199 
2 8 9  I J#NUM 

DO 2 9 5  J # I I * t V U M  
S ( l r I J + I ) # S ( I * I J )  
S ( 2 r I J + I  ) # S 1 2 , I J )  

2 9 5  I J # I J - I  
GO T O  3 1 9  

C **I** CHECK FOR OUPLICATE VECTORS IF DISTANCES ARE EQUAL ***** 
2 9 7  CALL A T C M ( S ( 1 , I I ) t Z )  

DO 3 0 5  J#1 ,3  
I F ~ A E S F ~ X ~ J ) + Y ~ J ) - Z ~ J ) ) - U ~ D ~ O I ) 3 0 5 , 3 O ~ ~ 3 l S  

3 0 5  CONTINUE 

3 1 5  CCNTINUE 
G O  T O  3 9 5  

I F  1 2 0 0 - N U M ) 3 9 5 r 3 9 5 , 3 1 7  
C * * e * *  STORE THE RESULT IN VECTOR TABLE ***** 

3 1 7  I I # N U M + I  
3 1 9  NUM#NUM+I 

S( I ,  I I ) # V I  I I 1 
S ( 2 , I I ) # T E M  
G O  T O  395  

C ***+* STORE RESULT I N  ATOMS TABLE *+** *  
3 2 5  DO 3 3 0  J # 1 , 3  
3 3 0  V I ( J + I ) # X ( J ) + Y I J )  

3 9 5  CCNTIrJUE 
4 0 0  CChTINUE 

CALL STCRE 

C *****  PRINT OUT DISTANCES * * *e*  

SEAR17 10 
SEAR 1720 
SEAR I 7  3Q 
SEAR I 7 4 3  
SEAR I 7 5 0  
SEAR I 7 6 Q  
SEAR I 7 7 0  
SEARl 7A0  
SEARl 79C 
SEAR I A O n  
S E A R  I8 I D  
SEAR 1 8 2 0  
SEARI 8 3 n  
SEAR I 8 4 0  
SEARI 85f l  
SEAR I 8 6 0  
SEAR I 8 7 0  
SEAR I 8 8 0  
SEAR 18917 
SEAR1 9 0 0  
SEARl 91 0 
SEARl 9 2 0  
SEAR I930 
SEAR I 9 4 0  
SEARl 9 5 0  
SEAR 1 9 6 9  
SEAR I 9 7 0  
SEAR I 9 8 0  
SEAR I 9 9 0  
SEAR2ODq 
SEAR20 I r? 
SEAR212i-l 
SEAR203n 
SEAR2340 
SEAR2050 
SEAR2060 
SEAR2070 
SEAR20813 
SEAR2390 
SEAR2 I O 0  
SEAR21 I9 
SEAR2 I 2 0  

421  F O R M A T ( I H ~ I O X , 2 3 H V E C T O R S  FROM ATOM ( 1 3 * 1 H ~ I 5 ~ 1 H ) 6 X ~ 8 H T O  ATOMS149 SEAR2130 
I S H  THROUGHIkO SEAR2 I 4 0  

I O # S Y  lTCM S E A R 2  I SO 
WRITE OUTPUT TAPE N O U T ~ 4 2 l ~ I T O M , I O ~ I T A R l r I T A R 2  SEAR2 I 6 n  
I F t N U M ) 5 D 0 , 5 0 0 , 4 2 3  SEAR2 I 7 0  

T 2 # S (  1 ,  I )  SEAR219g 
I I # T 2 / I C U 0 0 0 .  SE AR22 00 
12#TZ-FLOATF ( I I 1 *10D000. SEAR22 I !l 
CALL ATCM(T2,ZI SEAR2220 
I F ( I - I ) 4 3 2 ~ 4 3 2 r 4 3 4  SE AR22 31, 

4 2 7  FORMAT( IH l 3 X ~ 2 ~ A 6 ~ l X ~ ~ 3 9 X ~ l H ~ I 3 ~ l H ~ I 5 ~ l H ~ 3 F 7 ~ ~ ~ 7 X ~ 3 H D  #F6.3)  SE A R 2 2  4n 

4 2 3  DO 4 3 5  I # I , N U M  S E A R Z  I 80 

4 2 9  FORMAT( IH 13X121A6,  I X J , 2 ( 3 H  ( 1 3 ,  IH, 15, I H ) ~ F ~ . ~ , ~ X ) ~ X V ~ H D  nF6.3) SEAR2250 
4 3 2  WRITE OUTPUT TAPE N O U T ~ 4 2 9 ~ C H E M ~ I T 0 M ~ ~ C H E ~ ~ I l ~ ~ I T C M ~ I O ~ ~ Y ~ J ~ ~ J # l  p3SEAR2260 

I 1 ,  I I  9 1 2 1  ( 2  ( J  1 ,  J# I 1 3  1 , S (  2, I )  SEAR227r) 
G O  TO 4 3 5  SE AR22 8rI1 

I S ( 2 r  1 )  SEAR2300 
4 3 5  CCNTINUE SE AR23 I O  

C * *e * *  CALCULATE ANGLES ABOUT REF ATOM IF CODE I S  102 ***** SEAR232i-l 
4 3 7  I F l N J 2 - 2 ) 5 0 0 ~ 4 5 1 r 4 5 1  SEAR2330 
4 4 1  FORMAT( IH310X, IBHANGLES AROUND ATOMIS) S E AR 2 3 4 n  
4 5 1  WRITE OUTPUT TAPE NOUT1441,ITOM SEAR235n 

L#NUY-I SEAR2360 
I F { L ) 5 0 0 , 5 0 0 , 4 5 7  SEAR237g 

4 5 7  DO 4 6 5  I # I , L  SEAR2380 
T2#S ( I  9 I )  SEAR2390 
T 3 # 5 ( 2 , 1 )  SE A R 2 4 X l  

4 3 4  WRITE OUTPUT TAPE N O U T ~ 4 2 7 ~ C ~ E M ~ I T O M ~ ~ C H E M l I l ~ ~ I l ~ I 2 ~ ~ Z ~ J ~ ~ J # l ~ 3 ~ ~ S E A R 2 2 9 ~  
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I I # T 2 / 1 0 0 0 0 0 .  S E A R 2 4 1  3 
I2#T2-FLOATF(I1)*100@00. S E A R 2 4 2 0  
C A L L  A T C M ( T 2 , X )  S E A R 2 4 3 0  

S E A R 2 4 4 0  
C A L L  M V ( A A t U t V 2 )  SE A R 2 4 5 0  

S E A R 2 4 6 0  M # I + I  
DO 4 6 5  J # M t N U M  SE A R 2 4  70 
T 4 # S  ( I t  J )  S E  A R 2 4 8 0  
J I  # T 4 / I C O O O O .  S F A R 2 4 9 9  
J2#T4-FLOATf(J11*100000. SE A R 2 5  00 
C A L L  A T C M ( T 4 , Z )  S E A R 2 5  In 
C A L L  D I F V ( Z p Y * V )  S E A R 2 5 2 0  
F # A R C C O S ( V V ( V t V 2 ) / ( T 3 * S ( 2 t J )  ) )  S F A R 2 5 3 f l  

460 F O R M A T ( I H  1 3 X t 3 ( A 6 t I X ) r 7 X * 3 ( 2 H  ( 1 3 , 1 H t I 5 t l H ) ) t 3 I X t F 6 . 2 )  S E A R 2 5 4 0  

S E A R 2 5 6 0  
495 C C N T I Y U E  S E A R 2 5 7 0  
500 C C N T I N U E  S E A R 2 5 8 0  
600 R E T U R N  S E A R 2 5 9 f l  

S E A R 2 6 0 0  

C A L L  DI F V  I X t Y r U  1 

465 W R I T E  O U T P U T  T A P E  N O U T ~ 4 6 0 ~ C H E M ~ I l ~ ~ C H E M ~ I T O M ~ ~ C H E M ~ J l ~ ~ I l ~ I 2 t I T O M S E A R 2 5 5 O  
I 9 101 J I t J2 t F 

END 
* L I S T 8  
* L A B E L  

S U B R O U T I Y E  S P A R E (  M J  1 S P A R O O I C l  
CCMMCN N G  S P A R 0 0 2 1  
N G # 9  S P A R 0 0 3 1  
R E T U R N  S P A R O O 4 0  

S P A R  00 5f l  E N D  
* L I S T 8  
* L A B E L  

C * * * e *  S T O R E  IN OR R E M O V E  F R O M  A T O M S  A R R A Y  a**** 
S U B R O U T I N E  S T O R E  STOROO I 0  

S T O R 0 0 2 0  
01 MENSXCN A (  9 )  9 A A I  3 . 3 )  9 AAREV ( 3.3) 9 A A W R K (  3 ~ 3  ) . A I D [  3 . 3  1 t A  I N  ( 1 4 G I  S T O R 0 0 3 0  
D I M E N S I C N  ATOMS ( 4 1  500) t B B (  3, 3 )  rCD( 8.20) t C H E M (  200) t C O N T (  5 )  t0 ( 3 , 1 3 0 )  S T O R 0 0 4 0  
DI MENS I C Y  D A  ( 3 9  3 I t D P  ( 2 9  1 3 0 )  t E V (  39 203 ) v  F S (  39 3.48 1 t KO( 5, 2 3 1  t ORGN ( 3  1 S T O R 0 0 5 0  
D I M E N S I C N  P ( 3 t 2 ~ 3 ) t P A ( 3 t 3 , 2 7 t 1 , P A C 1 3 r 5 ) , P A T ( 3 r 3 ) t P A T 3 t 3 t Q ( 3 , 3 ) t R E F V ( 3 t ~ )  S T O R 0 0 6 f l  
O I M E N S I C Y  S T D R 0 0 7 0  
D I  M E Y S I C N  STOROOBO 

R E S ( 4 )  , R M S (  5 I 1 SYMS ( 3 9 3 1  7 T I T L E (  I2 1 ,  T I  T L E i (  I21 r T S (  3 1 4 8 )  
V T  ( 3 9 4  1 , V I  ( 4 1 t V 2 (  3 1, V 3 (  3 I t  V 4 (  3 1 t V 5 1 3 )  t V t (  3 1 t WRKV(  3 9 3 )  

O I M E Y S I C N  X L N G ( 3 ) , X 0 ( 3 ) t X T ( 3 )  S T O R O O P D  
COMMCN N G , A ~ A A t A A R E V t A A W R K ~ A I D ~ A I N t A T O M S t 8 B t ~ ~ D R ~ C D ~ C H E M t C O N T t D  S T O R O I O O  
COMMCN D A, D P  9 DI S P 9 E DGE 9 EV 9 F O R E  t FS t I N  t I T I L T 9 K D  t L A  T S T O R O  I 1 n 
COMMON h J t NJ2 9 NOUT,  N S R  t NSYM, O R G N t  PI P A .  P A C  1 P A T ,  Q t  R E F V t  R E  S t RMS t S C A L l  S T O R O l 2 ' 3  
COMMOY S C A L 2 ~ S C L , S Y M B t T A P E R ~ T ~ E T A t T I T L E 2 r T S ~ V I E W ~ V T ~ V l ~ V 2  S T O R 0 1 3 0  

L T U 0  v N A T O M v  NC D 

CCMMCN V ~ ~ V ~ , V ~ ~ V ~ ~ W R K V ~ X L N G V X D ~ X T  S T O R O  I 4 0  
I F ( L A T M 1 4 8 1 t 4 8 1 , 4 5 0  S T O R O I  50 

450 IF (50 f l -LATM)455 ,455 ,460  S T O R O l  b n  
455 I F ( Y J 2 - 1 0 ) 4 9 0 , 4 9 0 , 4 6 0  S T O R O I  70 
460 L # L A T M  S T D R O I  80 

C * * *+*  C P E C K  FOR P O S I T I O N A L  D U P L I C A T I O N  +*+it* S T O R O I  90 
00 483 K # I , L  S T O R 0 2 0 0  
DO 465  J # 2 9 4  S T O R O 2  IO 

S T O R 0 2  20 
465 C C N T I Y U E  S T O R 0 2  30 

I F ( N J 2 - 1 0 ) 4 9 0 , 4 9 O t 4 7 0  S T O R 0 2  4 0  
C * e * * +  ATOM R E M O V A L  B Y  T A B L E  PUSHDOWN e**** S T O R 0 2 5 n  

470 L A T M # L A T M - I  S T  O R 0 2  60 
DO 475  I U K t L A T M  S T O R 0 2  7n 
DO 4 7 5  J # i r 4  STOR028 f l  

4 7 5  A T C M S [ J t I ) # A T O M S ( J t I + l )  S T OR 02 90 
GO T O  490 S T O R O 3 0 f l  

480 C C N T I N U E  S T O R 0 3  IO 
4 8 1  I F ( N J 2 - 1 0 ) 4 8 2 ~ 4 9 C I t 4 9 0  S T O R 0 3 2 0  

C e**** S T O R E  ATOM e***+ S T O R 0 3 3 0  
482 I F ( 4 9 9 - L A T M ) 4 9 O t 4 8 3 * 4 8 5  S T O R 0 3 4 7  
483 N G # i 6  S T O R O 3  50 

C A L L  E R P N T  (VIII)r4OO) S T O R 0 3 6 0  
485  L A T M # L A T M +  I STOR0370 

D O  486 J U 1 . 4  S T O R 0 3 8 0  
486 A T C M S ( J * L A T M ) # V I ( J )  S T O R 0 3 9 0  
490 R E T U R N  S TOR 04 00 

E N D  S T O R 0 4  I 0  

I F ( A B S F  ( V I  { J ) - A T O M S (  J V K  f ) - O - O O  I I 4 6 5 1  465,480 
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* L I S T 8  
*LABEL 

C *I*** T R A N S P O S E ( T R A N S P O S E I X ) * Y ) # Z  *e * * *  
SUBROUTINE TMM(X,YrZ) 

C *I*** X , Y * Z  ARE 3 x 3  MATRICES ***** 
DIMENSICN X(3931,Y I 3 1 3 ) 1 2  ( 3 1  3) 
DO I I 5  I # l r 3  
0 0  115 K # l r 3  

RETURN 
END 

1 1 5  Z ( K , I ) # X ( l , I ) * Y ( l , K ) + X ( 2 1 1 ) r Y 1 2 r K ) + X ( 3 , I ) * Y ( 3 ~ K )  

* L I S T 8  

TMM 0010 
TMC 0 0 2 0  

TYP 0040 
TMM 0050 

TMM 0070 
TPM 0 0 8 0  
TMM 0090 

T M M  o o m  

TMM onnn 

*LABEL 
SUBROUT I N E  UNIT IX ,Z  r I T Y  PE 1 U(\1IT0010 
DIMENSICN X ( 3 ) r Y ( 3 ) , Z ( 3 )  U N I  TOCI20 
DICENSICN A ( 9 1  r A A 1 3 , 3 ) , A A R E V ( 3 , 3 ) , A A W R K ( 3 r 3 ) 1 A I D l  3,3) ,AIN(  1 4 0 )  U N I T 0 0 3 0  
D I  MENS I C N  B B (  3, 3 1 t CD(  8 9 2 0  1 * CHEY ( 2 0 0 )  ,CONTI S ) t D  (3 ,  130)  UNI  TOO40 
01 PENS I C N  U N I  TOOSD 
OIMENSICN P ( 3 , 2 3 0 ) , P A ( 3 r 3 , 2 0 ' ) r P A C ( 3 1 5 ) 1 P A T ( 3 r 3 ) r B ( 3 , 3 ) , R E F V ( 3 , 3 )  UNITOO6O 
OIMENSICN R E S ( 4 ) , R M S ( S ) , S Y M B ( 3 r 3 ) ~ T I T L E ( 1 2 ) r T I T L E i ( l 2 ) , T S ( 3 , 4 B )  U N I T 0 0 7 0  
OIMENSICN U N I  TOCI8Q 

ATCCS ( 4 r500  1 
DA ( 3 , 3 1 9 OP ( 2 9 I 3 0  1 ,  EV ( 3 7  200 7 FS I 3931 48 ) 9 KO(  51 20)  r ORGN ( 3  1 

V T  ( 3 9 4  1 , V I  ( 4 )  1V213  ) r V 3 (  31, V4 (  3 )  7 VS( 3 )  V e l  3 1 ,  WRKV ( 3 . 3 )  
OIMENSICN X L N G ( 3 ) q X 0 ( 3 ) r X T ( 3 )  U N I  TOD9fl 
COMMCN ~ G , A r A A , A A R E V , A A W ~ K I A I D , A I N , A T O M S , R B , B R D R r C D , C H E M , C O N T * D  U N I T 0 1 0 0  
COYNCN C A , D P , D I S P ~ E C G E ~ E V , F O R E t F S 1 I N 1 I T I L T r K O I L A T ~ r L T ~ O ~ N A T O M r N C D  U N I T 0 1  In 
COMMON h J ~ N J 2 , N O U T r ~ S R , N S Y M , C R G N , P , P A , P A C , P A T ~ Q , R E F V , R E S , ~ M S , S C A L l U N I T O I 2 ~  
COMMON U N I  TO1 30 SCAL2rSCL9 SYMR, TAPER, THETA, T I T L E ,  T I  TLE2 9 TS ,VIEW 9 V T t V  I 1V2 
CCCMON V ~ , V ~ , V ~ ~ V ~ ~ W R K V V X L N G V X C , X T  U N I  TO I 4 0  
Y I  I ) # X (  I 1 U N I  TO I 59 
Y ( 2 )  #X ( 2  1 U N I T 0 1 6 0  

U N I T O l 7 Q  Y 1 3 )  #X ( 3 )  
I F ~ I T Y P E ) 1 2 S ~ l 2 5 r l O S  U N I T 0 1  8 0  

U N I T O l 9 O  I 05 T I WS ORTF ( Y 1 1 * Y  ( I 1 +Y ( 2 1 * Y  I 2 1 +Y ( 3 1 + Y  ( 3 1 
U N I T 0 2 0 0  GO TO I 4 5  

1 2 5  T I W S P R T F ( Y l l ) * ( Y ( I ) * A A ( I ~ I ) + Y 1 2 ) * ( A A ~ I ~ 2 ~ + A A ( 2 ~ I )  ) + Y ( 3 ) * ( A A ( 1 , 3 1 + A U N I T O 2 I ! I  
l A ( 3 , 1 ) ) ) + Y 1 2 ) * ( Y ( 2 ) * A A ( 2 , 2 ) + Y ( 3 1 * ( A A ( 2 , 3 ) + A A ( 3 7 2 )  ))+Y(3)*Y13)*AA(3UNITO220 
2.3) 1 U N I T 0 2 3 0  

145 I F ( T 1 ) 1 5 5 , 1 5 S r 1 7 S  U N I  T 0 2 4 f l  
UN I TO250 IS5 NGWS 

G O  T O  3 0 0  UNI  TO260 
U N I  TO27f l  175 Z ( l ) # Y ( l ) / T I  

2 1 2  1 #Y ( 2  1 / T I  UN I TU2 8'1 
Z ( 3 ) W Y ( 3 ) / T I  U N I T 0 2 9 0  

3 0 0  RETURN UN I T 0 3 0 n  
U N I  TO3 I O  EN0 

*LI ST8 
*LAREL 

SUBROUTINE V M ( X , Y , Z )  V M  0010 
C TRANSPOSED VECTOR TIMES MATRIX VM 0 0 2 0  
C z ( 3 )  #X ( 3  1 * Y  ( 3.3) VM 0033 

D I  PENS ICNX ( 3  ) Y ( 3 r 3 )  rZ ( 3 1 V M  0 0 4 0  
001 I 5 J # l  r 3  V M  0050 
Z ( J )  #O.O V M  0060 
DO1 I 5 1 Y I  9 3  VM 00711 

115 Z ( J ) # Z ( J ) + X ( I ) * Y ( I , J )  V M  0080 
RETURN VV 0090 

VV O l O O  E NO 
* L I S T 8  
*LABEL 

FUNCTION VMV(X l rQ ,X2)  V M V  0010 
C TRANSPOSED VECTOR MATRIX VECTOR V M V  5 0 2 0  
C V ~ V W X l ( 3 ) * 9 ( 3 , 3 ) * X 2 ( 3 )  TO EVALUATE QUADRATIC OR B I L I N E A R  FORM VMV 0033 

DI MENS I C N  X I  ( 3 )  t Q (  3 7 3 )  9 X2(  3 )  VMV 0 0 4 0  
T I# ] .  VMV 005'3 
DO I O  J J I r 3  V M V  0060 

I O  T I # T I + X I I J ) * ( X 2 ( l ) * Q ( J l l ) + X 2 ( 2 ) + X 2 ~ 2 ~ * a ~ ~ , 2 ) + X 2 ( 3 ) + Q ( J ,  ? ) I  VMV 0073 
VMVWTI VMV 0080 
RETURN VMV 009n 
EN0 V M V  o ion  

*L  I ST8 
*LABEL 
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F U N C T I O N  V V ( X t Y )  v v  0010 
C T R A N S P O S E D  V E C T O R  V E C T O R  vv 0020 
C V V # X 1 3 ) * Y l 3 1  V V  003fl 

D I M E N S I C N X ( 3 ) 1 Y ( 3 1  vv  0[340 
vv 0050 V V # X  ( I 1 * Y  ( 1 + X ( 2  I *Y ( 2 )  + X (  3 ) * Y I  3 )  

R E T U R N  V V  0060 
E N D  V V  0070 

+ L I S T 8  
* L A B E L  

X Y Z  0010 

C * e * * *  X A B S F f  I T Y P E I  .LE.2  FOR W O R K I N G  S Y S T E M  * ****  X Y Z  0030 
C * ****  X L R S F ( I T Y P E 1  a G T . 2  FOR R E F E R E N C E  S Y S T E M  ***I* X Y Z  0040 
C * * i t * *  I l Y P E  .LE.L3 U S E S  T R I C L I N I C  COORD.  X T  *****  X Y Z  0050 

D I M E N S I C N  X ( 3 1  X Y  2 0060 
D I  M E N S  I C N  A 1 9  A A (  39 3 , A A R E V  ( 3 1  3 1 ,  AAWRK ( 31 3 )  , A  I D  I 3 1 3 )  V A I N  l 1 4 0 )  X Y Z  0070 
01 MENS I C N  0080 
D I M E N S I G N  D A (  3 9 3 )  1 OP I 2 1  1301, E V (  3,203 I t  F S (  31 3148) t KD( 5120 ( O R G N ( 3  I X Y Z  0090 

S U B R O U T I N E  X Y Z ( Q A 9 X p I T Y P E )  
C * * * * a  I T Y P E  . G T * f l  C A R T .  COORD. F R O M  ATOM CODE WORC * + * e *  X Y Z  0020 

ATOMS ( 4  t 500 J 9 B B I  31 3 )  ,CD( 81 2 0 )  7 C H E M (  2001 r C O N T (  5 I cD ( 3 ,  I 3 0 1  X Y Z  

O I M E N S  ICN P I  31  200 1 1  P A (  39 31 20 I: 1 1  P A C (  3 9  5 1 9  P A T  ( 3 t 3 1 t Q (  3 9 3 )  ( R E F V  ( 3  13 X Y  Z 01 00 

D I M F N S I C N  V T (  3.4 X Y Z  01 2 0  
O I M E N S I C N  X L N G l 3 l v X 0 ( 3 ) , X T ( 3 1  X Y Z  01 30 

D I M E N S I C N  R E S ~ 4 ~ ~ R C S ~ 5 1 ~ S Y M B ~ 3 ~ 3 J ~ T l T L E ~ l 2 ~ ~ T I T L E ~ ~ l 2 I ~ T S ~ 3 ~ 4 8 l  X Y Z  0110 
, V I  ( I, 1 p V 2 1 3  I p V 3 (  31, V 4 (  3 )  1 V 5 l  3 )  p V t ( 3  1 ,  W R K V l  393  J 

COMMCV N G ~ A ~ A A ~ A A R E V ~ A A W R K , A I O ~ A I ~ ~ A T O M S t B B ~ ~ R D R ~ C D t C H E M ~ C O N T ~ D  X Y Z  0 1 4 c 1  
C O M M C N  C A , D P ~ D I S P ~ E D G E , E V , F O R E , F S , I N , I T I L T , K O , L A T ~ , L T ~ O , N A T O M , N C D  X Y Z  oisn 
COMMCN N J , N J ~ ~ N O U T ~ N S ~ ~ N S Y M , O R G N ~ P , P A ~ P A C ~ P A C , P A T ~ Q ~ R E F V ~ R E S , R M S , S C A L ~ X Y Z  0160 
C O Y M C N  XY 2 01 70 
COMMON V 3 , V 4 1 V S , V h i W R K V p X L N G , X O , X T  X Y Z  0180 
I T # X A B S F ( I T Y P E J - 2  X Y Z  0190 
N G I  # N G  XY7. 0200 
N G # J  X Y Z  0 2 1 0  
I F ( I T Y P E ) I O , I O I ~  X Y Z  0220 

5 C A L L  A T C M ( Q A , X T J  X Y Z  0230 
I F  I N G  J 3 0 , 1 0 , 3 O  X Y 7  0240 

I O  T I # 0 .  X Y Z  0250 
DO 15 J # l r 3  X Y Z  026f l  
T 2 # X T ( J ) - O R G N I J l  X Y Z  0270 
V I  1 J ) # T 2  X Y Z  0280 

I 5  T I  # T I  + A B S F (  T 2 1  X Y Z  0290 

20  N G # N G I  X Y Z  0310 

35 X ( J ) # O .  X Y Z  033rl 
GO T O  3 0 0  X Y Z  0340 

C ****e R E L A T I V E  T O  W O R K I N G  S Y S T E M  ***** X Y Z  03h0 
45 DO 5 5  I # 1 , 3  X Y Z  0370 

T I  #O. X Y Z  0380 
DO 50 J # l r 3  X Y Z  0390 

50  T I # T l + V I ( J ) + A A W R K ( J * I )  X Y Z  04017 

S C A L 2  V S C L ?  SYMB, T APER, T H E T A I T  I T L E .  T I T L E 2  t T S  1 V I E W , V T ,  V I  1 V 2  

I F ( T I - . ~ 0 0 1 ) 2 0 ~ 2 0 r 4 C l  X Y Z  0300 

3 0  DO 35  J # 1 , 3  X Y Z  0320 

40 I F ( I T ) 4 5 ~ 4 5 t 6 0  X Y Z  0350 

55 X (  I )  # T I  * S C A L l  X Y Z  0 4 1 0  
GO T O  3 0 0  X Y Z  0420 

C e * * * *  R E L A T I V E  T O  R E F E R E N C E  S Y S T E M  * ****  X Y L  0430 
60 DO 70 I#1,3 X Y Z  0440 

T 1 1 0 .  X Y Z  0450 
DO 6 5  J # 1 * 3  X Y  Z 0460 

65 T I  # T I  + V I  ( J  1 * A A R E V (  J t  I I X Y Z  0470 
70 X ( I ) # T l * S C A L I  X Y Z  048f l  

500 R E T U R N  X Y Z  0490 
END X Y Z  0500 
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OR TEP II: A FORTRAN THERMAL-ELLIPSOID PLOT PROGRAM 
FOR CRYSTAL STRUCTURE ILLUSTRATIONS 

Carrol l  K. Johnson 

ABSTRACT 

T h i s  report d e s c r i b e s  a computer program for drawing crys ta l  s t ructure  i l lus t ra t ions  
with a mechanical  plotter. Ball-and-stick type  i l lus t ra t ions  of a qual i ty  s u i t a b l e  for publi- 
cat ion a r e  produced with e i ther  s p h e r e s  or  thermal-motion probability e l l i p s o i d s  on t h e  
atomic s i t e s .  T h e  program c a n  produce s t e r e o s c o p i c  pa i r s  of i l lustrat ions which a id  in  t h e  
v isua l iza t ion  of complex packing arrangements  of a toms and  thermal motion pat terns .  Inter- 
a tomic d i s t a n c e s ,  bond a n g l e s ,  and  principal a x e s  of thermal motion a r e  also ca lcu la ted  to 
a id  t h e  s t ructural  s tudy.  

tion feature  to ,omit  those  portions of a toms o r  bonds behind other  a toms or bonds. 
T h e  most recent  version of t h e  program, OR TEP-11, h a s  a hidden-line-elimina- 

1. INTRODUCTION 

Appropriate i l lus t ra t ions  a r e  e s s e n t i a l  i n  a n y  manuscript dea l ing  with crystal lographic  s t ructures .  An 

often quoted express ion  might just i f iably be  paraphrased to  read tha t  a well-planned figure i s  worth a 

thousand numbers. With the  so-cal led information explosion i n  the  sc ien t i f ic  l i terature ,  t h e  author of a 

s t ructure  paper  should f e e l  particularly obl igated to help t h e  reader a s  much as h e  c a n  with “crys ta l  

c lear”  i l lustrat ions.  

T h i s  computer program, OR TEP (Oak Ridge Thermal-Ellipsoid Plot program) i s  a n  attempt t o  supply 

a tool which c a n  reduce the  tedium a s s o c i a t e d  with drawing cer ta in  t y p e s  of c rys ta l  s t ructure  i l lustrat ions.  

In addition, t h e  precis ion obta inable  through machine plotting makes  feas ib le  the  production of de ta i led  

s te reoscopic  i l lus t ra t ions  which a re  impract ical  to  draw by convent ional  drafting methods. T h e  program 

d o e s  not in  any s e n s e  rep lace  t h e  exper ience  of the  crystal lographic  draftsman; it i s  only a way of imple- 

menting cer ta in  of h i s  ideas .  Touching up t h e  f igures  by hand, to  add further de ta i l ,  often enhances  

the  figure’s appea l  and usefulness .  T h e  u s e r  is encouraged to d o  this  and not to  b e  content  with the  raw 

i l lustrat ions a s  they come from the plotter. 

Four  major goa ls  were spec i f ied  for OR T E P ,  and they are  l i s ted  here  in t h e  order of the i r  a s s i g n e d  

importance. (1) T h e  program must produce high qual i ty  i l lus t ra t ions ,  including s te reoscopic  pa i r s  of 

thermal-motion figures, a s  free a s  poss ib le  of visual ly  d is t rac t ing  approximations. (2) T h e  program must 

be  general  both with respec t  t o  t h e  t y p e s  of i l lus t ra t ions  it c a n  draw and t h e  types  of computing and 

plot t ing equipment that  i t  c a n  utilize. (3) ?’he program must b e  e a s y  to use ,  require a minimum of input, 

and b e  e a s y  to  modify. (4) T h e  computation time should b e  minimized. Memory size limitation w a s  not 

of t h e  considerat ions;  hence  the program requires  a t  l e a s t  a 32 K word memory. 
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Stereoscopic  c r y s t a l  s t ruc ture  i l lus t ra t ions  were  used  qui te  ex tens ive ly  i n  t h e  1920's and 1930's, 

particularly by M. von L a u e  and R. von Mises  in  their  besut i ful ly  done  two-volume s e r i e s  of s t e r e o s c o p i c  

drawings. 

pictures  by W. R. Busing '  us ing  a n  IBM 704 computer with ca thode  ray tube  output. T h e  ava i lab i l i ty  of 

larger, fas te r  computers  and higher resolut ion plotting d e v i c e s  led qui te  naturally 50 t h e  present  work. 

A s  usua l ,  there  i s  a n  unlimited horizon for future work with more sophis t ica ted  i d e a s  and equipment. 

More recent ly ,  computer techniques  were appl ied in making crys ta l  s t ruc ture  s te reoscopic  

I a m  par t icular ly  indebted t o  my col leagues ,  Drs.  H. A. Levy,  W. R. Busing,  G. M. Brown, and  R. D. 

El l i son ,  for many helpful d i s c u s s i o n s ,  and t o  R. A. Holl is ter ,  a summer par t ic ipant  with t h e  ORNL Mathe- 

mat ics  Division, who helped plan and c o d e  severa l  par ts  of t h e  program. T h e  in i t ia l  vers ion of OR T E P  

was written a s  a subrout ine for the Busing,  Martin, and Levy Funct ion and Error Program, OR F F E ; 3  and 

many of t h e  concepts  and s e v e r a l  of t h e  subrout ines  of OR FFE are incorporated into t h e  present  program. 

Several par t s  of EIGEN were taken from a program written by R. E. Funder l ic  a n d  B. Franz  from t h e  Central  

Data P r o c e s s i n g  group. Subroutine AXEQB w a s  adapted  f rom a subrout ine obtained from the  Oak Ridge 

Central Data P r o c e s s i n g  Library. 
T h i s  report covers  the  following topics .  F i r s t ,  Sect. 2.1 i s  a summary t a b l e  of ins t ruc t ions  and i s  the  

part of the report t o  which the  experienced user  wil l  routinely refer. Next ,  t h e  phi losophy of t h e  program 

i s  outlined and a n  example given. Sect ion 3 def ines  t h e  terms used  in  t h i s  report and d e s c r i b e s  t h e  input  

in detail.  T h e  computat ional  procedures  used by t h e  program are d i s c u s s e d  in Sect. 4, and s t e p s  a r e  out- 

l i n e d  for adapt ing t h e  program t o  other configurations of equipment. T h e  next  sec t ion  summarizes  the 

mathematics of thermal-motion probability e l l ipso ids .  Sect ion 6 contains  a number of examples  of figures 

produced with OR TEP. Most of t h e s e  drawings a r e  s te reoscopic  pa i r s  of perspec t ive  project ions and a r e  

included to i l l u s t r a t e  the  information transfer advantages  gained through the  u s e  of s t e r e o  figures. T h e  

f inal  sec t ion  conta ins  the complete OR TEP-I1 FORTRAN IV l i s t ing  for the  IRM 360. 

2. GENERAL PRINCIPLES AND PROCEDURES 

2.1 Summary Table of Instructions 

A brief summary of t h e  input cards  i s  given a t  t h i s  point to  se rve  a s  a check l i s t  for u s e  with OR TEP. 
All a s p e c t s  a r e  explained in detai l  in  Sect .  3. 

1. Ti t le  card ( s e e  3.2.1) 

2. Cell parameter card (see 3.2.2) 

3. Symmetry c a r d s  with sen t ine l  i n  column 1 on l a s t  card ( s e e  3.2.3) 

4. Atomic parameter c a r d s  (two per atom) with sen t ine l  in  column 1 of very l a s t  card ( s e e  3.2.4) 

5. Instruct ion c a r d s  with - 1 in columns 8 and 9 of f inal  instruct ion card. T h e  ins t ruc t ions  a r e  summa- 
r ized in  Table  2.1 and  explained i n  de ta i l  in  Sect. 3.3. 

'M. von Laue and R. yon Mises (eds.) .  Stereoscopic Drawings of Crystal Structures, vols. I and 11, Springer, 
Berlin, 1926 and 1936. 

2 W. R. Busing, Abstrac t  of Washington. D.  C., Meeting of the ACA,  Jan. 24-27, 1960,  F-7, p. 23. 
W. R. Busing, K. 0. Martin, and H. A. Levy, O R  FFE,  a FORTRAN Crystallographic Function and Error 3 

Program, ORNL-TM-306 (March 1964). 
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Table 2.1. Summary table of all instructions 
~~- 

Function 1-3 4-9 10-18 19-21 28-36 31-45 46-54 55-63 64-12 
-._____.._ _ _ _  

Structure analysis 
Distances 
Dist. + ang. 
Princ. axes 
Dist. single convolute 
Dist. reiterate convolute 

Initialize 
Advance and term. 
Initialize CRT 
Change CRT intensity 

Plot boundary 
Dimensions 
Title rotation 
Retrace displace 

Atoms list 
Run add 
Run subtract 
Sphere add 
Sphere subtract 
Box add 
Box subtract 
Triclinic box add 
Triclinic box subtract 
Convolute add 
Convolute subtract 
Reiterate convolute add 
Reiterate convolute subt. 
Zero atoms list 

Cartesian system 
Definition 
Rotate r eference 
Rotate working 
Translate working 
Origin at  centroid 
Inertial axis system and 

Plotter control 

origin at centroid 

Store overlap data 
(Also see 822, 821) 

101 
102 
103 
105 
106 

201 
202 
203 
204 

301 
302 
303 

401 
411 
402 
412 
403 
413 
4 04 
414 
405 
415 
406 
416 
410 

501 
502 
503 
5 04 
5 05 
5 06 

511  

ORG 1 
ORG 1 

ORG 1 
ORG 1 

- 

- 
WIN) 
XORG 
IZ-IZORG 

WIN) 
THETA(" ) 
X W )  

FROM (1) 
FROM (1) 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
- 

ORGN 
Axis No. 
Axis No. 
AX (IN) 
- 
- 

OVMRGN (IN) 

ORG 2 
ORG 2 

ORG 2 
ORG 2 

- 

- 

Y(IN) 
YORG 

Y ( W  
- 
- 

(-1 TO (1) 
(-) TO (1) 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
- 

V1 A 
Rotate e )  
Rotate e )  
AY (IN) 
- 

- 

TAR 1 
TAR 1 

TAR 1 
TAR 1 

- 

- 

- 

IZORG 

VIEW(1N) 
- 
- 

FROM (2) 
FROM (2) 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
- 

V1B 
Axis No. 

AZ (IN) 
- 

- 

- 

TAR 2 
TAR 2 

TAR 2 
TAR 2 

- 

- 

- 

BRDR(IN) 
- 

- 

(-) TO (2) 
(-)TO (2) 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
- 

V2A 
Rotate (") 
- 

- 
- 
- 

D max (A) 
D max (A) 

D max (A) 
D max (A) 

- 

- 
- 

L 

- 

- 

FROM (3) 
FROM (3) 
D max (A) 
D max (A) 
AI2 (A) 
AI2 (A) 
A12 
AI 2 
D max (A) 
D max (A) 
D max (A) 
D max (A) 
- 

V2B 
. . .  
- 
- 
- 
- 

. . .  

. . .  
- 

Page 659



Table 2.1 (continued) 

Function 1-3 4-9 10-18 19-27 28-36 37-45 46-54 55-63 64-72 

Center and scale 
- - Explicit - 601 XO(1N) YO (IN) SCALl SCAL2 - 
- - - Scale only - 602 XO(1N) YO (IN) - SCAL2 

Center only - 603 
Center and scale - 604 
I.P. and I.S.a - 611 AXO(1N) AYO (IN) ASCALl SCAL2 
I.P. and scale - 612 AXO(IN) AYO(1N) - SCAL2 
I.S. and center - 613 

- - - - SCALl SCAL2 - 
- - - SCAL2 - - - 

- - - 
- - - 

- - - - ASCAL 1 SCAL2 - 

Ellipsoids 
Shaded football Oor 1 701 - - - - SYM HGT P A R - O F F ~  PER- OFF^ 

- - (Format No. 1 trailer card) - - A0 (IN) A1 (IN) ANR (1) ANR (2) - 

Football 0 or 1 702 (same as 701) 
Open model 0 or 1 703 (same as 701) 
Boundary only 0 or 1 704 (same as 701) 
Other types Oor 1 705 NPLANE NDOT NLINE NDASH SYM HGT PAR- OFF^ PER- OFF^ 

ANR (2) (Format No. 1 trailer card) - - A0 (IN) AI (IN) ANR (1) 
As above except no 0 or 1 711 (same as 701) 

printed output of 0 or 1 712 (same as 701) 
individual coordinates 0 or 1 713 (same as 701) 

0 or 1 714 (same as 701) 
Oor 1 715 (same as 705) 

Bonds 
Explicit 1 o r 2  801 FROM (1) TO (1) FROM (2) TO (2) 

(cont.) 
Implicit fancy 2 802 - 

(Format No. 2 trailer card) 
Implicit line 2 803 

(Format No. 2 trailer card) 
As above except - 811 (same as 801) 

no printed output 2 812 (same as 802) 
2 8 1 3  (same as 803) 

- - - 

- - - - 

Bond overlap l o r 2  821 FROM(1) TO (1) FROM (2) TO (2) FROM (3) TO (3) . . .  
explicit 

implicit 

- - - - - - - Bond overlap 2 822 

Labels 
Chem. Symb. - 901 ATOM-I (ATOM-2) X Edge Reset Y Edge Reset HGT (IN) PAR-OFF PER-OFF 
Reg. titles. 3 902 ATOM-1 (ATOM-2) X Edge Reset Y Edge Reset HGT (IN) PAR-OFF PER-OFF 

Format No. 3 title card 

Format No. 3 title card 

Format No. 3 title card 

Proj. Vect. title 3 903 ATOM-I ATOM-2 X E d 5  Reset Y Edge Reset HGT (IN) PAR-OFF PER-OFF 

PER-OFF Vector title 3 913 ATOM-1 ATOM-2 - - HGT (IN) PAR-OFF 

FROM (3) TO (3) 

- - 

- - 

P 
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Table 2.1 (continued) 

1-3 4-9 10-18 19-27 28-36 37-45 46-54 55-63 64-12 Function 

Proj. bond label 
(1 dec. place) 
(2 dec. places) 
( 3  dec. places) 

(1 dec. place) 
(2 dec. places) 
(3  dec. places) 

(pen down) 
(Format No. 1 trailer card) 

Saved sequence 
Start 
s top 
Execute 

Terminate job 
New job follows 

Bond label 

Centered symb. (pen up) 

(from title card on) 

904 
905 
906 

914 
915 
916 
908 
909 

1101 
1102 
1103 
-1 
-2 

ATOM-1 
(same as 904) 
(same as 905) 

ATOM-1 
(same as 914) 
(same as 914) 

(same as 908) 
SYMB# 

ATOM-1 

ATOM-2 X Edge Reset 

ATOM-2 - 

(ATOM-2) X Edge Reset 

- - 

Y Edge Reset HGT (IN) 

- HGT (IN) 

Y Edge Reset HGT (IN) 

PER-OFF PAR-OFF 

PER-OFF PAR-OFF 

PAR-OFF PER-OFF 

- - 

‘I.P. and I.S. signifies increment position and increment scale. 
b ~ ~ ~ - ~ ~ ~  signifies parallel offset (in.). 
‘PER-OFF signifies perpendicular offset (in.). 
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2.2 Programming o Nonstereoscopic I l lustration for OR TEP 

2.2.1 General Comments on Automoted Graphics. - In order t o  produce high qual i ty  i l lus t ra t ions  with 

OR TEP, one  must in general u s e  an i te ra t ive  approach;  that  i s ,  t h e  i l lustrat ion must usua l ly  b e  computed 

and plotted s e v e r a l  t imes  before  a n  optimal f igure is produced. With e a c h  t r ia l ,  as  many fac tors  a s  p o s s i -  

ble are opt imized t o  give a m o r e  informative and  m o r e  e s t h e t i c a l l y  p leas ing  result. One  often requires  

about four t r i a l s  for a s t e r e o s c o p i c  figure of an unfamiliar s t ruc ture  (barring blunders  and  plotter mal- 

functions). 

Overlap i s  one  of t h e  major problems, particularly for chemica l  symbols  and bond d i s t a n c e  labels .  If 
* the  user  i s  not drawing s t e r e o s c o p i c  f igures ,  i t  i s  of ten bet ter  to  do t h e  le t ter ing with a L e R o y  le t ter ing 

template i n s t e a d  of t h e  computer. T h e  template  le t ter ing i s  nea te r  than t h e  computer  le t ter ing,  and it c a n  

b e  posi t ioned much m o r e  eas i ly .  However, for s t e r e o s c o p i c  le t ter ing t h e  manual procedure a p p e a t s  to  b e  

unsat isfactory b e c a u s e  of t h e  n e c e s s i t y  for e x a c t  re la t ive  placement  of t h e  le t ter ing on t h e  two v iews  to  

maintain good s te reops is .  

T h e  major port ions of the  hidden l ine  segments  of a toms and bonds that  a r e  par t ia l ly  or totally 

behind other  a toms and bonds may be omitted by us ing  the  overlap-elimination fea tures  of OR TEP-11. 
However, there  are often areas where addi t ional  manual touch-up i s  needed. T h i s  c a n  be  accomplished 

by e r a s i n g  or “whit ing out”  the remaining unwanted l i n e  segments. Even with s t e r e o  views,  t h e  features  

a r e  more e f fec t ive  if overlap i s  taken c a r e  o f ,  e s p e c i a l l y  when “opaque” e l l ipso ids  a r e  used. 

In order  t o  maintain general i ty  in OR T E P ,  t h e  concept  of programming is appl ied  t o  t h e  problem of  

drawing i l lustrat ions with a plotter. T h i s  concept  a l lows  access t o  a s e r i e s  of b a s i c  bui lding block op-  

e ra t ions  which a r e  put together b y  t h e  user  to “program” a n  i l lustrat ion.  T h e  ins t ruc t ions  used  in 

programming OR TEP are divided into t h e  following ca tegor ies :  (1) ins t ruc t ions  u s e d  to s p e c i f y  prelimi- 

nary graphical d e t a i l s ,  (2) ins t ruc t ions  used  t o  compose a n  i l lustrat ion,  (3) ins t ruc t ions  u s e d  t o  draw the  

illustration, (4) ins t ruc t ions  u s e d  t o  repeat  a sequence  of o ther  ins t ruc t ions ,  and (5) termination ins t ruc-  

tions. E a c h  instruct ion s t a r t s  on  a s e p a r a t e  punched card and c o n t a i n s  a n  identifying number and  what- 

ever parameters  are needed  for t h e  par t icular  instruction. T h e  genera l  role  of t h e s e  ins t ruc t ions  is ex-  

plained in the  remaining par t s  of Sect. 2,  and t h e  individual instruct ions are descr ibed  in de ta i l  in  Sect. 3.3.  
T h e  s imples t  way to construct  the  program i s ,  f i rs t ,  to  s c a n  through the l i s t  of instruct ions in  numerical 

order and pick out the  relevant  o n e s  t o  cons t ruc t  t h e  framework of t h e  program. Then  cer ta in  other  in-  

s t ruct ions are placed into t h e  framework program to furnish the  remaining “bookkeeping” de ta i l s .  

L e t  u s  assume that t h e  s t ruc tura l  da ta  c a r d s  (descr ibed in  3.2) h a v e  been  prepared for a c r y s t a l  

s t ructure  and that  we want t o  prepare a program t o  draw a s i n g l e  nonstereographic  f igure of t h e  conten ts  

of o n e  unit cel l .  We descr ibe  next t h e  general s t e p w i s e  procedure o n e  would follow t o  program s u c h  a n  

illustration. 

2.2.2 Preliminary Graphical Deta i ls .  - T h e  f i rs t  instruct ion card should  b e  t h e  plotter control instruc-  

tion 201 ( s e e  3.3.3.1) which will i n i t i a l i z e  t h e  plot t ing package. 

Next, t h e  plot boundary instruct ion 301 (see 3.3.4.1) i s  needed  t o  s e t  t h e  following parameters: (1) X 
dimension i n  inches  for t h e  plot boundary, (2) Y dimension in i n c h e s  for t h e  p lo t  boundary, (3) viewing 
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d i s t a n c e  i n  i n c h e s  for perspec t ive  projection (zero as  a s igna l  for paral le l  projection), and (4) border (or 

margin) dimension i n s i d e  the  boundary. 

NO other  200  or 300  s e r i e s  instruct ions a r e  required for t h i s  par t icular  hypothetical figure. 

T h e  preliminary graphical  d e t a i l s  a r e  ana logous  t o  what a draftsman might do in se t t ing  up  h i s  drafting 

board i n  preparation for a drawing. 

2.2.3 Composing the Il lustration. - T h i s  s t e p  involves  specifying:  (1) which a toms are  t o  b e  used  a s  

t h e  f igure s u b j e c t ,  (2) t h e  rotat ional  orientation of t h e  subjec t ,  and (3) t h e  s c a l i n g  and posi t ioning of t h e  

subjec t  re la t ive t o  t h e  drawing area.  T h e s e  three  components of composition a r e  implemented by the  400, 
500, and 600 s e r i e s  ins t ruc t ions  respect ively.  

For our hypothet ical  example,  s u p p o s e  we want t o  p lace  t h e  b crys ta l  a x i s  a long t h e  p lo t te r  x a x i s  and 

the  c a x i s  of the  c rys ta l  in t h e  plot ter  xy plane  as  nearly a s  p o s s i b l e  paral le l  to  t h e  plotter y axis .  T h i s  

se t t ing  c a n  b e  accomplished with a 501 instruct ion ( s e e  3.3.6.1) a lone ;  but  if addi t ional  reorientation were 

necessary ,  a 502 instruct ion (see 3.3.6.2) would a l s o  b e  used.  

A t r ic l inic  box of enclosure can  be descr ibed  with a 404 instruction ( s e e  3.3.5.4) to contain the de- 

s i red atoms for  the subjec t  definition. T h e  s c a l i n g  and  posi t ioning of t h e  s u b j e c t  to  fill the  drawing area  

may b e  accomplished automatical ly  with a 604 instruct ion (see 3.3.7.1). 

2.2.4 Drawing the I l lustrat ion.  - Crys ta l  s t ructure  i l lustrat ions of t h e  bal l -and-st ick type a r e  made u p  

of three components: b a l l s  (atoms), s t i c k s  (bonds), and labe ls .  T h e  t h r e e  components a r e  drawn with t h e  

700, 800, and 900 instruct ion s e r i e s  respec t ive ly ;  t h e  first two instruct ion s e r i e s  c a n  a l s o  perform certaiil 

types  of labeling. 
A new instruct ion 511 in the OR TEP-I1 version of the program w a s  added to  s t o r e  information needed 

for the  overlap correction. T h i s  instruction i s  u s e d  before the  700 and 800 s e r i e s  instruct ions.  

T h e  atom representat ion c a n  b e  ei ther  a general  e l l ipsoid or a boundary e l l ipse .  In some cases t h e s e  

become a sphere  and a circle .  Chemical  symbols  may b e  plot ted s imultaneously with the  atoms. 

For o u r  example we might simply draw c i r c l e s  and  put t h e  chemical  symbols  within t h e  c i r c l e s  by  

using instruct ion 704 ( s e e  3.3.8.1). T h i s  instruction wil l  draw a l l  t h e  a toms of the  subjec t  and their  chemi-  

cal symbols .  

T h e  bonds are not  a lways  n e c e s s a r y  in  a drawing, but for s t r u c t u r e s  with molecules  or with d is t inc t ive  

groupings they are usua l ly  qui te  helpful. T h e  most convenient  method for descr ibing and drawing bonds i s  

instruct ion 812 (see 3.3.9.2). T h i s  instruct ion u s e s  vector  s e a r c h  c o d e s  (see 3.1.5) which reflect the  

user’s knowledge of the  s t ructural  chemistry and the  interatomic d i s t a n c e  ranges  for t h e  compound be ing  

drawn. Covalent  bonds or any other  des i red  t y p e  are found and drawn automatical ly  from t h e  l i s t  of a toms 

which make up the  subjec t .  If des i red ,  the  interatomic d i s t a n c e  l a b e l  c a n  a l s o  b e  drawn with e a c h  bond 

( s e e  3.3.9). 

Various types  of label ing can  be  done with the  900 s e r i e s  instruction. T h e  one which will most often 

b e  included i s  a caption for the figure, us ing  instruct ion 902 ( s e e  3.3.10.2). 

2.2.5 Terminating the Drawing of the Il lustration. - T h e  plotter control instruction 202 ( s e e  3.3.3.2) 

a l lows the  u s e r  to remove t h e  f inished drawing f rom t h e  plotting a r e a  and to  p lace  a fresh area of plot 

paper in posi t ion for any  addi t ional  plots  which may b e  drawn. 
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To terminate t h e  computer job, a (-1) instruct ion ( s e e  3.3.12) i s  used  as  t h e  l a s t  instruct ion of the  

program. 

2.3 Programming a Stereoscopic I l lustration for OR TEP 

A s te reoscopic  pair of f igures  i s  simply two perspect ive v i e w s  of the  s u b j e c t  as  s e e n  from two differ- 

ent  viewpoints  (which a r e  usual ly  about 6 O  apart). T h i s  pair i s  produced with OR TEP by programming for 

two drawings. A few addi t ional  instruct ions supplementary to  t h o s e  out l ined i n  2.2 a r e  u s e f u l  for producing 

s t e r e o  figures. T h e s e  ins t ruc t ions  a r e  t h e  s t e r e o s c o p i c  rotation instruct ion 503 and t h e  1100 s e r i e s  of in- 

s t ruct ions,  which fac i l i t a te  t h e  repetition of a s e r i e s  of instruct ions.  

2.3.1 Stereoscopic Rotations. - In general ,  o n e  member of a de ta i led  s t e r e o s c o p i c  i l lustrat ion cannot  

be  drawn completely independent  of t h e  other  member of t h e  pair  b e c a u s e  cer ta in  fea tures  (e.g., which 

octant  of a n  el l ipsoid i s  shaded)  must b e  done  ident icaIIy in t h e  two drawings. In OR T E P  t h e  “ s t e r e o -  

scopical ly  s e n s i t i v e  d e c i s i o n s  ’’ a r e  handled by us ing  two Car tes ian  coordinate  sys tems:  t h e  reference 

Cartesian sys tem and t h e  working Car tes ian  sys tem (see 3.1.8). T h e  s t e p s  involved i n  picture  composition 

(see 2.2.3) and t h e  s te reoscopica l ly  s e n s i t i v e  d e c i s i o n s  are a l w a y s  b a s e d  on t h e  reference sys tem,  but t h e  

drawing of the i l lus t ra t ion  (see 2.2.4) i s  a lways  based  o n  the  working system. A s t e r e o s c o p i c  rotation i s  

s imply a rotation of t h e  working sys tem from t h e  reference s y s t e m  about  t h e  a x i s  which is ver t ica l  whi le  

viewing t h e  f inal  result. For example, a nominal rotation of +3” about  t h e  plot ter  y a x i s  might b e  u s e d  for 

t h e  le f t -eye  view and a rotation of - 3’ about t h e  same a x i s  might b e  made before  plot t ing the right-eye 

view, t h u s  producing a to ta l  interocular  a n g l e  of 69 

A program t o  draw a s t e r e o  pa i r  would involve t h e  following s t e p s :  

1. preliminary graphical  d e t a i l s ,  

2. composition of s u b j e c t ,  

3. lef t -eye s t e r e o  rotation, 

4. draw t h e  subjec t ,  

5. a d v a n c e  t h e  plotter, 

6. right-eye s t e r e o  rotation, 

7. draw t h e  subject ,  

8. advance  t h e  plotter, 

9. terminate t h e  job. 

2.3.2 Repeating a Sequence of Operations. - It should  b e  noted  that  s t e p s  7 a n d  8 i n  t h e  s t e r e o  

program of t h e  l a s t  s e c t i o n  a r e  ident ica l  to s t e p s  4 and 5. T h e  program c a n  b e  shor tened  somewhat by 

us ing  t h e  “saved  sequence”  ins t ruc t ions  (see 3.3.11). A 1101 instruct ion ( s ta r t  s a v e d  s e q u e n c e )  would 

be  placed between 3 and 4, a n d  a 1102 instruct ion (end s a v e d  sequence)  be tween 5 and 6. Then s t e p s  7 
and 8 c a n  b e  replaced by a 1103 instruct ion (execute  s a v e d  sequence). 

Any s e q u e n c e  of ins t ruc t ions  c a n  b e  s a v e d  i n  t h i s  manner and repea ted  as  many t imes  as des i red  with 

1103 instruct ions.  For example,  t h e  s a v e d  s e q u e n c e  feature  c a n  b e  used  to  produce a complete  series of 

v iews  of a s t ruc ture  a t  ( say)  1 5 ” i n t e t v a l s  about an axis .  Note  that  t h e  ins t ruc t ions  between t h e  s t a r t  and  

s top  instruct ions a r e  both e x e c u t e d  a n d  s a v e d  t h e  f i rs t  t ime through. 
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2.4 D r a w i n g  t h e  C u b a n e  St ructure :  An E x a m p l e  

T h e  novel compound cubane4  (C4H4)  h a s  been crys ta l l ized  and the s t ructure  determined. T h e  
carbon-carbon bonds l i e  a long the  e d g e s  of a cube  within experimental erior. T h e  compound crys ta l l izes  

with the  t i igonal  syminetry of s p a c e  group R3. One  carbon and one hydrogen a r e  in  s p e c i a l  pos i t ions  

along t h e  3 a x i s ,  and t h e  remaining carbon and hydrogen a r e  in  general posi t ions.  Anisotropic  temperature 

factor coef f ic ien ts  were fitted to the  carbon a toms during t h e  leas t - squares  refinement of  the  structure, 

and i so t ropic  temperature factors  were used  for  the  hydrogen atoms. 

- 

- 

T h e  c e l l  parameters  a r e  

a = b = C  = 5.34 A , 

U. = 0 = y = 72.26'. 

- 
T h e  equivalent  pos i t ions  of s p a c e  group6 R3 a r e  x ,y , z ;  z ,x,y; y , z ,x ;  X,y,Z; Z,X,Y; and y ,FX .  

T h e  posi t ional  parameters  for C1, C2, H1, and  H2 a r e  given as  -0.18711, 0.19519, 0.10706; 
0.11546, 0.11546, 0.11546; -0.3246, 0.3468, 0.1848; and 0.2100, 0.2100, 0.2100, respect ively.  T h e  

anisotropic  temperature factors given for the  carbon a toms a r e  of t h e  type ca l led  zero7in  t h i s  report 

( s e e  3.2.4.2). T h e  coef f ic ien ts  b l  1, b , 2 ,  b,,, b l  2,  b l  3: b, ,  for C1 and C2 a r e  0.0410, 0.0425, 
0.0450, -0.0042, -0.0142, -0.0051; and 0.0468, 0.0468, 0.0468, -0.0143, -0.0143, -0.0143. 

2.4.1 D a t a  I n p u t  for  C u b a n e  

2.4.1.1 T i t l e  C a r d  ( s e e  3.2.1). - FORMAT (12A6) 

Card N o .  

(1) CUBANE (E. B. FLEISCHER (1964) J.  A. C. S. 86, 3889) 

2.4.1.2 C e l l  Parameter  C a r d  ( s e e  3.2.2). - FORMAT (6F9.6) 

5.34 5.34 5.34 72.26 72.26 72.26 

2.4.1.3 Symmetry Cards  ( s e e  3.2.3) 

FORMAT (11, F14.10, 3F3.0, 2(F15.10,3F3.0)) 

(3)  0 0 . 1 0 0  0 . 0 1 0  

(4) 0 0 . 0 0 1  0 . 1 0 0  

0 . 0 0 1  

0 . 0 1 0  

_ _  
4P. Eaton and T. Cole,  J. Am. Chem. SOC. 86, 3157 (1964). 
'E. B. Fleischer ,  J. Am. Chem. SOC. 86, 3889 (1964). 

6N. F. M. Henry and K. Lonsdale (eds.), International Tables  for X-Ray Crystallography, vol. I ,  Kynoch, Bir- 
mingham, 1962. 

Unfortunately, many authors of structure papers  neglect  to define the equation for the  anisotropic temperature 
factor coefficients. 
factor l is ted in anisotropic  form in their Table  I. In other instances  one must arbitrarily choose a type (usually 0. 
1, or  4 in the U.S.A.) and do the principal a x i s  transformation, then check that the principal values  a re  correct, or 
a t  l e a s t  reasonable. 

7 

In the present  c a s e ,  the  type c a n  be  determined from t h e  comparative isotropic temperature 

In particular, the principal values must a l l  be  positive. 
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C a r d  No. 

0 . 0 1 0  
0 . - 1  0 0 

0. 0 0 - 1  

0. 0 - 1  0 

0 . 0 0 1  

0. 0 - 1  0 
0 . - 1  0 0 

0. 0 0 - 1  

0 . 1 0 0  
0. 0 0 - 1  

0. 0 - 1  0 

0 . - 1  0 0 

2.4.1.4 Atomic Parameter Cards. - 

Posi t iona l  parameters  ( s e e  3.2.4.1): FORMAT (A6, 3X,  5F9.6, F9.0) 

Thermal parameters  ( s e e  3.2.4.2): FORMAT (11, F8.6, 5F9.6, F9.0) 

Atoms 1 and 2 a r e  entered with posi t ional  parameters  t y p e  0 and anisotropic  temperature 

fac tors  type  0. 

Card No. 

(9) c1 - .18711 .19519 .lo706 0 

(10) 0 .04100 .04250 .04500 -.00420 -.01420 -.00510 0 
c 2  .11546 .11546 .11546 0 

(12) 0 .04680 .04680 .04680 -.01430 -.01430 -.01430 0 
(11) 

Atoms 3 and 4 a r e  entered with posi t ional  parameters  type  0 and with dummy sphere  tem- 

perature  fac tors  (type 7) 0.1 A in  radius. 

(13) H1 - .32460 .34680 .18480 0 
(14) 0 .1 7 
(15) H2 .21000 .21000 .21000 0 
(16) 0 .1 7 

Atom 5 i s  a dummy atom a t  the c e l l  origin with a blank card dummy s p h e r e  ( s e e  next  to 

l a s t  paragraph of 3.2.4.2). T h i s  could a l s o  be  entered with type 7 as  were a toms 3 and 4. 

.ooooo .ooooo .ooooo 0 
0 

In the  card deck for th i s  sample program, e x t e n s i v e  u s e  of Format No. 3 t ra i ler  c a r d s  (see 

3.3i1.4) i s  made a s  a method of including a comment with a n  instruction. T h i s  convention is not 

mandatory, but i t  i s  a convenient method for annotat ing a program. T h i s  example u s e s  a wide range o f  

instruct ions in  order  to  demonstrate them. A s  in  the case with any programming sys tem,  there  are many 

ways of doing any given problem. T h e  Formats  are descr ibed  in  Sect. 3.3. 
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2.4.2 Analysis  of Structure ( s e e  3.3.2). - T h e s e  instruct ions a r e  not connected with producing the 

figure. They  a r e  shown here  j u s t  to demonstrate  how they a r e  used.  A 101 inst ruct ion i s  u s e d  to obtain 

a tabulation of the  atoms surrounding one  atom or a s e r i e s  of several  designated atoms. To  obtain a l i s t  

of a l l  a toms (hydrogen and carbon atoms) out  to a limit of ( say)  3.61 A about  t h e  two carbons C1 and 

C2, o n e  would u s e  the  following instruction. ( T h e  notation i s  explained in  Sect .  3.3.2.) 

Card No. 

(19) 1 0 1  155501 2 , I  4 , 3.61 , 
Atoms 1 through 2 of 
symmetry operat ion 1 

Atoms 1 through 4 of a l l  symmetry 
and t ranslat ion operat ions 

D max 

A 102 instruct ion g i v e s  both interatomic d i s t a n c e s  and interatomic ang!es. In order to  

find a l l  covalent  bonds and bond a n g l e s  about  the two carbons  we might u s e  t h e  fol lowing 

instruction. 

(2 0) 1 0 2  155501 2 1 4 1.8 

In t h i s  case a smal le r  D max w a s  used  so that  only t h e  d i s t a n c e s  and a n g l e s  of immediate  

in te res t  would b e  computed. 

2.4.3 Programming the Cubane Il lustration. - F i r s t  we  must in i t ia l ize  the  plotter 

pack a g e  . 

T h e  two plot boundary dimensions can be  equal  for the  present  illustration s i n c e  t h e  

cubane molecule  i s  a cube. Suppose we u s e  a n  11- by 11-in. boundary and  spec i fy  a 1.5- 
in. margin to give a total working a r e a  of 9 by 9 in. A 30-in. view d is tance  might b e  

reasonable  to u s e  i n  viewing a model of t h i s  s i z e .  

(22) 301 11 11 30 1.5 

In general  we  would u s e  re t racing to  make t h e  le t ter ing,  and  cer ta in  other  d e t a i l s ,  

s t a n d  out more prominently. However, for t h e  t e s t  example w e  wil l  e l iminate  t h e  re- 

t rac ing  so t h a t  t h e  i l lustrat ion wi l l  plot a s  fas t  a s  poss ib le .  

(23) 303 0 

T h e  subjec t  of t h e  i l lustrat ion i s  a s i n g l e  cubane  molecule ,  which we will now de-  

fine. O n e  way of des igna t ing  t h i s  s u b j e c t  i s  t o  spec i fy  a sphere  of enclosure,  centered 

on t h e  dummy atom 555501, which is a t  t h e  center  of a cubane  molecule. A radius  of 3.2 
A should be  adequate  to  i s o l a t e  a s ingle  molecule. 
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C a r d  No. 

(24) 

where t h e  s e v e r a l  p a r t s  designate:  

( a )  a run of origin atom (center  of sphere)  from atom 5 to atom 5 in symmetry posi t ion 

55501 (that i s ,  i n  t h i s  example, a s i n g l e  sphere) ,  

( b )  a run of target  atom from atom 1 to atom 4, and 

(c)  a sphere  radius  of 3.2 A. 

To orient t h e  molecule ,  we will first def ine a coordinate  s y s t e m  along t h e  e d g e s  o f  

t h e  cubane cube. We wil l  then rotate t h e  molecule  re la t ive to  t h i s  coord ina te  system to 

minimize overlap. 

T h e  origin of t h e  coordinate  sys tem will be  posi t ioned on t h e  dummy atom No. 5. T h e  

des i red  coordinate  sys tem orientation wil l  b e  def ined by  spec i fy ing  two vec tors  from the  

s p e c i a l  posi t ion atom 255501 t o  t h e  two symmetry-related general-position a toms 155501 
and 155502. 

501 555501 255501 155501 255501 155502 0 0 

A rotation of 25"about t h e  Y a x i s  ( a x i s  2) followed by a rotation of 28Oabout t h e  X 
a x i s  ( a x i s  1) will produce a sa t i s fac tory  view of t h e  molecule .  

502 2 25 1 28 

To scale and posi t ion t h e  subject  for projection onto the  drawing board and to u t i l i ze  

a l l  ava i lab le  s p a c e ,  we  will u s e  the  604 instruct ion,  which will automatically s e t  XO, YO, 

and SCAL1. However, the  el l ipsoid s c a l e  factor  ratio SCAL2 must b e  spec i f ied  independent ly .  

I f  we  want thermal e l l ipsoids  corresponding to 50% probability, then w e  wi l l  e n t e r  1.54 f o r  

SCAL2. 

604 0 n 0 1 .54  

T h i s  completes  the  composition of t h e  i l lustrat ion.  

T h e  s t e r e o s c o p i c  rotation for the lef t  e y e  can  be done  a t  th i s  point. We will u s e  a 

rotation of 2.7" about  the  Y a x i s  ( a x i s  2) for t h e  lef t -eye view. L a t e r  in  t h e  program, we 

will make a -2.7" rotation about the same a x i s  for the  right-eye view to g ive  a total 

interocular  angle  of 5.4'. 

503 2 2 .7  

S i n c e  t h e  s t ruc ture  will b e  drawn twice ,  o n c e  for e a c h  e y e ,  t h e  "saved s e q u e n c e "  

fea ture  c a n  b e  used  to  shorten the  program. Note that  t h e  ins t ruc t ions  between t h e  s t a r t  
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Card No. 
and s t o p  ins t ruc t ions  are both executed and saved t h e  first time through. They  can  then 

b e  re-executed as  many t imes  a s  des i red  by u s i n g  t h e  “execute  s a v e d  s e q u e n c e ”  ins t ruc-  

tion 1103. 

T h e  1101 instruct ion s t a r t s  t h e  s a v e d  sequence .  

1101 

T h e  511 instruct ion s t o r e s  the information needed  for the  overlap hidden-line correct ion 

(i.e.,  as  projected boundary e l l ipses  for each  atom in t h e  ATOMS l i s t  and a quadrangle  

approximation for e a c h  bond). T h e  bonds are spec i f ied  with a format No. 2 t ra i ler  card 

ident ical  to tha t  u s e d  in t h e  812 instruction descr ibed  below. 

2 511 0 

0 1  4 1 4 4 0.9 1 .6  .04 

T h e  ATOMS l i s t  currently contains  a l l  the  atom designators  for one cubane  molecule. 

We want to draw t h e  molecule in two separa te  s t e p s  so that the hydrogen and  carbon a toms 

can be  given different graphical representations. To  draw the  carbon atoms (ANR = 1,2) ,  

we  will cons t ruc t  a spec ia l  code that  (a)  draws t h e  three principal-plane forward t r a c e s  

and the  boundary-plane t race  (NPLANE = 4), (b) omi ts  t h e  reverse  s i d e s  of t h e  pr incipal  

p lanes  (NCOT = O), (c) draws the  forward pr incipal  a x e s  withoiit additional s h a d i n g  (NLINE = 

l), and (d) omits  t h e  reverse  principal a x e s  (NDASH = 0). In addition we want t h e  chemical  

symbols to b e  drawn with le t te rs  0.2-in. high (before  projection) and displaced from t h e  

atomic center  by 0.6 in. in  t h e  horizontal direction and 0.7 in. in  the vertical direction. 

1 715 4 0 1 0 . 2  .6 .7 

0 0 0 1 2 

T h e  715 instruct ion i s used,  rather than 705, to shorten the  output l i s t ing  of the  example. 

Normally we would u s e  the  705 to  obtain a l i s t i n g  o f  a l l  coordinates. 

Since t h e  hydrogen atoms (ANR = 3,  4) a r e  to  be  drawn with a s tandard model, t h e  construc- 

tion d e t a i l s  wil l  b e  taken care  of automatically. We want chemical symbols 0 .2  in. high and 

offset  0.35 in. horizontally and 0.4 in. vertically. 

1 712 0 0 0 0 . 2  .35 . 4  

0 0 0 3 4 

T h e  most convenient  procedure for drawing bonds i s  to  u s e  t h e  implicit bond ins t ruc-  

tion 812. Al l  other  information can  b e  en tered  with a s i n g l e  format No. 2 t ra i ler  card  

(vector search  c o d e  card). 
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Card No. 

(36) 2 812 

(37) 0 

where 

( a )  and ( b )  are atom number r u n s  for atom-pair bonds to  b e  drawn, 

( c )  denotes  bond type 4, 

(d)  denotes  t h e  d i s t a n c e  range 0.9 t o  1.6 A, which wil l  cover  a l l  cova len t  

bond d i s t a n c e s ,  and 

( e )  the  bond radius ,  i s  0.04 A. 

T h e  remaining f ie lds  in t h e  card can  b e  blank,  s i n c e  a complete  s e t  of bond d i s t a n c e  

labe ls  i s  not desired.  

B e c a u s e  of the  symmetry, there  a r e  only two different C -C bond lengths  in  cubane.  

T h e s e  a r e  C1-C1 and C1-C2. We s h a l l  l abe l  o n e  example of e a c h  of t h e s e  bonds.  For 

variety let u s  labe l  o n e  with a normal bond-length labe l  and t h e  other  with a perspec t ive  

label .  T h e  two bonds which c a n  be labeled most advantageously a r e  ( a )  155504 + 155503 
and ( b )  255504 -+ 155505. T h e  l a b e l s  will b e  0.15 i n .  in height  and  d i s p l a c e d  ver t ical ly  

from t h e  bond center  by  - 0.4 in. 

(38) 

(39) 

906 155504 155503 0 0 .15 0 - .4  

916 255504 155505 0 0 .15 0 - . 4  

T h e  final feature  to b e  drawn i s  a capt ion (CUBANE) for t h e  i l lustrat ion.  T h i s  can 

convenient ly  b e  posi t ioned by “hanging” i t  from t h e  dummy atom 555501 and “bouncing” 

it 1 i n .  off the l o w e r y  boundary. 

(40) 3 902 555501 0 0 1. .25  0 0 

(41) CUBANE 

T h e  s a v e d  s e q u e n c e  can  now b e  terminated. 

(42) 1102 

(43) 

(44) 

T h e  plot ter  i s  then  advanced 9 in. a long  x in  preparation for the  right-eye view. 

202 9: 

The  s t e r e o  rotation of -2.7Oabout a x i s  2 i s  now performed in  preparation for t h e  

right-eye view. (Note  that  th i s  rotation s t a r t s  with the  reference orientation, not  

t h e  previous working orientation.) 

5 03 2 -2.7 
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Card No. 

T h e  s a v e d  s e q u e n c e  c a n  now be  repeated for t h e  t ight  eye. Note that  t h e  atom l i s t  now 

conta ins  t h e  same information that  i t  did when t h e  first view w a s  drawn. 

(45) 1103 

T h e  i l lustrat ion i s  now complete. T h e  plotter i s  next advanced  2 0  in. a long x to  remove 

t h i s  figure from t h e  working area. 

(46) 2 02 2 0  

A dummy plot for t h e  CalComp sys tem i s  now added t o  a i d  i n  s topping the CalComp 

plotter. 

(47) 202 0 

Fina l ly  w e  terminate  t h e  j o b  and exi t  from t h e  program. 

(48) -1 

2.4.4 Stereoscopic Il lustration of the Examples. - Figure 2.1 shows the  s te reoscopic  pair  exact ly  

as  i t  w a s  plot ted by a mechanical CalComp sys tem,  except  for photographic reduction. F igure  2.2 shows 

one-half of t h e  same illustration a t  a larger  s c a l e .  T h e s e  drawings have  not be en retouched. 

Note tha t  one  bond d i s t a n c e  labe l  w a s  drawn in perspec t ive  a long  t h e  bond, and the o ther  w a s  drawn 

as  a regular labe l  paral le l  to  the  page.  

Figure 2.3 is a n  example of a figure without photographic reduction drawn by a CalComp plot ter  which 

h a s  0.005 in.  s t e p - s i z e  resolut ion.  Another representat ion of the  same s t ruc ture  is shown in F ig .  6.19. 
T h e  input da ta  and OR TEP instruct ions for Fig.  2.3 a r e  l i s t e d  in  2.4.5.2. T h e  user  should examine 

th i s  example careful ly  s i n c e  s e v e r a l  useful  techniques a r e  i l lustrated.  
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O R N L - D W G  75.16056 

m"' 

CUBANE 

Fig. 2.1. The Sample Figure Cubane Reduced for Stereoscopic Viewing. 
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Fig.  2.3 Polyhedra Representation of Potassium Perxenate 9-Hydrate.  

2.4.5 L is t ing  of Sample Input and Output. - 2.4.5.1 Listing of Znput Cards for Cubane. - 

CUBANE E . B . F L E I S C B E R  1964  J.A.C.S.  66 ,3889  EXAM 10 
5 .34  72 .26  72 .26  72 .26  EXAM 2 0  

0 0 0 lEXAM 30 0 1 0 0  0 0 1 0  
0 0 0 1  0 1 0 0  0 0 1 OEXAM 4 0  
0 0 1 0  0 0 0 1  0 1 0 3EXAM 50 
0 - 1  0 0 0 0 - 1  0 0 0 0 -1EXAM 6 0  
0 0 0 - 1  0 - 1  0 0 0 0 -1 OEXAM 70  

1 0 0 - 1  0 0 0 0 - 1  0 - 1  0 OEXAM 80 
EXAM 90  

. 0 4 1 0 0  .04250  - 0 4 5 0 0  - .00420 - .01420 - .00510 0 EXAM 100 
c 2  .11546  . 11546 . 11546 0 EXAM 110 

0 EXAM 120 , 0 4 6 3 0  -0U680 . 0 4 6 8 0  - . 0 1 4 3 0  - . 0 1 4 3 0  - . 0 1 4 3 0  
H I  - .32460 .34680  . 18480 0 E X A I  130  

.10  7 EXAM 140 
H2 . 21000  .21000 . 21000  0 EXAM 150 

.10  7 EXAM 160 
OBG N 0 0 0 0 EXAM 170 

1 0 EXAM 180 
3 1 0 1  1555C1 2 1 4 3 .61 EXAM 190 ***** F I N D  ALL NEIGHBOR ATOMS AROUND C 1  A I D  C2 OUT TO 3.61 A ***** EXAM 200 
3 102 1555C1 2 1 4 1.8 EXAM 210 ***** F I N D  COVALENr BONDS AND BOND ANGLES ARCUND CARBONS ***** E X A I  220 
3 201  EXAM 230 ***** I l I r I A L I Z E  MECHANIZAL PLOTTER PACKAGE. 2 0 3  FOR CRT PACKAGE ***** EXAM 240  
3 3 0 1  11. 11. 30. 1.5 EXAM 250 ***** 11x11 BOUNDARY. 8x8 I N S I D E  1.5 MARGINI VIEW FROM 3 0  I N Z H E S  ***** EXAM 260 
3 3 0 3  E X A I  2 7 0  ***** E L I M I N A T E  ALL RETRACING ***** EXAM 280 
3 402  555501 5 1 4 3.2 EXAM 290 

***** ENCLOSER S € H E R E  O F  R A D I U S  3.2 A ABOUT DUMMY ATOM 5 ,555 ,Ol  ***** E X A I  300  
3 501  5 5 5 5 0 1  2 5 5 5 0 1  155501  2 5 5 5 0 1  155502 OEXAM 310 ***** O R I G I N  ON DUMMY ATOM 5 5 5 5 0 1 ,  VECTORS ALONG 2 EDGES OP CUBANE ****#EXAH 320  
3 502  2 25. 1 28 .  EXAfl 330  ***** R 3 T A T E  25  D E S R E E S  ABOUT Y ,  THEN 2 8  DEGREES ABOUT NEW X ***** EXAM 3 U O  
3 604  0 0 0 1.54 EXAM 350 

***** AUTOMATIC S C A L E  AND P O S I T I O N I  50 P E R C E N T  P R O B A B I L I T Y  E L L I P S O I D S  **EXAM 360 
3 503  2 2 .7  EXAM 370  

5.34 5 .34  

c1 -. 18711 . 19519 . l o 7 0 6  0 
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***** S T E R E O  R O T P I O N  O F  2.7 DEGREES ABOUT Y F O R  L E F r  EYE ***** EXAM 380 
3 1101 EXAM 390 ***** START SAVE SEQUENCE ***** EXAM 400 
2 511 0 E X A l  410 
3 1 U 1 U 4 0.9 1.6 . 04  EXAM U20 ***** STORE P B O J E Z T E D  ATOHS AND BONDS FOR OVERLAP, IJARGIN SET BY DEFAULPEXAM 430 
1 715 U 0 1 0 .20 .60 -7OEXAM 440 
3 1 2 EXAH US0 ***** DRAW CARBON ATOM E L L I P S O I D S ,  ATCM NUHBER RUN 1-2 ***** EXAM 460 
1 712 .20 .35 .UOEXAIJ 470 
3 3 4 EXAH U 8 0  ***** DRAW HYDROGEN A T O l  S P H E R E S ,  ATCM NUMBE6 RUN 3-U ***** EXAM 490 
2 812 EXAM 500 
3 1 U 1 U 4 0.9 1.6 . 0 4  EXAIJ 510 ***** TYPE 4 BONDS -04  A MEAN R A D I U S ,  ATCMS 1-4 T O  ATOMS 1-4, 0.9-1.6 A EXAH 520 

0 C .15 0 -.UEXAM 530 3 9 0 6  15550U 155503 ***** LABEL BOND 155504-155503 WITH REGULAR BOND D I S T A N C E  LABEL ***** EXAU 5UO 
3 916 2555C4 155505 0 0 .15 0 -.4EXAM 550 

***** LABEL BOND 255504-155505 WITH P E R S P E C T I V E  BOND DISTANCE LABEL ****EXAM 560 
3 902 5555C1 0 0 1.0 .25 0 OEXAH 570 

CUBANE EXAH 580 
3 1102 EXAH 590 

* * *e *  END O F  S A V E  SEQUENZE ***** EXAM 600 
3 202 S. EXAM 610 ***** ADVANCE PLQTl'ER 9 I N C H E S  ALONG X ***** EXAM 620 
3 503 2 -2.7 EXAM 630 ***** S T E R E O  ROT LTION O F  -2.7 DEGREES ABOUT Y FOR RIGHT E Y E  VIEW ***** EXAM 640 
3 1103 EXAW 650 ***** EXEZUTE SAVED SEQUENCE FOR R I G H T  EYE DBAVING ***** EXAM 660 
3 232 2 0. EXAM 670 ***** ADVANCE P L O l ' r E R  20 I N C E E S  ***** EXAIJ 680 
3 202 EXAM 690 ***** A D D  D u n m  ELOT ro  MAGNETIC T A P E  ***** EXAIJ 700 

- 1  EXAM 710 

2.4.5.2 Listing o f  Input Cards for Potassium Perxenate 9-Hydrate. - 

P C T A S S  I U M  
9 .749  

I 
X E  

K I  

K 2  

K 3  

K4 

C I  

c 2  

c 3  

04  

c5 

. I 3  

- 3 3  

. 37  

. 3 1  

.37 

. 2 3  

. 2 0  

.2cl 

. 2 3  

.2'1 

F E W  E Y A T E  9-I-YCRATE/A.ZALK 1'4 E T  AL 
13.924 15.636 90.  90. .' I 3  c .o  " I 
.1 - I  3 c .o c - I  
- 1  - I  3 c .5  r I 
-1 I 3  (3 . 5  c - I  

.249 .988 

. 6 2 8  - - 9 8 7  

. 9 4 6  . 2 3 8  

.307 . 2 2 7  

. 8 7 7  . 9 8 9  

.40  3 . I O 1  

. 0 9 4  .H70 

. 1 3 8  . C96 

. I 7 6  . C58 

. 3 2  3 . 9 1 8  

/ (  I964 ) J A C  S 8 6  9 3 5 6 9  

0 .rl n 
0 - 5  '3 

F c. 

0 .o  n 
C .5 1 

. 2  50 

. 3 3 9  

. $ 5 8  

. C26 

. I 3 9  

. 2 5 1  

.253 

. 3 1 6  

. I51 

.351 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

EXAPO310 
E X A P 0 0 2 0  

0 IEXAp!31330 
0 I E X A P 0 3 4 0  
0 I E X A C 0 3 5 0  
0 I E X A P 0 0 6 0  

EXAPO370 
EXACOJ83 
E X A P 0 3 9 0  
E X A P O l r 3 i 3  
E X A P O I  IO 
E X A P O l 2 0  
E X A C 7 l 3 0  
E X A C O l 4 3  
E X A P O I  5 0  
EXAPOI 6 0  
E X A P C I I  7 0  
E X A P O l 9 0  
EYACOl9O 
E X  Aw0200  
EXAPfl21 0 
E X A  P O 2 2 0  
E X  A PO2 30 
E X  A V O 2 4 0  
€TACO253 
EXAP0260  
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C 6  

W I  

w2 

w3 

w4 

w5 

W6 

w7 

W8 

H9 

ORGN 

. 2 7  

.27 

. 2 3  

.21 

. 2 3  

.2’J 

.23 

. 2 0  

. 2 0  

.20 

. I9 

. 3 6 0  

. 6 5 4  

. e 5 0  

. 8 7 3  

. 6 9 2  

,997 

. 9 6 7  

.376 

. 4 9 3  

.606 

.2 5 0  

. oclo 
I .03 

3 I 0 2  1 5 5 5 7 1  5 5 5 5 3 1  I 
+ + + + +  DISTA\CES,ANGLES END EDGES OF X E  

3 201 

19 

. e81 

. 8 3 9  

. I 3 6  

. 8 2 9  

. 0 4 6  

. 2 4 3  

. F 8 0  

. L 70 

.262 

. I 5 0  

.500 

. ooo 
2 0  

. I88  

. I99 

.2 9 7  

. 3 6 9  

. S O 6  

. I l l  

. $ 7 2  

. co2  

. E 8 6  

. I 2 4  

.4 cn 

. C C O  

3.55 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

E XAC027O 
EX A V0280 
EX A P O 2  90 
E X A C 0 3 0 0  
E X A P 0 3 1 0  
E X A C 0 3 2 0  
E X A P 0 3 3 0  
E X A P 0 3 4 0  
E X A C 0 3 5 0  
E X A C 0 3 6 0  
E X A C 0 3 7 0  
E X A P 0 3 8 0  
E X A V 0 3 9 0  
E X A C 0 4 0 0  
E XAC04 I 0 
E X A P 0 4 2 0  
E X A PO430 
E X A P 0 4 4 0  
E X A C 0 4 5 0  
EX AC0460 
E X A C 0 4 7 0  
E XACO48O 
EXACO49C 
E X A C 0 5 0 0  
EXACO5 IO 

4VO Y CZIORDINATION POLYHEDRA ++++EXAC0520 
E X A P 9 5 3 0  

+ + + + +  I R I T I  A L I Z E  CALCOMP PLOT PACKAGE + + e + +  EX AVO540 
3 301 1’3 I I  1 2  3.85 EX AVO550 

EX AVO57 0 
+ + + + +  STORE U N I T  CELL CCRrUERS F O R  CELL OUTLIVE +++++  E XACO580 

. 5 7 E X A V 0 5 9 0  

+ + + + e  1 9 - 2 r 5 . 8 5  B 2.3 Ih. DIAMETER PICTUXES9 1 2  I Y .  AWAYqDIRECT STEREO VUEXAV0560 
3 4 0 1  2 2 5 5 5 7 1  - 2 2 6 6 6 3 1  

3 4r14 21 21 I 5 . I 3  . 5 2  
I + + + *  STORE CE\ITRAL ATOCS OF P3LYHEOQA +I++ 

e + + + *  C C V V O L l J T t  SPHERE CF EYCL3SURE W I T H  E4CH LENTRAL A T O M  +++I+ 
3 4’15 1 5 1 2 0  3.52 

3 5 3 1  2 1 5 5 5 5 1  2 1 5 5 5 3 1  2 1 5 6 5 0 1  2 1 5 5 5 0 1  2 1 5 5 6 9 1  

3 6 0 4  

3 5c13 2 3 

3 I101 

I 7 1 4  
3 I 5 

2 Y13 

a + + + *  R A X I S  H O R I L O Y T A L t  C A X I S  VClQTICPLt VIEWED 4LONG - A  A X I S  * + + + +  

+ + + + +  AUTOWETIC SCALE ANC P O S I T I O h l  ++e*+ 

e + * + *  STEREC R’ITATIOY FCR L E F T  E Y E  V I E W  *I++* 

+ + I + +  S T A R T  S A V E C  SEQUFNCE +I+** 

***++ D R A W  FETAL ATOMS S E L E C T I V E L Y  + + + + +  

2 2 2  2 2  2 2  22 I 9.0 I 1.0 . @ I  
2 2 ?  2 2  2 2  22  I 15.0 16.0 - 0 1  
2 6 I I  6 I 1  3 2.5 2.8 .04 - I  I 
2 6 19 5 19 I 2.6 4.4 - 0 2  - 2  2 
2 I ”  27 13 23 t 2.6 4.7 - 3 2  - 3  3 
2 3 2 3  9 23 I i - 6  4.58 .07 - 4  4 
3 7 2 1  7 23 1 2.6 4.6 - 0 2  - 5  5 

3 I t 0 2  

3 2 3 2  2.4 

3 5 3 3  2 -3 

3 1133  

3 202 I 3  

3 2 9 2  

+** * *  DRAW F C L Y P E P R A  AUC CELL 3 U T L I Y E  e * * + +  

+ + + + +  E h D  S C V E O  SEGUEYCE * + * + a  

+ * + e *  ACVAVCE OLOTTER FCR R I G I - T  EYE VIEW * + + + +  

+++*I STErlEC 9 0 T A T I O Y  F C R  RIGbT’ EYE V I E W  * * + + *  

+ + + + +  R E P E A T  S A V E r  S E Q U E N C E  

+++*I ACVANCE DLOTTER I C  I\. + * * * *  

1.8 1.9 
2.6 3.1 
2.7 3.52 
2.7 3.3 
2.7 3.2 

~~ 

+ + + + +  ACE D U C M Y  PLOT ( STOP CALCOMP 01 PLOT 1 3 .  3 ) * + + * e  
-I 

EX AVO600 
EXAPO6IO 
E X A PO6 2 0  

I EXAVO630 
EX A P 0 6 4 0  
E X A P 0 6 5 0  
E XACO660 
EX AVO670 
E X A  PO6 8 0 
EX AVO690 
E X A V O 7 3 0  
E X A C 0 7 1 0  
E X  AVO720 
EXAVO730 
E XAPO74O 
EXAP075O 
E X  A PO76 0 
EXAVO770 
EX AVO780 
E XAV079c1 
EXAVOSC13 
EXAVO8 IO 
EX AVO920 
EX AVO830 
E X A C 0 3 4 0  
EX AVO853 
E X  AVO860 
E X A V08 7 0 
EXAPO880 
E X A C 0 8 9 0  
E X A V09OO 
EXAlJO9lO 
EXAlJO920 
EX A V093 0 
EX AVO940 
EXAVO950 
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2.3.5.3 Listing o f  Output from the Monitor Output Tape o f  the Computer. - 

CUBANE E . B . F L E I S C H E R  1964 J . A . C . S .  86,3889 

D I R E C T  CELL PARAMETERS 
A B C ALP HA BETA s h u n &  

5.339 999 5.339999 5.339999 72.260 7 2.260 72.260 
C O S I N E  0.30469871 0 . 3  046 98 7 1 0.3046987 1 

R E C I P R E A L  CELL PARAMETERS 
G A M M A *  

C O S I N E  -0.23353952 -0.23353940 -0.23353940 

BETA* ALPHA* A *  B* C* 
0.202207 0.202207 0.202207 103.506 103.506 103.506 

S YBMET BY IRANSFORMATIONS 

NO. ATOB 
1 c1 
2 c2 
3 HI 
(1 82 
5 ORGN 

NO. ATOM 
1 c1 
2 c2 
3 H1 
4 H2 
5 ORGN 

N O .  TRANSFORMED X 
1 0.0 1. x 0. r 0. 
2 0.0 0. x 0. r I. 
3 0.0 0. x 1. Y 0. 
4 0.0 -1. x 0. Y 0 .  
5 0 .0  0. x 0. r -1. 
6 0.0 0. x -1. r 0. 

X Y z 
-0.1871 10 0.1951 90 0.107060 
0. 115460 0.115460 0.115460 
-0.324600 0.346800 0.184800 
0.2.10000 0.210000 0.210000 
0.0 0.0 0.0 

X r z 
-0.1 E71 10 0.195190 0.107060 
0.1 15460 0.115460 0.115460 

-0.324600 0.346800 0.184800 
0.2 10000 0.210000 0.210000 
0.0 0.0 0.0 

PRANSFQRMED Y PRANSPORMED 2 
z 0.0 0. x 1. r 0. z 0.0 0. x 0. Y 1. 2 
Z 0.0 1. x 0. Y 0. z 0.0 0. K 1. r 0. z 
z 0.0 0. x 0. Y 1. z 0.0 I. x 0. r 0. z 
z 0.0 0. x -1. r 0. z 0.0 0. x 0. Y - 1 .  2 
Z 0.0 -1. x 0. Y 0. 2 0.0 0. x -1. Y 0. z 
z 0.0 0. x 0. Y -1. 2 0.0 -1. x 0. Y 0. z 

B l l  B2 2 833 812 813 8 2 3  TYPE 
0.041000 0.042500 O.OU5000 -0.004200 -0.014200 -0.005100 0. 
0.046800 0.046800 0.046800 -0.014300 -0.014300 -0.014300 0. 
0.100000 0.0 0.0 0.0 0.0 0.0 7. 
0.100000 0.0 0 .o 0.0 0.0 0.0 7. 
0.0 0.0 0.0 0.0 0.0 0.0 0. 

RMSD 1 RMSD 2 BBSD 3 
0.204899 0.239856 0.255794 
0.205704 0.247732 0.247732 
0.100000 0.100000 0.100000 
0.100000 0.100000 0.100000 
0.100000 0.100000 0.100000 

t3 
0 
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CUBANE E.B.PLEISCHER 1964 J.A.C.S. 86 ,3889 

ORTHONORMAL REFERENCE VECTORS BASED ON CRYSTAL AXES POST-FACTOR TRANSFORM A T I O B  M A T R I X  
X VECTOR Y VECTOR Z VECTOR 

0.1872659E 00 -0.5990840E-01 -0.47223263-01 0.5339996E 01  0.9536743E-06 
0.0 0.19661 53E EO -0.4722328E-01 0.1627090E 01  0.5086076E 01 
0.0 0.0 0.20220681 00 0.16270903 0 1  0 . 1 1 8 7 7 9 9 3  0 1  

( ( ( ( (  INSIRUCTION 101 ) I ) ) )  
0.1555010E 06 0.2000000E 01 0.1000000E 01 0-4000000E 0 1  0.3610000E 01  0.0 

***** F I N D  ALL N E I G H B O R  ATOLIS AROUND C1 A N D  C2 OUT TO 3.61 A ***** 
PROM ATOMS TO ATOMS Y I T H  RADIUS OR. IF A BOX. YITH SEMIDIMENSIONS 

CODE ( I I N  M A X )  ( M I N  M A X )  A B C 

1 0 1  155501 255501 1 4 3.610 0.0 0.0 

V E C T O R 2  FROM A T O I  
c 1  81  
c 1  c 1  
c 1  C l  
c 1  c2  
c 1  c 1  
c 1  c 1  
c 1  c 2  
c 1  H l  
c 1  H 1  
c 1  ti2 
c 1  C1 
c 1  H1 
C l  H1 
c 1  ti2 
C l  H 2  
c 1  H2 
c 1  HI 
C l  H I  
c 1  H1 
C l  c2 

VECTORS ?ROM ATOM 
c2 H 2  
c2  C l  
c 2  c 1  
C i  Cl 
c2  c1 
C i  C l  
c2 c1 
C i  H1 
c 2  8 1  
c2 H I  
c 2  c 2  
c 2  H 1  
c2 H 1  
c 2  H 1  
C 2  Hl 
c 2  H1 

c 2  c1 
C i  c 1  
c 2  c 1  

c 2  n i  

( 1,5550 1) T O  ATOMS 1 THROUGH 
( 1,55501)-0 .1871 0. 1952 0.1071 ( 

( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
t 
( 
( 

( 2,55501)  TO ATOMS 1 T H R O U G H  
( 2 ,55501)  0 .1155 0. 1155 0.1155 ( 

( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 

4 
3,55501) -0 .3246 0.3468 0.1848 
1 ,55505)  -0.1071 0.1871-0.1952 
1 ,55506)-0 .1952-0 .1071 0.1871 
2,55501) 0 .1155 0.1155 0.1155 
1 ,55502)  0 .1071-3.1871 0 .1952 
1,55503) 0.1952 0.1071-0.1871 
2,5 5504) - 0.1 1 55- 0.1 1 55- 0.1 1 5 5 
3 ,55506)  -0.3468-0.1848 0.3246 
3,555053-0.1898 0.3246-0.3468 
4,55501) 0 .2100 0.2100 0 .2100 
1 ,55504)  0 .1871-0.1952-0.1071 
3 ,55502)  0 .1848-0.3246 0.3466 
3,55503) 0 .3468 0.1848-0.3246 
4 ,4  5501)  -0.7900 0.2 100 0.2 100 
4 ,56504)  -0.21 00 0 .7900-0 .2  100 
4,55504) -0 .2100-0.2100-  0.2 100 
3 ,55605)-0 .1848 0.3246 0 .6532 
3 ,45603)-0 .6532 0.1848 0.6754 
3 ,46504)  -0 .6754 0.6532- 0 .1848 
2 ,5  6504)  -0.1 155 0.8845-0.1155 

U 
4,55501) 0 .2100 0.2100 0.2100 
1 ,55501)  -0.1871 0.1952 0 .1071 
1,55502) 0 .1071-0.1871 0 .1952 
1,55503) 0 .1952 0.1071-0.1871 
1 ,55504)  0 .1871-0.1952-0.1071 
1,55505)-0.1071 0.  1871-0.1952 
1,55506) -0.1952- 0.1071 0.1871 
3 ,55501)  -0.3246 0.3468 0.1848 
3,55502)  0 .1848-0.3246 0 .3468 
3,55503) 0 .3468 0.1848-0.3246 
2,5550U)-0.1155-D. 1155-0.1155 
3,55504)  0 .3246-0.3468-0.1848 
3,55505) -0 .1848 0.3246-0.3468 
3 , j5506)-0 .3468-0 .1848 0.3246 
3 ,56504)  0 .3246 0.6532-0.1848 
3,55605) -0.18U8 0.3246 0.6532 
3 ,65506)  0.6532-0.1848 0.3246 
1 ,56504)  0 .1871 0.8048-0.1071 
1,55605) -0 .1071 0.1871 0.8048 
1 ,65506)  0.8048-0.1071 0.1871 

0.9 53 6 7 4 3E -0 6 
0.95367433-06 
0.4945430E 0 1  

0.0 

D = 1.012 
D = 1.549 
D = 1.549 
D = 1.552 
D = 2.183 
D = 2.183 
D = 2.202 
D = 2.282 
D = 2.306 
D = 2.316 
D = 2.677 
D = 3.052 
D = 3.069 
D = 3.077 
D = 3.096 
D = 3.175 
D = 3.200 
D = 3.284 
D = 3.388 
D = 3.609 

D = 1.109 
D = 1.552 
D = 1.552 
D = 1.552 
D = 2.202 
D = 2.202 
D = 2.202 
D = 2.273 
D = 2.273 
D = 2.213 
D = 2.710 
D = 3.091 
D = 3.091 
D = 3.091 
D = 3.181 
D = 3.181 
D = 3.181 
D = 3.609 
D = 3.609 
D = 3.609 
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( (  ( (  ( INSTRUCTION 102 ) ) ) ) ) 
0.1555010E 06 0.2000000E 01 0.1000000E 0 1  0 .4000000E 0 1  0 .17999993 01 0.0 

***** I I N D  COVALENT BONDS A N D  BOND ANGLES A R O U N D  CLRBONS ***** 
P R O H  ATOHS T O  ATOHS Y I T H  RADIUS O R ,  I F  A BOX,  WITH SE~DIHEUSIONS 

C O D E  (HIN H A X )  ( H I N  MAX) b B C 

1 0 2  155501 255501 1 4 1.800 0.0 0.0 

VECTORS PRON Aron ( 1,55501)  'IO A X O N S  1 T H R O U G H  U 
c 1  H I  ( 1,55501) -0.1871 0. 1952 0 .1071 ( 3,55501)-0.32U6 0.3468 0.1848 
c 1  c 1  ( 1 , 5 5 5 0 5 ) - 0 . 1 0 7 1  0.1871-0.1952 
c 1  c 1  ( 1,55506)-0.1952-0.1071 0 .1871 
c 1  c2 ( 2,55501)  0.1155 0.1155 0 .1155 

ANGLES A R O U N D  ATOH 1 
H 1  c 1  c 1  ( 3,55501)  ( 1 ,55501)  ( 1 ,55505)  D = 2.282 
8 1  c 1  c1 ( 3,55501)  ( 1 ,55501)  ( 1 , 5 5 5 0 6 )  D = 2.306 
H 1  c1 c 2  ( 3,55501)  ( 1,55501) ( 2,55501)  D = 2.273 
c 1  c 1  c 1  ( 1,55505)  ( 1 ,55501)  ( 1 ,55506)  D = 2. 183  
c 1  c1 c 2  ( 1,55505) ( 1,55501)  ( 2,55501)  D = 2.202 
c 1  c 1  c2 ( 1 ,55506)  ( 1,55501)  ( 2,55501) D = 2.202 

c 2  H2 ( 2,55501)  0 .1155 0. 1155 0 .1155 ( U,55501) 0.2100 0.2100 0.2100 
C i  c 1  ( 1.55501)-0 .1871 0.1952 0.1071 
c 2  c 1  ( 1 ,55502)  0 .1071-0.1871 0 .1952 
C i  Cl ( 1,55503)  0.1952 0. 1071-0 .1871 

VECTORS PROH At011 ( 2,55501) TO A'IOHS 1 T H R O U G H  U 

ANGLES A R O U N D  ATOM 2 
8 2  c 2  c 1  ( 4,55501)  ( 2,55501)  ( 1 ,55501)  D = 2.376 
H i  c 2  c1 ( 4,55501) ( 2 ,55501)  ( 1 ,55502)  D = 2.376 
8 2  c 2  c1 ( U,55501) ( 2,55501)  ( 1,55503) D = 2.376 
c 1  c 2  c 1  ( 1,55501) ( 2,55501)  ( 1,55502)  D = 2. 183  

D = 2. 183  c 1  c2  c1 ( 1,55501)  ( 2 ,55501)  ( 1 , 5 5 5 0 3 )  
D = 2.183 E 1  c 2  c1 ( 1,55502)  ( 2,55501)  ( 1,55503) 

( ( ( ( (  INSTRUU'ION 201 ) ) ) ) )  
0.0 0.0 0.0 0.0 0.0 0.0 

***** I N I T I A L I Z E  LIECBAUICAL ELCTTEL PACKAGE. 203 FOR CRT PACKAGE **I** 

( ( ( ( (  INSTRUCTION 3 0 1  ) ) ) ) )  
0. 11OOOOOE 02 0. 11OOOOOE 02 0.3COOOOOE 02 0.1500000E 01 3.0 

***** 11x11 BOUNDARP,  8 x 8  INSIDE 1.5 H A R G I N ,  Y I E U  PRON 30 INCHES ***** 
PLOT IIuIrs 11.00 BP 11.00 IN. INCLUDING 1.50 IN. MARGIN 
V I E Y  DISTANZE 30.000 INCHES 

0.0 

0.0 

0.0 

0.0 

D = 1.012 
D = 1.549 
D = 1.549 
D = 1.552 

A =120.69  
A =127.16  
A A =123.52 = 8 9 . 6 0  

A = 9O.UB 
A = 90.48  

D = 1. 109 
D = 1.552 
D = 1.552 
D = 1.552 

A =125.66  
A =125.66 
A =125.66 
A = 89.4U 
A = 89.44  
A = 89.4U 
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( ( ( ( (  INSTRUCTION 303  ) ) ) ) )  
0.0 0.0 0.0 0.0  1 0.0 0.0 0.0 

***** E L E H I N A T E  ALL RETRACING ***** 
RETRACE DISPLACEUENT = O..O I N C H  

INSTRUCTION 402 ) ) ) ) )  
0.55550103 06 0.5000000E 01 0.1000000E 0 1  0.4000000E 01 0.3200000E 01  0 .0  0.0 

***** ENCLOSER SPHERE O F  RADIUS 3 .2  A ABOUT D U M H Y  A T O H  5,555.01 ***** 
FEOH ATOUS TO ATOHS WITH RADIUS OR. IF A BOX. UITH SEHIDIMENSIONS 

C O D E  ( U I N  H A X )  ( U I N  MAX) A B C 

4 0 2  555501 555501 1 4 3.200 0.0 0.0 

VECTORS PROH A r O U  ( 5 ,55501)  TO ATOHS 1 THROUGH 4 

CONTENTS OF ATOUS A R R A Y  
155501.  255501.  355501.  455501.  155502.  355502.  155503.  355503.  155504.  255504.  
355504. 455504.  155505.  355505.  155506. 355506.  

