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Funciion 

C « M « I and svale 
FxplkM 
Scale only 
Center only 
Center and scak-
I P . ami I S " 
I.P. and scale 
I.S. and center 

Fllipsoki* 
Shaded fool ball 

(Format No. I trader card) 
Fool boll 
Open model 
Boundary only 
Other types 

(Format No. I trader card) 
As above except no 

printed output of 
individual coordinates 

Bomli 
Explicit 

(COM.) 
Implkii fancy 

(Format No. 2 tiailei card) 
Implicit line 

I Format No. 2 trailer card) 
As above except 

no printed output 

bond overlap 
«xplkil 

IK net overlap 
implicit 

Labels 
Chem. Symb. 
Re». titles. 

Formal No. 3 title card 
Proj. Vect. title 

Formal No. 3 title card 
Vector litre 

Formal No. 3 I i lk card 

I 3 4 9 III 18 

T«hht2.1 (continued) 

I " 27 2H 36 

Uor I 

Uot I 
Uor I 
Uor I 
Uor I 

Uor I 
Uor I 
Uor I 
Oor I 
u or I 

I or 2 

2 

•> 

2 
I or 2 

601 
602 
603 
6U4 
611 
612 
613 

?UI 

7U2 
7113 
71)4 
70S 

711 
712 
713 
714 
715 

Mill 

HU2 

803 

Kl l 
HI 2 
813 
H2I 

822 

X O l I N ) 
X U H N ) 

J.XOHN) 
JkXO(IN) 

AUI IN) 
(same as 71)I) 
(same as 71)11 
(same as 701) 
NPl.ANI 
AUI IN) 
(v imva*7( l | l 
(same as 701) 
(same as 7UI) 
(same as 7011 

lwn>c ..•> 7l».s) 

I KOM t l ) 

SOI AIOM-I 
902 AIOM-I 

903 ATOMI 

913 M'w'M-l 

Y O l I N ) 
Y O U N l 

A Y O i l N ) 
4 Y O U N ) 

Al ( IN) 

NIXJI 
Al ( IN) 

I O ( l ) 

(same as HOI) 
(same as 802) 
(sameas8U3) 
I HUM I I ) T O O ) 

St A l l 

St A l l 

ASCAl ! 

.iSCAl I 

A N K l l ) 

N U N I 
AK'K 11) 

I KOM 12) 

I KOM (21 

37 45 

St AL2 
M A I 2 
S< A 1.2 
St AI.2 
SCAI.2 
St Al.2 
St AI.2 

A N K I 2 ) 

NDASII 
A N K I 2 ) 

l O l . ' l 

TO (21 

46 54 55 o3 64 72 

SYM MCI P A K O I l " P I R O I I 1 

S Y M I M i i P A K O I I * P I K - O I I ' 

I K O M I 3 ) K X 3 | 

I KOM (3) I O l 3 l 

(ATOM-2) X 1 d*e Kesct Y Idne Kvwi ll(i 1 UNI PAK-OH PIR-OII 
(AIOM-2) X 1 due Kvsel Y 1 u > Kcsvt IK. 1 UN) I'AR-OII PI KOI 1 

ATOM-2 X 1 due Keset Y Fdtii' Reset IKi 1 (IN) PAR-OII PIK-OII 

AIOM-2 IK; 1 UN) I'AK-OII PIK-OII 



nwtMnwmw'"'*'*'*" »«•»»' « * * * / " W V 

T«bl* 2.1 IwntintiMlr 

1 unci ton 1 3 4 9 in IN l«> 27 2H .16 37 4S 4<» 54 SS o3 M 72 

Pro;, bund label 
1) dec. place) 91)4 ATOM 1 ATOM 2 X 1 <!*«• Kewl Y 1 due React IKi'l ( INI PAR-Oil PI R O M 
12 dec. placet) 90S ttamt-at 9<>4> 
(3 dec. placet) 9(1* • ta l l ica 905) 

Bund label 
I I dec. place) 914 A T O M ! ATOM 2 HCJT (IN) PAR-Oil Pf R O I 1-
)2dec. placet) "15 (tame at 914) 
(3dec. placet) 916 (tame at 9141 

Centered tymb. (pen upl 1 9UH A T O M ! (ATOM-2) X 1 due Retvl Y 1 d|!i' Krwl Mti l ( IN I P A M I I I PI R O M 
1 pen down) 1 91)9 1 tame at 90IO 
IKurnwt Nu. 1 trailer card! SYMrJn 

Saved tequencc 
Start 1 101 
Stop 1)02 
Kxccutc 1103 

Terminate job 1 
New job follows 2 

(hum title card onl 

"IP. and I.S. ugnil'ie* increment potition and increment tcalc. 
*PAROI I ugnil'ieiparallel o,tie« tin.). 
'PKR-OH' sqrnit'iet perpendicular ol'i'tcl (in.I. 
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2.2 Programming • Heastereascepic lllastratiea far OK TEP 

2.2.1 General Csmmeats #* AatamawjJ Giaphits. - In order to produce high quality illustrations with 
OR TEP, one mast in general use an iterative approach; that is. the illustration mast usually he computed 
and plotted several times before a* optimal figure is produced. With each trial, as Many iactors as possi
ble are optimized to give a more infonaative and more esthetically pleasing resort. One often requires 
ahoat roar trials for a stereoscopic figure of an unfamiliar stmctnre (barring blunders and plotter mal
functions). 

Overlap is anc of the major problems, particularly for chemical symbols and bond distance labels. If 
the aser is not drawing stereoscopic figures, it is often better to do the lettering with a Leftey lettering 
template instead of the computer. The template lettering is neater than the computer lettering, and it can 
be positioned mach more easily. However, for stereoscopic lettering the manaal procedure appears to be 
ansatisfactory because of the necessity for exact relative placement of the lettering on the two views to 
maintain good stereopsis. 

The major port: JOS of the hidden line segments of atoms and bonds that are partially or totally 
behind other atoms and bonds may be omitted by usu.g the overlap-elimination features of OR TEP-U. 
However, there are often areas where additional manual touch-up is needed. This can be accomplished 
by erasing or "whiting out" the remaining unwanted line segments. Even with stereo views, the features 
are more effective if overlap is taken care of. especially when "opaque" ellipsoids are used. 

In order to maintain generality in OR TEP. the concept of programming is applied to the problem of 
drawing illustration* with a plotter. This concept allows access to a series of basic building block op
erations which an cut together by the user to "program" an illustration. The instructions used in 
programming OR Tt'.P are divided into the following categories: (1) instructions used to specify prelimi
nary graphical details, (2) instruction. used co compose an illustration, (3) instructions used to draw the 
illustration, (4) instructions used to repeat a sequence of other instructions, and (5) termination instruc
tions. Each instruction starts on a separate punched card and contains an identifying number and what
ever parameters are needed for the particular instruction. The general role of these instructions is ex
plained in the remaining parts of Sect. 2. and the individual instructions are described in detail in Sect. 3.3. 
The simplest way to construct the program is. first, to scan through the list of instructions in numerical 
order and pick out the relevant ones to construct the framework oi the program. Then certain other in
structions are placed into the framework program to furnish the remaining "bookkeeping" details. 

Let us assume that the structural data cards (described in 3.2) have been prepared foi a crystal 
structure and that we want to prepare a program to draw a single nonstereographic figure of the contents 
of one unit cell. We describe next the general stepwise procedure one would follow to program such an 
illustration. 

2.2.2 Preliminary Graphical Derails. - The first instruction card should be the plotter control instruc
tion 20* (see 3.3.3.1) which will initialize the plotting package. 

Next, the plot boundary instruction 301 (see 3.3.4.1) is needed to set the following parameters: ( I ) JIT 
dimension in inches for the plot boundary, (2) Y dimension in inches for the plot boundary, (3) viewing 
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distance in inches for perspective projection (zero as a signal for parallel projection), and (4) border (or 
margin) dimension inside the boundary. 

No other 200 or 300 series ins'mctioas are required for this particul-ir hypothetical figure. 

The preliminary graphical details are analogous to what a draftsman aught do in setting up his drafting 
board in preparation for a drawing. 

2.2.3 GoHNMwina the Iflwstinlian. — This step involves specifying: ( i ) which atoms are to be used as 
the figure subject, (2) the relational orientation of the subject, and (3) the scaling and positioning of the 
subject relative to the drawing area. These three components of composition are implemented by the 400, 
500, and 600 series instructions respectively. 

For our hypothetical example, suppose we want to place the 6 crystal axis along the plotter x axis and 
the c axis of the crystal in the platter xy plane as nearly as possible parallel to the plotter j axis. This 
setting can be accomplished aith * SOI instruction (see 3.3.6.1) alone, bat if additional reorientation were 
necessary, a 502 instruction (see 3.3.6.2) would also be used. 

A triclinia box of enclosure can be described with a 404 instruction (see 3.3.5.4) to cor tain the de
sired atoms for the subject definition. The scaling and positioning of the subject to fill the drawing area 
may be accomplished automatically with a 604 instruction (see 3 3.7.1). 

2.2.4 Drwwisf the IHuswatian. - Crystal structure illustrations of the ball-and-stich type are made up 
of three components: balls (atoms), sticks (bonds), and labels. The three components are drawn with the 
700. 800, and 900 instruction series respectively; tht first two instruction series can also perform certain 
types of labeling. 

A new instruction 511 in the OR TEP-II version of the program was added to store information needed 
for the overlap correction. This instruction is used before the 700 and 800 series instructions. 

The atom representation can be either a general ellipsoid or a boundary ellipse. In some cases these 
become a sphere and a circle. Chemical symbols may be plotted simultaneously with She atoms. 

For our example »c might simply draw circles and pi't the chemical symbols within the circles by 
using instruction 704 (see 3.3.8.1). This instruction will draw all the atoms of the subject and their chemi 
cal symbols. 

The bonds are not alwsr s necessary in a drawing, but for structures will molecules or with distinctive 
groupings they are usually quite helpful. The most convenient method for describing and drawing bonds is 
instruction 812 (see 3.3.9.2). This instruction uses vector search codes (see 3.1.5) which reflect the 
user's knowledge of the structural chemistry and the interatomic distance ranges for the compound being 
drawn. Covalent bonds or any other oesired type are found artd drawn automatically from the list of atoms 
which make up the subject. If desired, the interatomic distance label can also be drawn with each bond 
(see 3.3.9). 

Various types of labeling can be done with the 900 series instruction. The one which will most often 
be included is a caption for the figure, using instruction 902 (see 3.3.10.2). 

2.2.5 Terminating the Drawing af the Illustration. — The plotter control instruction 202 (see 3.3.3.2) 
allows the user to remove the finished drawing from the plotting area and to place a fresh area of plot 
paper in position for any addition?! plots which may be drawn. 
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To terminate the computer job. a (--1) infraction (see 3.3.12) is «sed as the last instraction of the 

2 J Pi im •••linn, a Stereetcepic IHn»watieo for 0 1 T I P 

A stereoscopic pair of figures is simply two perspective views of Ike sabject as seen boa) two Affer

ent viewpoints (which are esaalty about 6° apart)L This pair is produced with OR TEP by programming for 

twn drawings. A few addUioaal instractioas ijapUmtnta ry to those outlined in 2.2 are asefal for producing 

stereo Agaves. These iastractioas ace the stereoscopic rotation iasttaction 503 and the 1100 scries of ia-

stfitcttoas, which facilitate the repetition of a series of instructions. 

2.3.1 Secfeascepic Rowtiaa*. — In general, one member of a detailed stereoscopic iliastratioa cannot 

be drawn completely iatkpeadeet of the other eamher of the pair becaase certain fe«tnres (•-*,.. which 

octant of an ellipsoid is shaded) amst be done identically in the two drawiags. In OR TEP the "steteo-

acoptcaUy sensitive decisions'* ear handled by esieg two Cartesian coordiaate systems: the reference 

Cartesian system aaJ the working Cartesian system (see 3.1.S). The steps involved in nictate composition 

(see 2.2.3) and the stereoscopically sensitive decisions are always based en the reference system, bat the 

drawing of the illustration (see 2.2.4) is always based on the working system. A stereoscopic rotation is 

simply a rotation of the working system from the reference system aboat the axis which is vertical while 

viewing tin. final result. For example, a nominal rotation of • 3*aboat the plotter y axis might be ased for 

the left-eye view and a fetation of - 3 ° about the same axis might be made before platting the right-eye 

view, tans producing a total interocalar angle of 6°. 

A piogiam to draw a stereo pair woald involve the following steps: 

1. preliminary graphical details, 

2. composition of sabject, 

3. left-eye stereo rotation, 

4. draw the sabject, 

5. advance the plotter, 

6. right-eye stereo rotation, 

7. draw the sabject, 

8. advance the plotter, 

9v terminate the job. 

2.3.2 Repeefiuf a Sentence ef Ope rations. - It sboald be noted that steps 7 and f in the stereo 

progrua of the last section are identical to steps 4 and 5. The program can be shortened somewhat by 

asing the "saved sequence" instructions (see 3.3.11). A 1101 instruction (start saved sequence) would 

be placed between 3 and 4, and a 1102 instruction (end saved sequence) between 5 and 6, Then steps 7 

and S can be replaced by a 1103 instruction (execute saved sequence). 

Any sequence of instructions can be saved in this manner and repeated as many times as desired with 

1103 instructions. For example, the saved sequence feature can be used to produce a complete series of 

views of a structure at (say) 15° intervals about sa axis. Note that the instructions between the start and 

stop instructions are both executed and saved the first time through' 
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2.4 Dvowino the Cohooa Street***: An Enample 

The novel compound cubane 4 ( C 4 H 4 ) has been crystallized and the stractnre determined. * The 

carbon-carbon bonds l ie alone * • * « { » of a cnbe within experimental eno*. The compound crystallizes 

with she trigonal symmetry of space troop r?3- One carbon and one nvdrogc: are in special positions 

along the 3 axis, and the remaining carbon and hydrogen are in genera! positions. Anisotropic temperatnre 

factor coefficients were fitted to the carbon atoms doling the least-soaares refinement of the st met ore. 

and isotropic temperatnre factors were used for the hydrogcr. atoar*. 

The cell parameters * i« 

a - 6 - c - 5.34 A . 

: - / * - ; - 7 2 . 2 6 ' . 

The eauivaleni positions of space group* * ? are x.y.z: z.x.y: y.z.x. i . r . 1 : » i f : and f.x.x. 

The positiDoal parameters fo> C I . C2. H I , and H2 are given as -0 .1S71I . 0.19519. 0.10706; 

0.11546. 3.11>46, 0 .U546; -0.3246. 0.3468. 0.1848; and 0.2100. 0.2100. 0.2100, respectively. The 

anisotropic temperatnre factors given for the carbon atoms are of the type called zero T in this report 

(see 3.2.4.2). The coefficients 6 . * 2 J . » j r ©. y 6 , , : ft,J for C I and C2 are 0.0410, 0.0425. 

0.0450. -0 .0042. -0.0142. -0 .0051; and 0.0468. 0 046*. 0.0468. -0.0143. -0 .0143. -0 .0143. 

2.4.1 Data Inpwt for Cab—• 

2.4.1.1 Title C m / ( s e e 3.2.1). - FORMAT (12A6) 

Card N* . 

(1) CUBANE (E . B- FLEISCHER (1964) J. A . C S . 86, 3889) 

2.4.1.2 Cell Pimnmcirr Card (see 3.2.2). - rORMAT (6F9.6) 

(2) 5.34 5.34 5.34 72.26 72.26 72.26 

2.4.1..1 Symmetry Card* (see 3.23) 

FORMAT (11. F14.10,3F3.0,2(F15. ' 0 .3F3.0) ) 

(3) 0 0. 1 0 0 0. 0 1 0 

(4) 0 0 . 0 0 1 0. 1 0 0 

*P. Eaton and T. Cole, / . Am. Chem. S«c. M , .US7 <I«>M). 
*E. B. Fleischer, J. Am. Chrm. Sor. to, JM4 (1004). 
*M. F. M. Heitry arid K. Lonsdale <cd».\ International Tables tot X-ftay Oy»Mlfn4N>phr, vol. I , Kynoch, Bir

mingham, 1962. 
'Unfortunately, many author* of structure papers neglect to define the vocation for lb*, anisotropic Temperature 

factor coefficients. In the present case, the type can be determined from the comparative isotropic temperature 
factor listed in anisotropic form M their Table I. In other instances one n«*l arbitrarily choose a type (ubuelly 0, 
I , or 4 in the U.S.A.) and do the principal axis transformation, then check that the principal valves art correct, or 
at least reasonable, m particular, the principal value* must all be positive. 

0. 0 0 1 
0. 0 1 0 
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Cetdm*. 
(S) 0 a o i o a o o I 0. 1 0 0 
(6) 0 a-i o o 0. 0-1 0 0. 0 0-1 
(7) 0 a o o-i 0.-1 0 0 a o-i o 
(•) 1 0. 0-1 0 0. 0 0-1 a -l o o 

2.4.1.4 Atomic Parameter Card*. -

Positional ammeters (see 3.2.4.1) FORMAT (A6. 3X. 5F9.6. F9.0) 

Theaaal parameters (see 3.2.4.2): FORMAT ( I I . Ft.6. 5F9.6. F9.0) 

C«r4N*. 
» Cl 
(10) 0 
( ID C2 
(12) 0 

-.10711 .19519 .10706 0 
-.0000 -.01420 -.00510 0 
.11546 .11546 .11546 0 

-.01430 -.01430 -.01430 0 

Atoms 1 ami 2 are entered with positional parameters type 0 and anisotropic temperature 

factors type 0. 

.04100 .04250 .04500 

.04600 .04600 .04600 

Atoms 3 and 4 are entered with positional parameters type 0 and with dummy sphere tem

perature factors (type 7) 0.1 A in radius. 

(13) I I I -.32460 .34600 .10400 0 

(14) 0 .1 7 

(15) H2 .21000 .21000 .21000 0 
(16) 0 .1 7 

Atom 5 is a dummy atom at the cell origin with a Manic card dummy sphere (see next to 

last paragraph of 3.2.4.2). This could also be entered with type 7 as were atoms 3 and 4. 

(17) ORGN .00000 .00900 .00000 0 

a» i o 

In the card deck for this sample program, extensive use of Format No. 3 trailer cards (see 

3.3.1.4) is made as a method of including a comment with an instruction. This convention is not 

mandatory, bbt it is a convenient method for annotating a program. This example uses a wide range of 

instruction? in order to demonstrate them. As in the case with any programming system, there are many 

ways of doing any given problem. The Formats arc described in Sect. 3.3. 
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2.4.2 Analysis of S i m o n s (see 3.3.2). - These instructions are not coa'*cted with producing the 

figure. They are shown here jast to demonstrate how they are used. A 101 instruction is nsed to ohtaia 

a tabulation of the atoms surrounding, one atom or a series of several designated atoms. To obtain a list 

of i l l atoms (hydrogen and carbon atoms) oat a> a limit of (say) 3.6! A about the two carbons C I and 

C2. one would use the following instruction. (The notation is explained in Sect. 3.3.2.) 

C t r t N * . 

(19) 101 ,155501 2 , ,_! 4 j , 3.61 , 

Atoms 1 through 2 of Atoms 1 through 4 .if all symmetry D max 
symmetry operation 1 and translation ope.ations 

A 102 instruction gives both interatomic distances and interatomic angles. In order to 

find all covalent bonds and bond angles about the two carbons we might use the following 

instruction. 

(20) 102 155501 2 1 4 1.S 

In this case a smaller 0 max was used so that only the distances and angles of immediate 

interest would be computed. 

2.4.3 Prwframminf the Cuban• Illustration. — First we must initialize the plotter 

package. 

(21) 201 

The two plot boundary dimensions can be equal for the present illustration since the 

cubane molecule is a cube. Suppose we use an 11- by 11-in. boundary and specify a 1.5-

in. margin to give a total working area of 9 by 9 in. A 30>in. view distance night be 

reasonable to use in viewing a model of this size. 

(22) 301 11 I I JO 1.5 

In general we would use retracing to make the lettering, and certain other details, 

stand out more prominently. However, for the test example we wi l l eliminate the re

tracing so that the illustration wi l l plot as fast as possible. 

(23) 303 0 

The subject of the illustration is a single cubane molecule, which we wil l now de

fine. One way of designating this subject is to specify a sphere of enclosure, centered 

OR the dummy atom 555501, which is at the center of a cubane molecule. A radius of 3.2 

A should be adequate to isolate a single molecule. 
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4 0 2 iSSgM 5 | L_1 4j ,12 . 

( • ) (*) (c) 

wheat the several peats desigaate: 

(a) a nam of origin aooa (center of sphere) fern atom S to atost S m ijwwttry peeitiea 

S550I (that is. in this exempt r. a snarfe sphearX 
Cok% at H a l t flf I M M aatvwaal CMBBB. ^aaflaal 1 ma% ^ M at aTaanml 

(c) a iph i i i radios of 1.2 A. 

To orient the molicnJe. we will first defiae a onudwjetr system along the edges of 
t l * cabane cahe. we will the* lotate the melee ale relative to this ceotdnate system to 
minianze overlap. 

The owgta of the cootdiaate system will be position* d on the damory atom Mo. 5. The 
desired coo whale ajsteai oneat aiioa will he nefiatd by la t t ic ing two vectors from the 
special position atom 255501 to the two ijmmrtry-related general-posit ma atoms 155501 
aed 155502. 

501 S5S501 255501 155501 255501 155502 0 0 

A rotation of 25 aboat the Y axis (axis 2) followed by a mat MM of 2» abooi the X 

axis (ax.s 1) will prodece a satisfactory new of the molccale. 

502 2 25 1 2S 

To scale and position the sabject for projection onto the drawing board and to atilize 
all available space, we will ase the 604 infraction, which will aatomatically set X0. Y0. 
and SCALI. However, the ellipsoid scale factor ratio SCAL2 mast be specified iadependeatly. 
If we want theaval ellipsoids corresponding to 50^ probnb^ii}. tjen we will enter 1.54 for 
SCAL2. 

604 0 0 0 1.54 

This completes the composition of the illustration. 

The stereoscopic rotation for the left eye can be done at this point. We will ase a 

•Dtation of 2.7 aboat the Y axis (axis 2) for the left-eye view. Later in the program, wc 

will make a -2.7 rotation aboat the same axis for the light-eye view to give a total 

interocalar angle of 5.4 . 

503 2 2 7 

Store the stractsre wi U be drawn twice, once for each eye, the "saved sequence" 

feafurr can be used to shorten the program. Note that the instructions between the start 
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and stop instructions ate both rxronW awf saved the Brst time through. They can then 
be re-executed as many I I B K as desired by using the "execute saved stoat ace" instrac-
tion 1103. 

The 1101 instruction starts the saved stone ace. 

HOI 

The 511 instraction stores the iafonaatioa needed tor the ovedap Iwddtu line correction 
(i.e.. as proiected boandary el'.ipses for each atom in the ATOMS list and a quadrangle 
approximation for each bond). The bonds are specified with a fcanat No. 2 trailer card 
identical to that use4 in the 812 instmctioa described below. 

M l 0 

0 1 4 1 4 4 0.9 1.6 .04 

Tfee ATOMS list currently contains all the atom designators for one cubane molecule. 
We want to draw the molecule in two separate steps so that OK 'udmti i ami carbon atoms 
can be given different graphical representations. To draw the carbon atoms (AKR = 1.2). 
we will construct a special code that (a) draws tb«r three principal-plane forward traces 
and the boundary-plane trace (NPLANE - 4). <b) omits the reverse sides of the priacisal 
planes (XDOT - 9). : c) draws the forward principal axes without additional shading (NLINE =-
M. and (d) omits the reverse principal axes (NDASH Ut. In addition we want the chemical 
symbols to be drawn with letters 0.2-in. high (before projection) â id displaced from the 
atomic center by 0.6 in. in the horizontal direction and 0.7 .s. in the vertical direction. 

