
3 4 4 5 6  0 0 5 9 9 7 7  9 

ORNL-3794 
UC-4-Chernistry 

TID-4500 (41st ed.) 

OR TEP: 

A FORTRAN THERMAL-ELLIPSOID PLOT PROGRAM 

FOR CRYSTAL STRUCTURE ILLUSTRATIONS 

Carroll K. Johnson 

Oak Ridge Eational Laboratory 
Libraries 

P. 0. Box x 
Oak Ridge, Ti’xmtssec 37830 

U N I O N  CARBIDE CORPORATION 
for the 

U.S. ATOMIC ENERGY C O M M I S S I O N  
- 

Oh& R\WE IJATIoNIIc LA8ORRTMy 



5 

Pr in ted  in USA. P r i c e  $4.00. A v a i l a b l e  from the  Cleor inghouse for Federo l  

Sc ien t i f i c  ond Technica l  Information, Na t iona l  Bureau o f  Stondords, 

U.S. Deportment o f  Commerce, Springfield, V i rg in io  

T h i s  report w a s  prepared as an account of Government sponsored work. Neither the Uni ted States, 

not 

A. 

8.  

As 

the Commission, nor any person act ing on behalf of the Commission: 

Makes any warranty or representation, expressed or implied, w i th  respect  t o  the occunocy, 

completeness, or usefulness of the information conta ined in t h i s  report, or that  t he  use of 

any information, opparatus, method, or process d isc losed i n  t h i s  report moy not infr inge 

pr ivate ly  owned r ights; or 

Assumes ony l i a b i l i t i e s  w i th  respect t o  the use of, or for damages resul t ing from the use of  

any information, apparatus, method, or process d isc losed i n  t h i s  report. 

used i n  the above, "person act ing on behal f  of the Commission" inc ludes any employee or 

$ .  

contractor of the Commission, or employee of such contractor, t o  the extent  that such employee 

or contractor of the Commission, or employee of such contractor prepares, disseminates, or 

prov ides o c c e s s  to, any information pursuant t o  h i s  employment or contract w i th  the Commission, 

or h i s  employment with such contractor. 



ORN L-3794 

II 

. 

Contract No. W-7405-eng-26 

CHEMISTRY DIVISION 

OR TEP: 

A FORTRAN THERMAL-ELLIPSOID PLOT PROGRAM 
FOR CRYSTAL STRUCTURE ILLUSTRATIONS 

Carroll  K. Johnson 

4 

” 

JUNE 1965 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 

operated by 
UNION CARBIDE CORPORATION 

3 4 4 5 6  0 0 5 7 7 7 7  7 



a 

c 



CONTENTS 

ABSTRACT ............................................................................................................................................................ 1 

rl 

. 

L 

. 

1 . INTRODUCTION ................................................................................................................... 

2 . GENERAL PRINCIPLES AND PROCEDURES ....................................................................................... 

Summary T a b l e  of Instruct ions ........................................................................................................... 2.1 
2.2 Programming a Nonstereoscopic  Il lustration for OR T E P  ................................................................ 

2.2.1 General Comments on Automated Graphics ............................................................................ 
2.2.2 Preliminary Graphical Detai ls  .................................................................................................. 
2.2.3 Composing the  I l lustrat ion ........................................................................................................ 
2.2.4 Drawing the I l lustrat ion ............................................................................................................ 

2.2.5 Terminating the  Drawing of t h e  Il lustration ............................................................................ 

2.3 Programming a Stereoscopic  Il lustration for OR T E P  ........................................................................ 
2.3.1 Stereoscopic  Rotat ions .............................................................................................................. 
2.3.2 Repeat ing a Sequence of Operations ...................................................................................... 

2.4 Drawing the Cubane Structure: An Example ........................................................................................ 
2.4.1 
2.4.2 Analysis  of Structure .................................................................................................................. 
2.4.3 Programming the  Cubane I l lustrat ion ...................................................................................... 
2.4.4 Stereoscopic  I l lustrat ion of Cubane  ........................................................................................ 
2.4.5 L i s t ing  of Sample Input and Output .......................................................................................... 

Data Input for Cubane ................................................................................................................ 

3 . DETAILED OPERATING INSTRUCTIONS ................................................................................................. 
3.1 Definlt lons ................................................................................................................................................ 

3.1.1 Atom Designator Code  ( A X )  and Addressable  Po in t  .......................................................... 
3.1.2 Vector Designator Code (VDC) ................................................................................................ 
3.1.3 Atom Designator Run (ADR) ...................................................................................................... 
3.1.4 
3.1.5 Vector Search Code  (VSC) ........................................................................................................ 
3.1.6 Sphere of Enclosure .................................................................................................................... 
3.1.7 Box of Enclosure ........................................................................................................................ 
3.1.8 Reference,  Working, and Standard Cartesian Coordinate Systems ...................................... 
3.1.9 P r i m e  Parameters  and P r i m e r  Constants  ................................................................................ 

. .  

Atom Number Run (ANR) ............................................................................................................ 

3.2 Crys ta l  Structure Data Input ................................................................................................................. 
3.2.1 T i t l e  Card .................................................................................................................................... 
3.2.2 Cel l  Parameter  Card .................................................................................................................. 
3.2.3 Symmetry Cards (1 = NSYM = 48). ............................................................................................. 
3.2.4 Atom Parameter  Cards (1 = NATOM = 200) ............................................................................ 

3.3 Instruction Input ...................................................................................................................................... 
3.3.1 Instruct i  O n  Cards ........................................................................................................................ 
3.3.2 Structure Ana lys i s  Instruct ions (100 Series)  .......................................................................... 
3.3.3 P lo t te r  Control Instruct ions (200 Series)  ................................................................................ 

3.3.5 Atom L i s t  Instruct ions (400 Series)  ....................................................................................... 
3.3.6 Orienting Instruct ions (500 Series)  .......................................................................................... 
3.3.7 Posi t ioning and Scal ing Instruct ions (600 Series)  ................................................................ 

3.3.9 Bond Plo t t ing  Instruct ions (800 Series)  .................................................................................. 
3.3.10 Labe l  P lo t t ing  Instruct ions (900 Series)  ................................................................................ 

< < 
< < 

3.3.4 P l o t  Boundary Instruct ions (300 Series)  .................................................................................. 

3.3.8 Atom Plot t ing Instruct ions (700 Ser ies )  ....................... " " ' ~ ~ " ' ~ " " " " " '  " " " ~ " " " " ~ " " ~ " ~ ~ ' ~ ~  

2 

6 
6 
6 
7 
7 
7 
8 
8 
8 

9 
9 

11 
11 
15 
17 

28 

28 
28 
28 
28  
28  
29 
29 
29 
29 
3 0  

30 
30 
3 0  
30 
31  

3 3  
34 
35 
37 
37 
39  
40 
42 
44 
47 
49 



i v  

3 . 

3.3.11 
3.3.12 

L i s t  o 

Saved Sequence Instruct ions (1100 Series)  ............................................................................ 
Job  Termination Instruct ions (Negative Ser ies )  .................................................................... 

F a u l t  Indicators  ................................................................................................................... 

51 
51 

52 

4 . COMPUTATIONAL PROCEDURES (HOW T H E  PROGRAM WORKS) ........................................................ 
4.1 Graphic-Computational Methods ....................................... .................................. 

4.1.1 Drawing El l ipso ids  .................................................................................................................... 

4.2 OR TEP Subprograms ........................................................................................................ ......... 
4.2.1 Mainstream Subprograms ............................................................................................................ 
4.2.2 Subsidiary Subprograms .............................................................................................................. 
4.2.3 Arithmetic Subprograms ........................................................................ ........................... 
4.2.4 Plot t ing  Subprograms for  t h e  CalComp Plo t te r  ...................................................................... 

4.1.2 Drawing Bonds  ............................................................................................................................ 

53 

53 
53 
55 

57 
57 
58 
59 
60 

4.3 Adapting OR TEP t o  Other Equipment Configurations ...................................................................... 63 
4.3.1 63 
4.3.2 Magnetic T a p e  Logical Number Assignments  ........................................................................ 64 
4.3.3 Plot te r  Sys tems Other  than  t h e  CalComp 580 ........................................................................ 64 
4.3.4 64 

4.4 Addition of New OR TEP Instruct ions .................................................................................................. 64 

OR TEP Source Deck Differences for  t h e  IBM 7090 and t h e  CDC 1604A .......................... 

Computing Sys tems Other than t h e  CDC 1604A and IBM 7090 ............................................ 

4.5 Glossary of Symbols in OR TEP Common. with Array Dimensions .................................................. 65 

5 . MATHEMATICS O F  THERMAL-MOTION PROBABILITY ELLIPSOIDS .................................................. 68 

5.1 Probabi l i ty  Densi ty  Funct ion (pdf) of a Trivar ia te  Normal Distribution .......................................... 68 
5.2 Equiprobability El l ipso ids  ...................................................................................................................... 69 

5.3 Charac ter i s t ic  Funct ion (c.f.) of a Trivar ia te  Normal Distribution .................................................. 69 
5.4 Principal  Axis  Transformation .............................................................................................................. 71 

6 . EXAMPLES O F  ILLUSTRATIONS T H A T  HAVE BEEN PRODUCED WITH O R  TEP ........................... 73 
6.1 Nonstereoscopic  Drawings Showing Thermal Motion .......................................................................... 73 

6.1.1 Comparison of Graphical  Representat ions of Thermal Motion ................................................ 73 
6.1.2 Thermal El l ipso ids  Derived from Independent Sets of Diffraction Data  .............................. 73 

73 6.1.3 Thermal Motion in Molecules  Not Rela ted  by Crystal lographic  Symmetry ............................ 
6.2 Stereoscopic  Drawings of Crys ta l  Structure ....................................................................... 

6.2.3 Crystal  Structure P a c k i n g  Diagrams .......................................................................................... 75 

6.2.1 Thermal El l ipso ids  Derived from Neutron Studies  .................................................................. 74 
6.2.2 Thermal El l ipso ids  Derived from X-Ray Studies  ..................................................................... 74 

6.3 Hel ica l  Structures .................................................................................................................................... 76 

7 . FORTRAN LISTING O F  OR TEP .................................................................................................................. 88 



OR TEP: A FORTRAN THERMAL-ELLIPSOID PLOT PROGRAM 
FOR CRYSTAL STRUCTURE ILLUSTRATIONS 
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Carrol l  K. Johnson 

A BST R AC T 

T h i s  report d e s c r i b e s  a computer program for drawing c r y s t a l  s t ructure  i l lustrat ions 
with a mechanical  plotter. Ball-and-stick type  i l lus t ra t ions  of a quality su i tab le  for publi- 
cat ion a r e  produced with ei ther  s p h e r e s  or thermal-motion probability e l l ipso ids  on t h e  
atomic s i t e s .  T h e  program c a n  produce s te reoscopic  pa i r s  of i l lustrat ions which aid in  t h e  
v isua l iza t ion  of complex packing arrangements  of atoms and  thermal motion patterns. Inter- 
a tomic d is tances ,  bond a n g l e s ,  and  principal a x e s  of thermal motion a r e  a l s o  calculated t o  
a id  t h e  s t ructural  s tudy.  

T h e  FORTRAN coding u t i l i z e s  t h e  comparable fea tures  of IBM 709/7090 FORTRAN I1 
and CDC 1604/1604A FORTRAN 6 3  so that  t h e  program can b e  executed  on a number of differ- 
e n t  machines  which have  32 K word memories. T h e  machine-oriented plotting subrout ines  
a r e  s tandard library-type rout ines  with s l igh t  modifications. Both CalComp and Benson 
Lehner  off-line magnetic-tape plotting s y s t e m s  have been  used  successfu l ly .  

Sample stereo-figure i l lustrat ions and a viewer a r e  included with t h e  report. 

1. INTRODUCTION 

Appropriate i l lus t ra t ions  a r e  e s s e n t i a l  i n  any  manuscript dea l ing  with crystal lographic  s t ructures .  An 

often quoted express ion  might just i f iably be  paraphrased to read tha t  a well-planned figure is worth a 

thousand numbers. With t h e  so-ca l led  information explosion in i t s  ear ly  exponent ia l  s t a g e s ,  t h e  author of 

a s t ruc ture  paper  should fee l  par t icular ly  obl igated to help t h e  reader  as  much as  he c a n  with “crystal  

c lear”  i l lustrat ions.  

T h i s  computer program, O R  TEP (Oak Ridge Thermal El l ipso id  P l o t  program) is a n  attempt t o  supply 

a tool  which c a n  reduce the  tedium a s s o c i a t e d  with drawing cer ta in  t y p e s  of c rys ta l  s t ructure  i l lustrat ions.  

In addition, t h e  precis ion obta inable  through machine plotting makes  feas ib le  the  production of de ta i led  

s te reoscopic  i l lus t ra t ions  which a re  impract ical  to  draw by convent ional  drafting methods. T h e  program 

d o e s  not i n  any s e n s e  rep lace  t h e  exper ience  of the  crystal lographic  draftsman; i t  is only a way of imple- 

menting cer ta in  of h i s  ideas .  Touching up t h e  f igures  by hand to  correct  for overlap and t o  add further de- 

ta i l  great ly  enhances  t h e  figure’s appea l  and usefu lness .  T h e  u s e r  i s  encouraged t o  do t h i s  and not  to b e  

content  with t h e  raw i l lus t ra t ions  as they come from the  plotter. 

Four  m a j o r  goa ls  were spec i f ied  for OR T E P ,  and they a r e  l i s ted  here in t h e  order of the i r  a s s i g n e d  

importance. (1) T h e  program must produce high qual i ty  i l lustrat ions,  including s te reoscopic  pa i r s  of  

thermal-motion f igures ,  as  free as poss ib le  of visual ly  dis t ract ing approximations. (2) T h e  program must 

be  general  both with respec t  to t h e  t y p e s  of i l lus t ra t ions  it c a n  draw and t h e  types  of computing and 

plotting equipment that  i t  c a n  ut i l ize .  (3) T h e  program must b e  e a s y  t o  u s e  and require a minimum of in-  

put; i t  should also be  e a s y  t o  modify. (4) T h e  computation time should  b e  minimized. Memory size l i m i -  

tation w a s  not one  of t h e  considerat ions;  hence  the  program requires  a 32 K word memory. 

L 1 
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Stereoscopic  c r y s t a l  s t ruc ture  i l lustrat ions were used  qui te  ex tens ive ly  i n  t h e  1920's  and 1930's ,  

particularly by M. von L a u e  and R. von Mises i n  their  beaut i ful ly  done  two-volume s e r i e s  of s t e r e o s c o p i c  

drawings. ' More recent ly ,  computer techniques  were appl ied in  making c r y s t a l  s t ruc ture  s te reoscopic  

pictures  by W. R. Busing '  u s i n g  a n  IBM 704 computer with ca thode  ray tube  output. T h e  ava i lab i l i ty  of 

larger, f a s t e r  computers  and  higher resolut ion plotting d e v i c e s  led  q u i t e  naturally t o  t h e  present  work. 

A s  usua l ,  there  is a n  unlimited horizon for future work with more sophis t ica ted  i d e a s  and equipment. 

I am part icular ly  indebted t o  my col leagues,  Drs. H. A. Levy,  W. R. Busing,  G. M. Brown, and  R. D. 

El l ison,  for many helpful d i scuss ions ,  and t o  R. A. Holl is ter ,  a summer par t ic ipant  with t h e  ORNL Mathe- 

mat ics  Division, who helped plan and c o d e  s e v e r a l  par t s  of t h e  program. T h e  i n i t i a l  vers ion of OR TEP 
was  written a s  a subrout ine for the  Busing,  Martin, and Levy Funct ion  and  Error Program, OR F F E ; 3  and 

many of t h e  concepts  and s e v e r a l  of t h e  subrout ines  of OR FFE a r e  incorporated into t h e  present  program. 

Several par t s  of EIGEN were taken  from a program written by R. E. Funder l ic  a n d  B. Franz  from t h e  Central  

Data P r o c e s s i n g  group. Subroutine AXEQB w a s  adapted  from a subrout ine obtained from t h e  Oak Ridge 

Central Data P r o c e s s i n g  Library. 
T h i s  report c o v e r s  t h e  following topics .  F i r s t ,  Sect. 2.1 is a summary t a b l e  of ins t ruc t ions  and is t h e  

part of the  report t o  which t h e  experienced user  wil l  routinely refer. Next, t h e  philosophy of t h e  program 

is out l ined and a n  example given. Sect ion 3 def ines  t h e  terms u s e d  i n  t h i s  report and d e s c r i b e s  t h e  input  

in detai l .  T h e  computational procedures  used  by  t h e  program a r e  d i s c u s s e d  in  Sect. 4, and  s t e p s  a r e  out- 

lined for adapt ing t h e  program t o  other configurations of equipment. T h e  next  s e c t i o n  summarizes  the  

mathematics  of thermal motion probability e l l ipso ids .  Sect ion 6 c o n t a i n s  a number of examples  of f igures  

produced with OR TEP. Most of t h e s e  drawings a r e  s t e r e o s c o p i c  p a i r s  of perspec t ive  project ions and a r e  

included t o  i l lus t ra te  t h e  information t ransfer  advantages  gained through the  u s e  of s t e r e o  figures. T h e  

final sec t ion  conta ins  t h e  complete  OR TEP FORTRAN listing. 

2. GENERAL PRINCIPLES AND PROCEDURES 

2.1 Summary Table of Instructions 

A brief summary of t h e  input cards  is given a t  t h i s  point to  s e r v e  as a check l i s t  for u s e  with OR TEP. 
All a s p e c t s  a r e  explained in de ta i l  i n  Sect .  3. 

1. T i t l e  card  (see 3.2.1) 

2. Cell parameter c a r d  ( s e e  3.2.2) 

3. Symmetry c a r d s  with s e n t i n e l  in  column 1 on l a s t  card  (see 3.2.3) 

4. Atomic parameter c a r d s  (two per atom) with sen t ine l  i n  column 1 of very l a s t  card ( s e e  3.2.4) 

5. Znstruction c a r d s  with -1 i n  columns 8 and  9 of f inal  instruct ion card. T h e  ins t ruc t ions  a r e  summa- 
r ized i n  Table  2.1 and  explained i n  de ta i l  i n  Sect. 3.3. 

'M. von Laue and R. von Mises (eds.), Stereoscopic Drawings of Crystal Structures, vols. I and 11, Springer, 

'W. R. Busing, Abstract  of Washington, D. C., Meeting of the ACA, Jan. 24-27, 1960, F-7, p. 23. 
3W. R. Busing, K. 0. Martin, and H. A. Levy, OR FFE,  a FORTRAN Crystallographic Function a n d  Error 

Berlin, 1926 and 1936. 

Program, ORNL-TM-306 (March 1964). 
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Table 2.1. Summary Table of Al l  Instructions 

Function 1-3 4-9 10-18 19-2 7 28-36 37-45 46-54 55-63 64-72 

Structure ana lys i s  

Dis tances  
Dist. +ang .  
Princ. a x e s  

ORG 1 
ORG 1 

ORG 2 
ORG 2 

TAR 1 
TAR 1 

TAR 2 
TAR 2 

DMAX (A) - 
DMAX (A) - 

Plotter control 

Initialize 
Advance and term. 

2 01 
2 02 

P lo t  boundary 

Dimensions 
Ti t le  rotation 
Retrace displace 

301 
3 02 
3 03 

VIEW(1N) 
- 
- 

BRDR( IN) 
- 
- 

w 

Atoms l is t  

Run add 
Run subtract  

Sphere add 
Sphere subtract  

Box add 
Box subtract  
Zero atoms l i s t  

401 From 
411 From 

402 ORG 1 
0 or 2 412 ORG 1 

- 403 O R G l  
413 ORG 1 

- 
- 

- 
- 410 - 

.... 

.... 
.... 
.... 

.... 

.... 
ORG 2 TAR 1 TAR 2 DMAX (A) - - 
ORG 2 TAR 1 TAR 2 DMAX (A) - - 
ORG 2 TAR 1 TAR 2 A/2 (A) E/2 (A) C/2 (A) 
ORG 2 TAR 1 TAR 2 A/2 (A) B/2 (A) C/2 (A) 

Cartesian system 

Definition 
Rotate reference 
Rotate  working 

501 ORGN 
502 Axes No. 
503 Axes No. 

VIA 
Rotate (O) 

Rotate (O) 

V1 B V2A V2B 
Axes No. Rotate (O) .... 

- - 
e . . -  .... 
- - 



Table  2.1 (continued) 

Function 1-3 4-9 10-18 19-27 28-36 3 7 4 5  46-54 55-63 64-72 

Center and s c a l e  

Explicit  - 601 XO(1N) YO (IN) 
Scale only - 602 XO(1N) YO (IN) 
Center only - 6 03 - - 
Center and sca l e  - 604 - - 
I. P. and I.S.a - 611 lkO(1N) AYO (IN) 
I .P.  and sca l e  - 612 lkO(1N) AYO (IN) 
I. S. and center - 613 - - 

Ellipsoids 

Shaded football 0 or 1 701 
(Format No. 1 trailer card) - - 

Football  O o r  1 702 
Open model 0 or 1 703 
Eoundary only 0 or 1 704 
Other types 0 or 1 705 

(Format No. 1 trailer card) - 
A s  above except no  0 or 1 711 

printed output of 0 or 1 712 
individual coordinates 0 or 1 713 

0 or I 714 
0 or 1 715 

- - 
A1 (IN) A0 (IN) 

(same a s  701) 
(same a s  701) 
(same a s  701) 
NPLANE NDOT 
A0 (IN) A1 (IN) 
(same a s  701) 
(same a s  701) 
(same a s  701) 
(same a s  701) 
(same a s  705) 

Bonds 

Explicit  0 or 1 801 FROM(1) TO (1) 

Implicit fancy 2 802 - - 

Implicit line 2 8 03 - - 

(cont.) 

(Format No. 2 trailer card) 

(Format No. 2 trailer card) 

?. P. and I. S. s ignif ies  increment position and increment scale.  
b ~ ~ ~ - ~ ~ ~  s ignif ies  parallel  offset (in.). 
‘PER-OFF signif ies  perpendicular offset (in.). 

SCALl  
- 

SCALl 
- 

ASCALI 

&CALI 

- 

NLINE 

FROM (2) 

- 

- 

SCAL2 
SCAL2 
SCAL2 
SCAL2 
SCAL2 
SCAL2 
SCAL2 

NDASH 

SYM HGT 
- 

SYM HGT 

FROM (3) 

- 

- 

PAR- OFF^ PER-OFF‘ 
- - 

PAR-OFF~ PER-OFF‘ P 

I I L 
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Table 2.1 (continued) 

Function 1-3 4-9 10-1 8 19-27 28-36 3 7 - 4 5  46-54 55-63 64-72. 

A s  above except  - 
no printed output 2 

2 

Labels  

CHEM SYMB - 
REG TITLES 3 

Format No. 3 
t i t le  card 

PROJ VECT TITLE 3 
Format No. 3 
title card 

VECTOR TITLE 3 
Format No. 3 
t i t le  card 

PROJ BOND LABEL - 
(1, 2, 3 dec. places)  - 

- 
BOND LABEL - 

(1, 2, 3 dec. places) - 
- 

CENTERED SYMB 
(with pen u p  or pen down) 
(Format No. 1 trailer card) 

1 
1 
- Saved sequence 

START - 
S T O P  - 
EXECUTE - 

Terminate job - 
New job follows - 

(from ti t le card on) 

811 (same a s  801) 
812 (same as 802) 
813 (same a s  803) 

901 ATOM-1 
902 ATOM-1 

903 ATOM-1 

913 ATOM-1 

904 ATOM-1 
905 
9 06 

914 ATOM-I 
915 
916 

908 ATOM-1 
909 
- SYMB# 

1101 - 
1102 - 
1103 - 

-1 - 
- 2  - 

TOM-2 
(ATOM-2) 

ATOM-2 

ATOM-2 

ATOM-2 

ATOM-2 

(ATOM-2) 

- 

X Edge R e s e t  Y Edge R e s e t  HGT(1N) P. R-OFF PER-OFF 
X Edge R e s e t  Y Edge R e s e t  HGT (IN) PAR-OFF PER-OFF 

X Edge R e s e t  Y Edge R e s e t  HGT(1N) PAR-OFF PER-OFF 

- - HGT (IN) PAR-OFF PER-OFF 

X Edge R e s e t  Y Edge R e s e t  HGT (IN) PAR-OFF PER-OFF 

- - HGT (IN) PAR-OFF PER-OFF 

X Edge Rese t  Y Edge R e s e t  HGT (IN) PAR-OFF PER-OFF 

- - - - - 
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2.2 Programming a Nonstereoscopic I l lustration for OR TEP 

2.2.1 General Comments on Automated Graphics. - In order t o  produce high quality i l lustrat ions with 

OR TEP, one  must in  general u s e  an i te ra t ive  approach;  tha t  i s ,  t h e  i l lustrat ion must usual ly  b e  computed 

and plot ted severa l  t imes  before  a n  optimal figure is produced. With e a c h  t r ia l ,  as many fac tors  as  poss i -  

ble a re  optimized t o  give a more informative and  more es the t ica l ly  p leas ing  resul t .  One often requires  

about four t r i a l s  for a s te reoscopic  figure of an unfamiliar s t ruc ture  (barring blunders  and  plotter mal- 

functions). 

Overlap is one  of the major problems, particularly for  chemica l  symbols  and bond d i s t a n c e  labels .  If 

the user  is not drawing s te reoscopic  f igures ,  i t  i s  of ten bet ter  to do t h e  le t ter ing with a L e R o y  le t ter ing 

template i n s t e a d  of t h e  computer. T h e  template  le t ter ing is neater  than t h e  computer le t ter ing,  and it c a n  

be  posi t ioned much more eas i ly .  However, for s te reoscopic  le t ter ing t h e  manual procedure appears  to  b e  

unsat isfactory b e c a u s e  of t h e  necess i ty  for e x a c t  re la t ive  placement  of t h e  le t ter ing on t h e  two v iews  to  

maintain good s te reops is .  

Overlapping atoms a r e  another  problem. T h e  program d o e s  not l e a v e  out t h e  par t s  of a n  atom hidden 

behind other  atoms. T h i s  feature  would be  a difficult (although not impossible)  programming feat. T h i s  

can  b e  accomplished manually, however, by e ras ing  or “whiting out”  t h e  unwanted par t s  of a n  atom. 

Even with s t e r e o  views,  t h e  f igures  a r e  more effect ive if overlap is taken  c a r e  of, espec ia l ly  when 

opaque” e l l ipso ids  a r e  used. 11 

In order t o  maintain general i ty  in  OR TEP, t h e  concept  of  programming i s  appl ied  t o  t h e  problem of 

drawing i l lustrat ions with a plotter. T h i s  concept  a l lows  access t o  a s e r i e s  of b a s i c  bui lding block op- 

erat ions which a r e  put together  b y  t h e  user  to “program” a n  i l lustrat ion.  T h e  ins t ruc t ions  u s e d  in  

programming OR TEP a r e  divided into t h e  following categories:  (1) ins t ruc t ions  u s e d  t o  s p e c i f y  prelimi- 

nary graphical de ta i l s ,  (2) ins t ruc t ions  u s e d  to  compose an  i l lustrat ion,  (3) ins t ruc t ions  u s e d  t o  draw the  

illustration, (4) instruct ions u s e d  t o  repeat  a sequence  of other  ins t ruc t ions ,  and (5) termination instruc-  

tions. E a c h  instruct ion s t a r t s  o n  a s e p a r a t e  punched card and c o n t a i n s  a n  identifying number and what- 

ever  parameters  a r e  needed  for the par t icular  instruction. The genera l  r o l e  of these ins t ruc t ions  is ex-  

plained in  t h e  remaining s e c t i o n s  of P a r t  2, and the  individual ins t ruc t ions  are descr ibed  in  de ta i l  i n  3.3. 
T h e  s imples t  way to cons t ruc t  t h e  program is, f i rs t ,  to  s c a n  through t h e  l i s t  of ins t ruc t ions  i n  numerical 

order and  pick out t h e  relevant  o n e s  t o  construct  t h e  framework of t h e  program. Then  cer ta in  other  in- 
s t ruct ions a r e  placed into the  framework program to furnish t h e  remaining “bookkeeping” de ta i l s .  

L e t  u s  assume that  t h e  s t ructural  da ta  c a r d s  (described i n  3.2) h a v e  been  prepared for a c r y s t a l  

s t ructure  and that  we want t o  prepare a program to draw a s i n g l e  nonstereographic  figure of t h e  conten ts  

of o n e  unit cel l .  We descr ibe  next  t h e  general s t e p w i s e  procedure o n e  would follow t o  program s u c h  an 

i l lustrat ion.  

2.2.2 Preliminary Graphical Detai ls.  - T h e  f i r s t  instruct ion card should  b e  t h e  plotter control instruc-  

t ion 201 (see 3.3.3.1) which wil l  in i t ia l ize  t h e  plotting package. 

Next, t h e  plot boundary instruct ion 301 ( s e e  3.3.4.1) i s  needed  t o  s e t  t h e  following parameters :  (1) X 
dimension i n  inches  for t h e  plot boundary, (2) Y dimension in i n c h e s  for t h e  p lo t  boundary, (3) viewing 

. 
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d i s t a n c e  i n  i n c h e s  for perspec t ive  projection (zero as  a s igna l  for paral le l  projection), and (4) border (or 

margin) dimension i n s i d e  t h e  boundary. 

No  other  200 or 300 s e r i e s  instruct ions a r e  required for t h i s  particular hypothetical figure. 

T h e  preliminary graphical  d e t a i l s  a r e  analogous t o  what a draftsman might do in  se t t ing  up  h i s  drafting 

board i n  preparation for a drawing. 

2.2.3 composing the Illustration. - T h i s  s t e p  involves  specifying:  (1) which atoms a r e  t o  b e  used  as  

t h e  figure subjec t ,  (2) t h e  rotat ional  orientation of t h e  subjec t ,  and (3) t h e  sca l ing  and positioning of t h e  

subjec t  re la t ive t o  t h e  drawing area.  T h e s e  t h r e e  components of composition a r e  implemented by t h e  400, 

500, and 600 s e r i e s  ins t ruc t ions  respect ively.  

For our hypothet ical  example, s u p p o s e  we want t o  p lace  t h e  b crys ta l  a x i s  a long the  plot ter  x a x i s  and 

the  c a x i s  of t h e  c rys ta l  in  t h e  plotter xy plane  as  nearly as  p o s s i b l e  paral le l  t o  t h e  plotter y axis .  T h i s  

se t t ing  c a n  b e  accomplished with a 501 instruct ion ( s e e  3.3.6.1) a lone;  but if addi t ional  reorientation were 

necessary ,  a 502 instruct ion ( s e e  3.3.6.2) would also b e  used. 

A rectangular box of enc losure  c a n  b e  descr ibed  with a 403 instruct ion ( s e e  3.3.5.3) to  contain the  de- 

s i red atoms for t h e  s u b j e c t  definition. T h e  sca l ing  and  posi t ioning of t h e  subjec t  t o  fill t h e  drawing a r e a  

may b e  accomplished automatical ly  with a 604 instruct ion (see 3.3.7.1). 
2.2.4 Drawing the Illustration. - Crys ta l  s t ructure  i l lustrat ions of t h e  ball-and-stick type a r e  made u p  

of three  components: b a l l s  (atoms), s t i c k s  (bonds), and labe ls .  T h e  three  components a r e  drawn with t h e  

700, 800, and 900 instruct ion s e r i e s  respec t ive ly ;  t h e  first two instruct ion series c a n  a l s o  perform cer ta in  

types  of labeling. 

The atom representat ion c a n  b e  ei ther  a general  e l l ipsoid or a boundary e l l ipse .  In some cases t h e s e  

become a sphere  and a circle .  Chemical  symbols  may b e  plot ted s imultaneously with t h e  atoms. 

For our example we might s imply draw c i r c l e s  and  put t h e  chemical  symbols  within t h e  c i r c l e s  by  

us ing  instruct ion 7 0 4  (see 3.3.8.1). T h i s  instruct ion wil l  draw all t h e  a toms of the  subjec t  and their  chemi- 

cal symbols .  
T h e  bonds a r e  not  a lways  n e c e s s a r y  i n  a drawing, but for s t ruc tures  with molecules  or with d is t inc t ive  

groupings they a r e  usua l ly  qui te  helpful. The most  convenient  method for descr ibing and drawing bonds is 

instruct ion 812 ( s e e  3.3.9.2). 
user’s knowledge of the  s t ructural  chemistry and  t h e  interatomic d i s t a n c e  ranges  for t h e  compound be ing  

drawn. Covalent  bonds or any  other  des i red  t y p e  a r e  found and drawn automatical ly  from t h e  l i s t  of atoms 

which make up t h e  subject .  If des i red ,  t h e  interatomic d i s t a n c e  l a b e l  c a n  a l s o  b e  drawn with e a c h  bond 

(see 3.3.9). 

T h i s  instruct ion u s e s  vector s e a r c h  c o d e s  ( s e e  3.1.5) which reflect the  

Various t y p e s  of label ing c a n  be  done with t h e  900 s e r i e s  instruction. The  one  which wil l  most of ten 

b e  included is a capt ion for t h e  figure us ing  instruct ion 902 (see 3.3.10.2). 

2.2.5 Terminating the Drawing of the Illustration. - T h e  plotter control  instruct ion 202 (see 3.3.3.2) 
a l lows  t h e  u s e r  to remove t h e  f inished drawing from t h e  plotting a r e a  and  t o  p lace  a fresh a rea  of plot 

paper in  position for a n y  addi t ional  plots  which may b e  drawn. 

To terminate t h e  computer job, a ( -  1) instruct ion (see 3.3.12) would b e  u s e d  as the  last instruct ion 

of t h e  program. 
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2.3 Programming a Stereoscopic I l lustration for OR TEP 

A s te reoscopic  pair of f igures  is simply two perspect ive v iews  of  the  s u b j e c t  as s e e n  from two differ- 

en t  viewpoints  (which a r e  usual ly  about 6 O  apart). T h i s  pair is produced with OR TEP by programming for 

two drawings. A few addi t ional  instruct ions supplementary t o  t h o s e  out l ined i n  2.2 a r e  useful  for producing 

s te reo  figures. T h e s e  ins t ruc t ions  a r e  t h e  s te reoscopic  rotation instruct ion 503 and t h e  1100 s e r i e s  of in-  

s t ruct ions,  which fac i l i t a te  t h e  repetition of a s e r i e s  of instruct ions.  

2.3.1 Stereoscopic Rotations. - In general, one  member of a de ta i led  s te reoscopic  i l lustrat ion cannot  

be  drawn completely independent  of t h e  other  member of t h e  pair  b e c a u s e  cer ta in  fea tures  (e.g., which 

octant  of a n  el l ipsoid is shaded)  must b e  done ident ica l ly  in  t h e  two drawings. In OR TEP t h e  “s te reo-  

scopical ly  s e n s i t i v e  d e c i s i o n s ”  are handled by us ing  two Car tes ian  coordinate  sys tems:  t h e  re ference  

Cartesian sys tem and t h e  working Cartesian sys tem (see 3.1.8). T h e  s t e p s  involved i n  picture  composition 

(see 2.2.3) and t h e  s te reoscopica l ly  s e n s i t i v e  d e c i s i o n s  a r e  a l w a y s  b a s e d  on t h e  reference sys tem,  but t h e  

drawing of the  i l lus t ra t ion  (see 2.2.4) is a lways  based  o n  the  working system. A s t e r e o s c o p i c  rotation is 

simply a rotation of t h e  working sys tem from t h e  reference s y s t e m  about t h e  a x i s  which is vert ical  whi le  

viewing t h e  f inal  result. For  example, a nominal rotation of +3O about  t h e  plot ter  y a x i s  might be  used  for 

t h e  lef t -eye view and a rotation of - 3’ about t h e  same a x i s  might b e  made before  plot t ing the  right-eye 

view, t h u s  producing a to ta l  interocular  a n g l e  of 6 9  

A program t o  draw a s t e r e o  pair would involve t h e  following s t e p s :  

1. preliminary graphical  d e t a i l s ,  

2. composition of subjec t ,  

3. lef t -eye s t e r e o  rotation, 

4. draw t h e  subjec t ,  

5. advance  t h e  plotter, 
6. right-eye s t e r e o  rotation, 

7. draw t h e  subject ,  

8. advance  the  plotter, 

9. terminate t h e  job. 

2.3.2 Repeating a Sequence of Operations. - It should b e  noted  that  s t e p s  7 and  8 i n  t h e  s t e r e o  

program of t h e  l a s t  s e c t i o n  a r e  ident ica l  to  s t e p s  4 and  5. T h e  program c a n  b e  shor tened  somewhat by 

using t h e  “saved s e q u e n c e ”  ins t ruc t ions  ( s e e  3.3.11). A 1101 instruct ion ( s ta r t  s a v e d  sequence)  would 

be  p laced  between 3 and 4,  and  a 1102 instruct ion (end s a v e d  sequence)  be tween 5 and 6. Then s t e p s  7 
and 8 c a n  b e  replaced by a 1 1 0 3  instruct ion (execute  s a v e d  sequence) .  

Any s e q u e n c e  of instruct ions c a n  b e  s a v e d  i n  t h i s  manner and repea ted  as many times as des i red  with 

1103 instruct ions.  F o r  example, t h e  s a v e d  s e q u e n c e  feature  c a n  b e  used  to  produce a complete  s e r i e s  of 

v iews  of a s t ructure  a t  ( say)  l S O i n t e r v a l s  about a n  axis .  Note tha t  t h e  ins t ruc t ions  between t h e  s t a r t  and  

s top  instruct ions are both e x e c u t e d  a n d  s a v e d  t h e  f i rs t  time through. 
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2.4 Drawing the Cubane Structure: An Example 

r. 

. 

T h e  novel compound c u b a n e 4  ( C 4 H 4 )  h a s  been crys ta l l ized  and  the  s t ruc ture  deter-  

mined. s T h e  carbon-carbon bonds l i e  a long  t h e  e d g e s  of a c u b e  within experimental error. 

T h e  compound c r y s t a l l i z e s  with t h e  trigonal symmetry of s p a c e  group R3. One carbon and 

o n e  hydrogen a r e  in  s p e c i a l  pos i t ions  along t h e  3 a x i s ,  and t h e  remaining carbon and hy- 

drogen are i n  general  posi t ions.  Anisotropic temperature  factcr  coeff ic ients  were fitted to 

t h e  carbon atoms during t h e  leas t - squares  refinement of t h e  s t ructure ,  and isotropic  tem- 

perature  fac tors  were u s e d  for the  hydrogen atoms. 

- 

- 

T h e  c e l l  parameters a r e  

a = p = y = 72.26O. 
_ - -  - - -  - 

T h e  equivalent  pos i t ions  of s p a c e  group6 R3 a r e  x, y ,  z ;  z, x, y ;  y ,  z ,  x; x, y ,  z ;  z ,  x, y ;  and 

Y ,  2, x * 
- _ -  

T h e  posi t ional  parameters for C1, C2, H1, and  H2 a r e  given a s  -0.18711, 0.19519, 
0.10706; 0.11546, 0.11546, 0.11546; -0.3246, 0.3468, 0.1848; and 0.2100, 0.2100, 0.2100, 
respect ively.  T h e  an iso t ropic  temperature  fac tors  given for t h e  carbon atoms a r e  of t h e  
type  ca l led  zero' in  t h i s  report (see 3.2.4.2). T h e  coef f ic ien ts  b l l ,  b Z 2 ,  b,,, b l , ,  b 1 3 ,  b,, 

for C1 and C2 a r e  0.0410, 0.0425, 0.0450, - 0.0042, - 0.0142, - 0.0051; and 0.0468, 0.0468, 
0.0468, -0.0143, -0.0143, -0.0143. 

2.4.1 Data Input for Cubane. - 2.4.1.1 Tit le Card (see 3.2.1). - FORMAT (12A6) 
C a r d  No.  

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

2.4.1.2 Cell Parameter Card ( s e e  3.2.2). - FORMAT (6F9.6) 

( 2 )  5.34 5.34 5.34 72.26 72.26 72.26 

2.4.1.3 Symmetry Cards ( s e e  3.3.3) 

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

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

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

4P. Eaton and T. Cole, J .  Am. Chem. SOC. 86, 3157 (1964). 
'E. B. Fleischer. J .  Am. Chern. SOC. 86, 3889 (1964). 

6N. F. M. Henry and K. Lonsdale (eds.), International Tables  for  X-Ray Crystallography, vol. I, Kynoch, Bir- 

'Unfortunately, many authors of structure papers neglect  to  define the equation for the  anisotropic temperature 
factor coefficients. 
factor l is ted in anisotropic form in their Table  I. In other instances one must arbitrarily choose a type (usually 0, 
1, or 4 in the U.S.A.) and do the principal a x i s  transformation, then check that the principal values  a re  correct, or 
a t  l eas t  reasonable. 

mingham, 1962. 

In the present c a s e ,  the type c a n  b e  determined from t h e  comparative isotropic temperature 

In particular, the principal values must a l l  b e  positive. 
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0 0 . 0 1 0  
0 0 . - 1  0 0 

0 0. 0 0-1 

1 0. 0 - 1  0 

0 . 0 0 1  
0. 0 - 1  0 
0 . - 1  0 0 
0. 0 0 - 1  

2.4.1.4 Atomic Parameter  Cards. - 

Posi t iona l  parameters  ( s e e  3.3.4.1): FORMAT (A6, 3X,5Fg96,F9.0) 

Thermal  parameters  (see 3.2.4.2): FORMAT 01 ,  F8.6,5F9.6,F9.0) 

0 . 1 0 0  
0. 0 0 - 1  
0. 0 - 1  0 
0 . - 1  0 0 

Atoms 1 and 2 a r e  entered with posi t ional  parameters  t y p e  0 and anisotropic  temperature 

fac tors  t y p e  0. 

c1 -.18711 .19519 .lo706 0 
0 .04100 .04250 .04500 -.00420 -.01420 -.00510 0 

c2 .11546 .11546 .11546 0 

0 .04680 .04680 -04680 -.01430 -.01430 -.01430 0 

Atoms 3 and 4 a r e  entered with posi t ional  parameters  type  0 and with dummy sphere  tem- 

perature  fac tors  ( type 7) 0.1 A i n  radius. 

H1 - .32460 .34680 .18480 0 
0 .1 7 

H2 .21000 .21000 .21000 0 
0 .1 7 

Atom 5 is a dummy atom at t h e  cell origin with a blank card  dummy sphere  ( s e e  l a s t  para- 

graph of 3.2.4.2). T h i s  could also b e  entered with type 7 as were  a toms 3 and 4. 

ORGN .ooooo .ooooo .ooooo 0 
1 0 

In t h e  card  deck  for t h i s  sample  program, ex tens ive  u s e  of Format No. 3 t ra i ler  c a r d s  

(see 3.3.1) is made as a method of including a comment with a n  instruction. T h i s  con-  

vention is not mandatory, but i t  is a convenient  method for annotat ing a program. T h i s  
example u s e s  a wide range of instruct ions in  order  to demonstrate  them. A s  in  t h e  case 

with any  programming system, there  a r e  many w a y s  of doing any given problem. T h e  

Formats  a r e  descr ibed  i n  3.3. 
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Card No. 

(19) 

2.4.2 Analysis of Structure (see 3.3.2). - T h e s e  ins t ruc t ions  are not  connected with 

producing t h e  figure. They a r e  shown here  jus t  to  demonstrate  how they a r e  used. A 101 
instruct ion is used  t o  obtain a tabulat ion of t h e  atoms surrounding one  atom or a s e r i e s  of 

severa l  des igna ted  atoms. To obtain a l i s t  of all atoms (hydrogen and  carbon atoms)  o u t  

t o  a l i m i t  of (say) 3.61 A about t h e  two carbons  C1 and C2, o n e  would u s e  t h e  following 

instruction. (The  notation is explained i n  Sect ion 3.3.2.) 

101 , 155501 2 ,  1 4 I 3.61 , 
Atoms 1 through 2 of 
symmetry operat ion 1 

Atoms 1 through 4 of all symmetry 
and t ranslat ion operat ions 

D max 

A 102 instruct ion g i v e s  both interatomic d i s t a n c e s  and interatomic angles .  In order to  

find all covalent  bonds and bond a n g l e s  about  the  two carbons  we might u s e  t h e  following 

instruction. 

102  155501 2 1 4 1.8 

In t h i s  case a smaller D max w a s  used  so that  only t h e  d i s t a n c e s  and a n g l e s  of immediate  

in te res t  would b e  computed. 

2.4.3 Programming the Cubane Il lustration. - F i r s t  w e  must in i t ia l ize  t h e  plotter 

package.  

201 

T h e  two plot boundary dimensions can  b e  e q u a l  for t h e  present  i l lustrat ion s i n c e  the 

c u b a n e  molecule  i s  a cube. Suppose w e  u s e  an 11- by 11-in. boundary and spec i fy  a 1- 
in. margin t o  give a to ta l  working area of 9 by 9 in. A 24-in. view d is tance  might b e  

reasonable  t o  u s e  i n  viewing a m o d e l  of t h i s  size. 

301 11 11 2 4  1 

In general we  would u s e  retracing to  make t h e  lettering, and  cer ta in  other  de ta i l s ,  

s t a n d  out more prominently. However, for t h e  t e s t  example w e  wil l  e l iminate  t h e  re- 

t racing so tha t  t h e  i l lustrat ion wil l  plot a s  f a s t  a s  poss ib le .  

303 0 

T h e  subjec t  of t h e  i l lustrat ion is a s i n g l e  cubane  molecule, which we wil l  now de-  

fine, O n e  way of designat ing t h i s  s u b j e c t  is to spec i fy  a sphere  of enclosure,  centered 
on t h e  dummy atom 555501, which is a t  t h e  center  of a cubane  molecule. A radius  of 3.2 

A should be  adequate  t o  isolate a s ingle  molecule. 

. 
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Card No. 

(24) 

where t h e  s e v e r a l  p a r t s  designate:  

( a )  a run of origin atom (center  of sphere)  from atom 5 to  atom 5 in symmetry position 
55501 (that i s ,  i n  t h i s  example, a s i n g l e  sphere) ,  

( b )  a run of target  atom from atom 1 t o  atom 4, and  

(c)  a sphere  rad ius  of 3.2 A. 

To orient t h e  molecule ,  we  will f i rs t  def ine a coordinate s y s t e m  along t h e  e d g e s  of 

t h e  cubane cube. We wil l  then rotate t h e  molecule  re la t ive t o  t h i s  coord ina te  system to 

minimize overlap. 

T h e  origin of t h e  coordinate  sys tem wil l  be  posi t ioned on t h e  dummy atom No. 5. T h e  

des i red  coordinate  sys tem orientation wil l  b e  def ined by  spec i fy ing  two vectors  from t h e  

s p e c i a l  posi t ion atom 255501 t o  t h e  two symmetry-related general-position a toms 155501 
and 155502. 

501 555501 255501 155501 255501 155502 0 0 

A rotation of 25Oabout t h e  Y a x i s  (ax is  2) followed by a rotation of 28Oabout t h e  X 
a x i s  (ax is  1) will produce a sat isfactory view of t h e  molecule. 

502 2 25 1 28 

The s te reoscopic  rotation for t h e  left e y e  c a n  be  done  at t h i s  point jus t  to  keep the  

ins t ruc t ions  i n  numerical order. We will u s e  a rotation of 3O about t h e  Y a x i s  (ax is  2) for 

t h e  lef t -eye view. L a t e r  i n  t h e  program, w e  wil l  make a - 3'rotation about  the  same a x i s  
for t h e  right-eye view to give a total interocular  angle  of 69 

503 2 3.0 

T o  scale and position t h e  subjec t  for projection onto the drawing board, we  wil l  u s e  

two instruct ions.  T h e  first wil l  automatical ly  scale and posi t ion t h e  subjec t  to u t i l i ze  

all ava i lab le  s p a c e .  T h e  second will shr ink t h e  scale s l igh t ly  to al low more s p a c e  along 

t h e  border. 

A 604 instruct ion wil l  automatical ly  s e t  XO, YO, and SCALl. However, t h e  el l ipsoid 

scale factor  ra t io  SCAL2 must be  spec i f ied  independent ly .  If we want thermal e l l ipso ids  

corresponding to  50% probability, then we wil l  en te r  1.54 for SCAL2. 

604 0 0 0 1.54 

To shrink t h e  overal l  scale factor (SCALl) by 10% we u s e  t h e  incremental  instruct ion 

611 and en ter  0.9 for SCAL1. 
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Card  No.  

(29) 611 0 0 .9  0 

T h i s  comple tes  t h e  composition of the  i l lustrat ion.  

S ince  t h e  s t ruc ture  will b e  drawn twice,  o n c e  for e a c h  eye ,  t h e  “saved  s e q u e n c e ”  

fea ture  c a n  b e  used  t o  shorten t h e  program. Note that  t h e  instruct ions between t h e  s t a r t  

and  s t o p  instruct ions a r e  both executed and saved t h e  first time through. They  c a n  then 

b e  re-executed as many t imes  a s  des i red  by u s i n g  t h e  “execute  s a v e d  s e q u e n c e ”  ins t ruc-  

tion 1103. 
T h e  1101 instruct ion s t a r t s  t h e  s a v e d  sequence.  

1101 

T h e  ATOMS l i s t  currently conta ins  all t h e  atom des igna tors  for o n e  cubane molecule. 

We want t o  draw t h e  molecule  i n  two s e p a r a t e  s t e p s  s o  that  the  hydrogen and carbon atoms 

c a n  b e  given different graphical  representat ions.  To el iminate  t h e  hydrogens from t h e  list 

we u s e  a sphere-of-enclosure elimination instruct ion and inc lude  only t h e  hydrogens i n  i t s  

target  l i s t .  T h i s  wil l  l eave  only t h e  carbon atom des igna tors  i n  t h e  atoms l is t .  

412 555501 5 3 4 3.2 

To draw t h e  carbon atoms we will construct  a s p e c i a l  code  that  ( a )  draws t h e  t h r e e  

principal-plane forward t r a c e s  and t h e  boundary-plane t r a c e  (NPLANE = 4), ( b )  omits  t h e  

reverse  s i d e s  of t h e  principal planes (NDOT = 0), (c)  draws t h e  forward principal a x e s  

without addi t ional  shading (NLINE = l ) ,  and ( d )  omits  t h e  reverse  principal a x e s  

(NDASH = 0). In addition we want t h e  chemical  symbols  to b e  drawn with l e t t e r s  0.2 in. 

high (before project ion)  and d isp laced  from t h e  atomic center  by  0.6 in. in t h e  horizontal 

direction and 0.7 in. i n  t h e  ver t ical  direction. . 
715 4 0 1 0 

T h e  715 instruct ion is u s e d ,  rather than 705, t o  shorten the  output l i s t ing  of t h e  example. 

Normally we would u s e  t h e  7 0 5  to obtain a l i s t ing  of a l l  coordinates. 

T o  draw t h e  hydrogen atoms w e  must f i rs t  c l e a r  t h e  atoms array. 

(33) 410 

We then rebuild i t  with hydrogen atom des igna tors  a lone.  We could u s e  a sphere  of 

enclosure;  however, for variety we wil l  u s e  a n  atom designator  code  run instead.  T h e  

atom numbers run from 3 through 4 and t h e  symmetry operators  run from 1 through 6. All 

a toms wil l  be  in c e l l  555;  consequent ly ,  there  a r e  no t ranslat ion runs. Since one of  t h e  

atoms (atom 4) is i n  a s p e c i a l  position, dupl ica te  en t r ies  will occur;  but they a r e  elimi- 

nated automatically. 

. 
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Card N o .  

(34) 401 355501 - 455506 

b 

. 

(35) 

Since  t h e  hydrogen a toms a r e  t o  be  drawn with a s tandard  model, t h e  construct ion d e t a i l s  

will b e  taken c a r e  of automatically. We want chemical  symbols  0.2 in. high and of fse t  

0.35 in. horizontally and  0.4 in. ver t ical ly .  

712 0 0 0 0 .2 .35 .4 

Before drawing t h e  bonds, we must reconstruct  t h e  complete  molecule. T h i s  can  b e  

accomplished with a s p h e r e  of enc losure  ident ica l  to  t h e  original one.  T h e  hydrogens tha t  

a r e  a l ready i n  t h e  atoms l i s t  wil l  not c a u s e  complicat ions,  s i n c e  dupl ica tes  a r e  automati- 

ca l ly  eliminated. 

402 555501 5 1 4 3.2 

T h e  most  convenient  procedure for drawing bonds is to u s e  t h e  implici t  bond instruc-  

tion 812. All other information can  b e  en tered  with a s i n g l e  format No. 2 t ra i ler  card  

(vector search  c o d e  card). 

(37) 2 812 

(38) 0 

where 

(a) and ( b )  a r e  atom number runs for atom-pair bonds to  b e  drawn, 

(c) denotes  bond type 4, 

(d )  denotes  t h e  d i s t a n c e  range 0.9 to 1.6 A, which wil l  cover  all covalent  
bond d i s t a n c e s ,  and 

( e )  the  bond radius ,  i s  0.04 A. 

T h e  remaining f ie lds  in  t h e  card c a n  b e  blank,  s i n c e  a complete  s e t  of bond d i s t a n c e  

l a b e l s  is not desired.  

B e c a u s e  of the  symmetry, there  a r e  only two different C - C bond lengths  i n  cubane.  

T h e s e  a r e  C1-C1 and Cl-C2. We s h a l l  l abe l  o n e  example of e a c h  of t h e s e  bonds. For 
variety let u s  labe l  o n e  with a normal bond-length labe l  and t h e  other  with a perspec t ive  

label .  T h e  two bonds which c a n  be  labe led  most  advantageously a r e  ( a )  155504 -+ 155503 

and ( b )  255504 -+ 155505. T h e  l a b e l s  wil l  b e  0.15 in. in height  a n d  d isp laced  vertically 

from t h e  bond center  b y  - 0.4 in. 

906 155504 155503 0 0 .15 0 - .4 

916 255504 155505 0 0 .15 0 - .4 

. 

i 
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T h e  final feature  t o  b e  drawn is a capt ion (CUBANE) for t h e  illustration. T h i s  can 

convenient ly  b e  posi t ioned by “hanging” i t  from t h e  dummy atom 555501 and “bouncing” 

i t  1 in. off the l o w e r y  boundary. 

C a r d  No. 

(41) 3 902 

(42) 

555501 0 

CUBANE 

(43) 

(44 1 

(45) 

(47) 

(49) 

T h e  s a v e d  s e q u e n c e  c a n  now b e  terminated. 

1102 

0 1. .25 0 0  

T h e  plot ter  is then advanced 9 in .  a long  x i n  preparation for the right-eye view. 

202 9 

T h e  s t e r e o  rotation of - 3 O  about a x i s  2 is now performed in  preparation for t h e  right-eye 

view. (Note t h a t  t h i s  rotation starts with t h e  reference orientation, not t h e  previous 

working orientation.) 

5 03 2 -3.0 

T h e  s a v e d  s e q u e n c e  c a n  now be  repeated for t h e  right eye. Note tha t  t h e  atom l i s t  now 

conta ins  t h e  same information tha t  i t  did when t h e  f i rs t  view w a s  drawn. 

1103 

T h e  i l lustrat ion is now complete. T h e  plotter is next advanced  20  in. along x to remove 

t h i s  figure from t h e  working area. 

2 02 2 0  

A dummy plot for t h e  CalComp sys tem is now added t o  a i d  i n  s topping the CalComp 

plotter. 

202 0 

Fina l ly  w e  terminate  t h e  j o b  and  ex i t  from t h e  program. 