INSTRUCTION 501 ) ) ) ) )  
0.55550103 06 0.2555010E 06 0 .15550103 06  0 .2555010E 06  0 . 1 5 5 5 0 2 0 3  06 0.0 0 .0  

***** C R I G I N  ON D U H H Y  ATOM 555501,  VECTORS ALONG 2 EDGES OF C U B A N E  ***** 
O R I G I N  FOB PROJECTION AXIS I N  CRYSTAL COORD.  0.0 0.0 0.0 

O R T H O N O R H A L  REFERENCE VECTORS BASED CN CRYSTAL A X E S  P3ST-PAZTOR T E A N S P O E H A T I O N  M A T R I X  
Y VECTOR X VECTOR 2 VECTOR 

-0. 1950173E 0 0  -0 .533243lE-01  0.3517698E-02 -0 .51615723 01  3 . 2 1 2 8 9 7 3 ~  00 0 . 1 3 5 2 1 9 0 ~  01  
0 . 5 1 3 a 8 8 9 ~ - 0 1  0 . 4 0 3 1 1 5 i ~ - o 2  0 . 1 9 5 5 2 6 3 ~  00 -0 .2760968E 00 3. 13500793 01 0 .5159129E 01  

-0.54141213-02 0 .19547853 00  -0.5144400E-0 1 -0.1402325E 01 0.5145890E 01 0 . 2 6 2 4 6 9 3 3  00  

I NSTRU C T I O N  502 ) ) ) ) ) 
0.200COOOE 01 0.2500000E 02 0.1000000E 0 1  0 .2800000E 02 0.0 0.0 0.0 

***** hOTA'IE 25  DEGREES ABOUT Y, THEN 28 DEGREES ABOUT N E U  X ***** 
O R I G I N  FOR PROJECTION AXIS I N  CBXSTAL COORD. 0.0 0.0 0.0 

O E T H O N O R i i A L  R E F E R E N C E  VECTORS BASED ON CBYSTAL A X E S  P3ST-FA~TDE TEANSPORHATION H A T R I X  
X VECTOR Y VECTOR Z VECTOR 

-0.1752591E 0 0  -0.8727211E-01 0.5055124E-01 -0.1106512E 01  -3.1411451E 01 0.3108037E 01 
0.1292071E 00  -0.6943826E-01 0 .13918123 00 0.1930112E 01  -0.1057861E 0 1  0.4865296E 01 

-0.2664803E-01 0.1934117E 00  0.52625193-01 -0.1 160014E 01 0.4153644B 01 0 .31491573 01 

INSTRUCTION 604 ) ) ) ) )  
0.0 0.0 0.0 0.1540000E 01 3.0 0.0 0 . 0  

***** AUTOHATIC SCALE A N D  POSITION. 50 PERCENT P R O B A B I L I T Y  ELLIPSOIDS ** 
O R I G I N  POINT I N  PLOTTER C O O R D . (  5 .35 . 5.15 ) I N .  
O V E R A L L  SCALE = 1.960 INCH/ANGSTROM ELLIPSOID SCALE = 1 .SUO 
V I E Y  DISTANCE 30.000 INCHES 

N 
W 
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0.0 
( ( ( ( (  INSTRUCTION 503 ) ) ) ) I  

0.200COOOE 01 0.2700000E 01 0.0 0.0 0.0 0.0 

***** STEREO R O T A T I O N  O F  2.7 DEGBEES ABOUT Y FOR LEFF EYE ***** 
O R I G I N  FOR PROJECTION AXIS I N  CBYS'IAL COORD. 0.0 0.0 0.0 

O X T H O N O R I A L  W O R K I N G  VECTORS BASED C N  CRYSTAL AXES P3ST-FAZFDR l ' R A N S P O R I A T I O N  I A T R I X  
X VECTOR Y VECTOR 2 VECTOR 

-0. 1726831E 0 0  -0.8727211E-01 0.5875095E-01 -0.39555U4E 01  -3 .141145lE 0 1  0.3298029E 01 
0.1356199E 0 0  -0.6943828E-01 0. 13294013 00 0 .21571553 01  -0.1057861E 0 1  0 .47689711 0 1  

-0.2413946E-01 0.1934117E 00  0.5382206E-01 -0.1010380E 01 0.4153644E 01 0.3200305E 0 1  

( ( ( ( (  INSTRUCrION 1101 ) ) ) ) )  
0.0 0.0 0.0 0.0 0.0 0.0 

***** CTAR'I  SAVE SEQUENCE ***** 
( ( ( ( (  INSTRUCTION 511 ) ) ) ) I  

0.0 0.0 0.0 0.0 0.0 0.0 
1 4 1 4 4 0.90000 1.60000 0.04000 0.0 0.0 0.0 

***** S T O R E  PBDJECTED ATOIS A N D  BONDS FOB OVERLAP, M A R G I N  SET BY DEFAULT 

OVERLAP M A B G I N  IS 0.042 I N C H  
CONTENTS OF SORTED ATOIS A R R A Y  

455504.  255504.  355504.  355506.  155504.  155506.  355505.  155505. 
155503.  155501.  355503. 355501.  255501.  455501.  

BOND SELECTION CODES 

0.0 

0.0 
0.0 0.0 

355502.  155502.  

(SEQUENCE(A) ) (jEQUENCE(B)) (BOND) (DISTANCES) ( BOND ) (PEBSP.--LABELS) (NOBMAL--LABELS) (DIGITS) 
( I I N  I A X  ) ( I ' l IN  M A X  ) (TYPE) ( I I N  I A X )  (RADIUS) (HEIGHT OFFSET) (HEIGHT O F F S E T )  (NUIBEB) 

FAULT NG = 1 4  455501. 800 
1 4  1 4  4 0.90 1.60 0.040 0.0 0.0 0.0 0.0 0. 

B O N D  O V E R L A P  A B R A Y  CONTAINS 19  BONDS ( n a x m u n  IS  599)  
LTOPI-PAIR NUMBERS I N  A B R A Y  EEPER T O  SEQUENCE I N  SORTED ATOIS A B R A Y  

2005. 2006.  2008. 3005.  4006.  50 10. 5011. 6010.  6012. 7008.  
8011. 8012.  9010. 10015.  11013.  11015.  12014. 12015. 15016. 

3RIGIN FOR P R O J E C T I O N  AXIS I N  CBYSTAL COCRD. 0.0 0.0 0.0 

O R T H O N C R I A L  REFERENCE VECTORS BASED ON CRYSTAL AXES POST-FACTOR TRANSFORIATIOI I A T R I X  
X VECTOR Y VECTOR 2 VECTOS 

-0.1 952591E 0 0  -0.8727211E-01 0.5055124E-01 -0 .41065123 01 -0.1411451B 01 0 .31060373 0 1  
0. 1292071E 00 -0.6943828E-01 0.1391812E 00 0. 1930112E 01  -0.1057861E 01 0.4865296E 0 1  

-0.2664803E-0 1 0. 1934 117E 0 0  0.5262519E-01 -0.1160014E 0 1  0.4153644E 0 1  0.3149157E 0 1  

( ( ( ( (  INSTRUCTION 715 ) ) ) ) )  
0.4000000E 01 0.0 0.1COOOOOE 01 0.0 0.2000000E 00 0.6000000E 00 0.7000000E 00  
0.0 0.0 0.1000000E 01 0.2000000E 01 3.0 0.0 0.0 

***** D R A Y  C A R B O N  A T O I  ELLIPSOIDS, ATOU NURBER R U N  1-2 ***** 
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( ( ( ( (  INSTRUUION 712 1 ) ) ) )  
0.0 0.0 
0.0 0.0 

0.0 0.0 0.2000000E 0 0  0.35000OOE 0 0  0.4000000E 00 
Q.3000000E 0 1  0 .4000000E 0 1  0.0 0.0 0.0 

***** LRAY HYDBOGEN ATOH SPHERES, ATOH NUMBER BUN 3-4 ***** 
( ( ( ( (  INSIRUCTION 812 ) ) ) ) )  

0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 4 1 4 4 0.90000 1 .60000 0.04000 0.0 0.0 0 .0  0.0 0.0 

***** l Y P E  4 BONDS .04 A BEAN RADIUS, ATOHS 1-4 T O  ATOIS 1-4, 0.9-1.6 A 

B O N D  SELECTION CODES 

(SEQUENCE(A)) (SEQUENCE(B)) (KOND) (DISTANCES) ( BOND ) (PERSP.--LABELS) (NORHAL--LABELS) (DIGITS) 
( B I N  H A X  ) ( UN I A X  ) (TYEE) (BIN H A X )  (BADIUS) (HEIGHT 3PFSET) ( H E I G H T  OFFSET.) (NUIBEB) 

FAULT NG = 14  455504. 800 
1 4  1 4  4 0.90 1.60 0.040 0.0 0.0 0.0 0.0 0. 

( (  ( (  ( INSTRUCrION 906 ) ) ) ) ) 
0.1555040E 06 0.1555030E 06 0.0 0.0 0.1500000E 00 0.0 

***** LABEL BOND 155504- 155503 Y I T H  REGULAR B O N D  DISTANCE LABEL ***** 
( ( ( ( (  INS’IRUCPION 916 ) ) ) ) )  

0.255504OE 06 0.15550503 06 0.0 0.0 0 .1500000E 00 0.0 

***** LA3SL BOND 255504-155505 Y I T H  PERSPECPIVE BOND DISTANCE LABEL **** 
( ( ( ( (  INSTRUUION 902 ) ) ) ) )  

0.55550106 06 0.0 0.0 0.1000000E 01 0 .2500000E 00 0.0 

CUBANE 

( ( ( ( (  INSTRUCTION 1102 ) ) ) ) )  
0.0 0.0 0.0 0.0 0 .o 0.0 

***** E N D  OF SAVE SEQUENCE ***** 
( ( ( ( (  INSTRUCrION 202 ) ) ) ) I  

0.900COOOE 01 0.0 0.. 0 

***** l D V A N C E  PLOTTER 9 INCHES ALONG X ***** 
( ( ( ( (  INSTBUCrION 5 0 3  ) ) ) ) )  

0.200COOOE 01 -0.2700000E 01 0.0 

0.0 3.0 

0.0 0.0 

0.0 

0.0 

-0.UOOOOOOE 00  

-0.4OOOOOOE 00 

0.0 

0.0 

0.0 

0.0 

***** CTEREO R O T A T I O N  OF -2.7 DEGKEES ABOUT Y FOR R I G H T  EYE VIEW ***** 
O R I G I N  FOR PROJECTION AXIS I N  CRYSTAL COORD. 0.0 0.0 0.0 

O R T H O N O R I A L  Y O R K I N G  VECTORS BASED CN CRYSTAL AXES P3ST-FAZPDR PUANSPORHATION I A T B I X  
X VECTOR Y VECTOR 2 VECTOR 

-0. 17744571 00  -0.87272 11E-01 0.42239306-01 -0.Y248351E 0 1  -3 .1Ul l451E 01  0.2911142E 01  
0.1225073E 00 -0.6943828E-01 0.1451131E 00 0.1698782E 01 -0.1057861E 0 1  0.4950814E 01  - 0.2 909743E-0 1 0.1934 1 17E 00 0.5 13 1147E-0 1 -0.1307071E 01 0.4153644E 01 0.3091016E 0 1  
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( ( ( ( (  INSTBUU'ION 1103 ) ) ) ) )  
0.0 0.0 0.0 0.0 0.0 

***** EXECUTE SAVED SEQUENCE PCR B I G H T  EYE D R A W I N G  ***** 
( ( ( ( (  INSTRUCrION 511 ) ) ) ) )  

0.0 0.0 0.0 0.0 3.0 
1 4 1 4 U 0.90000 1.60000 0 .04000 0.0 0.0 

*I*** SPORE PROJECTED ATOHS A N D  BONDS FOB O V E R L A P ,  H A R G I N  SET B Y  DEFAULT 

3VERLAE I A R G I N  I S  0.042 I N C H  

CONTENTS OF S O E T E D  ATOHS A R R A Y  
455504.  355504.  255504. 355506.  155504.  155506.  355505. 
155503.  155501.  355503.  355501.  255501.  455501. 

BOND SELECTION CODES 

0.0 

0.0 
0.0 

355502.  

0.0 

0.0 
0.0 0.0 

155502. 155505.  

(SEQUENCE (A) ) (jEQOENCE(B) ) (BOND) (DISTANCES) ( BOND ) (PERSP.--LABELS) (NORHAL--LABELS) (DIGITS) 
( B I N  H A X  ) ( H I N  H P X  ) (TYFE) (HIN U A X )  (RADIUS) (HEIGHT 3FFSET) (HEIGHP OFFSET) ( N U H B E R )  

FAULT NG = 1U U55504. 800 
1 4  1 4  U 0.90 1.60 0.040 0.0 0.0 0.0 0.0 0. 

B O N D  OVERLAP A R R A Y  CONTAINS 19 BONDS ( H A X I H U H  I S  599)  
ATQH-PAIR NUllBEES I N  A R R A Y  6EFER T O  SEQUENCE I N  SORTED ATOHS A R R A Y  

200 5. 3005.  3006. 3010.  4006.  5009.  5011.  6009.  6012.  7010.  
8009.  90 15. 10011. 10012.  11013.  11015. 12014. 12015. 15016. 

O R I G I N  FOE PROJECTION AXIS I N  CRYSTAL' COCfiD. 0.0 0.0 0.0 

OBTHONORHAL REFERENCE VECTORS BASED ON CRYSTAL AXES POST-FACTOR TRANSPORflATION H A T R I X  
X VECTOR Y VECTOR Z VECTOR 

-0 .175259lE 00  -0,87272113-01 0.5055124E-01 -0.4106512E 01  -0.1411U51E 01 0 . 3 1 0 8 0 3 7 3  0 1  
0 . 1 2 9 2 0 7 1 3  00 -0.6943828E-01 0.1391812E 00 0. 1930112E 01 -0.1057861E 01 0 . 4 6 6 5 2 9 6 3  0 1  

-0.266U803E-01 0 .193411lE 00 0.5262519E-01 -0.1160014E 01  0.41536UUE 0 1  0 .3149157E 01  

( ( ( ( (  INSTRUCTION 715 ) ) ) ) )  
O . U O O O O O O E  01  0.0 0. lOOOOOOE 01 0.0 0.2000000E 00 0.6000000E 00 0.7000000E 00 
0.0 0.0 0.1COOOOOE 01 0.2OOOOOOE 01 0.0 0.0 0.0 

***** D R A Y  Z A R B O N  ATOH ELLIPSOIDS, ATOH NUHBER R U N  1-2 ***** 
( ( ( ( (  INSTRUCPION 712  ) ) ) ) )  

0.0 0.0 0.0 0.0 0.2000000E 00 0.3500000E 0 0  0 .4000000E 00  
0.0 0.0 0 .3000000E 0 1  0.UOOOOOOE 01 0.0 0.0 0.0 

***** [ R A Y  H Y D R O G E N  ATOH SPHERES, ATOH NUHBEE R U N  3-4 ***** 
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( ( ( ( (  INSTRUCTION 812 ) ) ) ) )  
0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1 4 1 4 4 0.90000 1.60000 0.04000 0.0 0.0 3.0 0.0 0.0 

***** IYPE 4 BONDS .04 A HEAN RADIUS, ATOMS 1-4 T O  ATOMS 1-4* 0.9-1.6 A 

BOND SELECTION CODES 

(SEQUENCE(A) ) (SEQUENCE(B) ) (BOND) (DISTANCES) ( BOND ) (PEESP.--LABELS) (NOEHAL--LABELS) (DIGITS) 
( N I N  M A X  ) ( H I N  MAX ) (TYFE) (HIN HAX) (RADIUS) (HEIGHT DPFSET) (HEIGHP OFFSET) (NUMBER) 

FAULT NG = 14  455504. 800 
1 4  1 4  4 0.90 1.60 0 .040  0.0 0 .o 0.0 0.0 0. 

( ( ( (  ( INSTRUCIION 906 ) ) ) ) ) 
0.15550UOE 06 0.15550303 06 0.0 0.0 0.1500000E 00 0.0 -0.4000000E 00  

***** LABEL BOND 155504-155503 WITH REGULAR B O N D  DISTANCE LABEL ***** 
( ( ( ( (  INSTRUCIION 9 1 6  ) ) ) ) )  

0.2555040E 06 0.15550503 06 0.0 0.0 0 .1500000E 00 0.0 -0.4000000E 00 

***** LAaEL BOND 255504-155505 Y I ' I H  PERSPECTIVE BOND DISTANCE LABEL **** 
( ( ( ( (  INSTEUC~ION 902  ) ) ) ) )  

0.55550103 06 0.0 0.0 

CUBANE 

( ( ( ( (  INSTRUCTION 1102 I ) ) ) )  
0.0 0.0 0.0 

***** END OF S A V E  SEQUENCE ***** 
( ( ( ( (  INSIRUCTION 202 ) ) ) ) )  

0.2000000E 02 0.0 0.0 

***** A D V A N Z E  PLOTTER 20 INCHES ***** 
( ( ( ( (  INS'IRUCTION 202 ) ) ) ) )  

0.0 0.0 0.0 

***** ADD D U M H X  PLOT TO MAGNETIC TAPE ***** 
( ( ( ( (  INSIRUCTION -1 ) ) ) ) )  

0. 1OOOOOOE 01  0.25OOOOOE 00 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 

0.0 

0.0 

0.0 
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3. D E T A I L E D  O P E R A T I N G  I N S T R U C T I O N S  

3.1 Definitions 

Several  convent ions must b e  def ined before t h e  instruct ions c a n  b e  explained.  

3.1.1 Atom Designator Code ( A D C )  and Addressable Point. - In order t o  spec i fy  a par t icular  atom in 

the  crystal  within a reasonable  d is tance  from the  crystal lographical ly  defined origin, t h e  following five- 

component atom designator  code word (ADC) is used.  

ADC = AN*105 t (TA + 5)*104 + (TB + 5)*103 + ( T C  + 5)*102 + SN, 

where 

< <  < AN = ATOM NUMBER (0 = AN = NATOM = 166)  = t h e  sequent ia l  number of the  atom in t h e  input l i s t  

of a toms in t h e  asymmetric unit, which conta ins  NATOM atoms.  Atom zero  i s  not in t h e  input 

atom l i s t  but refers  t o  t h e  c r y s t a l  origin point ( O . ,  O . ,  0 .). 

T A , T B , T C  = c r y s t a l  l a t t i c e  t ranslat ion digits a long  c e l l  e d g e s  a, b, and c.  E a c h  digit in ADC can  

range f r o m  1 t o  9; consequent ly ,  i t  i s  poss ib le  t o  move up t o  +4  la t t ice  t rans la t ions  in any di- 

rection from the  origin c e l l  5,5,5. 
< <  < SN = symmetry operator number (0 = SN = NSYM = 48) = the  numerical position of t h e  symmetry op- 

erator  in t h e  input symmetry operator l i s t  which conta ins  NSYM ent r ies .  Symmetry operator 

number z e r o  i s  not in the  input l i s t  but refers t o  a n  ident i ty  operator. However, the  ident i ty  

operation (corresponding t o  position x, y ,  z )  must in general  a l s o  b e  somewhere in t h e  input 
symmetry operator  l i s t  and i s  usually the  f i rs t  operator. 

Example: An atom designat ion code  of 347502 refers to atom 3 moved through symmetry operat ion 2 ,  

then t rans la ted  - 1 c e l l  t ranslat ion along a, + 2  c e l l  t rans la t ions  along b, and 0 c e l l  t rans la t ions  along c. 

An a d d r e s s a b l e  point in t h e  c rys ta l  is any  point for which a n  atom designator  c o d e  e x i s t s .  In general, 

t h e  addressable  region is approximately a 9 x 9 x 9 block of unit c e l l s .  

3.1.2 Vector Designator Code (VDC) .  - A vector  direct ion i s  spec i f ied  by two atom designator  c o d e s .  

T h e  vector  direct ion i s  from t h e  f i rs t  t o  t h e  s e c o n d .  

Example: 253704 263704 i s  a vector  a l o c g  t h e  posi t ive a direct ion of t h e  crystal  l a t t i ce .  

3.1.3 Atom Designator Run (ADR). - A s t ra ight  run s e q u e n c e  of a toms c a n  b e  defined u s i n g  two atom 

designator  c o d e s  with a nega t ive  s i g n  preceding the  s e c o n d  of t h e  two.  T h e  run  hierarchy i s :  f i rs t ,  atom 

number AN; second,  symmetry operation SN; third, a t ranslat ion TA; fourth, b t ranslat ion T B ;  and l a s t ,  c 

t ranslat ion TC.  

Example: ADR (145502 - 245603) will genera te  t h e  8-atom run 145502, 245502, 145503, 245503, 

145602, 245602, 145603, 245603. 

3.1.4 Atom Number Run (ANR). - T h e  Atom Number Run i s  a s u b s e t  of t h e  Atom Designator  Run. In 

th i s  c a s e ,  only the  atom number AN i s  a l lowed t o  change .  Normally, an ANR i s  entered by u s i n g  only the  

atom number (AN) v a l u e s  for the f i r s t  and  l a s t  members of t h e  s e q u e n c e  without a minus s ign .  

Example: (1 4) wil l  des igna te  a toms 1, 2 ,  3 ,  and 4 of t h e  input l i s t .  
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3.1.5 Vector Search Code (Vsc). - A vector  s e a r c h  c o d e  c o n s i s t s  of two atom number runs  and a dis-  

tance range. It i s  u s e d  for finding interatomic d i s t a n c e s  which have  a par t icular  chemica l  s ign i f icance ,  

such  a s  covalent  and coordination bonds.  

Example: Suppose that  metal a toms a r e  numbers 1 and 2 in t h e  atom l i s t  and  oxygen atoms a r e  6-12 

and that  t h e  interatomic d i s t a n c e  range between metals  and  oxygens i s  1.9 A t o  2.4 A .  The metal-to- 

oxygen vectors  c a n  be spec i f ied  by t h e  vector s e a r c h  code  (1 2) (6  12)  (1 .9  2.4). Several  var ia t ions of 

this  b a s i c  code  a re  used  in t h e  program. 

3.1.6 Sphere of Enclosure. - T h e  sphere  of enc losure  s p e c i f i e s  some or a l l  of t h e  atoms lying within 

a sphere  of radius D max about  a given “origin” atom without the  n e c e s s i t y  of del ineat ing e a c h  atom in- 

dividually. T h i s  “sphere of enc losure”  i s  s a i d  t o  contain a complete population if a l l  addressable  a toms 

within the D max radius a r e  included. If the  sphere  of enc losure  conta ins  only cer ta in  types of a toms 

which a r e  derived f r o m  a group of sequent ia l  a toms in t h e  input l i s t ,  then t h e  s p h e r e  i s  s a i d  t o  have a 

partial population. F ina l ly ,  the  population (complete or par t ia l )  of t h e  s p h e r e  of enc losure  c a n  b e  screened  

a s  se lec t ive ly  a s  des i red  through the  u s e  of vector  s e a r c h  c o d e s  (3.1.5), and t h e  resul t ing content  i s  ca l led  

a vector s c r e e n e d  population. 

A sphere  of enc losure  can b e  centered on any  addressable  atom, but one should not .use  points in the 

outermost c e l l s  as  c e n t e r s  b e c a u s e  of t h e  possibi l i ty  of having  nonaddressable  points  within t h e  D max 

radius. 

3.1.7 Box o f  Enclosure. - T h i s  i s  a paral le lepiped which c a n  be centered about  any addressable  

point and a s s i g n e d  arbitrary orientation and dimensions. T h i s  “box of enclosure” can  h a v e  a complete 

population or  a par t ia l  population as  descr ibed for t h e  sphere  of enclosure (3.1.6). However, vector 

screening i s  not a l lowed with the  box of enclosure.  

3.1.8 Reference, Working, and Standard Ca‘rtesian Coordinate Systems.  - Many of t h e  OR TEP cal- 

culat ions u s e  fract ional  coordinates  b a s e d  on t h e  c rys ta l  a x e s  a, b, and c ( t r ic l inic  coordinate  system); 

but other s t e p s  n e c e s s i t a t e  the  introduction of orthonormal b a s e  vector t r iplets  (Cartesian coordinate  

systems) .  Two Car tes ian  s y s t e m s  (reference and working) a r e  ut i l ized.  T h e  reference (major) sys tem 

is used for a l l  operat ions except  plotting, where the working (minor) sys tem i s  used .  For a right-eye 

or left-eye s t e r e o  view,  the working sys tem is moved from t h e  reference sys tem by rotation about  an 
ax is  of the reference sys tem.  However, cer ta in  d e c i s i o n s  made while  plotting must s t i l l  be  referred 

to the reference sys tem to maintain accura te  s t e r e o p s i s .  T h e  u s e r  can  def ine and  or ient  t h e  two 

Car tes ian  s y s t e m s  through t h e  instruct ions of s e r i e s  500. Until a 500-ser ies  instruction i s  given,  a 

“s tandard Car tes ian  s y s t e m ”  i s  ut i l ized for both t h e  reference and  working sys tems.  

base  vectors  of the  s tandard sys tem a r e  oriented a s  follows: 

T h e  orthonormal 

x a x i s  a long  a, 

y a x i s  a long  (a 

z a x i s  a long  (a Y b) = c * ,  

b) Y a, 

where a,  b, a n d  c a r e  c rys ta l  a x e s  and x denotes  the  outer  vector product (c ross  product). T h e  symbol 

c r  refers to a reciprocal a x i s .  
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3.1.9 P r i m e  Parameters and Pr imer  Constants .  - In the  p rocess  of mathematically desc r ib ing  an  

i l lustration to b e  machine drawn, many parameters must be  used.  T h e  more b a s i c  among t h e s e  param- 

e t e r s  a r e  ca l l ed  Prime Parameters. T h e  v a l u e s  a s s i g n e d  t o  t h e s e  prime parameters  are often s imi la r  or 

ident ica l  from one  problem to t h e  next.  T h e  f i r s t  t h ing  OR TEP d o e s  i s  to  c a l l  subrout ine PRIME, which 

s e t s  a s  many prime parameters  as  poss ib l e  t o  reasonable ,  "in the  ba l l  park," Primer Constants. For ex- 

ample, t he  maximum plo t  dimensions (instruction 300 se r i e s )  are set at  17.0 in. for x maximum and 11.0 

in. for y maximum, and the  overall  scale for p lo t t ing  (instruction 600 se r i e s )  is set at  1.0 in./A. If t he  

value a s s i g n e d  t o  a particular cons t an t  by t h e  primer routine is sa t i s f ac to ry ,  t h e  u s e r  d o e s  not have  to 

rese t  t h i s  cons t an t  with OR TEP ins t ruc t ions .  

3.2 Crystal  Structure Data Input 

3.2.1 Tit le Card. - FORMAT (12A6) 

C o l u m n s  

1-72 T i t l e  cons i s t ing  of any des i r ed  alphanumeric  ident i f ica t ion  information. 

T h i s  wi l l  appea r  periodically in  t h e  output.  

3.2.2 Cell Parameter  Card. - FORMAT (6F9.6). Any o n e  of t h e  four following input a l t e rna t ives  may 

b e  u s e d  (no ind ica tor  is needed  t o  specify which type). '  

T h e  parameters a*, e tc . ,  r e f e r  to t h e  reciprocal un i t  cell s u c h  tha t  a.a* = 1. Al l  four  t ypes  wi l l  b e  

printed out regardless  of which type  w a s  u s e d  for input.  

3.2.3 Symmetry Cards ( 1  =( NSYM 5 48). - FORMAT (Il,Fl4.10, 3F3.0,2(F15.10,3F3.0)).  T h e  card 

will b e  interpreted in o n e  of t w o  ways ,  depending on t h e  numerical  va lue  of t h e  number in  columns 70-72. 

If that  number is ~ 5 . 0 ,  t h e c a r d  is interpreted a s  a crystal lographic  symmetry operation; but if t h e  number 

i s  =5.0, t h e  card i s  interpreted as  a general  helix-screw symmetry operation'  a long  t h e  c *  c r y s t a l  a x i s  > 

> > 
'The routine assumes  that  a = 1.0 A ,  a* < 1.0 A b ' ,  

'The general helix-screw symmetry operation i s  not a n  allowed element of a crystallographic group, so  that  the 
molecular environment of the  transformed unit will not in general b e  ident ical  t o  that of the  untransformed unit (unless  
the crystal  i s  considered to  be  one dimensional). 
structure models with minimum input. 
complete crystallographic asymmetric uni t  and normal crystallographic symmetry transformations. 

continue uninterrupted from c e l l  t o  c e l l  along the c axis .  

(or U * )  = 1.09 and lcos (or lcos a* I ) < 1.0. 

This  input is simply a n  expedient for u s e  in plotting hel ical  polymer 
In general i t  would be  poss ib le  t o  produce the same  resu l t s  by specifying the 

This  input mode i s  only meaningful i f  the  ce l l  angles  a and [3 are  909 s o  that  c lies along c* and t h e  hel ix  can  

Page 686



31 

(third a x i s  of t h e  s t anda rd  Car tes ian  s y s t e m ;  see 3.1.8). T h e  two symmetry types  c a n  be  intermixed if 

desired.  

( a )  C r y s  ta  I 1  o g r a  ph i c  s y m m e t r y  

(70-72 = 5 )  
( b )  H e l i x  s y m m e t r y  

(70-72 = 5 )  > < C o l u m n s  

1 

2-15 
16-18 
19-2 1 

22-24 
25-39 
40-42 

43-45 
46-48 
49-63 

64-66 
67-69 
70-72 

f' 0 l a s t  ca rd  only 

TI 

s1 I 

SI 2 

s* 3 

T z  
s2 1 

Sz 2 

T 3  

s 3  2 

s 3  3 

'2 3 

' 3  1 

f 0 l a s t  card  only 

T1 
- 

T 3  

L 
M 

N 

(a )  Crystallographic symmetry3: Transformed t r ic l in ic  coord ina tes  (X 1, Y ,,Z 1) are  obtained from input 

tr iclinic coord ina tes  (X, Y , Z )  by 

XI = T I  i S1 X + S l z  Y + S I 3  Z , 

Y l  = T ,  + S , l  X + S 2 2  Y + S,, Z ,  

Z 1  = T 3  t S 3 1  X + S,,  Y + S 3 3  2 ,  

or in matrix notation 
X I  = T + S  X ,  

where 

T = ( T 1 , T 2 , T 3 )  a s  fractions of c e l l  e d g e s .  

( b )  Helix sc rew symmetry: 
X 1 = T + S X ,  

where 

T = ( T , ,  T 2 ,  T 3  + L / N )  as  f rac t ions  of c e l l  e d g e  a n d  

S = a counterc lockwise  rotation of L.M/N c y c l e s  about  C* a x i s .  

For example,  t he  Pau l ing  and  Corey right-handed a lpha  helix repea ts  a f te r  5 turns a n d  18 res idues  and  can  

be  represented by 18 symmetry c a r d s  with N = 18; M = 5; L = 0, 1, . . . , 17; T I ,  T Z ,  T 3  = 0. T h e  input 

atom l i s t  con ta ins  the  con ten t s  of one  residue. 
< < 3.2.4 Atom Parameter Cards ( 1  = NATOM = 166). - Two ca rds  a re  required for each  input atom. T h e  

first  conta ins  the chemical symbol and posit ional parameters,  and  the second con ta ins  temperature factor 

30nly symmetry cards  for general symmetry equivalent posi t ions are  permitted. Symmetry cards  which explicitly 
designate spec ia l  positions such  a s  X, x, X ;  x, x, 2 ;  x,y,o; $,Y,O; and $,3/ ,0 are  not allowed. 
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information or other  information which s p e c i f i e s  how t h e  atom i s  t o  b e  represented on  t h e  drawing. T h e  

format a l lows  t h e  u s e  of t h e  atom parameter c a r d s  produced by  t h e  FORTRAN L e a s t  Squares  Program OR 

F L S  by Busing, Martin, and Levy (1962).4 Severa l  a l te rna te  inputs  a r e  p o s s i b l e  for e a c h  of t h e  two c a r d s ,  

and the  number in  columns 55-63 denotes  t h e  type  u s e d  on t h a t  par t icular  card. 

3.2.4.1 Positional Parameter Card. - FORMAT(A6,3X,SF9.6,F9.0) 

C o l u m n s  

1-6 
7-9 Blank 

Up t o  s i x  alphanumeric charac te rs  centered  i n  t h e  s ix-place f ie ld  

T y p e  0 T y p e  1 T y p e  2 T y p e  3 

- - - xo (A) Car tes ian  
- - - yo  (A) Car tes ian  

28-36 x (fractional, c rys ta l )  x (A, crys ta l )  x (A, Car tes ian)  r (A) cyl indrical  
37-45 y (fractional, c rys ta l )  y (A, c r y s t a l )  y (A, Car tes ian)  4 (9 cyl indrical  
46-54 z (fractional, c rys ta l )  z (A, c rys ta l )  z (A, Car tes ian)  z (A) cyl indrical  

10-18 
19-27 

55-63 0 or blank 1 2 3 

Type  0 i s  t h e  normal input based on t r ic l in ic  coordinates .  Some authors  g ive  coord ina tes  in A along the  

unit c e l l  vector; type 1 would b e  used  in  s u c h  a case. T y p e  2 a l lows  one t o  p l a c e  a model descr ibed  in 

Cartesian coordinates  onto a general  t r ic l inic  la t t ice .  T h e  or ientat ion of t h e  Car tes ian  s y s t e m  x y z in 

the general  l a t t i ce  o b c i s  the  s tandard t y p e  descr ibed i n  3.1.8 with x a long  o and z a long  c * .  T y p e  3 

i s  s imilar  t o  type  2 except  that  cyl indrical  coord ina tes  r,  4, z are u s e d  and t h e  a x i s  of t h e  sys tem c a n  

be d isp laced  from zero  in the  x y Car tes ian  p lane  by t h e  d isp lacement  xo, y o ,  Cylindrical  coord ina tes  

are often used  in  the l i terature  t o  d e s c r i b e  a h e l i c a l  s t ructure .  T h e  xo, yo translat ion should  be  zero  

if hel ical  symmetry operators  a r e  used .  T h i s  t ranslat ion feature  is meant to b e  used  in  expl ic i t ly  de- 

scr ibing t h e  conten ts  of 3 multiple hel ix  c e l l .  

3.2.4.2 Temperature Factor Card. - FORMAT(Il,F8.6,5F9.6,F9.0) 

C o l u m n s  

1 A s e n t i n e l  # 0 for l a s t  atom only 

T y p e  0,1,2,3,10 ~ y ~ e  4,5,8,9 T y p e  6 T y p e  7 

B B R R  

0 0 0 0  
2-9 bl 1 I 

10-18 b2 2 u 2  2 

19-27 

28-36 
37-45 

46-54 

b 3  3 

b12 

'1 3 

b 2  3 

u 3 3  

u 1  2 

u 1  3 

'2 3 

55-63 0,1,2,3,10 4 ,5 ,8 ,9  6 (or 0) 6 (or 0) 7 7  

~~ 

4W. R. Bus ing  and H. A. L e v y ,  A Fortran Crystallographic Least-Squares Program, ORNL-TM-305 (Nov. 21, 1962). 
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T h e  coeff ic ients  b..(i,j  = 1,2,3)  of the  anisotropic  temperature factor, types  0,1,2,3,10,  a r e  defined 

as  follows: 
' I  

T h e  complete  temperature factor is 

{ - D ( b  h 2  + b 2 2 k 2  + b3312  + c b 1 2 h k  + c b l 3 h 1  + c b z 3 k 1 ) ]  (Base)  1 1  

where in  type 0: B a s e  = e, C = 2, D = 1; 
type 1:  B a s e  = e, C = 1,  D = 1;  

type 2: B a s e  = 2 ,  C = 2; D = 1;  

type 3: B a s e  = 2, C = 1,  D = 1;  

type 10: B a s e  = e, C = 2, D = 277'. 

T h e  coeff ic ients  U . . ( z , j  = 1,2,3)  of the  anisotropic  temperature factor types 4 and 5 are defined a s  fol- 

lows: T h e  complete  temperature factor is 
11 

exp{ - D ( a T 2 U 1 , h 2  +a:2U22kZ i a : 2 U 3 3 1 2  + Caya:V12hk + CaTa:V13hl + Ca:a:V23kl)) , 

where a;, a;, a: a r e  reciprocal  cell dimensions and i n  types  4 and 8 ,  C = 2; i n  types  5 and  9, C = 1 ;  in  

types 4 and 5, D = v4; i n  types  8 and 9, D = 2n2. T y p e  6 a l lows  t h e  input  of t h e  Debye-Waller isotropic  

temperature factor  B,  which is used  as follows: 

e x p  (-- B s i n 2  8 / h 2 ) ,  

where X i s  t h e  wavelength and  8 is t h e  Bragg angle .  T h e  parameter B i s  re la ted  t o  mean-square d isp lace-  

ment p 2  of t h e  atom from i t s  mean posi t ion by t h e  relat ion 
- 

- 
B = 8n2 p 2  . 

When t h e  i so t ropic  temperatcre  factor  i s  used,  t h e  atom i s  represented a s  a n  isotropic  e l l ipso id  (sphere)  

with equal  principal a x e s  of length p. When t h e  f ie ld  i n  columns 19-27 i s  0 or blank,  the  d i rec t ions  of 

t h e  pr incipal  a x e s  a r e  a l o n g  t h e  s tandard  Car tes ian  sys tem a x e s  ( s e e  3.1.8). However, o n e  c a n  reorient 

t h e s e  arbi tary or thogonal  vectors  by using t h e  two vector  designator  c o d e s  VDC, and VDC,; then t h e  

three new principal-axis vectors  wil l  b e  VDC1,  (VDC, x VDC,), and VDCl  x (VDC, x VDC,). T h i s  i s  

s t r ic t ly  a n  a r t i s t i c  fea ture  of no phys ica l  s ign i f icance .  

Type  7 a l lows  t h e  input  of arbitrary spheres  of radius  ,7 = R in  angstroms. T h e  vector  t r iplet  orienta- 

tion is specif ied as  with type 6. An additional feature  a l lows  one  to u s e  a completely blank card (except  

perhaps column 1 )  for a temperature factor card. In th i s  case t h e  program assumes  type  7 with an R = 0.1 A. 

A type 10 temperature-factor input card may be  u s e d  to load Cartesian temperature factors  having 

components in  the  s tandard  Cartesian sys tem (3.1.8). T h i s  feature complements the  type 3 Cartesian 

positional parameter  input system (3.2.4.1) and  i s  useful  for plotting mean-square d i s p l a c e m e n t s  caused 

by internal molecular  motions as calculated from spec t roscopic  normal-coordinate ana lyses .  5 * 6  

3.3 Instruction input 

T h e  instruct ions a r e  t h e  commands u s e d  in  programming a n  i l lustrat ion,  and  there  i s  n o  required se- 
quence for t h e  instruct ions,  except  a s  indicated by t h e  programming logic. Some instruct ions require 

' C .  K. Johnson, chap. 9 in  Thermal Neutron D i f f r a c t i o n ,  ed by B. T. M. W i l l i s ,  p. 149, Oxford University P r e s s ,  

6R. R. Holmes and R. M. Deiters, 1. Chern. Phys.  51, 4043 (1969). 
London, 1970. 
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trailer cards ,  which may have  three different  formats .  T h e  program i s  informed what t h e  format of t h e  

next card wil l  b e  with t h e  “look a h e a d ”  f ie ld ,  columns 1 t o  3. T h e  program ac t ion  i s  a l s o  inf luenced 

by th i s  information. 

“ L o o k  a h e a d ”  

( c o l u m n s  1 - 3 )  

0 or blank 

1 

2 

3 

N e x t  c a r d  w i l l  b e  - P r o g r a m  a c t i o n  

Format No. 0, a new instruct ion Execute  present  instruct ion;  
then read next  card.  

Format No.  1, cont inuat ion of Read cont inuat ion card;  then 
present  instruct ion check  “Look ahead .”  

code  “Look ahead .  ’’ 
Format No. 2 ,  vector  s e a r c h  Read (VSC) card;  then check  

Format No. 3, alphanumeric info. Read alphanumeric  info. and 
e x e c u t e  instruct ion;  then 
read next cbrd. 

3.3.1 Instruction Cards. - 3.3.1.1 The Format No. 0 Instruct ion Card. - FORMAT(13,16,7F9.0) 

C o l u m n s  

1-3 “Look a h e a d ”  (0,1,2,3)  

4-9 Instruct ion number 

10-18 1 s t  parameter 

19-2 7 2nd parameter 

64-72 7th parameter 

3.3.1.2 Format  No. 1, Instruct ion Continuation Card. - FORMAT(I3,16,7F9.0) A maximum of 1 9  con- 
tinuation c a r d s  per instruct ion i s  permitted. 

C o l u m n s  

1-3 “Look ahead”  (0,1,2,3)  

4-9 Blank 

10-18 8th parameter, or 15th,  . . . , or  134th 

64-72 14th parameter, or 21s t ,  . . . , or 140th 

3.3.1.3 Format No. 2, Vector Search Code  (VSC) Card. - FORMAT(I3,6X,SI3,8F6.0) A maximum of 

ten VSC cards  i s  a l lowed.  T h e s e  cards  c a n  b e  entered with any instruct ion,  but only cer ta in  instruct ions 

will u s e  them. They  must  be  entered with the particular ins t ruc t ions  that  require them; that  i s ,  they are 

not held over. T a b l e  3.1 wil l  b e  referred t o  as  t h e  individual ins t ruc t ions  a r e  explained.  
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Table 3.1. Vector search code cards 

Inertial Negative No. i n  columns Search instructions 
axes  Bond plotting instructions 43 to  48 

~~ Columns 101 402 
803/813 505/506 801 /811/82 1 802/812/822 803/813 802/812/822 102 412 

1-3 

4-9 

10-12 

13-15 

16-18 

19-21 

22-24 

25-30 

31-36 

37-42 

43-48 

4 9-54 

55-60 

61-66 

67-72 

Look ahead 

- 

ORG. ANR I 
TAR. ANR I 

- 
D min (A) 

D max (A) 

- 
- 
- 
- 
- 
- 

Look ahead Look ahead 

- - 

] ANR 

- 

Weight 

- 

Bond type 

- 
- 

Bond radius  (A) 

Perspect ive label hgt. (in.) 

Perpendicular displ. (in.) 

Nonperspective label  hgt. (in.) 

Perpendicular displ. (in.) 

Digits indicator 

Look ahead 

- 

Bond type 

D rnin (A) 

D max (A) 

Bond radius  (A) 

Perspect ive label  hgt. (in.) 

Perpendicular displ. (in.) 

Nonperspective labe l  hgt. (in.) 

Perpendicular displ. (in.) 

Digits indicator 

Look ahead 

- 

ANR (B) I 
- 

D rnin (A) 

D max (A) 

- 
- 
- 
- 
- 
- 

Look ahead 

- 

Bond type 

D min (A) 

D max (A) 

Bond radius  (A) 

} ANR (P) 

D rnin (A) 

D max (A) 
P 

Look ahead 

- 

- 
D min (A) 

D max (A) 

- 

} ANR (PI  

D min (A) 

Dp max (A) 
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3.3.1.4 Format No. 3, Labeling Card. - FORMAT(12A6) 

C o l u m n s  

1-72 Up to 72 d ig i t s  of alphanumeric labe l  information centered about  columns 36 and 37. 
Note: There  i s  no “look a h e a d ”  column in Format No. 3; t h e  next  card must b e  a 
new instruct ion card.  Instruct ions 902, 903, and 913 a r e  t h e  only o n e s  which require 
th i s  input. It may b e  used with o ther  instruct ions a s  a device  to  t ransfer  comments 
about t h e  par t icular  instruct ion t o  t h e  monitor output l is t ing.  

3.3.2 Structure Analysis Instructions (100 Series). - T h i s  s e r i e s  of instruct ions i s  not connected 

with drawing i l lustrat ions.  It i s  u s e d  to  obtain on t h e  s tandard output medium of t h e  computer a con- 

venient tabulat ion of the  chemical ly  in te res t ing  a s p e c t s  of a c r y s t a l  s t ruc ture ,  s u c h  a s  interatomic d is -  

tances ,  interatomic a n g l e s ,  and  principal a x e s  of thermal motion. 

3.3.2.1 Instructions 101 and 102. - T h e s e  instruct ions c a l l  subrout ine SEARCH, which f inds a l l  

target’) a toms within a sphere  of enc losure  of radius  D max about a particular “origin” atom. T h e  1 1  

instruction card h a s  a n  atom designator  run ( s e e  3.1.3) of origin atoms (Org. ADR) and a n  atom number 

run of target a toms (Tar .  ANR). T h e  Org. ADR a l lows  one  t o  ca lcu la te  s e v e r a l  s p h e r e s  s u c c e s s i v e l y  

with a printout of r e s u l t s  a f te r  e a c h  one.  For example,  s u p p o s e  there  a r e  nine a toms in t h e  input l is t  

and we want t h e  total  surroundings of a toms 365502, 465502, and 565502 out t o  a maximum radius ,  D 

max, of 4 A. The  Org. ADR i s  des igna ted  (365502, 5) or (365502, 565502)7 and  t h e  T a r .  ANR i s  

designated (1,9). Further  se lec t ion  of the  interatomic vec tors  from a particular origin atom t o  the  

target a toms which f a l l  within the  limiting s p h e r e  i s  poss ib le  with vector  s e a r c h  c o d e  (VSC) c a r d s  of 

Format N o .  2 ( s e e  3.3.1), which can  b e  en tered  with t h e  instruct ion.  If VSC c a r d s  a r e  present ,  then 

the vectors must a l s o  s a t i s f y  one of t h e  VSC’s in order to be saved .  A VSC card to spec i fy  t h e  se- 

lection of a s h e l l  of vectors  in the above  example might be  coded a s  fol lows:  Org. ADR (3,5)  Tar .  ANR 

(1,9) Dist .  range (2.0, 2.7). More se lec t ive  VSC’s a r e  a l s o  poss ib le .  They a r e  meant to be  based on 

known interatomic d i s t a n c e  ranges,  s u c h  a s  t h o s e  tabulated in Vol. I11 of the  International Tables for 
X-Ray Crystallography.’ 

Vectors  found about  a particular origin atom a r e  s tored  i n  a tab le  of dimension 200 sor ted on d is tance .  

Duplicate vec tors  (not dupl ica te  d i s t a n c e s )  are eliminated. If more than  200 acceptab le  a toms a r e  found 

about a n  origin atom, t h e  200 shor tes t  vectors  a r e  saved.  At the end of the  s e a r c h  about  e a c h  origin atom, 
the d i s t a n c e s  a r e  printed out a long  with t h e  atom designator  c o d e s  (ADC), chemical  symbols ,  and  tr i -  

c l inic  c rys ta l  coord ina tes  for  t h e  origin and target  a toms.  If the  instruct ion i s .102 ,  a l l  poss ib le  inter- 

atomic angles  and interatomic d i s t a n c e s  for t h e  e d g e s  opposi te  t h e  a n g l e s  a r e  a l s o  ca lcu la ted  and printed 

for the s tored  vectors .  There  wil l  be  n(n - 1)/2 a n g l e s  for n vectors .  

7For the origin sequence 355501, 455501, 555501, an Org. ADR input (3,s) is allowed a s  well a s  (355501,5) and 
(355501,555501); however, the Tar. ANR must always be designated a s  shown. 
a s  ORG 1,  ORG 2; and Tar. ANR is denoted by TAR 1,  TAR 2. A minus s ign preceeding the second member of the 
Org. ADR is not required. 

In sect .  2.1, Org. ADR is designated 

8 H .  Ondik and D. Smith, “Interatomic Distances in Inorganic Compounds,” p. 257 in In t e rna t iona l  T a b l e s  for 
X - R a y  Crys ta l lography .  vol. 111, ed. by K.  Lonsdale, Kynoch, Birmingham, 1962. 
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T h e  tabulat ion of atom designator  c o d e s ,  which is obtained automatical ly  when t h e s e  instruct ions 

a r e  given, is often usefu l  for  planning a n  i l lustrat ion.  Although t h e  tabulat ion i s  complete  within the  

addressable  region of g3  c e l l s ,  t h e  computing t ime i s  generally only a matter of s e c o n d s  per sphere  

unless  a very large D max i s  spec i f ied .  Subroutine SEARCH i s  a rather e laborate  routine des igned  to  

minimize computing time. T h i s  subrout ine is a l s o  u s e d  for instruct ions 402 and 403, which a r e  ex- 

plained i n  3.3.5. 
Instruct ion card for instruct ions 101 and 102: 

C o l u m n s  

1-3 

4-9 101  or 102 

0 or 2 (look ahead)  

Origin-ADR (atom des igna tor  run) 
10-18 

19-27 

Targe t  ANR (atom number run) 
28-36 

37-45 

46-54 D max (A) 

3.3.2.2 Znstruction 103. - Principal  a x e s  of thermal motion (or arbitrary s p h e r e s ,  according t o  t h e  

temperature fac tor  input) for a l l  a toms in t h e  input  l i s t  a r e  ca lcu la ted .  T h e  printout conta ins  root-mean- 

square  ampli tudes of d isp lacement  a long  t h e  principal a x e s  of t h e  t r ivar ia te  normal probability densi ty  

function and direct ion c o s i n e s  for t h e  principal a x e s  re la t ive to  the reference Car tes ian  b a s e  vectors .  

A symmetric covar iance  dispers ion matrix b a s e d  on t h e  reference Car tes ian  sys tem i s  a l s o  printed out. 

The  diagonal  e lements  a r e  t h e  mean-square d isp lacements  a long  t h e  reference Car tes ian  a x e s .  

C o l u m n s  

1-3 
3-9 103  

10-18 Blank 

0 or blank (look ahead)  

3.3.2.3 Instruct ions 105 and 106, Convoluting Sphere o f  Enclosure  a n d  Rei te ra t ive  Convoluting Sphere 

of Enclosure.  - T h e s e  instruct ions u t i l i ze  the  ATOMS tab le  and c a n  only b e  u s e d  af ter  one or more a toms 
have been placed in  the  t a b l e  by a 401, 402, 403, or 404 instruct ion.  T h e  conten ts  of the  tab le  are re- 

turned to  the  condition of entry a t  the conclusion of instruct ions 1 0 5  and 106. 
All a toms in  t h e  ATOMS table  which have  atom numbers within the origin atom number run (Org. ANR) 

of t h e  instruct ion are used  as  origin points. Interatomic d is tances  for a l l  neighboring atoms (whether or  

not in the  ATOMS tab le)  a r e  found out t o  t h e  spec i f ied  radius. Vector-search-code (VSC) c a r d s  may be  

used  for screening  if desired.  

Instruct ions 105 and 106 a r e  s imilar ,  except  that  instruct ion 106  k e e p s  repeat ing t h e  “convolution” 

process  until no new atoms with atom numbers within the  Org. ANR a r e  found. 
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Instruction 106  is usefu l  for molecular s t ruc tures  where the  a toms i n  the  input  asymmetric uni t  d o  not 

form a n  in tac t  molecule. In a case of t h i s  nature, i t  is advisable  t o  p l a c e  a s i n g l e  atom into the  ATOMS 

tab le  with a 401  instruct ion and l e t  a 1 0 6  instruct ion find the  molecule. C a r e  must be  taken t o  spec i fy  a 

D max which wil l  e n c l o s e  only bonded atoms.  T h e  106  instruct ion should  not b e  used  for s t ruc tures  form- 

ing inf ini te  cha ins .  

C o l u m n s  

1-3 
4-9 1 0 5  or 106  

0 or 2 (look ahead)  

Origin ANR (atom number run) 10-18 

19-27 

46-54 D max (A) 

3.3.3 Plotter Control Instructions (200 Series). - T h e  200 s e r i e s  i s  a group of instruct ions that  con- 

trol the  plotter ini t ia l izat ion,  frame advance ,  termination, and any  other  peripheral commands tha t  a r e  re- 

quired for a par t icular  equipment configuration or plot t ing package.  When t h e  program i s  modified for a 

different equipment configuration, t h e s e  s e r i e s  200 instruct ions,  which are executed through subrout ine 

F200, should b e  redefined to su i t  the  user’s  requirements. Instruct ions for controlling t h e  CalComp 765 
and 835 off-line magnetic t a p e  plotting s y s t e m s  are given here. 

Instruct ion 201, P l o t  P a c k a g e  Ini t ia l izat ion,  Mechanical Plot ter .  - T h i s  instruct ion (or a 3.3.3.1 
203 instruction) must  be  executed before any plot t ing can  t a k e  place.  I t  i s  a s a f e  pol icy a lways  to  

make th i s  the  f i rs t  instruct ion card. It should be  u s e d  only once  per computer j o b  regard less  of how 

many p lo ts  a r e  to  b e  drawn during the job. I f  the  201 (203) and 301 instruct ions are omitted, a l l  calcula- 

t ions are carr ied out  but no plotting i s  done. 

3.3.3.2 Instruction 202, Plot Terminate a n d  Frame Advance. - T h i s  t a k e s  c a r e  of put t ing t h e  correct  

plot termination information onto t h e  magnetic t a p e  t o  inform the plot ter  t h a t  the  current plot is f inished.  

It a l s o  a l lows  advance  of t h e  paper  so  tha t  t h e  old plot i s  removed and  new paper  i s  in  posi t ion for the  

next plot. 

C o l u m n s  I n s t r u c t i o n  201 I n s t r u c t i o n  2 0 2  

1-3 

4-9 

10-18 

Blank 

201 

Blank 

202 
Plo t te r  movement a long  x 

e d g e  of paper  i n  i n c h e s  

’The CalComp i s  an incremental plotter. The  particular Benson-Lehner model avai lable  a t  Oak Ridge Central 
Data Processing Faci l i ty  h a s  a l s o  been used. 
converter. In general i t  seems that  a n  incremental plotter is better sui ted t o  the  requirement of OR TEP. The  user  
should be  warned that in the author’s experience the magnetic tape  ?lotting sys tems are  notoriously troublesome; an 
annoying percentage of plot failures is to be expected because of equipment malfunctions. (This  was true in 1965 
and is s t i l l  true in 1975.) 

The  Benson-Lehner is an electromechanical x - y  plotter with an analog 
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3.3.3.3 Control lnstruct ions for CalComp Model 835 Cathode-Ray-Tube Plot ter .  - In order  to plot 

interchangeably on t h e  C R T  and the  mechanical  CalComp plot ters ,  a n  extended 200 s e r i e s  of instruc- 

t ions is necessary .  

A 203 instruct ion i n i t i a l i z e s  t h e  C R T  plot ter  and  is u s e d  in p lace  of the  201 instruct ion.  In general ,  

n o  other  c h a n g e s  a r e  needed  except  that  the  plot t ing a r e a  spec i f ied  by t h e  301  instruct ion must  not  
exceed 17 in. in  x and 11 in. in  y .  ( T h e  301 primer c o n s t a n t s  a r e  s e t  accordingly.) 

C o l u m n s  

1-3 Blank 

4-9 203  

10-18 XORG I (new position of the origin of plot ter  coordinates  re la t ive to  t h e  lower left-hand 
J’ c o m e r  of the normal CRT plot t ing area)  

19-27 YORG 

28-36 IZORG (beam intensi ty  origin) 

The ent r ies  for XORG, YORG, and IZORG are normally zero  or blank. 

T h e  beam in tens i ty ,  I Z ,  can  be  changed from i t s  in i t ia l ized  va lue  I Z  = IZORG + 18 to any o ther  

value i n  t h e  range 0 to 30 with a 204 instruction. T h e  u s a b l e  range of I Z  i s  about  1 2  t o  24  with t h e  

higher va lues  producing darker l ines .  

C o l u m n s  

1-3 Blank 

4-9 204 

10-18 I Z  - IZORG 

T h e  frame a d v a n c e  instruct ion 202 is interpreted differently for C R T  usage;  however ,  t h e  same 202 

instruction c a r d s  u s e d  for a mechanical  plotter plot can  also b e  u s e d  for a C R T  plot. Any pos i t ive  

number in  columns 1 0  to  18 of t h e  202 instruct ion (3.3.3.2) will add a block a d d r e s s  ( i -e . ,  p lot  number) 

to  the magnet ic  t a p e  and wil l  advance t h e  film to a new frame. A value of zero  i n  columns 10 t o  18 will 

add a block a d d r e s s  but wil l  not advance t h e  film to a new frame, and a negat ive  va lue  will terminate 

the  output magnet ic  t a p e  file. I t  i s  not normally n e c e s s a r y  to u s e  the nega t ive  va lue  opt ion s i n c e  t h e  

termination is taken  c a r e  of  automatically when t h e  -1 instruct ion is executed if a 201 instruct ion w a s  

not executed a f te r  the  203 ini t ia l izat ion instruct ion;  however ,  i f  t h e  mechanical  plot ter  is to b e  u s e d  

during t h e  s a m e  job,  t h e  nega t ive  value option a l lows  t h e  C R T  to b e  terminated properly before 

ini t ia l izat ion of t h e  mechanical  plotter. 

3.3.4 Plot Boundory lns truc t ions  (300 Series). - T h i s  is a s e t  of misce l laneous  instruct ions for 

specifying the  dimensions of t h e  drawing, viewing d is tance ,  general  le t ter ing or ientat ion,  and  pen d is -  

placement for l i n e  retracing. 

3.3.4.1 Instruct ion 301. - T h i s  instruct ion d e f i n e s  t h e  limiting x and y dimensions,  in  inches ,  of 
the plot boundary and t h e  border indentat ions.  T h e  boundary dimensions must not exceed  t h o s e  al lowed 

by the plotter. T h e  program wil l  prevent t h e  pen from ge t t ing  c l o s e r  than 0.1 in. to  a n y  boundary. T h e  

border indentat ion i s  an e q u a l  margin ins ide  t h e  ent i re  boundary. When automatic  s c a l i n g  i s  used  (600 
ser ies) ,  the  center  points  of t h e  a toms a r e  prevented from fai l ing in the  margin; but the  atom represen-  
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tation, which h a s  a f ini te  s i z e ,  may extend in to  that  a rea .  To compensa te  for t h e  overlap,  t h e  border 

dimensions should  b e  large when t h e  overal l  drawing s c a l e  and  t h e  e l l ipso id  s c a l e  a r e  expected t o  b e  

large. 

In addi t ion,  instruct ion 301  s p e c i f i e s  the  perspec t ive  viewing d i s t a n c e ,  in  i n c h e s ,  f r o m  t h e  plane of 

the drawing. An entry of 0 for view d i s t a n c e  i s  used  t o  ind ica te  a n  inf ini te  view d is tance ,  and  t h e c r y s t a l  

s t ructure  i s  then mapped in paral le l  projection normal t o  t h e  drawing board. 

C o l u m n s  P r i m e r  C o n s t a n t  

- - 1-3 
4-9 301  - 

10-18 P l o t  x limit (in inches)  17. 
19-27 Plot  y limit (in inches)  11. 

37-45 Border (in i n c h e s )  0.5 

28-36 View d i s t a n c e  (in i n c h e s )  0. (paral le l  proj.) 

3.3.4.2 Instruct ion 302, T i t l e  Rotation. - For regular t i t l e s  a n d  chemica l  symbols ,  the  t i t le  rotation 

i s  spec i f ied  with instruct ion 302. T h e  le t te r ing  b a s e  l ine  for a l l  le t ter ing i s  rotated counterclockwise by 

an angle  the ta ,  in  degrees ,  f r o m  the  x a x i s  of the  plotter. Although any  va lue  i s  a l lowed,  Oo and -90° a r e  
the v a l u e s  most often used ,  s o  tha t ,  when one v iews  t h e  f in i shed  drawing,  e i t h e r  the  y plotter a x i s  i s  ver- 

t i ca l  or t h e  x plotter a x i s  i s  ver t ica l .  

C o l u m n s  P r i m e r  C o n s t a n t  

1-3 Blank 

4-9 302 

10-18 T h e t a  i n  degrees  

- 
0. 

3.3.4.3 Instruct ion 303, Retrace  Displacement. - For a r t i s t i c  purposes ,  cer ta in  l i n e s  a r e  made heavier  

than o thers  by retracing over t h e  path severa l  t imes  with s l igh t  pen d isp lacements  (DISP) f r o m  the  original 

path. For example, in  drawing e l l i p s o i d s  t h e  forward half of t h e  pr incipal  p lane  t r a c e  i s  made heavier  than 

the  hidden half s o  the eye  d o e s  not confuse  the  two ha lves .  In addi t ion a l l  regular  le t ter ing (but not per- 

spec t ive  le t ter ing)  i s  gone over  four t imes t o  g ive  i t  boldface appearance.  In preliminary runs or when the  

plotter i s  not of t h e  incremental  type ,  t h i s  embel l ishment  may b e  object ionable  t o  t h e  u s e r  because  of the  

increased computing and  plot t ing t imes  (particularly t h e  la t ter) .  All re t racing c a n  b e  el iminated by s e t t i n g  

DISP = 0. T h e  primer parameter for DISP is 0.005 in., which i s  t h e  resolution of t h e  CalComp plot ters  a t  

ORNL. For o ther  p lo t te rs  or for various inking pen  s i z e s ,  DISP can b e  rese t  a t  t h e  u s e r ' s  discretion. 

Retracing should not b e  used  with a CRT plot t ing device.  

C o l u m n s  

1-3 - 
4-9 303 

10-18 DISP (in i n c h e s )  

P r i m e r  C o n s t a n t  

- 

0.005 
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3.3.5 Atom L i s t  Instructions (400 Series). - T h i s  s e r i e s  a l lows  t h e  user  t o  spec i fy  which atoms are 

t o  b e  included in  t h e  i l lustrat ion.  T h e  atom des igna tors  for t h e  c h o s e n  atoms are s tored  in t h e  ATOMS 

array for future u s e  by other  instruct ions.  T h e  ATOMS array c a n  hold 500 a toms;  but if the  intended 

i l lustrat ion h a s  m o r e  than t h i s ,  t h e  i l lustrat ion c a n  b e  segmented and t h e  s e g m e n t s  drawn sequent ia l ly  

on the same plot. 

Groups of atoms a r e  added t o  or el iminated from t h e  ATOMS array (which i s  s e t  t o  z e r o  a t  t h e  s ta r t  

of the  program) with t h e  400 and 410 s e r i e s  respect ively.  T h e  groups can  b e  denoted by atom designator  

runs ( s e e  3.1.3), s p h e r e s  of a toms about  any  c e n t e r  point ( s e e  3.1.6), and boxes  of atoms 

centered on any point ( s e e  3.1.7). Duplicate  en t r ies  of t h e  same atomic position a r e  prevented by t h e  

program. T h e  conten t  of t h e  ATOMS l i s t  is printed on t h e  monitor output tape  a f te r  each 400 s e r i e s  in- 

s t ruct ion.  

3.3.5.1 Instructions 401 and 411, Atom Designator Run Add and Atom Designator Run Eliminate. - 

T h e s e  instruct ions can  contain:  ( a )  atom des igna tor  c o d e s  (ADC) for a s i n g l e  a tom, ( b )  atom designator  

runs (ADR) for s e v e r a l  a toms in a run, (c )  blank f i e l d s  (except  between t h e  two e n t r i e s  of a run), and 

(d) any combinat ions of (a ) ,  (b ) ,  and (c ) .  Since  up  to  1 9  Format No. 1 cont inuat ions a r e  p o s s i b l e  per 

instruct ion,  up t o  7 0  runs c a n  b e  made per  instruct ion and  a n  unlimited number of instruct ions c a n  b e  

used.  T h e  ATOMS l i s t ,  however, wil l  only a c c e p t  t h e  f i rs t  500 atoms.  

C o l u m n s  

1-3 

4-9 401 or 411 

Blank or 1 (depending on what fol lows)  

10-18 

A s  descr ibed  above  

64-72 

3.3.5.2 Instructions 402 and 412, Sphere of Enclosure Add and Sphere of Enclosure Eliminate. - 

T h e s e  instruct ions a l l o w  t h e  u s e r  t o  build o r  modify the  subjec t  by spec i fy ing  t h e  conten ts  (complete, 

partial, or vector  sc reened ,  see 3.1.6) of a s p h e r e  of enc losure  about  any  a d d r e s s a b l e  point. F o r  in- 

s t ruct ion 402, t h e  conten ts  of t h e  s p h e r e s  a r e  added to t h e  atom l i s t  except  for posi t ional  dupl icat ions,  

which a r e  omitted. In t h e  412 instruct ions,  a l l  points  in t h e  s p h e r e s  a r e  eliminated from the  a toms l i s t  

if they a r e  present  in that  l i s t .  T h e  instruct ions c a l l  subrout ine SEARCH, and t h e  instruct ion input de- 

ta i l s  are ident ica l  t o  t h o s e  of instruct ions 1 0 1  and 102 ( s e e  3.3.2.1) except  for t h e  instruct ion number. 

In t h e  moniior output, only t h e  ATOMS l i s t  a tom des igna tor  c o d e s  a r e  printed and  not the coord ina tes  

and interatomic d i s t a n c e s .  If the  origin a toms on which t h e  s p h e r e s  of enc losure  a r e  centered are t o  be  

saved ,  t h e  target  atom number run (Tar .  ANR) must contain t h i s  atom number. Furthermore, if vector  

search  c o d e  c a r d s  of Format No. 2 a r e  used ,  o n e  of them must s a t i s f y  t h e  intra-atom nul l  vector for the  

origin atom in order to retain i t .  
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3.3.5.3 Instruct ions 403 a n d  413, Box of Enclosure  Add a n d  Box of Enclosure  Eliminate. - T h e s e  

instruct ions al low t h e  u s e r  t o  build or modify the  subjec t  by spec i fy ing  t h e  conten ts  (complete or par t ia l  

but not vector sc reened ,  see 3.1.7) of a box of enc losure  about  any  a d d r e s s a b l e  point (or atom designator  
run of addressable  points). T h e  three  a x e s  of t h e  box a r e  paral le l  to  t h e  three b a s e  vec tors  of t h e  ref- 

erence Car tes ian  s y s t e m ,  a n d  t h e  semidimensions of the  box a r e  spec i f ied  on t h e  instruct ion card.  If a n  

orientation of t h e  box different from t h e  s tandard or ientat ion ( s e e  3.1.8) i s  des i red ,  than a 501 or a 502 

instruction, or both, should b e  used  before this instruct ion t o  reorient the  reference Car tes ian  sys tem.  

After t h i s  instruct ion h a s  been executed,  t h e  reference s y s t e m  c a n  undergo further reorientation as  de- 

s i red for plot t ing purposes ,  e t c .  

A s  in the  c a s e  of t h e  sphere  of enc losure  ( s e e  3.3.5.2), the origin atom on which t h e  box i s  cen tered  wil l  

not b e  included u n l e s s  t h e  target  atom number run includes t h e  origin atom number. Vector s e a r c h  c o d e s  

are not used  by th i s  instruct ion.  Subroutine SEARCH i s  u s e d  by t h i s  instruct ion,  a n d  t h e  instruct ion in- 

put de ta i l s  a r e  s imilar  t o  t h o s e  descr ibed in 3.3.2.1 except  t h a t  D max i s  replaced by t h e  semidimension 

a /2  of the  box and t h e  following f ie lds  on t h e  card  a r e  u s e d  to spec i fy  t h e  other  t w o  semidimensions b/2 

and c/2. One must u s e  caut ion in  choos ing  t h e  box dimensions so tha t  t h e  atom t a b l e  d o e s  not overflow. 

C o l u m n s  

1-3 Blank 

6-9 403 (or 413) 

Origin ADR (see 3.3.2.1) 

Targe t  ANR ( s e e  3.3.2.1) 

10-18 
19-27 

28-36 

37-45 

46-54 a / 2  (A) 

55-63 b/2 (A) 
64-72 c / 2  (A) 

3.3.5.4 Instruct ions 404 a n d  414, Tricl inic  Box of Enclosure  Add a n d  Tricl inic  Box of Enclosure  

Eliminate. - T h e s e  instruct ions a r e  s imilar  t o  instruct ions 403 and  413, e x c e p t  that  t h e  t r ic l inic  box of 

enclosure i s  bounded by p lanes  paral le l  t o  the  principal p lanes  of t h e  c r y s t a l  la t t ice .  T h e  semidimensions 

a/2,  b/2, c /2  refer t o  f ract ional  ( t r ic l inic)  coordinates .  To spec i fy  t h e  conten ts  of the  convent ional  uni t  

ce l l ,  one  would u s e  a /2  = b/2 = c /2  = .5, and t h e  Org. ADR would refer t o  a point in  the  input  atom l i s t  a t  

1 /2 ,  1/2,  1/2. 
3.3.5.5 Instruct ions 405, 406, 415, 416; Convoluting Sphere of  Enclosure  Add, Rei te ra t ive  Convolut- 

ing Sphere of Enclosure  Add, Convoluting Sphere of Enclosure  Eliminate, a n d  Rei te ra t ive  Convoluting 

Sphere of Enclosure  Eliminate. - T h e s e  instruct ions a r e  used  i n  the  same manner as  instruct ions 105 and 

106 ( s e e  3.3.2.3). Thei r  function is t o  add a toms to  or el iminate  a toms from t h e  ATOMS table .  A val id  
origin atom must be  placed i n  t h e  ATOMS l i s t  with a 401, 402, 403, or 404 instruct ion before t h e  present  

instruct ions a r e  used.  All a toms in  t h e  ATOMS tab le  which have  atom numbers within the  origin atom 

number run (Org. ANR) of the  instruct ion a r e  used  a s  origin points  of convolution. 
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An important u s e  for t h e  405 instruct ion is t o  complete  the  coordination s h e l l s  around metal a toms 

without having  to descr ibe  any  of t h e  atoms individually. Another u s e  might b e  t o  obtain a c l u s t e r  of 

atoms out  to t h e  nth neighbor when only t h e  d i s t a n c e  to the  f i r s t  neighbor i s  known. T h i s  c a n  be  accom- 

pl ished by u s i n g  n consecut ive  405 ins t ruc t ions  with D max s l ight ly  more than the  f i rs t  neighbor d is tance .  

Instruction 406 is useful  for descr ib ing  molecular compounds w h e q  a n  unfortunate choice of atoms for 

the input  asymmetric uni t  d o e s  not  allow t h e  molecule  to b e  descr ibed by a run. D max must be  c h o s e n  

judiciously so  t h a t  t h e  s e a r c h  d o e s  not  c r o s s  molecular boundaries. 

T h e  input  format is ident ica l  to  tha t  descr ibed  i n  3.3.2.3, with t h e  appropriate  instruct ion number in  

columns 4-9. 

3.3.5.6 Option for Examining E-Map Results.  - Stereoscopic  drawings are usefu l  for t h e  

rapid screening  of E m a p s  when direct  methods a r e  u s e d  for so lv ing  c rys ta l  s t ructures .  F i r s t  the  

interpolated pos i t ions  of t h e  la rges t  p e a k s  i n  t h e  Fourier  s y n t h e s i s  E map a r e  punched on  c a r d s  di- 

rectly by a Four ie r  program. Then OR TEP s t a r t s  a t  a given peak (usually the la rges t )  and d o e s  a 

reiterative-sphere-of-enclosure-add instruct ion (406) to i s o l a t e  a molecule if one  i s  present .  In order to 

terminate t h e  convolution procedure when ex t raneous  “bridging peaks” link t h e  molecules ,  a modifica- 

tion w a s  added  to  t h e  406 instruct ion which a l l o w s  an atom (in any of i t s  equivalent  posi t ions)  to be  

entered in  t h e  ATOMS list only once. To invoke t h i s  feature ,  a type 1 continuation card (3.3.1.2) with 

a 1 i n  column 18 is added  to t h e  406 instruction. T h e  406 instruct ion opera tes  normally if t h e  continua- 

tion card is omit ted (3.3.5.5). 

3.3.5.7 Instruction 410, Clear Atoms Lis t .  - T h i s  instruction c l e a r s  the  a toms l i s t  to zero. When the 

program i s  f i rs t  entered,  t h e  l i s t  is automatically s e t  to zero. 

3.3.6 Orienting Instructions (500 Series). - T h i s  s e r i e s  of instruct ions or ients  t h e  reference and work- 

ing Car tes ian  s y s t e m s  ( s e e  3.1.8). E a c h  t ime t h e  reference sys tem i s  redefined with a 501 or  rotated with 

a 502, the  working sys tem i s  automatical ly  made coincident  with the  reference sys tem.  T h e  working s y s -  

tem can  b e  displaced from t h e  reference s y s t e m  by rotat ing about  a n  a x i s  of t h e  reference sys tem with a 

503 instruct ion.  T h e  working sys tem i s  a l w a y s  positioned by a rotation from t h e  reference sys tem and 

does  not depend on t h e  previous working s y s t e m  orientation. After e a c h  500 s e r i e s  instruct ion,  the b a s e  

vectors  of t h e  relevant  Car tes ian  s y s t e m  a r e  printed out .  T h e s e  vectors are b a s e d  on the  t r ic l in ic  co- 
ordinate sys tem.  

Car tes ian  coord ina tes  i s  a l s o  printed out. 

the three b a s e  vectors  together  in row vector  form. 

T h e  pos t fac tor  transformation matrix for converting from tr ic l inic  coordinates  t o  

T h e  inverse  transformation matrix may b e  formed by placing 

3.3.6.1 Instruction 501, Reference Cartesian System Assignment. - Any Car tes ian  coordinate  sys tem 
i s  based  on three  orthonormal b a s e  vectors  and a n  origin point. T h e  origin point in t h e  model (ORGN) i s  

spec i f ied  with a n  atom designator  code .  T h e  three orthonormal b a s e  vectors  c a n  b e  descr ibed  by two non- 

col l inear  vec tors ,  and  OR T E P  provides the two following s e p a r a t e  techniques for performing t h i s  opera- 

tion, u s i n g  vector  c r o s s  products of t h e  two v e c t o r s  u and v. 
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T y p e  A T y p e  0 

B a s e  vector  1 (x a x i s )  U U 

B a s e  vector  2 ( y  a x i s )  

B a s e  vector 3 (z a x i s )  

u x v  (u x v) x u 

u Y (u x v) U Y V  

The reference sys tem x and y a x e s  wil l  paral le l  t h e  plotter x and y a x e s ,  and t h e  origin point ORGN will 

l i e  in the  p lane  of t h e  plotter. T h e  viewer w i l l  b e  looking in to  t h e  z a x i s  vector  of t h e  coordinate  sys tem 

from a d i s t a n c e  VIEW in i n c h e s  ( s e e  3.3.4.1) direct ly  above  t h e  origin point. 

C o l u m n s  

1-3 
6-9 

10-18 
19-27 
28-36 
37-45 
46-54 
55-63 
64-72 

E f f e c t i v e  

P r i m e r  C o n s t a n t  

501 
Origin (ADC) 

Vector u (VDC) 

Vector v (VDC) 

- 
000000 
155501 
165501 
155501 
156501 

- - 
0 = T y p e  A, > O  = T y p e  B 1 

3.3.6.2 Instruct ion 502, Reference Car tes ian  System Rotation. - T h e  c r y s t a l  model c a n  b e  given any 

orientation des i red  with a s e r i e s  of rotat ions of t h e  model about  t h e  reference s y s t e m  a x e s .  In general ,  

three rotat ions (e.g., t h o s e  of a n  Euler ian sys tem)  a r e  suf f ic ien t  t o  a c h i e v e  any  orientation, but  for con- 

venience a n  unlimited number of rotat ions a r e  permitted in t h e  program. In addi t ion,  rotat ions of 120' 
about the  body diagonal  of t h e  reference Car tes ian  s y s t e m  a r e  permitted ( this  i s  ach ieved  by a c y c l i c  

permutation of reference base vectors). 

E a c h  operation requires  t w o  f ie lds  i n  t h e  instruct ion card.  For a x i a l  rotat ions,  t h e  f i rs t  f ie ld  of e a c h  

pair wil l  have  the  number 1, 2,  or 3 t o  ind ica te  rotation about  t h e  x, y ,  or z a x e s  of t h e  reference system. 

The  s e c o n d  f ie ld  wil l  h a v e  t h e  rotation angle  in  degrees  for  a right-handed rotation of t h e  model about  

the designated a x i s  (i.e., a pos i t ive  a n g l e  s i g n i f i e s  a counterclockwise rotat ion of t h e  s t ruc ture  with t h e  

designated a x i s  point ing toward t h e  reader). T h e  body diagonal  rotation i s  des igna ted  b y  e i ther  a (- 1) 

or a (- 2) in t h e  f i r s t  f ie ld  to indica te  a 120' or a 240' right-handed rotation about  t h e  body diagonal, and 

the s e c o n d  f ie ld  is blank. A (- 3) would ro ta te  the s t ruc ture  completely around and  thus  not change  i t s  

previous or ientat ion.  
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C o l u m n s  

F i r s t  C a r d  

1-3 

4-9 

10-18 

19-27 1 
1 28-36 

37-45 

46-54 

55-63 

64-72 

10-18 

0 (or 1 if cont inued on next  card) 

502 

1,2,3,- 1,-2 

+; 
+; 

4," 

1,2,3,- 1 ,- 2 

1,2,3,-1,-2 

1,2,3,-1,-2 

S e c o n d  C a r d  

+: 

If desired,  e a c h  rotation c a n  b e  executed with a s e p a r a t e  502 instruction card.  

3.3.6.3 Instruction 503, Working Cartesian System Rotation (Stereoscopic Rotation). - T h e  working 

(minor) Ca r t e s i an  sys tem is automatically made coincident  with the  reference s y s t e m  whenever  the ref- 

e rence  sys tem is redefined with a 501 inst ruct ion or rotated with a 502 instruction. To define a n  orien- 

tation of t h e  working sys tem which i s  not coincident  with t h e  reference s y s t e m  w e  u s e  a 503 instruction, 

which a l l o w s  one  rotation about  o n e  a x i s  of t h e  reference sys t em.  Actually any number of s u c c e s s i v e  

rotations c a n  b e  made, but t h e  effect  i s  not  cumulat ive s i n c e  t h e  s t a r t i n g  point for e a c h  rotation is 

a lways  t h e  reference sys t em.  Body diagonal  rotat ions a r e  not permitted. 

A 503 rotation normally precedes e a c h  member of a s t e reoscop ic  pair  of plots.  T h e  rotation i s  about 

a x i s  2 if t h e  s t e r e o  pair  is to b e  viewed with t h e  x a x i s  paral le l  t o  t he  observer 's  interocular l i ne  and 

about a x i s  1 if t h e  y a x i s  is to  be paral le l  t o  t h a t  l ine.  

C o l u m n s  

1-3 - 

4-9 503 

10-18 1,2,3 
19-27 ldo 

3.3.6.4 Optimal Parameters for Stereoscopic Drawings. - Figure 3 .1  s h o w s  a geometrical  con- 

struction which may b e  used  to derive the parameters  used  in  making s t e reoscop ic  drawings.  ' ',' ' 
T h e  empirical  parameters  in  common u s a g e  [ ( a )  30-in. view dis tance,  (b )  5Oto 6' s t e reo  rotation, and 

'OJ .  T. Rule, J. O p t .  SOC. Am. 28 ,  313 (1938). 
"B. G. Saunders, A p p l .  O p t .  7, 1499(1968). 
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(c) a photographic reduction to achieve 2.2 to 2.4 in .  separat ion of equivalent  points]  produce qui te  

sat isfactory resu l t s  with a s l ight ly  exaggerated impression of depth. Theoret ical ly ,  t h e  b e s t  

s te reoscopic  f idel i ty  i s  obtained by t ranslat ion of t h e  origin rather than by s te reo  rotation of the  

object; l 1  however, t h e  comparison of resu l t s  given in Fig.  3 .2  shows that  the d i f fe rences  a r e  in- 

deed minor and nearly impossible  to detect .  Stereo by t ranslat ion of origin i s  ach ieved  with 

instruction 504, which may be  used  in p l a c e  of t h e  503  instruction; however, t h e  504 ins t ruc t ions  

should not b e  u s e d  when the  e l l ipso ids  have  internal  s t ructure  because  the  o c t a n t s  s e l e c t e d  for 

shading may not b e  the  same on both s te reo  views. 

C o l u m n s  

1-3 Blank 

4-9 504 

10-18 

19-27 
28-36 

Trans la t ion  of origin along x a x i s  of reference sys tem (in.) 

Trans la t ion  of origin along y a x i s  of reference sys tem (in.) 

Trans la t ion  of origin along z a x i s  of reference sys tem (in.) 

For  the  geometrical condi t ions depicted in  Fig.  3.1, the  stereo-rotation ins t ruc t ions  for t h e  le f t  and 

right e y e s ,  

503 2 2.45 

and 

503 2 - 2 . 4 5 ,  

a r e  replaced by t h e  s t e r e o  t ranslat ion instruct ions 

504 -1.28 0 0 
and 

504 2.56 0 0 ,  
respectively. If addi t iona l  drawings a r e  t o  b e  made,  t h e  origin first should b e  returned to  i t s  original 

position with t h e  instruct ion 

504 -1.28 0 0 ,  
in order to  prevent  confusion.  

3.3.6.5 Instruction 505, Origin a t  Centroid. - T h i s  instruct ion f inds the  f i rs t  moment ( i .e . ,  

centroid or center  of gravity) of the  atoms in  t h e  ATOMS l i s t  and makes t h i s  point  t h e  ORIGIN of the  

reference and working coordinate systems.  A weight ing scheme and screening  may be  appl ied to the  

atoms by u s i n g  format No. 2 trailer cards  ( s e e  T a b l e  3.1). If no trailer cards  are used ,  a l l  atom posi t ions 

a re  entered with unit weights. 

3.3.6.6 Instruction 506, Origin at Centroid and Inertial A x i s  Coordinate System. - T h e  calculat ion 

described for instruct ion 505 i s  performed; then t h e  second moment matrix about  t h e  centroid i s  calcu- 

lated, and the  reference and working coordinate sys tems are  s e t  up a long  t h e  principal a x e s  of t h i s  matrix. 

T h i s  principal a x i s  system of coordinates i s  a long  the  iner t ia l  a x i s  of the  configuration of a toms in  t h e  

ATOMS l i s t .  T h e  x a x i s  i s  a long the long  a x i s  of t h e  configuration (i.e.,  the  minimum a x i s  of iner t ia)  

and t h e  z a x i s  i s  a long  the short  a x i s  of t h e  configuration (i.e. the  maximal a x i s  of iner t ia) .  T h e  overlap 
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ORNL-DWG. 6 9 -  7 5 4 1  

+PLOT BOUNDARY 7 ORIGINAL OBJECT AND 
I 14 in. STEREOSCOPIC IMAGE 
I SUPERIMPOSE IN THIS BOX I r - - - - - -  
I I  I I  

I I  PLOTTER PROJECTION PLANE I - '  FOR STEREO BY 

( a )  ROTATION 
( b )  TRANSLATION 

ORIGIN FOR STEREO BY 

( b )  TRANSLATION ( LEFT EYE)  

PROJECTION AXIS FOR STEREO BY 

-(b) TRANSLATION 

112 OF TOTAL ROTATION ANGLE 
BY ROTATION 

( 112 x 4 .9"  

PROJECTION PLANE FOR 

STEREOSCOPE PHOTOGRAPHICALLY REDUCED (4.71 30) 
FOCAL LENGTH STEREO PAIR 

( 2.2 in .  BETWEEN EQUIVALENT 
POINTS I N  THE LEFT AND 
RIGHT EYE VIEWS 1 

DISTANCE 

w v  
L E F T  RIGHT 
EYE EYE 

I I 

F-2 
SEPARATION OF 
OPTICAL CENTERS 
IN STEREOSCOPE 

2 . 5 6  in.  

Fig. 3.1. Geometrical Relations Among the Stereoscopic Perspective Projection Parameters for a Typical OR TEP Drawing. 
The available plotting area for each projection is assumed t o  be 14 in. horizontally and at least 11 in. vertically. The scaled 
mathematical object is within a box 12 in. wide, 9 in. lor more) high, and 6 in. deep with the plane of the plotter halfway back 
into the box. The stereoscopic image seen through a stereoscope with a 12-cm (4.7-in.) focal length and a 6.5-cm (2.56-in.) 
separation between optical centers should appear superimposed on the original object. The parameters for both "translation 
stereo" and "rotation stereo" are shown. The appropriate linear dimensions can be scaled to  accommodate other plotting areas 
and still produce the same final image. 
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ORNL CWG. 69-8122 

STEREO R O l A l I O N  tF 9.9 DEGREES 

srmo minim 5 6.0 EWS 

Fig. 3.2. Three Stereoscopic Drawings of a Hexagonal Lattice with Different Stereoscopic Parameters. The top and middle 
drawings utilize the parameters derived in Fig. 3.1 and demonstrate that the differences predicted (ref. 11) for translation and 
rotation stereo are not discernible in practice. The bottom stereo drawing illustrates the slight exaggeration in depth which occurs 
when a larger stereo rotation angle is used. The drawings should be viewed individually with a 12-crn focal-length stereoscope of 
good optical quality. 

along the 2-view direct ion i s  often minimized by t h i s  option. Furthermore, the  x-y  plane  i s  the l e a s t -  

squares  b e s t  p lane  for the  atomic configuration. Format  No. 2 trailer cards  may be used  to supply weights  

and screening  ( s e e  Table  3.1). 
3.3.6.7 lnstruction 511, Overlap Elimination. - S e e  Section 3.3.14. 

3.3.7 P o s i t i o n i n g  a n d  S c a l i n g  I n s t r u c t i o n s  (600 Series). - T h e s e  ins t ruc t ions  a r e  used  t o  direct  the  

placement of t h e  origin point ORGN (specif ied by instruct ion So l )  onto the  drawing (dimensioned by in- 

s t ruct ion 301). In addi t ion t h e  three-dimensional assembly  of atoms (chosen by t h e  400 s e r i e s  instruct ion)  

const i tut ing t h e  model i s  s c a l e d .  The  atomic c e n t e r s  of t h e  model wil l  then b e  hanging in s p a c e  above  

and below t h e  drawing board correctly posi t ioned t o  b e  projected f rom t h e  e y e  point descr ibed  with 301. 

3.3.7.1 Normal Modes of Positioning and Scaling. - Several  normal modes of operat ion a r e  ava i lab le  

t o  the  user  for posi t ioning and s c a l i n g  t h e  model. Instruct ion 601 requires  t h e  u s e r  t o  supply  a complete  

expl ic i t  descr ip t ion  of posi t ion ( x , , y , )  and s c a l e  (SCAL1). At t h e  other  extreme,  instruct ion 604 auto- 

matically s c a l e s  and posi t ions the model so tha t  t h e  peripheral projected atom c e n t e r s  wil l  touch two 
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opposi te  borders and  t h e  peripheral a toms in  t h e  remaining dimensions wil l  b e  centered on t h e  drawing. 

An intermediate  mode is ava i lab le  through 602, which provides  automatic  s c a l i n g  a f te r  expl ic i t  posi- 

tioning. In general  t h i s  a l lows  only o n e  edge  of t h e  model t o  touch a border. F ina l ly ,  instruct ion 603 
requires a n  expl ic i t  s c a l e  and  d o e s  automatic  center ing.  

In general  t h e  604 instruction i s  the e a s i e s t  and s a f e s t  one  to use ,  but s i tua t ions  a r i s e  in  which the  

user  should not relinquish control to the  program. F o r  example, if a b ig  i l lustrat ion i s  t o  b e  drawn piece- 

w i s e  on a s m a l l  plotter, t h e  u s e r  wil l  have  t o  maintain control  over t h e  s c a l e ,  and  probably over 

positioning, so  tha t  t h e  par t ia l  plots  c a n  b e  f i t ted together correct ly .  

A s e c o n d  s c a l e  factor SCAL2 i s  required in  connect ion with the  e l l ipso id  (or sphere)  s i z e .  It i s  

a d imens ionless  s c a l e  factor  ratio used  to  modify a l l  rms displacement  v a l u e s  before plot t ing equi- 

probability e l l i p s o i d s  or s p h e r e s .  A t a b l e  of SCAL2 values  v s  probability i s  given in Sect .  5.2. T h e  

primer cons tan t  for SCAL2 i s  1.54, corresponding t o  50% probability. If t h e  instruct ion’s  entry for 

SCAL2 i s  0 or blank,  then SCAL2 i s  not modified by  t h e  instruction. T h e  same s ta tement  a l s o  holds  

for xo, y o ,  and SCAL1. T h a t  i s ,  if t h e  instruct ion entry i s  z e r o  or blank for a n y  of t h e s e ,  then t h e  value 

of the constant  in  memory is not  changed. T h i s  means  that  an xo or y o  cannot be  entered as  exact ly  

zero, so that  if zero i s  wanted, a small nonzero  number should b e  entered. 

Columns 

1-3 
4-9 

10-18 
19-27 

28-36 
37-45 

601 

- 

601 
X 
0 

YO 

SCALl 
SCAL2 

602 

- 
602 

x O  

YO 
- 

SCAL2 

603 

- 

603 
- 

- 

SCALl 
SCAL2 

604 

- 
604 
- 
- 
- 

SCAL2 

P r i m e r  C o n s t a n t  

- 
8.5 
5.5 
1 .o 
1.54 

3.3.7.2 Incremental Modes of Positioning and Scaling. - Additional flexibility i s  provided through the  

incremental instruct ions 611, 612, and  613. T h e s e  a l low the  u s e r  t o  “nudge” t h e  model or modify t h e  

s c a l e  factor  (SCALl), or both, a f t e r  the  parameters  have  been  ini t ia l ly  s e t  with a previous 600 s e r i e s  in-  

s t ruct ion.  T h e  611 instruct ion a d d s  Axo,  &4y0 t o  t h e  previous xo, y o  position for t h e  ORGN placement 

and mult ipl ies  t h e  ex is t ing  SCALl by .AK (except  if AK = 0, SCALl i s  unmodified). Instruction 612 
increments the  posi t ion and then d o e s  a n  automatic  sca l ing ;  613 f i rs t  increments  the s c a l e  (by multi- 

plying by AK) and then automatical ly  reposi t ions.  

A conserva t ive  general approach i s  t o  follow a 604 with a 611 having :Zxo = 0, .\yo -: 0 and L\K = 0.9. 
T h i s  wil l  simply reduce t h e  s c a l e  10% so  tha t  there  i s  more s p a c e  for labe ls ,  e t c .  
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C o l u m n  6 1  1 6 1  2 6 1 3  

- 1-3 - - 
4-9 611 612 613 

- 10-18 A X o  A X 0  

19-27 AYo ,AY - 
28-36 A K - A K 
37-45 SCAL2 SCAL2 SCAL2 

3.3.8 Atom P l o t t i n g  Ins t ruc t ions  (700 Series) .  - T h e s e  instruct ions a r e  concerned  with drawing 

various representat ions of t h e  atom based  on the familiar ball-and-stick molecular model. T h e  ball in 

the general  c a s e  i s  a n  e l l ipso id  represent ing a contour  s u r f a c e  of e q u a l  probability densi ty .  Alterna- 

tively, when thermal motion i s  not being portrayed, t h e  ball c a n  b e  a s p h e r e  of arbitrary dimension. 

T h e  700  s e r i e s  a l s o  h a s  provision for label ing t h e  a tomic  s i t e  with t h e  corresponding chemica l  symbol. 