(32) 1 715 4 0 1 0 .2 .6 .7 

.'33> 0 0 0 1 2 

The 715 instruction i s used, rather than 705. to shorten the output listing of the example. 

Normally we would use the 705 to obtain a listing of all coonJina.es. 

Since the hydrogen atoms (A!*R - 3. 4) are to be drawn with a standard model, the construc

tion details will be taken care of automatically. We want chemical symbols 0.2 in. high and 

offset 0.35 in. horizontally and 0.4 ic vertically. 

(34) 1 712 0 0 0 0 2 .35 .4 

(35) 0 0 0 3 4 

The most convenient procedure for drawing bonds is to use the implicit bond instrac
tion 812. All other information can be entered with a single format Ho. 2 trailer card 
(vector search code card). 

C.rJ H». 

(29) 

(30) 

(31) 

http://coonJina.es
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C « 4 H * . 

( lb ) 2 » 2 

(37) 0 1 4 1 4 4 .9 1-6 . .04 
i i • i i — i i » • » 

(a) (ft) (c) id) (e) 

arhrw 

(a ) aad (ft) are atoai aaarber ajas far atoai pair boads to be a a m . 

(c ) denotes boad type 4. 

(a** weaotes the distance ranee 0.9 to 1.6 A. which wi l l cover a!! covaleat 

boad distances, aad 

(e ) the boad radios, n 0.04 A. 

The reaiaiaief, *»*W* ** the card caa be Mask, siare a cowplete set of boad distance 

labels is aot desired. 

Becaose of nW syawMtry. there are oaly two Afferent C - C boad lengths in cabaae. 

These are C I - C I aad C1-C2. We shall label oae example of each of these bonds. For 

variety let as label oae with a nonaal bond-length label aad the oaWr with a perspeCive 

label. The two hoods which caa be labeled awst aaVaataaeoasIy are (a ) 155504 - I3&503 

aad (ft) 2S5504 - 155505. The labels wi l l be 0.15 I N . ia height aad displaced vertically 

fioai the boad ceater by - 0.4 ia. 

(31) 90b 155504 155503 0 0 .15 0 - . 4 

(39) 916 255504 155505 0 0 .15 0 - . 4 

The final feature to be drawn is a caption (CUBAXE) far the ilhistratioa. This can 

conveniently be poshioaed by " b a n t i n g " it from the 4sar atom 555501 aad "bomcing** 

it 1 in . off the lower j boundary. 

(40) 3 902 555901 0 0 1. .25 0 0 

(41) CUBASE 

The saved sequence caa now be terminated. 

(42) 1102 

The plotter is then advanced 9 in . along, s ia preparation for the right-eye view. 

(43) 202 9 

The stereo rotation of - 2 . 7 aboat axis 2 is now performed in preparation for the 

right-eye view. (Note that this rotation starts with the reference orientation, not 

the previous woriiiag orientation.) 

(44) 503 2 - 2 . 7 



! 

IS 

The saved seqaeace can HOW he repeated for the riffct eye. Note thai the atoa list 

cantatas the same information that >t did when the his* view was draws. 

C«rd M*. 

<45> 1103 

The illastratioa is aow complete. The platter is aext advanced 20 ia . arose, a to remove 

this hgare from the working area. 

f*»> 202 20 

A dmamv plot for the CaKTomp system is aow added to aid in stopping the CaJComp 

plorur 

<47> 202 0 

Ftaally we terminate the job aad e s t from the 

l « > - 1 

2.4.4 Sf i iasceaic Hhjianlina of the Easmetes- - Figure 2.1 shows the stereoscopic pair exactly 

as it was plotted bv a mechanical Ca'Comp system, except for photographic tedactoa. Figste 2.2 shows 

one-balf of the same illustration at a larger scale. These drawings have not been retoached. 

Jtote that «ae hoad distance label was dtawa is perspective along * • * was*, aad are othe 

as a regalar label parallel to the page. 

Figare 2.1 is aa example of a figsre witfMet pfcnluynihii redactioa drama by a CalComp 

has 0.005 ia . step-size resotwttoa. Awudm represestatiaa of dm? same aUaclam. is shows ia F ig . 6.19. 

The iapet data aad OR T E P isstfwcosss for Fig. 2 J are listed ia 2.4.5.2. The aser shemhf esssai 

example carefatly siace atatral asefnl tedrnames are i 



16 

Z0& 
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F*.Z.3 i «f r V i — i — 

2.43 Li»tMf «f SwfJt hp*t M 4 - 2-WL5.J L«sfU« o/ / M O T CJKJS far Ci 

« a.a.n*jKaaa !**• 
$. ! • ».S» S.M 

a i a 
a a a 
a a i 
a - • a 
a a a - i 
a a - i a 

j . a . c . s . t * . 
T2.2* 72.2* 

a a i 
a i a 
a a a 
a a - i 
a - i a 

a 
a 
i 
a 
a 

li.2* 

a 
.aaiaa .*»2S* 

C2 
.*•*»» 

ai 
.ia 
. ia 

- . M ? l t 
-.ao*2a 
.1154* 

- .a ioa 
-.aaaaa 
.2 

a a a - i 
. m i * .tata* 

-.•taaa -.aasta 
. t t S M . I t S * * 

-.ataaa - . a ioa 

.2 

a 
a 
i 
a 
a 

- • 

uaa ta 
axaa 2a 

laaaa M 
>aaaa sa 

- I H M *a 
aaaaa fa 
auaa — 
uaa at 
caaa wa 
uaa ita 
aaaa taa 
amaa wa 
aaaa »»a 
aiaa isa 

2 
aaa 

i • a.ai 
•a ci aaa ca aot aa j . a i a 
t • i.a 

la aaous aacaa* cai 
facaaaa. m roa 

3*. t.s 
i.s aaasia, t i ta 

s raccaca 
JO IKBtt 

• • • 
i 

I •» I I5S5CI 
• • • • • naa a u a 

j taa tsssci 
• • • • • naa covataa 

J 231 
M M » u i r i a u u atcaancai 

1 M l I t . 11. 
•»•»• nai i aaaaaaat. aaa i a s m 

3 aaa 
•»•• • aunaata au aaraacxaa 

1 a*2 5555W 5 i • a.a 
• • •» • aacuata saaaaa or aaasas a.a a aaoar aaaar aroo s,ss5»ai •** 

i aai sassai 2S»sai »*s*i 2555*1 1555*2 
•»•»• MASIB aa aawr ataa »9Mai # f acton aaoas a laca* or caaaas 

a saa a a§. 1 aa. 
•»• • • a > n u as acaaaas aaaar i , aata aa aasatas aaaor aaa a « M M 

a aa* a a a i.sa 
•»• • • aaraaaric acaaa aaa 10*1110*, so aaacavr raoaaasun auiraaaa* 

1 NJ a 2.T 

aaaa w* 

taaa aaa 
aaaa aia 
aaaa aaa 
uaa aaa 
aaaa aa* 
uaa asa 
aaaa aaa 
naa xf 
aaaa aaa 
aaaa aaa 

auaa 11a 
•aaaa aaa 
uaa JJ* 
uaa a»a 
naa as* 

••aaaa a*a 
naa a»* 



ta 

ex r raa urr etc 

i a .2* 
• a 

MI n u i M i s , atca M U I Ma i-a 
j « 

aw 
• « i • • a.t u * .« • 

fttc • aaaaa .a* a a m aaatas, eras •-• ta ana 
msa» isssai a c .is 
aaw tsssaa-isssai a ta BMMIB MBB ansa 

9ia 2SSSM isssas a a .is 
• i*au aaaa zsssao-tsssas ana BBJSMJCTIBC aaa ai 

Ma ssssci a a i.a . » 

c i M j » a 
H M MB 
CIM • » 
BIM »*a 

I B M « M 
vacua «»a 

C I M *sa 
. M U M MB 

CIM MB 

. M 

. » 

CIM 9BB 
CIM SIB 

• - • . B.fr-I.B I B M S2B 
B - . « B I M S M 

:c u a u ••••• turn s»a 
a - . « a a ssa 

mac* u a u • • • • M M saa 
a » B M sia 

n t BIM 

C I M SBB 
U M f t M 
B M *IB 
M M BIB 
am BSB 
CIMBSB 
B M aaa 
O H ata 

ac t w i ••••• CIM t— 
B M via 

^.-X.5.J l.i>tm* ••! Input C i r •£» .'•* P.f.NNio* P - I A . •*.*• «*-Jlv«r.rft-. -

. ' i 

.". - i 
. • - • 

i * . . « .» 

•t 

IT I 

•2 

• I 

* • 

r i 

C2 

c» 

A 

. 2" . 

. 2 1 

.2"! 

,2". 

• -
• -
. 5 

•SC. 
I 

r - 1 
" 1 
" - l 

c 

c 
.2V3 

. * 2 ^ .*»r . M O 

.•%• . 2 5 " . « i * 

,v\r .22 T ,C2» 

.•TT .«*» , I V > 

.«»T» . I C i .2S I 

, T » » .ft* . 2 5 1 

. • M .c«* .»!» 

. 1 * 6 . C * * . I S ! 

.»?» . -»!• , «S I 

E«**nio 

I f ««r-p»3 
l f« * rTTSC 
I f » M » C J » 3 

f • • » « • ; 

f »»»0i 1.1 

C«*»0l23 

f « * » C l » 3 

t««»nico 
F « « O i « 3 
€ « « n i » o 
£ * » " 0 2 M 
f » * » 0 2 » 3 
€«»»T223 
C««K>2*3 

F«»»02M 
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C6 

M 

w 

MS 

•4 

45 

u* 

ml 

omit 

. 2 1 

.2"» 

. 2 3 

. 2 3 

. 2 3 

. 2 1 

. 2 3 

. 2 1 

. 2 ^ 

. 2 " ! 

. 1 3 

. 3 * 0 . • • 1 . I O T 

.«S» . 8 3 * . 1 * 3 

.•SO .194 . 2 " 

• •75 . • 2 * . 3 4 * 

. • • 2 .0 *4 . 5 2 4 

. W . 2 * 3 . I I I 

.» • / .983 .«72 

. 3 7 * ••TO -CC2 

. M l .242 . ( N 

. 4 0 * . ISO .12% 

.250 .vn . 4 1 0 

.092 •CDC .CC3 
I . 05 

3 132 1 5 ^ 5 3 1 5 5 5 5 3 1 I 2 0 3 . 5 5 
a a a a a 0 I5TA-CFS .41GI .E5 l*r. f * C E 5 3 f « f » < n < I 3 0 4 3 1 1 4 T I Q * * O l * M * 0 4 A a( 

3 231 
a a a a a I M T l H I / f CAlCC»F * 1 0 T »AC«AGE • • » • 

3 ^ 1 13 I I 12 *.n 
a a a a a ! 3 - 2 a - . a , « a i . S I * . 0 I A - E T E * » I C T l N E S . l 2 I V . A M 4 V . O I 4 E C * S T f M O 

3 a l l : 2 5 S 5 3 l - 2 2 4 * 4 3 1 
a a a a a J T t ? i r \ j l C £ l l CC»*E45 F*>« C E t l S v n i l ! a a a a a 

3 fclfc 21 21 I 5 . 1 3 . 5 2 
a a a a a ST^*E Ct . T 9 J I 4TC*S 3E » X » K W * aaaa 

i * " S I 5 I 2 0 3 . 5 2 
a a a a a C C \ * J M " i : S*HE4E CE f * C U S U * E AMfM «-ACw CEHT441 4T0»" • • • • • 

3 5 j i . I 5 S 5 2 I 2 1 5 5 5 3 1 2 1 5 4 5 0 1 2 1 5 5 5 0 1 2 l 5 5 * 3 l 
a a a a a a, * . , -_, M r a | / o % T * l , C A* IS V ? * T | C 4 l . V IEwfO t l C C - A a * | < a a a a a 

* 4 3 » 
a a a a a *;»•->».T IC S m f AAC »0S IT I P * a a a a a 

J 5 3 * T 3 
aaaaa \ t " » c *>TATI<T» EC* I E " E»£ V I E * aaaaa 

3 11^1 
a a a a a S I * » T S « / " " SEQUENCE ••»•• 

i rih 
3 i 5 

a a a a a Q*Arf » * I * l A I 3 * S S f l E C M t f E l T a a a a a 
2 « I 3 
2 ?.' 2> 2? 22 I « . 0 M . 3 . 0 1 
2 ' ' 7 ' J 2 fl I 1 5 . 5 I 4 . n . 0 1 
2 : II S II J : . 5 2 .9 . 3 4 - I I I . * 1.9 
2 « !•> • 14 I 2 .4 4 .4 . 3 2 - ? 2 2 . 4 3.1 
2 I - 2T 13 23 I 2 .4 4 .7 . 32 - 3 ! 2.7 3.52 
2 - 2? -> 23 I .".4 4 . 5 * . 37 - 4 • 2 . 7 3 . 3 
* - ?-. r 23 i 2 . e 4 . 4 . 3 2 - 5 5 2 . 7 3 . 2 

a a a a a l e n t s ^ r t - f ^ A » • « C E l l 3 u U l *E a a a a a 
3 1 1 0 2 

a a a a a ? \ ^ S * W « n S E C ' E ^ C * aaaaa 
3 23? 2 . 4 

aaaaa AtVASC? <HC»Tf4 »C4 4 I O f f T f VIEW aaaaa 
3 53? 7 - 3 

aaaaa S f f a t r »:;TATf<r<l »C» 4 I O T EYE V I E N '*••• 
3 I I U 

m»»»9 *E»E AT SAVE*" SEOlf«CE 
3 23? 11 

»»••• A C / A l f f » I C T T * 4 IC 1 4 . a a a a a 
3 232 

tmmmm A C f » r * » r n o * I $T34 C A i C O * * 0 4 »13T O . 3 » aaaaa 
- I 

ciAMuro 
E I A P 0 2 M 
C 1 4 * 0 2 * 0 
E 4 4 * 0 9 9 0 
E K 4 * 0 3 l Q 
E 1 4 * 0 9 2 3 
E > A * 0 9 9 0 
E14*0340 
E > A * 0 3 S 0 
E 4 * * 0 9 * Q 
E 4 4 * 0 3 7 0 
E * 4 * 0 3 « Q 
£ 4 * 4 0 3 * 3 
FA4PQ400 
E * 4 * Q 4 l 0 
e•A»042O 
EK4404S3 
E 1 4 4 0 4 4 0 
E 4 * * 3 4 S 0 
f 4 4 * 0 4 * 0 
E 4 4 * 0 4 7 0 
E * 4 * 0 » 9 3 
CKA*0k*C 
54**0503 
S 4 * * 0 5 I C 

• a E « A * 0 5 2 0 
E « 4 * 3 5 S 0 
E * * * Q S * 0 
E « * * 3 5 5 3 

1 U E X A * 0 5 * 0 
S » A * 3 5 7 0 
E * * * 3 5 « G 

5 7 E X A * 0 5 * O 
E « A * 3 6 3 0 
E X * * 0 A I 0 
E 4 A * Q * 2 3 

I E 4 4 * 0 4 3 3 
E I A 4 0 4 4 Q 
E 4 4 * 0 4 5 0 
C X 4 * 3 4 * 3 
E * A * 0 4 7 0 
E 4 4 * 9 4 9 0 
E« 4 * 0 4 * 3 
E 4 4 * 0 7 3 0 
E 4 4 * 0 7 i 3 
S4 4 * 0 7 2 0 
E » A * 0 7 3 0 
( 4 4 * 0 7 4 3 
E * 4 * 0 7 5 9 
E « A * 0 7 4 0 
E > A * 0 7 7 0 
EX4*Q7S0 
* 4 * * 3 7 * 0 
E « * * 0 9 3 3 
F * 4 * 3 * 1 3 
E ( A * O 8 2 0 
E « 4 * 0 4 3 3 
E 4 * * 0 3 4 3 
? » 4 * 3 4 5 3 
S * * * 0 f t » 0 
E 1 * * 0 8 7 0 
E 1 4 * 0 9 4 0 
E > A » ? 9 * 3 
E > C * 0 * 9 0 
E * * * 0 * l 0 
C « « * 0 * 2 0 
t « * * 3 « 3 3 
< « 4 * 0 * 4 0 
fx**tr>50 
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COOK 
MOM ATOMS 
(NIM M l } 

TO ATOMS 
(MIH M l } 

HI IN atuxus oa, xr * aoi, axta SBMBIMSMSIOM 
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*0a 1SS50I 355501 1 1.000 0 .0 0 .0 
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* across raoa MOM ( 1,55501) 
C I Ml i 1,55501) 
C I CI 
C I CI 
c i ca 

aiNuis aaouao ITOB 1 
Ml CI CI 
Ml CI CI 
Ml CI ca 
C I CI ci 
C I CI ca 
C I CI ca 

vicroas raoa troa I 3,55501) 
ca aa ( 3,54501) 
ca ci 
ca ci 
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JL KTAILE»OraATMSMSTMCTlONS 

3.1 

be defined befate the imstajctioas cam be < 
3.1.1 Asms ftbniflawamr Cad* (ABC) ami AisWsaaMe fwimt. - la main to specify a paiticalar atom in 

the crystal mitnm a aewaemabte dmaari1 fawi the cryitallugmmfcirally aehaed origin, the tallowing fcve-
omHADOis 

ADC ANMO* • (TA • STW - (TB * 5)MCJ » (TC ' 5)*10* • SW. 

AN - ATOM IfVMBEK (0 - AN - NATOM = 166) the seameatial number of the atom m the input list 
of atoms ia the asymmetric wait, which contains NATOM atoms. Atom zero is not in the inpat 
atom list bat refers to the crystal origin point (0. ,0 . .0 . ) . 

TA,TB,TC cirsiaf Janice translation digits along cell edges m, b, aad c. Each digit in ADC can 
range from 1 to 9; consequently, it is possible to move wp to -4 lattice translations in any di
rection from the origin cell 5,5,5. 

SN symmetry operator number (0 SN NSYM " 48) the numerical position of the symmetry op
erator in the input symmetry operator list which contains NSYM entries. Sym&. -try operator 
number zero is not in the input list but refers to an identity operator. However, the identity 
operation (corresponding to position *, y, z) must in general also be somewhere in the input 
symmetry operator list and is usually the first operator. 

Example: An atom designation code of J47502 refers to atom 3 moved through symmetry operation 2. 
then translated — 1 cell translation along a, > 2 cell translations along b, and 0 cell translations along c. 

An addressable point in the crystal is any point for which an atom designator code exists. In general, 
tbv addressable region is approximately a 9 • 9 - 9 block of unit cells. 

3.1.2 Vector Designstn Code (VDC). - A vector direction is specified by two atom designator codes. 
The vector direction is from the first to the second. 

Example: 253704 263704 is a vector along the positive • direction of the crystal lattice. 
3.1.3 Atom D*ti«M*or Ran (ADR). - A straight run sequence of atoms can be defined using two atom 

designator codes with a negative sign preceding the second of the two. The run hierarchy is: first, atom 
number AN; second, symmetry operation SN; third, m translation TA; fourth, b translation TB; and last, c 
translation TC. 

Exampl-: ADR (145502 - 245603) will generate the 8-Jtom run 145502. 245502, 145503. 245503, 
145602. 245602, 145603, 245603. 

3.1.4 Atsm Mmnhtr Ran (ANR). - The Atom Number Run is a subset of the Atom Designator Run. In 
this case, only the atom number AN is allcwed to change. Normally, an ANR is entered bv using only the 
atom number (AN) values for the first and last members of the sequence without a minus sign. 

Examph-: (1 4) will designate atoms I, 2, 3, and 4 of the input list. 



2» 

3.1.5 Vacta* Ssarxk Cmmt (VSC). - A vector s t a n k c o i r coasisis of two MOM Maker rams and a * s -

u a c t m p . k i s used for f i o f a ( intern asm famwi akatk nave a particular chemical siaaifacaacr. 

sock a s covateat aad cooanaatioa koads. 

£1 laalt.- Sappwrr tk»t metal atoas an* awaken 1 aad 2 at tar atom list ami oayera atoms mm 6 - 1 2 

ami tkat tke interatomic distance range kt tama metals aac oxygens is 1.9 A to 2.4 A. Tfc* metal-to-

oavgea vectors caa be specified by tke vector searck code (1 2) (6 12) ( ' .9 2.4). Several variations of 

this basic code are osed in tke paajtam. 

3.1-4 Sake** of tarlaiara. - Tke sake re of enclosore specifies s o a r or all of tke atoas lying witkia 

a spat re of radios D max akoat a give* "arigw" atoai witkoat tkr necessity of deliaritiwg eack atom in

dividual Iv. This "sphere of enclosure** is said to contain a cuma/erc- poaalartoa if all add i i subh atoas 

within the O max radius aw? lacloded. If tke sphere of enclosure contains only certain types of atoms 

which are derived from a group of sequential atoms in tke input list, then tke sphere is said to have a 

p.*tt:,l pnpuk,tt,*t. Finally, tke population (complete or partial) of tke sphere of enclosure caa be screened 

- s selectively as desired through the use of vector searck codes (3.1.5), and tke resulting content is called 

a m f i i f .MTM-m-rf papulation. 

A sphere of enclosure can be centered on any addressable atom, but one should not use points in the 

outermost cells as centers because of the possibility of having nonaddressable points within the D max 

radius. 

3.1.7 Ian af Enclosure. - This is a parallelepiped which can be centered about any addressable 

point and assigned arbitrary orientation and dimensions. This "box of enclosure" can have a complete 

population or a partial population as described for the sphere of enclosure (3.1.6). However, vector 

screening is not allowed with the box of enclosure. 

3.1.1 Reference, Workicf, and Standard Cartesian Coordinate Systems. - Many of the OR TEP cal

culations use fractional coordinates based on the crystal axes m, h, and c (triclinic coordinate system); 

but other steps necessitate the introduction of erthonormal base vector triplets (Cartesian coordinate 

sv stems i. Two Cartesian systems (reference and working) are utilized. The reference (major) systeji 

is used fur all operations except plotting, where the working (minor) system is used. For a right-eye 

or left-eve stereo view, the working system is moved from the reference system by rotation about an 

.ixis of the reference system. However, certain decisions mad while plotting must still be referred 

to the reference system to maintain accurate stereopsis. The user can define and orient the two 

Cartesian systems through the instructions of scries 500. Until a .SOO-scries instruction is given, a 

"standard Cartesian system" is utilized for both the reference and working systems. The otthonotmal 

base vectors of the standard system are oriented as follov s: 

x axis along a, 

v axis along (a • k) • a, 

/ axis along ( o k ) <*, 

where • , b, .ind c are crvstal axes and • denotes the outer vector product (cross product). The symbol 

C* roiers to .t reciprocal .ixis. 
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1.1.9 IS M M rSsamuunrs and frame* CejMtaats. - la the process of aathrmattcallv drst-nbeag an 

illustration to be machine drama, man? paw—wis. must be e r i The mote basic awomg these S J O * . 

etets ate called "Your "juasrfers. Tbe values assigned to these prime- pMiamemrs. are often similar or 

identical from cue praMem to tbe m t . Tbe f i s t i b is * OR T E P does is to cal l s m M n r P S U E . wbirb 

sets as many prime parameters as possible to reasonable, " M the ball park." Pimau C-m*t;*tt*. Foe ex-

in foe y mnrimmu. ami tbe otetall scale for atoning (instruction 600 series) is set at 1.0 ML. A. If the 

vane assigned to a particular constant by tbe primer routine is satisfactory, tbe user dors not k w r to 

reset this constant with OR T E P instructions. 

3 2 Crystal Structure Hutu Input 

&2 .1 T i t le Coed. - FORMAT (12A6) 

C a l a m s 

1—72 Ti t le consisting of any desired alphanumeric identification information. 

This wil l appear periodically in tbe output. 