-1 

2.4.4 Stereoscopic I l lustration of Cubane. - Figure  2.1 s h o w s  t h e  s te reoscopic  pa i r  

exac t ly  as i t  w a s  plot ted by  t h e  CalComp 580 system. F i g u r e  2.2 s h o w s  t h e  s a m e  

i l lustrat ion af ter  i t  w a s  “touched up” by hand to  correct for overlap. 

Note t h a t  one  bond d is tance  l a b e l  w a s  drawn in perspec t ive  along t h e  bond, and the  

other  w a s  drawn as a regular labe l  paral le l  t o  t h e  page. 
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1 

CUBRNE 

I 

CUBRNE 

Fig.  2.1. T h e  Sample Figure Cubane Before Retouching. 

I 

CUBANE 

1 

CUBRNE 

8 

Fig. 2.2. T h e  Sample F igure  Cubane After Retouching. 
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2.4.5 L ist ing of Sample input and Output. - 2.4.5.1 Listing of Input Cards. - 

I 

CUBANE (E.B.FLEISCHER ( 1 9 6 4 )  J.A.C.5 8 6 9 3 8 8 9 )  
5.34 5.34 5.34 7 2 - 2 6  72.26 72.26 

C l O D  0 0 l O  

0 0 1 0  0 0 0 1  
0 - 1  0 0 cl 0 - 1  0 
0 0 0 - 1  0 - 1  0 0 
n 0 - 1  0 0 0 0 - 1  

D O 0 1  o i o n  

C I  -.I8711 . I 9 5 1 9  . I O 7 0 6  
. 0 4 1 0 0  .04250  .El4500 - .00420 - .01420 -.00510 

c 2  .I1546 . I 1 5 4 6  .I1546 
. a 4 6 8 0  - 0 4 6 8 0  - 0 4 6 8 0  - .01430 - .01430 --OIb30 

HI 

H2 

ORGN 
I 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

**I** 

**a** 

+*++* 

***++ 

+**+* 

*I*** 

***** 
++***  

* * * * e  

****a 

***** 

0 0 0  

0 1 0  
0 0 0  
0 0 - I  
0 - I  0 
0 
0 
0 
0 

a n i  

EXAM00 IO 
EX A MOO20 

I EXAM0030 
gEXAM0040 
OEXAP0050 

OEX AM0070 
OEXAM0080 

EXAM00911 
EXAPOIOO 
EXAMOI l f l  
EXAM0120 

- I  EXAM0060 

-. 3 2 4 6 0  -34680 1 8 4 8 0  0 EXAM01 311 
. I O  7 EXAM01 40 

. 2 1 o c o  .21000 . 21003  0 EXAMOI 50 
.IO 7 EXAM01611 

0 0 0 0 EXAM0170 
0 EXAM01 8 0  

101 155501 2 I 4 3.61 EXAMOl911 
F l N D  ALL NEIGI-IBOR ATOMS AROUNC C I  AN0 C2 OUT TO 3.61 A +***+ EXAM0200 
102 155501 2 I 4 I .8 EXAC02 I O  
F I N D  COVALENT BONDS AND BOND ANGLES AROUND CARBONS ***+* EXAM022rl 
2 0  I E XAM02 3 0  
I N I T I A L I Z E  CALCOMP PLOT PACKAGE * *+**  EX A PO24D 

EXAMO25n 30 I 1 1 .  I I .  24. 1 .  
I I X I I  BCUNOARY, 9 x 9  I N S I D E  I INCH M A R G I Y ,  VIEW FRCM 2 4  INCHES ++**EXAM0260 
3 0 3  0 EXAM027n 
E L I M I N A T E  ALL RETRACING *****  EXAM02 80 
4 0 2  555501 5 I 4 3.2 EXAM029f l  

E XAM030fl ENCLOSER SPHERE OF RADIUS 3.2 A ABOUT DUMMY ATOM 5 +*+** 
5 0 1  5 5 5 5 0 1  255551 155501 2 5 5 5 0 1  1 5 5 5 0 2  OEXAM03 I O  
ORGN A T  DUMMY A T O M  5 1  VECTORS ALONG 2 EDGES OF CUBANE ***** EXAM0320 
5 0 2  2 2 5  I 28. EXAM033n 
ROTATE 25 DEGREES ABOUT YI THEN 28 DEGREES ABOUT X ****+ EXAC034O 
5 0 3  2 3.0 E X A  PO3 59 
STEREO RDTATICN OF 3.0 DEGREES ABOUT Y FOR LEFT EYE *****  EXAM0360 
6 0 4  n il I3 I .54 EXAP0370 
AUTO SCALE AND P O S I T I O N  TO 9x9 .  5 0  PERCEWT P R O B A B I L I T Y  E L L I P S O I D S  EXAM0380 
61 I D 0 .9 0 EX A Ma3 90 
SHRINK SCALE B Y  I O  PERCENT FOR SAFETY ***** EX AM040fl 

3 1101 EXAM04 IO 
I***+ START SAVE SEQUENCE * * + e *  EX A M04 2 0  

3 4 1 2  5 5 5 5 0 1  5 3 4 3 . 2  E XAM04 30 
* * *+*  E L I M I N A T E  HYOROGENS WITH ENCLOSER SPHERE E L I M I N A T I O Y  * * * *e  E XAC044rl 

3 7 1 5  4 0 I 0 - 2 3  .60 .7UEXAM045U 

3 4 1 0  EX AM0470 
****I Z E R O  A T C M S  ARRAY, THIS  STRUCTURE I S  TO BE DRAWN PIECEMEAL ***+* EXAM0480 

3 4 0 1  3 5 5 5 0 1  - 4 5 5 5 3 6  E XAMO490 
**I** REPLACE HYDROGENS CYLY H I T H  AN ATOM DESrGNATOR RUN ***** EX AMOSO@ 

.2 .35 .4OEXAMOSIO 3 7 1 2  
*+*** S O L I D  MOOEL WITH .2 INCH CHEM SYMBOLS OFFSET .35,.40 INCH e*** *  EXAM0520 

3 4 0 2  5 5 5 5 0 1  5 I 4 3.2 EXAM0530 
*I*+* ENCLOSER SPHERE WITH COMPLETE MODEL +***+ E XAM0540 

E XAM0550 2 8 1 2  
3 1 4 1 4 4  .9 I - 6  .Ob E X A PO560 

3 9 0 6  1 5 5 5 0 4  155503 0 0 . I 5  0 -.4EXAM0580 
* + e * *  LABEL UNIQUE C-C BCNDS . CAPTION # CUBANE *****  EXAM059’Y 

3 9 0 2  5 5 5 5 0 1  0 0 I .o .25  0 OEXAM06 I !3 
C UBANE E X A  MO62O 

5 1132  EXAM0630 
* * * * i t  END OF SAVE SEQUENCE ****+ E XAM0640 

3 2 0 2  9. EXAM065r3 

++I*+ SPECIAL MODEL WITH - 2  IN .  CHEM SYMBOLS OFFSET - 6 0  9 - 7 0  IN. ***** EXAM0460 

* ****  TYPE 4 BONDS,.04 A M A X  RADIUS* ALL VECT09S - 9  TO 1.6 A LONG **+** EXAM0570 

9 1 6  2 5 5 5 0 4  1 5 5 5 0 5  0 0 . I 5  0 -. 4EXAMO600 
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****+ ADVANCE PLOTTER 9 INCHES ALONG X FOR R I G H T  EYE V IEW e * * * *  
3 503 2 -3.0 

* * + * e  STEREO R O T A T I C N  FOR R I G H T  E Y E  * *e * *  

* * * e *  EXECUTE SAVED SEQUENCE FOR R I G H T  EYE V I E W  **e**  

**I** ADVANCE PLOTTER 20 INCHES * * * * i t  

****e ADDS DUPMY PLOT TO MAGNETIC TAPE ****I 

3 1103 

3 232 20. 

5 202 n 
- I  

E X A M 0 6 6 0  
EX A M0670 
EX AM06 Rn 
EX AM0690 
EXAMO7Ofl 
EXAM0710  
EXAM0720  
E X A M 0 7 3 0  
EXAM074fl  
EXAM0750  

c 
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2.4.5.2 Listing of Output from the Monitor Output Tape of the Computer. - 

NO. A T O M  
I C I  
2 c2  
3 H I  
4 H2 
5 O R G N  

>IO. A T O M  
I C I  
2 c 2  
3 H I  
4 H2 
5 ORGN 

C U B A N E  ( E . B . F L E I S C H E R  ( 1 9 6 4 )  J.A.C.S 86,38891 

D I R E C T  C E L L  P A R A M E T E R S  
A B C A L P H A  B E T A  GAMMA 

5 340000 5.340000 5.34couo 72.260 72.260 72.260 
C O S I N E  0.5046981 I 0.3046981 I 0.30469811 

R E C I P R O C A L  C E L L  P A R A M E T E R S  
A +  B* C *  A L P H A *  B E T A +  GAMMA* 

0.202207 0.202207 0.202207 I03.506 103. 506 103.506 
C O S I N E  -0.23353916 -0.23353916 -0.23353916 

S Y Y M E T  R Y TR AN S FORM A T I ON S 
YO.  T R A N S F O R M E D  X T R A N S F O R M E D  Y T R A N S F O R M E D  L 
I 3. 1 .  x 0. Y 0. z 0. 0. x 1 .  Y 0. 2 0. 0. x 0. Y 1 .  2 
2 3. 0. x 0. Y I. 2 0. 1 .  x 0 ,  Y 0. z 0. 0 ,  x 1 .  Y 0. L 
3 3. 0. x I .  Y 0. z 0. 0. x 0. Y I .  2 0. I .  x 0. Y 0. 2 
4 a. - 1 .  x 0.  Y 0. z 0. 0. x - 1 .  Y 0. z 0. 0. x 0. Y -1 .  z 
5 0. 0 .  x 9. Y - 1 .  z 0.  - I .  x 0. Y 0. z 0. 0. x - 1 .  Y 0 .  L 

- 1 .  x 0. Y 0. L 6 0 .  0. x - 1 .  Y c. z 0. 0. x 0. Y -1. 2 0. 

X Y z 81 I 82 2 633 812 813 8 2 3  T Y P E  
-G.187110 0.195190 0.107060 0.04lOOO 0.042500 0.045000 -0.004200 -0.014200 -0.0C515'5 0 .  c 0.115460 0.115460 0.115460 0.046800 0.046800 0.046800 -0.U14300 -0,014300 -0.0143bU 0. W 

-u.3246co 0,346800 O.IW+BUO 0.100000 -0. -0. -0. -u. -0. 7. 
rJ.21COOC1 0.210000 0.210000 0.100000 -0. -0. -0. -0. -U. 7. 
e.  0. 0. -0. -0. -0. - 0 .  -D -U. il. 

R M S D  3 X Y Z R M S D  I R M S D  2 
-0 .  I 8 7  I I O  0.195 I 9 0  0 .  IO7060 0.204899 0.239856 0.255794 

0. I I5460 0. I I5460 0.  I I 5 4 6 0  0.205704 0.247753 0.247735 
-0.324600 0.346800 0. I84800 0. I00000 0.100000 0. I 00000 

2.2 10003 0.210000 0.21 0000 0. I00000 0. I00000 0.1 ooouo 
0 . 0. 0 .  0. I oouoo 0. I00000 0. I00000 

C U 8 A N E  ( E . 5 . F L E I S C H E R  (19641 J.A.C.S 8693889) 

O R T H O Y O R M A L  R E F E R E N C E  V E C T O R S  B A S E D  ON C R Y S T A L  A X E S  P O S T - F A C T O R  T R A N S F O R M A T I O N  M A T R I X  
X V E C T O R  Y V E C T O R  Z V E C T O R  

2. I872659E-00 -0.5990827E-01 -0.472231 9E-01 0.5340000E 0 I 0.4473348E-07 0.2980232E-67 
e. 0.19661 52E-00 -0.472231 9 E - 3 1  0.1627088E 01 0.5086078t 01 0.2980232E-G7 
0. 0. 0.2022067E-00 0.1627088E 01 3.1187798E 01 0.4945434E i l l  

* e + * *  F I N D  A L L  N E I G H B O R  ATOMS A R O U N D  CI A N D  C2 O U T  T O  3.61 A +*)+** 

-0 .  

F K O M  ATOMS TO ATOMS W I T H  R A D I U S  OR, I F  A B O X ,  W I T H  S E M I D I M E N S I O N S  
C O C E  ( M I N  M A X )  ( M I N  M A X )  A 8 C 



I01 155501 2 I 4 3.610 -0. -0. 

V E C T O R S  F R O M  A T O M  
C I  H I  
C I  C I  
C I  C I  
C I  c 2  
C I  CI 
C I  C I  
C I  c 2  
C I  H I  
61 H I  
C I  H2 
C I  C I  
C I  H I  
C I  H I  
C I  H2 
C I  H2 
C I  H2 
C l  H I  
C I  H I  
C I  ti  I 
C I  c 2  

c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  
c 2  

V E C T O R S  F R O M  A T O M  
H2 
C I  
C I  
C I  
C I  
C I  
C I  
H I  
HI  
H I  
c 2  
H I  
H I  
H I  
H I  
H I  
H I  
C I  
C I  
C I  

4 
3,555011-0.3246 0.3468 0.1848 
1,555051-O.lO71 0.1871-U*1952 
1,55506)-0~1952-0.1071 0.1871 
2,555011 0.1155 0.1155 0.1155 
l r 5 5 5 0 2 1  0.1071-0.1871 0.1952 
1,555031 0.1952 o. ia71-o.1871 

3 , ~ 5 ~ 0 5 ) - 0 . 1 8 4 8  0.3246-0.3468 

2,555041-0.1155-0.1155-0.1155 
3,555061-U.3468-0.1846 0.3246 

4,555011 0.2100 i1.2100 Us2100 
1,55504) 0.1871-0.1952-0.1071 
3,555021 0.1848-0.3246 0.3468 
3,555031 0.3468 0.1848-0.3246 
4,45501)-0.7900 C.2100 0.2100 
4 ,56504 1-0-2 I 00 0.7900-0.2 I O 0  
4 ~ 5 5 5 0 4 1 ~ 0 ~ 2 1 0 0 ~ 0 ~ 2 1 0 0 ~ ~ ~ 2 l 0 0  
3,55605)-0.1848 0.3246 0.6532 
3,45603)-0.6532 0.1848 0,6754 
3,46504)-0.6754 0.6532-0.1848 
2,565041-0.1155 0.8845-0.1155 

4 
4,55501) 0.2100 0.2100 0.2100 
l ~ 5 5 5 O l l - O . l 8 7 l  0.1952 0.1071 
I t 5 5 5 0 2 1  0.1071-0.1871 0,1952 
lr55503) 0.1952 0.1071-0.1871 
1,55504) 0.1871-0.1952-0.1071 
1,555051-0.1071 0.1871-0.1952 
lr555061-O.IQ52-0.IO71 0.1871 
3r55501)-0.3246 0.3468 0.1848 
3,55502) 0.1848-0-3246 0.3468 
3,55503) 0.3C68 0.1848-0.3246 
2,555041-0.1155-0.1155-0.1155 
3,55504) 0.3246-0.3468-0.1848 
3,55505)-0.1848 0.3246-0.3468 
3,555061-0.3468-0.1848 0.3246 
3,56504) 0.3246 U.6532-0.1848 
3rS5605)-0.1848 0.3246 0.6532 
3,65506) 0.6532-0.1848 0.3246 
1,56504) 0,1871 0,8048-0.1071 
1~55605) -0 .1071 0.1871 0.8048 
i r 6 5 5 0 6 )  0,8048-0.1071 0.1871 

( ( ( I (  INSTRUCTION IO2 1 1 1 1 )  
0.15550ICE 06 0.2000000E 01 O . I O C O O O O E  01 C.4000000E 01 il.1800000E 01 -0. 

*e*** F I N D  COVALENT BONDS AND BOND ANGLES AROUND CARBONS *+**e 

FROM A T O M S  TO A T O M S  WITH R A D I U S  OR, I F  A B O X ,  WITH SEMIDIMENSIONS 
COO€ (MIN M A X )  ( M I N  M A X I  A 0 C 

D Y 1.812 
D fk 1.549 
D Y 1.549 
D Y I .552 

D 2.185 
D Y 2.232 
D # 2.282 
0 Y 2.306 
0 # 2.376 
D Y 2.677 
D It 5.052 
D Y 3.069 
D # 3.077 
D Y 5.096 
D # 3.175 
D Y 3.239 
D # 3.284 
0 Y 5.388 
D Y 3.609 

0 Y 2 .183 

D # 1.109 
D # 1.552 
D # 1.552 
D # 1.552 
D # 2.202 
D Y 2.202 
D # 2.202 
D # 2.273 
D # 2.273 
D # 2.275 
D # 2.710 
D # 5.031 
D # 3.091 
D Y 5.Li9l 
D # 3.181 
D Y 3.181 
D # 3.181 
D # 3.609 
D Y 3.6139 
U # 3.639 

-0. 
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0 
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( ( ( ( (  INSTRUCTION 4 0 2  ) ) I ) )  
0.S555010E 06 0.5000000E 01 3.10COOOOE 01 0.4000000E 01 0 .3200000E 01 -0 .  

a * * * *  ENCLOSER SPHERE OF RADIUS 3.2 A ABOUT DUMMY ATOM 5 a**** 

FROM A T O M S  TO ATOMS WITH RADIUS OR, I F  A B O X ,  WITH SEMIDIMENSIONS 
COCE ( M I N  M A X I  ( M I N  M A X )  A B C 

4 0 2  555501  5 I 4 3.200 -0. -0. 

-0. 

VECTORS FROM A T O M  ( 5,555011 TO A T O M S  I THROUGH 4 

CONTENTS OF A T O M S  A R R A Y  
155501 2 5 5 5 0 1  355501. 4 5 5 5 0 1  155502.  3 5 5 5 0 2 .  155503. 355503. 155504 .  255504 .  
355504.  455504.  155505. 355505 .  155506. 3 5 5 5 0 6 .  

( [ ( ( I  INSTRUCTION 501 1 1 ) ) )  
0 . 5 5 5 5 0 1 0 E  06 0.2555010E 06 0.1555010E 06 0 .2555010E 06 0 .1555020E 06 -0. 

* * * e *  ORGN A T  DUMMY A T O M  5, VECTORS ALONG 2 EDGES OF CUBANE ***+* 

0 .  

ORTHONORMAL REFEREYCE VECTORS BASED ON CRYSTAL AXES POST-FACTOR TRANSFORMATION M A T R I X  
X VECTOR Y VECTOR 2 VECTOR 

-0. I 9 5 0 1 7 2 E - 0 0  -0 .533241 7E-01 0 .551781 5E-02 -0 .5161574E 01 0 . 2 1 2 8 9 7 4 E - 0 0  0 .1352193E 01 
0.51 3 e 8 8 4 E - 0 1  0 .4031208E-02 0 .1955262E-00 -0 .2760937E-00 0 . 1 3 5 0 0 8 0 6  01 0 .5159133E U I  

- 0 . 5 4 1 4 1 0 1 E - 0 2  0 .1954783E-00 -0 .5144393E-01 -0.1402323E 01 O.5145891E 01 0 . 2 6 2 k 6 9 1 E - 0 3  

( ( ( ( 1  INSTRUCTION 502 ) ) ) ) I  
0 . 2 0 0 0 0 0 0 E  01 0 .2500000E 02 O.IO~0000E 01 0.28000UOE 02  -0. 

* * * * *  ROTATE 25  DEGREES ABOUT YI THEN 2 8  DEGREES ABOUT X *t**+ 

ORTHONORMAL REFERENCE VECTORS BASED ON CRYSTAL AXES 
X VECTOR Y VECTOR 2 VECTOR 

-a. -0. 

POST-FACTOR TRANSFORMATION M A T R  I X  

-2 .  I 7 5 2 5 8 9 E - 0 0  -0.8727205E-01 0.50551 48E-01 -0 .4106513E 01 - 0 . 1 4 1 1 4 5 5 E  01 0.3108044E 01 
0 -  I 2 9 2 0 7 0 E - D O  -0 .6943834E-01 0.1391 81 2E-00 0 .1930118E 01 - 0 . I G 5 7 8 6 7 E  01 0 . 4 8 6 5 J U I E  01 

- 0 . 2 6 6 4 7 9 8 E - 0 1  0. I 9 3 4 1  I 5 E - 0 0  0.5262520E-01 -0.1 1 6 0 0 1 2 E  D l  3 . 4 1 5 3 6 4 5 E  01 0.314916GE d l  

-0. -0. - .o . - 0 .  

+ i t * *  STEREO ROTATION OF 3.0 DEGREES ABOUT Y F O R  LEFT EYE *****  

ORTHONORMAL WORKING VECTORS BASE0 ON CRYSTAL AXES POST-FACTOR TRANSFORMATION M A T R I X  
X V E C T O R  Y VECTOR Z VECTOR 

- 0 . 1 7 2 3 7 3 1 E - 0 0  -0 .8727205E-01 0 .5965454E-01 - 0 - 3 9 3 8 2 2 3 E  D l  -0 .1411455E 01 0 . 3 3 1 8 7 0 3 E  01 
0. 1 3 6 3 1  4 I E - 0 0  -0 .6943834E-01 0- 1 3 2 2 2 8 3 6 4 ~ 0  0.2182103E 01 - 0 . 1 0 5 7 8 6 7 E  01 0 . 4 7 5 7 6 1 9 E  U I  

-0 .2385727E-01 0. I 9 3 4 1  I 5 E - 0 0  0.5394772E-01 -0 .9936078E 00 0.4153645E 01 U.3205554E 01 

I ( ( ( (  INSTRUCT104 6 0 4  1 ) ) ) )  
0. a. 0. 0 .1540000E 01 -0. -0. -0. 

h) 
h) 

. L . c 



I I * * 

* * * a *  A U T O  S C A L E  A N D  P O S I T I O N  T O  9x9. 50  P E R C E N T  P R O B A B I L I T Y  E L L I P S O I D S  

O R I G I N  P O I N T  I N  P L O T T E R  COORD.1 5.26 9 5.89 1 IN.  
O V E R A L L  S C A L E  # 2.196 I N C H / A N G S T R O M  E L L I P S O I D  S C A L E  # 1.540 
V I E W  O I S T A N C E  24.000 I N C H E S  

l ( l ( (  I N S T R U C T I O N  611 1 ) ) ) )  
0. 0. 0 .90eoooo~ oo o. -0. 

SHRINK S C A L E  ey I O  PERCENT FOR S A F E T Y  * * a * +  

O R I G I N  P O I N T  I N  P L O T T E R  COORD.1 5.26 9 5 - 6 9  1 IN. 
O V E R A L L  S C A L E  # 1.977 I N C H / A N G S T R O M  E L L I P S O I D  S C A L E  Y 1.540 
V I E W  D I S T A N C E  24.000 I N C H E S  

-0. 

( ( I ( (  I N S T R U C T I O N  1101 ) ) ) ) I  
- 0 .  -0. -0. -0. -0. -0. 

(I**** S T A R T  S A V E  S E Q U E N C E  * * * *e  

I l l ( (  I N S T R U C T I O N  412 1 ) ) ) )  
0.5555010E 06 0 . 5 0 0 0 0 O O E  01 0.3000000E 01 0.4000000E 01 0.3200000E 01 -3. 

* * * * a  E L I M I N A T E  H Y O R O G E N S  W I T H  E N C L O S E R  S P H E R E  E L I M I N A T I O N  *****  
F R O M  ATOMS TO ATOMS W I T H  R A D I U S  OR, I F  A B O X 9  W I T H  S E M I D I M E N S I O N S  

C O D E  ( M I N  M A X )  I M I N  M A X )  A B C 

-0. 

-0. 

-0. 

412 555501 5 3 1 ,  3.200 -0- -0. 

V E C T O R S  FROM ATOM I 5155501)  T O  A T O M S  3 T H R O U G H  4 

C O N T E N T S  OF ATOMS A R R A Y  
155501. 255501. 155502. 155503. 155504. 255504. 155505. 155506. 

( I f ( (  I N S T R U C T I O N  7 1 5  ) ) I ) )  
0.400’3000E 01 0. O.IOCOOOOE 01 0. 0.2300OOOE-00 0.60DOOOGE 00 0.7CICIOGCEE O i l  

* * e + *  S P E C I A L  M O D E L  W I T H  e2 I N .  C H E M  S Y M 6 O L S  O F F S E T  - 6 0  9 - 7 0  IN .  * *+**  
I l l ( (  I N S T R U C T I O N  410 I ) ) ) )  

-0. -0. -3. -0. -0. -0. -0. 

+ i t * * *  Z E R O  A T O M S  A R R A Y ,  T H I S  S T R U C T U R E  IS T O  B E  DRAWN P I E C E M E A L  * * e * *  

I l l ( (  I N S T K l J C T I O N  401 I ) ) ) )  
0.3555010E 06 -0.45550606 06 -0. -0. -0. 

* * * + *  R E P L A C E  H Y D R O G E N S  O N L Y  W I T H  A N  A T O M  D E S I G N A T O R  R U N  **++* 

-0. -0. 

N 
W 

C O N T E N T S  OF ATOMS A R R A Y  
355501 455501. 355502. 355503. 355504. 455504. 355505. 355506. 



* * * * *  SOLID  MODEL WITH - 2  INCH CHEM SYMBOLS OFFSET e35p.40 INCH *I*** 

( ( ( ( (  INSTRUCTION 4 0 2  ) ) ) I )  
0 . 5 5 5 5 0 1 0 E  06  0.50OOOOOE 01 O . I O @ O O O O E  01 0 .400@000E 01 0 .3200000E 01 -0.  - 0 .  

**I** ENCLOSER SPHERE WITH COMPLETE MOOEL * * * * *  

FROM ATOMS TO ATOMS WITH RADIUS OR, I F  A BOX, WITH SEMIDIMENSIONS 
CODE ( M I N  M A X )  ( M I N  M A X )  A B C 

4 0 2  5 5 5 5 0 1  5 I 4 3.200 -0. -0. 

VECTORS FROM ATOM ( 5,55501) T O  ATOMS 1 THROUGH 4 

CONTENTS OF ATOMS ARRAY 
3 5 5 5 0 1  - 4 5 5 5 0 1 -  3555CI2. 355503 .  355504 .  4 5 5 5 0 4 .  355505. 355506. 155501. 255501 .  
155502.  155503.  155504. 255504 .  155505.  155506. 

( ( ( ( (  INSTRUCTION 812 ) ) ) I )  
-0. -0. -0. -0. -0. -0 -0. 

-0. -0 .  -0 .  - 0 .  I 4 I 4 4 0.90aoo 1.60000 0.040oo -0. 

* * * a *  TYPE 4 BONDSf.04 A M A X  RADIUS* ALL VECTORS a 9  T O  1.6 A LONG ****a  

BONO SELECTION CODES 

( S E O U E N C E ( A I ) ( S E Q U E N C E ( B ) )  (BOND) (D ISTANCES) (  BOND ) ( P E R S P . - - L A B E L S l ( N O R M A L - - L A B E L S ) ( D I G I T S )  
( M I N  M A X  MIR3 M A X  ) ( T Y P E )  ( M I N  M A X ) ( R A D I U S ) ( H E I G H T  OFFSET) (HEIGHT OFFSET)(NUMBER) 

FAULT NG # I 4  455504.  800 
-0. -G. -0. -0 .  I 4 I 4 4 0.90 1.60 0.040 -0. 

( I ( ( (  INSTRUCTION 9 0 6  ) ) I ) )  
0 . 1 5 5 5 0 4 0 E  06 0.1555030E Ob 0. 0. 0.1500000E-00 0. -0.4000CGUE-UG 

* * * * *  LABEL UNIQUE C-C BONDS CAPTION # CUBANE + e * * *  

( ( ( ( (  INSTRUCTION 916 ) I ) ) )  
0.255504CE 06 0.155505UE 06 0. 0, U. 15DOOOOE-00 0 .  

( (  ( I  ( INSTRUCTION 902 1 )  1 )  1 
0 . 5 5 5 5 0 1 0 E  06  0. 0. O.IOOOOOOE 01 0.2500000E-00 0 .  

CUBANE 

[ ( I ( (  INSTRUCTION 1 1 0 2  ) ) ) ) )  

-0. -0. -0. -0. -0. -0. -0. 

I 

* * * * *  END OF SAVE SEQUENCE *e*** 

e I 4 



_ - .  - . 

b a * 

( ( ( ( (  INSTRUCTION 2 0 2  ) I ) ) )  
0.900COOOE 01 -0 .  -0. -0. -0. 

I**** AOVAQCE PLOTTER 9 INCHES ALONG X FOR RIGHT EYE VIEW * * *e*  

-0. -0. 

-0. -0. -0. -0. 

* * * i t *  STEREO ROTATION FOR RIGHT €YE * + * e *  

ORTHONORMAL WORKING VECTORS BASED ON CRYSTAL AXES POST-FACTOR TRANSFORMATION M A T R I X  
X VECTOR Y VECTOR Z VECTOR 

-0. I 7 7 6 6 4 4 E - 0 0  -0 .8727205E-01 0.41 30986E-01  -0 .4263548E 01 -0.1411455E 01 0.2888866E 01 

-0 .2936565E-01 0.19341 ISE-00  0.51 15843E-01 -0 .1323236E 01 0 . 4 1 5 3 6 4 5 6  01 0.3U84133E 01 
0 .1217458E-00 -0.6943834E-01 0 .1457526E-00 0 0 1 6 7 2 8 4 3 E  U I  - 0 . 1 0 5 7 8 6 7 t  01 0 . 4 9 5 9 6 4 8 €  01 

( I ( ( (  INSTRUCTION 1103 ) I ) ) )  
-0. -0. -0. -0. -0. -0. -0 

*****  EXECUTE SAVED SEQUENCE FOR RIGHT EYE VIEW ***e* 

****I) E L I M I N A T E  HYDROGENS WITH ENCLOSER SPHERE E L I M I N A T I O N  * * * * a  

FROM A T O M S  TO A T O M S  WITH RADIUS OR, I F  A B O X ,  WITH SEMIDIMENSIONS 
C O O €  ( M I N  M A X )  ( M I N  M A X )  A 0 C 

4 1 2  5 5 5 5 0 0  4 3 4  3.200 -0. -0. 

-0. 

V E C T O R S  FROM A T O M  t 5*55500) T O  A T O M S  3 THROUGH 4 

CONTENTS OF A T O M S  A R R A Y  
155501. 255501.  155502.  155503 .  155504.  2 5 5 5 0 4 .  155505. 155506. 

0.9999999E 00 D e  0 - 2 0 0 0 0 0 0 E - 0 0  0 ~ 6 0 0 0 0 0 0 E  00 0~7GOOOOOE OU 

* i t * * *  SPECIAL MODEL WITH .2 IN. CHEN SYMBOLS OFFSET - 6 0  9.70 I N .  ***** 
( ( ( ( (  INSTRUCTIOY 4 1 0  ) ) ) I )  

-0. -0. -0 * -0. -0. -0. 

****I ZERO A T O M S  ARRAY,  THIS  STRUCTURE I S  T O  BE DRAWN PIECEMEAL * ****  

-0. -0. -0 .  

-0. 

XI 

* a * * *  REPLACE HYDROGENS ONLY WITH AN A T O M  DESIGNATOR RUN *****  



CONTENTS OF ATOMS ARRAY 
355501 455501. 355502. 355503. 355504. 455504. 355505. 355506. 

( ( ( ( (  INSTRUCTION 7 1 2  ) I ) ) )  
-0. -0. -0. -0. 

* * a * *  SOLID  MODEL WITH - 2  INCH CHEM SYMBOLS OFFSET .359.40 INCH * * *+*  

( ( ( ( (  INSTRUCTION 4 0 2  ) I ) ) )  
0.S555010E 06 0.5000000E 01 0.9999999E 00 0.4000000E 01 0.3200000E 01 -0. -0. 

a * * * *  ENCLOSER SPHERE WITH COMPLETE MODEL ****+ 
FROP ATOMS TO ATOMS WITH RADIUS OR,  IF A BOX, W lTH SEMIDIMENSIONS 

COCE ( M I N  M A X )  ( M I N  M A X )  A B C 

402 555500 4 I 4 3.200 -0. -0. 

VECTORS FROM ATOM I 5~55500) TO ATOMS 1 THROUGH 4 

CONTENTS OF ATOMS A R R A Y  
355501. 4 5 5 5 0 1  355502. 355503. 355504. 455504 .  355505. 355506. 155501 2555Ul. 
155502. 155503. 15550b. 255504. 155505. 155506. 

( ( ( 1 1  INSTRUCTION 812 1 ) ) ) )  
-0. -0. -0. -0. -0. -0. -0. 

I 4 I 4 4 0.90000 1.60000 0.04COO -0. -0. -0.  -0. -0 .  

* * * * a  TYPE 4 BONDSv.04 A M A X  RADIUS, ALL  VECTORS a 9  TO 1.6 A LONG * * * * *  
BOND SELECTION CODES 

(SEQUENCEIA))(SEQUENCE(B)) (BOND) ( D I S T A N C E S ) (  BOND ) ( P E R S P . - - L A B E L S ) ( N O R M A L - - L A B E L S ) ( D I G I T S )  
( M IN  M A X  M I N  M A X  1 (TYPE)  ( M I N  M A X ) ( R A D I U S ) ( H E I G H T  OFFSET) (HEIGHT OFFSET)(NUMBER) 

FAULT NG # 14 4555US. 800 
I 4 I 4 4 0.90 I .60 0.040 -0. -0. -0. -0 . -0. 

I ( ( ( (  INSTRUCTION 906 ) ) ) ) I  
0.1555040E 06 0.1555030E 06 0 ,  0. 0.I50OOOOE-00 0 .  -0.40OUOGOE-00 

* * * a *  LABEL UNIQUE C-C BONDS . CAPTION # CUBANE * * * e *  

0. 0 .  I 50OOOOE-00  0.  

( I ( ( (  INSTRUCTION 902 ) ) ) I )  
0.5555010E 06 0. 0. 0 .9999999E 00 0.2500000E-UO 0. 

CUBANE 

-0.4000000E-00 

0. 

. . . 



a 

( ( ( ( 1  I N S T R U C T I O N  1102  ) ) ) ) I  
-0.  -0. -0 .  -0. 

* * * * *  END OF SAVE SEQUENCE ***** 
I I I I I  I N S T R U C T I O N  202 1 ) ) ) )  

0.2000000E 02 -0 ,  -0. -0. 

**I+* ADVANCE PLOTTER 20 INCHES ***** 

0. -0. 

* s i * *  ACDS OUMMY PLOT TO MAGNETIC TAPE a * * + *  

( ( ( ( (  I N S T R U C T I O N  - I  1 ) ) ) )  

-0. 

-0. 

-0. 

I c 

-0 .  I 

-0 

-0. 

-0. 

-0. 

-0. 

N 
U 
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3. D E T A I L E D  O P E R A T I N G  INSTRUCTIONS 

3.1 Definitions 

Several  convent ions must b e  def ined before t h e  instruct ions c a n  b e  explained.  

3.1.1 Atom Designator Code (ADC)  and Addressable Point. - In order t o  spec i fy  a par t icular  atom in 

the  c rys ta l  within a reasonable  d i s t a n c e  from t h e  crystal lographical ly  defined origin, t h e  following five- 

component atom designator  code word (ADC) i s  u s e d .  

ADC = AN*105 + (TA + 5)*104 + ( T B  + 5)*103 + ( T C  + 5)*102 + SN 

where 

AN = ATOM NUMBER (0 2 AN 5 NATOM 2 200) = t h e  sequent ia l  number of t h e  atom i n  t h e  input l i s t  

of a t o m s  in  t h e  asymmetric unit, which conta ins  NATOM atoms. Atom zero  is not in  t h e  input 

atom l i s t  but refers  t o  t h e  c r y s t a l  origin point (0. , O., 0 .). 

TA,TB,TC = c r y s t a l  l a t t i c e  t ranslat ion d ig i t s  a long  c e l l  e d g e s  a, b, and c. E a c h  digi t  in  ADC c a n  

range from 1 t o  9; consequent ly ,  i t  is p o s s i b l e  t o  move up t o  + 4  la t t ice  t rans la t ions  in any di- 

rect ion from the  origin cell 5,5,5. In cer ta in  cases O,O,O is permitted in p lace  of 5,5,5; how- 

ever ,  a mixed t ranslat ion designat ion s u c h  as 0,5,5 is not permitted. 

< <  < SN = symmetry operator  number (0 = SN = NSYM = 48) = the  numerical posi t ion of t h e  symmetry op- 

erator  in  t h e  input  symmetry operator l i s t  which conta ins  NSYM ent r ies .  Symmetry operator 

number z e r o  is not in  t h e  input l i s t  but refers t o  a n  ident i ty  operator. However, t h e  identity 

operation (corresponding t o  posi t ion x, y, z )  must in  general  also b e  somewhere in  the  input 

symmetry operator  list. 
Example: An atom designat ion code  of 347502 re fers  to  atom 3 moved through symmetry operat ion 2 ,  

then  t rans la ted  - 1 cell t ranslat ion along a, + 2  cell t rans la t ions  along b, and  0 cell t rans la t ions  along c. 

An a d d r e s s a b l e  point  in  t h e  c rys ta l  is a n y  point for which a n  atom designator  c o d e  e x i s t s .  In general, 
the  addressable  region is approximately a 9 x 9 x 9 block of uni t  c e l l s .  

3.1.2 Vector Designator Code (VDC).  - A vector  direct ion is s p e c i f i e d  by two atom designator  c o d e s .  

T h e  vector  direct ion is from t h e  f i r s t  t o  t h e  second.  
Example: 253704 263704 is a vector  a l o n g  t h e  posi t ive a direct ion of t h e  crystal  la t t ice .  

3.1.3 Atom Designator Run (ADR). - A s t ra ight  run s e q u e n c e  of a toms c a n  b e  def ined u s i n g  two atom 

designator  c o d e s  with a negat ive  s i g n  preceding the  s e c o n d  of t h e  two. T h e  run hierarchy is: first, atom 

number AN; second,  symmetry operation SN; third, a t ranslat ion TA; fourth, b t ranslat ion T B ;  and las t ,  c 

t ranslat ion TC.  

Example: ADR (145502 - 245603) wil l  generate  t h e  8-atom run 145502, 245502, 145503, 245503, 

145602, 245602, 145603, 245603. 

3.1.4 Atom Number Run (ANR). - T h e  Atom Number Run is a s u b s e t  of t h e  Atom Designator  Run. In 

th i s  case, only t h e  atom number AN is al lowed t o  change .  Normally, a n  ANR is entered by u s i n g  only t h e  

atom number (AN) va lues  for the f i r s t  a n d  l a s t  members of t h e  s e q u e n c e  without a minus s ign.  

Example: (1 4)  wil l  des igna te  a toms 1, 2, 3, a n d  4 of t h e  input  l i s t .  



29 

. 

3.1.5 Vector Search Code (VSC). - A vector  s e a r c h  c o d e  c o n s i s t s  of two atom number runs and a d is -  

tance  range. It is u s e d  for finding interatomic d i s t a n c e s  which have  a par t icular  chemical  s ign i f icance ,  

s u c h  a s  covalent  and  coordination bonds. 

Example: Suppose tha t  metal  a toms a r e  numbers 1 and 2 in  t h e  atom l i s t  and  oxygen atoms a r e  6-12 

and tha t  t h e  interatomic d i s t a n c e  range between meta ls  and  oxygens is 1.9 A t o  2.4 A.  The metal-to- 

oxygen vectors  c a n  be spec i f ied  by t h e  vector s e a r c h  code  (1 2)  (6 12) (1.9 2.4). Several  var ia t ions of 

th i s  b a s i c  code  a r e  used  in  t h e  program. 

3.1.6 Sphere of Enclosure. - T h e  sphere  of enc losure  s p e c i f i e s  some or all of t h e  atoms lying within 

a sphere  of radius  D max about  a given “origin” atom without the  n e c e s s i t y  of del ineat ing e a c h  atom in- 

dividually. T h i s  “sphere of enc losure”  i s  s a i d  to contain a complete population i f  a l l  addressable  a toms 

within t h e  D max radius a r e  included. If t h e  sphere  of enc losure  conta ins  only cer ta in  types  of atoms 

which a r e  der ived from a group of sequent ia l  a toms in  t h e  input  l i s t ,  then t h e  s p h e r e  is s a i d  t o  have a 

partial population. Fina l ly ,  t h e  population (complete or partial) of t h e  s p h e r e  of enc losure  c a n  b e  screened  

as  se lec t ive ly  as  des i red  through t h e  u s e  of vector  s e a r c h  c o d e s  (3.1.5), and  t h e  resul t ing conten t  is c a l l e d  

a vector screened population. 

A sphere  of enc losure  can b e  centered  on any  addressable  atom, but one should not .use  points  in  t h e  

outermost cells as  centers  b e c a u s e  of t h e  possibi l i ty  of having nonaddressable  points  within t h e  D max 

radius. 

3.1.7 Box of Enclosure. - T h i s  is a rectangular  paral le lepiped which c a n  be  centered about  any 

addressable  point and  a s s i g n e d  arbitrary or ientat ion and dimensions.  T h i s  “box of enc losure”  can 

have a complete population or a partial population as  descr ibed for t h e  sphere  of enc losure  (3.1.6). 

However, vector  sc reening  is not  a l lowed with t h e  box of enclosure.  

3.1.8 Reference, Working, and Standard Cartesian Coordinate Systems. - Many of t h e  OR TEP cal- 

cu la t ions  u s e  fract ional  coordinates  b a s e d  on t h e  c r y s t a l  a x e s  a, b, and c (triclinic coordinate  system); 

but other  s t e p s  n e c e s s i t a t e  t h e  introduction of orthonormal b a s e  vector  t r iplets  (Cartesian coordinate  

systems) .  T w o  Car tes ian  s y s t e m s  (reference and  working) a r e  ut i l ized.  T h e  reference (major) sys tem 

is used  for al l  operat ions except  plotting, where the working (minor) sys tem is used .  F o r  a right-eye 

or left-eye s t e r e o  view,  the  working sys tem is moved from t h e  reference s y s t e m  by rotation about  an 

a x i s  of t h e  reference sys tem,  However, cer ta in  d e c i s i o n s  made while  plotting must s t i l l  b e  referred 

to  t h e  reference s y s t e m  t o  maintain accura te  s te reops is .  T h e  u s e r  c a n  def ine and  or ient  t h e  t w o  

Cartesian s y s t e m s  through t h e  instruct ions of s e r i e s  500. Until a 500-ser ies  instruct ion i s  given, a 

“standard Car tes ian  sys tem” i s  ut i l ized for both t h e  reference and  working sys tems.  T h e  orthonormal 

b a s e  vectors  of t h e  s tandard  sys tem a r e  oriented as  follows: 

x a x i s  a long  a,  

y a x i s  a long  (a x b) x a, 

z a x i s  a long  (a x b) = c* ,  

where a, b, and c a r e  c rys ta l  a x e s  and  x denotes  t h e  outer  vector  product (c ross  product). T h e  symbol 

c* refers  t o  a reciprocal  a x i s .  

. 



30 
. 

3.1.9 Prime Parameters and Primer Constants. - In the  process  of mathematically descr ib ing  a n  

i l lustrat ion to b e  machine drawn, many parameters  must b e  used .  T h e  more b a s i c  among t h e s e  param- 

e te rs  a r e  ca l led  Prime Parameters. T h e  va lues  a s s i g n e d  t o  t h e s e  prime parameters  a r e  often s imi la r  or 

ident ical  from one problem t o  t h e  next. T h e  f i r s t  th ing  OR T E P  d o e s  is to call subrout ine PRIME, which 

s e t s  as  many prime parameters  as  poss ib le  t o  reasonable ,  "in t h e  ba l l  park," Primer Constants. F o r  ex- 

ample, t h e  maximum plot dimensions (instruction 300 s e r i e s )  a r e  s e t  a t  30.0 in. for x maximum and 11.0 

in. for y maximum, and  t h e  overall scale for plot t ing (instruction 600  s e r i e s )  is s e t  a t  1.0 in./A. If t h e  

value a s s i g n e d  t o  a par t icular  cons tan t  by t h e  primer routine is sa t i s fac tory ,  t h e  u s e r  d o e s  not have t o  

reset  t h i s  cons tan t  with OR T E P  instruct ions.  

3.2 Crystal  Structure Data Input 

3.2.1 T i t l e  Card. - FORMAT (12A6) 

C o l u m n s  

1-72 T i t l e  cons is t ing  of any  des i red  alphanumeric  ident i f icat ion information. 

T h i s  wil l  appear  periodically in  t h e  output. 

3.2.2 C e l l  Parameter Card. - FORMAT (6F9.6). Any o n e  of t h e  four following input  a l te rna t ives  may 

be  used  (no indicator  i s  needed  t o  specify which type). ' 

T h e  parameters a*, etc . ,  refer t o  t h e  reciprocal  uni t  cell s u c h  that  a.a* = 1. All  four types  wi l l  be  

printed out regardless  of which type w a s  used  for input. 

3.2.3 Symmetry Cards (1 2 NSYM 6 48). - FORMAT ( I l , F l 4 . 1 0 ,  3F3.0,2(F15.10,3F3.0)). T h e  card 

will b e  interpreted in one  of two ways ,  depending on t h e  numerical va lue  of t h e  number in  columns 70-72. 

If that  number i s  t5.0,  t h e c a r d  is interpreted a s  a crystal lographic  symmetry operat ion;  but  i f  t h e  number 

is =5.0, t h e  card is interpreted as a general  helix-screw symmetry operat ion* along t h e  c* c r y s t a l  a x i s 3  > 

> > 'The routine assumes that  a = 1.0 A, a*  < 1.0 A-', a (or a*) = 1.09 and lcos 

'The general helix-screw symmetry operation is not an allowed element of a crystallographic group, s o  that the 
molecular environment of the transformed unit will not in general b e  identical to  that of the untransformed unit (unless  
the crystal  is considered to  be one dimensional). This  input is simply a n  expedient for u s e  in plotting hel ical  polymer 
structure models with minimum input. In general i t  would b e  possible  t o  produce the same resul ts  by specifying the 
complete crystallographic asymmetric unit and normal crystallographic symmetry transformations. 

continue uninterrupted from cell to ce l l  along the c axis. 

(or lcos a* [ ) < 1.0. 

3This input mode is only meaningful i f  the  ce l l  angles  a and p are  909 s o  that  c lies along c* and the  helix can 
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(third a x i s  of t h e  s tandard  Car tes ian  s y s t e m ;  see 3.1.8). T h e  two symmetry t y p e s  c a n  b e  intermixed if 

desired.  

(a) C r y s t a l l o g r a p h i c  s y m m e t r y  

(70-72 = 5 )  
( b )  H e l i x  s y m m e t r y  

(70-72 = 5)  > C o l u m n s  < 

1 
2-15 

16-18 
19-21 
22-24 
25-39 
40-42 
43-45 
46-48 
49-63 
64-66 
67-69 
70-72 

0 l a s t  card  only 

T l  
S l l  

S l ,  

T2 
s2 1 

s2 2 

7-3 

'1 3 

'23 

'3 1 

'3 2 

s3 3 

f 0 l a s t  card only 

T2 

- 

T3  
L 
M 
N 

(a )  Crystal lographic  symmetry: Transformed t r ic l inic  coordinates  (X1 ,Y 1, Z1) a r e  obtained from input 

t r ic l inic  coord ina tes  (X ,Y ,Z)  by 

X ,  = T ,  + S l l  X + S 1 ,  Y + S 1 3  2 ,  

Y 1  = T ,  + S,,  X + S,, Y + S,, 2 ,  

2 ,  = T ,  + S,, X + S,, Y + S 3 3  2 ,  

or in matrix notation 

X ,  = T -t S X , 

where 
T = ( T l , T , , T 3 )  as  fract ions of cell edges .  

(b )  Helix screw symmetry: 

X , = T + S X ,  

where 

T = ( T l ,  T , ,  T 3  + L / N )  a s  fract ions o f  cell e d g e  a n d  

S = a counterclockwise rotation of L.M/N c y c l e s  about  C* ax is .  

For  example, t h e  P a u l i n g  and Corey right-handed a lpha  hel ix  repea ts  af ter  5 turns  and  18 res idues  and  c a n  

b e  represented by  18 symmetry c a r d s  with N = 18; M = 5; L = 0 ,  1, . . . , 17; T , ,  T, ,  T ,  = 0. T h e  input 

atom l i s t  conta ins  t h e  conten ts  of one residue. 

3.2.4 Atom Parameter Cards (1 5 N A T O M  (= 200). - T w o  c a r d s  a r e  required for e a c h  input  atom. T h e  

first conta ins  t h e  chemica l  symbol  and  posi t ional  parameters ,  and t h e  second conta ins  temperature factor  

c 

. 
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information or other information which s p e c i f i e s  how t h e  atom is t o  be  represented on the  drawing. T h e  

format a l lows  the  u s e  of t he  atom parameter ca rds  produced by  the  FORTRAN L e a s t  Squares Program OR 

FLS by Busing, Martin, and Levy (1962).4 Severa l  a l t e rna te  inputs  a r e  poss ib l e  for e a c h  of t he  two cards ,  

and the number in columns 55-63 deno tes  t h e  type  used  on tha t  particular card.  

3.2.4.1 Positional Parameter Card. - FORMAT(A6,3X,SF9.6,F9.0) 

C o l u m n s  

1-6 
7-9 Blank 

Up t o  s i x  alphanumeric charac te rs  centered  in  t h e  s ix-p lace  f ie ld  

T y p e  0 T y p e  1 T y p e  2 T y p e  3 

10-18 - - - xo (A) Car tes ian  
19-27 - - - y o  (A) Car tes ian  
28-36 x (fractional,  crystal)  x (A, c rys t a l )  x (A, Car tes ian)  r (A) cylindrical  
37-45 y (fractional,  c rys ta l )  y (A, crys ta l )  y (A, Car tes ian)  + (9 cylindrical  
46-54 z (fractional, crystal)  z (A, c rys t a l )  z (A, Car tes ian)  z (A) cylindrical  
55-63 0 or blank 1 2 3 

Type 0 is the  normal input based  on t r ic l inic  coordinates.  Some authors  g ive  coord ina tes  in A along the  

unit cell vector; type 1 would b e  used  in s u c h  a case. Type  2 a l lows  one to  p l ace  a model described in 

Cartesian coordinates onto a general  t r ic l inic  la t t ice .  T h e  orientation of t h e  Car tes ian  sys t em x y z in 

the  general  l a t t i ce  a b c is the  s tandard  type  descr ibed  in  3.1.8 with x a long  a and z a long  c*.  Type 3 
is similar t o  type  2 except  t ha t  cylindrical  coord ina tes  r, +, z a re  used  and the  a x i s  of t he  sys tem can  

be d isp laced  from ze ro  in the  x y Car tes ian  p lane  by the  displacement  xo, y o .  Cylindrical  coord ina tes  

are often used  in  the l i terature t o  descr ibe  a he l i ca l  structure.  T h e  xo, y o  t rans la t ion  should b e  zero  

i f  he l ica l  symmetry operators a re  used .  T h i s  t rans la t ion  fea ture  is meant t o  b e  used  in  explicit ly de- 

sc r ib ing  the  conten ts  of a multiple he l ix  cell. 

3.2.4.2 Temperature Factor Card. - FORMAT(Il,F8.6,5F9.6,F9.0) 

C o l u m n s  

1 A sen t ine l  # 0 for last atom only 

19-27 

28-36 

37-45 

46-54 

b3 3 

b12 

b l  3 

b 2 3  

0 
0 

55-63 0 , 1 2 3  495 6 (or 0) 6 (or 0) 7 7  

. 

~~ 

4W. R. Busing and H. A. Levy,  A Fortran Crystallographic Leas t -Squares  Program, ORNL-TM-305 (Nov. 21, 1962). 
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T h e  coef f ic ien ts  b . . (i, j = 1,2,3)  of t h e  an iso t ropic  temperature factor, types  0-3, a r e  def ined a s  follows: 

T h e  complete  temperature factor  is 
‘ I  

\-(b,,h2 + b , , k 2  + b3,12 + c b 1 2 h k  + c b I 3 h l  + c b z 3 k l ) !  
(Base) 

where in  type  0: Base = e,  C = 2; 
type 1: B a s e  = e,  C = I; 
type  2: B a s e  = 2,  C = 2; 

type 3: B a s e  = 2,  C = 1. 

T h e  coef f ic ien ts  U ,  ,(i,j = 1,2,3)  of t h e  anisotropic  temperature factor, types  4 and 5, a r e  def ined as  fol- 

lows: T h e  complete  temperature factor is 
11 

1 
4 

e x p  {- - (a:’ U ,  , h 2  + a z 2  U, ,k2 + a:‘ U 3 3 1 2  + Cays; U ,  2hk + CaTa: V I  3hl  + Ca;a:U23kr)) , 

where a;, a:, a: a r e  reciprocal  c e l l  dimensions a n d  in type  4, C = 2;  in  type  5, C = 1. Type  6 a l lows  t h e  

input of t h e  Debye-Waller isotropic  temperature fac tor  B ,  which is used  a s  follows: 

e x p  (- B s in’  0/A2) , 

where A is t h e  wavelength a n d  0 is t h e  Bragg angle .  T h e  parameter B is related t o  mean-square d isp lace-  

ment p 2  of the  atom from i t s  mean posi t ion by t h e  relat ion 
- 

B = 877‘ p? . 

When t h e  i so t ropic  temperature factor  is used,  t h e  atom is represented as  a n  isotropic  e l l ipso id  (sphere) 

with equal  pr incipal  a x e s  of length p. When t h e  f ie ld  i n  columns 19-27 i s  0 or  blank, t h e  d i rec t ions  of 

t h e  pr incipal  a x e s  a r e  a long  t h e  s tandard  Car tes ian  sys tem a x e s  ( s e e  3.1.8). However, o n e  c a n  reorient 

t h e s e  arbi tary orthogonal vec tors  by us ing  t h e  two vector  designator  c o d e s  VDCl  and VDC,; then  t h e  

three new principal-axis vectors  wil l  b e  VDC,, (VDC, x VDC,), and  VDC, x (VDC, x VDC,). T h i s  is 

str ic t ly  a n  a r t i s t i c  feature  of no  physicaI  s ign i f icance .  
T y p e  7 a l lows  t h e  input of arbitrary s p h e r e s  of radius  i‘i = R in  angstroms.  T h e  vector  t r iplet  orienta- 

tion is spec i f ied  as with type  6. An addi t ional  fea ture  a l lows  one  t o  u s e  a completely blank card  (except  
perhaps column 1) for  a temperature factor  card.  In th i s  case t h e  program a s s u m e s  type  7 with a n  R = 

0.1 A .  

3.3 Instruction lnpui 

T h e  instruct ions a r e  t h e  commands u s e d  i n  programming a n  i l lustrat ion,  a n d  there  is no required se- 

quence for t h e  instruct ions,  except  as  indicated by t h e  programming logic. Some instruct ions require 

trailer cards ,  which may have  three different formats. T h e  program is informed what the  format of t h e  

next card wil l  b e  with t h e  “look a h e a d ”  f ie ld ,  columns 1 to 3. T h e  program ac t ion  is a l s o  inf luenced 

by t h i s  information. 



34 

“ L o o k  a h e a d ”  

( c o l u m n s  1 - 3 )  N e x t  c a r d  w i l l  b e  - P r o g r a m  a c t i o n  

0 or  blank 

1 

2 

3 

Format No. 0, a new instruct ion 

Format No. 1, cont inuat ion of 
present  instruct ion 

Format No. 2, vector  s e a r c h  
code  

Format No. 3 ,  alphanumeric info. 

Execute  present  instruct ion;  

Read  cont inuat ion card;  then 

then read  next  card.  

check  “Look ahead .”  

Read  (VSC) card;  then check  

Read alphanumeric  info. and 
e x e c u t e  instruct ion;  then 
read next  card.  

“Look ahead.”  