The  instruct ions in t h i s  s e r i e s  draw t h e  “ATOMS l i s t ”  a toms which project  onto t h e  u s a b l e  part of t h e  

drawing area.  Atoms found t o  b e  out  of bounds a re  bypassed ,  and a F a u l t  Message  (NG = 10)  i s  printed 

on the  monitor output. An atom i s  out of bounds under t h e  following condi t ions:  (1) if i t s  z coordinate  in 

the s c a l e d  reference Car tes ian  s y s t e m  i s  greater  than f/2 the  viewing d is tance ,  (2) if i t s  c e n t e r  a f te r  pro- 

ject ion f a l l s  ou ts ide  the limiting boundary of t h e  drawing board, or (3) if t h e  projected center  i s  within 

54 of t h e  margin width (BRDR) of a limiting boundary. 

An e l l ipso id ,  for graphical  purposes  in  OR TEP, is cons idered  t o  b e  composed of e l l i p s e s  and  s t ra ight  

l ines .  T h e  e l l i p s e s  are of two types ,  principal e l l i p s e s  and  boundary e l l i p s e s .  Rela t ive  t o  t h e  viewpoint, 

a principal e l l i p s e  i s  further subdivided in to  a front half and a back,  or hidden,  half. There a r e  three 

principal e l l i p s e s  per  e l l ipso id ,  corresponding to t h e  three  pr incipal  planes.  T h e  boundary e l l i p s e  i s  the 

edge of t h e  el l ipsoid a s  s e e n  from t h e  viewpont. T h e  front and back  h a l v e s  of the  pr incipal  e l l i p s e s  meet 

a t  the  boundary e l l ipse .  T h e  s t ra ight- l ine segments  of t h e  OR T E P  e l l ipso id  a r e  t h e  forward principal 

a x e s ,  reverse  pr incipal  a x e s ,  and  octant  s h a d i n g  l i n e s .  
Figure 3.3 s h o w s  various combinations of t h e s e  elements. I t  i s  obvious that  cer ta in  of t h e s e  com- 

binations a r e  bet ter  representat ions than others .  Instruct ion 701 generates  t h e  5 A  model of Fig. 3.3, 

instruction 702 genera tes  2A, and 703 produces 3B. Instruct ion 704 draws  t h e  boundary e l l i p s e  a lone .  

If an atom i s  en tered  a s  a sphere ,  t h e  boundary wil l  b e  c i rcu lar  before projection and s l igh t ly  e l l ip t ica l  

af ter  perspect ive projection. Instruct ion 705 a l lows  t h e  u s e r  t o  make up  any representat ion f r o m  the  

b a s i c  components. 

Chemical  symbols  up  to  s i x  alphanumeric c h a r a c t e r s  in  length are included with t h e  input s t ructural  

parameters for e a c h  atom. T h e s e  symbols  c a n  b e  put onto t h e  i l lustrat ion with one 700 s e r i e s  or s e v e r a l  

900 s e r i e s  instruct ions.  T h e  700 s e r i e s  p l a c e s  t h e  center  of t h e  s ix-character  f ie ld  of e a c h  atom in the 

same posi t ion relat ive t o  the  atom center ;  t h e  900 s e r i e s  a l lows  t h e  u s e r  t o  posi t ion e a c h  symbol  individ- 

ually. T h e  700 s e r i e s  requires  only three  parameters  a s  follows: (1) symbol  height  in inches ,  (2) paral le l  

(left-right) offset  in  i n c h e s ,  and  ( 3 )  perpendicular  (up-down) offset  in  inches .  T h e  parameters refer t o  the  

model before projection, and they wil l  change  s l ight ly  during perspec t ive  project ion.  T h e  paral le l  and 
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ORNL DWG. 64-5255 

A .  8. 

Without back Full l ine  
C. 

4 .  Principal ellipses 

2. 

3. 

4. 

5. 

Principal and 
enveloping ellipses 

Principal ellipses 
and axes 

Principal ellipses 
and axes 
with envelope 

Principa I ellipses 
and axes 
w i t h  envelope and 
octant shading 

_ -  
or reverse axes back 

Fig. 3.3. Various Combinations of Ellipsoid Components. 

Dotted 
back  

(-J; .., . 

0 . . . . .,. . . . . . . , , 

(JJ .. ... . \  &. . . . , - -  _.. . .  

. . '., . . . . . , . . 

. ... 

. I : ., ... I _. '....? ... 

.....A. . . . , 

.. .. ... 

perpendicular of fse t  refer t o  t h e  e x a c t  cen ter  of t h e  s ix-character  input  f ie ld  and a r e  re la t ive t o  the  le t ter-  

ing b a s e  l i n e  s e t  u p  with t h e  302 the ta  rotat ion.  A symbol height  of 0 or blank wil l  c a u s e  t h e  symbol- 

drawing routine t o  b e  bypassed .  

with NPLANE = 4, NDOT = 3, 4,  5, or 6,  NLINE = 0 ,  and NDASH = 0 may b e  used  to  produce dotted 

boundary e l l i p s e s  to cont ras t  with t h e  normal s o l i d  l i n e  boundary e l l ipses .  Another feature  of t h e  

705/715 instruct ion i s  that i f  NPLANE = 0 ,  and if t h e  symbol height i s  greater than zero, then chemical 

In order  to d is t inguish  certain atoms, such  a s  t h o s e  in disordered posi t ions,  a 705/715 instruction 

symbols a lone  a r e  drawn on the  atomic s i t e s .  
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It is p o s s i b l e  to  vary the th ickness  of t h e  boundary e l l i p s e  l ine by making i t  a funct ion of z, the  

height of the  atom from t h e  drawing board. T h i s  option is normally used  with t h e  704 (boundary only) 
instruction but  wil l  work for any  700 instruction. Ent r ies  a r e  put in the  A ,  and A I  f ie lds  of t h e  in- 

s t ruct ion cont inuat ion card to spec i fy  t h e  coef f ic ien ts  of 

,2R(z) = A. + A l z ,  

where 

(AR i s  t h e  i n c r e a s e  in  radial  dimension t o  be  added to the  width of t h e  s i n g l e  pen l ine,  

A. i s  AR for a n  atom a t  z = 0, and 

A l  i s  t h e  ra te  of i n c r e a s e  in radial  dimension with z .  

As a n  example,  a s s u m e  tha t  t h e  a toms of t h e  s c a l e d  model range from 5 in. below t o  5 in. a b o v e  the 

drawing board and t h e  pen width i s  0.2 rnm (.008 in.). If we  want  t h e  c l o s e s t  e l l i p s e  boundary t o  b e  

f ive times a s  wide a s  the  far thest ,  then jA2R(-5 in.) = 0, AR(5) = 0.008 x (5 - 1) = 0.032 in.; t h u s  

A ,  = 0.016 in.  and A ,  = 0.0032 in. 

T h e  program widens t h e  l ine  by s tepping  radial ly  in increments  of DISP, which is s e t  by primer 

cons tan t  to 0.005 in. A 303 instruct ion c a n  b e  u s e d  to c h a n g e  DISP if desired.  
Se lec ted  types  of atoms from the ATOMS tab le  c a n  be  drawn without having to a l te r  the  conten ts  of the  

table .  T h i s  i s  accomplished by u s i n g  a n  atom-number-run (ANR) c o d e  which inc ludes  t h e  atom types  that  

a r e  t o  b e  drawn with a particular 700-ser ies  instruction. T h i s  feature  i s  particularly usefu l  when two or 

more different representat ions a r e  u s e d  s u c h  a s  for the carbon and hydrogen a toms in  t h e  cubane  example. 

If no ANR i s  entered,  then a l l  a toms in  the  table  a r e  drawn. 

T h e  monitor output for the  701 through 705 instruct ions c o n s i s t s  of the  following: 

1. x , y  plotter coordinates:  the  coordinates ,  i n  i n c h e s ,  for the  projected atom center  on t h e  plot, 

measured from t h e  lower left-hand corner  of t h e  limiting boundary. T h i s  i s  t h e  fixed plotter coordinate  

system with origin point s e t  by t h e  plot ter  operator. 

2. x ,y , z  working Car tes ian  coordinates:  t h e  coord ina tes ,  in i n c h e s ,  f o r  t h e  oriented and  s c a l e d  

atomic model before  projection. T h e  x m d  y a x e s  paral le l  the  plotter x and y a x e s ,  and t h e  origin of 

the sys tem is in t h e  p lane  of t h e  plotter a t  the  point xo ,yo  ( s e e  3.3.7) in plot ter  coordinates .  T h e  point 

ORGN of t h e  s c a l e d  model i s  a t  th i s  point ( s e e  3.3.6.1). 

3. x ,y , z  t r ic l inic  coord ina tes ,  in f ract ions of the  unit-cell e d g e s  relat ive t o  t h e  c r y s t a l  unit-cell 

origin. 

4. Pr inc ipa l  a x e s  of thermal motion, c o n s i s t i n g  of  (a)  principal v a l u e s  of root-mean-square d is -  

placement and  ( b )  direct ion c o s i n e  for  principal vectors  re la t ive t o  t h e  working Car tes ian  sys tem.  

5. T h e  atom designator  code  and chemica l  symbol  for t h e  atom. 

Instruct ions 711 through 715 a r e  ident ical  t o  701 through 705 except  that  the 710 s e r i e s  s u p p r e s s e s  

all monitor output except  fault messages .  
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3.3.8.1 Atom Plotting Instructions 701, 702, 703, 704, and 711, 712, 713, 714. - 

C o l u m n s  

F i r s t  C a r d  

1-3 
4-9 

1 (if boundary retracing or atom select ion is desired;  otherwise 0) 

701, 702, 703, 704, 711, 712, 713, 714 
10-45 Blank 

46-54 Symbol height  (in.) 

55-63 Para l le l  offset  (in.) 

64-72 Perpendicular  offset  (in.) 

Second Cord (needed only for boundary retracing or atom selection) 

1-3 Blank 

4-9 Blank 

10-18 A,  (in.) or blank 

19-27 A ,  (in.) or blank 

28-36 

37-45 
ANR or blank 

3.3.8.2 Atom Plotting Instructions 705 and 715. - 
C o l u m n s  

1-3 
4-9 

10-18 

19-27 

28-36 

37-45 

46-54 
55-63 
64-72 

F i r s t  C a r d  

1 (if  boundary retracing or atom se lec t ion  i s  desired;  otherwise 0) 
705 or 715 
NPLANE 

= 0, n o  el l ipsoid components  
= 1, boundary e l l i p s e  only 
= 3, principal e l l i p s e s  only 
= 4, boundary + principal e l l i p s e s  

NDOT (back s i d e  of pr incipal  e l l i p s e s )  
to, s o l i d  l i n e  back s i d e  
= 0, back s i d e  omitted 
= 3, 4 d o t s  on back s i d e  
= 4, 8 dots  on back  s i d e  
= 5, 16 dots  on back  s i d e  
= 6, 32 dots  on back  s i d e  

= 0, n o  forward a x e s  or s h a d i n g  
= 1, forward principal a x e s  only 
= N, forward a x e s  + ( N  - 1) l i n e  s h a d i n g  

NLINE (forward pr incipal  a x e s  a n d  shading)  

NDASH (dashed reverse  pr incipal  a x e s )  
= 0, n o  reverse  a x e s  
= N, dashed  reverse  a x e s  with N d a s h e s  

Symbol height  (in.) 

P a r a l l e l  offset (in.) 

Perpendicular  offset (in .) 
for symbols  1 

S e c o n d  C a r d  same a s  701 
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3.3.9 Bond Plot t ing Instructions (800 Series). - T h e  bond plot t ing ins t ruc t ions  a r e  grouped into two 
general types,  expl ic i t  and  implicit,  depending on how t h e  bonds a r e  spec i f ied .  Expl ic i t  bonds require a 

vector designator  code  (see 3.1.2) for e a c h  bond. Implicit bonds make u s e  of vector  s e a r c h  c o d e s  ( s e e  

3.1.5) t o  find pa i rs  of atoms from t h e  ATOMS array s e t  up  by the  400 s e r i e s  instruct ions.  

There  a r e  two t y p e s  of bonds  t h a t  c a n  b e  drawn, s t i c k  bonds and  l i n e  bonds.  T h e  l i n e  bond is a 

very crude, but  rapid, method useful  in  drawing preliminary i l lustrat ions.  It i s  cons t ruc ted  by placing 

centered symbols  (e.g., +, x, *, etc.) on t h e  two atom s i t e s  and  drawing a s i n g l e  s t ra ight  l ine  between 

them. L i n e  bonds a r e  a l w a y s  spec i f ied  implicitly (803, 813 instructions). 
T h e  more elaborate  bond is t h e  s t i c k  bond, which could  also b e  c a l l e d  a conica l  bond b e c a u s e  of i t s  

accentuated perspec t ive  taper. 

ing  cone  ( tangent  cone)  which h a s  i t s  apex  a t  t h e  viewpoint and i s  tangent to an el l ipsoid.  In general, 

the  e l l ipso id  in te rsec t ion  is automatical ly  u s e d  if t h e  a x i s  of the  bond i n t e r s e c t s  t h e  e l l ipso id  a t  a point 

which i s  v i s ib le  t o  t h e  viewpoint; otherwise,  t h e  tangent  c o n e  intersect ion is used ,  S O  that  t h e  bond ap- 

pears  t o  terminate a t  t h e  boundary of t h e  e l l ipso id .  However, t h e  u s e r  c a n  spec i fy  t h a t  t h e  e l l ipso id  in- 

tersect ion a l w a y s  b e  used  in  order to make t h e  ske le ton  type  model (e.g., 3 B  of Fig.  3.1) appear  even  

more transparent. T h e  radius  of t h e  s t i c k  bond a n d  t h e  number of l i n e s  which a r e  used  t o  draw t h e  bond 

are  specif ied by input parameters. 

Each  end of  the bond i n t e r s e c t s  e i ther  (1) an e l l ipso id  or (2) a n  envelop- 

Bond-distance l a b e l s  c a n  b e  drawn automatical ly  with s t i c k  bonds, but not with l ine  bonds.  The  

bond-distance labe l  numbers a r e  in  Angstrom uni t s  t o  one,  two, or three  p l a c e s  pas t  t h e  decimal point. 

T h e  bond l a b e l s  on t h e  i l lustrat ion wil l  have  their  base l i n e s  paral le l  t o  t h e  s t i c k  bonds  and  wil l  b e  

right s i d e  up  for t h e  viewer. T h e  height  of the  labe l  in i n c h e s  a n d  the perpendicular  offset  d i s t a n c e  

for the  center  of t h e  labe l  re la t ive t o  t h e  c e n t e r  of t h e  bond a r e  parameters  t o  b e  spec i f ied  by the  user. 

With t h e  present  primer cons tan t  for FORE,  if t h e  s i n e  of t h e  angle  between t h e  bond and  the  mean view- 

ing vector  i s  greater than 0.5, t h e  le t ter ing i s  done  in  perspect ive a long  t h e  bond. When t h e  s i n e  of t h e  
angle  i s  l e s s  than 0.5, t h e  perspec t ive  le t ter ing would be  e x c e s s i v e l y  foreshortened; t h e  le t te r ing  i s  

then made paral le l  to t h e  p lane  of the  drawing with i t s  b a s e  l i n e  paral le l  to the projected bond. Dif- 

ferent le t ter ing he ights  and different perpendicular of fse t  d i s t a n c e s  c a n  be  a s s i g n e d  t o  t h e  perspec t ive  

and nonperspect ive bond-distance labe ls .  

All bond parameters  a r e  input with Format No. 2 t ra i ler  cards  ( s e e  3.3.1). T h e  bond parameters  a r e  

as follows: 

1. Bond type (for s t ick bond) i s  des igna ted  by a n  integer  NBOND, where - 5  5 NBOND =( 5. T h e  

negat ive in tegers  denote that both e n d s  of t h e  bonds terminate a t  t h e  e l l ipso ids .  T h e  posi t ive integers  
denote bonds ending e i ther  a t  the  e l l ipso id  or the  tangent  cone ,  a s  descr ibed  previously in  t h i s  sec t ion .  

An entry of zero draws n o  bond. A magnitude of 1 for NBOND produces two l i n e s ,  o n e  for e a c h  bond 

edge,  180Oapart in t h e  p lane  normal t o  t h e  bond a x i s .  L i n e s  a r e  drawn go", 4S0, 22.S0, or 11.25O apart  

for NBOND magnitudes of 2,  3 ,  4, or 5, respect ively.  T h e  back s i d e  of t h e  bond i s  not drawn. Repre- 

s e n t a t i v e  samples  a r e  shown in F i g  6.1. 

"The accentuated taper may be increased or decreased by  changing the value assigned to  T A P E R  in SUB- 
ROUTINE PRIME ( see  TAPER in sect. 4.5). 
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2. T h e  bond radius (mean va lue  for s t i c k  bonds)  is in Angstrom uni ts .  Values  between 0.01 and 

0.06 A usual ly  give good resul ts .  Any posi t ive va lue  may b e  used  a s  long a s  i t  is smal le r  than the 

s c a l e d  el l ipsoid minimum semidimension. T h e  bond radius i s  not changed by t h e  el l ipsoid s c a l e  factor  

ratio SCAL2. T h e  bond rad ius  should not b e  made “vanishingly small” (e.g., r < 0.005 A) if t h e  overlap 

feature i s  used  b e c a u s e  numerical rounding may c a u s e  incorrect  hidden-line elimination. 

3. T h e  height  of perspec t ive  l a b e l s  for bond d i s t a n c e s  i s  entered a s  z e r o  if n o  bond d i s t a n c e s  a r e  

t o  be  labeled.  P o s i t i v e  va lues  denote t h e  le t te r ing  height  in  inches  before  projection. 

4. T h e  perpendicular offset  for bond d i s t a n c e  perspec t ive  l a b e l s  (in i n c h e s )  per ta ins  t o  offset  of the  

center  of t h e  d i s t a n c e  labe l  re la t ive  t o  t h e  c e n t e r  of t h e  bond. 

5. T h e  height  of regular  labe ls  for bond d i s t a n c e s  is entered a s  z e r o  if n o  bond d i s t a n c e s  correspond- 

ing to  foreshortened bonds a r e  to b e  drawn. P o s i t i v e  va lues  give t h e  le t ter ing height  in i n c h e s  before 

project ion. 

6. T h e  perpendicular offset  for bond-distance regular l a b e l s  h a s  t h e  s a m e  def ini t ion as  parameter 4 
above. 

7. T h e  s ignif icant  d ig i t s  indicator  i s  -1, 0, or 1 ,  denot ing bond d i s t a n c e  l a b e l s  with one, two, or 

three d ig i t s ,  respect ively,  a f te r  the decimal  place.  

T h e  u s e  of vector-search-code (VSC) c a r d s  for t h e  bond plot t ing ins t ruc t ions  802 and  803 h a s  been ex-  

tended t o  inc lude  a provision for drawing coordination polyhedra whi le  s u p p r e s s i n g  the  unwanted bonds. 

In addition to descr ibing t h e  bond with ANR(A), ANR(B), and the D min t o  D max range, a condition c a n  b e  

imposed to require that  both atoms must be  within a spec i f ied  “polyhedral d i s tance  range” of an atom in 

the ATOMS tab le  which h a s  a n  atom number sa t i s fy ing  a third atom number run, ANP(P). T h i s  option is 

brought i n t o  play by a negat ive number i n  columns 43 t o  48 of t h e  VSC card  and is appl icable  t o  instruc-  

t ions 802, 803, 812,  and 813. 

Instruct ions 801, 802, and 803 differ from 811, 812, and  813 only in t h e  monitor output l is t ing.  T h e  

second group h a s  n o  output except  error m e s s a g e s .  T h e  f i r s t  group l i s t s :  (1) plot ter  coord ina tes  in  

inches ,  (2) s c a l e d  Car tes ian  coordinates  (in inches)  of atom before projection, and  (3) t r ic l inic  c r y s t a l  

coordinates  for the  a toms of e a c h  bond. T h e  interatomic bond d is tance  in angstroms i s  a l s o  l i s ted .  

If a n  atom of a bonded pair i s  out of bounds, a faul t  message (NG = 10) i s  printed on t h e  monitor output. 

If the  bond i s  hidden and cannot  b e  drawn, faul t  m e s s a g e  NG = 14 i s  printed. F a u l t  NG = 13 s igni f ies  

that a n  imaginary intersect ion w a s  found with a bond radius larger  than t h e  e l l ipso id  semidimension. 

3.3.9.1 lns t ruc t ions  801 a n d 8 1 1 ,  Expl ic i t  St ick Bonds. - T h e  bonds a r e  descr ibed  with two atom 

designator  c o d e s  for e a c h  bond. T h e  atom des igna tor  c o d e s  go on t h e  801 card and  on Format  No. 1 

trailer cards  ( s e e  T a b l e  2 .1  for format). T h e  two atom designator  c o d e s  for a bond must  b e  i n  a d j a c e n t  

fields, but blank f ie lds  c a n  b e  inser ted between the  different bonds. Since there a r e  seven  f ie lds  ava i lab le  

per card, i t  i s  a good i d e a  to  u s e  only two, four, o r  s i x  of them so tha t  the  card sequence  within t h e  instruc-  

tion (other than f i rs t  and l a s t  cards)  will b e  unimportant. In addition, a Format No. 2 t ra i ler  card i s  re- 

quired with t h e  f ie lds  spec i f ied  under column 801 in T a b l e  3.1 properly filled in. 

3.3.9.2 lnstructions 802 and 812, Implicit Stick Bonds. - All parameters a r e  input with Format  No. 2 

trailer cards  ( s e e  T a b l e  3.1). T h e  only entry on the  instruct ion card i s  the instruction number and look 

ahead (2). 
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3.3.9.3 Ins t ruc t ions  803 a n d  813, Implicit L i n e  Bonds. - All parameters  a r e  input  with Format No.  2 
trailer c a r d s  (see T a b l e  3.1). T h e  centered symbol  placed on a given atom wil l  b e  t h e  centered  symbol  

whose c a l l i n g  number corresponds t o  t h e  atom number modulo 10 ( s e e  Fig.  4.2). 

T h e  centered symbols  drawn on the  atomic s i t e s  by the  803/813 instruct ions may be  made larger  or 

smaller by redefining t h e  SCAL2 factor, which i s  controlled by the  600 s e r i e s  of ins t ruc t ions  (3.3.7). 
3.3.9.4 Ins t ruc t ions  821 a n d  822, Overlap Elimination. S e e  Section .3.3.14. 

3.3.10 Label P lot t ing Instructions (900 Series). - T h e  900 s e r i e s  a l lows  t h e  u s e r  t o  plot general  

t i t l es  up  to 72 charac te rs  in  length, chemica l  symbols  u p  t o  6 charac te rs  long, bond length l a b e l s ,  and  

centered symbols .  T h e  bond length labe ls  c a n  h a v e  t w o  decimal  p l a c e s  before t h e  decimal  point  and 

one,  two, or three  p l a c e s  a f te r  t h e  decimal  point. T h e  700 and 800 s e r i e s  ins t ruc t ions  can  plot chemical  

symbols  and  bond length l a b e l s ,  but  i t  i s  of ten d e s i r a b l e  t o  pos i t ion  cer ta in  l a b e l s  individual ly  with the  

900 s e r i e s .  

General  t i t l e s  a n d  bond length l a b e l s  c a n  b e  drawn e i ther  in  perspec t ive  or para l le l  t o  t h e  plane of 

the drawing, Chemical  symbols  a n d  centered symbols  are a l w a y s  drawn para l le l  t o  t h e  plot ter  plane.  

Instruct ions 913 through 916 a r e  for perspec t ive  le t ter ing,  a n d  ins t ruc t ions  901 through 909 produce 

regular le t ter ing.  

T w o  vec tors ,  t h e  upright vector  and t h e  base- l ine vector, a r e  needed t o  d e s c r i b e  a le t te r ing  plane. 

In OR TEP t h e  upright le t ter ing vector  i s  a l w a y s  para l le l  t o  the  p lane  of t h e  drawing. For perspec t ive  

le t ter ing t h e  base- l ine vector is a g e n e r a l  vector  in  three  dimensions. In the nonperspec t ive  case the  

base- l ine vector i s  e i t h e r  a l o n g  the project ion of a genera l  vector  or a long  the vector (in the  p lane  of 

t h e  plotter) which i s  or iented with a 302 t i t le  rotation instruct ion ( theta  base  line). If the ta  ( s e t  by 302) 
i s  zero, then the  theta  base- l ine  vector is along t h e  plot ter  p o s i t i v e  x axis .  

T h e  e x a c t  c e n t e r  of t h e  labe l  is a l w a y s  referred t o  when spec i fy ing  t h e  pos i t ion  of t h e  label .  T h e  

program goes  through t h e  following s t e p s  t o  posi t ion t h e  center  point of t h e  l a b e l  onto t h e  drawing. (1) 
A point P1 i s  found which is e i ther  t h e  posi t ion of atom A or t h e  mean of t w o  atom pos i t ions  (atom A 
and atom B). T h e  atom A posi t ion is u s e d  if n o  atom designator  e x i s t s  in t h e  atom B f ie ld  of t h e  in- 

s t ruct ion card.  (2) A point P2 i s  found by ( a )  t rans la t ing  from P1 along t h e  base- l ine vector  for the  

d is tance  spec i f ied  by paraZle2 offset, then ( b )  t rans la t ing  a long  the upright vector by  t h e  perpendicular  

of fse t  d i s tance .  (3) A point P3 i s  found by project ing P2 onto t h e  p lane  of t h e  plotter. (4) If t h e  x 

edge r e s e t  is >O, then x is r e s e t  t o  th i s  value. If x edge r e s e t  i s  (0,  x i s  r e s e t  t o  t h e  posi t ive x plot 

boundary minus Ix edge reset l .  N o  rese t t ing  i s  done  if x edge rese t  is zero.  T h e  y parameter i s  handled 
in the  same manner with y edge reset .  
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T h e  format for the  ent i re  900 s e r i e s  i s  a s  follows: 

C o l u m n s  

1-3 

4-9 

10-18 
19-27 

28-36 

37-45 

46-54 

55-63 
64-72 

1-3 

4-9 

10-18 

3.3.10.1 Instruct ion 901. 

chemical  symbol  for atom A .  

Blank or 3 (or 1 i f  s e c o n d  card  i s  needed)  

Instruct ion number 

Designator  for atom A 
Designator  for atom B (or blank)  

x e d g e  reset (in.) 

y e d g e  r e s e t  (in.) 

Le t te r ing  height  (in.) 

P a r a l l e l  offset  (in.) 

Perpendicular  offset  (in.) 

S e c o n d  Card  (if needed)  

Blank 

Blank 

Centered symbol number (0-14) 

A nonperspect ive chemical  symbol  with the ta  b a s e  l i n e  i s  drawn us ing  the  

3.3.10.2 Instruct ion 902. - A nonperspec t ive  t i t l e  with the ta  b a s e  l ine  i s  drawn. T h e  t i t l e  must b e  

entered with t h e  instruct ions on a Format No. 3 t ra i ler  card.  T h e  t i t l e  should  b e  centered about columns 

36-37 of that  card. 

3.3.10.3 Ins t ruc t ions  903 a n d  913. - A general  vector  t i t l e  i s  drawn with nonperspect ive le t te r ing  

for 903 and perspec t ive  le t te r ing  for  913. T h e  general  vector  is from atom A t o  atom B. T h e  t i t l e  is 

entered a s  descr ibed  for 902 (see 3.3.10.2 above). 

3.3.10.4. Ins t ruc t ions  904, 905, 906, 914, 915, a n d  916. - T h e s e  are instruct ions for general-vector 

bond-length labe ls .  T h e  f i r s t  th ree  a r e  for nonperspect ive le t ter ing with one,  two, and three p l a c e s  a f te r  

the decimal  point; and  t h e  l a s t  th ree  a r e  for t h e  corresponding bond-length l a b e l s  with perspec t ive  let- 

tering. T h e  general  vector  i s  from atom A t o  atom B. Note tha t  t h e  s e n s e  of t h e  vector  is important in 

order t o  have  t h e  labe l  right s i d e  up. 

3.3.10.5 Ins t ruc t ions  908 a n d  909. - T h e s e  ins t ruc t ions  a r e  for  centered symbols .  With 908 t h e  pen 

i s  up whi le  moving t o  the  position where t h e  centered symbol  i s  t o  b e  drawn, but  with 909 the  pen is left 

down. T h e  centered symbol  is o n e  of t h e  15 l i s ted  for t h e  CalComp SIMBOL routine (the misspe l l ing  of 
“symbol” i s  intentional). T h e  symbol  number must b e  i n  t h e  range 0-14. 

3.3.1 1 Saved  S e q u e n c e  Instruct ions  ( 1  100 S e r i e s ) .  - It i s  often des i rab le  t o  repeat  a s e q u e n c e  of in- 

s t ruc t ions  one  or m o r e  t imes  with other  instruct ions inser ted between t h e  repet i t ions.  T h e  1100 s e r i e s  

a l lows  t h e  user  t o  d o  t h i s  without t h e  n e c e s s i t y  of put t ing in  dupl ica te  s e q u e n c e s  of instruct ion c a r d s .  

It i s  not a n  e labora te  looping device ,  but i t  d o e s  give addi t iona l  f lexibi l i ty  t o  t h e  sys tem.  

T h e  three instruct ions in  t h i s  s e r i e s  a r e  to s t a r t  t h e  s a v e d  s e q u e n c e  (instruction I l o l ) ,  terminate  t h e  

s a v e d  s e q u e n c e  ( instruct ion 1102), and  e x e c u t e  t h e  s a v e d  s e q u e n c e  (instruction 1103). A l l  inst ruct ion 
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cards  and  their trailer c a r d s  be tween t h e  1101 and 1102 instruct ions a r e  executed and s a v e d  on  a mag- 

net ic  sc ra tch  tape.  A 1103 instruction rewinds t h i s  sc ra tch  t a p e  and  repea ts  a l l  t h e  ins t ruc t ions  s tored  

there before another instruct ion i s  read from t h e  monitor input. There  a r e  n o  parameters t o  b e  en tered  

with the  1100 s e r i e s  instruct ions.  

3.3.12 Job Termination Instructions (Negative Series). - A (- 1 )  instruct ion terminates  the  job a n d  

ex i t s  via  SUBROUTINE EXIT.  

A (-2) instruct ion re in i t ia l izes  t h e  whole program and s t a r t s  over  with another  s t ruc ture  from t h e  t i t l e  

card on. A s  many s t ruc tures  a s  des i red  may b e  run in  s e q u e n c e  in  t h i s  manner before  ex i t ing  with a (- 1) 
instruction. Note t h a t  t h e  201 instruct ions should occur  only o n c e  and  should  not  b e  repeated for s u c c e e d -  

ing jobs .  

3.3.13 Supplementary Instructions (1200 Series). - T h e s e  instruct ions ut i l ize  Subroutine SPARE. 

3.3.13.1 Punching Cards with OR FLS Format. - An instruct ion 1201, which is implemented 

in subrout ine S P A R E ,  punches  new position c a r d s  and  temperature-factor cards  with t h e  format u s e d  by 

the  OH F LS leas t - squares  program. T h e  instruct ion is usefu l  for transforming a s t ruc ture  to  a different 

asymmetric uni t  and for s a v i n g  k e y  atoms from a complex ATOMS array. F i r s t  a n  ATOMS array is gen- 

erated by t h e  400 s e r i e s  of instruct ions;  then posi t ional  parameter cards ,  taken from t h e  input  a toms 

l i s t ,  a r e  read to  def ine which atoms are wanted and  to supply information about  t h e  s c a t t e r i n g  factor 

identifier and t h e  multiplier. T h e  parameter cards  for all a toms i n  the  ATOMS l i s t  which a r e  crystal-  

lographically equivalent  to  t h e  o n e s  read a r e  punched out. T h e  sequence  of the  parameter  c a r d s  read 

by th i s  instruct ion need  not  correspond with t h e  s e q u e n c e  of t h e  original input  atoms. 

Columns 

1-3 Blank 

4-9 1201 

10-18 n ( the  number of posi t ional  parameter cards  to b e  read; n position parameter c a r d s  from t h e  

original input atom deck must follow th is  instruction card.) 

3.3.14 Over lop Correction Instructions (511, 821, 822). - T h e  hidden l ine  correction feature  of 

OR TEP-I1 el iminates  most  of the  manual touch-up t a s k s  previously required to correct  for overlapping 

atoms and bonds. Drawings made with the overlap feature  ac t iva ted  may require up to two or  three t imes 

t h e  computing t ime needed for noncorrected drawings; consequent ly ,  i t  i s  often more economical  in  

computer time to make the  preliminary drawings without overlap correction, particularly if a l a r g e  number 

of  atoms are present  in  t h e  drawing. 

T o  ut i l ize  the  overlap feature  an additional instruct ion,  511, is required, which i s  usua l ly  accompanied 

by type 2 trailer cards  ident ica l  to those  used  by the  802  or  8 1 2  instruct ions.  T h e  511 instruct ion 

s tores  the  projected atom boundary e l l i p s e s  for a l l  a toms in  t h e  ATOMS l is t .  I t  i s  important tha t  t h e  

contents  of t h e  ATOMS l i s t ,  the  s c a l i n g  and positioning, and t h e  viewing parameters (controlled by the  

400, 600, and 500 s e r i e s  of instruct ions respectively) not  be  changed between the  511 instruct ion and 

the  drawing of the  a toms and  bonds by t h e  700 and 800 s e r i e s  of instruction; otherwise,  the  projected 

out l ines  may b e  destroyed or may be  inappropriate. 
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T h e  projected bond out l ines ,  approximated as quadrangles ,  a l s o  may be  s tored for t h e  overlap cor- 

rection ei ther  by adding format No. 2 trailer cards  to t h e  511 inst ruct ion or by us ing  o n e  or more 822 

instruct ions ( including t h o s e  format No. 2 trailer cards)  a f te r  t h e  511 instruction. T h e  bonds to b e  

s tored a r e  spec i f ied  implicitly by the  format No. 2 trailer cards .  Expl ic i t  bonds a l s o  may be  s tored by 

us ing  an 821 inst ruct ion (a f te r  t h e  511 instruction) with parameters  ident ical  to the  8011’811 inst ruct ions 

to be used  for plot t ing the  expl ic i t  bonds. 

T h e  projected out l ine information for a toms and bonds must  be  recalculated for e a c h  member of a 

s tereo pair; consequent ly  the  511 and 821 or 822 ins t ruc t ions  a r e  usual ly  the f i rs t  i n s t r u c t i o n s  within 

the  saved  sequence.  T h e  old overlap information is removed whenever a new 500 or 600 s e r i e s  instruc- 

tion is executed.  

T h e  maximum number of projected atoms and projected bonds which can  be  s tored i s  500 and 599 

respectively. A l i s t  of the  projected atoms and bonds is given i n  the  printout. 

An important feature  of the  OR TEP-I1 scheme for correct ing overlap i s  that  a l l  d e t a i l s  inside atoms 

and bonds, including chemical  symbols  and bond-distance l a b e l s ,  will be  corrected for overlap;  however, 

note  that  chemical symbols  (drawn by the  700 s e r i e s  ins t ruc t ions  and bond-distance l a b e l s  (drawn by 

the 800 s e r i e s  instruct ions)  which a r e  outside the  a toms or  bond boundary may not be Corrected for 

overlap. T h e  reason for t h i s  i s  that  the  “area  overlap s e a r c h  s t e p ”  d o e s  not s a v e  projected atoms or  

bonds which do not contac t  the  projected atom or bond to be  drawn. L a b e l s  or symbols  drawn with the  

900 series instruct ions will not be  corrected for overlap. 

3.3.14.1 Instruction 511, Projected Outline Storage. - A cons tan t  width overlap margin ( i .e . ,  a 

blank s t r ip  a t  the  in te rsec t ion  of overlapping elements)  is included in  the dimensions of e a c h  projected 

atom e l l ipse  and projected bond quadrangle. The  width of th i s  margin may be  specif ied as  a parameter  

with the  511 inst ruct ion if desired;  otherwise, t h e  margin i s  s e t  by default to e i ther  0.025 inch or  

(SCALl)’” x 0.030 inch,  whichever i s  largest .  Some u s e r s  prefer a n  overlap margin of 0.0 for 

s te reoscopic  drawings. 

C o l u m n s  

1-3 

4-9 511 

2 (if bonds are to be  stored; otherwise 0) 

Blank or 0 - overlap margin default option descr ibed  above  

1 (or -1) - overlap margin = 0.0 

0 < OVMRGN < 1.0 - overlap margin = OVMRGN (in inches)  

10-18 

If column 3 i s  2, format no. 2 t ra i ler  cards  a r e  included. In general  all the trailer c a r d s  included with 

the 802/812 ins t ruc t ions  ate used.  

3.3.14.2 Instruction 821, Explicit Bond Outline Storage. - If expl ic i t  bonds are to  be s tored  for t h e  

overlap calculat ion,  the a t tached  atoms must b e  in  the  ATOMS l i s t  even though th is  i s  not a requirement 

for the  801/811 ins t ruc t ions  u s e d  for plotting the  expl ic i t  bonds. S e e  3.3.9.1 ( Instruct ions 801 and 811) 

and Table  3.1 for descr ipt ion of parameters. 
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3.3.14.3 Instruct ion 822, Implici t  Bond Outl ine Storage. - Normally t h e  information on implici t  

bond out l ines  i s  s tored with the  511 card; however, if more than 10 Format No. 2 trailer c a r d s  a r e  

needed, the  extra  o n e s  can  be  entered with th i s  instruction. All parameters  are entered with t h e  Format 

No. 2 trailer c a r d s  (see T a b l e  3.1). T h e  only entry on t h e  instruct ion card is the  2 i n  column 3 and 822 

in columns 7-9. 

3.4 List of Fault Indicators 

Certain errors  a r e  checked for in OR T E P ,  and when one  of t h e s e  occurs ,  a n  error message ,  “ F A U L T  

NG = ng ADC m” is written on t h e  monitor output tape.  T h e  number NG i s  explained below. T h e  ADC and 

m identify t h e  atom c o d e  and  t h e  instruct ion involved (if t h e s e  a r e  relevant). If poss ib le ,  correct ive meas- 

ures  a r e  made by OR T E P  and  t h e  ca lcu la t ion  proceeds;  otherwise,  t h e  j o b  is terminated by ca l l ing  SUB- 

ROUTINE EXIT. 

N G  

1 

2 

3 

4 

5 

6 

7 

9 

10 
11 

12 

13 

14  

15 
16 

S u b r o u t i n e  
I n v o l v e d  

PRELIM 

PRELIM 

PRELIM 

ATOM,PAXES 

ATOM,PAXES 

EIGEN 

EIGEN 

MAIN, S P A R E  

BOND,F700 

F 8 0 0  

F600, SEARCH 

BOND 

BOND 

F900 
STORE 

F a u l t  

No sent ine l  found af ter  reading 
4 8  symmetry c a r d s  

No sent ine l  found af te r  reading 
the  parameter c a r d s  for  100 
atoms 

Anisotropic  temperature fac tor  
coef f ic ien ts  form a matrix 
which i s  not posi t ive def ini te  

Symmetry operation number i s  
higher  than the  number of in- 
put operat ions 

Atom number i s  higher  than t h e  
number of input  a toms 

Null temperature factor  matrix 
or  fa i lure  in  bisect ion rout ine 

Eigenvector  routine fai lure  due  
to null vector  

Unidentified instruct ion 
number 

Atom out of bounds 

No vector  s e a r c h  c o d e s  

Insuff ic ient  number of a toms 
in ATOMS l i s t  

Imaginary bond intersect ion 
(i.e.,  bond l a r g e r  than 
atom) 

Hidden (end-on) bond 

Null vector  a s  b a s e  l ine  
ATOMS l i s t  i s  fu l l  

A c t i o n  

T r i e s  t o  read parameter c a r d s  

T r i e s  t o  read instruct ion c a r d s  

EXIT af te r  printing out a l l  r m s  
pr incipal  va lues  (imaginary 
o n e s  a r e  l i s ted  negat ive)  

Omit atom 

Omit atom 

EXIT,  a f te r  printing out a l l  
pr incipal  v a l u e s  

EXIT,  a f te r  printing out a l l  
principal va lues  

Omit faul ty instruct  ion 

Omit atom 

Omit instruct ion 

EXIT 

Omit bond 

Omit bond 

Omit labe l  
Omit a l l  s u c c e e d i n g  a toms 
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4. COMPUTATIONAL PROCEDURES (HOW THE PROGRAM WORKS) 

Cer ta in  of the numerical  procedures '  u sed  in OR T E P  are of a nature somewhat  unfamiliar to many 

crys ta l lographers .  T h e s e  a s p e c t s  a re  out l ined f o r  the benefit of the reader  who may wish to  write a 

similar program or modify the present  one .  

4.1 Graph ic-Computa ti ona I Methods 

T h e s e  a re  the techniques used in producing t h e  graphical  de t a i l s  of the i l lus t ra t ions .  

4.1.1 Drawing Ell ipsoids. - Figure  3.1  demonstrates  the var ious e l l ipso id  graphical representat ions 

tha t  can  be  drawn with OR TEP. T h e  major components  i n  the representat ions a re  the three  principal 

e l l i p ses  and the  boundary (outline) e l l i p se .  T h e  principal e l l i p s e s  have  a front half and a back (hidden) 

half. T h e  en t i re  boundary e l l i p se  is v i s ib l e .  

An e l l i p s e  i s  approximated by connect ing a s e r i e s  of points on the e l l i p s e  with s t ra ight  l ine seg- 

ments. 

t hese  points i s  projected on to  the  drawing board for plott ing.  

Po in t s  on an  e l l i p s e  having a general  orientation i n  th ree  dimensions a re  computed; then e a c h  of 

T h e  bas i c  algorithm for finding t h e  poin ts  a long  a given general  e l l i p s e  u t i l i ze s  the  properties of 

conjugate  diameters .  Assume that w e  h a v e  the three principal a x i s  vectors  V I ,  V2,  V 3  of the general  

e l l ipso id  and a vector V 4  from the  center  of the e l l ipso id  to  the  viewpoint.  T h e  vector  V5 normal to  t h e  

polar plane (see F i g .  4.1), whose pole  is the  viewpoint,  c a n  b e  obtained from 

V 5 =  A V 4 ,  (4.1.1.1) 

where A i s  the matrix for the  e l l ipso id  which is defined by 

X T A X = d ,  (4.1.1.2) 

where d is a constant .  

T h e  boundary e l l i p s e  is defined by t w o  conjugate  vec tors ,  one of which is any vector V6 perpendicular 

t o  V 5  and the  second  is V7, where 

V7 = V5 x A V 6 .  (4.1.1.3) 

T h e  assumption made for t h i s  boundary e l l i p se  der ivat ion is tha t  the view d i s t a n c e  is l a rge  compared to 

the  e l l ipso id  size.  Therefore,  the boundary e l l i p s e  defined a b o v e  a lways  l i e s  on  t h e  diametral  polar plane 

(see Fig. 4.1). 

'For a treatment of the projective and analytical geometry involved, the following four books are  recommended. 
The first  one is particularly useful. 

J. Heading, Matrix. Theory for Phys ic i s t s ,  chap. 3 ,  pp. 81-106, Longmans, Green and Co., London, 1958. 

C. E. Springer, Geometry and  Analysis  of Projective Spaces,  Freeman and Co., San Francisco, 1964. 

J. A .  Todd, Projective and Analytical Geometry, Pitman Pub. Corp., New York, 1946. 

G. A .  Korn and T. M. Korn, Mathematical Handbook for Scient is ts  and  Engineers, McGraw-Hill Book Company, 
New York, 1961. 
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ORNL- DWG. 65-2671 

Fig .  4.1. Po lar  P lanes  Formed by Tangent Cy l inder  and Tangent Cone. 

A principal e l l i p s e  which l i e s  in the plane of the  pr incipal  ax is  vectors  V1 and V 2  will  have  the third 

principal a x i s  vector  V3 normal to  t h e  plane of the e l l ipse .  The intersect ion of th i s  pr incipal  e l l i p s e  with 

the  boundary e l l i p s e  i s  a long t h e  vector V8 where 

V8 = V5 x V3 . (4.1.1.4) 

T h i s  vector d iv ides  the front and back  (hidden) s i d e s  of t h e  pr incipal  e l l i p s e .  A vector  conjugate  to  V 8  
and in the principal p lane  containing V1 and V2 i s  V9, where 

v 9  = v 3  x A V 8 .  (4.1.1.5) 

After the conjugate  vec tors  have  been found, the i r  l engths  are a d j u s t e d  t o  make them s a t i s f y  (4.1.1.2) 

by le t t ing  X = s I where I i s  a uni t  vector. Solving for s, we obtain 

s = [d/( ITA1)] ' /2 . (4.1.1.6) 
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A conjugate  vector  pair is expanded into an e l l i p s e  by subrout ine RADIAL. Since a n  e l l i p s e  i s  

centrosymmetric, t h e  two conjugate  vec tors  and their nega t ives  give u s  four vectors  whose end points  l i e  

on t h e  e l l ipse .  By performing a vector  s u m  of two adjacent  vectors  and dividing t h e  resu l tan t  vector 

components by 6, we c a n  obta in  a n  addi t ional  vector. After doing t h i s  for a l l  ad jacent  pairs ,  w e  then 

have a total  of e ight  vectors .  T h i s  process  c a n  b e  repeated a s  many times as des i red  except  that  the 

s c a l i n g  constant  will b e  diffe:ent for e a c h  cyc le .  T h e  constant  i s  descr ibed  by 

where i i s  the c y c l e  number. 

T h i s  total  p rocess  may be thought of a s  taking a planar  radial  s e t  of equally s p a c e d  unit vectors  and 

performing a deformation and s c a l i n g  on the s p a c e  in which it i s  descr ibed .  In geometry t h i s  deformation 

i s  ca l led  an affine transformation. 

Complete de ta i l s  on drawing e l l ipso ids  c a n  be  obtained from the FORTRAN coding of subrout ines  

F 7 0 0  and RADIAL. 

4.1.2 Drawing Bonds. - T h e  major problem in drawing bonds i s  to obtain the  intersect ion where t h e  

bond penet ra tes  t h e  e l l ipso id .  Three  quadrics  a r e  used in subrout ine BOND to c a l c u l a t e  bond intersect ion.  

T h e s e  three are t h e  e l l ipso id ,  the tangent cyl inder ,  and t h e  tangent cone .  

T h e  el l ipsoid i s  descr ibed  in matrix notation as  

X T A X = d ,  (4.1.2.1) 

where d i s  a cons tan t  and X i s  any vector from t h e  center  t o  the  sur face  of the  el l ipsoid.  T h e  matrix A i s  

3 by 3 symmetrical with components a . .  (i, j = 1 ,  2 ,  3). 
' I  

T h e  el l ipt ic  cyl inder  tangent  t o  the  e l l ipso id  and with i t s  a x i s  a long z i s  descr ibed by 

X T B X = d ,  

where 

3'3 1 

l 2  a 

B =  
a 2 2  -- 

(4.1.2.2) 

(4.1.2.3) 

and d i s  the  cons tan t  used  i n  (4.1.2.1). T h e  tangent  cyl inder  is used  when i t  i s  n e c e s s a r y  t o  terminate 

the bond at t h e  boundary of t h e  el l ipsoid when a paral le l  projection is used. 

To find the intersect ion of a cyl indrical  bond a long  Vb with rad ius  r with ei ther  the  el l ipsoid or t h e  

tangent cyl inder ,  we proceed as follows: 

1. Form a radial  s e t  of vectors  V r .  of length r normal to  Vb. 
I 
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2. T a k e  a unit vector  I paral le l  to V b  and let 

X .  = Vr.  + s I , (4.1.2.4) 
I I  

where s i s  a c o n s t a n t  t o  be determined. Subs t i tu t ing  in (4.1.2.1) we  obta in  

s Z I T A I + 2 s V r T A I + V r T A V r - d = O ;  (4.1.2.5) 

so lv ing  for s we get  

- V r T A I  +J (Vr ‘A I ) ’  - ( I T A I ) ( V r T A V r - d )  

l T A l  
s =  (4.1.2.6) 

T h e  e l l ip t ic  cone  which is tangent t o  t h e  el l ipsoid and which h a s  i t s  a p e x  on t h e  viewpoint c a n  be 

obtained from the matrix A and f r o m  the  vector  Vu which e x t e n d s  from t h e  c e n t e r  of the  e l l ipso id  t o  t h e  

viewpoint. T h i s  i s  performed in  t h e  following s t e p s :  

1. T h e  el l ipsoid i s  transformed with a rotation matrix t o  a new Car tes ian  f r a m e  of reference which h a s  

the z a x i s  a long  the view vector  Vu. 
2. T h e  tangent  cone  c a n  now be  descr ibed  as 

where Y i s  

- 

Y T C Y = O ,  

a vector or iginat ing from the  vertex (viewpoint) of the cone  and  

(4.1.2.7) 

1 3 ’ 3 1  
a 

+ 

L =  K = d/(Vu T V ~ ) .  (4.1.2.8) 

K - a  

3. T h e  frame of re ference  i s  rotated back to  i t s  or iginal  or ientat ion with a rotat ion matrix which i s  t h e  

inverse of the o n e  used  in s t e p  1. Note that  the  origin i s  now on the  viewpoint rather than the 

el l ipsoid center .  

To find the  length,  s, of a vector  s I extending from any point p i n s i d e  t h e  c o n e  to  the  sur face  of the  

cone we l e t  

Y = V p + s l  (4 . 1 .2.9) 

and obtain from (4.1.2.7) 

(Vp + s l > T  c (Vp  + s I) = 0 ; 
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then so lv ing  for s we  obtain 

- V p T C I  + J ( V p T C l ) Z  - ( I T C I ) ( V p T C V p )  
s =  

l T C l  
(4.1.2.10) 

T h e  vector Vp from the  ver tex  to  p is formed by 

Vp = - V u  + Vr , 

where Vr is any member of a r ad ia l  s e t  such  as tha t  desc r ibed  for t he  regular e l l i p so id  in te rsec t ion .  

4.2 OR TEP Subprograms 

T h e  subprograms can  b e  grouped in to  four functional ca t egor i e s .  T h e s e  can  b e  ca l l ed  Mainstream, 

Subs id ia r ies ,  Arithmetic,  and Plott ing.  T h e  f i r s t  th ree  c a t e g o r i e s  a re  coded  in a FORTRAN d ia l ec t  

which will compile with e i ther  IBM-7090 FORTRAN I1 o r  CDC-1604A FORTRAN 63. T h e  plott ing 

routines are generally different for each  machine configuration and are  usually writ ten in a machine- 

oriented symbolic language .  In general ,  the s tandard  l ibrary plott ing routines ava i lab le  a t  most computing 

cen te r s  c a n  be  used  with very minor modification. 

4.2.1 Mainstream Subprograms. - T h e  first  three (PRIME, PRELIM, and MAIN) a r e  t h e  general  con- 

troll ing rout ines ,  and t h e  remainder a re  oriented toward particular OR TEP instructions.  

4.2.1.1 P R I M E .  - T h i s  routine “primes the program” by in i t ia l iz ing  a l l  the “primer parameters”  

including the  magnetic t a p e  log ica l  number ass ignments .  

4.2.1.2 P R E L I M .  - All  ca l cu la t ions  concerned  with p rocess ing  (e.g., principal axis transformations) 

and s tor ing  the  input c rys ta l lographic  parameters are performed by PRELIM. 

4.2.1.3 M A I N .  - MAIN is t h e  controll ing routine which  decodes  t h e  OR TEP ins t ruc t ions .  It e i ther  

execu te s  t h e  command directly or c a l l s  t he  appropriate subroutine which can  e x e c u t e  the  ins t ruc t ion .  

4.2.1.4 F200.  - T h i s  is the  plotter “nursemaid routine” which is controlled through the  200 s e r i e s  

ins t ruc t ions .  It s a t i s f i e s  t h e  whims and fancies of any  particular plott ing sys t em control package .  

4.2.1.5 F400.  - T h i s  is the subroutine t h a t  e x e c u t e s  t h e  401  and  411  instructions.  

4.2.1.6 F 5 0 0 .  - T h i s  is t h e  subroutine t h a t  e x e c u t e s  a l l  500 s e r i e s  instructions.  

4.2.1.7 F600.  - T h i s  is the  subroutine tha t  e x e c u t e s  all 600 s e r i e s  ins t ruc t ions .  

4.2.1.8 F700.  - T h i s  is the  e l l ipso id  plott ing routine,  which e x e c u t e s  a l l  700 s e r i e s  ins t ruc t ions .  

4.2.1.9 F 8 0 0 .  - T h i s  is the  subrout ine  tha t  e x e c u t e s  a l l  800 s e r i e s  ins t ruc t ions .  Bonds t o  b e  drawn 

are  found by F800,  then drawn by subrout ine  BOND. 

4.2.1.10 F900.  - T h i s  is t h e  subroutine tha t  e x e c u t e s  a l l  900 s e r i e s  ins t ruc t ions .  

4.2.1.1 1 F1000.  - T h i s  is a dummy subroutine which  is ca l l ed  by the  present ly  nonexistent 1000 
s e r i e s  ins t ruc t ions .  T h i s  s e r i e s  c a n  b e  coded  by the  use r  for any s p e c i a l  purpose which may develop .  

4.2.1.12 S P A R E ( N J ) .  - Fur ther  expans ion  of the  instruction l i s t  may be done  through th i s  dummy 

subroutine,  which is ca l l ed  by any NJ - 12. NJ = instruction/lOO. 
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4.2.2 Subsidiary Subprograms. - 4.2.2.1 A T O M ( A D C , X ) ,  D IMENSION X(3) .  - T h i s  wil l  f ind the  

triclinic coord ina tes  X for the atom descr ibed by the  atom des igna tor  code  ADC. 

4.2.2.2 B O N D  ( A D C 1 ,  A D C 2 ,  N B ) .  - BOND i s  t h e  bond plot t ing routine to  draw a bond, descr ibed  

by Format No. 2 trailer card  number NB, between atoms ADCl and ADC2. 

4.2.2.3 DRAW ( W , D X , D Y , N P E N ) ,  D IMENSION W(3). - DRAW interconnects  OR T E P  and the  plot 

package.  It also prevents  the pen f r o m  c r o s s i n g  the  boundaries .  If the  indicator  ITILT in common i s  

zero, the array W conta ins  x and y in  plotter coordinates .  While perspect ive le t ter ing i s  being plotted, 

I T I L T  f 0; and W conta ins  x, y ,  z in Cartesian coord ina tes ,  which will be  rotated and projected by 

DRAW to form plotter x,y coordinates .  D X  and DY a r e  added t o  the  plotter x and y ,  respec t ive ly ,  

before the plot package  i s  ca l led .  NPEN = 2 for pen down and 3 for pen up. 

4.2.2.4 E R P N T  ( A D C , I N S T ) .  - T h i s  i s  t h e  printout r o u t i n e c a l l e d  when a F a u l t  i s  found. T h e  argu- 

ments identify t h e  atom designator  code  and the  instruct ion involved in t h e  Faul t .  T h e  faul t  indicator ,  

NG, i s  in common. 

4.2.2.5 P A X E S  ( A D C , I T Y P E ) .  - T h e  covar iance  (dispers ion)  matrix for the thermal e l l ipso id  or i t s  

inverse  matrix, which is t h e  matrix of coef f ic ien ts  in t h e  quadrat ic  f o r m  descr ibing the  e l l ipso id ,  i s  s tored  

in common at  Q for the atom ADC. 

I T Y P E  > 0 for covar iance  matrix 

ITYPE < 0 for e l l ipsoid quadrat ic  form matrix 

( I T Y P E /  = 1 based  on triclinic sys tem 

/ I T Y P E /  = 2 based on working Car tes ian  sys tem 

IITYPEI = 3 b a s e d  on reference Car tes ian  sys tem 

4.2.2.6 P L T X Y  ( X , Y ) ,  D IMENSION X(3) ,Y(2) .  - T h i s  c a l c u l a t e s  t h e  plot ter  coordinates  Y from t h e  

unscaled Car tes ian  coordinates  X .  T h e  d i s t a n c e  t o  t h e  c l o s e s t  boundary of the plot i s  placed in common 

a t  location EDGE. 

4.2.2.7 P R O  J ( D ,  D P ,  X I  X 0 , V  I E W ,  I1,12,13), D IME NS I ON D (3,12 9),D P (2,129),X (3),X O(3).  - T h i s  routine 

is used to obtain an array,  D P ,  of plotter coord ina tes  f r o m  a s c a l e d  array, D, of points  descr ibed i n  

Car tes ian  coordinates .  X ,  XO, and VIEW a r e  parameters  involved in  t h e  projection, and 11, 12, I3 are DO 

loop parameters  for indexing through t h e  array. 

4.2.2.8 R A D I A L ( N D ) .  - Given two conjugate  radius  vectors  of an e l l i p s e  in t h e  array DA in common, 

RADIAL genera tes  a “radial”  array (D in common) of points  lying on the e l l ipse .  From 8 to 1 2 8  points  

are  generated depending on t h e  va lue  of ND (1 $ ND 5 5). 
4.2.2.9 S E A R C H .  - Instruct ions 101,  102 ,  402, and 403 u t i l i ze  t h i s  routine to  conduct an exhaus t ive  

(but educa ted)  search  t o  find a l l  points  within a sphere  or rectangular  box. Interatomic d i s t a n c e s  and 

angles  a r e  a l s o  ca lcu la ted  for t h e  100  s e r i e s .  

4.2.2.10 S T O R E .  - T h i s  rout ine s t o r e s  a toms in (or removes atoms from) the  ATOMS ar ray .  

Coordinates  in whichever  s y s t e m  i s  in  u s e  and t h e  atom designator  code  a r e  communicated to STORE 

via  array V1 of common. 

4.2.2.11 

ITYPE = 0: t r ic l inic  coord ina tes  

X Y Z ( A D C , X , I T Y P E ) ,  D IMENSION X(3) .  - Coordinates  f o r  atom ADC a r e  returned in x. 
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I T Y P E  = 1 or  2: working Car tes ian  sys tem coordinates  

I T Y P E  = 3: re ference  Car tes ian  sys tem coord ina tes  

4 .2 .2 .12  L A P 5 0 0 .  - T h i s  routine s o r t s  the ATOMS l i s t ,  then c a l c u l a t e s  t h e  projected out l ine 

e l l i p s e s  for a l l  atoms in the  ATOMS l i s t .  T h e  e l l i p s e s  a r e  s tored i n  the  CONIC array along with t h e  

minima and maxima i n  x and y for a rectangle  enc los ing  each  e l l ipse .  

4.2.2.13 L A P 7 0 0 .  - T h i s  routine f inds the  atoms which overlap a given atom t o  be  drawn. T h e  

routine f i r s t  c h e c k s  the bounding rec tangles  for intersect ions,  then forms the  cubic  discriminant from the 

quadrat ic  descr ipt ions of t h e  two projection e l l ipses .  T h e  discr iminant  provides  a specif icat ion for com- 

p l e t e  overlap, partial overlap or  no overlap. A l i s t  of up to 20 interfer ing e l l i p s e s  i s  compiled. 

4.2.2.14 L A P 8 0 0 .  - T h i s  routine i s  used  in  the  “Projected Outl ine Storage Step” to s tore  t h e  

projected quadrangles  for the  bonds spec i f ied  by the trailer c a r d s  of the  511, 821, and 822 instruct ions.  

T h e  routine also i s  used  in  the  “Area-Overlap Search Step” to find t h e  projected bond quadrangles  

which overlap a given bond to  b e  drawn. A l i s t  containing up to  thirty interfering quadrangles i s  compiled. 

4 .2 .2 .15  L A P A B .  - T h i s  routine f inds the bonds that  overlap an atom to be  drawn and the  atoms tha t  

overlap a bond to be  drawn. I t  i s  u s e d  in  the  “Area-Overlap Search Step.”  

4 .2 .2 .15  L A P D R W .  - T h i s  routine c h e c k s  each  l ine  segment  to b e  drawn for intersect ion with t h e  

interfer ing e l l i p s e s  and quadrangles  and compiles  a l i s t  of in te rsec t ions .  T h e  intersect ion l i s t  is sor ted  

accord ing  t o  d is tance  along t h e  l i n e  segment, and the intersect ion pat tern i s  analyzed to determine which 

subsegments  are vis ible  and which a r e  hidden. T h e  l ine subsegments  a r e  p a s s e d  to t h e  SCRIBE routine. 

4 .2 .2 .17  S C R I B E .  - T h i s  routine f i l ters  out the  hidden l ine  segments  and p a s s e s  the vis ible  l i n e  

segments  to the DRAW routine. 

4.2.3 Arithmetic Subprograms. - 4.2.3.1 F u n c t i o n  A R C C O S  ( X I .  - T h i s  rout ine computes  0, t h e  
arc  c o s i n e  of X in  degrees ;  0 5 8 5 1 8 0 O .  

4.2.3.2 A X E Q B  ( A , X , B , N ) ,  DIMENSION A ( 3 , 3 ) , X ( 3 , 3 ) , 8 ( 3 , 3 ) .  - T h i s  routine s o l v e s  t h e  matrix 

equation A X = B for X. T h e  matr ices  B and X are (3 ,N) and A i s  a lways ( 3 , 3 ) .  To invert  A ,  make 

B a n  identity matrix. 

4.2.3.3 A X E S  ( X ,  Y ,  A ,  I T Y P E ) ,  DIMENSION X ( 3 ) , Y ( 3 ) , A ( 3 , 3 ) .  - T h i s  routine provides  three  

orthogonal column v e c t o r s  in A, e a c h  1 A long,  from the  two vec tors  X and Y .  
I T Y P E  > 0: Car tes ian  s y s t e m  

I T Y P E  5 0: t r ic l inic  sys tem 

IITYPEI 7 1: A,  = X; A, : ( X  x Y); A, = X x (X  x Y )  
~ I T Y P E ~  = 2:  A ,  = X; A, = (X  x Y )  x X; A, = X x Y 
ITYPE = 0: s a m e  as type 2 except  x = a c r y s t a l  a x i s ,  Y = b c r y s t a l  a x i s .  

4.2.3.4 D l F V  ( X , Y , Z ) ,  DIMENSION X ( 3 ) , Y ( 3 ) , Z ( 3 ) .  - T h i s  routine performs the  vector subtract ion 

X - Y = Z. Z may have  t h e  same locat ion as X or Y .  
4.2.3.5 E I G E N  ( A , X , B ) ,  DIMENSION A ( 3 , 3 ) , X ( 3 ) , B ( 3 , 3 ) .  - EIGEN determines t h e  three e igenvalues  

x and the  three column e igenvec tors  B of t h e  matrix A. Indeterminate e igenvectors  are replaced by zeros  

and t h e  F a u l t  indicator NG s e t  to  a nega t ive  va lue  (eigenvectors  a r e  ass igned  for the  indeterminate 

cases by PRELIM). 
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4.2.3.6 MM ( A , B , C ) ,  D I M E N S I O N  A ( 3 , 3 ) , B ( 3 , 3 ) , C ( 3 , 3 ) .  - M M  performs t h e  matrix multiplication 

C. 
4.2.3.7 M V  ( A , X , Y ) ,  D I M E N S I O N  A ( 3 , 3 ) , X ( 3 ) , Y  (3 ) .  - MV performs the matrix-vector multiplication 

A 8 The location of C must be  different from A and B. 

A X = Y .  T h e  location of Y must b e  different from A and x. 
4.2.3.8 N O R M  ( X , Y . Z , I T Y P E ) ,  D I M E N S I O N  X ( 3 ) , Y ( 3 ) , Z ( 3 ) .  - NORM s t o r e s  a t  i! a vector  (not 

necessar i ly  a uni t  vector)  perpendicular to  both X and Y .  T h e  s e n s e  o'f Z i s  tha t  of t h e  vector  

product X x Y.  
ITYPE > 0: Car tes ian  s y s t e m  

ITYPE 5 0: t r ic l inic  s y s t e m  

4.2 .3 .9  T M M  ( A , B , C ) ,  D I M E N S I O N  A(3,3) ,B(3 ,3) ,C(3 ,3) .  - T M M  performs t h e  matrix multiplication 

(AT B)T = C. T h e  locat ion of  C must b e  different f r o m  A and B. 
4.2.3.10 U N I T  ( X , Y , I T Y P E ) ,  D I M E N S I O N  X ( 3 ) , Y ( 3 ) .  - T h e  v e c t o r y i s  made 1 A long  and paral le l  t o  

X. T h e  vectors  X and Y may have  t h e  same locat ion.  

I T Y P E  > 0: Car tes ian  sys tem 

ITYPE < 0: t r ic l inic  sys tem 

4.2.3.11 V M  ( X , A , Y ) ,  D I M E N S I O N  X ( 3 ) , A ( 3 , 3 ) , Y ( 3 ) .  - VM performs the vector-matrix multiplication 

X T A  = Y T .  T h e  location of Y must b e  different from X and A. 
4.2.3.12 F U N C T I O N  V M V  ( X , A , Y ) ,  D I M E N S I O N  X ( 3 ) , A ( 3 , 3 ) , Y ( 3 ) .  - VMV performs t h e  vector-matrix- 

vector multiplication X T  A Y = s c a l a r .  

4.2.3.13 F U N C T I O N  V V  ( X , Y ) ,  D I M E N S I O N  X ( 3 ) , Y ( 3 ) .  - VV performs the  vector-vector multiplication 

X T Y  = s c a l a r .  

4.2.4 Plott ing Subprograms for the CalComp Plotter .  - T h e  plot t ing subrout ines  are taken f rom the  

Library rout ines  currently in u s e  a t  Oak Ridge National Laboratory with t h e  CDC 1604A and the  IBM 7090 
computers. A CalComp model 580 Magnetic T a p e  Plo t t ing  System is u s e d .  T h e  three major rout ines  

required are der ived from the  CalComp subrout ines  PLOTS,  SYMBOL, and NUMBER. T h e  OR T E P  

modifications are c a l l e d  PLOTS,  SIMBOL, and NUMBUR. 

4.2.4.1 

a )  ENTRY - P L O T S  (A, LENGTH, LTNO) 
T h i s  i s  t h e  ini t ia l izat ion entry for t h e  plotter package  and should be used  only once  in the  program. 

Subrout ine  P L O T S .  - T h i s  i s  an unmodified CalComp Library routine with two entry points .  

T h i s  c a l l  must be made prior t o  u s a g e  of any other  subrout ines  in the  package.  

A is an array which may be used  by t h e  plot t ing package  for s t o r i n g  d a t a  to  be written on the 

plot tape.  

LENGTH i s  the  number of loca t ions  in A avai lable  t o  the plot ter  package.  

LTNO i s  an integer  which  t e l l s  the plotter package  the log ica l  t a p e  number of the plotter tape .  
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In subrout ine F 2 0 0  we h a v e  

DIMENSION PLA( 1500) 
and card  F2000180 conta ins  

“210 C A L L  P L O T S  (PLA,1500,  LTNO)” 

for the  CDC 1604-A or 

“2 1 0  C A L L  P L O T S  (PLA( 1 SOO), 1500,  LTNO)” 

for  the  IBM 7090. T h e  reverse  s torage  of common in t h e  IBM 7090 i s  t h e  reason  for the difference.  

LTNO i s  in common and w a s  s e t  to  23 by subrout ine PRIME. 

An O R T E P  201 instruct ion d i r e c t s  the execut ion of th i s  ini t ia l izat ion.  

b)  ENTRY - P L O T  (X,Y , I P E N )  

T h i s  i s  t h e  b a s i c  entry t o  convey d a t a  to t h e  subrout ine for plotting. T o  fac i l i t a te  t h e  subs t i tu t ion  of 

other plot t ing rout ines ,  O R T E P  conta ins  only one  instruct ion (card DRAW0330 i n  subrout ine DRAW) which 

c a l l s  t h i s  entry point. All the plot t ing information p a s s e s  through DRAW before going  to the a c t u a l  plot t ing 

routine PLOT.  

X is the a b s c i s s a  e x p r e s s e d  i n  inches .  

Y i s  t h e  ordinate  e x p r e s s e d  i n  inches .  

IPEN = 3,  the  pen will b e  lifted prior t o  execut ion of the movement to  t h e  given (X,Y) position. 

IPEN = 2,  the pen will b e  lowered to t h e  paper and a s t ra ight  l i n e  will b e  drawn f rom t h e  current 

(X,Y) to  t h e  given (X,Y) position. 

I P E N  = -3, the  subrout ine will interpret th i s  as b e i n g  the  end of the current plot; and,  following move- 

ment t o  t h e  new (X,Y) posi t ion,  i t  will s e t  x = 0.0, so  tha t  a new origin i s  e s t a b l i s h e d  for t h e  

fol lowing plot (an O R T E P  202 instruction e x e c u t e s  t h i s  termination procedure). 

T h i s  subrout ine k e e p s  track of current  X and Y pos i t ions ,  and whether or not the  pen i s  i n  contac t  with 

the  paper. It s t o r e s  d a t a  ir, t h e  array A provided by t h e  programmer and wri tes  out  a record on the spec i f ied  

tape each  time the  s torage  a rea  i s  filled or an end-of-plot c a l l  i s  made. It a l so  generates  sequent ia l  plot 

addresses  for e a c h  plot on t h e  magnetic t a p e ,  so  that phys ica l  plotting of the p lo ts  c a n  be  done in any order, 

regardless  of the order in  which they were placed on tape.  

4 .2 .4 .2  S u b r o u t i n e  S I M B O L .  - SIMBOL differs  from the s tandard  rout ine SYMBOL in two respec ts :  

1. T h e  input posi t ional  parameters spec i f ied  in t h e  input argument should b e  a n  array containing 

X, Y ,  and 2 i n  adjacent  memory locat ions.  Three-dimensional parameters  are required to produce 

perspec t ive  labels .  T h e 2  parameter  i s  not  used  by SIMBOL but i s  t ransferred to another array that  i s  

referenced when SIMBOL c a l l s  DRAW. 

2.  T h e  s tandard routine SYMBOL c a l l s  P L O T  directly while  SIMBOL c a l l s  DRAW which in turn 

c a l l s  P L O T .  When perspect ive l a b e l s  are used ,  DRAW will perform a three-dimensional rotation and a 

projection of the  grid points  on which the le t te rs  a re  formed, t o  obtain true perspect ive.  T h e  c a l l i n g  

sequence  for DRAW i s  descr ibed  in 4.2.2.3. 
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There  a re  two u s e s  of subrout ine SIMBOL. T h e  f i rs t  u s e  i s  for producing l a b e l s ,  and the second 

i s  for plotting o n e  of 15 s p e c i a l  centered symbols .  

1. ENTRY - SIMBOL (X(l),X(2),H,BCD,THETA,N), DIMENSION X(3) (note N 2 0) 
X(l),X(2) are  the  X and Y coord ina tes  of the lower left-hand e d g e  of the  f i r s t  charac te r  to  b e  

drawn. 

X(3) is the 2 coordinate .  It is u s e d  only with perspec t ive  label ing.  

H i s  the height  in inches of t h e  character  to be  drawn. T h e  width of the  charac te r  i s  e q u a l  to  

‘4 the height and the charac te r  s p a c i n g  is ‘4 t h e  height .  

BCD spec i f ies  t h e  a d d r e s s  of an ar ray  containing the BCD c h a r a c t e r s  to be plot ted.  

THETA i s  the a n g l e  in  degrees  by which t h e  b a s e  l i n e  of t h e  charac te rs  i s  to  be rotated 

counterclockwise f rom the  posi t ive X a x i s .  

N i s  an integer  which s p e c i f i e s  the number of c h a r a c t e r s  i n  the array BCD that  a re  t o  b e  drawn. 

2. ENTRY - SIMBOL (X(l),X(2>,H,NUM,THETA,L), DIMENSION X(3) (note L < 0) 

X(l),X(2) a r e  t h e  X and Y coordinates  of the c e n t e r  of the symbol. 

H is t h e  height  of t h e  symbol  to be plotted. 

NUM i s  a n  integer  such  that  0 5 NUM 5 1 4  which determines which symbol  i s  to be plot ted.  

A l i s t  of the  integers  and the symbols  generated i s  shown in Fig.  4.2. 

THETA i s  the  angle  of rotation as descr ibed  previously 

L = -1: the  centered symbol wil l  be plotted without a l ine b e i n g  drawn from the previous (X,Y) 
position. 

L < -1: a s t ra ight  l ine  n i l 1  b e  drawn from the previous (X,U) position to  the  given (X,Y) posi t ion.  

4.2.4.3 Subroutine N U M B U R .  - T h i s  is a subrout ine to  convert  a machine format number t o  i t s  BCD 

equivalent  and plot i t  accord ing  t o  a spec i f ied  format. 

NUMBUR is different from t h e  usua l  subrout ine NUMBER in tha t  i t  c a l l s  SIMBOL rather than SYMBOL. 

ENTRY - NUMBUR(X( l), X(2),H, A, THETA,  N) 

X(l),X(2),H and THETA a r e  descr ibed  i n  Sect. 1 of t h e  SIMBOL routine 

A is t h e  a d d r e s s  of the  f loat ing or fixed point  number which is to b e  plotted. 

N is t h e  number of d ig i t s  to t h e  right of the  decimal  point. A(-1) value  wil l  s u p p r e s s  the decimal  

point. 
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ORNL DWG. 65-2445 

0 :  

1 1  

2 2  

3 3  

4 
5 5  

66 
7 7  

10 8 
9 

l 2  0 
13 

l l f  # 

15 5 

17 c 
16 I 

20 

21 / 
** s 
23 T 
2q u 
25 v 
26 w 
27 x 
30 Y 
31 z 
32 7 
33 9 

3q [ 
35 --+ 
36 E 

37 A 

40 - 

q 1  J 
42 K 
43 L 
44 M 
45 N 
y6 CI 
47 P 
Q 

51 R 
52 2 
53 $ 

55 T 
56 1 

5Lf x 

57 > 

60 + 
61 R 
62 8 
63 c 
64 D 
65 E 
66 F 
67 G 
70 t-l 
71 I 
72 < 
7 3  0 

75 2 
7’1 1 

76 ? 
77 ; 

CENTERED 
SYMBOL5 

O D  

2 m  

3 +  

7 x  

8 Z  
9 Y  

l o  x 
x 

l 2  x 
13 I 

Fig. 4.2. Characters Available in  1604-A Symbol Routine. 

4.3 Adopting OR TEP to Other Equipment Configurations 

Card images2  for OR TEP will  b e  provided to crystallographers and  o the r s  who request that  t h e  program 

FORTRAN decks  a r e  ava i l ab le  in  IBM 360 FORTRAN I V  and  IRM 7090 FORTRAN I V  T h e  FORTRAN 

subprograms are arranged alphabet ical ly  within the  FORTRAN source  decks .  An exception is MAIN, which 

is f i rs t  in  e a c h  deck. 

b e  s e n t  to them. 

2The size of the card deck (3000-6000 cards) is such that i t  is generally more economical to send the program on 
magnetic tape. If convenient, the  user should send a blank magnetic tape to  the author. Card images will be written 
on that tape in an agreed upon format and the tape returned to the sender. 
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T h e  machine language subrout ines  SIMBOL and NUMBUR a r e  modif icat ions of the  CalComp subrou- 

t ines  SYMBOL and NUMBER. Subroutine P L O T  i s  an unmodified CalComp subroutine also written in  

machine language. T h e s e  three subrout ines  a re  copyrighted by Cal i fornia  Computer Products ,  Inc. Sub- 
rout ines  SIMBOL and NUMBUR for IBM 360, IBM 7090, and CDC 1604-A c a n  b e  dis t r ibuted from ORNL. 

Subroutine P L O T  which i s  different for e a c h  plotter may be  obtained from California Computer Products ,  

Inc., 305  Muller Avenue, Anaheim, California (Attention: Programming Dept.). 

Cards  for the example figure, cubane,  will be included with t h e  deck.  

4.3 .1  OR TEP Source Deck Differences for the IBM 360 and the IBM 7090. - T h e  l i s t ing  of the  

FORTRAN IV source  deck for t h e  IBM 360 i s  given in Sect. 7. T h e  length of the  s ingle-precis ion 

floating-point word in  the  IBM 360 i s  s u c h  that  the  maximum number of a toms in  the  input l i s t  cannot  

b e  greater than 166  b e c a u s e  of t h e  way the  atom designators  a r e  s tored .  T h i s  must be  taken into account  

if the  dimension s ta tements  of t h e  program a r e  changed. 

T h e  following changes  a r e  made t o  modify the program for IBM 7090 FORTRAN IV: 
1. Remove the  “REAL*8 CHEM” card  f rom the subprograms which u s e  common. 

2. Add the  correct  IBSYS monitor control c a r d s  including “$POOL” and “$GROUP” c a r d s  t o  con- 

s e r v e  memory s p a c e .  

T h e  following changes  a r e  made to modify the  program for IBM 7090 FORTRAN 11: 
1. Remove the  “REAL*8 CHEM” cards  from the  subprograms which u s e  common. 

2. Add “*LfST8” and “*LABEL” cards  before each  subprogram. 

3. Replace  card F2000180 with “210 C A L L  P L O T S  (PLA(1500), lSOO,LTNO).” 

4. Change input-output s ta tements  and library function names to correspond with FORTRAN I1 con-  

ven tion. 

4.3.2 External Device  Logical  Number Assignments. - Logica l  device  number ass ignments  a r e  made 

in  subroutine PRIME. Four  cards  are involved in  t h i s  ini t ia l izat ion:  

Magnet ic  S y m b o l i c  P r i m e r  L o c a t i o n  
T a p e  F u n c t i o n  N a m e  C o n s t a n t  i n  P R I M E  

a) Monitor Input IN = 5 PRIM0220 

b)  Monitor Output NOUT = 6 PRIM0280 
c) Scratch NSR = 8 PRIM0290 
d) Plot t ing  L T N O  = 23 (P RIM0250)* 

4.3.3 Plotter Systems Other than the CalComp 580. - In general ,  only subrout ine P L O T S  (with e n t r i e s  

P L O T S  and P L O T )  n e e d s  to  b e  rep laced  when a different  plot t ing s y s t e m  is used .  T h i s  routine is c a l l e d  

from only two loca t ions ,  one  in F 2 0 0  and the other  in DRAW. F 2 0 0  will probably h a v e  to b e  rewri t ten,  and 

*In the present revision, LTNO a l so  serves  a s  a plotting device indicator and is init ialized to zero a t  
MAIN0145. 
instruction. 

For the mechanical plotter (CRT), LTNO is s e t  to 15 (-99) at F2000210 (F200250) by a 201 (203) 
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the  200 s e r i e s  ins t ruc t ions  may h a v e  to be  redefined and expanded to accommodate t h e  ru les  of the  new 

sys tem.  

Locat ion DRAW0330 in  subrout ine DRAW should also be modified t o  call the new line-drawing routine 

with the correct  argument. 

4.3.4 Computing Systems Other Than  the IBM 360, IBM 7090, and CDC 1604-A. - Basica l ly ,  t h e  OR 

TEP s y s t e m  is des igned  to be u s e d  i n  a 32 K memory. Consequent ly ,  OR TEP would have  to b e  changed  

considerably to  opera te  i n  a much smal le r  memory. 

T h e  FORTRAN coding of OR T E P  h a s  proven to  be  fairly machine independent, but as  compilers 

become more sophis t ica ted  new problems continually appear. For example,  some compilers rearrange 

the  s e q u e n c e  of operat ions to obtain more eff ic ient  execution and sometimes they “outsmart” themselves  

i n  the process .  Certain of the  6000 s e r i e s  CDC compilers occas iona l ly  take  a n  instruction such  a s  I1 = 

ATOMS(1, J ) /  100000. and make i t  in to  TEMP = 1./100000.; I 1  = ATOMS(l,J)*TEMP. T h e  effect  i s  

d i sas t rous  because  the numerical rounding and truncation produce a n  incorrect  integer  11. 

If i t  becomes n e c e s s a r y  to rep lace  t h e  machine language subrout ines  SIMBOL and NUMBUR with 

completely different rout ines ,  the  s ta tements  c a l l i n g  t h e s e  rout ines  wil l  a l s o  need to  be  modified. 

SIMBOL is c a l l e d  from BOND0460, BOND0480, F7000850, F9001310, F9001340, and  F9001470. 

NUMBUR is c a l l e d  from BOND 2510 and F9001440. 

4.3.5 Space Requirements with Overlap Feature. - T h e  overlap feature  requires an additional block 

of approximately 15 K words of computer memory and will c a u s e  O R T E P  to exceed  the  memory of a 32 K 

computer. For computers with a working s torage  under 45  K-60 K words,  t h e  overlap feature may b e  

de le ted  by removing subrout ines  LAPSOO, LAP700,  LAP800,  LAPDRW, LAPAB,  and LAPCON and 

subs t i tu t ing  dummy subrout ines  for t h e  f i r s t  four of t h e s e  s i x  subrout ines .  

4.4 Addition of New OR TEP Instructions 

O c c a s i o n s  wil l  a r i s e  when addi t ional  s p e c i a l  purpose instruct ions would b e  useful .  For example,  

perhaps a c e l l  out l ine rout ine would b e  des i rab le .  (Originally, t h e  1000 s e r i e s  of ins t ruc t ions  were 

planned for drawing a paral le lepiped def ined by four general vec tors .  However, t h i s  fea ture  la ter  
seemed somewhat  redundant and w a s  omitted, s i n c e  c r y s t a l  c e l l  ou t l ines  c a n  be  produced with judicious 

usage  of smal l  dummy a toms and  t h e  800 s e r i e s  instruct ions.)  

T h e  subrout ines  F l O O O  and S P A R E  a r e  intended to  b e  used  for additional instruct ions.  All  1000 
s e r i e s  instruct ions c a l l  subrout ine F1000,  which i s  currently j u s t  a dummy routine. Instruct ions 2 1200 

c a l l  another dummy routine, subrout ine SPARE(NJ) ,  where NJ = inst ruct ion number/100. 

All Arithmetic subprograms ( s e e  4.2.3) and many of the  subs id ia ry  subprograms ( s e e  4.2.2) are 

avai lable  for  coding t h e s e  Mainstream subprograms (see 4.2.1). 
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4.5 Glossary of Symbols in OR TEP Common, w i t h  Array Dimensions 

A(9) Direct  c rys ta l  c e l l  parameters ,  a,  b, c, cos a, c o s  @, c o s  y ,  a ( O ) ,  P ( O ) ,  y(O) .  

Metric tensor  g where 9.. = a ,  * a , .  

Post fac tor  transformation matrix t o  convert  coord ina tes  from t r ic l in ic  t o  
AA(3,3) ‘ I  I 
AAREV(3,3) 

t h e  reference C a r t e s i a n  sys tem.  A A R E V  = AA R E F V .  
AAWRK(3,3) Pos t fac tor  transformation matrix t o  convert  coord ina tes  f rom t r ic l inic  t o  

the working Car tes ian  system. AAWRK = A A  WRKV. 
AID(3,3) Identity matrix. 

A IN( 14 0) 

ATOMS(4,500) 

Array conta in ing  the input parameters  of the current OR T E P  instruct ion.  

Column 1 conta ins  atom des igna tor  c o d e s  for t h e  atoms which are t o  be 
included in t h e  s c a l i n g ,  plot t ing,  bond s e a r c h i n g ,  e t c .  T h e  o ther  t h r e e  
columns are  u s e d  for temporary s torage  of coord ina tes  in any of s e v e r a l  
coordinate s y s t e m s .  

BB(3,3) Reciprocal  metric tensor .  BB AA-’ .  
BRDR 

CD(8,lO) 

Border width in inches  e x t e n d i n g  inward f r o m  plot boundary. 

P a r t  of vector s e a r c h  code  array. Used  in conjunct ion with KD array. 

CHEM(100) 

CONT(5) 

D (3,13 0) 

DA(3,3) 
DP(2,13 0) 

Chemical  symbols  for the input atoms. 

Cons tan ts  used  in subrout ine RADIAL. 

Array in which three-dimensional points  on an e l l i p s e  a r e  s tored by RADIAL. 

Transmi ts  conjugate  vec tors  t o  RADIAL. Also used  for temporary s torage .  

Array in which two-dimensional points  for e l l i p s e  are s tored  af ter  projection. 

DIS P 
EDGE 

Displacement  parameter for ret racing.  

Dis tance  in inches  f r o m  a projected point to t h e  c l o s e s t  boundary. 
Se t  in PLTXY. 

EV(3,lOO) Root-mean-square d isp lacements  for e a c h  principal a x i s  of each input  atom. 

F O R E  Cosine  of c r i t i ca l  angle  between bond and Car tes ian  z a x i s  vec tors  for 
perspect ive bond d i s t a n c e  l a b e l s .  At smaller  angles  t h e  l a b e l s ,  produced 
from subroutine BOND, are  drawn without perspect ive t o  prevent e x c e s s i v e  
foreshortening. 

FS(3,3,48) Rotat ion matr ices  for input symmetry operat ions based  on t r ic l inic  s y s t e m .  
Used  with T S  array. 

IN Logica l  number for monitor input  magnetic tape.  

I T I L T  

KD( 5,lO) 

Indicator u s e d  t o  s igna l  subrout ine DRAW, whether or not to  do perspec t ive  
l a b e l i n g  (“Tilted T i t l e s ” ) .  

P a r t  of vector search  code  array. Used  in conjunct ion with CD. 
LATM 

LTNO 

NATOM Number of input a toms.  

NC D 

Number of en t r ies  in ATOMS array. 

Logica l  t a p e  number for magnet ic  plot t ing tape.  

Number of Format  No. 2 trailer c a r d s  for an instruct ion (vector s e a r c h  codes) .  

Note: (P) indica tes  “prime parameters ,”  which are  in i t ia l ized  in subrout ine PRIME. 
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P 

P 
P 

P 

P 

P 

P 

P 

P 

P 

NG 

NJ 

NJ2 
NOUT 

NSR 

NSY M 

ORGN(3) 

P(3,lOO) 

PA(3,3,100) 

PAC(3,5)  

PAT(3,3)  

REFV(3,3)  

RES(4) 

RMS(5) 

S C A L l  

SCAL2 

S C L  

SYMB(3,3) 

T A P E R  

FAULT INDICATOR ( s e e  3.4). 
Instruct ion number/100. 

L a s t  two decimal  d ig i t s  of the  instruct ion number (instruction = NJ*100 + NJ2). 

Logica l  number for monitor output magnet ic  t a p e .  

Logica l  number for scra tch  magnet ic  t a p e .  

Number of input symmetry opera t ions .  

Tricl inic  coord ina tes  for the atom which i s  t h e  origin of the drawing ( i .e . ,  o n  
the  opt ic  a x i s  for the projection). 

Tricl inic  pos i t iona l  coordinates  for the input a toms.  

Matrices for e a c h  input a tom made up of three orthogonal column e igenvec tors  
each  1 A long,  based  on the  t r ic l inic  sys tem (principal a x i s  vec tors ) .  

A 3 x 3 matrix produced by subrout ine PAXES and made up of three orthonormal 
pr incipal  a x i s  column vectors ,  based  on ei ther  the working or reference Car tes ian  
system. Columns 4 and 5 a r e  used  i n  subrout ine  F700 to dupl icate  columns 
1 and 2 for ease in indexing. 

A matrix produced by subrout ine PAXES and composed of three  principal a x i s  

A matrix produced by subrout ine PAXES. Conta ins  e i ther  t h e  d ispers ion  matrix 

column vectors  e a c h  1 H long, b a s e d  on t h e  t r ic l inic  sys tem.  

or i t s  inverse ,  based on e i ther  the  working or reference Car tes ian  sys tems.  

A matrix made up of three orthogonal column vectors ,  e a c h  1 P. long,  b a s e d  on 
t h e  t r ic l inic  sys tem.  T h i s  i s  t h e  base  vector t r ip le t  for the reference 
Car tes ian  coordinate  sys tem.  T h e  t r a n s p o s e  i s  t h e  postfactor  transformation 
matrix for conver t ing  coordinates  f r o m  t h e  reference orthogonal sys tem to 
the  t r ic l inic  sys tem.  R E F V T  = A A R E V - ’ .  

Regula tes  t h e  resolut ion of the plot t ing of a given e l l i p s e  a s  a function of t h e  
longes t  principal a x i s  x in the given e l l ipso id  of the sca led  model. 

x 1 Res(1)  

Res(1)  > x 1 Res(2)  

Res(2)  > x 2 Res(3)  

Res(3)  > x 

Res(4)  i s  not u s e d .  

1 2 8-PO in t e l l  i p s e  

64-poin t e l l ipse  

32-point e l l i p s e  

16-poin t e 11 i ps e 

T h e  r m s  d i sp lacements  a long the principal a x e s  in a r rays  PAC and PAT. 

T h e  s c a l e  of t h e  model in i n c h e s  per angstrom before  projection. 

The  s c a l e  factor ratio which s e t s  the el l ipsoid s c a l e  re la t ive  to SCAL1. 
If SCAL2 = 1.54 ,  then the ins tan taneous  posi t ion of the  atomic center  
will be  within t h e  e l l ipso id  50% of the t ime (5CR probability e l l ipso id) .  

S C L  = SCALl  t imes  SCAL2.  

A rotation matrix b a s e d  on the angle  THETA which i s  s e t  by instruct ion 302. 

T h e  exaggera ted  bond taper  parameter. T h e  t o p  and bottom e n d s  of a bond 
have  radii: RADIUS = 1. * T A P E R  *T6 where T 6  = / c o s i n e  of angle  between 
bond and z a x i s  of Car tes ian  system1 . 

Note: ( P )  i n d i c a t e s  “prime parameters ,”  which a r e  ini t ia l ized in subroutine PRIME. 
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P THETA 

T I T L E  (1 2) 

TITLE2(12) 

TS(3,4 8) 

P VIEW 

VT(3,4) 

V2(3) , . . . . , W 3 )  
W RKV(3,3) 

P XLNG(3) 

P xo(3) 

Angle in deg rees  between plotter x a x i s  and le t te r ing  base-line vector. 

Alphanumeric job t i t l e  s torage .  

Alphanumeric information s to rage  for Format No. 3 t ra i le r  card.  

Trans la t ion  vec tor  for e a c h  input symmetry operation. Used  with F S  array.  

Viewing  d i s t ance  in inches .  

Pe r spec t ive  t i t l e  rotation matrix and t rans la t ion  vector.  Also used  fo r  

Array to t ransfer  data to subrout ine  STORE. Al so  used  for temporary 

temporary s torage .  

storage.  

Temporary s torage .  

Same definit ion as for R E F V  except  tha t  t h i s  o n e  is for working 
Car tes ian  sys tem.  W R K V ~  = AAWRK-I. 

Elements  (1) and  (2) a r e  x and y plot dimensions.  E lement  (3) i s  not u sed  

Elements  (1) and (2) denote  t h e  posit ion in plotter coord ina tes  (in inches)  
where ORGN is placed. Element  (3) is used  t o  t ransfer  2 coord ina tes  to 
subroutine DRAW when perspec t ive  le t te r ing  is used .  

Tr ic l in ic  coord ina tes  for an atom posit ion are p laced  here  by subrout ine  XYZ. 

Note: (P) ind ica t e s  “prime parameters ,”  which are in i t ia l ized  in subroutine PRIME. 
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5. MATH EMAT ICs 0 F TH E RMAL-MO TI ON P ROB AB1 L I TY ELL I P SO1 OS 

It i s  convenient  to develop t h e  phys ica l  s ign i f icance  of t h e  anisotropic  temperature factor  with the 

notation and terminology of probability theory rather than with t h e  more familiar Fourier  transform theory. 

T h e  resu l t s  are ,  of course,  ident ical  regard less  of t h e  terminology used.  T h e  reason for t h i s  c h o i c e  is 

tha t  t h e  l i terature  of mathematical  s t a t i s t i c s  and probability theory is somewhat neater  and e a s i e r  to 

follow. T h e  t e x t s  by Wilks, Cramer, '  Miller, Hamilton, and L u k a c s  and Lana '  and t h e  handbooks by 

Burington and May6 and Owen7 a r e  found to  b e  particularly useful. 

5.1 Probabil i ty Densi ty  Function (pdf) of a Tr ivar ia te  Normal Distribution 

Given three c h a n c e  var iab les  X , ,  X,, X,  and S which i s  a region in X1,  X,, X 3  s p a c e .  T h e  prob- 

ab i l i ty  P(S) t h a t  t h e  point ( X l ,  X,, X,) f a l l s  i n  t h e  region S i s  given by 

P(S)  = //JW t x 2' x 3 >  dx 1 , dX . (5.1.1) 
S 

I f  t h e  integration i s  carr ied over  a l l  s p a c e ,  then 

JTJ"(X1, X,, X 3 >  dX1 d X z  dX, = 1 . (5.1.2) 
-m 

T h e  :unction # X I ,  X,, X3)  i s  ca l led  t h e  probability dens i ty  function (pdf) for the  joint  distribution of 

X1, X,, X,. Using vector  notat ion,  w e  c a n  des igna te  the pdf as  +(X). 

When t h e  dis t r ibut ion i s  t h e  type s a i d  to  b e  normal or Gauss ian ,  the  pdf i s  

(5.1.3) 

T h e  matrix M- i s  t h e  inverse  of t h e  symmetrical d i spers ion  (variance-covariance) matrix M, where 

A 

T h e  symbols  a: represent  t h e  second moments or v a r i a n c e s  about t h e  mean posi t ion X. T h e  symbols  

a.o.p.. a r e  the  corresponding covar iances  and p . ,  a r e  t h e  correlation coeff ic ients .  
I I 11 11 

IS. S .  Wilks, Mathematical Stat is t ics ,  Wiley, New York, 1962. 
'H. Cramer, Random Variables and  Probability Distributions, Cambridge University Press ,  London, 1962. 
3K. S. Miller, Mu1 tidimensional Gaussian Distributions, Wiley, N e w  York, 1964. 
4W. C. Hamilton, S ta t i s t ics  in Phys ica l  Science, Ronald, New York, 1964. 
'E. Lukacs and R. G. Lana,  Applications of Characteristic Functions, Hafner Publishing Co., N e w  York, 1964. 
6R. S. Burington and D. C. May, Handbook of Probability and  Stat is t ics  with Tables, Handbook Publishers, 

'D. B. Owen, Handbook of Stat is t ical  Tables, Addison-Wesley, Reading, Mass., 1962. 
Sandusky, Ohio, 1953. 
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5.2 Equiprobabil i ty  El I ipsoids 

A I\ 

For a proper normal dis t r ibut ion t h e  quadrat ic  form (X  - X)TMJI-’ (X - X) i s  pos i t ive  def in i te ,  and a 

principal a x i s  transformation i s  p o s s i b l e  which will make the  c r o s s  correlat ion coef f ic ien ts  p . .  = 0 (i # j ) .  

T h i s  transformation i s  d i s c u s s e d  i n  5.4. T h e  resul t  of t h e  transformation i s  the pdf 
I J  

(5.2.1) 

where 

( Y ,  - ?,>’ ( Y ,  - F2), o., - P3Y Q =  +-- + 
o2 U 2  0 2  
Y1 y 2  y 3  

(5.2.2) 

T h e  y j  are  coordinate: based  on t h e  Car tes ian  principal a x i s  sys tem and u 2  are t h e  var iances  a long t h e  

principal a x e s ,  i = 1 , 2 , 3 .  
Y i  

T h e  normal probability dens i ty  function i s  cons tan t  for po in ts  on the el l ipsoid Q = C 2  where C i s  a 

constant .  T h e  probability that  a random point ( y l ,  Y , ,  y , )  in t h e  distribution wil l  fa l l  i n s i d e  t h e  e l l ipso id  

i s  

(5.2.3) 

T h i s  result i s  der ived from (5.1.1), (5.2.1), and (5.2.2) by transforming to  spher ica l  coordinates .  

When C = 1.5382, P = 0.5 and the corresponding el l ipsoid i s  ca l led  the  50% probability e l l ipsoid.  A 

t ab le  of P v s  C va lues  i s  found on page  2 0 3  of Owen’s Handbook of Sta t is t ica l  Tables .  

i ence ,  that t ab le  i s  reproduced here a s  T a b l e  5.1. 
For conven- 

5.3 Characteristic Function (c.f.) of a Tr ivar iate Normal Distribution 

T h e  charac te r i s t ic  function @(T) corresponding to  a t r ivar ia te  dis t r ibut ion +(X) i s  t h e  expec ted  va lue  
of T X , namely, 

(5.3.1) 

For t h e  t r ivar ia te  normal pdf (5.1.3) t h e  conesponding  charac te r i s t ic  function i s  

Q(T) = exp [ i T T X  - ‘/2 T T M T ] ,  

where M i s  t h e  var iance-covariance dispers ion matrix descr ibed  in 5.1 and X i s  t h e  center  of mass of t h e  

distribution. 