3.2.2 Cel l Parnmawi Curd. - FORMAT (6F9.6). Any one of tbe four following input alternatives mav 

be used (no indicator is needed to specify which type). ' 

Caimans Type A T T M - T y e a C Type D 

1-9 • (A) • (A) • • ( A " ' ) • • ( A " 1 ) 

10-18 b ( A ) • (A) • • ( A " ' ) • • ( A " ' ) 
19-27 c ( A ) c ( A ) c ' ( A - ' ) c M A " 1 ) 

28-36 *(deg) cos : : * ( d e g ) COS : • 

37-45 P<**> c o s / * If (deg) c o s / * -

46-54 > (««*> COS y y ' (deg ) COS } * 

The parameters u*. etc., refer to the reciprocal unit cell such that u-u* 1 . Al l four types wi l l be 

printed out regardless of which type was used for input. 

3.2.3 Symmetry Cards (1 £ NSYM - 4 t ) . - FORMAT ( l l . F M 10, 3F3.0.2(F15.10.3F3.0)>. The card 

will be interpreted in one of two ways, depending on the numerical value of the numbrr in columns 70 -72 . 

If that number is 5.0, the card is interpreted as a crystallography symmetry operation; but if the number 

is - '5.0, the card is interpreted as a general helix-screw symmetry operation 2 along the c* crystal axis 

'The routine assumes that • ' 1.0 A, • • ^ 1.0 A - 1 . ' (or i » ) ' 1,0', and cos ••' (or cos i» > - I . a 

'"The rvntial helm-screw symmetry operation is not an allowed element of a crysfallographic group, so thai .he 
molecular environment of the transformed unit will not in general be identical to that of the untransformed unit (unless 
the crystal is considered to be one dimensional). This input is simply an expedient for use in plotting helical polymer 
structure models with minimum input. In general it would be possible to produce the seme results by specifying the 
compute crynimllotomphit axymmelnc unit and normal crystsltogyaphic symmetry transformatior--

This input mode is only meaningful if the cell angles 'i mnd ft ere 90", so that c lies alone ** m>d the helix can 
continue uninterrupted from cell to cell along the c axis. 
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amts of the stansbmi Cartessam system, see 3.1.8*. The two symmetry types can be 

; » ! • • • » U» C i T M l h ••C ftyflMNttvVy I M M » t » n « « « l i | 
ov-ra $» im-n '' »i 

1 / 0 last cam! only / 0 L*M cart only 

2-15 r. T. 
16 -1 * 

$ M 
-

19-21 s., -
22-24 s 

I ) 
-

25-39 7, r. 
40-42 S : . -
43-45 S . . -
46-48 S , -
49-63 ' , T . 
64-66 S. : i. 
67-69 

$ i . 
« 

ro-72 s,. \ 

(.») Crystallographic symmetry ': Transformed triclinic coordinates tX..}'..Z.) aie obtained from input 

tnchmc coordinates iX. Y.Z) by 

* , r : • s.. JT s : r - s : i z . 

or in matrix notation 
X , T - S X . 

where 

T i f . T , T ) as fractions of cel l edges, 

(fc) Helix screw symmetry: 

X x T $ X . 
•.-••ere 

T (Tf. T,. T f • L'H) as fractions of cell edge and 

S a counterclockwise rotation of L-V N cycles about c* axis. 

For example, the Pawling and Corey right-handed .-Ipha helix repeats after 5 turns and 18 residues and can 

be represented by 18 symmetry cards with 19 18; M 5, L 0. 1. .. • .17: T. T . Tt 0. The input 

atom Jtst contains the contents of one residue. 

3.2.4 Alum P n w i l i i Curds (1 ' NATOM 16*). - Two cards are required for each input atom. The 

firsi contains the chemical symbol and positional parameters, and the second contains temperature factor 

'only symmatry card* for jteneral symmetry equivalent positions M » permitted. Symmetry cards srtucli esplicitly 
designate special positions such as X. X. Xi X, X. X; X.Y,&, \.Y.O; and *».*«.0 are nai allow*. 
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tfce.se of rx 

n 5 k B v * c I M M . a r i I n y ( I « 2 ) L 4 Seven! al 

3.2.4.1 "osrtMmnf Parameter CanL - FORKAT(A6,JX.5F9.».F9.0> 

m is to be represented oa the 

by tfce FOffTKAX Least 

for rack of tfce i 

The 
OR 

1 - 6 
7 - 9 

I 0 - 5 S 
1 9 - 2 7 
2 8 - 3 6 
3 7 - 4 5 
4 6 - 5 4 
55 -63 

Up to sis al 
Blank 

T » o « » 

a (fractional, crystal) 
w (fractional, crystal) 
z (fractional, crystal) 
0 or blank 

characters centered 

* (A. crystal) 
r (A . crystal) 
z (A. crystal) 

1 

n tfce sis f i e M 

T r o » l 

x (A. Cartesian) 
r (A. Cartesian) 
z (A. Cartesian) 

2 

T»ae J 

x s (A)Cac*es iaa 
y # ( A ) C a m i iaa 
r (A) cy inr&ical 
o ( ) cylindrical 
z (A) cylindrical 

3 

Type 0 is the normal input based oa tnclrarc coocdmates. Some authors give coordinates in A along * • * 

out celt vector, type 1 would be used in such a case. Type 2 allows une to place a model described in 

Cartesian coordinates onto a genera! triclmic lattice. The orientation of the Cartesian system % y i in 

the general lattice • b c is the standard type described in 3.1.8 with a along. • and z alone, c* . Type 3 

is similar to type 2 except that cylindrical coordinates r. o . z are used and the axis of the system can 

be displaced from zero in the » r Cartesian plane by the displacement x r . Cylindrical coordinates 

are often used in the literature to describe a helical structure. The » . y translation should be zero 

if helical symmetry operators are used. This translation feature is meant to be used in explicitly de

scribing the contents of a multiple helix ce l l . 

3.2.4.2 Temperature Factor Card. - FOWIAT(ll.Fft.6 5F9.6.F9.0) 

C*Uon» 

1 A sentinel / 0 for last atom only 

T , M 0.1.2.3.10 Tyse 4 . M . 9 T y p e * Tr»»7 

2-9 V vtt B B * ft 
10-18 » » v2J 0 0 0 0 
! 9 - r 
28-36 IT,, 

0 
0 

}|VDC,I 
0 
0 (|VDC,I 

37-45 
46-54 

0 
0 

)lv»x:2l 
0 
0 

jlVDC,! 

55-63 0.1.2.3.10 4.5.8.9 6(or0) 6<or0} 7 7 

* » . I t . Busing and H. A. Levy, A Fortran Cryntallot/afihir l.rmnt'Squarr* Program, OR!<I^TM«J05 (Nov. 2 1 , 1462). 

http://tfce.se
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T V cwefftoeats » ( (r.# 1.2.3) af (he — ratropic tiraprraJi w facta*, types ».I.*.3.10. ate asiiai'd 

n i r f l w n : Tire raamli.it teapirain n facta* is 

!_©t» »- - * , * - - h,i~ - . V , * * - • * , * i - « »,.*(.-• 
<B»se) l t - J i * , J " * 

where is wpe <• Base «-. C 2. 0 I . 

type 1: Base c-. C I . 0 ! . 

tvpe 2 Base 2.C 2. P 1 . 

tvpe 3: Base 2. C 1 . 0 - I . 

type M* Base r. C 2. O 2 ". 

The coefficients V («./ - 1.2.3) of the anisotropic trnpcratiw facto* types 4 and 5 ace defirrtd as fol

lows: The complete w a e n t a a i iactor is 

e«p| - o (•;*»„*' • <?u„*' - •;'"„'* • W , , * * . caw,,*' * C a ^ / n } . 
where a^. • * . • * ate reciprocal cel l dramaVmrns aad in types 4 and • . C - 2 ; »r» types S and 9 , C > l ; w 

types 4 aad 5. 0 - I

< . la types S aad * . D - 2 ~ ' . Type 6 allows ;be >apat of the Debye-Valbn isotropic 

te apt rat ate factor B. which is ased as follows: 

e x p ( - 0 s i a 2 t'k1). 

where A is the wavelength aad » is the Bragg .tagle. The parameter B is related to aean-sqaare dispiaoo 

•rent it2 oi the atom from its mean position by t.*re relation 

•hen the isotropic temperatcre fartor is used, the atom is represented »s an isotropic ellipsoid (spaer*-) 

with equal principal ases of length ji. When the field in columns 19—27 is 0 or blank, the directions oi 

the prinop&I axes are alone, the standard Cartesian system axes (see 3.1-8). However, one can reorient 

these arbitary orthogonal vectors by using, the two vector designator codes VDC , and VDC , then the 

three new principal-axis vectors wi l l be V D C , , (VDC, • VDC^X and V D C , • (VDC, • VDC, ) . This is 

s'rictly an artistic (eatare of no physical significance. 

Tvpe 7 allows the inpul of arbitrary spheres of radi-is j7 - J? in angstroms. The vector triplet orienta

tion is specified as with type 6. An additional feature allows one to use a completely b>Mik card (except 

perhaps column 1) for a temperature factor card. In this csise the program assumes type 7 with an R « 0.1 A. 

A type 10 fenperature-facfor input card may be used to load Cartesian temperature factors having 

components in the standard Cartesian system (3.1.8). This feature complements the type 3 Cartesur 

positional parameter input svstem (3.2.4.1) and is useful for plotting mean-square displacements caosec 

by internal molecular motions as calculated from spectroscopic normal'Coordmate analyses.'*' 6 

3.3 Instrvctiaa lapat 

The instructions are the commands used in programming an illustration, and there is no required se* 

quence for the instructions, except i s indicated by the programming logic. Some instructions require 

*C. K. Johnson, chap. •> in Thermal Neutron DiltrmtUon, cd by 8 . T . M. Wi l l is , p. 149, Oxford Vnivei ; i l ' Pre i> , 
London, 1970. 

n R . R. Holme* *nd ft. M. Drt i r rs , / . Chem. Phyr. S I , 404.1 (1969). 

http://raamli.it
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trailer cards, which may have three different formats. The program is informed what the format of the 

next card will be with the "look ahead" field, columns 1 to i . The program action is also i-fluenced 

by this information. 

"Lock a h « * 4 " 
(calwan* 1-3) 

0 or blank 

i 

2 

3 

Next c«c4 will b* -

Formal No. 0, a new instruction 

Format No. 1. continuation of 
present instruction 

Format No. 2, vector search 
code 

Format No. 3, alphanumeric info. 

Prayram «cti«i» 

Execute present :nst ruction; 
then read next card. 

Read continuation card; then 
check "Look ahead." 

Read (VSC) card; then check 
"Look ahead." 

Read alphanumeric info, and 
execcte instruction; then 
read next c-rd. 

3.3.1 Instruction Cards. - J . J . / . / Tkv Format No. 0 Instruction Card - FORMAT(I3,I6.7F9.0) 

Calumn* 

1-3 

4 - 9 

10-18 

19-27 

"Look ahead" (C,l,2,3) 

Instruction number 

1st parameter 

2nd parameter 

64-72 7th parameter 

J.J.I.2 Format So. I, Instruction Continuation Card. - FORMAT(I3,I6,7F9.0) A maximum of 19 con

tinuation cards per instruction is permitted. 

Columnt 

1-3 

4-9 
10-18 

"Look ahead" (0,1,2,3) 

Blank 

8th parameter, or 15th, . . . . or 134th 

64-72 14th parameter, or 21st or 140th 

J .J . / .J Format No. 2, Victor Search Codv (VSC) Card. - FORM.tT(l3,6X,5l3,8F6.0) A maximum of 

ten VSC cards is allowed. These cards can be entered with any instruction, but only certain instructions 

will toe them. They must be entered with the particular instructions that require them; that is, they are 

not held over. Table 3.1 wil l be referred to as the individual instructions are explained. 



Table 3.1. V««t«r search cede cards 

Search inalruclionii 
Columns 101 402 

108 412 

Inertial 
axt'H 

505 506 

Bund plotting instruction* 
Negative No. in column* 

43 19 41 

801 811 •.>! •02 «I2 «22 • 0 3 / 1 1 ! 102 HI 1 122 •oi/ui 

1-3 

4-9 

10-12 

13-15 

1 6 - l t 

19-21 

22-24 

25-30 

31-36 

37-42 

43-4* 

49-54 

55-60 

61-66 

67-72 

Look ahead 

ORG, ANR 

TAR. A N * 

O min (A) 

O max (A) 

Look ahead Look ahead 

ANR 

Weight 

Bond type 

Bond radiua (A) 

Perspective label hgt. (in.) 

Perpendicular diapl. (in.) 

Look ahead 
*r» 

1 ANR (A) 

) ANR (B) 

Bond type 

D min (A) 

D mcx (A) 

Bond radiua (A) 
Per spec live label hgt, (in.) 

Perpendicular diapl, (in.) 

Leak aha ad La** ahead 

0 min (A) 

P max (A) 

Nonperapeciive label hgl. (in.) Nonperspevtive label h|l . (in.) 

Perpendirular displ. (in.) Perpendicular diapl, (in.) 

Digits indicator Digits indicator 

Bend type 

D min (A) 

D ma* (A) 

Band radius (A) 

I AMR (P) 

D s min (A) 

D mas (A) 

Laak ahead 

| ANR (A) j ANR (A) J ANR (A) 

]ANR(B) JANR(B) JANR(B) 

0 min (A) 

D maa (A) 

) ANR (P) 

D , min (A) 

D, maa (A) 

« 



36 

J.J.I.4 format No. J . Labeling Card. - FORMAT(l2At>) 

CalwMHS 

1—72 Up to 72 digits of alphanumeric label information centered about columns 36 and 37. 
Note: There is no "look ahead" column in Format No. 3: the nest card must be a 
new instruction card. Instructions 9C2, 903, and 913 are the only ones which require 
this input. It may be used with other instructions as a device to transfer comments 
about the particular instruction to the monitor output listing. 

3.3.2 Structure Analysis Instructions (100 Series). — This series of instructions is not connected 

with drawing illustrations. It is used to obtain on the standard output medium of the computer a con

venient tabulation of the chemically interesting aspects of a crystal structure, such as interatomic dis

tances, interatomic angles, and principal axes of thermal notion. 

3.J.2.1 fnxrnn-rrons 101 and 102. - These instructions call subroutine SEARCH, which finds a l l 

"target" a'oms within a sphere of enclosure of radius O max about a particular "or ig in" atom. The 

instruction card has an atom designator run (see 3.1.3) of origin atoms (Org. ADR) and an atom number 

run of target atoms (Tar. ANR). The Org. ADR allows one to calculate several spheres successively 

with a printout of results after each one. For example, suppose there are nine atoms in the input list 

and we want the total surroundings of atoms 365502, 465502, and 565502 out to a maximum radius, D 

max, of 4 A. The Org. ADR is designated (365502. 5) or (365502. 565502) T and the Tar. ANR is 

designated (1.9). Further selection of the interatomic vectors from a particular origin atom to the 

target atoms which fall within the limiting sphere is possible with vector search code (VSC) cards of 

Format No. 2 (see 3.3.1), which can be entered with the instruction. If VSC cards are present, then 

the vectors must also satisfy one of the VSC's in order to be saved. A VSC card to specify the se

lection of a shell of vectors in the above example might be coded as follows: Org. ADR (3,5) Tar. ANR 

(1,9) Dist. range (2.0, 2.7). More selective VSC's are also possible. They are meant to be based on 

known interatomic distance ranges, such as those tabulated in Vol. I l l of the International Tables for 

X-Rny Crystallography. * 

Vectors found about a particular origin atom are stored in a table of dimension 200 sort 4 on distance. 

Duplicate vectors (not duplicate distances) are eliminated. If more tha.: 200 acceptable atoms are found 

about an origin atom, the 200 shortest vectors are saved. At the end of the search about each origin atom, 

the distances are printed out along with the atom designator codes (ADC), chemical symbols, and tr i -

clinic crystal coordinates for the origin and target atoms. If the instruction is 102, all possible inter

atomic angles and interatomic distances for the edges opposite the angles are also calculated and printed 

for the stored vectors. There will be n(n - l ) / 2 angles for n vectors. 

For the origin sequence 355501, 455501, 555501, an Org. ADR input (3,5) is allowed as well as (355501,5) and 
(355501,555501 fc however, the Tar. ANR must always be designated as shown. In sect. 2.1, Org. ADR is designated 
as ORG 1. ORG 2; and Tar. ANR is denoted by TAR I , TAR 2. A minus sign preceeding the second member of the 
Org. ADR is not required. 

* H . Ondik and D. Smith, "Interatomic Distances in Inorganic Compounds," p. 257 in International Tables lor 
X'Kty Cry*ullogrsphy, vol. I l l , ed. by K. Lonsdale, Kynoch, Birmingham, 1062. 
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The tabulation of atom designator codes, which is obtained automatically when these instructions 
are given, is often useful foe planning an illustration. Although the tabulation is comptete within the 
addressable region of 9 1 celts, the computing time is generally only a matter of seconds per sphere 
unless a very large 0 mai is specified. Subroutine SEARCH i s a rather elaborate routine designed to 
minimize computing time. This subroutine is also used for instructions 402 and 403, which are ex
plained in 3.3.5. 

Instruction card for instructions 101 and 102: 

C I I M H 

1-3 0 or 2 (look ahead) 
4 -9 101 or 102 

10-18 I 
Y Oripa-ADR (atom designator run) 

19-27 J 
28-36] 

> Tntget ANR (atom number run) 

46-54 D max (A) 

3.3.2.2 Inziniciion 103. - Principal axes of thermal motion (or arbitrary spheres, according to the 
temperature factor input) for all atoms in the input list are calculated. The printout contains root-mean-
square amplitudes of displacement along the principal axes of the trivariate normal probability density 
function and direction cosines for the principal axes relative to the reference Cartesian bnse vectors. 
A symmetric c©variance dispersion matrix based on the reference Cartesian system is also printed out. 
The diagonal elements are the mean-square displacements along the reference Cartesian axes. 

Calwmns 

1-3 0 or blank (look ahead) 
3 -9 103 

10-18 Blank 

3.3.2.3 Instruction* 105 and 106, Convoluting Sphere ol Enclosure and Reiterative Convolutint Sphere 
ol Enclosure. — These instructions utilize the ATOMS table and can only be used after one or more atoms 
have been placed in the table by a 401, 402. 403, or 404 instruction. The contents of the table are re
lumed to the condition of entry at the conclusion of instructions 105 and 106. 

All atoms in the ATOMS table which have atom numbers within the origin atom number run (Org. ANR) 
of the instruction are used as origin points. Interatomic distances for all neighboring atoms (whether or 
not in the ATOMS table) are found out to the specified radius. Vector-search-code (VSC) cards may be 
used for screening if desired. 

Instructions 105 and 106 are similar, except that instruction 106 keeps repeating the "convolution" 
process until no new atoms with atom numbers within the Org, ANR are found. 
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Instruction 106 i s useful for molecular structures wheie the atone in the tnpnt asymmetric unit do not 

form an intact nwlecnle. In a case of this natnre. it is advisable to place a single atom into the ATOMS 

table with a 401 instruction and let a 106 instruction find the molecule. Care nmst be taken to specify a 

D Max which will enclose only bonded atoms. The 106 instmction showld not be nsed for structures form

ing infinite chains. 

Celvnns 

1-3 0 or 2 (look ahead) 

4 - 9 105 or 106 

SI 
} 

10-18 
19-2 
28-36 
37-45 
46-54 D max (A) 

Origin ANR (atom number run) 

Target ANR (atom number run) 

3.3.3 Platter Central Instructions (200 Series). - The 200 series is a group of instructions that con

trol the plotter initialization, frame advance, termination, and any other peripheral commands that are re

quired for a particular equipment configuration or plotting package. When the program i s modified for a 

different equipment configuration, these series 200 instructions, which are executed through subroutine 

F200. should be redefined to suit the user's requirements. Instructions for controlling the CalComp 765 

and 835 off-line magnetic tape plotting systems* are given here. 

3.3.3.1 Instruction 201. Plot Package Initialization. Mechanical Plotter. - This instruction (or a 

203 instruction) must be executed before any plotting can take place. It is a safe policy always to 

make this the first instruction card. It should be used only once per computer job regardless of how 

many plots are to be drawn during the job. If the 201 (203) and 301 instructions are omitted, all calcula

tions are carried out but no plotting i s done. 

3.3.3.2 Instruction 202, Plot Terminate and From- Advance. - This takes care of putting the correct 

plot termination information onto the magnetic tape to inform the plotter that the current plot is finished. 

It also allows advance of the paper s o that the old plot i s removed and new paper is in position for the 

next plot. 

C ( I M M l»str«<»i#n 201 Instruction 202 

1-3 Blank Blank 

4 - 9 201 202 

10—18 - Plotter movement along x 
edge of paper in inches 

The CalComp is an incremental plotter. The particular Benson-Leaner model available »t Oak Ridge Central 
Data Processing Facility has also been u«ed. The Benson-Lehnrr is an electromechanical x'y plotter with an analog 
converter. In general it seems that an incremental plotter is better suited to the requirement of Oft TEP. The user 
should be warned that in the author's experience the magnetic tape plotting systems are notoriously troublesome; an 
annoying percentage of plot failures is to be expected because of equipment malfunctions. (This was true in l°M 
and is still true in 1975.) 



3» 

J. J.J. J Control tmatrmcriaas tot CaJCouu* JfooW S35 C*tto*^Jtar-r»k- flatter. - In order to plot 
urterrhaagraary on the CRT and the mrrhaniral CalComp plotters, an tstrndtd 200 aeries of mstmc-
tiaas is necessary. 

A 203 instruction initializes the CRT plotter and is used in place of the 201 mstmctiou. In general. 
no other chunget are needed except that the plotting area specified by the 301 instnsction must not 
exceed 1? in. in s and 11 in. in y- (The 301 primer constants are set accordingly.) 

1-3 Blank 
4-9 203 
10-18 XORG \ 

I (new position of nW origin of plotter coordinates relative to the lower left-hand 
I comer of die normal CRT plotting area) 

19-27 YORG J 
28-36 IZORG (beam intensity origin) 

The entries for XORG. YORG. and IZORG are nonaally zero or blank. 
The beam intensity, IZ , can be changed from its initialized valve IZ - IZORG - 18 to any other 

value in the range 0 to 30 with a 204 iustujetion. The nsable range of IZ is about 12 to 24 with the 
higher values producing darker lines. 

Cafemas 

1-3 Blank 
4-9 204 
10-18 IZ - IZORG 
The frame advance instmction 202 is interpreted differently for CRT usage; however, the same 202 

instruction cards used for a mechanical plotter plot can also be us -d for a CRT plot. Any positive 
number in columns 10 to 18 of the 202 instruction (3.3.3.2) will add a block address (i.e., plot number) 
to the magnetic tape and will advance die film to a new frame. A vane of zero in columns 10 to 18 will 
add a block address but will not advance the film to a new frame, and a negative value will terminate 
the output magnetic tape file. It is not nonaaMy necessary to use the negative value option since the 
termination is taken care of automatically when the -1 instruction is executed if a 201 instmction was 
not executed after the 203 initialization instmction; however, if the mechanical plotter is to be used 
during the same job, the negative value option allows the CRT to be terminated properly before 
initialization of the mechanical plotter. 

3.3.4 Plot laundnry lastructiam (300 Sari**). - This is a set of miscellaneous instructions for 
specifying the dimensions of the drawing, viewing distance, general Uttering orientation, and pen dis
placement for line retracing. 

