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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  



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, 
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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 "  



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 :  



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.  



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 



1 7  

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 .  



19 

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 .  



2 9  

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, 



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 



36 

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  _. 



El 

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 



4 2  

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  



53 



54 

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  
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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 



75 
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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 )  KXItI) 

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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