(5.3.2) 
/\ 

T h e  crystal lographic  s t ructure  fac tor  equation which incorporates  general  anisotropic  temperature  

factor coeff ic ients  i s  

A 

F(h) = r]f,(h) exp (2nihTX,) e x p  (-hTBnh) , (5.3.3) 
n 
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Table 5.1. Cr i t ica l  values for probabil i ty e l l ipsoids o f  a t r ivar ia te  norrnol distributiona 

P 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.1 0 

0.11 

0.12 

0.13 

0.14 

0.1 5 

0.16 

0.17 

0.18 

0.19 

0.20 

0.21 

0.22 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.31 
0.32 
0.33 

0.34 
0.35 

0.36 

0.37 

0.38 

0.39 

0.40 

C 

0.3389 

0.4299 

0.4951 

0.5479 

0.5932 

0.6334 

0.6699 

0.7035 

0.7349 

0.7644 

0.7924 

0.8192 

0.8447 

0.8694 

0.8932 

0.9162 

0.9386 

0.9605 

0.9818 

1.0026 

1.0230 

1.0430 

1.0627 

1.0821 

1.1012 

1.1200 

1.1386 

1.1570 

1.1751 

1.1932 

1.2110 
1.2288 
1.2464 

1.2638 
1.2812 

1.2985 

1.3158 

1.3330 

1.3501 

1.3672 

P C 

0.41 

0.42 

0.43 

0.44 

0.45 

0.46 

0.47 

0.48 

0.49 

0.50 

0.51 

0.52 

0.53 

0.54 

0.55 

0.56 

0.57 

0.58 

0.59 

0.60 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.70 

0.71 
0.72 

0.73 
0.74 

0.75 

0.76 

0.77 

0.78 

0.79 

0.80 

1.3842 

1.4013 

1.4183 

1.4354 

1.4524 

1.4695 

1.4866 

1.5037 

1.5209 

1.5382 

1.5555 

1.5729 

1.5904 

1.6080 

1.6257 

1.6436 

1.6616 

1.6797 

1.6980 

1.7164 

1.7351 

1.7540 

1.7730 

1.7924 

1.8119 

1.8318 

1.8519 

1.8724 

1.8932 
1.9144 

1.9360 
1.9580 

1.9804 
2.0034 

2.0269 

2.0510 

2.0757 

2.1012 

2.1274 

2.1544 

P C 

0.81 

0.82 

0.83 

0.84 

0.85 

0.86 

0.87 

0.88 

0.89 

0.90 

0.91 

0.92 

0.93 

0.94 

0.95 

0.96 

0.97 

0.98 

0.99 

0.991 

0.992 

0.993 

0.994 

0.995 

0.996 

0.997 

0.998 

0.999 

0.9991 

0.9992 

0.9993 
0.9994 

0.9995 
0.9996 

0.9997 

0.9998 

0.9999 

0.99999 

0.999999 

0.9999999 

2.1824 

2.2114 

2.2416 

2.2730 

2.3059 

2.3404 

2.3767 

2.4153 

2.4563 

2 .SO03 

2.5478 

2.5997 

2.6571 

2.7216 

2.7955 

2.8829 

2.9912 

3.1365 

3.3682 

3.4019 

3.4390 

3.4806 

3.5280 

3.5830 

3.6492 

3.7325 

3.8465 

4.0331 

4.0607 

4.0912 

4.1256 
4.1648 

4.2107 
4.2661 

4.3365 

4.4335 

4.5943 

5.0894 

5.5376 

5.9503 

eReproduced from Ref. 7 by permission of Addison-Wesley Publishing Company, Inc., Reading, Mass. The orig- 
inal caption was “Critical Values for the Spherical Normal Distribution.” 
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where 

h i s  a vector giving t h e  Miller ind ices ,  

Xn i s  a vector giving t h e  fractional unit ce l l  coordinates  of the  nth atom, 

Bn i s  the anisotropic  temperature factor  coeff ic ient  matrix, and 

fn(h) i s  the  atom form factor  va lue  for atom n. 

If a change of var iab les  T = 2nh i s  made, then (5.3.3) c a n  b e  rewritten a s  

F(T) = Z f , ( T ) e x p  ( i T T R n  - '4 T T  -T  Bn ) . n 2 n2 
(5.3.4) 

T h e  s c a l e d  anisotropic  temperature factor  matrix (1 /2n2)8  i s  s e e n  t o  b e  ident ical  with t h e  variance- 

covariance dispers ion matrix M i n  (5.3.2). 

T h e  corresponding crys ta l  s p a c e  t r ivar ia te  normal pdf for any  par t icular  atom n i s  

or if M-'  = 2 n 2 B - '  then 

(5.3.5) 

(5.3.6) 

which i s  ident ical  to (5.1.3). 

5.4 Pr incipal  Axis Transformation 

T h e  transformation of anisotropic  temperature factor coef f ic ien ts  (for t h e  general  t r ic l inic  c a s e )  to  

and Cruickshank et al. l o  principal a x e s  of thermal motion i s  d i s c u s s e d  by Waser, Bus ing  and Levy,  

T h e  principal a x i s  transformation i s  necessary  to find t h e  them.al-motion probability e l l i p s o i d s  d is -  

y,, y, for which t h e  c u s s e d  in 5.2. T h e  principal a x e s  of the  matrix M-' i n  (5.3.6) a r e  t h e  vec tors  y 

inner vector  product (yi, yi) h a s  a s ta t ionary value subjec t  to  the  cons t ra in t  

(yi, M-'yj) = 1 , i = 1, 2 ,  3 .  (5.4.1) 

For the  general t r ic l inic  crystal  sys tem this  means  that  t h e  quadra t ic  form yTG-ly h a s  a s ta t ionary  v a l u e  

subjec ted  to  t h e  constraint  

y T ~ -  'M- l Y  = 1 , (5.4.2) 

'J. Waser, Acta Cryst. 8, 731 (1955). 
9W.  R. Busing and H. A. Levy, Acta Cryst. 11, 450 (1958). 

'OD. W. J. Cruickshank et al., p. 74 in Computing Methods and  the P h a s e  Problem in X-Ray Crystal Analysis ,  
ed. b y  R. Pepinsky, J. M. Robertson, and J. C.  Speakman, Pergamon, New York, 1961. 
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where G-' is t h e  metric tensor  with components  a i  a and ai a is t h e  s c a l a r  vector product of two of t h e  

three unit c e l l  vectors .  Introducing t h e  Lagrange  multiplier 1/X l e a d s  t o  
i i 

premultiplying by  M y i e l d s  

Or w e  c a n  d o  some addi t ional  rearranging and obtain 

[GM-' - Xillyi = 0 (i = 1,2,3). 

(5.4.3) 

(5.4.4) 

(5.4.5) 

Equation (5.4.4) i s  equiva len t  to o n e  of t h e  resu l t s  der ived by Busing and Levy,  except  t h e  X i  obtained 

here  a re  t h e  reciprocals  of their  X i  b e c a u s e  we a r e  doing the  principal a x i s  transformation on M-' while 

their formulation performs t h e  transformation on M. T h e  numerical procedure used  i n  OR T E P  f inds  t h e  

e igenvalues  and eigenvectors  of t h e  unsymmetrical matrix MG-' in  (5.4.4). 
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6. E X A M P L E S  OF I L L U S T R A T I O N S  T H A T  H A V E  B E E N  P R O D U C E D  WITH OR TEP 

Most of t h e  drawings reproduced h e r e  were made while  OR TEP w a s  under  development. Consequent ly ,  

cer ta in  d e t a i l s  i n  t h e  f igures  a r e  not t h e  same a s  t h o s e  produced with t h e  present  vers ion of t h e  program. 

In particular, t h e  l i n e s  of shading  i n  t h e  e l l ipso id  “open octant”  a r e  now a l w a y s  evenly s p a c e d .  

6.1 Nonstereoscopic Drawings Showing Thermal Motion 

T h e  f igures  in  t h i s  s e c t i o n  h a v e  t h e  viewpoint a t  infinity (para l le l  projection). 

6.1.1 Comparison of Graphical Representations of Thermal Motion. - Figure  6.1 s h o w s  t h e  che la t ion  

pat tern of two c i t ra te  molecules  re la ted  by a twofold screw a x i s  i n  t h e  c rys ta l  s t ruc ture  of magnesium 

c i t ra te  decahydrate .  O n e  molecule  h a s  “ t ransparent  e l l i p s o i d s ”  and  t h e  other  h a s  “opaque, plugged 

e l l ipso ids .”  Bond t y p e s  1, 3, and 4 (see 3.3.9) are i l lustrated.  Note that  cer ta in  bonds  terminate  a t  t h e  

el l ipsoid boundary while  o thers  in te rsec t  t h e  el l ipsoid.  T h e s e  var iab les  a r e  under t h e  user ’s  control and 

can  b e  u s e d  t o  advantage  for s p e c i a l  e f fec ts .  

F i g u r e  6.2 i s  another  drawing of magnesium c i t r a t e  decahydrate  with t h e  rms magnitudes of d isp lace-  

ment a long  principal a x e s  ind ica ted  around t h e  equiprobability thermal e l l ipso ids .  

F igure  6.3 i l l u s t r a t e s  t h e  same f igure with t h e  thermal-motion representat ion mentioned by Waser, i n  

which t h e  thermal motion i s  portrayed by a fourth-degree sur face  generated by  a radius  vector  with length 

proportional to the  rms component of displacement  in  the direct ion of t h e  rad ius  vector. T h e  charac te r i s t ic  

peanut s h a p e  of t h i s  fourth-degree sur face  i s  most apparent for atom 0 3 .  

T h e  thermal e l l ipsoid seems to b e  t h e  preferred representat ion,  and the  present  vers ion of O R  T E P  

will draw e l l ipso ids  only.  

6.1.2 Thermol El l ipsoids Derived from Independent Sets of Diffraction Data. - F i g u r e s  6.4(a) and ( b )  

show t h e  thermal e l l i p s o i d s  for potassium dihydrogen i s o c i t r a t e 3  obtained from two independent s e t s  of 

three-dimensional x-ray d a t a  (copper  K ,  d a t a  and chromium K ,  data). F igure  6.4(a) i s  presumably a b e t t e r  

representat ion s i n c e  i t  i s  b a s e d  on a much larger  number of measurements .  In fac t ,  it  i s  rather surpr is ing 

tha t  the  thermal-motion f igures  a r e  so s imilar ,  consider ing t h e  l imited number of da ta  obta inable  with 

chromium radiation. 

6.1.3 Thermal Motion in Molecules Not Related by Crystallographic Symmetry. - Myo-inositol4 h a s  

two molecules  i n  i t s  crystal lographic  asymmetric unit. F i g u r e s  6.5(a) and 6.5(b) permit a comparison of 

t h e  two s e t s  o f  thermal e l l i p s o i d s  in  ident ica l  molecular or ientat ions.  T h e  hydrogen b o n d s  to neighboring 

a toms a r e  also indicated.  T h e  similarity be tween t h e  two e l l ipso id  s e t s  is readily apparent .  

‘ C .  K. Johnson, Acta  Crys t . ,  18, 1004 (1965).  

’5.  Waser, Acta  C r y s t .  8, 731 (1955). 
3 

D. van der Helm, J. P. Glusker, C. K. Johnson, J .  A .  Minkin, N. E. Burow, and A .  L. Pat terson,  Acta  Crys t . ,  
8-34, 578 (1968). 

41. N. Rabinowitz and J .  Kraut, Acta  C r y s t .  17, 159 (1964). 
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6.2 Stereoscopic Drawings of Crystal Structures 

6.2.1 Thermal El l ipsoids Derived from Neutron Studies. - Thermal e l l i p so ids  for hydrogen atoms c a n  

b e  derived from neutron diffraction da ta .  Some recent c rys ta l  s t ruc ture  r e s u l t s  refined from three-dimen- 

s iona l  neutron d a t a  a re  shown here  a s  s t e reoscop ic  pa i r s  of perspec t ive  projections.  T h e  thermal e l l ipso id  

for a hydrogen atom is a lmost  a lways  larger than tha t  of t h e  heavier neighbor atom b e c a u s e  of zero-point 

energy. 

6.2.1.1 Chloral Hydrate. - Figure  6.6 fea tu res  two molecules  of ch lora l  hydrate' re la ted  b y  a center  

of symmetry. T h e  neighboring hydroxyl groups which a re  involved in  hydrogen bonding t o  the  two mol- 

e c u l e s  a re  a l s o  included. 

6.2.1.2 Sugars. - A s ing le  molecule  of s u c r o s e 6  is shown i n  Fig. 6.7 with t h e  six-membered g lucose  

ring to  t h e  left  and  the  five-membered f ruc tose  ring t o  t h e  right. Two intramolecular hydrogen bonds  a r e  

drawn be tween the  two moieties.  Only o n e  hydroxyl group in the  molecule  does not form a hydrogen bond; 

t h i s  group h a s  t h e  abnormally l a rge  thermal e l l ipso id  for hydrogen on  t h e  left s i d e  of the  figure. 

T h e  thermal motion of a g lucose  molecule in  t h e  a -g lucose  c rys ta l  s t ruc ture '  is i l lus t ra ted  by  Fig.  6.8. 

T h i s  figure w a s  drawn with O R  TEP by  G. M.  Brown. 
6.2.1.3 Lithium Sulphate Monohydrate. - T h e  inorganic s t ruc ture  lithium su lpha te  monohydrate h a s  

b e e n  refined with three-dimensional x-ray da ta  by Larson '  and with th ree  zones  of two-dimensional neu- 

tron d a t a  by Smith and Levy,  

ture. T h e  hydrogen thermal e l l i p so ids  were taken  from the neutron a n a l y s i s  and t h e  remainder from t h e  

x-ray resu l t s .  T h e  outs tanding  fea ture  in  t h i s  i l lus t ra t ion  is t h e  l a rge  thermal motion of t h e  water mol- 

ecu le ,  which i n d i c a t e s  much loose r  binding than in  t h e  res t  of the  s t ruc ture .  

F igure  6.9 i l l u s t r a t e s  t h e  cha rac t e r i s t i c  atomic arrangement in tha t  struc- 

6.2.1.4 Potassium Hydrogen Chlorornaleate. l o  - T h i s  s t ruc ture  con ta ins  a centered hydrogen bond. 

T h e  interatomic bond d i s t a n c e s  and the  surrounding K a toms a r e  a l s o  shown in F ig .  6.10, which w a s  

drawn with O R  TEP by R. D. El l i son  and H. A. Levy.  

6.2.2 Thermal El l ipsoids Derived from X-Ray Studies. - T h e  examples  shown i n  t h i s  s ec t ion  were 

t aken  from the  l i terature and  from t h e  work of s eve ra l  c rys ta l lographers  who kindly sen t  their  unpublished 

r e s u l t s  t o  ORNL to  be drawn. 

6.2.2.1 Long-chain Aliphatic Organic Compounds. - Dihydromalvalic ac id  (c i s ,  D ,  ~ -8 ,9-methylene-  

heptadecanoic  acid) is shown in Fig. 6.11. T h e  thermal motion perpendicular to  the  cha in  direction is 

s e e n  to  i n c r e a s e  in  amplitude toward the nonpolar end of the  cha in .  

5G. M. Brown and H. A .  Levy, Cryst.  Struc t .  Cornrnun. 2, 107 (1973). 

6G. M. Brown and H. A. Levy, Science 141, 921 (1963). 

'G. M. Brown and H. A. Levy, Science 147, 1038 (1965). 

'A. C. Larson, Acta Cryst. 18, 717 (1965). 

'H. G. Smith, S. W.  Peterson,  and H. A .  Levy, J. Chern. Phys.  48, 5561 (1968). 

'OR. D. El l ison and H. A .  Levy, A c t a  Cryst., 19, 260 (1965). 

"(3. A. Jeffrey and M. Sax, Acta C r y s t .  16, 1196 (1963). 

Page 739



84 

Figure  6.12 i l l u s t r a t e s  t h e  thermal motion i n  t h e  t r iglycer ide beta-tricaprin. T h e  two molecules  

shown a r e  re la ted by  a center  of symmetry. Again t h e  ampli tude of motion perpendicular to  t h e  cha in  in- 

c r e a s e s  toward t h e  end of the chain.  

6.2.2.2 Copper  Chefat ion Compound. - T h e  chelat ion pat tern in  bis-(3-amino-l-phenyl-2-butene-l-ono)- 

Cu(II)I3 is demonstrated in  Fig. 6.13. T h e  copper  atom i s  on a symmetry center .  

6.2.2.3 L a r g e  Biological  Molecule. - Harunganin, l 4  which i s  a plant  pigment, is shown in F ig .  6.14. 

T h e  pair  of “half a toms” a t  t h e  upper right is a n  approximation u s e d  i n  t h e  leas t - squares  refinement to 

correct  for e i ther  very la rge  thermal motion or disorder  which o c c u r s  in  tha t  part of the c r y s t a l  s t ructure .  

T h e  thermal parameters  a r e  somewhat  ques t ionable  s i n c e  t h e  s t ruc ture  w a s  not refined t o  convergence.  

However, the stereogram d o e s  permit t h e  molecular configuration to b e  readily visual ized.  

6.2.2.4 Abnormal Motion in  &(Ill) Acetyfacetonate .  - Dr. Bruno Morosin from Sandia  Corporation 

sen t  t h i s  most unusual  example of thermal motion. Cr(1II) ace ty lace tona te  l 5  h a s  three  ace ty lace tona te  

l igands  arranged to  form an octahedral  coordination of oxygens  about  t h e  C r  atom, a s  shown in Fig.  6.15. 
One  of t h e  l igands  d i s p l a y s  very la rge  thermal anisotropy. When a molecular  packing diagram s u c h  a s  

Fig.  6.16 i s  viewed, t h e  la rge  d isp lacements  a r e  s e e n  to b e  paral le l  to tho b crys ta l  axis .  It appears  that  

s h e e t s  of t h e s e  l igands  a r e  e i ther  disordered o r  undergoing longi tudinal  vibration. Morosin h a s  ev idence  

from other  diffraction experiments  which supports  t h e  hypothes is  tha t  i t  i s  a thermal vibration phenomenon 

and not s t a t i c  disorder  in  t h e  crystal .  

6.2.3 Crysta l  Structure Packing Diagrams. - I t  is often des i rab le  t o  i l l u s t r a t e  t h e  way t h a t  molecules  

pack together  i n  a c r y s t a l  s t ructure .  Sometimes thermal motion c a n  b e  interpreted o n  t h i s  b a s i s ,  as w a s  

done  in 6.2.2.4. In  o ther  i n s t a n c e s  o n e  may b e  more in te res ted  in  v isua l iz ing  t h e  general  packing geom- 

etry of t h e  c rys ta l  s t ructure .  Stereograms a r e  very useful  for both  appl ica t ions .  

6.2.3.1 Potass ium Hydrogen Chloromaleate. - A molecule  of t h i s  s t ruc ture”  is shown in F i g .  6.10. 

Packing  diagrams were a l s o  drawn by E l l i s o n  and Levy and a r e  reproduced here .  F igure  6.17 s h o w s  t h e  

packing of an ions  about the  two types  of potassium ions.  One  coordinat ion polyhedron is a n  irregular 

octahedron of oxygen atoms.  T h e  other  i s  a n  irregular 1 6 h e d r o n  having s ix  oxygen a toms and four chlo- 

rine atoms a t  i t s  ver t ices .  F igure  6.18 is a different view of t h e  packing with a larger  a rea  included. 

6.2.3.2 P a c k i n g  Diagrams for Inorganic Structures. - T h e  reader  may have  not iced t h a t  most of t h e  

i l lustrat ions a r e  of organic  s t ruc tures .  T h e  reason is that  organic  molecules  a r e  e a s y  to  draw. Con- 

s iderably more planning i s  required t o  produce a n  informative i l lustrat ion of a n  inorganic  s t ructure .  

An approach which i s  fa i r ly  s u c c e s s f u l  i s  t h e  following: 

1. Draw a preliminary stereogram of the  conten ts  of a box which e n c l o s e s  somewhat  m o r e  than  o n e  

uni t  ce l l .  B o n d s  should b e  drawn in accordance  with known interatomic d i s t a n c e  ranges.  T h e  d imens ions  

12A. J. Mabis and L. H. Jensen, Abstracts  ACA Meeting, Bozernan, Montana, F-9 (1964) and L. H. Jensen,  

13G. E. Gurr, Acta Cryst. 824,  1511 (1968) and private communication, 1964. 

14R.  A. Alden, G. H. Stout, J. Kraut, and D. F.  High, Acta Cryst. 17, 109 (1964). 
1 5  

private communication, 1964. 

B. Morosin, Acta C r y s t .  19, 131 (1965) and B. Morosin, private communication, 1964. 
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for t h i s  drawing may b e  such  tha t  t he  plot c a n  b e  viewed directly with a s t e reoscope  without photographic 

reduction. 

2. While viewing t h e  preliminary stereogram, pick out  t h e  b a s i c  structural  un i t s  and dec ide  o n  a 

grouping of t h e s e  un i t s  for t h e  des i red  figure. 

3. Descr ibe  t h e  in tended  sub jec t  with whichever technique  is the  most convenient and draw t h e  new 

figure. F igure  6.19, potassium perxenate  nonahydrate,  l 6  is a n  example of a n  i l lus t ra t ion  planned in  t h i s  

way. T h i s  figure w a s  drawn by  J. H. Bums  at ORNL. 
6.2.3.3 I l lus t ra t ions  of the  Contents  of a Unit Cell. - A favorite method used  by  crys ta l lographers  is 

to  draw a unit c e l l  ou t l ine  and t h e  c e l l  con ten t s  within tha t  outl ine.  F igure  6.20, which is a stereogram 

showing lithium a-monodeuteroglycolate,  l 7  is of th i s  nature.  T h e  molecules  were kept i n t ac t  rather than  

cut off a t  the ce l l  outl ine.  

6.3 He l ica l  Structures 

OR TEP h a s  cer ta in  fea tures  which f ac i l i t a t e  t he  drawing of nonintegral  he l ica l  s c rew models such  a s  

t h o s e  d i s c u s s e d  in  the  field of molecular biology. T h e  Paul ing ,  Corey, and Branson alpha-helix model l a  

for protein s t ruc ture  is a n  example. F igure  6.21 s h o w s  t h e  modification of t h i s  s t ruc ture  which is present 

i n  t h e  synthe t ic  polypeptide poly-L-alanine. 

16A. Zalkin, J. D. Forrester, D. H. Templeton, S. M. Williamson, and C. W. Koch, J .  Am. Chem. SOC. 86, 3569 

"C. K .  Johnson, E. J. Gabe, M. R. Taylor, and I. A. Rose, J .  A m .  Chem. SOC. 87, 1802 (1965). 

18L. Pauling, R .  B. Corey, and H. R. Branson, Proc. N a t l .  Acad. Sci. U.S. 37, 235 (1951). 

"A. Ell iot t  and B. R. Malcolm, Proc. Roy. S O C .  London A 249 ,  30 (1959). 

(1964). 
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ORNL DWG, 65-2448 

Fig. 6.1. 
Decohydrate. 

obi I i ty  distribution. 

Chelat ion Pattern Viewed Along o Twofo ld Screw Ax is  i n  the Crystal Structure of Magnesium Citrate 

El l ipso ids represent equiprobabil ity surfaces of thermal displacement and contain 65% of the prob- 

ORNL DWG. 65.2441 

0 I4 

’ \  

I I 

~ $b. 
0 21 0 21 

Fig. 6.2. Thermal-El l ipsoid Representation for Magnesium Citrate Decahydrate wi th  Pr inc ipa l  Values o f  RMS 
Displacement in  Angstrom Units. E l l ipso ids enclose 74% probabil ity. Structure i s  viewed along b oxis. 
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ORNL DWG. 65-2444 
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Fig. 6.3. Peanut-Shaped RMS Thermal-Displacement F igure Representation for Magnesium Citrate Decahydrate. 

Pr incipal  values o f  rms displacement i n  Angstrom uni ts  are indicated around the displacement figures, which are 

drawn at double scale. Some view of  structure os  shown i n  Fig. 6.2. 

Fig. 6.4. Potassium Dihydrogen lsoc i t ro te w i th  Thermal E l l ipso ids Scaled to  Include 74% Probobil ity. ( a )  
( b )  Results obtained from Results obtained from 1350 three-dimensionol copper Kadoto (disagreement foctor 6.5%). 

340 three-dimensional chromium Kadoto  (disagreement foctor 2.2%). Note: This is not a stereo pair. 
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ORNL DWG. 65-2450 

MYO-INOSITOL MYO-INOSITOL 

Fig.  6.5. Comparison of Thermal E l l i p s o i d s  i n  the Two Crys ta l lograph ica l l y  Independent Mo lecu les  of Mya- 
E l l i p s o i d s  are Inos i to l  (6.5a and 6.56). 

scaled to inc lude 74% probabi l i ty .  

Hydrogen bonding i s  shown, s ince  th is  might in f luence the thermal motion. 

Note: This  is not a s t e r e o  pair. 

Fig.  6.6. Stereogram (Stereoscopic Po i r  of Perspec t ive  Pro jec t ions)  of Ch lora l  Hydra te  V i e w e d  A long the 
T w o  molecules are shown re la ted  by a center of symmetry, w i t h  the hydrogen bonds connect ing Reciprocal  A x i s  a * .  

them together and to other molecules. E l l i p s o i d s  are sca led  to inc lude 48% probab i l i t y .  
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SllCROSE FROM NEUTRON D I F F R R C T I O N  SUCROSE FROM NEUTRON D I F F R R C T I O N  

Fig.  6.7. Stereogram Showing the Sucrose M o l e c u l e  w i t h  Thermal E l l i p s o i d s  Scaled to E n c l o s e  50% Probabi l i ty .  

x 

Fig.  6.8. A M o l e c u l e  of Glucose wi th  Thermal  E l l i p s o i d s  Scaled to E n c l o s e  50% Probabi l i ty .  

Page 745



90 

Fig.  6.9.  L i t h i u m  Sulphate Monohydrate. The l i thium ions and sulphate ions are coordinated into a compact 

network. T h e  structure is  viewed along the reciprocal  a' axis.  The  e l l ipso ids  are sca led  t o  enc lose  20% probabi l i ty .  

K i l l  3 

" l a 1  C,f 
fl " E  POTASSIUM HTOROGEN CHLOROMALEATF POTRSSIUH HYDROGEN CHLOROHALEATE 

Fig.  6.10. Potassium Hydrogen Chloramaleate. The  chloromaleate ion i s  v iewed normal to i t s  own plane. T h e  

thermal el l ipsoids enc lose  50% probabi l i ty .  
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Fig. 6.11. A M o l e c u l e  of Dihydromolvalic A c i d  wi th  Thermal E l l i p s o i d s  Scoled to Enclose 48% Probabi l i ty .  

0 

BETR-TRICRPRIN BETR- T8 1 CRPR I N 
22/6/6q 0 22/6/6'1 0 

Fig.  6.12. T w o  Molecules of Beta-Tr icapr in  R e l a t e d  by a Center of Symmetry. T h e  thermal e l l ipsoids are 

scaled to inc lude 30% probabil i ty.  
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L 10 

Fig.  6.13. Chela t ion  Complex o f  Bis-(3-ornino-l-phenyI-2-butene-l-ono)-Cu(ll) wi th  Thermal  E l l ipso ids  Scaled 

to Include 50% Probabi l i ty .  

HRRUNGRNIN HRRUNGRNIk 

Fig.  6.14. A Molecu le  of the  P lant  Pigment Harunganin w i t h  Thermal  E l l ipso ids  Scaled to Include 48% Prob- 

obi l ity. 
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cq [ I  1 1 1  A C t T Y L R C E T O N A T E  CR [ I  i I 1  R C E ' I I R C E T O N A T F  

Fig.  6.15. A U n i t  o f  Tris-acetylacetonotochromium(lll) Viewed A long  i t s  Threefold A x i s  of Chemical  Symmetry. 

T h e  thermal e l l ipso ids  ore scaled to enc lose  20% probabi l i ty .  

F ig .  6.16. P a c k i n g  Diagrams for Tris-acetylacetonatochromium(l l l )  V i e w e d  Along the Reciprocol  A x i s  c*.  

Thermal  e l l ipso ids  are sca led  to enclose 20% probabi l i ty .  
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POTRSSIUM HYDROGEN CHLOROMRLERTE -- POTRSSIUM HYDROGEN CHLOROMALERTE 
I- - 

Fig, 6.17. Pock ing of  Chloromaleote Ions Around the Potassium Ions i n  Potossium Hydrogen Chloromaleate. 

Thermal e l l ipso ids ore scoled The edges of the coordination polyhedro ore shown. 

to contain 50% probabil i ty. 

View i s  neorly along the c axis. 

PDTRSSIUM HYDROGEN CHLOSOMALEATE POTASSIUM HYDROGEN CHLOROrALERlE 

Fig. 6.18. Pock ing Diagrams for Potossium Hydrogen Chloromoleate. Atoms ore represented os small  circles. 

View i s  neorly along the a axis. The edges of the coordination polyhedro around the potassium ions ore shown. 

Page 750



95 

POTRSSIUH PERXENRTE NONRHYDRRTE POTRSSIUH PERXENRTE NONRHYORRTE 

Fig. 6.19. Packing Diagram for Potassium Perxenate 9-Hydrote, I l lus t ra t ing the Network of High ly  Hydrated 

The v iew i s  paral lel to the a axis. Another layer, related to  the Potassium Ions Surrounding Perxenate Ions. 

present one by a twofold screw ax is  along a, i s  needed to complete the structure. 

Fig. 6.20. A Stereogram Showing the Unit-Cel I Contents of Anhydrous Li amonodeuteroglycolate. The unique 

monocl inic b axis  points up i n  the page and the mean c ax is  out from the page. 
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F ig.  6.21. A Stereoscopic P a i r  of Perspect ive  Pro-  

ject ions Showing the  A lpha-He l ix  Which I s  Present  i n  
Poly-L-Alanine.  There  ore 47 amino-acid residues in 

13 turns o f  the he1 ix .  Stereo v iewing  is accomplished by 

placing o sheet  o f  cardboard between the he l ices .  
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7. FORTRAN LISTING OF OR TEP-I1 

c 
C  
C 
C 
C  
C  
C 
C  
C 
C 
C  
C 
C  
C  
C 
C  
C  
C  
C  
c 
C  
C 
C  
C 
C  
C  
C  
C  
C  
C  

C  

C 

C  

TOTAL N U V B E R  OF CARDS INCLUDING DATA POR EXAUPLE I S  4 7 4 5  U A I N  10  
***** OAK R I D G E  THERUAL ELLIPSOID PLOT PROGRAlr ***** U A I N  20  
***** O R T T P - I 1  / IBU-360  1 FEB 1 9 7 1  / INSTRUCTIONS I N  C?NL-3794 * * M A I N  30 
*+*** OPTIONAL OVERLAP PEATUPE ADDED TO ORTEP I N  FEBRUARY 1 9 7 1  * * * U A I N  40 
* * * * a  CUBANE EXAUPLE CARDS ILLUSTRATE USE OF OVERLAP FEATURE * * * * * U A I N  50 ***** I N  BRIEP ,  INSTRUCTION 5 1 1  UAY BE USED JUST BEPORE FACH U A I N  6 0  
***** D R A W I N G  TO STORE THE PROJECTED ATOUS, TYPE 2  TRAILER CARDS U R I N  7 0  

***** 04XIUUI( N U U B E R  O F  STORED BONDS IS 5 9 9 .  I N  GENEPAL, JUST USEURIN 90 
***** THE SAME TYPE 2  TSAILSP CIRDS USED B Y  THE 8 0 2 / 8 1 2  INSTR. ***MAIN 1 0 0  
***** COLS 1 0 - 1 8  ON 5 1  1  INST CARD S P E C I F I E S  OVEQLRP URRGIN(0VURGN) U A I N  1 1 0  

f**** 1 O R  - 1  OVR?GN = 0.0 U A I N  1 3 0  
***** .GT.O, .LT.l  OVURGN = ACTUAL VALUE G I V E N  (INCHES) ***** U A I N  1 4 0  ***** ALL OVSRLAP INPORUATION I S  DESTROYED B Y  I N S I R .  5 0 1 - 5 1 0  U A I N  1 5 0  
***** IF THE COUPUTER ISHOFY AVAILABLE IS EXCEEDED BY THIS  PEATUREUAIN 1 6 0  
***** SUBROUTINES L P P 5 0 0 ,  LAP700,  LAPBOO, LAPDRY, LAPRE A N D  LAPCONUAIN 1 7 0  ***** R A Y  BE PEUOVED A N D  REPLACED B Y  THE FOLLOWING 4 DUMUIES U A I N  1 8 0  
5 IBROUTINE LAPSOO(YTYPE) U A I N  1 9 0  
QETUSN M A I N  2 0 0  
END U A I N  2 1 0  
SU9ROUTINE LAP700  (NA, ICQ)  U A I N  2 2 0  
SETUWN U A I N  2 3 0  
W N  D  U A I N  2 4 0  

R A I N  2 5 0  
l A I N  260 
U A I N  2 7 0  
U A I N  2 8 0  
U A I N  2 9 0  
U R I N  300 
U L T N  3 1 0  

e*+**  WITH INSTR 5 1 1  CAUSES PROJECTED B O N D S  ALSO TO E E  S T O R E D  UAIN 80 

***+* 0 O V M R G N  = UAX(0 .035  OR S Q R T ( S C A L l ) * 0 . 0 3 0 )  M A I N  1 2 0  

SU B?OOTI NF L A P 8 0 0  (NR 1,  NA2. ICQ)  
R E T U R N  . 
n u n  
_.I 

SU BPOUTI NE LAPDRY ( Y e  NP E N , N C Q )  
RSTURN 
EN D  
R F L l t R  C H F n  

DInENSION RBS(4)  ,RRS ( 5 )  ,SI UB ( 3 . 3 )  , T I T L E ( 1 8 ) , T I T L E 2 ( 1 8 )  ,TS  (3.48) M A I N  3 6 0  
DIREYSION VT(3.4)  , V l  ( 4 )  ,V2 ( 3 ) , V 3 ( 3 )  . V 4 ( 3 )  , V 5  ( 3 ) , V 6 ( 3 )  , U Q K V  ( 3 . 3 )  R A I N  3 7 0  
DI IENSION X L N G ( 3 ) , X O ( 3 ) , X T  (3) U A I N  3 8 0  
CO U R O N  N G ,  A, A l l ,  & & R E V , &  A W R K  , A I D  , A I N ,  ATOUS,BB, BRDR, CD, CRER ,CONT, D U A I N  3 9 0  
COUUON DA.DP,DISP,EDGE,EV, PORE,FS,IN,ITILT,KD,LATM,LTNO,NATOM, NCD U A I N  4 0 0  
COUUON NJ,WJ2,NOOT,NSR,NSYU,ORGN,P,PA,PAC,PAT,Q,REFV,RPS,RUS,SCALlUAIN 4 1 0  
COUUON SCAL2 ,SCL,  SYNB, TLPER,TAETA,TITLE,TITLE2,TS . V I E W  ,VT,V1 ,V2  U A I N  4 2 0  
COUrlON V3.VU.V5,V6,YRKV,XLNG,XO,XT U A I N  4 3 0  
I T  NO=O U A I N  440 

2  CALL PRIUE n A I N  450 ***** READ JOB T I T L E  CARD ***** U A I N  4 6 0  
READ ( I N , 4 )  ( T I T L E ( 1 )  , 1 = 1 , 1 8 )  U A I N  4 7 0  

4 PORUAT(l8AU) U A I N  480 
Y Q I T I  (NOUT.6) ( T I T L E ( 1 )  ,I= 1, 1 8 )  U A I N  490 

5 PORMATflHOlOX.18RUl U A I N  500 
U A I N  5 1 0  
U A I N  5 2 0  
U A I N  530 
U A I N  SUO 
N A I N  550 
U A I N  560 
U A I N  5 7 0  
U A I N  580 
U A I N  5 9 0  

6 ~ O R R A T ( l H l l O X ~ 1 8 A 4 )  
CALL P R E L I U  
WRIT? (NOUT.6) ( T I T L E ( 1 )  ,I= 1 , 1 8 )  
ISAVE=O 
GO TO 5 0 7  

7 ISAVS=O ***** ZERO & I N  A R R A Y  ***** 
8 DO 10 J = l , 1 4 0  

1 0  A I N f J l = O .  

NCD=O 
N1=-6 

1 6  Nl=N1+7  
N?=N1+6 . -  . 
I F  (ISAVE) 2 2 ,  1 8 . 1 8  

I P  (ISAVE) 2 4 . 2 4 , 2 0  

GO TO 2 4  

1 8  READ ( I N , l 2 ) I C , N F ,  (AIN ( I ) , I = N l , N 2 )  

2 0  YRITE (NSR)IC ,NP,  ( A I N ( 1 )  , I=Nl.NZ) 

2 2  R E A D  ( N S R ) I C , N P ,  ( A I N ( I ) , I = N l , N 2 )  

2 4  IP ( N l - 1 )  2 6 . 2 6 . 3 0  
2 6  WRITE (NOWT.1l)NP 

NP 1=NF 
I P  ( N P l )  28 .8 .30  

2 8  I P ( N P l + Z )  2 . 2 . 3 0 0 0  
3 0  YRITE INOlJT.14\ f A I R f I I  . I=Nl .N2I  

I P ( I C )  7.24.24 

U A I N  600 
U A I N  6 1 0  
R A I N  6 2 0  
R A I N  6 3 0  
U A I N  6 4 0  
U A I N  650 
U A I N  6 6 0  
U A I N  6 7 0  
U A I N  6 8 0  
R 1 I N  690 
U A I N  7 0 0  
U A I N  7 1 0  
U A I N  7 2 0  
M A I N  7 3 0  
R A I N  7 4 0  
R A I N  7 5 0  
U A I N  7 6 0  
n A I N  7 7 0  
R A I N  7 8 0  
M A I N  7 9 0  
U A I N  800 
U A I N  8 1 0  

3 2  I C = I C + l  

3 3  FORUkT f I 3 . 6 Y  , 5 1 3 . 8 F 6 . 0 )  
3 4  PORUAT ( 6 1 3 ,  B E  1 2 . 5 )  
35 PORNAT(1Y l l X . ~ I 3 , 8 F 1 1 . 5 )  

3 8  NCD=NCD+l 

4 0  R E L D  ( I N . 3 3 ) I C .  ( K D ( I , N C D ) , I = 1 , 5 )  , ( C D ( I , N C D ) , I = 1 , 8 )  

4 2  WRIT8 ( N 5 R ) I C .  ( K D ( I , N C D ) , I = 1 , 5 ) ,  (CD(1,NCD) , I = 1 , 8 )  

GO TO ( 9 0 , 1 6 , 3 8 , 5 O ) . I C  

t+t** R F R D  PORUAT 2  TRAILER CRRDS ***** 
I F  ( I S 4 V E )  u4.40.40 

I P I I S A V E )  4 6 , 4 6 . 4 2  

c.0 TO 46 
U U  R E A D -  (NSR) I C ,  (KD (I, NCD) ,I= 1 , 5 )  , (CD (I, NCD) , I= 1 , 8 )  
U b  W R I T %  (NOUT.35) ( R D ( I , N C D ) , I = 1 , 5 ) ,  ( C D ( I , N C D ) , I = 1 . 8 )  

GO TO 3 2  
* * *a*  READ PORnAT 3 TRAILER CARD ***** 

50 I F ( 1 S A V E )  52.54,SU 
5 2  QEAD (NSR) ( T I T L E 2 ( I )  , 1 = 1 , 1 8 )  

c n  Tn 5 5  -. .. .. 
54 R E A D  ( I N  ,U) ( T I T L E 2 ( 1 )  , 1 = 1 , 1 8 )  
5 5  WRITE (NOUT.5) ( T I T L E Z ( 1 )  , 1 = 1 , 1 8 )  

5 6  WRITE (NSR) ( T I T L E Z ( 1 )  , 1 = 1 ,  1 8 )  
I F ( ? S A V E ) 9 0 . 9 0 . 5 6  

****t EXECUTE INSTRUCTION ***** 
9 0  N J = N F l / 1 0 0  

NJ2=NPl -NJ*100  
NJ3=UOD(NJ2 ,10)  
I P ( N J - 1 2 )  98 .92 .92  

9 2  CALL SPARS(NP1)  
IF (NG)  9a,8,9U 

9 4  CALL ERPNT(O..NPl)  
GO TO 8 
******BRANCH TABLE ?OR FUNCTION TYPES****** 

*+***+*STRUCTURF RNALY S I S  FUNCTIONS******* 
9 8  GO TO(  100,200,300,400,500.60C. 7 0 0 , 8 0 0 , ~ 0 0 , 1 0 0 0 , 1 1 0 0 )  ,NJ  

100 GO TO ( 1 0 1 , 1 0 1 , 1 0 4 . 1 0 9 . 1 0 1 . 1 0 1 , 9 U ) . N J 2  
1 0 1  CALL SEAAC 

GO TO 8 
**tt* ANISOTROPIC TEMP FACTOR OUTPUT ***** 

1 0 4  DO 1 6 4  I= l ,NATOU 

1111 WRITE (NOUT.6) ( T I T L E I J )  . 5 = 1 , 1 8 )  

1 2 9  FORUAT (1  H O  10X. 4HATOU3X, l6HRRS DISPLACEUENT 3X, 3 lHROW VECTORS, BAS 

I F  (MOD (I ,  1 4) - 1) 1 3 4 . 1 1 4 , 1 3 4  

WRITE (NOUT. 1 2 9 )  

1  ON R E F E R E N C E 1 7 X . 2 9 H P R O B A E I L I T ~  COVABIANCE UATRIX) 
1 3 4  T 1 = 5 5 5 0  1. +FLOAT(I )  * 1 0 0 0 0 0 .  

CALL PAXES ( T l , - 3 )  
I P f N G l  1 4 4 .  154.1UU 

t u  u c a i ~  - E R P N T  (T 1  ; I O U )  
1 4 9  PORUAT (1HOlOX. A6 ,F10 .6 ,6X,  3 P 1 2 . 7 . 1 0 X . 3 F 1 2 . 7 )  
1 5 4  WRITE 

1 6 4  UR?TE 

1 5 9  PORUAT ( 1 H  

(NOUT, 1 4 9 ) C R E R ( I )  , R n S  (1)  , (PAC ( J ,  1) , J = l .  3) , ( Q ( J . 1 )  

(NOUT, 1 5 9 )  (RRS ( K ) ,  ( P A C ( J , K )  . J = 1 . 3 )  , l Q ( J , K )  , J = 1  r 3 )  
1 ,  J = l  ,3) 

l .K=2,3) 
16X, F l O .  6 ,  6X, 3 P 1 2 . 1 . 1  O X ,  3 P  1 2 . 7 )  

GO T O  8 -. _. . 
****+**PLOTTER I N I T I A L I Z E ,  PRIRE ADVANCE,TERUINATE PUNCTIONS**+** 

2 0 0  CliLL F 2 0 0  

U A I N  8 2 0  
U A I N  830 
U R I N  840  
U A I N  850 
U A I N  8 6 0  
0AIN 8 7 0  

U A I N  8 9 0  
U A I N  9 0 0  
U A I N  9 1 0  
U A I N  9 2 0  
U A I N  930 
U A I N  9 4 0  

U A I N  R A I N  9 6 0  950 
U A I N  9 7 0  
U A I N  9 8 0  
U A I N  NRIN1000 9 9 0  

MAIN1010 
RAIN1020  UAIN1030 

UAIN1040 UAIN1050 

M A I N  U A I N  1 0 6 0  1 0 7 0  

U A I N  1 0 8 0  
U I I N 1 0 9 0  
MAIN1100 
UAIN1110 
U A I N  11 20 

RAIN11 40 
UAIN1150 
M A I N  1 1 6 0  
l A I N  1 1 7 0  
MAIN1180 
UAIN1200 R A I N  11 9 0  

RAIN1210 
UAIN1220 
UAIN1230 
M A I N  1 2 4 0  

E D U A I N  1 2 5 0  

UAIN1270 
U A I N  1 2 8 0  
RAIN1290 
UAIN1300 
R A I N  1 3 1 0  

U A I 8 1 3 3 0  
HAIN1350  M A I N  1 3 4 0  

UAIN1360  

n a I N  880 

m . 1 ~ 1 1 3 0  

RAIN1260  

~ ~ 1 ~ 1 3 2 0  

~ ~ 1 ~ 1 3 7 0  
* + M A I N I ~ ~ O  H A I N  1 3 9 0  

GO TO 8 
3 0 0  GO TO (301 .302 .303 .94 )  .NJ2 

30 1  I F  ( & I N  ( 1 )  ) 3 2 1 . 3 2  1  31  1  
3 1  1 XLNG( 1) = & I N  ( 1 )  
3 2 1  I F  (AIN ( 2 ) )  341 .34  1 , 3 3 1  
3 3  1  XLNG(2) = A I R  12)  
34 1  IF (AIN ( 3 ) )  3 6 1 , 3 5 1 , 3 5 1  
3 5 1  VIEW=AIN ( 3 )  
3 6  1  I F  (AIN ( 4 ) )  381 .381 .37  1  
37 1 BRDR=AIN 141 

C  *******PLOT DIRENSIONS******* 

RAIN1400 R A I N  14 10 

HAINlU20 
UAIN1430 
R A I N  1 4 4 0  
RAIN1450 
MAIN1460 
M A I N  1 4 7 0  
UAIN1490 HAIN1480 

MAIN1510 RAIN1500 
3 8 1  WRITE (NOlJT,389)XLNG(l),XLNG(2),HRDR 
389 FORITAT( 1  HO ? O X ,  1 lHPLOT L I R I T S P 6  .2 ,3H BIF6 .2 .15H I N .  INCLUDIIGF6.2,  MAIN1520 R A I R I S ~ O  

1 1 2 H  I N .  UARGIN) M A I N  15UO 
3 9 1  WRITE (NOUT.399) VIEW 
3 9 9  PORRIT(1A lOX.13RVIEU DISTANCEP7.3.7H INCLIP9t MAIN1550 --, 

GO TO 8 

302 THETA=AIN( l )  
C  *******LEGEND ROTATION******* 

T l=TRET&*.  0 1 7 4 5 3 2 9 2 5 2  
COSTA=COS ( T l )  
SINTH=SIN ( T O  
DO 3 1 2  J = l , 9  

U A I 1 1  R A I N  1 5 6 0  1 5 7 0  

nnnlseo 
n11a 1 5 9 0  
I A I 6 1 6 0 0  
MAIN1610 
MA1111620 
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U A I N 1 6 3 0  
U A I N  1 6 4 0  
MAIN1650 
U A I N  1 6 6 0  
R A I N 1 6 7 0  

SYRB(2.  l ) = S I N T H  

U A I N  1 6 8 0  
SY RB ( 1 , 2 )  =-SINTH 

MAIN1690 
WRITE (NOUT.319)THETA 

3 1 9  FORMAT(IHOlOX.44HREGULAK T I T L E  A N D  SYUBOL ROTATION I N  CEGREESF8.2) UAINl700 

U A I N  1 7  1 0  
GO TO 8 

U A I N 1 7 2 0  3 0 3  D I S P = A I N  ( 1 )  

3 1 3  FORqAT ( l H O l ~ X . 2 2 H Q E T R I C E  DISPLACENENT = F 7 . 4 , 5 H  INCH) 

3 1 2  S Y U B ( J . l ) = O .  
SYUB ( 1 ,  I )=COSTH 
SYMB ( 2 , 2 ) = C O S T A  
SYUB(3.3)  = l .  

C ***** RETRACE DISPLACEUENT ***** 
WHITE (NOOT 3 1 3 )  D l S P  

cn ~n n "- .I Y 

C *******ATOU L I S T  FUNCTIONS******+ 
400 GO TO (401,401.U01,401,401,401,490, 9 4 ,  9 4 , 4 1 0 ,  

4 0 1  CALL FUOO 
G O  TO 4 9 0  

4 1 0  LATM=O 

1 U01,401,U01,401,U0l,UOl, 9 4 )  , N J 2  

DO 4 2 0  I = 1 , 5 0 0  
DO 4 2 0  J = l , U  

4 2 0  ATOlS ( J ,  I )  =O. 
490 IF(LATI*)  8 . 8 . 4 9 1  
4 9 1  VRITE (NOUT.499) (ATOMS ( 1 . 1 )  , I = l , L A T n )  
4 9 4  FOPMAT(lHOlOX.23HCONTENTS CF ATOMS A R R A Y / ( l 5 X , l O P l O . O ) )  

cn m n  n _" I_  Y 

C ***'***CARTESIAN COORDINATE SYSTEU FUNCTIONS******* 
500 CALL F 5 0 0  

WRIT? (YOUT.503) (ORGN ( J ) , J = 1 , 3 )  
5 0 3  FORYAT(lHO, lOX,  UUHORIGIN FOR PROJECTION AXIS I N  CRPS 1 . 3 F  1 5 .  fit ;TRL 

U A I N 1 7 3 0  
U A I N 1 7 4 0  
U A I N 1 7 5 0  
MAIN1760 
U A I N 1 7 7 0  
U A I N 1 7 8 0  

MAIN1800 
U A I N l 8 l O  
U R I N 1 8 2 0  
U A I N 1 8 3 0  
U A I N  1 8 4 0  
MAIN1850 
M A I N  1 8 6 0  
U A I N l 8 7 0  
M A I N  1 8 8 0  
M A I N  1 8 9 0  

U A I N l 9 1 0  
U A I N  1 9 2 0  

COORD. UAIN1930 
.~~ . -, MAIN1940 

U R I N 1 9 5 0  
I F  ( N J 3 - 3 )  5 0 7 , 5 3 9 ,  504 

5 0 4  I F  ( N J 3 - 6 )  6 0 1 , 5 0 7 , 6 0 1  

M A I N  1 9 6 0  
5 0 7  WRIT? (NOUT.529) 

U A I N 1 9 7 0  
l A I N  1 9 8 0  
U A I N 1 9 9 0  509 POQUAT ( 1  HOIOX. 49HORTHONORMRL YORKING VECTORS BASED ON CRYSTAL AXEUAIN2000 

I S  18X. 33HFOST-FACTOR TR ANSFORUA TlON URTRIX/ 16X.8HX VECTCR8K.8HY YECUAIN20 10  

U A l N 2 0 2 0  
2TORBX.8HZ VECTOR) 

U A I N 2 0 3 0  
5 1  9 FORMAT ( 1  H 10X. 3E16.7 .8  X ,  3E 1 6 . 7 )  
5 2 9  P O R ~ ~ T ( l H O l O X , 5 l H O R T H O N O R n R L  REFERENCE VECTORS BASED ON CRYSTAL AXUAIN2040 

lESl6X.33HPOST-FRCTOR TRANSFORBATION UATRIX/16X,8HX VECTORBX, 8 H Y  VEMAIN2050 

U A I N 2 0 6 0  
2CTOS8X.8HZ YECTOR) 

UAIN2070 
5 3 9  WRIT? (NOU'I,509) 

MAIN2080 
U R I N 2 0 9 0  

n ~ r ~ i 7 9 0  

~ ~ 1 ~ 1 9 0 0  

n A  IN i 9 55 
WRITE (NOUT.519) ( ( R E F V ( J . 1 )  , I = 1 , 3 ) ,  (AAREV(J .1)  , 1 = 1 , 3 ) , J  

GO TO 8 
1 = 1 , 3 )  

WRITE (NOUT.519) ((WRKV IJ.1) ,I= 1 , 3 ) ,  ( A A Y R K  ( J , I )  ,I= 1 , 3 )  , J  

cn i n  o 
1 = 1 , 3 )  

U A I N  2 1  00 
U A l N 2 l l O  
UAIN212O 

/ 1lX.lSHOVERALL SCALE = F 6 . 3 , 3 2 H  I N C H / A N E S T R , N ' E ~ L ; ~ ~ ~ ~ ~ 8 ~ C ~ ~ ~ ~ ~ ~ ~ ~ ~  

"- ., , 
C *******PLOT CENTERING FUNCTIONS******* 

6 0 0  CALL FhOO 

6 0 9  TORlAT(lYOlOX.31HORIGIN POINT I N  iLOTTER COORD ( F 6  2 2 m 1 ~ 2 1 3 o  
WRTTE ( N O U T , 6 0 9 ) X O ( l ) ,  X O ( 2 ) , S C A L l  SCAL2 

1 I N .  
7 T P  = I C  2 >  

N A I N  2 1 6 0  
-"I ".d, 

cn no 2 0 3  

c *******ELLIPSOID A N D  s Y n s o L  FLOT FUNCTIONS******+ 
C ********"ILL OUT I)E?IIILS FCR SPECIAL UODELS******** 

7 0 0  G O  TO (7Ol ,?02 ,70U,705,?09 ,9U)  . N J 3  
7 0 1  A I N ( 3 ) = R .  

so vn 7 n a  - -  ., "i 

7 0 2  R I N ( 3 ) = O .  
7 0 3  A I N  ( 1 )  = U .  

A I  N ( 2 )  = O f  
A I N ( U ) = O .  
GO TO 709 

A I N f 2 )  =-5 .  
GO T O  7 0 6  

705  A l N ( l ) = l .  
A I N f 2 ) = 0 .  

706  A I N ( 3 1 = 1 .  
A I Y  ( u )  =9. 

109 CALL '700 
GO TO R 

7 0 4  a I q ( i ) = 3 .  

C **+****SOND FUNCTIOYS***I*~+ 
8 0 0  CALL FQOO 

GO TO 8 
C *******TITLE PUNCTIONS****f t t  

900 CALL F 9 0 0  
GO " 0  4 

C *******CELL OUTLINE PUNCTICNS******* 
1 0 0 0  CALL TlOOO 

GO TO 8 

U A I N 2 1 7 0  
U A I N  2 1 8 0  
U A I N 2 1 9 0  
NAIN2200 
M A I N  2 2  1 0  
R A I N 2 2 2 0  
U A I N 2 2 3 0  
Y A I N 2 2 4 0  
UAIN2250 
U A I N 2 2 6 0  
U A I N 2 2 7 0  
UAIN2280 
U A I N 2 2 9 0  
U A I N  2 3 0 0  
UAIN2310 

UAIN2330 
U A I N 2 3 4 0  

MAIN2360 
MAIN2370 
U A I N 2 3 8 0  
f l R I N 2 3 9 0  
UAIN2400 
B I I N 2 4  1 0  
URIN2U20 
R A I N 2 4 3 0  
MRIN2440 
MAIN2450 

~ 1 ~ 2 3 2 0  

~ ~ 1 ~ 2 3 5 0  

C *******SAVE SEQUENCE P U N C T I O N S * i * t * t t  
1 1 0 0  I F ( N J 2 - 2 )  1 1 0 1 , 1 1 0 2 , 1 1 0 3  
1 1 0 1  I S A V E = l  

GO TO 1 1 0 4  

J=- 1 
END F I L E  NSR 
GO TO 1 1 0 4  

1 1 0 3  ISAVE=-1 
1 1 0 4  REWIND NSR 

1 1 0 2  ISAVE=O 

GO TO 8 
***** TERMINATE PLOTTER TAPE I F  NECESSARY tt*+t 

3 0 0 0  I F  (LTNO) 3 0 0 5 , 3 0 1 0 , 3 0 0 5  
3 0 0 5  A I N ( l ) = - . 0 0 0 0 0 1  

A I N ( 2 ) =  0.0 
N J 2 = 2  
CALL F 2 0 0  

3 0 1 0  CALL E X I T  
STOP 
END 

FUNCTION APCCOS(X) 

I P ( l . O - A B S  ( X ) )  1.2.2 
c ARCCoS(X) I N  DEGREES 

1 X = S I G N ( l  .O,xI 
2 I F ( X )  3.4.5 
3 4RCCOS= 1 8 0  .O+ATAN (SQRT (1.0-X*X) /X) * 5 1 . 2 9 5 1 1 9 5  1 

4 hRCCOS=90.0  

5 ARCCOS=ATAN (SQRT ( 1 .  0-X*X) /X)* 5 7 . 2 9 5 7 7 9 5  1 
5 RETURN 

GO TO 6 

GO TO 6 

END 

n A I N 2 4  6 0  
UAIN2470 
UAIN248O 
UAIN2U90 
UAIN2500 
UAIN25 1 0  
U A I N 2 5 2 0  
UAIN2530 
U A I N 2 5 4 0  
UAIN2550 
UAIN2560 
U R I N 2 5 7 0  
U R I N 2 5 8 0  
U A I N 2 6 0 0  MAIN2590 

UAIN2610 
U A I N 2 6 2 0  
UAIN2630 
U A I N  2 6 4 0  
MAIN2650 

ARCC ARCC 2 0  1 0  

ARCC 3 0  
ARCC 4 0  
ARCC 50 
ARCC 6 0  
ARCC 70 
ARCC 80 
ARCC 9 0  
RRCC 1 0 0  

ARCC ARCC 1 1 0  1 2 0  

ATOM 10 
SUBROUTIN' ATOM (QA,Z) 

ATOU 2 0  
C ATOU COORDINATE S'IBQOUTINE 

ATOM 3 0  
DIUENSION X ( 3 )  . 2 ( 3 )  

ATON 40 
SXAL*8 CHEN 
DINENSION A ( 9 ) , A A f 3 , 3 )  ,AAREV(3,3),AAWRK(3 3 ) , A I D ( 3  3 )  R I N ( l U 0 )  ATOU 50  
D I l E N S I O N  ATOnS(4 .500)  , B B ( 3 , 3 )  C D ( 8  1 0 )  C k E N ( 1 6 6 )  E O N k ( 5 )  D ( 3  1 3 0 )  ATOM 6 0  
DIUENSION DA(3.3) , D P ( 2 , 1 3 0 ) , E V ~ 3 , 1 6 ~ ~  , P 4 ( 3 , 3 , U 8 ) , i D ( 5 , 1 0 )  : O R G i ( 3 )  ATOM 70 
DIMENSTON P ( 3 , 1 6 h ) , P A ( 3 . 3 ,  1 6 6 ) , P A C ( 3  5)  F A T O  3)  Q ( 3  3 )  Q E F V ( 3  3 )  ATOU 8 0  DINENSION R F S ( U ) , ' i U S ( 5 ) , S Y M B ( 3  3) TI; IE;18)  T;TL;2(1;) k S ( 3  48;  ATOU 9 0  
DIUENSION VT (3.U) ,VI  (4) ,V2 ( 3 ) ,  i 3  (?) , V U  ( 3 )  ,V: ( 3 )  , V 6 ( 3 ) ,  ;RKV(;,3) ATOU 1 0 0  

ATOU 1 1 0  DIMENSION XLNG(3) , X 0 ( 3 ) , X T  ( 3 )  
COMUON N G , A , A A . A A R E V , A L Y R K , A I D , A I N , A T O U S , B ~ . B R C R , C D , C H E U , C O N T ,  D ATOM 1 2 0  
COflqON DA~D~~D~SD,EDGE.?V,FORE,FS.IN.ITILT,KD, LATU,LTNO,NATOU, NCD ATOn 1 3 0  
COHMON VJ,NJZ NOUT NSR NSYU,OBGN P PA PAC PAT Q REFV RES R n S  SCALlATOn 1 4 0  
COHMON S C A L 2 , ~ C L , S ~ ~ B . ~ A ~ E R , T H E T ~ , ~ l ~ ~ E , T ~ T L E ~ , ~ S , V I ~ W , V ~ , V l ~ V 2  ATOU 1 5 0  

ATOM 1 6 0  C O W I O N  V3,V4,V5,Y6,WRKV,XLNG,XO,XT 

ATOM 1 7 0  
K = Q A / 1 0 0 0 0 0 . 0  

ATOM 1 8 0  
I F ( K )  1 0 9 , 1 0 9 ,  1 1 7  

ATOM 1 9 0  
ATOM 2 0 0  
ATOM 2 1 0  
ATOM 2 2 0  
ATOM 2 3 0  
ATOU 2 4 0  
ATOU 2 5 0  
ATOM 2 6 0  
A T O R  2 7 0  
ATOU 2 8 0  
ATOU 2 9 0  
ATOU 3 0 0  
ATOM 3 1 0  
ATOU 3 2 0  
ATOU 3 3 0  
ATON 3 4 0  
ATOU 3 5 0  
ATOM 3 6 0  
ATOM 3 7 0  
ATOM 380 
ATON 3 9 0  
ATOU 4 0 0  
ATOU U 1 0  
ATOU U20 
ATOU 4 3 0  
AT09 4 4 0  
ATON 4 5 0  
ATOl U 6 0  
ATOM 470 
ATOM 4 8 0  

1 0 9  X (  1) =o.o 
x ( 2 ) = 0 . 0  
X ( 3 ) = 0 . 0  
GO TO 1 2 5  

1 1 7  I F ( K - N A T O M ) l l 9 . 1 1 9 , 5 0 3  
5 0 3  NG=5 

GO TO 3 2 5  
1 1 9  DO 1 2 3  J = 1 , 3  
1 2 3  X ( J )  = D ( J , K )  
1 2 5  TA=&BS(QA) 

KSYl=AUOD ( T I ,  1 0 0 0 0 0 . 0 )  
KT=KSYI/ 1 0 0  
KS=KSYM- lOO*KT 
IPfKS-NSYM) 2 0 3 , 2 0 3 , 4 0 3  

GO TO 3 2 5  
4 0 3  NG=4 

2 0 3  IT (KS) 4 0 3 , 2 0 5 ,  2 1 3  
205 7 ( 1) = x  ( 1 )  

z ( 2 )  = x  ( 2 1  
Z ( 3 )  =X ( 3 )  
GO TO 3 1 1  

2 1 3  DO 2 2 3  K = l , 3  
Z ( K ) = T S ( K , K S )  
DO 2 2 3  J = 1 , 3  

2 2 3  Z ( K ) ' Z ( K ) * P S ( J , K , K S ) * X ( J )  
3 1 1  I F ( K T ) U 0 3 . 3 2 5  3 1 3  
3 1  3 I F  (KT-555)  3 1 7 ;  3 1 5 . 3  1 7  
3 1 5  KSYB=KS 

GO TO 3 2 q  
3 1 7  ICl=KT/100 
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ATOl P 9 0  
a T o n  5 0 0  
a w n  510 
ATOB 5 2 0  
ATOM 530 
ATOM 5 4 0  
ATOH 5 5 0  
ATOB 5 6 0  

0 ( 2 ) = 0 .  
u ( 3 ) = 0 .  
V (  1 ) = 0 .  
v ( 2 ) =  1. 
v ( 3) = O  . 

1 1 5  DO 1 2 5  J = 1 , 3  

AXES 1 1 0  
AXES 1 2 0  
AXES 130 
AXES 1 4 0  
AXES 1 5 0  
AXES 1 6 0  
AXES 1 7 0  
AXES 1 8 0  
AXES 1 9 0  
AXES 2 0 0  
AXES 2 1 0  
AXES 2 2 0  
AXES 2 3 0  
AXES 240 
AXES 2 5 0  
AXES 2 6 0  
AXES 2 7 0  
AXES 2 8 0  
AXES 2 9 0  
AXES 300 
AXES 3 1 0  

K=KT- lOO*R 1 ,. .._ 
K2=K/10 
K3=K-lO*R2 
z ( l ) = z ( l ) + F L O A T ( K 1 - 5 )  
z (2)=z ( 2 )  +PLOAT(K2-5) 
z f 31 =z 13) +FLOAT (R3-5) 

3 2 5  RETURN 
END 

AXEQ 10 
AXEQ 2 0  
AXEQ 30 
AXEQ 4 0  

LXEO 60 
A X E Q  5 0  

C 
C 
C 
C 

C 

C 

C 

1 5 5  DO 1 9 5  I = 1 , 3  

1 6 5  I C = - 1  

1 7 5  I C = l  
1 9  5 CALI. UNIT (U  ( 1  . I )  , X  ( 1  , I )  * I c )  

I F  ( I T )  1 6 5 . 1 6 5 ,  1 7 5  

GO TO 1 9 5  

RETURN 
END 

AXEa 7 0  
AXEQ 8 0  
AXEQ 9 0  
AXEQ 1 0 0  
AXEQ 1 1 0  

N V = J J J  
*st** TULNSFTR DATA ***** 

AXEQ 1 2 0  
AXEQ 1 3 0  
AXEQ 1 4 0  
AXEQ 1 5 0  
AXEQ 1 6 0  
RXEQ 1 7 0  

AXEO 1 9 0  
A X E Q  i a o  

BOND 1 0  
BOND 2 0  
BOND 30 
BOND 40 

QEAL*8 CBEH 
DIMENSION A ( 9 )  A h ( 3 . 3 )  , A I R F V ( 3 , 3 ) , A A Y R K ( 3  3) A I D ( 3  3 ) , 6 1 N ( l U O )  BOND 50  
DIM*NSION A T O H ~ ( 4 , 5 0 0 )  , B B ( 3 , 3 )  , C D ( 8 , l O )  CiEH;166)  ,;ONT(5) , D ( 3 , 1 3 0 )  BOND 60 
D I n i N S I O N  D A  ( 3 . 3 )  ,DP ( 2 , 1 3 0 ) ,  FV ( 3  1 6 6 )  ,Pi (3.3. 48) ,  K D  ( 5 ,  10)  ,ORGN ( 3 )  BOND 

7 0  
DIRBNSION ~ ( 3 , 1 6 6 )  , ~ ~ ( 3 , 3 ,  166)  , P k ( 3 , 5 )  ,PRT(3,3) , Q ( 3 , 3 ) , R E F V ( 3 , 3 )  BOND 80 

DIMENSION R E S ( 4 )  , R H S ( 5 )  ,SYnB(3,3),TITLE(l8),TITLE2(18) , T S ( 3 , 4 8 )  BOND 90 
D I ~ E N S I O N  VT (3.4) , V 1  (4) ,V2 ( 3 ) ,  V 3  (3) , V 4  ( 3 ) ,  V 5  ( 3 )  , V 6 ( 3 )  ,YRKV(3,3)  BOND BOND 1 1 0  1 0 0  
DIHENSION X I N G  (3)  s X O ( 3 )  , X T ( 3 )  
CONHON NG,A,AA,AARFV,AAURK,~ID,AIN,ATO~S,BB,BRDR,CD,CHEH,CONT,D BOND 1 2 0  
C O H ~ O N  D R  DP DISP,EDGE.EV, FORE,FS,IN,ITILT,KD.LATn,L~NO,NATOH,NCD BOND 1 3 0  
COMBON N J ~ N J ~ , N O U T , N S R , N S Y I , O R G N , P , ~ A . P A C , E A T , Q , R E F V , ~ E S , R U S , S C A L l B O N D  1 4 0  
COnHON SCAL2,SCL,SYHB,TAPER,THETA,TITLE,TIlLE~,TS,VI~Y,V~,Vl ,V2 BOND 1 5 0  
COnBON V3,VU,V5,V6,WRKV,XLNG,XO,XT BOND BOND 1 6 0  1 1 0  

NG 1=0 BOND 1 9 0  
BOND BOND 2 0 0  2 1 0  

RnNn 2 2 0  

t**+f OBTRIN POSITIONAL PRRAnETERS ***** B O N D  i a o  

AXE6 2 0 0  
AXEQ 2 1 0  
AXEQ 2 2 0  
AXEQ 2 3 0  
AXEQ 2 4 0  
AXEQ 2 5 0  
RXEQ 2 6 0  
AXEQ 2 7 0  
LXEQ 280 
AXEQ 2 9 0  
AXEQ 3 0 0  
AXEQ 3 1 0  
RXEQ 3 2 0  
AXEQ 3 3 0  
AXEQ 3 4 0  
LXEQ 3 5 0  
AXEQ 360 
RXEQ 3 7 0  
AXEQ 380 
RXEQ 3 9 0  
AXEQ 400 
AXEO 4 1 0  

S=A ( 1 . J )  
A 11.  J I  = A  1L.J) . .  

6 L ( L , J ) = S  

S = B  (I ,  J) 
DO a J = I . N V  

C 

1 0 5  
~ 

BOND 2 3 0  
BOND 2 4 0  
BOND 2 5 0  
BOND 2 6 0  
BOND 2 7 0  
BOND 2 8 0  
ROND 2 9 0  .. ~ 

BOND 3 0 0  
BOND 310 
BOND 3 2 0  
BOND 330 

AXEp 4 2 0  
AXEQ 4 3 0  
RXEQ 4 4 0  
AXEQ 4 5 0  1 2 5  NGl=I  

YRITY ( N O U T , l 3 6 ) C H E n ( K ) , K , L ,  ( U ( J . 1 )  , J = 2 , 9 1  
CALL E Q P Y T ( U ( 1 , I )  ,800) 
C" TO 1 7 "  

BOND 340 
BOND 3 5 0  
BOND 3 6 0  
BOND 3 7 0  
BOND 380 
BOND 3 9 0  
BOND 4 0 0  
BOND 4 1 0  
BOND 4 2 0  
BOND 4 3 0  
BOND U P 0  
BOND 4 5 0  
BOND 4 6 0  
BOND 4 7 0  
BOND 480 
BOND 4 9 0  
BOND 5 0 0  
BOND 5 1 0  
BOND 5 2 0  
BOND 5 3 0  
BOND 5 4 0  
BOND 550 
30ND 560 
BOND 5 7 0  
BOND 5 0 0  
B O N D  590 
BOND 6 0 0  

AXEQ 4 6 0  
AXEQ 4 7 0  
AXEQ 4 8 0  
AXEQ 4 9 0  
AXEQ 500 
AXEQ 5 1 0  
AXEQ 5 2 0  
AXEQ 5 3 0  
AXEQ 5 4 0  
AXEQ 5 5 0  
L X E O  560 

,,- - -  ~ 

1 2 8  I F ( N J 2 - 1 0 )  1 3 0 . 1 3 F . 1 3 5  
l ? O  WRITE ( N O U T , 1 3 6 ) C H F n ( K )  ,K,L, ( U ( J . 1 )  , J = 2 , 9 )  

.. . ~ -  
AXEQ 5 7 0  
AXEQ 580 
AXEQ 5 9 0  
AXEQ 6 0 0  
RXEQ 6 1 0  

1 2 )  
GO TO 5 7 0  

1 4 3  KODE=KD(5,NB) 
IF (KODE) 1 4 5 , 1 1 1 4 , 1 4 6  

i u u  N B N D = O  
GO TO 1 4 8  

1 4 5  KODE=-KODE 
1 4 6  NBND=125/2**KODE 

1 4 8  I F  (VIZY) 1 5 2 ,  1 5 0 , 1 5 2  
****t ~ I N D  U P P E R H O S T  a ~ ~ n  FUT I N  P O S I T I O N  ONE ***** 

1qo u ( 1 2 , 1 ) = 1 .  
u ( 1 2 , 2 )  = 1 . 

AXTS 1 0  
SUBROUTIYE A X E S ( U  V X I T I P E )  

AXES 30 
tt*** I T ~ P F  . G T . O  F O R  CRRTESIRN,.LE.O FOR ' IRICLINIC I**** 

AXES 5 0  
t + t * * I 4 B S ( I T Y P E )  = 2  u ( 1 ) = 0 ,  Y(2) =(UXV) XU,U ( 3 ) =  (UXV) * * * * *  ***** ITYPE=O U ( l ) = R , U ( 2 ) = ( A X B ) X A , U ( 3 ) = ( A X E ) ,  ABC=CELL VFCTORS ***AXES 6 0  

AXES 70 
DIHTNSIOY U ( 3 ) , V ( 3 ) , W ( 3 , 3 )  qX(3.3)  AXES 80 

AXES 9 0  I T = I T  Y PE 
I P ( 1 T )  1 1 5 ,  1 0 5 , 1 1 5  

* a + * *  S T O R Y  T H R E E ' O ~ T ~ O G O N A L  V E C T O R S  E A C H  1 L N G S T R O N  L O N G  * * * * *  A X E S  20  

AXES 4 0  
* + + * * I A B S ( I T Y P E )  = 1  W ( l ) = U , U  ( 2 )  = ( U x v )  ,w ( 3 ) = u x  ( u x v )  

***** 

AXES 1 0 0  
1 0 5  U ( l ) = l .  

Page 755



I F P ( 6 . 1 ) - W ( 6 , 2 ) )  1 6 5  1 7 5  1 7 5  
*"***VECTOR PROM ATOfi T O ' V I F U P O I N T  * * *e*  c 

1 5 2  DO 1 6 0  1 = 1 - 7  

1'5 

C 
1 6 0  

C 
1 6 5  

E ( J , J ) = l .  
E ( J + l , l )  = O .  

1 8 0  E f J + 5 .  11 = n  

CRLL U N I T ( V 2 , V Z  1 )  

I F  ( . 999U-T6)  1 8 5 , 1 8 5 ,  1 8 1  
***** ALTERNATE CALC I f  B O N D  IS ALONG REFERENCE V I E W  DIRECTION 1 8 5  DO 1 8 6  J = 1 , 3  

1 8 6  V2 ( J )  = W  ( J + 9 ,  1 )  +W ( J + 9 , 2 )  
CALL UNIT(V2 ,V2 ,1 )  
Th=ABS fVVfV3.V711 

T f i = A B s ( v v ( v 3 , v 2 i )  

C 

BOND 6 1 0  
BOND 620 
BOND 6 3 0  
BOND 6 4 0  
BOND 650 
BOND 6 6 0  
BOND 6 7 0  
BOND 680 
BOND 6 9 0  
BOND 1 0 0  
BOND 1 1 0  
BOND 1 2 0  
BOND 1 3 0  
BOND 7 4 0  
BOND 7 5 0  
BOND 7 6 0  
BOND 7 1 0  
BOND 780 
BOND 7 9 0  
BOND 8 0 0  
BOND 8 1 0  
BOND 8 2 0  *** BOND 830 
BOND 8 4 0  
BOND 8 5 0  
BOND 860 
BOND 8 7 0  
B O N D  880 
BOND 8 9 0  
BOND 9 0 0  
B O N D  9 1 0  
BOND 9 2 0  
BOND 9 3 0  

***BOND 9 4 0  
BOND 950 
BOND 9 6 0  
BOND 9 1 0  
B O N D  9 8 0  
BOND 990  
BOND 1 0 0 0  
BOND10 1 0  
BOND 1 0 2 0  
BOND 1 0 3 0  
BOND 1 0 4 0  
BOND1050 
BOND 1 0 6 0  

BOND1130 
BOND1140 
B O N D  1 1  5 0  
BOND1160 
BOND1110 
B O N D  11 80  
B O N D  11 9 0  
BOND1200 
BOND 1 2  1 0  

**BOND1220 
BOND 1 2 3 0  
BOND1290 
BOND1250 
BOND 1 2 6 0  
BOND 1 2 7 0  
BOND 1 2 8 0  
BOND1290 
BOND 1 3 0 0  
BOND 13 10  
BOND1320 
BOND 1 3 3 0  
30ND1340  
BOND 1 3 5 0  
BOND1360 
BOND1310 
BOND1380 
BOND 1 3 9 0  
BOND1400 
BOYD 14 1 0  
BOND 1 4 2 0  
BOND1430 
BOND1440 

c ***** DFRIVE TANGENT CYLINDER WITH AXIS ALONG z t * t* f  

DO 2 5 0  J = 1 , 2  
DO 2 4 5  P = 1 , 2  

24  0 T 1 =- l .O/Q ( 3 , 3 )  

2 4 5  S ( K , J ) = Q ( K , J ) + Q ( K , 3 ) * Q  ( J , 3 ) * T l  
s ( 3 . 5 1  =o.n 

2 5 0  S ( J ; 3 ) = 0 . 0  
sr 3.3) =o.o 
GO TO 2 1 0  

C ***** TRANSFER E L L I P S O I D  *a** *  
2 6 0  DO 2 6 5  J = 1 , 9  
2 6 5  S I J ,  1 )  = Q  ( 5 . 1 )  

2 7 0  T 5 = 1 .  

300  I ? ( I I - 2 )  3 0 5 , 3 1 0 , 3 1 0  
3 0 5  RADIUS=l.+T6*TAPER 
3 1 0  GO RADIUS=l.-T6*TAPES TO 3 2 0  

I B N D = I I  

C ***** CHECK ?OR B O N D  T A P E R  * * * *a  

3 2 0  CRLL n v ( s , v 3 , v u )  
T2=VV (V3 ,Vu) 
***** COHPUTE BOND INTERSECTION ***t* 
K L = 5 - I I - I I  
KSTP=U 
I F  (NJ2-2  1)  3 2 4 ,  3 2 2 ,  3 2 2  

c 

3 2 2  KSTP=32 
3 2 4  DO 3 3 5  P = 1 , 6 5 , K S T P  

DO 3 2 5  J = 1 , 3  
V6 (5 )  = D  ( J ,  K )  +RADIUS 

T3=VV(Vq,V4)  BOND 1 1 8 0  
T'J=T3*T3-T2* ( V U V ( V 5 , s , v 5 )  - ~ 5 )  BOND 1 7 9 0  
I P ( T 4 )  3 0 5 , 3 3 0 , 3 3 0  BOND1800 

BOND 18 10  
T l = ( T U - T 3 ) / T 2  BOND1820 
T 3 = ( - T U - T 3 ) / T 2  BOND 1 8 3 0  

BOND1840 L= K+KL-  1 
DO 3 3 5  J = 1 , 3  B O N D  1 8  5 0  u r ~ . ~ )  = r v 6  (J) + T I + V ~  (J)  B O N D  1 8 6 0  

3 3  5 D ( J ,  L +  1 )  = ( - 1 6  (J)  -T3*V3 ( J ) )  *sCL BOND 1 8 7 0  
IF ( IRND+ZI-NJZ)  3 6 0 , 3 3 8 , 3 6 0  BOND 1 8 8 0  

3 3 8  I u ( K D ( 5 , N B ) )  3 6 0 , 3 6 0 , 3 4 0  BOND1890 ***** ? O R  OVERLAP, R A K E  B O N D  QUADRANGLE TANGENT TO E N V ~ L O P I N G  CONE BOND^^^^ 
BOND 19 10  3 4 0  T3=VV (VUE,vu)  

TU=T3+*2-T2* (VnV (VOE,S,VUE) - T 5 )  
I F ( T 4 )  3 4 5 , 3 5 0 , 3 5 0  

3 2 5  V ~ I J ) = V ~  ( J ) + V U E ( J )  

3 3 0  TU=SQRT (TU) 

*SCL 

3 4 5  NG=l3  
CALL E R P N T ( W ( I . I I )  ,800) 
G O  *O 9 9 9  

DO 3 5 5  5 = 1 , 3  

D (J,KL) = D  ( J  SL) +TI( 

3 5 0  T 1 =  (SQRT (TU) -T3)  /?2 

f T l * V 3  (J) *SCL-o.5* ( D ( J ,  KL) + D ( J ,  KL+64)  ) ) *1 .00  1 

3 5 5  D ( J , T L * 6 4 )  = i ( J , K L + h U ) + T q  
3 h @  C A L L  PRO,' ( G ( 1  VKL) I DP ( 1  ,II) , U 19 ,II) , xo. V I E W ,  1 . 6  S , K S T P )  

IP (1BND-1)  3 1 0 . 3 6 5  3 1 0  
3 6 5  c 4 L L  P a o J ( D ( l v K L + k )  ,DP ( 1 . 1 1 + 6 8 )  , b ! ( U , I I )  , X O , V I E W , ~ , ~ ~ , K ~ T ~ )  

GO TO 3 8 0  

3 7 0  DO 3 7 5  K = 4 , 6 4 , 4  
c I**** RFTRACE TOP HALF *ttt* 

L = K + I I  
fl=L*%4 
*= 66-L 
o ~ ( 1 ,  V )  = D P ( ~ , N )  

3 7 5  D P ( ~ , N ) = D P ( ? . N )  
380 CONTINUE 

***** CHECK VOR OVFRLRP O R  
DO 395 K = 1 , 5 5 , 3 2  
T l = O .  
T2=O. 
DO 35' J = 1 . 2  

H I D D E N  B O N D  ***t* 

BOND1920 
BOND 1 9 3 0  
BOND1940 
BOND1950 
BOND 1 9 6 0  
BOND1970 
BOND 1 9 8 0  
BOND1990 
BOND2000 
BOND20 10  
BOND2020 
BOND2030 
BOND 20 4 0  
BOND2050 
BOND2060 
BOND20 1 0 
BOND2080 
BOND2090 
BOND2100 
BOND2110 
BOND2120 
BOND2130 

CRLL F Q D V T ( W ( l , 2 )  ,800) 
GO TO 9 9 9  

3 9 5  CONTINUP 

I C Q = O  
CRLL L A D  9 0 0  ( N  A 1 ,  N R2. I C  Q )  

r ***** CALL O V E R L A P  R O U T I N E  **::* 

BOND1450 
BOND1460 
B O N D  1 4 1 0  
BOND 1 4 8 0  
BOND1490 
BOND1500 
BOND 1 5  1 0  
BOND 1 5 2 0  
BOND1530 
BOND 1 5 4 0  
BOND1550 
BOND 1 5 6 0  
BOND1570 
BOND 1 5 8 0  
BOND1590 
BOND 1 6 0 0  
BOND16 10  
BOND1620 
BOND 1 6 3 0  
BOND1640 
BOND1650 
BOND 16 6 0  
BOND1670 
BOND1680 
BOND1690 
BOND 1 1 0 0  
BOND 17 10  
BOND1720 
BOND 1 1 3 0  
BOND1140 
BOND 1 7 5 0  
BOND 1 1 6 0  
BOND1710 

B O N D  21 4 0  
BOND2150 
BOND2160 
BOND2110 
BOND 2 1 8 0  
BOND2190 
BOND2200 
BOND22 10  
BOND2?7O ~ ~... 
~ 0 ~ ~ 2 2 3 0  
BOND2240 
BOND2250 
BOND2260 
BOND2210 
BOND2280 

0 0 
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OPP=CD ( 5 ,  NB) 
IF (HGT) 5 7 0  5 7 0  5 1 0  
* * * *e  ~ ~ R S ; E C T ; V E  BOND L A B E L  ROUTINE ***** 
***+* SASE DECISIONS ON REEERENCE SYSTEn ***** c 

r 
5 1 0  K = O  

CALL DIFV(U(7 .2 )  ,W ( 7 , l )  ,V71 
CALL VR(V7 AAREV,VI) 
CALL AXES(; l ,E( l ,3 ) ,U,  1 )  
DO 5 3 5  I = 1 , 3  

.. 

5uo 
C 

5 u 5  

***** 

T9=10.**19 
DISTR=AINT ( (DIST*T9)  +O . 5 )  / T 9  + . 0001  
CALL NUMBUR(Z (1) , Z ( 2 ) ,  RGT. DISTR.0.,19) 

570 ITILT=O 
I F ( N J 2 - I O )  580,999,999 

580 WRITE (NOUT 5 7 1 ) D I S T  
571 pORnF.T((H 56X,lOADISTLNCE =F8.3/1H ) 
999 RETURN 

END 

C 
C 

1 1 1  

BOND2290 
BOND2300 
BOND23 10 
BOND2320 
BOND2330 
BOND2340 
BOND2350 
BOND2360 
BOND2370 
BOND2380 
BOND2390 
BOND 2 4  00 
BOND24 1 0  
BOND2420 
BOND2430 
BOND2440 
BOND2450 
BOND2460 
BOND2470 
BOND2480 
BOND2490 
BOND2500 
BOND25 10 
BOND2520 
BOND2530 
BOND2540 
BOND2550 
BOND2560 
BOND2570 
BOND2580 
BOND2590 
BOND2600 
BOND2610 
BOND 2 6 2 0  
BOND2630 
BOND 2 6  40 
BOND 2 6  50 
BOND2660 
BOND2670 
BOND2680 
BOND2690 
BOND2700 
BOND2710 
BOND2720 
BOND2730 
BOND2740 
BOND2750 
BOND 2 7  60 
BOND2770 
BOND2780 
BOND 2 7  90 
BOND2800 
BOND 2 8  1 0  
BOND2820 
BOND2830 
BOND2840 
BOND2850 
BOND2860 
BOND2870 
BOND2880 
BOND2890 
BOND2900 
BOND29 10 
BOND2920 
BOND2930 
BOND2940 

DIPV 10 
D I F V  2 0  

DIPV 40 
DIPV 50 
DIFV 60 
DIPV 70 
DIPV 80  

DIPV 30 

DRhW 10 
DRAW 2 0  SUBNOUTINE DRLW (S,DX,D¶,NPEN) 
DRAW 30 DINENSION U ( 3 ) , X ( 3 ) , T ( 3 )  e Z ( 3 )  

RELL*8 CAER 
DINENSION k ( 9 )  ,LL(3 ,3 )  , A h R E V ( 3 , 3 ) , l A S R I ( 3  3) , A I D ( 3 . 3 ) , L I N ( 1 4 0 )  DRIW 4 0  D I R E I S I O N  L T O n S ( 4 , 5 0 0 )  ,BB(3,3) . C D ( 8 , 1 0 ) , C ~ E n ( 1 6 6 )  ,CONT(5) ,D(3 ,  130) DRLW 50 
DINENSION DA(3.3) , D P ( 2 , 1 3 0 ) , E V ( 3 , 1 6 6 )  , P S ( 3 , 3 , 4 8 )  ,KD(5 ,10)  ,ORGN(3) URLW 60 

l U 0  DO 160 J = 1 , 2  

1u5 Y ( J ) = X L N G ( J ) - . j  
1 5 0  I F f Y ( J ) - . O  1 5 5 , 1 6 0 , 1 6 0  
1 5 5  Y ( J ) = . l  
1 6 0  CONTINUE 

IF ( p ( J )  -XING (J) i. 1 )  1 5 0 , 1 5 0 #  

c t*t** CHECK FOR OVERLAP ***** 

connoN N G  
c *+t*t STATEMENT FUNCTION ***** 
c ***+* STLRT OF PROGRAR ***** P H I P ( Z ) =  ((E2-Z)*Z+B1)*Z1B0 

ERRND=5.E-7 
s I G n a = o .  
DO 1 1 5  5 = 1 , 3  
DO 1 1 5  1=1,3  
TEn=W (I, 5 )  
A ( J , J ) = T E R  

tt*t+ CRFCK FOR NULL MATRIX 

t*t**  FOR^ CHARACTERISTIC ?QUATION ***** 

1 1 5  s I G n A = S I G n k * T E n * T E ~  
c ***** 

I P ( 5 I G n L ) 2 3 0 , 2 3 0 , 1 2 0  
1 2 0  SIGRL=SQRT(SIGNA) 

x=o. 
y=SIGnA 
T E n = P H I F  (SIGNA) 
VNEW=O.O 
I?(BO) 135 2 5 0 ,  1 4 5  

1 3 5  I F ( T E n )  1 9 6 . 1 4 0 . 1 6 5  
1 4 0  Y=-Y 

GO TO 1 6 5  
1 4 5  Y=O. 

x = s I G n L  
I F  (TER) 1 6 5 , 1 6 5 , 1 5 0  

150 X=-X 

165 VNEW=(X+Y) * . 5  
DO 225 1 = 1 , 4 0  

1 7 5  I F ( P H I F ( V N E W ) )  1 8 0 # 2 5 0 , i 8 5  
1 8 0  X=VNEW 

GO TO 2 0 0  
185 T=VNES 
2 0 0  VOLWVNEY 

***at NOW PRIP(X) .LT.O.AND.PHIP(I).GT.~. ***** 

VNEW=(X+T) 8 . 5  
TEn=ABS (VOLD-VNEW) 
IF(TEN-ERRND) 2 5 0 , 2 5 0 , 2 0 5  

2 0 5  I P ( V 0 L D )  2 1 0 , 2 2 5 , 2 1 0  

(2 .1 )  
3) 

E I G E  
EIGE 
EIGE 
EIGE 
EIGE 
E I G E  
EIGE 
EIGE 
EIGE 
EIGE 
E I G E  
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 

-EIGE 
EIGE 
EIGE 
RTGE 

1 0  
2 0  
30 
40 
50 
6 0  
70 
80 
90 

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 4 0  
1 5 0  
1 6 0  
1 7 0  
1 8 0  
1 9 0  
2 0 0  
2 1 0  
2 2 0  
2 3 0  
2 4 0  
2 5 0  

E;EE 2 6 0  
EIGE 2 7 0  
EIGE 280 
EIGE 2 9 0  
EIGE 3 0 0  
EIGE 310 
EIGE 320 
EIGE 330 
EIGE 3 4 0  
EIGE 350 
EIGE 360 
EIGE 370 
EIGE 380 
EIGE 390 
EIGE 1100 
EIGE 410 
EIGE 4 2 0  
EIGE 430 
EIGE 440 
EIGE 450 
EIGE 1160 
EIGE 370 
EIGE 480 

d 

0 
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2 1 0  I F  (ABS (TEU/VOLD) -ERRND) 2 5 0 , 2 5 0 , 2 2 5  
2 2 5  CONTINUE 

2 3 0  NG=6 
C ***** D I D  NOT CONVERGE, SET ERROR INDICATOR * b t t *  

GO TO 4 0 0  

250 U(3)=VNEW 
C ***** STORE F I R S T  ROOT *+it* 

C *a*** DEFLATE 
CI=BZ-VNEW 
c o = s I + c i  *PHEW 

TEU=Cl*C 1+4.*CO 
I F ( T F U )  2 5 5 , 2 6 5 , 2 6 0  

C ***** SOLVE QUADRATIC ****t 

c ****' IGNORE IRLGINARY CORPONENT OF COUPLER R O O T  ***t* 
2 5 5  TBU=O. 