3.3.1 Instruction Cards. - 3.3.1.1 The Format No .  0 Instruction Card. - FORMAT(I3,16,7F9.0) 

C o l u m n s  

1-3 
4-9 

10-18 

19-27 

64-72 

“Look ahead”  (0,1,2,3) 

Instruct ion number 

1 s t  parameter 

2nd parameter 

7th parameter 

3.3.1.2 Format No. 1, Instruction Continuation Card. - FORMAT(13,16,7F9.0) A maximum of 19 con- 

tinuation c a r d s  per  instruct ion is permitted. 

. 
C o l u m n s  

1-3 “Look ahead”  (0,1,2,3) 

4-9 Blank 

10-18 8th  parameter, or 15th,  . . . , or 134th 

64-72 14th  parameter, or 21s t ,  . . . , or 140th 

3.3.1.3 Format No. 2, Vector Search Code (VSC) Card. - FORMAT(I3,6X,513,8F6.0) A maximum of 

twenty VSC c a r d s  is al lowed,  T h e s e  c a r d s  c a n  b e  entered with any instruct ion,  but  only cer ta in  instruc- 

t ions wil l  u s e  them. They  must b e  en tered  with t h e  par t icular  instruct ions that  require them; that  is, they 

are  not held over. T a b l e  3.1 wil l  b e  referred t o  a s  t h e  individual  instruct ions a r e  explained.  
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Table 3.1. Vector Search Code Cards 

_I 

Bond Plot t ing Instructions Search Instructions 
Columns 101 402 

102 412 801 802 8 03 

1-3 

4-9 

10-12 

13-15 

16-18 

19-2 1 

22-24 

2 5-3 0 

31-36 

37-42 

43-48 

49-54 

55-60 

61-66 

67-72 

Look ahead 

- 

ORG. ANR i 
1 TAR. ANR 

- 
D min (A) 

D max (A) 

- 
- 
- 
- 
- 
- 

Look ahead 

- 
- 
- 
- 
- 

Bond type 

- 
- 

Bond radius (A) 

Perspect ive label hgt. (in.) 

Perpendicular displ. (in.) 

Nonperspective label  hgt. (in.) 

Perpendicular displ. (in.) 

Digits indicator 

Look ahead Look ahead 

- - 

} ANR (A) ANR (A) 

ANR (B) ANR (B) 

Bond type 

D min (A) 

D max (A) 

Bond radius (A) 

Perspect ive labe l  hgt. (in.) 

Perpendicular displ. (in.) 

Nonperspective labe l  hgt. (in.) 

Perpendicular displ. (in.) 

Digits indicator 

- 
D min (A) 

D max (A) 

- 
- 
- 
- 
- 
- 

3.3.1.4 Format No. 3, Labeling Card. - FORMAT(12A6) 

C o l u m n s  

1-72 Up t o  72 d ig i t s  of a lphanumeric  labe l  information centered about  columns 36 and 37. 
Note: There  is n o  “look a h e a d ”  column in Format No. 3; t h e  next  card  must  b e  a 
new instruct ion card. Instruct ions 902, 903, and  913 a r e  t h e  only o n e s  which require 
th i s  input. It may b e  used  with o ther  instruct ions a s  a device  to t ransfer  comments 
about  t h e  par t icular  instruct ion to  t h e  monitor output l is t ing.  

3.3.2 Structure Analysis lnstructions (100 Series). - T h i s  s e r i e s  of instruct ions is not connec ted  

with drawing i l lustrat ions.  It is u s e d  t o  obtain on t h e  s tandard output medium of t h e  computer a con- 

venient tabulat ion of t h e  chemical ly  in te res t ing  a s p e c t s  of a crys ta l  s t ructure ,  s u c h  as  interatomic d is -  

tances ,  interatomic angles ,  and  principal a x e s  of thermal motion. 

3.3.2.1 Znstructions 101 and 102. - T h e s e  instruct ions call subrout ine SEARCH, which f inds a l l  

target”  a toms within a s p h e r e  of enc losure  of radius  D max about  a par t icular  “origin” atom. T h e  ( <  

inst ruct ion card  h a s  a n  atom number run (see 3.1.4) of origin atoms (Org. ANR) and a n  atom number 

run of target  a toms (Tar. ANR). T h e  Org. ANR a l lows  one  t o  c a l c u l a t e  s e v e r a l  s p h e r e s  s u c c e s s i v e l y  

with a printout of r e s u l t s  a f te r  e a c h  one. F o r  example,  s u p p o s e  there  a r e  nine a toms in  t h e  input l i s t  
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and w e  want t h e  to ta l  surroundings of a toms 365502, 465502, and 565502 out t o  a maximum radius ,  D 
max, of 4 A. T h e  Org. ANR is des igna ted  (365502, 5 )  or (365502, 565502)’ and  t h e  Tar .  ANR is 

designated (1,9). Further  se lec t ion  of the  interatomic vec tors  from a par t icular  origin atom t o  t h e  

target a toms which fal l  within t h e  limiting s p h e r e  is poss ib le  with vector  s e a r c h  c o d e  (VSC) c a r d s  of 

Format No. 2 ( s e e  3.3.1), which c a n  b e  en tered  with t h e  instruct ion.  If VSC c a r d s  a r e  present ,  then 

the  vectors  must also s a t i s f y  one of t h e  VSC’s in order t o  be  saved .  A VSC card  t o  spec i fy  t h e  se- 

lection of a s h e l l  of vec tors  in  the  above  example might be  coded  a s  fol lows:  Org. ANR (3,5)  Tar .  ANR 

(1,9) Dist .  range (2.0, 2.7). More se lec t ive  VSC’s a r e  also poss ib le .  They  a r e  meant t o  b e  based on 

known interatomic d i s t a n c e  ranges,  s u c h  a s  t h o s e  tabulated i n  Vol. 111 of t h e  International Tables for 

X-Ray Crystallography. 

Vectors  found about  a par t icular  origin atom a r e  s tored  i n  a t a b l e  of dimension 200 sor ted  on d is tance .  

Duplicate vec tors  (not dupl ica te  d i s t a n c e s )  a r e  eliminated. If more than  200 a c c e p t a b l e  a toms a r e  found 

about a n  origin atom, t h e  200 s h o r t e s t  vectors  a r e  saved.  At  t h e  e n d  of t h e  s e a r c h  about  e a c h  origin atom, 

the d i s t a n c e s  a r e  printed out a long  with t h e  atom designator  c o d e s  (ADC), chemical  symbols ,  a n d  tri- 

c l inic  c rys ta l  coordinates  for t h e  origin and ta rge t  a toms.  If the  instruct ion is 102,  all p o s s i b l e  inter- 

atomic a n g l e s  a r e  also ca lcu la ted  and  printed for t h e  s tored  vectors. There  wi l l  b e  n(n - 1)/2 a n g l e s  

for n vectors .  

T h e  tabulat ion of atom designator  c o d e s ,  which is obtained automatical ly  when t h e s e  instruct ions 

a r e  given, is of ten usefu l  for planning a n  i l lustrat ion.  Although t h e  tabulat ion is complete  within the  

addressable  region of 9 3  c e l l s ,  t h e  computing t ime i s  general ly  only a matter of s e c o n d s  per sphere  

u n l e s s  a very la rge  D rnax is spec i f ied .  Subroutine SEARCH is a rather e labora te  routine designed to  

minimize computing time. T h i s  subrout ine i s  a l s o  u s e d  for instruct ions 402 and 403, which a r e  ex- 

plained in 3.3.4. 

Instruction card  for instruct ions 101 and 102: 

C o l u m n s  

1-3 
4-9 1 0 1  or  102  

0 or 2 (look ahead)  

ORIGIN (atom number run) 
10-18 
19-27 

TARGET (atom number run) 
28-36 

37-45 

46-54 D max (A) 

3.3.2.2 Instruction 103. - Principal  a x e s  of thermal motion (or arbitrary spheres ,  accord ing  t o  t h e  

temperature fac tor  input) for a l l  a toms i n  t h e  input  l i s t  a r e  ca lcu la ted .  T h e  printout conta ins  root-mean- 

’For the origin sequence 355501, 455501, 555501, a n  Org. ANR i.nput (3,5) is allowed a s  well a s  (355501,s) and 
(355501,555501); however, the Tar. ANR must a lways be designated a s  shown. In sect .  2.1, Org. ANR is designated 
a s  ORG 1, ORG 2; and Tar. ANR is denoted by TAR 1. TAR 2. 

X-Ray Crystallography, vol. 111, ed. by K. Lonsdale, Kynoch, Birmingham, 1962. 
6H. Ondik and D. Smith, “Interatomic Distances in Inorganic Compounds,” p. 257 in International Tables  foz 

. 
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. 

I 

squa re  ampli tudes of displacement  a long  t h e  principal a x e s  of the  t r ivar ia te  normal probability densi ty  

function and direction c o s i n e s  for t h e  principal a x e s  re la t ive to  the reference Car t e s i an  b a s e  vectors .  

A symmetric covariance dispers ion matrix b a s e d  on t h e  reference Cartesian sys t em is also printed out. 

The diagonal  e lements  a r e  t h e  mean-square displacements  a long t h e  reference Cartesian a x e s .  

C o l u m n s  

1-3 
3-9 Blank 

0 or blank (look ahead)  

10-18 103 

3.3.3 Plotter Control Instructions (200 Series). - T h e  200 s e r i e s  is a group of instruct ions that  con- 

trol the  plotter ini t ia l izat ion,  f r ame  advance,  termination, and any other peripheral  commands tha t  a re  re- 

quired for a particular equipment configuration or plot t ing package.  When t h e  program i s  modified for a 

different equipment configuration, t h e s e  series 200 instruct ions,  which a r e  executed through subroutine 

F200, should b e  redefined t o  s u i t  t h e  user’s requirements.  Instructions for controll ing the CalComp 580 
off-line magnetic t ape  plott ing s y s t e m 7  a r e  given here .  

3.3.3.1 Instruct ion 201, P l o t  P a c k a g e  Init ialization. - T h i s  instruction must b e  executed before any 

plotting c a n  take place.  It is a s a f e  policy a lways  t o  make t h i s  t h e  f i r s t  instruction card.  I t  should be  

used only once  per computer job regardless  of how many p lo ts  a r e  t o  b e  drawn during t h e  job. 

3.3.3.2 Instruct ion 202, Plot Terminate and Frame Advance. - T h i s  t a k e s  c a r e  of putt ing t h e  correct 

plot termination information onto t h e  magnetic tape  t o  inform the plot ter  tha t  the  current plot i s  f inished.  

I t  a l s o  al lows advance of the  paper s o  tha t  t h e  old plot is removed and new paper is in posit ion for the 

next plot. 

C o l u m n s  I n s t r u c t i o n  201 I n s t r u c t i o n  202 

1-3 

4-9 

10-18 

Blank Blank 

201 2 02 
- Plot te r  movement a long x 

edge  of paper i n  i n c h e s  

3.3.4 P l o t  Boundary Instructions (300 Series). - T h i s  is a set of miscel laneous instruct ions for 

specifying the  dimensions of the  drawing, viewing d is tance ,  general  le t ter ing orientation, and pen dis-  

placement for l ine  retracing. 

3.3.4.1 lnst ruct ion 301. - T h i s  instruct ion de f ines  t h e  l imiting x and y dimensions,  in inches ,  of 
the plot boundary and the border indentat ions.  T h e  boundary dimensions must not  exceed  t h o s e  allowed 

by the  plotter.  T h e  program will  prevent t h e  pen from get t ing c l o s e r  t han  0.1 in. to  any boundary. T h e  

border indentation is a n  equa l  margin ins ide  t h e  ent i re  boundary. When automatic  s c a l i n g  is used  (600 

’The CalComp is an incremental plotter. T h e  particular Benson-Lehner model available a t  Oak Ridge Central 
Data Processing Faci l i ty  h a s  a l s o  been used. 
converter. In general i t  seems that  an incremental plotter is better sui ted t o  the  requirement of OR TEP. The user  
should be warned that in the author’s experience the magnetic tape  plotting systems are  notoriously troublesome; an 
annoying percentage of plot failures is to  b e  expected because  of equipment malfunctions. 

The  Benson-Lehner is an electromechanical x-y plotter with an analog 
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. 
ser ies) ,  t h e  center  points  of t h e  a toms a r e  prevented from fal l ing in  the  margin; but t h e  atom represen- 

tation, which h a s  a f ini te  s i z e ,  may ex tend  into t h a t  area.  To compensa te  for t h e  overlap, t h e  border 

dimensions should  b e  la rge  when t h e  overal l  drawing scale and  t h e  el l ipsoid scale a r e  expected to b e  

large. 

In addition, instruct ion 301 s p e c i f i e s  the  perspect ive viewing d is tance ,  in  i n c h e s ,  from t h e  p lane  of 

the drawing. An entry of 0 for view d i s t a n c e  i s  u s e d  t o  ind ica te  a n  inf ini te  view d is tance ,  and  t h e c r y s t a l  

s t ructure  is then mapped in  paral le l  projection normal to t h e  drawing board. 

C o l u m n s  P r i m e r  C o n s t a n t  

- 1-3 - 

4- 9 3 0 1  - 
10-18 P l o t  x limit (in inches)  30. 
19-27 Plo t  y limit (in inches)  11. 
28-36 View d i s t a n c e  (in i n c h e s )  0. (paral le l  proj.) 

37-45 Border (in i n c h e s )  0.5 

3.3.4.2 Znstruction 302, Title Rotation. - F o r  regular t i t l e s  a n d  chemica l  symbols ,  t h e  t i t l e  rotation 

is spec i f ied  with instruct ion 302. T h e  le t te r ing  base l i n e  for all le t ter ing is rotated counterclockwise by 

an angle  theta ,  i n  degrees ,  from t h e  x a x i s  of t h e  plotter. Although any  v a l u e  is al lowed,  Oo and -90° a r e  
the va lues  most often used,  s o  tha t ,  when one  views t h e  f in i shed  drawing, e i t h e r  t h e  y plotter a x i s  is ver- 

t i ca l  or t h e  x plot ter  a x i s  is vert ical .  

C o l u m n s  P r i m e r  C o n s  t a n i  

1-3 Blank 

4-9 302 

10-18 Theta  i n  degrees  

- 

0. 

3.3.4.3 Instruction 303, Retrace Displacement. - F o r  a r t i s t i c  purposes ,  cer ta in  l i n e s  a r e  made heavier  

than others  by retracing over  t h e  path s e v e r a l  t imes  with s l igh t  pen d isp lacements  (DISP) from t h e  or iginal  

path. F o r  example, in  drawing e l l i p s o i d s  t h e  forward half of t h e  pr incipal  p lane  t r a c e  is made heavier  than 

the  hidden half s o  t h e  eye  does  not confuse  the  two ha lves .  In addi t ion all regular  le t te r ing  (but not  per- 

spec t ive  lettering) is gone over  four t imes  t o  give i t  boldface appearance.  In preliminary runs or when t h e  

plotter is not of t h e  incremental  type,  t h i s  embel l ishment  may b e  object ionable  t o  t h e  u s e r  because  of t h e  

increased computing and  plot t ing t imes  (particularly t h e  latter). Al l  re t racing c a n  b e  el iminated by s e t t i n g  

DISP = 0. T h e  primer parameter for  DISP is 0.005 in., which is t h e  resolution of t h e  CalComp plot ters  a t  

ORNL. F o r  other  plot ters  or for var ious inking pen  sizes, DISP c a n  b e  rese t  a t  t h e  user ' s  discret ion.  

C o l u m n s  P r i m e r  C o n s t a n t  

1-3 - 
4-9 3 03 

10-18 DISP (in i n c h e s )  

- 

0.005 
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3.3.5 Atom L i s t  Instructions (400 Series). - T h i s  s e r i e s  a l lows  t h e  u s e r  t o  spec i fy  which atoms a r e  

t o  b e  included in  t h e  i l lustrat ion.  T h e  atom des igna tors  for t h e  chosen  atoms a r e  s tored  in  t h e  ATOMS 

array for future u s e  by other  instruct ions.  T h e  ATOMS array c a n  hold 500 a toms;  but if the  intended 

i l lustrat ion h a s  more than t h i s ,  t h e  i l lustrat ion c a n  b e  segmented and t h e  segments  drawn sequent ia l ly  

on the  same plot. T h i s  technique may also b e  u s e d  when different par t s  of t h e  drawing a r e  t o  have  dif- 

ferent graphic representat ions.  T h a t  is, w e  would def ine t h e  f i r s t  segment ,  draw i t  with t h e  f i rs t  rep- 

resentat ion,  c l e a r  the ATOMS array,  def ine t h e  s e c o n d  segment ,  a n d  draw i t  with t h e  second graphic 

representation. 
Groups of atoms a r e  added t o  or e l iminated from t h e  ATOMS array (which is s e t  t o  zero  a t  t h e  s t a r t  

of t h e  program) with t h e  400 and 410 s e r i e s  respect ively.  T h e  groups can  b e  denoted  by atom designator  

runs ( s e e  3.1.3), s p h e r e s  of a toms about  any  c e n t e r  point (see 3.1.6), and rectangular boxes  of atoms 

centered on any point ( s e e  3.1.7). Duplicate  en t r ies  of t h e  s a m e  atomic position a r e  prevented by  t h e  

program. T h e  conten t  of t h e  ATOMS l i s t  is printed on t h e  monitor output tape  af ter  each 400 s e r i e s  in- 

struction. 

3.3.5.1 Instruct ions 401 a n d  411, Atom Designator  Run Add a n d  Atom Designator  Run Eliminate. - 
T h e s e  ins t ruc t ions  can  contain: (a)  atom designator  c o d e s  (ADC) for a s i n g l e  atom, (b )  atom designator  

runs (ADR) for s e v e r a l  a toms in  a run, (c)  blank f ie lds  (except between t h e  two ent r ies  of a run), and 

(4 a n y  combinat ions of (a),  (b),  and (c). Since  up  t o  1 9  Format No. 1 cont inuat ions a r e  p o s s i b l e  per  

instruction, up to 70 runs c a n  b e  made per  instruct ion a n d  a n  unlimited number of instruct ions c a n  b e  

used. T h e  ATOMS l i s t ,  however, wil l  only a c c e p t  t h e  f i rs t  500 atoms. 

C o l u m n s  

1-3 
4-9 401 or 411 

Blank or 1 (depending on what  fol lows)  

10-1 8 

A s  descr ibed above  

64-72 

3.3.5.2 Ins t ruc t ions  402 a n d  412, Sphere of Enclosure  Add a n d  Sphere of Enclosure  Eliminate. - 
T h e s e  instruct ions a l low t h e  u s e r  t o  build or  modify t h e  subjec t  by spec i fy ing  t h e  conten ts  (complete, 
partial, or vector  sc reened ,  see 3.1.6) of a s p h e r e  of enc losure  about  any  addressable  point. F o r  in- 

s t ruct ion 402, t h e  conten ts  of t h e  s p h e r e s  a r e  added to the  atom l i s t  except  f o r  posi t ional  dupl icat ions,  

which a r e  omitted. In t h e  412 instruct ions,  al l  points  in  t h e  s p h e r e s  a r e  e l iminated from t h e  atoms l i s t  

if they a r e  present  in  tha t  l i s t .  T h e  instruct ions call subrout ine SEARCH, and t h e  instruct ion input de- 

ta i l s  a r e  ident ica l  t o  t h o s e  of instruct ions 1 0 1  and 102  (see 3.3.2.1) except  for t h e  instruct ion number. 

In t h e  monitor output, only t h e  ATOMS l i s t  a tom designator  c o d e s  a r e  printed a n d  not the  coordinates  

and interatomic d is tances .  If t h e  origin a toms on which t h e  s p h e r e s  of enc losure  a r e  centered  a r e  to be  

saved ,  t h e  ta rge t  atom number run (Tar. ANR) must contain t h i s  atom number. Furthermore, if vector  

. 
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search  c o d e  c a r d s  of Format No. 2 a r e  used,  one  of them must s a t i s f y  t h e  intra-atom nul l  vector for t h e  

origin atom i n  order t o  re ta in  i t .  

3.3.5.3 Instructions 403 and 413, Box o f  Enclosure Add and Box o f  Enclosure Eliminate. - T h e s e  

instruct ions al low t h e  u s e r  t o  build or modify t h e  subjec t  by spec i fy ing  t h e  conten ts  (complete or  par t ia l  

but not vector  sc reened ,  see 3.1.7) of a box of enc losure  about  any addressable  point (or a tom number 

run of addressable  points). T h e  three  a x e s  of t h e  box a r e  paral le l  to t h e  three  b a s e  vec tors  of t h e  ref- 

erence Car tes ian  sys tem,  and  t h e  semidimensions of t h e  box a r e  spec i f ied  on t h e  instruct ion card. If a n  

orientation of t h e  box different from t h e  s tandard or ientat ion ( s e e  3.1.8) is desired,  than a 501 or a 502 

instruction, or both, should  b e  used  before this instruct ion t o  reorient t h e  reference Car tes ian  sys tem.  

After t h i s  instruct ion h a s  been  executed,  t h e  reference s y s t e m  c a n  undergo further reorientation as  de- 

s i red for plot t ing purposes ,  e tc .  

A s  in  t h e  case of t h e  s p h e r e  of enc losure  ( s e e  3.3.5.2), the  origin atom on which t h e  box i s  cen tered  wil l  

not b e  included u n l e s s  t h e  target  atom number run inc ludes  t h e  origin atom number. Vector s e a r c h  c o d e s  
a re  not  u s e d  by t h i s  instruct ion.  Subroutine SEARCH is u s e d  by t h i s  instruct ion,  a n d  t h e  instruct ion in- 

put d e t a i l s  a r e  s imilar  t o  t h o s e  descr ibed in  3.3.2.1 except  t h a t  D max is replaced by t h e  semidimension 

a/2 of t h e  box and  t h e  following f ie lds  on t h e  card a r e  used  t o  spec i fy  t h e  other  two semidimensions b/2 

and c /2 .  One must u s e  caut ion  in  choos ing  t h e  box dimensions so t h a t  the atom t a b l e  d o e s  not  overflow. 

C o l u m n s  

1-3 Blank 

6-9 403 (or 413) 

Origin ANR (see 3.3.2.1) 
10-18 

19-27 

Targe t  ANR ( s e e  3.3.2.1) 
28-36 
37-45 
46-54 a /2  

55-63 b/2 

64-72 c /2  

3.3.5.4 Instruction 410, Clear Atoms List .  - T h i s  instruct ion c l e a r s  t h e  atoms l i s t  t o  zero .  When t h e  
program is f i r s t  en te red  the l i s t  is automatical ly  s e t  t o  zero.  

3.3.6 Orienting Instructions (500 Series). - T h i s  s e r i e s  of instruct ions or ien ts  t h e  reference and work- 

ing Car tes ian  s y s t e m s  ( s e e  3.1.8). E a c h  t ime t h e  reference sys tem is redefined with a 501 or  rotated with 

a 502, t h e  working sys tem is automatical ly  made coincident  with t h e  reference sys tem.  T h e  working s y s -  

tem c a n  b e  displaced from t h e  reference s y s t e m  by rotat ing about  a n  axis of t h e  reference s y s t e m  with a 

503 instruction. T h e  working sys tem is a l w a y s  positioned by a rotation from t h e  reference s y s t e m  and 

d o e s  not depend on t h e  previous working s y s t e m  orientation. After e a c h  500 s e r i e s  instruct ion,  the  b a s e  

vectors  of t h e  relevant  Car tes ian  sys tem a r e  printed out. T h e s e  vectors  a r e  b a s e d  on t h e  t r ic l in ic  co- 

ordinate sys tem.  T h e  pos t fac tor  transformation matrix for  converting from tr ic l inic  coord ina tes  t o  
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Car tes ian  coord ina tes  is a l s o  printed out. T h e  inverse  transformation matrix may b e  formed by placing 

the three b a s e  vec tors  together in row vector form. 

3.3.6.1 Instruction 501, Reference  Car tes ian  System Assignment. - Any Car t e s i an  coordinate sys tem 

is based  on three  orthonormal b a s e  vectors and an  origin point. T h e  origin point in the  model (ORGN) is 

spec i f ied  with a n  atom designator code .  T h e  three orthonormal b a s e  vec tors  c a n  be  descr ibed  by two non- 

coll inear vec tors ,  and  OR T E P  provides the  two following sepa ra t e  techniques for performing t h i s  opera- 

tion, u s ing  vector c r o s s  products of t h e  two vec to r s  u and v. 

i 

I -  

1 -  

T y p e  A T y p e  0 

B a s e  vector 1 (x ax i s )  U U 

B a s e  vector 2 ( y  ax i s )  

B a s e  vector 3 (z  ax i s )  

u x v  (u x v) x u 

u x (u x v) u x v  

T h e  reference sys t em x and y a x e s  wil l  parallel  t h e  plotter x and y a x e s ,  and the  origin point ORGN will  

lie in the  p lane  of the  plotter. T h e  viewer wi l l  b e  looking into the  z ax i s  vector of t he  coordinate sys tem 

from a d i s t ance  VIEW in inches  ( s e e  3.3.4.1) directly above  the  origin point. 

C o l u m n s  

1-3 - 
6-9 501 

10-18 ORGN(ADC) 

19-27 

28-36 
37-45 

46-54 

Vector u (VDC) 

Vector v (VDC) 

E f f e c t i v e  

P r i m e r  C o n s t a n t  

055500 

055500 

065500 

055500 

056500 
- 55-63 - 

64-72 0 = T y p e  A, > O  = Type B 1 

3.3.6.2 Instruction 502, Reference Car tes ian  System Rotation. - T h e  c r y s t a l  model can  b e  given any  
orientation des i red  with a series of rotations of t h e  model about t he  teference sys t em axes .  In general, 

three rotations (e.g., t hose  of a n  Eulerian sys tem)  a re  suf f ic ien t  t o  ach ieve  any orientation, but for con- 

venience an  unlimited number of rotations a r e  permitted in the  program. In addition, rotations of 120° 

about t he  body diagonal of t he  reference Car tes ian  sys t em are permitted (this is achieved  by a cyc l i c  

permutation of reference base  vectors). 

E a c h  operation requires two f i e lds  in  the  instruction card.  For a x i a l  rotations,  t he  f i rs t  f ie ld  of each  

pair will  have the  number 1, 2, or 3 t o  ind ica te  rotation about t h e  x, y ,  or z a x e s  of t he  reference s y s t e m .  

T h e  second  f ie ld  will  have  the  rotation angle  in  degrees  for a right-handed rotation of t he  model about 

the designated ax is  (i.e., a pos i t ive  ang le  s ign i f i e s  a counterclockwise rotation of the  s t ruc ture  with the  

des igna ted  a x i s  pointing toward t h e  reader). T h e  body diagonal rotation is des igna ted  by e i ther  a (- 1)  

. 
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or a (- 2) in t h e  f i r s t  f ie ld  to ind ica te  a 120' or  a 240' right-handed rotat ion about  t h e  body diagonal, and 

the  s e c o n d  f ie ld  is blank. A (-3) would ro ta te  the s t ruc ture  completely around and  t h u s  not change  i t s  

previous orientation. 

C o l u m n s  

1-3 
4-9 

10-18 

19-27 
28-36 
37-45 
46-54 
55-63 
64-72 

1 

10-18 

F i r s t  C a r d  

0 (or 1 if cont inued on next  card)  

502 
1,2,3,- 1,-2 

4; 

4; 

4: 

1,2,3,-1,-2 

1,2,3,--1,-2 

1,2,3,- 1,-2 

S e c o n d  C a r d  

4: 

If desired,  e a c h  rotation c a n  b e  executed  with a s e p a r a t e  502 instruct ion card. 

3.3.6.3 Znstruction 503, Working Car tes ian  System Rotat ion (Stereoscopic Rotation). - T h e  working 

(minor) Car tes ian  s y s t e m  is automatical ly  made coincident  with t h e  reference s y s t e m  whenever  the ref- 

erence sys tem is redefined with a 501 instruct ion or rotated with a 502 instruct ion.  To define a n  orien- 

tation of t h e  working sys tem which is not co inc ident  with t h e  reference s y s t e m  w e  u s e  a 503 instruct ion,  
which a l lows  one rotation about  one  a x i s  of t h e  reference sys tem.  Actual ly  a n y  number of s u c c e s s i v e  

rotations c a n  b e  made, but t h e  effect  i s  not  cumulat ive s i n c e  t h e  s t a r t i n g  point for  e a c h  rotat ion is 

a lways  t h e  reference sys tem.  Body diagonal  rotat ions a r e  not permitted. 

A 503 rotat ion normally precedes  e a c h  member of a s te reoscopic  pa i r  of  plots .  T h e  rotation is about  

a x i s  2 if t h e  s t e r e o  pair  is t o  b e  viewed with t h e  x a x i s  para l le l  to t h e  observer 's  interocular  l i n e  and 

about a x i s  1 i f  t h e  y a x i s  is to b e  paral le l  to t h a t  l ine.  

C o l u m n  

1-3 - 

4-9 503 

10-18 1,2,3 
19-27 wo 

3.3.7 Positioning and Scaling lnstructians (600 Series). - T h e s e  instruct ions a r e  used  t o  direct  t h e  

placement of t h e  origin point ORGN (spec i f ied  by instruct ion 501) onto t h e  drawing (dimensioned by in- 
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. 
st ruct ion 301). In addi t ion t h e  three-dimensional assembly  of a toms (chosen by t h e  400 s e r i e s  instruction) 

const i tut ing t h e  model is s c a l e d .  T h e  atomic c e n t e r s  of t h e  model wil l  then b e  hanging in  s p a c e  above  
and below t h e  drawing board correct ly  posi t ioned t o  b e  projected from t h e  e y e  point descr ibed  with 301. 

3.3.7.1 Normal Modes o f  Positioning and Scaling. - Several  normal modes of operation a r e  ava i lab le  

to  t h e  user  for posi t ioning and  s c a l i n g  t h e  model. Instruct ion 601 requires  t h e  u s e r  t o  supply  a complete  
expl ic i t  descr ip t ion  of posi t ion ( x o , y o )  and s c a l e  (SCAL1). At t h e  other  extreme, instruct ion 604 auto- 

matically scales and  posi t ions the  model so t h a t  t h e  peripheral projected atom centers  will touch two 

opposi te  borders and  t h e  peripheral a toms i n  t h e  remaining dimensions wi l l  b e  centered on t h e  drawing. 

An intermediate  mode is ava i lab le  through 602, which provides  automatic  s c a l i n g  a f te r  expl ic i t  posi- 

tioning. In general  t h i s  a l lows  only one  e d g e  of t h e  model to  touch a border. Final ly ,  instruct ion 603 
requires a n  expl ic i t  scale and  d o e s  automatic  center ing.  

In general  t h e  604 is t h e  e a s i e s t  and s a f e s t  one t o  use ,  but s i tua t ions  a r i s e  in  which t h e  u s e r  

should not re l inquish control t o  t h e  program. F o r  example, i f  a big i l lustrat ion is t o  b e  drawn piece- 

wise  on a s m a l l  plotter, t h e  u s e r  wil l  have  t o  maintain control  over t h e  scale, and  probably over  

positioning, so  t h a t  t h e  par t ia l  plots  c a n  b e  f i t ted together correctly. 

A s e c o n d  scale factor SCAL2 is required i n  connect ion with t h e  e l l ipso id  (or sphere)  size. I t  is 

a dimensionless  scale factor  ratio u s e d  to modify all rms displacement  v a l u e s  before plot t ing equi- 

probability e l l ipso ids  or spheres .  A t a b l e  of SCAL2 values  v s  probability is given in  Sect. 5.2. T h e  

primer cons tan t  for SCAL2 is 1.54, corresponding to 50% piobability. If t h e  instruct ion’s  entry for 

SCAL2 is 0 or blank, then SCAL2 is not modified by  t h e  instruction. T h e  same s ta tement  also holds  

for xo, y o ,  and SCAL1. T h a t  i s ,  if t h e  instruct ion entry is zero  or blank for a n y  of t h e s e ,  then t h e  va lue  

of the  c o n s t a n t  i n  memory is not  changed.  T h i s  means  tha t  a n  x o  or y o  cannot  b e  entered as exac t ly  

zero, so t h a t  i f ,  ze ro  is wanted, a small nonzero number should b e  entered.  

C o l u m n s  601 602 603 6 0 4  P r i m e r  C o n s t a n t  

- - - - 1-3 - 
4-9 601 602 603 604 - 

10-18 xo X - - 15.0 

- - 5.5 
28-36 SCALl - SCALl - 1.0 
37-45 SCAL2 SCAL2 SCAL2 SCAL2 1.54 

0 

19-27 y o  YO 

3.3.7.2 Incremental Modes of Positioning and Scaling. - Additional flexibility is provided through t h e  

incremental instruct ions 611, 612, and  613. T h e s e  a l low t h e  u s e r  to “nudge” t h e  model or modify t h e  

scale fac tor  (SCALl), o r  both, a f t e r  the  parameters  have  been  in i t ia l ly  s e t  with a previous 600 s e r i e s  in -  

s t ruct ion.  T h e  611 instruct ion a d d s  Axo, Ayo  t o  t h e  previous xo, y o  posi t ion for t h e  ORGN placement 

and mult ipl ies  t h e  ex is t ing  SCALl by AK (except  if AK = 0, SCALl is unmodified). Instruct ion 612 
increments t h e  posi t ion and then d o e s  a n  automatic  scal ing;  613 f i r s t  increments  the scale (by multi- 

plying by AK) a n d  then automatical ly  reposi t ions.  



A conserva t ive  general approach is to follow a 604 with a 611 having  Axo = 0, Ay0 = 0 and AK = 0.9. 
T h i s  wil l  simply reduce t h e  scale 10% so t h a t  there  is more s p a c e  for  labe ls ,  e tc .  

C o l u m n  6 1  1 6 1  2 6 1  3 

- - - 1-3 
4-9 611 612 613 

- 10-18 Ax0 AxO 

19-27 AYO AYO - 
28-36 AK - AK 
37-4s SCAL2 SCAL2 SCAL2 

3.3.8 Atom Plott ing Instructions (700 Series). - T h e s e  instruct ions a r e  concerned  with drawing 
various representat ions of t h e  atom based  on the  familiar ball-and-stick molecular model. T h e  ba l l  in 

the general  case is a n  e l l ipso id  represent ing a contour s u r f a c e  of e q u a l  probability densi ty .  Alterna- 

tively, when thermal  motion is not be ing  portrayed, t h e  ba l l  c a n  b e  a s p h e r e  of arbitrary dimension. 

T h e  700 s e r i e s  a l s o  h a s  provision for labe l ing  t h e  a tomic  s i t e  with t h e  corresponding chemica l  symbol. 

T h e  instruct ions in  t h i s  s e r i e s  draw t h e  “ATOMS l i s t ”  a toms which project  onto t h e  u s a b l e  par t  of t h e  

drawing area.  Atoms found to b e  out  of bounds a r e  bypassed ,  and  a F a u l t  Message  (NG = 10) is printed 

on t h e  monitor output. An atom is out of bounds under t h e  following condi t ions:  (1) if its z coordinate  in  

the s c a l e d  reference Car tes ian  s y s t e m  is greater  than v2 t h e  viewing d is tance ,  (2) i f  its c e n t e r  a f te r  pro- 

ject ion falls outs ide  the limiting boundary of t h e  drawing board, or (3) i f  t h e  projected center  is within 

of t h e  margin width (BRDR) of a limiting boundary. 

An e l l ipso id ,  for graphical purposes  i n  OR TEP, is considered t o  b e  composed of e l l i p s e s  and s t ra ight  

l ines .  T h e  e l l i p s e s  a r e  of t w o  types ,  pr incipal  e l l i p s e s  and  boundary e l l i p s e s .  Rela t ive  t o  t h e  viewpoint, 

a principal e l l i p s e  is further subdivided i n t o  a front half and  a back,  or hidden,  half. There  a r e  three 

principal e l l i p s e s  per  e l l ipso id ,  corresponding t o  t h e  three pr incipal  planes.  T h e  boundary e l l i p s e  is the  

edge  of t h e  el l ipsoid a s  s e e n  from t h e  viewpont. T h e  front and back  h a l v e s  of t h e  pr incipal  e l l i p s e s  meet 

at the  boundary e l l ipse .  T h e  straight-line segments  of t h e  OR TEP el l ipso id  a r e  t h e  forward principal 
a x e s ,  reverse  pr incipal  a x e s ,  and  oc tan t  shading  l ines .  

Figure 3.1 s h o w s  various combinat ions of t h e s e  elements .  I t  is obvious t h a t  cer ta in  of t h e s e  com- 

binat ions a r e  bet ter  representat ions than others .  Instruct ion 701 genera tes  t h e  SA model of F ig .  3.1, 
instruction 702 generates  2A, and  703 produces 3B.  Instruction 704 draws t h e  boundary e l l i p s e  alone.  

If an atom is entered  as a sphere ,  the  boundary wil l  be  c i rcu lar  before projection and  s l igh t ly  e l l ip t ica l  

af ter  perspec t ive  projection. Instruct ion 705 a l lows  t h e  u s e r  to make up  any representat ion from the  

b a s i c  components. 

Chemical  symbols  u p  t o  s i x  alphanumeric c h a r a c t e r s  i n  length a r e  included with t h e  input  s t ructural  

parameters for  e a c h  atom. T h e s e  symbols  c a n  b e  put onto t h e  i l lustrat ion with one  700 s e r i e s  or s e v e r a l  

900 s e r i e s  instruct ions.  T h e  700 s e r i e s  p l a c e s  t h e  c e n t e r  of t h e  s ix-character  f ie ld  of e a c h  atom in the  

s a m e  posi t ion relat ive t o  t h e  atom center ;  t h e  900 s e r i e s  a l lows  t h e  u s e r  t o  posi t ion e a c h  symbol  individ- 

ually. T h e  700 s e r i e s  requires  only three  parameters  as follows: (1) symbol  height  in  inches ,  (2) paral le l  
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(left-right) offset i n  inches ,  and  (3) perpendicular (up-down) offset  i n  inches .  T h e  parameters refer t o  the  
model before projection, and they wil l  change  s l igh t ly  during perspec t ive  projection. T h e  paral le l  and  
perpendicular of fse t  refer t o  t h e  e x a c t  cen ter  of t h e  s ix-character  input  f ie ld  and a r e  re la t ive to the le t ter-  

ing b a s e  l ine  s e t  u p  with t h e  302 the ta  rotation. A symbol height  of 0 or  blank wi l l  c a u s e  t h e  symbol- 

drawing routine t o  b e  bypassed .  

It is p o s s i b l e  to vary the  th ickness  of the  boundary e l l i p s e  l i n e  by making i t  a function of z, t h e  

height of t h e  atom from t h e  drawing board. T h i s  option is normally used  with t h e  704 (boundary only) 

1. Principal ellipses 

Principal and 
2* enveloping ellipses 

Principal ellipses 
and axes 3. 

Principal ellipses 

with envelope 
4. and axes 

Principa I ellipses 
and axes 

5* with envelope and 
octant shading 

ORNL DWG. 64-5255 

A .  8. e. 
Without back Ful l  l i ne  Dotted 

or reverse axes back back  

G @  
Q @ Q  .............. ... 

@, @ ',-- - (JJ - _  2 . i  

@ .. I ... ... 

'. .' .... 

I 
I . , . . I  ... I .' .: ..... ..... .. 

..... * ..... ... : - i - -  

Fig. 3.1. Various Combinations of E l l ipsoid  Components. 
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instruction but wil l  work for  a n y  700 instruction. Ent r ies  a r e  put in  t h e  A .  and A I  f ie lds  of t h e  in- 

s t ruct ion continuation card  to spec i fy  t h e  coef f ic ien ts  of 

AR(z) = A .  + A l z  , 

where 

AR i s  t h e  i n c r e a s e  i n  radial  dimension t o  be  added t o  t h e  width of t h e  s i n g l e  pen l ine,  

A. is AR for a n  atom a t  z = 0, and  

A I  i s  t h e  ra te  of i n c r e a s e  in  radial  dimension with z. 

A s  a n  example, a s s u m e  tha t  t h e  atoms of t h e  s c a l e d  model range f rom 5 in. below t o  5 in. a b o v e  t h e  

drawing board and t h e  pen width is 0.2 mm (.008 in,). If we  want  t h e  c l o s e s t  e l l i p s e  boundary t o  b e  

five times as wide  a s  t h e  far thest ,  then AR(- 5 in.) = 0, AR(5) = 0.008 x (5 - 1) = 0.032 in.; thus  

A .  = 0.016 in. and A l  = 0.0032 in. 

T h e  program widens t h e  l ine  by s tepping  radial ly  in  increments  of DISP, which is s e t  by primer 

cons tan t  t o  0.005 in. A 303 instruct ion c a n  b e  u s e d  t o  change  DISP if desired.  

T h e  monitor output for t h e  701 through 705 instruct ions c o n s i s t s  of t h e  following: 

1. x,y plotter coordinates:  t h e  coordinates ,  i n  inches ,  for  the  projected atom c e n t e r  on t h e  plot, 

measured from t h e  lower left-hand corner  of t h e  l imit ing boundary. T h i s  is t h e  fixed plotter coordinate  

sys tem with origin point s e t  by the  plotter operator. 

2. x,y,z working Car tes ian  coordinates:  t h e  coord ina tes ,  in  inches ,  for t h e  or iented and  s c a l e d  

atomic model before  projection. T h e  x and y a x e s  paral le l  t h e  plot ter  x and y a x e s ,  and  t h e  origin of 

the s y s t e m  is in t h e  p lane  of t h e  plotter a t  t h e  point xo,yo (see 3.3.7) in plot ter  coordinates .  T h e  point 

ORGN of t h e  s c a l e d  model is at th i s  point ( s e e  3.3.6.1). 
3. x,y,z t r ic l inic  coordinates ,  in  f rac t ions  of t h e  unit-cell e d g e s  relat ive to  t h e  c r y s t a l  unit-cell 

origin. 

4. Pr inc ipa l  a x e s  of thermal motion, c o n s i s t i n g  of (a) principal v a l u e s  of root-mean-square d is -  
placement and  ( b )  direct ion c o s i n e  for pr incipal  vectors  re la t ive t o  t h e  working Car tes ian  sys tem.  

5. T h e  atom designator  code  and chemica l  symbol  for  t h e  atom. 

Instruct ions 711 through 715 a r e  ident ica l  to 701 through 705 except  that  the  710 s e r i e s  s u p p r e s s e s  

all monitor output  except  faul t  messages .  

3.3.8.1 Atom Plo t t ing  Instruct ions 701, 702, 703, 704, a n d  711, 712, 713, 714. - 

C o l u m n s  

F i r s t  Card 

1-3 
4-9 

1 (if boundary retracing is des i red ;  otherwise 0) 
701, 702, 703, 704, 711, 712, 713, 714 

10-18 Blank 

19-27 Blank 

28-36 Blank 

37-45 Blank 
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46-54 Symbol height  (in.) 

55-63 Perpendicular  of fse t  (in.) 

64-72 P a r a l l e l  offset  (in.) 

Second C a r d  ( n e e d e d  on ly  for  boundary  r e t r a c i n g )  

1-3 Blank 

4-9 Blank 

10-18 A .  (in.) 

19-27 A ,  (in.) 

3.3.8.2 Atom Plot t ing  lns t ruc t ions  705 a n d  715. - 

C o l u m n s  

F i r s t  C a r d  

1-3 
4-9 705 or 715 

1 (if boundary retracing is des i red ;  otherwise 0) 

10-1 8 NPLANE 
= 0, no  el l ipsoid components 
= 1, boundary e l l i p s e  only 
= 3 ,  principal  e l l i p s e s  only 
= 4, boundary + principal e l l i p s e s  

<0, s o l i d  l i n e  back s i d e  
= 0, back s i d e  omitted 
= 3,  4 d o t s  on back s i d e  
= 4, 8 d o t s  on back  s i d e  
= 5, 1 6  dots  on back  s i d e  
= 6,  32 dots  on back  s i d e  

19-27 NDOT (back s i d e  of pr incipal  e l l i p s e s )  

28-36 NLINE (forward pr incipal  a x e s  a n d  shading)  
= 0, no  forward a x e s  or  s h a d i n g  
= 1, forward principal a x e s  only 
= N, forward a x e s  + (N - 1) l i n e  s h a d i n g  

37-45 NDASH (dashed reverse  pr incipal  a x e s )  
= 0, no reverse  a x e s  
= N, dashed  reverse  a x e s  with N d a s h e s  

46-54 Symbol height  (in.) 

for symbols  
55-63 Perpendicular  offset  (in.) 

64-72 P a r a l l e l  offset (in.) 

S e c o n d  C a r d  same a s  701 

3.3.9 Bond Plott ing lnstructions (800 Series). - T h e  bond plotting instruct ions a r e  grouped into two 
general types,  expl ic i t  and implicit,  depending on how t h e  bonds a r e  spec i f ied .  Expl ic i t  bonds require a 

vector designator  code  ( s e e  3.1.2) for e a c h  bond. Implicit bonds make u s e  of vector  s e a r c h  c o d e s  ( s e e  

3.1.5) to find pa i rs  of atoms from t h e  ATOMS array s e t  up  by  the 400 s e r i e s  instruct ions.  
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There  a r e  two types  of bonds tha t  c a n  b e  drawn, s t i c k  bonds and  l ine  bonds.  T h e  l i n e  bond is a 

very crude, but  rapid, method useful  i n  drawing preliminary i l lustrat ions.  It is cons t ruc ted  by placing 

centered symbols  (e.g., +, x, *, etc.) on t h e  two atom s i t e s  a n d  drawing a s i n g l e  s t ra ight  l ine  between 

them. L i n e  bonds a r e  a l w a y s  spec i f ied  implicitly (803, 813 instruct ions) .  
T h e  more elaborate  bond is t h e  s t i c k  bond, which could a l s o  b e  c a l l e d  a conica l  bond b e c a u s e  of i t s  

accentuated perspec t ive  taper .  

ing cone  ( tangent  cone)  which h a s  i t s  a p e x  a t  t h e  viewpoint and is tangent  t o  a n  e l l ipso id .  In general, 

the  e l l ipsoid in te rsec t ion  i s  automatically u s e d  i f  t h e  a x i s  of t h e  bond i n t e r s e c t s  the e l l ipso id  at  a point 

which is vis ib le  t o  t h e  viewpoint; otherwise,  t h e  tangent  c o n e  intersect ion is u s e d ,  s o  tha t  t h e  bond ap- 

pears  t o  terminate a t  t h e  boundary of t h e  e l l ipso id .  However, t h e  u s e r  c a n  spec i fy  t h a t  t h e  e l l ipso id  in- 

tersect ion a l w a y s  b e  used  i n  order t o  make t h e  ske le ton  type  model (e.g., 3B of Fig .  3.1) appear  even  

more transparent. T h e  radius  of t h e  s t i c k  bond a n d  t h e  number of l i n e s  which a r e  u s e d  to  draw t h e  bond 

a r e  specif ied by input  parameters. 

E a c h  end of t h e  bond i n t e r s e c t s  e i ther  (1) a n  el l ipsoid or (2) a n  envelop-  

Bond-distance l a b e l s  c a n  b e  drawn automatical ly  with s t i c k  bonds, but not with l i n e  bonds.  T h e  

bond-distance labe l  numbers a r e  i n  Angstrom uni t s  to one, two, or th ree  p l a c e s  p a s t  t h e  decimal point. 

The  bond labe ls  on t h e  i l lustrat ion wil l  h a v e  their  base l i n e s  para l le l  t o  t h e  s t i c k  bonds  and  wi l l  b e  

right s i d e  up for the  viewer. T h e  height  of t h e  l a b e l  in  i n c h e s  a n d  the perpendicular  offset  d i s t a n c e  

for the  center  of t h e  labe l  re la t ive  t o  t h e  c e n t e r  of t h e  bond a r e  parameters  t o  b e  s p e c i f i e d  by t h e  user .  

With t h e  present  primer cons tan t  for FORE, if t h e  s i n e  of t h e  a n g l e  be tween t h e  bond a n d  t h e  mean view- 

ing vector  i s  greater than 0.5, t h e  le t ter ing is done  i n  perspec t ive  a long  t h e  bond. When t h e  s i n e  of t h e  

angle  is less than 0.5, t h e  perspec t ive  le t ter ing would b e  excess ive ly  foreshortened. T h e  le t ter ing is 

then made paral le l  t o  t h e  p lane  of t h e  drawing with i t s  b a s e  l i n e  paral le l  t o  t h e  projected bond. Dif- 

ferent le t ter ing he ights  and  different perpendicular offset  d i s t a n c e s  c a n  b e  a s s i g n e d  t o  t h e  perspec t ive  

and nonperspect ive bond-distance labe ls .  

All bond parameters  a r e  input with Format No. 2 t ra i ler  c a r d s  ( s e e  3.3.1). T h e  bond parameters  a r e  
as follows: 

< 

negat ive in tegers  denote  that both e n d s  of t h e  bonds terminate a t  t h e  e l l ipso ids .  T h e  pos i t ive  integers  

denote  bonds ending  ei ther  a t  the el l ipsoid or t h e  tangent  cone,  as  descr ibed  previously in  t h i s  sec t ion .  

An entry of zero  draws  no bond. A magnitude of 1 for NBOND produces two l ines ,  one  for e a c h  bond 

edge, 180" apart  in t h e  p lane  normal to  the  bond a x i s .  L i n e s  a r e  drawn go", 459 22.5O, or 11.25' apar t  

for NBOND magnitudes of 2, 3, 4, o r  5, respect ively.  T h e  back s i d e  of t h e  bond is not drawn. Repre- 

sen ta t ive  samples  a r e  shown i n  F i g ,  6.1. 

1. Bond type (for s t ick bond) is des igna ted  by a n  in teger  NBOND, where -5  =< NBOND = 5. T h e  

2. T h e  bond radius (mean va lue  for s t i c k  bonds)  is in Angstrom uni ts .  Values  between 0.01 and 

0.06 A usual ly  give good resul ts .  Any posi t ive va lue  may be  used  as  long  as i t  is smal le r  than the  

s c a l e d  e l l ipso id  minimum semidimension. T h e  bond radius is not changed by t h e  el l ipsoid s c a l e  fac tor  

ratio SCAL2. 

'The accentuated taper may be increased or decreased by changing the value assigned to  TAPER in SUB- 
ROUTINE PRIME (see TAPER in sect .  4.5). 
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3. T h e  height  of perspec t ive  l a b e l s  for bond d i s t a n c e s  is entered a s  z e r o  i f  n o  bond d i s t a n c e s  a r e  

t o  be  labeled.  P o s i t i v e  va lues  denote t h e  le t te r ing  height  in  i n c h e s  before  projection. 

4. T h e  perpendicular offset  for  bond d i s t a n c e  perspec t ive  l a b e l s  (in i n c h e s )  per ta ins  t o  offset  of the  

center  of t h e  d i s t a n c e  labe l  re la t ive  t o  t h e  c e n t e r  of t h e  bond. 

5. T h e  height  of regular labe ls  for  bond d i s t a n c e s  is entered a s  z e r o  if no bond d i s t a n c e s  correspond- 

ing to foreshortened bonds a r e  t o  b e  drawn. P o s i t i v e  va lues  give t h e  le t ter ing height  in  i n c h e s  before 
projection. 

6. T h e  perpendicular offset  for bond-distance regular l a b e l s  h a s  t h e  same definition as  parameter 4 
above. 

7. T h e  s igni f icant  d ig i t s  indicator  is - 1, 0, or  1, denot ing bond d i s t a n c e  l a b e l s  with one,  two, or 
three digi ts ,  respect ively,  a f te r  the decimal  place.  

Instruct ions 801, 802, and  803 differ from 811, 812, and  813 only in  t h e  monitor output l is t ing.  T h e  

second group h a s  no output e x c e p t  error m e s s a g e s .  T h e  f i r s t  group l i s t s :  (1) plot ter  coordinates  in  

inches ,  (2) s c a l e d  Car tes ian  coordinates  (in i n c h e s )  of atom before projection, and  (3) t r ic l inic  c rys ta l  

coordinates  for t h e  a toms of e a c h  bond. T h e  interatomic bond d i s t a n c e  in angstroms is a l s o  l i s ted .  

If a n  atom of a bonded pair is out of bounds,  a faul t  m e s s a g e  (NG = 10)  is printed on t h e  monitor output. 

If the bond is hidden and cannot  b e  drawn, faul t  m e s s a g e  NG = 1 4  is printed. F a u l t  NG = 13 s i g n i f i e s  

that a n  imaginary intersect ion w a s  found with a bond radius larger  than t h e  e l l ipso id  semidimension. 

3.3.9.1 Instructions 801 and 811, Explicit Stick Bonds. - T h e  only entry on t h e  instruct ion card is 

the instruct ion number. A Format No. 2 t ra i ler  card  i s  required with t h e  f ie lds  spec i f ied  under column 

801 in T a b l e  3.1 properly filled in. T h e  bonds a r e  descr ibed  with t w o  atom designator  c o d e s  for each  

bond. T h e  two atom designator  c o d e s  for a bond must b e  i n  ad jacent  f ie lds ,  but  blank f ie lds  c a n  b e  

inser ted between t h e  different bonds. S ince  there  a r e  s e v e n  f ie lds  ava i lab le  per  card ,  i t  is a good idea  

t o  u s e  only two, four, or s i x  of them so tha t  the card s e q u e n c e  within t h e  instruct ion (other than f i rs t  

and last cards)  wi l l  b e  unimportant. 

3.3.9.2 Instructions 802 and 812, Implicit Stick Bonds. - All parameters a r e  input with Format No. 2 

trailer c a r d s  ( s e e  T a b l e  3.1). T h e  only entry on t h e  instruct ion card is t h e  instruct ion number. 

3.3.9.3 Instructions 803 and 813, Implicit Line Bonds. - All parameters a r e  input  with Format No. 2 
trailer c a r d s  ( s e e  T a b l e  3.1). T h e  centered symbol  placed on a given atom wil l  b e  t h e  centered symbol  

whose c a l l i n g  number corresponds t o  t h e  atom number modulo 10 ( s e e  Fig.  4.2). 

3.3.10 Label Plott ing  Instructions (900 Series). - T h e  900 s e r i e s  a l lows  t h e  u s e r  t o  plot general  
t i t l es  up  t o  72 charac te rs  i n  length, chemica l  symbols  u p  t o  6 charac te rs  long, bond length labe ls ,  and  

centered symbols .  T h e  bond length l a b e l s  c a n  h a v e  two decimal  p l a c e s  before t h e  decimal point  and 

one, two, or th ree  p l a c e s  a f te r  t h e  decimal  point. T h e  700 and  800 s e r i e s  ins t ruc t ions  can plot chemical  

symbols and  bond length labe ls ,  but i t  is often des i rab le  t o  posi t ion cer ta in  l a b e l s  individually with the  

900 s e r i e s .  

General  t i t l e s  a n d  bond length l a b e l s  c a n  b e  drawn ei ther  i n  perspec t ive  or paral le l  t o  t h e  plane of 

the  drawing. Chemical  symbols  a n d  centered  symbols  a r e  a lways  drawn paral le l  to t h e  plot ter  plane. 
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Instructions 913 through 916 a re  for perspec t ive  lettering, and  ins t ruc t ions  901 through 909 produce 

regular lettering. 

Two vec tors ,  t h e  upright vector and t h e  base-line vector, are needed t o  desc r ibe  a le t ter ing plane. 
In OR T E P  the  upright le t ter ing vector is a lways  para l le l  t o  the  p lane  of the  drawing. For  perspec t ive  

lettering the  base-line vector is a gener a1 vector in three  dimensions.  In the nonperspec t ive  c a s e  the  

base-line vector is e i the r  a long  the projection of a genera l  vector or a long  the vector (in the  p l ane  of 
the plotter)  which is oriented with 302 t i t l e  rotation instruction (theta b a s e  line). If the ta  ( se t  by 302) 
is zero,  then t h e  the ta  base-line vector is a long  the  plotter pos i t ive  x axis .  