3.J.4.1 Instrurtien 301. - This instruction defines the limiting * and » dimensions, in inches, of 
the plot boundary and the border indentations. The boundary dimensions must not exceed those allowed 
by the plotter. The program will prevent the pen from getting closer than 0.1 in. to any boundary. The 
border indentation is an equal margin inside the entire boundary. When automatic scaling is used (600 
series), the center points of the atoms are prevented from failing in the margin; but the atom represen-
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tatioa. which has a finite site, saw esaend into that a m . To cnmptnritr for the overlap, the border 
dimensions shoaM be large when the overall drawing scale and the ellipsoid scale are expected to be 
targe. 

la addition, iastnaction 301 * at cities the perspective viewmg dutnarr. m aarhes. fraai the a bar or 
the drawing. Aa entry of 0 fat view distance is ased to indicate an infinite view distance, and ihecry»ial 
st we tan is dam auppri* in pensllel projection aonaal to the drawing boant. 

Calaa* * F i i a t f C « M M M 

1-3 
4 -9 301 

10-18 Plot s IBBIV ( a meats) IT. 

19-27 Plot r limit (ia arches) H-

28-36 View distance (ia 'aches) 0. (parallel proj.) 

37-45 Border (ia iaches) 0 3 

3-3.4.2 ImaUmctum 302, J ale Kovtwom. - For regnlar titles and chemical s>mhots. the title rotation 
is specified with iastractioa 302. The letteringbase line for all kftuting is rotated c a anlfr clockwise by 
an angle darta, M degrees, from the » axis o* the plotter. Ahhoagh any valae is allowed. 0 and -99 are 
the vahres most often ased. so that, whea owe views the f iaished drawing, either the r plotter axis is ver
tical or the * plotter axis is vertical. 

1-3 Blank 

4-9 302 

10-18 Theta ia degrees 0. 

3.3.4.3 fnsnvcfion 303, Retrace Displxemcfti. — For artistic patposes, cerlaia liaes are wide bra*kit 
than others by retracing over the padt several times with slight pea displacements (DISP) from die original 
path. For example, in drawing ellipsoids the forward half of the principal plane tntce is wade heavier riian 
the bidden half so die eye does not confase die two halves, fct addition all regalar lettering (bat not per* 
spective lettering) is gone over fonr tunes to give it boldface appearance. In preliminary nans or when the 
plotter is not of the iaciemeatal type, this embellishment may be objectionable to the aser brcasse of the 
incieased contpafisg and ploaing times (porticalarly the latter). All letMcing can be eliminated by setting 
DISP *- 0. The primer parameter for MSP is 0.005 in., which is the irsolation of the CelComp plotters at 
ORNL. For other plotters or for various inking pen sizes. DISP can be leset at die aser's discretion. 
Retracing should not be used with a CRT plotting device. 

C«la*ns * > • « • * Caostoaf 

1-3 
4-9 303 

10-18 DfSP (in inches) 0.005 
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1.3.5 Atam List Iwitmcii—i (4M Sarins). - This series allows the user to specify which ate 

to be included in the illustration. The atom designators for the chosen ato*ns are stored in the ATOMS 

array- for fntme nse by other instructions. The ATOMS array can hold SOD atoms; but if the intended 

illustration has more than this, the illustration can be segmented and the segments drawn sequentially 

on the same plot. 

Groups of atoms are added to or eliminated from the ATOMS array (which is set to zero e* the start 

of the program) with the 400 and 410 series respectively. The groups can be denoted by atom designator 

runs (see 3.1.3*. spheres of atoms about any- centei point (see 3.1.6), and boxes of atoms 

center*d OR any- point (see 3.1.7). Duplicate <-ntries of the same atomic position are prevented by the 

program. The content of the ATOMS list is printed on the monitor output tape after each 400 series in

struct ton. 

.i.J.5.1 ln*tn*ti'ti- -9*1 ;mui4ll. Atom Dt-si£n.tr<tr Run Add and Atom Designator Run Eliminate. — 

These instructions can contain: (.-•> atom designator codes (ADC) for a single atom, (6) atom designator 

runs (ADR) for several atoms in a run, (o) blank fields (except betnten the two entries of a ran), and 

(d) any combinations of (.-»). (ft), and (<-). Since up to 19 Format No. 1 continuations are possible per 

instruction, up to 70 runs can be made per instruction and an unlimited number of instructions can be 

used. The ATOMS list, however, will only accept the first 500 atoms. 

Calvains 

1 - 3 Blank or 1 (depending on what follows) 

4 - 9 401 or 411 

10-18 ^ 

• As described above 

6 4 - 7 2 , , 

J.J.5.2 Instnii-tHxis 4f'2 and 412, Sphvrv of Enclosure Add and Sphere of £nWo»u-c Eliminate. — 

These instructions allow the usri to build or modify the subject l#y specifying the contents (complete, 

partial, or vector screened, see 3.1.6) of a sphere o( enclosure about any addressable point. For in

struction 402, the contents of the spheres are added to the atom list except for positional duplications, 

which are omitted. In the 412 instructions, all points in the spheres are eliminated from the atoms list 

if they are present in that list. The instructions call subroutine SEARCH, and the instruction input de

tails are identical to those of instructions 101 and 102 (see 3.3.2.1) except for the instruction number. 

In the moni;or output, only the ATOMS list atom designator codes are printed and nut the coordinates 

and interatomic distances. If the origin atoms on which the spheres of enclosure are centered are to be 

saved, the target atom number run (Tar. ANR) must contain this atom number. Furthermore, if vector 

search code cards of Format No. 2 are used, one of them must satisfy the intra«atom null vector for the 

origin atom in order to retain it. 
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3.3.5.3 Instructions 403 and 413, Box ot Enclosure Add and Bo* ot Enclosure Elimm.rtf. - These 
instractioas alio* the user to buiW or modify the subject by specifying the contents (complete or partial 
but nor vector screened, see 3.1.7) of a bos of enclosnre aboat any addressable point (or atom designator 
ra.1 of addressable points}. The three axes of the box are parallel to the three base vectors of the ref
erence Cartesian system, and the svmidimvtmiott* of the box are specified on the instruction card. If an 
orientation of the box different from the standard orientation (see 3.1.8) is desired, than a 501 or a 502 
instruction, or both, should be used before diis instruction to reorient the reference Cartesian system. 
After this instruction has been executed, the reference system can undergo further reorientation as d.— 
sired for plotting purposes, etc. 

As in th? case of the sphere of enclosure (see 3.3.5.2). the origin atom on which the box is centered will 
not be included unless the target atom number run includes the origia atom number. Vector search codes 
are not used by this instruction. Subroutine SEARCH is used by this instruction, and the instruction in
put details are similar to those described in 5.3.2.1 except that D max is replaced by the semidimension 
a'2 of the box and the following fields on the card are used to specify the other two semidimensions b 2 
ami c/2. One must use caution in choosing the box dimensions so that the atom table does not overflow. 

Caimans 

1-3 Blank 

6-9 403 (or 413) 

10-18 1 

19-27 J 
Origin ADR (see 3.3.2.1) 

28-36 \ 

37-45 J 
Target AMR (see 3.3.2.1) 

46-54 a'2 (A) 
55-63 »'2 (A) 

64-72 c/2 (A) 

3.3.5.4 Instructions 404 and 414, Triclinic iox ot Enclosure Add and Triclinia Box of Enclosure 
Eliminate. - These instructions are similar to instructions 403 and 413, except that the triclinic box of 
enclosure is bounded by planes parallel to the principal planes of the crystal lattice. The semidimensions 
a/2, 6/2, c/2 refer to fractional (triclinic) coordinates. To specify the contents of the conventional uni: 
cell, one would use a/2 - 6/2 - c/2 - .5, and the Org. ADR would refer to a point in the input atom list at 
1/2. 1/2. 1/2. 

'at 

3.3.5.5 Instruction* 405, 406, 415, 416; Convolving Sphere ot Enclosure Add, Reiterative Convolut-
in$ Sphere ot Enclosure Add, Convotuting Sphere of Enclosure Eliminate, and Reiterative Convolving 
Sphert of Enclosure Eliminate. - These instructions are used in the same manner as instructions 105 and 
106 (see 3.3.2.3). Their function is to add atoms to or eliminate atoms from the ATOMS tabic. A valid 
origin atom must be placed in the ATOMS list with a 401, 402, 403, or 404 instruction before the present 
instructions are used. All atoms in the ATOMS table which have atom numbers within the origin atom 
number run (Org. ANR) of the instruction are used as origin points of convolution. 
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An important use for the 405 instraction is to complete the coordination shells around Metal atoms 
without having to describe any of the atoms individually. Another nse might be to obtain a cluster of 
atoms oat to the nth neighbor when oaly the dutaace to the first neighbor is knoon. This can be accom
plished by using n consecutive 405 instructions with D max slightly more than the first neighbor distance. 

instrwction 406 is nsefal for describing molecular compounds when an nafortnaate choice of atoms for 
the input asymmetric anil does not allow the molecule to be described by a ran. D max mast be chosen 
jadicioasly so that the search does not crass molecular boundaries. 

The inpat format is identical to that described in 3.3.2.3, with the appropriate instraction namber in 

.i.i. 5.6 Option lor Examining E-Uap Results — Stereoscopic drawings are eseful for the 
rapid screening of £ maps when direct methods are used for soiviag crystal stajctures. First the 
interpolated positions of the largest peaks ia the Foarier synthesis E awp are pancbed on cards di
rectly by a Foarier program- Then OR TEP starts at a given peak (usually the largest) and does n 
reiterative-sphete-of-eaclosure-add instruction (406) to isolnte a molecule if one is present. In order to 
temrinate the convolatioa procedure when extraneous -'bridging peaks" link the molecules, a modifica
tion was added to the 406 instnjctioa which allows an atom (in any of its equivalent positions) to be 
entered in the ATOMS list only once. To invoke this featare, a type 1 continuation card (3.3.1.2) with 
a 1 in column 18 is added to the 406 instinct ion. The 406 instruction operates normally if the contiaaa-
tioa card is omitted (3.3.5.5). 

.i.j.5.7 Instruction •/.*'/. Clror Atoms List. - This instraction clears the atoms list to zero. When the 

program i*> first entered, the list is automatically set to zero. 

3.3.6 Orienting Instructions (500 Series). - This series of instructions orients the reference and work* 
ing Cartesian systems (see 3.1.8). Each time the reference system is redefined with a 501 or rotated with 
a 502, the working system is automatically made coincident with the refeience system. The working sys
tem can be displaced from the leference system by rotating about an axis of the reference system with a 
503 instruction. The working system is always positioned by a rotation from the reference system and 
docs not depend on The previous working system orientation. After each 500 series instraction, the base 
vectors of the relevant Cartesian system are printed out. These vectors are based on the triclinic co
ordinate system. The postfactor transformation matrix for converting from triclinic coordinates to 
Cafesian coordinates is also printed out. The inverse transformation matrix may be formed by placing 
the three base vectors together in row vector form. 

J.J.6.I Instruction M>l, RefvMHe Cnrivsi.-m Sysh-m Assignment- - Any Cartesian coordinate system 
is based on three orthonormal base vectors and an origin point. The origin point in the model (ORGS) is 
specified with an atom designator code. The three orthonormal base vectors can be described by two nor-
collinear vectors, and Oil TEP provides the two following separate techniques for performing this opera
tion, using vector cross products of the two vectors m and v. 
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Base vector 1 (s axis) m • 

Base vector 2 (v axis) • - » ( « - « ) - « 

Base vector 3 O axis) • • ( • • « ) • - « 

The reference system x and y axes will parallel the plotter % and > axes, and the origin point OKGN will 

lie in the plane of the plotter. The viewer will be looking into the e axis vect*..- of the coordinate svstetr 

from a distance VIE* in inches (see 3.3.4.1) directly above the origin point. 

Printer C**»r«Mt 
CaUraas 

1-3 
6 -9 501 

10-18 Origin (ADC) 000000 

19-27 j 155501 
V Vector • (VDC) 

28-36 j 165501 
37-451 155501 

\ Vector »(VDC) 
46-54 j 156501 

55-63 

64-72 0 = Type A. >0 = Type B 1 

3.3.6.2 Instruction 502, Reference Cartesian System Rotation. - The crystal model can be given any 

orientation desired with a series of rotations of the model about the reference system axes. In general, 

three rotations (e.g., those of an Eulenan system) are sufficient to achieve any orientation, but for con* 

venience an unlimited number of rotations are permitted in the program. In addition, rotations of 120" 

about the body diagonal of the reference Cartesian system are permitted (this is achieved by a cyclic 

permutation of reference base vectors). 

Each operation requires two fields in the instruction card. For axial rotations, the fust fieid of each 

pair will have the number 1, 2, or 3 to indicate rotation about the %, y, or z axes of the referen*.; system. 

The second field will have the rotation angle in degrees for a rigbt«handed rotafion of the model tbout 

the designated axis (i.e., a positive angle signifies a counterclockwise rotation of the structure nab the 

designated axis pointing toward the reader). The body diagonal rotation is designated by either a (•• 1) 

or a ( - 2) in the first field to indicate a 120° or a 240° right-handed rotation about the body diagonal, ,*nd 

the second field is blank. A ( - 3) would rotate the structure completely around and thus not charge *»s 

previous orientation. 
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C»U»w» 

Firs* C«*d 

1-3 0 (or 1 if comtin 
4 -9 502 

10-18i 1 .2 .3 . - I . -2 
19-27] <*i' 
2S-361 
37-45! 

1.2.3. -1. -2 2S-361 
37-45! °, 
46-54; 1.2.3. -1. -2 
5S-63[ *•' 
64-72 1.2.3. -1 . -2 

k < w 4 Cord 
10-1S <*« 

on next card) 

If desired, each rotation can be executed with a separate 502 instruction card. 

.*..*.»..* In>twtirm 5f»J, Vitrkutf C.wf«"«».-»n Sr.xrvm R<-tit ttm »Sfr-*-»»t-opri R<itMiatti. - The working 

(minor) Cartesian system is automatically made coincident with the reference system whenever the ref

erence system is redefined with a SOI instruction or rotated with a 502 instruction. T o define an orien

tation of the working system which is not coincident with the reference system we use a 501 instruction, 

which allows one rotation about one axis of the reference system. Actually any numbet of successive 

rotations ran be made, tat the effect is not cumulative since the starting point for each rotation is 

always the reference system. Body diagonal rotations are not permitted. 

A 501 rotation normally precedes each member of a stereoscopic pair of plots. The rotation •< about 

axis 2 if the stereo pair is to be viewed with the » axis parallel to the observer's interovular l i re and 

about axis I if the y axis is to be parallel to that line. 

' • I«mn> 

l-.» -
4-9 503 

10-18 1.2.3 
19-27 ,, 

*. 1.6.4 Optimal Parameter* lor SrcrttMcopri- Draming*. - Figure 3.1 shows a geometric*! con

struction which mav be used to derive the parameters used in making stereoscopic d r a u a n g c t 0 * : 

The empirical parameters in common usage l(.i> 30-m. view distance. (6) S to 6 stereo rotation, and 

i i 
°J. T. Rule, J Opt. So.. Am. M. 51 i <I«J»>. 

B. C. Saandrr*. Appl. Opt. 7. I-WQM9M). 
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' >» a photographic reduction to .tchievr 2.2 to 2.4 in. separation ut equivalent points: pr.*Juci- quttt-

satisfactory results with a slightly exaggerated impression ol depth- TheoreticWIv. th<r best 

stereoscopic ftdehtv is obtataei bv translation ot the origin rather than b\ stereo rotation ot tht-

ob t ec t . ' ' however, the comparison ot results Riven in FIR. i.2 shows that the differences J IV in

deed minor and nearly impossible to detect. Stereo b% translation ot or;gin is achieved with 

instruction 504. which raav be used in place of the 5i»3 instruction, ho^revet. the >04 instructions 

should not be used when the ellipsoids have internal structure because the octants selected let 

shading sav not be the satr.e on both stereo * tews. 

C a U m * 

1 -3 Blank 

4 - 9 504 

10—18 Translation of origin along * axis of reference system (in.) 

19—27 Translation of orient alone V * * * * ° * reference system (in.) 

2t—36 Translation of origin along r axis of reference system (in.) 

For the »«u«=*«™csi ccsiT;or«s vrpicted in Kifc. 3.1. the stereo-rotation instructions tor the !»-ft and 

right eyes. 

503 2 2.45 

503 2 - 2 . 4 5 . 

a t * replaced by the stereo •ransletum instructions 

504 -1.2S 0 0 

504 2.56 0 0 

respectively. I f additional drawings are to be made, the o n p n first M W M be returned to its original 

position with the instruction 

504 - 1 . 4 0 0 . 

M order to prevent coafasios. 

J. ' .6.5 /n«"uor».«o *»5. On tin .if t\-ntr>i<t. - This instruction finds the first moment t i .e. . 

centroid or cjwter of gravity* of the atoms in the ATOMS list and makes this point the ORIGIN of the 

refereice and working coordinate systems. A weighting scheme ar*d screening raav be applied to the 

atoms by using format No. 2 trailer cards isee Table 3.1). If no trailer cards are used, all atom positions 

are entered with unit weights. 

. ' . f .6.6 fh.-irrwrfan .V*6. Origin .tt Cf-nfrorr1 andInvttml Axis Caorcbmu- Sy.-fr-m. - The calculation 

described for instruction 505 is performed, t'l'.n the second moment matrix about the centro d is calcu

lated, and the reference and working coordinate systems ate set up »long the principal axes of this matrix. 

This principal axis system of coordinates is along the inertia! axis of the configuration of atoms in the 

ATOMS list. The * axis is along the long axis of the configuration ( i .e. . the minimum axis of inertia) 

and trie * axis is along the short axis of the configuration (i.e. the maximal axis of inertia). The overlap 
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ORNL-DWG. C 9 - 7 5 4 I 

PLOT BOUNDARY 
14 In. 

• ^ O R I G I N A L OBJECT AMD 
^ STEREOSCOPIC IMAGE 

SUPERIMPOSE IN THIS BOX 

••(JOTTER PROJECTION PLANE 
FOR STEREO BY 
( • I ROTATION 
(h i TRANSLATION 

ORiG!N FOR STEREO BY 
( • ) ROTATION 
(») TRANSLATION I l£FT £Y£ ) 

PROJECTION AXIS R)R STEREO BY 
(a) ROTATION 
(»> TRANSLATION 

1/2 OF TOTAL RbTAT;ON ANGLE 
FOR STEREO 9 * ROTATION 
I 1/2 • 4 .9* ) 

PROJECTION PLANF. FOR 
PHOTOGRAPHICALLY REOUCEO (4J7/30) 
STEREO «»IR 
( 2.2 > . BETWEEN EQUIVALENT 

JOINTS IN THE LEFT ANO 
RIGHT EYE VIEWS ) 

RIGHT 
EVE 

SEPARATION OF 
OPTICAL CENTERS 
IN STEREOSCOPE 

2 . 5 6 in . 

Fa> 3.1. O w m e w n * Rataoana Amana H M Stereaaeeawc Pauper rue Praia**** Parameters far a T t p»a l OR TCP Ota* 
Trie e»a<>ab>« plotting art* lor aach project«*> •• tmumtd io toe 14 in horizontally and at least 11 in vertically The scate' 
mathematical obiect <% w»trtm a PO« 12<n wide. 9 m. (or moral rn»ti and 6 in dstpnnrh the plant o# the plotter half w a t t * - ! ! 
nio theDBII Th«ctereotcoptc<maajtMart through• tNiaoicopB«Mlr< a 12cm 14 7-in l local lengthand•65-cm <296-<n.l 
separation Detwan opt*:* centers snouid appear tupai HUPOSHI on tf» onpnat object The parameters lor both "translation 
stereo" and "rotation stereo" are shown. The approprtaia imaer rttn%.n*o»n can bt scaled to accommodate other ptottinf araas 
and Mill produce the tame f nui imeff. 
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ORiiL SVG. i.9-dl2^: 

w—mp MWm we pemmwri amino in Fie. 3.1 « • imniwwawt wmt ww «ftm«mi mmta—i <wf. 11) «o» rmwmioi wd 
• mum inin n i i rtlwti niri in urmriire TTII limiiiiii imi i !>•• npinmii—§ * I I 11 e~u innajaii IIII iiimjiMi nh iti imnii 

e*od optical oustrty 

along the x-view direction is often minimized by this option. Furthermore, the x-y plbne is the least-
sanares best place for the atomic configuration. Format No. 2 trailer cards may be used to supply weights 
and screening (see Table 3.1). 

3.3.6.7 Instruction 511. Overlap Elimination. — See Section 3.3.14. 

3.3J *e»ifie*f*f nad Scaliwf lasftvcfioas (MO Series). - These instructions are used to direct the 

placement of the origin point ORGN (specified by iattraction 501) onto the drawing (dimensioned by in

struction 301). In addition the three-dimensional assembly of atoms (chosen by the 400 series instruction) 

constituting the model is scaled. The atomic centers of the model will then be aanging in space above 

and below the drawing board correctly positioned to be projected from the eye point described with 301. 

3.3.7.1 Normal JfooVx of Positioning and Scaling. — Several normal modes of operation are available 

to the user for positioning and scaling the model. Instruction 601 requires the user to supply • complete 

explicit description of position (*,>?,) Md scale (SCAL1). At the other extreme, instructron 604 auto

matically so es and positions the model so that the peripheral projected atom tenters will touch two 
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apposite borders sad the peripheral atoms ia the remaiaiag dimensions will be cantered oa the drawing,. 
Aa intermediate mode is available through 602. which provides automatic scaling after explicit posi-
tioamg. la general this allows only ace edge of the madel to toach a border. Finally, iastrectioa 603 
requires aa explicit scale and does automatic centering. 

la general tfco 604 instruction is the easiest and safest one to use, bet sitaatioas arise ia which the 
aser shoald no* ivituquisa control lo the program. For example, if a big iliastratiaa is to be drawn piece-
wise oa a small plotter, the aser will have to maintain control over the scale, and probably over 
positioning, so that the partial plots can be fitted together correctly. 

A second scale farior SCAL2 is required in connection with the ellipsoid (or sphere) size. It is 
a dimensionress scale factor mtio ased to modify all ass displace—, at valves before plotting eaai-
pnbability ellipsoids or spheres. A table of SCAL2 valves vs probability is given in Sect. 5.2. The 
primer constant for SCAL2 is 1.54, cones ponding to £0% probability. If the instraction's entry for 
SCAL2 is 0 or blank, then SCAL2 is not modified by the insttaction. Tke same state aw at also holds 
far « # . r # , and SCALl. That is. if the iastrectioa catty is zero or blank for aay of these, thea the valwe 
of the constant ia memory is not changed. This means that an x a or r , cannot be entered as exactly 
zero, so tkat if zero is wanted, a small nonzero nvmber sbovld be entered. 

C » I * M * M l »e2 M 3 ee4 Primer Ceaatoar 

1-3 

4 - 9 601 602 603 604 

10-1S »» * . " * - 5 

19-27 % r . - 5 5 
28-36 SCALl - SCALl - 1.0 
37-45 SCAL2 SCAL2 SCAL2 SCAL2 1.54 

3.3.7.2 Increment*! Modes ol Positioning ,md Scaling. — Additional flexibility is provided through the 
incremental instructions 611, 612, and 613. These allow the aser to "nudge" the model or modify the 
scale factor (SCALl X or both, after the parameters have been initially set with a previoas 690 series in
struction. The 611 instruction adds \ x # , \ r # to the previous * f , y # position for the ORGN placement 
and multiplies the existing SCALl by \K (except if XK - 0, SCALl is unmodified). Instruction 612 
increments the position and then does an automatic scaling; 613 first increments tfte scale (by mu!ti> 
plying by Mi) ami then automatically repositions. 

A conservative general approach is to follow a 604 with a 611 having \ « # 0, \ y # - 0 and VC -. 0.9. 

This will simply reduce the scale 10% so that there is more space for labels, etc. 