GO TO 2 6 5  
2 6 0  TEU=SQRT (TEn)  
26  5 U ( 1 )  =. 5* (C 1-TEU) 

U 12)  = .5*  (C l+TEU) 
C ***** SORT ROOTS tt*** 

DO 2 7 5  J = 1 , 2  
IF (U(J) - 0  (3) ) 2 7 5 , 2 1 5 , 2 7 0  

2 7 0  TEM=U(J) 
U ( J )  = U  ( 3 )  
U ( 3 ) = T E R  

2 7 5  CONTINUE 
LLL=-2 
DO 3 7 5  1 1 1 = 1 , 2  

TEU=ERQND* 1 0 0 .  
NG=O 
L =  1 
DO 3 0 5  I = 1 , 2  
IF 1U ( I + l ) - U ( I ) - T E T )  3 0 0 , 3 0 0 , 2 9 0  

c ***** CHECK FOR RULTIPLE ROOTS 

2 9 0  I P ( U ( 1 ) )  2 9 5 , 3 0 5 , 2 9 5  
2 9 5  I F ( ~ B s ( ( u ( I + l ) - U ( I ) ) / U  ( I ) ) - T E U ) 3 0 0 , 3 0 0 , 3 0 5  
3 0 0  L=L-1 

305 CONTINUE 
NG=NG-2+1 

I F ( L L L - L )  30R.UOO.UO0 

***** EIGENVECTOR ROUT 
DO 3 7 5  I I = 1 , 3  
T l = U  (11) 
I F  ( I )  3 1 5 . 3  1 0 , 3 2 2  
***** TWO VECTORS NULL 
I P ( W G I 5 - 1 1 )  3 1 5 , 3 2 2 , 3 1 5  
***** ALL VECTORS NULL 
DO 3 2 0  J = 1 , 3  
V ? C T ( J , I I ) = O . O  
GO TO 1 7 5  
DO 3 2 5  J = 1 . 3  

I LLL=L 3 0 8  
C 

C 

C 
3 1 0  

3 1 5  
3 2 0  

3 2 2  
3 2 5  

3 3 5  
3 4 0  

3 5 0  

3 5 5  CONTINUE 

3 5 3  N G = l  

36 0 

3 6  5 

I U A X = I  

Iw ( S N A X I  3 5 3 , 3 5 3 , 3 6 0  

C 

3 7 0  

C 

2 7 5  
110 0 

I N E  ***** 

FOR DOUBLE 

FOR T R I P L E  

ROOT 

ROOT 

* A  (I 1 , 2 )  
'A ( 1 1 . 3 )  
* A  ( 1 1 . 1 )  
3) **2 

GO TO 3 7 5  
SUAX=SQRT(SRAX) 
DO 3 6 5  J = 1 . 3  
v ( J I = ~  (IVAX,J) /snAx ***** P E P I N E  EIGEVVECTOR ****t 
CALL AXEQE(A,V,V, 1 )  
TBfl=LnAXl ( A B S  ( V ( 1 )  ) .ABS(V(  2) ) ,  ABs(V (3) ) ) 
DO 3 7 0  J = 1 , 3  
V ( J ) = V ( J ) / T s n  
CALL U N I T f V , V E C T I l . T T )  , 1 )  
***** REFINE FT< 
Tl=VnY l V P r T l  

* .-- 
-->ENVALUE * * * *a  

I - - - \ l , I I )  , W , V E C T ( I , I I ) )  
U ( I 1 )  = T 1  
" l T  U ( I T ) = T l  . 
QETUqY 

***** 
***** 

EIGE 4 9 0  
EIGE 500 
EIGE 5 1 0  
EIGE 5 2 0  
EIGE 530 
EIGE 5 4 0  
EIGE 550 
EIGE 5 6 0  
EIGE 5 7 0  
EIGE 580 
E I G E  590 
EIGE 6 0 0  
EIGE 6 1 0  
E I G E  6 2 0  
EIGE 6 3 0  
EIGE 6 4 0  
EIGE 6 5 0  
EIGE 6 6 0  
EIGE 6 7 0  
EIGE 680  
EIGE 6 9 0  
EIGE 700  
E I G E  7 1 0  
EIGE 7 2 0  
EIGE 7 3 0  
EIGE 7 U O  
EIGE 7 5 0  
EIGE 760 
EIGE 770 
EIGE 780 
E I G E  790 
EIGE 800 
EIGE 8 1 0  
EIGE 8 2 0  
EIGE 8 3 0  
EIGE 8 4 0  
E I G E  850 
EIGE 860  
E I G E  8 7 0  
EIGE 880 
EIGE 8 9 0  
EIGE 9 0 0  
EIGE 9 1 0  
EIGE 9 2 0  
EIGE 9 3 0  
EIGE 9 4 0  
EIGE 9 5 0  
E I G E  9 6 0  
EIGE 970 
E I G E  980 
EIGE 9 9 0  
EIGE 1 0 0 0  
EIGE 1 0  1 0  
EIGE 1 0 2 0  
E I G E l O 3 O  
EIGE 1 0 4 0  
EIGE 1 0 5 0  
E I G S  1 0 6 0  
E I G E 1 0 7 0  
E I G T 1 0 8 0  
E I G E 1 0 9 0  
E I G E l l  0 0  
E I G E  1 1  1 0  
E I G E l l 2 O  
EIGE 1 1 3 0  
EIGE I 1 4 0  
E I G E  11 50 
E I G E l l 6 0  
E I G E 1 1 7 0  
E I G E l l f l O  
EIGE 1 1 9 0  
EIGE 1 2 0 0  
E I G E 1 2 1 0  
EIGE 1 2 2 0  
EIGE 1 2 3 0  
E I G E 1 2 4 0  
E I G E 1 2 5 0  
E I G E 1 2 6 0  
E I G E 1 2 7 0  
S I G E l 2 8 0  
EIGE 1 2 9 0  
E I G E 1 3 0 0  
E I G E 1 3 1 0  
EIGE 1 3 2 0  

ERPN SOBROUTINE ERPNT (T 1, N) 
ERPN REAL*8 CHEU 

DIUENSION E R P N  
DIIEWSION ATOUS(U.500) , B B ( 3 , 3 )  .CD(8 1 0 )  CHEY(166)  CONG(5) D ( 3  1 3 0 )  ERPN 
DIUENSION D A ( 3 , 3 ) . D P ( 2 , 1 3 0 ) . E V ( 3  16;) P:(3 3 4 8 ) , ~ D ( 5 , 1 0 ) : 0 8 G ~ ( 3 )  ERPN 
DIOENSION P ( 3 , 1 6 6 ) . P A ( 3 . 3 ,  1 6 6 )  P k ( 3  j) PA;(; 3 ) , Q ( 3  3 )  R E P v ( 3  3 )  E R P N  
DIUENSION R E S ( " )  , R ~ S ( 5 ) . S Y U B ( 3 : 3 ) , T I ~ L E ~ l ~ )  T i T L E I ( 1 ; )  ; S ( 3  48; ERPN 
DIUENSION m ( 3 , U )  , V I  1 4 )  eV2 ( 3 ) , V 3  (3)  , V U  ( 3 )  ,V; (3 )  , V 6 ( 3 )  ,;RRV(?,3) ERPN 

ERPN DIRENSION XLNG(3) , X 0 ( 3 ) . X T ( 3 )  
CO UUON NG, A ,  LL,ALREV. A L U R K ,  AID, A I N ,  ATOMS, B 8, BRDR, CD, CH En, CONT, D E R P N  
C O ~ ~ J N  D A ,  DP. D I S P ,  E D G E J J .  PO~E.PS. IN, ITILT,KD,  L A T U , L T N O ,  N A T O U ,  NCD E A P N  
CO ORON N J. NJZ-NOUT- N W  - N S Y  U,ORGN ,P ,  P A ,  PAC. €AT, 0. REPV . R E S  .RHS . ? T I  T 1 FPDV 

A ( 9 ) ,  A A  ( 3 , 3 l  ,AIR EV (3 .3)  . A A w R K ( 3 ,  3) , L I D  ( 3 . 3 )  A I  N ( 1 4 0 )  

1 1 5  
NG=O 
RETURN 
E N D  

ERPN 
ERPN 

1 0  
2 0  
3 0  
u o  
50 
60 
70 
80 
90 

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 4 0  
1 5 0  
160  
1 7 0  
1 8 0  
1 9 0  

C 

SUBROUTINE F 2 0 0  
DIUEYSION HEADER ('A), PLA ( 3 0 0 0 )  
DATA HEADER/3*UH . 4 H I  /,ZERO/O.O/ 

2 5 5  
2 6 0  

C 

NJQ = N J 2 + 1  
GO T O ( 2 6 0 . 2 0 0 . 2 2 5 . 2 0 5 .  2 1 0 . 2 6 0 )  ,NJQ 
LTNO ***** = I N I T I A T E  1 5  UECHANICAL CALCOUP PLOTTER ( 2 0  1 INSTRUCTION) *t 

CLLL PLOTS (PLA13000,LTNO) 
GO TO 2 6 0  
***** I N I T I A T E  C.R.T. CLLCOUP PLOTTER ( 2 0 3  INSTRUCTION) ***t* 
LTNO = - 9 9  
CLLL JORNUR(HELDER(1))  
CALL IDAY (HEADER ( 2 )  ' ,.,.- ̂ "_."_. - ^ ^ ^  .. I 
L ~ L L  c n i  (rLn. iwuu,nEaDER,O)  
***** S E T  C.R.T. X . Y  O R I G I N  A N D  BEAU INTENSITY B A S E L I N E  t i ***  
I 2  = A I N ( 3 )  
CALL C R T f L I N ( 1 )  . A I N ( 2 )  , I Z , 3 )  
GO TO 2 1 E  

e200 1 0  
F 2 0 0  2 0  
~ 7 n n  30 .-.. 
F 2 0 0  R?AL*8 C H B l  

DIUENSION ATOUS(4,500)  . B 8 ( 3 . 3 )  ,CD(B.lO) CHEN;166) S O N > ( 5 )  D ( 3  1 3 0 )  P 2 0 0  
VIUENSION DA(3.3) , D P ( 2 , 1 3 0 )  EV(3 .166)  P;(3 3 4 8 )  i D ( 5  1 0 ) ' O R G i ( 3 )  P 2 0 0  
DIUENSION P ( 3 , 1 6 6 ) , P A ( 3 , 3 ,  1;6) .PAC(3.:),P&;(; 3 ) ' Q ( 3  5) R;PV(3 3) F 2 0 0  
D I n E 4 S I O N  RTS (4) ,RMS(5)  , S Y U B ( 3 , 3 )  , T I T L E ( I 8 )  I';TLi2(1;) G S ( 3  48; F 2 0 0  

~ 2 0 0  
P 2 0 0  DIWENSION X L N G ( 3 ) , X O ( 3 ) , X T ( 3 )  

COUUON NG, A. A A .  LAQEV, A APRK , A I D ,  A I N .  ATOUS , B E ,  B R D R ,  CD, CHEU ,CONT, D P 2 0 0  
COInON D ~ ~ D P ~ D I S P ~ ~ D G E ~ E V , F O R E . P S . I N ~ I T I L T . K D , L A T ~ , L T N O , N A T O ~ ,  NCD P 2 0 0  
COUUON NJ,NJ2,NOUT,NSR.NSYU.ORGN,P,PA,PAC,PAT,Q,REFV RES RVS S C A L l F 2 0 0  
COflflON SCALZ.SCL,SYnB,TLPER,THETA TITLE,TITLE2,TS,VI;W,VG,Vl;V2 P 2 0 0  

F 2 0 0  COIllON V3.VU,V5,V6,WRKV.XLNG,XO,X~ 
P 2 0 0  ***** CALCOWP CONTROL *t i**  

F 2 0 0  
P 2 0 0  

*** F 2 0 0  
P 2 0 0  
F 2 0 0  
F 2 0 0  
F 2 0 0  
F 2 0 0  
F 2 0 0  
?ZOO 
PZOO 
P 2 0 0  
F 2 0 0  
F 2 0 0  
P 2 0 0  
F 2 0 0  
P 2 0 0  
P 2 0 0  

DIUENSION A ( 9 ) , A A ( 3 , 3 )  . A ~ R E V ( 3 . 3 ) . A A Y R K ( 3 . 3 )  ~ r D ( 3  3 )  A I N ( l u 0 )  ~ 2 0 0  

D I m N S I O N  VT(3 .4)  . V l ( U )  . V 2 ( 3 ) . V 3 ( 3 1  , V U ( ~ ~ . V ~ ~ ~ ) , V ~ ( ~ ) , ~ R K V ( ~ , ~ )  

C 
2 0  0 

C 
2 0  5 

C 

C 
2 1 0  

2 1 5  TZ = 1 8  
2 2 0  CLLL CRT ( Z v R 0 , Z B R 0 , 1 Z , 7 )  

GO TO 260 
C ***** TERRINATE THE PLCT A N D  ADVANCE PLOTTER ( 2 0 2  INSTRUCTION) 1 

2 2 5  T F ( L T N 0 )  2 3 5 , 2 6 0 , 2 3 0  
2 3 0  CALL P L O T ( A I N ( l ) , A I N ( 2 ) , - 3 )  

GO TO 2 6 0  
****+ THC: FOLLOWING &RE FOR CRT P I L U  ADVANCE ETC. ***+* 
***** A D D  FLOCK llDDRESS BUT Do NOT kDVANCE CRT P I L I  **t*t 

GO TO 2 5 5  

2 4 5  IB = 9 0 0 0  
GO TO 2 5 5  

C 

C 
2 3 5  I P ( A I N ( 1 ) )  2US.ZU0.250 

2UO I3  = 1 0 0 0  

" ***** ADVANCE CRT F I L U  A N D  CLOSE OUTPUT TAPE F I L E  a * * *  

C ***** R D D  BLOCK ADDRESS A N D  ADVANCE CRT PILU *I*** 

7 ***** I D E N T I F I C A T I O N  T I T L E  VRAnE BETWEEN PLOTS ***at 
2 5 0  IB = 0000 

CALL CFT(ZERO,ZERO,IB,2)  
CALL SI~BOL(0.2,0.0,0.25,TITLE ( 1 )  ,40. , 7 2 )  
CALL CRT (ZERO.ZERO.IB, 2) 
RETURN 
END 

SUBROUTINE FUOO ***** ATOF L I S T  FUNCTIONS ***** 
REhL*8 CHEH 

4 0  
50 
6 0  
70 
80 
90 

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 u 0  
1 5 0  
1 6 0  
1 7 0  
1 8 0  
1 9 0  
2 0 0  
2 1 0  
2 2 0  
2 3 0  
2u0 
2 5 0  
2 6 0  
2 7 0  
280 
2 9 0  
300 
3 1 0  
3 2 0  
3 3 0  
3 4 0  
3 5 0  

P 2 0 0  360 
F 2 0 0  3 7 0  
P 2 0 0  380 

L**P200 3 9 0  
P 2 0 0  800 
P 2 0 0  P 2 0 0  4 2 0  4 1 0  

F 2 0 0  P 2 0 0  4 4 0  4 3 0  

F 2 0 0  4 5 0  
F 2 0 0  F 2 0 0  4 6 0  4 7 0  

F 2 0 0  F 2 0 0  4 9 0  4 8 0  

P 2 0 0  5 0 0  
e200 5 1 0  
F 2 0 0  5 2 0  
P 2 0 0  5 3 0  
F 2 0 0  5 4 0  
F 2 0 0  550 
P 2 0 0  5 6 0  
F ? n n  5 i n  . _ _ _  - " 
F 2 0 0  580 

PUOO 1 0  
FUOO 2 0  
P U O O  30 

END 
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DI nEqS ION A ( 9 )  , A A  ( 3 , 3 )  , R A R E V  ( 3 . 3 )  , R R U R K  (3.3) r A I D  (3 .3)  ( quo)  FUOo 4 o  

DIMENSION XLNG(3) , X O ( 3 )  ,XT (3) CORU'JA NG, A A~,ARREV,AAURK,AID,AIN,ATOMS,BB,BRDR,CD,CHEH C0NT.D P Y O O  1 1 0  
COMMON DA,D~,DISP,EDGE.EV. EORE,FS,IN,ITILT.KD,LATR,LTNO,~LTOR,NCD PUOO 1 2 0  
COMU'JN N J ,  NJZ,NOUT,NSR,NSY M.0RGN.P. PA,PAC,PAT,Q,REFV , R E S , R ~ S , S C A L l P U 0 0  1 3 0  
COMMON SCAL2,  SCL,SYMB, T~PER,THETA,TITLE,TITLE2,TS.VIEY,VT,Vl,V2 PUOO PUOO 1 5 0  1 4 0  
ConRoN v 3,Vu,V5,V6,URKV, XLNG.XO.XT PUOO 1 6 0  
N G = 0  P400 1 1 0  
IV(LATN) 4 0 2 , 4 0 2 . U 0 0  PUOO 1 8 0  

U O l  CALL A T O Y ( R T O 0 S ( l , I )  , A T O n S ( 2 , 1 ) )  
4 0 2  I F ( U O D ( N J 2 , 1 0 ) - 1 )  4 9 9 , u 0 ~ , 4 0 3  PUOO 2 1 0  
4 0 3  CRLL STRRC P400 2 2 0  

400 DO 4 0 1  I = l , L A T U  P400 1 9 0  
PUOO 2 0 0  

GO T O  4 9 9  P U O O  2 3 0  
P400 2 4 0  

**t** R O N  A I E R ~ R ~ H Y  = ATOn NO./SYM/ A/WC TRANS. PUOO 250 
4 0 4  1 1 = 1  PUOO 2 6 0  

PUOO 2 1 0  

I F  ( T l )  4 1 0 , 4 1 O , U 2 0  PUOO 2 9 0  
4 1 0  1 1 = 1 1 + 1  P400 3 0 0  

IF (1110-11) U99.UO5.405 P400 3 1 0  
4 2 0  JJ=II PUOO 3 2 0  

P400 3 3 0  
U l = T 1 / 1 0 0 0 0 0 .  PUOO 3 4 0  
n2=AnOD ( T I ,  1 0 0 . )  PUOO 3 5 0  
n 5 = R n O D  ( T 1 / 1 0 0 . ,  1 0 0 0 . )  P 4 0 0  360 
1 ~ ( n 5 )  4 2 2 , 4 2 2 , 4 2 3  P400 310 

4 2 2  15=555 PUOO 380 
4 2 3  ! 5 3 = U 5 / 1 0 0  P400 3 9 0  

C 
c 

C t**** FIND RUNS I N  R I B  A R R A Y  ***** 

**t+t STORES ( 4 0 1 )  OR REROVES ( 4 1 1 )  RUNS O F  ATOMS",::::' 

1105 T l = L I N ( I I )  PUOO 2 8 0  

c e*** *  SET I N I T I A L  R U N  VALUIS ***** 

n 4 = n o D ( n 5 / 1 0 , 1 0 )  PUOO 400 
R5=UOD (M5.10)  P 4 0 0  4 1 0  

4 3 0  T Z = - A I N ( J J )  P 4 0 0  4 4 0  

4 2 5  J J - J J I l  F 4 0 0  4 2 0  I F  ( 1 4 0 - J J )  4 3 5 , 4 3 0 , 4 3 0  P400 4 3 0  

I F ( T 2 )  U 3 5 . 4 2 5 . 4 4 0  PUOO U S 0  
435 I I = J J - l  P400 460 

P 4 0 0  4 1 0  
**tt* S E T  T E R ~ I N ~ L  VLLUES FOR DEGENERILTE R U N  ***** 
N l = M l  PUOO 480 
N 2 = 1 2  P400 4 9 0  
N3=il3 PUOO 500 
N4=U4 
N5=M5 
GO TO 4 5 0  

UUO II=JJ 

c 

c *et** SET TERRINAL R U N  VALOES ***** 
N 1 = T 2 / 1 0 0 0 0 0 .  
N2=RROD(T2 ,100 . )  
N5=LMOD ( T 2 / 1 0 0 . ,  1 o o o . l  
IF (N5) 4 U 5 , 4 4 5 , 4 4 6  

U45 N 5 = 5 5 5  
446 N3=N5/100  

NU=UOD ( N 5 / 1 0 , 1 0 )  
N5=ROD(N5,10)  

c :a*** LOOP THROUGH ALL Q U A 5  PI*** 
4 5 0  DO 4 9 0  L5=M5,N5 

DO 4 9 0  L4=UU,NU 
DO 4 9 0  L3=R3 ,N3  
DO 9 9 0  L2=!42,N2 
DO 4 9 0  L l = M l , N l  
V1 (1) =PLOAT (L 1 )  * 1 0 0 0 0 0  .+PLOAT(L3*10000+L4*  1 0 0 0 * L 5 * 1 0 0 + 1 2 )  
CALL A T O I ( V l ( 1 )  , V 1 ( 2 ) )  
I P ( N G )  455,458,455 

455 CALL E R P N T ( V l ( 1 )  , 4 0 0  
GO TO 4 9 0  

458 c a m  S T O A  
4 9 0  CONTINUE 

4 9 9  RETURN 
GO TO 4 1 0  

END 

;400 5 1 0  
P400 5 2 0  
PUOO 5 3 0  
PUOO 5UO 
P400 5 5 0  
P400 560 
P 4 0 0  510 
P400 580 
P400 5 9 0  
P400 6 0 0  
PUOO 6 1 0  
PO00 6 2 0  
P400 630 
P400 640 
PUOO 6 5 0  
P400 660 
PUOO 6 7 0  
P400 680 
P400 6 9 0  
1400 100 
P400 7 1 0  
P400 7 2 0  
P400 7 3 0  
PUOO 740 
P400 1 5 0  
PUOO 160 
P400 7 7 0  
P 4 0 0  180 

P 5 0 0  1 0  SUBROUTINE P500 P 5 0 0  2 0  
DIllENSION RR ( 3 . 3 )  , V  (3.4) P 5 0 0  30 
RELL*B CHER 
DIllENSION A ( 9 ) , & & ( 3 , 3 1  ,AARBV(3,3),AAWRK(3,3),LID(3 3 )  LXN(140) P500 40 
DIHENSION ATOllS(lc 5 0 0 )  SS(3.3) , C D ( 8 , 1 O ) , C H E R ( l 6 6 )  , tOR; (5 )  . 0 ( 3 , 1 3 O ) P 5 0 0  5 0  
DIRENSION DA(3,3)~DP(2~130),EV(3,166),PS[3,3,48),KD[5,10),0RGNl3) P500 6 0  
DIRENSION P ( 3 , 1 6 6 )  , P A ( 3 , 3 ,  166)  , P & C ( 3 , 5 ) , P A T ( 3 , 3 )  . 9 ( 3 , 3 ) , R E P V ( 3 , 3 )  P 5 0 0  70 

DIMENSION RES (4) , RRS (5), SY RB (3,3) , T I T L E  [ l a ) ,  T I T L E 2  ( 1  8) ,T S (3,98) 
DIf l IYSION V T ( 3 . 4 )  , V l  (4) ,V2 ( 3 ) , v 3 ( 3 )  , V 4 ( 3 )  , V 5  ( 3 )  , V 6 ( 3 )  V U R K V  ( 3 . 3 )  
DIREYSIOM TLNG(3) ,XO(3)  vXT(3)  
COnlON N G , A , L A , A b Q E V , ~ I Q R K . I I D , L I N , ~ T O ~ S , B B , ~ R D R , C D , C ~ E U , C O N T ~ ~  
COI'ION DA,DP,DISP,EDGE,EV,PORE,FS,IN,ITILT,KD,LATU,L~NC,~ATOU~~C 
COnMOll N J ,  NJ2 ,  NOUT, NSR ,NSYI,OR GN,P, PA .PAC, PAT,Q,REPV ,RES,RNS ,SCI  
CORMON SCALZ ,SCL,SYnB, TAPER,THETA,TITLE,TITLE2,TS,VIFU , V T , V I  , V  2 
CONION V3 ,  V4,V5,V6,WRKV,XLNG,KOIXT 
NG=O 
TV ( N J 2 - 1 1 )  5 0 0 , 7 0 0 , 1 1 0  

500 IF ( N J 2 - 1 ) 7 1 0 , 5 0 1 . 5 1 0  
5 0 1  T l = I I I N ( I )  

CRLL RTO~(T1 ,ORGA)  
IF (NG) 5 0 2 , c 0 4 , 5 0 2  

5 0 2  CliLL E R P N T ( T 1 , 5 0 1 )  

5 0 U  

506 

507 

CRLL EXIT  
w 5 0 6  K=I ,U  
TI=RIN (K+ 1 )  
CALL ATOn(T1.V (1.W 1 
I P ( N G )  5 0 2 , 5 0 6 , 5 0 2  
CO NTIYUE 
DO 507 J = 1 , 3  
Vl  ( J ) = V  ( J . 2 )  -V ( J ,  1) 
V 2 l J I  = V f J . U ) - V ( J . 3 )  

5 0 8  IND=-2 
5 0 9  CRLL hXES(Vl.VZ.REFV.1 ND) 

GO TO 6 7 0  
5 1 0  I P ( N J 2 - 4 )  5 1 5 , 5 1 1 , 5 9 9  

5 1 1  DO 5 1 3  J = 1 , 3  
DO 5 1 2  K = 1 , 3  

5 1  2 O R G N  (J) =ORGN (J) +RTPV (J,K) * AIN(K) /SCALl 
5 1 3  XO (J) = X O ( J ) * R I N ( J )  

c *t+t* S H I F T  O R I G I N  POR PRCJECTION &XIS ( I N  INCHES) ***** 

** *** GO TO 615 
c +**e* FORM ROTATION RATRIX 

5 1 5  DO 5 5 2  L = 1 , 1 3 9 , 2  
I = A I N  (L) 
I P ( I )  5 3 2 , 5 5 2 , 5 1 6  

5 1 6  x = I I I N ( L + I )  * 1 . 7 4 5 3 2 9 3 E - 2  

5 3  2 
5 3 5  

F 5 0 0  8 0  
P 5 0 0  90  
P500 1 0 0  
F 5 0 0  1 1 0  

: D  P 5 0 0  1 2 0  
i L 1 P 5 0 0  1 3 0  

P 5 0 0  1 4 0  
F 5 0 0  1 5 0  
P 5 0 0  1 6 0  
F 5 0 0  1 1 0  
P 5 0 0  1 8 0  
P 5 0 0  1 9 0  
F 5 0 0  2 0 0  
P 5 0 0  2 1 0  
F 5 0 0  2 2 0  
P500 2 3 0  
P500 2 4 0  
P500 2 5 0  
P500 2 6 0  

P500 3 1 0  
P500 3 2 0  
P500 3 3 0  
P S O O  3 4 0  
P500 3 5 0  
P 5 0 0  3 6 0  
Q 5 0 0  3 7 0  
P 5 0 0  3 8 0  
P 5 0 0  3 9 0  
P500 400 
P500 4 1 0  
P500 u 2 0  
P 5 0 0  4 3 0  
P 5 0 0  QUO 
P 5 0 0  450 
P500 460 
P500 4 1 0  
P500 4 8 0  
P500 4 9 0  
P500 500 
P 5 0 0  5 1 0  
P500 5 2 0  
P500 5 3 0  
P500 540 
P500 5 5 0  
P500 5 6 0  
P 5 0 0  510 
P 5 0 0  5 8 0  
P 5 0 0  5 9 0  
P500 600 
P 5 0 0  6 1 0  
P 5 0 0  6 2 0  
Q 5 0 0  6 3 0  
P 5 0 0  640 
P500 650 
P500 660 
P 5 0 0  6 7 0  
P500 680 
P500 6 9 0  
P 5 0 0  7 0 0  
P500 7 1 0  
P500 7 2 0  
P500 130 
PSOO 140 
P 5 0 0  7 5 0  
P 5 0 0  7 6 0  
P500 7 7 0  
P 5 0 0  780 
1 5 0 0  7 9 0  
P500 8 0 0  
P 5 0 0  8 1 0  
P500 6 2 0  
P500 830 
P 5 0 0  840 
P 5 0 0  8 5 0  
P 5 0 0  860 
P 5 0 0  870 
? 5 0 0  880 
1 5 0 0  8 9 0  
P 5 0 0  9 0 0  
1 5 0 0  9 1 0  

0 w 
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6 1 0  DO 5 1 2  J = l , 3  
V2 ( J )  = O .  0 
DO 6 1 2  1 = 1 , 3  

6 1 2  R H t I , J ) = O . o  
A WT=O . 0 
DO 6 2 0  K = l , L A T n  
CALL ATOH (ATOUS (1.K) ,ATOMS ( 2 . K ) )  
T 2 = 1 . 0  
IF (NCD) 6 1 8 . 6  1 8 , 6  1 3  

6 1 3  I I=ATOUS ( 1  , K )  / 1 0 0 0 0 0 .  
DO 6 1 6  J = ~ . N c D  
T2=CD ( 1 ,  J )  
IF ( I l - K D  ( 1 ,  J )  ) 6 1 6 ,  K l  4 . 6  1 4  

6 1 4  IP (KD ( 2 ,  J )  -11) 6 1 6 , 6 1 8 ,  6 1 8  
6 1 6  CONTINUE 

6 1 8  AWT=AWT+T2 
GO TO 6 2 0  

DO 6 1 9  J = 1 , 3  
6 1 9  
6 2 0  

C 
6 2 4  

V 2 ( J ) ' V 2 ( J ) , A T O U S ( J + l , K )  * T 2  
CO NTI NUE 
IF(AW?I 6 0 5 , 6 0 5 , 6 2 1  
***** PUT O R I G I N  AT CENTER OF GRAVITY ***I* 
DO 6 2 2  5.1.3 
ORGN(J)=VZ (J) /AUT 
I P ( N J 2 - 6 )  6 9 9 , 6 2 U , 7 1 0  
***** FORM PROEUCT-NOflENT MATRIX FOR ATOMS I N  
DO 6 3 0  K = l , L A T n  

650 
6 5 5  

6 6  0 
66 5 
67 0 
6 7  5 

AT0 H LIST ***a* 

6 2 8  DO 6 2 9  J = 1 , 3  
T l = ( A T O ' I S  ( J + l  .K) -OBGN( J )  ) *'I2 
DO 6 2 Q  I = 1 , 3  

6 2 9  R M  (1.J) =Tl*(ATOHS ( I + I , K ) - O R G N ( I ) ) + R H  (1,~) 

6 3 0  CONTIYUF 
T 1 = 0 . 0 3 /  ( R U ( 1 . i )  + ~ n ( 2 , 2 )  + R n  ( 3 . 3 ) )  

DO 6 3 2  J = 1 , 3  
DO 6 3 2  T = 1 , 3  

6 3 2  R H ( I . J ) = S ~ ( I , J ) * T I  
c ***** " R f i N S F O R I  TO INERTIAL AXIS SYSTEM **t*t 

CALL M fl ( 91, A A  , DA) 
CALL EIGPN(DA RUS PAT) 
I P f R I S f 2 ) )  6 0 5 : 6 0 5 : 6 3 5  

6 3 5  I ? ( N G )  5 4 0 , 6 3 3 , 6 0 5  

6 3 3  CALL AXES(PAT(l,3),P&T(l,l),REPV,-l) 

6 U O  I P ( Y G i 6 )  f i 6 ' . 6 6 5 , 6 4 5  
645 N=YG+5 

***** FAKE SURE VECTORS A R E  O R T H O G O N A L  - -> N E W  R E P E R E ~ C E  P E C T ~ ~ ~  

***** TWO F Q U A L  E I G E N V E C T O R S  SPECIAL C A S E  *tt+t 
GO TO 6 6 5  

C 

CALL UNIT (PAT ( l.N) ,V 1,  -1)  
DO 650 K = 1 , 3  
IF (ABS (VnV ( V l ,  AA,PEPV( 1.K) ) )  -. 5 8 )  6 5 5 , 6 5 0 , 6 5 0  
CONTINUE 
CALL IXES(V1,  REPV (1.K) . D A ,  - 1 )  
DO 6 6 0  K = 1 , 3  
L=MCD (N-K+2,3)  + 1 
D O  660 J = 1 , 3  
Q E F V ( J , L ) = D A  ( J , K )  
YG=0 
cam H I ( A A , F E F V , A A R E ~ )  
DO 6 8 0  5 = 1 , 3  
DO 680 I = l , 3  
W R  KV (I, J )  = P E F V  (I 
AAWRK(I , J )  =AP.RFV;I,J) 
***** ELININATE ALL PREVIOUSLY STORED OVERLAP INPORflATIoN **tt 

C l L L  LAPSOO(0)  

J) 

***** ( A I L  IWTRUCTIONS P i l c n  5 0 1  T H Q O U G H  5 1 0  DO THIS 

680 

C 
699 

GO TO 7 1 0  

7 0 0  CALL L A P 5 0 0 ( 1 )  
7 1 0  RETUQN 

C ***** STORE NEW OVEPLAP INPORHATION (INSTRUCTION 5 1  1 )  t t l t t  

END 

P 5 0 0  9 2 0  
P 5 0 0  9 3 0  
P 5 0 0  9 4 0  
P 5 0 0  9 5 0  
P500 9 6 0  
P500 9 7 0  
P 5 0 0  980 
F500 9 9 0  
P 5 0 0 1 0 0 0  
P 5 0 0 1 0 1 0  
P 5 0 0  1 0 2 0  
F 5 0 0 1 0 3 0  
P 5 0 0  1 0 4 0  
P S 0 0 1 0 5 0  
P 5 0 0  1 0 6 0  
P 5 0 0  1 0 7 0  
P 5 0 0 1 0 8 0  
P 5 0 0 1 0 9 0  
P 5 0 0 1 1 0 0  
P 5 0 0 1 1 1 0  
P 5 0 0 1 1 2 0  
P S 0 0 1 1 3 0  
F 5 0 0 1 1 4 0  
P500 1 1  50 
P 5 0 0  11  6 0  
P 5 0 0 1 1 7 0  
P 5 0 0 1 1 8 0  
P 5 0 0  1 1 9 0  
P 5 0 0 1 2 0 0  
P 5 0 0  1 2  1 0  
P 5 0 0 1 2 2 0  
P 5 0 0 1 2 3 0  
F 5 0 0 1 2 4 0  
P 5 0 0 1 2 5 0  
P 5 0 0 1 2 6 0  
F 5 0 0 1 2 7 0  
P 5 0 0 1 2 8 0  
P 5 0 0  1 2 9 0  
P S 0 0 1 3 0 0  
P 5 0 0  1 3  1 0  
P500 1 3 2 0  
P 5 0 0 1 3 3 0  
F 5 0 0 1 3 0 0  
P 5 0 0  1 3  50 
P 5 0 0 1 3 6 0  
P 5 0 0 1 3 7 0  
P500 1 3 8 0  
F 5 0 0 1 3 9 0  
P 5 0 0 1 4 0 0  
P 5 0 0 1 4 1 0  

* F 5 0 0 1 4 2 0  

? 5 0 0 1 4 U O  
P S O O 1 4 5 0  
P 5 0 0 1 4 6 0  
P 5 0 0 1 4 7 0  
P 5 0 0 1 4 8 0  
P 5 0 0  1 4 9 0  
P 5 0 0 1 5 0 0  
P 5 0 0 1 5 1 0  
P 5 0 0 1 5 2 0  
F 5 0 0 1 5 3 0  
P 500 1 5  40 
P 5 0 0 1 5 5 0  
P 5 0 0 1 5 6 0  
P 5 0 0 1 5 7 0  
P 5 0 0 1 5 8 0  
P 5 0 0  1 5 9 0  
P 5 0 0 1 6 0 0  
P S 0 0 1 6 1 0  
P 5 0 0 1 6 2 0  
P 5 0 0 1 6 3 0  
P5001640 
P 5 0 0 1 6 5 0  
P 5 0 0 1 6 6 0  
P 5 0 0 1 6 7 0  
P 5 0 0 1 6 8 0  
P 5 0 0 1 6 9 0  
F500 1 7 0 0  

P S O O 1 4 3 0  

SUBROUTINE P 6 0 0  

DIMENSION H A X f 3 ) , 5 C A L ( U ) , X  ( 3 ) , X a A X ( 3 )  , X I ( I N  ( 3 )  , 2 ( 2 )  
REAL*8 CAE! 
DIHENSION A ( 9 ) , A A ( 3  3 )  AAREV(3,3),AAWRK(3,3),AID(3 3 )  A I N ( 1 4 0 )  P 6 0 0  5 0  

1 T O f l S ( 4 , 5 6 0 )  ' B B ( 3 . 3 )  , C D ( 8 , I O ) , C H E M ( l 6 6 )  ,:ON4(5) , D ( 3 , 1 3 0 )  P 6 0 0  60 
DIHrNSION DAf3.3)  , D P f 2 ' 1 3 0 )  E V ( 3  1 6 6 )  , P S ( 3  3 4 8 ) , K D ( 5 . 1 0 ) , O R G N ( 3 )  P600 7 0  
DINENSION P ( 3 , 1 6 6 ) . P A ( ; , 3 , 1 ~ 6 )  p k ( 3  5 )  PA;(; 3 )  
DIflENSION RES(4)  , R U S ( 5 )  S Y M B ( 3 ' 3 )  TI;LE; l8)  T ~ T L ~ ~ ~ ? i ~ ) ~ ~ ~ ? ! j ~ ~ 3 )  i,","," :," 

VT (3.4) (u) :V2 (3),;3 , V 4 ( 3 )  .V; ( 3 )  .V6(?),;RKV (:,3) P600 1 0 0  
P 6 0 0  1 1 0  DIflENSION XLNG(3) , X 0 ( 3 ) , X T  ( 3 )  

COUMON N G ,  A. L A ,  AAREV,AAWRK ,AID,AIN, ATONS,BB, 8RDR.CD. CHEM,CONT, D P 6 0 0  1 2 0  
COHMON DA,DP.DISD,EDGE,EV, F O R E , P S , I N , I T I L T  K D  LATN LTNC NATOM NCD P 6 0 0  1 3 0  
COMMON NJ,NJ2,NOUT,NSR,NSYN,ORGN,P,PAPAC gAT:Q REFV RE: RMS,kCALlP600 1 4 0  
COHUON SCAL2, SCL, SYnB. TRPER,THETA,TITLE,T;TLE2,;S , V I ; W  ,V;,Vl.V 2 P 6 0 0  1 5 0  

P 6 0 0  1 6 0  C ***** DEL = 1 .  FOR 1NCRUMBNT;NG FUNCTIONS *tt** P 6 0 0  1 7 0  
C ***** DEL = 0. FOR REGOLAR ?UNCTIONS ****+ P 6 0 0  1 8 0  

DEL=FLOAT (HOD f N J 2 / 1 0 , 2 )  ) P 6 0 0  1 9 0  
C P 6 0 0  2 0 0  P 6 0 0  210  

C ***** SCALING A N D  CENTERING FUNCTIONS ***** 
.I.l" _ . "  

COMmON V 3. V u .  15.  V ~ . Y S K V ,  X L N G  X O , X T  

NJZ='TOD (WJ2.10)  
***** E X P L I C I T  O R I G I N  A N D  SCALE tit** 
I ? ( A I N ( l ) ) h 0 2  60U 6 0 2  

6 0 4  I? ( A T P  ( 2 ) )  6 0 6 , 6 0 8 , 6 0 6  
6 0  6 XO (2)  =AT N ( 2 )  + XO ( 2 )  *DEL 
6 0 8  I P ( A I N ( 3 ) ) 6 1 2  6 1 2  6 0 9  
6 0 9  I? fDEL) 6 11.6 1; , f i l b  
6 1 0  SC AL l = S C  AL l * A I N  ( 3 )  

6 1 1  S C A L l = A I N ( 3 )  
6 1 2  I F ( A T W ( 4 ) ) 6 1 6 , 6 1 6 , 6 1 4  

6 1 4  SCRL2=AIW(U) 

6 1 6  I F ( N J 2 - 2 ) 7 9 0  6 2 2 , 6 2 0  
6 2 0  XO(l )=XLNG(l ;* .5  

X O ( 2 ) = X L N G ( 2 ) * . 5  
6 2 2  6 2 5  I F ( N J 2 - 3 ) 6 2 5 , 6 4 0 , 6 2 5  S C A L l = l .  

6 3 0  I p ( L A T H - l )  6 3 5 , 6 3 5 , 6 U 0  
635 NG=12 

CALL E R P N T ( 0 . , 6 0 2 )  
C4LL E X I T  

X f l k X ( J ) = - l . F 5  

6 0 2  KO ( 1 )  = A I N  ( 1 )  +;o ( I ;*DEL 

GO TO 6 1 2  

c ***** SET E L L I P S O I D  SCRLE F A C T O R  ***t* 

C ***** AUTOMATIC ORIGIN AND/OR SCALE **I** 

6 U O  DO 6 5 0  J = 1 , 3  

650 X M I W ( J ) = l . E 5  
c *'*** F I T  EOX AROUND S E T  O F  ATOHS * * + a *  

DO 6 7 0  I = l , L A T n  
CALL XYZ ( A T O H S f 1 , I )  , A T O I S ( Z , I )  ,3 )  
IF (NG) 6 5 2 , 6 5 3 , 6 5 2  

GO TO 6 7 0  

T l = A T O l S  ( J 1 1 . I )  
I P ( K l ~ y ( J l - T 1 ) 6 5 5 , 6 6 0 , 6 6 0  
X H A X ( J ) = T l  
' T A X  (J) = T  
I P ( T I - X I I N ( J ) )  6 6 5 , 6 6 8 ,  6 6 8  
X M T V ( J ) = T l  
CONTIWOE 

6 5 2  CALL P R P N T ( A T O M S ( l , I ) , 6 0 0 )  

6 5 3  DO 6 5 8  5.1.3 

655 

6 6  0 
66 5 
66 8 
6 7 0  CONTIWUF 

DO 7 8 0  U = 1 , 5  
IP (M-2) 7 4 0 , 6 7 5 , 6 7 8  

C ***** CHECK VIEY DISTANCE t*t*+ 
6 7 5  I F  (VIEW) 7 E C  7 8 5 , 6 8 0  
6 7 8  I F f N J 2 - 3 )  6 8 ; , 7 8 5 , 6 8 0  
6 8 0  Tl=ATOHS (4,KU) *SRlJLT 

IF (VIEW*.'i-Tl) 6 8 5 , 6 9 0 , 6 9 0  
***I* INCREASE VIEW DISTANCE **ttt 

6 8 5  V I F V = 2 . + T l  
***** FIND PERSPECTIVE PROJECTION L I M I T S  *tt*+ 

6 9 0  DO 7 0 0  J = 1 , 2  
XilAX(J) =-1 .E5  

700 X H I N  ( J )  = 1. E5 
DO 7 2 5  I = l , L A T M  
DO 7 0 5  J = 1 , 3  

C 

C 

P 6 0 0  1 0  
P 6 0 0  2 0  
P 6 0 0  30 
l c n n  $0" 

- .  
e 6 0 0  2 2 0  
P 6 0 0  2 3 0  
P 6 0 0  2 4 0  
P 6 0 0  2 5 0  
P 6 0 0  2 6 0  
P 6 0 0  2 7 0  
P 6 0 0  2 8 0  
P600 2 9 0  
F 6 0 0  300 
P600 3 1 0  
P 6 0 0  3 2 0  
P 6 0 0  330  
P 6 0 0  3 4 0  
P600 350 
P 6 0 0  360  
P 6 0 0  3 7 0  
P 6 0 0  380 
P 6 0 0  390 
F 6 0 0  400 
P 6 0 0  U 1 0  
P 6 0 0  u 7 n  . _. 
P600 4 3 0  
P 6 0 0  440 
P 6 0 0  4 5 0  
P 6 0 0  460 
P600 4 7 0  
P 6 0 0  480 
P 6 0 0  4 9 0  
F 6 0 0  500 
P 6 0 0  5 1 0  
P 6 0 0  5 2 0  
P 6 0 0  5 3 0  
F 6 0 0  P600 5 5 0  540 

P 5 0 0  5 6 0  
7 6 0 0  5 7 0  
P 6 0 0  580 
P 6 0 0  590  
P 6 0 0  6 0 0  
F600 6 1 0  
P 6 0 0  6 7 0  -. 
P600 6 3 0  
P 6 0 0  640 
P 6 0 0  6 5 0  
P 6 0 0  6 6 0  
P 6 0 0  6 7 0  
F 6 0 0  6 8 0  
F 6 0 0  6 9 0  
P 6 0 0  7 0 0  
P 6 0 0  P500 7 1 0  720  

F 6 0 0  7 3 0  
P 6 0 0  7 4 0  
P600 7 5 0  
P 6 0 0  7 5 0  
P 6 0 0  7 7 0  
P 6 0 0  7 8 0  
P 6 0 0  7 9 0  
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7 0 5  X(J )=ATOYS ( J + 1 . 1 )  *SflULT 
T2=VIEW/(VIEW-X(3)  ) 
DO 7 2 5  J = 1 , 2  
T l = X ( J ) * T 2  
IF (X?AX (J) - T O  7 1 0 . 7 1  5,715 

710 X R A X ( J ) = T l  
7 1 5  IP(Tl-XnIN(J))720,725,125 
7 2 0  X n I N ( J ) = T l  
7 2 5  CONTIWUE 

7 4 0  I P ( N J 2  -3) 7 4 5 , 7 4 2 , 7 5 5  
C ***** REPINE PARANETERS ***** 

7 4 2  s I u L Z = l .  
GO TQ 765 

C ***** AUTOVATIC SCALE ONLY ***** 
7 4 5  DO 750 J = 1 , 2  

T2=XO (J) 
S C A L ( J )  = (BRDR-T2) / X R I N  (J) 

750 S C A L l J + 2 ) =  (XLNG(J1 -BRDR-TZl/XUIX(JI  
SMULZ=AnIN 1 (SCAL ( 1 )  , S C I L  ( 2 )  .SCAL (3) ,SCAL ( 4 ) )  
GO TO 7 8 9  

C ***** AUTOMATIC SCALE A N D  POSITION ***** 
755 DO 760  J = 1 , 2  
'60 S C R L ( J ) =  (XLNG (J) -BRDR*2.)/(XnAX(J)-XnIN(J) 1 

SMUL2=RNINl (SCRL ( 1 )  , S C A L ( 2 ) )  
C ***** AUTOMATIC POSITION ***** 

7 6 5  DO 7 7 0  J = 1 , 2  
7 7 0  XO ( J )  =.5*(XLNG (J) -SUUL2* (XnAX(J )  i X H I N  ( J )  ) )  
7 8 0  SMULT=SMULT*SnUL2 

V I E u = V I P w * S n U L 2  
1 8 5  SCALl=SCALl+SOULT 
7 9 0  SCL=SCRLl*SCAL2 

C ***** ELIRINRTE RLL PREVIOUSLY STORE0 OVERLAP 
CALL L R P 5 0 0 ( 0 )  
RETURY 
END 

P600 800 
P600 8 1 0  
P600 8 2 0  
P 6 0 0  830 
P600 8 4 0  
P 6 0 0  850 
P600 8 6 0  
P 6 0 0  8 7 0  
P 6 0 0  880 
F 6 0 0  8 9 0  
P600 9 0 0  
P 6 0 0  9 1 0  
F600 920 
F600 9 3 0  
P 6 0 0  9 4 0  
P 6 0 0  950 
P 6 0 0  960 
P600 9 7 0  
P 6 0 0  9 8 0  
P 6 0 0  9 9 0  
P 6 0 0 1 0 0 0  
P 6 0 0 1 0  10  
P 6 0 0 1 0 2 0  
P 6 0 0 1 0 3 0  
P600 1 0 4 0  
P 6 0 0 1 0 5 0  
P600 1 0 6 0  
P 6 0 0 1 0 7 0  
P600 1 0 8 0  
P 6 0 0 1 0 9 0  
P 6 0 0 1 1 0 0  

INPORUlTION ***** P 6 0 0 1 1 1 0  
P600 11 20  
P 6 0 0 1 1 3 0  
P6001140 

10 SUBROUTINE P700 F 7 0 0  
C ***** SUBROUTINE TO DRAW ELLIPSOIDS ***** P700 

DINENSION EYE(3)  , V I E W V ( 3 ) , 1 ( 3 )  ,Z (3 )  F700 
RERL*8 CHEM P700 
DIUENSION A ( 9 )  ,111 ( 3 . 3 )  . A A R E V  (3.3) ,AAWRK(3, 3) , A I D ( 3 , 3 ) ,  I I I N ( l 4 0 )  P700 
DIUENSION AT0~5(4,500),BB(3,3),CD(8,10),CHE~(l66) , C O N T ( 5 ) , D ( 3 ,  1 3 0 ) P 7 0 0  
DIUENSION D A ( 3 , 3 )  , D P ( 2 , 1 3 0 )  , E V  ( 3 , 1 6 6 )  .PS ( 3 . 3 . 4 8 )  , K D  ( 5 . 1 0 )  , O R G N  (3) P700 
DIM?NSION P ( 3 . 1 6 6 )  , P R ( 3 , 3 ,  166)  .PAC(3 ,5 ) ,PAT(3 .3 )  , Q ( 3 , 3 ) , R E P V ( 3 , 3 )  P700 80 
DIMENSION RES (4) ,RMS ( 5 )  , S Y I B  (3.3) , T I T L E (  1 8 )  , T I T L E 2 (  1 8 )  ,TS (3,48) P700 9 0  
DInENSION VT (3.4) , V l ( 4 ) , V 2  (3) , V 3 ( 3 )  , V 4 ( 3 )  ,V5(3) , V 6 ( 3 )  ,IRKV (3 .3)  P700 1 0 0  

P700 1 1 0  DIMENSION XLNG(3) , X O ( 3 ) , X T ( 3 )  

CONHOB D A , D P ,  DISP,EDGE ,EV,  FORE ,PS,IN,ITILT,KD,LATU,LTNO, NRTON, NCD P700 1 3 0  
CORNON N J ,  W2,NOOT.NSR . N S Y ~ , O R G N , P . P A , P ~ C , P A T , Q , R E P V , R ~ S , R U S , S C A L l P l O O  140 
COnfiON SCAL2,SCL,SY~B,TRPER,THETA,TITLE,TITLE2,TS,VIEW,VT,Vl,V2 P700 1 5 0  
connoN V~,VU,VS,V~,WRKV,XLNG,XO.XT P700 160 

P700 170 
I T I L T = O  P700 1 8 0  
N G = O  P700 1 9 0  
NFIRST=l  P700 2 0 0  
NPLANE=AIN (1)  P700 2 1 0  

P700 2 2 0  I F  (NPLANE- 1) 7 2 0 , 7 1 5 . 1 2  0 
7 1 5  NPIRST=U P700 2 3 0  

NPLANE=U 
7 2 0  NSOLID=AIN ( 2 )  

NDOT=64/2**(  IABS (NSOLID))  
LINES=AIN (3) 
NDLSH=RI N (4) 
CHSYI=AIN ( 5 )  
D H = A I N  (6)  -CHSYn*l l .  /7. 
D V = A I N ( l )  -CHSYfl*.5 

CounoN N G ,  A, l a ,  A A R E V , A A W R K ,  AID,AIN, ATOUS,EB,BRDR,CD,CHEU,CONT, D pi00 1 2 0  

C ***** SET ELLIPSOID GRAPHIC DETI ILS  ***** 

C ***** ESTAHLISH REFERENCE POINT OF V I E U  ***** 
T l = l .  E6 
IF (VIEW) 7 4 0 , 7 4 0 , 7 3 5  

7 3 5  Tl=VIEW/SCAL 1 
740 DO 7 4 1  J=1,3 
741 ETE(J)=REPV(J,3)*Tl+ORGN(J) 

LNS=-l  
C ***** LOOP TAROUGH ATOU L I S T  ***** 

DO 1 1 0 5  ITOU=l,LATU 
T1 =ATOMS (1  , ITOU) 
I P ( A I N ( 1 0 ) ) 7 4 4 , 7 4 4 , 7 4 2  

7U2  T2=AIRT ( T 1 / 1 0 0 0 0 0 . )  
I P  (12 -AIN ( 1 0 ) )  1 1 0 5 , 7 4 3 , 7 4 3  

7 4 3  I F ( A I N ( l l ) - T 2 )  1 1 0 5 , 7 4 4 , 7 4 4  
744 CALL XYZ(Tl .X .2 )  

2 0  
30 
40 
50 
60 
70 

~~ 

P700 2 4 0  
P700 2 5 0  
PlOO 2 6 0  
P 7 0 0  2 7 0  
P700 2 8 0  
P700 2 9 0  
F700 300 
F700 3 1 0  
P700 3 2 0  
P700 330 
P700 340 
F700 3 5 0  
P700 360 
P 7 0 0  370 
P700 3 8 0  
P 7 0 0  3 9 0  
P700 4 0 0  
P700 4 1 0  
P700 4 2 0  
P700 430 
P700 440 
P 7 0 0  4 5 0  
P 7 0 0  460 

I P ( N G )  7 5 8 , 7 4 6 , 7 5 8  
7 4 6  CALL PLTXY (X.2) 

K = T 1 / 1 0 0 0 0 0 .  
L=Tl-FLOAT (K) *lOOOOO. 
T F  11.17-101 7 4 7 . 7 5 4 . 7 5 U  

P700 4 7 0  
P700 480 
P 7 0 0  4 9 0  
e700 5 0 0  
P 7 0 0  5 1 0  
P700 5 2 0  
P700 5 3 0  
P700 5 4 0  

WRITE (NOUT.752)  P700 5 5 0  
7U9 WRITE (NOUT,750)CHEU(K),K,L,Z(l),Z(2), ( X ( I ) , I = l , 3 ) ,  ( X T (  P700 560 

P700 5 7 0  
7 5 0  PORMAT(1H 10X,A6,3H (13.1H.15.4H) 2P8 .2 .3X.3P8 .3 ,  l l X , 3 F 8 . 1 0  P700 580 
15 1 QnPlllT I 1  H 11nT.  1 R1 L11 P700 590 

1 1 )  , 1 = 1 , 3 )  

. .-..,,..-I . .  ___. . .. ... 
7 5 2  F O R N ~ T ( l A O l O X , 1 8 H S Y H B O L  ATOM CODE7X.16HPLOTTER X , Y  ( I N . )  3X,21HCAP100 6 0 0  

lRTESIAN K , Y . Z  ( I N . )  lSX.2OHCRYSTP.L SYSTEM X.Y.Z/lH 19X,U5H(DIRECTIOP700  6 1 0  
2N C O S I N F S f 1 , J l  . 1=1 ,3 ) .RNSD l J l l  . J=1 ,312X,42HFOR PRINCIPAL AXES BASEP700 6 2 0  

C 
7 6  0 

16 2 

764 

7 6  5 

76 6 
767 

C 

76 8 

77 0 
7 1  5 

780 

7 8 3  

C 

785 

7 9  0 
7 9 5  

.- . _  . 
7 5 8  CALL E R P N T ( T 1 , 7 0 0 )  

GO TO 1 1 0 5  
***** CALL OVERLAP ROUTINE ***** 
ICQ=O 
C A L L  L A P 7 0 0 ( I T O U , I C Q )  
IP ( I C Q )  7 6 2 , 7 6 4 , 7 6 4  ***** O n I T  H I D D E N  ATOR ***** 
NG=14 
GO TO 7 5 8  
IP (CHSYn) 775,775,765 
* f * f *  PLOT CHERICAL SYUBOLS ***** 
T4=1 .  
IF (VIEW) 767,767,766 
T U = V I E W /  (VIEW-X(3) )  
T3 =CHSYn *TU 
TU=DISP*TU*.S 
V1 ( 1 )  = X (  1) iDH*SYRS ( 1 , l  
V1 (21 = X  ( 2 )  +DH*SYHB ( 2 , l  

CALL PLTXY (Vl.V3) 
I F  (EDGE-CHSYM) 775 .768 ,  
V2 (3)=0. 
DO 170 1 = 1 . 3 , 2  
V2 ( 1 ) = V 3  ( l ) * P L O R T  ( 1 - 2 )  
DO 7 7 0  J = 1 , 3 , 2  
V2 ( 2 )  =V3 ( 2 )  +FLOAT ( 5 - 2 )  *TU 
CALL SIUBOL(V2 ( 1 )  , V 2  ( 2 )  , T 3  ,CHEI (K) , THETA.6) 
IF (TU) 7 7 5 , 1 7 5 , 7 7 0  
CONTINUE 
IF (NPLANE) 11 0 5 , 1 1 0 5 , 7 8 0  ***** ELLIPSOID PRINC VECTORS TOWARD VIEWER ***** 
T F  fNBl 75E. 7 8 3 . 7 5 8  

V l ( 3 ) = % ( 3 )  

cam P h x e s ( ~ i . 2 )  

P700 6 3 0  
7 5 4  IP(EDGE-B9DR*.75)755.160,760 P 7 0 0  6 4 0  
7 5 5  u c = r n  P700 6 5 0  

P700 P700 6 6 0  670 

P700 6 8 0  
P700 P700 6 9 0  7 0 0  

P700 7 1 0  
P700 7 2 0  
P 7 0 0  730 
P700 740 
P700 7 5 0  
P700 760 
P700 770 
P 7 0 0  780 
P700 7 9 0  
P700 8 0 0  
P700 8 1 0  
P700 8 2 0  
P700 830 
P700 840 
P700 8 5 0  
P700 860 
P700 870 
P700 880 
P700 8 9 0  
P700 9 0 0  

P700 P700 9 2 0  9 1 0  
P 7 0 0  9 3 0  
P 7 0 0  9 4 0  
P700 9 5 0  
P700 9 6 0  
P700 9 7 0  
1700 9 8 0  
P 7 0 0  9 9 0  
P7001000 

P700 1 0 2 0  
F 7 0 0 1 0 3 0  
P 7 0 0 1 0 4 0  
P700 1 0 5 0  
P 7 0 0 1 0 6 0  
P 7 0 0 1 0 7 0  
P 7 0 0 1 0 8 0  
P 7 0 0 1 0 9 0  
F700 1 1 0 0  
P 7 0 0 1 1 1 0  
P 7 0 0 1 1 2 0  
P 7 0 0 1 1 3 0  
P 7 0 0 1 1 4 0  
P700 1 1 5 0  
F 7 0 0 1 1 6 0  
P700 1170 
P 7 0 0 1 ~ 8 0  
P 7 0 0 1 1 9 0  
P 7 0 0 1 2 0 0  
P 7 0 0 1 2 1 0  
F 7 0 0 1 2 2 0  
P 7 0 0 1 2 3 0  
P 7 0 0  1 2 4 0  
P 7 0 0 1 2 5 0  
P 7 0 0  1 2 6 0  
P 7 0 0 1 2 7 0  
P700 1 2 8 0  
P 7 0 0  1 2 9 0  

3D ON WORKING SYSTEU/lH ) 

p i a o i o i o  

) +DV 
' )  +DV 

768 

*TU 

*SYRB ( 1 . 2 )  
+SYRB(2 .2 )  

-. 
C A ~ L - ~ I P V ~ E Y E ; X T , V I E W V )  
CALL UNIT (VIEWV,VIEWV, -1)  
CALL VU(VIEUV.AA.V2) 

PAC ( J , u )  = p a c  ( J ,  1)  
800 P I C  (5 .5)  = P A C ( J , 2 )  

IP ( N J 2 - 1 0 )  8 0 2 , 8 0 3 , 8 0 3  
80 1 FORUAT ( 1  H 13X, 3 ( 3 X .  3P8.U. P 8.5)  / l H  ) 
8 0 2  WRITE (NOUT.801) ( ( P A C ( J , K ) , J = 1 , 3 ) , R ~ S ( K )  .K=1,3) 

8 0 3  CALL Vfl(VIEWV,AAWRK,V6) 
c ***** V U  = VECTOR NORnAL TO WLAR PLANE ***** 

CALL U N I T ( V 6 , V 6 , 0  
CALL NV(Q,V6 ,V4)  
CALL U N I T  (VU , V U ,  1) 

T3=RnS ( 3 )  *SCL 
NRESOL=l 
N B I S = 5  
DO 805 J = l , 3  
I P ( T 3 - R E S ( J ) )  8 0 4 , 8 1 0 ~ 8 1 0  

C ***** SET n O T T 1 N G  RESOLUTION FOR ELLIPSOID ***** 

804 NBIS=NBIS-1  
805  NRESOL=NRESOL*2 
8 1 0  NRES l=NRESOL+ 1 

C ***** LOOP TAROUGH PRINC A N D  POLAR PLANES .**** 
DO 1 1 0 0  I I=NPIRST,NPLANE 
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IIO=MOD ( I I i 2 . 3 )  + 1 

I I 2 = U O D  ( 1 1 + 1 , 3 )  + 1  

I F  (.99938- RBS (VV ( V U , P R C ( l , 1 1 2 ) ) ) )  8 2 0 , 8 2 0 , 8 3 0  
8 2 0  T l = R ? l S ( I I O )  *SCL 

T 2 = R U S  ( 1 1 1 )  *SCL 
DO 8 2 5  J = 1 , 3  
D A ( J , 1 ) = P a C ( J , I I O ) * T l  

GO TO 8 5 0  

CALL NOWM[Vl,VU,V2,1) 
CRLL UNIT (V2, V 2 , l l  
CALL UVfO.V2.V3\ 

r r i = n o o ( 1 1 , 3 )  r i  

C ***** GENEDATE CONJUGRTE DIRRETERS ***** 

8 2 5  DA ( J , 2 ) = P A C ( J , I I l )  *T2 

8 3 0  CALL N O R U ( P A C ( 1 , I I O )  , P A C ( l , I I l )  , V l , l )  

IF (114)' i 5 5 ,  suo; 8 uo 
8 3 5  CALL NORU(V3,Vl ,V5 ,1 )  

8 4 0  CALL NOQU(V3,V4 ,V5 ,1 )  
8 9 3  CALL U N I T f V 5 . 1 5 ,  11 

GO TO 8U3  

T l = S C L / S Q R T  (VnV(V2.Q.V2) )  
T2=sCL/sQRT(VHV(V5,Q,V5)) 
DO 845 J = l , 3  
D R  (J, 1 ) = V 2  (J)  *T1 

8U5 DA (J ,  2) =V5  (J)  *T2 

8 5 0  CRLL RADIAL(NB1S) 

8 5 1  TPfNSOLIDl  € 5 9 . 8 5 9 . 8 5 2  

C ***** GENEPATE PLLIPSE ***** 
I F  ( 1 1 - U )  9 0 0 , 8 5 1 , 8 5 1  

C ***** PLOT DOTTED'BOUNDAQY ELLIPSE ***** 
8 5 2  IF(NDOT-NRESOL) 8 5 3 . P 5 5 . 8 5 5  
8 5 3  C4LL RADIAL(NSOL1D-1) 
855  CALL PROJ (D.DP.X.XO.VIEW.1 , 1 2 9  ,NDOT) 

DO 857 J = 1 , 1 2 9 , N D O T  
CALL D R R W  (DP ( 1,  J)  , D I S P ,  DIS  P, 3) 
DO 8 5 6  1 .1 .3 .2  
Tl=FLOAT (112i * D I S P  
DO 856 K = l , 3 , 2  
T2=FLORT (K-2) * D I S P  
CALL D R R U  (DP ( 1 . J )  , T l , T 2 , 2 )  
I P ( D I S 0 )  € 5 7 , 8 5 1 , 8 5 6  

856 CONTINUE 
8 5 7  CONTINUE 

GO TO 1 1 0 0  
C 

R59 

86 0 

c 
Pfi 5 

8 7  0 
C 

8 7 5  

9 0 0  
C 

00 5 

C 
9 1 0  

9 1 5  

9 2  5 
9 3 0  
9 7 5  

9 3 8  

940 
0 U 5  

***** PLOT SOLID B O U N D R R Y  ELLIPSE ***** 
CALL P1OJ(C,DP,X.XO,VIEU.l  ,129,NRESOL) 
CALL DQAU(DP, O.,  O . ,  3) 
DO 860 J = N R E S l , l 2 9 , N R E S O L  
CALL DRAU(DP(1.J)  ,O . ,O  . , 2 )  
TP(DISP1  1 1 0 0 , 1 1 0 0 , 8 6 5  
***** BOllNDARY RVNULUS RS R LINEAR FUNCTION 
CALL DIPV(XT,ORGN,Vl)  
T5=VV ( V l  ,a  A R E V  ( 1 , 3 )  ) *SCALl 
NCYCLE=. 5 +  ( A I N ( 8 )  t T S * A I N ( 9 ) )  n 1 S P  
I F  (NCYCLE) 1 1 0 0 , 1 1 0 0 , 8 7 0  
T 3 =  ( 2 . * D I S P )  / ( T l + T 2 )  
***** INCREASE ANNULAR THICKNESS ***** 
DO 8 7 5  I = l , N C Y C L E  
TU=T3*PLOAT (I) 
DO 8 7 5  J = l , l 2 9 , N R E S C L  
CRLL D R R U  (D? ( 1 .J)  , D ( 1 ,  J)  
c n  .m i i n n  

*T 4.0 ( 2 . J )  *TU, 2) _ _  _ _  . 
CALL PROJ (D,DP,  X , X O , V I E W .  1 , 6 5 ,  NRESOL) 
***** ?LOT HALF R N  ELLIPSE ***** 
CALL DQAU(DD,O.,O. ,3)  
DO 90' J = N R ? S l , 6 5 , N B 3 S C L  
CALL D9RW (DP ( 1 ,  J)  , O .  ,O . , 2 )  
I F  ( D I S P )  9 3 0 , 9 3 0 , 9 1 0  
***** ACCENTUATE FRONT 3RLF ***** 
DO 9 2 5  1 = 1 , 3 , 2  
T2=FLOAT (1-2) *DISP  
DO 9 1 5  J = l , h 5 , N R E S O L  
K=66-J 
CALL 
DO 0 2 5  K=1,65,NRESOL 
CALL D R A W  (DP (1.K) , - D I S P , - T 2 . 2 )  
IF (YSOLTD) cU0 .9C7 ,935  

DQA W (DP ( 1 .K) , DISP  . T 2 , 2 )  

L= NDqT 
IF(YDOT-NRESOL) 9 3 8 , 9 4 5 , 9 4 0  
CALL R A D I A L  (NSOLID- 1 )  
GO TO 9U5  
L=NQSSOL 
CALL 
I F  (NSOLTD) 9 h 0 . 9 6 7 . 9 5 0  

P Q O J  ( D (  1 , 6 5 )  ,DP ( 1 . 6 5 )  ,X,XO,VIEW, 1 .65 ,L)  

L= NDqT 
IF(YDOT-NRESOL) 9 3 8 , 9 4 5 , 9 4 0  
CALL R A D I A L  (NSOLID- 1 )  
GO TO 9U5  
L=NQSSOL 
CALL 
I F  (NSOLTD) 9 h 0 . 9 6 7 . 9 5 0  

P Q O J  ( D (  1 , 6 5 )  ,DP ( 1 . 6 5 )  ,X,XO,VIEW, 1 .65 ,L)  

OF HE I G H ' I  I**** 

P 7 0 0 1 3 0 0  
F 7 0 0  1 3  10  
P 7 0 0 1 3 2 0  
F 7 0 0 1 3 3 0  
1 7 0 0 1 3 4 0  
P 7 0 0  1 3 5 0  
P 7 0 0  1 3 6 0  
F 7 0 0 1 3 7 0  
F 7 0 0 1 3 8 0  
F 7 0 0 1 3 9 0  
F 7 0 0  lU00  
P 7 0 0  14 10  
P 7 0 0 1 4 2 0  
P 7 0 0 1 U 3 0  
F70014UO 
P 7 0 0 1 4 5 0  
F 7 0 0  1 4 6 0  
P 7 0 0 1 4 7 0  
F 7 0 0 1 U 8 0  
F 7 0 0 1 4 9 0  
P 7 0 0  1 5 0 0  
F 7 0 0 1 5 1 0  
P 7 0 0 1 5 2 0  
P 7 0 0 1 5 3 0  
F7 00 15U 0 
P 7 0 0 1 5 5 0  
F 7 0 0  1 5 6 0  
F 7 0 0  1 5 1 0  
F 7 0 0 1 5 8 0  
F 7 0 0 1 5 9 0  
P 7 0 0 1 6 0 0  
P 1 0 0 1 6  10  
F 7 0 0  1 6 2 0  
F 7 0 0 1 6 3 0  
F70016UO 
F 7 0 0 1 6 5 0  
P700 1 6 6 0  
P 7 0 0  1 6 7 0  

F 7 0 0 1 6 9 0  
F 7 0 0  1 1 0 0  
F 7 0 0  17 10  
F 7 0 0  1 7 2 0  
P700 17 30  
F 7 0 0  1 7  UO 
F 7 0 0 1 7 5 0  
F 7 0 0  1 7 6 0  
P 7 0 0 1 7 7 0  
F 7 0 0 1 7 8 0  
F 7 0 0 1 7 9 0  

F ~ O O  1 6 8 0  

F 7 0 0  1 8 0 0  
P 7 0 0  1 8  1 0  
F 7 0 0 1 8 2 0  
P 7 0 0 1 8 3 0  
F 7 0 0  1 8 4 0  
F 7 0 0  1 8 5 0  
F 7 0 0 1 8 6 0  
F 7 0 0  1 8 7 0  
F 7 0 0 1 8 8 0  
F 7 0 0 1 8 9 0  
F 7 0 0 1 9 0 0  
F 7 0 0  19  1 0  
F 7 0 0 1 9 2 0  
F 7 0 0  1 9 3 0  
p i n o  i q u n  
F 7 0 0 1 9 5 0  
F 7 0 0 1 9 6 0  
F 7 0 0 1 9 7 0  
F 7 0 0 1 9 8 0  
F 7 0 0  1 9 9 0  
F700 2 0 0 0  
F 7 0 0 2 0  10  . .. 
P 7 0 0 2 0 2 0  
F 7 0 0 2 0 3 0  
P700 2 0 4 0  
F 7 0 0 2 0 5 0  
F 7 0 0 2 0 6 0  
F 7 0 0 2 0 7 0  
F 7 0 0 2 0 8 0  
F 7 0 0 2 0 9 0  
P 7 0 0 2 1 0 0  
F 7 0 0 2 1 1 0  
P 7 0 0 2 1 2 0  
F 7 0 0 2 1 3 0  

C ***** DOTTED LINE ON REVERSE S I D E  ***** 
9 5 0  DO 958 J = 6 5 , 1 2 9 , N D O T  

CALL D R A U  (CP ( 1 . J )  , D I S P , D I S P ,  3)  
DO 9 5 5  1 = 1 . 3 . 2  
TlmFLOAT ( I - 2 j  * D I S P  
DO 9 5 5  K=1 .3 ,2  
T2-FLOAT (K-2) 'DISP 
CALL D R A W  (DP ( 1 . J )  , T l , T 2 , 2 )  
I F  IDISPl  9 5 8 , 9 5 8 , 9 5 5  

9 5 5  CONTTNUP 
9 5 8  CONTINUF 

GO TO 9 6 1  
C ***** SIUGLE L I N E  ON REVERSE S I D E  ***** 

960 DO 9 6 5  J = 6 5 , 1 2 9 , N R E S O L  
96  5 CALL D R A  U (DP ( 1 ,  J) , O .  .O . , 2 )  

C ***** DETAIL INTERIOR FEATURES ***** 
9 6 7  T2=NDASH*2 

DO 975 J = 1 . 3  
T I = P R C ( J , I ~ O )  + R U S ( I I O )  *SCL 
r)A ( J , l ) = T l  
D A  ( 5 . 2 )  = P R C ( J , I I l ) * R 1 S  ( I I l ) * S C L  
D A ( J , 3 ) = O .  
IF fNDRSRI  9 7 5 . 9 7 5 . 9 7 0  

9 7 0  V1 (J)  =-T 1 

9 7 5  COWTIYUF 
V2 (J) = T l / T 2  

I F ( N D A S H ) 9 8 7 , 9 8 7 , 9 8 0  
C ***** DASHED LINE FOR REVERSE AXIS * e * * *  

9 8 0  DO 9 5 5  J=l .NDASH 
DO 985 K = 1 , 2  
L=4-K 
CALL PROJ(Vl ,DP ,X,XO,VIEW,  1.1,  1) 
CALL DFAW (D0,O.. 0.. L)  
DO 9 8 5  I = 1 , 3  

985 V1 (I) = V 1  ( I ) + V 2  (I) 

9 8 7  I F ( L I N 3 S )  1 1 0 0 , 1 1 0 0 , 9 8 8  
C ***** SOLID LINE FOR FORWARD AXIS ***** 

9RR CALL P F ' O J ( D A , D P , X , X O , V I E U , 1 , 3 , 1 )  
T l = D T S P * .  5 
DO 990  1 .1 .3 .2  

c ***** S P A D E  QIJRDRANT B E T W E E N  T W O  PRINCIPAL A X E S  ***** 
1000 L = L I N ? S - l  

1 0 0 5  T2=LTN?S 
I F  ( I )  1 1 0 0 , 1 1 0 0 , 1 0 0 5  

DO 1 0 2 5  I = l , L  
T l = F L O A T ( I ) / T 2  
TP=SQRT ( 1. -T 1*T 1)  
I F  (1OD ( I ,  2 ) )  1 0  10.10 1 5 ,  1 0 1 0  

1 0 1 0  n = 7 * 2  
N=n-1 
GO TO 1 0 2 0  

1 0 1 5  N = I * 2  
U = N -  1 

1 0 2 0  DO 1 0 2 5  J = 1 , 3  
T U = D A  ( J ,  1) *T1 
D (J,  n) =T4  

1 0 2 5  D ( J , N ) = D A ( J . 2 )  *T3+T4  
L=L*2  
CRLL PROJ (D, DP, X,XO,  V I E W ,  1 , L , 1 )  
DO 1 0 3 0  I c 2 . L . 2  
CALL D R A W f D P f i . 1 - 1 1  .O. . 0 . . 3 1  . . . . .  

1 0 3 0  C%LL D R R W ( C P ( l , I ) , 0 . , 0 . , 2 )  
1 1 0 0  CONTINUE 
1 1 0 5  CONTINUF 

C ***** VLIMINATS LOCRL 0V3QLIIP INFORf$RTION BEFCFE RETURNING ***** 
CALL L A P 5 0 0 ( - 1 )  
RETURN 
E N D  

SUBROUTINE F 8 0 0  

DLnENSION I A ( 3 l . U l f 6 1  
R?AL*fl CHER 
D I  UENS I n N  A I91 . R A  f 3.31 . A R R  P V  (3.31 . A A Y R K  13.31 . A I D  1 3 . 3  1 , A I  N r 1U 01 

C ***** SUPROUTINE FINDS ATOn PAIRS FOR BONDS ***** 

F 7 0 0  2 1 4 0  
P 7 0 0 2 1  50 
F 7 0 0  2 1 6 0  
F 7 0 0 2 1 7 0  
F 7 0 0 2 1 8 0  
F 7 0 0 2 1 9 0  
P 7 0 0 2 2 0 0  
F 7 0 0 2 2 1 0  
F 7 0 0 2 2 2 0  
F 7 0 0 2 2 3 0  
F70022UO 
P700 22 50 
P 7 0 0 2 2 6 0  
F 7 0 0 2 2 7 0  
P 7 0 0 2 2 8 0  
P 7 0 0 2 2 9 0  
F 7 0 0 2 3 0 0  
P 7 0 0 2 3  1 0  
F 7 0 0 2 3 2 0  
F 7 0 0 2 3 3 0  
F70023UO 
F 7 0 0 2 3 5 0  
F 7 0 0 2 3 6 0  
F 7 0 0 2 3 7 0  
F 7 0 0 2 3 8 0  
P 7 0 0 2 3 9 0  
F 7 0 0 2 4 0 0  
F 7 0 0 2 4 1 0  
F 7 0 0 2 4 2 0  
F 7 0 0 2 U 3 0  
F 7 0 0 2 4 4 0  
F 7 0 0 2 4 5 0  
P 7 0 0 2 4 6 0  
P 7 0 0 2 4 7 0  
P 7 0 0 2 4 8 0  
F 7 0 0 2 8 9 0  
F 7 0 0 2 5 0 0  
F 7 0 0 2 5 1 0  
F 7 0 0 2 5 2 0  
F 7 0 0 2 5 3 0  

- F 7 0 0 2 5 4 0  
P 7 0 0 2 5 5 0  

F 7 0 0 2 5 7 0  
P 7 0 0 2 5 8 0  
F 7 0 0 2 5 9 0  

0 
F 7 0 0  2 5  60 0. 

F 7 0 0 2 6 0 0  
F ~ O O  26 i n  ~. 
P 7 0 0 2 6 2 0  
P 7 0 0 2 6 3 0  
F70026UO 
P 7 0 0 2 6 5 0  
F 7 0 0 2 6 6 0  
F 7 0 0 2 6 7 0  
F 7 0 0 2 6 8 0  
P 7 0 0 2 6 9 0  
F 7 0 0 2 7 0 0  F 7 0 0 2 7 1 0  

F 7 0 0 2 7 2 0  
F 7 0 0 2 7 3 0  
F 7 0 0 2 7 4 0  
F 7 0 0 2 7 5 0  
P 7 0 0  27  60 
F 7 0 0 2 7 7 0  
F 7 0 0 2 7 8 0  
F 7 0 0 2 7 9 0  
F 7 0 0 2 8 0 0  
P 7 0 0 2 8 1 0  
P 7 0 0 2 8 2 0  
F 7 0 0 2 8 3 0  
F 7 0 0 2 8 4 0  
F 7 0 0 2 8 5 0  
F 7 0 0 2 8 6 0  
F 7 0 0 2 8 7 0  

F 8 0 0  1 0  
F a 0 0  2 0  
? B O O  30 
F 8 0 0  40 
F 8 0 0  5 0  

DI i l345ION Albb i (4 ;5bO\  iBB(3,j) ;Cb.(8, lO);CHE11(166) ' .CONT(5)  , 0 ( 3 , 1 3 0 )  F 8 0 0  60  
DINEVSIOY DA ( 3 . 3 )  , D P ( 2 , 1 3 0 ) , F V  ( 3 , 1 6 6 )  ,PS ( 3 . 3 . 4 8 )  , K D  ( c . 1 0 )  , O R G N  (3)  P800 7 0  
DIMENSION P ( 3 , 1 6 6 ) , P A ( 3 , 3 ,  166)  , P A C ( 3 , 5 ) , P A T ( 3 , 3 )  , Q ( 3 , 3 ) , R E F V ( 3 , 3 )  F 8 0 0  80 
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DIMENSION R ? S ( U )  ,RMS(5)  ,SYnB(3,3),TITLE(lE),TITLE2(16) . T S ( 3 , 4 8 )  P 8 0 0  9 0  
DINENSION VT (3 .U)  , V 1  ( 4 ) , V 2  ( 3 ) .  V3 ( 3 )  ,V4 ( 3 )  ,V5  ( 3 )  , V 6 ( 3 )  ,WRKV(3,3)  P800 1 0 0  

CO'INON N G ,  A ,  bA,AbREV.hbURR,RID .AIN,LTOMS~0B,BBDR, CD,CHEU,CONT, D Pa00 1 2 0  
CONNOY D4,  DP, D I S P ,  EDGE. EY. PORE,PS.IN,ITILT,KD ,LRTN, LTNO.  NATOM, NCD PEOO 1 3 0  

DIMSYSTON XLNG(3) , X 0 ( 3 ) , X T ( 3 )  Pa00 1 1 0  

_ .  
IP ( N O D ( N J 2 , 1 0 ) - 2 )  805,848,898 

C ***** EXPLICIT  DESCRIPTION ***** 
805 II=o 

IP INCD)  8 1 0 , 8 1 0 , 8 1 5  
8 1 0  N G = l l  

CALL ERPNT(O..NJ*lOO+NJ2I 
GO TO 9 8 0  

R l C l  T T = T T + l  

COMNON YJ,YJ2,NOUT,NSQ,NSYH,ORGN,P,PA,PAC, EAT,C,REPV,RES,RHS,SCALlP800 1 4 0  
CONNON S C R L 2 , S C L , S Y I I B , T A P E R , T R E T A , T I T L E , T I ~ L E 2 , T S , V I E U . V T , V l , V 2  P800 1 5 0  
CONWIN V3,VU.V',V6,4RKV,XLNG,XO,XT F 8 0 0  1 6 0  
T N S = - l l  P800 1 7 0  

P E O O  1 8 0  
m o o  1 9 0  
F800 2 0 0  
P E O O  2 1 0  
P800 2 2 0  
P R O O  2 1 0  

. .- _ _  
I P ( 1 4 0 - I S )  9 8 0 , 9 6 0 , 8 2 0  

I P f T O  8 1 5 , 8 1 5 . B 2 5  
8 2 0  T l = A I N ( I I )  

8 2 5  I I = I I + l  
T 2 = A I N ( I I )  
T P I T X  R l K . R l 5 . 8 1 0  

8 3 5  PORN4T f 1 A1 10X. 18AU1 

~. 
P E O O  2 4 0  
P E O O  2 5 0  
P 8 0 0  2 6 0  
PEOO 2 7 0  
P800 2 8 0  
PSOO 2 9 0  
P 8 0 0  3 0 0  
PEOO 3 1 0  
FE00 3 2 0  
P800 330 
P E O O  3 4 0  
P800 3 5 0  
P800 3 6 0  

WRIT? (NOUT.8 j l )  ' PROO 3 7 0  
8 3 7  FOR~AT(lHOlOX.18HSYMBOL ATCN CODE61,16HPLOTTER X,Y ( I N . )  6X.Z 1HCAPEOO 3 8 0  

I ' ITESIRN X.Y.2 ( I N . )  17X.2OACRYSTAL SYSTEN X , Y , Z / l H  ) P800 3 9 0  
C ***** CHECK IF B O N D  &TUNS ARE I N  ATOHS L I S T  (FOR OVERLAP CRLC) ***P800 4 0 0  

8 3 6  n I i i = o  P 8 0 0  4 1 0  
NA2=0 
I F  (LATN-2) 8U5 .839 .839  

DO 844 K = l , L A T n  
T3=ATOnS ( 1  ,K)  
IP ( T 3 - T l )  8 4 1 , 8 4 0 , 8 4 1  

GO TO 8U3  

8 3 9  N2=2 

8 4 0  NAl=K 

8 4 1  I P ( T 3 - T Z )  8 4 4 . 8 4 2 . 8 4 4  
8 4 2  NA2=K 
8 4 3  N2=N2-1 

844 CONTINUE 
8 4 5  IP (NA2-NAl) 8 4 6 . 8 4 7 , 8 4 7  
846 NL3=NAl 

NAl=NA2 
N R  2=NR 3 
T3=T1  
T l = T 7  

I P ( N 2 )  845,645,644 

. .. 
T2=T3  

GO TO 8 1 5  
8 4 7  CALL BOND(Tl .T2 ,1 ,NAl ,NL2)  

C ***** I M P L I C I T  DESCRIPTION ***** 
848 IF(LATM-2) 6 1 0 . E 5 0 . 8 5 0  
E50 SCAL3=SCRLl 

SCAL 1= 1. 
DO E55 I = l , L A T M  

sc AL 1 =sc 111 3 
IF (NCD) 8 1 0 , 8  1 0 , 8 6 0  

8 5 5  CALL XYZ(ATOMS~l,I).IiTOMS(2,1) , 2 )  

860 WRITE ( n 0 0 ~ , 8 6 i )  

PEOO 4 2 0  
Pa00 4 3 0  
PEOO 440 
Pa00 450 
P800 4 6 0  
P800 4 7 0  
PEOO 480 
FB O O  4 9 0  
P800 500 
PEOO 5 1 0  
PEOO 5 2 0  
P800 5 3 0  
PEOO 5 4 0  
P800 5 5 0  
P800 5 6 0  
P800 5 7 0  
PEOO 5 6 0  
P800 5 9 0  
P800 6 0 0  
PEOO 6 1 0  
P800 6 2 0  
P E O O  6 3 0  
PEOO 640  
PEOO 650 
FEOO 6 6 0  
PEOO 6 7 0  
PEOO 680 
P800 6 9 0  
P800 7 0 0  
P800 7 1 0  
PEOO 7 2 0  

PORUATilHO 10X.20HBOND SELECTION CODES//( lX .94RfSEOUENCEf l l l  fSEOOENPR00 7 3 0  
7 4 0  
7 50 
7 6 0  

FEOO 7 7 0  
P800 7 8 0  
P800 7 9 0  
P E O O  EO0 
P 8 0 0  8 1 0  
PEOO E 2 0  
PEOO 830 
PEOO 6'40 
P800 8 5 0  
PEOO 860 
PEOO 8 7 0  
FEOO E80 
PEOO 890 
1 8 0 0  9 0 0  
P800 9 1 0  
P800 9 2 0  

E61  
i c E  ( 8 ) )  ( B O N D ) .  (DISTANCES)  ( B O N D  ) ( P E R S P . - - ~ A B E L S ~  i noana i - l i i i k i s  j(;Soo 
3US)  (REIGRT OFFSET) (SEIGRT OFFSET) (NUIIBER)) P800 
2 D I G I T S )  / l l X , 9 3 H (  N I N  N A X  ) (  M I N  H I X  ) (TYPE) (HIN MAX) (RADIPEOO 

D n i x = o .  
DO E70 I = l , N C D  
I P ( D ~ A ~ - ~ D ( z , I ) )  865,870,870 

E 6 5  DMAX=CD(2,I) 
6 7 0  WRITE (NOUT.871)  (KD(J .  I )  , J = 1 , 5 ) ,  (CD (J.1) , J = 1 , 8 )  
8 7  1 m R m T  ( 1  A 10x16.15.18.15.1 E. 2 ~ 6 . 2 . 5 ~ 8 . 3 ,  ~7 .o) 

DM A X = D M A  X * D M A X  

DO 977 n=! ,LhTn  
C ***** LOOP THROOGA ATOMS A R R A Y  ***** 

N A  1=I( 
Tl=ATOMS (1.M) 
IA f l l  = T l / l 0 0 0 0 0 .  

8 7 5  DIST=SQRT(DIST)  
T2=bTOKS ( 1  . a )  
IR 121 = T 2 / 1 0 0 0 0 0 .  

C ***+* SELECT BONDS llCCORDING TO CODES ***** 
DO 950 J = l , N C D  
. l R = . l  _ _  - 
TF (DIST-CD ( 1 . J ) )  950,880,880 

880 IP (CD ( 2 ,  J) -DIST)  9 5 0 , E E 1 , 8 6 1  
8 8 1  DO 455 K=1.2 

I F  (In (K) - K D ( l  ,J) ) 8 8 5 , 8 6 2 , 8 6 2  
8 8 2  I P ( K D ( 2 . J )  - I I I ( K ) )  8 8 5 , 8 8 3 , 8 8 3  
88  3 IP (I& (K+ 1) - K D  ( 3 ,  J) ) 885,864,884 

8 8 5  CONTINUE 
8 8 4  I F ~ ~ D ( U , J ) - I A ~ K + ~ ) ) ~ ~ ~ , ~ ~ O , ~ ~ O  

GO TO 9 5 0  
C * * * *e  CHECK FOR POLYHEDRA CODE ***** 

8 9 0  IP ( C D ( U . J ) ) 9 0 0 . 9 5 5 , 9 5 5  
9 0 0  W l ( 4 ) = A T O N s ( 2 , N )  

U1 (5 )=ATONS(3 ,N)  
Ul (6) =ATOMS(U,N) 
K N  1=ABS (CD ( 4 , J ) )  
K N 2 = L B S ( C D f S , J ) )  
DSQl=(CD (6.5)) * * 2  
D S Q Z = ( C D ( l , J ) ) * * 2  

DO 935 I N = l , L I T H  
K3=ATOnS ( 1 , 1 M ) / 1 0 0 0 0 0 .  
IP (K3-KMl) 9 3 5 , 9 0 5 , 9 0 5  
IP fKN2-K 31 9 3 5 . 9 1  0 . 9 1 0  

C ***** SEIiRCA F O R  POLYHEDRA CENTER ***** 

9 0 5  

L= N+ 1 P 8 0 0  9 3 0  
I F ( L I i 9 M - L )  9 7 7 , 8 7 2 , 8 1 2  Pa00 9 4 0  

8 7 2  DO 9 7 5  N=L,LATY F 8 0 0  9 5 0  
YA2=N P800 9 6 0  
DI ST= (ATOMS ( 2 , N )  -W1 ( 1 )  ) **2 P800 9 7 0  
IP IDNAY-DISTI 9 7 5 . 8 1 3 . 8 7 3  F800 9 8 0  

P800 9 9 0  
F 8 0 0 1 0 0 0  
P ~ O O l O l O  
PEOO 1 0 2 0  
F 8 0 0 1 0 3 0  
P 8 0 0 1 0 4 0  
YE00  1 0 5 0  
P 8 0 0 1 0 6 0  
P E 0 0 1 0 7 0  
F800 1 0 8 0  
1 8 0 0 1 0 9 0  
P800 1 1 0 0  
P 8 0 0 1 1 1 0  
F8OO 11 2 0  
P E 0 0 1 1 3 0  
F 8 0 0 1 1 4 0  
P 8 0 0 1 1 5 0  P 8 0 0 1 1 6 0  

P 8 0 0 1 1 7 0  
P 8 0 0  11 EO 
P 8 0 0 1 1 9 0  
P E 0 0 1 2 0 0  
P 8 0 0 1 2 1 0  
P 8 0 0 1 2 2 0  
PE00 1 2 3 0  
P 8 0 0  PSOO 1 2 5 0  1 2 4 0  

P 8 0 0 1 2 6 0  
P E 0 0 1 2 7 0  
P E 0 0 1 2 8 0  
P 8 0 0 1 2 9 0  P 8 0 0 1 3 0 0  

P 8 0 0 1 3 1 0  
PEOO 1 3 2 0  
PEOO 1 3 3 0  
PEOO 1 3 4 0  
P 8 0 0 1 3 5 0  
P E 0 0 1 3 6 0  
P E 0 0 1 3 7 0  
P 8 0 0 1 3 8 0  
P E 0 0 1 3 9 0  
P 8 0 0 1 4 0 0  
PE00192D P 8 0 0 1 4  1 0  

P B 0 0 1 4 3 0  
PEOOl440  
P E 0 0 1 4 5 0  
P E 0 0 1 4 6 0  
P E 0 0 1 4 7 0  
P 8 0 0 1 4 8 0  
P 8 0 0 1 4 9 0  P E 0 0 1 5 0 0  

P800 15 10  
WRITE (NOOT.837) P 8 0 0 1 5 2 0  

9 7 0  CALL BOND(Tl ,T2 , JB ,NAl  , N I 2 )  P 8 0 0 1 5 3 0  
975 CONTINUE P E 0 0 1 5 4 0  
977 COWTINUE P 8 0 0 1 5 5 0  

C ***** ELININATE LOCAL OVERLAP INFORMATION BEFORE RETURNING ***** PEOO 1 5 6 0  
980 IP (NJ2-2  1) 5 8 5 , 9 9 0 , 9 9 0  P E 0 0 1 5 7 0  
9 8 5  CALL L A P 5 O O f - 0  P800 1 5 8 0  
990 RETURN P 8 0 0 1 5 9 0  

E N D  P 8 0 0 1 6 0 0  

c *****-CHECK P ~ L Y H E D R A  DISTANCE R A N G E  ***** 
9 1 0  DO 9 3 0  J 1 = 1 , 4 , 3  

DSQ=(ATOnS ( 2 , I M ) - l i l  ( J l ) ) * + 2  
I P ( D S Q 2 - D S Q ) 9 3 5 . 9 1 5 , 9 1 5  

I P f D S Q 2 - D S Q )  9 3 5 , 9 2 0 , 9 2 0  
9 1 5  DSQ=DSQ+ ( A T O M S ( 3 , 1 M ) - W l ( J l * l ) )  **2 

9 2 0  DSQ=DSQ+(A<OES(4,IR)-Ul(Jlt2)) **2 
IP (DSQ2-DSQ) 9 3 5 , 9 2 5 , 9 2 5  

9 2 5  I P ( D S Q - D S Q l )  9 3 5 , 9 3 0 , 9 3 0  
9 3 0  CONTINUE 

9 3 5  CONTINUE 

950 CONTINUE 

GO TO 955 

C ***** END OF POLYHEDRL CHECK ***** 
GO TO 9 7 5  

C ***** PREPARE TO D R A W  BOND ***** 
9 5 5  I P ( N J 2 - I O )  9 6 0 , 9 7 0 , 9 7 0  
9 6 0  LNS=NOD(LNS+U,56)  

965 URITB INOUT.835) I T I T L E ( I 1  . I = l .  181 
I P ( L N S )  9 6 5 , 9 6 5 . 9 7 0  

SUBROUTINE P 9 0 0  P900 10 
DIMENSION X(3)  ,XW(3,5)  . Y ( 3 ) , 2 ( 3 )  P900 2 0  
REAL*E CAEM P 9 0 0  30 
DIUENSION A(9) , 1 1 ( 3 , 3 )  , I A R E V ( 3 , 3 )  ,AAWRK(3,3) , A I D ( 3 , 3 )  , A I N  ( 1 4 0 )  P 9 0 0  40 
DIHYNSION I T O n S ( 4 . 5 0 0 )  , B B ( 3 , 3 )  ,CD(B, lO)  ,CHEM(166) , C O N T ( 5 ) , D ( 3 ,  130)  P 9 0 0  50 
DINEASTON DA(3~3),DP(2,130),EV(3,166),FS(3,3,4E),KD(5,10),0RGN(3) P 9 0 0  6 0  
DInENSION P ( 3 , 1 6 6 ) . P A ( 3 . 3 .  166)  . P A C ( 3 , 5 ) , P I T ( 3 , 3 )  , Q ( 3 , 3 ) . R E P V ( 3 , 3 )  P 9 0 0  7 0  
DIMENSION R E S ( @ )  .RMS(5) ,SYMB (3.3) , T I T L E ( l E ) , T I T L E 2 (  1 6 )  , T S ( 3 , 4 8 )  P 9 0 0  80  
DIMENSION V'I ( 3 . 4 )  . V l ( U )  ,V2 ( 3 ) , V 3 ( 3 )  , V 4 ( 3 )  , V 5 ( 3 )  . V 6 ( 3 )  ,MRKV(3,3)  P 9 0 0  9 0  
DIMENSION XLNG(3) ,XO(3)  ,XT (3) P 9 0 0  1 0 0  

COMMON DA,DP,DISP,EDGE,EV, PORE,PS,IN,ITILT,KD,LITM,LTNO,NATOM,NCD P 9 0 0  1 2 0  
CO HMON N J , NJ2,  NOUT, NSR , NSY M, ORGN ,P ,  PA, P AC, PA T , Q, REPV , R E S  ,RMS, S CA L l  P 9 0 0  1 3 0  
CONIION SCAL2,  SCL.SYM0. TAPER.THET&,TITLE.TITLE2,TS,VIEU ,VT,Vl,V 2 P 9 0 0  1 4 0  

connoN N G ,  I , ~ R , A ~ R E V , A I ~ R K . I I D , A I N , ~ ~ ~ M ~ , B B , ~ R D R . C D , ~ R ~ M , C O N T , D  m o o  i i o  

0 
U 
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COlnON V3,V4,V5,V6.WRKV,XLNG.XO,XT 
C +**** LABELING FUNCTION SUEROOTINE ***** 

I T I L T = O  

9 1 0 . 9  ‘ 1 0 . 9 C 5  

N J 3 = n O D ( N J 2 , 1 0 )  
TH=THETR 
S I N T H = S Y n B ( Z ,  1 )  
COSTH=SYnB ( 1 , l )  
ILAST= 1 
I F  (AIN ( 2 )  - 1 1  1 0 0 .  

9 0 5  I L R S T = 2  
9 1 0  DO 9 2 5  I I = l , I L I I S T  

C ***** OBTAIN YOI?KING CARTESIAN COORDINATES ***** 
CALL X Y Z ( A I N ( I 1 )  , X W ( l , I I ) , 2 )  
I F  (NG) 9 1 5 ,  9 2 5 , 9 1 5  

9 1 2  NG=15 
9 1 5  CRLL 9RPNT(AIN(II) ,NJ*10O*NJ2)  

9 2 5  CALL X Y 7  ~ A I N f I I ~ ~ X W ~ l ~ I I ~ 3 l , 3 l  
GO TO 1 1 9 9  

1 1 = 1  
C ***** F I N D  HEAN RYPERENCE FOINT ***** 

DO 9 3 0  J = 1 , 3  
T2=XW ( J , I t A S T )  
T l = X W ( J ,  1)  
X U  fJ ,  31 =TZ-Tl  

9 3 0  T ( J ) = ( T Z + T l ) * . S  
C ***** PERSPECTIVE SCALING FACTOR ***** 

scar=  1 .  . . .- 
I F  (VIEW) 94C.940.935 

9 3 5  SCAL=VIEW/(VIEW-X(3) 1 
9 4 0  HGT=SCAL*RIN(S) 

IF ( N J 2 - 3 )  9 6 0 , 9 5 0 , 9 4 5  
9 U 5  T ” ( N J 2 - 6 ) 9 5 0 , 9 5 0 , 9 6 0  

C ***** PROJPCTED VECTOR BASELINE ***** 

P900 1 5 0  
P 9 0 0  1 6 0  
F 9 0 0  1 7 0  
P 9 0 0  180 
P 9 0 0  1 9 0  
F 9 0 0  200  
e 9 0 0  2 1 0  
P 9 0 0  2 2 0  
P 9 0 0  2 3 0  
P 9 0 0  2 4 0  
P900 250 
P 9 0 0  2 6 0  
P 9 0 0  2 7 0  
P 9 0 0  2 8 0  
P 9 0 0  2 9 0  
P 9 0 0  3 0 0  
P 9 0 0  3 1 0  
F 9 0 0  3 2 0  
F 9 0 0  330  
e 9 0 0  3 4 0  
F 9 0 0  350  
P 9 0 0  360 
P 9 0 0  3 7 0  
F 9 0 0  380 
P 9 0 0  3 9 0  
F 9 0 0  4 0 0  
F 9 0 0  4 1 0  
P 9 0 0  4 2 0  
P 9 0 0  4 3 0  
F 9 0 0  440 
P 9 0 0  4 5 0  
P 9 0 0  4 6 0  
P 9 0 0  4 7 0  

9 5 0  CALL PLTXY(XW(l .U) ,Vl)  
C4LL PLTXY (XW (1 .5)  ,V2)  
T l = V 2  ( 1) -V 1 ( 1 )  

P 9 0 0  4 8 0  
P 9 0 0  490 
P 9 0 0  5 0 0  
F 9 0 0  5 1 0  T2=V2 ( 2 )  - V l  ( 2 )  

T 3 = S Q R m ( T l * T l + T 2 * T 2 )  F 9 0 0  5 2 0  
1” ( T 3 )  9 1  2 , 9 1 2 , 9 5 5  P 9 0 0  5 3 0  

955 C O S T H = T l / T 3  F 9 0 0  5 4 0  
S I N T H = T ? / T 3  F 9 0 0  550 

F 9 0 0  5 6 0  TH=ARCCOS (COSTH) 
IF (SINTH) 9 5 8 , 9 6 0 , 9 6 0  F 9 0 0  5 7 0  

954 TH=-TH P 9 0 0  580 
q60 I F ( N J 2 - 1 3 )  4 6 5 , 9 8 5 , 9 8 5  F 9 0 0  5 9 0  

P 9 0 0  600 
9 6 5  Y ( 1 )  =SCAL* (X ( l ) + A I N ( 6 )  * C O S I H - I I N ( 7 )  *SINTH) +XO ( 1 )  P 9 0 0  6 1 0  

P 9 0 0  6 2 0  Y ( 2 )  =SCAL* ( X  ( 2 )  +RIA ( 6 )  *SINTH+AIN (7)  tCOSTH) +XO ( 2 )  
Y ( 3) =@ . F 9 0 0  6 3 0  

C ***** CHECK FOR LEGPND RESET ***** F 9 0 0  6 4 0  
P900 650 DO 980 J = 1 , 2  
P 9 0 0  6 6 0  T l = R I N ( J + 2 )  

I ? ( T 1 ) 9 7 5 , 9 8 0 , 9 7 0  P 9 0 0  6 7 0  
P 9 0 0  680 9 1 0  V ( J ) = T l  
P 9 0 0  6 9 0  

9 7 5  Y ( J ) = X L N G ( J ) + T l  F 9 0 0  700 
F 9 0 0  7 1 0  9 8 0  CONTINU?! 

C ***** SET PARANETERS POQ INDIVIDUAL PUNCTICYS ***** e 9 0 0  7 2 0  
9 8 5  GO ~O(9~0,995.~95,1000,1000,1000,915,1105,  1105.915.9  15 ,9  1‘. 1 0 0 5 ,  1 0 F 9 0 0  7 3 0  

1 0 5 , 1 0 0 5 ,  1 0 0 5 , 9 1 5 )  , N J 2  P 9 0 0  7 4 0  
4 9 0  T 6 = 1 7 .  P 9 0 0  7 5 0  

L = A I N ( l )  / 1 0 0 0 0 0 .  F 9 0 0  7 6 0  
P 9 0 0  7 7 0  I L L S T = (  

mw=o. P 9 0 0  7 8 0  
D Y  W=O. F 9 0 0  7 9 0  

P 9 0 0  800 GO TO 1 0 3 0  
T F = 2 1 5 .  F 9 0 0  8 1 0  
T I  AST=18 P900 P 2 0  

C ***** F I N D  CENTBQ OF PAOJECTED LABEL ***** 

GO w 9 8 0  

4 0  5 

1 0 0 0  

1 0 0 5  

C 
1 0 1 0  

1 0 1 5  

~~ 

Tl=HST*2 4./1. 
DXW=COST H*Tl 
D Y  W=SIN?H*Tl 
GO TO 1 0 3 0  
T 6 = 1 0 + 3 *  ( 1 5 3 - 4 1  

****a TQUE PFRSPRCTIVE LABELS ***** 
CALL U N I T ( X U ( 1 , 3 ) , V T ( l , l ) , l )  
1’ (ABS (VT ( 3 , l ) )  - . 9 9 9 4 )  1 0 1 0 , 9 1 2 , 9 1 2  
***** F n R n  PEQSPECTIVE R ~ T R T I O N  N A T R I X  
CALL NOQ’I (AID ( 1 , 3 )  , VT ( 1 , l )  ,VT ( 1 . 2 ) ,  1 )  
CRLL U N ? T ( V T ( 1 , 2 ) , V T ( l , Z ) , l )  
CALL NOPPI(VT ( 1 , l )  , V T ( 1 . 2 ) ,  VT ( 1 , 3 ) ,  1 )  
DO 1 0 1 5  J = 1 , 3  
VT (J .U) = X  ( J )  

***** 

F 9 0 0  830 
F 9 0 0  8 4 0  
P 9 0 0  850 
P 9 0 0  860 
F 9 0 0  870 
P 9 0 0  880 
P 9 0 0  8 9 0  
F 9 0 0  9 0 0  
P 9 0 0  9 1 0  
P 9 0 0  9 2 0  
F 9 0 0  9 3 0  
P 9 0 0  9 4 0  
P 9 0 0  950 
F 9 0 0  9 6 0  
F 9 0 0  9 7 0  
F 9 0 0  980 

I T I L T =  1 
HGT=RIN(5)  
TH=O. 
Y 111 = K  1 7 1  
~ . ~ I  - - ~ - ,  
Y ( 2 )  = X  ( 2 )  + & I N  ( 7 )  -HGT*. 5 
I F ( N J 2 - 1 3 )  1 0 3 0 , 1 0 2 5 , 1 0 2 0  

C ***** PERSPECTIVE BOND LABELS ***** 
1 0 2 0  Y ~ O ~ X ~ l ~ * A I N ~ 6 ~ - H G T * P L O A T ~ 2 2 + 3 * ~ 6 - N J 3 ~ ~ / 7 .  

DIST=SQRT (VV ( X U  ( 1 . 3 )  , X U  ( 1 ,  3) ) )  /SCRLl  
GO TO 1 0 5 0  

1 0 2 5  Y ( 1 )  = X ( l )  + & I N  (6)-HGT*2 15 . /7 .  
I L R S T = l 8  
DX W=HGT* 2 4 .  /7. 
D Y W = O .  
GO TO 1 0 5 0  

DV=HGT*. 5 
Y ( l ) = Y  (1)-DH*COSTH+DV*SINTH 
Y ( 2 )  =Y ( 2 )  -DH*SINTH-DV*COSTH 

r ***** PERSPECTIVE TITLES ***** 

1 0 3 0  DH=HGT*T6/1. 