T h e  e x a c t  cen te r  of t he  l abe l  is a lways  referred t o  when spec i fy ing  the  pos i t ion  of t h e  label .  T h e  

program goes  through t h e  following s t e p s  t o  posit ion the  center  point of t he  l a b e l  on to  the  drawing. (1) 
A point P1 is found which is ei ther  t h e  posit ion of atom A or  the  mean of two  atom pos i t ions  (atom A 
and atom B). T h e  atom A posit ion is used  if no atom designator e x i s t s  in the  atom B f ie ld  of t he  in- 

struction card.  (2) A point P 2  is found by (a) t rans la t ing  from P1 along t h e  base- l ine  vector for the 

d i s t ance  spec i f ied  by para l le l  offset, then ( b )  t rans la t ing  a long  the upright vector b y  t h e  perpendicular 

offset  d i s tance .  (3) A point P3 is found by projecting P 2  onto the  p lane  of t he  plotter.  (4) If t h e  x 

edge r e s e t  is > 0, then x is reset t o  this  value. If x edge re se t  is <0, x is re se t  t o  the  pos i t ive  x plot 

boundary minus Ix edge reset l .  N o  rese t t ing  is done  if x edge rese t  is zero.  T h e  y parameter is handled 

in the  same manner with y edge reset .  

T h e  format for the entire 900 s e r i e s  is as follows: 

C o l u m n s  

1-3 
4-9 

10-18 

19-27 

28-36 

37-45 
46-54 

55-63 
64-72 

Blank or 3 (or 1 i f  second ca rd  is needed)  

Instruction number 

Designator for atom A 

Designator for atom B (or blank) 

x edge  reset (in.) 
y edge  reset (in.) 

Le t te r ing  height (in.) 

Pa ra l l e l  offset  (in.) 

Perpendicular  offset  (in.) 

S e c o n d  Card (if needed)  

1-3 Blank 

4-9 Blank 

10-18 Centered symbol number (0-14) 

3.3.10.1 Instruction 901. - A nonperspective chemical  symbol  with the ta  b a s e  l i ne  i s  drawn us ing  the  

chemical symbol  for atom A .  
3.3.10.2 Znstruction 902. - A nonperspective t i t l e  with the t a  b a s e  l i ne  is drawn. T h e  t i t l e  must b e  

entered with the  ins t ruc t ions  on a Format No. 3 t ra i ler  card.  T h e  t i t l e  should b e  centered about columns 

36-37 of that  card. 
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C 

3.3.10.3 Instruct ions 903 a n d  913. - A general  vector t i t l e  i s  drawn with nonperspect ive le t ter ing 

for 903 and perspect ive le t ter ing for  913. T h e  general  vector  is from atom A t o  atom B. T h e  t i t l e  is 
entered a s  descr ibed for 902 ( s e e  3.3.10.2 above). 

3.3.10.4. lns t ruc t ions  904, 905, 906, 914, 915, a n d  916. - T h e s e  a r e  instruct ions for general-vector 

bond-length labe ls .  T h e  f i r s t  t h r e e  a r e  f o r  nonperspect ive le t ter ing with one, two, and three p l a c e s  a f te r  

the decimal  point; and  t h e  l a s t  three a r e  for  t h e  corresponding bond-length l a b e l s  with perspec t ive  le t -  

tering. T h e  general  vector  is from atom A t o  atom B. Note that  t h e  s e n s e  of t h e  vector is important in  

order t o  h a v e  t h e  labe l  right s i d e  up. 

3.3.10.5 Instruct ions 908 a n d  909. - T h e s e  instruct ions a r e  for  centered symbols .  With 908 the  pen 
is up while  moving t o  t h e  posi t ion where t h e  centered symbol is t o  b e  drawn, but with 909 t h e  pen is lef t  

down. T h e  centered symbol  is o n e  of t h e  15 l i s ted  for t h e  CalComp SIMBOL routine (the misspel l ing of 

“symbol” is intentional). T h e  symbol  number must b e  i n  t h e  range 0-14. 

3.3.1 1 Saved Sequence Instructions (1100 Series). - It i s  often des i rab le  t o  repeat  a s e q u e n c e  of in- 

s t ruct ions one  or  more t imes with other  instruct ions inser ted between t h e  repetitions. T h e  1100 s e r i e s  

a l lows t h e  user  t o  d o  t h i s  without t h e  n e c e s s i t y  of put t ing in  dupl ica te  s e q u e n c e s  of instruct ion cards .  

It is not a n  elaborate  looping device ,  but i t  d o e s  give addi t iona l  f lexibi l i ty  t o  t h e  sys tem.  

T h e  three instruct ions i n  t h i s  s e r i e s  a r e  to s t a r t  t h e  s a v e d  s e q u e n c e  (instruction l l O l ) ,  terminate  t h e  

saved  s e q u e n c e  (instruction 1102), and e x e c u t e  t h e  s a v e d  s e q u e n c e  (instruction 1103). All instruct ion 

cards  and  their trailer c a r d s  between t h e  1101 and 1102 instruct ions a r e  executed and  s a v e d  on a mag- 

net ic  s c r a t c h  tape.  A 1103 instruct ion rewinds t h i s  s c r a t c h  t a p e  and  repea ts  a l l  t h e  instruct ions s tored  

there before another instruct ion is read from t h e  monitor input. There  a r e  no  parameters t o  b e  entered 

with t h e  1100 s e r i e s  instruct ions.  

3.3.12 Job Termination lnstructions (Negative Series). - A (- 1) instruct ion terminates  t h e  job and  

ex i t s  via  SUBROUTINE EXIT. 
A (-2) instruct ion re in i t ia l izes  t h e  whole program and s t a r t s  over  with another  s t ructure  from t h e  title 

card on. A s  many s t ruc tures  a s  des i red  may b e  run in  s e q u e n c e  in  t h i s  manner before  ex i t ing  with a (- 1 )  

instruction. Note t h a t  t h e  201 instruct ions should occur  only once  and  should  not b e  repeated for  succeed-  

ing jobs ,  
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. 
3.4 L i s t  of Fault  I n d i c a t o r s  

Certain errors a r e  checked for in  OR TEP, and when one of t h e s e  occurs ,  a n  error m e s s a g e ,  “ F A U L T  

NG = ng ADC rn” is written on t h e  monitor output tape. T h e  number NG is explained below. T h e  ADC and 

m identify t h e  atom c o d e  a n d  t h e  instruct ion involved (if t h e s e  a r e  relevant). If poss ib le ,  correct ive meas-  

ures  a r e  made by OR TEP and t h e  ca lcu la t ion  proceeds;  otherwise,  t h e  job  is terminated by c a l l i n g  SUB- 

ROUTINE EXIT. 

N G  

1 

2 

3 

4 

5 

6 

7 

9 

10 
11 
12 

13 
14  
15 

Subrout ine  
I n v o l v e d  

PRELIM 

PRELIM 

PRELIM 

ATOM,PAXES 

ATOM,PAXES 

EIGEN 

EIGEN 

MAIN,SPARE 

BOND,F700 
F800 
F600 

BOND 

BOND 

F 900 

F a u l t  

No sent ine l  found af te r  reading 
48 symmetry c a r d s  

No sent ine l  found af ter  reading 
t h e  parameter c a r d s  for 200 
atoms 

Anisotropic  temperature fac tor  
coef f ic ien ts  form a matrix 
which i s  not  posi t ive def ini te  

Symmetry operation number is 
higher  than  t h e  number of in- 
put operat ions 

Atom number is higher  than  t h e  
number of input  a toms 

Null temperature factor  matrix 
or fa i lure  in  bisect ion rout ine 

Eigenvector  routine fai lure  due  
to null  vector  

Unidentified instruct ion 
number 

Atom out of bounds 

N o  vector  s e a r c h  c o d e s  

Insuff ic ient  number of a t o m s  
in  ATOMS l i s t  

Imaginary bond intersect ion 

Hidden (end-on} bond 

N u l l  vector  as b a s e  l ine  

A c t i o n  

T r i e s  t o  read parameter c a r d s  

T r i e s  t o  read instruct ion cards  

EXIT af te r  printing out al l  rms 
pr incipal  v a l u e s  (imaginary 
o n e s  a r e  negative} 

Omit atom 

Omit atom 

EXIT,  af ter  printing out a l l  
principal v a l u e s  

EXIT,  a f te r  printing out a l l  
pr incipal  v a l u e s  

Omit faulty instruct ion 

Omit atom 

Omit instruct ion 

EXIT 

Omit bond 

Omit bond 

Omit label  
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4. C O M P U T A T I O N A L  PROCEDURES (HOW T H E  PROGRAM WORKS) 

Cer ta in  of the numerical procedures '  used  in OR T E P  are of a nature somewhat  unfamiliar to many 

crystal lographers .  T h e s e  a s p e c t s  are  out l ined for the benefit of the reader  who may wish to  write a 

s imilar  program or  modify the present  one .  

4.1 Graphic-Computational Methods 

T h e s e  a re  the techniques  used  in  producing t h e  graphical  de ta i l s  of the i l lustrat ions.  

4.1.1 Drawing Ellipsoids. - Figure  3.1 demonstrates  the various el l ipsoid graphical  representat ions 

that  c a n  be  drawn with OR TEP. T h e  major components i n  the representat ions are the three principal 

e l l i p s e s  and the  boundary (outline) e l l ipse .  T h e  principal e l l i p s e s  have  a front half and a back (hidden) 

half. T h e  en t i re  boundary e l l i p s e  is v is ib le .  

An e l l i p s e  i s  approximated by connect ing a s e r i e s  of points  on the e l l i p s e  with s t ra ight  l ine s e g -  

ments. Poin ts  on a n  e l l i p s e  having a general orientation i n  three  dimensions a re  computed; then  e a c h  of 

t h e s e  points  is projected onto the drawing board for plotting. 

T h e  b a s i c  algorithm for finding t h e  points  a long a given general  e l l i p s e  u t i l i zes  the  propert ies  of 

conjugate  diameters .  Assume that  we h a v e  the three principal a x i s  vectors  V I ,  V2, V3 of the general  

e l l ipsoid and a vector V4 from t h e  center  o f  the e l l ipso id  t o  the  viewpoint. T h e  vector  V5 normal to  t h e  

polar p lane  (see Fig .  4.1), whose pole  is the viewpoint, c a n  be  obtained from 

V5 = A V 4 ,  

where A is the matrix for the  e l l ipso id  which is defined by 

X T A X  = d ,  

(4.1.1.1) 

(4.1.1.2) 

where d is a cons tan t .  

T h e  boundary e l l i p s e  i s  defined by two conjugate  vectors ,  one of which is any vector V6 perpendicular 
to V 5  and the second is V7, where 

V7 = V5 x A V 6 .  (4.1.1.3) 

The assumption made for  t h i s  boundary e l l ipse  der ivat ion is that  the view d i s t a n c e  is la rge  compared to 

the el l ipsoid size. Therefore ,  the boundary e l l i p s e  defined a b o v e  a lways  lies on t h e  diametral polar plane 

(see Fig. 4.1). 

'For a treatment of the sol id  analyt ical  geometry involved, the  following three books are  recommended. The first  
one is particularly useful. 

J.  Heading, Matrix Theory for Physicis ts ,  chap. 3, pp. 81-106, Longmans, Green and Co., London, 1958. 
B. Spain, Analytical Quadrics, Pergamon Press ,  New York, 1960. 
G. A. Korn and T. M. Korn, Mathematical Handbook for Scient is ts  and  Engineers, McGraw-Hill Book Company, 

New York, 1961. 
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ORNL- DWG. 65-2671 

I /  / 
VECTOR NORMAL TO POLAR PLANE- 

PRINCIPAL A X I S  2 

POLAR P L A N E  

/ 
Fig. 4.1. Polar  P lanes Formed by Tangent Cyl inder  and Tangent Cone. 

A principal e l l ipse  which l i e s  in  the plane of the  pr incipal  ax is  vectors  V1 and V2 will  have  the third 

principal axis vector  V3 normal t o  t h e  plane of the e l l ipse .  The  intersect ion of t h i s  pr incipal  e l l i p s e  with 
the boundary e l l i p s e  is along t h e  vector V8 where 

V8 = V 5  x V3 . (4.1.1.4) 

T h i s  vector d iv ides  the front  and back  (hidden) s i d e s  of t h e  pr incipal  e l l ipse .  A vector  conjugate  to V8 
and in  the  principal p lane  containing V1 and V2 is V9, where 

V9 = V3 x A V8 . (4.1 .I .5) 

After the conjugate  vec tors  have been found, the i r  l engths  a r e  a d j u s t e d  t o  make them sa t i s fy  (4.1.1.2) 

by le t t ing  X = s I where I is a uni t  vector. Solving for s, we obtain 

s’= [d/(ITA1)]1’2. (4.1.1.6) 
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I .  

X T  B X  = d , 

A conjugate  vector  pair is expanded into a n  e l l i p s e  by subrout ine RADIAL. Since an e l l i p s e  is 

centrosymmetric, t h e  two conjugate  vec tors  and their  nega t ives  give u s  four vectors  whose end points  lie 

on t h e  e l l ipse .  By performing a vector  s u m  of t w o  adjacent  vectors  and dividing the  resu l tan t  vector 

components by 6, we c a n  obta in  a n  addi t ional  vector. After doing t h i s  for all ad jacent  pairs ,  we then 

have a total  of e ight  vectors .  T h i s  p r o c e s s  c a n  b e  repea ted  as many t imes as des i red  except  that  the 

s c a l i n g  constant  will b e  different for e a c h  cyc le .  T h e  constant  i s  descr ibed  by 

CONT (i) = 12[1 + cos (~r/i)Il”~ 

where i is the c y c l e  number. 

T h i s  to ta l  p rocess  may be thought of as taking a planar  rad ia l  s e t  of equally s p a c e d  uni t  vec tors  and 

performing a deformation and s c a l i n g  on the s p a c e  in which i t  is descr ibed .  In geometry t h i s  deformation 

i s  ca l led  an affine transformation. 

Complete de ta i l s  on drawing e l l ipso ids  c a n  b e  obtained from the FORTRAN coding of subrout ines  

F 7 0 0  and RADIAL. 

4.1.2 Drawing Bonds. - T h e  major problem in drawing bonds is to obtain the  intersect ion where t h e  

bond penetrates  t h e  el l ipsoid.  T h r e e  quadrics  a r e  used  in subrout ine BOND to ca lcu la te  bond intersect ion.  

T h e s e  three a r e  t h e  e l l ipso id ,  the  tangent  cyl inder ,  and t h e  tangent cone.  

T h e  el l ipsoid is descr ibed  in  matrix notat ion as  

X T A X = d ,  (4.1.2.1) 

where d is a cons tan t  and X is any vector  from t h e  center  t o  t h e  sur face  of t h e  el l ipsoid.  T h e  matrix A is 

3 by 3 symmetrical with components a i j  (i,j  = 1 ,  2 ,  3). 
T h e  el l ipt ic  cyl inder  tangent  t o  t h e  e l l ipso id  and with i t s  a x i s  a long z is descr ibed by 

(4.1.2.2) 

where 

B =  
a 1 3 8 3 2  

a l z  -- 
8 3 3  

0 

a 2 3 a 3 1  
a 1 2  -- 

a 3 3  

a 2 3 a 3 2  a -  
2 2  ~ 

a 3 3  

0 

0 i (4.1.2.3) 

and d is the  cons tan t  used  i n  (4.1.2.1). T h e  tangent  cyl inder  is used  when it is n e c e s s a r y  to  terminate 

the bond at t h e  boundary of t h e  el l ipsoid when a parallel projection is used. 

To find the  in te rsec t ion  of a cyl indrical  bond along V b  with rad ius  r with ei ther  t h e  el l ipsoid or t h e  

tangent  cyl inder ,  we proceed as follows: 

1. Form a radial  s e t  of vec tors  Vr .  of length r normal to Vb. 
J 



56 

2. T a k e  a unit vector  I paral le l  to Vb and l e t  

X .  = Vr.  + s I ,  
1 1  

where s is a c o n s t a n t  t o  be determined. Subst i tut ing in (4.1.2.1) we  obtain 

s 2 I T A I  + 2 s  V r T A l  + V r T A V r  - d =  0 ;  

so lv ing  for s w e  get  

- V r T A I  +J (Vr ’A I ) ’  - ( I T A I ) ( V r T A V r -  cf) 

l T A l  
s =  

(4.1.2.4) 

(4.1.2.5) 

(4 .l. 2.6) 

T h e  e l l ip t ic  cone  which is tangent  t o  t h e  el l ipsoid and which h a s  i t s  apex  on t h e  viewpoint c a n  be  

obtained from the matrix A and from t h e  vector Vu which ex tends  f rom t h e  center  of the  e l l ipso id  to t h e  

viewpoint. T h i s  i s  performed i n  t h e  following s t e p s :  

1. T h e  el l ipsoid is transformed with a rotation matrix t o  a new Car tes ian  frame of reference which h a s  

the z a x i s  a long  the view vector  Vu. 
2. T h e  tangent  cone  c a n  now be  descr ibed  as 

Y T C Y = O ,  

where Y is a vector or iginat ing from t h e  ver tex (viewpoint) of the cone  and 

, K = d / J V u \  . 
K - a 3 3  K-a,, 

a Z 2  +----- ~ 

a 1 3 a 3 2  a I 2  f- ~ 

1 3 a 3 1  a 
+ 

K-33 K-33 

K - 3 3  

a 2 3 a 3 2  
a a  

2 3  3 1  
a 2 1  + 

C =  

(4.1.2.7) 

(4.1.2.8) 

3.  T h e  f r a m e  of reference is rotated back to  i t s  or iginal  or ientat ion with a rotation matrix which is t h e  

inverse  of the  o n e  used  in s t e p  1. Note that  the  origin is now on the  viewpoint rather than the  

el l ipsoid center .  

To f ind t h e  length,  s, of a vector  s I extending from any point p i n s i d e  t h e  c o n e  to  the  sur face  of the 

cone  w e  l e t  

Y = V p + s l  (4.1.2.9) 

and obtain from (4.1.2.7) 

(Vp + s I)T c (Vp  + s I )  = 0 ; 
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then so lv ing  for s w e  obtain 

- V p T  c I + J(VpT c I ) *  - ( I  c I )  ( V p T  c Vp) 
s =  

l T C l  
(4.1.2.10) 

T h e  vector  Vp from t h e  ver tex  to  p i s  formed by 

v p  = - v u  + Vr 7 

where Vr is any member of a rad ia l  s e t  such as tha t  descr ibed  for t h e  regular e l l ipso id  intersect ion.  

4.2 OR TEP Subprograms 

T h e  subprograms c a n  b e  grouped into four functional ca tegor ies .  T h e s e  c a n  b e  ca l led  Mainstream, 

Subsidiar ies ,  Arithmetic, and Plot t ing.  T h e  f i rs t  three c a t e g o r i e s  a re  coded  in a FORTRAN d i a l e c t  

which will compile  with ei ther  IBM-7090 FORTRAN I1 or CDC-1604A FORTRAN 63. T h e  plot t ing 
routines are  general ly  different for e a c h  machine configuration and a r e  usual ly  written i n  a machine- 

oriented symbolic  language.  In general, the  s tandard library plot t ing rout ines  ava i lab le  a t  most computing 

centers  c a n  b e  used  with very minor modification. 

4.2.1 Mainstream Subprograms. - T h e  f i rs t  three (PRIME, PRELIM, and MAIN) a r e  t h e  general  con- 

trolling rout ines ,  and t h e  remainder a r e  oriented toward particular OR TEP instruct ions.  

4.2.1.1 P R I M E .  - T h i s  routine “primes the program” by in i t ia l iz ing  a l l  the “primer parameters”  

including the  magnetic t a p e  log ica l  number ass ignments .  

4.2.1.2 P R E L I M .  - All  ca lcu la t ions  concerned with process ing  (e.g., principal a x i s  transformations) 

and s tor ing the input crystal lographic  parameters  a r e  performed by PRELIM. 

4.2.1.3 M A I N .  - MAIN is t h e  control l ing rout ine which decodes  t h e  OR TEP instruct ions.  It e i ther  

executes  t h e  command direct ly  or c a l l s  the  appropriate subrout ine which c a n  e x e c u t e  t h e  instruct ion.  

4.2.1.4 F200.  - T h i s  is t h e  plotter “nursemaid routine” which is controlled through t h e  200 s e r i e s  
instruct ions.  It satisfies t h e  whims and fanc ies  of any par t icular  plot t ing sys tem control package.  

4.2.1.5 F400.  - T h i s  is the subrout ine t h a t  e x e c u t e s  t h e  401 and 411 instruct ions.  

4.2.1.6 F500.  - T h i s  is t h e  subrout ine t h a t  e x e c u t e s  a l l  500 s e r i e s  instruct ions.  

4.2.1.7 F600.  - T h i s  is t h e  subrout ine t h a t  e x e c u t e s  all 6 0 0  s e r i e s  instruct ions 

4.2.1.8 F700.  - T h i s  is t h e  el l ipsoid plot t ing rout ine,  which e x e c u t e s  all 700 s e r i e s  instruct ions.  

4.2.1.9 F800.  - T h i s  is the  subrout ine that  e x e c u t e s  all 800 s e r i e s  instruct ions.  Bonds t o  be  drawn 

are  found by F800,  then drawn by subrout ine BOND. 

4.2.1.1 0 F900. - T h i s  is t h e  subrout ine t h a t  e x e c u t e s  all 900 s e r i e s  instruct ions.  

4.2.1.1 1 F1000.  - T h i s  is a dummy subrout ine which  is c a l l e d  by t h e  present ly  nonexis tent  1000 

s e r i e s  instruct ions.  T h i s  s e r i e s  c a n  b e  coded by t h e  u s e r  for any s p e c i a l  purpose which may develop.  

4.2.1.12 S P A R E ( N J ) .  - Further  expansion of t h e  instruct ion l i s t  may be  done through t h i s  dummy 

subroutine, which is ca l led  by any NJ 1 1 2 .  - NJ = inst ruct ion/100.  
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4.2.2 Subsidiary Subprograms. - 4.2.2.1 A T O M ( A D C , X ) ,  D I M E N S I O N  X ( 3 ) .  - T h i s  wil l  f ind the  

triclinic coord ina tes  X for the atom descr ibed by t h e  atom des igna tor  code  ADC. 
4.2.2.2 B O N D  ( A D C l ,  A D C 2 ,  N B ) .  - BOND is t h e  bond plot t ing routine t o  draw a bond,  descr ibed  

by Format  No. 2 t ra i ler  card  number NB, between atoms ADCl  and ADC2. 
4.2.2.3 D R A W  ( W , D X , D Y , N P E N ) ,  D I M E N S I O N  W ( 3 ) .  - DRAW interconnects  OR TEP and t h e  plot 

package.  It also prevents  the pen from c r o s s i n g  the  boundaries. If the indicator  ITILT in common is 

zero, the  array W conta ins  x and y i n  plot ter  coordinates .  While perspec t ive  le t ter ing is being plot ted,  

I T I L T  f 0; and W conta ins  x, y, z in Cartesian coordinates ,  which will be  rotated and projected by 
DRAW to form plotter x,y coordinates .  D X  and D Y  are added t o  the  plotter x and y, respec t ive ly ,  

before the  plot package is ca l led .  N P E N  = 2 for pen down and 3 for pen up. 

4.2.2.4 E R P N T  ( A D C , I N S T ) .  - T h i s  is t h e  printout r o u t i n e c a l l e d  when a F a u l t  is found. T h e  argu- 

ments identify t h e  atom designator  code  and  the  instruct ion involved in  t h e  F a u l t .  T h e  faul t  indicator ,  

NG, is in common. 
4.2.2.5 P A X E S  ( A D C , I T Y P E ) .  - T h e  covar iance  (dispers ion)  matrix for the thermal e l l ipso id  or i t s  

inverse  matrix, which is t h e  matrix of coef f ic ien ts  in  t h e  quadrat ic  form descr ibing t h e  e l l ipso id ,  is s tored  

in common at Q for the atom ADC. 

I T Y P E  > 0 for covar iance  matrix 

ITYPE < 0 for el l ipsoid quadrat ic  form matrix 

IITYPEI = 1 based  on triclinic sys tem 

/ I T Y P E /  = 2 based  on working Car tes ian  s y s t e m  

IITY PEI = 3 b a s e d  on reference Car tes ian  sys tem 

4.2.2.6 P L T X Y  ( X , Y ) ,  D I M E N S I O N  X ( 3 ) , Y ( 2 ) .  - T h i s  c a l c u l a t e s  t h e  plot ter  coordinates  Y from t h e  

unscaled Car tes ian  coordinates  X .  T h e  d i s t a n c e  t o  t h e  closest boundary of the plot is p laced  in  common 

a t  locat ion EDGE. 
4.2.2.7 P R O  J ( D ,  D P ,  X ,  X 0 , V  I E W ,  I1,12,13),  D I M  E N 5 I O N  D (3 ,12 9) ,  D P (2 ,129 ) ,  X (3 ),X 0 ( 3 ) .  - T h i s  routine 

is used to obtain an array, D P ,  of plotter coord ina tes  from a s c a l e d  array, D, of points  descr ibed  i n  

Car tes ian  coordinates .  X, XO, and VIEW a r e  parameters  involved in  t h e  projection, and 11, 12, I3 a r e  DO 

loop parameters  for indexing through t h e  array. 

4.2.2.8 R A D I A L ( N D ) .  - Given two conjugate  rad ius  vec tors  of an  e l l i p s e  in t h e  array DA in common, 
RADIAL genera tes  a “radial”  array (D in common) of points  lying on the e l l ipse .  From 8 to 1 2 8  points  

a re  generated depending on t h e  va lue  of ND (1 =< ND 5 5). 
4.2.2.9 S E A R C H .  - Instruct ions 101, 102 ,  402, and 403 u t i l i ze  t h i s  routine to conduct  an exhaus t ive  

(but educa ted)  s e a r c h  t o  find all po in ts  within a sphere  or rectangular  box. Interatomic d i s t a n c e s  and 

angles  a r e  also ca lcu la ted  for t h e  100 series. 

4.2.2.10 S T O R E .  - T h i s  rout ine stores atoms in (or removes atoms from) t h e  ATOMS array. 

Coordinates  in  whichever  s y s t e m  is in u s e  and t h e  atom des igna tor  c o d e  a r e  communicated to STORE 
via  array V1 of common. 

4.2.2.11 X Y Z ( A D C , X , I T Y P E ) ,  D I M E N S I O N  X ( 3 ) .  - Coordinates  for atom ADC a r e  returned in x .  
I T Y P E  = 0: t r ic l inic  coordinates  
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I T Y P E  = 1 or 2: working Car tes ian  sys tem coordinates  

I T Y P E  = 3: reference Car tes ian  sys tem coordinates  

4.2.3 Arithmetic Subprograms. - 4.2.3.1 F u n c t i o n  A R C C O S  ( X ) .  - T h i s  rout ine computes  8, t h e  

arc c o s i n e  of X in  degrees ;  0 2 8 5 180'. 
4.2.3.2 A X E Q B  ( A , X , B , N ) ,  DIMENSION A ( 3 , 3 ) , X ( 3 , 3 ) , 6 ( 3 , 3 ) .  - T h i s  routine s o l v e s  t h e  matrix 

equation A X = B for X. T h e  matr ices  B and X are  (3 ,N) and A is always (3,3). To invert  A, make 

B an identity matrix. 

4.2.3.3 A X E S  ( X ,  Y ,  A ,  I T Y P E ) ,  DIMENSION X ( 3 ) , Y ( 3 ) , A ( 3 , 3 ) .  - T h i s  routine provides  three  

orthogonal column vec tors  in A, e a c h  1 A long,  from the  two vectors  X and Y. 
ITYPE > 0: Car tes ian  sys tem 

I T Y P E  5 0: t r ic l inic  sys tem 

IITYPEI = 1: A,  = X; A, = (X  x Y); A, = X x (X  x Y) 
~ I T Y P E ~  = 2: A ,  = X; A, = (X  x Y) x X; A, = X x Y 
ITYPE = 0: s a m e  as type  2 except  x = a crys ta l  a x i s ,  Y = b crys ta l  a x i s .  

4.2.3.4 D l F V  ( X , Y , Z ) ,  DIMENSION X ( 3 ) , Y ( 3 ) , Z ( 3 ) .  - T h i s  routine performs t h e  vector subtract ion 

X - Y = Z. Z may have  t h e  same locat ion as X or Y.  
4.2.3.5 E I G E N  ( A , X , B ) ,  DIMENSION A ( 3 , 3 ) , X ( 3 ) , 6 ( 3 , 3 ) .  - EIGEN determines t h e  three e igenvalues  

X and the  three  column eigenvectors  B of t h e  matrix A. Indeterminate e igenvectors  a r e  replaced by zeros  

and t h e  F a u l t  indicator NG s e t  to  a negat ive  va lue  (eigenvectors  a r e  ass igned  for the  indeterminate 

cases by PRELIM). 
4.2.3.6 MM ( A , B , C ) ,  DIMENSION A ( 3 , 3 ) , 6 ( 3 , 3 ) , C ( 3 , 3 ) .  - MM performs t h e  matrix multiplication 

A B = C. T h e  locat ion of C must b e  different from A and B. 
4.2.3.7 M V  ( A , X , Y ) ,  DIMENSION A ( 3 , 3 ) , X ( 3 ) , Y ( 3 ) .  - MV performs the matrix-vector multiplication 

A X = Y. T h e  locat ion of Y must b e  different from A and X .  
4.2.3.8 N O R M  ( X , Y , Z , I T Y P E ) ,  DIMENSION X ( 3 ) , Y ( 3 ) , Z ( 3 ) .  - NORM s t o r e s  a t  z a vector (not 

necessar i ly  a uni t  vector) perpendicular to  both X and Y.  T h e  s e n s e  of Z is tha t  of t h e  vector  

product X x Y. 
ITYPE > 0: Car tes ian  s y s t e m  

ITYPE 5 0: t r ic l inic  s y s t e m  

4.2.3.9 T M M  ( A , B , C ) ,  DIMENSION A ( 3 , 3 ) , 6 ( 3 , 3 ) , C ( 3 , 3 ) .  - T M M  performs t h e  matrix multiplication 

(AT B)T = C. T h e  locat ion of C must b e  different from A and B. 
4 .2 .3 .10  U N I T  ( X , Y , I T Y P E ) ,  DIMENSION X ( 3 ) , Y ( 3 ) .  - T h e  v e c t o r y i s  made 1 A long and paral le l  t o  

X. T h e  vectors  X and Y may h a v e  t h e  same locat ion.  

I T Y P E  > 0: Car tes ian  sys tem 

ITYPE < 0: t r ic l inic  sys tem 

4.2.3.11 V M  ( X , A , Y ) ,  DIMENSION X ( 3 ) , A ( 3 , 3 ) , Y  (3 ) .  - VM performs the vector-matrix multiplication 

X T  A = Y '. T h e  locat ion of Y must b e  different from X and A. 
4.2.3.12 F U N C T I O N  V M V  ( X , A , Y ) ,  DIMENSION X ( 3 ) , A ( 3 , 3 ) , Y ( 3 ) .  - VMV performs t h e  vector-matrix- 

vector multiplication X T  A Y = scalar. 
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4.2.3.13 F U N C T I O N  V V  ( X , Y ) ,  D I M E N S I O N  X(3),Y(3). - vv performs thevec tor -vec tor  multiplication 

X T Y  = sca la r .  

4.2.4 Plotting Subprograms for the CalComp Plotter. - T h e  plot t ing subrout ines  a r e  taken from t h e  

Library rout ines  currently in u s e  a t  Oak Ridge Nat ional  Laboratory with t h e  CDC 1604A and t h e  IBM 7090 
computers. A CalComp model 580 Magnetic T a p e  Plo t t ing  System is used .  T h e  three major rout ines  

required a r e  der ived  from the  CalComp subrout ines  PLOTS,  SYMBOL, and NUMBER. T h e  OR TEP 

modifications a r e  c a l l e d  PLOTS,  SIMBOL, and NOMBER. 

4.2.4.1 

a) ENTRY - P L O T S  (A, LENGTH, LTNO) 
T h i s  is t h e  ini t ia l izat ion entry for t h e  plotter package  and should be  u s e d  only o n c e  in t h e  program. 

Subrout ine  PLOTS. - T h i s  is an unmodified CalComp Library routine with two entry points .  

T h i s  call must be  made prior t o  u s a g e  of any other  subrout ines  in  t h e  package.  

A i s  an array which may be  u s e d  by t h e  plot t ing package  for s t o r i n g  d a t a  to  b e  written on the 

plot tape.  

LENGTH is t h e  number of loca t ions  in  A avai lable  t o  the plot ter  package.  

LTNO is an integer  which  t e l l s  the plotter package  the  log ica l  t a p e  number of the plotter t a p e .  

In subrout ine F 2 0 0  w e  h a v e  

DIMENSION PLA(2000) 
and card F2000170 conta ins  

“210 C A L L  P L O T S  (PLA,2000.  LTNO)” 

for the  CDC 1604A or 

“210 C A L L  P L O T S  (PLA(2000), 1998,LTNO)” 

for t h e  IBM 7090. T h e  reverse  s torage  of common in t h e  IBM 7090 is t h e  r e a s o n  for the difference.  

LTNO is in common and w a s  s e t  to 2 3  by subrout ine  PRIME. 

An O R T E P  201 instruct ion d i rec ts  the  execut ion of t h i s  ini t ia l izat ion.  

b) ENTRY - P L O T  (X,Y , IPEN)  
T h i s  is t h e  b a s i c  entry to  convey d a t a  to  t h e  subrout ine for plotting. To fac i l i t a te  t h e  subs t i tu t ion  of 

other plot t ing rout ines ,  O R T E P  conta ins  only one  instruct ion (card DRAW0320 in  subrout ine DRAW) which 

calls t h i s  entry point. All the  plot t ing information p a s s e s  through DRAW before going  to  the a c t u a l  plot t ing 

routine P L O T .  

X is the a b s c i s s a  e x p r e s s e d  i n  inches.  

Y is t h e  ordinate  e x p r e s s e d  i n  inches .  

IPEN = 3, the  pen wil l  b e  l i f ted prior t o  execut ion of the movement to t h e  given ( x , Y )  position. 

I P E N  = 2,  the pen will b e  lowered to  t h e  paper and  a s t ra ight  l i n e  wil l  b e  drawn f rom t h e  current 

(X,Y) to  t h e  given (X,Y) position. 

I P E N  = -3, the subrout ine wil l  interpret th i s  as b e i n g  t h e  end of the  current plot; and, following move- 

ment t o  t h e  new (X,Y) posi t ion,  i t  wi l l  s e t  X = 0.0, s o  t h a t  a new origin is e s t a b l i s h e d  for t h e  

following plot  (an O R T E P  202 instruct ion e x e c u t e s  t h i s  termination procedure). 
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T h i s  subrout ine k e e p s  track of current  X and Y pos i t ions ,  and whether or not t h e  pen i s  i n  contac t  with 

the  paper. It s t o r e s  d a t a  it, t h e  array A provided by t h e  programmer and wri tes  out  a record on the spec i f ied  

tape  e a c h  time the  s torage  a rea  is filled or  an end-of-plot call is made. It a l so  generates  sequent ia l  plot 

addresses  for e a c h  plot on t h e  magnetic t a p e ,  s o  that  phys ica l  plot t ing of the  p lo ts  c a n  b e  done in any order, 

regardless  of the order i n  which they were placed on tape.  

4.2.4.2 Subrout ine  S I M B O L .  - SIMBOL differs  from the s tandard  rout ine SYMBOL in two respec ts :  

1. T h e  input posi t ional  parameters spec i f ied  in  t h e  input argument should b e  a n  array containing 

X ,  Y ,  and 2 in  ad jacent  memory loca t ions .  Three-dimensional parameters a re  required t o  produce 

perspect ive labe ls .  T h e  2 parameter is not u s e d  by SIMBOL but i s  transferred to another array t h a t  is 

referenced when SIMBOL c a l l s  DRAW. 

2.  T h e  s tandard routine SYMBOL calls P L O T  directly while  SIMBOL c a l l s  DRAW which i n  turn 

calls PLOT.  When perspect ive l a b e l s  a r e  u s e d ,  DRAW will perform a three-dimensional rotation and a 

projection of t h e  grid points  on which the le t te rs  a r e  formed, t o  obtain true perspect ive.  T h e  c a l l i n g  

sequence  for DRAW is d e s c r i b e d  in 4.2.2.3. 

T h e r e  a r e  two u s e s  of subrout ine SIMBOL. T h e  f i rs t  u s e  is for producing l a b e l s ,  and the second 

is for plotting one  of 1 5  s p e c i a l  centered symbols .  

1. ENTRY - SIMBOL (X(l),X(2),H,BCD,THETA,N), DIMENSION X(3) (note N 2 0) 
X(l),X(2) a re  the  X and Y coord ina tes  of the lower left-hand e d g e  of t h e  f i r s t  charac te r  to  b e  

drawn. 

X(3) is the 2 coordinate .  It is u s e d  only with perspec t ive  labeling. 

H is the height in  inches  of t h e  character  to  be  drawn. T h e  width of the  character  is e q u a l  to 

‘4 t h e  height  and the character  spac ing  is ‘4 t h e  height .  

BCD spec i f ies  t h e  address  of an array containing the BCD c h a r a c t e r s  to be plotted. 

T H E T A  is the a n g l e  i n  degrees  by which t h e  b a s e  l i n e  of t h e  charac te rs  is to be rotated 

counterclockwise from the  posi t ive X a x i s .  

N is an integer  which s p e c i f i e s  the number of c h a r a c t e r s  i n  the array BCD that  a re  t o  b e  drawn. 

2. ENTRY - SIMBOL (X(l) ,X(2>,H,NUM,THETA,L),  DIMENSION X(3) (note  L < 0) 

X(l),X(2) a r e  t h e  X and Y coordinates  of the c e n t e r  of the symbol. 

H is t h e  height  of t h e  symbol  to be plotted. 

NUM is a n  integer  such  that  0 2 NUM 5 14  which determines which symbol  is to be plotted. 

A l i s t  of t h e  integers  and the symbols  generated is shown in F ig .  4.2. 

THETA is the  angle  of rotation as descr ibed  previously. 

L = -1: t h e  centered  symbol wil l  be plotted without a l ine b e i n g  drawn from the previous ( X , Y )  
posi t ion.  

L < -1: a straight  l i n e  w i l l  b e  drawn from the previous ( X , Y )  position t o  t h e  given (X ,Y )  position. 
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4.2.4.3 Subrout ine  N O M B E R .  - T h i s  is a subrout ine to convert  a machine format number to  i t s  BCD 

equivalent  and plot it according to a spec i f ied  format. 

NOMBER is different from t h e  u s u a l  subroutine NUMBER in tha t  i t  c a l l s  SIMBOL rather than SYMBOL. 

ENTRY - NOMBER(X(l),X(2),H,A,THETA,nHFORMAT) 
X(l),X(2),H and THETA a r e  descr ibed i n  Sect .  1 of  the  SIMBOL routine. 

A is t h e  address  of t h e  f loat ing or fixed point number which is to b e  plotted. 

nHFORMAT is a BCD argument which s p e c i f i e s  t h e  manner in  which the  number i s  to  b e  converted and 

plot ted.  

4.3 Adapting OR TEP to Other Equipment Configurations 

Card decks’  for O R T E P  wil l  b e  provided f r e e  of charge to crystal lographers  and others  who reques t  that  

the deck b e  sen t  t o  them. 

T h e  c a r d  d e c k  contains:  

1. T h e  FORTRAN source  d e c k  with all FORTRAN subprograms arranged alphabet ical ly .  An except ion 

is MAIN, which is f i r s t  i n  t h e  deck.  The  deck  is set up  for compilat ion by  IBM 7090 FORTRAN 11. T h e  

changes  required to  compile  t h e  d e c k  with CDC 1604 FORTRAN 6 3  a r e  descr ibed  in 4.3.1. 

2. E i ther  the FAP plot t ing subrout ines  for u s e  on  t h e  IBM 7090 or the  CODAP plotting subrout ines  for 

the CDC 1604 will b e  s e n t  if so reques ted  by the user .  

3. Complete binary deck  for e i ther  t h e  IBM 7090 or the CDC 1604A. 

4. C a r d s  for t h e  example  f igure,  cubane.  

4.3.1 OR TEP Source Deck Differences for the IBM 7090 and the CDC 1604A. - T h e  fol lowing c h a n g e s  

should b e  made to  s e t  up t h e  FORTRAN source  deck  for  compilat ion with CDC 1604 FORTRAN 63. 

1. Remove the “*LIST8” and “*LAPEL” c a r d s  which precede  e a c h  subprogram. 
2. P l a c e  a “PROGRAM MAIN” card  jus t  before c a r d  MAIN0010. 

3. R e p l a c e  c a r d  F2000170 with “210 C A L L  PLOTS (PLA,2000,LTNO).” 

4. Replace  PRIM0210 with IN = 50, 
PRIM0270 with NOUT = 51,  
PRIM0280 with NSR = 57,  

or with whatever numbers t h e  monitor s y s t e m  requi res  for Input, Output, and Scratch tapes .  

T h e  coding  of the plot t ing rout ines  is completely different for t h e  two sys tems.  In addition, the IBM 

7090 plot package  conta ins  t w o  subrout ines ,  TRW2 and MSG, which t h e  CDC 1604 package d o e s  not have .  

‘The s ize  of the card deck  (3000-5000 cards)  is such that  it is generally more economical to send the program on 
magnetic tape. If convenient, the user  should send a blank magnetic tape to  the author. Card images will b e  written 
on that tape in either 200 or 556 bit-per-inch density binary-coded-decimal and the  t a p e  returned to the sender. 
Alternately, the card deck  will be sen t  i f  desired. 
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4.3.2 Magnetic Tape Logical Number Assignments. - Logica l  t a p e  number ass ignments  are  made i n  

subroutine PRIME. Four  c a r d s  a r e  involved in  this ini t ia l izat ion:  

M a g n e t i c  S y m b o l i c  P r i m e r  L o c a t i o n  

T a p e  F u n c t i o n  N a m e  Cons t a n  t in  P R I M E  

a )  Monitor Input IN = 10 PR IM02 1 0 

b) Monitor Output NOUT = 9 PRIM0270 

c )  Scratch NSR = 11 PRIM0280 

d) Plot t ing  LTNO = 2 3  PRIM 024 0 

4.3.3 Plotter Systems Other than the CalComp 580. - In general ,  only subrout ine P L O T S  (with e n t r i e s  

P L O T S  and P L O T )  n e e d s  to  b e  rep laced  when a different plot t ing s y s t e m  i s  used.  T h i s  routine is c a l l e d  

from only two loca t ions ,  one  in F 2 0 0  and the other  in DRAW. F200 will probably h a v e  to b e  rewri t ten,  and 

the  200 s e r i e s  instruct ions may have  to be redefined and expanded to accommodate t h e  ru les  of the  new 

sys tem.  

Locat ion DRAW0320 in  subrout ine DRAW should also be modified to call t h e  new line-drawing routine 

with the correct  argument. 

4.3.4 Computing Systems Other than the CDC 1604A and IBM 7090. - Basica l ly ,  t h e  OR TEP s y s t e m  

is des igned  to  b e  u s e d  in  a 32 K memory. There  a re  about  7000, unused  cells when the sys tem o p e r a t e s  

with a 3 2  K word IBM 7090. Consequent ly ,  OR TEP would h a v e  t o  be changed cons iderably  t o  opera te  i n  

a much smaller  memory. 

I t  is hoped t h a t  the  FORTRAN subprograms will also compile on other  machines ,  but  t h i s  possibi l i ty  

h a s  not b e e n  checked .  

If it becomes necessary  to replace the machine language  subrout ines  SIMBOL and NOMBER with 

completely different rout ines ,  the s ta tements  ca l l ing  t h e s e  rout ines  will also n e e d  to b e  modified. 

SIMBOL is c a l l e d  from B O N D a 5 0 ,  BONDm70,  F7000080,  F9001280, F9001310, and F9001450. 
NOMBER is c a l l e d  from BOND2460, BOND2480, BOND2500, F9001380, F9001400, and F9001420. 

4.4 Addition of New OR TEP Instructions 

O c c a s i o n s  wil l  a r i s e  when addi t ional  s p e c i a l  purpose instruct ions would b e  useful .  F o r  example,  

perhaps a cell out l ine  rout ine would b e  desirable .  (Originally, t h e  1 0 0 0  s e r i e s  of ins t ruc t ions  were  

planned for drawing a paral le lepiped def ined by four general  vec tors .  However, t h i s  fea ture  la ter  

seemed somewhat  redundant and w a s  omitted, s i n c e  c r y s t a l  cell out l ines  c a n  b e  produced with judicious 

usage  of smal l  dummy a toms and t h e  800 s e r i e s  instruct ions.)  

T h e  subrout ines  F l O O O  and SPARE a r e  intended to b e  u s e d  for addi t ional  ins t ruc t ions .  All  1000 
s e r i e s  instruct ions call subrout ine F1000,  which i s  currently j u s t  a dummy routine. Instruct ions 2 1200 

c a l l  another dummy routine, subrout ine SPARE(NJ), where N J = inst ruct ion number/100. 

A l l  Arithmetic subprograms (see 4.2.3) and many of t h e  subs id ia ry  subprograms (see 4.2.2) a r e  

avai lable  for coding t h e s e  Mainstream subprograms (see 4.2.1). 

. 
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4.5 Glossary of Symbols in OR T E P  Common, with Array Dimensions 

Direct  c rys ta l  cell parameters ,  a,  b, c, cos a,  cos /3, cos y ,  a ( O ) ,  p(”) ,  y ( O ) .  

Metric tensor  g where 9 . .  = a i * a . .  
11 I 

AAREV(3,3) Pos t fac tor  transformation matrix t o  convert  coord ina tes  from tr ic l inic  t o  
t h e  reference C a r t e s i a n  system. A A R E V  = AA R E F V .  

AAWRK(3,3) Pos t fac tor  transformation matrix t o  convert coord ina tes  from tr ic l inic  t o  
the working Car tes ian  system. AAWRK = A A  WRKV. 

AID(3,3) Identity matrix. 

AIN(140) 

ATOMS(4,sOo) 

Array containing the input parameters  of the  current OR TEP instruct ion.  

Column 1 conta ins  atom designator  c o d e s  for t h e  atoms which a r e  to be 
included in  t h e  s c a l i n g ,  plotting, bond searching ,  e t c .  T h e  o ther  t h r e e  
columns are  u s e d  for temporary s torage  of coordinates  in  any of s e v e r a l  
coordinate  sys tems.  

BB(3,3) 
P BRDR 

CD (8,2 0) 

CHEM(200) 

P CONT(5) 

D (3,13 0) 

DA(3,3) 
DP(2,13 0) 

P DIS P 

EDGE 

EV(3,200) 

P F O R E  

Reciprocal  m e t r i c  tensor .  BB = AA-’. 
Border width in i n c h e s  e x t e n d i n g  inward from plot boundary. 

P a r t  of vector s e a r c h  code  array. Used  in conjunct ion with KD array. 

Chemical  symbols  for the input atoms. 

Cons tan ts  used  in subrout ine RADIAL. 

Array in  which  three-dimensional po in ts  on  an e l l i p s e  a r e  s tored  by RADIAL. 

Transmi ts  conjugate  vec tors  t o  RADIAL. Also u s e d  for temporary s torage.  

Array in which two-dimensional points  for e l l i p s e  a r e  s tored  af ter  projection. 

Displacement  parameter for re t racing.  

Dis tance  in i n c h e s  from a projected point to  t h e  c l o s e s t  boundary. 
Se t  in PLTXY. 

Root-mean-square d isp lacements  for e a c h  pr incipal  a x i s  of each input  atom. 

C o s i n e  of c r i t i ca l  angle  between bond and Car tes ian  z a x i s  vec tors  for 
perspect ive bond d i s t a n c e  l a b e l s .  At smaller angles  t h e  l a b e l s ,  produced 
from subrout ine BOND, a r e  drawn without perspect ive t o  prevent e x c e s s i v e  
foreshortening. 

F S(3,3,4 8) Rotat ion matr ices  for input symmetry operat ions based  on t r ic l inic  sys tem.  
Used  with T S  array. 

P IN 

P I T I L T  

KD(5,20) 

P LATM 

P LTN 0 

NATOM 

P NC D 

Logica l  number for monitor input  magnetic tape.  

Indicator u s e d  t o  s i g n a l  subrout ine DRAW, whether or not to  do perspec t ive  
l a b e l i n g  (“Tilted T i t l e s ” ) .  

P a r t  of vector search  c o d e  array. Used  in  conjunction with CD. 

Number of en t r ies  in  ATOMS array. 

Logica l  t a p e  number for magnetic plotting tape.  

Number of input atoms. 

Number of Format  No. 2 trailer c a r d s  for an instruct ion (vector s e a r c h  codes) .  

Note: ( P )  ind ica tes  “prime parameters ,”  which a re  in i t ia l ized  in  subrout ine PRIME. 
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P NG 

NJ 

NJ2 
P NOUT 

P NSR 

NSYM 

ORGN(3) 

P(3,200) 

PA(3,3,200) 

PAT(3,3) 

Q(3,3) 

REFV(3,3)  

P RES(4) 

RMS(5) 

P S C A L l  
P SCAL2 

F A U L T  INDICATOR ( s e e  3.4). 

Instruct ion number/100. 

L a s t  two decimal  d ig i t s  of the  instruct ion number (instruction = NJ*100 + NJ2). 

Logica l  number for monitor output magnetic t a p e .  

Logica l  number for scra tch  magnet ic  tape .  

Number of input symmetry operat ions.  

Tricl inic  coordinates  for the atom which is t h e  origin of the  drawing (i.e., on 
t h e  opt ic  a x i s  for the projection). 

Tricl inic  pos i t iona l  coordinates  for t h e  input atoms. 

Matrices f o r  e a c h  input a tom made up  of three  orthogonal column e igenvec tors  

A 3 x 3 matrix produced by subrout ine PAXES and made up  of three  orthonormal 

each  1 A long, based  on t h e  t r ic l inic  s y s t e m  (principal a x i s  vec tors ) .  

principal a x i s  column vectors ,  b a s e d  on ei ther  t h e  working or reference Car tes ian  
s y s t e m .  Columns 4 and 5 are u s e d  in subrout ine F 7 0 0  to  dupl ica te  columns 
1 and 2 for ease in indexing. 

column vectors  e a c h  1 H long,  b a s e d  on t h e  t r ic l inic  sys tem.  

or i t s  inverse ,  based on e i ther  the  working or reference Car tes ian  s y s t e m s .  

A matrix made up  of three orthogonal column vectors ,  e a c h  1 4. long,  b a s e d  on 
t h e  t r ic l inic  sys tem.  T h i s  is t h e  b a s e  vector t r iplet  for the reference 
Car tes ian  coordinate  sys tem.  T h e  t r a n s p o s e  is t h e  postfactor  transformation 
matrix for conver t ing  coordinates  from t h e  reference orthogonal s y s t e m  to 
the triclinic system. R E F V T  = AAREV- ’ .  

longes t  principal a x i s  x in the given e l l ipso id  of the s c a l e d  model. 

A matrix produced by subrout ine PAXES and composed of th ree  pr incipal  a x i s  

A matrix produced by subrout ine PAXES. Conta ins  e i t h e r  t h e  d ispers ion  matrix 

R e g u l a t e s  t h e  resolut ion of the plot t ing of a given e l l i p s e  a s  a function of t h e  

x 2 Res(1)  128-point e l l i p s e  

Res(1)  > x 2 Res(2)  64-poi n t ell ips  e 

Res(2)  > x >= Res(3)  32-point e l l i p s e  
Res(3)  > x 16-point e l l i p s e  

Res(4)  i s  not u s e d .  

T h e  rms d isp lacements  a long the pr incipal  a x e s  in a r rays  PAC and P A T .  

T h e  scale of t h e  model in  i n c h e s  per  angstrom before  projection. 

The  scale factor ratio which sets the el l ipsoid scale re la t ive  to SCAL1. 
If SCAL2 = 1.54, then the ins tan taneous  posi t ion of the atomic center  
wil l  b e  within t h e  el l ipsoid 50% of the time (5Wo probability e l l ipsoid) .  

P S C L  SCL = SCAL1 t imes  SCAL2. 

P SYMB(3,3) A rotation matrix b a s e d  on the  angle  THETA which i s  s e t  by instruct ion 302. 

P T A P E R  T h e  exaggerated bond t a p e r  parameter. T h e  t o p  and bottom e n d s  of a bond 
have  radii: RADIUS = 1. + T A P E R  *T6 where T6 = ( c o s i n e  of angle  be tween 
bond and z a x i s  of Car tes ian  system1 . 

Note: (P) indica tes  “prime parameters ,”  which  a r e  ini t ia l ized in subroutine PRIME. 

. 
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P THETA 

TITLE(12)  
TITLE2 (12) 

TS(3,4 8) 
P VIEW 

VT(3,4) 

V2(3) , . . . . , V6(3) 
WRKV(3,3) 

Angle in degrees  between plotter x a x i s  and le t te r ing  base- l ine vector. 

Alphanumeric job t i t le  s torage.  
Alphanumeric information s torage  for Format  No. 3 t ra i ler  card. 

Translat ion vector  for e a c h  input symmetry operation. Used  with FS array. 
Viewing d is tance  in inches.  

Perspec t ive  t i t l e  rotation matrix and t ranslat ion vector .  Also used  for  
temporary s torage ,  I 

Array to t ransfer  data  to subrout ine STORE. Also u s e d  for temporary 
s torage  . 

Temporary s torage.  

Same def ini t ion as for  R E F V  except  that  t h i s  o n e  i s  for  working 

Elements  (1) and (2) a r e  x and y plot dimensions. Element  (3) i s  not u s e d .  

Elements  (1) and (2) denote  t h e  posi t ion in plotter coord ina tes  (in inches)  
where OHGN is placed.  Element  (3) is not used .  

Tr ic l in ic  coord ina tes  for an atom posi t ion a r e  placed here  by subrout ine XYZ. 

Car tes ian  system. W R K V ~  = AAWRK-I. 

Note: (P) indica tes  “prime parameters ,”  which a r e  ini t ia l ized in subrout ine PRIME. 
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5. MATHEMATICS OF THERMAL-MOTION P R O B A B I L I T Y  ELLIPSOIDS 

It i s  convenient  t o  develop t h e  phys ica l  s ign i f icance  of t h e  anisotropic  temperature factor  with the 

notation and terminology of probability theory rather than with t h e  more familiar Fourier  transform theory. 

T h e  resu l t s  are ,  of course ,  ident ica l  regard less  of t h e  terminology used .  T h e  reason  for  t h i s  c h o i c e  is 

that  t h e  l i terature  of mathematical  s t a t i s t i c s  and probability theory is somewhat nea ter  and e a s i e r  to  

follow. T h e  t e x t s  by  Wilks, '  Cramer, ,  Miller, 

Burington and May6 and Owen' a r e  found to  b e  par t icular ly  useful .  

Hamilton,4 and L u k a c s  and Lana '  and t h e  handbooks by  

5.1 Probability Density Function (pdf) of a Trivariate Normal Distribution 

Given three c h a n c e  var iab les  X , ,  X ,, X, and S which is a region i n  X ', X ,, X s p a c e ,  T h e  prob- 

abi l i ty  P(S)  t h a t  t h e  point ( X l ,  X 2 ,  X 3 )  falls i n  t h e  region S is given by 

P(S) = J / J # X , ,  X , ,  X 3 )  dX, d x ,  dX3 (5.1.1) 
S 

If t h e  integrat ion is carr ied over a l l  s p a c e ,  then 

T h e  function &X1, X,, X 3 )  is ca l led  t h e  probability dens i ty  function (pdf) for t h e  jo in t  distribution of 
X ', X , ,  X 3 .  Using vector  notat ion,  w e  c a n  des igna te  the pdf as  $(X). 