Cnfew* •11 •12 • 13 

1-3 — — — 

4-9 611 612 613 
10-11 Ax, ^ . -
19-27 -v. • v . -
28-36 \K - \K 

37-45 SCAL2 SCAL2 SCAL2 

3.&S AMMO Hatting Instraciiaas (TOO Series). — These instructions a n concerned with < 
varans representations of the atom based on the familiar ball and sticfc molecular model. The hall in 
the general case is an ellipsoid representing a contonr saifacr of euaal probability density. Alterna
tively, when thermal motion is not being, portrayed, the ball can be a sphete of arbitrary dimension. 
The 700 series also has provision for labeling the atomic site with the corresponding chemical symbol. 
The instractions in this series draw the "ATOMS list" atoms which project onto the usable part of the 
drawing area. Atoms fonnd to be ont of bonndt are bypassed, and a Fault meaiage (KG - 10) is printed 
on the monitor ontpst. An atom is ont of boaadi sneer the following conditions: (1) if its z coordinnte in 
the scaled mitre nee Cartesian system is greater than */ the viewing distance, (2) if its center after pro
jection falls outside MM? limiting boondary of the drawing board, or (3, if the (.injected center is within 
h of the margin width (BRDR) of a limiting bonedary. 

An ellipsoid, for graphical pnrposes in OR TEP, is considered to be coan^osed of ellipses and straight 
tines. The ellipses are of two types, principal ellipses and boaadary ellipses. Relative to the viewpoint, 
a principal ellipse is farther subdivided into a front half and a bach, or hidden, half. There an? three 
principal ellipses per ellipsoid, corresponding to the Three principal planes. The boandary ellipse is the 
edge of the ellipsoid as seen from the viewpont. The front and bach halves of ;be principal ellipses meet 
at the boandary ellipse. The straight-line segments of the OR TfcP ellipsoid are the forward principal 
axes, reverse principal axes, and octant shading tines. 

Figsre 3.3 shows varioas combinations of these dements. It is obvioas that certain of these com
binations are better representations than others. Instruction 701 generates the 5A model of Fig, 3.3, 
instraction 702 generates 2A, and 703 produces 3B. Inst reel ion 704 draws the boanbary ellipse alone. 
If an atom is entered as a sphere, the boandary will be circular before projection and slightly elliptical 
after perspective projection. Instruction 70S allows the user to make op any representation from the 
basic components. 

Chemical symbols up to six alphanumeric characters in length are included with the input structural 
parameters for each atom. These symbols can be pat onto the illustration with one 700 series or several 
900 series instructions. The 700 series places the center of the six-character field of each atom in the 
same position relative to the atom center; the 900 series allows the user to position each symbol individ* 
aally. The 700 series requires only three parameters as follows: (1) symbol height in inches, (2) parallel 
(lefttight) offset in inches, and (3) perpendicular (up-down) offset in inches. The parameters refer to the 
model before projection, and they will change slightly during perspective projection. The parallel and 
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A. 

Without tack 
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tack 
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tack 

1. Principal ellipses Q <§• 
2. Principal ond 

3. Principol ellipses 
and axes Q 
Principol ellipses 
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with envelope 
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la oid»r to ojsttantsli w H w •lawn, aoch o* tea* in AseaJateri paailioaa. a 705'715 
w i * NPLANE 4. WTOT-3 . 4. 5 . « 6 . SUWE 0. « o « K D A » . 0 « ^ W o » * « t o 
fceaaoary eflieae* to coetrast * i lh Ike w o I sofid lino boaaeaiy alllaata. Aaatker femw of dw 
705/715 iaiinjclioa is tfiot if NPLAHE - 0. ami if Ike n * M keiefcl is 
M M I ateee are draw* aa A * atonic aites. 
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k is |BM ink tomy the thickness of the loandiij ellipse line by sriking it a fnartion of *. the 
height of the atom from the towing, honnJ. This option is nommlly ased with the 704 (boondniy onhjr) 
nwrtrnction hnt will work for any 700 instmction. Entries are pot in oW A, and A f fields of the in-
stmctmn contnrant ton can! re specify the cneOJinents of 

\ * [ * ) - A # » At*. 

Ml is the jnnenic in mdinl dimrntinn to he added to the width of the single pen line. 
A # is \M for an atom m l , and 
A, is the race of increase in radial dimension with z. 

As an esmnpie. • • • • • ! that the mans of the scaled model range from 5 in. below to S in. nhove the 
nmwing honni and tl» pen wnJrh is 0 J nM (.010 in.X tf we want the c l a i m ellipse bonndnry to he 
fine times as wide as die farthest, then MK-5in.) 0. \J*5) 0.001 - (5 - 1) 0.032 in.; tbns 
A% - 0.016 am, and Af 0.0032 m. 

The program widens dre line by itrpping radially in hwwint i of USP. which is set by primer 
constant to 0.005 in. A 303 instmction can he nsed to change MSP if desired. 

Selected types of stems from rim ATOMS table can he drawn witbant bsving to alter the contents of the 
Vnhnsmmv ^Tmmnnt mwZ sns*nP^^mwMlwwInnnnnS OmY mnnTBwmin mwm ssshrSBBS^nSsannKmsnsn?^n'nnmi I* A n V m Y s : n^VtsOnV* nsVOnwa^sW amm?*naBBBBBBnl (asms- mnVn̂ mWm O^wmtswZ. oV^nndl 

see in he drawn with a pntticnlsr 700 series instmctien. TMs fentnre is pnrticnlnrry nsefnl when two or 

If no AKR is entered, then all atoms in the table are drawn. 
The monitor ontpst for the 701 throngh 705 instntctions consists of the following: 
1. *,r plotter coordinate.*: the coordinates, in incber,, for the projected atom center on the plot, 

measmed from the lower refohand comer of the limiting boidary. This is the fined plotter coordinate 
system with origin point set by the plotter operator. 

2. *.y,r working Cartesian coordinates: the coordinates, in inches, for the oriented and scaled 
atomic model before projection. The % -mi y axes parallel the plotter s and y axes, and the origin of 
the system is in the plane of the plotter at the point *#»y_ (see 3.3.7) in plotter coordinates. The point 
ORGil of the scaled model is at this point (see 3.3.6.1). 

3. %.y,z tricliaic coordinates, in fractions of the snit-cel! edges relative to the crystal snit-cell 
origin. 

4. Principal axes of thermal motion, consisting of (a) principal vahres of root mt in innate dis
placement and (6) direction cosine for principal vector* relative to the working Cartesian system. 

5. The atom designator code and chemical symbol for the atom. 
rnstrnctions 711 thrc-̂ gfc 71$ are identical to 701 throsgh 705 except that the 7/0 neriem snppresses 

.-#// monitor oofpnf except fanff mraaagc*. 
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3.XI.I Atom Fkxtiui ImsttmtHMs 701, 702. 70S. 7Tt4. ami 711. 712. 7IX 7/4. -

C»i»»i»» 

Fwst C«*4 

1-3 I (if En—ssry lensciss, • * * * •» **l*ct>o» is desticdt odk niriseO) 
4 - 9 701, 702. 788. 7t4. 711. 712. 713. 714 

10-45 H M k 

46-54 Syafcol fceifM (n . ) 

55-63 Pta l te l offset (is.) 

64-72 fVistsdksUi offset (is.) 

W - * C ^ ( — . « * — f r f c r I i . i I n ~~~— mmmmmUt««g 
1-3 Bbsfc 

4 - 9 M « * 

1 0 - 1 * Am (is.) or U n k 
19-27 A t (is.) or Mask 

28-36 1 
37-45 J AMtorMaak 

XXS.2 A*mFhttmilms09c now 705 W 7 / 5 . -

C»l»»«« 
Fir«t CofO 

1-3 1 (if i i w i i i j M t n c n c w M D > sriectfes is sesiies; « (setwise 
4 - 9 785 or 715 

10-18 NPLARE 

0) 

= 1 . ssssslaijr cUtase asty 
0.sriacisslelliSBes*a»/ 
* 4. In—fcij * aiistiasl *Ui 

19-27 MOOT (back sis* efariwisslefliases) 
0, solid lis* lack 

~ 0 . hack sis* 
O . 4s*«ssaascksiB* 
* 4, Sssttoskscfcsis* 
» $ , I6«s»*sbscks is* 
- 6, 32 4 M S o* ksck sic* 

28-36 WUWE ffwwi poscif I mwn —« 
* 0, so futsssi rats or skaswg 
* 1 , fowls' arisciaal ants osly 
* If. femws asts • (JT - 1) l is* si 

37-45 If DASH (ossfces i m w principal ssts) 
* 0 , SO SIMMS SMS 
* N, SMfcH fevers* SIMS wits H 

46-54 Sjmkol keifkt (is.) 
55-63 Parallel offset (is.) 1 

i for tystsofs 
64-72 FerarssicslaT offset (is.) J 

k c * * 4 Cert sasw ss 701 
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U . O Bead floHiaf laswwckwas { M l Son**). — The head plotting instroctioas are |ioaiia iato two 
general types, explicit aad ienslirit. dtpmding oa boar the beads are specified. Explicit beads reeaiie a 
vector designator code (see 3.1.2) for each bead, iapticit headr —he ase of vector seaach cedes (see 
1.15) to fiad pairs of atoarc fees the ATOMS amy set ep by the 400 series iastiactieas. 

There are two types of inapt that caa he d a w , stick beads aad liae beads. The liar bead is a 
v a M o r B?*waaaanw/ Ewaof aaawaawal aawahwaBwaaal awataktfnsl seal aaMaaâ baTwaaw*? aaanlal^BananSaaaWar nlaWnxftas^gfaasBaaK anT 14X •7*aaoaaxAaxiaa1^hiadl anew- aiAaxe^ooaaBj 

ctnnmd symbols (e-g.. • . x. * . etc.) oa the two atoai *ites aad dtawiag a single straight liar bet t e a 
them. Lane beads as* always specified implicitly (003. M 3 iastasctioas). 

The ana* ehrtoratt head is the stick hood, which coabJ also be called a comical head hecaose of its 
acceataated perspective taper. 1 1 Each cad of the bearf intersects eidrer (1) an ellipsoid or (2) aa eavelup-
iag coae (tangent coae) which has its apex at the viewpoint aad is tangent to an ellipsoid, la gen* ml. 
the ellipsoid intersection is net owatic ally ased if the axis of the bead iatersects aW ellipsoid at a poiat 
which is visMe to the vienpoint; otherwise, the tangent coae iatersectioa is nsed. so that the head ap
pears so terminate at the hanadary of the ellipsoid. However, the aser caa specify that the ellipsoid ia~ 
rersectioa always be esed ia otdrr to mm he the sheletoa type model (e.e>. 38 of Fig, 3.1) appe" evea 
•ore traaspareat. The radios of the stick bead aad the aoojber of liaes which ate nsej to draw the bead 
are specified by iapal •eiimitirs. 

BowMistaace labels caa he daawa aotoaratically with stick beads, bat aet with liae beads. The 
bead dine ace label aoabets are ia Aagstrem oaits to oar, two. or three places past the drciwal poiat. 
The bead labels oa the iltastratiea will have their base lines parallel to the stick beads aad will be 
right side ap for the viewer. The height of the label ia iaefces aad dre perpendicular offset distance 
for the center of the label relative to the center of the bead are parameters to be specified by the aser. 
With the present primer constant for FORE, if the sine of the angle between the bead aad the nana view
ing vector is greater than OS. the lettering is done in perspvcit." along the bond. When the sine of the 
angle is less than 0.5. the perspective lettering weald be excessively foreshortened, the lettering is 
then mode parallel to the pieee of the drawing with its base line parallel to the projected bond. Dif
ferent lettering heights aad different perpendicular offset distances caa be assit-«*ed to the perspective 
and nenperspective bend distance labels. 

All bond poranjetets are input with Foraol No. 2 trailer cards (see 3.3.1). The bond parameters are 
as follows: 

1. Bond type (for stick bond) is designated by an integer NBOND, where - 5 ' NBOND "' S. The 
negative integers denote diet both ends of the bonds terminate at the ellipsoids. The positive integers 
denote bonds ending either at the ellipsoid or the tangent cone, as described previoosly in this section. 
An entry of fero draws no bond. A magnitude of I for NBOND prodaces two lines, one for each bond 
edge, ISO1'apart in the plane normal to the bond axis. Lines are drawn 90*. 45", 22.5", or 11.25" apart 
for NBOND magnitudes of 2, 3, 4, or 5, respectively. The back side of the bond is not drawn. Repre
sentative samples are shown in Fig 6.1. 

' 'The arceMveM* lean ma? to increasee or eecrvaseo by cluneals ta* »• ! • * assta*** I * TAPER m SIW* 
ROUTINE PRME (see TAPE* in seel. 4.5). 
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2. The bead mdius (mean value for stick boads) is ia Angstrom eaits. Valaes betweea 0.01 aad 

0.06 A usually give good results. Any positive valae may be ased as loaf, as it is smaller thaa the 

scaled ellipsoid miaiauaa semidimension, The boad mdius is aot changed by the ellipsoid scale facto* 

•alio SCAL2. The boad radias shoald aot be made " vaaishingly small" (e.g.. r < 0.005 A) i f the overlap 

feature is used becaase nummcal rounding may cause incorrect hidden-'-JW elimination. 

3. The height of perspective labels for boad distaaces is entered as zero i f n« boad distances are 

to be labeled. Positive valaes deaote the lettering height ia inches beiore projection. 

4. The perpendicular offset for bond distance perspective labels (in iuctes) pertains to offset of the 

center of the distance label relative to the center of the boad. 

5- The height of regabr labels for bond distances is entered as zero if ao boad distances correspond

ing to fofeshorteaed beads are to be draws. Positive valaes give the lettering height ia inches before 

p-)jectioa. 

6- The perpeadicalar offset for bond-distance regular labels has the suae definition as parameter 4 

above. 

7. The significant d i ^ u Uv£cx«<«r is - 1 , 0 , or 1 . denoting boad distance labels with oae, two, or 

three digits, respectively, i fter me decimal pwc* . 

The ase of rector search-code (VSC) cards for the boad plottiag instractioas 002 aad 803 has been ex-

leaded to iaclade a provision for drawiag coordanatioa polybedra while sappressiag the anwanted bonds, 

hi addition lo describing the boad with ANR(A), ANR(B), aad the D mia to D max range, a condition can be 

haposed to require that both atoms most be within a specified "polyhedral distance range*' of an atom in 

the ATOMS table which has an atom namber satisfying a third atom number run, ANP(P). This option is 

brought into play by a eegative number in colames 43 to 48 of the VSC card aad is applicable to instruc

tions 002, 003. O i l aad 113. 

Instructions SOI, 802, aad 003 differ from 811 , 812, and 813 only in the monitor oefput listing. The 

second group has no output except error messages. The first group lists: (1) plotter ccordtMtes in 

inches, (2) scaled Cartesian coordinates (in inches) of atom before projection, aad (3) triclinic crystal 

coordinates for the atoms of each boad. The interatomic bond distance in angstroms is also listed. 

If aa atom of a bonded pair is out of bounds, a fault message (NG « 10) is printed on the monitor output. 

If the bond is hidden and cannot be drawn, fault message NG --- 14 is printed. Fault NG = 13 signifies 

that an imaginary intersection was found with a bond radius larger than the ellipsoid semidimension. 

3.39 I Instntctions 801 and811. Explicit Stick Bond*. - The bonds are described with two atom 

designator codes for each bond. The atom designator codes go on the 801 card and on Format No. 1 

trailer cards (see Table 2.1 for format). The two atom designator codes for a bond must be in adjacent 

fields, but blank fields can be inserted between the different bonds. Since there are seven fields available 

per card, it is a good idea to use only two, four, or six of them so that the card sequence within the instruc

tion (other than first and last cards) will be unimportant. In addition, a Format No. 2 trailer card is re

quired with the fields specified under column 801 in Table 3.1 properly filled in. 

3.3.9.2 Inntrvctionr. 802 and 812. Implicit Stick Bond*. - All parameters are input with Format No. 2 

trailer cards (see Table 3 . ! ) . The oniy entry on the instruction card is the instruction number and look 

ahead (2). 
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J.J.9.J Instmctkms *>J and81 J, implicit Line Bends. - All parameters are input with Format No. 2 
trailer cards (see Table 3.1). The centered symbol placed on a given atom will be the centered symbol 
whose calling, nnmber corresponds to the atom number modnk> 10 (see Fig- 4-2). 

The centered symbols drawn on the atomic sites by the 803 813 instructions may be made larger or 
smaller by redefining the SCAL2 factor, which is controlled by the 600 series cf instructions (3.3.7). 

3.3.9.4 Instructions 821 and 822. Overlap Elimination. See Section 3.3.14. 

3 J . 10 Label Plowing Instnscttsms ffOt Series). - The 900 series allows the nser to plot general 
titles np to 72 characters in length, chemical symbols ur to 6 characters long, bond length labels, and 
centered symbols. The bond length labels can have two decimal places before the decimal point and 
one, two, or three places after the decimal point. The 700 and 800 series instructions can plot chemical 
symbols and bond length labels, bot it is often desirable to position certain labels individually with the 
900 series. 

General titles and bond length labels can be drawn either in perspective or parallel to the plane of 
the drawing. Chemical symbols and centered symbols are always drawn parallel to the plotter plane, 
•attractions 913 throngs 916 are far perspective lettering, and instrwetions 901 through 909 produce 
regular lettering. 

Two vectors, the upright vector and the base-line vector, are needed to describe a lettering plane. 
In OR TCP the upright lettering vector is always parallel to the plane of the drawing. For perspective 
lettering the base-line vector is a general vector in three dimensions. In the nonperspective case the 
base-line vector is rither along me projection of a general vector or along the vector (in the plane of 
the plotter) which is oriented with a 302 title rotation instruction (theta base line). If theta (set by 302) 
is zero, then the theta base-line vector is along the plotter positive x axis. 

The exact center of the label is always referred to when specifying the position of the label. The 
program goes mrougb the following steps to position the center point of the label onto the dtawing. (1) 
A point PI is found which is either the position of atom A or the mean of two atom positions (atom A 
and atom B). The atom A position is used if no atom designator exists in the atom B field of the in
struction card. (2) A point P2 is found by (a) translating from PI along the base-line vector for the 
distance specified by parallel other, then (6) translating along the upright vector by the nvrptnrticnlar 
offset distance. (3) A point P3 is found by projecting P2 onto the plane of the plotter, (i) If the x 
edge reset is >0, then x is reset to this value. If x edge reset is -. 0, x is reset to the positive * plot 
boundary minus \x edge rest-r',. No resetting is done if x edge reset is zero. The y parameter is handled 
in the same manner with y edge reset. 
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The format for the entire 900 series is as follows: 

C t l l l M I 

1-3 Blaak or 3 Cor I i f secood t aid is needed) 

4 - 9 Instruction number 

10-18 Ifesigaator for alum A 

19-27 Ifesigaator for atom B (or blank) 

28 -36 i edge reset (in.) 

37-45 r edge-reset (in.) 

46 -54 Lettering height (in.) 

55-63 Parallel offset ( in.) 

6 4 - 7 2 Perpendicular offset ( in.) 

S t f « r f Cure (if weeded) 

1 -3 Blank 

4 - 9 Blank 

10-18 Centered symbol number (0 -14 ) 

3.3.10.1 Instruiinn W/. - A nouperspective chemical symbol with thefa base line is drawn using the 
chemical symbol for atom A. 

J..i.I<>.2 Instmctiun 9)>2. - A nonperspective title with theta base line is drawn. The title must be 
entered with the instructions on a Format No. 3 trailer card. The title should be centered about columns 
36-37 of that card. 

3.3.10.3 fnsRwtdon.i 903 and9iJ. - A general vector title is drawn with uonperspective lettering 
for 903 and perspective lettering, for 913. The general vector is from atom A to atom B- The title is 
entered as described for 902 (see 3.3.10.2 above). 

3.3.10.4. lustrmctkms 904, 905. 906, 914, 915, and 9/6. - These are instructions for general-vector 
bond-length labels. The first three are for nonperspective lettering with one, two, and three places after 
the decimal point; and the last three are for the corresponding bond length labels with perspective let
tering. The general vector is from atom A to atom B. Note that the sense of the vector is important in 
order to have the label right side up. 

3J. 10.5 ln*nuctkms 909 and 909. - These instructions are for centered symbols. With 90S the pen 
is up while moving to the position where the ccnrertd symbol is to be drawn, bat with 909 the pen is leh 
damn. The centered symbol is one of the 15 listed for the CalComp SWB0L routine (the misspelling of 
"symbol" is intentional). The symbol number mwst be in the range 0-14. 

3.3.11 Saved SvaMnn Instructions (1 lwt Series). - It is often desirable to repeat a sequence of in
structions one or more times with other instructions inserted bttneen the repetitions. The 1100 series 
allows the user to do Ibis without ike necessity of patting in duplicate sequences of instruction cards. 
It is not an elaborate looping device, but it doe* give additional flexibility to the system. 

The three instructions in this series are to Mart the saved sequence (instruction 1101), terminate the 
saved sequence (insusction 1102), and execute ike saved sequence (instruction 1103). All instruct ion 
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cards and tiaeir trailer cards bctaeeu the 1101 aad 1102 instructions are executed aad saved on a mag

netic scratch tape. A 1103 instruction rewinds this scratch tape and repeats a l l the instructions stored 

there before another instruction is read from the Monitor iapnt. There are no parameters to be entered 

with the 1100 series instructions. 

3.3.12 Job Tenninnwnn In * tin ct inn > (Negative Serins). - A ( - 1 ) instruct ion teraiiaates the job and 

exits via SUBROUTINE E X I T . 

A ( - 2) instruction reinitializes the whole prog/am and starts over with another structure from the tit le 

card on. As many structures as desired may be run in sequence in this manner before exitMg wrth a (— 1) 

instruction. Note that the 201 instructions should occur only once and should not be lepeated for succeed* 

ing jobs. 

3.3.13 fcaplnmentory Instructions ( 1 9 0 Series). - These instructions utilise Subroutine SPARE. 

3.3.13.1 Punching' Cards with OK FLS Format. - An instruction 1201. which is implemented 

hi inbmmtinr SPARE, p — r i m new position cards and temperature-factor cards with the fauna* used by 

the OR r L S least-ruuares program. The hutructiou is useial for 1 matin nning a stnjctace to a different 

asymmetric unit and for saving, hey atoms from a complex ATOMS array. Fust an ATOMS array is gen-

eraCed by the 400 series of nwtructions; then positional parameter cards, taken from the input atoms 

list, ate read to define which atoms are nanud and to supply infoun**ion about the scattering factor 

identifier and the multiplier. The parameter cards for a l l atoms in the ATOMS list which are crystat-

lugrnphically eouivaieut to the ones read are puni.hi.il out. The semi en oe of the parameter cards read 

by this instruction need not coneipond witfi the sequence of the original input atoms. 

1 -3 Bank 

4 - 9 1201 

10—IS n (the number of positional parameter cards to be read: n position parameter cards from the 

original input atom deck must follow this instruction card.) 

3.3.14 Overlap Correction Inspections ($11 ,121 , S22). - The hidden line correction feature of 

OP TEP-l l eliminates most of the manual touch-up tasks previously featured to correct for overlapping 

atoms and bonds. Drawings made with the overlap feature activated may require- up to (wo or three times 

the computing time needed for noncorrected drawings, consenxently. it is often more economical in 

computer time to make the preliminary drawings without overlap correction, particularly i f a large number 

of atoms are present in the drawing. 