Y ( 3 )  -0. 
C ***** PLOT VARIOUS LABELS ***** 

1 0 5 0  z ( 3 ) = Y ( 3 )  
XO (3)=Y (3)  
G O  T 0 ( 1 0 6 0 , 1 0 6 0 , 1 0 6 0 , 1 0 9 0 ,  1 0 9 0 , 1 0 9 0 , 9 1 5 , 1 1 0 5 . 1 1 0 5 )  

DO 1 0 7 5  J = l , 3 , 2  
Z (  1) = Y  ( 1 )  +FLOAT ( 5 - 2 )  *DISP* .5 
DO 1 0 1 5  K = 1 , 3 , 2  
Z ( 2 )  - Y  ( 2 )  rPL0P.T (K-2) W I S P * .  5 
I F  (NJ3-2)  1 0 6 5 ,  1 0 6 8 ,  1 0 6 8  

1 0 6 0  DO 1 0 8 5  I = l , I L R S T  

c * a * * *  PLOT CHEHICAL s Y n s o L  *a** *  
1 0 6 5  CALL SIlBOL(Z(l),Z(2),HGT,CHEl! ( L ) , T H , 6 )  

GO TO 1 0 7 0  
C ***** PLOT T I T L E S  ***** 

1 0 6 8  CRLL STNBOL(Z(1)  , Z ( Z )  , H G T . T I T L E Z ( I )  ,TH,U)  
1 0 7 0  I F ( D 1 S P )  1 0 8 0 , 1 0 8 0 , 1 0 7 5  
1 0 7 5  CONTINUE 
1 0 8 0  Y ( 1 )  = Y  ( 1 )  + D X W  
1 0 8 5  Y ( Z ) = Y  ( 2 )  +DYW 

GO TO 1 1 9 9  
C ***** PLOT BOND DISTLNCE LABELS a * * * *  

1 0 9 0  I 9 = W J 3 - 3  
T 9 =  10 .  **I 9 
DISTR=41NT((DIST*T9)+0.5)/T9 + . 0 0 0 1  
CALL NUVSUR(Y(1) , Y ( 2 )  ,HGT,DISTR,TH,I9)  
G O  TO 1 1 9 9  

c ***** PLCT C E N T E R E D  S Y ~ B O L S  ***** 
1 1 0 5  CALL S I I B O L ( Y ( 1 )  , Y ( 2 )  ,HGT, I P I K ( A I N ( 8 ) )  ,TH,7-NJ3)  
1 1 9 9  ?TILT=O 

RETURN 
END 

, N J 3  

P 9 0 0  990 
P 9 0 0 1 0 0 0  
P 9 0 0 1 0 1 0  
P 9 0 0 1 0 2 0  
P 9 0 0  1 0 3 0  
P 9 0 0 1 0 4 0  
P 9 0 0 1 0 5 0  
F 9 0 0  1 0 6 0  
P 9 0 0 1 0 7 0  
P 9 0 0  1 0 8 0  
F 9 0 0  1 0 9 0  
P 9 0 0 1 1 1 0  P 9 0 0 1 1 0 0  

P 9 0 0  1 1 2 0  
P 9 0 0 1 1 3 0  
P 9 0 0 1 1 4 0  
P 9 0 0  1 1  50 
P 9 0 0 1 1 6 0  
P 9 0 0  1 1 7 0  
P 9 0 0 1 1 8 0  
P 9 0 0 1 2 0 0  F 9 0 0  1 1 9 0  

P 9 0 0 1 2 1 0  
P 9 0 0 1 2 2 0  
P 9 0 0 1 2 3 0  
F 9 0 0  1 2 4 0  
P 9 0 0 1 2 5 0  
P 9 0 0  1 2 6 0  
P 9 0 0 1 2 7 0  
F 9 0 0 1 2 8 0  
P 9 0 0 1 3 0 0  P 9 0 0 1 2 9 0  

P 9 0 0  1 3  10  
F 9 0 0  1 3 2 0  
P 9 0 0 1 3 3 0  
F 9 0 0  1 3 4 0  
P 9 0 0 1 3 5 0  
P 9 0 0 1 3 7 0  P 9 0 0 1 3 6 0  

F 9 0 0 1 3 8 0  
P 9 0 0 1 3 9 0  
P 9 0 0 1 4 0 0  
P 9 0 0 1 U  1 0  
F 9 0 0 1 U 2 0  
P 9 0 0 1 4 3 0  
P 9 0 0 1 4 4 0  
P 9 0 0 1 4 5 0  
P 9 0 0 1 4 6 0  
P 9 0 0 1 4 7 0  P 9 0 0  1 4 8 0  

P 9 0 0 1 4 9 0  
P 9 0 0 1 5 0 0  

SUBil9UTINE PlOOO PlOO 10 
DIEENSION DK(3.3) , D l 5 ( 1 5 ) . D 6 L ( 3 , 3 ) , D Q ( 6 )  , Q P ( 6 )  F lOO 2 0  

DIYENSION CIJK ( 3 . 3 , 3 ) ,  ~ ~ n n a ( 3 , 3 , 3 )  . B 2 ( 3 . 3 )  , ~ 3  (3.3) PlOO 40 
D I i l W S I O N  C 1 ( 3 ) , Q P ( 7 , 3 ) . C 3  1 1 0 )  , C E ( l O )  F l O O  30 

DIFENSION 2 0 ( 3 ) , 2 1  ( 3 ) , 2 2 ( 3 ) , D Z 0 ( 3 )  , D Z 1 ( 3 )  , L I N E ( 2 2 , 2 )  ,HEAD(22)  P lOO 50 
PlOO 6 0  

7 0  
80 
9 0  

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 4 0  
1 5 0  
1 6 0  

cownov S C ~ L Z ,  SCL, srqB, TAPER,THETA,TITLE,TITLE~ .TS,VIEW ,VT, V I  , v 2  P I O O  1 7 0  
CO31OV V3,VU,V~,V6,VRKV,KLNG,XO,XT 

FlOO e 1 0 0  1 9 0  1 8 0  EOUIVRLENCE(L1NEf 1 1 .  HEAD I l l  I 

DIEENSION RES(‘J),RMS(5),SY~B(3,3),TITLE(l8),TITLE2(18) , T S ( 3 . 4 8 )  P lOO 
DINENSIOY VT(3,4),Vl(U),V2(3),V3(3) ,VU(3),V5(3),V6(7),WRKV(3,3) FlOO 
DTWFNSTON YLNG(31 . Y O 1 3 1  .XT 131 PlOO 

. . I . . . . 
C***+ SUBROUTINE TO AVALYZE IENSCRS OF HIGHER CUMl!LANTS e * * *  PlOO 2 0 0  
c COLlIqN 6 -  9 = 1 0 0 0  PlOO 2 1 0  
c COLI!YN 1 0 - 1 8  F I Q S T  RTOn WITH SKEW TENSOS. I F  0 O R  BLANK I S  S3T  = l P 1 0 0  2 2 0  
c COLUNN 1 9 - 2 7  LAST ATOH WITH SKEW TENSOR, I F  Z E R O  I S  SET = NATOtl F lOO 2 3 0  
C COLUVN 28-36  I F  ZBRO S H I F T  POSITION PRRRHETERS OF ATCN TO NlDE P I 0 0  2 4 0  
C T P  .GT. ZERO, DO NOT S H I F T  TO 1 0 D E  ‘100 2 5 0  
C COLUNN 3 1 - 4 5  P S I  4ND C H I  I F  ZERO, ONLY P S I  IF +, ONLY CHI IF NINUSPlOO 2 6 0  
C**** CONTINUATION CARD IF A 1 I N  COLULIN 3 OF PREVIOUS CARD **** FlOO 2 7 0  
C COLUNN 1 0 - 1 9  SCALE FACTOR FOR MAPS, I F  ZERC, NO HAPS PlOO 2 8 0  
c c o L u n N  7 9 - 7 7  N U N R E P  OF G R I D  POINTS A L O N G  x IN n a p  P lOO 2 9 0  

Y PlOO 300 C COLUMN 2 R - 3 6  

0 m 
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C 
C 
C 
C 
C**** 
C 
C 
C 
C 
C 
C 
C 

2 0 0  
2 0 5  

2 1 0  
2 1 5  

C 

COLUf4N 3 7 - 4 5  z 
COLURN U6-54 INCREMENT ALONG X I N  ANGSTROMS 
COLUVN 4 5 - 6 3  Y 
COLfJVN 6 4 - 6 7  z 
CONTINUATION CRRD I F  R 1 I N  COLUMN 3 OF PREVIOUS CRRD **I* PlOO 3 5 0  
COLUMN 1 0 - 1 8  BID-POINT I N  R A N G E  OF X PlOO 3 6 0  
C O L U V N  1 9 - 2 7  Y PlOO 3 7 0  
COLUMN 2 8 - 3 6  z PlOO 380 
COLUilN 3 7 - 4 5  NON-ZERO TO A E R D  A N D  SUBTRRCT R I G I D - B O D Y  CUMULANTS PlOO 3 9 0  
COLlJVN U6-54 SCALE FACTOR FOR R E G U L A R  CURULRNTS I N  SUBTRRCTION PlOO 400 
COLUMN 5 5 - 6 3  SCALE FACTOR FOR R I G I D  BODY CUMULRNTS I N  SUBTQRCTION PlOO 4 1 0  

P lOO u 2 0  COLUilN 6 4 - 7 2  NON-ZERO TO R E R C  OLD FORBBT 3 K ( I , J , K )  CARDS 
NAl = P I N ( 1 )  PlOO 4 3 0  
I F ( N R 1 )  2 0 0 , 2 0 0 , 2 0 5  P 1 0 0  4 4 0  
YAl = 1 PlOO 4 5 0  
NR2 = R I N ( 2 )  PlOO 460 
I F  (NR2) 2 1 0 , 2 1 0 , 2 1 5  PlOO 4 1 0  

PlOO 480 
PlOO 4 9 0  

NA2 = NRTOM 
DO 5 0 5  I A  = NAl.Nk2 ***** R E I D  I N  F I R S T  A N D  SECOND CUMULILNT TENSORS ***** 
RERD(IN.2 )  CHEM2,SCRT,PRRC, (V6 (J)  , J = 1 , 3 )  , 8 2 ( 1 , 1 ) , 8 2 ( 2 , 2 )  , B 2 ( 3 ,  3) 

1 , E 2  ( 1 . 2 )  , B 2  ( 1 , 3 ) , B 2  ( 2 ,  3 ) ,  RLPHA , I B E , I G R , I D L  
2 FORMAT (A6 .3X.SP9 .5 .26X / t F 9 . 6 , P 7 . 9 , 2 X . 3 1 3 )  

CONST=O. 0 0 1  
I F  IRIN ( 2  1)  ) 2 1 5 2 , 2 1 5 2 , 2  1 5 1  

GO TO 2 2 0  
2 1 5 1  C O N S T = 1 . / 4 1 . 3 4 1 1 0  

2 1 5 2  I F ( I G V - 1 ) 2 2 2 , 2 1 7 , 2 1 6  
2 1 6  I P ( 1 G N - 3 )  2 2 0 , 2 1 1 , 2 2 0  

2 1 7  RERD ( I N . 4 )  ( C l ( J )  , J = l , 3 )  
C ***** READ CONTRACTFD GAMflA TENSOR (COVARIANT FORM) ***** 

4 FORRlT ( 5 E 1 4 . 7 . 1 0 X )  
IGH=3 
GO TO 2 2 2  

c ***** R E R D  PULL G a m a  TENSOR ( C O N T H A V A R I A N T  P O R I )  ***** 
2 2 0  R E R D  ( I N , U ) C I J K  ( 1 , l . O  .CIJK (2.2.2) , C I J K ( 3 ,  3.3) , C I J K  ( 1 ,  1 , 2 )  

l . C L J X ( 1 . 2 . 2 )  , C I J K ( l , 1 . 3 )  , C I J K ( 1 , 3 , 3 )  ,CIJK(2,2,3),CIJK(2,3,3) 
2 ,C I J K  ( 1 , 2 , 3 )  

IGR=lO 
2 2 2  I P ( I D L - 1 ) 2 4 1 , 2 2 5 , 2 2 3  
2 2 3  I F ( 1 D L - 3 )  2 2 6 , 2 2 1 , 2 2 4  
2 2 4  I P ( I D L - 1 5 )  2 2 6 , 2 2 7 , 2 4 1  

2 2 5  READ (XN,U) D1 
C ***** READ DELTR TENSOR ***** 

I D L = l  
GO TO 2 9 1  

IDL=6  
2 2 6  R E A D  ( I N . 4 )  D 6 ( 1 , 1 ) , D 6  (2 ,2 ) .D6  ( 3 . 3 1 , 0 6 ( 1 . 2 ) . D 6 ( 1 . 3 )  . D 6 ( 2 , 3 )  

GO TO 2 4 1  
2 2 7  Q E R D  ( I N . 4 )  D 1 5 ( 1 )  .D15 ( 1 1 )  , 0 1 5  ( 1 5 ) , D 1 5 ( 2 ) , D 1 5 ( 7 ) , D l 5 ( 3 ) , D l 5 (  1 0 )  

1 , D 1 5 ( 1 2 )  , D E (  14)  , D 1 5 ( U )  , D 1 5 ( 6 )  , D 1 5 (  13) ,D15  (5) ,D15 (8)  ,D15 ( 9 )  

C * * * * a  EXPAND BET112 TENSOR.MVLT1PLY BY 2 / (9 * P I * * 2 )  ***** 
I D L = 1 5  

2 4 1  DO 2 4 2  1 = 1 , 3  
DO 2 4 2  J = 1 , 3  
8 2  ( I , J ) = 1 2  ( 1 . J )  * 5 . 0 6 6 0 5 9 1 8 2 - 2  

IF ( 1 6 8 - 3 )  2 5 0 1 , 2 4 3 , 2 4 7  
2 4 2  B 2 ( J , I ) = B 2 ( I , J )  

2 4 3  IF (ALPHA) 500.500.2UU 

2 4 4  T1=0.2E5/ALPHA**2 
DO 2 4 5  J = 1 , 3  

2 4 5  V2 (J) = C l  (J) *T 1 
C A L L  M V ( E I ~ . V ~ , C ~ )  
DO 246 I = 1 , 3  
DO 246 J = 1 , 3  
DO 2 4 6  KSJ.3 

24R C I J K ( I , J , K ) =  C l  (I) *E2  (J,K) *C l ( K )  *B2 (1.J) + C l ( J )  882  (K.1) 
2 4 7  I P ( A I N ( l 8 )  ) 2 3 5 , 2 4 9 , 2 3 5  

2 3 5  READ ( IN.  2)CAEM3.SCAT3, PRAC. (VS (J) ,J= 1 , 3 )  ,83( 1 ,  l ) ,  83 ( 2 , 2 ) ,  8 3  (3, 3) 

C ***** EXPRND CONTRACTED G A M M A  TENSOR ***** 

C ***** READ 1 N D  SUBTRACT OUT RIGID-BODY CONTRIBUTION ***** 
1 . 8 3 ( 1 . 2 )  . B 3 ( 1 . 3  .83(2.3) 

lGRMflA(1, 1 , l )  ,G&MMA(2,2,2)  ,GLMMA(3,3,3) ,GAMMll ( l , l ,  2) ,GARMA( 1.2, 2) 
2,GANM11(1, 1.3) ,GARMR(l, 3.3) , G A M M A  (2 .2 .3 )  ,GARMA(2.3,3) . G A M 1 1  ( 1 , 2  .3) 

R E A D  ( I N . 4 )  

DO 2 9 0  I = 1 . 3  
DO 240 J = 1,3  
DO 240 K = 5.3 

2 4 0  C I J K ( 1 . J  , K I  
2119 DO 250 1 = 1 , 3  

DO 2 5 0  .1=1.7 

= C I J K ( I , J  8) *RIH (19)-G&MHh (I, J,K) * A I M  ( 2 0 )  

DO 250 K ;.:,3 
T 1  3 C I J K ( I , J , K ) * C O N S T  
C I J K ( I , J , K )  = T1 

FlOO 3 1 0  
PlOO 3 2 0  
7 1 0 0  3 3 0  
p i o n  3 4 0  

FlOO 500 
PlOO 5 1 0  
PlOO 5 2 0  
PlOO 5 3 0  
PlOO 5 3 3  
PlOO 536 
PlOO 590 
PlOO 5 4 3  
PlOO 546 
PlOO 5 5 0  
P lOO 560 
P lOO 5 7 0  
P 1 0 0  5 8 0  
PlOO 590 
PlOO 600 
PlOO 6 1 0  
PlOO 6 2 0  
PlOO 6 3 0  
PlOO 6 4 0  
PlOO 6 5 0  
P lOO 6 6 0  
FlOO 6 7 0  
P 1 0 0  680 
PlOO 6 9 0  
PlOO 1 0 0  
PlOO 1 1 0  
PlOO 1 2 0  
F lOO 1 3 0  
PlOO 7 4 0  
PlOO 1 5 0  
P I 0 0  7 6 0  
PlOO 7 7 0  
PlOO 7 8 0  
FlOO 7 9 0  
PlOO 800 
P lOO 8 1 0  
P I 0 0  8 2 0  
PlOO 8 3 0  
PlOO 890 
PlOO 850 
PlOO 860 
PlOO 870 
PlOO 880 
PlOO 8 9 0  
PlOO 9 0 0  
P lOO 9 1 0  
PlOO 9 2 0  
PlOO 9 3 0  
P I 0 0  990 
PlOO 9 5 0  
PlOO 9 6 0  
PlOO 970 
PlOO 9 8 0  
PlOO 9 9 0  
PlOO 1 0 0 0  
F l O O l O l O  
PlOO 1 0 2 0  
P 1 0 0 1 0 3 0  
P 1 0 0 1 0 u 0  
P 1 0 0  1 0 5 0  
PlOO 1 0 6 0  
P 1 0 0 1 0 7 0  
P 1 0 0  1 0 8 0  
P 1 0 0 1 0 9 0  
P l O O l l O O  

2 5 0  

2 5 0  1 
25 1 

C 

2 5 2  
2 5  3 

2 5 U  
C 

2 5 5  

2 5  6 

2 5 1  

C 

C 
26  0 

26 1 
26  2 

C 
26 3 

26  5 

2 6 6  

2 6 1  
C 

26  8 
2 1  0 

2 1  5 
C 

28 0 
285 

C 

29 0 

8 

1 0  

C I 3 R I K . I . S I  = T l  
~ 

, K , I )  = T1 
, J , I )  = T l  
, K , J )  = T l  

DELTR TENSORS ***** 

DO 2 5 2  1 = 1 , 3  
no 1 5 2  ~ = i . 3  .. . ~. 
0 6  (I, J ) = E 2  ( 1 , J )  *D1/3 .0  
I F  ( IDL-6)  2 5 6 , 2 5 4 , 2 6 0  
***** COYVERT TO CONTRAVRRJRNT PORR * * a * *  
T 1 = 2 8 .  /I .O l*ALPAA**3) 

.. . ~. 
0 6  (I, J ) = E 2  ( 1 , J )  *D1/3 .0  
I F  ( IDL-6)  2 5 6 , 2 5 4 , 2 6 0  
***** r n u n r l R T  TO CONTRAVRRJRNT PORR * * a * *  

l*ALPAA**3) 
DO 295 i = 1 , 3  
DO 2 5 5  J=1.3 

IJRL=O 
DO 2 5 7  I = l . 3  

P l O O l l 1 0  
FlOO 1 1 2 0  
F 1 0 0 1 1 3 0  
P 1 0 0  1 1 4 0  
PlOO 11 50 
P l O O l 1 6 0  
P l  00 1 1 7 0  
P l O O l l 8 0  
PlOO 1 1 9 0  
P 1 0 0 1 2 0 0  
F 1 0 0 1 2 1 0  
P 1 0 0 1 2 2 0  
F 1 0 0 1 2 3 0  
P 1 0 0 1 2 4 0  
P 1 0 0 1 2 5 0  
F 1 0 0 1 2 6 0  
F 1 0 0 1 2 7 0  
P l O O l 2 8 0  
F 1 0 0 1 2 9 0  
P 100 1 3 0 0  
F 1 0 0 1 3 1 0  
P 1 0 0  1 3 2 0  
F 1 0 0 1 3 3 0  

DO 2 5 1  J=1 ,3  F 1 0 0 1 3 4 0  
DO 2 5 7  R = J . 3  
DO 2 5 7  L=K,3  
I J K L = I J K L + l  
D l S ( I J K L ) = ( B Z  (1 .4  *D6(K,L)  + B 2 ( I . K )  * D 6  ( J , L )  +B2 ( I , L ) * D 6 ( J , K )  

C A L L  P a x E s  ( P L O A T ( I A )  * i o o o 0 0 . + 5 5 5 0 1 . ,  1)  

1 '82 (K,L) * D 6 ( I . J )  + B 2 ( J . L )  *D6 ( 1 . R )  +B2 (J,K) *D6 [ I , L ) ) / 7 . 0  
****I: INVERT BETA MATRIX ***** 
***** STCRE I N  R R R A Y  YITH FROPER MULTIPLICITY ***** 
I J = O  
DO 2 6 2  I = 1 , 3  
DO 2 6 2  J = I , 3  
IJ=IJ+l 
T1-2 .0  
I F  ( 1 4 )  2 6 2 , 2 6 1 , 2 6 2  
~ i = t . n  
i Q ( I i ; = Q ( I , J )  + T 1  
I F ( 1 D L - 6 )  2 1 0 , 2 6 7 . 2 6 3  ***** CONTRACT UTH O R D E R  DELTA TENSOR ***** 
I J = O  
DO 2 6 5  I = 1 , 3  
DO 2 6 5  J = 1 , 1  
I J = I J + l  
DQ (IJ) =O .O 
N = I J - I  
KL=O 
DO 2 6 5  K = 1 , 3  
N = N + I - l  
DO 2 6 5  L = l , K  
KL=KL+ 1 
N= 19+ 1 
D Q ( I J ) = D Q ( I J )  + QQ(KL)  *D15(N)  
I J = O  
DO 2 6 6  1 = 1 , 3  
DO 266 J = 1 , 3  
IJ=IJ+l 
D6 ( 1 , J )  = D Q  (IJ) 
D6 I J , I ) = D Q  (IJ) 
***** CONTRACT ZNT ORDER DELTA TENSOR 
D1=0 .0  
DO 2 6 8  I = 1 , 3  
DO 2 6 8  J = l , 3  
D l = D l + Q ( I , J ) * D 6 ( I , J )  
IF ( IGM-31500 .275 .275  ***** COnTRhkT GiMM11 TENSOR .**** 
DO 2 8 5  K = 1 , 3  
T1 = 0.0 
DO 2 8 0  J = 1 . 3  
VT(K,J )  = P A ( K . J , I A ) / B V ( J , I A )  
DO 2 8 0  I = 1 . 3  
T l  = T l  + C I J K ( I , J , K ) *  Q ( 1 . J )  
V l ( K )  = T l  
DO 2 9 0  J = 1 .3  ***** PORN F I R S T  CUMOLANT - MEAN DIFFERENCE VECTOR I N  
V 5 ( J )  = V 6 ( J )  - P ( J . I A )  + 0.5 * ALeHk * V l ( J )  
V 4 ( J )  = E V ( J , I 1 ) * * 2  
WRITE V 3 ( J )  (NODT, = 1 . 0  8) / ( T I T L E  VU (J) (I) ,I= 1 , 1 8 )  

P O R ~ L T ( l A l , l O X , l 8 A Y )  
WRITE (NOOT, 1 0 )  
FORMAT (1A0 ,  98 NO. A T O ~ , S X , S A l L (  1) . 6 1 , 5 R l L  ( 2 )  ,6X, 5A1 L 

v5 

(3)  I 

P 1 0 0 1 3 5 0  
F 1 0 0 1 3 6 0  
P P 1 0 0 1 3 7 0  1 0 0 1 3 8 0  

FlOOl4OO 
F l O O l 4 l O  
P 1 0 0 1 4 2 0  
P 1 0 0  1 4 3 0  
F l O O l 4 4 0  
P 1 0 0 1 4 5 0  
P 1 0 0 1 9 6 0  
P 1 0 0  1 4 1 0  
P l O O l 4 8 0  
P 1 0 0 1 4 9 0  
P 1 0 0 1 5 0 0  
P 1 0 0 1 5 1 0  
P 1 0 0 1 5 2 0  
P 1 0 0 1 5 3 0  
PlOO 1 5 4 0  
P 1 0 0 1 5 5 0  

p i 0 0  1 3 9 0  

P 1 0 0 1 5 6 0  
P 1 0 0 1 5 1 0  
P 1 0 0  1 5 8 0  
PlOO 1 5 9 0  
P 1 0 0 1 6 0 0  
P 1 0 0 1 6 1 0  
P 1 0 0 1 6 2 0  
'P 100 1 6 3 0  
FlOO 1 6 4 0  
F 1 0 0  1 6 5 0  
P 1 0 0 1 6 6 0  
P 1 0 0 1 6 7 0  
P 1 0 0 1 6 8 0  
P 1 0 0 1 6 9 0  
P 1 0 0 1 1 0 0  
P 1 0 0 1 7  10  
P 1 0 0 1 1 2 0  
P 1 0 0 1 1 3 0  
P 1 0 0  17UO 
P 1 0 0  1 7 5 0  
P 1 0 0 1 7 6 0  
P 1 0 0 1 1 1 0  
P l O O 1 1 8 0  
P 1 0 0 1 7 9 0  
P 1 0 0 1 8 0 0  
P 1 0 0  1 8  1 0  
P 1 0 0 1 8 3 0  P 1 0 0 1 8 2 0  

P l O O 1 8 4 0  
PlOO 1 8 5 0  
P 1 0 0 1 8 6 0  ***** P 1 0 0 1 8 7 0  P 1 0 0  1 8 8 0  

P 1 0 0 1 8 9 0  
PlOO 1 9 0 0  
P 1 0 0 1 9 1 0  
PlOO 1 9 2 0  
P 1 0 0 1 9 3 0  

3 X, 3 3  A (P 1 0 0  1 9 4 0  
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1CONTRACTED 3K (I ,I ,J)  = 3K ( J ) )  =,3X,5H3K(1) .6X,5H3K(2)  ,6X,5H3K ( 3 ) / P 1 0 0 1 9 5 0  
2 1H , 14X,  l H 3 K  ( 1  1 1 )  , 4 X . l  H3K ( 2 2 2 )  , UX.7H3K ( 3 3 3 ) s  'JX.7H3K ( 11 2) , U X ,  P 1 0 0 1 9 6 0  
3 7 ~ 3 ~ ( 1 2 2 )  , 4 X , l H 3 K ( l 1 3 )  ,UX,7H3K ( 1 3 3 )  , 4 X , 7 H 3 K ( 2 2 3 ) ,  UX,lH3K ( 2 3 3 ) ,  3 X ,  P 1 0 0 1 9 7 0  
4 7 H 3 K ( l 2 3 ) )  P 1 0 0 1 9 8 0  

WRTT!? fNOllT.121 P 1 0 0 1 9 9 0  
1 2  PORUIIT;lHo;;2H~RYSTRL OBLICUE SYSTEK) F l O 0 2 0 0 0  

URITS (NOUT.14) IA,CHEU(IA),(V5(J),J=l,3), (VI ( J ) , J = 1 , 3 ) ,  F l 0 0 2 0 l O  
P 1 0 0 2 0 2 0  
P 1 0 0 2 0 3 0  

1 4  FORflAT(1H . I 3 ,  lX.A6.3P11.8,33X.3P11.8/lH , 1OX,9P11.8 ,F lO.81  F 1 0 0 2 0 4 0  

l C I J K  ( 1 . 1 , l )  , C I J K  (2 .2 .2)  , C I J K ( 3  ,3 ,3)  , C I J K  ( 1 , 1 , 2 )  , C I J K  ( 1 , 2 . 2 ) ,  
2 C I J K  ( 1 ,  1 , 3 )  , C I J K  ( 1 , 3 , 3 )  , C I J K  (2 .2 .3)  , C I J K  (2 .3 .3)  .CIJK ( 1 , 2 , 3 )  

P 1 0 0 2 0 5 0  
1 6  PORUtT ( 1  H O  .26HREFERENCE CRRTESIRN SFSTEU) F 1 0 0 2 0 6 0  

URIT? (NOUT.16) 
. .  

C ***** TRANSPOPUATION UIITRIX FOR REFERENCE CRQTESILN SPSTIU ***** F 1 0 0 2 0 7 0  

2 9 5  P R C ( J . 1 )  = R A R E V ( J . 0  F 1 0 0 2 0 9 0  
DO 2 9 5  J = 1.9  P 1 0 0 2 0 8 0  

.. 
T2 = PAC(K,N) 
DO 310 J = 1 , 3  
T 3  = T 2  * P A C ( J , U )  

.. 
C 3 ( 0  = C 3 ( 1 ) / 3 . 0  
C3 ( 7 )  = C 3  ( 7 )  /3.0 
C 3 ( 1 0 )  = C 3 ( 1 0 ) / 3 . 0  
c 3  ( 5 )  = c 7  ( 5 )  *2.0  
CALL PRXES(PLOATf1AI  * 1 0 0 0 0 0 . * 5 5 5 0 1 .  , - 3 )  
GO TO 3 5 0  

3 0 0  DO 3 4 5  1 = 1 , 9  
3 4 5  Q ( I . 1 )  = A I D ( I . 1 )  

3 5 0  I J K  = 1 
C ***** EXPAND THD CONTRACTED VECTOR ***** 

DO 3 5 5  I = 1 . 3  
DO 355 J = 1 . 3  
DO 355 K = J , 3  
CE ( I J K )  = 0 . 2 + ( V 6  ( I )  *Q ( J , K )  + V 6  (J)*Q (K.1) + V 6 ( K )  * Q ( I , J ) )  

3 5 5  T.1K = T.1R + 1 

ISYS = 0 P 1 0 0 2 1 0 0  
GO TO 3 0 5  F 1 0 0 2 1 1 0  

C *+*** REPLACE REPERENCI SYSTEU BY P R I N C I P A L  A X I S  SYSTEN ***** P l O O 2 1 2 0  
P 1 0 0 2 1 3 0  

WRITE (NOUT.18) P 1 0 0 2 1 4 0  
1 8  F O R ~ R T ( l H 0 . 3 5 H U N I T  VRRIANCE PRINCIPAL-AXIS SPSTEH) P 1 0 0 2 1 5 0  

P 1 0 0 2 1 6 0  
3 0 5  DO 3 1 5  N = 1 . 3  F 1 0 0 2 1 7 0  

DO 3 1 5  il = N , 3  P 1 0 0 2 1 8 0  
DO 3 1 5  L = U , 3  P 1 0 0 2 1 9 0  
T 1  = 0 .0  P 1 0 0 2 2 0 0  
nn  3 1 0  K = 1.3 F 1 0 0 2 2  1 0  

P 1 0 0 2 2 2 0  
F 1 0 0 2 2 3 0  
F 1 0 0 2 2 4 0  

DO 3 1 0  I = 1.3  P 1 0 0 2 2 5 0  

GRMUR(L,n,N) = T 1  F 1 0 0 2 2 7 0  

GRUMA(n,N,L) = T 1  F 1 0 0 2 2 9 0  
G R n l R ( N , U , l )  = T l  F 1 0 0 2 3 0 0  
GAUU4(L,N,U) = T 1  F 1 0 0 2 3 1 0  

3 1 5  GRUUA(U,L,N) = T 1  F 1 0 0 2 3 2 0  
C ***** TqANSFORU VECTORS TO ORTHOGONRL SYSTEU ***** F 1 0 0 2 3 3 0  

DO 320 J = 1 . 3  P 1 0 0 2 3 4 0  
v 2 ( J )  = 0 . 0  P 1 0 0 2 3 5 0  
V U  (J)  = 0 . 0  P 1 0 0 2 3 6 0  
V 6 ( J )  = 0.0  F 1 0 0 2 3 7 0  
DO 3 2 0  I = 1 . 3  F 1 0 0 2 3 8 0  
V 6 ( J )  = V 6 ( J )  + V l ( I ) * P A C ( I , J )  F 1 0 0 2 3 9 0  

3 2 0  V U ( J )  = V B ( J )  + V S ( I ) * P A C ( I . J )  F 1 0 0 2 4 0 0  

F 1 0 0 2 4 2 0  
F 1 0 0 2 4 3 0  

I F ( 1 S Y S )  3 3 C  ,330 , 3 4 0  P 1 0 0 2 4 5 0  
C ***** STORE l L ( I ) , 3 K ( I , J , K )  A N D  INVERSE OF Z K ( 1 . J )  FOR EDGE S E R I E S F 1 0 0 2 U 6 0  

F 1 0 0 2 4 7 0  
I J K  = 1 F 1 0 0 2 4 8 0  
DO 335 I = 1 , 3  F 1 0 0 2 4 9 0  
c 1  (I) = vu  (I) P 1 0 0 2 5 0 0  
DO 3 3 5  J = 1 . 3  F 1 0 0  2 5  1 0  
Q F ( J . 1 )  = Q ( J . 1 )  F 1 0 0 2 5 2 0  
QF (1.J) = Q ( 1 . J )  F 1 0 0 2 5 3 0  
DO 3 3 5  K = 5 . 3  P 1 0 0 2 5 4 0  
C 3 ( T J K )  = G A n n A ( 1 , J . K )  '0.5 F 1 0 0 2 5 5 0  

3 3 5  TJK = T.1R + 1 F 1 0 0 2 5 6 0  
P 1 0 0 2 5 7 0  
F 1 0 0 2 5 8 0  
F 1 0 0 2 5 9 0  
F 1 0 0  2 6 0 0  
F 1 0 0 2 6  1 0  
F 1 0 0 2 6 2 0  
F 1 0 0 2 6 3 0  
P 10026UO 
P 1 0 0 2 6 5 0  
F 1 0 0 2 6 6 0  
F 1 0 0 2 6 7 0  
F 1 0 0 2 6 8 0  
F 1 0 0 2 6 9 0  
F l 0 0 2 7 0 0  
F 1 0 0 2 7 1 0  

300  CRLL nU(IIR,VT,PAC) 

C ***** TRANSFORU GAUUA TENSCR T O  ORTHOGONIL SYSTER * * * * *  

3 1 0  T 1  = T 1  + C I J K ( I , J , K ) * P A C ( I , L ) * T 3  P 1 0 0 2 2 6 0  

GARUA(N,L,U) = T l  P 1 0 0 2 2 8 0  

3 2 5  WRIT? ( N O U T , 2 0 ) I A , C H E R ( I A )  , ( V U ( J )  , J = 1 , 3 )  , ( V 6 ( J )  , J = 1 . 3 )  F 1 0 0 2 4 1 O  

2 0  POQnAT(  1H , I3 .1X,A6.3F 11 .6  , 3 3 1 , 3 1 1  1 . 6 / l H  , l o x ,  9P1 1 .6 .P lO.6)  P 1 0 0 2 4 4 0  

1,GAHRR ( 1 . 1 , 1 )  ,GAYMA ( 2 , 2 , 2 )  ,GAUUII (3 .3 .3)  , G A U U R  (1 ,1 .2)  ,GLPlUII( 1 , 2 , 2 )  
2,GAVIIR ( 1 , 1 , 3 )  ,GATnA( 1, 3.3) .GkUUA(2.2 ,3)  . G A P M A  ( 2 . 3 . 3 )  , G R V E A ( l , 2 . 3 )  

3 3 0  CALL PRXVS(PLCAT(1A)  * 1 0 0 0 0 0 . + 5 5 5 0 1 .  , 3 )  

.. .. 
HRITE (NO'JT.22) C E ( l ) , C E ( 7 ) , C E  ( l O ) , C E ( 2 )  ,CE(U)  , C E ( 3 )  , C E ( 6 )  , C E ( B )  F 1 0 0 2 7 2 0  

l . C E ( 9 )  , C t ( 5 )  F 1 0 0 2 7  3 0  
2 2  'ORUAT(11H XPND 3 K ( J ) . 9 F l l  . 6 , F 1 0 . 6 )  F 1 0 0 2 7  40 

I S Y S  = I S Y S  t 1 F 1 0 0 2 1 5 0  
P 1 0 0 2 7  60 

C ***** MULTTPLY TERUS I N  BIISIC UNIT OF GRUUA BY THEIq UULTIPLICITY F 1 0 0 2 7 7 0  
IF (ISYS- 1)  3 0 0 , 3 0 0 , 3 6 0  

3 6 0  GRUVR(1.1.2) = G A U U A ( 1 . 1 , 2 ) * 3 . 0  P 1 0 0 2 7 8 0  

GAUnA(l .2 .2)  = G A U I A  ( 1 , 2 , 2 ) * 3 . 0  
GAUUb(1, 1.3) = G L f i r A ( 1 , 1 , 3 ) * 3 . 0  
GIUUR(1.3 .3)  = GAUnA(1.3.3) *3.0 
G I U U L  (2 .2 .3)  = G I I U U L  ( 2 , 2 , 3 ) * 3 . 0  
G A U m ( 2 . 3 , 3 )  = G A U U A ( 2 , 3 , 3 ) * 3 . 0  P 1 0 0 2 8 4 0  
GABHA (1 ,2 .3)  = GAUUA ( 1 , 2 , 3 )  86.0 

C **I** CALCULhTE UODE O F  PROBABILITY DENSITF FUNCTION * * * * *  P 1 0 0 2 6 5 0  
TU = n.n F 1 0 0 2 8 6 0  

P 1 0 0 2 7 9 0  
F 1 0 0  2 8 0 0  
F 1 0 0 2 8 1 0  
P l 0 0 2 8 2 0  
F 1 0 0 2 8 3 0  

. ... 
DO 365 J = 1 . 3  
V2 (J) = V U  ( J )  - V 6  (J) 80. 5 

3 6 5  TU = TU + V 2 ( J ) * * 2  
T 4  = S O R T ( T 4 )  
I F ( T 4 - 1 . 0 )  380,380,370 

3 1 0  DO 3 7 5  J = 1 , 3  
3 7 5  V 2 ( J )  = V2 ( J ) / T U  
3 8 0  CALL HERUIT(V2.VU,GA~UA,PSI,CHI,EV(l,IL) 

TU = 0 . 0  
DO 385 J = 1 . 3  

P 1 0 0 2 6 1 0  
P 1 0 0 2 8 8 0  
P 1 0 0 2 8 9 0  
P 1 0 0 2 9 0 0  
P 1 0 0 2 9 1 0  
P 1 0 0 2 9 2 0  
P 1 0 0 2 9 3 0  
P 1 0 0 2 9 B O  
P I 0 0 2 9 5 0  
P 1 0 0 2 9 6 0  
P 1 0 0 2 9 7 0  
F 1 0 0 2 9 8 0  
P 1 0 0 2 9 9 0  
F 1 0 0  3 0 0 0  

T l  = E V ( J , I A )  
V2 (J) = V2 (5) *T 1 

TU = S Q R T ( T 4 )  
C ***** S H I F T  POSITIONIIL PARIIUETERS T O  MODE ***** F 1 0 0 3 0 1 0  

DO 3 9 5  J = 1 . 3  F 1 0 0 3 0 2 0  
V 6 ( J )  = P ( J , I R )  F 1 0 0  30 3 0  
XT (J)  = V 6 ( J )  

P 1 0 0 3 0 5 0  P 1 0 0 3 0 4 0  DO 3 9 0  I = 1 . 3  
390  P ( J , I A )  = P ( J , I R )  + V 2 ( 1 ) * P A ( J , I , I A )  F 1 0 0 3 0 6 0  
3 9 5  V3 (J)  = F ( J . I A )  - V 6 ( J )  F 1 0 0 3 0 7 0  

WRIT? (NOUT.24) F 1 0 0 3 0 8 0  
2 0  QORULT(lHO, l5X,6HX nEAN,SX,fiHY UEIIN.5X.fiHZ UEAN, 16X.6HX UODE.5X. P 1 0 0 3 0 9 0  

16HY HODE.5X.fiRZ UODE.20X.12HOISPLICEfiENT) F 1 0 0 3 1 0 0  
WRITE (NOUT.12) P 1 0 0  3 1  1 0  
WQITE ( N O U T , 2 6 ) I R , C H E H ( I A )  , ( V b ( J ) , J = 1 , 3 )  , ( V 3 ( J )  , J = 1 , 3 )  ,TU P I 0 0 3 1 2 0  

2 6  PORNAT (1H , I 3 ,  1X,A6,3P11.6,1lX,3P11.6,lfiX,P6.3,lX,9HANGS'IRO~S) F 1 0 0 3 1 3 0  
T 1  = 5 5 5 0 1 .  + F L O A T ( I R ) * 1 0 0 0 0 0 .  

P 1 0 0 3 1 5 0  P 1 0 0 3 1 4 0  
CALL X Y Z f T l , V 3 . 3 )  F 1 0 0 3 1 6 0  
DO 400 J = 1.3  F 1 0 0 3 1 7 0  

4 0 0  V 3 ( J )  = V 3 ( J )  - V 2 ( J )  P 1 0 0 3 1 8 0  
I F ( A I N ( 3 ) )  4 1 5 , 4 1 5 , 4 0 5  F 1 0 0 3 1 9 0  

U 0 5  DO 0 1 0  J = 1.3  F 1 0 0 3 2 0 0  
u i n  P I . I . T P I I  = vfi1.i) F 1 0 0 3 2 1 0  

38 5 T 4  = TU + V2 (J)  **2 

c a n  X Y Z  ( i i , v 2 , - 3 )  

~-.--., - ~ ~ I  . .  
WRITE (NOUT.28) P 1 0 0 3 2 2 0  

2 8  FORUAT(1H , 2 9 H P C S I T I O N R L  FARAUETERC AT UERN) F 1 0 0  3 2  3 0 
GO TO 4 2 0  F 1 0 0 3 2 4 0  

U15 WRIT? (NOUT.30) P 1 0 0 3 2 5 0  
30 S O R I I 4 T ( l H  , 29HDOSITIONbL PARAMETERS AT UODE) P 1 0 0 3 2 6 0  

C a**** PRINT UERN AND UCDE BRSED ON REFERENCE CARTESIAN SYSTEU * * * * P 1 0 0 3 2 7 0  

~-.--., - ~ ~ I  . .  
WRITE (NOUT.28) P 1 0 0 3 2 2 0  

2 8  FORUAT(1H , 2 9 H P C S I T I O N R L  FARAUETERC AT UERN) F 1 0 0  3 2  3 0 
GO TO 4 2 0  F 1 0 0 3 2 4 0  

U15 WRIT? (NOUT.30) P 1 0 0 3 2 5 0  
30 S O R I I 4 T ( l H  , 29HDOSITIONbL PARAMETERS AT UODE) P 1 0 0 3 2 6 0  

C a**** PRINT UERN AND UCDE BRSED ON REFERENCE CARTESIAN SYSTEU * * * * P 1 0 0 3 2 7 0  
4 2 0  WRITE (NCUT.16) P 1 0 0 3 2 8 0  

WRITE (POUT,26)IA,CHEU (IA) ,(V2(J),J=1,3),(V3(J).J=1,3) ,TU P 1 0 0 3 2 9 0  
C a**** P R I N T  P R I N C I P A L  AXES BASED ON REFERENCE CRRTESI4N SYSTEM * * * P 1 0 0 3 3 0 0  

WRIT' (NOUT.32) P 1 0 0 3 3 1 0  
3 2  ~ O R U A T ( l ~ b , l O X , 1 6 H R R S  DISPLACEUENT, 8X.31HROU VECTORS, BASED ON R E P 1 0 0 3 3 2 0  

lPSUENCE, 15X.28HCOVARIRNCE HATRIX (U TENSOR))  P 1 0 0 3 3 3 0  
CALL P A X %  ( T 1 , - 3 )  F 10033UO 
WRITJ (NOUT,34) (RUS(J)  , [ P A C ( I , J ) , I = l , 3 ) ,  ( Q ( I , J ) , I = l , 3 )  , J = 1 , 3 )  P 1 0 0 3 3 5 0  

3 4  SORMRT I l H O , l O X . ~ l l .  4.1 lX.3F11.6 .11X.  3 P l l . 6 )  P 1 0 0 3 3 6 0  
IF ( A I N ( R ) )  4 2 5 , 5 0 5 , 4 2 5  P 1 0 0 3 3 1 0  

C I**** CPLCULATE EDGEUORTH DENSITY H A P  ***** P 1 0 0 3 3 8 0  

F 1 0 0 3 3 9 0  P 1 0 0 3 4 0 0  

P 1 0 0 3 U 2 0  P 1 0 0 3 4 1 0  
B 3 0  Z O ( J )  = A I N ( J + l U )  - 0.5*(AIN(J+8)+1.0)*~IN(J+11) P 1 0 0 3 4 3 0  

N Y  = A I N ( 1 0 )  F 1 0 0 3 9 5 0  
NZ = A I N  ( 1  1)  P 1 0 0 3 4 6 0  

r *+*** LOOP OVER Z O S  REFERENCE SYSTEU ***** F 1 0 0 3 4 7 0  
nn 5 o n  I?  = I . N Z  

F P 1 0 0 3 U 8 0  1 0 0 3 4 9 0  
F 1 0 0  3 5 0 0  
P 1 0 0 3 5 1 0  
P 1 0 0 3 5 2 0  
P 1 0 0 3 5 3 0  
P 1 0 0  3540 
F 1 0 0 3 5 5 0  
F 1 0 0 3 5 6 0  
F 1 0 0 3 5 7 0  
F 1 0 0 3 5 8 0  
F 1 0 0 3 5 9 0  S 1 0 0 3 6 0 0  

F 1 0 0 3 6  1 0  
F 1 0 0 3 6 2 0  

4 2 5  SCAT = k f l T N l ( S C R T . l . 0 )  
SCRL3=. 0 6 3 4 9 3 6 3 6  * A I N  [ 8 )  *SCAT/ (EV ( 1  ,I&) *EV (2,IR) *EO ( 3 , I A )  ) 
DO 4 3 0  J = 1 , 3  
D Z O ( J )  = A I N ( J + 1 1 )  

NX = A I N ( 9 )  P 1 0 0 3 4 4 0  

0 ~ 1 ~ 3 )  = F L O A + ( I Z )  
2 1  (3) = Z O ( 3 )  i DZO(3) *DZl ( 3 )  
WRITE ( N O U T . 3 6 ) Z l  ( 3 )  ,CHEU(II I )  

3 6  FORUAT ( 1 3 H 1  SECTION Z =.F6.3 ,3X.A6)  
DO 4 3 5  I = 1.NY 

4 3 5  HEAD(1) = Z 0 i 2 )  + D Z O ( 2 ) * F L C A T ( I )  
WRITE (NOUT.38) ( H E R D ( I ) , I = l , N Y )  

3R PORhAT(9H Y ( A . U . ) = , 2 2 P 5 . 2 )  
C ***** LOOP OVER X O F  REFERENCE SYSTEB ***** 

DO 500 I X  = 1,NX 
D z l ( 1 )  = FLOAT(IX)  
2 1  ( 1 )  = 20 ( 1 )  i DZO( 1) *DZ1 ( 1 )  

DO a 8 0  I Y  = 1,NY 
C ***** LOOP OVER Y OF REFERENCE SYSTEU ***** 
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D Z l ( 2 )  = PLOAT(1Y) 
2 1  ( 2 )  = Z O ( 2 )  + DZO(2) * D Z 1  ( 2 )  
***** EVALUATE EDGEWORTH SERIES  AT POINT Z l ( 1 )  t+*t* 
on uuo I = 1 . 3  
Z 2 C I l  = 0 . 0  

C 

4u 

C 

DO 4 U O  J = 1 , 3  

LILJLK = 1 
DST = 1 . 0  
Q U A D  = 0.0 
DO 4 4 5  L I  = 1 . 3  

Q U 4 D  = QU4C * Z ~ L I * Z I ( L I )  
DO 4 4 5  L J  = L I , ~  
Z 2 L J  = Z 2 ( L J )  
Z IZJQP = Z 2 L I * z 2 L J  - Q P ( I  
DO 445 LK = LJ .3  
PSI = P S I  + C 3 ( L I L J L K )  t 

440 Z 2 ( I l  = Z 2 ( I )  + Z I ( J ) * Q P ( J , I )  

Z 2 L I  = Z 2 ( L I )  
P S I  = P S I  + Z 2 L I * C l ( L I )  

1- Z P L J + Q F ( L K . L I ) )  
5 L I L J L K  = L I L J L K  + 1 

PDF = S C A L ~ * E X P ( - . ~ * Q U A D )  
CHI  = P D F * ( P S I - l . o )  
P S I  = PDF* PSI  
***** R O U N D  I N D  STORE P S I  
T1 = P9T . ._ 
LTEnP = T l  + S1GN(0 .5 ,11 )  
IF (LTERP) 460.450 460 

4 5 0  I F  (T1 ) 4 5 5 . 4 6 0 , ~ ~ ~  
4 5 5  LTEMP = -0 
4 6 0  L I N E ( I Y . 1 )  = L T E N P  

***** ROUND A N D  STORE CHI ***t* 
T 1  = rHT 
LTERP = T1 + S I G N ( O . 5 , I l )  
IP (LTENP) 4 7 5  4 6 5  4 7 5  

4 6 5  I P ( T 1  ) 4 7 0 , 4 i 5 , 4 i 5  
4 7 0  LTEWP = -0 
4 7 5  L I N E  ( I Y ,  2 )  = LTEnp  
980 CONTINUE 

- Z 2 L I * Q P  (LK,LJ )  

P 1 0 0 3 6 3 0  
P 1 0 0 3 6 4 0  
P 1 0 0 3 6 5 0  
P 1 0 0 3 6 6 0  
F 1 0 0 3 6 7 0  
P 1 0 0 3 6 8 0  
P 1 0 0 3 6 9 0  
P 1 0 0 3 7 0 0  
P 1 0 0 3 7 1 0  
P 1 0 0 3 7 2 0  
P 1 0 0 3 7 3 0  
P 1 0 0 3 7 4 0  
P 1 0 0 3 7 5 0  
P 1 0 0 3 7 6 0  
P 1 0 0 3 7 7 0  
P 1 0 0 3 7 8 0  
P 1 0 0 3 7 9 0  
P 1 0 0 3 8 0 0  
F 1 0 0 3 8 1 0  
P 1 0 0 3 8 2 0  
P 1 0 0 3 8 3 0  
P 1 0 0 3 8 4 0  
P 1 0 0 3 8 5 0  
P 1 0 0 3 8 6 0  
P 1 0 0 3 8 7 0  
P 1 0 0 3 8 8 0  
P 1 0 0 3 8 9 0  
P 1 0 0 3 9 0 0  
P 1 0 0 3 9 1 0  
F 100 39 20  
P 1 0 0 3 9 3 0  
P 1 0 0 3 9 4 0  
P 1 0 0 3 9 5 0  
P 1 0 0 3 9 6 0  
P 1 0 0 3 9 7 0  
P 1 0 0  3980 
F 1 0 0 3 9 9 0  
p l o o u o n n  P 1 0 o u 0 1 0  .- 

C ***** PRINT P S I  A N D  CHI IF AIN(4) .EQ.O , ONLY P S I  IP +, CHI IP - * p 1 0 0 4 0 2 0  

I P ( A I N ( 4 ) )  4 9 5  4 8 5 , 4 9 0  P 1 0 0 4 0 3 0  
WRITE (NOuT,U4) Z 1 ( 1 )  , (LINE (J, 1 )  , J = l ,  N Y )  

P 1 0 0 4 0 5 0  WRITE (NOUT.46) 2 1  ( 0 ,  (L INE ( J , 2 )  , J = l , N Y )  
P 1 0 0 4 0 6 0  GO TO 5 0 0  

4 8 5  WRITE ( N O U T , U ~ )  P 1 0 0 4 0 4 0  

P 1 0 0 4 0 7 0  

P 1 0 0 4 0 9 0  
4 9 0  WRITE (NOOT,42) P 1 0 0 4 0 8 0  

GO TO 5 0 0  P 1 0 0 4 1 0 0  
4 9 5  WRIT? (NOUT.42) P l O O 4 1 1 0  

WRIT? ( N O U T , 4 6 ) Z l ( l )  , ( L I N E  ( J , 2 ) , J = l , N Y )  F 1 0 0 4 1 2 0  

4 2  POURAT ( 1  H O )  P 1 0 0 4 1 4 0  

505  CONTINUE P l 0 0 4  1 8 0  

E N D  P 1 0 0 4 2 0 0  

WRITE (NOUT.UI0 2 1  ( 1 )  , (LINE ( J . 1 )  ,J= 1 ,  N Y )  

40 FORRAT(1H ) P 1 0 0 4 1 3 D  

4 4  PORMAT(3H XP F6 3 2 2 1 5 )  P 1 0 0 4 1 5 0  
4 6  FORWAT(3H XC: P6 :3 :2215)  P 1 0 0 4 1 6 0  

F 1 0 0 4 1 7 0  
5 0 0  CONTINUE 

RETURN P 1 0 0 4 1 9 0  

ASSIGN 3 0 0  TO N & Z  
ASSIGN 4 3 5  TO N B Y 3  
ILLST = 1 
GO TO 2 2 0  

2 0 5  ASSIGN 4 3 5  TO N B Y 3  
ASSIGN 2 9 0  TO IBY2 
GO TO 2 1 5  

2 1 0  ASSIGN 330 TO NBY3 
ASSIGN 2 8 5  TO NBY2 

2 1 5  ASSIGN 2 6 0  TO NBYl 
TLAST = 4 

2 2 0  ICYCLE = ICYCLE + 1 
ASSIGN 2 3 5  TO 1587 
ASSIGN 2 4 5  TO 14BY 
ASSIGN 2 7 0  TO I 3 B I  

H E R R  8 0  .. 
HERR 9 0  
H E R R  1 0 0  
HERM 1 1 0  
H E R R  1 2 0  
H E R R  1 3 0  
HERR 1 4 0  
H E R R  1 5 0  
H E R R  1 6 0  
HERR 170 
HERR 1 8 0  
H E R B  1 9 0  
H E R R  2 0 0  
HERB 2 1 0  
H E R R  2 2 0  
HERM 2 3 0  

ASSIGN 3 1 5  T O  I 2 8 Y  
ASSIGN 3 5 5  TO I l B Y  
PSI = 1 . 0  
***** GENERATE HO,Hl,  ..., H5 FOR X ( I X ) , I X = ~ , ~  ***** 
DO 2 3 0  I X  = 1 . 3  
H ( l , I I ( )  = 1.0  
X H  = X ( I X )  
H(2 . IX)  = X H  
H I  = 1 . 0  
DO 2 2 5  I H  = 2 . 5  
H ( I H + l , I X )  = X H * H  ( I H , I X )  - H I * H ( I H - i , I x )  
H I  = V I  + 1.0  
Y(1X) = 0 .0  
K H f I X )  = 1 
DO 2 3 0  J = 1 .3  
***** REDEFINE HEQNITE POLINORIALS YITHOUT ( - ( ) * t ~  P L C T O R  
J X 2  = J * 2  
H ( J X 2 , I X )  = - H ( J X 2 , I X )  
A ( J , I X )  = 0.0  
K H f U l  = I 

22  5 

C 

2 3  0 

C **;** FORN TENSORS OF H E R M I T E  POLYNOMIALS ***** 
DO 4 5 5  I 1  = 1 , I L R S T  
I l N l  = I 1  - 1 
I T ( 1 )  = I l n l  
K H ( I 1 )  = K H ( I 1 )  + 1 
DO U 5 0  I 2  ' 11 , ILAST 
1 2 1 1  = I 2  - 1 
I T ( 2 )  = 12171 
K H ( I 2 )  = KH(12)  + 1 
DO UUS I3 = 1 2 . 4  
I 3 M i  = 1 3  - 1 
I T f 3 )  = 1 3 1 1  
K H ( I 3 )  = KH(13)  + 1 
DO 440 I 4  = 13,U 
I 4 N 1  = I 4  - 1 
I T ( U )  = I u n l  
K H ( I 4 )  = K H ( I 4 )  + 1 
DO 4 3 5  I 5  = 1 4 . 0  
1 5 n i  = 15-1  
I T ( 5 )  = I 5 N l  
K H ( I 5 )  = K H ( I 5 )  + 1 

GO TO 1 5 B Y . ( 2 3 5  2 4 0 )  
2 3 5  ASSIGN 2 4 0  TO I ;By 

GO TO 4 3 5  
2 4 0  K1 = KH(2)  

K2 = KH(3)  
K3 = K H ( 4 )  

GO TO I U B Y  ( 2 4 5  2 6 5 )  

c *****SKIP ZERO ORDER TERM *8*+8 

= A ( K l , l ) * H ( K 2 , 2 ) * A ( K 3 , 3 )  

2 4 5  I P ( I U f l 1 )  2 5 :  2 5 5 ' 2 5 0  
2 5 0  liSSIGN 2 6 5  Go I ~ B Y  

GO TO 2 6 5  
c ***** USE H f I l  I+**+ 
C 

2 5 5  

C 
26  0 

***** sun SECOND P A R T  OF PSI ***t* 

****I son FIRST P L R T  OF VECTOR OF PIRST DERIVITIVES a*.** 

P S I  = P S I  - TERN * u ( I 5 n l )  
GO TO N B Y  1 ,  ( 2 6 0 , 4 3 5 )  

Y ( I 5 N O  = Y ( 1 5 N l )  - TERM 
GO TO 4 3 5  
GO TO I3BY ( 2 7 0  305) 
I F  ( I 3 N 1 )  28 ; ,280 :275  
ASSIGN 3 0 5  TO I3BY 
GO TO 305 

c ***** CALCVLITE C O N S T A N T * G a R R A ( I , J , K ) * H E R n ~ E  ( I , J , K )  ***i t  
305 TERn2 = ~ ~ n n 1  (13n1,14n1,15~1)*~~~n*o. 16666667 

3 1 5  1 ~ ( 1 2 1 1 )  3 2 5  3 2 5  3 2 0  
310 GO TO 1 2 B Y . ( 3 1 5 , 3 5 0 )  

3 2 0  ASSIGN 350 GO I i B y  
GO TO 350 

**** 

H E R N  2 4 0  
H E R R  2 5 0  
HERR 2 6 0  
H E R R  2 7 0  
H E R R  2 8 0  
H E R N  2 9 0  
HER8 3 0 0  
H E R M  3 1 0  
H E R l  3 2 0  
H E R R  3 3 0  
H E R R  3 4 0  
H E R K  350 
H E R M  3 6 0  
H E R R  3 7 0  
H E R M  3 8 0  * H E R N  3 9 0  
H E R R  1100 
H E R N  4 1 0  
H E R R  4 2 0  
H E R R  4 3 0  
H E R R  4 4 0  
H E R R  450 
H4RM 460 
HEAR 4 7 0  
H E R N  4 8 0  
H E R R  4 9 0  
H E R R  5 0 0  
H E R R  5 1 0  
HERN 5 2 0  
H E R R  5 3 0  
H E R R  5 4 0  
H E R R  5 5 0  
HERR 5 6 0  
H E R R  5 7 0  
H E R R  580 
HERR 5 9 0  
H E R R  6 0 0  
H E R R  6 1 0  
H E R R  6 2 0  
HERR 630 
HERR 640 
HERR 650 
H E R R  660  
H E R R  6 7 0  
HERB 680 
H E R N  6 9 0  
H E R N  7 0 0  
H E R R  1 1 0  
H E R R  7 2 0  
H E R l  7 3 0  
HERR 7 4 0  
H E R R  7 5 0  
HERR 7 6 0  
H E R N  7 7 0  
HERM 7 8 0  
H E R N  7 9 0  
H E R R  800 
HER8 8 1 0  
H E R R  8 2 0  
H E R N  830 
H E R R  8 4 0  
H E R N  850 
RERH 8 6 0  
H E R R  8 7 0  
HERR 880 
H E R R  8 9 0  
HERR 9 0 0  
H E R R  9 1 0  
H E R R  9 2 0  
H E R R  9 3 0  
H E R R  9 4 0  
H E R R  9 5 0  
HERR 9 6 0  
H E R R  9 7 0  
H E R R  9 8 0  
HER1 9 9 0  
H E R R  1 0 0 0  
HERM 10 10  
HBRfl1020 
H E R R  1 0 3 0  
HERM1040 
HER11050 
HERR 1 0 6 0  
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C 
330 

33 5 
340 
3 9 5  

3 5 0  
35 5 
3h 0 

37 n 
375 
380 
3 8 5  
39 0 

C 
C 
C 

34 5 

a0 0 

4 0 5  
4 1 0  

C 

4 1 5  
u20  
4 2 5  

U 3 0  
u 3 5  
4 4 0  
u a 5  
450 
a 5 5  

C 

C 
a6 0 

U6 5 
117 0 

C 

4 7 5  
C 

*+*** USE H ( I )  H ( J )  A (K) ***** 
***** SUll THIRD PART O F  P S I  ***** 
P S I  = P S I  - TERH2 
GO TO NBY3.(33OrU35)  
*+*** s u n  SECOND PART O P  RATRIY OF SECOND DERIVITIVES I**** 
A ( I U U l . 1 5 n l )  = A ( I U U 1 . 1 5 M l )  - TERH * U ( 1 3 1 1 )  
I F  ( 1 5 U l - I U N l )  3 4 0 , 3 4 0 , 3 3 5  
A ( I 3 1 1 , I U U l )  = I ( 1 3 H 1 , I U R l )  - TERN * U ( I 5 N l )  
1 ~ ( 1 u n l - 1 3 ~ 1 ) ~ 3 5 , ~ 3 5 , 3 ~ 5  
R ( I ~ U ~ , I S H I )  = a ( 1 3 n 1 . 1 ~ ~ 1 )  - T E R H  * u ( x u a 1 )  
c20 T O  4 2 5  ," _ _  _ -  
GO TO I l B Y . ( 3 5 5 , 3 9 5 )  
I F  ( I 1  R 1) 3 f i 5 . 3 6 5 , 3 6 0  
ASSIGN 395 TO I l R Y  
GO TO 395 
***** U S E  H ( I ) H I J ) H ( K ) H ( L )  ***** 
***** S U I  THIRD PRPT O P  VICTOR O F  F I R S T  DERIVITIVES ***** 
Y ( I 2 M l )  = Y ( 1 2 N l )  + TERM2 
IF ( 1 5 n i - 1 u n i )  3 7 5 , 3 7 5 . 3 7 0  
Y ( I 5 n i )  = ~ ( 1 5 n 1 )  + G A ~ ~ ~ ( I ~ ~ ~ , I ~ N ~ , I U ~ ~ ) * ~ ~ R H * O .  1 6 6 6 6 6 6 7  
1 ~ ( r u n i - r 3 n i )  3 a s , 3 8 ~ , 3 a o  

IF (13111-12~1)  4 3 5 , 4 3 5 , 3 9 0  
Y ( I U n 1 )  = Y ( I U f i l )  + G A n l l A ( 1 2 H l , I 3 U l , I 5 E l )  *TERH*O. 1 6 6 6 6 6 6 7  

Y ( 1 3 1 1 )  = Y ( 1 3 E l )  + GAU~A(I2Ul,I4Ul,I5Ul)*TERU*O. 1 6 6 6 6 6 6 7  
GO TO 4 3 5  
***** USE H ( I ) H ( J ) H ( K ) H ( L ) H ( H )  ***** 
***** SET UP ORDERZD PEREUTATIONS OF 1 1 , 1 2 , 1 3 , 1 U . 1 5  B Y  2 S, 
I T  = 0 
LB = 1 1  
DO 4 1 0  I = l , U  
I P l  = T + 1  
DO 4 1 0  J = I P 1 , 5  
LT = L T I l  
J T  l l . L T l  = I T I I )  

***** sun  THIRD P A R T  O F  N A T R I X  OF S E C O N D  DERIVITIVES * a * * *  

J T ( 2 ; L T )  = I T ( J l  
I F  ( J - 4 )  UOO.400,UlO 
J P l  = J + 1  
DO 4 0 5  K = J F l , 5  
LB = LB-1 
J T  (3 ,LB)  = I T  (1) 
JTlU.LR1 = I T I J \  

H E R 8 1 0 7 0  
HERM 1080 
HERR 1090 
HER81 1 0 0  
H E R M l l l O  
HERI(1120 
HERR1130 
HERR 1 1 4 0  
HER8 I I 5 0  
HERU 1160 
HERU 1 1 7 0  
HERR1 1 8 0  
H E q R 1 1 9 0  
HERM1200 
HERHlZlO 
H E W  1 2 2  0 
H E R 8 1 2 3 0  
HERR 1 2 4 0  
HERH 1 2 5 0  
HZRN 1 2 6 0  
HERU 1 2 7 0  
HERR1280 
HERR 1 2 9 0  
HERU 1 3 0 0  
HERM 1 3  IO 
HERN 1 3 2 0  
HERR 1 3 3 0  

3 S **HER111340 
HERN1350 
HERU1360 
HERV 1 3 7 0  
HERM1380 
HERR 1 3 9 0  
HERU 1 4 0 0  
HERU1910 
HERR 1 4 2 0  
HERRlU30 
HERN 1 4 4 0  
HERIIIUSO 
HERR lU60 
HERHlU70 
HERH 1 4 8 0  
HERU 1 4 9 0  
HERM 1 5 0 0  

2 . 3  S H E R H l S l O  
H E R U l 5 2 0  
HERN 1 5 3 0  J 2  = 0 

J S  = 0 H E R l 1 5 4 0  
DO 4 3 0  J = l , l O  HERH 1 5 5 0  
I F ( ( J 1 - 3 ) t  ( J 5 - 1 ) )  U 1 5 , U 3 5 . U 1 5  HERH1560 

HERH1570 IF ( J l - J T  ( 1  , J )  ) U 2 5 , 4 2 C , U 2 s  
I F ( J 2 - J T  ( 2 . 5 ) )  u 2 5 . U 3 0 , 4 2 5  HERR 1 5 8 0  

HBRV1590 J1 = J T ( 1 , J )  
J 2  = J T ( 2 , J )  HERH 1 6 0 0  
53 = J T ( 3 , J )  H E R U l 6 1 0  
J U  = J T ( U , J )  H E R B  1 6 2 0  
J5 = J T ( 5 , J )  HERE1630 
A ( J 1 , J Z )  = A ( J 1 , J Z )  - GAMnA(J3,J4.J5)*TER.V*0.  1 6 6 6 6 6 6 7  HERU 1 6 4 0  
CONTINUE HERX 1 6 5 0  

HERU 1 6 6 0  Y H  (IS) = K H ( I 5 )  - 1 
HERU 1 6 7 0  KH(TII) = K H ( I 4 )  - 1 

K H  (T3) = K Y ( I 3 )  - 1 HERfl1680 
HERU 1 6 9 0  K H ( 1 2 )  = K H ( I 2 )  - 1 
HERM 1 7 0 0  KH(TI)  = K H ( I 1 )  - 1 

***** P I L L  OUT nATRIX A A N C  UULTIPLY A , Y  A N D  P S I  BY NORlAL DENSITYHERXl710 
D S P  = 0.063493536 * EXF(-.5*(X(1)**2+X(2)**2+X(3)**2)) HERU 1 7 2 0  

HBRU 1730 P S I  = P S I  * DEN 
C H I  = P S I  - DEN HERHl7UO 

HERU 1 7 5 0  IF (ITYD'?) 4 6 0 , 5 0 0 , 4 6 0  
***** NEGATE DENSITY FOR P O S I T I V E  HRTRIX A O N  R R X I 1 I A  SEARCH ***** HERU1760 
r I P N  = -"PW HERR1770 
Do 4 7 0  I = 1 . 3  
DO 4 6 5  J = 1 , 3  
A ( 1 , J )  = A ( I , J ) * D F N  
A ( J , I )  = n(1.J)  
Y (1) = Y (I) * DEN *+*** CHECK EIGEWVALUES OF RATRIX A ***** 
CALL XIGEN (A,VALU,VECT) 

*****CALCULATE SfI IFT VECTOR ****a 
CALL ASEQR (A,V l , Y ,  1)  
***** CALCULATE LENGTH OF S H I F T  VECTOR ***** 
T 1  = 0 . 0  

17 (VALU( 1)  ) 4 9 5 , 4 9 5 , 4 7 5  

HERU 1 7 8 0  
H E R H l 7 9 0  
HERn 1 8 0 0  
HERR 18 IO 
HERll1820 
HERH 1 8 3 0  
H E R U l 8 4 0  
HERR1850 
HERH 1 8 6 0  
HERR1870 
HERn 1 8 8 0  
HERH1890 

HERR 1 9 0 0  
HERR1910 
HERR 1 9 2 0  
HERR 1 9 3 0  
HERNl9UO 
HERH 1 9 5 0  
HERB1960 
HERE1970 
HERN 1 9 8 0  2 PORN AT (; 2HOHODE FAILURE ON CYCLE,13,3E20.5)  
HERR1990 

4 FORMAT(lHO/( lH , 6 E 1 9 . 8 1 )  HERH2000 
HERN2010 
HERE 2 0 2 0  

DO 4 8 0  J = 1 . 3  
T 1  = T l  + ( V l ( J ) * R H S ( J ) ) * * 2  

I P ( T 1 - 1 . O E - 1 0 )  500 .U85.UE5 
4 8 0  X ( J )  = X ( J )  + V l  (J) 

C ***** ERROR IF S H I F T  I S  .GE. 0.3 A ***** 
4 8 5  I F ( T l - O . 0 9 ) 4 9 0 , 4 9 5 , 4 9 5  
U90 I F  (ICYCLE-20) 2 2 0 . U 9 5 . 4 9 5  
4 9 5  DRINT 2 1CYCLE.VALU 

D R I ' I T  4, F S I , C H I , T l , V l ,  X,VALU,Y , A , H  

5 0 0  RETUWN 
END 

LAP5 1 0  
LAPS 2 0  

SUBROUTINE L A P 5 0 0  (NTYPE) 

DINENSIOY Q C ( 3  3 )  O D ( 3 , 3 ) . V D 1 ( 3 ) , V D 2 ( 3 )  LAPS 30 
c *tat* DOUBLE P;EC;?,ION FOR VERY SHALL ATOIIS A N D  SHORT CORDLENGTH *LAP5 U o  

LAP5 5 0  
C ***** IN GENERAL, DOUBLE PEECISION I S  NOT REQUIRED *I*** LAPS 6 0  

REAL*B QC,QD,VDl , VU2 , T C l  ,TD2 ,TD3 
C ***** J U S T  REHOVE THE PRECEEDING REAL*(( CARD TO UAKE SINGLE PREC LAPS 7 0  

COHHON/OLAP/CONIC(7,50O),COVER(6,20) ,KC(2O),KQ(30),NCONIC,NCOVER, LAP5 8 0  
1 NQOVPR, NQUAD,OVVRGN,QOVER (3.U.30) , Q U A D ( 9 , 6 0 0 )  , S E G H ( 5 0 , 2 )  L n P s  90 

REAL'R CHEV LAPS 1 0 0  

C t***t STCRE PROJECTED &TO4 CONICS A N D  BOND QUADRANGLES ***** 

DINENSION LAPS 1 1 0  
DIHTNSION ATOHS(U,500) ,BB(3,3) , C D ( 8 , 1 0 )  ,CHEU ( 1 6 6 )  ,CONT(5)  , D ( 3 , 1 3 0 )  LAP5 1 2 0  
DIUPNSION DA(3.3) D P ( 2 . 1 3 0 )  , E V ( 3 , 1 6 6 )  ,PS(3,3,U8),KD(5,1o),ORGN(3) LAP5 1 3 0  
DINENSION P ( 3 , 1 6 6 ;  ,PA (3,3. 1 6 6 )  ,PAC ( 3 , 5 ) ,  PAT (3, 3 ) ,  Q (  3 , 3 ) ,  REFV (3,3)  LAP5 1 4 0  
DIMENSION LAP5 1 5 0  
DIWENSION VT(1.U) , V l ( U ) , V 2 ( 3 ) , V 3 ( 3 )  , V U ( 3 ) , V 5 ( 3 ) , V 6 ( 3 ) , U R K V ( 3 , 3 )  LAP5 1 6 0  
DIRENSION XLNG ( 3 )  ,XO ( 3 )  ,XT (3) L b P 5  1 7 0  
COUUON NG,~,AA,A~QEV,A~URK,AID,AIN,ATOUS,BB,BRDR,CD,CHEH,CONT,D LAP5 1 8 0  
COWIION DA,DP,DISP,EDGE,EV,PORE,FS,IN,ITILT,KD,LATM,LTNO,NATOH,NCD LAP5 1 9 0  
COOUON NJ.NJ2,NOUT. YSR,NSYN,ORGN,P,PI,PAC,PAT,Q,REFV,RES,RHS,SCALlLAP5 2 0 0  
COMROP SCAL2, SCL,SYHB, TAPER,THETA,TITLE,TITLF2,TS ,VIEW ,VT.V l,V 2 LAP5 2 10  

LAP5 2 2 0  r O N U O N  V3,V~,V5,Vh.URKV,XLNG,XO,XT 
C *at** FLIWINATF ALL PREVIOUSLY STORED LOCAL OVERLAP INEORUATION **LAP5 2 3 0  

LAP5 2 4 0  
LAPS 2 5 0  

NCOVER=O 

I F ( N T Y P F )  4 2 0 , 1 9 5 , 1 9 5  
C f***f  ELIMINATE ALL PREVIOUSLY STORED GLOBAL OVERL4P INFORNATION *LAP5 2 7 0  

LAP5 2 8 0  
LAP5 2 9 0  

A(9)  , A R  (3.31 .LAREV (3.3) ,AAWRK(3.3) , A I D ( 3 ,  3 )  , A I N ( l U O )  

RES (4 )  ,RUS ( 5 ) ,  SY H 6  (3 ,3)  , T I T L E  ( l e ) ,  T I T L E 2  ( 1  8) ,TS (3 ,  '48) 

NQOVPR=O LAPS 2 6 0  

i Q 5  NCONIC=O 

L A P S  300 
NQUID=0 
I ~ ( N T Y P ~ ) U 2 0 , U 2 0 , 2 0 0  

C ***** CONSTANT FOR OVERLAP U R R G I N  (URITE M A R G I N  AT OVERLAP) I**** LAP5 LAP5 3 2 0  3 1 0  

C a*** *  NEGATIVE NUNBER OR P C S I T I V E  INTEGER GIVES 0 V R R G N I O . O  ***** LAP5 330 
LAPS LAP5 3 5 0  3 4 0  

LAP5 3 6 0  
LAP5 3 7 0  
LAP5 380 

LAP5 a00 

2 0 0  I P ( R I N ( 1 ) )  2 0 5 , 2 1 5 , 2 1 0  

2 0 5  OVnRGN=O.O 
GO TO 2 2 0  

C ***** S E T  OVERLAP U A R G I N  UIDTH DIRECTLY I N  INCHES ***** 
2 1 0  O V n R G Y = 4 1 N ( l ) - A I N T ( A r Y  ( 1 ) )  

GO -n 2 2 0  
C ***** DEFAULT OPTION,  OVERLAP U A R G I N  UIDTH A S  A FUNCTION OF S C A L l L A P S  3 9 0  

2 1 5  OVURGN=4OAX1 (sQRT(sCAL 1) * 0 . 0 3 0 , 0 . 0 2 5 )  
2 2 0  WRITE (NOUT.2) OVORGN 

2 2 5  IF (LATn) 2 3 0 , 2 3 0 , 2 3 5  
2 3 0  NG=12 

LAP5 LAP5 1110 4 2 0  2 F O Q N ~ T ( ~ H O . ~ O X . ~ ~ W O V E R L A P  R A R G I N  I S ,  F6.3.5H INCH) 
LAPS 430 
LAP5 4 4 0  
LAP5 4 5 0  CkLL FQFNT (0. , 5 1 0 1 N J 2 )  

G O  TO 4 2 0  L A P S  u 6 0  
 LAP^ 4 7 0  

2 4 0  DO 2 4 5  I = l , L R T P  L A P S  500 

c ***** s o w  A T O U S  LIST a y  -VIEWDISTANCE O R  ey z P A Q R U E T E R  
7 3 5  I F ( V I E W )  250.250.2UO LAPS 4 8 0  

LAP5 U 9 0  

LAP5 5 1 0  
LAP5 520 

LAP5 LAP5 530 5 4 0  
LAP5 550 

C ****+ CALCULATE VIEWDISTANCES**2 * ( - 1 )  I F  VIEU.GT.ZER0 ***** 
CALL X Y 7  (RTOVS (1 .1)  , V 3 , 2 )  
V3 (31 =V3 ( 3 ) - V I E P  

2115 ATOMS ( U , I ) = - V V ( V 3 , V 3 )  
GO TO 2 6 0  

C ***** STORE CARTESIAN COORCINATES I P  VIEU.EQ.ZER0 * * * * *  
L A P S  L A P S  5 6 0  570 

LAPS 580 

LAPS LAP5 590 6 0 0  
LAP5 6 1 0  

2 5 0  DO 2 5 5  I = I , L A T U  
2 5 5  CALL XYZ(ATONS(l .1)  , A T O f l S ( Z , I )  , 2 )  

2 6 0  R=LRTU 
2 6 5  fi=H/2 

2 7 0  K=LATI*-I 

C ***** SORTING PROCEDURE B Y  SHELL, COHN ACH 2.30 ( 1 9 5 9 )  ***** 

IF ( n )  3 0 0 , 3 0 0 , 2 7 0  

LAP5 LAP5 6 2 0  6 3 0  
, 7 c  1-1 LAP5 6 5 0  LAP5 6 4 0  

L L P 5  LAPS 660 670 

LAPS 680 

J= 1 

2 8 0  IU=I+H 
I F  (ATOHS (U,I l -ATOfIS(U,  IN)) 2 9 5 , 2 9 5 , 2 8 5  

T l = A T O l S  ( 1 . 1 )  
2 8 5  DO 2 9 0  L = 1 , 4 , 3  

N 
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ATOHS ( L , I )  =ATOIIS ( L . I I )  

I=I-l 
IP (I) 2 9 5 , 2 9 5 , 2 8 0  

2 9 5  J = J i l  
I F ( J - K )  2 7 5 , 2 7 5 , 2 6 5  

2 9 0  R T O H S ( L , I f 4 ) = T l  

C ***** LOOP THROUGH ALL ATOIS I N  SORTED ATOUS LIST ***** 
3 0 0  DO 405 IA=l .LATH 

CALL XYZ(LTORS(1 , IA)  ,ATOIIS ( 2 , 1 A ) , 2 )  
CALL P A x E S ( A T O I S ( 1 , I A )  , 2 )  
DO 3 0 5  J = l . 3  

LAPS 6 9 0  
LAP5 7 0 0  
LAP5 1 1 0  
LAP5 7 2 0  
LAP5 730 
LAP5 7 4 0  
LAP5 7 5 0  
LAP5 760 
LAP5 7 7 0  
LAP5 7 8 0  
LAP5 7 9 0  
LAP5 8 0 0  
LAP5 810 
LAP5 8 2 0  
LAP5 830  
LAP5 840 
LAP5 850 
LAP5 860 
LAP5 8 7 0  
LAP5 8 8 0  
LAP5 8 9 0  
LAPS 9 0 0  
LAP5 910 
LAP5 9 2 0  
LAPS 9 3 0  

L A P 5 1 5 3 0  DO 7R5 . 1=1 .7  

V5 (J) =O.  00 ~ + O V N R G N  
GO Tn 7 R n  

L A P 5 1 5 9 0  L A P 5 1 6 0 0  

LAP516 10 
L A P 5 1 6 2 0  L A P 5 1 6 3 0  

LAP51640  
L A P 5 1 6 5 0  
L A P 5 1 6 6 0  
LAP51670  

3 7 5  
. . - - . - - 
V5 ( J ) =  SQRT(T1) +OVNRGN 
V6 (J) =V6 ( J )  +QC ( 3 ,  J)  
TD2=TD2+QD (3 .5 )  *QC ( 3 . 5 )  

380 CONIC ( 2 * J - l . I A )  =V6 (J) -V5 ( J )  
38 5 CONIC (2*  J ,  I & )  =V6 (J)  i V 5  l.l\ 

IP (NDG)  3 9 0 , 3 9 0 , 3 9 5  
3 9 0  I P ( T D 2 )  4 0 0 , 3 9 5 , 3 9 5  

3 9  5  CONIC ( 5 , I A )  = 1 . O /  ( (CONIC ( 2 ,  IA)  -CONIC ( 1 , I & )  ) *O. 5)  ** 2 

) *O. 5)  ** 2 

C ***** E L L I P S E  I M A G I N A R Y  D U E  TO ROUNDOFF, RESET TO RELL VALUE 

CONIC (6.111) =O. 0 

V l  ( J ) = A T O I i ( J + l , I A )  
V D l ( J )  = V l ( J )  
DO 3 0 5  K = 1 , 3  

I F  (VIEW) 3 4 0 , 3 4 0 , 3 1 0  
3 0 5  Q D ( J . K ) = Q ( J , K )  

C  ***** ClLCULATE ENVELOPING CONE WITH ORIGIN AT VIEWPOINT **t*t 
3 1 0  V1 (31=V1 f31-VIEH 

C 

3 1 5  
C  

C  

CONIC ( 7 ;  I&) = 1  . a / (  (CONIC(4 ,  1A)-CONIC (3,IA) 
GO TO 405 ***;*' P O R d  COPACTOR HATRIX **it* 

DO 3 1 5  J = 1 , 3  
J l= IOD ( J ,  3) + 1 
J2=IOD(J+1,3) + l  
DO 3 1 5  K = J . 3  

C  ***** STORE NORllALIZED QOACRATIC COEFFICIENPS FOR E L L I F S E  I**** 
C ***** SCRLED BY OVERLAP R A R G I N  PLRAIETER ****+ 

400 TD3= -(1.0-2.0*0VRRGN/(V5(l)+V5(2)))**2 /TD2 
CONIC (5.11) =QD ( 1 , l )  *TD3 
CONIC ( 6 ,  I a )  = Q D  ( 1 , 2 )  *TD3 
C O N I C ( 7 . I A ) = Q D ( 2 . 2 1  *TD3 

4 0 5  CONTINUE 

LAP5 1730 
L A P 5 1 7 4 0  
L k P 5  1 1 5 0  
LAP5 1 1 6 0  
L A P S 1 7 7 0  
L A P 5 1 7 8 0  
L A P 5 1 7 9 0  

LAP51810  
LAPS 1 8 2 0  
LAP5 1 8 3 0  

NCONIC=L )TI1 ~ ~ ~ 5 1 8 0 0  

K2=IOD f K i 1  : 3 l + 1  L A P S  9 4 0  
QC ( J ,  K;= Q o ( i 1  , K  1 )  *QD ( J 2 s K 2 )  QD (J1 ,  K2) *QD ( J 2 , K l )  LAP5  950 
Q C ( K , J ) = Q C ( J , K )  LAPS 9 6 0  ***** 'ORI POLARIZED COFACTOR HATRIX A N D  A D D  TO E L L I P S C I D  UATRIX *LAP5 9 7 0  
TD2=-SCL*+2 LAP5  9 8 0  

~. 
C ***** PRINT OUT SORTED KT015 ARRAY ***** 

WRITE (NOUT.4) (ATOIIS(1 , J ) , J = l , L A T H )  
4 F O R M ~ T ( l H O , l O X , 3 0 H C O N T E n r S  OF SORTED ITOMS lRRAY/(15X,  l O F 1 0 . 0 ) )  

C  ***** STORE BOND QUADRANGLES I F  SEARCH CODES ARE G I V E N  ***** L A P 5 1 8 4 0  
L A P 5 1 8 5 0  

C  ***** GENERATE PSEUDO-INSTRUCTION 8 2 2  TO CALCULATE BONDS ***** L A P 5 1 8 6 0  
4 1 0  N J 2 = 2 2  L A P 5 1 8 7 0  

CALL PBOO LAP5 1880 
L A P 5 1 8 9 0  IP (NQUAD) 4 2 0  I 4 2 0 . 4  1 5  
L A P 5 1 9 0 0  
LAP5 19 1 0  

4 1 5  URITE (NOUT.6)AQUAD. (QQAD(9 . J )  , J=l ,NQUAD) LAP51920  
6 FORIAT( lHO~lOX,27RBOND OVERLAP I R R A Y  CONTAINS.14.23H BONDS (HAXIMULAP51930 

I I  I S  5 9 9 ) /  1 l X .  66fiATOI-PAIR NUIBERS I N  A R R A Y  REFER TO SEQUENCE L & P 5 1 9 4 0  
2 I N  SORTED &TOMS A R R A Y /  ( 1  5X, 1  OF 10.0) ) LAP51950  

4 2 0  RETURN L A P 5 1 9 6 0  
END LAP51970  

I F  (NCD) 4 2 0 , 4 2 0 , U l O  

C  ***** PRINT OUT NUHBER OF BOND QUADRANGLES STORED ***** 
C ***** PRINT OUT QUADRANGLE IDENTIFICATION A R R A Y  ***** 

***** T D l  I S  A N  ARBITRARY SCALING FACTOR ***** 
TD l=VUV(Vl .O.V1) 

LAP5 9 9 0  
L A P 5 1 0 0 0  
L A P 5 1 0 1 0  
L A P 5 1 0 2 0  
L A P 5 1 0 3 0  
L A P 5 1 0 4 0  
L A P 5 1 0 5 0  
LAP5  1 0 6 0  

DO 3 2 5  i=i; i-  
J l = I O D  ( J , 3 ) + 1  
J 2 = I O D  (J+ l ,3 )  + 1 
DO 3 2 0  K = J , 3  
Kl=IOD (K.3) + 1  
K2=HOD(K+1.31+1 
Q D  (J,K) = ( (bD.1 ( J 2 )  * ( Q C ( J  1,K 1 )  *VD1 (K2) -QC ( J 1  K2) *VD 1  (K 1 )  ) L A P 5 1 0 7 0  

1 *VD 1 ( J 1 )  * (VDI (K1) *QC ( J 2 t K 2 )  -VD1 (K2) *QC (J2:K 1 )  ) )  +TD2*QC(J ,K)  ) /TD 1 LAP5 1080  
3 2 0  Q D ( K , J ) = Q D ( J . K )  LAP5 1 0 9 0  

C  ***** PROJECTED E L L I P S E  I N  HOUOGENEOUS COORD OF WORKING SYSTEM ***LAP51100  
L A P 5 1 1 1 0  QD (5.3) = - Q D ( J , 3 )  * V I B H  
LAP5 1 1 2 0  3 2 5  Q D ( 3 , J ) = - Q D ( 3 , J ) * V I E W  

C ***** PROJECT CENTER OF ATCH ONTO PROJECTION PLANE ***** 
TDl=-VIEH/VDl (3) 
V D Z ( l ) = V D l ( l ) * T D l  
VD2(2)  =VDl ( 2 )  *TDl ***** TRANSFORB TO NEW ORIGIN M IBPROVE CONDITION 
DO 330 J = l , 3  
DO 330 K = 1 , 2  
QD (J ,  3 )  = QD (J ,3) +QD ( J ,  K) *VD 2  (K) 
DO 3 3 5  J = 1 , 3  
DO 335 K=1 ,2  
Q D ( 3 , J ) = Q D ( 3 , J ) + V D Z ( K )  *QD(R,J )  
9 6  ( 1 )  = X O ( l ) + V D 2 ( 1 )  
V 6 ( 2 ) = X O ( 2 ) t V D 2 ( 2 )  
GO TO 3 5 5  
***** CALCULATE ENVELOPING CC.INDEB ALOAG 2 OF Y O R K  
DO 395 J = 1 . 2  

d 

w 
LAP5 1 1 3 0  
LAPS 11  4 0  
L A P S I I ~ O  
L A P 5 1 1 6 0  

RATRIX Q ***LAP51170  
LAP5 1 1  80 
LAP5 1 1 9 0  
L A P 5 1 2 0 0  

SUBROUTINE LAP7OO(NA,ICQ) LAP7 1 0  
DIMENSION DETER(2)  , Q A ( 3 , 3 , 2 )  , Q C ( 3 , 3 , 2 )  ,V12  ( 3 , 2 ) , Y H I N  ( 2 ) .  YHAX(2) LAP7 2 0  
DI IENSION OVHR(2) LAP7 30 

C ***** I11 GENERAL. DOUBLE PRECISION I S  NOT REQUIRED ***** LAP7 40 
C ***** BUT I N  CRSE OF TROUBLE, ACTIVATE THE CD COHIENT CARDS ***** LAP7 50 

60 REIL*8 AOV3, AOV3SQ. BOV 3, DETER. PI.PHI.POV3, WV3CU,QA,PC ,QOV2, QOV2SQLAP7 
REIL*8  ROOT,TD LAP7 7 0  

C 

330 

3 3 5  

OF 

I NG 

L A P 5 1 2 1 0  
LAPS 1270 

COIHON/OLAP/CONIC(l, 500) ,COVER (6 .20 )  , K C ( 2 0 ) , K Q ( 3 0 )  ,NCONIC,NCOVER, LAP7 8 0  
LAP7 9 0  

RElL*8  CREH LAP7 1 0 0  
1 UQOVER,NQUAD.OVHRGN.QOVER (3.4.30) , Q U a D ( 9 . 6 0 0 )  ,SEGH ( 5 0 . 2 )  

DI IENSION h ( 9 )  , A A ( 3 , 3 )  , L A R E V ( 3 . 3 ) . A A ~ R K ~ 3 . 3 )  , A I D ( 3 . 3 )  . A I N ( 1 4 0 )  LLP7 110 
DIUENSION ATOM5(4.500) , B B ( 3 , 3 )  , C D ( 8 , l O ) , C H E H ( l 6 6 )  ,CONT(S) ,D(3 ,  1 3 0 ) L A P 7  1 2 0  
DI IENSION D A ( 3 . 3 )  , D P ( 2 . 1 3 0 )  .EV 13.166) .PS (3 .3.48) .KD(5.101 .ORGN (3) LAP7 1 3 0  

C  
34 0 

34 5  

3 5 0  
C  

C  
C  

3 5 5  

3 6 0  
C 

36 5 

DO 3 4 5  K=1:2 L A P 5 1 2 9 0  DIEENSION P ( 3 . 1 6 6 )  . P A ( 3 , 3 .  166)  .PAC(3 ,5 )  , P A T ( 3 . 3 j  . Q ( 3 , 3 ) , k E P V  ( 3 , 3 )  LAP7 1 4 0  
DIMENSION RES(4)  RHS(5)  SYHB(3  3) T I T L E ( l 8 )  T I T L E 2 ( 1 8 ) . T S ( 3  48) LAP7 1 5 0  
DI IENSION VT (3,43..Vl (4) :V2 ( 3 ) ,  ;3(5) , V 4 ( 3 ) ,  & (3)  , V 6 ( 3 )  ,WRKV(;,3) LAP7 1 6 0  
DIBENSION XLNG(3) ,XO(3)  ,XT (3) LAP7 170 
COUION N G ,  A, AA,AAREV,AAURK , A I D , A I N ,  ATOMS.BB, B R D R ,  CD, CAEM,CONT, D LAP7 1 8 0  
COUnON DR,DP,DISP,EDGE.EV, IORE~FS,IN,ITILT,KD,LATH,L'INO,NATOI~NCD LAP7 1 9 0  
COIHOR NJ~AJ2~NOUT~NSR.NSYH.ORGB.P.PI.PIC.PIT,PA,P~C,PAT.Q,REFV,R~S,RHS,SCALlLAPl 2 0 0  
COIION S C I L 2 , S C L ~ S Y M B , T A P E R ~ T E E ~ A , T I T L E , T I T L E 2 , T S ~ V I E W ~ V T ~ V l , V 2  LAP7 2 1 0  
COIION V3,V4,V5,  V6,HRKV. XLNG ,XO,XT LAP7 2 2 0  
P I = %  1 4 1 5 9 2 6 5 3 5 8 9 7 9 3 2  LAP7 2 3 0  

CS P I 3 3 . 1 4 1 5 9 3  
ICQ=O 
NCOVER=O 
NQOVER=O 
OVIR ( 1 )  =OVIRGR 
OVHR ( 2 )  =O. 0 
IP(MC0AIC-NI )  2 0 0 , 2 0 0 , 2 0 5  

2 0 0  RETURN 

L A P 5 1 3 1 0  
L I P 5 1 3 2 0  Q D ( J , 3 ) = O . O  

Q D ( 3 , J ) = O . O  L A P 5 1 3 3 0  
L A P 5 1 3 4 0  V6 (J) =XO ( J )  +ATOHS (J+ 1 , I L )  

*+*** PROJECTED E L L I P S E  I N  HOHOGENEOUS COORD ABOUT CENTER OF ATOH L A P 5 1 3 5 0  
L A P 5 1 3 6 0  ***** F I T  RECTANGLE AROUND ELLIPSE ALLOUING OVERLAP UARGIN ***** L A P 5 1 3 7 0  
LAP513HO ***** PORI IATRIX OF COFACTORS ***** 
LAP5 1 3 9 0  W 3 6 0  511.3 

Jl=MOD (J, 3) + l  
LAP5 111 10 J2=OOD(J+  1.3) + l  
L A P 5 1 4 2 0  DO 360 K=J,3 
L A P 5 1 4 3 0  Kl=HOD (K.3) + l  

K2=MOD(K+l.3) + 1 L A P 5 1 4 4 0  
L A P 5 1 4 5 0  QC (J,K) = QD (J 1 . K l )  *QD (52 .K2)  -QD ( J l ,  K2) *PD( 5 2 ,  K 1) 
L A P 5 1 4 6 0  ***** RESCILE MITRIX OI COFACTORS S O  TEAT Q C ( 3 , 3 ) = 1 . 0  **it* 

L A P 5 1 4 7 0  DO 365 J ~ 1 . 3  
L A P 5 1 4 8 0  DO 365 K=J ,3  

L I P 5  1500 QC (K.J) SQC ( J ,K l  
TDZ=QD(3 ,3 )  
NDG=O 

~ ~ ~ 5 1 4 0 0  

QC 1J.K) QC(J.  K) /QC (3. 3) L A P 5 1 4 9 0  

LAP7 2 4 0  
LAP7 2 5 0  
LAP7 2 6 0  
LAP7 2 7 0  
LAP7 2 8 0  ~ ~. 
LAP7 2 9 0  
LAP7 300 
LAP7 3 1 0  
LAP7 320 
LAP7 330 
LAP7 3110 

c ***** R O U G A  CRECK FOR OVERLAPPING Arons ***** 
2 0 5  DO 2 1 0  J z 1 . 2  

Y M I A  (J) =CONIC (2*J -1 ,  MA) 
2 1  o m i x  ( J )  = conIc ( 2.5, N I ~ )  

I= 0 
DO 4 2 0  IA=NA,MCOMIC 

i A P 7  3 5 0  
L l P 7  360 
LAP7 370 

LAP5 15 1 0  
L A P 5 1 5 2 0  
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I P ( 1 l - N A )  2 3 0 , 2 3 0 , 2 1 5  
2 1 5  DO 2 2 5  J = 1 , 2  

I F  (YMAX(J) -CONIC(Z*J- l  ,I&) ) 4 2 0 , 4 2 0 , 2 2 0  
2 2 0  I F  ( Y N I N ( J )  - C O N I C ( Z * J . I A ) )  2 2 5 , 4 2 0 , 4 2 0  
2 7 5  CONTINUE 

C ~ ***** EXICT CHECK FOR OVERLAPPING ATOUS ***** 
2 3 0  I F  (L-1) 2 3 5 , 2 3 5 , 2 4 0  
2 3 5  L = L + 1  
2 4 0  CALL LAPCON(CON1C (1 . IL)  . D l  , 1 1 2  (1.L) .OVUR ( I ) )  

DO 2 4 5  J = 1 , 3  
DO 2 4 5  K = 1 , 3  

2 4 5  Q A ( J , K , L ) = D A ( J , K )  

DETER ( I )  =O.O 
DO 2 5 0  J = 1 , 3  
J 1  =NOD ( 5 1 3 . 3 )  + 1 
J?=UOD ( J I l ,  3 )  + 1 
DO 2 5 0  K = 1 , 3  
Kl=MOD(K+3,3) + l  
K2=uOD ( K + 1 , 3 )  + l  
TD=QA (J 1 .K 1, L)  *QA (J2.K 2. L) -QA ( J  1.K2, L )  *QA ( 1 2 ,  K 1 , I )  
DETER ( I )  =DETER (L) + T D * Q I ( J ,  K,L) 

C ***** CALCULATE COFACTORS AND DETERMININTS ***** 

2 5 0  Q C ( J , K . L ) = T D  
c ***** D E T E R ( L )  IS T H E  DETERNINANT TIUES 3 ***** 

I F  (L- 1) 4 2 0 , 4 2 0 , 2 5 5  
C ***** PORN CHARACTERISTIC EOUATION AND EXAUINE I T S  ROOTS ***** 

2 5 5  AOV3=0.0 
BOV3=0 .O 
DO 2 6 0  5 1 1 . 3  
DO 2 6 0  K = 1 , 3  
AOV3= AOV 3+QC ( J , K ,  2) *PA ( J ,  K , 1 )  

2 6 0  BOV3=BOV3+QC(J ,R, l )  * Q I  ( J .K.2)  
AOV3=.4OV3/ DETER ( 2 )  
AOV3SQ=AOV3**2 
BOV3=BOV3/ DETER ( 2 )  
POV3=BOV3-AOV3SQ 
QOV2=AOV3* (AOV3SQ-BOV3*1. 5DO) +DETER ( 1 )  /(DETER ( 2 )  * 2 . 0 t 0 )  

CS QOV2=AOV3* (AOV3SQ-BOV3*1.5 )+DETER ( l ) / ( D E T E R  (2)*2 .0  ) 
C ***** CHECK DISCRIMINANT O F  CHARICTERISTIC CUBIC EQUATION ***** 