When t h e  dis t r ibut ion is t h e  type  s a i d  t o  b e  normal or Gauss ian ,  the  pdf is 

T h e  matrix M-' is t h e  i n v e r s e  of t h e  symmetrical d i spers ion  (variance-covariance) matrix M, where 

(5.1.3) 

A 
T h e  symbols  u: represent  t h e  second moments or v a r i a n c e s  about  t h e  mean posi t ion X. T h e  symbols  

u.a.p.. a r e  t h e  corresponding covar iances  and p . ,  a r e  t h e  correlation coeff ic ients .  ' I 11 ' I  

IS. S. Wilks, Mathematical Statistics, Wiley, New York, 1962. 
2H. Cramer, Random Variables and Probability Distributions, Cambridge University Press ,  London, 1962. 
3K. S. Miller, Multidimensional Gaussian Distribufions, Wiley, New York, 1964. 
4W. C. Hamilton, S ta t i s t ics  in Phys ica l  Science, Ronald, New York, 1964. 
'E. Lukacs and R. G. Lana,  Applications of Characteristic Functions, Hafner Publishing Co., New York, 1964. 
6R. S. Burington and D. C. May, Handbook of Probability and Sta t i s t ics  with Tables, Handbook Publishers, 

7D. B. Owen, Handbook of Stat is t ical  Tables, Addison-Wesley, Reading, Mass., 1962. 
Sandusky, Ohio, 1953. 
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5.2 Equip roba bi I i ty  E I I ip soid s 

A /\ 

F o r  a proper normal distribution t h e  quadrat ic  form (X - X)TM-l (X - X) is posi t ive def ini te ,  and a 

principal a x i s  transformation is p o s s i b l e  which will make t h e  c r o s s  correlat ion coeff ic ients  p . .  = 0 (i # j ) .  

T h i s  transformation is d i s c u s s e d  i n  5.4. T h e  resul t  of t h e  transformation is the pdf 
11 

where 

(5.2.1) 

(5.2.2) 

T h e  y i  a r e  coordinates  b a s e d  on t h e  Car tes ian  principal a x i s  sys tem and g2 are  t h e  var iances  along t h e  

principal a x e s ,  i = 1 , 2 , 3 .  
Y i  

T h e  normal probability dens i ty  function is cons tan t  for points  on t h e  el l ipsoid Q = C 2  where C i s  a 

constant .  T h e  probability t h a t  a random point ( y , ,  y,,  y 3 )  in  t h e  distribution will fa l l  i n s i d e  t h e  el l ipsoid 

i s  

T h i s  result is derived from (5.1.1), (5.2.1), and (5.2.2) by transforming t o  spher ica l  coordinates. 

When C = 1.5382, P = 0.5 and the  corresponding e l l ipso id  is ca l led  the  50% probability e l l ipsoid.  A 

t ab le  of P v s  C va lues  is found on page  2 0 3  of  Owen’s Handbook of Statistical Tables.’ For  conven- 

ience ,  that t ab le  is reproduced here  a s  T a b l e  5.1. 

5.3 Characteristic Function (c.f.) of a Trivariote Normal Distribution 

T h e  charac te r i s t ic  function @(T) corresponding to a t r ivar ia te  dis t r ibut ion +(X) is t h e  expec ted  va lue  

of e i ~  T ~ ,  namely, 

@(T) = 1 bo +(X) e iT  T X  dX . 
-M 

(5.3.1) 

F o r  t h e  t r ivar ia te  normal pdf (5.1.3) t h e  corresponding charac te r i s t ic  function is 

@(T) = exp [ i T T X  - Y2TTMT1 , (5.3.2) 

where M is t h e  var iance-covariance d ispers ion  matrix descr ibed  in  5.1 and X is t h e  center  of m a s s  of t h e  

distribution. 

T h e  crystal lographic  s t ruc ture  fac tor  equat ion which incorporates  genera l  anisotropic  temperature 

factor coef f ic ien ts  is 

F(h)  = Zf,(h) exp ( 2 v i h T i n )  e x p  (-hTBnh) , (5.3.3) 
n 
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T a b l e  5.1. C r i t i c a l  Values for Probabil i ty E l l ipsoids of a Tr ivor ia te  Normal Distributiona 

P C 

0.01 
0.02 
0.03 
0.04 
0.05 

0.06 
0.07 
0.08 
0.09 
0.10 

0.11 
0.12 
0.13 
0.14 
0.15 

0.16 
0.17 
0.18 
0.19 
0.20 

0.21 
0.22 
0.23 
0.24 
0.25 

0.26 
0.27 
0.28 
0.29 
0.30 

0.3 1 
0.32 
0.33 
0.34 
0.35 

0.36 
0.37 
0.38 
0.39 
0.40 

0.3389 
0.4299 
0.4951 
0.5479 
0.5932 

0.6334 
0.6699 
0.7035 
0.7349 
0.7644 

0.7924 
0.8192 
0.8447 
0.8694 
0.8932 

0.9162 
0.9386 
0.9605 
0.9818 
1.0026 

1.0230 
1.0430 
1.0627 
1.0821 
1.1012 

1.1200 
1.1386 
1.1570 
1.1751 
1.1932 

1.2110 
1.2288 
1.2464 
1.2638 
1.2812 

1.2985 
1.3158 
1.3330 
1.3501 
1.3672 

P C 

0.41 
0.42 
0.43 
0.44 
0.45 

0.46 
0.47 
0.48 
0.49 
0.50 

0.51 
0.52 
0.53 
0.54 
0.55 

0.56 
0.57 
0.58 
0.59 
0.60 

0.61 
0.62 
0.63 
0.64 
0.65 

0.66 
0.67 
0.68 
0.69 
0.70 

0.71 
0.72 
0.73 
0.74 
0.75 

0.76 
0.77 
0.78 
0.79 
0.80 

1.3842 
1.4013 
1.4183 
1.4354 
1.4524 

1.4695 
P .4866 
1.5037 
1.5209 
1.5382 

1.5555 
1.5729 
1.5904 
1.6080 
1.6257 

1.6436 
1.6616 
1.6797 
1.6980 
1.7164 

1.7351 
1.7540 
1.7730 
1.7924 
1.8119 

1.8318 
1.8519 
1.8724 
1.8932 
1.9144 

1.9360 
1.9580 
1.9804 
2.0034 
2.0269 

2.0510 
2.0757 
2.1012 
2.1274 
2.1544 

P C 

0.81 
0.82 
0.83 
0.84 
0.85 

0.86 
0.87 
0.88 
0.89 
0.90 

0.91 
0.92 
0.93 
0.94 
0.95 

0.96 
0.97 
0.98 
0.99 
0.991 

0.992 
0.993 
0.994 
0.995 
0.996 

0.997 
0.998 
0.999 
0.9991 
0.9992 

0.9993 
0.9994 
0.9995 
0.9996 
0.9997 

0.9998 
0.9999 
0.99999 
0.999999 
0.9999999 

2.1824 
2.2114 
2.2416 
2.2730 
2.3059 

2.3404 
2.3767 
2.4153 
2.4563 
2.5003 

2.5478 
2.5997 
2.6571 
2.7216 
2.7955 

2.8829 
2.9912 
3.1365 
3.3682 
3.4019 

3.4390 
3.4806 
3.5280 
3.5830 
3.6492 

3.7325 
3.8465 
4.0331 
4.0607 
4.0912 

4.1256 
4.1648 
4.2107 
4.2661 
4.3365 

4.4335 
4.5943 
5.0894 
5.5376 
5.9503 

aReproduced from Ref. 7 by permission of Addison-Wesley Publishing Company, Inc., Reading, Mass. The orig- 
inal caption was  “Critical Values for the Spherical Normal Distribution.” 
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where 

h is a vector giving the  Miller ind ices ,  

Xn is a vector giving the  fractional unit cell coordinates of the  nth atom, 

Bn is the anisotropic temperature factor coefficient matrix, and 

fn(h) is the atom form factor va lue  for atom n. 

If a change o f  var iab les  T = 2nh is made, then (5.3.3) can  b e  rewritten as 

F(T) = Z f , ( T ) e x p  (iTT^Xn - '4 T T  
n 

(5.3.4) 

The s c a l e d  anisotropic temperature factor  matrix (1/2n2)B is seen  to  b e  ident ica l  with the  variance- 

covariance d ispers ion  matrix M i n  (5.3.2). 

T h e  corresponding c rys t a l  s p a c e  t r ivar ia te  normal pdf for any particular atom n is 

[2n2 det  (5 - ' ) ] ' / '  /\ A 

exp [-n2(X - X)TB-l(X - X)] ; 
(2.13'2 

#m = 

or i f  M-' = 2n'B- l  then 

(5.3.5) 

(5.3.6) 

which is ident ica l  to (5.1.3). 

5.4 Principal Axis Transformation 

T h e  transformation of anisotropic temperature factor coef f ic ien ts  (for t he  general  tr iclinic c a s e )  to 

and Cruickshank et al. l o  principal a x e s  of thermal motion is d i scussed  by Waser, Busing and Levy,  

T h e  principal a x i s  transformation is necessa ry  to find the  thermal-motion probability e l l i p so ids  dis- 

c u s s e d  in 5.2. T h e  principal a x e s  of the matrix M-' i n  (5.3.6) are  the  vec tors  y, ,  y,, y 3  for which the  

inner vector product (yi, yi) h a s  a s ta t iona ly  va lue  sub jec t  to  the cons t ra in t  

(Yj, M-'Yj) = 1 , i = 1, 2, 3 .  (5.4.1) 

For  the  general  t r ic l inic  crystal  sys t em this  means  that  t he  quadratic form yTG-'y h a s  a s ta t ionary  va lue  

subjec ted  to the  constraint  

Y TG- 'M- ' y = l ,  (5.4.2) 

'J. Waser, Acta Cryst. 8, 731 (1955). 
'W. R. Busing and H. A .  Levy, Acta Cryst. 11, 450 (1958). 

'OD. W. J. Cruickshank et  al., p. 74 in  Computing Methods and the P h a s e  Problem in X-Ray Crystal Analysis, 
ed. by R. Pepinsky, J. M. Robertson, and J. C. Speakman, Pergamon, New York, 1961. 
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where G-' is t h e  metric tensor  with components  ai a and ai a is t h e  s c a l a r  vector product of two of t h e  

three uni t  cell vectors. Introducing t h e  Lagrange multiplier l / h  l e a d s  to  
i i 

= 0 (i 2: 1,2,3); (5.4.3) 

premultiplying by  M y i e l d s  

I MG-' -t I )  y i  = 0 (i = 1,2,3) . 

Or we c a n  d o  some addi t ional  rearranging and obtain 

[GM-' - h i l l y i  = 0 (i = 1,2,3) . 

(5.4.4) 

(5.4.5) 

Equation (5.4.4) is equivalent  to o n e  of t h e  resu l t s  der ived by Bus ing  and Levy,  except  t h e  hi obtained 

here  a re  t h e  reciprocals  of the i r  hi b e c a u s e  we a r e  doing t h e  principal a x i s  transformation on M" while  

their formulation performs t h e  transformation on M. T h e  numerical procedure u s e d  i n  OR TEP f i n d s  t h e  

e igenvalues  and eigenvectors  of t h e  unsymmetrical matrix M G-' i n  (5.4.4). 
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6. EXAMPLES OF ILLUSTRATIONS THAT HAVE BEEN PRODUCED WITH OR TEP 

Most of t h e  drawings reproduced h e r e  were made while  OR TEP w a s  under  development. Consequent ly ,  

certain d e t a i l s  i n  t h e  f igures  a r e  not t h e  s a m e  a s  t h o s e  produced with t h e  present  vers ion of t h e  program. 

In particular, t h e  l i n e s  of shading i n  t h e  el l ipsoid “open octant”  a r e  now a lways  evenly spaced .  

6.1 Nonsteroscopic Drawings Showing Thermal Motion 

T h e  f igures  i n  t h i s  s e c t i o n  have  t h e  viewpoint at infinity (paral le l  projection). 

6.1.1 Comparison of Graphical Representations of Thermal Motion. - Figure  6.1 s h o w s  t h e  chelat ion 

pattern of two c i t ra te  molecules  re la ted  by a twofold screw a x i s  i n  t h e  c rys ta l  s t ruc ture  of magnesium 

c i t ra te  decahydrate .  O n e  molecule  h a s  “ t ransparent  e l l ipso ids”  and  t h e  other has “opaque, plugged 

el l ipsoids .”  Bond t y p e s  1, 3, and 4 ( s e e  3.3.9) a r e  i l lustrated.  Note that  cer ta in  bonds  terminate  at the 
el l ipsoid boundary while  o thers  in te rsec t  t h e  el l ipsoid.  T h e s e  var iab les  a r e  under t h e  user’s  control and 

can b e  used  t o  advantage for s p e c i a l  e f fec ts .  

F igure  6.2 is another drawing of magnesium c i t r a t e  decahydrate  with the  rms magnitudes of d isp lace-  

ment a long principal a x e s  ind ica ted  around t h e  equiprobability thermal e l l ipsoids .  

F igure  6.3 i l l u s t r a t e s  t h e  s a m e  f igure with t h e  thermal-motion representat ion mentioned by Waser, i n  

which t h e  thermal motion is portrayed by a fourth-degree sur face  generated b y  a radius  vector  with length 

proportional to  the  rms component of displacement  i n  the  direction of t h e  rad ius  vector. T h e  charac te r i s t ic  

peanut s h a p e  of t h i s  fourth-degree sur face  is most  apparent for  atom 0,. 

T h e  thermal e l l ipsoid s e e m s  to  b e  t h e  preferred representation, and t h e  present  vers ion of O R  TEP 
will draw e l l ipso ids  only,  

6.1.2 Thermal El l ipsoids Derived from Independent Sets of Diffraction Data. - F i g u r e s  6.4(a) and ( b )  

show t h e  thermal e l l i p s o i d s  for potassium dihydrogen i s o c i t r a t e 3  obtained from two independent s e t s  of 

three-dimensional x-ray d a t a  (copper K ,  d a t a  and chromium X, data). F igure  6.4(a) is presumably a b e t t e r  

representat ion s i n c e  i t  is b a s e d  on  a much larger  number of measurements .  In fact ,  it is rather surpr is ing 
tha t  t h e  thermal-motion f igures  a r e  so s imilar ,  consider ing t h e  l imited number of d a t a  obta inable  with 

chromium radiation. 

6.1.3 Thermal Motion in Molecules Not  Related by Crystallographic Symmetry. - Myo-inositol4 h a s  

two molecules  i n  i t s  crystal lographic  asymmetric unit. F igures  6.5(a) and 6.5(b) permit a comparison of 

t h e  two s e t s  of thermal e l l ipso ids  i n  ident ical  molecular or ientat ions.  T h e  hydrogen bonds  to neighboring 

atoms a r e  also indicated.  T h e  similarity be tween t h e  two el l ipsoid sets is readily apparent. 

‘C. K. Johnson, Acta Cryst., in press (1965). 

‘5 .  Waser, Acta Cryst. 8, 731 (1955). 

3D. van der Helm, J. P. Glusker, C. K. Johnson, J .  A. Minkin, N. E. Burow, and A .  L. Patterson, Acta  Cryst., 

41. N. Rabinowitz and J. Kraut, Acta Cryst. 17, 159 (1964). 

in  press (1965). 
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6.2 Stereoscopic Drawings of Crystal Structures 

6.2.1 Thermal Ell ipsoids Derived from Neutron Studies. - Thermal e l l ipso ids  for hydrogen atoms c a n  

b e  derived from neutron diffraction data .  Some recent crystal  s t ructure  resu l t s  refined from three-dimen- 

s ional  neutron d a t a  are shown here a s  s t e reoscop ic  pairs  of pe r spec t ive  projections.  T h e  thermal e l l ipso id  

for a hydrogen atom i s  almost a lways  larger  than tha t  of t h e  heavier  neighbor atom b e c a u s e  of zero-point 

energy . 
6.2.1.1 Chloral  Hydrate. - Figure 6.6 fea tures  two molecules  of chloral  hydrate '  re la ted by  a center  

of symmetry. T h e  neighboring hydroxyl groups which a r e  involved i n  hydrogen bonding t o  t h e  two mol- 

e c u l e s  a re  a l s o  included. 

6.2.1.2 Sugars.  - A s ingle  molecule  of s u c r o s e 6  is shown i n  Fig.  6.7 with t h e  six-membered g lucose  

ring to t h e  left and the  five-membered f ruc tose  ring to  t h e  right. Two intramolecular hydrogen bonds are 

drawn between the  two moieties.  Only one hydroxyl group in the  molecule  d o e s  not form a hydrogen bond; 

t h i s  group h a s  t h e  abnormally la rge  thermal e l l ipsoid for hydrogen on t h e  left s i d e  of the figure.  

T h e  thermal motion of a g lucose  molecule i n  t h e  a -g lucose  c rys ta l  s t ructure '  is i l lus t ra ted  by  Fig.  6.8. 
T h i s  f igure was  drawn with OR T E P  by G. M. Brown. 

6.2.1.3 Lithium Sulphate  Monohydrate. - T h e  inorganic  s t ructure  lithium su lpha te  monohydrate h a s  

been  refined with three-dimensional x-ray da ta  by La r son '  and with three  zones  of two-dimensional neu- 

tron d a t a  by Smith and Levy.  

ture. The  hydrogen thermal e l l ipso ids  were taken from the  neutron a n a l y s i s  and t h e  remainder from t h e  

x-ray resul ts ,  T h e  outs tanding feature  i n  t h i s  i l lustrat ion is t h e  la rge  thermal motion of t h e  water mol- 

ecule ,  which ind ica tes  much looser  binding than i n  t h e  rest of the  s t ructure .  

F igu re  6.9 i l lus t ra tes  t h e  charac te r i s t ic  atomic arrangement in tha t  s t ruc-  

6.2.1.4 Pofassium Hydrogen Chloromaleate. - T h i s  s t ruc ture  con ta ins  a centered hydrogen bond. 

T h e  interatomic bond d i s t a n c e s  and the  surrounding K atoms are  a l s o  shown in Fig.  6.10, which w a s  

drawn with OR T E P  by R. D. El l ison and H. A. Levy.  

6.2.2 Thermal Ell ipsoids Derived from X-Ray Studies. - T h e  examples  shown i n  t h i s  s e c t i o n  were 
t aken  from t h e  l i terature  and from t h e  work of severa l  crystal lographers  who kindly sen t  their  unpublished 

resu l t s  to  ORNL to  b e  drawn. 

6.2.2.1 Long-chain Aliphatic Organic Compounds. - Dihydromalvalic acid l 1  (cis, D ,  ~ - 8 , 9 - m e t h l  

heptadecanoic  acid)  is shown in Fig.  6.11. T h e  thermal motion perpendicular to t h e  chain direct ion 

s e e n  to inc rease  in  amplitude toward the  nonpolar end of the  chain.  

ene- 

S 

'6. M. Brown and H. A.  Levy,  Abstracts ACA Meeting, Villanova, Pa., H-11 (1962). 

6G. M. Brown and H. A .  Levy,  Science 141, 921 (1963). 

7G.  M. Brown and H. A. Levy, Science 147, 1038 (1965). 

'A. C. Larson, Acta Cryst. 18, 717 (1965). 

'H. G .  Smith and H. A. Levy,  Abstracts ACA Meeting, Boulder, Colorado, 1961. 

'OR. D. Ellison and H. A. Levy,  Acta Cryst., in press (1965). 

"G.  A. Jeffrey and M. Sax, Acta Cryst. 16, 1196 (1963). 
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Figure 6.12 i l lus t ra tes  t h e  thermal motion i n  the  tr iglyceride beta-tricaprin.  l 2  T h e  two molecules 

shown a r e  re la ted by a center  of symmetry. Again t h e  amplitude of motion perpendicular to t h e  chain in- 
c r e a s e s  toward t h e  end of the chain.  

6.2.2.2 Copper Chelation Compound. - T h e  chelat ion pattern in bis-(3-amino-l-phenyl-2-butene-l-ono)- 

Cu(I1) l 3  is demonstrated in  F ig .  6.13. T h e  copper atom is on a symmetry center .  

6.2.2.3 Large Biological Molecule. - Harunganin, l 4  which is a plant  pigment, is shown in Fig.  6.14. 

The  pair  of "half atoms" a t  the  upper right is an approximation used  i n  t h e  least-squares  refinement t o  

correct  for e i ther  very la rge  thermal motion or disorder  which occur s  in tha t  part of the crys ta l  structure.  

The  thermal parameters are  somewhat quest ionable  s i n c e  the  s t ructure  w a s  not refined t o  convergence. 

However, the  stereogram d o e s  permit t h e  molecular configuration to b e  readily visual ized.  

6.2.2.4 Abnormal Motion in Cr(lZ1) Acetylacetonate. - Dr. Bruno Morosin from Sandia Corporation 

sen t  t h i s  most unusual  example of thermal motion. Cr(1II) ace ty l ace tona te '  h a s  three ace ty l ace tona te  

l igands arranged to  form an octahedral  coordination of oxygens about t h e  Cr  atom, a s  shown in Fig. 6.15. 
One of the  l i gands  d i sp lays  very la rge  thermal anisotropy. When a molecular packing diagram such  as 

Fig.  6.16 is viewed, t h e  large displacements  a re  s e e n  to b e  paral le l  to the  b crystal  ax is .  It appea r s  tha t  

s h e e t s  of t h e s e  l igands  a r e  e i ther  disordered or  undergoing longitudinal vibration. Morosin h a s  evidence 

from other  diffraction experiments which supports  t h e  hypothesis  that  i t  is a thermal vibration phenomenon 

'and not s t a t i c  disorder in  t h e  crystal .  

6.2.3 Crystal  Structure Packing Diagrams. - I t  is often des i rab le  t o  i l lus t ra te  t h e  way t h a t  molecules  

pack together i n  a c rys ta l  structure.  Sometimes thermal motion can  b e  interpreted on t h i s  b a s i s ,  as w a s  

done in 6.2.2.4. In  other  i n s t a n c e s  one may b e  more interested in  visual iz ing t h e  general  packing geom- 

etry of the  c rys ta l  s t ructure .  Stereograms are very useful for both appl icat ions.  

6.2.3.1 Potassium Hydrogen Chloromaleate. - A molecule  of t h i s  s t ructure"  is shown in F ig .  6.10. 

Packing diagrams were a l s o  drawn by E l l i son  and Levy and are reproduced here. Figure 6.17 shows  t h e  

packing of anions about the two types  of potassium ions.  One  coordination polyhedron is a n  irregular 

octahedron of oxygen atoms. T h e  other  is an irregular 14-hedron having s i x  oxygen atoms and four chlo- 

rine atoms at its ver t ices .  Figure 6.18 is a different view of t h e  packing with a larger area included. 

6.2.3.2 Packing Diagrams for Inorganic Structures. - T h e  reader may have noticed t h a t  most of t h e  

i l lustrat ions are of organic s t ructures .  The  reason is that  organic  molecules  a re  e a s y  to draw. Con- 

siderably more planning is required to produce an informative i l lustrat ion of an inorganic s t ructure .  

An approach which is fairly s u c c e s s f u l  is the  following: 

1. Draw a preliminary stereogram of the con ten t s  of a box which e n c l o s e s  somewhat more than one  

unit  cell. Bonds  should b e  drawn in accordance with known interatomic d i s t a n c e  ranges.  T h e  dimensions 

'*A. J. Mabis and L. H. Jensen,  Abstracts  ACA Meeting, Bozeman, Montana, F-9 (1964) and L. H. Jensen, 

13G. E. Gurr, Abstracts  ACA Meeting, Bozeman, Montana, K-7 (1964) and private communication, 1964. 

14R. A. Alden, G. H. Stout, J. Kraut, and D. F. High, Acta Cryst. 17, 109 (1964). 

15B. Morosin, Acta Cryst., i n  press  (1965) and B. Morosin, private communication, 1964. 

private communication, 1964. 

. 
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for t h i s  drawing may b e  such  t h a t  t h e  plot c a n  b e  viewed directly with a s t e reoscope  without photographic 

reduction. 

2. While viewing t h e  preliminary stereogram, pick out  t h e  b a s i c  s t ructural  uni ts  and dec ide  on a 

grouping of t h e s e  u n i t s  for t h e  desired figure. 

3. Describe t h e  intended subjec t  with whichever technique is t h e  most convenient and draw t h e  new 

figure. Figure 6.19, potassium perxenate  nonahydrate, I6 is an example of a n  i l lustrat ion planned i n  t h i s  

way. T h i s  figure w a s  drawn by  J. H. B u m s  a t  ORNL. 
6.2.3.3 I l lus t ra t ions  of the  Contents  of a Unit Cell .  - A favori te  method used by  crystal lographers  is 

to  draw a unit c e l l  out l ine and t h e  cell contents  within tha t  outl ine.  Figure 6.20, which is a stereogram 

showing lithium a-monodeuteroglycolate,  

cut off a t  the ce l l  outl ine.  

is of t h i s  nature.  T h e  molecules  were kept in tac t  rather t han  

6.3 Hel ica l  Structures 

OR T E P  h a s  cer ta in  features  which fac i l i t a te  the  drawing of nonintegral  he l ica l  s c rew models s u c h  a s  

t h o s e  d i s c u s s e d  i n  the field of molecular biology. T h e  Paul ing,  Corey, and Branson alpha-helix model ' 
for protein s t ructure  is a n  example.  Figure 6.21 shows  t h e  modification of t h i s  s t ructure  which is present  

in  t h e  synthet ic  polypeptide poly-L-alanine. ' 

1 6  A. Zalkin, J. D. Forrester, D. H. Templeton, S. M. Williamson, and C. W. Koch, J. Am. Chem. S O C .  86, 3569 
(1964). 

"C. K. Johnson, E. J. Gabe, M. R. Taylor, and I. A. Rose, J .  Am. Chem. SOC.  87, 1802 (1965). 

18L. Pauling, R. B. Corey, and H. R. Branson, Proc. N a t l .  Acad. Sci. U.S. 37, 235 (1951). 

"A. Ell iot t  and B. R. Malcolm, Proc. Roy. SOC. London A 249, 30  (1959). 
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ORNL DWG. 65-2448 

Fig. 6.1. 
Decahydrate. 

obi I i ty distr ibut ion.  

Che lo t ion  Pattern V iewed A long a T w o f o l d  Screw A x i s  i n  the Crys ta l  Structure o f  Magnesium Ci t ra te  

E l l i p s o i d s  represent equiprobobi I i t y  surfaces of thermal displacement and contain 65% of the prob- 

DRNL DWG. 65-2443 

Fig. 6.2. Thermal E l l i p s o i d  Representat ion for Magnesium Ci t ra te  Decahydrote w i t h  Pr inc ipa l  Values o f  RMS 
Displacement in Angstrom Units.  E l l i p s o i d s  enc lose  74% probabi l i ty .  Structure i s  v iewed along b axis. 
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ORNL DWG. 65-2444 
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Fig. 6.3. Peanut-Shaped RMS Thermal-Displacement F i g u r e  Representat ion far Magnesium C i t r a t e  Decahydrate. 

Pr inc ipa l  values o f  rms displacement i n  Angstrom u n i t s  are ind ica ted  around the  displacement figures, w h i c h  are 

drawn a t  double scale. Same v i e w  o f  structure as shown i n  Fig.  6.2. 

ORNL DWG. 65-2449 

Fig.  6.4. Potass ium Dihydrogen l s o c i t r a t e  w i t h  Thermal E l l i p s o i d s  Scaled t o  Inc lude 74% Probabi l i ty .  ( a )  
Resu l ts  obtained from 1350 three-dimensional copper K a d a t a  (disagreement factor 6.5%). (t) Resu l ts  obtained from 

340 three-dimensional  chromium K a d a t a  (disagreement factor 2.2%). Note: T h i s  is not a s tereo pair. 
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ORNL DWG. 65-2450 

n n 

MYO-INOSITOL MYO-INOSITOL 

Fig. 6.5. Comparison of Thermal E l l i p s o i d s  i n  the T w o  Crys to l lograph ico l l y  Independent Mo lecu les  of Myo- 

E l l i p s o i d s  are Inos i to l  (6.5a and 6.56). 
scaled to inc lude 74% probabi l i ty .  

Hydrogen bonding i s  shown, s i n c e  t h i s  might in f luence the thermol motion. 

Note: T h i s  is not a s tereo pair. 

Fig. 6.6. Stereogram (Stereoscopic P a i r  of Perspec t ive  Pro iec t ions)  of Ch lora l  Hydra te  V iewed A long the 

Two molecules ore shown re la ted  by a center of symmetry, w i t h  the hydrogen bonds connect ing Reciprocal  A x i s  a* .  

them together and t o  other molecules.  E l l i p s o i d s  ore sca led  to inc lude 48% probobi l i ty .  
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SUCROSE FROM NFUTRON OIFFRRCTION SUCROSE FROM NEUTRON OIFFRRCTION 

Fig. 6.7. Stereogram Showing the Sucrase Molecule with Thermal E l l ipso ids  Scaled to Enc lose  50% Probability. 

Fig. 6.8. A Molecule of Glucose with Thermal E l l ipso ids  Scaled to Enclose 50% Probabi l i ty .  



. 
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Fig. 6.9. L i t h i u m  Sulphate Monohydrate. The l i t h i u m  ions and sulphate ions are coordinated in to  a compact 

network. The structure i s  v iewed along the rec ip roca l  a* axis. The e l l i p s o i d s  are sca led  to  enc lose  20% probabi l i ty .  

wmr E n  Lmr nt POTASSIUM HYDROGEN CHLOROHRLEATE POTASSIUM HYDROGEN CHLDROMRLEATE 

Fig. 6.10. Potass ium Hydrogen Chloromaleate. The chloromaleate i o n  i s  v iewed normal t o  i t s  own plone. The 

thermal e l l ipso ids  enc lose  50% probabi l i ty .  

Fig. 6.11. A Molecu le  of Dihydromalva l i c  A c i d  w i t h  Thermal E l l i p s o i d s  Scaled to Enc lose  48% Probabi l i ty .  
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Fig.  6.13. Chelat ion Complex of Bis-(3-amino-l-phenyI-2-butene-l-ono)-Cu(ll) with Thermal E l l ipso ids  Scaled 

to Include 50% Probability. 

HRRUNGRNIN HRRUNGRNIN 

Fig. 6.14. A Molecule of the P lant  Pigment Harunganin with Thermal El l ipsoids Scaled to Include 48% Prob- 

obi I ity. 
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CR I1 I 1 1  R C E T Y L R C L T O N A T E  CR [ I  I I 1  A C E T Y L A C E T O N R T E  

Fig.  6.15. A U n i t  o f  Tris-acetylacetonatochromium(lll) Viewed Along i ts  Threefold Ax is  of Chemical  Symmetry. 

The thermal el l ipsoids are  scaled to enclose 20% probability. 

Fig.  6.16. Pack ing  Diagrams for Tris-ocetylacetonotochromium(lll) V i e w e d  Along the Reciprocal  Ax is  c* .  

Thermal el l ipsoids are scaled to  enclose 20% probability. 
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POTASSIUM HYDROGEN CHLOROMALEATE -- 
C L d  &H 121 

POTASSIUM HYDROGEN CHLOROMRLEATE ..- - 

Fig.  6.17. P a c k i n g  o f  Chloromaleate Ions Around the Potassium Ions i n  Potassium Hydrogen Chlaromaleate. 

Thermal e l l i p s o i d s  are scaled The edges o f  the Coordination polyhedra are shown. 

to contain 50% probabi l i ty .  

V iew i s  near ly  a long the  c axis. 

POTR5SIUM HYDROGEN CHLOROPALERTE POTASSIUM HYOROGEN CHLOROMRLERTE 

Fig. 6.18. Pack ing  Diagrams far Potassium Hydrogen Chlaramaleate. Atoms are represented as smal l  c i rc les.  

V iew i s  near ly  a long the a axis. The edges o f  t h e  coord ina t ion  polyhedra around the potassium ions are shown. 
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POTRSSIUM PERXENRTE NONRHYORRTE POTRSSIUM PERXENRTE NONRHTDRRTE 

Fig. 6.19. Pack ing  Diagram for Potassium Perxenate 9-Hydrate, I l l us t ra t i ng  the Network  of H i g h l y  Hydrated 

Another layer, re la ted  to  the  Potassium Ions  Surrounding Perxenate Ions. 

present one by a twofo ld  screw ax i s  along a ,  i s  needed to complete the structure. 

The v i e w  i s  para l le l  to the a axis.  

Fig. 6.20. A Stereogram Showing the Un i t -Ce l l  Contents of  Anhydrous Li Q-monodeuteroglycolate. The unique 

monoc l in ic  b ax is  po in ts  up i n  the page and the mean c ax i s  out from the page. 
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. 

b 
%7/13 RLPHR HELIX 97/13 RLPHR HELIX 

F ig .  6.21. A Stereoscopic P a i r  of Perspect ive  Pro-  

jections Showing the Alpha-Hel ix  Which I s  Present  in  

Poly-L-Alanine.  There are 47 amino-acid residues in 

13 turns of the hel ix .  Stereoviewingis  accomplished by 

placing a sheet of cardboard between the hel ices.  
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7. FORTRAN LISTING OF OR TEP 

+ L I  ST8 
*LAREL 
CMAIN 
C +**e* OAK RIDGE THERPAL E L L I P S O I D  PLOT PROGRAM ****+ MAINOOIO 

DICENS I C N  A ( 9  M A 1  NO020 
D I C E N S I  CN ATOMS 14 ,500)  9 6 9 (  3, 3 )  9 CD( 8, 2 0  1 ,CHEM( 200) ,CONTI 5 1 * D {  3r  1 3 0 )  M A I N 0 0 3 0  
DIMENS I C N  DA(  3.3 1 ,  OP ( 2 ,  1301, EV( 3,202 1 ,  F S (  39 31 4 8 )  , kD( 5 1 2 0 )  VORGN(3 1 P A I N 0 0 4 0  
DIMENSICN P ( 3 r 2 D O ) , P A ( 3 , 3 r 2 ~ O ) r P A C ( 3 , 5 ) r P A T ( 3 , 3 ) , Q ( 3 , 3 ) , R E F V ( 3 * 3 )  M A I N 0 0 5 0  
01 MENSICN M A I N 0 0 6 0  
DIMENSICN YAfNOO70 

COMMCN ~ G ~ A ~ A A ~ A A 4 E V ~ b A W R K ~ A I O ~ A I N ~ A T O M S ~ ~ B ~ ~ R D R ~ C D ~ C H E M ~ C O N T ~ D  M A I N 0 0 9 0  
CCPMCN M A  I NO I 00 
COCMON N J , N J ~ ~ N O U T I N S ~ ~ N S Y M , C R G N ~ P ~ P A ~ P A C ~ P A T ~ ~ ~ R E F V ~ R E S ~ R M S ~ S C A L I M A I N O I I O  
COMMON S C A L 2 ~ S C L ~ S Y M B , T A P E R , T H E T A I T 1 T L E , T I T L E ~ T l T L E 2 ~ T S ~ V I E W ~ V T ~ V l ~ V 2  MAINOIPO 

9 A A (  37 3 )  , AAREV ( 3 ,  31 9 AAWRK ( 31 3 )  ,A I D  I 3 . 3 )  V A I N (  1 4 0 )  

RES ( 4  1 9 RMS ( 5  1 , SYMB ( 3 9 3  1 ,  T I T L E (  I 2  1 ,  T I T L E  1 2 )  9 T S 1 3 9 4 8  1 
VT (3.4 1 r V  I ( 4) 9 V2(  3 ) ,V3( 3 )  r V 4 (  3 1  9 V 5 (  3 )  * V t (  3 )  9 WRKVt 393)  

D I  MENS I C N  XLNG( 3 )  , X 0 ( 3 )  ? X T (  3 ) M A 1  NO080 

CA , DP 9 D I S P  9 E CGE , EY, FORE 9 FS 9 I N  I T I L T  9 KO , LA T F L TNO NATOM, NCD 

COCMCN V 3 r V 4 , V 5 * V 6 r W R K V , X L N G I X O , X T  M A I N 0 1 3 0  
2 CALL PRIME M A 1  NO I 4 0  

C * * * * *  READ JOB T I T L E  CARO *e*** MAINOISO 
READ INPUT TAPE I N , 4 y ( T I T L E (  I ) i I # I 1 1 2 )  MAIN01 60 

4 FORMAT( lZA6)  MA1 NO1 70 
WRITE OUTPUT TAPE NOUT 9 6, ( T I TLE ( I 9 I # I  t I 2 ) MAIN01 80 

5 F O R M A T ( I H O l O X ~ I 2 A 6 )  MA1 NO1 90 
h F O R M A T ( I H I I C X , 1 2 A 6 )  MA I NO200 

CALL PRELIM MA I N 0 2  I r? 
WRITE OUTPUT TAPE N O U T ~ 6 ~ 1 T I T L E ( I ) r I # I r 1 2 1  V A I N 0 2 2 0  
ISAVE#O M A  I NO233 
G O  TO 5C7 M A  I NO2 4 0  

7 ISAVE#O M A  I N 0 2 W  
C *+**+  ZERO A I N  ARRAY ++**I PA I NO260 

8 DO I O  J # l r 1 4 0  CA I NO270 
I 0  A I N ( J ) # O .  M A 1  NO280 
I I C A I  NO290 
1 2  F O R M A T ( I 3 r 1 6 , 7 F 9 - O )  MA1 NO30Cl 
13 F O R M A T ( I 3 r I 6 r 7 E 1 5 . 8 )  M A 1  NO3 I O  
1 4  FORMAT(IH 9X,7E15.7) MA I NO320 

C +e+*+ READ NEW INSTRUCTICN CARD * * * * *  MAIN0330  
NCD#O MA I NO340 
N I  #-6 M A I N 0 3 5 0  

I6 N I # N 1 + 7  MA I NO360 
N2#N1+6 C A I  NO370 
IF(ISAVE)22.18.18 M A I N 0 3 8 0  

18 REA0 INPUT TAPE I Y r l 2 r I C r N F t  I A I N ( I ) . I # N I , N 2 )  PA I NO390 
Z F ( I S A V E ) 2 4 , 2 4 r 2 O  MA1 NO400 

20 WRITE OUTPUT TAPE N S R ~ 1 3 ~ I C , N F , ( A I N ( I ) , I # N l ~ N 2 )  MA1 NO4 I 3  
GO TO 2 4  MA I NO420 

2 2  READ INPUT TAPE N S R I ~ ~ , I C , N F I ( A I N I I ) , I # N I , N ~ )  MA I NO4 30 
I F ( I C ) 7 , 2 4 r 2 4  M A 1  NO440 

2 4  I F ( N I - 1 ) 2 6 ~ 2 6 ~ 3 0  MA I NO4 5’5 
2 6  WRITE OUTPUT TAPE NOUT,II,NF M A 1  NO460 

NF I #NF MA I NO4 70 
I F ( N F 1 1 2 8 , 8 , 3 0  M A 1  NO480 

2 8  I F ~ N F 1 + 2 ) 2 , 2 , 3 0 O O  M A 1  NO490 
30 WRITE OUTPUT TAPE NOUT,14~(AINII),I#NI,N2) MA I N 0 5 0 0  
32 I C # I C + I  M A 1  NO5 I O  

G O  TO (90,16,38,50) ,1C MA I NO52EI 
33 F O R M A T ( I 3 , 6 X , S I 3 r 8 F 6 . ~ )  M A 1  NO539 
3 4  FORMAT(613*8EI2 .5 )  M A  I NO540 
3 5  FORMAT(IH 1 1 X * 5 1 3 r 8 F I 1 . 5 )  M A 1  NO550 

C +***+ READ FORMAT 2 TRAILER CARDS *+*e* M A I N 0 5 6 0  
38  NCD#NCD+I M A 1  NO570 

I F I I S A V E 1 4 4 , 4 0 , 4 0  M A I N 0 5 8 0  
4 0  READ INPUT TAPE I N ~ ~ ~ , I C I ( K D I I ~ N C O ~ ~ I ~ ~ ~ ~ ) ~ ( C D ( I I N C D ) . I # I ~ E ~  M A I N 0 5 9 0  

I F ( I S A V E ) 4 6 , 4 6 , 4 2  M A  I NO600 

GO TO 4 6  MA1 N062D 
4 4  READ INPUT TAPE N S R , 3 4 ~ I C ~ I K C I I , N C D ) , I ~ l ~ 5 ~ ~ l C D t I ~ N C D ~ ~ I ~ l  9 8 )  M A I N 0 6 3 0  
4 6  WRITE OUTPUT TAPE NOUTv35r (KC(  I ~ N C D ) ~ I # ~ ~ ~ ) ~ I C O ( I I N C D ~ , I # I , ~ ~  M A  I NO640 

G O  TO 32 C A I  NO650 

FORMAT ( I H04 X 9 I 7H ( f t ( ( INSTRUCT ION1 5, 6H 1 I I I I 

4 2  WRITE OUTPUT TAPE NSR,34rIC, ( K O ( I r N C D l ~ I # 1 ~ 5 ) , { C D ( I ~ N C D ) r I # l  ( 8 )  M A I N 0 6 1 0  

. 
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C *+***  READ FORMAT 3 TRAILER CARD ***I* MA I NO660 
50 I N N # I N  MA I NO670 

I F ( I S A V E ) 5 2 r 5 4 r 5 4  PA I NO680 
52 INN#NSR W A I  NO690 
54 READ INPUT TAPE I N N 1 4 , ( T I T L E 2 ( I ) r I # I ~ l 2 )  MA I NO700 

WRITE OUTPUT TAPE N O U T r 5 1 ( T I T L E 2 (  I ) ,  I#l, 1 2 )  MAIN07  I O  
1 F ( I S A V E ) 9 0 1 9 0 ~ 5 6  MA I NO720 

MA I NO7 3 0  
C ***** EXECUTE INSTRUCTION **I** MA I NO740 

9 0  NJ#NF I / I O 0  MA I NO750 
NJ2#NF1 -NJ*  Io0 M A 1  NO760 
NJ3#XMOCFI N J 2 1  I 2  1 M A I N 0 7 7 0  
I F 1 N J - t 2 ) 9 8 , 9 2 r 9 2  MA I NO780 

9 2  CALL S P P R E ( N F I 1  MA I NO790 
I F ( N G ) 9 4 * 8 , 9 4  PA I NO800 

9 4  CALL ERPNT(3 .1NFI )  MAIN08  I O  
GO T O  8 M A  I NO820 

C ******BRANCH TABLE FOR FUNCTION TYPES******  M A 1  NO830 
MA I N084C! 
M A I N 0 8 5 0  C *******STRUCTURE ANALYSIS FUNCTIONS*******  

100 GO T O  ( l 0 l ~ l O l ~ l O 4 , 1 0 4 ~ 9 4 ) , N J 2  MA I NO860 
101 CALL SEPRCH M A 1  NO870 

GO T O  8 MA I NO880 
MA I NO890 

104 DO 164 I # l ,NATOM MA I NO900 
I F ~ X M O D F t I ~ 1 4 ) - 1 ) 1 3 4 r 1 1 4 r 1 3 4  M A I N O 9 l O  

114 WRITE OUTPUT TAPE N O U T 1 6 , ( T I T L E ( J ) r J # I 1 1 2 )  MA I NO920 
WRITE OUTPUT TAPE NOUT,129 MA I NO930 

I CN REFERENCE17X,29HPROBABILITY COVARIANCE MATRIX)  MA I NO9 50 
134 TI#55501.+FLOATF(I)*l~OOOO. MA I NO960 

CALL P A X E S ( T I , - 3 )  MA I NO970 
I F I N G ) 1 4 4 r 1 5 4 r 1 4 4  MA1 NO980 

144 CALL E R P N T ( T I 1 I C 4 )  M A I N 0 9 9 0  
149 F O R M A T ~ I H O I O X ~ A 6 ~ F 1 0 ~ 6 r 6 X ~ 3 F l 2 ~ 7 ~ l O X ~ 3 F 1 2 . 7 )  M A 1  N IO00 

I , J # l  1 3 )  M A I N 1 0 2 0  

I * K # 2 1 3 )  MA I N  I040 
I 5 9  FORMAT ( I H 16x9 F IO 6 x 1  3F 1 2 - 7 9  I OX, 3F 12 7 ) MAIN1050  

GO T O  8 M A  I N I 060 

200 CALL F 2 0 0  M A 1  N I  080 
G O  T O  8 M A 1  N I  090 

3 0 0  G O  T O  ( 3 0 1  1 3 0 2 1 3 0 3 1 9 4 ) , N J 2  M A I N l  100 
C * * * * * + * P L O T  D IMENS ICNS*+* * * *  M A I N l  I I D  

3 0 1  I F ~ A I N ( I ) ) 3 2 1 , 3 2 1 r 3 1 1  M A I N l  I20 
M A I N l  I 3 0  31 I XLNG( I  ) # A I N (  I )  

321 I F ( A I N ( 2 ) ) 3 4 1 , 3 4 1 . 3 3 1  MAIN1 140 
331 X L N G t 2 ) # A I N ( 2 )  M A I N l  I 5 0  
3 4 1  I F ~ A I N ( 3 ~ ) 3 6 1 , 3 6 1 , 3 5 1  MAIN1 160 
351 V I E W # A I h ( 3 )  M A I N l  I 7 0  
361 I F I A I N ( 4 1 ) 3 6 1 ~ 3 8 1 r 3 7 I  M A I N l  I 8 0  
371 B R C R # A I N ( b )  M A I N l  I 9 0  
381 WRITE OUTPUT TAPE NOUTr389,XLNGlllrXLNG(Z)+BRDR M A  I N I 200 

112H IN, MARGIN) MA I N 1  220 
391 WRITE OUTPUT TAPF NOUT1399,V IEW M A 1  N I 2 3’3 
3 9 9  FORMAT( IH  I O X I I ~ H V I E W  OISTANCEF7.317P INCHES) M A  I N I 2 4 0  

G O  T O  8 MA I N  1 2 5 0  
C *******LEGEND ROT AT ION******* M A 1  N I  2 6 0  

3 0 2  THETA#AIN(  I )  M A 1  N I 2 7 0  
T I # T H E T A * . 0 1 7 4 5 3 2 9 2 5 2  M A  I N I 2 8 0  
COSTH#CCSF ( T  I 1 M A I N 1 2 9 0  
S I N T H # S I N F ( T I  1 MAIN1 3 0 0  
DO 312 J#1 ,9  MAIN I31 0 

312 S Y C B ( J , I  )#O- M A I N l  3 2 0  
SYMB( I , I )#COSTH MAIN1330  
SYVB(212)#COSTH M A 1  N I 3 4 0  
SYMB(3,3)#I. M A 1  N I 3 5 0  

5 6  WRITE OUTPUT TAPE N S R I ~ ~ ( T I T L E ~ ( I ) , I # I ~ ~ ~ )  

9 8  G O  T O (  I 00 ,2009  3209 4fJ09 5001 600,7009 8001 9 0 0 1  I GOO 9 I I CO 1 9 NJ 

C * * * *a  AhISOTROPIC TEMP FACTOR OUTPUT +** * *  

129 F O R M A T ( I H I I O X ~ 4 H A T O M 3 X 1 1 6 H R M S  DISPLACEMENT3X,31HROW VECTORS, BASEDMAINO940 

154 WRITE OUTPUT TAPE N O U T ~ 1 4 9 ~ C H E M ~ I ~ ~ R M S o , I P A G I J l l ~ r J # l r 3 ~ ~ ~ Q ~ J ~ l ~ M A I N l O l O  

1 6 4  WRITE OUTPUT TAPE N O U T ~ 1 5 9 ~ ( R M S ( K ) ~ ~ P A C ( J 1 K ) 1 J # l ~ 3 ~ ~ ~ Q ( J ~ K ~ ~ J # l ~ 3 ~ M A I N l O 3 0  

C * * * * * * *PLOTTER I N I T I A L I Z E I F R A M E  ADVANCEtTERMINATE FUNCTIONS*******MAINIO70 

3 8 9  FORMAT( I H O I O X * I  IHPLOT L I M I T S F 6 . 2 1 3 H  RYF6.2r15H I N .  I N C L U D I N G F 6 . 2 ~ M A I N 1 2 l O  

. 
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S Y M B ( 2 , I ) # S I N T H  MA I N  1 3 6 0  
S Y M B ( l , 2 ) # - S I N T H  M A I N 1 3 7 9  
WRITE OUTPUT TAPE NOUT,319,THETA MAIN138r3 

3 1 9  FORMAT(IH9IOX,44HREGULAR T I T L E  AND SYMBOL ROTATION I N  OEGREESF8.2)MAIN1390 
G O  TO 8 M A  I N I 400 

C **(I+* RETRACE DISPLACEMENT ****+ M A 1  N I  4 I 9  
3 3 3  D I S P # A I N t  I )  M A 1  N I 4 2 0  

WRITE OUTPUT TAPE NOUT,313*DISP M A I N I  4 3 0  
3 1 3  FORMAT(IHOIOX,22HRETRACE OISPLACEMENT # F 7 * 4 , 5 H  INCH)  M A 1  N I 4 4 0  

Y A I  N I 4 5 0  G O  TO 8 
C r * * *+* *bTOM L I S T  FUNCTIONS*******  MA1 N I 4 6 0  

4 0 0  GO T O  (4~1~401,401,490~94,94,94,94,94,4lfl~4OI,401 ,401,94) ,NJ2 M A  I N I 4 7 0  
4 5 1  CALL F 4 0 0  MA I N  I 4 8 0  

GO TO 4 9 0  M A I N 1 4 9 0  
4 1 0  LATMWO M A I N l  5 0 0  

DO 4 2 0  I#1,500 P A I N 1  5 I D  
DO 4 2 0  J # 1 , 4  M A I N 1 5 2 0  

4 2 0  ATCMS(J , I )#O.  M A  I N I 5 3 0  
4 9 3  I F ( L A T M ) 8 , 8 , 4 9 1  M A I N I  5 4 0  
4 9 1  WRITE OUTPUT TAPE N O U T , 4 9 9 , ( A T O M S I I , I ) 1 I # I , L A T M )  M A 1  N I55q 
4 9 9  F O R M A T ( I H O I O X , 2 3 H C C N T E ~ T S  OF ATOMS A R R A Y / ( 1 5 X ~ 1 3 F I O - C l ) )  M A I N 1 5 6 0  

GO TO 8 C A I N 1 5 7 0  
C *+**+**CARTESIAN COORDINATE SYSTEM FUNCTIONS***++**  M A  I N I 5 8 0  

5 0 0  CALL F 5 0 0  MA1 N I 5 9 0  
I F ( N J 3 - 3 ) 5 0 7 r 5 3 9 , 5 3 9  M A I N 1 6 0 3  

5 0 7  WRITE OUTPUT TAPE NOUT.529 M A I N l  61 0 

I # I  9 3 )  MA1 N 163'3 
GO TO 8 MAIN I640 

5 0 9  FORMAT(IH0IOX.  UPHORTHCNORMAL WORKING VECTORS BASED ON CRYSTAL AXEMAIN1650 

2TOR8X98HZ VECTOR) M A  I N I 67Cl 
5 1 9  FORMAT(1H IOX,3E l6 .7 r8X ,3E16 .7 )  M A I N 1 6 8 9  
5 2 9  FORMAT(IH310X,51HORTHONORMAL REFERENCE VECTORS BASED ON CRYSTAL AXMAIN1690 

2CTOR8X18HZ VECTOR) M A I N l  710 
5 3 9  W R I T E  OUTPUT TAPE NOUT9509 MA1 N I 7 2 0  

I # I  9 3 )  M A I N 1 7 4 0  
GO T O  8 M A  I N I 7 5 0  

C **+****PLOT CENTERING FUNCTICNS*******  M A I N l  76fl 
CAIN17713 

WRITE OUTPUT TAPE N O U T * 6 0 9 , X O ( l l r X 0 ( 2 ) ~ S C A L l S C A L 2  M A 1  N I 7 8 0  

WRITE OUTPUT TAPE NOUT*519,( (REFV(J,I),I#I,3),IAAREV(J,I),I#lr3) , JMAIN1620  

IS18X,33HPOST-FACTOR TRANSFORMATION MATRIX/16X,8HX VECTOR8Xs8HY VECMAIN1660 

IES16X,33HPOST-FACTOR TRANSFORMATION MATRIX /16X,8H> VECTOR8XqBHY VEMAIN1700 

WRITE OUTPUT TAPE NOUT*519 , (  ( W R K V ( J ~ I ) ~ I # ~ , ~ ) , ( A A W R K ( J I I ) , I # ~ ~ ~ ) ~ J M A I N I ~ ~ O  

600 CALL F 6 0 0  

6 0 9  F O R M A T ( I H O I O X ~ 3 1 H O R I G I N  POINT I N  PLOTTER COORO.(F1.2,2H v F 6 . 2 ~ 8 H  ) M A I N 1 7 9 0  
I IN. / I IX,15HOVERALL SCALE #F6.3,32H IVCH/AYGSTFOM E L L I P S O I D  SCAMAIN18CO 
2LE #F6 .3 )  MA1 N l 8  I O  

GO T O  3 9 1  MA I N  I820 
C * * * * * * * E L L I P S O I D  AND SYMBOL PLOT FUNCTIONS**+**** M A I N l  8 3 0  
C * * * * + + * * F I L L  OUT DETAILS  FOR SPECIAL MODELS******** M A 1  N I 8 4 0  

7 0 0  GO TO ~701~702~704r705r709194)rNJ3 MA I N I R5n 
7 0 1  A I N ( 3 1 # 8 .  MAIN1 860 

GO TO 7 0 3  MA I N  I 8 7 0  
7 0 2  A I N ( 3 ) t O .  M A I N 1 8 8 0  
7 0 3  A I N (  I1W4. M A 1  N I 8 9 0  

A I  N (  2 ) #O. MA I N  I 9 0 0  
A I N( 4 1 #G MA1 N I  91 3 
G O  T O  7 0 9  M A 1  N 192'1 

7 0 4  A I N (  I 1 #3.  M A I N I  9 3 3  
A I  N( 2 f # - 5 .  MAIN1 9 4 0  
GO TO 736 C A I  N I  9 5 0  

705 A I N (  I )#I.  M A  I N  I960 
A I N ( 2 1 # O .  M A I N 1 9 7 0  

706 A I N (  3 ) # 1 .  M A 1  N 1980 
A I  N(  4 1 #5 MAIN1990  

7C9 CALL F 7 0 0  M A  I N 2 0 0 0  
GO TO 8 M A l N P O l U  

C **+****BCND FUNCTIONS*****+*  MA I N 2 0 2 0  
800 CALL F 8 0 0  M A 1  N 2 0 3 g  

GO T O  8 M A  I N 2 0 4 q  
C * * * * + * + T I T L E  FUNCTICNS*******  MA I N2U5O 
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930 C A L L  F900 C A I  N2060 
GO T O  8 MA I N 2 0 7 O  

C * * * * * * * C E L L  O U T L I N E  F U N C T I O N S * * * * * * *  M A I N 2 0 8 0  
lG90 C A L L  F l o g 3  M A 1  h 1 2 0 9 0  

G O  T O  8 M A I N 2 1 0 0  
C * * * * * * * S A V E  S E Q U E W E  F U N C T I O N S * * * * * * *  M A I N 2 1  I O  

I l 8 O  I F ~ N J 2 - 2 ) 1 1 0 1 ~ 1 1 0 2 ~ 1 1 ~ 3  M A I N 2 1 2 0  
1101 I S A V E # I  M A I N 2 1 3 0  

G O  T O  I 1 0 4  MA I N 2  I 4 0  
I102  I S A V E # O  M A I N 2 1  50 

C A I  N2 I60 J#-1 
W R I T E  O U T P U T  T A P E  N S R r  I 3 , J r N F I  * ( A I N (  I ) , I # l r 7 )  M A 1  N2 I 70 
E N D  F I L E  N S R  M A I N 2  I 8 0  
G O  T O  1104 M A I N 2 1 9 0  