To utilize the overlap feature an additional instruction. 511. is reunited, which is usually accompanied 

by type 2 trailer cards identical to those used by the 802 or 812 instructions. The 511 instruction 

stones the projected atom boundary ellipses for all atoms in the ATOMS list. It is important that the 

contents of the ATOMS list, the scaling and positioning, and the viewing parameters (controlled bv the 

400. 600. and 300 series of instructions respectively) not be changed between the 511 instruction and 

the drawing of the atoms and bonds bv the 700 and 800 series of instruction, otherwise, the projected 

outlines may be destroyed or may be inappropriate. 

http://puni.hi.il
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The protected hood outlines, approximated as quadrangles, also sax, be stored tor the overlap cor

rection either bv adding fonaat No. 2 trailer cards to the >II instruction or by using one o-r -sore 822 

instructions <including those format No. 2 t rat let cards; aft^r the >11 in»:roctKC. The bonds to be 

stored are specified implicitly bv the formal No. 2 trailer cards. Explicit bonds «iso »•» br s*«t»d bv 

using an 821 instruction (after the Ml instruction) with parameters identical to the 801 S l l instructions 

to be used for plotting the explicit hoods. 

The protected outline informatioe for atoass and bunds ev*t be recalculated for each aeabet of a 

stereo pair, consewucntlv the ^11 aed 821 or 822 instructions are usually the first instructions within 

the saved sequence. The old sveiiap information is reaoved whenever a new 50*> or 600 sent 5 instruc

tion i s executed. 

The siasuauK number of protectee* atotss and protected hoods which can be stored i s 500 and 5°** 

respectivelv- A list of the projected atoms and hoods is given in the printout. 

An important feature of the Off TEP-II scheme for correcting overlap is that all details rnsrdi- atoms 

and bonds, including chemical svsbols and bond-distance labels, will be corrected for overlap, however, 

note that chemical symbols (drawn bv the 700 series instructions and bond-distance labels !drawn bv 

the 8n0 series instructions r which are •jur^rdt- the atoms or bond bouadatv a m nor be corrr-.n-J for 

overlap. The reason for this is that the "area overlap search step" does net save- protected atoms or 

bonds which do not contact the projected atom or bond to be drawn. Labels jr symbols drawn with the 

990 series instructions will not be corrected for overlap. 

'.1.14.1 Ittstwmrtioa 511- Pr»»/»>fraOur/mt- Sroradr. — A constant mdtt overlap margin ( i . e . « 

blank strip at the intersection of overlapping elements) is included in the dimensions of each projected 

atom ellipse and protected bond quadrangle. The width of this oarpa may be specified as a parameter 

with the Ml instruction if desired; otherwise, the margin i s set bv default to either 0.02S inch or 

(SCALI >: - 0.030 inch, whichever is largest. Some users prefer an overlap margin of 0.0 for 

stenroscopic drawings. 

C d m i 

1-3 2 1 if bonds are to be stored, otherwise 0> 

4-«» >11 

I Blank or 0 - overlap margin default option described above 

10-18 I 1 (or - 1 ) - overlap margin 0.0 

^ 0 OVXRGX 1 0 - o v e r l a p margai OVMPG* l i s inches) 

If rnlmun 3 i s 2. farm at no. 2 trailer cards are included. In general all the trailer cards included with 

the 102 812 instructions are used. 

3.3.14.2 Instntcikm S2I. Enplirit BtmdOmtlmr Storage. - If explicit bonds are to be stotmd (or the 

overlap calculation, the attached atoms must be in the ATOMS list even though this i s not a reaniremeut 

for the 801 811 instructions nsed for plotting the explicit bonds. See 3.3.9.1 (mutajefjans 801 and 811) 

and Table 3.1 for description of parameters. 
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*.J.t-l.ji laattwctiom §22. iaarfictr S U M Omitmr Storage. - Xoaxaih tbr tak>nc*tum on inpUt it 

i ostlaM* I S M O M sti l l iSe 511 c^rf however, if aorc than 10 Format N O 2 trailer cards M T 

the extra oars cax be u t t w j with dus nstractioa. Ail »••>-*—«» are catered with the Format 

Xo. 2 toi ler carts (see Table 3.1>. The oalv caliv oa the lastractma card is the 2 is cotama J ^ ^ i +22 

» rwlaaai 7 - 9 . 

J . 4 LfetafrmeJvl 

Ceitaia errors are cbrchrd foe M OR T E P . «ad wbea oae of these ocean , as error nrssarr . " F A U L T 

XC mj j»|>C «•* is wnttea oa the moartor oetpat b a r . The waaibn X U t> repiaiard brlov. The ADC aad 

• id«utif» tbr atom code aad ihe urttrartioa iavotted «if t r r s r a i r aHrvaat). I I possib!r. romvtc.Y «eas-

ares M T audr by OR T E P aad the calcalatioa proceeds. othrrvrisr. the job is tenemated bv ralliar. SUB

ROUTINE EXIT. 

H C h»w«tv«4 Fowl? Act ive 

1 PRELOI Xo seetiael foead after readme Tries to read [ M U I W I cards 
4S symmetry C M C S 

2 PRELIM X© seaiiacl foaad after readiae. Tries to srad :=.'Taction cards 
thr parararler CMds for 100 

PRELOI Anisotropic trmprratsir factor EXIT after prating oat a l l «*s 
coefficients form a matrix pnacipal valers Umapaarv 
which is not positive drfiaite oars ate listed negative) 

ATOM.PAXES Symmetry operation a — b t i is Oaut atom 
hifher tbaa the mambrr of l a -

ATOH.PAXES Atoai aamber is hither thaa t i e Oasit atom 
eemberof iapat atoas 

EJGEX Kail temaetatate factor matrix EX IT , after print me. oat a l l 
or failare ia bisection roatme pnacipal valars 

E K E N Eiaeavector roatiar failarr dar EX IT , after pnatine, oat a l l 
to aal l vector prrariaal valors 

MADC.SPARE Uaideatified iastnjctio* Omit faalty mstrarti^a 

10 B0ND.F7Q0 Atom oat of boaads Omit atom 

11 F H 0 No vector search codes Oatit iasiraction 

12 FtOO SEARCH lasaffceirat eember of atoms 
n ATONS list 

EXIT 

13 BOND latamwary boad Mtersectioa 
fi.e.. bond larger than 
atom) 

Oattboad 

14 BOND 

latamwary boad Mtersectioa 
fi.e.. bond larger than 
atom) 

Oaiitboad 

IS F*J0 Nail vector as base liar Omit labei 

16 STORE ATOMS list is fall Oam all secceei 
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4. COMPUTATIONAL PtOCCOUftES (HOW THE MtOGftAM WOttKS) 

'Vrtj in .»t ?h- nuat-cu <•! prucedures " used ir (JR TK P are ot a nature so:ne«.-hat unfamiliar so aanv 

i r.-vt^H. Kr^pJ»Ts. These a s p e c t s a*»- outlined tot the benefit ut the reader who may wish to -*me a 

s ta iUx progras or skxiih; the pie-sent o n e . 

These jre the techesaiies used id producing the graphical de ta i l s ot the i l lustrat ions. 

4 .1.1 Pinwinn, El l ipsoid*. — Figure 3.1 desons tra te s the various e l l ipso id ^ a p h i c a ! representations 

rtut u c t r drawn with OR T K P . The major components in the representations are the three principal 

-ilip-.t-s jad the boundarv ioutline) e l l i p s e . The principal e l l i p s e s have a from half and a back (htddeV) 

holt. The entire boundary e l l i p s e i s v i s i b l e . 

\r. --i ' lpse is .ipprwiiaated by connecting a s e r i e s ol points on the e l l i p s e with straight l ine s e g -

=irs:s. r\>Ki?s o« *n e l l i p s e having a general orientation in three dimensions are computed, then each ot 

rhese r»»:n!-; : s proiected onto the drawing board for plotting. 

The basic .algorithm f-je finding the points - l o n g a given general e l l i p s e u t i l i zes the properties of 

ruatug^te diameters. Assume that we have the three principal a x i s vectors VI . V2. V3 of the general 

e l l ipsoid -*z.d * vt-itor V4 Iron the center of the e l l i p s o i i to the viewpoint . The vector VS normal to the 

jfc'Ur plane i s e e F ig . 4 . ! ». whose pole i s the viewpoint, can be obtained from 

V 5 - A V 4 . (4 .1 .1 .1: 

where A is the aatux tor the e l l ipso id wfaKh i s defined bv 

I r A X d. ( 4 .1 .1 .2 ; 

where d i s a constant . 

The boundary e l l ip se i s defined bv two conjugate vectors , one ot which i s any vector V» perpendicular 

to VS and the second i s V7 . nhe.it 

V7 V 5 . A V 4 . (4 .1 .1 J , 

Tnr assumption made for t h i s boundary e l l ipse derivation a that * e v iew d i s t a n c e i s large compared *o 

the e l l ipsoid s u e . Therefore. AW boundary e l l i p s e defined a b o v e a lways l i e s on the diametral polar plane 

( see F ig . 4.1)i 

F<n a tnratwear of fhr prwrrfive and analytical urowwtrv involved, thr tollcmmr torn book* are rec omnerMied-
Thr ?mi one » OMTKslarlr useful. 

J. tfoaduHt- Minn. Tarorr for Phrarcisra. cfcap. i, pp. (I -106. I^nnfujim. •Wrrn and Co.. London. I***. 

C. E. S^ingii. Geoa»r»v and Ana'T»i» «rf Proje^ f»w Sparc*. Freeman and Co.. San Francisco. 1**4. 

J. A. T«aM. *roferrivr tmd Anmtvtical C m * r l n Pitman Pub. Corp.. New York. 1916. 

G. A. Knrn and J\ M. Knm. ¥»inr„iarr«af Handbook lor S.in»rr*f» and F.ntmtrr*. McGraw-Hill Book Comnanv 
New York. I«M. 

http://nhe.it
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ORNL-OWG 6 5 - 2 6 7 1 

Fie. 4.1. P*l«r Planes F»nm< hj T — f m Cylinder mud Tangent Can*. 

A principal ellipse which lies in the plane of the principal axis vectors V) and V2 will have the third 
principal axis vector V3 normal to the plane of the ellipse. The intersection of this principal ellipse with 
the boundary ellipse is along the vector V I where 

V | = V 5 x V 3 . (4.1.1.4) 

This vector divides the front and back (hidden) sides of the principal ellipse. A vector conjugate to V8 
and in the principal plane containing VI and V2 is V9, where 

V9 V 3 . A V S . (4.1.1.5) 

After the conjugate vectors have been found, their lengths are adjusted to make them satisfy (4.1.1.7) 

by letting X s I where I is a unit vector. Solving for a, we obtain 

« = !<//(! T A I ) ] 1 / J . (4,1.1-6) 
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A coajanate vector pair is expaa&d ialo aa ellipse by sahraatiae RADIAL- Siace aa ellipse is 
syaMKtric. the aa» coajanaw vectors and thaw negatives ejve as fear vectors whose end poiats lie 

oa the ellipae. By prrfomiag a vector saw of two adjacent vectors aad dividing, the resakaat vector 
foipaarats by ^2 . we caa obtaia aa additional vectoc. After doing this for ail adjacent pairs, we 
have a total of eight vectors. This process caa be repeated as awry tiaats as desired escept that i 
scaling, coastaat will be different for each cycle. The coastaat is described by 

COUT (i) > 12(1 * cos {^-2*)ir * 2 cos (~ 2'* ') 

where i is the cycle 

This total process any be thnaght of as taking, a plaaar radial set of eesally spaced aait vectors aod 

perforaasg. * deforawtioa and scaling, oa the space ia which it is described, la geoawtry this deforaotioa 

is called aa affiae i iontfcwtion. 

Cowplete details on drawing, ellipsoids caa be obtained from the FORTRAN coding of: 

F700 aad RADIAL. 

4.1.2 fraii lap Bands. - The aanjor probteai w drawing hoods is to obtaia the intersection wheae the 
boad penetrates tLe ellipsoid. Three ojaadrics are ased ia sahaaatiae BOND to celcalate boad iatersectioa. 
These three are the ellipsoid, the taageat cyliader, aad the tangent cose. 

The ellipsoid is described ia Matrix notation as 

X r A X - < / . (4.1.2.1) 

where d is a coastaat aad X is any vector from the center to the sorface of the ellipsoid. The aMtrix A is 

3 by 3 symmetrical with components a f ( i . / » 1 , 2, 3). 

The elliptic cyliader tangent to the ellipsoid and with its axis along z is described b/ 

X r i X d. (4.1.2.2) 

a - • . » • « a a 0 
1 1 a JJ 

1 1 a • J J 

" a 
* J J 

0 
" a JJ 

1 1 a • J J 

" a 
* J J 

(4.1.2.*) 

and o* is the constant ased ia (4.1.2.1). The laageni cyliader is ased whea it is necessary to terminate 

tin? boad at the boaadary of the ellipsoid when a parallel projection ia eseo*. 

To fiad the intersection of a cylindrical bond alone V * w » * tntiia* r with eioWr the ellipsoid or rbe 

tangent cylinder, we proceed as follows: 

1. For* a radial set of vectors Vr of length r normal to Vh. 
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2. T a h a a a a t t w d H l p a n l l B l l a n a H l n 

K. . Vr • « I . (4.1.Z4) 

• 1 r A l » 2s V v r A l * V r r AVv - •*» • ; (4.1.2-S) 

far a a * pat ^ 
-Yr'Al.y(V.'AlV-(l'AI)(>« rAVr-W) „ . , „ 

l rAI 

MB * e steam A eai best ate n c t a Vb whk* esteads b w * e caster of e*e 
This iaserfanaaiia the 

L T h e e n i i M i d i s t i i M f i i s i i w m a r 

2. 
T r CT - 0 . (4.1.2.7) 

Y is a vector origjaatan frost the vertex (vieweoiat) of the i 

a _ " i J*Jf . _ * I J * J I 

« - • „ it-a 

" JT-a " I t - a * - * 

»„ • * " * " a „ > * " * " - 2 ^ * i _ 1 . K « v ( v . r V B ) (4.1.2.1) 

J J 

3. The free* of refereace is rotated hack to its orifjaal orieatatioa with a rotation stes.a which is the 

iaverse of the oae seed m step 1. Mote that the origie is sow oo the viewpoiat rather thsa the 

ellipsoid cester. 

To fiad the lesfcth, * , of a vector« I exieadiec frost say poiat p iaside thecoae to die sarfacr of the 

coae we let 

Y , V » . . I (4.1.2.9) 

and obtain fro* (4.1.2.7) 

( V p , « l ) r C ( V p » . l ) , 0 ; 
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-»» r ci, yo» r cy -orci)orarcy>) t ̂  
l r CI 

4J OtTfW 

BVTiMFarntAiiiwCOc-iiMAFOirnuuiu. TW| 
S*r*i 

m snwtMv a t M M M - M a m y | 
C M I T I 

4J.1 
I the i 

4.2.1.1 M M C - T b t o i 
tic tap* logical aaahai aasiajawrats. 

4.2.1.2 P l i l W . - All calcalMiaaB caacataai wMh amceasiag (*.*>. 
l*loria*,wW toast ciyilaHayaalilc pata—tm aatanfanaai by PRELM. 
4.2.1.1 M W . - MAW toth*caatjalltof,iawlia« which SICOBM the OB TEP tosttacttos*. k cilan 

•foVwl fP«B*> »*f^aBMa^haaal aw B̂BaVSPtlwT aaT ^ a J I f t 0^LB> •̂ OMBB^BaVaaaaaa^ faMaaaaaMKiBBB* taaalaa^bk Cmmm. aVBaw^^Bafat flaaa* a M t a a l l b t t 

4.2.1.4 *2M. - This to * e slotter "aaramaM Malto*" which is caaualiH throagb the 200 aeries 
k satisfies la* wbiwe mm faactes of aajr earticalaf plottiag mtmm coatarf each***. 

4.2.1.5 *4f0. - This is la* lahissttoi that asecates «h* 401 aaa* 411 iasfiactioas. 
4.2.14 • * • » . - Tate to the sahraatias that esecetes all 500 series tostajcttoe*. 
4.2.1.7 " • •» . - This to the ibwatiai that esecates all 600 sarin tostracttoss. 
4.2.1.0 *7M. - This to the eHtoaoMJ aiatttog loattot, which emeatas all 700 series tostractioas. 
4.2.1.f F i n . - This to da? •ehiotiat that e—catss all 000 asms tostiacttoas. Beads to be anew 

aw faaai by FOOD, lhaa eraw* by whwattot BOND. 
4.2.1.10 •t00. - This is tha Babmattae that esecetes all 006 saris* iasttacttoas. 
4.2.1.11 '1009. - This is a aeaay eabroatiae which to calleri by ih* amaatly aeaniistaat 1000 

ssrtos iastructioaa. This aariaa caa a* coaai by th* ascr for aay special parpos* which mm develop. 
4.2.1.12 SfAlIf (NJ). - Farthsr •speasios of th* tostmctiaa list aay b* 4mm wwvseh tbto 

», which is calkwJ by aay MJ > 12. U) - tostncltoa/100. 
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4.2-2 Siniidiani lalaxeginms. - 4.2.2.1 ATOM(AOC.X). D IMENSION X(3>. - This will find the 
triclwnc cowdMUtes X for dW atom dt-ierihed by the a n a designator code ADC. 

4.2.2.2 M M * lADCI. AmC2. MR). - BOND is the hand plotting routine to draw a bond, described 

by Formal No. 2 trailer card umber NB. between atoms ADC1 and ADC2. 

4.2-2.3 »RAW (V.OX.BY.NFEN). DIMENSION «(3). - DRAW mHrronmrtU OR TEP and the plot 

package, k also pieiemU RM> pen from cmumx the bonadaries. If « * indicator ITILT in rnmmna is 

aero, abe array •* comma s x and r in plotter coordinates. Wbihr perspective letter me. is being plotted. 

m . T « 0. and »* contains s. y. z in Cartesian coordinate i . which will be rotated and projected by 

DRAV to form plotter x.r coordinates. OX ami DY are added to the plotter x and r. respectively, 

before the plot packafe is called. NPEN 2 for pen down and 3 for pen ap-

4.2.2.4 ER»NT (AOC.MST). - This is the printont rontinecalled when a Fanlt is found. The argu

ments identify the atom designator code and the instruction involved in the Fanlt. The faalt indicator. 

4.2.2.5 'AXES CA0C.IT YPt)- - The covariance (dispersion) matrix for the thereat ellipsoid or its 

in muse matrix, which is the matrix of coefficients in the quadratic form describing the ellipsoid, is stored 

in common at O for ute atom ADC. 

ITYPE - © for covanance matrix 
1TYPE • 0 for ellipsoid ojaadratic form matrix 

ITYPE - 1 based on tnclinic system 

ITYPE- - 2 based on work me Cartesian system 
TTYPE; •* 3 based on reference Cartesian system 

4.2-24 P L T X Y IX.Y), DIMENSION X O > . Y ( 2 ) . - This calcalates the plotter coordinates Y from the 
unseated Cartesian coordinates X. The distance to the closest boandary of die plot is placed in common 
at location EDGE. 

4.2.2.7 M O J (P.Of.X.XO.VIEW.M.I2.I3). DIMENSION 0(3.129).OI>(2,129),X(3).XO<3K - This routine 
is ssed to obtain am array. DP, of plotter coordinates from a scaled array. D, of points described in 
Cartesian coordinates. X, XO, and VIEW are parameters involved in the projection, and U, 12,13 are DO 
loop par awe ten for indexing through the array. 

4.2.2.x R A D I A M N D ) . - Given two conjugate radius vectors of an ellipse in the array DA in common, 
RADIAL generates a "radial" array (D in common) of points lying, on the ellipse. From 8 to 128 points 
are generated depending on the value of ND (1 < MD < S). 

4.2.2.9 SEARCH. - Instructions 101, 102, 402. and 403 utilize this routine to conduct an exhaustive 
(but educated) search to find all points within a sphere or rectangular box. Interatomic distances and 
angles are also calculated for the 100 series. 

4.2.2.10 STORE. - This routine stores atoms in (or removes atoms from) the ATOMS array. 
Coordinates in whichever system is in use and the atom designator code are communicated to STORE 
via array VI of common. 

4.2.2.11 XYZ(ADC,X,iTVr>|), DIMENSION x(3). - Coordinates for atom ADC are returned in X. 
ITYPfc = 0: triclinic coordinates 
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ITYPE » 1 or 2: working Cartesian system cooidinann 
ITYPE > 3: leUience Cartesian system coordinates 

4.2.2.12 LAP5M. - This tontine sorts the ATOMS list, then calcnlntes the projected onttine 
ellipses for ail atoms in the ATOMS list. The ellipses ate stored in the CONK army along with the 
minima and niirimi in » and v for a rectangle enclosing each ellipse. 

4.2.2.13 LAF7M. - This mntine finds the anxes which overlap a given atom to be drawn. The 
•online first checks the bounding rectangles for intersections, then forms the cnbic discriminant from the 
quadratic descriptions of the two projection ellipses. The discriminant provides a specification for com
plete overlap, partial overlap or no overlap. A list of ap to 20 interfering ellipses is compiled. 

4.2.2.14 L A M M . - This tontine is ased in the "Projected Ontline Storage Step" to store the 
projected quadrangles for the bonds specified by the trailer cards of the 511, S21, and S22 instructions. 
The tontine also is nsed in the "Area-Overlap Search Step" to find the projected bond quadrangles 
which overlap a given bond to be drawn. A list containing np to thirty interfering quadrangles is compiled. 

4.2.2.15 LAPAB. - This roatine finds the bonds that overlap an atom to be drawn and the atoms that 
overlap a bond to be drawn. It is nsed in the "Area-Overlap Search Step." 

4.2.2.15 LAPDRW. - This tontine checks each line segnent to be drawn for intersection with the 
interfering ellipses and quadrangles and compiles a list of intersections. The intersection list is sorted 
according to distance along the line segment, and the intersection pattern is analyzed to determine which 
snbsegments are visible and which ate hidden. The line subsegments are passed to the SCRIBE routine. 

4.2.2.17 SCRIBE. - This roatine filters oat the hidden line segments and passes the visible line 
segments to the DRAW tontine. 

4.2.3 Arithmetic Sahavonroms. - 4.2.3.1 Fmciit* ARCCOS (X). - This routine compote* 6, the 
arc cosine of X in degrees; 0 < 0 < 180°. 

4.2.3.2 AXEQB (A.X.B.N). DIMENSION A(3,3),X(3,3),B(3,3). - This routine solves the matrix 
equation A X = • for X. The matrices B and X are (3,N) and A is always (33)- To invert A, make 
B an identity matrix. 

4.2.3.3 AXES (X, T, A. ITYPE). OlMENSlON X(3),Y(3),A(3,3:. - This routine provides three 
orthogonal column vectors in A, each 1 A long, from the two vectors X and Y. 

ITYPE "> 0: Cartesian system 
ITYPE < <k triclinic system 
jITYHE! - I : A, •= X; A, , (X x Y); A, = X « (X * Y) 

IITYPEI - 2: A, - X; A, » (X x Y) x X; A , = X x V 

ITYPE -- 0: same as type 2 except X = a crystal axis, Y -= 6 crystal axis. 

4.2.3.4 DIFV (X.Y.Z), DlMFNSlON X(3),Y(3),Z(3). - This routine performs the vector subtraction 
X - Y - Z. Z may have the same location as X or Y. 

4.2.3.5 EICEN (A.X.B), DIMENSION A(3.3).X(3),B(3,3). - EIGEN determines the three eigenvalues 
X and the three column eigenvectors B of the matrix A. Indeterminate eigenvectors are replaced by zeros 
and the Fault indicator NG set to a negative value (eigenvectors are assigned for the indeterminate 
cases by PRELIM). 



i t 

4.2.3.* MM (A.o.C). DIMENSION A(3.3).*(3,3>.CP.3). - M l w i f a m the Matrix emlttpiicatma 
A I ^ C 1W location oi C Must be different fro* A and ft. 

4.2.3.7 MV I ..X.Y>. DIMENSION A(3.3).X{3).Y(3). - MV performs ate Matrix-vector Multiplication 
A I T . Tbe location of T Mast be different from A and X. 

4-2.3.* NOSH CX.Y.Z.ITYPC). DIMENSION X(3}.Y(3).Z(3). - NORM stores at Z a vector (not 
necessarily a unit vector) perpendicular to both X and Y. TW sense %Jt Z is that of the vector 
product X * Y . 