ITYPB=O 
P O V ~ C U = P O V ~ * + ~  

LAP7 380 
LAP7 390 
LAP7 4 0 0  
LAP7 4 1 0  
LAP7 4 2 0  
L l P 7  430 
 LAP^ 440 
LAP7 450 
LAP7 460 
LAP7 4 7 0  
LAP7 480 
LAP7 4 9 0  
LAP7 5 0 0  
LAP7 510 
LAP7 5 2 0  
L A P 7  530 
 LAP^ 5 4 0  
LAP7 550 
LAP7 560 
LAP7 5 7 0  
LAP7 580 

LAP7 600  
LAP7 6 1 0  
LAP7 6 2 0  
LAP7 6 3 0  
LAP7 6 4 0  
LAP7 650  

LAP7 670 
LAP7 680 
LAP7 6 9 0  
L l P 7  7 0 0  
LAP7 7 1 0  
L A P 7  7 2 0  
LAP7 730 
LAP7 740 
LAP7 7 5 0  
LAP7 760 
LAP7 770 
LAP7 780 
L I P 7  7 9 0  
LAP7 8 0 0  
LAP7 8 1 0  

 LAP^ 590 

 LAP^ 6 6 0  

L A P 7  8 2 0  
LAP7 830 

2 7 5  I T F P ? = l  LAP7 8 4 0  
C ***** NO INTERSECTION I F  A/3 A N D  B / 3  INVRRIANTS ARE NEGATIVE *****LAP7 850 

IF(AOV3)  2 8 0 , 2 8 5 , 2 8 5  LAP7 860 
LAP7 870 

C ***** CALCULATE ON7 ROOT O F  CHARACTERISTIC CUBIC EQUATION ***** LAP7 880 
2 8 5  I P ( Q O V 2 )  2 9 < , 2 9 0 , 2 9 5  LAP7 8 9 0  
2 9 0  P H I = P I / 2  .OD0 LAP7 900 

C S 2 9 0  P H I = P I / 2 .  0 LAP7 9 1 0  

 LAP^ 9 4 0  

2 8 0  I P ( B O V 3 )  4 2 0 , 2 9 5 , 2 8 5  

GO TO 3 0 5  LAP7 9 2 0  
LAP7 930 

LAP7 950 
LAP7 960 
LAP7 9 7 0  
LAP7 980 
L a p ?  990 
L A P 7 1 0 0 0  
L A P 7 1 0 1 0  
L A P 7 1 0 2 0  
L A P 7 1 0 3 0  
L A P 7 1 0 4 0  

2 9 5  PHI=DATAN (-DSQRT (-POV3CU-QCV2SQ) /QOV2) 
C S 2 9 5  PHI= ATAN(- SQPT(-POV3CU-QOV2SQ)/QOV2) 

I U ( P H 1 )  3 0 0 , 3 0 5 , 3 0 5  
3 0 0  P H I = P H I * P I  
3 0 5  ROOT=2.0CO*DSQRT (-POV3)*DCOS(PH1/3.ODO)-AOV3 

C S 3 0 5  ROOT=2.0 * SOFtT(-POV3)* C O S f P H I / 3 . 0  )-AOV3 

C **f*f THQEE REAL ROOTS, AT LEAST TWO ARE EQUAL ***** 
C ***** CHECK S I G N S  O F  I N V A R I A W S  A/3 IND B / 3  ***** 

GO TO 3 2 5  

3 1 0  ITYPE=2 

I F ( A O V 3 )  7 1 5 , 3 2 0 , 3 2 0  
3 1 5  IF(BOV3)  4 2 0 , 3 2 0 , 3 2 0  

C ***** CALCULATE REPEATED RCOT OF CUBIC EQUATION ***** L A P 7 1 0 5 0  
3 2 0  ROOT=DSIGN (DSQRT(-POV3),QOV2)-AOV3 L A P 7 1 0 6 0  

C S 3 2 0  ROOT= SIGN ( SQST(-POV3)  ,QOV2)-AOV3 L A P 7 1 0 7 0  
C ****+ FOR* DEGENERATE CONIC ( L I N E  PAIR WHICH M A Y  BE COINCIDENT) **LAP71080 

3 2 5  DO 3 3 0  J=1 ,3  L A P 7 1 0 9 0  

330  D R ( J , K ) = Q I ( J , K , l )  +ROOT*QA(J.K,2) L A P 7 1 1 1 0  
C ***** EXAnINE INVARIANTS OF THE DEGENERRTE CONIC ***** LAP7 1 1 2 0  

T h = D A ( I . l )  t D A ( 2 . 2 )  LAP7 1 1 3 0  
L A P 7 1  1 4 0  T7=DA ( 1 , 2 ) * * 2  

C **.it* NEGATIVE DENOTES S E L L  INTERSECTING L I N E  P h I R  ***** LAP7 1 1  50 
C ***** P O S I T I V E  DENOTES IKAGINARY L I N E S  INTERSECTING AT REAL POINT L A P 7 1 1 6 0  

I P ( T 6 - T 7 )  3 3 5 . 3 4 q . 3 4 0  L l P 7 1 1 7 0  
3 3 5  I P ( T 6 + 1 . 0 0 0 1  - T 7 ) 4 0 0 , 3 4 5 ,  3 4 5  LAP7 11  80 
3 4 0  I P ( T 6 - 1 . 0 0 0 1  * T 7 ) 3 4 5 , 3 4 5 , 3 6 5  L A P 7 1 1 9 0  
3 4 5  T8=DL(3,3)*(DL(l,l)+DA(2,2)) 

T9=DA (1 .3)  **2+DA (2.3) **2 

D o  3 3 0  K = l , 3  L A P 7 1 1 0 0  

L A P 7 1 2 0 0  
LAP7 1 2  10 

C 
C 
C 

3 5 0  
355 

C 

C 
36 0 

3 6 5  

***** NEGATIVE DENOTES REAL PlRALLEL L I N E  FAIR ***** 
***** P O S I T I V E  DENOTES I M A G I N A R Y  PIRIILLELS ***** ***** ZERO DENOTES ONE R E l L  L I N E  (COINCIDENT PARALLELS) ***** 
I F  (T8-T9)  3 5 0 , 3 6 0 , 3 5 5  
I P  (TB*l .OOOl  -T9)  400. 360, 360 
I F ( T 8 - 1 . 0 0 0 1  * T 9 ) 3 6 0 . 3 6 0 , 3 6 5  ***** CGINCIDENT LINE P a m  P O U N D  FOR T H E  R E P E A T E D  ROOT ***** 
I T  Y PE= 3 
***** COIPARE AREAS OF CONICS **a** 
KL=I .. . 
KB-2 
I F  (QC ( 3 ,  3, K A )  -QC (3.3 ,KO) ) 3 70.3  7 5 , 3 7 5  

3 7 0  KA=2 
KB=l  

C ***** S E E  I F  ONE CONIC IS I N S I D E  THE OTHER CONIC ***** 
375 T1=0.0 

DO 385 J = 1 , 3  
T 2 = Q A ( J ,  3,KB) 
DO 380 K s 1 . 2  

3 8 0  T2=T2+QA(J,K,KH)*Vl2(K,Kk) 
385 T l = T l + V l 2 ( J , K A ) * T 2  

C ***** DISCARD I F  K A  I S  OUTSIDE KB ***** 
I F  ( T l )  3 9 0 , 3 9 0 , 4 2 0  

3 9 0  IF(KA-1)  395 3 9 5  4 0 0  
++*** THE 0;ERL;PPING ATOM HIDES THE ORIGINAL ATOU ***** 

3 9  5 ICQ=- 1 
RETURN 

400 ICQ=ICQ* 1 

4 0 5  NG=17 

C 

C *at** STORE OVERLAPPING ATOR ***** 
I F  (NCOVEQ-20) 4 1 0 , 4 0 5 , 4 0 5  

CALL ERPNT (ATOUS (1.111) , 7 0 0 )  
NCOVER=HCOVEH-I 

U 1 0  NCOV?R=NCOVER+ 1 
I J = 1  
DO 4 1 5  I = 1 , 3  
DO 4 1 5  J=1,3 
COVER (IJ,  NCOVER) =QA ( I ,  J, 2) 

KC (NCOVER) =I1 

* * * *a  SECOND PART O F  SOBROUTINE CHECKS FOR BONDS OVER THE ATOM 

4 1 5  I J = I J + 1  

4 2 0  CONTINUE 

4 2 5  I F  (NQUAD) 4 7 0 , 4 7 0 . U 3 0  
4 3 0  ITY=O 

C 

C ***** ROUGH CAECK FOR OVERLAPPING BONDS ***** 
DO 4 6 5  IO=l.NOUAD 

4 3 5  DO 4 4 5  J = 1 , 2  
I F f Y M A X f J ) - A M I N 1  (QUAD QU AD ( J 1 2 , I Q )  ,QUAD ( 5 1 4 ,  I Q )  , PU AC (J+6 

1 ) ) 4 6 5  4 6 5  4 4 0  

1 ) ) 4 4 5 , 4 € E , 4 6 5  
4 4 0  re (YMI; (J) L A N I X  1 (QUAD ( J , I Q )  , QU A D ( J + 2 , I Q )  ,QOAD (J+U , I Q )  ,QUAD (J+6 

445 CONTINUE 

4 5 0  ITY=ITY-  1 
I?Q=O 
CALL LAPAB (1Q.NA.IQQ.ITY) 
I F  ( I Q Q )  4 5 5 , 4 6 O , U 6 0  

4 5 5  I c Q = - 1  
QETUQN 

460  I C P = I C Q * I  
IF(NQOVER-30)  4 6 5 , 4 7 0 , 4 7 0  

4 6 5  CONTINOF 
4 7 0  RETURN 

END 

c e**** EXACT CHECK FOR OVERLLFPING BONDS ***** 

LAP7 1 2 2 0  
L l P 7  1 2 3 0  
L l P 7 1 2 U O  
L l P 7 1 2 5 0  
LAP7 1 2 6 0  
L A P 7 1 2 7 0  
L A P 7 1 2 8 0  

L A P 7 1 3 0 0  
L A P 7 1 3 1 0  

L A P 7 1 3 3 0  
LAP7 1 3 4 0  
L A P 7 1 3 6 0  LAP7 1 3 5 0  

1 ~ ~ 7 1 2 9 0  

1 ~ ~ 7 1 3 2 0  

 LIP^ 1 3 7 0  
~ 1 ~ 7 1 3 8 0  L A P 7 1 3 9 0  

L n p 7  i u o o  
L ~ P ~ I U  10  
1 ~ ~ 7 1 4 2 0  
L A P 7 1 4 3 0  
L A P 7 1 4 4 0  
L A P 7 1 4 5 0  
LAP7 1 4 6 0  
L A P 7 1 4 7 0  
L A P 7 1 4 8 0  
LAP711190 
L A P 7 1 5 0 0  
L A P 7 1 5 1 0  
L A P 7 1 5 2 0  
LAP7 1 5 3 0  
L A P 7 1 5 4 0  LAP7 1 5 5 0  

L A P 7 1 5 7 0  LAP7 1 5 8 0  
~ ~ ~ 7 1 5 6 0  

LAP? 1 5 9 0  
L l P 7 1 6 0 0  
LAP7 1 6  1 0  
L A P 7 1 6 2 0  

***LAP7 1 6 3 0  
l a p 7  1 6 4 0  
L A P 7 1 6 5 0  
L A P 7 1 6 6 0  

L L P 7 1 6 8 0  
L A P 7 1 6 7 0  

L i p 7 1 6 9 0  L A P 7 1 7 0 0  

L A P 7  L A P 7 1 7 2 0  1 7  1 0  

, I Q ) L A P 7 1 7 3 0  
LAP7 1 7 4 0  

,IQ) ~ ~ ~ 7 1 7 ~ 0  
L l P 7 1 7 6 0  
L A P 7 1 7 7 0  
~ ~ ~ 7 1 7 8 0  
1 ~ ~ 7 1 7 9 0  L A P 7 1 8 0 0  

LAP7 1 8  10 
L A P 7 1 8 2 0  
LAP7 1 8 3 0  
L A P 7 1 8 4 0  
L A P 7 1 8 5 0  
L A P 7 1 8 6 0  
LAP7 1 8 7 0  
~ ~ ~ 7 1 8 8 0  
L A P 7 1 8 9 0  

SUBROUTINE LAPBOO(NA1 NA2 ICQ)  LAP8 1 0  

DINE!6ION F L f 4 , 4 \  .Y l ( 2 )  ,Y2 ( 2 ) .  YMlX(2)  , Y f l I N ( 2 )  .QUA ( 3 . 4 )  LAP8 30 c ***** SUBROUTINE C H E C ~ S  P ~ R  &TOUS A N D  BONDS O V E R L L P P I N G  A BOND * * * L a p 8  2 0  

1ap8 DIUENSION VUE (3) 
CO~RON/OLAP/CONIC(7,500) ,COVER ( 6 . 2 0 )  ,KC ( 2 0 ) , K Q ( 3 0 )  ,NCONIC,NCOVER, LAP8 

1ap8 1 NCOVPR,NQUAD,OVIRGN,QOVER (3,4.30) , Q U & D ( 9 , 6 0 0 )  , S E G M ( 5 0 , 2 )  -. "" REAL*8 CHEY L R Y O  

DIRENSIOA A(9)  ,111 (3, 3)  , AAREV (3.3) ,AAURK ( 3 ,  3) , A I D ( 3 . 3 ) ,  A I N  ( 1 4 0 )  LAP8 
D I M E N S I O N  ATOMS(U,500) , 8 8 ( 3 , 3 )  , C D ( 8 , 1 0 )  ,CHEM(166)  , C O N T l 5 ) , D ( 3 , 1 3 0 ) L A P 8  
D I M E W I O N  C A ( 3 , 3 )  , D P ( 2 , 1 3 0 )  ,EV (3,166) ,PS ( 3 . 3 . 4 8 )  , R D ( 5 ,  10) ,ORGN ( 3 )  L A P 8  
D I N E I S I O N  P ( 3 , 1 6 6 ) , P A ( 3 , 3 ,  1 6 6 )  , P A C ( 3 , 5 )  , P A T ( 3 , 3 )  , Q ( 3 , 3 ) , R E P V ( 3 . 3 )  LAP8 
DIMENSION R E S ( 4 )  , Q n S ( 5 ) , S Y n B ( 3 , 3 )  , T I T L E ( 1 8 ) , T I T L E 2 ( 1 8 )  , T S ( 3 , 4 8 )  LAP8 
DIMENSION VT(3 .4)  , V 1  ( 4 ) , V 2  ( 3 ) , V 3 ( 3 )  , V 4 ( 3 )  , V 5 ( 3 )  , V 6 ( 3 ) , V R K V ( 3 , 3 )  LAP8 
DIMENSION XLNG(3) , X O ( 3 )  ,XT (3)  1ap8 

40 
50 
6 0  
7 0  
80 
9 0  

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 4 0  
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COMPION NG.A,AA,AAREV,AAUBK,AID,AIN,ATOUS,BB,BRDR,CD,CH€M,CONT,D LAP8 
COMMON DA,DP,DISP,EDGE,EV,PORE,PS,IN,ITILT,KD,LATM,LTNO,NATOU,NCD LAP8 
COMUON N J , N J 2 , N O U T , N S R , N S Y U , O R G N , P , P A , P A C , F A T , ~ , R E F V , R € S , R M S , S C A L l L A P 8  
COUNON SCAL2,  SCL, SYUB, TAPER,THETA,TITLE,TITLEZ ,TS ,VIEW , V I , V l  ,V2  LAP8 
COflMON V3,VU,V~.V6,YRKV.XLNG,XO,XT LAP8 
IQ=O f L D R  
ICQ=O 
I P ( N A l * N A 2 ) 2 4 5 , 2 U 5 , 1 9 5  

19  5 T I  D l = F L O  AT (N A 1 )  * 1 0 0 0 .  + PLO AT (NA 2)  
IF (NCOVIC) 2 4 5 , 2 4 5 , 2 0 0  

2 0 0  I F f N J 2 - 2 0  2 5 0 . 2 0 5 . 2 0 5  

- .. . . 
LAP8 
LAP8 
LAP8 
LAP8 
LAP8  
LAP8 ~~ 

LAP8 
LAP8  
LAP8 
LAP8 
LAP8 

- 
LAP8 
LAP8 
LAP8 
LAP8  
LAP8 

C ***** ? A R T  1;CALiED PROII  EOND, STORES BOND OUTLINE INPORRATION **LAP8 
2 0 5  I F  (NQUAD-599) 215 .210 .2  10  L a p 8  
2 1 0  RG=16 LAP8 

CALL E R ? N T ( A T O U S ( l , N A l ) , 8 2 2 )  LAP8 
GO TO 2 4 5  L a p 8  

2 1 5  NQURD=AQUAD+l LAP8 
C ***** CALCULATE OVERLAP IIARGIN FOR BOND QUADRANGLE ***** LAP8 

T 1 = 0 . 0  LAP8 
T 2 = 0 . 0  1 .APR 
DO 2 2 0  J = 1 , 2  
Y 1  ( J ) = D ? ( J , l )  - D P ( J , 6 5 )  
Y 2 ( J ) = D ?  ( J , Z ) - D P ( J . 6 6 )  
T l = T l + Y l  ( J ) * * 2  

2 2 0  T2=T2+Y2 (J) **2 
I P ( T l * T 2 )  2 2 5 , 2 2 5 , 2 3 0  

2 2 5  T 1 = 0 . 0  
T 2 = 0 . 0  
GO TO 2 3 5  

2 3 0  Tl=OVMRGN/SQRT(Tl)  
TZ=OVMRCN/SQRT (T2)  

C ***** STORE BOND OUADRANGLE ***** 
2 3 5  DO 2 4 0  J = 1 , 2  

Y l ( J ) = Y l ( J ) * T l  
Y ?  1.11 =?2 1.11 tT? ..~., .~.., ~. 
QU R D  ( J ,  N QU AD) =DP ( J ,  1 )  + Y 1 (J) 
QURD(J*2 ,NQUAD)=DP(J,  2 ) + Y 2 ( J )  
QURD(J*U,NQUAD) = D ? ( J , 6 6 )  - Y 2 ( J )  

.- .. ... . 
QUAD(J , IQ)  = D P ( J ,  1)  
Q U A D ( J + 2 , I Q )  = D P ( J , 2 )  
Q U A D ( J i 4  , I Q )  =DP ( 5 . 6 6 )  

2 6 0  Q U A D ( J i 6 , I Q )  = D P f J , 6 5 \  
OUAD 19 .101  = T I D l  

LAP8  
LAP8 
LAP8 
LAP8  
LAP8 
LAP8 
LAP8 

2 4 0  QUAD(J+K,NQVAD)=DP(J,65)-Yl(J) LAP8 
LAP8 

2 4 5  RETURN LAP8 
C ***** PART 2.  CALLED PROM EOND, OVERLAP CHECK POR BOND NAl-NA2 ***LAP8 

2 5 0  NCOVER=O LAP8 
NQOVER=O LAP8 
TOLZ1.E-5 LAP8 
I F  (NCONIC-Ni l )  2 4 5 , 2 4 5 , 2 5 5  LAP8 

C ***** SAVE QUADRANGLE TEMPORLRILY ***** LAP8 
2 5 5  IQ=NQUAD+l LAP8 

nn ?fin . i = 1 . 7  LAP8  
LAP8 
LAP8  
LAP8 
LAP8  

LAP8  
LAP8 
LAP8 
LAP8  
LAP8 
LAP8  

LAP8 
LAP8  
LAP8 
LAP8 
LAP8  
LAP8 

QUAD ( 9 ,  NQUAD) =TID 1 

L a p 8  

L a p 8  

Y I I I N ( J ) = A I I I N l  (DP(J .1 )  , D P ( J , 2 )  , D P ( J . 6 6 )  , D P ( J ,  6 5 ) )  
2 7 0  YUAX(J)=APIaXl ( D P ( J ,  1 )  , D P ( J , 2 ) , D P ( J , 6 6 )  , D P ( J , 6 5 ) )  

C ***** ROUGA CRECK FOR ATOM-OVER-BOND OVERLAP ***** 
N A  l P l = N A l +  1 
ITY=O 
DO 3 0 5  IA=NAlP l .NCONIC 
DO 2 8 5  J = 1 , 2  
I F  ( I&-NA2)  2 7 5 , 3 0 5 , 2 7 5  

2 7 5  I F  ( T M A X  (J)  -CONIC(2*J - l , 1A)  ) 3 0 5 , 3 0 5 , 2 8 0  
2 8 0  I F  (YI I IN(J )  -CONIC ( 2 * J , I A ) )  2 8 5 2 0 5 . 3 0 5  
2 8 5  CONTINUE 

C ***** CRECK FOR TRUE ATOR-OVER-BOND OVERLAP ***** LAP8 
LAP8  
LAP8 
LAP8  
L a p 8  
LAP8 
LAP8  
L a p 8  
LAP8  

ITY=ITY+ 1 
CALL LAPLB ( I Q ,  IA, I Q Q ,  ITY)  
IF ( I Q Q )  2 9 0 , 3 0 5 , 3 0 0  

C ***** AIDDEN BOND ***** 
2 9 0  ICQ=- l  
2 9 5  RETURN 
300 ICQ=ICQ+l 

305 CONTINUE 
3 1 0  IF (NQUID) 2 9 5 , 2 9 5 , 3 1 5  

3 1 5  CALL DIPV(LTORS(2.NA2) ,ATORS(2,NAl)  , V l )  

IF (NCOVER-20) 3 0 5 , 3 1 0 . 3  1 0  

C ***** ROUGR CAECK FOR BOND-OVER-BOND OVERLAP ***** 
CALL O N I T ( V l , V l , l )  
V U E ( t )  = ATOIIS (2.1111) 
VUE(2)=  ATOIIS(3,NLl)  
VUE (3) = LTOIS ( 4 , N A l )  -VIEW 

LAP8 
LAP8 
L h P 8  

LAP8  
LAP8 
LAP8  
LAP8 

L a p 8  

1 5 0  
1 6 0  
1 7 0  
1 8 0  
1 9 0  
2 0 0  
2 1 0  
2 2 0  
2 3 0  
2 4 0  
2 5 0  
2 6 0  
2 7 0  
2 8 0  
2 9 0  
3 0 0  
3 1 0  
3 2 0  
330 
3 4 0  
3 5 0  
360 
3 7 0  
380 
3 9 0  
4 0 0  
U l O  
4 2 0  
4 3 0  
4 4 0  
4 5 0  
460 
4 7 0  
4 8 0  
4 9 0  
5 0 0  
5 1 0  
5 2 0  
5 3 0  
5 4 0  
5 5 0  
5 6 0  
5 7 0  
580 
5 9 0  
6 0 0  
6 1 0  
6 2 0  
6 3 0  
6 4 0  
6 5 0  
6 6 0  
6 7 0  
680 
6 9 0  
7 0 0  
7 1 0  
7 2 0  
7 3 0  
7 4 0  
7 5 0  
7 6 0  
7 7 0  
7 8 0  
7 9 0  
8 0 0  
8 1 0  
8 2 0  
830 
8 4 0  
850 
860 
8 7 0  
880 
8 9 0  
9 0 0  
9 i n  
9 2 0  
9 3 0  
9 4 0  
9 5 0  
9 6 0  
9 7 0  
9 8 0  

DO 4 4 5  IB=l ,NQUAD LAP8  9 9 0  
TID2=QULD ( 9 ,  I B )  L A P 8 1 0 0 0  
IF ( T I D  1 -TID2)  3 2 0 , 4 9 5 , 3  2 0  

L A P 8 1 0 2 0  LAP8 1 0  1 o 
I F  (NA 1-NB2) 32! ,495,495 

L a p 8 1 0 4 0  L A P 8 1 0 5 0  

3 2 0  NBZ=\nOD(TID2 .  1 0 0 0 . )  
NB 1 = T I D 2 /  1 0 0 0 .  L A P 8 1 0 3 0  

3 2 5  DO 335 J = 1 , 2  
I F  ( Y l A X ( J )  -AMIN1 (QUAD(J.1B) ,QUAD ( J I 2 , I B )  ,QUAD ( J t 4 , I B )  , Q U A C  ( J + 6 , 1 B )  L A P 8 1 0 6 0  

1 1 1  4 9 5 . 4 9 5 . 3 3 0  LAP8 1 0 7 0  
3 3 0  I F ' ( Y I I I i ( J )  : A U A X l  (QUAD(3 , IB)  , Q U A D ( J + 2 , I B )  ,QUAD ( J t U  ,IB) , Q U A D  ( J 1 6 , I B )  L A P 8 1 0 8 0  

1 ) )  3 3 5 , 4 9 5 , 4 9 5  L A P 8 1 0 9 0  
335 CONTINUF L A P 8 1 1 1 0  L A P 8 1 1 0 0  

C ***** S E T  UP LINEAR PORVS FOR EDGES O F  QUACRANGLE ***** 
LAP8 1 1 2 0  DO 3 4 5  L = 1 , 4  
L A P 8 1 1 3 0  K= 2*L L A P 8 1 1 4 0  

K l=mOD (K ,8) + 2  
n n a  11 . I . I  =orinn ci.mi - m n n  1~ 1.  TRI ~ ~ ~ 8 1 1 5 0  

C 

~ .....-, ~ .......-.,-..... 
LAP8 1 1  6 0  
LAP8 1 1 7 0  
L A P 8 1 1 8 0  

QUA(2.L) =QUAD ( K l - 1 , I B )  - Q U A C ~ ~ ~ i , I B )  
QUR (3 .1 )  =QOAD(K- 1 , I B )  *QUAD (R 1 , IB) -QUAD(K, IB)  *QUAD ( K l - 1  , I B )  ***** NORIIALIZE LINE ECUATION COEFFICIENTS ***** 
T 1  =SQRT (QUl l (1 ,  L) **2+QU A ( 2 ,  L )  ** 2 )  
I P ( T 1 )  4 9 5 , 4 9 5 , 3 4 0  L A P 8 1 1 9 0  LAP81200  

3 4 0  DO 3 4 5  J = 1 , 3  L A P 8 1 2 1 0  

C ***** EVALUATE LINERR FORMS A N D  SIGNATURES FOR QUADRANGLE ***** L A P 8 1 2 3 0  

DO 3 6 5  K = l , U  L A P 8 1 2 5 0  
T 2 = 3 . 0  L A P 8 1 2 6 0  
J=K*2  L A P 8 1 2 7 0  
DO 3 5 5  L = 1 . 4  

LAP8 L A P 8 1 2 9 0  1 2 8 0  
L A P 8 1 3 0 0  
L A P 8 1 3 1 0  
L A P 8 1 3 2 0  
L A P 8 1 3 3 0  
LAP8 LAP8 1 3 5 0  1 3 4 0  

L A P 8 1 3 6 0  
LAP81370  L A P 8 1 3 8 0  

LAP8 1 3 9 0  

3 4 5  QUA(J ,L)  =QUA ( J , L )  /T1  L l P 8 1 2 2 0  

T 3 = 3 . 0  L a p 8  1 2 4 0  

L a p 8 1 u o o  
LAP8 L A P 8 1 4 1 0  1 4 2 0  

3 6 0  T 3 = T 3 - 1 . 0 .  
3 6 5  CONTINUE 

C ***** CHECK FOR 4 POINTS I N S I D E  QUADRANGLE * * a * *  
IF (T3)  3 7 0 , 3 7 5 , 3 7 5  

cn I" U I '  
3 7 0  ITYPE=-1  -- _-  - - 

C ***** CHECK POR 1 TO 3 POINTS I N S I D E  QUADRANGLE **** 
3 7 5  I F  (T3-3 .0 )  3 8 0 , 3 8 5 , 3 8 5  
380 ITYPE=O 

GO TO 4 1 5  L A P 8 1 4 3 0  
C ***tt DETERUINE WHICH EDGES ARE CROSSED BY THE 4 L I N E  SEGUENTS ***LAP81440  

385 DO 4 0 5  L = 1 , 4  LAP8 1 4 5 0  
Ll=IIOD ( L , U ) + l  L a p 8 i u 6 o  L A P 8 1 4 7 0  

Y 1 ( 1 )  =QDAD (L*2-1,  I Q )  L a p 8  1480  
Y l ( 2 )  =QUAD (L*2 ,1Q)  

~ ~ ~ 8 1 4 9 0  L A P 8 1 5 0 0  

C I**** L I N E  SEGRENT L P R O I I  POINT 1 1  TO POINT Y 2  * * *a*  

Y2 (1)  =QU AD (L 1*2-1 , I Q )  
I 2  (2 )  =QUAD (L1*2 , IQ)  LAP8 1 5  1 0  
DO 4 0 5  K-1.4 L A P 8 1 5 2 0  L A P 8 1 5 3 0  
T 1 =FL (K, L) 
TZ=PL ( K , L l )  L A P 8 1 5 4 0  
T 3 = T l - T 2  L A P 8 1 5 5 0  

C ***** T 1  AND T 2  UOST HAVE OPPOSITE SIGNS FOR INTERSECTION TO OCCURLAP81560 
I P ( T l * T 2 )  3 9 0 , 3 9 0 , 4 0 5  LAP8 1 5 7 0  

C t*tt* COUPONENT OF SEGRENT L PERPENDICULAR TO EDGE K OF I B  I S  T 3  L A P 8 1 5 8 0  
3 9 0  I F  (ABS ( T 3 )  -1 .E-5)  4 0 5 , 4 0 5 , 3 9 5  

L A P 8 1 6 0 0  LAP8 1 5 9 0  C ***** CALCULATE COORDINATES OF INTERSECTION ***** LAP8 16 1 0  
3 9 5  TU= (T l*Y2  ( 1 )  -T2*Y 1 ( 1 ) )  / T 3  

KO=2*K L A P 8 1 6 3 0  
K l = 2 * ( n O D ( K , 4 )  + 1 )  L A P 8 1 6 4 0  L A P 8 1 6 5 0  

C ***** I S  INTERSECTION UITAIN QUADRANGLE I Q  ***** L A P 8 1 6 6 0  
T6=(TU-QULD(KO-l , IB)  ) *  (QUAD(K1-1,IB) -T4)  +(T5-QUAD ( K 0 , I E )  ) 

L I P 8 1 6 7 0  1 (QUkD(K 1 , I B )  -T5)  
I F  (ABS ( T 6 )  -1. E-4) 4 1 0 . 4  1 0 . 4 0 0  LAP8 1 6 8 0  

UOO I P ( T 6 )  4 0 5 , 4 1 0 , 4 1 0  
L A P 8 1 6 9 0  LAP8 1 1 0 0  4 0 5  CONTINUE 
LAP817  1 0  

4 1 0  I T Y P E = l  LAP8 1 7 2 0  
C ***** CRECK OVER/UtlDER ARBIGUITY ***** L A P 8 1 7 3 0  

4 1 5  IF ( (NA1-RBI)  * (NA2-NB2) * (NA2-NBl ) )  4 2 5 , 4 2 0 , 4 2 5  L A P 8 1 7 4 0  
C ***** BONDS S H A R E  I N  ATON ***** L I P 8 1 7 5 0  

4 2 5  CALL DIPV(LTORS(2.NB2) ,ITOMS (2.NBl) ,V2)  L A P 8 1 7 7 0  
CALL DIPV ( ATORS (2 ,NBl )  ,ATOMS ( 2 , N A l ) ,  VU) L A P 8 1 7 8 0  
CALL UNIT (V2,V2, 1 )  L A P 8 1 7 9 0  
CALL UNIT(V4,V4.  1 )  L A P 8 1 8 0 0  

IF (VV (V3 , V  3) -TOL) U30 ,4  30.4 35 L A P 8 1 8 2 0  

T 5 = ( T l * Y 2 ( 2 ) - T Z * I l  ( 2 ) )  /T3 L A P 8 1 6 2 0  

GO TO 4 9 5  

4 2 0  I F  (NAl+NL2-NBl-NB2) 4 6 5 , 4 9 5 , 4 9 5  L I P 8 1 7 6 0  

CALL NORM (Vl,V2,V3.1)  L I P 8  1 8 1 0  
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C ***** PARALLEL BONDS, RECALCULATE V3 ***** 
4 3 0  CALL NORM(V1,V4,V5,1) 

CALL NORM(VS,Vl,V3, 1) 

I F ( V V ( V 3 , V 3 ) - T O L )  4 6 5 . 4 6 5 . l l 5 0  
4 3 5  IF ( V V  (V3 ,VU) +TOL) 4 4 0  .U 5 0 , 4 5 0  
11110 DO 4 4 5  J = l , 3  
11115 V3 ( J ) = - V 3 ( J )  

4 5 0  IF (VIEW) 4 5 c , 4 5 5 , 4 6 0  
4 5 5  T F ( V 3 ( 3 )  ) U 9 5 , 4 9 5 , 4 6 5  
4 6 0  I P ( V V ( V U E , V 3 ) )  4 6 5 , 4 9 5 . U 9 5  

4 6 5  ICQ=ICQ+ 1 

C ***** CHECK FOR COLLINEAR BONDS ***** 

C ****a V3 I S  NOFIIAL TO BONDS I Q  A N D  I B  GOING U R O H  I Q  T O Y A R C  I 8  *** 

C ***** OVFPLAPPIWG BOND FOUND ***** 
I F  ( I T Y P P )  U70.475.475 

C ***** IiIODEN BOND ***** 
4 7 0  ICQ=-1  

R?TUFN 
C ***** STORE INTERFERING QUADRANGLE ***** 

U 7 5  IF(NQ0VEW-30) U85.U80,48O 
U 8 0  NG=17 

CALL SRPNT ( T I D 2 . 8 0 0 )  
RETURN 

4 8 5  NQOVF~=WCOVER+l 
DO U90 K = l , 4  
n0 a90 J=1,3  

490 QOVES ( J ,  K,NQOVER) =QUL ( J , K )  
KQ (NQOVVR) = I B  

4 9 5  CONTIWUP 
500 YPTURN 

? W D  

SUBROUTINE LAPAB ( I Q , I A , I C Q , I T Y )  
C ***** SUEROUTINE CHECKS FOR OVERLAP BETYEEN ATONS AND FONDS ***** 
C ***** CALLED BY SUBFOUTINES LAP700 A N D  L A P 8 0 0  ***** 

DIIIENSION B F ( U ) , C O N ( 3 , 3 )  , Q F ( 5 )  ,QUA(3,4)  
COO~ON/OLAP/COWTC(7.500) .COVER ( 6 , 2 0 1  , K C r 2 0 l  . K O  I301  ,NCONIC,NCOVER, 

1 N Q O V ~ Q ~ N Q U ~ D , O V ~ R G N , Q O V E R ( 3 . 4 . 3 ~ ~ , Q U A D ( 9 , 6 O O ~ , S ~ G N ( 5 0 , 2 )  
REIIL*8 CHEN 

C 
C 

20  0 
2 0 5  

2 1  0 
2 1 5  

2 2 0  
C 

2 2 5  

C 
2 3 0  
2 3  5 

2 u  0 
C 

L A P 8 1 8 3 0  
LAP8 1 8 4 0  
LAP8 1 8 5 0  
LAP8 1 8 6 0  
L A P 8 1 8 7 0  
L A P 8 1 8 8 0  
LAP8 1890 
L A P 8 1 9 0 0  
L A P 8 1 9 1 0  
LAP8 1 9 2 0  
L I P 8 1 9 3 0  
L A P 8 1 9 4 0  
LAP8 1 9 5 0  
L A P 8 1 9 6 0  
LAP8 1 9 7 0  
L A P 8 1 9 8 0  
LAP8 1 9 9 0  
L A P 8 2 0 0 0  
L A P 8 2 0 1 0  
L A P 8 2 0 2 0  
L A P 8 2 0 3 0  
L A P 8 2 0 4 0  
L A P ~ Z O ~ O  
L A P 8 2 0 6 0  
L A P 8 2 0 7 0  
L A P 8 2 0 8 0  
L A P 8 2 0 9 0  

L A P 8 2 1 1 0  
L R P ~ ~ ~ O O  

L A P 8 2 1 2 0  
L A P 8 2 1 3 0  

LAPA 1 0  
LAPA 2 0  
LAPA 3 0  
LAPA 40 
LAPA 50 
LAPA 60 
LAPA 7 0  

n I I I E N S I O N  9 ( 9 )  , A 4 ( 3 .  3) ,A4QEV ( 3 . 3 )  , R A Y R K ( 3 .  3) . A I D ( 3 . 3 ) .  4 I N ( 1 4 0 )  LRPA 80 
DIWEWSION 9 0  
DIKENSION D A  ( 3 . 3 )  , D P ( 2 ,  1 3 0 )  ,EV ( 3 , 1 6 6 )  , F S  ( 3 , 3 , U 8 )  , K D ( 5 ,  10)  ,ORGW ( 3 )  LRPA 1 0 0  
n T E N S 1 O N  P ( 3 . 1 6 6 )  , P A ( 3 , 3 ,  1 5 6 )  ,PAC(3,5),PAT(3,3),Q(3,3),REFV(3,3) LAPA 1 1 0  
DTY3NSTON R F S ( 4 )  , R K S ( 5 ) , S Y N B  13.3) , T I T L E ( l 8 ) , T l T L E 2 ( 1 8 )  , T S ( 3 , 4 8 )  LRPA 1 2 0  
DI'IENSION VT ( 3 ,  U) , V 1 ( 4 )  , V2 ( 3 )  , V 3  (3)  , V 4 ( 3 )  , V 5  ( 3 )  , V6 ( 2 )  , L R X V  ( 3 , 3 )  LAPA 1 3 0  
DIIIBNSTON XLWGf31 .XO131.XT<31 

ATOflS(4 .700)  , 8 8 0 . 3 )  , C D ( 8 , 1 0 )  ,CHEM ( 1 5 % )  ,CONT ( 5 )  , D ( 3 ,  1 3 0 )  LAPA 

COMHON V 3. V U ,  V', V f i ,  U R K  1, XL NG .XO. XT LAPA 1 9 0  
LAPA 2 0 0  

NA2=AiOb ( T I D ,  1 0 0 0 . )  
***** ITY.GT.0 ,  CHECK FOR ATCNS OVER A BOND **** 
a**** I T Y . L T . 0 ,  CHECK FOR BONDS OVER A N  ATCN ***** 
ICQ=O 
I F  ( I T Y ) 2 1 0 , 2 0 0 , 2 0 5  
R P T U R N  
CALL LRPCON (CONIC (1 ,  I A )  ,CON, V 1,O. 0 )  
TF ( I T Y - 2 )  2 2 0 , 2 4 0 , 2 4 0  
I P ( T T Y + 2 ) 2 2 0 , 2 2 0 , 2 1 5  
CRLL LRPCON(CON1C ( 1 , I A )  ,CON,Vl,OVNRGW) 
***** S E T  UP LINEAR PORIIS P O R  EDGES OF QUACRANGLE ***** 
DO 2 3 5  L = l , 4  
K= 2*L 
Kl=ROn(K.RI  +? - . .  , ~ 

QUA (1 .1)  =QUAD ( K , I Q )  -QURD(K 1 , I Q )  
QUA (7 ,L)  =QUAD ( K 1 - 1 , I Q )  -QUAE (K- 1 , I Q )  
Q U A  ( 3 , L )  = Q U A D  ( K -  1 , I O )  * Q U A D  (Kl.IQ)-QUAD (K.IQI *QUAD ( K 1 - 1 , I Q )  
T l = S Q Q T  ( Q U A  ( 1 ,  L) **2+QUA (2. L )  **2) 
I F ( T 1 )  2 2 5 , 2 2 5 . 2 3 0  
ITY=O 
K Q = O  
GO TO 4 3 0  
***** TRANSFORP C O E F F I C I E N T S  FOR EDGES T O  NORNRL FOPK I**** 
DO 2 3 5  J = 1 , 3  
Q U A ( J . L ) = Q U A ( J , L ) / T l  
***** SVALDATE U QUADRATIC AND 4 BILINEAR PORMS ***** 
v 2  ( 3 )  = 1 . 0  
V3 (3) =l. 0 
T 2 = 3 . 0  

LRPA 2 1 0  
LAPA 2 2 0  
LAPA 2 3 0  
LAPA 2 4 0  
LAPA 2 5 0  
LAPA 2 6 0  
LAPA 2 7 0  ~~ 

LAPA 2 8 0  
LAPA 2 9 0  

LAPA 310 

LAPA 3 3 0  

LApn 300 

LAPA 3 2 0  

LAPA 4 5 0  
LAPA U60 

LAPA 4 8 0  
L A P A  4 7 0  

DO 2 6 5  L = 1 , 4  
L l = ( n O D ( L , 4 ) + 1 ) * 2  
V2 ( 1 )  =QUID ( 2 * L - l . I Q )  
V2 ( 2 )  =QUAD ( 2 * L , I Q )  
V3 ( 1 )  =QUAD (L 1- 1 , I Q )  
V3 (2)=QUAD ( L 1 , I Q )  
Q P  (I) =O.  0 
BF ( I )  = O .  0 
DO 2 5 0  K = 1 , 3  
T l=COW ( 3  ,K) 
DO 2 4 5  J = 1 , 2  

2 4 5  T l = T l + V 2 ( J ) * C O N ( J , K )  
Q F ( L ) = Q F  ( L ) + T l * V 2 ( K )  

2 5 0  B F ( L )  = B F ( L ) + T l * V 3 ( K )  
I F ( Q P ( L ) ) 2 6 0 , 2 5 5 , 2 6 5  

2 5 5  T 2 = T 2 - 0 . 8  
GO T O  2 6 5  

2 6 0  T 2 = T 2 - 1 . 0  
7 6 7  r-"NTTN"P 

LAPA 5 1 0  
LAPA 5 2 0  
LAPA 530 
LAPA 5 4 0  
LAPA 550 
LAPA 560 

LAP& LAPA 570 580 
LAPA 5 9 0  

LAPA LAPA 5 1 0  600 
LAPA 6 2 0  
LAPA 630 
LAPA 5 4 0  
LAPA 650  
LAPA 6 6 0  
LAPA 6 1 0  
LAPA 680 - " ~  LAPA 6 9 0  

Q F ( 5 )  =QP (11  LAPA 7 0 0  
C ***** CHECK FOR 4 POINTS O F  QUADRANGLE I N S I D E  O R  ON E L L I P S E  ***** LAPA 7 1 0  

I F ( T 2 )  2 7 0 , 2 7 5 , 2 7 5  LAPA 1 2 0  
2 1 0  I T Y P E = - 1  LAPA 7 3 0  

c-n T"  ??n  LAPA 7 4 0  _ _  _ _  - - 
C ***** CHECK FOR 1 TO 3 POINTS OF QUADRANGLE I N S I D E  THE E L L I P S E  ***LAPA 750 

LAPA LRPA 7 6 0  7 1 0  
I F ( N 4 2 - I A )  3 4 0 , 3 7 5 , 3 3 5  LRPA 780 

2 7 5  I P ( T 2 - 2 .  2)  2 8 0 , 2 8 5 , 2 8 5  
2 8 0  ITYDS=O 

C ***** CHECK FOR OUADSRNGLE-ELLIPSE INTERSECTION ***** L a P a  790 
2 8 5  DO 3 0 5  K = l . U  

C ***** EVALDATE DISCRIMINANT ***** 
T l = B P ( K )  **2-QP(K) * Q F ( K * l )  
I F  ( T l )  3 0 5 , 3 0 5 . 2 9 0  

2 9 0  T l = S O R T ( T l )  
C ***** IS INTERSECTION WITHIN BOUNDS OF QUACRANGLE * * * * *  

T 3 = Q P ( K )  -BF(K)  
TU=T3+QF ( K + l ) - B F ( K )  
I F ( I \ B S  (TU) -1.E-5) 3 0 5 , 3 0 5 , 2 9 5  

2 4 5  T 5 = ( T 3 - T 1 ) / T 4  
I W ( T 5 )  3 0 5 , 2 8 0 , 3 0 0  

300 I P ( 1 . 0 - T 5 )  3 0 5 , 3 0 5 , 2 8 0  
3 0 5  CONTTNUE 

C ***** NO VALID INTERSECTION FOUND ***** 
C ***** CHECK POP CEWTER O F  E L L I P S E  WITHIN THE QUADRANGLE e * * *  

T 3 = 3 . 0  
n n  37n K = I . U  ._ .- . , 
T l = Q U A ( 3 , K )  

LAPA 800 
LAPA 8 1 0  
LAPA 8 2 0  
LAPA 8 3 0  

LAPA LAPA 8 4 0  850 
LAPA 860 
LAPA 870 
LAPA 8 8 0  
LAPA 8 9 0  
LAPA 9 0 0  
LAPA 910 
LAPA LAPA 9 2 0  9 3 0  

LRPA LAPA 9 4 0  9 5 0  

LAPA 9 5 0  
LRPA 9 7 0  

DO 3 1 0  J = 1 , 2  LAPA 980 
3 1 0  T l = T l + V l  f J ) * O U A I J , K )  LAPA 9 9 0  

I F ( T 1 )  3 1 5 , 3 2 0 , 3 2 0  LRPR 1 0 0 0  
L a P a . i o i o  3 1 5  T 3 = T 3 - 1 . 0  

3 2 0  CONTINUE LAPA 1 0 2 0  
I F  p 3 )  3 2 5 , 3 1 0 , 3 7 0  LRPA 1 0 3 0  

3 2 5  T T Y P r = l  LAPAlOUO 
C ***** CHFCK OVVQ/UNDER A O B I G U I T Y  ***** LAPA 1050 

330 I F  ( N A 2 - I A )  3 7 5 , 3 7 5 , 3 3 5  LAPA 1 0 6 0  
335 I F ( I A - N R  1)  375 .375 ,3UO L A P A 1 0 7 0  
7 U O  CALL DI'V (ATOMS (2.NR2) ,ATOMS (2  ,NAl)  , V2) L A P A 1 0 8 0  

CALL DIPV (ATOMS ( 2 , I A ) ,  ATOMS (2.  N I  1 )  , V 3 )  LAPA1090 
CALL U N I T ( V 2 , V 2 , 1 )  LAPA 1 1 0 0  
CALL VNTT(V3.V3,1)  LAPA1110 

I F  (VV (VU,V4) - l . E - 5 )  3 4 5 , 3 4 5 , 3 5 0  LAPA1130 
C ***+* CVNTER OF LTOK IC IS ON THE BOND L I N E  ***** LAPA 1 1  4 0  

3 U 5  I F ( 1 - Y )  370,310,385 LAPA 11 5 0  
C ***** CENTER OF ATON I Q  I S  NOT ON THE BOND L I N E  ***** LAPA1 1 6 0  

3 5 0  c a n  N O R N ( V U , V ~ . V S , I )  LAPA 1 1 7 0  
T l = - V 5  (7) LAPA 1 1 8 0  
IF(V1EW) 3 5 5 , 3 6 5 , 3 7 5  L A P A 1 1 9 0  

355 T l = V 5  ( 3 )  * (ATOKS (4,111 -VIEW) L 4 P A 1 2 0 0  
DO 360 J = 1 , 2  LAPA1210 

CRLL WORK (V2,  V 7 , V U ,  1 )  L A P A 1 1 2 0  

3 5 0  Tl=Tl+V5(J)*ATO~S(J+l,IA) LAPR LAPA1230 1 2 2 0  
365 I F  (Tl*FLCAT(ITY)  ) 3 7 5 , 3 1 5 , 3 7 0  

C ***** NO INT?RF?RENCE FOUND ***** L A P A 1 2 4 0  
370 I C Q = 0  L A P A 1 2 5 0  

GO TO U30 LAPA1250 
C a*** *  I T Y P E = l  ENCLOSED S L L I P S E  / I T Y P E = - 1  ENCLOSED QURCRANGLE ****LAPA 1 2 7 0  

3 1 5  I F ( I T Y D Q * I T Y )  3 8 0 , 3 8 5 , 3 8 5  L A P R 1 2 8 0  
c ***** HIDDEN a m 8  O R  HIDDEN B O N D  ***** LAPA1290 

3 8 0  I C Q = - 1  LRPA 1 3 0 0  
GO TO 4 3 0  LAPA1310 

385 I C Q = l  L A P A 1 3 2 0  
IF ( I T Y )  4 1 0 , 3 9 0 , 3 9 0  L A P A 1 3 3 0  
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C *a*** STORE INTEQQERING E L L I P S E  ***** 
3 9 0  IF (NCOVER-20) U 0 0 . 3 9 5 . 3 9 5  
3 9 5  NG=17 

CALI. ERPNT(ATONS(1, IA)  ,800)  
NCOVER=NCOVER- 1 

4 0 0  NCOVER=NCOVER+l 
I J = l  
DO U05 I = 1 , 3  
DO 4 0 5  J = I , 3  
COVER(IJ,NCOVER)=CON(I,J) 

KC (NCOVER) = I A  
GO TO U 3 0  

4 0 5  I J = I J + l  

C ***** STORE INTERFERING QUADRANGLE ***** 
4 1 0  I P ( N Q O V ? a - 3 0 )  420.U15.415 
1115 N G = l R  

CALI. ERPNT ( T I D , ~ O O )  
NQOV?R=NCOVER- 1 

420 NQOVER=NCOVER+l 
DO 4 2 5  K = l , U  
DO U25 J = 1 , 3  

4 2  5 QOVEU ( J  , R ,  NQOVER) =QU L ( J  ,R) 
K Q  (NQOVER) =IQ 

U30 RETUQN 
END 

LAPA1340 
LAPA1350 
L 4 P A 1 3 6 0  
LAPA1370 
LAPA 1380 
LAPA1390 
LAPA 11100 
LAPA lUl0 
LAPAlU20 
L A P A 1 4 3 0  
LAPAlUU0 
LAPA 1 4 5 0  

LAPA1470 
LAPAIU8O 
LAPA 1 4 9 0  
L A P 1 1 5 0 0  

L w a  i u 6 0  

L A P A  15 1 o 
LAP111520 
LAPA 1 5 3 0  
LAPAlSUO 

L A P 1 1 5 6 0  
LAPA 1570 
LAPA 1 5 8 0  

~ ~ ~ 1 1 5 5 0  

SUBROUTINE LAPCON(CONl,CON,Y,OVRR) L I P C  1 0  

C ***** CALLED B Y  SUBROUTINYS LAP700 AND LAPAB ***** LAPC 30 
C ***** TRANSFORPI CONIC T O  PLCTTER HOMOGENEOUS COORDINITI  SYSTEfl ***LAPC 2 0  

DIflEYSION C O N l ( 7 )  ,CON(3,3)  , Y ( 3 )  LAPC UO 
LAPC 50 Y (  1) = ( C O N 1  (1)  +CONI ( 2 ) )  80.5 

Y ( 2 ) =  (CONI (31 +CON1 ( 4 1  1 *0.5 LAPC 60 
Y ( 3 )  = 1 .o LAPC 70 
C O N f l .  11 =CON1 151 LAPC 80 

LAPC 9 0  
LAPC 100 
LAPC 1 1 0  
LAPC 1 2 0  
LAPC 1 3 0  
LAPC 1 4 0  
LAPC 1 5 0  
LAPC 1 6 0  
LAPC 1 7 0  
LAPC 180 
LAPC 1 9 0  
LAPC 2 0 0  
LAPC 2 1 0  

CON(,, 3) =- ((TI-OVRR) /T 1) * + 2  
DO 2 0 5  K = 1 , 2  
CON(K.3) =O.O 
DO 200 J = 1 , 2  

2 0 0  C O N ( K , 3 ) = C O N ( K , 3 ) - Y ( J )  *CON (J,K) 
CON ( 3 ,  K) =CON (K, 3) 

2 0 5  CON (3.3) =CON ( 3 , 3 )  -CON (3.10 *Y (K) 
RETURN 
END 

C **til SUBROUTINE ELIf l INATES BIDDEN L I N E S  A N D  DRAYS V I S I B L E  L I N E S  *LAPD 2 0  
DINENSION C B ( 2 0 )  , C Q ( 5 0 , 2 ) , C L ( U , 3 0 , 2 )  , S E G ( 2 ) , 1 ( 3 ) , I N ( 3 )  ,YO(3) ,Z ( 3 )  LAPD 30 
COflNON/OLAP/CONIC ( 7 , 5 0 0 )  ,CCVER (6.20) .KC(ZO).KQ(30) .NCONIC,NCOVER, LAPD 4 0  

1 NQOVER,NQUAD,OVURGN,QOVER (3 .4 .30)  . Q U A D ( 9 , 6 0 0 )  , S E G I ( 5 0 , 2 )  LAPD 50 
REAL*8 CHEU LAPD 60 
DIMENSION If91 .Ah f3.31 .ALREV 13-31 .AAYRKf3.31 - 1 I D f 3 . 3 1 .  l I N f l U O \  L I P D  7 0  

D I I E N S I O N  DA (3 .3)  . D P ( 2 , 1 3 0 )  .EV(3 .166)  ,FS ( 3 , 3 , 4 8 ) , K D ( 5 ,  1 0 )  ,ORGN (3) LAPD 90 
D I I E N S I O N  P ( 3 . 1 6 6 )  ,PA ( 3 , 3 , 1 6 6 )  , P A C ( 3 , 5 ) ,  PAT(3.3) , Q ( 3 , 3 )  ,REPV (3.3) LAPD 1 0 0  
D I I E N S I O N  RES (4) , RMS ( 5 )  ,SYRB (3.3) , T I T L E  ( 1 8 )  . T I T L E 2 ( 1 8 )  , T S  ( 3 . 4 8 )  LAPD 1 1 0  
DIflENSION VT(3 .4)  ,Vl I Y ) , V 2 ( 3 1 , V 3 1 3 )  .V4131,15(3).V6(3).YRRV13,31 LAPD 1 2 0  DIflENSION VT(3 .4)  ,Vl I Y ) , V 2 ~ 3 1 , V 3 1 3 )  .V4131~15(3).V6(3).YRRV13,31 LAPD 1 2 0  
D I I E N S I O N  X L N G i 3 ) ; X O ( 3 / ; X T ( 3 ) -  - -  . . -  ' . -  . ' .  - ' LAPD 130 
COIMON NG.A. AA.AAREV.IhYRK.lID.LIN. ATOMS .BE. B R D R .  CD. CHlf! .CONT. 0 L l P D  1 4 0  - .  
CORNON DA,DP.DISP,FD&.EV, i O R E ; F S , i N , I T I i T , i D ,  L A i f l ,  iTNO, NATOM; NCD LAPD 1 5 0  
CORNON N J . N J 2 . N O n T . N S R . N S Y n . O R C N . P . P b . P I C .  PAT,Q,REPV,RES,RRS,SClLlLAPD 1 6 0  
r n n n m  S C A L ~ . ~ C L , ~ ~ ~ B , T A P ~ R , T ~ E T A , T I T L E , T I ~ L ~ ~ . T S , ~ I ~ Y , V T . V ~ . V ~  L A P O  1 7 0  
CORNON V3.VU.V5,V6,YRKV, XLNG.XO.YT LAPD 180 
NCQ=NCOVERtNQOVER LAPD 1 9 0  
I F  (NCQ) 2 0 0 , 2 0 0 , 2 0 5  LAPD 2 0 0  

LAPD 2 1 0  2 0 0  RETURN 
c ***** C H E C K  A L L  OVERLAPPING ATOHS A N D  Boms I***+ LAPD 2 2 0  

2 0  5 NPR3=RPEN-3 LAPD 2 3 0  
I F ( N P I 3 )  2 1 0 , 2 3 0 , 2 3 0  LAPD 2 4 0  

C ***** SAVE INFORUATION F R O R  LLST POINT I F  PEN I S  DOWN ***** LaPD 2 5 0  
2 1 0  Y O ( l ) = Y N ( l )  LAPD 2 6 0  

yo (2)  =YN ( 2 )  LAPD 2 7 0  

NPO=NPN LAPD 2 9 0  
DO 2 1 5  K=l ,NCQ LAPD 300 

2 1 5  C Q ( K , l ) = C Q ( K , 2 )  LAPD 310 
I F  (NQOVER) 2 3 0 , 2 3 0 , 2 2 0  LAPD 3 2 0  

2 2 0  DO 2 2 5  K=l,NQOVEN L&PD 3 3 0  
DO 2 2 5  J = l , 4  LAPD 3 4 0  

YO (3)  = 1.0 L a m  2 8 0  

2 3 0  

2 3 5  

C 

2UO 
28 5 

2 5 0  
2 5 5  

C 

2 6  0 
2 6 5  

C 

C 
2 7 0  

2 1 5  
2 8 0  

C 
2 8  5 

2 9  0 
2 9  5 

C 

300 
C 

30 5 

3 1 0  

C 

315 

3 2 0  
C 

3 2 5  
3 3 0  

335 
C 

C 

3 4 0  

C 

C 
39 5 

350 

C 

C 
35 5 

36 0 

2 2 5  OL(J .K. l )=QL(J .K.Z)  
C I**** 3VALOliTE COPIC QUIIDRATIC FORqS AT NZY P C I W  P U  * * * * *  

Y R l l l = V l l >  . ,  - < . ,  i i  (2)=Y ( 2 )  
Y N  ( 3) = 1.0  
RPN=llPYN 
I? (NCOVYR) 250.250.235 
QO 2U5 K=l,NCOVES 
2 ( 1 )  = Y N  ( 1 )  *COVER ( 1  .K)+YN(2)  *COVER(2,K) +COVER ( 3 . 4 )  
z ( 2 )  = Y Y f  1) 'COVER ( 2 , K )  + Y V  ( 2 )  *COVER ( U , K )  +COV?? ( 5 , 5 )  
Z ( 3 )  =¶ N ( 1 )  *COVYR(3,K) +YN ( 2 )  'COVER (5.K) +COVER (6.10 
CQ ( K , 2 ) = 2  ( 0  * Y N ( l ) + Z  (2)*YN ( 2 ) + 2 ( 3 )  
***** EVALUATE CONIC B I L I N E A E  POR8 IF PEN 1.5 DOYN ***** 
IP (NPW3) 2110,245.2U5 
CB (K) = 2 ( 1 )  +YO ( 1 )  + Z ( 2 )  * Y 0 ( 2 )  +Z (3) 
CONTINUE 
****+ E v h L u a m  LINEA=! ?oms A N D  SIGNATURE POB ~ U ~ D R \ N G L Y  ***** 
IF(NKIV?R)  2 7 5 , 2 1 5 , 2 5 5  
KCQ=ICOVER 
DO 270 K=l,NQOVER 
T2=3.0  
DO 2 6 5  J = l , U  
TI=YN F I T 1 1  ( 1 )  2 6 0 , 2 6 5 . 2 6 5  +QOVER (1 ,  J , R ) + Y N ( 2 )  *QOVER(2,J ,K)  +QOVEX ( 3 ,  J,R)  

T 2 =T 2- 1 . 0 -  

L A P 3  35')  
LIID? 3 6 3  

LAPD LAPD 37'2 3 8 0  
LAPD 3 9 0  
LRP3 LAP3 uoo U l O  

LAP3 4 2 0  
LAPD U30 
LAPD 11110 
LAPD 4 5 0  
LAPD U60 
L4PD 1170 
LAPD a80 

LAPD LAPD 4 9 0  5 0 0  
LAPD 5 1 0  
LAPD 5 2 0  
LAPD 5 3 0  

LAPD LRPD 5 5 0  5uo 
LAP3 5 6 0  

LAPD LAPD 5 7 0  5 8 0  
LIIPD 590 
LAPD 600 QL ( J , K , Z ) = T l  

KCQ=KCQ+ 1 LAPD 6 1 0  ***** T 2 = - 1  I N S I D E ,  = O  I C R C S S  A N Y  EDGE, =1  ACQCSS 4NY VERTEX *****LAPD 6 2 0  
C Q ( K C Q , 2 ) = T 2  LAPD 630 ***** I F  PEN I S  UP. O R I T  I L L  SUBSEOUENT CHECKING ***** 
IF(NDW3) 2 8 c . 2 8 0 . 2 8 0  
NPN=3 
CALL SCRIBE(YN,NPN,LTNC) 
RETURN 
***** CHECK FOR HIDDBN SEGRENT ***** 
DO 2 9 5  K=l,NTQ 
I P ( C Q ( K ,  1 ) ) 2 9 0 . 2 9 5 , 2 9 5  
IP (CQ ( K ,  2) ) 2 8 0 , 2 9 5 , 2 9 5  
CONTINUE 
***** F I N D  ENTRY AND E X I T  POINTS ON EACH CONIC ***** 
NINT=O -~ 
I F  (NCOVER) 3 3 0 . 3 3 0 . 3 0 0  
DO 3 2 5  K=I,NCOVER 
***** EVALUATE DISCRIRINANT ***** 
T l = C B ( K )  **2-CQ(K, O * C Q  (K.2) 
TIXSORT I P ( T 1 )  3 2 5 , 3 2 5 , 3 0 5  f T11 

****; SOLVk QUADRATIC EQATION ***** 
T 2 e Q  (K, 1) -CB (K) 
T3=T2+CQ (K,2) -CS(K)  
IP(ABS(T3)-1.E-5)325,325.310 
TU=(T2-T1)  / T 3  
T 5 =  ( T 2 + T  1) /T3 
***** VALID INTERSECTION IF TU.LT.1 AND T5.GT.0 ***** 

S V G R ( N I N T , 2 ) = T 5  
CONTINUE 
IF (NQOVER) 4 2 5 , 1 2 5 , 3 3 5  
a* * * *  FIND ENTRY L A D  E X I T  POINTS FOR EACH QUADRANGLE * * * * *  
DO U20 K=l,NQOVER 
1 1 2 = 0  
KCPNCOV ERIK 
***** CHBCK FOR SINGLE I N S I D E  POINT ***** 
S E G ( 1 )  = C Q ( K C Q , l )  
I F  fSEG I 1 1  1 3 4 5 . 3 4 0 . 3 4 0  
S E k (  1) :l :b-CQiKCQ;2) 
IP(SEG(l)-l.O) 3 5 0 , 3 5 0 , 3 4 5  ***** I N S I D E  POINT POUND, ONLY ONE INTERSECTION P O S S I B L E  ***** 
1 1 2 = 1  
I**** FIND YAICH EDGES ARE CROSSED BY THE SEGRENT ***** 
DO 410 J=l.U 
T l = Q L  (J ,  K, 1) 
TZ=QL (J, K, 2) 
T 3 = T l - T 2  
I P ( T l * T 2 )  3 5 5 , 3 5 5 , 4 1 0  
***** CHECK FOR SEGRENT ON A N  EDGE ***** 
IF ( h a s  (T 3) -1. E-5) 9 2 0 . 4  20 .360  ***** CALCULATE COORDINATES OF INTERSECTION 

T l = Q L  (J ,  K, 1) 
TZ=QL (J, K, 2) 
T 3 =  
IP(. -_, ---,- -. - ***** CHECK FOR SEGRENT ON A N  EDGE ***** 
IF ( h a s  (T 3) -1. E-5) 9 2 0 . 4  20 .360  ***** CALCULATE COORDINATES OF INTERSECTION 
TU= (T l * Y  II ( 1) -TZ*YO ( 1) ) / T 3  
T 5 = ( T l * Y N ( 2 )  - T 2 * 1 0 ( 2 ) )  / T 3  

***** 

LAP0 6UO 
LAPD 650 
LAPD 5 6 0  
LAPD 6 7 0  

LAPD LAPD 690 6 8 0  
LAPD 7 0 0  

LAPD 7 2 0  
L a m  710 

LAPD 7 9 0  
LAPD LAPD 800 810 

LRPD LAPD 830 820 

LAPD 8'40 ' 

LAPD LAPD 8 5 0  860 

LAPD 870 
LAPD 880 
LAPD 890 
LAPD 9 0 0  
LAPD 9 1 0  
LAPD 9 2 0  
LAPD 930 

LAPD LAPD 950 9 4 0  
LAPD 9 6 0  
LAPD 9 7 0  
LAPD 980 
LAPD 9 9 0  
LRPDlOOO 
LAPDlOlO 
LAPD1020 
LAPD1030 
LAPD1040 
LAPD1050 
LAPD1060 LAPD1070 

L R P D l O 8 0  
LAPD 1 0 9 0  
LAPD1100 
L A P D l l l O  
LAPD1120 
LAPD1140 LAPD I 1  30 

L A P D l 1 5 0  
L l P D 1 1 6 0  
L A P 0 1 1 7 0  
L A P D l 1 8 0  

Page 773



- . . . , . - 
I F  ( I 1  2- 1 )  3 7 5 , 3 8 0 , 3 9 5  

C **I** STORE F I R S T  INTERSECTION ***** 
3 7 5  1 1 2 = l  

GO TO 3 9 0  
C * * * * a  STORF SECOND INTERSECTION **** 

7 R O  T 1 2 = 2  ~~~~~ 

T F ( T 1 - S E G ( 1 ) )  385,405.UO5 
3 8 5  S E G ( ? ) = S E G  ( 1 )  
3 9 0  S F G ( I ) =  T l  

4 0 0  l F [ T l - S E G ( ? j )  U 1 0 ; 4 1 0 ; 4 0 5  
4 0 5  S T G ( 2 ) = T l  
0 1 0  CONTTNUF 

I F ( I 1 2 - 1 ) 4 2 O . U 2 O , U l 5  
C ***** STORE FRACTTON PARAnETERS ***** 

4 1 5  N I N T = N I N T + l  
5EGN (NINT,  1) =SFG ( 1 )  
S P G n ( N I N T , 2 ) = S E G ( 2 )  

U7n rONTTMllP - .  ". 
C ***** FND OF ENTRY-RND-EXIT-POINT CALCULATIONS ***** 
C ***** NO 1NTERPTRENCE FOUND, DRAY ENTIRE SEGBENT I**** 

4 2 5  I ? ( N T N T - 1 )  43O,U90,435 

u 3 0  C a  L L  SCRIBE (YN. 2, L T N O I  
RETllRN 

C **** SORT SPGUENT INTERSECTION L I S T  ***** 
C ***** SORTTNG PROCEDURE B Y  Sl3ELL.D.L. CONi l .  ACN 2 . 3 0 - 3 2  

U75 R=41NT 
u u 0  1 = 1 / 2  

IF(*) 4 9 0 , 4 9 0 . 4 4 5  
U U 5  K=NINT-U 

J= 1 
U50 I=J 
U 5 5  T R = I l M  

4 6 0  I F ( S ? G U ( I U , l ) )  4 6 5 , 4 6 5 , 4 8 5  
Uh5 IF(SRGM ( 1 . 2 ) - S E G N ( I W . 2 ) )  U 8 5 . 4 8 5 . 4 1 5  
4 7 0  IF (SSGV ( I ,  1) - S P G M  ( I M . ~  ) )  u 8 ? , u 8 5 , u 7 5  
4 7 5  DO 4 8 0  L = 1 , 2  

T l = S S G I ( T , L )  
9PGn ( 1 . L )  =SFGl? (1M.L) 

U R O  SFGM ( K M ,  L) =T 1 
1=1-1 

TF(SEGM(T,  1 ) )  UhO,U10,410 

T F ( 1 )  UR',U85,455 

TF (J-K) U5O.USO.440 
U R T  J = J + l  

C ***** F l N D  STARTING POINT FO A N D  END POINT P 1  ***** 
4 9 0  p n = o . n  

K=O 
4 9 5  K=K+l 

I F  (K-NINT) 0,500.5 1 5 
5 0 0  P l = S % I ( K , l )  

I F  (P 1)  5 1  0 , 5 0 5 , 5 0 5  
505 I F ( P 1 - P O )  5 1 0 , 5 1 0 , 5 2 0  
5 1 0  PO=AIAXl ( P O , S E G N ( K , Z ) )  

515  p 1 = 1 . 0  

5 2 0  T F ( P 0 )  5 1 5 , 5 3 5 , ? 3 0  

l F ( P 0 - 1 . 0 )  U q 5 , 5 3 0 . 5 2 5  

C ***** D W A Y  SEGIENT FRON PO TO P1 ***** 
5 2 5  P O = I . O  
5 3 0  z ( o = y o (  I )  * ( I . - P ~ ) + Y N ( I ) * P o  

2 (2I=YO ( 2 )  * (  1. -POI f Y N (  2 )  *PO 
NPN=3 
ChLL SCRlUE(Z,NPN,LTNO) 
I F ( V 0 - 1 . 0 )  5 3 5 , 5 4 0 , 5 0 0  

515 7 ( 1 )  =YO ( 1 )  * ( l . - P l )  +YN( 1 ) * P 1  
2 ( 2 )  nYO(2) * (  1. - P l )  +YN( 2) *P 1 
N P N = 2  
CALL SCRIPE(7 ,NPN.LTNO) 
I F  ( P l - 1 . 0 )  540.540 

TND 
540 RITlJRN 

J 1 = 2 + ( n o D ( J , U )  *1)  LAPD1190 
IQ=KQ ( K )  LAPD1200 

C ***** I S  INTERSECTION UITHIN L I N I T S  OF QUADRLNGLE * * * * *  LAPD1210 
T 6 =  (TU-QUAD ( 2 * J - 1  , I Q )  ) (QO L D  (J 1 - 1 , I Q )  -TU) + (T5-QUAD ( 2 * J , I Q )  ) *  L l P D 1 2 2 0  

1 ( Q U L D ( J l , I Q ) - T 5 )  L A P D l 2 3 0  
T F ( A R S ( T f i ) - 1 . E - U )  3 1 0 , 3 7 0 , 3 6 5  LRPDlZYO 

3 6 5  I F ( T h ) U 1 0 , 3 7 0 . 3 7 0  L L P D l 2 5 O  
LAPD 1 2 6 0  

1 7 0  T l = T l / T 3  LAPD1210 
LAPD 1 2 8 0  
LAPD1290 
LAPD1300 
LAPD 13 1 0  
LAPD1320 
LAPD1330 
LAPDl3UO 
LAPD1350 
LAPD1360 

GO TO U l O  LAPD1310 
C ***** NORF THAN TWO TNT'USECTIONS (I.E.,QUADRRNGLE D I A G O l A L )  *****LLPDl380 

395  J F ( T I - S F G I l 1  l 3 ~ O . U l O . U O O  LAPD1390 
LAPDlU00 
LAPDlUlO 
LAPD 1 4 2 0  
LAPDlU30 
LAPD 1440 
LRPDlU50 
LAPDlU60 
LAPDlU7O 
LAPDl48O 
LAPDlU9O 
LAPD1500 
LAPD 1 5  10 
L A P D l 5 2 0  
LAPD1530 
LA PD 15UO 

( 1  959)  ***LAPD1550 
LRPD 1 5 6 0  
LRPD 1 5 1 0  
L A P D 1 5 8 0  
LAPD 1 5 9 0  
LAPDlhOO 
LAPD 16 1 0  
L APD 1 6  2 0 
LA PO 1 6 3 0  
LAPD 16UO 
LAPD 1 6 5 0  
L A P D l h 6 0  
LAPD1670 

C ***** CALCULATE FRACTION P R R A l E T E R  A N D  STORE I T  ***** 

L a P D i 6 o o  
L a m  1690 
L a p D i i o n  
LAPD 1 7  1 0  
LAPD172D 
LRPD 1 7  30 
LAPD 17UO 
LAPD 1 1 5 0  
LAPD1160 
LAPD 1 7 1 0  
LAPD1180 
LAPD 1 7 9 0  
LAPDlROO 
LRPD 1 8  1 0  
L R P D l 8 2 9  

LAPDlUUO 
L A P O I 8 5 9  
LAPD186O 
LLPD 1 8 1 0  
LAPD1480 
L A P D l 8 9 0  
LAPD1900 
LAPD1910 
LRPD 1 9 2 0  
LAPD1930 
LAPD1940 
LAPD1950 
LRPD1960 
LAPD 1 9 1 0  
LAPD1980 
LAPD1990 
LAPD2000 

L A P D I U ~ O  

SUBROIJTINE n a ( x , y , z )  

7. (3 ,3)  = x  ( 3 . 3 )  *Y ( 3 , 3 )  
C UULTIPLY TWO NATRICES 
c 

DIUFNSION X(3.3) , Y  ( 3 . 3 )  , 2 ( 3 , 3 )  
DO 1 1 7  T=1,3 
DO 1 1 7  K = 1 , 3  
2 fI.Kl =O .O 
~d iii ~ = i , 3  

1 1 1  Z ( I .K)=7.  (T,K) + X  (I, J l  *Y ( J , K )  
RFT119N 
PND 

SUBROIJTTNE 0 1  ( X . Y . 2 )  
C WATRTr VECTOR 
c z ( ? ) = X ( 3 , 3 ) + Y ( 3 )  

DIMliNSION X ( 3 , 3 ) . Y ( 3 ) , 2 ( 3 )  
nn 1 1 3  T = I , ~  

DO 1 1 3  J = l , 3  
1 1 7  2 ( 1 ) = 7  (1) + X ( T , J )  * Y  (J) 

RP TrJ" N 
E Y n  

z ( I ) = n . n  

TP ( I ~ Y P ~  1 is ,  i t s , ' i n k  
. 

1 0 5  7 ( T ) = T l  

1 1 5  Z l ( T I = T l  
GO TO 1 2 5  

1 2 5  CONTINIJV 

1 3 5  CALL UV(RB,Z1,Z)  
I F  (TTYPV) 1 3 5 , 1 3 5 , 7 0 0  

3no R F T I J R N  
FND 

ilv 1 0  
N V  2 0  
MV 30 
N V  4 0  
MV 50 
nv 6 0  
W V  7 0  

M V  9 0  
N V  100  

n v  so 

S U A R O U T I  NF NOR6 ( X I  Y ,  Z. ITYPE) N O R M  
C ***** VPCTOR PPODIJCT 2=X*Y *I*** N O U N  
C ***** I T Y P E  .GT.(I FOR CARTTS~AN, .LE.O FOR T R I C L I N I C  I**** N O A N  

DIHPNSION X ( 3 ) , Y ( 3 ) , 2 ( 3 ) , 2 1 ( 3 )  NORM 
UF9L*R CHIN NORM 
DJMPNSTON b ( 9 ) ,  h 9 ( 3 , 3 )  , L A R E V  (3 .3)  , A A Y R K  ( 3 ,  3) , A I D ( 3 . 3 ) ,  RJN(1UO) NORR 
nTMTYSTnN A T O M S ( U . 5 9 0 )  , B B ( 3 , 3 )  , C D ( B , l O )  , C H F 7 ( 1 6 6 )  , C O Y T ( S )  , E ( ? ,  1 3 0 )  N0WH 
Dl M"NSTON EA ( 3 , 3 )  , DP ( 2 , 1 3 0 )  , EV ( 3 , 1 6 6 )  , PS (3 .3 ,  U R )  , K D  ( 5 , l O )  ,OF GN ( 3 )  N O U n  
DIU*NSlON P(7, 1 6 6 )  , P I (  3, 3, l h h )  , P A C ( 3 , 5 ) ,  P A T ( 3 , 3 )  , ' 2 ( 3 , 3 ) ,  QPPV ( 3 , 3 )  NORM 
DIMliNSTON U F S ( U )  , Q N S ( 5 ) , S Y N B  ( 3 , 3 ) . T I T L E ( l R ) , T T T L 1 2 ( ) 8 )  , T S ( 3 , U R )  N ' I R n  
DTMqNSTON V? ( 3 , U )  , V  1(4) ,V2 ( 3 )  , V 3  ( 3 )  , V U  ( 3 ) ,  V 5  ( 3 )  , V 6 ( 3 )  , Y R K V  ( 3 , 3 )  NOUN 
nIHFNSTON XLNG(3) , X O ( 3 ) , X T ( 3 1  N 0 R W  
r o n n O N  N G , ~ , ~ A , ~ ~ ~ ~ ~ , ~ ~ ~ ~ R , ~ ~ ~ , ~ I N , ~ ~ ~ ~ ~ , B B , ~ ~ C R , C ~ , ~ ~ ~ ~ , C O N T , ~  NCIUM 
COMMON DA,DP,DISP,EDGE,?V. FORE,PS,IN.ITILT,KD,LATM,LlNC,VATO~, NCD N O R 6  
COMW'IN NJ,NJ2,NOlJT,NSR .NSYH,OPGN,P, PA,PAC, PAT,C,PPPV ,P€S ,RflS,SCALINOP1 
CORMON SCRL?,  SCL, SYIIB, TLPER,THETA,TITLE,TITLE2,TS ,VJPY ,VT,Vl ,V2 NOR6 
COilMON V 3 , V U , V 5 , V 6 . W R K V , X L N G . X O . X T  n3pt1 
DO 1 2 5  J = l , 3  HORN 
I l=MOD ( 1 + 3 , 3 )  1 NORil 
T Z = M O D ( I 4 1 , 3 )  * 1  NORU 
T l = X ( I l l  * Y l I 7 1 - X I T 2 I * Y  1111 U O R M  

NORH 
Y 1 R N  
N ? R N  
Y O R M  
N ? U M  
n0r7 

1 0  
20  
30 
4 0  
5 0  
60 
70 
sn 
90 

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 u0 
1 5 0  
16') 
1 7 0  
1 8 0  
1 9 0  

2 1 9  
2 0 0  

2 2 0  
2 3 0  
2ur )  
2 5 0  
2 6 0  

N O R n  2 8 0  
NORM 2 9 0  
NOR7 3 0 0  

2 7 0  

SIIRROIJTTN? PAXPS (ACOD?,ITYPB) PAXP 1 0  
f ***** TTYPE .LT.O POR COVARTLNCE RRTRIX I N  0 ***** PAX2 2 0  
C ***** TTYPF .GT.O FOU E L L I P S O I D  QIJRDRATIC FORM I N  Q ***** P a x u  30 
r * * * a *  X I B S P ( I T Y P P ) = l  BASED ON T F I C L I N I C  COCPDIVITD SYSTEP I**** PAXZ 4 0  
C ***** = 2  OP 7 ?OR W 1 R K I N ' ;  OW REFERENCE CARTPSTAV SYST'hS ***** PRX" 5 0  
r ***** r9YTFhVARI9NT EIGPNVECTORS FOP I I N  COLIJ7VS OP P W  ***e* P9XE 6 0  
r a * * * *  C H F C K  A T O M  C O D E  ***** PAX' 7 0  

n T M " Y S 1 O N  U ( 3 . 3 )  . X ( 3 )  PAX" 90 
W"Plb*4 CHPR PAX" 79 
OIMvNSlON A ( 9 ) , R A ( 3 , 3 )  ,AAREV(3,3),ARYRK(3,3),AI9(3,3),AIN(lUO) PLX? 1 9 0  
DTnFNSlON ATOOS (U.500) , a s (  3, 3) ,CD(R,  l o )  ,CHEM ( 1 6 6 )  ,CO4T (5)  ,D( 3 , 1 3 9 )  P9XF 11C 
nlMwYSlON D 1 ( 3 , 3 )  , D P ( 2 , 1 3 0 )  , F V ( 3 , 1 % 6 )  , P S ( 3 , 3 , U 8 ) . K D ( T , l r ) , ~ Q ~ q ( 3 )  P A X '  1 2 0  
n 1  MnYSTO'4 F ( 7 , 1 6 5 ) .  PA (3,3, 166) ,PAC ( 3 . 5 ) .  P I T  ( 3 ,  3 )  ,'j f 3 ~ 3 ) ,  WVFV ( 7 , 7 )  PAX" 1 3 1  
n T v u s I o v  PTS (u) ,wns ( 5 )  , S T W E  (3 .3)  , T I T L Z (  I R )  , T T ~ L P Z ( ~ ~ )  , T S  ( 7 . ~ 3 )  P A X ?  i u o  

OIIFNSTON XLNG(3) , X O ( 3 ) , X T  ( 3 )  P9XE 169  
conmN N S , A , A A , R A Q ~ V , A A Y R K , A I D , A I N , A ~ ~ ~ ~ . B ~ , ~ ~ D R , C ~ , C ~ ~ ~ , ~ ~ ~ ~ , D  PRX? 1 7 0  

DrUSYSTON VT(3.U) ,V1 (U) ,V2 ( 3 ) ,  V 3  ( 3 )  , V U  ( 3 ) , V c  ( 3 )  , V 5 ( 3 ) ,  X ° K V t l , 7 )  P I X 3  1 5 5  

c O 5 M O U  3 L , D P , D l S D . E D G E , J V , P O P E , P S , I N , I T I L T , K D , L 4 T ~ , L ? ~ C , ~ A T ' I ~ , ~ C D  PAXI 1 8 0  
C O 6 5 0 4  NJ,N.IZ,NOIJT,NSQ,YSY 3,0PGN,P,PA,PAC,PIT,Q,P~?V,R~S,P~5,5~PlL~ PAX.? 19G 
S O l M O N  SCAT.2, SCL,SYMB, T A P I R , I H E T A , T I T L E , T I T L E  2,TS . V I E W  ,VT, V 1 ,*I 2 P A X v  2 9 0  
COMlON Y3.VU.V5.V6.WRKV. XLNG.XO.XT PAXP 2 1 0  

P4XE 2 2 9  
PAXE 2 3 0  
P 9 X E  2UP, 
PAX2 2 5 0  

. . . .  . . 
I T = I A B S  (ITYP') -1 
K S = R I O D (  RcOnE, t o o . \  
TU (NSYY-KS) l Q 5 ,  1 1 5 , 1 1 5  

1 0 5  U G = U  

Page 774



1 1 5  

1 2 5  

1 3 0  

1 3 5  
C 

C 
1 4 5  

1 5 5  

1 6 0  

16 2 
1 6  E 

1 7 0  

1 7 5  

C 

C 

1 8 5  

1 9 5  
20  5 

2 2  5 

24  5 
30 0 

C 

GO TO 300 

I P ( N R T O n - 1 1 )  1 2 5 , 1 3 0 , 1 3 0  
NG=5 
GO TO 300 
TF (11) 1 2 5 , 1 2 5 , 1 3 5  
***** CBYSTALLOGQAPAIC S l n M E T R l  ROTATION ***** 
CR LL T WV (PA ( 1 , 1 , I I )  , PS ( 1 , l  ,KS) ,PAT) 
I F  ( I T - 1 )  1 6 0 , 1 4 5 ,  1 5 5  
***** TRRNSPORU TO CARTESIAN SYSTERS ***** 
CALL TNN (PRT,AAWRK,PAC) 
GO TO 1 7 5  

GO TO 1 7 5  
I F  ( ITYPE)  1 6 2 , 1 5 5 , 1 7 0  ***** TRANSPORW TO T R I C L I N I C  SYSTEM ***** 
DO 1 5 5  J = 1 . 9  
PRC (3.1) = P R T ( J , l )  

I I = A C O D E / 1 0 0 0 0 0 .  

C A L L  T n n  ( P B T , A A R E V , P A C )  

GO T O  1 7 ‘  .. . 
C R L L  n n ( a ! . , P a T , e h c )  
*+*+* PnRn DIAGONAL m m I x  O R  ITS INVERSE ***** 
DO 2 0 5  J = 1 , 3  
T 1 =EV (J, 1 1 )  
I F I I T Y P F )  1 9 5 , 1 9 5 , 1 8 5  
X ( J )  = I . /  ( T I * T  1 )  
GO TO 2 0 5  
X ( J )  CT 1*T1 
RMS(J )  =T 1 
t * t t f  FORM QUADRATIC FORM ***** 
DO 2 4 5  I = 1 , 3  
DO 2U5 5 ~ 1 . 3  
T 1 = 0 . 0  

END 

PAXE 260 
PAXE 2 7 0  

PAXE 2 9 0  
PAXE 300 
PLXE 3 1 0  
P IXE 3 2 0  
PAXE 3 3 0  

P A X E  z e o  

PAXE 3 4 0  
PIXE 3 5 0  
PAXE 360 
PIXE 3 7 0  

PAXE 3 9 0  
PAXE 400 

PAXE 3 e o  

PAXE 4 1 0  
PIXE 420 
PAXE 4 3 0  
PAXE 440 
PAXE 4 5 0  
PAXE 460 
PAXE 4 7 0  
PAXE 480 
PAXE 490 
PAXE 5 0 0  
PAXE 5 1 0  
PAXE 5 2 0  
P IXE 5 3 0  
P IXE 5 4 0  
PAXE 5 5 0  
P IXE 560 
PAXE 5 7 0  

PAXE 5 9 0  
PAXE 600 
PAXE 6 1 0  
PAXE 6 2 0  
PAXE 6 3 0  

PAXE seo 

SOBROUTINE PLTXY (X,Y) PLTX ***** PLCT COORD. A N D  CLOSEST EDGE AFTER PROJECTION ***** PLTX 
DIMENSION X ( 3 )  , Y ( 2 )  PLTX 
R P I l . * R  THXM PLTX ~ 

DIMENSION B ( 9 )  ,AA(3 ,3 )  ,AAREV(3.3),AAWRK(3,3),AID(3,3),LIN~lUO) PLTX 
DIRSNSION BTOMS(4,500)  ,BB(3,3),CD(8,lO),CAE~(l66),CONT(5).o(). 130)PLTX 
D I  RENSION PLTX DR (3.3) ,DP ( 2 , 1 3 0 ) ,  EV (3 .166)  ,PS (3 .3 .08)  , K D  ( 5 . 1 0 )  , O R G N  (3 )  
DIMENSION P ( 3 . 1 6 6 )  ,PA (3.3.166)  , P A C ( 3 , 5 ) ,  PAT(3.3)  , Q  (3.3) ,REPV (3.3) PLTX 
DIMENSION RES 14)  .RnS 151 .SYMB (3.31 .T ITLE1181  . T I T L E 2 (  1 8 )  .TS 13.481 PLTX 
DIMENSION VT(3’.~),Vl~Uj;V2(3)’.~3‘(j) .VU(3)  , V S ( 3 ) , V L i 3 ) ; U R R V ( i , 3 j  PLTX 
DTPIENSION XLNG 131 .XO131 .XT 131 D t T I  . -  .-. 
C V P M O Y  W G ,  B ; A A , ’ A A i E V , ’ A i P R K , A i D , A I N ,  bTOnS,BB.BRDA,CD,CHEn,CO~T, D P L T I  
COMYOY O A . D P , D I S P , E D G E , E V , ? O R E , F S , I N , I T I L T , K D . L A T Y , L ~ N O , N A T O M , N C D  PLTX 
COMM‘lY N J , N J 2 , ~ 0 U T . N S 9 , N S Y M , O R G N , P , P A . P A C , P A T , C , R ~ F V , R ~ S , 9 Y S , S C A L l P L T X  
COnnON SCAL2,SCL,SYMB,TAPER,TAETA,TITLE 
COnUON V3.VU,VS,V6.URKV,XLNG,XO,XT 
TU=) .  
T l = I .  
IP (VIEU) 125 .  1 2 5 . 1 1 0  

I 1 0  TII=VIEU- X ( 3 )  
I P ( T 4 )  1 1 5 , 1 1 5 , 1 2 0  

1 1 5  Y ( l ) = - 9 9 .  
Y ( 2 )  s - 9 9 .  
GO TO 1 3 0  

120  Tl=VIEU/TU 
1 2 5  Y ( l ) = X ( l )  * T l + X O ( l )  

Y I71 = X 1 2 \ * T I + X 0 1 2 1  . . -, . . -, . .. . . . , 
TI=XLNG(I)-ABS(Y(I)*Z.-XLNG(1)) 
TZ=XLNG(2) -ABS (Y ( 2 )  * 2 .  -XLNG(Z) 1 
EDGE=AMINl ( T I , T 2 ) * . 5  
IP(TU-VIEW*.51 1 3 0 , 3 0 0 . 3 0 0  

1 3 0  EDGE=-99. 
300 RETURN 

END 

SUBROUTINE PRELIR 

DINENSION B ( 9 )  
REAL*8 CHER 

C ***** DITA INPUT ROUTINE ***** 

,T1TLE2,TS.V1EW,VT,V1,V2 PLTX 
PLTX 
PLTX 
PLTX 

1 0  
20 
30 
40 
5 0  
60 
7 0  
80 
9 0  

1 0 0  
110 
1 2 0  
1 3 0  
140 
1 5 0  
1 6 0  
1 7 0  
1 8 0  . - ~ ~  .. 

PLTX 1 9 0  
PLTX 2 0 0  
PLTX 210 
PLTX 2 2 0  
PLTX 230 
PLTX 2 9 0  
PLTX 2 5 0  
PLTX 260 
PLTX 2 7 0  
P L T I  280 
PLTX 2 9 6  
PLTX 300 
PLTX 3 1 0  
PLTX 3 2 0  
PLTX 330 
PLTX 340 

PREL 10 
PREL 20 
PREL 3 0  
DUET. un _ _ - _  

DIMENSION I ( 9 )  ,AA(3 ,3 )  ~AAREV(3,3),AAWRK(3,3),~ID(3,3),~IR(lUO) PREL 5 0  
DIMENSIOR IITONS(4,SOO) ,BB(3,3) ,CD(8 ,  10) ,CAEM(l66)  ,CONT(5)  . D ( 3 . 1 3 0 )  PEEL 6 0  
DIMENSION DA(3.31 , D P ( 2 , 1 3 0 )  ,EV(3.166)  , P S ( 3 , 3 , 4 8 ) , K D ( 5 , 1 0 )  ,ORGN(3) PREL 70 
DIMENSION P (3 ,166)  , P I  ( 3 , 3 , 1 6 6 )  ,PAC (3.5) , P A T ( 3 , 3 ) ,  Q (3 ,3 ) ,  REPV ( 3 . 3 )  PREL 80 

DIYENSION RES101 .P1S 1 5 1 . S Y M B l 3 . 3 1  , T I T L E 1  1 8 )  . T I T L E Z ( l e I  .TSt3.481 PREL 9 0  
DIRENSIOP VT (3,Ui .V1 i U )  ;V2 ( 3 ) .  v3’(3) , V U  ( 3 1 ,  Vi ( 3 )  ,V6 ( 3 )  ; V R K V  (3.3j 

PREL P R E L  1 0 0  1 1 0  D I  ?ENS IO  N XLNG ( 3 )  , XO (3), XT (3) 
COMNON N G . A . A A , A A R E V . A I U R K . A I D , A I N , A T O M S , B B . B R D R , C D , C H € ~ , C O N T , D  PREL 1 2 0  
COIMON D1.DP.DISP.EDGE.EV. € O R E . P S . I N . I T I L T . K D . L I T f l , L T N C ,  NBTOM, NCD PREL 1 3 0  
CO‘IION NJ,ICIZ,NOUT,NSR.NSIM,ORGN.P,PA,PAC,PAT.Q.REPV.RES,ROS,SCALlPREL 1 4 0  
COMMON S C A L 2 , S C L . S Y ~ 8 , T A P E R , ~ H E T A , T I T L E 2 . T S , V I ~ U , V ~ , V l  ,V2  PREL 1 5 0  

DIRENSIOP V T ( 3 , U j , V l i U ) ; V 2  (3) ,V3’(3)  ,V4(3).V~(3),V6(3);aRKV(~,3~ P R E L  1 0 0  
nTRPNSTON XLNG 131 .KO 1 3 1  .XT I31 D R P T  i i n  
~~ .- ... ~~ .~.,,. ~ .~,.--- .-, - .. - . . - 
COMNON N G . A , A A , A A R E V . A I U R K . A I D . A I N , A T O M S , B B . B R D R , C D , C H € ~ , C O N T , D  PREL 1 2 0  

CO ‘IION N J ,  WZ, NOUT, NSR , N S I  M.OR GN .P, PA, PAC, PA T . Q. REPV , R E S ,  ROS , S CA L 1 PREL 1 4 0  
COMMON S C A L 2 , S C L . S Y ~ 8 , T A P E R , ~ H E T A , T I T L E , T I T L E 2 , T S , V I ~ U , V ~ , V l  ,V2  PREL 1 5 0  

connon D~.DP.DISP.EDGE.EV, IORE.PS.IN.ITILT.KD.LIT~,LTNC, N B T ~ M ,  N C D  P R E L  1 3 0  

COMMON V3.VU,V5,V6,YRKV,XLRG,XO.XT 
C ***** CELL DINPNSIONS ***** 

1 0 %  FORnAT(6F9.6)  
RELD ( I N . 1 0 6 )  ( & ( I )  . 1=1 .6 )  
Tl=AAS ( A  ( U ) )  -1 .  
DO 1 2 5  J=1,3 
IP ( T l )  1 1 5 , 1 1 0 ,  1 1 0  

C ***** CELL ANGLES I N  DEGREES ***** 
1 1 0  h ( J + 6 ) = A  ( 5 1 3 )  

A ( J + 3 ) = C O S  (A (J+6) *1 .745329E-2)  
GO TO 1 2 0  

c ***** COSINES OF CELL ~ N G L E S  ***** 
1 1 5  A ( J i 6 ) = A R C C O S ( A ( J i 3 ) )  

C ***** STORE IDERFICTOR MATRIX ***** 
1 2 0  R I D ( J , J ) = l .  

A I D ( J + l ,  1 ) = 0 .  
I I D l 3 + 5 . 1 ) = 0 .  . . .  