I 1133 ISAVER-I M A  I N2200 
11134 R E W I N D  NSR M A 1  N22 IO 

MA I N2220 GO T O  8 
3000 C A L L  E X I T  MA I N22 3 C  

E N D  H A  I N2240 
* L I S T 8  
* L A B E L  

F U N C T I O F r  A R C C O S t  X )  ARCCOO I O  
C A R C C O S  ( X  1 I N  D E G R E E S  A R C C O O 2 0  

I F ( I . O - A B S F ( X ) ) 1 + 2 , 2  A R C C O O 3 9  
I X # S I G N F ( I . O , X )  A R C C 0 0 4 0  
2 I F ( X ) 3 r 4 , 5  ARCCOOSO 
3 A R C C O S # 1 8 0 * 3 + A T A N F ( S Q R T F (  I . f l -X*X) /X)*57.29577951 A R C C O O 6 0  

G O  T O  6 A R C C 0 0 7 0  
A RCCOO 80 4 ARCCOS#9O.O 

G O  T O  6 A R C C O O 9 0  
5 A R C C O S # A T A N F  ( S Q R T F  ( I .c)-X*X 1 / X 1 e57 2957795 I A R C C O  Io0  

A R C C O I  I D  6 R E T U R N  
E N D  A R C C O  I 29 

* L I S T 8  
* L A B E L  

S U B R O U T I N E  A T O M ( Q A t 2 )  A T O M 0 0  10 
C A T C C  C O C R D I N A T E  S U B R O U T I N E  A T O M 0 0 2 0  

A T  OPOO3D D I  MENS I C N  X (  3 1  9 2 ( 31 
DI M E N S I C N  A ( 9 )  t A A (  3, 3 )  , A A R E V  (39  3 1 9  A A W R K (  3 7 3 )  , A I D (  3 r 3 1  * A I N (  1 4 0 )  A T O M 0 0 4 0  
D I C E N S I C N  ATOMS ( 4,500) t BB( 39 3 1 c C D (  8 , 2 0 1  r C H E M ( 2 O 0 )  q C O N T ( 5  I rD( 3 9  1 3 0 )  A T O P 0 0 5 0  
DI M E N S I C N  D A (  31 3 ) 9 D P  (2 ,  I30 I T  E V (  3 r  200 ) r  F S (  3 ,  3.48) 9 KD( 5 ~ 2 0  1 ,ORGN ( 3  1 A T O M 0 0 6 0  
D I M E N S I C N  P(3,20O),PA(3,3~2U0)rPnC(3r5)rPAT(3r3),S(3,3),RE~V(3r3) A T O M 0 0 7 0  
D I M E N S I C N  R E S t 4 t r R M S ( S ) r S Y M R ( 3 , 3 ) , T I T L E ( l 2 ) r T I T L E ~ ( l 2 ) , T S ( 3 , 4 8 )  A T O M 0 0 8 3  
D I M E N S I C N  A T O M 0 0 9 0  V T ( 3 - 4  1 t V  I ( 4  1 9 V 2 1 3  1, V 3 1 3  ) r V 4 1 3 )  t V 5 (  3 )  9 V t ( 3 ) ,  W R K V ( 3 . 3 )  
D I M E W S I C N  X L N G ( ~ ) T X O ( ~ ) , X T ( ~ )  A T O M 0 1  00 
COMMON N G ~ A ~ A A r A A R E V ~ d A W S K r A I D 1 A I N 1 A T O M S I B B , B R D R ~ C D r C H E M ~ C O N T ~ D  A T O M O I I O  
COMMCN C A , D P , D I S P ~ E O G E , E V T F O R E ~ F S ~ I N ~ I T I L T ~ K D ~ L A T ~ ~ L T N O ~ N A T O M ~ N C D  A T O M 0 1 2 3  
COMMON N J ~ N J ~ ~ N O U T ~ N S R T N S Y M T O R ~ N ~ P ~ P A C I P A T , Q ~ R E F V ~ R E S , R M S ~ S C A L I A T O M O I ~ U  
COMMON S C A L 2 r S C L ~ S Y M R ~ T A P E R , T ~ E T A r T I T L E 2 r T S ~ V I E W ~ V T ~ V l ~ V 2  A T O C O l 4 r l  
COCMCN V ~ ~ V ~ , V S ~ V ~ V W R K V , X L N G , X O , X T  A T O M 0 1  5c) 
K#QA/IOOfl!IO.Ll A T O M U I  60 
I F ( K l 1 0 9 ~ 1 0 9 ~ 1 1 7  A T O M O I  70 

109 X ( I ) # O . O  A T O C O I  80  
X ( 2 ) # 0 . 0  A T O M O I  90 
X ( 3 1 E 0 . U  A T  O C O 2  00 

A T O M 0 2  I O  GO T O  125 
1 1 7  I F ( K - N A T C M ) 1 1 9 r l l 9 ~ 5 0 3  A T O M 0 2 2 0  
593 N G # 5  A T O M 0 2  30 

G O  T O  325  A T O M 0 2 4 0  
I I 9  0 0 1 2 3 J # 1  13 A T O M 0 2 5 0  
1 2 3  X ( J ) # P ( J , K )  A T O M 0 2  60 
1 2 5  T A # A B S F I Q A )  A T O M 0 2 7 0  

K S Y M # M O C F I T A r 1 0 ~ 0 0 0 . 0 )  A T O M 0 2 8 0  
K T # K S Y M / I O O  A T O M 0 2 9 0  
K S # K S Y M - I O O * K T  A T O P 0 3 0 0  
I F ( K S - N S Y M ) 2 3 3 r 2 0 3 , 4 0 3  AT  O M 0 3  I D 

403 N G # 4  A T O M 0 3 2 0  
GO T O  325 A T O M 0 3 3 0  

203 I F ( K S ) 4 0 3 , 2 0 5 , 2 1 3  A T O M 0 3 4 0  
205 Z ( I  ) # X ( I  1 A T  O M 0 3 5 0  



9 2  

Z ( 2 ) # X ( 2 )  
2 ( 3  1 # X t 3  1 
GO T O  311 

213 DO 2 2 3  K#1,3 
Z ( K ) # T S ( K , K S )  
DO 2 2 3  J # l  1 3  

223 Z I K ) # Z I K ) t F S ( J t K t K S ) + X ( J )  
3 1 1  I F ( K T ) 4 0 3 * 3 2 5 r 3 1 3  
313 I F I K T - 5 5 5 ) 3 1 7 r 3 1 5 ~ 3 1 7  
5 1 5  KSYM#KS 

G O  T O  3 2 5  
317 K I # K T / l O @  

K#KT-I  OU+K I 
K 2 # K / I  0 
K3#K- IO+K2 
Z I I ) Y Z ( I ) + F L O A T F I K I - 5 )  
Z 1 2 )  #Z ( 2  )+FLOATF(K2-5 )  
2 ( 3 ) # 2 ( 3 ) + F C O A T F ( K 3 - 5 )  

3 2 5  RETURN 
EN0 

+ L I S T 8  
+LABEL 

C +I+++ SCLUTICN OF MATRIX EQUATION AX#B FOR X +++++  
C **++I USES METHOD OF TRIANGULAR E L I M I N A T I O N  ++**+ 

C +++++ T c  INVERT A MAKE B 3 BY 3 I O E N I T Y  MATRIX *++** 

SUBROUTINE A X E P B I A l r X 9 B l r J J J )  

C +*+++ B AYD X HAVE DIMENSIONS ( 3 9 J J J ) r A  IS ALWAYS ( 3 9 3 )  

DIMENSICN A I  (393)~A(39319B~3t311Bl(3.3) 
N V l J J J  

DO 2 I W 1 9 3  
DO 2 J # l r 3  
I F ( N V - J ) 2 9 1 1 1  

C ++++e TRANSFER DATA +e*++ 

I R ( I t J ) # B I l I v J )  
2 A ( I , J ) # A l ( I v J I  

C *++++ TRIANGULARIZE YATRIX A *++++ 
00 17 IYIv2 
S#O. 0 
DO 4 JIYIt3 
R # A B S F ( A ( J v I ) I  
I F  (R-S 1 4  93 1 3 

3 S#R 
L # J  

4 CCNTINUE 
I F ( L - 1 1 5 r I O t 5  

5 DO 6 JIY1.3 
S # A ( I v J )  
A I I I J ) # A ( L * J )  

6 A ( L , J ) # S  
DO 8 J d l t N V  
S # B (  I IJ)  
B ( I t  J)  # B I L c  J 1 

8 B I L v J ) # S  
I O  T E M # A ( I * I )  

I I  I P O # I + I  
I F I T E P ) I l r 1 7 ~ 1 1  

DO 16 J l t I P 0 1 3  
I F ( A ( J t I ) ) 1 2 t 1 6 r 1 2  

A ( J 9  I )  Y O . 3  
DO 13 K # I P O 9 3  

1 2  S # A ( J t I ) / T E M  

13 A I J I K ) # A ~ J , K ) - A ( I I K ) + S  
DO 15 K # I t N V  

15 B ( J ~ K ) # B ( J I K ) - B ( I ~ K ) + S  
16 CONTINUE 
I 7  CONTINUE 

C +++e+ MCOIFY SINGULAR MATRIX +**** 
DO 20 I # l r 3  
I F I A ( I ~ 1 ) ) 2 0 t l 9 r 2 0  
A ( 1 9  I )#PAX I F (  I eE-25, M A X  I F (  A (  I t I I t  A (  2.2 1 t A (  3 9 3 )  I +  I eE-15) I 9  

ATOM0360 
ATOM037P 

AT 0 PO 390 
A T  OM0403 
ATOM04 1 
ATOM0423 
ATOW0430 
ATOM0443 
A TOM04 50 
ATOM0460 

ATOM04 80 
AT OM04 90 
ATOM0500 
ATOM05 I O  
ATOF0520 
ATOP0530 
ATOM0540 
ATOM0559 

A T O M O ~ R ~  

A 1 0 . ~ 0 4  70 

AXE000 I O  
AXEQ0029 
AXEQOO 30 
AXEQ0040 
AXEQ005t l  
AXE00060  
AXEQ0070 
AXEQUO80 
AXEQOO9@ 
AXEQOl O@ 
AXEQOI I O  
AXEQOI 2 0  
AXE401 30 
AXEQOl4O 
AXEQOl50 
AXEQO I60 
AXEQOl7O 
AXEQOl80 
AXEQOl90 
AXEQ02C0 
AXE002 I O  
AXEQO22D 
AXEQ023Q 
AXEQ0240 
AXEQ0250 
AXEQ026n 
A X  EQ02 70 
AXEQ02RO 
AXEQ0290 
AXEPO303 
AXEQ03 I O  
AXE003213 
AXEQ0333 
AXEQ034D 
AXEQ0350 
AXEQO360 
AXEQ0370 
AXEQ0380 
AXE00390  
AXEQ0401) 
AXEQ04 I 0 
AXEQ042D 
AXE00433  
AXEQ0440 
AXEQ045? 
AXEQO46O 
A X  E €104 7C 
AXEQ04 8 0  

. 
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2 0  CCNTINUE AXE00490  
DO 2 4  K # l r N V  AXEQO5OO 
00 2 4  I#1 ,3  AXE005 IO 

AXE90520  
M#N+ 1 AXEQ0530 
TEM# B (N, K 1 AXEQO540 
I F ( 3 - M ) 2 3 , 2 1 r 2 1  AXEQ0550 

AXEQ056rJ 
2 2  TEM#TEM-A(N, J ) * B (  J t K )  AXE00570  

AXE90580  2 3 €3 ( N , K 1 # T E M/ A ( N , IV 
2 4  X ( N t  K )  # B  ( N T K )  AXE00590  

RETURN AXEQ0600 
EN0 AXEQ06 I O  

N#4-  I 

21 DO 2 2  J#M,3 

* L I S T 8  
*LABEL 

SUBROUTINE AXES(U,VvX, ITYPE) AXESOO IO 
C *****  STORE THREE ORTHOGONAL VECTORS EACH I ANGSTPOM LONG I***+ AXES0020 
C *e*** ITYPE aGT.0 FOR CARTESIANI.LE.O FOR T R I C L I N I C  * ***+ AXESOO 30 
C ***** X A B S F ( I T Y P E ) # I  W ( I ) U U I W ( ~ ) # ( U X V ) * W ( ~ ) # U X ( U X V )  **+e* AXES0043 
C * * * e *  X A B S F l I T Y P E ) # Z  W l l ) U U , W I 2 ) # ( U X V ) X U t W / 3 ) # I U X V )  ***** AXES0050 

AXES0070 
AXES0080 I T # I T Y P E  

I F f I T ) l l 5 ~ 1 3 5 r 1 1 5  A X  E SOD90 
1 e 5  U ( I ) # I .  AXES01 DO 

U ( 2 )  #O. AXESO I IO 
U I 3 ) # 0 .  AXESO 12'3 
V(I)#O. AXES01 3 0  
V ( 2 ) # I .  AXES01 4 0  
V ( 3 ) # 0 .  AXES01 50 

115 00 1 2 5  JC1,3 AXESO I 60 
125 W ( J , l ) # U ( J )  AXES01 7 0  

IF(XARSF(IT)-1~145rl35~l45 AXESO I 80 
135 CALL N O R M 1 U , V * U ( 1 , 2 ) r I T )  AXES01 90 

CALL NORM(U,WI I r 2 1 r W 1  I 1  3 )  I T  1 A X  E S 02 00 
G O  T O  I 5 5  AXES02 IO 

AXES0220 
CALL NOPM(W(1,3),U,W(I,2),IT) AXES02 30 

155 DO 1 9 5  I # 1 , 3  A X  E SO2 4 0  
I F ( I T ) 1 6 5 , 1 6 5 , 1 7 5  AXES0250 

165 I C # - I  AXES0260 
G O  T O  1 9 5  AXES0270 

175 IC#l A X  E SO2 80 
195 CALL U N I T ( W ( I r I ) , X ( l r I ) , I C )  AXE SO2 9 0  

RETURN AXESO3Or3 
END AXES03 I O  

C ****I ITYPE#O W ( I ) # A , H ( ~ ) # ( A X B ) X A I U O # ( A X B ) ,  A B C K E L L  VECTORS +* *AXES0060  
DIMENSICN U ( 3 ) , V ( 3 1 r W ( 3 , 3 ) , X ( 3 1 3 )  

145 CALL NORM(U,V ,W(1 ,3 ) r IT )  

+ L I S T 8  
*LABEL 

BONOOG I O  
0 I MENS I CN B ( 3 9 3 1 t E (  3 1  3 I BONO0020 
OIMENSICN V 7 ( 3 ) , W ( 1 3 r 2 ) r X ( 3 )  v Z ( 3 )  8 0 NO00 30 

SUBROUTINE B O N D ( l l ~ Z 2 t N B )  
R ( 31 3 1 t R T  ( 31  3 )  9 S (  3 t 3 1 9 U( 3 r 3  1 9 VUE ( 3 

DI MENSICN A ( 9  1 , A A (  3, 3 )  , AAREV ( 3 9 3 )  9 AAURK ( 3 .3)  * A  IO ( 3 ~ 3 )  V A I N (  140) RON00040 
01 MENS I ON ATOMS 1 4 ,  5 0 0  1 ,  BR ( 39 3 1 * CD( 8,213) 9 CHEM (200 1 ,CONT( 5 ) t D  I 3 1  130) BOND0050 
DI MENS I C N  DA( 3.3) BONO0060 
01 MENS I C N  BONO0070 
OIMENSICN R E S I 4 ) r R M S ( 5 ) ~ S Y M R ( 3 1 3 ) 1 T I T L E l 1 2 ) r T I T L E ~ ( 1 2 ) , T S ( 3 ~ 4 8 )  BONO00813 
01 MENS I C N  BOND0090 

OP ( 2 ,  I 3 0 ) ,  EV( 3,2013 1 ,  FS 13,  3.48)  v CD( 5,201 9 ORGN ( 3 )  
P (  3 r 2 i l Z  1 ,  PA(  3 1  3 r 2 L I 0 )  9 PAC( 3 1 5  1 ,PAT1 39 3 )  ,Q( 3 9 3 1  r REFV ( 3  13 1 

VT ( 3, 4 1 r V  I ( 4 1 p V213 ) *  V 3 (  3 1 t V4( 3) 9 V 5  ( 3 1 V t (  3 1 ,  WRKV(  3 93 1 
DIMENSICN X L N G ( J ) r X O ( 3 ) r X T ( 3 )  BONO01 00 
COMMON ~ G ~ A ~ A A ~ A A R E V ~ A A W R K ~ A I O , A I N , A T O M S ~ B B ~ € 3 ~ O R ~ C D ~ C H E M ~ C O N T ~ O  BONOOllO 
COMMON C A , D P ~ D I S P , E C G E , E V ~ F O R E , F S ~ I N , I T I L T ~ K D ~ L A T ~ ~ L T N O ~ N A T O ~ ~ N C O  BONDOl20 
COMMCN N J ~ N J ~ ~ N O U T ~ Y S 9 ~ N S Y M ~ O R G N ~ P ~ P A t r P A C ~ P A T ~ Q ~ R E F V ~ R E S ~ R M S ~ S C A L l ~ O N O O l 3 ~  
COMMON SCAL21SCL,SYMB,TAPERITHETAITITLEITITLE,TITLE2,TS,VIEW,VT,Vl ,V2 BOND0140 
COMMON V 3 9 V 4 9 V 5 9 V 6 r W R K V 9 X L N G , X 0 7 X T  BOND01 50 

C e * * * *  OBTAIN POSITICNAC PARAMETERS .I.***+ BOND0 I 60 
N G I # O  BONOO I 7 0  
DO 105 J # 1 , 2 6  BONOOI 80 

i n5  W ( J , I ) U O .  BONOO I 90 
W (  I ,  I ) # Z I  B 0 N 0 02 00 
W (  I , 2 ) # Z 2  BOND02 I3 
DO 1 3 5  I f 1 9 2  BONO0220 
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CALL X Y Z ( W (  I ,  I I v W ( 4 r  I ) r 2 )  RONDO2 30 
I F ( N G ) 1 2 5 r 1 1 0 t 1 2 5  RONDO2 4 0  

110 DO I 1 5  JY1.3 BOND0253 
I 1 5  W ( J + 6 r I ) # X T ( J )  BOND0269 

K # W ( I , I ) / 1 0 0 0 0 0 .  BOND0270 
L#W(ItI)-FLOATF(K)+IOOOOO. BOND0280 
CALL P L T X Y ( W ( 4 , I ) * W 4 2 t I ) )  BOND0290 
IF(EDG€-BRDR+.25)120tI28,l28 BOND0303 

I 2 0  NG#IO BOND03 1 D 
BOND0320 1 2 5  N G I # l  

WRITE OUTPUT TAPE N O U T ~ ~ ~ ~ , C H E M ( K ) ~ K T L , ( W ( J , I ) ~ J U ~ T ~ )  BOND0330 
CALL E R P N T ( W ( l r I ) r 8 O O )  BOND0340 
G O  TO 135 RONDOJ5r3 

1 2 8  I F ~ N J 2 - 1 0 ) 1 3 0 ~ 1 3 5 r 1 3 5  BOND0360 
130 WRITE OUTPUT TAPE N O U T ~ I ~ ~ ~ G H E M ( K ) ~ K I L ~ I W ( J I I ) ~ J # ~ ~ ~ )  BOND0370 
1 3 5  CONTINUE BOND0380 
136 FORMAT( I H  IOXpA6,3P I I 3 1  I H t  1 5 t 4 H )  2F8 .2 ,5X13F8 .3 ,13X,3F8-41  BOND0390 

I F ( N G 1 ) 9 9 9 ~ 1 4 0 * 9 9 9  BOND0400 
BOND04 13 

D I S T # S O R T F ( V ~ V I V 7 , a A I V 7 ) )  BOND0420 
IF~XMODF(NJ2 t10 ) -3 )143r142r142~142  BOND0430 

142  HGT#SCAL1*.12 BOND04411 

I l l  BOND0460 

1 2 )  BOND0480 
GO TO 570 BOND0490 

I 4 3  KODE#KD(SrNB) BOND0500 
I F ( K O D E ) 1 4 5 , 1 4 4 ~ 1 4 6  BOND05 I O  

144 NBND#O RONDO520  
GO TO 1 4 8  BOND053C1 

1 4 5  KODEU-KCDE RON00540 
1 4 6  NBND#128/2**KODE BOND0553 

BOND0560 
BOND0571 

150 W ( I 2 r l ) U I -  BCND0580 
W (  12,2)#1. BOND0590 
I F ( W ( 6 . 1  ) - W ( 6 ~ 2 1 ) 1 6 5 r 1 7 5 r l 7 5  BOND0600 

C +****VECTOR FROM ATOM T O  VIEWPOINT +* *e*  BOND06 I 0  
1 5 2  DO I 6 0  11112 BOND0620 

DO 155 J # 1 0 , 1 2  BOND06 3 3  
155 W ( J , I ) # - W ( J - 6 1 1 )  BOND0643 

W ( 1 2 r I ) # W (  I 2 r I ) + V I E W  BOND065CJ 
C s i * * *  DISTAMCE SQUARED TO VIEWPOINT ***+a BOND0660 

160 W ( ~ ~ T ~ ) # V V ( W ( I O ~ I ) T W I I D ~ ~ ) ~  BOND0670 
BOND0680 

C *****  SNITCH ATOMS ***.+* BOND0690 
1 6 5  DO 170 J # 1 , 1 3  BOND0700 

TI # W ( J p  I ) BOND07 I 3  
W(J.1 ) # U ( J , 2 )  BOND0720 

170 W ( J v 2 ) U T I  BOND0730 
C *****  FCRM IDEMFACTOR MATRIX * * * * a  BOND0740 

I 7 5  DO 190 J#1,3 RON00750 
E (  JI J ) # I .  BOND07611 
E ( J + I , I  ) # 3 .  BOND0770 

RONDO780 
C ***e* FCRM VECTOR SET RADIAL TO BOND * *e* *  BONDO79D 

CALL ~ I F V ( W ( 4 , 2 ) r H ( k t 1  ) r D A l l r 3 ) )  BOND0800 
CALL U N I T ( D A ( l t 3 ) r V J , I )  BOND08 I O  
T 6 # A B S F ( V 3 ( 3 ) )  BONO0820 
I F ( . 9 9 9 4 - T 6 ) 3 9 O t  185,185 BOND083rl 

185 TI#CD(3 ,NB) /SCAL2  RONDO840 
CALL A X E S ( V 3 r E f l r 3 ) r R , I  1 BOND0850 
DO 190 J # I r 3  BOND0860 
D A ( J I I ) # - B ( J T ~ ) * T I  BOND0870 

I 9 0  D b ( J * 2 ) # - B { J , 3 ) * T I  BOND0880 
I F ( N B N D ) 5 0 0 , 5 0 0 t I 9 5  RONDO890 

1 9 5  CALL R A C I A L ( 3 )  BOND0900 
C ***I* D E R I V E  QUADRICS FOR EACH ATOM e* * * *  BOND09 I 7  

BOND0920 

1 4 0  CALL D I F V I W ( 7 r l ) , W ( 7 , 2 ) t V 7 )  

CALL S I P B O L ( W ( 2 t  I 1 t W l 3 r  I )  tHGTtXMODF( X F I X F (  W (  I t 1 )  /100000.) t I O )  -0. t-BOND045C) 

SICBOL ( W (2 .2  I t  W ( 39 2 )  9 HGTt XMOOF( XF I X F  ( W ( I 9 2 )  / 100000. ) I O  1 to. t-BOND047C3 CALL 

C * * e * *  F I N D  UPPERMOST ATOM PUT I N  P O S I T I O N  ONE e * * * *  
1 4 8  I F ( V I E W ) 1 5 2 , 1 5 0 , 1 5 2  

I F t W ( l 3 r 2 ) - W ( 1 3 ~ 1 ) ) 1 6 5 r 1 7 5 , 1 7 5 ~ l 7 5  

180 E ( J + 5 , 1  ) # D e  

DO 3 8 0  I T # l r 2  
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CALL P A X E S ( W ( I , I I ) , 2 )  
I F ( N G ) 2 0 5 , 2 1 0 , 2 0 5  

2CS CALL E R P N T ( W ( l r I I ) , 8 0 3 )  
G O  TO 999 

2 1 0  T I # 3 - 1 1 * 2  
C * e * * *  DCES BOND GO TO E L L I P S O I D  OR TO ENVELOPE *****  

DO 2 1 2  J # 1 , 3  
V 3 ( J ) # V 3 ( J ) * T I  

2 1 2  VUE( J )#C.  
I F ( K D (  5 NB 1 ) 2 6 0 1 2 6 0 1 2  15 
CALL 
IF1VMV(V3,Q,R(I,3)))22C,260,260 

2 I 5  U N I T  ( W ( 10, I I I ,R ( I ,  3 1 ,  I I 

C ****I ESTABLISH VIEW COOrlDIhlATE SYSTEM *+**t 

2 2 0  IBND#O 
I F ( V I E W ) 2 2 5 , 2 2 5 , 2 3 0  

C * * *e+  DERIVE TANGENT CYLINDER ****I 
2 2 5  CCNE#O. 

G O  TO 2 4 3  
C ***** DERIVE TANGENT CONE *I)*** 

2 3 0  C C N E # S C L + S C L / W ( 1 3 r I I )  
CALL N O R M ( E ( 1 , 2 ) , R ( 1 , 3 ) , R ( l ~ I ) , l )  
CALL U N I T ( R ( l r l ) ~ R ( l ~ l 1 ~ 1 )  
CALL N O R M ( R ( l r 3 ) v R I I , I  ) ,R( 1 ~ 2 ) r l )  
DO 2 3 5  1 # 1 , 3  
DO 2 3 5  J # 1 , 3  

2 3 5  R T ( I q J I # R ( J , I )  
C * * * * *  BASE E L L I P S O I D  ON VIEW COORDINATE SYSTEM * * * * *  

CALL MM(RT,Q,U) 
CALL VM(U*RvB)  

241J T I # I . / ( C O N E - Q ( 3 , 3 ) )  
T2#COYE*TI  
DO 2 5 0  J Y 1 9 2  
DO 2 4 5  KMl.2 
S ( K t  J 1 # C  I K, J 1 +Q( K 
S 1 3 , J ) # C ( 3 r J ) + T 2  

2 5 0  S ( J , 3 ) # S ( J r 3 ) * 1 2  
S ( 3 , 3 1 # 6 ( 3 , 3 ) * 1 2  
I F  ( C O V E  ) 2 5 2  2 7 0 1  2 5 2  

2 4 5  3 1 *Q( J , 31, T I  

2 5 2  DO 2 5 5  J # 1 , 3  
2 5 5  V U E ( J 1 # - W ( J + 9 , I I ) / S C L  

C *****  BASE TANGENT COVE ON WORKING SYSTEM e * * * *  
CALL MM(R,S,U) 
CALL MM(U,RT,SI 
T5#0. 
G O  T O  3ao 

C * * * + e  TRANSFER E L L I P S O I D  * * * a *  
2 6 0  DO 2 6 5  J # l t 9  
2 6 5  S ( J , I ) # C ( J , I )  

I B N D f t I I  
270 T 5 # I .  

C * ****  ChECK FOR BCND TAPER ****+ 
300 I F ( I l - 2 ) 3 3 5 ~ 3 1 0 ~ 3 1 3  
505 RADIUS#I .+T6*TAPER 

GO TO 320 
310 RADIUS#I.-T6*TAPER 
3 2 0  CALL MV(S,VJ,V4) 

T 2 # V V ( V 3 r V 4 )  
C * i t * * *  CCMPUTE BOND INTERSECTION +*a**  

K L # S - I I -  I 1  
DO 3 6 7  K ( # l , 6 5 r 4  
DO 3 2 5  J # l  1 3  
V 6 (  J ) # D (  J v K )  *RADIUS 

3 2 5  V S ( J ) # V 6 ( J ) + V U E ( J I  
T3#VV(VS,V4) 
T4#T3*T3-T2* (VMV(  V 5 ,  S9V5 1-15 f 
I F ( T 4 ) 3 3 0 , 3 3 5 , 3 3 5  

3 3 7  NG#I 3 
CALL E R P N T ( W ( I , I I ) , R O J )  
GO TO 9 9 9  

3 3 5  T4#SQRTF(T4)  

BOND0930 
BOND0940 
BOND0950 
BOND0960 
BOND0970 
BOND098r3 
BOND0990 
BONO I 000 
BONOl 01 0 
BOND I 0 2 0  
BOND I O 3 0  
BOND I 0 4 0  
BOND I 1150 
BOND IO60 
BONO IO70 
BOND I O 8 0  
BOND I090 
BONDl IO0 
BONDl I I O  
RONDl 1 2 0  
ROhlD l  I 3 0  
BOND I I 4 0  
BOND1 I 5 0  
BONDl I 6 0  
BONDl I 7 0  
BOND1 I8Cl 
BOND1 I 9 0  
BOND I 2 0 0  
BONDl 2 I 3  
BONO I 2 2 0  
BOND123Cl 
BOND 1 2 4 0  
BOND I 2 5 0  
BOND I 2 6 0  
BOND I 2 7 0  
BOND I280 
BOND I 2 9 0  
BONO 1 3 0 0  
BONO I 3  10 
BOND I 3 2 0  
BOND I 3 3 0  
BOND I 3 4 0  
BOND I 3 5 0  
BOND I 360 
BONO I 3 7 0  
BONO I 3 8 0  
BOND I390  
BOND I 4 0 0  
BONDl 41  0 
BONDl 420 
BOND I 4 3 0  
BONO I 4 4 0  
BOND I 4 5 9  
BOND I 4 6 0  
BOND I 4 7 0  
BOND I 4 8 0  
BONDl 4 9 0  
BOND I500  
BONOl 51’3 
BOND I 5 2 0  
BONDl 5 3 0  
BONO I 5 4 0  
BONOl 5 5 3  
BOND I 5 6 0  
BONO I 570 
BOND I 580 
BOND I 5 9 0  
BONO 1600 
BOND1610 
BOND I 6 2 0  
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T l # ( T 4 - T 3 ) / T 2  
T 3 # ( - T 4 - T 3 ) / T 2  
L # K + K L - I  
DO 3 6 0  J # 1 , 3  
D ( J , L ) # ( V 6 ( J ) + T I + V 3 ( J ) ) * S C L  
D (  J, L +  I ) # ( - V 6 (  J ) - T 3 * V 3 (  J ) 1 *SCL 
CALL PRCJ( O (  I v K L  I 
I F ( I B N D - 1 ) 3 7 0 , 3 6 5 r 3 7 0  

3 6 3  
,CP( I r I I )  rW (41 I I r X 0 1  VIEW, I r65r4) 

365 CALL P R C J ( D ( I r K L + S ) , C P (  I ~ I I + ~ ~ ) , W ( ~ ~ I I ) ~ X O I V I E W ~ I ~ ~ I ~ ~ )  
G O  T O  3 8 0  

C ++*I* RETRACE TOP PALF e * * * *  
3 7 0  DO 3 7 5  K#4 ,64 ,4  

L # K +  I I 
M#L+64 
N # 6 6 - L  
D P l l r M ) # D P ( I , N I  

3 7 5  D P ( 2 r M I # D P ( 2 r N )  
3 8 0  CONTINUE 

C i t * * * *  CHECK FOR OVERLAP OR HIDDEN BOND *****  
DO 3 9 5  K#1 ,65 ,32  
T I  #O. 
T2#3 .  
DO 3 8 5  J # 1 , 2  
T I # T I + ( C P ( J r K ) - W I J + I ( I )  ) * * 2  

385 T ~ # T ~ + ( C P ( J I K + I ) - W ( J + I ~ I ) ) * * ~  
I F ( T 2 - T I ) 3 9 0 , 3 9 0 ~ 3 9 5  

3 9 0  NG#I 4 
CALL E R P Y T ( W ( l r 2 1 , 8 0 3 1  
G O  T O  9 9 9  

3 9 5  CChTIYUE 
C * * * e *  C R A W  BCNC OUTLIVE ***** 

CALL D R P W ( D P ( l r l ) r O . r ~ . r 3 )  
DO 415 K # 5 , 1 2 9 r 4  

DO 420 K # 2 r 6 6 r 4  
415 CALL D R d W I D P ( I r K I , O . r ~ . , 2 )  

4 2 0  CALL D R A W ( D P l l r K ) , O . r l . r 2 )  
CALL D R A W ( D P ( 1 , 6 5 ) , 0 i i O . r 2 )  

C *+** *  DRAW BCND DETAIL  ***** 
4 2 5  K # 6 5  
43c1 K#K-NBNC 

I F ( K - I ) 5 0 0 , 5 0 O r 4 3 5  

CALL D R A W ( D P ( I r K + I ) r O . r G . r 2 )  
K#K-NRNC 
I F ( K - I ) 5 O ~ r 5 0 0 , 4 4 0  

CALL D R A W ( D P ( l r K ) r 0 . , ~ . , 2 )  

4 3 5  CALL DRAW(DPIl,K),0.,3.,3) 

440 CALL D R A W ( D P ( I r K + 1 1 , 0 . r 3 . r 3 )  

GO TO 430 
509 HGT#CD(4rNB)  

OFF#CD(S,NB) 
I F ( H G T 1 5 1 0 ~ 5 7 0 r 5 1 0  

C e * * + *  PERSPECTIVE BCND LABEL ROUTINE *****  
C ****I BASE DECISICNS OW REFERENCE SYSTEM ***** 

510 K#O 
CALL D I F V ( W ( 7 , 2 ) , W ( 7 r I ) , V 7 )  
CALL V M ( V 7 r A A R E V v V I )  
CALL A X E S ( V l r E ( 1 , 3 ) r U , I  I 
DO 5 3 5  I # 1 9 3  

I F ( I - 2 ) 5 1 5 , 5 1 5 r 5 2 0  
T I # l .  

515 I F ( V V ( U ( l r I ) ~ S Y M B t I ~ I 1 ) ) ) S 2 S ~ S 3 O ~ S 3 O  
5 2 0  I F ( X M O O F ( K , 2 ) ) 5 3 3 , 5 2 5 r 5 3 0  
5 2 5  T l # - I .  

K#K+ I 
53!! DO 5 3 5  J # l r 3  

U ( J r I ) # C I J , I ) * T I  
5 3 5  V T ( J I I ) # F ( J ~ I ) * T I  

DO 540 J # I r 3  
VT( J (4 1 #.5* ( W t  J + 3 1  I ) +W ( J + 3 9 2  1 )  5 4 0  

C ****I CHECK FOR EXCESS FORESHORTENING * *e* *  

BOND I 6 3 @  
BOND I 6 4 0  
BOND I 6 5 0  
BOND I 660 
BONO I 6 7 0  
BOND I680 
BOND 1 6 9 0  
BONO I 7 0 n  
BONDl 7 IO 
BONO I 7 2 0  
BOND I 7 3 0  
BOND I 7 4 0  
BOND I 7 5 0  
BOND 1 7 6 0  
BOND1 7 7 3  
BOND I 7 8 0  
BOND I 7 9 0  
BOND I 8 0 0  
BONDl 810 
BOND I820 
BONO 1 8 3 0  
BOND I840 
BOND I85Q 
BOND I 8 6 0  
BOND 1 8 7 0  
BOND I 8 8 0  
BOND I 8 9 3  
BOND I 9 0 C  
BOND I91 0 
BOND I 9 2 0  
BONO I 9 3 1  
BOND I940 
BOND I 9 5 0  
RON0 I 9 6 0  
BOND I 9 7 5  
BOND 1 9 8 0  
BOND I 9 9 0  
BOND2000 
BOND20 I D 
BOND202fl 

ROND204D 
BONO2050 
BOND2060 
BOND2070 
BOND2080 
90ND2090  
BOND2 IO0 
BOND2 I IO 
BOND2 I20 
BOND2 I 3 g  
BOND2 I43 
BOND2 I S'! 
BOND2 I 6 0  
BOND2 I 6 5  
BOND2 I 7 0  
BOND2 I 8 Q  
BOND2 I 90 
BOND220E 
BOND22 I O  
ROND222rl 
BOND2230 
BOND2240 
BOND2250 
BOND226n 
BOND2270 
BOND2280 
BOND2290 
BOND2300 
BOND23 IO 

B O N D ~ O ~ ~  
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I F ( F O R E - A B S F ( U ( 3 r I ) )  ) 5 4 5 r 5 5 0 , 5 5 0  
545 CALL N O R M ( U ( l r 2 ) r S Y M B ( I r 3 ) ~ V T ( l l l ) r l ) r l ~  

V T t l r 3 ) # S Y M B I l r 3 )  
VT(2 ,3  1 # s Y ~ ~ 1 2 , 3 )  
V T ( 3  1 3  )#SYMR( 3 . 3 )  
HGTnCDt  6 r NB) 
OFF#CD(7,NB) 
I F l H G T ) 5 5 0 , 9 9 9 * 5 5 0  

553 T I # C D ( S r N B )  
Z ( l ) # V T ( I r 4 ) - ~ G T * ( 2 3 . - 3 . . 1 1 ) / 7 .  
Z l Z ) ~ V T ( 2 , 4 ) + O F F - H G T * - 5  
Z ( 3 ) # V T ( 3 r 4 1  
I T I L T # I  
I F ( T 1 ) 5 5 5 r 5 6 0 r 5 6 5  

555 CALL N O P B E R ( Z 1 1  ) r L ( 2 ) r ~ G T , D I S T r O . , 4 H F 6 . 1  I 

56‘3 CALL NOCBER(Z(l)rZ(2)r~GTrDIST,~.,4HF6.2) 

565 CALL 

G O  T O  5 7 0  

G O  T O  5 7 9  
NO?’BER( Z (  I ) r Z (  2 )  r HGT t 01 S T r  0. r4HF6.3 1 

5 7 0  I T I L T # 3  
I F ( ~ J 2 - 1 0 ) 5 8 0 , 9 9 9 r 9 9 9  

5 8 0  WRITE OUTPUT TAPE N O U T r 5 7 1 r D I S T  
571 FORMAT( I H  5 9 x 9  IUHDISTANCE # F 8 . 3 / I H  1 
9 9 9  RETURN 

E ND 
*LIST8 
* L A B E L  

C VECTOR - VECTOR 
C Z ( 3 ) W X ( 3 ) - Y ( 3 )  

SUBROUTINE D I F V 4 X r Y p Z )  

D I  MENSICNX [ 3 1 t Y  ( 3  1 9 2  ( 3 )  
D O I I I I # I r 3  
L( I )  # X (  I I - Y (  I) 
RETURN 
END 

I I I 

* L I S T 8  

BOND2320 
BOND233Cl 
BOND2340 
BOND2350 
BOND2360 
BOND2370 
BOND2380 
BOND2390 
BOND2400 
BOND24 I O  
BOND242’3 
BONO2430 
BOND2440 
BOND2450 
BOND2460 
80ND2470  
BOND248CJ 
BOND2490 
BOND2500 
BOND25 I Cl 
BOND2520 
BON0253@ 
BOND2543 
BOND2550 
BON D2 5 6Cl 

DIFVOO I O  
DI FVOO20 
O I F V 0 0 3 0  
D I F VU043 
DI FVOUSO 
D I  FVOO6O 
0 I FVOO70 
D I  FVOO80 

*LABEL 
SUBROUTINE DRAWIWtDXrDY rNPEN I DRAW00 I 3  
DIMENS I C N  W ( 3  1 C X  ( 3 )  9 Y I  3 ) , Z ( 3  I DRAW0020 
OIMENSICN A ( P ) r A A ( 3 r 3 ) r A A R E V ( 3 r 3 ) , A A W R K ( 3 , 3 ) , A I D ( 3 , 3 ) , A I N (  140) DRAW0030 
D IMENSICN A T O M S ~ 4 ~ 5 O O ~ ~ R B ~ ~ r ~ ~ r C D ~ 8 ~ ~ O ~ r C H E M ~ 2 O O ~ r C O N T ~ 5 ~ ~ D ~ 3 ~ l ~ O ~ D R A W O O 4 O  
DI MENS I ON DRAW0050 
DIMENSICN P ( 3 , 2 U 0 ) ~ P A l 3 r 3 r 2 0 0 ) ( P A C ( 3 r 5 ) r P A T ( 3 ~ 3 ) r Q ~ 3 r 3 ) r ~ E F V ~ 3 r 3 )  DRAW006g 
D IMENSICN R E S ( 4 ) r R M S ( S ) r S Y M B ( 3 r 3 ) , T I T L E (  I 2 ) r T I T L E i (  1 2 ) , T S ( 3 , 4 8 )  DRAW0070 
DIMENSICN DRAW0089 
DIMEVSICN 
COMMCN N G , A r A A ~ A A R E V r A A W R K r A I D ~ A I N ~ A T O ~ S r B B r B R D R r C D r C H E M r C O N T r D  DRAWOIOO 
COMMCN DRAW01 IO 
COMMCN ~ J r N J 2 r N O U T r N S R r N S Y M 1 0 R G N , P 1 P A I P A r P ~ C r P A T r Q r R E F V r ~ E S ~ R b ’ S r S C A L l D R A W O l Z O  
COMMON SCAL2,SCLrSYb’BrTAPER, T ~ E T A r T I T L E r T I T L E 2 ~ T S I V I E W 1 V T I V l r V 2  DRAW0130 

DA ( 3.3 1 t DP ( 2 r  I 3 0  1 P EVI  39 200 1 r FS ( 3 1  3948 1 KD( 5 r 2 0 )  r ORGN ( 3  1 

V T  ( 3.4 1 r V  I ( 4 1 ,VZ( 3 ) r V 3 (  3 1 r V4(  3 ) r  V 5 (  3 ) r  V 6 1  3 ) r  WRKVt 3 1 3  I 
XLNG( 3 )  r X O (  3 1  r X T l 3  1 DR AWOO9O 

C A r  DP r D I S P  r EDGE, EVr FORE, FSc IN r I T I L T  , KO, LA1V.L TNOt NATOM, NCD 

COMMON V 3 r V 4 r V 5 r V 6 r W R K V , X L N G r X O r X T  DRAW01 4 0  
DRAW0 I 50 Y(l)#W(I )+DX 
DRAW01 60 Y ( 2 ) # W ( 2 ) + 0 Y  
DRAW01 7 0  I F ( I T I L T ) 1 1 5 , 1 4 3 r 1 1 5  

C * * * * e  RCTATE FOR PERSPECTIVE T I T L E  ***** DRAWOI 80 
DRAW01 9 0  I I 5  Y ( 3 ) # W ( 3 )  

DO 120 I # I r 3  DRAW02 09 
120 Z ( X ) # Y ( I ) - V T ( X . 4 ~  DRAW02 I O  

00 1 3 0  I # 1 , 3  DRAW0220 
I 3 0  X I  I ) #VT 1 I t  I ) *Zt I ) + V T (  I r  2 1 * 2 (  21+VT(  1,  3 ) + Z (  3 ) + V T {  1 ,  4) DRAW0230 

CALL P L T X Y ( X r Y )  DRAW02413 
C i t * * * *  CWECK BOUNORY *+***  DRAW0250 

140 DO 160 J # 1 9 2  DRAW0260 
DRAW02 7 0  

145 Y I J )  #XLNGt . ) I - .  I DR AWO2 80 
150 I F ~ Y ~ J ) - . I ) 1 5 5 , 1 6 0 ~ 1 6 0  DRAW02 90 
155  Y ( J ) # . I  DRAW0300 
160 CCNTINUE DRAW0310 

CALL P L C T ( Y ( I ) r Y ( Z ) r N P E N )  DRAW032D 
RETURV DRAW033@ 

IF(Y1J)-XLNG(J)+.III5IrI5O,I45 
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E N D  
* L I  S T 8  
* L A B E L  

C * e + * +  E I G E N V A L U E S  A N D  E I G E N V E C T O R S  O F  3 x 3  M A T R I X  * ****  
S U B R O U T I N E  E I G E N  ( W q V A L U t V E C T )  

DI M E N S I C N  W ( 31 3 )  9 V A L U (  3 1 r V E C T (  3 1  3 1 t A I 3 1  3 1 r B  ( 3 t 3 )  t L (  3 )  1 U (  3 1 
COMMON h G  

P H I F ( Z ) # ( ( l 3 2 - Z ) * Z + B I  ) * Z + B @  

ERRNDU5.E-8  
S I G M A 6 3 .  
DO 115 J C l r 3  
DO 115 I # l r 3  
T E M # W ( I I J )  
A (  I t  J ) # T E M  

C e**** S T A T E M E N T  F U N C T I C N  ****a 

C * a * * *  S T A R T  O F  PROGRAM ***** 

115 S I G M A # S I G M A + T E M + T E C  
C * * * i t +  C P E C K  F O R  N U L L  Y P T R I X  ***** 

I F ( S I G M b ) 2 3 0 t 2 3 O t 1 2 0  
1 2 0  S I G M A I S E R T F t S I G M A )  

C ***I* F C R M  C H A R A C T E R  I S 1  I C  € Q U A T  I O N  ***+* 
B 2 # h t l t l ) + A ( 2 1 2 ) + A 1 3 , 3 1  
B l # - A I l ~ l ) * A ( 2 ~ 2 1 - A 1 I ~ l  ) * A ( 3 , 3 ) - A ( 2 , 2 1 * A ( 3 , 3 ) + A l l , 3 ) * A t 3 , 1 )  
I+A(2r3)*A(3,2)+A(I(2)*A(2,l) 

R O # A ( I  V I  ) * A ( 2 , 2 ) * A 1 3 t 3 ) t A I  1 , 2 ) * A 1 2 ~ 3 ) * A 1 3 ~ 1  ) + A (  I , ‘ ) * A ( 3 , 2 ) * A ( 2 , 1  1 
I A ( 1 , 3 ) * 4 ( 3 , 1  ) * A ( 2 9 2 ) - A (  1 . 1  ) * A ( 2 * 3 ) * A 1 3 1 2 ) - A (  1 1 2 ) * A ( 2 1 1  ) + A ( 3 1 3 )  

C * * a * *  F I R S T  ROOT B Y  B I S E C T I O N  * * * e *  
X # O .  
Y # S I  GMA 
T E M # P H I F  ( S  I G C A )  
VNEW #O - 0  
I F ~ B 0 ) 1 3 5 t 2 5 0 , 1 4 5  

135 I F t T E M ) 1 4 9 r 1 4 0 , 1 6 5  
I 4 0  Y#-Y  

145 YUO. 
GO T O  165 

X # S I G Y A  
I F I T E ~ ) 1 6 5 ~ 1 6 5 r I 5 0  

150 xu-x 

I65 V N E W U ( X + Y ) * . S  
DO 225 1 # 1 t 4 0  

C ***a* NCW PHIF(X).LT.D.AND-PHIFtY).GT.O. **I** 

1 7 5  IF(PHIF(VNEW11180r2S0~l85 
180 X Y V N E W  

185 Y # V N E W  
2 r 1 0  V O L D # V N E W  

G O  T O  2120 

VNEWU ( X + Y  1 * e  5 
T E M U  A B S  F ( VOC 0-VNEW ) 

205 I F ( V O L D ) 2 1 0 1 2 2 5 , 2 1 0  

225 C O N T I N U E  

230 N G # 6  

I F I T E M - E R R N O ) 2 5 0 r 2 5 0 t 2 ~ 5  

210 IF~ABSF(TEM/VOLD)-ERRNC~250~250t225 

C **+** D I D  N O T  C O N V E R G E t  SET ERROR I N D I C A T O R  ***** 

GO T O  400 

250 U ( 3 1 U V N E W  
C * i t * * *  S T O R E  F I R S T  ROOT ***+I 

C *I+** D E F L A T E  so*** 
C I # B 2 - V N E W  
C D # B I + C I * V N E W  

T E W C  I *C I t 4 .  *CO 
C * * a * *  S C C V E  Q U A D R A T I C  * ****  

I F ( T E M ) 2 5 5 9 2 6 5 . 2 6 3  
C e****  I G N O R E  I M A G I N A R Y  COMPONENT OF C O M P L E X  R O O T  **e** 

255 TEM#O.  
GO T O  265 

260 T E M # S Q R T F I T E M )  
265 U ( l ) # . 5 * ( C I - T E M )  

U( 2 )  # . 5 * ( C I  +TEM)  

DR AWO34’3 

E I G E O O  113 
E I G E 0 0 2 0  
E I G E  00 3 0  
E I G E O O 4 U  
E I G E O i 3 5 T  
E 1  G E 0 0 6 1 1  
E I G E ’ 3 0 7 r l  
E I GEr338r3 
E I G E 0 0 9 0  
E l  GEO 1 O‘_r 
E I G E O I  13 
F I G F O I  2‘? 
E 1  GEO I 3cl 
E I GEO I 40 
E I G E O l 5 0  
E I G E O l b n  
E I G E 3 1 7 0  
E I G E O I H O  
E I G E O  I 9 0  
,E I G E 0 2 0 ( 3  
E1 G E 0 2  In  

- E  1 G E  02 2 0  
E I G E 0 2  33 
E I G E 0 2 4 ‘ 3  
E I G E 0 2 5 0  
E I GEC!26’1 
E 1  G E 0 2 7 C  
E I G E O 2 8 0  
E I G E 0 2  9(3 
E I G E O 3 D C  
EX G E 0 3  I 2  
E I C E 0 3 2 0  
E I G E 0 3 3 0  
E I G E 0 3 4 g  
E I G E 0 3 5 n  
E I G E 0 3 6 0  
E I G E 0 3 7 9  
E I G E 0 3 8 0  
E I G E 0 3 9 0  
E I G E 0 4 0 0  
E I G E 0 4  1 3 
E I G E O 4 2 C !  
E I G E 0 4 3 0  
E I G E 0 4 4 r 3  
E I G E 0 4 5 g  
E I G E 0 4 6 D  
E I G E O 4 7 f l  
E I G E 0 4 P n  
E I G E 0 4 9 0  
E I G E 0 5 0 0  
E I G E U 5  I7 
E I G E 0 5 2 f l  
E I G E 0 5  33 
E I G E 0 5 4 0  
E I G E 0 5 5 0  
E I G E 0 5 6 ( 3  
E I G E 0 5 7 g  
E 1  G E 0 5 8 n  
E 1  G E 0 5 9 @  
E I G E 0 6 0 0  
E I G E 0 6  I O  
E I G E 0 6 2 n  
E I G E U 6 3 0  
E I G E 0 6 4 ?  
E I G E 0 6 5 0  
E I G E 0 6 6 0  
E I G E 0 6 7 0  
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. 

EIGE0680 
00 275 J#1,2 EIGE0690 
IFIU(J)-UI3))275,275,27C EIGE0700 

EIGE0710 
lJ(J)#UI3) EIGE072r3 
UI3)#TEt' EIGE073r3 

275 CCNTINUE E IGE0740 
LLL#-2 E IGE0750 
DO 375 I I I # l r 2  E 1  GEC1760 

C *I*** CHECK FOR MULTIPLE ROOTS *+e*+  EIGE0770 
TEM#ERKN0+100. E I GfO780 
NG#O EIGE0790 

E I GE080U L# I 
DO 305 ICl.2 E 1  GE08 I O  
IF(IJ( I+l )-U( I)-TEM)303,3g0,290 EIGE0820 

290 IFIUI!))295,305r295 EIGE0833 
295 IFIAESF(IU(I+I )-U(I1)/UII)1-TEM)3OO~300~305 EIGEO84D 
300 L#L-I EIGE0850 

NGrtNG-2 I E IGE086C1 
305 CCNTINUE EIGE0870 

IF(LLL-L)308,400~40!l EIGE088C3 
5C8 LLL#L EIGE0890 

C *+*** EIGENVECTOR ROUT INE *a*** E I GE0900 
DO 375 II#1,3 EIGEO9lO 

E 1  GEO920 TI#U(II) 
E I GE09 30 

C *****  TIrO VECTORS NULL FOR DOUBLE ROOT *+*+* EIGE09413 
E IGE0950 

C **I** ALL VECTORS NULL FOR TRIPLE ROO1 * * * * i t  E 1  GEO9bD 
315 DO 32D J1Y1~3 EIGE097r3 
320 VECT I J 9 I I 1 #O.O EIGE098O 

GO T O  375 EIGE0990 
322 DO 325 J#113 E I GE I OOr? 

EIGE I O 1  0 
EIGE11321! 

DO 355 I#lr3 EIGE1030 
T I # I  EIGE 1040 
IF(I-2)335,335,340 EIGE IO50 

EIGE IO60  335 I I # I + l  
340 B I I t  I I#AII92)*AIII 13)-A( I13)*A(Il12) EIGE107E! 