ITYPE > Oc Cartesian system 

tTYPE i 0: triclinic system 

4.2.3.* TMM (A.t.C). DIMENSION A(3.3).B(3.3).C(3,3K - TMM performs the matrix multiplication 
< A T m ) r « C The location of C mast be different from A and ft. 

4.2.3.1* UNIT fX.Y.ITVFE). OlMENSION X(3).Y(3). - T ie vector Yis Made 1 A lone —* porallef to 
X. The vectors X and Y may have? tbe same location. 

ITYPE •» Or Cartesian system 

ITYFE < 0: tnclinic system 

4.2.3.11 VM CX.A.Y). DIMENSION X(3).A(3.3).T{3). - VM perfofMS the vector-matrix Multiplication 
X r A = Y r . The location of Y Mast be different fnun X and A. 

4.2.3.12 FUNCTION VMV (X.A.Y). OlMENSION X(3).A(3.3),Y(3). - VMV pcribrMS the vector-satrix-
vector multiplication X T A Y * scalar. 

4.2.3.13 FUNCTION W tX.V). DIMENSION X(3).Y(3). - W performs the vector-vector multiplication 
X T Y = scalm. 

4.2.4 Plerriuu SobarafvOMS far mo CofComn Plotter. — The plot!inf. subroutines are taken from the 
Library routines currently in «se at Oak Ridge National Laboratory with th» CDC 1604A and the IBM 7090 
coMpntets. A CalComp Model 580 Magnetic Tape Plotting System is used. The three Major rontines 
required are derived from the CalComp subroutines PLOTS, SYMBOL, and NUMBER- The OR TEP 
Modifications »re called PLOTS, SMBOL, and NUMBUR. 

4.2.4.1 S«br«vtiii« PLOTS- - This is an unmodified CalConp Library routine with two entry points. 

a) ENTRY - PLOTS (A, LENGTH, LTNO) 
This is 'he initialization entry (or tbe plotter package and should be used only once in the prograM. 

This call must be Made prior to usage of any other subroutines in the package. 
A is an array which may be used by the plotting package for storing data to be written on the 

plot tape. 

LENGTH is the number of locations in A available to the plotter package. 

LTNO is an integer which tells the plotter package the logical tape number of the plotter tape. 
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la snhmtiae F20S we have 
DIMENSION PLAU900) 

and card H O M M contains 

"210 CALL PLOTS (PLA.1S00, LTNO)" 
for the CDC 1C04-A or 

"210 CALL PLOTS (PLA»S00),lS00rLTNO)" 

for Ote IBM 7090. The reverse stone* of coaunon in the IBM 7090 is the reason tor the difference. 
LTNO is HI » • • ! • and was set to 23 by snbtostiae PRIME. 

An OKTEP 201 instroction directs the execution of this initialization. 

• ) ENTRY - PLOT (X.Y .IPEN) 
This is the basic entry to convey data to the snbrostkte for platting. To facilitate the snbstitntion of 

ether platting resumes, OKTEP rontstnr only one instrwetroa (card DRAWO330 in ssbroatiae DRAW) which 
calls this esuy point. All the plotting information passes urtoseh DRAW before going to oW actnal plot ring 
reatinePLOT. 

X is nW ahmiJia expressed in inches. 

V is the ordinate expressed in inches. 

IPEN = 3, * e pen will be lifted prior to execution of the movement to the given (X.Y) position. 

IPEN •* 2, the pen will be lowered to the paper and a straight line will be drawn fro* the ca-rent 
(X.Y) to the given (X.Y) position. 

IPEN » - 3 , tmt Mbrontine will interpret tins as being the end of ike entreat plot; 2nd, following move
ment to the new (X.Y) position, it will set X -= 0.0, so that a new origin is established for the 
following plot (an ORTEP 202 instmction executes this termination procedore). 

This snbrontine keeps track of current X and Y positions, and whether or not the pea is in contact with 
the paper, k stores data u. the array A provided by the programmer and writes out a recoid on the specified 
tape each time the storage area is filled or an end-of-plot call is made. It also generates sequential plot 
addresses for each plot on the magnetic tape, so that physical plotting of the plots can be done in any order, 
regardless of the order in which they were placed on tape. 

4.2.4.2 WbMiM simsOL. - SMBOL differs from the standard routine SYMBOL in two respects: 
1. The input positional parameters specified in the input argument should be an array containing 

X. Y- and Z in adjacent memory locations. Three-dimensional parameters are required to produce 
perspective labels. TheZ parameter is not used by SIMBOL but is transferred to another array that is 
referenced when SIMBOL calls DRAW. 

2. The standard routine SYMBOL calls PLOT directly while SIMBOL calls DRAW which in turn 
calls PLOT- when perspective labels are used, DRAW will perform a three-dimensional rotation and a 
projection of the grid points on which the letters are fosmed, to obtain true perspective- The calling 
sequence for DRAW is described in 4.2.2-3. 
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There aie two axes of iobi»wjtine S1DOL- Tbe first ese is foe piodnc jag labels, asd the second 
is fee platting one of IS special centered sjwholi. 

1 . ENTRY - SDaBOL (X(l).X(2XH.BCD.THETAJf). DIMENSION X(3> (note N : 0) 
X(1).X(2) an* the X and Y coordinates of the tower left-hand edgr of the first character to be 

X(3) is ate Z coordinate, k is used only widi perspective labeling. 

H is the height in inches of tbe character to be drawn. The width of tbe character is enaal to 
*/T die height and d»e character spacing is *j the beiaht. 

BCD specifies tbe address of an array coetawMWg the BCD characters to be plotted. 

THETA is dw» angle ia degiees by which the base line of the characters is *» be rotated 
cownt«w.hii.hw i n from the positive X axis. 

N is an integer which specifies the namber of characters in die ana* BCD that me to be drawn. 

2. ENTRY - SBRSOL (X(1XX(2XH.NUM.THETA.L). DIMENSION X(3)(note L 0) 

X(1XX(2) are tbe X and Y coordinates of the center of dte sywbol. 

H is the height of the symbol to be plotted. 

NUM is aa integer sweh that 0 i NUN i 14 which detennines which sywbol is to be plotted. 

A list of the integers and die sywboU generated is shown m Fig- 4.2. 

THETA is die angle of rotation as described previoasly. 

L * - 1 : tbe centered sywbol will be plotted witboat a line being drawn from DW previoas (X.Y) 

position. 

L < — 1 : a straight line will be drawn from die previoas (JT,K) positron to die given (X,Y) position. 

4.2.4.3 SvfcrMtiw* NUMtUR. - This is a sabroatine to convert a machine format nwwbti to its BCD 

equivalent and plot it according to a specified format. 

NUMBUR is different from the usoal sabroatine NUMBER in tart it calls SDJBOL rather than SYMBOL. 

ENTRY - NUMBUR(X(1),X(2),H,A,THETA.N> 

X(l) fX(2),H and THETA are described in Sect. 1 of the SfMBOL roatine 

A is tbe address of the floating or fixed point number which is to be plotted. 

N is tbe number of digits to tbe right of the decimal point. A ( - l ) value will suppress tbe decimal 

point. 



71 

Cna-mL 0»t*v. m^JeMS 

o : 2C 40 — 60 + CENTERED 
SYMBOLS 

' 1 21 / 41 J 61 fl 0 in 
» 2 22 S 42 K 62 B 1 © 

' 3 23 T 43 L 63 C 2 A 

, 4 24 U 44 M 64 D 3 + 
* 5 25 V 45 N 65 E 4 X 

* 6 26 W 46 0 66 F 5 <!> 

' 7 27 X 47 P 67 G 6 • 
.o 8 30 T 50 Q 70 H 7 X 

" 9 31 Z 51 R 71 i 
X 

8 Z 

» 0 32 3 52 • / . 72 < 
9 Y 

13 = 33 9 53 $ 73 a 10 X 
14 ^ 34 ( 54 * 74 ) 

11 * 

15 < 35 —a 55 T 1 75 > 12 X 
16 1 

• 
n C 

36 

37 > 
III 56 

S7 > 

76 
77 

? 
a 
• 
• 

13 

14 

Fia , 4.3. O f ? a c w r a m.ailafcl- w» I—4-A >,a»aal n W i a e . 

4.3 Adentiae, OR T I f f Other tsmipmeal Caefipaiaiieai 

Card images2 for OR TEP will be provided to crysullocrapbers and others who leanest that the anagram 

be sent to them. 

FORTRAN decks are available in IBM 360 FORTRAN IV and IBM 7090 FORTRAN IV The FORTRAN 

subprograms are arranged alphabetically within the FORTRAN soarce decks. An exception is MAIN. vbich 

iv first in each deck. 

The size of Ihe cr*>! deck (JOOO-6000 cards) is such thai it is aeaeralty MOT* ecanoaucat l« send Ihe pumaai an 
magnetic tape, ff convenient, Ihe user should send a blank maeaelic lape to the author. Card iawfe* w*M he written 
on that lape in an agreed upon formal and Ihe lape relumed lo the sender. 
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The marbier Uaamafx- lahrnatrau SMBOL aad JPJMBUR « r aaidrficatroBs. of the CaK~oa*t 
SYBTJOL aad TfUMER- Sal* a t a t PLOT « aa a—ni*ifnd CatCoay sabeaatsar also wnttea ut 

These Dace tahiaatiatj are rnai iwjhtfd by California Caaajam Piwaacts. lac. Sdb-
aad mmmm «ae m JiP. I B * 7»le\ aad CDC I6M-A raa be dutrthated rasa O M . 

• PLOT ahacfc is- dtneteai toe each ptoCen mr; he ohtaiard faaae Califaraaa C<««pa« 
lac.. JOS Sailer Areca*. Aaaheaa. Caltforaia jAtreatiaa Paapa—aic,, Best) 

Caais lor ibr njaajli fiaaee. rahaar. will he •aciaaM with dar drefc. 

4.J. I 0 « T f y S a a ^ O a a D i W a i t a c « » t a > d ^ l t M l a t a a d d ^ r » l WW. - The Irstaax of dae 
FORTRAX IV soarce deck far ibe DM 360 is p m ai Sect. 7. The leaajdi of the siaaie aan-iswa 

be aa imi dare 166 hecamsc of i~- wear ibe atom arnpaainrr oar stored. This aaast br fakea i 

The l^*ootia«cfaaaats asr saaie to aaVify da? paeeaaa Car DJR TtJt FORTRAN IV: 

2. Add dw correct IBYSaMMtttcoanel caads tacbahaw "SPOOL" aa« "SGeKWP" caaes to coa-

ThefaUaaiaa;Lhiiaaai aae eaaie to aaairfy da? anaai i far Mai 7W> FORTRAN B: 
1. Brawn da?"REAL* CHER" 
2. Aaa"TJSTi"aad"-LABCL' 
3. Replace card F2MMa* wuS "Z19 CALL PLOTS (PLAUSBO). 1500.LTNO) " 
4. Chaaae iapat rata at siateareata aad library faajctroa aaates to canesparrd wirb FORTRAN I I coa-

4.1,2 baaaaoJ Da vita Lapral NaaaVar Assiaaaaaats. - l.esjcai device aaarbii assi 

ia aahroataae PRBJE- Foar cards aae iavalved ia this iaitralizatroa: 

»••< Sybalic Pnata* Lacatiaa 
Tap* Parciiaa l l « M Caaaraar ta PRBiC 

a)*Mutoclaa*t M 5 
h)Wnaiioi Oatpat NOUT 6 
c) Scratch HSR 8 PROJ0290 
oOPlottiac LTXO 23 (PR1#C250)* 

4.3Ji Platte* Systeat* Other 4 M M the CatCsejp Sflt. - hi fjeaeral, or.iy *abfoatiee PLOTS ( a i * eatrres 

PLOTS aad PLOT) aeeds to he replaced warn a different ptottiag system is aaed. This roatiae is called 

from oaly two tocatioas, oae ia F200 aad tie other ia DRAW. F200 will probably have to he rewrittea, aad 

*M OM w i m i rvviafcm. LTPX> also scrvas • • a rwinaaj e*«ica iaaurator aad i* aMUaiisee' le ana at 
MADI0I4S. For o» atachaatcal aleitar (CKT). LTWO ia a*r to IS (-99) at F20002IO (F3002SO) by • 201 (203) 
•istiacttoa. 
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the 280 secies wstanrnoas nay hw»e to be i tdkfrsid and) expanded to accsmsMmaie the n i c e of me sew 

system . 

with B e conect aegsaBtwt. 

4 ^ - 4 Ĉ umeewJaje, avswami OMtoi • • • • fue analams, lanu ^CW, e n vunv 14Mw-m. — InsscMly, A e OK 

TEP system is destgaed to he ased ac •» 32 k memory. Ciminaaratly, OR T E P would h m to be cswaged 

cuanaeubly to operate ia a much i — l l r i memory. 

The FORTRAN coding ° * OR T E P has prove* to be fairly machine independent, bat as compilers 

became aore sophisticated new problems castimsaliY appear. For example, soae compilers rearrange 

the sentence of operatisas to obtata more efficient execution aad sometimes they "owtsmsrt" themselves 

•a the process. Certain of the 60P0 sene* CDC cnrnpilrrr. occasionally take aa instruction such ac I I 

A T O M S d . J ; lOOOlin »ad sake it icto TEMP I. 100000 .. I I A T O K S U . j r T E w P - The effect is 

disastrous becaase the i w « n a l rounding aad truncation prodace aa lacorrect integer I I . 

If it btroneT necessary to replace tb* — c h i t lasgaige l a b w l i a e s S0T30L aad *UMBUR with 

completely different routines, the l U t t a t m calling these saatiaes wi l l also seed to be Modified. 

SOtBOt. is called froai BONDwtbO. B0ND04M. F79UWS0. F9691310. F90C1340. aad F9M1470. 

NUVBUR « called ftoai BOND 2S10 *ad F9001440. 

4.3.5 Space ftieaiiamialT with Overlap Feat***. - The overlap feature requires an additional bloc!: 

of approximated 15 K words of coatpater veaory and wil ! cause ORTEP to exceed the memory of a 32 K 

computer. For computers with a working storage under 45 K--60 K words, tfce overlap feature may be 

deleted by removing subroutines LAP500. LAP700. LAP800 LAPDRV. LAPAB. and LAPCON and 

substituting, dummy subroutines for the first foar of these six subroutines. 

4.4 Adwifiaa ef New Oft TCP lastrwetieas 

Occasions wil l arise when additaMial special purpose instructions would be useful. For example, 

perhaps a ce l l outline routine would be desirable. (Originally, the 1000 series of instructions were 

planned for drawing a parallelepiped defined by four general vectors. However, this feature later 

seemed somewhat ledundant and was omitted, since crystal cel l outlines can be produced with judicious 

usage of small duamy atoms and the 800 series instructions.) 

The subroutines F1000 and SPARE are intended to be used for additional instructions. AH 1000 

series instructions call subroutine FI0O0. which is currently just a dummy routine. Instructions J 1200 

call another dummy routine, sue routine SPARE(NI) . •shere NJ - instruction number 100. 

All Arithmetic subprograms (see 4.2.3)and many of the subsidiary subprograms (see 4.2.2)are 

;""3ilable for coding these Mainstream subprograms (see 4.2.1% 
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4 S 9 O t l C ? 

A*9) 

AACSK(3.J1 

ARX3.3) 
AiiKi4a) 
ATOXSfJ.SCv) 

B W 3 J ) 

CO( t . l0 ) 

CHEWtOO} 

CONT(5> 
1X3.130) 
DA<3.3) 

DPi2 . l30) 

D B P 

EDGE 

EVC3.100) 

FORE 

FS0.3.48) 

p IN 
p ITILT 

KD(5,10) 
p LATM 
p LTNO 

NATOM 
p NCD 

Direct crystal ce l l parameters, J . a. c. cos - . cos fi. cos «.. ^ ;. ;-;= •_ -. i i. 

XetbC tensor a where a - « -a . 
* * i r i | 

Posrfarcor tr <wsfora*ttoa matrix to convert coorduatcs faua tnckatc to 
the m ft at ace Cartesian system. A A I C V - AA t € F V . 

P»utJarr«« uaasfonaatioa m m to convert coorniaates from tnclauc to 
• W warkaag "ztes-ta* system. AAWRK - AA M K V . 

Identity matnx. 

Array c o a t a a a g the apat ^ a j e * r t s of the carreat OR T E P astractwa. 

Cntaa i I costaaas aaoa> designator i d i — far the atones which ate to be 
aacladed in the sca lag , plot t a g . boad *.«*. -king, etc The other three 
colwaa.i an? ased for temporary storage of COM ".aates ur any of several 
coordmvate systems. 

Reciprocal aetrar tensor. I S A A - 1 . 

Border aidlh at acnes exreadag inwanJ froai plot boaadary. 

Part of vector search code array. Used a coajanrtioa with KD *:rav. 

Cheaucal symbols for the iapwt J o a > . 

Coa&t»tts ased a sabroatiar- RAIMA I.. 

Array M which thrt*«dueinsional points oa M I Wlipse are stored bv RAtH-Al.-

Traasaiits conjugate vectors tc RADIAL- Also used for tetaporarv storage. 

Array a which rwo-duneasioa«! pessts for ellipse are stored after projection. 

Displacement paramt ter for rerracing. 

Distaare m inches from a protected poult to the closest boundary. 
Set m PLTXY. 

Roor-nesa-sajuare di^placements for each principal axis of each input aton. 

Cosine of crit ical angle between band and Car te*«a z axis vectors for 
perspective bor*d distance labels. At *a*al!»r •aiftles the labels, ^nxtaceo 
froai sebroatine BOND, are drawn without perspective to prevent excessive 
foreshortening. 

Rotation Matrices for input symmetry operations based on iriclinic system. 
Used with TS array. 

Logical number for aaxiitor input magnetic tape. 

Indicator used to sigaal subroutine DRAW, whether or not to do perspective 
labeling ("T i l ted T i t les" ) . 

Part of vector search code array. Used in conjunction with CD. 

Number of entries in ATOMS arra/. 

Logical tape number for magnetic plotting tape. 

Number of input atoms. 

Number of Format No. 2 traitor cards for an instruction (v-ector search codes). 

Note: (P) indicates "prime parameters," which are initialized in subroutine PRIME. 
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p MG 
XI 

XJ2 
p sioirr 
p XSR 

NSYM 
p ORCK(3) 

W3.100) 
PA>3.3.100) 

PAC»i.>) 

PAT(3J) 

Q(*.3> 

REF/<3J) 

RES<4) 

R3W5) 
p SCAL1 
P SCAL? 

p SCL 
P SYMBCU) 
p TAPER 

FAULT INDICATOR fee* 3.4) 

hstrwction awabec/100. 

Las: i w decimal d i p ' s *f * e Mstractioa number {instruction - NJMOO - SJ2). 

Logical J-wmber for monitor ontawt mapietic tape. 

Logical aatmber for scratch magnetic tape. 

Member of imwat symmetry operations . 

TncluMc coordiaates (at the atom wh*ch i s the origin of the drawing (i .e . . oa 
the optic axis for oV projection). 

Tnclintc positional coordinates for the mpnt atoms. 

Matrices for each input atom made up of three orthogonal column eigenvectors 
each 1 A long, based on the tnclinic system (principal axis vectors). 

A 3 • 3 main* produced by ssbroatine PAXES and nude np of three orthono»:eal 
principal axis col una vectors, based on either the working or reference CVrtesiar. 
system. Columns 4 and 5 are used ic scbr online F700 to duplicate coiuc.n, 
1 and 2 for ease m indexing. 

A mains produced by swbtoutsie PAXES and composed oi three- prmcipal axis 
column vectors each 1 A long, bas?d on the tncliaic system. 

A Harris produced by subroutine PAXES- Contains ei<ierfhe dispersion matrix 
or its inverse, based an either the working or reference Cartesian systems. 

A matrix made up of three orthogonal column vectors, each 1 A long, based on 
the tnclinic system. This is the base vector triplet (or the reference 
Cartesian coordinate system. The transpose i s the postfactor transformation 
matrix for converting coord mates from the reference orthogonal system :o 
the tnclmK system. REFV r A A R C V 1 . 

Regulates the resolution of the plotting of a given ellipse as a function cf the 
longest principal axis « in the Riven ellipsoid of the scaled model. 

128-point ellipse « Res(l) 

Res(l) • % Res(2) 

Res(2) • * : Res<3> 

Res(3) * 

Res(4) is not used. 

64-pom! ellipse 

32-point ellipse 

16-pomt ellipse 

The rms displacements along the principal axes in arrays PAC and PAT. 

The Sv»)c of fi.e model in inches per angstrom before protection. 

The scale factor ratio which se ts die ellipsoid r.cale relative to SCAL1. 
If SCAL2 -= 1.54. then the instantaneous position of the atomic cr-nter 
will be within tht ellipsoid 5CJ of the time (50% probability ellipsoid). 

SCL - SCALI times SCAL2. 

A Marion matrix based on the angle THETA which is set by instruction 302. 

The exaggerated bond taper parameter. The fop and bottom aids of a bond 
have ladii: RADIUS I. • TAPER *T6 *heie T6 cosine of angle between 
bond and / axis of Cartesian system . 

Note: (P) indicates "pnme parameters." which are initialized in subroutine PRIME. 
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P THETA Angle in degrees between plotter * axis and lettering base-line vector. 

TITLE(12) Alphanumeric job title storage. 

TITLE2(12) Alphanumeric information storage for Font.at No. 3 trailer card. 

TS(3.48) Translation vector for each input symmetry operation. Used with FS array. 

P VIEW Viewing distance in inches. 

VT(3,4) Perspective title rotation matrix and translation vector. Also used for 
temporary storage. 

Vl(4) Array to transfer data to subroutine STORE- Also used for temporary 
storage. 

V2(3) V6(3) Temporary storage. 

WRKV(3,3) Same definition as for REFV except that this one is for working 

Cartesian system. WRKVr AAWRK~'. 

P XLNG(3) Elements (1) and (2; are x and f plot dimensions. Element (3) i s not used. 

P XO<3) Elements (1) and (2) denote ihe position in plotter coordinates (:n inches) 
«here ORGN is placed. Element (3) is used to transfer Z coordinates to 
subroutine DRAW when perspective lettetiag i s used. 

XT(3) Triclinic coordinates for an atoci position are placed here by subroutine XYZ. 

Note: (P) indicates "prime parameters," which are initialized in subroutine PRIME. 
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5. MATHEMATICS OF THERMAL-MOTIOM •ROtAMLITY ELLITSOIOS 

It is convenient to develop the physical significance of the anisotropic temperature factor with the 
notation and terminology of probability theory rather than with the more familiar Fourier transform theory. 
The results are. of course, identical regardless of the terminology used. The reason for this choice is 
that the literature ol mathematical statistics and probability theory is somewhat neater and easier to 
follow. The texts by Wilks.' Cramer.2 Miller.' Hamilton. * and Lukacs and Lana * and the handbooks by 
Burington and May * and Owen7 are found to be particularly useful. 

5.1 Probability Density Function (adf) of o Trivarint* Manual Distribution 

Given three chance variables X , X y X i and 5 which is a region in X X , X space. The prob
ability P\S) that the pcint (X . X , X ) fails in the region S is given by 

«5> ///<**,• X y * v" d X i d X 2 d X 3 • < 5 1 l > 

If the integration is carried over a'.l space, then 

f}j#Xt. Xr X,) dXf M, HXr\. (5.1.2) 

The taction CAX X ,. X^ is called the probability density function (pdf) for the joint distribution of 
X i* X y * s - V«nfc vector notation, we c«n designate the pdf as <XX). 