C ***** STORE METRIC TENSOR ***** 
1 2 5  A A  (J ,J )=I (J )**Z 

L A  (1 .2 )  = A  ( 1 )  * I  ( 2 )  * a  (6) 
A l l  ( 1 , 3 )  = A  ( 1) * A  (3) * I  ( 5 )  
A A  1 2 , 3 ) = A ( 2 ) * & ( 3 1 * A ( U )  
1111 (2;  l i = A A  ( 1 . 2 1  
A 1  1 3 . 1 \ = & A I 1 . 3 1  

i z e  B ( J ) = S Q R T  ( B B ( J . J ) )  
B(6) =BE ( 1 - 2 1  / ( e  ( 1 )  *B ( 2 ) )  
B ( 5 )  =BB( 1.3) / ( B ( l )  *B ( 3 ) )  
B ( 4 ) = B B  (2.3) / ( B ( 2 )  8 8 1 3 ) )  
DO 1 3 0  J = 1 , 3  

1 3 0  B(J+6)=ARCCOS ( B ( J 1 3 ) )  
C ***** U R S  INPUT FOR REAL OR RECIPROCLL CELL ***** 

I P ( A ( l ) - I . )  1 3 5 , 1 5 0 , 1 5 0  
1 3 5  DO 1 4 0  J = 1 , 9  PREL 5 3 0  

T l = B A ( J , l )  PREL 5 4 0  
A R  (J. l ) = B B ( J ,  1) PREL 5 5 0  
88 (J, 1) = T I  PREL 5 6 0  
T l = A ( J )  PREL 5 7 0  
A(J) = B  ( J )  PREL 580 

1 4 0  B ( J ) = T l  
PREL PREL 600  5 9 0  

1 4 3  PORMAT(lBOlOX.22HDIRECT CELL PIRIRETERS/ IH 15X. lAI14X.  lHB14X. lHCl4PREL 610 
lX.5H~LPHAlOX.UHBETAl IX.5RGAURIl PBEL 6 2 0  

C ***** URTTE OUT CELL PARIRETERS ***** 

PREL 1 6 0  
PREL 1 7 0  

PREL 1 9 0  
PREL 2 0 0  
PREL 210 
PREL 2 2 0  
PREL 2 3 0  
PREL 2 4 0  
PREL 2 5 0  

PREL PREL 2 6 0  2 7 0  

PREL 2 9 0  
PREL 300 
PREL 3 1 0  
PREL 3 2 0  
PREL 3 3 0  
PREL 340 
PREL 350 
PREL 360 
PREL 3 7 0  

PREL 3 9 0  

PREL PREL 4 0 0  4 1 0  
PREL 420 
PREL 4 3 0  
PREL 440 
PREL 4 5 0  
PREL 460 
PREL 4 7 0  

PREL i e o  

PREL z e o  

PREL 380 

~ ~- 
PREL 980 
PREL 4 9 0  
PREL 500 
PREL 5 1 0  
PREL 5 2 0  

1 4 5  FORMAT( 1H 10~,P9~6,2P1!?.6,3P15~3/1H 481,6ACOSINEP 12 .8 .2P  15 .8 )  PREL ~- 630 
1 4 7  PORN AT ( 1  HO l ox ,  268RECIPROCIL CELL PIIR ANETER S/  1 A 15X. 2 A B *  1 3 X . 2 f l B  * 1 3XPREL 6 4 0  

PREL 6 5 0  1,2HC*13X,6AALPHA*9X~5HBETA*lOX~6HGAMRA*) 

1 7  3 
1 7 5  
1 1  1 

I80 

, I= 1, 3) , ( I ( I )  , I = 7 .  
150 WRITE (NUUT.IU3) 

URITE (NOUT,  1 4 5 )  ( & ( I )  
URITE (NOOT.147) 
WRITS 

CllLL AXE S (AID,  A I D  ( 1 , 2 )  ,REPV, 0) 
C A L L  nn (a!.,REPv, LAREV)  
DO 1 6 0  I = 1 , 3  
DO 1 6 0  J = 1 , 3  
IAURK(J .1 )  = L I R E V ( J , I )  
Q ( J . 1 )  =REFV ( 1 ,  J) 

1 6 0  U R K V ( J , I ) = R E P V ( J , I )  

1 7  I PORRAT (lROlOX,Z4FlSYMIETRI TRINSFORMATIONS/IA 14X.3HNO. 1 

(NOUT, 1 4 5 )  (B ( I ) ,  I = 1 , 3 )  , (B ( I )  , 1 = 7 , 9 ) ,  (8 (I) , 1 = 4 ,  6) 
C ***** STORE STANDARD VECTORS ***** 

C ***** READ I I N D  WRITE SIMRETRI  TRANSPORIATIONS ***** 
IPORNED X18X.13UTRINSPORRED Yl81 .138TE~NSPORMED 2) 

FORMAT ( I  1,  I 1  4 .10 .3F3  .O , 2  (P  15 .10 .3P3 .0 )  ) 
PORRAT(1H 1 3 X , I 2 , 3 ( P 1 3 . 6 , P 4 . O , 2 A  XPU.O,ZH YP4.0.2H 2)) 
FORMAT f 1 A I lox, 1 BL41 
URITE (NOUT. l? l )  
L INES=lU 
LINES=UOD DO 1 9 0  I = 1 , 4 8  ( L I R E S i l . 5 6 )  

READ ( I N . 1 7 3 ) I S .  ( T S ( J . 1 ) .  ( P S ( K , J , I )  , K = 1 , 3 )  , J = 1 , 3 )  
I F  (LINES)  1 8 5 , 1 8 0 , 1 8 5  
WRITE 
WRITE (NOUT.171) 

(NOUT. 1 7 7 )  (TITLE (J) J=1,18)  

PREL 660 
PREL 6 7 0  

PREL 6 9 0  
PREL 7 0 0  
PREL 7 1 0  
PREL 7 2 0  
PREL 7 3 0  
PREL 7 4 0  
PREL 7 5 0  
PREL 760 
PREL 7 7 0  
PREL 7 8 0  

2 X ,13AT R A  NS PREL 7 9 0  
PREL 800 
PREL 810 

PREL 830 
PREL 840 

PREL 680 

PREL e20 

PREL PREL 8 6 0  8 5 0  

PREL e 7 0  
PREL e 8 0  
PREL 8 9 0  
PREL 9 0 0  
PREL 9 1 0  
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1 8 5  WRITE ( N O U T , 1 7 5 ) 1 ,  ( T S ( J . 1 )  , ( F S ( K , J , I )  ,K=1,3)  , J = 1 , 3 )  
C ***** NOR-CRTSTRLLOGRAEHIC HELIX-SYUUETRY INPUT ***** 

IF (FS (3 ,  3 , I )  -5 . )  1 8 8 ,  1 8 6 , 1 8 6  
1 8 6  T l = F S  ( 1 ,  3.1) / F S  (3.3.1) 

T S ( 3 , 1 ) = T S ( 3 , I ) + T l  
T l = A ~ O D ( T l * P S ( 2 , 3 , I )  , 1 . ) * 6 . 2 8 3 1 8 5 3 1  
T2=COS (T 1)  
T l = S I N  (T 1)  
DO 1 8 7  J = l , 9  

1 8 7  V T ( J , l ) = A I D ( J . l )  
V T ( l , l ) = T 2  
VT (2. 2) = T 2  
VT ( 2 , 1 ) = - T 1  
V T  11. 71 = T I  

- \  .-, - 
CALL HU(VT.Q,PAC) 
CALL HV(AIREV,PAC,FS ( 1  , ( . I ) )  

1 8 8  I F  ( I S )  1 9 5 ,  1 9 0 , 1 9 5  
1 9 0  CONTINUE 

N G = l  
CALL ERPNT(O.,O) 
1 = 4 R  

1 9 5  N S Y l = I  
C ***** POSITIONAL A N D  THERURL PIRIHETERS ***** 

2 0 1  FORlAT ( 1 1 H O  NO. ATOU 8 X ,  1 H X  1 O X ,  1 H Y  1 O X .  1HZ 13X, 3H3 1 18X,  3HB 228X, 

2 0 9  PORNAT( 1H 1 3 , 1 X , A 6 , 3 P 1  1 .6 .5X.6P11.6 .F5 .0)  
2 1 0  FORNAT(IH T 3 , l X .  A6.3P1 1 . 6 . 5 X , 2 F 1 1 . 6 , 4 P l l  . O , P 5 . 0 )  
2 1  1 FORlAT(A6,3X.5F9.6,F9.0) 
2 1 3  FO~~AT(Il.F8.6,5P9.6,7X,F2.O) 

1 8 X , 3 I 3 B 1 2 8 X , 3 H B l 3 8 X , l O H 8 2 3  TYPE) 

L I  NES=LINES+2 
I F  (LINES-%) 2 2 0 , 2 1 5 , 2 1 5  

GO TO 2 7 5  
2 1 5  LINES=-1  

2 2 0  WRITE (NOUT.207) 
2 2 5  DO 2 4 5  I = 1 , 1 6 6  

LINES=nOD ( L I N E S +  1 , 5 6 )  

K = l . + T l  
I P f F L O A T  ( K - 1 ) - T l )  2 2 1 , 2 2 8 , 2 2 7  

2 2 7  K = l  
2 2 8  READ ( I N , 2 1 3 ) I S , ( P R ( J ,  1.1) , J = 1 , 7 )  

2 3 0  U R I T S  (POUT, 1 7 7 )  ( T I T L E  ( J )  , J= 1, 1 8 )  

2 3 2  I F ( P A ( 3 ,  1 . 1 ) - 1 0 0 0 0 . )  2 3 5 , 2 3 4 , 2 3 4  

I P ( L 1 N E S )  2 3 0 , 2 3 0 , 2 3 2  

W I T n  (NOUT.207) 

23U WRITE (NOUT.210) 1,CHEU ( I ) ,  (P ( J . 1 )  , J = 1 , 3 )  , (PA ( J ,  1.1)  , J = 1  
1 # l )  

1 . 7 )  

GO TO 2 3 8  
2 7 5  U R I T E  ( N O U T , 2 0 9 ) I , C H E H ( I ) ,  ( P ( J , I ) , J = 1 , 3 )  , ( P A ( J , l , I )  , J = 1  

2 3 8  G O  TO ( 2 4 4 , 2 3 9 , 2 4 1 , 2 4 2 , 2 4 4 )  , K  

2 3 9  DO 2 4 0  J = 1 , 7  
2 4 0  P ( J , T ) = P  ( J , I ) / A ( J )  

C *+*** TYUE 1 POSITIONAL PARRIETERS (ANGSTRCMS) ***** 

GO TO 2 4 4  
C ***** TYPE 2 POSITIONAL P4RAUETERS. STANDARD CARTESIAN ***** 

2 4 1  v l ( l ) = P ( l , I )  
V 1 ( 2 ) = D f 2 , T )  
GO TO 2 4 3  

C ***** TYP? 3 POSITIONAL PARANETERS ***** 
C ***+* CYLINDRICAL COORDINATES REFERRED TO STANDARD CARTESIAN 

CALL V* (V 1 ,Q,P  ( 1 ,  I) ) 
2 4 4  I P ( I S ) 2 4 6 , 2 4 5 , 2 4 6  
2 4 5  CONTIIIUE 

4G=2 
CALL ERPNT(O.,O) 
T =  1 0 0  

2 4 6  I IATOI=I  
C ***** CONVERT T E l P  FACTOR COEF TO STANDARD TYPE ZERO ***** 

YG 1=0 
DO 4 5 0  I=l .NRTOU 
T 1  =PR ( 1 , 1 , I) 
K = l . + P A ( l ,  1 , 1 )  
I F ( T 1 )  2 5 0 , 2 5 0 , 2 5 5  

2 5 0  T l = . l  
GO TO 405 

G O  T ~ ( 2 7 0 , 2 6 0 , 2 6 5 , 2 6 5 , 2 7 0 , 2 6 0 , U 0 0 , U 0 5 , 2 7 0 , 2 6 0 , 2 7 0 , 4 5 0 )  
2 5 5  T 6 = . 0 5 0 6 6 0 5 9 1 8  

C * a * * *  TYPE 1 e * * * *  
2 6 0  D O  2 6 2  J = U , f i  

.K 

PREL 9 2 0  
PREL 9 3 0  
PREL 9 4 0  
PREL 950 
PREL 9 6 0  
PREL 970 
PREL 980 
PREL 990 
PRELlOOO 
PREL 10  1 0  
PREL 1 0 2 0  
PREL 1 0 3 0  
PRELlOUO 
PREL 1 0 5 0  
PREL 1 0 6 0  
PREL 1 0 7 0  
PREL 1 0 8 0  
P R E L 1 0 9 0  
P R E L l l O O  
P R E L l l l O  
P R E L l l 2 O  
PRRL 1 1  30 

PREL 1 1 8 0  
PREL 11  90 
PREL 1 2 0 0  
P R E L l 2  10  
P R E L 1 2 2 0  
PREL 1 2 3 0  
P R E L 1 2 4 0  
PREL 1 2  50 
PREL 1 2 6 0  
P R E L 1 2 7 0  
PREL 1 2 8 0  
PREL 1 2 9 0  
P R E L 1 3 0 0  
PREL 1 3 1 0  
P R E L 1 3 2 0  
PREL 1 3 3 0  
P R E L l 3 4 0  
P R E L 1 3 5 0  
PREL 1 3 6 0  
P R E L 1 3 7 0  
PREL 1 3 8 0  
PREL 1 3 9 0  
PRELlYOO 
PREL 1 4 1 0  
PREL 1 4 2 0  
PREL 1 4 3 0  
PREL 1 4 4 0  
P R E L 1 4 5 0  
PREL 1 4 6 0  
P R E L 1 4 7 0  
P R E L 1 4 8 0  
P R E L 1 4 9 0  
P R E L 1 5 0 0  
P R E L l 5  1 0  

*****PREL 1 5 2 0  
PREL 1 5 3 0  
P R E L 1 5 4 0  
PREL 1 5 5 0  
P R E L 1 5 6 0  
PREL 1 5 7 0  
P R E L 1 5 8 0  
P R E L 1 5 9 0  
PREL 1 6 0 0  
PREL16 1 0  
PREL 1 6 2 0  
P R E L 1 6 3 0  
PREL 1 6  4 0 
PREL 1 6 5 0  
PREL 1 6 6 0  
PREL 1 6 1 0  
P R E L 1 6 8 0  ~ ~- 
P R E L 1 6 9 0  
PREL 1 7 0 0  
P R E L 1 7 1 0  
PREL 1 7  2 0  
P R E L 1 7 3 0  
PREL 1 7 4 0  
PREL 1 7 5 0  

2 6 2  PA ( J , l , I ) = P A ( J ,  1 . 1 )  *.5 
cn Tn 7711 _ _  ._ - . 

C ***** TYPES 2 A N D  3 ( B I S E  2 SYSTEMS) ***** 
2 6 5  T 6 = . 3 5 1 1 5 2 9 6 U  

I F  (K-4) 2 1 0 , 2 6 0 , 2 7 0  
C ***** TYPES 0 THROUGH 5 ***** 

2 7 0  I F ( P A ( 2 ,  1 , I ) )  4 0 0 , 4 0 0 , 2 7 2  
2 7 2  DO 300 J = 1 , 3  

DO 300 L = J , 3  
T 2 = T 6  
I F  (K-5) 2 8 5 , 2 1 5 , 2 7 5  

2 1 5  I F ( K - 6 )  2 8 0 , 2 8 0 , 2 8 1  

2 8 0  T 2 = B ( J ) * s ( L ) * T 2 * . 2 5  
C ***** TYPES 4 A N D  5 ***** 

GO TO 2 8 5  

2 8  1 T2=B (J)  * E  ( I )  
I F ( K - 1 1 )  2 8 5 , 2 8 2 , 2 8 2  

C ***ft TYPES E AND 9 ( U ( 1 . J )  TENSOR SYSTEHS) ***** 

C ***** TYPE 1 0 ,  (CRRTESIAN TENSOR SYSTEU) ***** 
2 8 2  T 2 = l . O  
2 8 5  I F ( J - L )  2 9 0 , 2 8 7 , 2 9 0  
2 8 7  VT ( J , J ) = T Z * P A ( J ,  1.1) 

2 9 0  H = J + L + l  
GO TO 3 0 0  

V T ( J , L ) = T 2 * P A ( H , l , I )  
V T ( L , J ) = V T ( J , L )  

3 0 0  CONTINUE 
r +*t*+ FIND P R I N C I P A L  AXES ***** 

3 1 0  

C 

3 2 0  
3 2 5  
3 3 0  

C 
94 0 

74 2 
345 

3 5 0  

3 5 2  
C 

3 5 9  
3 5 6  

3 5 8  
359 

C 
3 6 0  
3 7  0 

C 

3 7  5 

C 

C 
40 0 

4 0 5  
4 1 0  

C 
4 1 5  

u 2 0  

4 2 5  

I F  (K- 11; 3 1 0 , 3 0 5 , % 5  

CALL UMIREPV,PAC,VT) 
305 CALL RH(VT,Q,PIC)  

CALL UN(VT,AA,DI) 
CALL FIGEN (DA.QMS,PAT) 
++*** ARE EIGENVALUES P O S I T I V E  ***** 
I F ( Q Y S ( 1 ) )  3 2 5 , 3 2 5 , 3 2 0  
I P ( N G )  3 5 0 , 3 6 0 , 3 3 0  
NG=3 
NC 1=1 

DO 3 4 5  J = 1 . 3  
DO 3 4 2  K = 1 , 3  
P L ( J , K , I ) = R E F V  ( J , K )  
EV (J.1) = T 3  
GO TO 4 5 0  
I F ( N G + 6 )  3 4 0 , 3 4 0 . 3 5 2  
*+*** THO EQUAL EIGENVALUES ***** 
N=NG+5 
CALL U N I T ( P I T ( 1 . N )  , V l , - 1 )  
DO 3 5 9  K = 1 , 3  
I F  (ABS (VMV (V 1 ,  LA, REFV ( 1 ,  K) ) )  -. 5 8 )  3 5 6 , 3 5 4 , 3 5 4  
CONTINUE 
C A L L  n v  ( A & ,  D A ,  VT)  
CALL AXES(Vl ,REFV( 1.K) , D A ,  - 1 )  
DO 3 5 9  K = 1 , 3  
L= HOD (N+ K-2,7) + 1 
DO 3 5 8  .1=1,3 
PI ( J , L , I ) = D A ( J , K )  
3V (L ,  I) =SIGN (SQRT ( A B S  ( V n V  ( D A  (1  ,K) ,VT, DR ( 1,  Kl ) ) ) , QHS ( I )  ) 
GO TO 450 
***** MAKE EIGENVECTOQS 1 ANGSTROU LONG ***** 
CALL AXES (PAT ( 1 , l )  ,PAT ( 1 , 3 )  ,PA ( 1 , 1 ,  I )  . - I )  
NG=O 
+*fa*  SQRT SIGSNVALUE = R n S  DISPLRCEUENT ***** 
DO 3 7 5  J = l , 3  
T2=RHS (J l  
S V  ( J ,  I) =SIGN (SQRT ( A B S  ( T 2 )  ) ,T2)  
G O  TO 4 5 0  
**+tt TYPE 6 ( I S O T R O P I C  TEHP FACTOR) ***** 
T l = S Q Q T  ( T l * l .  2 6 6 5  15E-2)  
***** TYPE 7 ( D U H M Y  SPHERE) ***** 
DO 4 1 0  J = l , 7  
FV ( J , I ) = T l  
I F ( P I ( 3 .  1 . 1 ) )  U 3 0 . 4 3 0 . 4 1 5  
* * * * a  DEFINED VECTORS FOR SPHERE ***** 

GO TO 4 3 0  
CONTTNUE 
CALL DIPV(VT (1.2) ,VT ( 1 , l )  , V I )  

PREL P R E L 1 7 6 0  1 7 7 0  

P R E L l l B O  
P R E L 1 7 9 0  
PREL 1 8 0 0  
P R E L l 8  1 0  
PREL 1 8  2 0  
PREL 1 8 3 0  
P R E L l 8 4 0  
PREL 1 8 5 0  
P R E L l 8 6 0  
P R E L l 8 7 0  . PREL ~~ 1 8 8 0  

P R E L l 8 9 0  
PREL 1 9 0 0  
PREL 1 9  10  
P R E L 1 9 2 0  
PREL 1 9 3 0  
P R E L l 9 4 O  
PREL 1 9 5 0  
P R E L 1 9 6 0  
P R E L 1 9 7 0  
PREL 1 9 8 0  
PREL 1 9 9 0  
P R E L 2 0 0 0  . ~-~ 
PREL 20  1 0  
P R E L 2 0 2 0  
PREL 2 0 3 0  
P R E L 2 0 4 0  
P R E L 2 0 5 0  
P R E L 2 0 6 0  
P R E L 2 0 7 0  
PR P R E L 2 0 9 0  EL 2 0  8 0 

P R E L 2 1 0 0  
P R E L 2 1 1 0  
PREL212O 
P R E L 2 1 3 0  
PREL21YO PREL 2 1 5 0  

P R E L 2 1 6 0  

PREL22 10  
P R E L 2 2 2 0  P R E L 2 2 3 0  

P R E L 2 2 4 0  
P R E L 2 2 5 0  
P R E L 2 2 6 0  
P R E L 2 2 7 0  
P R E L 2 2 8 0  
P R E L 2 2 9 0  
P R E L 2 3 0 0  
P R E L 2 3 1 0  
PREL232O 
PREL 2330 
P R E L 2 3 4 0  
P R E L 2 3 5 0  
P R E L 2 3 6 0  
P R E E 2 3 7 0  
P R E L 2 3 8 0  
P R E L 2 3 9 0  
PRELZUOO 
PREL24 10  
P R E L 2 4 2 0  
P R E L 2 4 3 0  
PREL244O 
PREL2U50 PREL 2 4 6 0  

P R E L 2 4 7 0  
PREL248O 
P R E L 2 4 9 0  
P R E L 2 5 0 0  
P R E L 2 5 1 0  
P R E L 2 5 2 0  
P R E L 2 5 3 0  
P R E L 2 5 4 0  
P R E L 2 5 5 0  
P R E L 2 5 6 0  
P R E L 2 5 7 0  
P R E L 2 5 8 0  
P R E L 2 5 9 0  
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CALL DIFV (VT ( 1  .U) ,VT ( 1  , 3 )  , V2) 

GO TO U50 

1130 DO U 3 5  J = 1 , 9  
4 3 5  P R ( J , l , I ) = R E P V ( J , l )  
4 5 0  YG=O 

C A L L  a x E s ( v i . v 2 , P ~ ( i .  1.11 , - 1 )  

C ***** REPERFNCE VECTORS FOR SPHERE ***** 

C ***** WRITE OUT R U S  VALUES ***** 
L I  NES=LINES+Z 
I F  ( L I N E S - = 6 )  4 5 8 , 4 5 8 . U 5 5  

GO TO U 6 0  
1155 LINES=-1  

4 5 8  WRITE fNOUT.4611 

PREL2600  
PREL26 1 0  
P R E L 2 6 2 0  
PREL 2 6 3 0  

DIMENSION D ( 3 . 1 2 9 )  , D P ( 2 , 1 2 9 )  , X  ( 3 )  , X O  ( 3 )  
T3=VIEU-X ( 3 )  
DO 1 4 5  I = I 1 , 1 2 , 1 3  
T l = D  11 .II + X f l l  

PROJ 3 0  
PROJ 40 
PROJ SO 
PRO3 60 
PROJ 7 0  
PROJ 80 
PROJ 9 0  
PROJ 1 0 0  
PROJ 1 1 0  
PROJ 1 2 0  
PROJ 1 3 0  
PROJ 1110 
PROJ 1 5 0  

PREL26UO 
P R E L 2 6 5 0  
PREL2660  
P R E L 2 6 7 0  
P R E L 2 6 8 0  
PREL 2 6 9 0  
PREL2700  

T Z = D ~ Z ; I ~ + X ~ Z ~  
I P ( V 1 E U )  1 3 5 , 1 3 5 , 1 2 0  

1 2 0  TU=VTEW/ (T3-D ( 3 , I ) )  
T 1  =T ( * T U  _ .  _ .  _ .  
T?=T2*TU 

1 3 5  DO ( 1  ,I) =Tl+XO ( 1 )  
(US D P ( Z , T ) = T 2 + X 0 ( 2 )  RETORN 

END 
PREL 2 7  1 0  
P R E L 2 7 2 0  
PREL2730  
PREL 2 7 4 0  
PREL2750  

2 UPREL2760  
P R E L 2 7 7 0  
PREL2780  
PR EL 2 7  9 0  
P R E L 2 8 0 0  
PREL2810  
P R E L 2 8 2 0  
PREL2830  
PREL28UO 
P R E L 2 8 5 0  
PREL2860  

SUBROWTINE RADIAL (ND) R A D I  
C ***** GENERATE E L L I P S E  PROM TWO CONJUGATE VECTORS *****  R A D I  
C ***** ORTHONORUAL VECTORS PRODUCE 8 - 1 2 8  SPOKED CIRCLE ***** R R D I  
C ***** ND DENOTES NWNBER OF SUBDIVISIONS ( 1  TO 5 )  ***** R A D I  

PEAL*8 CHEN R A D I  
DINENSION A(9)  , A l ( 3 , 3 )  ,&&REV ( 3 . 3 )  ,AA#RK(3 ,3 )  . R I D ( 3 , 3 )  .AIN( lUO)  R A D I  
DIUENSION LTONS(U,500)  , B B ( 3 , 3 )  , C O ( 8 , 1 0 )  ,CHEM(166) ,CONT(S) , D ( 3 , 1 3 0 ) R A D I  
DIMENSION D A f 3 . 3 1 . D P f 2 . 1 3 0 l . E Y  f 3 . 1 6 6 1  . P S f 3 . 3 . 4 8 1 . K D f 5 . 1 0 1  .ORGNf3I R a Q T  

1 0  
20 
30 
uo 
50 
6 0  
70  
80 
9 0  

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 4 0  

U 6 2  WRITE (NODT. 1 7 1 )  ( T I T L E ( J )  , J = l ,  18)  

U 6 3  POEUAT(1H 1 3 , 1 X , A 6 , 3 F 1 1 . 6 )  
4 6 5  W9ITE (NOUT.209)I .CHEN ( I ) ,  ( P ( J , I ) , J = 1 , 3 )  , ( E V ( J , I )  , J = l , 3  

WRITE (NOUT,U61) 

1) 
I F  ( N G 1 ) 9 9 9 , 9 9 9 , 4 7 0  

4 1 0  CALL EXIT  
9 9 9  RETURN 

END 

DIUTNSION ~ ( i , i 6 b i , ~ i ( j , 3 , i k 6 )  , ' P '~C(S ;$  , P ~ T ( i , 3 i  ; ~ ( i , ; ) , i i ~ v ( 3 ; 3 j  R i D I  
DIUENSION RES(U),RMS(S),SYUB(3,3),TITLE(l8),TITLE2(18) , T S ( 3 , 4 8 )  R A D I  
DIUENSION YT(3 ,U)  , V l  ( U ) , Y Z  ( 3 ) , Y 3 ( 3 )  , V U  ( 3 ) , V 5 ( 3 )  , V 6 ( 3 )  ,URKY(3 ,3 )  RADI 
DIMENSION XLNG (3) , X 0 ( 3 )  ,XT (3) R A D I  
COlUON N G , # . , A ~ , A # . R E V , A A U R K . # . I D , A I N , A T O M S , B B , B R D R , C D , C H ~ U , C O N T , D  R A D 1  
COMUON DA,  DP, DISP ,  EDGE. EV. EORE,PS.IN.ITILT.KD .LLTU.LTNC. NITOM. NCD R A D I  

C 
SUBROUTINE PRINE PRII I '  1 0  
****GENERAL INITIALIZATION OF PRIME PARAMETERS**** PAIN 20 
RERL*B CHEM P R m  30 
DIUENSION A(9)  , A A ( 3 , 3 )  . R A R E Y  ( 3 . 3 )  ,ARWRK(3,3) , A I D ( 3 , 3 )  , A I N  ( 1 4 0 )  PRIM 40 
DIUENSION ATOUS14.5001 . B B f 3 . 3  .CDlB. lOl  .CHEUI166% .CONTI51 - 0 1 3 .  1101  PRTM 50 

CONNON N J ; N J 2 , N O U T , N S R ; N S Y U , O R G N , P , P ~ , P A C , ~ A T ; Q , R E F V , R E S , R M S , ~ C A L l R A D I  
CONNON S C A L 2 , S C L , S Y ~ B , T A P E R , T H E T A , T I T L E , T I T L E 2 , T S , Y I E W , V T , V l , Y 2  RADI 
COUflON Y 3, VU,Y5,V6 ,WRKV,XLNG,XO, XT R A D I  

1 5 0  
1 6 0  
1 7 0  
1 8 0  
1 9 0  
2 0 0  
2 1 0  
7 7n 

DO 1 1 5  J = 1 , 3  RRDI 
Tl=DA (J, 1) R A D I  

R A D I  D ( J ,  l ) = T 1  
D ( J , 1 2 9 )  = T 1  R A D I  
D f J .  6 51  = -T 1 Rani 
T i = h ( i , 2 )  
D ( J , 3 3 ) = T 1  

DO 1 3 5  K=l,ND 
1 1 5  D ( J , 9 7 ) = - T l  

.. .. . - . - . 
R A D I  2 3 0  
RADI 2 4 0  
R A D I  2 5 0  

DINENSION XLNG(3) , X 0 ( 3 ) , X T ( 3 )  P R I n  l o o  
CONNON N G ,  A, 1111, AAREV.A A U R K ,  A I D  , A I N ,  #.TOMS , B B .  B R D R ,  CD, CHEU,CONT, D PRIU 1 1 0  
CONNON D A ,  DP, DISP, EDGE, EV,  FORE,PS.IN , I T I L T  ,KD. LATU. LTNC, NATON, NCD PRIM 1 2 0  
COUMON NJ,NJZ.NOUT,NSR,NSYN,ORGN,P,PA,PAC,PAT,Q,REPY ,RES,RUS,SCALlPRIU 1 3 0  
COUMON S C L L 2 , S C L , S Y N B , T R P E R . T A E T 1 . T T T L E , T I T L E 2 , T S , V I E U  ,VT.Vl.V2 PRIM 1 4 0  
connoN v 3 . v u . v  5 . ~ 6 ,  W R K V ,  IING,XO,XT PRIN 1 5 0  
aano=n E 

R A D I  2 6 0  
R A D I  2 7 0  
R A D I  280 
R R D I  2 9 0  
R A D I  3 0 0  
R A D I  3 1 0  
R A D I  3 2 0  
RADI 3 3 0  
R A D I  3110 
R R D I  3 5 0  
R L D I  3 6 0  

T1 =CONT (K) 
KDEL=2** (6-K) 
KDELl=KDEL+ 1 
KDEL 2=KD EL/2 
DO 1 3 5  L=KDELl,65,KDEL 
J=I -KDEL 
U=L-RDELZ 
DO 1 3 5  N = 1 , 3  
T 2 = ( D  (N.L) +D ( N , J ) )  *T1 
D (  N ,  M )  = T 2  

1 3  5 D (N ,  N + 6 4 )  =-TZ 
RETURN 
END 

PRIM 1 6 0  
PRIM 1 7 0  
PRIU 1 8 0  
PRIU 1 9 0  
PRIM 2 0 0  
PRIU 2 1 0  
PRIN 2 2 0  
PRIM 2 3 0  
PRIU 2 4 0  
PRIU 2 5 0  
PRIM 2 6 0  
PRIM 2 7 0  
PRIM 2 8 0  
PRIU 290 
PRIU 300 

". ". ~ 

C ** **C ALCUL AT E CONSTANTS*** * 
DO 2 9 9 9  I = l , 5  

2 9 9 9  CONT ( I )  =SQRT ( 1  ./ (2.: (1 .+COS ( 3 . 1 4  1 5 9 3  
D I  s p = .  00 5 
FORE=.866  
I N = 5  
I T I L T = O  
LATm=O 
NCD=O 
N G = O  
NOUT=6 
NSR=8 
R E S ( ( )  = 1 . 2 5  
R E S ( 2 ) = . 5  
R E S ( 3 )  =. 2 
S C R L l = l . O  
SCAL2=1. 54 
s c L = l . S u  
DO 3 0 0 0  1 - 1 . 3  
SY UB ( 1 . 1 )  =1 .  
s y n B  ( I + (  , i ) = o .  

/2 .  **I) ) ) )  

3 0 0 0  S Y U B ( 1 + 5 , 1 ) = 0 .  
TAPER=.375 
TAETA=O. 0 
YIEY=O.O 
XLNG f 11 = 1 7  .O 

R R D I  3 7 0  
R A D I  380 
R A D I  3 9 0  

SUBROUTINE SCRIBE (Y,NPEN,LTNO) 
DIMENSION Y ( 2 )  , Y O ( 2 )  

IF (NPEN-3) 2 1 0 , 2 0 5 , 2 0 5  
C ***** SOBROUTINE WHICA LINKS WITH THE PLOTTER-SPECIFIC SOBROOTINESSCRI 30 

SCRI  40 
C ***** KEEP TRACK OF COORDINATES F O R  LAST PEN-UP LOCATION ***** SCRI  5 0  

2 0 5  YO (1)  =Y ( 1 )  SCRI  60 
YO (2) = Y  ( 2 )  SCRI  7 0  
NPO=O 
RETURN 

2 1 0  I F ( L T N 0 )  2 3 0 , 2 1 5 , 2 1 5  
C ***** CALL MECHLNICAL ELOTTER PLOTTING SUBROUTINE ***** 

SCRI  1 0  
SCRI 2 0  

PRIM 3 1 0  
PRIU 3 2 0  
PRIU 3 3 0  
PRIM 3 4 0  
PRIN 350 
PRIM 3 6 0  

SCRI 80 
SCRI  9 0  
SCRI  1 0 0  PRIM 3 7 0  

PRIU 380 

PRIU 400 
PRIM 4 1 0  
PRIU 4 2 0  
PRIU 4 3 0  
PRIM 440  
PRIM US0 
PRIR 4 6 0  

P R I n  3 9 0  

P R I n  8 7 0  
PRIM 480 
P R I n  4 9 0  
PRIM 5 0 0  
PRIN 5 1 0  

SCRI  1 1 0  
SCRI  1 2 0  
SCRI  1 3 0  
SCRI  1 9 0  

2 1 5  I P ( N P 0 )  2 2 5 , 2 2 0 , 2 2 5  

2 2 5  CALL PLOT(Y(1)  , Y ( 2 )  , 2 )  
2 2 0  C A L L  P L O T ( Y ~ ( ~ ) . Y O ( ~ ) , ~ )  

GO TO 2 4 5  
C ***** CALL CRT PLOTTING SUBROUTINE ***** 

230 I P f N P O I  2 U 0 . 2 3 5 . 2 9 0  

SCRI 1 5 0  
SCRI 1 6 0  
SCRI  1 7 0  
SCRI  1 8 0  
SCRI  1 9 0  
SCRI  200 
SCRI  2 1 0  
SCRI  2 2 0  

XLNG(2 j=  11.0 

XO (2)  = 5 . S  
DO 3 0 0 1  J = l , 3  
ORGN(J)  = 0.0 ***** I N I T I L T E  OVERLLP ROUTINES ***** 
RETURN 
END 

XO (1)  =8.5 

CALL L # . P S O O ( O )  

300 1 
C 

C 

END 

SUBROUTINE SELRC SEAR 1 0  
DIMENSION N W ( 6 ) . D X ( 3 ) , S ( 2 , 2 0 0 )  , 0 ( 3 ) , V ( 3 ) , W ( 2 , U ) , W W ( 2 , 3 ) , X ( U ) , Y  ( 3 )  SE#.R 2 0  
DIMENSION Z ( 3 )  S E I R  3 0  
REAL.8 CHEU SEAR 40 

SOBROUTINE PROJ (D,DP,X,XO. VIEW.Il .12.13)  ***** 3 D  C lRTESIAN TO 2D PLOTTER COORDINLTES ***** PROJ 1 0  
PROJ 2 0  
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DIMENSION A(9)  , A A  (3.31 ,AAREV (3.3) .AAYRK(3,3) , A I D ( 3 , 3 ) ,  A I N ( 1 4 0 )  SEAR 5 0  
DIMENSION ATOMS(4.500) ,BB(3 .3)  , C D ( 8 , 1 0 ) , C H E M ( 1 6 6 )  , C O N T ( 5 ) , D ( 3 , 1 3 0 )  SEAR 6 0  
DIMENSION D L ( 3 , 3 ) . D P ( 2 ~ 1 3 O ) . E V ( 3 , 1 6 6 ) . P S ( 3 , 3 , 4 8 ) . K D ( 5 ,  101,ORGN(3)  SELR 7 0  
DIMENSION P ( 3 . 1 6 6 )  , P A ( 3 , 3 ,  1 6 6 )  , P I C ( 3 , 5 1  , P A T ( 3 , 3 )  , Q ( 3 , 3 )  , R E P V ( 3 , 3 )  SEAR 80 
DIHENSION RES (4) , R M S  (51 , S Y M B ( 3 , 3 )  , T I T L E ( l f l ) , T I T L E 2 ( 1 8 )  , T S ( 3 , 4 8 )  SEAR 9 0  
DIUENSION VT(3.4) ,V1 ( 4 )  ,V2 ( 3 ) , V 3 ( 3 )  , V U  ( 3 )  , V 5  ( 3 )  , V 6 ( 3 )  ,YRKV(3,3)  SEAR 1 0 0  
DIMENSION XLNG(3) , X O ( 3 )  , X T ( 3 )  SEAR 1 1 0  
COUUON N G , A , A A , A A R E V , L ~ Y R K . A I D , ~ I N , A T O U S , B B , B R D R , C D , C H E M , C O N T , D  SEAR 1 2 0  
COMMON DA.DP,DISP,EDGE,EV. F0RE,PS.1N,1T1LT,XD.LATN,LTNO,N~T0M,NCD SEAR 1 3 0  
CO M MON N J , N J  2. NOUT, NSR , NSY 0 ,OR GN .P , PA, PAC, PAT * Q ,  R EF V ,RES ,RMS, S CAL 1 SEAR 1 4 0  
COUHON S C L L 2 . S C L , S Y U B , I L P E R , T H E T A , T I ~ L E , T I T L E 2 , T S , V I ~ U , V T , V l , V 2  SEAR 1 5 0  
COMWON V3,V4,V5,V6,WRKV,XLNG,XO,XT SEAR 1 6 0  

C ***** OBTAIN PROBLEM PARAMETERS ***** SEAR 1 7 0  
SEAR 1 8 0  WRIT? (NOUT, 2 0 )  

2 0  ?URnAT(lHO 9X.82H P R O H  ATOMS TO ATOHS WITH RADIUS O R S E A R  1 9 0  
1 ,  I F  A B O X ,  YITH S E M I D I I E N S I O N S  / l lX,U6HCODE (MIN M R X )  ( H I N  SEAR 2 0 0  
2 HRX) 7x. l H A 8 X .  1HB8X. 1HC) SEAR 2 1 0  

SEAR 2 2 0  
1 0 0  I T O H l = A I N ( l )  SEAR 2 3 0  

I" (ATN ( 1 ) - 1 0 0 0 0 . )  1 0 0 , l  00 ,  1 0 1 

S Y I T O n = 5 5 5 0 1 .  S F P R  >un 
GO TO 1 0 3  

10  1 I T O U l = R I N  ( 1) / 1 0 0 0 0 0 .  
SY ITOH=AMOD ( A I N  ( 1 )  , 1 0 0 0 0 0 . )  

1 0 2  I P ( R R S ( L I N ( 2 ) ) - 1 0 0 0 0 . )  1 0 3 ,  1 0 3 ,  
1 0 3  ITON2 = L B S ( A I N ( 2 ) \  

SY I T 0 2 = S  YITOM 
GO TO 1 0 5  

10  4 ITOR2=LB S (AIN ( 2 )  ) / 1 0 0 0 0 0 .  
SY ITO2=A nOD (ABS (AIN ( 2 )  ) , l o  OOOC 

105 I T A R l = R I N ( 3 )  
I F  ( I T A P l )  1 0 8 , 1 0 8 , 1 1 0  

1 0 8  T T A R l = l  
1 1 0  TTAR2=AIN(4)  

DilAX=AIII (5) 
IF (DNAX) 1 1 5 , 1 1 5 ,  1 2 0  

&IN(%) =D3AX 

TEM=.Ol 
K V U N = N J *  100+MOD(NJ2,  1 0 )  
K=NJ*lOO+NJ2 
I O Z S Y I T O  H 
1 0 2 = S Y I T O 2  
LATOil=LATn 

1 2  1 FOQMAT ( 1 H O  ( O X ,  2 1  3 , 1 5 ,  I U, 1 5 , 2 1 4 ,  18X,3P9.3 /1H ) 

1 1 5  D!AX=U. 

1 2 0  DMX=DMAX*DPAX 

WR IT? ( N O U T ,  1 2  1)  K,ITOM 1.1o.1~0n2.102, 
1 I T A R l  , I T  RR2, (AIN (J) , J = 5 , 7 )  

1 2 4  FORflAT(1H 1 5 X , 2 1 5 , T 8 , 1 5 , 2 P 9 . 3 )  

1 2 5  WRITE (NOUT.124)  ( ( K D ( J , I )  , J = l , U ) , ( C D ( J , I )  , J = 1 , 2 )  . I = l ,  

1 3 0  DO 1 3 5  J = l , U  

1 3 5  W ( Z , J ) = - 9 9 .  

IF (NCD) 1 3 0 , 1 3 0 , 1 2 5  

1 NC D) 

W( 1.J) = 9 9 .  

DO 1 5 5  I = I T R R l , I T A R 2  
Tl=FLOAT f I l * l 0 0 0 0 0 .  
C A L L  I T O ~ ( T ~ , X )  
I F ( N G )  l U O , l U 5 , 1 4 0  

1 4 0  CALL ERPNT(T1,KPUN) 
GO TO 5 0 0  

lU5 X ( U ) = X ( l ) - X ( 2 )  
DO 1 5 %  J = l . U  
TEM=X f J 1  

1 0 4  

I - )  

- - .. . - - 
SEAR 2 5 0  
SEAR 2 6 0  
SEAR 2 7 0  
SEAR 2 8 0  
SEkR 2 9 0  
SEAR 300 
SEAR 3 1 0  
SEAR 3 2 0  
SEAR 330 
SEAR 3 4 0  
SEAR 3 5 0  
SEAR 360 
SEAR 370 
S E A R  380 
SEAR 390 
SEAR U O O  
SEAR 4 1 0  
SEAR 4 2 0  
SEAR 4 3 0  
SEAR 11110 
SEAR 4 5 0  
SPAR ufin 

I F  ( Y ( 2 , i ) - T J n )  1 4 8 ,  1 5 0 ,  1 5 0  
1 4 8  W ( Z , J ) = T E I  
1 5 0  I F  (TSH-W ( 1 , J ) )  1 5 2 ,  1 5 5 ,  1 5 5  
1 5 2  W ( l , J ) = T E M  
1 5 5  CONTIVUF 

K'+UN2=nOD (KT'UN, 10) 
GO TO ( 1 6 5 , 1 6 5 . 1 6 0 , 1 5 6 , 1 6 5 . 1 6 5 ) , K P U N 2  

C ***** P I N D  PARAILTLEPIPED WHICH ENCLOSES 
1 5 6  D9 1 5 8  J = 1 , 3  
15R DX ( J ) = A I N ( J + U )  

GO TO 1 7 0  

1 6 0  DO 1 6 2  J = 1 , 3  
DX (J) = O .  

C ***** FTND PARALLELEPIPED YHICH ENCLOSES 

no 1 5 2  1 = 1 . 3  
1 6 2  O X ( J ) = D X ( J ) + A B S ( R E F V ( J , I I  * A I N ( I + U ) )  

GO TO 1 7 0  
Z ***** F I N D  PARALLTLEPIPED WHICH ENCLOSES D H A X  SPHERE * * * * *  

1 6 5  T l = l . - A  ( 4 )  * A  ( U ) - A  ( 5 )  * A  ( 5 ) - A ( 6 )  *A(6)  +2.*A (4) * A  ( 5 )  * A  ( 6 )  
DO 1 6 8  J = 1 , 3  

1 6  8 D Y  (J) =SQRT ( ( 1 .  - A  ( J +  3 )  * '2) / T 1 )  * D M A X / A  (J) 
r ***** START SEARCH LROUND BEPERENCE ATORS ***** 

. - .. . . . 
SEAR 470 
SEAR 4 8 0  
SEAR 4 9 0  
SEAR 5 0 0  
SEAR 5 1 0  
SEAR 5 2 0  
S E A R  530 
SEAR 540 
SEAR 5 5 0  
SEAR 5 6 0  
SEAR 5 7 0  
SEAR 580 
SEAR 5 9 0  
SEAR 4 0 0  
SEAR 6 1 0  
SEAR 6 2 0  
SEAR 6 3 0  
SEAR 6 U O  
SEAR 6 5 0  
SEAR 6 6 0  
S E l R  670 
SEAR 680 
SEAR 6 9 0  
SEAR 700 
SEAR 7 1 0  
SEAR 7 2 0  
SEAR 7 3 0  
SEAR 7 4 0  

TRICLINIC B o x  ***** SEAR 750 
S E L R  7 6 0  
SEAR 7 7 0  
SEAR 7 8 0  

RECTANGULAP BOX ***** SEAR 7 9 0  
SEAR R O O  
SELR 8 1 0  
SEAR 8 2 0  
SEAR 830 
SEAR 8 4 0  
S E A R  850 
SEAR 8 4 0  
SEAR 870 
SEAR 880 
SEAR 8 9 0  

1 1 0  

C 

C 
1 1 2  

1 7 4  

C 
1 7 6  
1 7 7  

1 7 8  

1 8 0  

1 8 2  
1 8 4  

C 
1 8 6  

C 

C 

1 8 8  

C 
1 9 0  

C 

19 2 
C 
C 

1 9 u  

1 9 6  
1 9 8  
2 0  0 

C 

20  1 
20 3 

207 

LISTZO 
LA ST=O 
Ml=ITOHl  
N1 =ITOU2 
IF(KVUN2-5)  1 8 6 , 1 7 2 , 1 7 2  

I F  (LATW) 1 7 4 , 1 7 4 , 1 7 6  

NG=12 
CALL EQPNT(O.,KFUN) 
G O  TO 6 0 0  
***t* CHECK FOR SEFERBNCE ATOMS I N  ATOMS L I S T  ***** 
I F  (LhTI-LAST)  6 0 0 , 6 0 0 , 1 7 7  
L I  STFL AS T 
LASTsLATU 
L I S T E L I S T + ~  
I F ( L L S T - L I S T )  5 0 ~ . 1 8 0 , 1 8 0  
Tl=LTOMS ( 1 , L I S T )  

I F ( I T O U - I T O U ~ )  1 7 8 , 1 8 4 ,  1 8 2  
IF( I 'POM2-ITOU) 1 7 8 ,  18U. 1 8 4  
SY ITOU=AMOD(T1,1 0 0 0 0 0 .  ) 
SY IT02=SYITOH 
Ml=ITOH 
N 1 =TQOn 

****a CONVOLUTE A N D  REITERATIVE C O N V O L U T E  INSTRUCTIONS ***** 
***** ? a m ? ,  NO E N T R I E S  I N  ATOUS LIST ***** 

ITOHST 1 / 1 0 0 0 0 0 .  

_ _  
*ttt* SET I N I T I A L  RUN PARLUETERS ***** 
n2=a#OD (SY ITOl l ,  100 . )  
n5=aRoD (SY I T O H / 1 0 0 . ,  10 00.1 

SEAR 9 0 0  
SEAR 9 1 0  
SEAR 9 2 0  
SEAR 9 3 0  
SEAR 9 4 0  
SEAR 950 
SEAR 9 6 0  
SEAR 9 7 0  
SEAR 9 8 0  
SEAR 9 9 0  
S E A R 1 0 0 0  
S E A R  1 0 1 0  
SEAR 1 0 2 0  ~. - 
S E A R 1 0 4 0  S E A R 1 0 3 0  

S E A R 1 0 5 0  
S E A R 1 0 6 0  
S E A R 1 0 7 0  
S E A R 1 0 8 0  
SEAR 1 0 9 0  

~ 3 = n 5 / 1 0 0  
l u = n O D  ( M 5 / 1 0 , 1 0 )  
U%=UOD(MS, 1 0 )  
***+* SET TEQHIKAL R U N  PARAHETERS ***** 
N2=AflOD(SYITO2,100. )  
N5=AflOD(SYIT02/100. ,  1 0 0 0 . )  
V 3 = N 5 / 1 0 0  
NU=HOD ( N  5 /  1 0 .  1 0 )  
N5=nOD ( N 5 . 1 0 )  
***** START SEARCH AROUND REFERENCE ATOMS ***** 
DO DO 500 5 0 0  L5=M5.N5 LU=MU,N4 

DO 5 0 0  L3=M3,N3 
DO 500 L2=M2,N2 
DO 500 I T o n = n l , ~ l  
Tl=FI.OAT ( ITOR) * 1 0 0 0 0 0 . + P L O A T  (L3*1OOOO+LU*lOOO+LS* 1OO+Li)  
CALL ATOU(T1.Y) 
I F  (N6) 1 8 8 , 1 9 0 ,  1 8 8  
C A L L  PRPNT ( T l  ,KFUN) 
GO TO 5 0 0  

N U  n=a 
DO 400 K = I . N S Y M  
t**** SUBTRACT SYMMETRY TRANSLATION FROH REFZRENCE ATOU ***** 
no 1 9 2  J = 1 , 3  
U (J) SY (J)  - I S  ( J  ,K) ***** DETERYINE L I M I T I N G  CELLS TO B E  SEARCHED **f*f  
f***l P I R S T , n O V E  THE BOX THROUGH THE SYMMETRY OPERATION ***** SEARlU5O 
no ? o o  J = I . ~  S E A R 1 4 6 0  

SEAR 1 4 7 0  
SEARlUflO 
SEAR 1 4 9 0  
SEAR 1 5 0 0  

S E A R 1 5 2 0  N=HOo(L,2)  * I  
GO TO 1 9 8  SEAR 1 5 3 0  
N= L SEAR 1 5 8 0  
YW (L,J)=WW ( L . J ) + Y ( N , I )  *TEM SEAR1550 
CONTINUP S E A R 1 5 6 0  
***** CHECK FOR I I X E C  I'UDEX TRANSFORHATION ***** SEAR 1 5 7 0  
DO 2 1 5  J = 1 , 2  SEAR 1 5 8 0  
T E I I = P S ( l  , J , K )  SEAR 1 5 9 0  
IF (TSM+FS ( 2 ,  J ,  K) ) 2 1 5 , 2 O  1 , 2  1 5  S E A R 1 6 0 0  
I F f T F K )  2 0 3 , 2 1 5 , 2 0 7  SEAR 1 6 1  0 
W U  ( 1 . J )  = W ( 2 , 4 )  *T9H S E A R 1 6 2 0  
U Y  ( 2 ,  J)  = Y  (1.U) *TEH SEAR 1630 
GO TO 2 l C  SEAR 1 6 4 0  
W W  ( 1 ,  J)  = H  ( 1 , U )  *TEN S E R R  1 6 5 0  
UW ( 2 . J )  = Y  ( 2 . 0 )  *TEN S E A R 1 6 6 0  

S E A R 1 6 7 0  CO NTI NUF 
* * * * a  lOVE 4 CELLS R U R P  THEN MOVE BACK UNTIL PARALL?LEFIPED AROUNDSEAR1680 

REP RTOH A N D  POX A R O U N C  TRRNSFORHED L S Y R  UNIT INTERS'CT ***** S E A R 1 6 9 0  S E A R 1 7 0 0  
N= 0 
DO 2 3 5  J = 1 , 3  SEAR 17 10  
DO 2 2 5  1 1 1 . 2  SEAR 1 1 2 0  
N=N+l SEAR 1 7 3 0  
TT= (IJ (J) -UW(I ,J) )  *FLOAT(I*2-3)  -DX(J)  SEAR17U0 

I**** K=SYRHPTRY FQUIVALENT POSITION ***** 

S E A R  15 i n  

~~ 

SEAR 1 1 0 0  
SEAR 11 1 0  
SEAR 1 1  2 0  
S E A R 1 1 3 0  
S E A R l l U O  
SEAR 1 1 5 0  
SEAR 1 1  6 0  
SELR 1 1 7 0  
SEAR 1 1  80 
SEAR 1 1 9 0  
S E A R 1 2 0 0  
SEAR 1 2 1 0  
SEAR 1 2 2 0  
SEAR 1 2 3 0  
SEAR 1 2 4 0  
SEAR 1 2 5 0  
SEAR1260 
SEAR 1 2 7 0  
SEAR 1 2 8 0  
SEAR 1 2 9 0  
S E A R 1 3 0 0  
S E A R 1 3 1 0  
S E A R 1 3 2 0  
SEAR S E A R 1 3 4 0  1 3 3 0  

SEAR 1 3 5 0  
SEAR 1 3 6 0  
S E A R 1 3 7 0  
SEAR SEAR 1 3 8 0  1 3 9 0  

S E A R 1 4 0 0  
SEAR 14 1 0  
SEAR 14 2 0  
SEAR lU30 
SEAR 1 4 4 0  

N N 
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T E n = 5 . 0  
2 2 1  TEn=TEV-l .O 

I F  (TEHiTT)  2 2 5 , 2 2 5 , 2 2 1  
2 2 5  NW(N)=TEH*FLOAT(I*2-3) + 5 .  

C ***** I F  NO P O S S I B I L I T Y  OF A H I T .  GO 
IF(NW(W)-NW(N-l))400,235,235 

2 3 5  CONTINUE 

LU=NU ( 2 )  
NL=NW (3) 
H U = N U  (U)  
NL = N U  ( 5 )  
N I I = N U  lfil 

LL=Nu ( 1 )  

c ***** ' L '  C E L L  T R A N S L A T I O N S  IN x I**** 
DO 3 9 5  L=LL,LU 
V ( l ) = U  ( 1 )  +?LOAT ( 1 - 5 )  

C ***** N CELL TRANSLATIONS I N  Y ***** 
DO 395 r = H L , n U  
V ( Z ) = U ( 2 ) + F L O A T ( H - 5 )  

DO 3 9 5  NN=NL,NU 
V ( 3 ) = U ( 3 )  +FLOAT(NN-5) 

C ***** I = TARGET ATOH ***** 
DO 3 9 5  I = I I A R l  , I T A R 2  
DO 2 5 0  J = 1 , 3  
TFn=O.O 

C ***** N CELL TRANSLATIONS I N  Z ***** 

DO 2 4 5  I I = 1 , 3  
2 4 5  T E N = T E I + F S  ( I I , J , K )  *P (11.1) 

C ***** SEE IF WITHIN PARALLELEPIPED***** 
TEH=TElr-V (J)  
I F  (DX ( J )  -ABS (TEN) 1 3 9 5 . 2 5 0 .  2 5 0  

S E A R 1 7 5 0  
SEAR 1 7 6 0  
S E A R 1 7 7 0  
S E A R 1 7 8 0  

TO NEXT SYVHETRY CPER ***** S E A R 1 7 9 0  

. .  . . 
2 5 0  X ( J ) = T F n  

GO TO (255,255,252,277,255,255),KFUN2 
c ***** S E E  I? WITHIN V O C E L  p o x  ****+ 

2 5 2  CALL V U  (X,AAREV,Vl ( 2 ) )  
DO 2 5 3  J = 2 , 4  
I F  ( R I A  ( 5 1 3 )  -ABS ( V l  ( J ) )  ) 3 9 5 , 2 5 3 , 2 5 3  

2 5 3  CONTINUF 
Go TO 2 7 7  

C ***** S E E  I F  WITHIN SPHERE ***** 

2 6 0  TEH=SQRT (DSQ) 
I F  ( A I W  ( R )  ) 2 6 5 , 2 6 5 , 2 6 1  

C *****SELECT ONLY F I R 5 T  ASYNnFTRIC UNIT ENCOUNTERED ***** 
26 1 I F  (LATN) 2 6 5 , 2 6 5 , 2 5 2  
2 6 2  7 1 T N = F L O A T ( I )  * 1 0 0 0 0 0 .  

ZMAX=ZHIN+ 1 0 0 0 0 0 .  
DO 2 6 4  J = l , L A T H  
ZSTO=ATOHS ( 1 . J )  
I? (ZSTO-ZHIN) 2 6 4 , 2 6 3 , 2 6 3  

2 6 3  I F  (ZHAX-ZSTO) 2 6 4 , 2 6 4 , 3 9 5  
2 6 4  CONTINUE 

SEAR 1840 
S E A R 1 8 5 0  
S E A R 1 8 6 0  
SEAR 1 8 7 0  
S E A R 1 6 8 0  
SEAR 1 8 9 0  
S E A R 1 9 0 0  
SEAR 1 9 1 0  
S E A R 1 9 2 0  
SEAR 1 9 3 0  
SEIR 1 9 4 0  
S E A R 1 9 5 0  
SEAR 1 9 6 0  
S E A R 1 9 1 0  
SEAR 1 9 8 0  
SEAR 1 9 9 0  
S E A R 2 0 0 0  
SEAR 20 1 0  
S E A R 2 0 2 0  
S E A R 2 0 3 0  
S E A R 2 0 4 0  
S E A R 2 0 5 0  
S E A R 2 0 6 0  
S E A R 2 0 7 0  
S E A R 2 0 8 0  
S E A R 2 0 9 0  
SEAR 2 1  0 0  
SEAR21 10 
SEAR21 2 0  
S E A R 2 1 3 0  
S E A R 2 1 4 0  
SEAR 2 1 5 0  
S E A R 2 1 6 0  
S E A R 2 1 7 0  
S E A R 2 1 8 0  
S E A R 2 1 9 0  
S E A R 2 2 0 0  
S E A R 2 2 1 0  
S E A R 2 2 2 0  
S E A R 2 2 3 0  
S E A R 2 2 4 0  
SEAR 2 2 5 0  
S E A R 2 2 6 0  
S E A R 2 2 7 0  
S E A R 2 2 8 0  
S E A R 2 2 9 0  
S E A R 2 3 0 0  
S E A R 2 3 1 0  
S E A R 2 3 2 0  
S E A Q 2 3 3 0  
S E 4 R 2 3 4 0  
S E A R 2 3 5 0  
S E A R 2 3 6 0  
S E A R 2 3 7 0  
S E A R 2 3 8 0  
S E A R 2 3 9 0  

GO TO 3 O 7  S E A R 2 4 0 0  
2 7 7  VI (1)  = 1 0 0 0 0 0 . * ~ L O A T ( I )  +FLO~T((1110-L*100-~*10-NN)+100+K) SEAR 24 10  

IVIKQUN-4021 2 7 8 . 3 2 5 . 3 2 7  S F L R 2 4 7 0  

2 7 2  1 F I K ~ l U . J i - T I  775:271:273 
2 7  3 I F  iTF<-CD'( lii) ) 2 7 5 ;  ? 7 4 ; 2 7 4  
2 7 4  I P ( C D ( 2 , J )  - T t N )  2 ' 5 , 2 7 7 , 2 7 7  
2 7 5  CONTINUE 

~- .. 
C ***** DETERiINE.CORRECT POSITION I N  SORTED VECTOR TAELE ***** SEAR21130 

2 7 8  I P ( N U 1 )  3 1 7 , 3 1 7 , 2 7 9  S E A R 2 4 4 0  
2 7 9  DO 3 1 5  I I = l , N I ? M  SEAR 2 4 5 0  

T T = S ( 2 , I T )  -TEH S E A R 2 4 6 0  
IF ( A R S  (TT) -0 .0001)  2 9 7 ,  297 .  2 8 1  S E A R 2 4 7 0  

2 8 1  I ' (TT)  3 1 5 , 2 4 7 , 2 8 3  SEAR 2 4 6 0  
t ***** MOVE LONGER VECTORS TOURRD END OF TABLE ***** S E A R 2 4 9 0  

2 8 3  1 ' ( 2 0 O - N U R ) 2 8 7 , 2 8 7 . 2 8 9  S E A R 2 5 0 0  
2 R 7  NU1=199 SEAR 2 5  10 
2 R 4  I J = N U P  S E A R 2 5 2 0  

DO 2 4 5  J = I I , N U H  S E A R 2 5 3 0  
S ( l , I J + l )  =S ( 1 ,  IJ) S E A R 2 5 4 0  
S ( 2 , l J + l ) = S ( 2 , T J )  S E A R 2 5 5 0  

2 4 5  I J = I J - 1  S E A R 2 5 6 0  
GO TO 3 1 9  S E A R 2 5 7 0  

C ***** CHPCK FOR DUPLICATE VECTORS I F  DISTANCES A R E  EQUAL ***** S E A R 2 5 8 0  

2 9 7  CALL ATOn (S ( 1  ,II) , Z )  
DO 305 J = 1 , 3  
I F ( A B S ( X ( J ) + Y  (J)-Z(J))-0.0001) 3 0 5 , 3 0 5 , 3 1 5  

GO TO 3 9 5  
3 0 5  CONTINUE 

3 1 5  CONTINUE 
TF (200-NOM) 3 2 0 , 3 2 0 , 3 1 7  

C ****e STORT THE RESULT I N  VECTOR TABLE ***** 
3 1 7  I I = N U H + l  
3 1 9  NUH=NU1+1 

s ( l , I I ) = v l ( l )  
S ( 2 . 1 1 1  =TEH 

320 I F  ( b U N -  1 0 6 )  3 9 5 , 3 2 5 , 3 2 5  

3 2 5  DO 3 3 0  J = 1 , 3  
3 3 0  V1 ( J + l ) = X ( J ) + Y ( J )  

C ***** STORE RESULT I N  ATOMS TABLE I**** 

CALL STOR 
395 CONTINUE 
400 CONTINIJE 

4 2 1  FORNAT(lHOlOX,20HVECTORS PROH ATON ( 1 3 ,  l H , I 5 , 1 H )  6X.8HIO 
C ***** P R I N T  OUT DISTANCES ***** 

18H THROUGHIU) 
I O  = AMOD(T1, 100000. )  
WRITE (NOUT.421) I T O H , I O , I T A R l , I T R R 2  
IF(NUN) 5 0 0 , 5 0 0 , 4 2 3  

* ) = S I 1  . T I  
4 2 3  DO 435 I = l , N U n  

- ,  .-, .. 
I l = T 2 / 1 0 0 0 0 0 .  
1 2 = T 2 - F L O A T ( 1 1 ) * 1 0 0 0 0 0  
CALL ATOH(T2.Z) 
I? (1-1)  4 3 2 , 4 3 2 , 4 3 4  

4 2 7  FORRAT ( l q  13X,  2(A6,1X)  .39X,  1H (13. l H ,  
4 2 9  P O R N A T ( I H  1 3 X , 2 ( 9 6 , 1 X )  , 2 ( 3 A  ( 1 3 , 1 H ,  
4 3 2  URITE (NOUT,429)CHEH(ITOU) , C H E I ( I l )  , 

l ) , T l , I 2 ,  ( Z ( J )  , J = 1 , 3 )  , S  ( 2 . 1 )  
GO TO 4 3 5  

4 3 4  W I T S  f N O U P , 4 2 7 l C H E H ( I T O H )  , C H E H ( I l )  , 1 1 , 1 2 ,  ( Z ( J ) , J = l , 3 ) ,  

U 3 5  CONTINU? 
1 s ( 2 , I )  

C ****+ CALCULATE ANGLES ABOUT REP ATON I F  CODE IS  1 0 2  ***** 
4 3 7  I F ( K F U Y - l O 2 ) 5 0 0 , 4 5 1 . 5 0 0  
4 4 1  FORNRT(lHOlOX,18HANGLES ARCUND ATOHIS) 
U51 URITE (NOUT.441)ITOU 

L=NUH-l 
I F  111 5 0 0 . 5 0 0 . 4 5 7  

SEAR2590 
S E A R 2 6 0 0  
SEAR2610 
SEAR2620 
SEAR2630 
S E A R 2 6 4 0  
SEAR2650 
S E A R 2 6 6 0  
S E A R 2 6 7 0  
S EAR 26 80  
SEAR2690 
S E A R 2 7 0 0  
SEAR27 10 
S E A R 2 7 2 0  
SEAR 2 7 3 0  
SEAR2740 
SEAR2750 
S E A R 2 7 6 0  
SEAR2770 
S E A R 2 7 8 0  

ATOHSIU, SEAR2790 
S E A R 2 8 0 0  
SEAR2810 
SEAR2820 
S E A R 2 8 3 0  
SEAR2840 
SEAR2850 SEAR2860 

SEAR2870 
SEAR2880 
SEAR2890 

H) 3F7.4 .7X,3HD = P 6 . 3 )  SEAR2900 
H ) 3 F 7 . 4 , 3 X )  ,4X,3HD = F 6 . 3 )  SEAR2910 

SEAR2920 . I O ,  ( Y ( J )  , J = 1 , 3  
S E A R 2 9 3 0  
SEAR2940 
SEAR 2 9  5 0  
S E A R 2 9 6 0  
SEAR2970 
SEAR2980 
SEAR2990 
SEAR3000 
SEAR3010 
SEAR3020 
S E A R 3 0 3 0  
SEAR3040 
SEAR3050 
S E A R 3 0 6 0  
SEAR3070 
SEAR3080 

CALL RTOH(T2,X) S E A R 3 0 9 0  
CALL DIPV(X,Y,U)  SEAR3100 
CALL HV(AA,U,V2) S E R F 3 1 1 0  
M=T+l SEAR3120 

SEAP3 1 3 0  
SEAR3140 
SEAR3150 

J ? = T U - F L f l A T ( J l )  *lOOOOO. SEAR3160 
CALL A T O I ( T 4 . Z )  SEAR3170 
CALL DIFV(Z,Y,V)  SEAR3160 
F=ARCCOS(VV(V,V2)/(T3*S(2, J ) ) )  SEAR3190 
CALL D I P V ( X , Z , V 3 )  SEAR3200 
F l = S Q P T  ( V f l V  ( V 3  .AA,V3) ) SEAR 3 2 1 0  

4 6 0  FORNAT ( 1 H  1 3 X , 3 ( 9 6 , 1 X )  , 7 X ,  3 ( 2 H  ( 1 3 , 1 H , 1 5 ,  l H ) ) ,  12X,3HD = F 6 . 3 , 7 X , 3 H A S E A R 3 2 2 0  

4 6 5  WQIT'J (NOUT,U60) CAEM (I  1) ,CHEM(ITOH) ,CHEH (J  1) , I l , I 2 , I T O N  S E A R 3 2 4 0  
l , I O , J l , J 2 , F 1 , F  SEAR3250 

4 0 5  CONTINUE SEAR3260 
5 0 0  CONTTNUF SEAR3270 

S E A R 3 2 8 0  
SEAR3290 
SEAR3300 
S E A R 3 3 1 0  
SEAR3320 

1 = P 6 . 2 )  S E I R 3 2 3 0  

DO 465 J = H , N U H  
T 4 = S  ( 1 ,  J) 
J 1  = T h / 1 0 0 0 0 0 .  

I F ( L A S T - L I S T )  5 0 5 . 5 0 5 . 1 7 8  
5 0 5  I F ( K P U N 2 - 6 ) 5 0 0 ,  l 7 6 , 6 0 O  
601) I F  (KPUN-106) 6 1 O , 6 0 5 , 6 1 C  
6 0 5  LAT1=LATOn 
6 1 0  QYTUSN 

EN D SEAR3330 

SUAROTJTINE S P A Q E ( 1 N S T )  SPAS 1 0  
C ***** INSTRUCTION 1 2 0 1  PROCUCES PUNCHED CARDS UITH POSIT.+THERHAL SPAR 2 0  

C ***** S F R I E S  INSTRUCTIONS SPAP 4 0  
REAL** CHEN SPAR 5 0  
DINEYSIOY A ( 9 ) ,  A A  (3 ,3)  , A A Q E V  (3 ,3)  , A A W R K  ( 3 ,  3) , A I D  ( 3 , 3 ) ,  A I N  (140) SPAR 6 0  
n T I P N S I O N  ATOHS(U.500) , 86 (3 ,3 )  , C D ( 8 , l O ) , C H E V ( 1 6 6 )  , C O N ' ( 5 ) , D ( 3 , 1 3 0 ) S P A R  70 

c ***** P A a a n w E w s  FOR Ainus P L A C E D  I N  T H E  ?.Tons LIST B Y  T H E  uon SPAR 30 
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DIUE4SION DA(3.3) ,DP ( 2 , 1 3 0 )  ,EV ( 3 , 1 6 6 )  ,FS  ( 3 , 3 , U 8 )  , K D  ( 5 ,  10)  ,ORGN (3)  
DIUIYSION P ( 3 . 1 6 6 )  , P A (  3,3. 1 6 6 )  , P A C ( 3 , 5 )  , P R T ( 3 , 3 )  , Q ( 3 , 3 )  .REFV(3,3)  
DIMFVSION RES (U) ,RNS (5) , S Y n B  (3.3) , T I T L E (  1 8 )  , T I T L E 2  ( 1 8 )  , T S  (3.48) 
DIUEUSION VT ( 3 , U l  ,V1 ( 4 ) , V 2  ( 3 ) , V 3  (3) , V 4 ( 3 )  , V 5  ( 3 )  , V 6 ( 3 )  ,WRKV(3,3) 
DIMENSION XLNG(3) , X O ( 3 )  , X T ( 3 )  

SPRR 80 
SPRR 9 0  
SPAR 1 0 0  
SPAR 1 1 0  
SPAP 1 2 0  
SPAR 1 3 0  
SPAR 1 4 0  

1SPRR 1 5 0  
SPAR 1 6 0  
SPRR 1 1 0  
SPAR 1 8 0  
SPRR 1 9 0  
SPAR 2 0 0  
SPAR 2 1 0  
SPRR 2 2 0  

C e*** *  RTOU QYMOVAL BY TRBLE PUSHDOWN 
4 7 0  LAIM=LATI- l  

DO 4 7 5  I=K.LRTU 
DO 4 7 5  J = 1 , 4  

GO TO 4 9 0  
4 7 5  D.TOMS(J.1) = R T o M S ( J , I + l )  

480  CONTINUE 
US1 I F  ( N J 2 - 1 0 )  U 8 2 . U 9 0 , 4 9 0  

U 8 2  IF(Uq9-LRTU) 49O,U83,U85 
4 8 3  NG=16 

4 8 5  LATM=LRTM+l 

4 8 6  A T O n S ( J , L A T n ) = V l  (J) 
4 9 0  RSTURN 

C *+*** STORE RTOn ***** 

CALL I R P N T  ( V l ( 1 )  , 4 0 0 )  

DO 486 J = l , U  

END 

***** STOR 2 6 0  
STOR 2 7 0  
STOR 2 8 0  
STOR 2 9 0  
STOR 300 
STOR 3 1 0  
STOR 3 2 0  

COURON NG,R,AA,AAQEV,AAYRK,AID,AIN,ATOMS,BB,BRCR,CD,CHEN,CONT,D 
COPnON D R , D P , D I S P , F D G E , E V , F O R E , P S , I N , I T I L T , K D , L R T ~ , L ~ N C , N R T O M , N C D  
COUMON NJ.NJ2,NOUT.NSR .NSYU,ORGN.P, PL,PRC, EAT,Q,REPV,RES,RUS,SCRL 
COlUON S CAL2, SCL, SYnB, TAPER.THETA.TITLE.TITLE2,TS ,VIEU ,VT, V1 , V 2  
COUllnN V 3,  V U , V 5 ,  V 6 ,  Y R K  V ,  XL NG ,TO. XT 
RFRL*8 CHM 
***** F I R S T  F I E L D  ON INSTRUCTION CARD = NO. OF POSITION PRRRnETER 
***** CILRDS TO @E RERD B Y  ' IRIS  SUBROUTINE (STANDARD CRFLS FORUAT) 
***** THE SEQUENCE OF THESP CARDS NEED NOT BE IDENTICAI YITH 
***** THE OQIGINAL INPUT RTOR DECK SEQUENCE 
I F ( 1 U S T - 1 2 0 1 )  1 0 0 , 1 0 5 , 1 0 0  SPAR 2 3 0  
NG = 9 SPAR 2 4 0  
RETUQN SPAR 2 5 0  
I P ( A I N ( 1 ) )  1 0 0 . 1 0 0 , 1 1 5  SPAR 2 6 0  
LRST = R I N ( 1 )  
DO 1 5 0  L = l , L A S T  
PERD (IN, 1 1 6 )  
FORUAT(A 6 .3X.6F9.6)  

CHM, V2 ( I ) ,  V2 ( 2 ) ,  (V1 ( J )  , J= l ,  4 )  

STOR 330 
STOR 3 4 0  
STOR 350 
STOR 360 
STOR 3 1 0  

STOR STOR 3 9 0  380 
STOR 400 
STOR 4 1 0  
STOR 4 2 0  

C 

1 0 0  

10  5 
1 1 5  S U B R O U T I N E  T n n ( x , Y , z )  

C ***** T F R N S P O s E ( T R a N S P O s E ( X )  *Y) =Z ***** 
C ***** X.Y.2 A R E  3x3 UATRICES ***** 

1 0  
2 0  
30 
4 0  
50 
60  
7 0  
8 0  
90 

1 0  
2 0  
30 
4 0  
50 
60  
7 0  
8 0  
qn 

SPRR 2 7 0  
SPAR 2 8 0  
SPAR 2 9 0  
SPRR 300 

SPRR 3 2 0  
SPAP 3 3 0  
SPAR 3 4 0  
SPAR 3 5 0  
SPAR 360 

S P A R  3 1 0  
1 1 6  

1 1 1  

DIUENSI6N.X (3.3) ,Y (3.3) , Z (  3.3) 
DO 1 1 5  I = 1 , 3  
no 1 1 5  ~ = 1 , 3  

1 1 5  z ( K . 1 )  = X  (1 .1)  *Y (1 ,K)  + X  ( 2 , 1 ) * Y ( Z , K ) + X  (3.1) * Y ( 3 r K )  
RITURU 

WRIT? ( N O t T , i l 7 )  C b n , V 2 ( 1 )  , V 2 ( 2 )  , ( V l ( J ) , J = l , 4 )  
FOQURT(lHO.2UX.25ROLD POSITION PARAnETERS , 1 6 , 4 X , 6 P 1 0 . 6 )  ***** FIND ATOR NUUBER ***** 
DO 1 2 5  I A = l , N A T O n  
DO 1 2 0  J = 1 , 3  
I F  (ABS (V1 (J) - P ( J , I A )  ) - 0 . 0 0 1 )  1 2 0 , 1 2 0 ,  1 2 5  
CONTINUE 
I X  = I R  
GO TO 1 3 0  
CONTINUE 
GO TO 1 5 0  
***** SEARCH ATONS L I S T  FOR ENTRIES YITH ATON NUNBER I X  ***** 
I F  (LATn) 1 5 0 , 1 5 0 , 1 3 1  
DO 1 4 5  I B = l . L A T n  

END 

1 2 0  SPRR 3 1 0  
SPAR 380 
SPRR 3 9 0  
SPAR 400 
SPRR 4 1 0  
SPAR 4 2 0  
SPAR 430 
SPAR 4 4 0  

SUBROUTINE UNIT (X, 2 ,  I T  I P E )  UNIT 
DIMENSION X ( 3 )  , Y ( 3 )  , 2 ( 3 )  UNIT 
PERL*R CHEU UNIT 
D I  MENSION A(9) , A R  ( 3 ,  3) , AAREV ( 3 , 3 ) ,  A A Y R K  ( 3 , 3 )  , A I D  ( 3 , 3 )  , R I  N ( 1 4 0 )  UNIT 
DIUENSION ATOUS(4.500) , B B ( 3 , 3 )  , C D ( 8 , 1 0 ) , C H E U ( 1 6 6 )  ,CONTIS)  , D ( 3 , 1 3 0 ) U N I T  
DIRENSION DR (3,3)  , D P ( 2 , 1 3 0 )  ,EV ( 3 , 1 6 6 )  ,PS (3 ,3 .U8)  , K D ( 5 ,  10)  ,ORGN ( 3 )  UNIT 
DI UENSION P ( 3 , 1 6 6 )  .PR ( 3 , 3 ,  1 6 6 )  ,PAC ( 3 , s )  , P A T ( 3 , 3 )  ,Q ( 3 , 3 ) ,  REFV ( 3 , 3 )  UNIT 
DIMENSION RES ( 4 )  ,?US ( 5 ) ,  SYNB (3,3) , T I T L E ( l 8 ) . T I T L E 2 ( 1 8 )  , T S  (3 .48)  UNIT 
DIMENSION V T ( 3 . 4 )  , V l  (U) ,V2 ( 3 ) . V 3 ( 3 )  , V 4 ( 3 ) . V 5 ( 3 ) , V 6 ( 3 )  ,VRKV(3,3)  UNIT . 
DIRENSION XLNG(3) , X 0 ( 3 )  , X T ( 3 )  UNIT 1 0 0  
COUUON NG,A,AA.ARREV,AAURK,AID,AIN,ATOMS,BB,BRDR,CD,CHEM,CONT,D UNIT 1 1 0  
COUHON D A ,  DP, DISP.  EDGE, EV, FORE ,PS.IN , I T I L T  .KD. LATM, LTNC, N ATOR, NCD UNIT 1 2 0  
COUNON NJ.NJ2,NOUT. NSR.NSYU,ORGN,P,PL,PAC,PAT,Q,REFV ,RES,RNS,SCALl UNIT 130 
COMMON SCRL2,SCL,SY~B,TAPER,THETA,TITLE,TITLE2,TS,VIEU,VT,Vl,V2 UNIT 1 4 0  
COUION V 3. V U .  V 5 . V 6 .  Y R R V .  XL NG,XO, XT UNIT 1 5 0  

UNIT 1 6 0  
UNIT 1 1 0  
UNIT 1 8 0  
UNIT 1 9 0  

1 2 5  

C 
1 3 0  
1 3  1 

T 1  = R T O n S ( i , I B )  S P A R . 4 5 0  
IF ( I X - I N T ( T 1 / 1 0 0 0 0 0 . ) )  1 4 5 , 1 3 5 , 1 4 5  SPAR 4 6 0  

1 3 5  CRLL RTOM(T1,Vl)  SPAR 4 7 0  
URIT? (NOUT, 1 3 6 )  T 1 ,CH n,V2 ( 1 )  , V2 ( 2 )  , ( I 1  (J) ,J= 1 , 4 )  SPAR 480 

1 3 6  PORMRT( 1 R0,9X,F10.0 ,5X,25HNEU POSITION PARAMETERS , A6,UX.fiFlO . 6 )  SPAR 4 9 0  
I 1  = T 1  SPAR 5 0 0  
PUNCH 1 3 1 ,  CHn,V2 ( 1 )  . V 2 ( 2 ) ,  (Vl (J) , J = l , U )  , I 1  SPRR 5 1 0  

1 3 1  ?ORUAT(R6,3X,6F9.6 ,9X,  18) SPAR 5 2 0  
CRLL P A X E S ( T l , - l )  SPRR 5 3 0  
DO 1 9 0  I = 1 , 3  SPAR 5 4 0  
DO 1 4 0  J = 1 , 3  SPAR 550 

1 4 0  Q ( J . 1 )  = Q ( J . 1 )  / . 0 5 0 6 6 0 5 9 1 8  SPAR 5 6 0  
WRIT? ( N O U T , 1 4 0  Q ( l , l ) , Q ( 2 , 2 )  , Q ( 3 , 3 )  , Q ( 1 , 2 ) , Q ( l , 3 )  r Q ( 2 . 3 )  SPAR 570 

1 4 1  PORUATIIH .24XS25RNEV THERIIIL PARIIMETERS , 6 F 1 0 . 6 )  SPAR 580 
SPAR 590 

. . .  
Y( 1) = x (  1 )  
Y ( 2 ) = x  ( 2 )  
Y ( 3 )  = x ( 3 )  
I F  ( ITYPE)  1 2 5 , 1 2 5 ,  
T l = S Q R T ( Y ( O  * Y  ( 1 )  

1 0 5  
+ 7 ( 2 )  1 0 5  *Y UNIT 2 0 0  

UNIT 2 1 0  GO T 6  1 4 5  
PUNCH i l l ? ,  - Q ( 1 ;  1 )  .Q(2 .2)  .Q (3.3) .Q (1 .2)  .Q (1.3) . Q ( 2 . 3 )  .I 1 

1 4  2 FORUAT (6 F 9 . 6 ,  18X, 1 8 )  
1 9 5  CONTINUE 
1 5 0  CONTINUE 
300 RETURN 

1 2 5  T l = S Q R T ( Y  ( 1 )  * ( Y ( l ) * A A ( l ,  1) + Y  ( 2 ) * ( R A  (1 .2)  i R A ( 2 . l ) )  + Y ( 3 )  * ( A A ( 1 , 3 ) + A  UNIT 2 2 0  

2 . 3 ) )  UNIT 2 4 0  
1 4 5  IF ( T l )  1 5 5 , 1 5 5 , 1 7 5  UNIT 2 5 0  
1 5 5  NG=5 UNIT 2 6 0  

GO TO 300 UNIT 2 7 0  
1 7 5  Z ( l ) = Y ( l l / T l  UNIT 2 8 0  

UNIT 2 9 0  

l A ( 3 . 1 ) ) )  + Y  (2)  * ( Y ( ~ ) * R R  ( 2 , 2 ) + Y ( 3 ) * ( R A ( 2 , 3 ) + A R  (3 .2)  ) )  i y ( ? )  *Y ( ~ ) * R R    UNIT 2 3 0  SPAR 600 
SPAR 6 1 0  
SPAR 6 2 0  
SPAR 6 3 0  
SPLR 6 4 0  END 

2 i 2i = Y  ( 2  j /T 1 
2 (3) = Y  ( 3 )  /T  1 

300 RETURN C 
SUBROUTINE STOR ***** STORE I N  OR REnOVE FROn !+TONS A R R A Y  ***** 
9117*u F R l M  

STOR 
STOR 
STOR 
STOR 
STOR 

1 0  
2 0  
30 
4 0  
50 
60 
70 

U N I T  500 
UNIT 3 1 0  
UNIT 3 2 0  EN D ._..I " -..I.. 

DIUENSION A(9) , A A ( 3 , 3 )  ,AAREV(3,3) ,AAVRK(3,3)  . R I D ( 3 , 3 ) , A I N ( 1 4 0 )  
DIUENSION RTOMS (U ,500) ,BB ( 3 . 3 )  ,CD ( 8 ,  l o ) ,  CHEH ( 1 6 6 )  ,COAT ( 5 ) ,  C ( 3 , 1 3 0 )  
DIMENSION DRl3 .3)  .DP ( 2 . 1 3 0 )  .EV ( 3 . 1 6 6 1  ,FS I 3 . 3 . U 8 )  . K D ( 5 , 1 0 1  ,ORGN ( 3 1  STOR 

STOR 
STOR 

SUBROUTINE vn (x .y ,z )  
C TRANSPOSED VECTOR T I R E S  RATRIX 
C 2 (3)  = X  ( 3 )  * Y  (3 ,3)  

DIilENSION X ( 3 )  , Y ( 3 , 3 ) , 2 ( 3 )  
DO 1 1 5  J = 1 , 3  
Z ( J) = O  . 0 
DO 1 1 5  1 = 1 , 3  

1 1 5  Z ( J I  =Z IJI + X I 1 1  *Y (I. J 1  

V U  

V I  
v n  
v n  
v n  
v n  
v n  
v n  
v n  

V U  

1 0  
2 0  
30 
40 
50 
60 
70 
80 
90 

100 

1 0  
2 0  
30 
4 0  
50 
60 
70 
80 

D I n m s I o N  ~ ( i , i f i 6 j , ~ A ( i , 3 ,  i S 6 )  , . ~ A c ( 3 ; 5 )  ,PnT(3 ,3)  ; ~ ( 3 , i ) . R E ~ v ( 3 ; 3 j  
DIEENSION R E S  (U) ,RnS ( 5 )  ,SYMB (3.3) , T I T L E (  1 8 ) , T I T L E 2  ( 1 8 )  ,TS (3.98) 
DIUENSION VT(3.4) .V1 (4) .V2 ( 3 ) , V 3  (3) , V U  (3)  , V 5  ( 3 )  , V 6 ( 3 )  ,URKV(3.3) 
DINENSION XLNG(3) , X 0 ( 3 ) , X T ( 3 )  
COIRON NG.A.AA,AAREV,AAYRK,AID,AIN,ATO~S,BB,BRDR,CD,CHE~,CONT, D 
COKlON DA,DP,DISP,EDGE,EV, FORE,PS,IN,ITILT,KD,LRT~,LTNC, NITON, NCD 
COflflON NJ,NJ2,NOUT.NSR.NSY~,ORGN,P,PA,PAC,PAT,Q,REFV,RES,R~S,SCRLl 
COlMON SCIIL2,SCL,SY~B,TAPER,THPPA,TITLE,TITLE2,TS,VIEY,VT,Vl,V 2 
COMRON V 3 , V 4 , V 5 , V 6 , ~ R K V ,  XLNG,XO.XT STOR 
I F ( L A T n )  4 8 1 , 4 8 1 , 4 5 0  STOR 
IF ( 5 0 0 - L a i n )  4 5 5 , 4 5 5 . 9 6 ~  STOR 
I? ( N J 2 - 1 0 )  U9O,U90.460 STOR 
L=LATn STOR 
***** CHECK FOR POSITIONAL DUPLICATION ***** STOR 

8 0  
90 

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 4 0  
1 5 0  
1 6 0  
1 1 0  
1 8 0  
1 9 0  
2 0 0  

STOR 2 1 0  
STOR 2 2 0  
STOR 2 3 0  
STOR 2 4 0  
STOR 2 5 0  

~~ ~ 

STOR 
STOR 
STOR 
STOR 
STOR 
STOR 

. . . . . . . . 
RETURN 
END 

4 5  0 
4 5 5  
4 6 0  

FUNCTION V I1V (X 1, Q, X2)  
TRANSPOSED VECTOR * I A T R I X  VECTOR 
v n v = x 1 ( 3 )  i ~ ( 3 . 3 )  * x 2  (3) TO E V A L U A T E  QUADRATIC OR BILINEAR PoRn v n v  
DIMENSION X l ( 3 ) , Q ( 3 , 3 )  , X 2 ( 3 )  v n v  
T l = O .  v n v  
DO 1 0  J = l , 3  v n v  

1 0  T l = T l + X l  (J)* ( X 2 ( l ) * Q ( J . l )  +X2 ( 2 ) * Q  (J, 2) +X2 (3) * Q ( J ,  3) ) vnv 
V I V = T l  vnv  

v n v  
v n v  C 

C C 
DO 4 8 0  K = l , L  

I P ( A B S ( V 1  ( J ) - A T O I S ( J , K ) ) - 0 . 0 0 1 )  4 6 5 , 9 6 5 , 4 8 0  

I F  (NJ2-10)  4 9 0 . U 9 0 . 4 7 0  

no 4 6 5  J=Z.U 

465 CONTINUE 
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RETURN 
END 

FUNCTION VV(X,Y) 
TRLNSPOSED VECTOR VECTOR 

DIHENSION X(3) vY(3)  

RETURN 
END 

v v = x ( 3 )  * I f 3 1  

v v = x (  1 )  * Y  ( 1 )  + x  ( 2 )  *Y ( 2 )  +X(31*Y(3)  

SOBROUTINE XYZ (QA,X, IT lPE)  ***** I T Y P E  .GT.O CART. COORO. FRO11 &TOO CODE 90RD ***** 
***** XkBSF(1TYPE)  .LE.2 FCR WORKING S Y S T E l  ***** ***** XkESF(1TYPEI  .GT.2 FOR REPERERCR SZSTEH I**** ***** ITYPE..LE.O. USES TRICLINIC COORD. XT ***** 

vnv 
v n v  

rv 
vv 
vv 
vv 
vv 
vv 
vv 

XIZ 
X I Z  
XYZ 
XYZ 
XIZ  

D I l E N S I O N  XC3) XYZ 
RELL*8 C A E l  xrz 
D I l E N S I O N  A(9)  , L I ( 3 , 3 )  ,LLREV(3,3)  ,AIIWRK(3,3) , 1 1 I D ( 3 , 3 ) , L I N ( 1 4 0 )  XYZ 
D I l E N S I O N  ATOMS(4.500) , B B ( 3 , 3 )  , C D ( 8 , I O ~ , C H E f ! ( l 6 6 ) , C O N T ( 5 ) . o ( 3 ~  130)XYZ 
D I l E N S I O N  0 1 1 0 . 3 )  ,DP(Z ,  1 3 0 )  ,EV ( 3 , 1 6 6 )  ,PS ( 3 , 3 , 4 8 )  ,KO (5 .10 )  ,ORGN (3) XIZ  
D I l E N S I O N  P  ( 3 , 1 6 6 )  , P L ( 3 , 3 , 1 6 6 )  ,PAC ( 3 , s )  , P I T  (3.3) , Q (3 .31 ,  REFP (3.3) XYZ 
DIHENSION RES (4) , R l S  ( 5 )  , SYHB ( 3 , 3 ) ,  T I T L E  ( l a )  , T I T L E 2  ( 1 8 )  ,TS (3. 4 8 )  XYZ 
DIIIENSION VT (3.4) , V l  (4) ,V2 (3 ,  V 3  (3)  , V U  ( 3 )  ,VS (3) ,V6  ( 3 ) ,  URKV ( 3 . 3 )  XIZ  

COMMON N G ,  E, Ah, II AREV, A A W R K  , A I D .  LIN, ATOIIS, BB. BRDR,  CD CAEH ,CONT, 0 XIZ 
COlllON OL.OP,OISP,EOGE,EV,PORE,FS,IN,ITILT,KD,LLT~~LTNO,NLTOl,NCD XYZ 
C O l l O N  NJ.NJ2,NOOT. NSR,NSYl,ORGR,P,PA,PAC, P A T , Q , R E F V , R E S , R I I S , S C I L l X I Z  
COIIlON SCAL2,  SCL, SYMB, TAPER,TRETA,TITLE,TITLE2,TS ,VIEW ,VT,Vl , V  2  XYZ 
cannon XYZ 

DIMENSION XLNG (3) . X 0 ( 3 )  ,XT (3) XYZ 

v 3, v 4  , v s , v ~ ,  W R K V ,  XLNG,XO,XT 
I T = I A B S ( I T P P E )  - 2  XYZ 
NG W I G  XYZ 
NG-0 XYZ 
IF ( I T Y P E )  1 0 , 1 0 . 5  XYZ 

5 CALL ATOl(Q1,XT) XYZ 
IF (NG) 3 0 , l O .  3 0  X I 2  

1 0  T1=0 .  XYZ 
DO 1 5  5 = 1 , 3  xrz 
T2=XT ( J )  -0RGN ( J )  XYZ 
V1 (J) = T 2  XYZ 

1 5  T l = T l + L B S ( T 2 )  XYZ 
IF ( T l - . 0 0 0 1 )  20.20,UO XYZ 

2 0  NG=NGl XYZ 
30 DO 3 5  J = 1 , 3  XYZ 
35 X ( J ) = O .  XYZ 

GO TO 3 0 0  XYZ 
4 0  I F ( 1 T )  45.45.60 XYZ 

C ***** RELATIVE TO YOBKING SYSTEH ***** XIZ 
4 5  DO 55 I = 1 . 3  X I 2  

T 1 = 0 .  
DO 5 0  J = 1 , 3  

50 T l = T l + V l  ( J ) * L k W R K ( J , I )  
55 X ( I ) = T l * S C A L l  

GO TO 3 0 0  

6 0  00 70  I = 1 , 3  
C  ***** RELATIVE TO REFERENCE SISTEU ***** 

T1=0 .  
00 6 5  J = 1 , 3  

6 5  T l = T l + V l  IJ)*AAREV (J.11 
7 0  x ( I ) = T ~ * S C ~ L ~  
300 RETURN 

END 

XYZ 
IYZ 
XYZ 
XYZ 
XYZ 
XYZ 
XYZ 
xrz 
XYZ 
XYZ 
XYZ 
X I Z  
XPZ 

SOBROUTINE C R T ( X l , Y l r I l , I 2 )  CRT 
C  ***** D U n l Y  SOEROUTINE TO REPLACE THE CATHODE-RLY-TUBE PLCKLGE ***CRT 
C ***** SOBROUTINE CRT IS CALLED BY SURROOTINES F 2 0 0  AND DRAW ***** CRT 

T R T  RETURN 
END 

- .. - 
CRT 

90 
1 0 0  

10 
2 0  
30 
40 
50 
60 
70 

1 0  
2 0  
30 
40 
50 
60 
70 
80 
9 0  

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1  uo 
1 5 0  
160 
1 1 0  
1 8 0  
1 9 0  
2 0 0  
2  1 0  
220 
2 3 0  
2 4 0  
2 5 0  
2 6 0  
270 
2 8 0  
2 9 0  
300 
310 
320 
330 
3 4 0  
3 50 
360 
3 7 0  
380 
3 9 0  
400 
4 1 0  
4 2 0  
4  30 
440 
4 5 0  
9 6 0  
4 7 0  
480 
4 9 0  
5 0 0  
5 1 0  

1 0  
2 0  
3 0  
40 
50 

SUBROUTINE I D A Y  (H2) IDLY 1 0  

RETURN Ion 40 

C ***** DOHHY FOR ORNL LOCLL SUBROUTINE CLLLED BY F 2 0 0  FOR CBT IDERTIDAY 20 
C ***** I D L Y  OBTAINS DLTE ( 8  BCD CRARACTERS) PROU OPERLTING S Y S T E l  I D A Y  30 

END IDLY 5 0  

SUBROOTINE J O B l I U l ( 8 l l  JOB# 10 
C ***** DUlllY FOR ORNL LOCLL SOBROOTIUB CLLLLD BY F200 PCR CRT IDEUTJORU 20 
C ***** JoBNOn OBTLINS USERS J O B  UOBBER (4 BCD CRARACTEBS) ***** J O B l  30 

QETURN JOBll 40 
END JOB# 50 

C O B I I E  E.B.FLE1SCRER 1 9 6 4  J .L.C.S.  86,3889 
5 . 3 4  5 . 3 4  5 . 3 4  7 2 . 2 6  7 2 . 2 6  1 2 - 2 6  

0 1 0 0  0 0 1 0  
0 1 0 0  0 0 0 1  

0 0 1 0  0 0 0 1  
0 - 1  0 0 0 0 - 1  0 
0 0 0 - 1  0 - 1  0 0 
0 0 - 1  0 0 0 0 - 1  1  

c 1  - . I 8 7 1 1  - 1 9 5 1 9  . l o 7 0 6  
. O U l O O  . 0 4 2 5 0  . 0 4 5 0 0  - . 0 0 4 2 0  - . 0 1 4 2 0  - . 0 0 5 1 0  

c 2  - 1 1 5 4 6  - 1 1 5 4 6  - 1 1 5 4 6  
.Ob680  .04680 .04680 - . 0 1 4 3 0  - . 0 1 4 3 0  - . 0 1 4 3 0  

A 1  - . 3 2 4 6 0  - 3 4 6 8 0  - 1 8 4 8 0  

EXAI 
EXLI 

0 0 0 I E I L I I  
0 0 1 O E I L I  
0 1 0 O E I A I  
0 0 0 - 1 E I A I  
0 0 - 1  OEXLII 
0 -1 0 OEXLI 
0 E I A I  
n 

. l o  

- 1 0  
A2 

ORGI 

. 2 1 o u o  . 2 1 0 0 0  . 2 1 0 0 0  

0 0 0 

0 
7 
0 

EX18 
E 1 1 8  
BXAII 

1  0 EILI I  
2  1 BXAl 3 1 0 1  1 5 5 5 0 1  ***** FIND ALL NEIGHBOR LTOlS LROUND C 1  L I D  C 2  OOF TO 3 . 6 1  A ***** EXAl 

3 1 0 2  1 5 5 5 0 1  1.8 EIAI 2 1 4  ***** FIND COVLLENT BONDS 1111: BOND LUGLES L R O O l D  CLRBOllS  ***** BXAI 

4  3.61 

3 2 0 1  E I L I  
***** I N I T I A L I Z B  l lECAAIICLL P L W T E R  PLCKLGE. 203 FOR CRT PICKLGE ***** E I L l  

3 3 0 1  11 .  1 1 .  30. 1.5 B I A I  

7 303 
t i***  1 1 x 1 1  B O U N D A R Y ,  8x8 INSIDE 1.5 ILRGIU. VIEW FROI 30 nicnes ***** EILI 

RTLU __-- 
B I A I  E L I l I N A T E  I L L  RETRACING ***** 

4 0 2  5 5 5 5 0 1  3 .2  E I L I  5 1 4 
ENCLOSER SPBERE OF RADIUS 3-2 A ABOUT DUlllY LTOl 5 . 5 5 5 . 0 1  **** E I U I  

O E I A I  5 0 1  555501 2 5 5 5 0 1  155501 2 5 5 5 0 1  1 5 5 5 0 2  

2  1 2 5 .  28.  BXAI 
EXAll 

5 0  2  
ROTIITE 25  DEGREES &BOUT Y, TREII 28 DEGBEES ABOOT NEW I ***** 

0 0 0 1 . 5 4  EXAII 60 4 

~.~ 

ORIGIN O M  o o n n y  a T o a  ~ 5 5 5 0 1 ,  VECTORS ALOUG 2  EDGES 01 COBANE ****+EIAB 

***** 
3 ***** 
3 

3 
#*** 
***** 
*:** I U T O l L T I C  SCLLE A N D  POSITION,  50 PERCEUT PROBLBILITY E L L I F S O I D S  **BXAII 

EX&# ***** STEREO ROTLTION OF 2 .1  DEGREES ABOUT I FOR LEFT ETE I**** 
EIAlI 
E I A n  ***** STllRT SAVE SEQUENCE ***** 

_ _ _ _  
2 2.1 B I L I  3 5 0 3  

3 1 1 0 1  

3 
2  5 1 1  

1  115 

0 EXAS a i0  
Bmn 4 2 0  

-20 . 6 D  . 7 o ~ x ~ n  aao 
EIAI a50 

1 U 1 4  4 0.9 1.6 .04 +**** STORE PROJECTED LTOllS  L I D  BONDS FOR OVERLLF, BLRGII  SET BY OEFAOLTBILI 4 3 0  
4 0 1 0 

3 1 2  EXAB 4 6 0  ***** DRAW CLRBOll A T O l  ELLIPSOIDS,  L T O I  UOlBER RUN 1-2 ***** 
- 2 0  -35 . W E I L l l  4 7 0  

EIAII 4 8 0  
B X A I  4 9 0  
B I L I  500 

2 8 1 2  E I L I  510 3 1 4 1 4 4 0.9 1.6 - 0 4  
**** TYPE 4 BONDS -04 A l E L N  RLCIOS,  L T O I S  1-4 l0 & T O I S  1-4, 0.9-1.6 I EIAB 520 

0 - . 4 B I L l l  530 

0 - . 4 B I L I  550 
LABEL BOND 2 5 5 5 0 4 - 1 5 5 5 0 5  WIT6  PEBSPECTIVE BOllD D I S T L l C E  LABEL ***QEXAI 560 

3 9 0 2  5 5 5 5 0 1  1.0 . 2 5  
OBXAI E I L I  570 580 

E I M  590 
EXAB 600 

3 1 1 0 2  

9. E I A I  610 
E I A n  620 

3 2 0 2  

3 503 2 -2 .1  EIAB 630 

EIAB 650 
EIAII 660 

3 1 1 0 3  

3 202 2 0 .  E I A I  BIAII 670 680 

EILII 690 
EIAB 700 

3 2 0 2  

3 3 u 
1 7 1 2  

***** DRIIW RYDEOGEI LTOH SPAERES, L T O l  RUIIBER 801 3-4 ***** 

0 

0 

3 906 1 5 5 5 0 4  1 5 5 5 0 3  0 .15 

3 9 1 6  2 5 5 5 0 4  1 5 5 5 0 5  0 -15 
***t LABEL BOND 1 5 5 s 0 ~ - 1 5 5 5 0 3  WITR REGOLLB Bono o I s m n c E  LLBEL ***** Exan 5a0 

***** 
0 0 0 

COBANE 

***** END OF SLVE SEQUENCE ***** 
**+** ADVANCE PLOTTER 9  INCRES LLOIG I ***** 
st*** STEREO ROT~TION OP -2.7 DEGREES LBOOT Y FOR RIGET E Y E  VIEW **** sxm 6ao 

***** EXECUTE SAVED SEQUENCE FOR RIGRT E I E  DRAWIMi ***** 
***** LDVANCE PLOTTER 2 0  INCHES ***** 
***** ADD D O l l Y  PLOT TO HAGIIETIC TLPE ***** 

- 1  Exan 710 

10 
20 
30 
40 
50 
60 
70 
80 
90 

1 0 0  
110 
120 
130 
140 
150 
160 
1 7 0  
180 
190 
200 
210 
220 
230 

2 50 
260 
270 

I 280 
290 
300 
3 10 
320 
330 

350 
360 
310 
380 
390 
400 

zao 

3a0 
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