B ~ I I ~ ) # A ( I ~ ~ ) * A ( I ~ , ~ ) - A ( I ~ I ~ * A I I I ~ ~ )  E 1  GE I 080 
B I I ~ 3 ~ ~ A I I ~ l ~ * A ~ I l ~ 2 ~ ~ A I I ~ 2 ~ * A ~ I l ~ l ~  EIGE 1090 
TE~RRII,I)*+2+BI1,2)**2+BII,3)**2 EIGE I 10'3 

EIGEl I I O  
35g SMAX#TEV EIGE I I20 

I M A X # I  EIGEl I30 
EIGE I I 4 0  355 CONTINUE 
EIGEl 15@ 

353 NG#7 EIGEl 16" 
GO T O  375 EIGEl I70 

3 6 0  SMAX#SQRTFISMAX) EIGE I I80  
DO 3 6 5  J R l . 3  E I G E l  190 

365 V(J)WR(IPAX,J)/SMAX E IGE I200 
C * * * e *  REFINE EIGENVECTOR ***** EIGE I2 I O  

EIGE I223 
T E M # M A X I  FI ABSFIVI I 1 )  9 AESF1 VI 2) 1 rABSF(VI 3 1 )  1 EIGE I230 
00 370 J # I p 3  E I G E  I24P 

EIGE I250 
CALL UNITIV,VECT(l,II)*I) EIGE 1269 

C *+*+*  REFINE EIGENVALUE +***+ E IGE I270 
T I # V M V I V E C T ( I , I I ) ~ W ~ V E C T ( l ~ I I ) )  EIGE 1280 
UIII)#TI €1 GE 1290 

375 VALU(II)#TI E 1  GE 1300 
EIGE I3 I 9  

END E I G E  I32n 

C * * e * *  SCRT ROOTS * + * * e  

270 TEC#UIJ) 

IF(L)315r310,322 

310 IF(NG+5-11)315,322,315 

325 4 (  JI JI#WlJ, JI-TI 
SWAX n0.U 

1F(TEM-SWAX)3551355,350 

IF(SMAX)353,353,360 

CALL AXEQBI A r V p V ,  I )  

370 VIJ)#V(J)/TEM 

400 RETURY 

*LIST8 
*LABEL 

SUBROUTINE ERPNTITI1N) ERPNOO IO 
DIMENSICN A(9) ,AA( 3 9 3 )  t AAREV (3,319 AAWRKI 3 9 3  I , A I D (  593) A I N I  140) ERPN0020 
DIMENSICN A T O M S ~ 4 ~ 5 0 ~ ~ ~ B B ~ 3 r 3 ~ r C D ( 8 1 2 0 1 r C H E M ~ 2 O O l ~ C O N T ~ 5 ~ ~ D ~ 3 ~ l 3 O ~ E R P ~ O r 3 3 ~  
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DI YENS I C N  ERPNOO4D 
01 MENS I O N  ERPN0050 
OIMENSICN R E S ( 4 ) , R M S ( S ) , S Y M R ( 3 ~ 3 ) ~ T I T L E l l 2 ) r T I T L E ~ I l 2 1 ~ T S ( 3 ~ 4 ~ )  ERPNqc160 
OIMENSICN ERPN0070 

DA I 3 9  3 ) 9 DP I 2  9 1 3 0 )  9 E V I  3,  ZOO 1, F S I  3939 48) 9 P O (  59 20 )  pORGN ( 3  ) 
P (  39200 1 ,PA( 3939  2OC) ,PAC( 395  1, PAT ( 3 9 3 1  ,Q( 3, 3 )  r REFV (3 93 1 

V T (  3 9 4 )  VV I (4) 9 V 2 ( 3  ) 9 V 3 (  3 ) 9 V 4 (  3 )  9 V 5 ( 3 ) 9 V t (  31  r W R K V ( 3 - 3 )  

NG. A, AA,AAREV, 4bWRK.A ID, A I Y ,  A T O M S  ,BB,BROR ,CO,CHEMICONT,D 
C A ,  DP 9 DISP 9 E DGE, EV, FORE, FS, I N  

SCAL2 ,SCL,SYHB* TAPER, THETA, T I T L E 9 T I T L E 2 r T S 9 V I E W ,  V T t  V I  vV2 

DIMENSICN X L N G ( 3 ) 9 X 0 ( 3 ) , X T 1 3 )  ERPNOOPO 
COMMON FRPNOiJ9’3 
COMMON ERPNOI Or) 
COPMCN N J ~ N J ~ ~ N O U T ~ N S R ~ N S Y M , O R G N ~ P ~ P A I P A C ~ P A C ~ P A T ~ ~ ~ R E F V , ~ E S ~ R P S ~ S C A L ~ E R P N O I  I C !  
COPMCN ERPNOI 2 0  

I TILT9KOv LAT P ,  LTNOt Y A T O M ,  K O  

COMMON V 3 9 V 4 1 V 5 1 V 6 9 W R K V , X L N G 9 X O * X T  ERPNOl3”  
WRITE OUTPUT TAPE N D U T I I I ~ ~ N G I T I ~ N  ERPNOI 4Q 

I 1 5  FORMAT(IH I O X I I ~ H F A U L T  NG # 1 3 , F I O - O , 1 6 / I H  1 ERPNO I50 
NG#O ERPNOI 60 
RETURN ERPNOl70  
END ERPNOI 80 

* L I S T 8  
*LABEL 

SURROUTINE F 2 0 0  
01 PENS I CN PLA(  2003 
D I  MENS I C N  A (  9 ) , AA139 3 )  , AAREV I 39 3 )  9 AAWRKI 3 9 3  1 * A  I D (  793 1 * A I  N(  140) F 2 0 0 0 0 3 0  
DIMENSICN ATOMS( 4 9 5 0 0 )  9 Be( 3 9 3 )  r C D I  8 .20 )  ,CHEM12OQ1 ,CONTIS) r D  ( 3 , 1 3 0 )  F2OOOO4O 
D I  MENSICN DA( 3 9 3  1 9 DP ( 2, I 3 0  1 9  EV( 3 9  209 ), F S (  39 39 4 8 )  9 CD( 5 9 2 0  ) 9ORGN( 3 1 F20000511r 
DIMENS I C N  P (  39239 1 9 PA( 3 9 3 9 2 0 0  1 ,  PAC ( 39 5 )  9 PAT I 3 9  3 )  9 6( 3 1 3 )  (REFV ( 3  13 ) F 2 0 0 0 0 6 0  
DIMENSION R E S I 4 ) , R M S ( S ) , S Y M B ( 3 r 3 ) 1 T I T L E (  1 2 ) . T I T L E e ( 1 2 1 r T S ( 3 , 4 8 )  F200007f3 
01 MENSICN F200008 ‘3  V T  ( 3 9 4 )  * V I  ( 41 9 V 2 t 3  9V3( 3 )  9 V 4 1 3 )  ,V5(  31 , V 6 (  3 )  ,WRKV( 3 1 3 )  
OIMENSICN XLNG( 3 1 ,  X O ( 3 )  v X T ( 3  I F 2 0 0 0 0 9 0  
COMMCN N G ~ A ~ A A ~ A A R E V ~ A A W R K ~ A I O ~ A I N I A T O M S , B B ~ B R O R ~ C D ~ C H E M ~ C O N T ~ D  FZOOOIOO 
COMMCN F 2 0 0 D  I I D  
COMMON ~ J ~ N J Z ~ N O U T ~ N S R , N S Y M ~ O R G N ~ P ~ P A ~ P A C ~ P A T ~ Q ~ R E F V ~ R E S ~ R M S ~ S C 4 L I F ~ O ~ O I 2 3  
COMVCN S C A L 2 , S C L t S Y M R ~ T A P E R , T H E T A , T I T L E , T I T L E 2 ~ T S ~ V I E W , V T ~ V l ~ V 2  F 2 0 0 0 1 3 ~  

C A 9  OP 9 DI SP9 E OGE9 EV 9 FORE 9 FS p IN9 I T I L T  *KO, LAT  P ILTND~ NATOM, NCO 

COVMON V 3 9 V 4 r V S , V 6 , W ‘ 7 K V , X L Y G 9 X O 9 X T  F2@001413 
C * * * * *  CALCOMP CONTROL **+** F 2 0 0 0 1 5 n  

I F I N J 2 - l ~ 2 1 6 ~ 2 1 ! J , 2 1 2  F 2 0 0 0 I  6(! 
2 1 0  CALL P L C T S ( P L A ( 2 0 3 0 ) v 1 9 9 8 , C T N O )  F 2  000 I 70 

C *I**+ FCR C O C  1 6 0 4  A USE 21C CALL P L O T S ( P L A * 2 0 0 0 9 L T N O )  * ****  F 2 0 0 0 1 7 5  
C ***I* FCR IBM 7990 US€ 2 1 0  CALL P L O T S ( P L A I 2 0 0 0 ) , 1 9 9 8 , L T N O )  * * * + * F 2 0 @ 0 1 7 6  

G O  TO 2 1 6  F 2 0 0 0  I 8 f l  
2 1 2  CALL P L C T ( A I N (  I ) , A I N ( 2 ) , - 3 )  F 2 0 0 0 1  9c1 
2 1 6  RETURN F2D002013 

END F 2 0 0 0 2  I O  
* L I S T 8  
*LABEL 

SUBROUTINE F400  F4OOOO IO 
C * a * * +  ATCM L I S T  FUNCTIONS *+**I F 4 0 0 0 0 2 r !  

01 MENS I C N  A ( 9  1 9  A A (  39 3 1 9 AAREV ( 3 9  3 1 t AAWRK ( 31 3 1 t A ID( 3 9 3  1 9 A I  N ( 1 4 0 )  F 4 0 0 0 3 3 f l  
DIMENSION A T O M S (  4 9 5 0 0 )  9 6 B (  39 3)9CD( 89 20) r C H E M ( 2 0 0 )  vCONT(5 1 9 0  ( 3 9  13O)F4@OOO4O 
01 MENS I C N  D A l 3 9 5  1 9 DP 1 2 9  I 3 0  1 t E V (  3 9  200 1,  FS ( 39 39 48) 9 PO ( 5  9 20 1 9 ORGN ( 3  1 F400’JOSO 
DIMENSICN P ( 3 ~ 2 0 0 ) , P A ( 3 r 3 , 2 O O ) r P A C ( 3 1 5 ) r P A T ( 3 r 3 ) 1 Q I 3 , 3 ) ~ R E F V ( 3 , 3 )  F 4 0 0 0 0 6 0  
DIMENS I C Y  F 4 0 0 0 0 7 0  
DIMENSICN V T ( 3 9 4 ) r V l ( 4 ! 9 V 2 ( 3 1 r V 3 ( 3 1 1 V 4 I 3 ) 9 V C ( ~ ) , W R K V ( 3 9 3 )  F 4 0 0 0 0 8 0  

COMMCN ~ G ~ A , A A , A A R E V I ~ A W R K , A I O , A I N ~ A T O M S ~ B B ~ B R D R ~ C D ~ C H E M ~ C O N T ~ D  F 4 0 0 0 1 0 0  
C O M M C Y  F4OOO I I r] 
COMMCN ~ J ~ N J ~ ~ N O U T ~ N S R ~ N S Y M ~ O R G N ~ P I P A I P A ~ ~ P A T ~ P ~ R E F V ~ R E S ~ R M S ~ S C A L I F ~ ~ O O I ~ ~  
COMMON S C A L ~ ~ S C L ~ S Y M B V T A P E R , T H E T A , T I T L E ~ T I T L E Z , T S ~ V I F W , V T ~ V I ~ V ~  F 4 D 0 0 1 3 0  

R E S ( 4 )  9 RMS ( 5 r SYMR ( 39 3 )  * T I T L E (  12)  9 T I  T L E i I  I2 1 ,  TS( 3 9 4 8 )  

DIMENSICN X L N G ( 3 ) r X 0 ( 3 ) , X T f 3 )  F 4 0 0 0 0 9 r !  

0 A, DP 9 01 SP 9 EDGE, E V  9 FORE 9 F S t  TU I I T I L T  KD, LA T C9LTNO t NATOM, NCO 

COCMON V 3 , V 4 , V 5 9 V 6 9 W R K V 9 X L N G 9 X 0 9 X T  F k 0 0 0 1 4 0  
NG#3 F4OOOl5n  
I F ( L A T M ) 4 0 2 , 4 0 2 r 4 0 0  F4OOO I 6’3 

400 DO 401 I # I , L A T M  F4OOOi 70 
4131 CALL A T C M ( A T O M S ( l i I ) r A T O M S ( 2 1 I ) )  F4OOOI80  
4rj2 I F ~ X M O O F ( ~ J 2 , t O ) - 1 ) 4 9 9 ~ 4 O 4 ~ 4 O ?  F4OOOI 9 0  
4 0 3  CALL SEARCH F 4 0 0 0 2 0 0  

GO T O  4 9 9  F4OOO2 I O  
C *****  STORES ( 4 0 1 )  O R  REMOVES ( 4 1 1 )  RUNS OF A T O M S  ***+* F400022 ’3  
C + * * * e  RUN HIERARCHY It ATOM NO./SYM/ A/B/C TRANS. I**** F40002313 

4 0 4  I I # l  F4OOO2 4 D 
C * * *+*  F I N O  RUNS I N  A I N  A R R A Y  * * * *+  F 4 0 0 0 2 5 9  

4 1 5  T I  # A I N I  I I )  F400026rJ  
I F ( T 1 1 4 1 0 ~ 4 1 0 ~ 4 2 0  F4000270 

4 1 0  I I # I I + I  F 4 0 0 0 2  80 

. 
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. 

I F ( 1 4 0 - I I ) 4 9 9 r 4 u 5 , 4 3 5  
4 2 0  J J # I I  

C +**+* SET I N I T I A L  RUN VALUES ***e* 
~ I # T l / l O 0 0 0 3 .  
M 2 # M O D F I T I , I D 0 * )  
M 5 # M O D F ~ T 1 / 1 0 O ~ ~ 1 0 0 0 . )  
I F (  M5 1 4 2 2 9 4 2 2 1 4 2 3  

4 2 2  M5#555 
4 2  3 M3#M5/ IO0 

M4#XMOOF ( M 5 /  1 0 , I O ~  
M5#XMODF ( M 5  9 I3 ) 

4 2 5  J J # J  J+ I 

4 3 0  T Z # - A I N ( J J )  

4 3 5  I I#JJ-I  

I F ( 1 4 0 - J J ) 4 3 5 r 4 3 0 , 4 3 0  

I F ( T 2 ) 4 3 5 , 4 2 5 r 4 4 0  

C *+*+e S E T  TERMINAL VALUES FOR DEGENERATE RUN *+**+ 
N I # M I  
N2#M2 
N3#M3 
N4#M4 
N5#M5 
GO T O  4 5 0  

440 I I # J J  
C + * i t + *  SET TERPINAL RUN VALUES *I.**+ 

N I # T 2 / 1 0 0 0 0 0 .  

N5#MOoFIT2/100.,1000.)  
N2#MODF(T2,100.)  

I F ( N 5 ) 4 4 5 , 4 4 5 9 4 4 6  
445  N5#555  
446 N3#N5/  100 

N ~ # X M O D F ( N S / I O I I O )  
NS#XMODFINSr lO)  

C ++*+* CCOQ THROUGH ALL RUNS +++I+ 

450 DO 4 9 0  L 5 # M S i N 5  
00 4 9 0  L4#M4,N4 
DO 4 9 0  L3#M3,N3 
DO 4 9 0  L2#M2,N2 
DO 4 9 0  L I # M I , N I  
V I ~ 1 ~ # F L O A T F ~ L I ~ * I O O O O O ~ + F L O A T F l L 3 + l O O O O + L 4 * l O O O + L 5 ~ l O O + L 2 ~  
CALL A T C M ( V 1  ( I  ) 1 V 1 ( 2 ) )  
I F ( N G ) 4 5 5 * 4 5 8 , 4 5 5  

455 CALL E S P N T ( V I ( I ) r b O I )  
GO T O  490 

4 5 8  CALL STCRE 
l r 9 0  CCNTINUE 

GO T O  410 
4 9 9  RETURN 

END 
*L I s ~ a  
+LABEL 

SUBROUTINE F 5 0 0  

~ 4 0 0 0 2 9 0  
F 4 0 0 0 3 0 0  
F 4 0 0 0 3  I F  
F400032 '3  
F 4 0 0 0 3 3 0  
F 4 0 0 0 3 4 0  
F 4 0 0 0 3  5s 
F 4 0 0 0 3 6 0  
F 4 0 0 0 3 7 0  
F 4 0 0 0 3 8 0  
F 4 0 0 0 3 9 O  
F4000401J 
F40004 I O  
F 4 0 0 0 4  2n 
F400043CJ 
F 4 0 0 0 4 4 0  
F40004 5r3 
F 4 0 0 0 4 6 0  
F 4 0 0 0 4 7 0  
F 4 0 0 0 4 8 0  
F 4 0 0 0 4 9 0  
F 4  0005 00 
F 4OOO5 I 3  
F 4 0 0 0 5 2 0  
F 4 0 0 0 5 3 D  
F 4 0 0 0 5 4 3  
F 4 0 0 0 5 5 0  
F 4 0 0 0 5 6 0  
F 4 0 0 0 5 7 0  
F 4 0 0 0 5  RO 
F 4 0 0 0 5 9 9  
F 4 0 0 0 6 @ 0  
F4OOc)b I c1 
F 4 0 0 0 6 2 0  
F 4 0 0 0 6 3 0  
F 4 0 0 0 6 4 0  
F 4 0 0 0 6 5 0  
F 4 0006 60 
F 4 OOO67O 

F 40006 9P 
F400070r3 
F 4 0 0 0 7  I F  
F 4 0 0 0 7 2 0  
F 4 0 0 0 7 3 0  
F4000741? 
F400075rJ  
F 4 0 0 0 7 6 0  
F 4 0 0 0 7 7 0  

~ 4 0 0 0 6 8 0  

FSOODO t 0 
F ~ O O O ~ I  
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502 CALL ERPNT(Tlr531) F5OOO2 On 
F50002 I c) CALL EXIT 

504 DO 506 K#1*4 F500022D 
TI#AIN(K+I) F5 0002 3D 
CALL ATCM(TItV1I.K)) F5000243 
IF(NG)502r536r532 F 5 0002 SO 

506 CCNTINUE F500026r3 

VI(J)BV(J.2)-V(J,I) F5000280 
507 V2(J)#V(J,4)-V(Jv3) F5000290 

I NO#- I F5000300 
IF1AIN(7))509r5~9r508 F50003 IO 

598 IN0#-2 F5000320 
5t9 CALL AXES(VI,V~~REFVIIND) F5000331 

GO T O  562 F500034c) 
510 DO 552 Lltl.139.2 F 5 0 0 0 3 5 ~  

IF(I)532~552.512 F5 0003 70 
512  X#AIN(L+11*0.31745329252 F5000390 

F500039@ T I #GOSF ( X 
T2#SINF( X )  F500040r) 
I3 # X  MODF ( I +2 9 3 1 + I F50004 IO 
II#XMOOF(I3~3)+1 F50@042@ 
12#XMOOF(Ilr3)+1 F5OOO4 30 
RMtII~II)#TI F500044O 
RM(I1912)#12 F50004 50 
RM(IlrI31#0.0 F500046'3 
RMt I29 I I )#-T2 F5OOO4 70 
RM( 129 I2)#TI F5000480 
RH ( 12. I3 1 #O-0 F5000490 

F 5OO05OO 
RM( I3 9 I2 1 W0.0 F50005 I c) 
RM113913)#l - 0  F5000520 
CALL MM(REFV,RM.V) F5000530 
IF(NJ2-3)518,525.599 F5000540 

518 DO 522 Jlllr9 F500055Q 
522 REFV(JII)#V(JII) F5000560 

GO T O  552 F5000570 
F5000580 

528 WRKV(JII)#V(JII) F500059c1 
GO T O  552 F 5 0006 00 

532 IF(NJ2-3)535,552*599 F5OOO6 IO 
535 I#XWODF(-I,3) F5000620 

DO 542 J#l , I  F5000639 
DO 542 KfI1.3 FS00064@ 
TI #9EFV(Kp3) F5000650 
REFV(K,3)#REFV(K.2) F5000660 
REFVIKI~)#REFVIKII) F5000670 

542 SEFV(K9I)#TI F50006Pc1 
F500069r) 552 CONTINUE 

IF(NJ2-3)562,582,599 F 5 0007 00 
562 CALL MM ( AAt REFVI AAREV) F50007 I @  

DO 572 J#l 9 9  F5OUO720 
WRKV(JII)#REFV(J.I) F5OUU7 30 

572 AAWRK(JvI)#AAREV(J,I) F5000740 
GO T O  599 F5000750 

582 CALL MM(AA*WRKViAAWRK) FS000760 
599 RETURN F5000770 

E N 0  F5000780 

DO 507 J#1*3 ~50002 70 

I#AINILI ~50~1036~1 

RM(I3tIl I IyO.0 

525 DO 528 J1Yl.9 

*LIST8 
*LABEL 

SUBROUT I NE F600 F60000 IO 

D I  MENS ICN MAX(3 1 ,  SCAL( 4 1 rX( 3 1 rXMAX( 3) 9 XMINI 3 )  9 Z( 2 F6000C30 
C **I** SCALING AN0 CENTERING FUNCTIONS ***** F ~ O O O O ~ O  

OIMENSICN A ( 9 ) r A A 1 3 r 3 ) ~ A A R E V ( 3 , 3 ) , A A W R K ( 3 , 3 ) r A I D ( ~ ~ 3 ) , A I N ( l 4 0 )  F600004fI 
DIHENSICN A T O M S ~ 4 ~ 5 ~ 0 ~ ~ R 8 ~ 3 ~ 3 1 ~ C D ~ 8 ~ 2 O ~ ~ C ~ E M ~ 2 O O ~ ~ C O N T ~ S ~ ~ D ~ ~ ~ I ~ O ~ f 6 ~ O O O ~ ~  
DI MENS ICN F6000060 
OIMENSICN P ( 3 . 2 0 0 ) . P A ( 3 , 3 , 2 0 0 ) ~ P A C ( 3 , S ) , P A T ( 3 ~ 3 ) , 9 ( 3 ~ 3 ) ~ R E F V ( 3 . 3 )  F6000070 

DA ( 3.3 1 9 DP ( 2. I30 J EV( 39 200 1 . FS( 393*48 1 9 I(D (51 20 1 t ORGN (3 1 

DIMENSICN RES(4)rRMS15)rSYMB (3,3),TITLE( 121 ,TITLE.?( 1 2 )  ,TS(3,48) FbOOOOAfl 
OIMENS ICN V T  13~4 1 p V I 1 4  ) 9 V213 )I V313 1 9 V 4 f  3 1, V5( 3 1 t V e l  3 1 p WRKV I3 9 3  1 F6000090 

. 
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. 

DIMENS ICN XLNG( 3 1 t X O (  3 1 r XTt  3 1 F 6 0 0 0 l  OrJ 
COMMCN K G , A , A A ~ A A R E V ~ A A W R K ~ A I D , A I N ~ A T O M S , B B I B R D R r C D ~ C H E M ~ C O N T ~ D  F 6 0 0 0 1 1 0  
COMMON 9 LTYOI NATOC, NCD F60OOl2 f l  
COMMCN N J ~ N J 2 r N O U T r N S R ~ N S Y M ~ O Q G N ~ P ~ P A ~ P A C ~ P A T ~ Q ~ R E F V ~ R E S ~ R M S ~ S C A L l F 6 O O O l 3 ~  
COCMCN F 6 0 0 0 1 4 0  
COMMON V ~ * V ~ , V ~ ~ V ~ , W R K V I X L N G I X O ~ X T  

C A ,  DP, DISP, E D G E  9 EV, FORE t FSI I N  t I T I L T I  KO 9 LA T 

SCAL2 t SCL v SYMBI TAPER, THETA, T I  TLEt  T I  TLE2 9 T S  r VIEW, V T I  V I  p V 2  
F 6 0 O O l 5 0  

C ++++I DEL # I .  FOR INCRUMENTING FUNCTIONS +++I+ F6OOOl60  
C ++++* DEL # 0. FOR REGULAR FUNCTIONS ++:I)++ F 6 0 0 0 1 7 0  

F 6 0 0 O l 8 0  
F6OOOl90  

C ++++e E X P L I C I T  O R I G I N  AND SCALE ++I++ F 6 0 0 0 2  09 
I F ( A I N ( I l ) b J 2 , 6 0 4 , 6 0 2  F6OOO2 I D  

6 0 2  X O ( I  ) # A I N (  I ) + X O ( I  )+DEL F 6 0002 2 0  
6 9 4  I F ( A I N ( 2 ) ) 6 n 6 , 6 0 8 , 6 0 6  F6OO02 30 

F 6 0 0 0 2 4 0  606 X 0 1 2 ) # A I N ( 2 ) + X 0 ( 2 ) + 0 E L  
6C8 I F ( A I N ( 3 ) ) 6 1 2 , 6 1 2 , 6 0 9  F 6 0 0 0 2  5Cl 

F 6 0 0 0 2 6 0  
610 S C A L I # S C A L l + A I N ( 3 )  F 6 0 0 0 2 7 0  

GO T O  6 1 2  F 6 0 0 0 2 8 0  
611 S C A L I # A I N ( 3 1  F 6 9 0 0 2 9 0  
6 1 2  I F I A I N 1 4 ) ) 6 1 6 , 6 1 6 , 6 1 4  F 6  000300 

C i t + + + +  SET E L L I P S O I D  SCALE FACTOR ++++e F 6 0 0 0 3  I 0  
F 6 0 0 0 3 2 g  6 1 4  S C A L 2 # A I N ( 4 )  

C + * + + +  AUTOMATIC O R I G I N  AND/OR SCALE *++++ F 6 0 0 0 3 3 0  
616 I F I N J 2 - 2 ) 7 9 0 ~ 6 2 2 , 6 2 0  F 6 0 0 0 3 4 0  
6 2 0  X O I  I )#XLNG( 1 ) + e 5  F600035r3 

X 0 1 2 ) # X L N G ( 2 ) + . 5  F 6 0 0 0 3 6 0  
6 2 2  I F ( N J 2 - 3 ) 6 2 5 , 6 4 7 * 6 2 5  F 6 0 0 0 3 7 Q  
6 2 5  S C A L I # I .  F 6 0 0 0 3 8 0  
630 I F ( L A T M - 1 ) 6 3 5 , 6 3 5 , 6 4 0  F 6 0 0 0 3 9 0  
635 YG#12 F 6 0 0 0 4  00 

CALL E R P N T ( 0 * , 6 0 2 )  F600O4 I O  
CALL E X I T  F 6  0 0 0 4 2 0  

F 6 0 0 0 4 3 0  
XMAXtJ )# - I .E5  F 6 0 0 0 4 4 0  

6 5 0  X M I Y I J ) # I . E 5  F 6 0 0 0 4  5 0  
C +++I+ F I T  BOX AROUND SET OF ATOMS +++++ F 6 0 0 0 4 6 0  

DO 670 I#IvLATM F 6 0 0 0 4 7 0  
CALL X Y Z 1 A T O M S ( l r I l r A T O M S ( 2 ,  1 1 ~ 3 )  F60004PO 

F 6 0 0 0 4 9 0  
6 5 2  CALL ERPNT I ATOMS ( I * I )  9 600 1 F 6 0 0 0 5 0 0  

GO TO 67R F 6 0 0 0 5  I c1 
6 5 3  DO 6 6 8  J # l  93 F 6 0 0 0 5 2 0  

T I # A T O M S ( J + I , I )  F 6 0 0 0 5 3 0  
IF(XMAX(J)-T1)655,660,660 F 6 0 0 0 5 4 0  

6 5 5  X M A X ( J ) # T I  F6000550 
M A X (  J ) # I  F 6 0 0 0 5 6 0  

660 IF(Tl-XCI~(J)1665,668,668 F 6 0 0 0 5 7 0  
6 6 5  X M I N ( J ) # T I  F 6 0 0 0 5  80 
668 CCNTINUE F 6O005 90 
6 7 0  CCNTlNUE F6000600 

F60006 1 fJ 
KM#MAX 1 3  ) F6OOO62 0 

F 6 0 0 0 6 3 0  SMULT#I. 
0 0  7 8 0  M # 1 * 5  F 6 0 0 0 6 4 0  
I F ( M - 2 ) 7 4 0 , 6 7 5 * 6 7 8  F 6 0 0 0 6 5 0  

C ++++* CHECK VIEW QISTANCE +*+*+ F 6 0 0 0 6 6 f l  
6 7 5  I F ( V I E W ) 7 8 5 , 7 8 5 r 6 8 0  F 60006 70 
6 7 8  I F ( N J 2 - 3 ) 6 8 0 , 7 8 5 , 6 8 0  F 6 0 0 0 6 8 0  
600 TI#ATOMS(4*KM)+SMULT F6000690 

f 6000700 
F b 0 0 0 7  I O  C ++**+ INCQEASE VIEW CISTANCE *++++I 

685 VIEW#2.+TI F 6 0 0 0 7 2 0  
C + + + + +  F I N D  PERSPECTIVE PROJECTION L I M I T S  +++++ F 6 0 0 0 7 3 0  

690 00 7 0 0  J#1,2 F 6 0 0 0 7 4 0  
F 6 0 0 0 7 5 0  
F 6 0 0 0 7 6 0  7 0 0  X M I N ( J ) # I . E 5  

DO 7 2 5  I # l t L A T M  F 6 0 0 0 7 7 0  
no 7 0 5  J C I , ~  F 6 0 0 0 7 8 0  

705 X ( J ) # A T C ~ S ( J + I . I ) + S C U L T  F 6 0 0 0 7 9 0  

D E L # F L O A T F ( X M O D F t Y J 2 / l r J v 2 ) )  
NJ2#XMOCFINJ2,13)  

bC9 I F ~ D E L ) 6 l l t 6 l l r 6 1 0  

6 4 0  DO 6 5 0  J # l r 3  

I F ( N G ) 6 5 2 t 6 5 3 , 6 5 2  

C +++++ KP#TOP ATOY +++I* 

I F ( V I E W + . 5 - T 1 ) 6 8 5 r 6 9 0 , 6 9 ~  

X Y A X I J ) # - I . E S  



104 

8 

T2#VJEW/ IV IEW-X(  3 ) )  F 6 0 0 0 8 0 0  
DO 7 2 5  J # 1 1 2  F6OOO8 I O  
T l # X ( J ) + T 2  F 6 0 0 0 8 2 0  

7 1 0  X M A X ( J ) # T I  F 6 0 0 0 8 4 0  
7 1 5  I F ~ T l - X ~ I N ~ J ) ) 7 2 O r 7 2 5 ~ 7 2 S  F 6 0 0 0 8 5 0  

F 6 0 0 0 8 6 0  7 2 0  X M I N ( J ) # T I  
7 2 5  CCNTINUE F 6 0 0 0 8 7 0  

C e**** REFINE PARAMETERS * * * * e  F6O0088(3 
7 4 0  I F ( N J 2  - 3 1 7 4 5 9 7 4 2 r 7 5 5  F 6 0 0 0 8 9 0  
7 4 2  SYUL2UI. F 6 0 0 0 9 0 0  

G O  T O  7 6 5  FbODO9 I O  
C * * a * *  AUTOMATIC SCALE CNLY * e * * *  F 6 0 0 0 9 2 0  

7 4 5  DO 7 5 0  J111.2 F 6 0 0 0 9 3 0  
T2#XO( J )  F 6 0 0 0 9 4 D  
S C A L ( J ) # ( B R D R - T 2 ) / X M I ~ ( J )  F 6 0 0 0 9 5 0  

7 5 0  S C A L ( J + 2 ) # ~ X L N G I J l - R R D R - T 2 l / X M A X ( J l  F 6 0 0 0 9 6 0  
SMUL2#MINI F ( S C A L (  I ) r S C A L (  219 SCAL( 3 )  r SCAL (4) ) F 6 0 0 0 9 7 0  
GO T O  7 8 0  F 6 0 0 0 9 8 0  

C ***I* AUTOMATIC SCALE AND POSIT ION ***** F600099r3 
F6OO 1000 

7 6 0  SCALIJ)#(XLNG(JI-BRCR*2.)/(XMAX(J)-XMIN(J)l F 6 O O l 0 1 0  
S P U L 2 # M I N I F ( S C A L (  I ) r S C A L ( 2 ) )  F 6 0 0  I 0 2 0  

C ***e* AUTOMATIC P O S I T I C N  *****  F 6 0 0  IO30 
765 DO 7 7 0  J r 1 . 2  F6OO I 0 4 P  
7 7 0  X O 1 J ) # . S + ( X L N G ~ J ) - S M U L 2 * ( X M A X ( J ) + X M I N ( J )  1 )  F 6 0 @  I 050 
7 8 0  SMULTUSPULT*SMUL2 F6OO I069 

VIEW#VIEW*SMUL2 F b O O l 0 7 r l  
7 8 5  SCALIYSCALIeSWJCT F6OO 108’3 
7 9 0  SCL#SCAL l *SCAL2  F6OO I O 9 0  

RETURN F6OOi IO0 
END F6OOl I10 

IF(XMAX(Jl-T1~7101715r7lS F ~ O O O ~ ~ C !  

7 5 5  DO 7 6 0  J # I r 2  

* L I  ST8 
*LABEL 

SUBROUTINE F 7 0 0  F 7 0 0 0 0 1 0  
C *****  SUBROUTINE T O  ORAW E L L I P S O I D S  ***** F 7 0 0 0 0 2 0  

DIMENSICN E Y E ( 3 l r V I E W V ( 3 ) , X ( 3 ) ( 2 1 3 )  F 7 OOOO30 
D I  MENSICN A (  9 )  * A A  ( 39 3 1 9  AAREV ( 39 3 1 9  AAWRK( 39 3 1 * A  I D (  3 . 3  1 t A I N  ( 140) F 7 0 0 0 0 4 0  
0 1  MENS I O N  ATOMS( 47 500) p R B (  39 3 )  9 C O (  8 1 2 0  I r CHEM ( 2 0 0 )  9CONTt 5 1 rD ( 3 9  1 3 0 )  F7OOO’39 
DIMENSICN D A ( 3 9 3 ) 9 D P ( 2 *  1 3 0 ) r E V ( 3 , 2 0 0 ) r F S ( 3 r 3 9 4 8 )  9 C 0 ( 5 r 2 0 ) , O R G N ( 3 1  F 7 0 0 0 0 6 0  
DIMENSICN P ( 3 1 2 0 0 ) ~ P A ( 3 r 3 r 2 0 0 1 r P A C ~ 3 9 5 1 p P A T ( 3 ~ 3 ) r Q ( 3 ~ 3 ) r R E F V ( 3 ~ ~ )  F 7 0 0 0 0 7 0  
DIMENS ICN F700008 ‘3  
01 MENS I CN F 7 0 0 0 0 9 0  

COMMCN h G ~ A ~ A A , A A R E V ~ P A W R K r A I D r A I ~ r A T O M S ~ B B ~ ~ R D U ~ C O ~ C H E M r C O N T r D  F7000110 
COVPCN C 4 r D P ~ D I S P ~ E O G E ~ E V ~ F O R E ~ F S ~ I N ~ I T I L T r K D r L A T F ~ L T N O r N A T O M t N C D  F 7 0 0 0 1 2 3  
C O M M O N  NJpNJ2,NOUTpNSR,NSYM, O R G N , P , P A ~ P A C ~ P A T I Q , R E F V I R E S , R M S ~ S C A L I  F7OOOl3O 
COMMCN S C A L 2 ~ S C L r S Y M B ~ T A P E R r T ~ E T A ~ T I T L E ~ T I T L E 2 , T S ~ V I E W ~ V T r V l ~ V 2  F7OOOI4O 

RES ( 4  1 7  RMS ( 5 
V T  I 3.4 ) 9 V  I (4 1 r V 2 (  3 

r S Y M R  ( 3 9 3 )  r T I T L E  ( 12 1 9  T I  TLE L^I I 2  1 pTS(  3 948 1 
9 VS( 3 )  9 V I ( 3  1 r WRKV ( 3 9 3 )  ,V3(  3 1 9  V 4 t  3 

DIMENSICN X L N G ( 3 ) r X 0 ( 3 1 r X T 1 3 )  F700OlOCl 

COPMCN V 3 9 V 4 9 V 5 9 V 4 9 W R K V 9 X L N G r X 0 9 X T  F7OOO I50 
C * * * * a  S E T  E L L I P S O I D  GRAPHIC DETAILS * * * * *  F 7 0 0 0  1 6 0  

I T I L T # 3  F7OOO I 7rJ 
NG#O F 7 0 0 0 1 8 0  
NF I RSTC I F7OOOI9Q 
NPLANE#AIN( I I F700020rJ  
I F  (NPLANE-I 172Or 7 1 5 ~ 7 2 0  F7OOO2 I [! 

7 1 5  N F I R S T # 4  F 7 0 0 0 2 2 0  
NPLANE#4 F 7 0 0 0 2 3 0  

7 2 0  N S O L I D # A I N ( 2 )  F 7 0 0 0 2 4 r !  
NDCT#64/2**(XABSF(NSOLIC)) F 7 0 0 0 2 5 0  
L I NESWA I N ( 3 1 F 7 0 0 0 2 6 0  
NDASHU A I N ( 4  1 F 7 0 0 0 2 7 0  

DHWAIN(6 ) - C H S Y M *  I7 . /7 .  F 7 0 0 0 2 9 0  
DV#AIN(7)-CHSYM*.S F 7 0 0 0 3 0 0  

C ***I* ESTABLISH REFERENCE POINT OF VIEW **e**  F70OO3 I r3 
T I # l  . E 6  F700032’3 
I F t V  IEW ) 7 4 0 9 7 4 O r  7 3 5  F 7 0 0 0 3 3 3  

7 3 5  T I  #V IEW/SCAL I F70003413 
7 4 0  DO 7 4 5  JY1.3 F 7 0 0 0 3 5 0  
7 4 5  E Y E ( J ) Y R E F V ( J r 3 l * T I + O R G N ( J )  F 7 0 0 0 3 6 0  

CHSYM#AIN(S)  ~ 7 0 0 0 2 8 0  

. 
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c 

LNS#-I  F 7 0 0 0 3 7 0  
C * ****  LCOP THROUGH ATOP L I S T  * * *e *  F700038c )  

DO 1105 I T O M # l r L A T M  F7000390 

CALL X Y Z ( T I v X p 2 )  F 7 0 0 0 4  IO 

7 4 6  CALL P L T X Y ( X t Z 1  F 7OOO43O 
K # T I  / I  00000. F 7 0 0 0 4 4 0  
L # T I - F L C A T F ( K ) * 1 0 0 0 0 0 .  F 7 0 0 0 4  5 0  
I F Z N J 2 - 1 0 ) 7 4 7 , 7 5 4 r 7 5 4  F 7 0 0 0 4  60 

7 4 7  L N S # X M O C F I L N S + l r l 8 )  F 7 0 0 0 4  70 
I F ( L N S ) 7 4 9 . 7 4 8 , 7 4 9  F 7 0 0 0 4 8 0  

7 4 8  WRITE OUTPUT TAPE NOUT,751,( T I T L E (  I ) r I # i  1 1 2 )  F 7 0 0 0 4 9 n  
WRITE OUTPUT TAPE NOUT9752 F 70005 00 

I I 1 , I ' f l r J )  F 7 0 0 0 5 2 0  

751 F O R M A T ( I H I I D X , 1 2 A 6 )  F 7 0 0 0 5 4 0  

T I # A T O P S ( I , I T O M )  F 7 0004  oe 
I F t N G ) 7 5 8 * 7 4 6 * 7 5 8  ~ 7 0 0 0 4 2 e  

749 WRITE OUTPUT TAPE N O U T , 7 5 0 , C H E M ( K ) , K ~ L t Z o r Z ( 2 ) ,  IX(I)~I#l13)1lXTIF70~O5lO 

7 5 0  FORMAT( I H  l ! 3 X * A 6 * 3 l '  ( 1 3 9  IHI I 5 , 4 H )  2F8.293Xt3F8.39 I I X v 3 F 8 . 4 )  F 7 0 0 0 5 3 0  

7 5 2  FOSMAT( IH l1DX~18HSYMROC A T O M  CODE7X*16HPLOTTER X * Y ( I N . )  3 X ~ 2 I H C A F 7 0 0 0 5 5 D  
I R T E S I A N  X t Y t Z  l IN. ) ISX,2OHCRYSTAL SYSTEM X , Y * Z / I H  19X~45H~OIRECTIOF700056~ 
2N COSIYES ( 1, J 1 *  I #  1 9 3  1 r RMSOI J 1 )  t J # l  v 3 1 2 x 1  42HFOR PRINCIPAL  AXES BASEF7000570  
3 0  CN WORKING SYSTEM/IH 1 F 7 0 0 0 5 8 0  

7 5 4  I F (  EDGE-BROR)*.75 ) 7 5 5 9 7 6 0 1 7 6 G  
7 5 5  NG#IO 
7 5 8  C4LL  E R P N T ( T I * 7 3 0 )  

G O  TO 1105 
7 6 0  I F { C H S Y C ) 7 7 5 r 7 7 5 r 7 6 5  

C ***** PLOT CHEMICAL SYMBOLS *)**** 
765 T 4 # I .  

I F ( V I E W ) 7 6 7 , 7 6 7 , 7 6 6  
7 6 6  T 4 # V I E W / ( V I E W - X ( 3 ) )  
7 6 7  T3#CHSYC*T4 

T4#DISP*T4+.5 
V I  4 I ) # X (  I )+OH*SYMB( I , I )+DV*SYMBI Ir2) 
V l 1 2 ) # X ( Z ) + D H * S Y M B ( 2 , 1  ) + D V * S Y M B ( Z r Z )  
V I  ( 3 ) # X ( 3 )  
CALL P L T X Y ( V I  r V 3 )  
IF(EDGE-CHSYM)775r768v768 

7 6 8  V 2 1 3 ) # 0 .  
00 7 7 0  I # 1 , 3 , 2  
V 2 ( 1  ) i l V 3 ( 1  ) + F L O A T F ( I - 2 ) * 1 4  

V 2 1 2 ) # V 3 ( 2 ) + F L O A T F ( J - 2 ) * 7 4  
DO 7 7 0  J # I , ~ , z  

CALL S I P R O L ( V 2 t  I 1 , V 2 t 2 ) r T 3 , C H E M I K ) * T H E T A I 6 )  
I F 1 1 4 1  775 ,775 ,773  

7 7 0  CONTINUE 
7 7 5  I F ( N P L A ~ E ) 1 1 0 5 r 1 1 0 5 ~ 7 8 0  

C * * i t * *  E L L I P S O I D  PRINC VECTORS TOWARD VIEWER ** ) * *e  
780 CALL P A X E S ( T I . 2 )  

I F ( N G ) 7 5 8 , 7 8 3 , 7 5 8  
783 C4LL  DIFV(EYE,XT,VIEWV) 

CALL 
CALL VM(VIEWVvAAvV2) 
DO 7 9 5  I # l r 3  
IFIVV(V2,PAT(I,I)))785,795,795 

U N I T (  V I  E k V I V  IEWVr -  I 1 

7 8 5  00 7 9 0  J l l r 3  
P A C l J , I ) # - P A C ( J * I )  

7 9 0  P A T ( J ~ I ) # - P A T ( J I I )  
7 9 5  CCNTINUE 

00 800 J # 1 , 3  
P A C ( J I ~ ) W P A C I J I I )  

800 P A C ( J , 5 ) # P A C ( J , Z )  
I F ( N J 2 - 1 0 ) 8 0 2 , 8 0 3 , 8 0 3  

801 F O R M A T ( I H  13Xv3(3X ,3F8 .41F8 .S) / iH  1 
8 0 2  WRITE OUTPUT TAPE N O U T , 8 0 l r (  ( ( P A C ( J , K l r J l l r 3 ) r R M S ( K ) ) , K Y l r 3 )  

C *)**e* VI, # VECTOR NORMAL T O  POLAR PLANE +*+** 
8 0 3  CALL VM(VIEWV,AAWRK,V6) 

CALL U N I T ( V 6 t V 6 , I )  
CALL MVlQ,V6,V4) 
CALL U N I T ( V 4 r V 4 , l )  

F 7 0 0 0 5 9 0  
F 7 0 0 0 6 0 0  
F 7 0 0 0 6  I O  
F 7 0 0 0 6 2 0  
F700063fl 
F700064c )  
F 7 0 0 0 6 5 0  
F 7 0 0 0 6 6 0  
F 7 0 0 0 6 7 0  
F7Cl00680 
F 7 0 0 0 6 9 0  
F 7 0 0 0 7 0 0  
F7OOO7 10 
F 7 0 0 0 7 2 0  
F 7 0 0 0 7 3 0  
F 7 0 0 0 7  40 
F 7 0 0 0 7 5 0  
F 7 0 0 0 7 6 0  
F 7 0 0 0 7 7 0  
F 7 0 0 0 7 8 0  
F 7 0 0 0 7 9 0  
F 7 0 0 0 8 0 0  
F7OOO8 I O  
F 7 0 0 0 8 2 0  
F 7 0 0 0 8 3 0  
F 7 0 0 0 8 4 0  
F 7 0 0 0 8 5 0  
F 7 0 0 0 8 6 0  
F 7 0 0 0 8 7 0  
F 7 0 0 0 8 8 0  
F 7 0 0 0 8 9 0  
F 7 0 0 0 9 0 0  
F 7 0 0 0 9 1 0  
F700092!l 
F 7 0 0 0 9  30 
F 7 0 0 0 9 4 9  
F 7 0 0 0 9 5 0  
F 7 0 0 0 9 6 D  
F 7 0 0 0 9 7 0  
F 7 0 0 0 9 8 0  
F 7 0 0 0 9 9 0  
F7UO t 000 
F 7 0 0 1 0 1  0 
F 7 0 0  I 0 2 @  
F 7 0 O I  0 3 0  
F700 I040 
F 7 0 0 I O 5 0  
F 7 0 0  I 060 
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C **I)** SET PLOTTING RESOLUTION FOR E L L I P S O I D  ***** 
T3#RMS(3) *SCL 
NRESOL# I 
N R I S # 5  
00 805 J # l r 3  
IF(T3-RES(J))804r810r8lO 

804 N B I S # N B I S - I  
805 NRESOL#hRESOL*2 
810 NRESI#NRESOL+I  

C * * *e *  LCOP THROUGH PRINC AND POLAR PLANES a * * * *  
DO 1100 I I # N F I R S T r N P L A N E  
I I O # X M O C F ( I I + 2 ~ 3 ) + 1  
I I I # X M O C F ( I I r 3 ) t 1  
I I 2 # X M O C F ( I I + l r 3 ) + 1  

C +***I GENERATE CONJUGATE DIAMETERS * * *e*  
IF(.9993A-ARSF(VV(V4~PAC(l~I12)))82C182~v82OrE~O 

8 2 0  TI C R M S  ( 1 1 3 )  *SCL 
T2#RMS ( I I I I *SCL 
DO 8 2 5  J U l r 3  
D A ( J r l ) # P A C ( J r I I O ) * T I  

8 2 5  DA t J ,2 ) #PAC ( J 9 I I I ) UT2 
GO T O  850 

830 CALL NORM( PAC( I ,  I IO) ,PAC( I r I I I )  r V I  v I 1 
CALL N O R M ( V I v V 4 r V 2 r I )  
CALL U N I T ( V 2 r V 2 r I )  
CALL M V ( Q r V 2 p V 3 )  
I F t I I - 4 ) 8 3 5 r 8 4 0 r 8 4 0  

835 C I L L  N O R M ( V 3 r V I r V 5 r I )  
GO TO 8 4 3  

840 CALL N O R Y ( V 3 v V 4 r V S r l )  
8 4 3  CALL U N I T ( V 5 r V 5 r l )  

T I Y S C L / S Q R T F ( V M V ( V 2 r Q v V 2 ) )  
T 2 # S C L / S Q R T F ( V M V ( V S v Q r V 5 ) )  
DO 8 4 5  J # l r 3  
DA( J 9 I ) # V 2  ( J  ) * T I  

8 4 5  O A ( J , 2 ) # V S ( J ) * T 2  
C * * e * *  GENERATE E L L I P S E  e*+** 

850 CALL R A C I A L ( N 8 I S I  
I F I I I - 4 ) 9 0 0 r 8 5 5 r 8 5 5  

C *****  PLOT BCUNDARY E L L I P S E  ***** 
A55 CALL PRCJ(DrDPrXvXOrVIEWvIvI29rNRESOL) 

CALL 
DO 860 J#NRESI r129rNRESOL 

I F ( D I S P ) l l 0 0 r l l 0 0 r 8 C 5  

DRAW (OP rO.rO r 3 1 

860 CALL D R 6 W ( D P ( I r J ) r O . r 0 . , 2 )  

C (I**** BCUNDARY ANNULUS AS A L INEAR FUNCTION OF HEIGHT ***** 
8 6 5  CALL  DIFV(XT.ORGN,VI) 

T S I V V ( V I r A A R E V l l r 3 ) ) * S C A L l  
NCYCLE#.S+(AIN(R)+T5*AIN(9))/DISP 
I F ~ N C Y C L E ) l 1 0 0 ~ 1 1 0 0 ~ 8 7 0  

8 7 0  T 3 # ( 2 . * D I S P ) / ( T I + T 2 )  
C * e * * *  INCREASE ANNULAR THICKNESS ***e* 

DO 8 7 5  I # I r N C Y C L E  
T 4 R T 3 * F L O A T F ( I )  
DO 8 7 5  J # I  r 129rNRESOL 

e 7 5  CALL DRAW(DP(IrJ)rO(lrJ)*T4rD(2,J)*T4,2) 
GO T O  I I O C )  

900 CALL PRC J ( 0 9  DPr XI X O r  VIEW v I r6 5rNRESOL 1 
C * * + e *  PLOT HALF AN E L L I P S E  ++I*** 

CALL DRAW(DPrO.vO. r 3 )  
DO 9 0 5  J # N R E S l r 6 5 r N R E S O L  

9 0 5  CALL D R A W ( D P ( I , J ) r O . r ~ . , 2 )  
I F ( D I S P 1 9 3 0 r 9 3 0 ~ 9 1 0  

C +**** ACCENTUATE FRCNT HALF ***** 
9 1 0  DO 9 2 5  I # l r 3 v 2  

T Z # F L O A T F ( I - 2 ) * D I S P  

K # 6 6 - J  
DO 9 1 5  J # I v 6 5 r N R E S O L  

9 1 5  CALL C R A W ( O P ( l r K ) , D I S P r T 2 r 2 )  
DO 9 2 5  K#1,65rNRESOL 

F 7 0 0  I 0 7 0  
F 7 0 0  I 080 
F 7 0 0  I 090 
F 7 0 0  I I O 0  
F 7 0 0 1  I I T J  
F7OO I I 2 0  
F7OOl l3 rJ  
F 7 0 0 1  I 4 0  
F7OOl 150 
F7OO I I6n 
F7OO I I 7 3  
6 7 0 0 1  I 8 ?  
F7OOl I90 
F7OO I 2 0 0  
F7OO I 2  I r! 
F7OCl l223  
F7OO I 2 3 C  
F 7 0 0 1 2 4 O  
F7r30 1 2 5 0  
F 7 O O l 2 6 0  
F7PO I 2 7 Q  
F7OO 1 2 8 0  
F 7 0 0  I29Cl 
F 7 0 0  1 3’50 
F 7 O O l 3 1 3  
F 7 0 0  I 3 2 0  
F7OQ I 3 3 0  
F 7 0 0 1 3 4 D  
F 7 0 0 1 3 5 9  
F700 I 3 6 0  
F7OO I 3 7 0  
F 7 0 0 1 3 8 0  
F7OO I 3 9 0  
F7tJ!lI4@r! 
F 7 0 0 1 4 1 r !  
F700142TJ 
F7OO I4313 
F70014413 
F 7 0 0  I 4 5 3  
F7OO I 4 6 q  
F 7 0 0  I 4 7 0  
F 7 0 0 1 4 8 n  
F 7 0 0  149’3 
F 7 0 0  I500 
F 7 O O  I 5 1’3 
F 7 0 0  I 5 2 3  
F 7 0 0 1 5 3 0  
F 7 0 0  I 5 4 g  
F7COI 550  
F 7 0 0 1 5 6 0  
F700157Cl  
F 7 0 0  I580 
F 7 @ 0  1 5 9 0  
F 7 0 0 1 6 @ @  
F 7 O O l 6  I !I 
F 7 0 0  1 6 2 0  
F 7 O O l 6 3 0  
F 7 0 0  I 6 4 0  
F700165‘Ir 
F7OO I 6 6 0  
F 7 0 0  1 6 7 0  
F 7 0 0 1 6 8 0  
F7OOI 690 
F 7 0 0  1 7 0 0  
F 7 0 0 1 7 1 0  
F7OO I 7 2 0  
F 7 O O l 7 3 0  
F 7 O O l 7 4 0  
F7CO I 7 5 0  
F 7 0 @  I 7 6 0  

. 
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9 2 5  CALL D R A W t D P ( I , K ) , - D I S P , - T 2 r 2 1  
9 3 0  I F ( N S O L I D ) 9 4 0 , 9 6 7 , 9 3 5  
9 3 5  L#NOOT 

9 3 8  CALL R A C I A L ( N S O L 1 D - I )  

9 4 0  L#NRESOL 

I F ( N D O T - N R E S O L ) 9 3 8 , 9 4 5 , 9 4 0  

G O  T O  9 4 5  

9 4 5  CALL PRCJID(1,65),DP(1,65),X,XO,VIEW,l,65,L) 
I F ( N S O L I D ) 9 6 0 , 9 6 7 , 9 5 0  

C ***** DCTTED L I N E  CN REVERSE S IDE ***i t+ 

9 5 0  DO 9 5 8  J#65,129,NOOT 
CALL DRAW(DP(lrJ)rOISP,OISP,3) 
DO 9 5 5  1 # 1 , 3 * 2  
T I # F L O A T F ( I - 2 ) * O I S P  

T 2 # F L O A T F ( K - 2 ) * D I S P  
DO 9 5 5  K#1,3,2 

CALL D R b W I D P I I , J ) r T I , T 2 , 2 1  
I F f D I S P ) 9 5 8 , 9 5 8 , 9 5 5  

9 5 5  CCNTINUE 
9 5 8  CCNTINUE 

GO T O  9 6 7  
C * * * e *  S INGLE L I N E  CN REVERSE S IDE +***I 

9 6 0  DO 9 6 5  J#65,129,NRESOL 
9 6 5  CALL D R A W ( D P 1 I r J ) t O . r 0 . r 2 )  

C *e*** D E T A I L  INTERIOR FEATURES ***** 
9 6 7  T2#NDASH*2 

DO 9 7 5  J#1 ,3  
T I  # P A C (  JI I IO ) * R M S (  I I O ) * S C L  
OA(J.1 ) # T I  
D A ( J , Z ) # P A C ( J , I I I ) * R H S (  I I l ) * S C L  
O A 1 J , 3 ) # 0 *  
I F ( N D A S H ) 9 7 5 r 9 7 5 , 9 7 0  

9 7 0  V I ( J ) Y - T I  

9 7 5  CCNTINUE 
V2(  J ) # T I  /T2  

I F ( N D A S H ) 9 8 7 , 9 8 7 , 9 8 0  
C ****e DASHED L I N E  FOR REVERSE A X I S  *).e+* 

9 8 0  DO 9 8 5  J#I,NDASH 
DO 985 K # l r 2  
L # 4 - K  
CALL 
CALL DRAWIDP,O-iQ.rL) 
DO 9 8 5  I f i l - 3  

9 8 5  V I t I I # V I ( I ) + V 2 ( I )  

9 8 7  I F ~ L I N E S ) I 1 0 0 ~ 1 1 0 0 ~ 5 8 8  
98R CALL PRCJ(DA,DP,X,XOIVIEW,I,~,I) 

P R C J ( V I  ,DPpX,XO,VIEW, I ,  I t  1 I 

C e**** S C L I D  L I N E  FOR FORWARD A X I S  * * * * a  

T I # O I S P * . 5  

T 2 # F L O A T F ( 2 - I )  * T  I 
DO 9 9 0  1#1,3 ,2  

CALL O R A W ( O P v T l r T 2 v 3 )  
CALL DRAW(DP(1 , 3 ) r T l r T 2 , 2 )  
I F ( D I S P ) 1 0 0 0 ~ 1 0 0 0 ~ 9 8 9  

9 8 9  CALL D R A W ( D P ( 1 ~ 3 ) r - T l i T 2 r 2 )  
9 9 0  CALL DRAW(DP,-TI,T2,2) 

C ****e SHADE QUADRANT BETWEEN TWO P R I N C I P A L  AXES *****  
I000 L # L I N E S - I  

1005 T 2 # L I N E S  
I F ( L ) 1 1 0 0 ~ 1 1 0 0 ~ 1 0 0 5  

DO 1 0 2 5  I # I , L  
T I # F L O A T F ( I ) / T 2  
T 3 # S Q R T F ( I . - T l * T I )  
IF(XMODF(1,2))1310~1Gl5~IOlO 

I010 M#I*2 
N#M- I 
G O  T O  I 0 2 0  

M#N- I 
l U l 5  N#I*2 

102c1 DO 1 0 2 5  J g 1 . 3  
T 4 # D A ( J , I ) * T l  

F 7 0 0 1 7 7 n  
F 7 0 0 1 7 8 0  
F7OO I 7 9 0  
F 7 0 0 1 8 0 n  
F7ODI  8 In  
F 7 0 0  I 8 2 0  
F 7 0 0 1 8 3 0  
F 7 0 0  I 840 
F 7 0 0 1 8 5 0  
F7OO I860 
F 7 0 0 1 8 7 0  
F 7 0 0  I880 
F 7 0 0 1 8 9 0  
F7OU 1900 
F7OO I 9 I 0 
F 7 0 0  192'3 
f 7 0 0  I 9 3 0  
F 7 0 0  I 9 4 0  
F 7 0 0 1 9 5 9  
F7DOI 9 6 0  
F7OO I 970 
F 7 0 0 1 9 8 5  
F7OO I 9 9 @  
F 7 0 0 2 0 0 3  
F 7 0 0 2 0  I O  
F 7 0 0 2 0 2 0  
F730203 '3  
F 7 0 0 2 0 4 0  
F 7 0 0 2 0 5 0  
F 7UO2060 
F700207c1 
F 7 0 0 2 0 P Q  
F 7 0 0 2 0 9 0  
F 7 0 0 2  I OD 
F 7 0 0 2  I I 0  
F7OO2 I 2 0  
F7CO213O 
F 7 9 0 2  I 4 0  
F7OO215n 
F 7 0 0 2  I 6 0  
F 7 0 0 2  I 7 0  
F7OO2 I 80 
F 7 0 0 2  I 90 
F 7 0 0 2 2 0 0  
F 7 0 0 2 2  I 0 
F 7 0 0 2 2 2 0  
F 7 0 0 2 2  3 0  
F 7 0 0 2 2 4 n  
F 7 0 0 2 2 5 0  
F 7 0 0 2 2 6 0  
F 7 0 0 2 2 7 0  
F 7 0 0 2 2  8c1 
F 7 0 0 2 2 9 0  
F 7 0 0 2 3 0 0  
F 7 0 0 2 3  IO 
F700232c1 
F7O0233 f l  
F 7 0 0 2  3 4 0  
F 7 0 0 2 3 5 0  
F 7 0 0 2 3 6 0  
f-7002370 
F 7 0 0 2  38(3 
F 7 0 0 2 3 9 0  
F 7 0 0 2 4 0 0  
F 7 0 0 2 4  I O  
F 7 0 0 2 4 2 9  
F 7 0 0 2 4 3 0  
F 7 0 0 2 4 4 0  
F7UO24 5 0  
F 7 0 0 2 4 6 0  