When the distribution is the type said to be norma! or Gaussian, the pdf is 

fdetCM- 1)!'' 3 , - - . 
<KX) - ^ exp l-',(X - X)'M-'(X - X)l. (5.1.3) 

(2*)-* 2 2 

The matrix M~' is the inverse of the symr»tr:cal dispersion (variance-covariance) matrix M. where 

"/VlJ °2t,sC2. °S / 

The symbols «rf represent the second moments or variances about the mean position X. The symbol" 
<ro p are the corresponding covariances and p ( are the correlation coefficients. 

S. S. Wilks, mathematical Slalialic*. Wiley, Mew York, 1962. 
H. Cromer, Random Variable* and Probability Distribution; Cambridce University Press, London, 1462. 

JK- *- Miller, Multidtmonaional Gaussian Dtttributioi; Wiley, New York, 1964. 
*W. C. Hamilton, Statistic* in Physical Science, RontUl, New Y»k, 1964. 
*E. Lufcars end R. C. Lena, Application* of Chared f iei .c Functions, Hafner Publishing Co., New York, 1964. 
*R. S. Burinflon and D. C. May, Handbook ot Probabi'it'- and Sta'itlic* with Table*, Handbook Publishers, 

Sandusky, Ohio, 19S.t. 
T D. B. Owen, Handbook ot £tati»titel Table*, Addison-Wesley, Reading, Mass., 196.?. 
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S.2 Ea»ianiaailtt> Ellipsoids 

For a proper noaaal distribution the quadratic form (X — X)" M~ l (X - X) i s positive definite, and a 

principal axis transformation is possible which wiil make the CKK»S correlation coefficients p ( « 0 (i * ;). 

This transformation is discussed in S.4. The result of tlrs transformation is die pdf 

o ( - v , . y , . y , ) - e - « ' - . (S.2.1) 
1 2 ' ( 2 * ) J ' 2 a o n 

t : t 

where 

< , . * • - / •> ' .g^ . f r . - v . <«* 
0' n' a' 

vx *i ' l 

The r are coordinate; oased on the Cartesian principal axis system and "* are the variances along the 

principal axes, r = 1.2 .3 . 

The normal probability density function is constant for points on the ellipsoid Q - C~ where C is a 

constant. The probability that a random point (v . r „ y ( ) in the distribution will fall inside the ellipsoid 

is 

ftO = (2 r): : f C r V ~ ' J ! '- dt . (5.2.3) 

This result is derived from (5.1.1), (5.2.1). and (5.2.2) by transforming to spherical coordinates. 

When C «• 1.5382. P - 0.5 aM the corresponding ellipsoid i s called the 50"̂  probability ellipsoid. A 

.able of P vs C values i s found on page 203 oi Owen's Hunffbook of Statistical T.thhs.' For conven

ience, that table i s reproduced here as Tabl*- 5.1. 

S.3 Characteristic Function (c.f.) of a Trivarinte Manual Distribvtiaa 

The characteristic function <P< T) corresponding to a trivanate distribution o(X) is tb»> expected value 

of e ' T x , namely. 

«prr) - /"*<J<X)<- , T T *rfX. (5.3.1) 

For the trivariate normal pdf (5.1.3) the corresponding characteristic function i s 

«P(T) ' e x p ( i T T X - , / 1 T T MTi , (5.3.2) 

where M is the variance»covariance dispersion matrix described in 5.1 and X i s the center of mass of the 

distribution. 

The cryst lllopraphic structure factor 'quation which incorporates general anisotropic temperature 

factor coefficients is 

F(h) -- Z '„(») **P (2w»» r X n ) e*P (-•» TB„») . (5.3.3) 
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T a b U S. I . Critics* «•!«•> for probability •llipsoia's •< • rrivariats nonaol 4iltr.b«t.o«*' 

p i 
r 

P 
1 

C 1 1 , 
1 

C 

0.01 0.33*0 * 
f 

0.41 1.3842 1 
O.SI 

2.1824 
0.0.' 0.4299 ! 0.42 1.4013 0.82 2.2114 
e.03 0.4951 j 0.43 1.4183 0.83 2.2416 
0.04 0.5479 0.44 1.4354 0.84 2.2730 
o.o< 0.5932 0.45 1.4524 . 0.85 2.3059 

0.06 0.6334 0.46 ! .4695 0.86 2.3404 
0.07 0.6699 0.47 1.4866 0.87 2.3767 
o.os 0.7035 0.48 1.5037 0.88 2.4L53 
0.04 0.7349 0.49 1.5209 0.89 2.4563 
0.10 0.7644 0.50 1.5382 0.90 2.5003 

0.11 0.7924 0.51 1.5555 | 0.91 2.5478 
0.12 0.SI92 0.52 1.5729 [ 0.92 2.5997 
0.1.1 0.8447 0.53 1.590* i 0.93 2.6571 
0.14 0.8694 0.54 1.6080 0.94 2.7216 
0.15 0.S932 0.55 S.6257 0.95 2.7955 

0.16 0.9162 0.56 1.6436 0.96 2.8829 
0.17 0.9386 0.57 1.6616 0.97 2.9912 
0.1 ft 0.9605 0.58 1.6797 0.98 3.1365 
0.19 0.981ft 0.59 1.6980 0.94 3.3682 
0.20 1.0026 0.60 1.7164 0.991 3.4019 

0.21 1.0230 0.61 1.7351 0.992 3.4390 

0.22 1.0430 0.62 1.7540 0.993 3.4806 
0.23 1.0627 0.63 1.7730 0.994 3.5280 
0.24 1.0811 0.64 I.7924 0.995 3.5830 
0.25 1.1012 0.65 1.8119 0.996 3.6492 

0.26 1.1200 0.66 1.8318 0.997 3.7325 
0.27 1.1386 0.67 1.8519 0.998 3.8465 
0.28 1.1570 0.68 1.8724 0.999 4.0331 
0.20 1.1751 0.69 1.8932 0.9991 4.0607 
0.30 1.1932 0.70 1.9144 0.9992 4.0912 

0.31 1.2110 0.71 1.9360 0.9993 4.1256 
0.32 1.2288 0.72 1.9S80 0.9994 4.1648 
0.33 1.2464 0.73 1.9804 0.9995 4.2107 
0.34 1.2638 0.74 2 0034 0.9996 4.2661 
0.35 1.2812 0.75 2.0269 0.9997 4.3365 

0.36 1.298$ 0.76 2.0510 0.9998 4.4335 
0.37 1.3158 0.77 2.0757 0.9999 4,5943 
0.3ft 1.3330 0.78 2.1012 0.99999 5.0894 
0.30 1.3501 0.79 2.1274 0.999999 5.5376 
0.40 1.3672 0.80 2.1544 0.9999999 5.95ft' 

"Reproduced 
in»l caption was 

from Ref. 7 by permission of Aridison<f/estcy Publishing Company, Inc. , Reading, Mass. The orig* 
"Cri t ical Values for the Spherical Normal Distribution." 
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where 

h is a vector giving the Miller indices. 

X a is a vector giving the fractional anit cell coordinates of the nth atom. 

• n is the anisotropic temperature factor coefficient matrix, and 

'„(») is * « atom form factor valve for atom n. 

If a change of variables T « 2<* is made, then (5.3.3) can be rewritten as 

F(T) - E/ n (r)exp ( . T T X „ - ', T r " T . t5.3.4) 

The scaled anisotropic temperature factor matrix (1 2* 2 )B is seen to be identical with the variance-

covariance dispersion matrix M in (5.3.2). 

The corresponding crystal space trivariate normal pdf for any particular atom n is 

\2*2 det (»-«)!» '* r , ,. , 
d(X) — exp l-*2(X - X) rB-»(X - X)l : (5.3.5) 

(2») 3 * 

or if • » - ' - 2 r 2 B- ' then 

cXX) « ^ * ( " } exp f - \AX - X)TM-'(X - X)l . (5.3.6) 
(2ff) 3 2 2 

which is identical to (5.1.3). 

S.4 Principal Axis Trwasfenantien 

The transformation of anisotropic temperature fact or coefficients (for the general triclinic case) to 

principal axes of thermal motion is discussed by Waser,' Busing and Levy, 9 and Cruickshank er al.I0 

The principal axis transformation is necessary to find the thermal-motion probability ellipsoids dis

cussed in 5.2. The principal axes of the matrix M~ s in (5.3.6) are the vectors y , y , y for which the 

inner vector product (y , y ) has a stationary value subject to the constraint 

<V * " * » , ) - 1 . ' • ! . 2 .3 (5.4.1) 

For the general triclinic crystal system this means that the quadratic form y T G~'y has a stationary value 

subjected to the constraint 

y V M - ' y l , (5.4.2) 

* J . Water, Ada Cryai. I , 731 (1955). 
V R. Busing and H. A. Levy, Acta Ctyal. 11 , 450 (IOSS). 

P. W. J . Croickihank er al., p. 74 in Cemoulint Mathoda and the Phase Problem in X-Ray Crystal Analyaia, 
ed. by R. Pepinsky, J. M. Robertson, and J . C. £peakman, Pergamon, New York, 1961. 
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where G~' is the metric tensor with components m{ • • . and a\ -a, is the scalar vector product of two of the 
three unit cell vectors. Introducing, the Lagrange multiplier 1/A leads to 

premultiplying by M yields 

G-» M-» 
A. 

MG-' 1 

Ti-0 (•-1.2.3); (5.4.3) 

y < - 0 (i -1.23) 

Or we can do some additional rearranging and obtain 

fGM-' -A . l l y . -O (r-1,2.3) 

(5.4.4) 

(5.4.5) 

Equation (5.4.4) is equivalent to one of the results derived by Busing and Levy, except the A. obtained 
here are the reciprocals of their A. because we are doing the principal axis transformation on M' 1 while 
their formulation performs the transformation on at The numerical procedure used in OR TEP finds the 
eigenvalues and eigenvectors of the unsymmetrical matrix MG' 1 in (5.4.4). 
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Fio, 4 . 1 . Chelation Pattern Viewed Afana; a Twofold Screw A I M S in the Crystal Structure of Magnesium Citrate 
Decahydrote. Ellipsoids represent equiprobobitity surfaces of thermal displacement end contain 65"". of >he prob
ability distribution. 

v»>K. 0 « , «V1««I 

Fig , 6.2. Thermal-Ellipsoid Representation for Magnesium Citrate Decohydrate with Principal Values of RMS 
Displacement in Angstrom Units. Ellipsoid* enclose 74% probability. Structure is viewed along f> a»i». 
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6.2 Staw»capic DtowinfS of Crystal Stractawa 

6.2.1 Thermo! Ellipsoids Derived from Hawlian Studies. - Thermal ellipsoids for hydrogen atoms can 
be derived from neutron diffraction data. Some recent crystal structure results refined from three-dimen
sional neutron data are shown here as stereoscopic pairs of perspective projections. The thermal ellipsoid 
for a hydrogen atom is almost always larger than that of the heavier neighbor atom because of zero-point 
energy. 

6.2. J. 1 Chloral Hydrate. — Figure 6.6 features two molecules ot chloral hydrate* related by a center 
of symmetry. The neighboring hydroxy! groups which are involved in hydrogen bonding to the two mol
ecules are also included. 

6.2.1.2 Sugars. — A single molecule of sec rose* is shown in Fig. 6.7 with the six-membered glucose 
ring to the left and the five-membered fructose ring to the right. Two intramolecular hydrogen bonds are 
drawn between the two moieties. Only one hydroxy! group in the molecule does not form a Hydrogen bond; 
this group has the abnormally large thermal ellipsoid for hydrogen on the left side of the figure. 

The thermal motion of a glucose molecule in the --glucose crystal structure7 is illustrated by Fig. 6.8. 
This figure was drawn with OR TEP by G. M. Brown. 

6.2.1.3 Lithium Sulphate Monohydrate. - The inorganic structure lithium sulphate monohydrate has 
besn refined with three-dimensional x-ray data by Larson* and with three zones of two-dimensional neu
tron data by Smith and Levy.* Figure 6.9 illustrates the characteristic atomic arrangement in tuat struc
ture. The hydrogen thermal ellipsoids were taken from the neutron analysis and the remainder from the 
x-ray results. The outstanding feature in this illustration is the large thermal motion of the water mol
ecule, which indicates much looser binding than in the rest o.' the structure. 

6.2.1.4 Potassium Hydrogen Chloromaleatc.I0 - This structure contains a centered hydrogen bond. 
The interatomic bond distances and the surrounding K atoms are also shown in Fig. 6.10, which was 
drawn with OR TEP by R. D. Ellison and H. A. Levy. 

6.2.2 Thermal Ellipsoids Derived from X-Roy Studies. — The examples shown in this section were 
taken from the literature and from the work of several ctystallographers who kindly sent their unpublished 
results to ORNL to be drawn. 

6 2.2.1 Long-Chain Aliphatic Organic Compounds. - Dihydromalvalic acid" (cis,o,L-8,9-methyIene-
heptadecanoic acid) is shown in Fig. 6.11. The thermal motion perpendicular to the chain direction is 
seen to increase in amplitude toward the nonpolar end of the chain. 

*G. M. Brown and H. A. I rvv. Crysi. ftnirt. Common. 2, 107 (I97J). 

*C. M. Brown and H. A. Levy, Science Ml, 021 (196.V). 

' G . M. Brown and II. A. Levy, Science M7, 1038 (]r<65). 

*A . C- Larson, Acta Cry*l. 18, 717 <l<*5) . 

^H. G. Smith, S. W. Peterson, and H. A. Levy. J. Chem. Phy*. 4$. 5561 (1968). 
, 0 R . D. Elli»on and H. A. Levy. Acut Cryst.. 19, 260 ( l f * 5 ) . 

1 *G. A. Jeffrey and M. Sax, Acta Crvar. la, 1196 (1063). 
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Figure 6.12 illustrates the thermal a.itioa in die triglyceride beta-tricaprin.12 The two molecules 
shown ate related by a center of symmetry. Again the amplitude of motion perpendicular to the chain in
creases toward the end of the chain. 

6.2.2.2 Copper Chelation Compound. - The chelation pattern in fci»-(3-amino-l-phenyl-2-biiteoe-l-ono>-
Cntfl)1 1 >s demonstrated in Fig. 6.13. The copper atom is on a symmetry center. 

6.2.2.3 Large Biological Molecule. - Haruaganin, * 4 which is a plant pigment, is shown in Fig. 6.14. 
The pair of "half atoms" at the upper right is an approximation used in the least-squares refinement to 
correct f jr either very large thermal motion or disorder which occurs in that part of die cr> stal structure. 
The then »1 parameters are somewhat questionable since the structure was not refined to convergence. 
However, the stereogram does permit the molecular configuration to be readily visualized. 

6.2.2.4 Abnormal Motion in Ctflll) Acetylacetonate. — Dr. Bruno Mocosin from Sandia Corporation 
sent this most unusual example of thermal motion. CnJD) acetylace *onate' * has three acetylacetonate 
Iigands arranged to form an octahedral coordination of oxygens about the Cr atom, .is shown in Fig. 6.15. 
One of the ligands displays very large thermal anisotropy. When a molecular packing diagram such as 
Fig. 6.16 is viewed, the large displacements are seen to be parallel to the b crystal axis. It appears (hat 
sheets of these ligands are either disordered or undergoing longitudinal vibration. Motosin has evidence 
from other diffraction experiments which supports the hypothesis that it is a thermal vibration phenomt.iofi 
and not static disorder in the crystal. 

6.2.3 Crystal Structure Packing Diagram*. — It is often desirable to illustrate the way that molecules 
pack together in a crystal structure. Sometimes thermal motion can be interpreted on this basis, as was 
done in 6.2.2.4. In other instances one may be more interested in visualizing the general packing geom
etry of the crystal structure. Stereograms ate very useful for both applications. 

6.2.3.1 Potassium Hydrogen Chloromaleate. — A molecule of this structure10 is shown in Fig. 6.10. 
Packing diagrams were also drawn by Ellison and Levy and are reproduced here. Figure 6.17 shows the 
packing of anions about the two types of potassium ions. One coordination polyhedron is an irregular 
octahedron of oxygen atoms. The other is an irregular 14-hedron having six oxygen atoms and four chlo
rine atoms at its vertices. Figure 6.18 is a different view of the packing with a larger area included. 

6.2.3.2 Packing Di, grams tor Inorganic Structures. - The reader may have noticed that most of the 
illustrations are of organic structures. The reason is that organic molecules are easy to draw. Con
siderably more planning is required to produce an informative illustration of an inorganic structure. 

An approach which is fairly successful is the following: 
1. Draw a preliminary stereogram of the contents of a box which encloses somewhat more than one 

unit cell. Bonds should be drawn in accordance with known interatomic distance ranges. The dimensions 

A. J. Mabis And L. H. Jensen, Abstracts AC A Mrri„ig, Bnzeman, Montana, F-9 (1964) and L. H. Jensen, 
private commumc«:ion, 1964. 

1 J G . E. Curr, A, la Cr/sl. B24, 1511 (1968) and private communication, 1964. 
M R . A. A Wen, G. H. Stout, J. Kraut, and D. F. High. Acta Cryxt. 17, 109 (1964). 

* B. Moromn. Arta Cryxt. 19, 1.11 (l';6S> and B. Moromn, private communication, 1064. 
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for this drawing may be such that the plot can be viewed directly with a stereoscope without photographic 

reduction. 

2. While viewing the preliminary stereogram, pick out the basic staictural units and decide on a 

grouping of these units for the desired figure. 

3. Describe the intended subject with whichever technique is the most convenient ami draw the new 

figure. Figure 6.19, potassium perxenate nonabydrate. ' * is an example of an illustration planned in this 

way. This figure was drawn by J . K. Bums at ORNL. 

6.2.3.3 Illustrations of the Contents ol a Unit Cell. — A favorite method used by crystal log raphrrs is 

to draw a unit cell outline and the cell contents within that outline. Figure 6.20, which is a stereogram 

showing lithium annonodeuteioglycolate,' T is of this nature. The molecules were kept intact rather than 

cut off at the cell outline. 

6.3 Helical Structures 

OR TEP has certain features which facilitate the drawing of nonintegral helical screw models such as 

those discussed in the field of molecular biology. The Pauling, Corey, and Branson alpha-helix m o d e l " 

for protein structure is an example. Figure 6.21 shows the modification of this structure which is pn-sent 

in the synthetic polypeptide poly-(.-alanine. l* 

" A. Zalk in, J . D. Forrester, D. H. Teapleton, S. M. Williamson, and C . " . Koch, J. Am. Chem. Soc. M . 3569 
0 9 6 4 ) . 

1 7 C . K. Johnson, E. J . Gabe, M. R. r«>lor, and !. A. Rose, / . Am. Cftem. Soc. S7, 1802 ( I ° 6 5 ) . 

* * L . Pauline, R. B. Corey, and H. R. Branson, Proc. Natl. Acad. Set. t ' .S. 37. 2J5 (1951. . 

' * A . Elliott and B. R. Malcolm, Proc. Roy. Soc. London A 249, 30 ( I9S9) . 
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4. EXAMPLES OF H.LUSTIAT10NS THAT NAVE K E N PRODUCED WITH OR T E P 

Most of the drawings reproduced here were made while OR TEP was under development. Consequently, 

certain details ia the figures ate not the same as those produced with the present version of the program. 

In particular, the lines of shading in the ellipsoid "open octant" are now always evenly spaced. 

a. 1 Nenstaranscaa*. c DnuwiafS She wins Theanal Marian 

The figures in this section have the viewpoint at infinity (parallel projection). 

4.1.1 Comparison ef Graphical Rapre natations at Thermal Matiea. - Figure 6.1 shows the chelation 

pattern of two citrate molecules related by a twofold screw axis in the crystal structure of magnesium 

citrate decabydrate.' One molecule has "transparent ell ipsoids" and the other has "opaque, plugged 

ellipsoids." Bond types 1, 3 . and 4 (sc» 3.3.9) are illustrated. Note that certain bonds terminate at the 

ellipsoid boundary white others intersect the ellipsoid. These variables are under the user's control and 

can be used to advantage for special effects. 

Figure 6.2 is another drawing of magnesium citrate decahydrate with the nns magnitudes of displace* 

meat along principal axes indicated around the equiprobability thermal ellipsoids. 

Figure 6.3 illustrates the same figure with the thermal-motion representation mentioned by Vaser, * in 

which the thermal motion is port ravel by a fourth-degree surface generated by a radius vector with length 

proportional to the rms component of displacement in the direction of the radius vector. The characteristic 

peanut shape of th.s fourth-degree s:«iace is most apparent for atom O . 

The therma! "'lipsoid seems to be the preferred representation, and the present version sf OR T E P 

will draw ellipsoids only. 

6.1.2 Thermal Ellipsoids Derived from Independent Sets af Diffraction Data. - Figures 6.4(a) and (h) 

show the thermal ellipsoids for potassium dihydrogen isocitrate 3 obtained from two independent sets of 

three-dimensional x-ray data (copper K^ data and chromium Kz data). Figure 6.4(<<) is presumably a better 

representation since it is based on a much larger number of measurements. In fact, it is rather surprising 

that the thermal-motion figures are so similar, considering the l imitel number of data obtainable with 

chromium radiation. 

6.1.3 Thermal Motion in Mslaceles Nat Related by Crystollaflmphic Symmetry. - Myo-inositol 4 has 

two molecules in its crystallographic asymmetric unit. Figures 6.5(a) and 6.5(6) permit a comparison of 

the two sets of thermal ellipsoids in identical molecular orientations. The hydrogen bonds to neighboring 

atoms are also indicated. The similarity between the two ellipsoid sets is readily apparent. 

' C . K. Johnson, Acta Cryst.. 18, 1004 (1065) . 

*}. Waser, Act* Cryxt. • , ".»! (1955). 

D. van Art Helm. J . P. Gluskrr. C. K. Johnson. J . A. Minkin, S. K. Burow. and A. I.. Pa l l r rs .n . A- la Cyst . 
t-?i. S~n (tor,*). 

* I . N. Rabinowit* and J . Kraut, Aria Ctyst. 17, ISO (1964). 
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Pi f . 4.3. Poo»»t.Shopod RMS Tnemal-Oisplwcement Piapre Representation for Mopnosiuw Citrate DacaHfoVate. 
Principal valua* of rms displacement in Angstrom units ora indicated around tha displecement figures, which ara 
drown at double scale. Same view of structure es shewn in Pie. 6 .2 . 

'~'i%^.j' ?.:*'yXf* :'.&.:••»*?•.'. y 

< * 

'•'<-'•: - -—.-•xs* :vr:""o"!.:« >•» 

Pig. 6.4. Potassium Oihjrdroeen Isocitrote with Thermal Ellipsoids Scaled to Include 74% Probability. (*) 
Results obtained from 1350 three-dimensional capper K date (disagreement factor 6.5%). (6) Results obtained from 
340 rnree<dimentional chromium K a d e t a (disagreement factor 3.1%). Note: This is not • stereo pair. 
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( a ) (b) 

-iW5:Ta. 

F i g . 6.5. Comparison of Thermal Ellipsoids in the Two Crystollographically Independent Molecules of Myo
inositol (6.5a and 6.56). Hyd-ogen bonding is shown, since this might influence the thermal motion. Ellipsoids are 
scaled to include 74% probability. Note: This is not a stereo pair. 

< :•* *-?m-i try '*, ' J ^ n : * ^ •'•^•i **r .»*• uuw* »*er* i 

Fig . 6.6. Stereogrom (Stereoscopic Pair of Perspective Projections) of Chloral Hydrate Viewed Along the 
Reciprocal Axis a'. Two molecules ore shown related by a center of symmetry, with the hydrogen bonds connecting 
them together end to other molecules. Ellipsoids ore scaled to include 485 probability. 
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Fig. 6.7. Stereogram Skewing the Sucrose Molecule with Thermo! Ellipsoids Scaled *o Enclose 50% Probability. 

Fig> 6.0. A Molecule ol Glucose with Thermol Ellipsoids Scaled to Enclose 50% Probability, 
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