8 
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4 

F 7 0 0  2 4 7 0  
F700248CI 

F 7OO25OO 
F7OO25 I 2  
F 7 0 0 2 5 2 ' J  
F 7 0 0 2 5 3 0  
F 7 0 0 2 5 4 D  
F 7 0 0 2 5 5 U  
F 7 0 0 2 5 6 Q  
F 7 0 0 2 5 7 n  

~ 7 0 0 2 4 9 ~ 1  

* L I S T 8  
*LABEL 

C ****+ SUBROUTINE F I N D S  ATOM PAIRS FOR BONDS **I** F 8 0 0 0 0 2 0  
DIMENSION I A ( 3 ) r W 1 ( 3 )  F800003 '3  

SUBROUT I NE F 8 0 0  F8OOOC 19 

01 MENSICN F 8 0 0 0 0 4 0  
DIMENSICN A T O M S ~ 4 ~ 5 0 0 ~ ~ 8 8 ( 3 ~ 3 ~ ~ C D ~ 8 ~ Z O ) ~ C H E M ~ 2 O O ~ ~ C O N T ~ S ~ ~ D ~ 3 ~ l 3 D ~ F 8 O O O ~ 5 ~  
D I M E N S  I C N  F 8 0 0 0 0 6 0  

DIMENSICN R E S ( 4 ) ~ R M S ( 5 ) , S Y M B ( 3 ~ 3 ) ~ T I T L E 1 1 2 ) , T I T L E ~ ( 1 2 ) ~ T S ( 3 ~ 4 8 )  F800008(3 
01 M E N S  I CN F 8 0 0 0 0 9 0  

COMMON ~ G ~ A ~ A A ~ A A R E V ~ A A W R K ~ A I D ~ A I N ~ A T O M S ~ ~ ~ ~ ~ R D R ~ C O ~ C H E M ~ C O N T T D  F 8 0 ~ 0 1 1 ( 3  
COMMCN C A ~ D P ~ D I S P ~ E C G E ~ E V ~ F O R E ~ F S ~ I N ~ I T I L T ~ K D , L A T ~ ~ L T N O ~ N A T O M r N C D  F 8 0 0 0 1 2 0  
COCMCN N J , N J 2 ~ N D U T ~ N S R ~ N S Y M ~ O R G N ~ P ~ P A ~ P A C ~ P A T , Q ~ R E F V , R E S ~ R M S ~ S C A L l F 8 O O O l 3 0  
COPMCN S C A L 2 , S C L ~ S Y M R , T A P E R ~ T H E T A ~ T I T L E ~ T I T L E 2 , T S ~ V I ~ W ~ V T ~ V l ~ V 2  
COMMCN V ~ ~ V ~ , V ~ W V ~ , W R K V , X L N G , X O ~ X T  

A ( 9 )  9 A A (  39 3 )  7 AAREV ( 31  3 )  

D A I  39 3 1 , DP ( 2 1  1 3 0 )  9 EV( 3, 200 1 1 F S (  3 - 3 9  48 1 

AAWRK ( 3.3 1 1 A ID{ -393 1 * A  I N (  140) 

KO ( 5 9 2 0 )  VORGN ( 3  
OIMENSICN P ( 3 , 2 3 0 ) , P A ( 3 , 3 , 2 @ C ) r P A G 1 3 , 5 ) , P A T ( 3 , 3 ) , Q ( 3 , 3 ) , R E F V ( 3 * 3 )  F 8 0 0 0 0 7 0  

VT 139 4 1 9 V I ( 4 1 , V 2  13 1, V 3 (  3 1 ,  V4 ( 3 ) 9 V S (  3 S 9 V t (  3 I W R K V (  3 13 
DI MENS I C N  XLNG(3  1 9x0 ( 3  ) 9 XTt 3 F80OOI 00 

LNS#-4 
I F(XMODF( VJ2  9 I O  1-2 )EO59 8 4 0 , 8 4 0  

C ****I E X P L I C I T  DESCRIPTION *****  
8 0 5  II#O 

8 1 5  I I # I I + I  

8211 T I # A I N ( I I )  

8 2 5  I I # I I + I  

I F ( N C C ) 8 4 5 , 8 4 5 r 8 1 5  

I F ( I 4 9 - 1 1 ) 8 9 9 , 8 9 9 , 8 2 0  

I F ( T I  )815,815,825 

T 2 # A I N (  I I )  
I F ( T 2 ) 8 1 5 , 8 1 5 , 8 3 0  

8 3 0  I F 1 N J 2 - 1 0 ) 8 3 2 , 8 3 8 , 8 3 8  
8 3 2  LNS#XMOCF(LNS+4r56 )  

8 3 4  WRITE OUTPUT TAPE N O U l t 8 3 5 1  
835 F O R b ' A T ( I H I I O X ~ 1 2 A 6 )  

I F ( L N S ) 8 3 8 , 8 3 4 , 8 3 8  
T I T L  1,121 

FBOOO I 4 g  
F 8 0 0 0 1 5 0  
F 8 0 0 0  I 60 
F 8000 I 7r) 
F8OOO I 8n 
F 8000 I 90 
F 80002ULI 
F 8 0 0 0 2  I c1 
F 8 0 0 0 2 2 Q  
F 8 0 0 0 2  33 
F 8 0 0 0 2  415 
FRO00250  
F 8 0 0 0 2 6 Q  
F80002713 
F8000281!  
F 8 0 0 0 2 9 0  

F 8 0 0 0 3 1 0  
F8005320 
F 8 0 0 0 3 3 0  

F E O O O ~ O O  

WRITE OUTPUT TAPE NOUT.837 
8 3 7  FORMAT(IHOIOX,I8HSYMEOL A T O M  CODE6X,16HPLOTTER X f Y ( I N . 1  6X121HCAF8000340  

I R T E S I A N  X t Y , Z  (IN- 1 I7X92OHCRYSTAL SYSTEM X,Y,Z/IH b F 8 0 0 0 3 5 0  
838  CALL R O & D ( T l r T Z , I )  F 8 U 0 0 3 6 0  

G O  TO 8 1 5  F 8 0 0 0 3 7 0  
C **+** I P P L I C I T  OESCRIPTION ****+ F B 0 0 0 3 8 0  

840 I F ( L A T M - 2 ) 8 4 5 1 8 5 0 , 8 5 0  F 8 0 0 0 3 9 0  

CALL ERPNT ( 0 .  ,NJ* IOO+VJ2)  F8OOO4 I O  

850 SCAL3WSCALI F 8 0 0 0 4 3 U  
F 800044 '3  
F 8 0 0 0 4 5 0  

8 5 5  CALL X Y Z ( A T O M S I I r I ) r A T O M S ( 2 ~ 1 ) ~ 2 )  F 8 0 0 0 4 6 0  
SCAL I WSCAL3 F 8 0 0 0 4 7 0  
I F ( N C D ) 8 4 5 , 8 4 5 r 8 6 0  F 8 0 0 0 4 8 0  

860 WRITE OUTPUT TAPE NOUTg861 F 8 0 0 0 4  90 

845 NGWl I F E O O O ~ O O  

G O  TO 8 9 9  F ~ 0 0 0 4 2 0  

SCAL I Y I .  
DO 8 5 5  I # l  (LATM 

861 F O R M A T I I H D I O X I ~ ~ H E O N D  SELECTION C O D E S / / I I X ~ 9 4 H I S E O U E N C E ~ A ~ ~ ~ S E P U E N F 8 0 0 0 5 0 ~  
ICE(B)) ( B C N D )  ( D I S T A N C E S ) (  BONO )~PERSP.--LA8ELSI(NORMAL--LABELS)(F8OOOSlO 
Z D I G I T S )  / l l X , 9 3 H (  M I N  M A X  H I N  M A X  1 ( T Y P E )  ( M I N  M A X ) ( R A D I F 8 0 0 0 5 2 0  

FROOII~~CI 3 U S I ( H E I G H T  OFFSETI(HE1GHT OFFSET)(NUMBER))  
DMAXXO. F 8 0 0 0 5 4 O  
00 8 7 0  I # I , N C O  F 8 0 0 0 5 5 0  
IFIDMAX-CDI2,1))865r870,870 F 8 0 0 0 5 6 0  

865 D M A X # C D ( 2 r I )  F 8 0 0 0 5 7 0  

. 
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. 

8 7 0  WRITE OUTPUT TAPE N O U T , 8 7 l , l K C ( J i I ) r J # 1 1 5 ) r ( C D ( J ~ I ~ ~ J # l , 8 )  
871 FORMAT( I H  IOX16rI5~18~I5~18~2F6~2~5F8.31F7.0) 

DMAX#DMAX*DMAX 
C * * * * e  LCOP THROUGH ATOMS A R R A Y  * * * * e  

DO 8 9 5  V#I,LATM 
T I  #ATOMS1 1 , M I  
I A ( I  ) # T 1 / 1 0 0 0 0 0 .  
I A ( 3 ) # I A ( I  1 
W I  ( I  )#ATOMS(2,M) 
W I  ( 2 )  #ATOMS( 3,  H I  
W I ( 3 ) # A T O M S ( 4 p H )  
L#M+ I 
DO 8 9 5  N#LpLATM 
D I S T # l A T O M S 1 2 , N ) - W I ( l ) ) * * 2  
IF(DMAX-DIST)895,873,873 

IF(DMAX-DIST)895r874,R74 
01 ST#DIST+  I ATOCS I4 
I F  ( D FAX-OIST ) 8 9 5 1 8 7 5 9  8 7 5  

T2#ATOMS(I ,N)  
I A ( 2  1 # T 2  / I 00000. 

8 7 3  D I S T # D I S T + ( A T O M S ( 3 r N ) - W l ( 2 ) ~ * * 2  

8 7 4  N 1 - W  I ( 3  1 f **2 

8 7 5  D I S T # S Q R T F ( O I S T I  

C ***I* SELECT BONDS ACCORDING TO CODES ****I 
DO 8 9 0  J# I ,NCD 
J B # J  
I F ( D I S T - C D ( l p J ) I  8 9 0 r 8 8 0 . 8 8 0  

880 I F ( C D ( 2 , J ) - D I S T )  8 9 0 r 8 8 1 v 8 8 1  
881 DO 8 8 5  K # 1 9 2  

I F ( I A ( K ) - K D ( I , J ) I  885 ,882 ,882  
8 8 2  I F ( K D ( 2 , J ) - I A ( K ) )  885,883,883 
883 IF(IA(K+I)-KD(3,J))885,884,884 
884 I F I K D ( 4 , J ) - I A I K + I  1 ) 8 8 5 r 8 9 1 1 8 9 1  
8 8 5  CONTINUE 
8 9 0  CCNTINUE 

GO TO 8 9 5  
8 9 1  I F I N J 2 - 1 0 ) 8 9 2 , 8 9 4 , 8 9 4  
8 9 2  LNS#XMOCF(LNS+4,56) 

I F I L N S ) 8 9 3 , 8 9 3 , 8 9 4  

WRITE OUTPUT TAPE NOU1.837 
893 Wr71TE OUTPUT TAPE NOUT~835r(TITLE(I),I#l~l2~ 

8 9 4  CALL B O h D ( T I , T 2 p J B )  
8 9 5  CCNTINUE 
8 9 9  RETURN 

END 
* L I S T 8  
*LABEL 

SUBROUTINE F 9 0 0  
DIMENSION x r 3 )  , x w f 3 , 5 )  , Y I ~ ) ,  z( 3 )  

FRO00580 
F 8 0 0 0 5 9 0  
F 8 0 0 0 6 0 0  
F8OOO6 I 0  
F 8 0 0 0 6 2 0  
F 8 0 0 0 6 3 0  
FRO00640  
F 8 0 0 0 6 5 0  
F 8 0 0 0 6 6 0  
F 8 0 0 0 6 7 0  
F 8 0 0 0 6 8 0  
F 8 0 0 0 6 9 0  
F 8 0 0 0 7 0 0  
F 8 0 0 0 7  I O  
F 8 0 0 0 7 2 0  
F 8 0 0 0 7 3 0  
FRO00740 
F 8 0 0 0 7 5 0  
F 8 0 0 0 7 6 0  
F 8 0 0 0 7 7 0  
F 8 0 0 0 7 8 0  
F 8 0 0 0 7 9 0  
F 8 0 0 0 8 0 0  
F 8 0 0 0 8  I O  
F 8 0 0 0 8 2 0  
F 8 0 0 0 8 3 0  
F 8 0 0 0 8 4 0  
F 8 0 0 0 8 5 l l  
F800086fl 
F 8 0 0 0 8 7 0  
F 8 0 0 0 8 8 0  
F 8 0 0 0 8 9 0  
F800090O 
F 8 0 0 0 9  I O  
F 8 0 0 0 9 2 0  
F 8 0 0 0 9 3 0  
F 8 0 0 0 9 4 0  
F 8 0 0 0 9 5 0  
F 8 0 0 0 9 6 0  
F 8 0 0 0 9 7 0  
F 8 0 0 0 9 8 0  
F 8 0 0 0 9 9 0  
F 8 0 0 1 0 0 0  
F 8 0 0  I 0 I 0 

F9OOOO I O  
F 9 0 0 0 0 2 0  

DI MENSICN A (  9 )  r A A I  3.3) t AAREV ( 3 9  3 )  9 AAWRKI 3 . 3  1 , A I D (  5 . 3 )  P A I N (  1 4 0 )  F 9 0 0 0 0 3 0  
DIMENSICN A T O M S ( 4 ~ 5 0 O ) r B B ( 3 ~ 3 l ~ C D ~ 8 ~ 2 O ~ ~ C H E M ~ 2 O O ) ~ C O N T ~ 5 ~ ~ D ~ 3 ~ l 3 O ~ F 9 O O O O 4 ~  
DI MENS I CN F 9 0 0 0 0 5 0  
DIMENSICN P l 3 , 2 3 0 ) , P A 1 3 , 3 r 2 D C ) r P A C 1 3 , 5 ) r P A T r 3 r 3 ) r 0 ( 3 , 3 ) , R E F V ( 3 , 3 )  F 9 0 0 0 0 6 0  
D I  HENSION F 9 0 0 0 0 7 O  
DI MENSICN F 9 0 0 0 0 8 0  

DA(3.3 1 ,  DP ( 2 ,  I 3 0  I t  E V (  39 2 0 0  ) *  F S (  3 1  39 4 8 )  9 I’D( 5r2CI) rORGN(3 1 

RES14)  9 RMS ( 5 1 r SYMR (3 ,  3 I t T I T L E (  I 2  1 , T I T L E  2 (  121 9 T S (  3.48 1 
VT(  3 9 4  1 r V  I 1 4 )  1V213  ) 1 V 3 (  3 1  t V4(  3 1 ,  V 5 (  3 )  t V t (  3 1 t WRKV(393 I 

DIMENSICN X L N G [ 3 ) , X 0 ( 3 ) , X T l 3 )  F 9 0 0 0 0 9 0  
COMMON h G ~ A ~ A A ~ A A R E V ~ A A W R K , A I D ~ A I N ~ A T O ~ S ~ ~ B ~ B R D R ~ C D ~ C H E M ~ C O N T ~ D  F 9 0 0 0 l O O  
COMMCN C A , D P , D I S P ~ E D G E ~ E V ~ F O R E ~ F S ~ I N ~ I T I L T ~ K D ~ L A T ~ , L T ~ O ~ N A T O M ~ N C D  F 9 0 0 0 1 l n  
COMMCN NJ~NJ~~NOUT~NSR~NSYM~~RGN~P~PAIPAC,PAC~PAT~~~REFV~RES~RMS~SCALIF~OOOI~~ 
COMMON S C A L 2 , S C L t S Y M B , T A P E R , T ~ E T A ~ T I T L E ~ T I T L E 2 , T S . V I E W ~ V T , V l , V 2  F 9 0 0 0 1 3 0  
COMMCN V 3 , V 4 v V 5 r V 6 , U R K V , X L N G I X O I X T  F9OOOl40  

C *****  LABELING FUNCTION SUBROUTINE ***+* F 9 0 0 0 1 5 0  
I T I L T # O  F9OOO I 60 
N J 3 # X M O C F l N J 2 * 1 3 )  F9OOO I 7 0  
TH#THETA F9OOOl80  
S INTH#SYMBi2 ,11  F9OOOl9@ 
COSTH#SYMB( I , l )  F 9 0 0 0 2 0 0  
I LAS T #  I F 9 0 0 0 2  I O  
IF(AIN(2)-11100.191O,9IO~~O5 F 9 0 0 0 2 2 0  

9 0 5  I L A S T # 2  F 9 0 0 0 2 3 0  
910 DO 9 2 5  I I # l r I L A S T  F 9 0 0 0 2 4 0  
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C * *e * *  OBTAIN WORKING CARTESIAN COORDINATES *e***  F 9 0 0 0 2  50 
CALL X Y Z l A I N ( I I ) , X W ( I , I I ) ( 2 )  F 9 0 0 0 2 6 0  
I F ( N G 1 9 1 5 r 9 2 5 r 9 I S  F 9 0 0 0 2 7 0  

9 1 2  NG#15 F 9 0 0 0 2 R n  
9 1 5  CALL E R P N T I A I N ( I I ) ~ Y J * l O O + N J 2 )  F 900029Cl 

G O  T O  I 1 9 9  F 9 0 0 0 3 0 0  
9 2 5  CALL XYZ(AINIII),XW(I,II+3)t3) F9OOO3 1 0 

I I # I  F 9 0 0 0 3 2 0  
C *****  F I N D  MEAN REFERENCE POINT *****  F 9 0 0 0 3 3 3  

DO 9 3 0  J#1 ,3  F 90003 4 0  
T2XXWI J , I L A S T )  F 9 0 0 0 3 5 0  
T I # ) I W l J ~ I )  F 9 0 0 0 3 6 0  
X W l  J 1 3  1 #T2-T I F 9 0 0 0 3 7 0  

9 3 0  X ( J ) # ( T 2 + T 1 ) * . 5  F 9 0 0 0 3 8 0  
C * * *e *  PERSPECTIVE SCALING FACTOR ***** F 9 0 0 0 3 9 0  

SCAL# I  . F 9 0 0 0 4 0 0  
I F l V I E W ) 9 4 0 ~ 9 4 0 r 9 3 5  F9OOO4 IO 

9 3 5  S C A L # V I E W / ( V I E W - X ( 3 ) )  F 9 0 0 0 4 2 Q  
9 4 0  HGT#SCAL*AIN(  51 F 9 0 0 0 4 3 0  

I F ( N J 2 - 3 ) 9 6 0 , 9 5 0 , 9 4 5  F 9 0 0 0 4 4 0  
9 4 5  I F ( N J 2 - 6 ) 9 5 0 , 9 5 3 r 9 6 0  F 9 0 0 0 4 5 0  

C *a** *  PROJECTED VECTOR BASELINE ***** F 9 0 0 0 4 6 0  
9 5 0  CALL P L T X Y ( X W ( I v 4 ) r V I )  F 9 0 0 0 4  7 0  

CALL P L T X Y I X W ( 1 , 5 ) p V 2 )  F 9 0 0 0 4 8 0  
T l # V 2 1 1 ) - V I I I )  F 9 0 0 0 4 9 0  
T 2 # V 2 1 2 ) - V I I 2 )  F 9 0 0 0 5 0 0  
T 3 # S Q R T F I T I * T I + T Z * T 2 )  F 9 0 0 0 5  IO 
I F ( T 3 ) 9 1 2 * 9 1 2 r 9 5 5  F 9 0 0 0 5 2 0  

9 5 5  C O S T H # T I / T 3  F 9 0 0 0 5 3 0  
S I N T H # T 2 / T 3  F 9 0 0 0 5 4 O  
TH#ARCCCS(COSTH) F 9 0 0 0 5 5 0  
I F l S I N T H ) 9 5 8 , 9 6 C l , 9 6 0  F 9 0 0 0 5 6 0  

9 5 8  THII-TH F 9 0 0 0 5 7 0  
9 6 0  I F ( N J 2 - 1 3 ) 9 6 5 r 9 8 5 , 9 8 5  F 9 0 0 0 5 8 @  

C ****I F I N D  CENTER OF PROJECTED LABEL * * * a +  F 9 0 0 0 5 9 0  
9 6 5  YII)#SCAL*1X(I)+AIN(6)*COSTH-AIN(7)*SINTH)+XO(l) F 9OOO60G 

Y(2)#SCAL*(X(2)+AINI6)rSINTH+AINTH+AINI7)*COSTH)+XOI2)  F9OO06 IO 
Y ( 3 ) # 0 .  F 9 0 0 0 6 2 0  

C * e * * *  CPECK FOR LEGEND RESET * * * e *  F 9 0 0 0 6 3 0  
D O  9 8 0  J # l r 2  F 9 0 0 0 6 4 0  
T I # A I N ( J + 2 )  F 9 0 0 0 6 5 0  
I F l T 1 ) 9 7 5 r 9 8 0 , 9 7 0  F 9 0 0 0 6 6 0  

970 Y I J ) # T I  F 9 0 0 0 6 7 0  

F 9 0 0 0 6 9 0  9 7 5  Y ( J)  #XLhlG( J t +T 1 
9 8 0  CONTINUE F 9 0 0 0 7 0 0  

C e**** SET PARAMETERS FOR I N 0  I V I D U A L  FUNCTIONS ***** F9OOO7 IO 

I S 5 ~ 1 0 0 5 ~ 1 0 0 5 r 9 1 5 ) ~ N J 2  F 9 0 0 0 7 3 0  
9 9 0  T 6 # 1 7 .  F 9 0 0 0 7 4 f l  

L # A I N (  I )/100000. F900075 t3  
F 9 0 0 0 7 6 0  I LASTYl  
F 9 0 0 0 7 7 0  DXWIIO. 

DYKUO. F 9 0 0 0 7 8 0  
G O  T O  1 0 3 9  F 9 0 0 0 7 9 0  

I L A S T # 1 2  F 9 0 0 0 8  IO 
T I  #HGT+36./7. F 9 0 0 0 8 2 0  
OXW#COSTH*T 1 F 9 0 0 0 8  3 0  
DYW#SINTH*T I F 9 0 0 0 8 4 0  
GO T O  1030 F 9 0 0 0 8 5 f l  

1000 T 6 # 2 2 + 3 * 1 6 - N J 3 )  F 9 0 0 0 8 6 0  
D I S T # S P R T F ( V V l X W ( 1 , 3 ) , X W ( l , 3 ) 1 ) / S C A L I  F9OOOR7fl 
GO T O  1 0 3 0  F 9 0 0 0 8 8 0  

C * * * e *  TRUE PERSPECTIVE LABELS *****  F 9 0 0 0 8 9 0  

IF(ABSF(VTt3~1))-.999~~lOlO~9l2~9l2 F9OOO9 I fI 
C * * e * *  FCRM PERSPECTIVE ROTATION MATRIX *e***  F 9 0 0 0 9 2 0  

F 9 0 0 0 9 4 0  

GO TO 9 8 0  ~ 9 0 0 0 6 8 n  

9 8 5  GO T 0 ( 9 9 0 ~ 9 9 5 ~ 9 9 5 ~ 1 0 0 O ~ l O O O ,  1 0 0 0 ~ 9 1 5 ~ 1 1 0 5 ~ 1 1 O 5 ~ 9 l 5 ~ 9 l 5 ~ 9 l ~ ~ l O O 5 ~ l O F 9 O O ~ 7 2 ~  

9 9 5  T 6 # 2 1 5 .  F ~ O O O ~ C I O  

1005 CALL U N I T ( X W ( 1 , 3 ) r V T 1 I , I ) , I )  F P O O O ~ O ~  

~ 9 0 0 0 9 3 0  I010 CALL N O R M ( A I D ~ 1 ~ 3 ) r V T ( I t l ) r V T ~ I ~ 2 ) ~ l )  
U N I T (  V T (  I 9 2  1 S V T  I I ,  2 1 ,  I )  CALL 



1 1 1  

CALL N O R M I V T ( l ~ l ) ~ V T ( 1 , 2 ) ~ V T ( l ~ 3 ~ ~ l )  
00 1 0 1 5  J b l . 3  

1015  V T ( J , 4 ) # X ( J )  
I T I L T #  I 
H G T # A I  N I  5 1 
TH#3 
Y ( 3 ) # X ( 3 )  
Y ( 2 ) # X 1 2 ) + A I N I 7 ) - H G T * . S  
IF1YJ2-13)1030~1025rIO20 

C * a * * *  P E R S P E C T I V E  BCND LABELS ***** 
1 0 2 0  Y ( I ) # X ( I  I +A IN I6$ - l ‘GT*FLOATF(22+3* (6 -NJ3)1 /7 .  

O I S T # S P R T F I V V I X W ( 1 , 3 ) 1 X W ( l r 3 ) ) ) ) / S C A L l  
GO T O  11350 

C * * * e *  P E R S P E C T I V E  T I T L E S  ***** 
I G 2 5  Y I I  ) # X ( I  ) + A I N ( 6 ) - k G T * 2 1 5 . / 7 .  

I LAST# I 2  
DXW#HGT+36./7. 
DYW#O. 
GO T O  1050 

OV#HGT*.5 
YIll#Y(I)-DH+COSTH+DV+SINTH 
Y ( 2 ) ~ Y I 2 ) - O H * S I ~ T H - D V * C O S T H  
Y ( 3 )  iyo. 

1030  OH#HGT*T6/7.  

C * ***+ PLOT VARIOUS LABELS +*+e* 
1050  G O  T0(106D~1060~106U,IC9O~lO95~l 1 0 0 ~ 9 1 5 , 1 1 0 5 r l l O S ~ ~ V J 3  
1060 DO 1 0 8 5  I # l r I L A S T  

0 0  1075  J # l  , 392  
Z I  I )  # Y f  I )+FLOATF(  J -2) *01SP+,S 

Z ( 2 )  # Y  ( 2  )+FLOATFI  K-2 ) * C I S P * .  5 
DO 1 0 7 5  K l f l r . 3 9 2  

I F ( N J 3 - 2 ) 1 0 6 5 , I D 6 8 ~ 1 O 6 8  
C ***e* PLOT CHEMICAL SYMBOL * * a * *  

IO65  CALL S ICBOLI  21  I 1 r Z ( 2  ) rHGT,CHEMIL 1 , TH96) 
G O  T O  107r l  

C a+*** PLOT T I T L E S  **+I* 
1068 CALL S I M B O L I Z ( I l ~ Z I 2 ) , H G T ~ T I T L E 2 I I ) ~ T H ~ 6 )  
1 0 7 0  I F I O I S P ) 1 0 8 0 , 1 0 8 0 ~ 1 0 7 5  
I 0 7 5  CONTINUE 
1080 Y 1  I ) B Y (  I )+DXW 

GO T O  I 1 9 9  
1085 Y ( 2 ) # Y ( 2 ) + O Y W  

C ***** PLOT BCND D I S T A N C E  LABELS ****+ 
I 0 9 0  CALL N O M B E R ( Y ( l l ~ Y ( 2 ) ~ H G T ~ D I S T ~ T H ~ 4 H F 6 . 1 )  

G O  T O  1 1 9 9  

G O  T O  I 1 9 9  

GO T O  I199 

I O 9 5  CALL NOMRER( Y I I I , Y  ( 2  1 ,k’GT,DI ST,TH, 4HF6.2) 

I100 CALL N O M B E R ( Y I  I )rY(2)rk’GT,DIST,TH,4HF6.3) 

C *++++ PLOT CENTERED SYPBOLS +***e 
1105 CALL SIPBOL(Y(I)~Y(~~~HGT~XFIXFIXFIAIN(~I)~TH~~-NJ~) 
1 1 9 9  I T I L T # O  

RETURN 
END 

* L I S T 8  
*LABEL 

SUBROUTIQE F 1 0 0 3  
RETURN 
E N D  

*LI S T 8  
+LABEL 

SUBROUTINE M M ( X , Y , Z )  
C PULTIPLY TWO M A T R I C E S  
C Z ( 3 , 3 1 # X ( 3 , 3 ) * Y ( 3 , 3 )  

D I M E N S I C N X ( 3 , 3 1 , Y I 3 , 3 ) r 2 ( 3 , 3 )  
001 I 7 1 # 1 , 3  
0 0 1 1 7 K # l r 3  
Z I I , K )  #O.O 
001 I 7 J # I  ,3 

117 Z(I,K)#Z(I,K)+XII,J)*Y(J,K) 

F 9 0 0 0 9 5 0  
F 9 0 0 0 9 6 0  
F 9 0 0 0 9 7 0  
F 9 0 0 0 9 R f l  

F900 lOOO 
F9OOlO10 
F 9 0 0  I 020 
F 9 0 0  I 0 3 n  
F 9 0 0  I 040 
F 9 0 0  IO50 
F9OO I060 
F90O I 0 7 0  
F 9 0 0  IO80 
F 9 0 0  I 0 9 0  
F90O I I O 0  
F 9 0 O l  I10 
F9OOl 120 
F 9 0 0  I I 39 
F9OOl I 4 0  
F 9 0 0 l  I50 
F 9 0 0 l  I 6 0  
F 9 0 O l  I70 
F9OOl I 8 0  
F 9 0 0  I I 9 0  
F90O I 2 0 0  
F 9 0 0 1 2 1 D  
F9OO I 2 2 0  
F90O 1 2 3 0  
F 9 0 0 1 2 4 0  
F 9 0 0  1 2 5 0  
F 9 0 0  1260  
F 9 0 0 1 2 7 0  
F 9 0 0 1 2 8 0  
F9OOl29O 
F 9 0 0 1 3 0 0  
F9DOI 3 I O  
F90O 1320  
F 9 O O l 3 3 0  
F 9 0 0  I 3 4 0  
F90O I 3 5 0  
F 9 0 0  I360  
F 9 0 O l 3 7 0  
F 9 0 0  I 3 8 0  
F9OO 1 3 9 0  
F 9 0 0 1 4 0 0  
F90O I 4 I 0 
F 9 0 0  I 4 2 0  
F 9 0 0  I 4 3 0  
F 9 O O l 4 4 0  
F9OO I 4 5 0  
F 9 0 0  I 4 6 0  
F90O I 4 7 0  
F9OO I 4 8 0  

~ 9 0 0 0 9 9 0  

F I OCOO I 0 
F I OC0020 
F I OCOO3O 

MM 0010 
M M  0 0 2 0  
MM 0 0 3 0  
MM 0040 
MM 0050 
MM OO6O 
MM 0 0 7 0  
MM 0080 
MM 0 0 9 0  
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RETURV MM 0100 
END MC 0110 

*LI STB 
*LABEL 

SUBROUTINE MV ( XIY r Z 1 MV 0010 
C MATRIX VECTOR MV 0020 
C 2 ( 3 ) # X ( 3 , 3 ) * Y ( 3 )  M V  0 0 3 U  

D I M E N S I C N X ( 3 r 3 ) r Y ( 3 ) r Z ( 3 )  MV 0 0 4 0  
DO1 I 3 I # I  r 3  M V  0050 
2 ( I )  #O.O MV 0060 
DO1 I 3 J # I  1 3  MV 0070 

I 1 3  Z ( I ) # Z ( I ) + X ( I , J ) * Y ( J )  MV OORO 
M V  0090 RETURN 

END M V  010'3 
* L I  S T 8  
*LABEL 

SUBROUTINE YORM(XVYIZ,ITYPE) NORCOO I 0 
C + * e + *  VECTOR PRODUCT Z#X*Y ***e* NOR MOO 2 0  
C ****I I T Y P E  eGT.0 FOR CARTESIAN,.LE.O FOR T R I C L I N I C  * * * * e  NORC0030 

DIMENSICN X ( 3 )  9 Y ( 3 ) , Z (  3,3192 l ( 3 9 3 )  NORM0040 
DI MENS I C N  A ( 9  1 ,  A A (  39 3 )  p AAREV ( 3 1  3 )  9 AAWRK( 3 r  3 1 ,A I D (  -7, 3 1 P A I N (  1 4 0 )  NORM0050 
D IMFNSI  CN ATOMS( 4 1 5 0 0 )  t BB( 3 r  3 )  rCD(  8,201 *CHEM(2OO 1 rCOYT( 5 1 t D (  3, 139) NORM0060 
01 MENS I C N  DA ( 3 9  3 )  9 DP( 21 I 3 0  1 ,  EV( 39 200 1 ,  F S (  3 ~ 3 . 4 8 )  NORM0070 
D I  MENS I C N  P ( 3 , 2 0 0 )  9 PA(  3 1  3 ,200  1 ,  PAC( 39 5) ,PAT( 39 3 NORM0080 
DIMENSICN R E S 1 4 ) r R M S I S ) , S Y M 8 ( 3 , 3 ) , T I T L E (  1 2 ) , T I T L E e ( 1 2 ) , T S ( 3 r 4 8 )  NORM0090 
DIMENSICN V T ( 3 , 4 ) , V 1 ( S ) , V 2 ( 3 ) , V 3 ( 3 ) , V 4 ( 3 ) , V 5 ( 3 ) , V ~ ( 3 ) , W R K V ( 3 , 3 )  NORWOIOD 

COMMCN N G ~ A ~ A A ~ A A R E V , A A W R K , A I D ~ A I ~ ~ A T O M S , B B ~ B R D R ~ C D ~ C H E M ~ C O N T ~ D  NORM0120 
COMMCN I T I L T  KD, L A T P r L  TNO 9 NATOMt NCD NORM0130 
COMMCN N J ~ N J 2 ~ N O U T ~ N S R ~ N S Y M , O R G N r P ~ P A ~ P A C ~ P A T ~ Q ~ R E F V ~ R E S ~ R M S ~ S C A L l N O R ~ O l 4 0  

K O (  5.20 1 r ORGN ( 3  1 
9 C( 39 3 1 rREFV ( 3  9 3  1 

DIMFNSICN X L N G ( 3 ) , X 0 ( 3 ) v X T ( 3 )  NORMOI I O  

DA, DP , D I S P  9 EDGE, EV , FORE, FSt I N  

COMMCN S C A L 2 , S C L ~ S Y M B , T A P E R ~ T H E T A , T I T L E ~ l I T L E 2 ~ T S r V I E W r V T ~ V l 1 V 2  
COMMCN V 3 r V 4 r V S , V 6 1 W R K V , X C N G t X O I X T  
00 1 2 5  I Y 1 1 3  
I I # X M O D F ( I + 3 , 3 ) + 1  

T I  # X  ( I I 1 * Y  i I 2  1-X ( 12) * Y  
I 2 # X M O D F ( I + l ~ 3 ) + 1  

I F ( I T Y P E ~ I 1 5 , 1 1 5 r 1 0 5  
I I 1 

105 Z(I)#TI 

115 Z I ( I ) # T I  
1 2 5  CCNTINUE 

GO TO 1 2 5  

I F (  I T Y P E ) I 3 5 , 1 3 5 , 3 0 0  
1 3 5  CALL P V ( B B , Z l r Z )  
300 RETURN 

E ND 
* L I S T 8  
*LABEL 

C ***** I T Y P E  .LT.O FOR COVARIANCE MATRIX I N  Q * i t * * *  

C ****I I T Y P E  .GT.O FOR E L L I P S O I D  QUADRATIC FORM I N  Q ***** 
C * e * * *  X A B S F ( I T Y P E ) # I  BASED O N  T R I C L I N I C  COOROINATE SYSTEM * * e * *  
C * * * e *  # 2  OR 3 FOR WORKING OR REFERENCE CARTESIAN -CYSTEMS ***** 
C e**** CHECK ATOM CODE * * e * *  

SUBROUT I NE PAXES ( ACODEt ITYPE 1 

DICENSICN W (  31 3 )  9 x 1 3 )  
DIMENSICN A ( P ) . A b ( 3 , 3 ) r A A R E V ( 3 ~ 3 ) , A A W R K ( 3 r 3 ) r A I D ( 3 , 3 ) ~ A I N ( l 4 0 )  

NORMO I 50 
NORMOI 60 
NORMO I 70 
NORM01 8fl 
NORM0 I 9 0  
NORC0200 
NORC02 I n  
NORM0220 
NORM0230 
NORC024n 
NORC0250 
NORM0260 
NORM02 70 
NORM0280 
NORC0290 

PAXEOO I O  
PAXEOO20 
PAXE0030 
PAXE00413 
PAXE0050 
PAXEOOA0 
PAXE0073 
PAXEOORrl 

D IMENSI  CN ATOMS ( 4  r500) 9 BR( 31 3 )  , C D (  8 ,20  1 ,  CHEM ( 2 0 0 )  ,CON1 ( 5 )  ,D( 3,130) PAXEOO9O 
DIMENS I C N  DA( 393 1 ,OP( 29 I 3 0  1 9  EV( 3,200 1 ,  F S (  3 ,  3 1 4 8 )  t F D I  5.20 1 r ORGN ( 3  1 PAXEOI 00 
DIMENSION P ( 3 , 2 3 0 ) , P A ( 3 , 3 , 2 0 C ) , P A C ( 3 , 5 ) , P A T ( 3 , 3 ) 1 Q l 3 , 3 ) , R E F V ( 3 , 3 )  P A X E O l I O  
DIMENSICN R E S ( 4 ) ~ R M S ( 5 ) ~ S Y M B 1 3 1 3 ) t T 1 T L E o r T I T L E ( l 2 ) ~ T I T L E ~ ( l 2 ) ~ T S ( 3 ~ 4 8 )  PAXE012f l  
DIMENSICN PAXEOl30  VT ( 3 . 4  1 pV I ( 4 )  * V 2 (  3 ) 9 V 3 (  3) ,  V4(  ? I  V 5 (  3 1 r V  C (  3 1 ,  WRKV( 3 ~ 3  1 
Dl M€NS I C N  XLNGt 3 )  t X O I  3 )  ,XT i  3 1 PAXEIYI 40 
COMMCN h G ~ A r A A ~ A A R E V ~ A P W R K , A I D ~ A I N ~ A T O M S ~ B B ~ 8 R D R ~ C D r C H E M r C O N T ~ D  PAXEOISO 
COMMCN C A ~ O P ~ O I S P ~ E D G E ~ E V ~ F O R E ~ F S ~ I N ~ I T I L T ~ K D ~ L A l ~ ~ L T N O ~ N A T O ~ ~ ~ C D  PAXED160 
COMMON N J ~ N J ~ ~ N O U T ~ N S R ~ N S Y M ~ O R G N , P A I P A ~ P A C ~ P A T ~ Q ~ R E F V ~ R E S ~ R M S ~ S C A L ~ P A X E O ~ ~ O  
COMMON S C A L 2 r S C L ~ S Y M B ~ T A P E R ~ T H E T A ~ T I T L E ~ T I T L E 2 ~ T S ~ V I E W ~ V T r V l ~ V 2  PAXEO18n 
COMMON V ~ , V ~ , V S , V I ~ , W R K V I X L N G I X O I X T  P A X E O l 9 0  
I T # X A B S F ( I T Y P E ) - I  PAX E02  00 
KS#MODF( ACODE, 130- 1 PAXEO2 I Cl 
I F ~ N S Y M - K S ) l 0 5 r l l S r l l S  PAXE0220 

105 NG#4 PA XE02 30 

. 
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GO TO 300 PAXEO249 
115 I I # A C O D E / 1 0 0 0 0 0 .  PAX E 02 53 

I F ( N A T O ~ - I 1 ) 1 2 5 t 1 3 0 t l 3 0  PAXE0260  
1 2 5  NGW5 PAXE0270  

PAX E 0 2  80 GO TO 300 
130 I F ( I I ) 1 2 5 ~ 1 2 5 ~ 1 3 5  P A X E 0 2 9 0  

C ****I CRYSTALLOGRAPHIC SYMMETRY ROTATION e* * * *  PAXE0300  
PAXE03 IO 

I F ( I T - l ) 1 6 5 t 1 4 5 t l 5 5  PAXE0320  
C * ****  TRANSFORM TO CARTESIAN SYSTEMS *+*e*  PAXE0330  

1 4 5  CALL  TPP(PAT,AAWRK*PAC) PAXE0340  
GO TO 175 PAXE0350  

155 CALL TCI(PAT,AAREV,PACI PAXE0360  
GO T O  175 PAXE0370  

165 I F ( I T Y P E ) 1 7 0 t 1 7 5 ~ 1 7 0  PAXE0380  
P A X E 0 3 9 0  

170 CALL AXEQBIPATtWtBBv3)  PAXE0400  
C +***I FCRM DIAGONAL MATRIX OR I T S  INVERSE I**** PAXE04 I 3  

175 DO 205 J i t l t 3  P A X E 0 4 2 1  
T I  # E V I  J t  I 1  1 PAX E 0 4  30 
I F ( I T Y P E ) 1 9 5 , 2 0 5 , 1 8 5  PAXED440 

I85 X (  J) # I  a /  ( T  I * T I  1 PA X E 0 4 5 0  
GO TO 205 PAXE0460  

I 9 5  X ( J ) Y T I * T I  PAXE0470  
2 0 5  RMSI J ) # T I  PAXE 0480 

C *****  FCRM QUADRATIC FORM ****I P A X E 0 4 9 0  
PA XE 0500 

DO 2 4 5  J # I t 3  PAXEO5 I O  
Tl l tO.0 PAXE0520  
I F ( I T ) 3 0 0 t 2 1 0 t 2 2 0  PAXE0530  

210 DO 2 1 5  K # 1 * 3  PAXE054rl l  
C **+*I BASED ON T R I C L I N I C  SYSTEM ***** PAXE0550  

215 T I # T I + P A T ( I t K 1 * W ( K t J ) * X ( K l  PAX EO5 60 
G O  T O  235 PAXE0570  

C ***** BASED ON CARTESIAN SYSTEM *****  PAXE0580  
220 DO 225 K#1,3 PAX E 0590 
225 T I # T I + P A C ( I t K ) * P A C I J I K ) , X I K )  PA XED6 O'l 
2 3 5  Q ( J t I ) # T I  PAXED6 IO 
245  O ( I t J ) # T I  PA XE0620  

PA XE 06 30 3313 RETURN 
END PAXE0640  

I 3 5  CALL  TMC(PA( I t I t I 1  ),FS( I t  I t K S ) r P A T )  

C +*I.** ( P A T ) * * ( - I )  ( A A ) * * ( - I )  + * *e*  

DO 2 4 5  I # l r 3  

* L I S T 8  
*LABEL 

SUBROUTINE PLTXY(X,Y)  PLTXOO IO 

DIMENSION X ( 3 ) r Y ( 2 )  P L T  x0030 
C * * * * e  PLOT COORD- AND CLOSEST EDGE AFTER PROJECTICN ***** P L T XU0 2 fl 

DIMENSICN P L T X 0 0 4 9  
DIMENSICN A T O M S ( 4 t 5 O C ) r B 8 1 3 ~ 3 l t C D ( 8 ~ 2 O ) t C H E M ( 2 O O ) ~ C D N T ( 5 ) ~ D ( 3 ~ l 3 O ) P L T X O O 5 ~  
D I  MENS I C N  P L T X 0 0 6 0  
D I  MENS I C N  PLTXO070  
D I  MENS I C N  PLTX008fl 
DI PENSICN PLTXOUPO 

A i 9 1  9 AA( 3 9 3 )  t AAREV (3.3)  

DA( 31  3 )  
P (  31 23'3 
RES (4 1 t RMS ( 5 )  9 SYMB ( 3 1  3 )  
VT ( 394 ) r V  I ( 4 ) ,V213 ) t V 3 (  3 

AAWRK( 39 3 )  t 4 1 D (  5.31 r A I N (  140) 

DP ( 2 9  130). EV( 3,200 ) t  F S (  31 3.48) 9 KD 1 5 9 2 0 )  t0RGNt  3 1 
t P A (  3 t 39 200) 9 PAC( 3 , s  ) 9 PAT( 3 t 3  1 t Q ( 3 9  3 )  t REFV ( 3 93 

T I T L E (  12) , T I T L E  i f  I 2 )  t T S (  3 p 4 8 )  
V 4 (  3 )  t VS( 3 )  t V 6 ( 3  1 r W R K V ( 3 r 3 )  

DIMENSICN X L N G 1 3 ) t X 0 ( 3 ) r X T ( 3 )  PLTXOl  00 
COMMCN ~ G ~ A ~ A A ~ A 4 R E V t A 4 W S K ~ A I D ~ A I N ~ A T O M S ~ 0 B ~ B ~ D ~ ~ C D ~ C H E M ~ C O N T ~ D  P L T X O l l O  
C OMMC N P L TXO I 29 C A 9 DP 9 D IS P t E D GE t EV t FORE t FS t I N I T I L T t KD , LA T Fr t L TNO t NATO M t NC D 
COMMON N J t N J 2 r N O U T , N S R t N S Y M , C R G N , P 1 P A t P t P A t P A C t P A T t Q t R E F V t R E S t R M S t S C A L l P L T X O l 3 ~  
COMMON SCAL2rSCL,SYMBtTAPER, THETA, T I T L E ,  T I T L E Z t T S t V I E W t V T , V l  t V 2  PLTXOI 40 
COMMCN V 3 9 V 4 9 V S , V 6 t W R K V 9 X L N G t X O t X T  PLTXOI 50 
T41YI. PLTXOI 60 
T l # l .  P L T X O l 7 0  
I F ( V 1 E W ) 1 2 5 t 1 2 5 t 1 1 0  P L T X U l 8 f l  

110 T 4 # V I E W - X ( 3 )  P L T X O l 9 0  
P L T X 0 2 0 0  I F ( T 4 1 1 1 5 r 1 1 5 t 1 2 0  

115 Y ( I ) # - 9 9 .  PLTX02  10 
Y ( 2 1 #-99  P L  1x0220 
GO TO 130 P L T X 0 2 3 0  

I 2 3  T I  #V IEW/T4 P L  T X 0 2 4 0  

P L T X 0 2 6 0  
P L T XU2 70 

125 Y ( I ) # X ( I ) * T I + X O ( I )  PLTXOZ sa 
Y ( 2 )  #X ( 2  ) * T I  +XO( 2 1 
TI#XLYG(I)-ABSFfY(I)+2.-XLNG(I)) 
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1 2 # X L N G ( 2 1 - A B S F ( Y ( 2 ) + 2 . - X L N C ( 2 1 1  
E D G E # M I N I F ( T l r T 2 ) + . 5  
IF(T4-VIEW*.51130~300~300 

I 3 0  EOGE#-99. 
3on RETURN 

END 
+L1 S T 8  

P L  TX028D 
P L  TX02  90 
P L T X 0 3 0 n  
P L T X 0 3 1 0  
P L T X 0 3 2 0  
PLTXO330  

+LABEL 

C 
SUBROUTINE PRELIM PRELOO I 9  
++I+++ DATA INPUT ROUTINE +**+* PRE LOO 20 
DICENSICN B ( 9 )  P R E LOO 30 

DIMENSION ATCMS( 4.500) * B B I  3 9 3 )  ,CDI 61 20) 1 t H E M ( 2 0 0 )  tCONT(5  1 ,O( 3,130) PRELOOSn 
D IMENSICN A ( ~ ) , A A ( ~ . ~ ) . A A R E V ( ~ , ~ ) , A A W R K ( ~ ~ ~ ) T A ~ ~ ( ~ , ~ ) , A I N ( I ~ O )  PRELOO40 

DIMENS I C N  P R E L 0 0 6 0  
DIMENSION P ( 3 , 2 0 0 ) 1 P A ( 3 r 3 , 2 0 C ) r P A C ( 3 r 5 ) r P A T ( 3 r 3 ) , ~ ( 3 , 3 ) , R E F V ( 3 1 3 )  PREL0070  
D IMENFICN R E S ( 4 ) r R M S ( 5 ) , S Y M 6 ~ 3 r 3 ) , T I T L E ( l 2 ) , T I T L E i ( l 2 ) , T S ( 3 , 4 8 )  P R E L 0 0 8 n  
OIMENSICN PRELOO90 

COMMON N G ~ A ~ A A ~ A A R E V I A A W R K ~ A I D ~ A I N ~ A T O M S , R B ~ B R D R ~ C D ~ C H E M ~ C O N T ~ O  P R E L O l l n  

COMMCN N J , N J ~ , N O U T , N S R , N S Y M ~ O R G N ~ P ~ P A T P A C , P A T ~ Q ~ R E F V ~ ~ E S ~ R ~ S ~ S C A L I P R E L O I ~ O  
COMMCN S C A L ~ ~ S C L ~ S Y H B T T A P E R ~ T H E T A ~ T I T L E ~ T I T L E ~ ~ T S ~ V I E W ~ V T ~ V I ~ V ~  PRELO140 

DA(  39 3 1 * DP (2,130 ) *  E V I  3,200 1 ,  F S (  39 3948) T P O (  5120 1 ,ORGN ( 3  1 

V T (  3 9 4  1 , V I  (1,) ,V2( 3 ),V3( 31, V 4 (  3 1 , V 5 1 3 ) ~  V t l 3 )  r W R K V 1 3 r 3 )  
D I C E N S I C N  X L N G ( 3 ) r X 0 ( 3 1 , X T ( 3 )  PRELOl  00 

COMMON CA,OP,DISP,EDGE, EV, FORE.FS, IN,ITILT,KDtLATFTLTNO,NATOM~NCD PRELOl2'3 

COMMON V 3 p V 4 , V S r V 6 9 U R K V , X L N G ~ X D * X T  PRELOl 50 
C +++++ CELL  OIMENSICNS +++++ P R E L O l 6 0  

106 FORMAT(6F9.6) PRELO I 70 

T I # A B S F ( A ( 4 )  1 - 1 .  PRELOl 90 
DO 125 J#1,3 P R E LO 2 00 
I F ( T 1 ) 1 1 5 ~ 1 1 0 ~ 1 1 0  PREL02 I n  

C ++++* CELL ANGLES I N  DEGREES +++*+ P R E L 0 2 2 0  
110 A ( J + 6 ) # A ( J + 3 )  PREL0230  

PREL024I7 
GO T O  120 PRE LO2 50 

C +*+++ CCSINES OF CELL  ANGLES ++++* P R E L 0 2 6 0  
1 1 5  A ( J + 6 ) # A R C C O S ( A ( J + 3 1 1  PRE LO2 70 

C ++*e* STORE IOEMFACTOR MATRIX +I*** P R E L 0 2 8 0  
120 A I D ( J , J ) # l .  PRELO29Cl 

A I D (  J+I  t I ) # D e  PREL0300  
A I D (  J+5r  I )#O. P R F L 0 3 1 0  

C ++*+*  STORE METRIC TENS04 e*+++ P R E L 0 3 2 0  
1 2 5  A A ( J v J ) W A ( J ) + + 2  PREL0330  

A A ( I  , 2 ) # A (  I ) + A ( 2 ) + A ( 6 )  PREL034Cl 
AA(1 * 3 1 # A (  I ) + A ( 3 1 + A ( 5 )  PREL03 5 0  
A A ( 2 , 3 ) # A ( 2 ) + A ( 3 ) + A ( 4 )  P R E L 0 3 6 0  
A A ( 2 1 1  ) # A A ( I  9 2 )  P R E L 0 3 7 n  
A A 1 3 ~ 1 ) # A A ( 1 , 3 )  PREL038 f l  
A A I  3 92 1 # A A ( 2  3 )  PREC0390 

C +++++ INVERT METRIC TENSOR +++**  PRE L O 4 0 0  
CALL AXEQBI A A ,  BR, A I  De 3) PREL04 I O  

C +++++ CALCULATE RECIPROCAL CELL  PARAMETERS +++++ PREL0420  
DO 128 541.3 PRELn43r l  

128 B I J ) Y S O R T F ( R B ( J , J ) )  P R E L 0 4 4 0  
8 ( 6 ) # B B ( 1 , 2 ) / ( 8 ( 1  I + B ( 2 ) )  P R E L 0 4 5 0  
B ( 5 1 # R B ( l r 3 ) / ( 8 l l ) + B 1 3 ) )  PRE L O 4 6 0  
B(4)#RB(2r3)/(R(21+6(311 PREL047D 
DO 13'3 J # l  9 3  PRELOkRn 

PREL0490  
C *++++ WAS INPUT FOR REAL OR RECIPROCAL CELL + * + + +  PREL0500  

I F ( A ( I ) - l . ) f 3 5 r 1 5 0 ~ 1 5 0  PREL05  I0 
135 DO 1 4 0  J # l r 9  PREL0520  

T I U A A ( J . 1 )  PRELO530 
A A ( J * I ) # B B ( J t l )  PRE LO54" 
B B ( J , I ) # T I  PRELO550 
T I # A ( J )  PREL0560  
A I J ) # B f J )  P R E L 0 5 7 0  

140 B ( J ) # T I  PRE L 05 80 
C I)+*++ WRITE OUT CELL  PARAMETERS +++++ P R E L 0 5 9 0  

PRELO6 I '-I 
145 F D R M A T ( I H  I O X , F 9 . 6 r 2 F 1 5 . 6 , 3 F 1 5 . 3 / I H  4 8 X t 6 H C O S I N E F 1 2 . 8 r 2 F l S . 8 )  PREL0620  

READ INPUT TAPE I N ~ l 0 6 r ( A ( I l r I # l v 6 1  PRE LO I en 

A (  J+3 1 #COSF ( A(  J+6 ) *  .O 1745329 252 1 

130 B ( J + 6 ) # A R C t O S ( B ( J + 3 ) )  

1 4 3  F O R M A T ( I H O I O X ~ 2 2 H D I R E C T  CELL PARAMETERS/IH 1SX~IHA14X~lH614X~IHCI4PRELO600 
I X 5HALPVA I OX 9 4HBETA I I X 9 5HGAMMA 
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1 4 7  FORMATfIH310X,26HRECIPROCAL CELL PARAMETERS/IH 15X,2HA*13X.2HB*13XPRELO63D 
I ~ ~ H C + I ~ X I ~ H A L P H A * ~ X ~ ~ H E E T A ~ I ~ X , ~ H G A M M A + )  PREL0640  

150 WRITE OUTPUT TAPE NOUT.143 PREL0657 

WRITE OUTPUT TAPE NOUT.147 PREL0670  

C ****I STORE STARIDARD VECTORS *****  PRE LO6 90 
CALL ~ X E S ( A I D I A I D (  I p2) rREFV.O)  PRE LO700  
CALL M M (  A A ,  REFVI AAREV) PRELO7 IO 
DO 160 I # l r 3  PREL0720  
DO 16C J # l r 3  PRE L 0730 
A A W R K ( J , I ) # A A R E V ( J , I )  PREL074D 
O ( J , I ) # R E F V ( I v J )  PRELO75fl 

160 W R K V ( J p I ) # R E F V ( J . I )  PREL0760  
C * * * e *  READ AND WRITE SYMMETRY TRANSFORMATIONS ***** PREL077n  

IFORMED X I ~ X I I ~ H T R A N S F O R M E D  Y18X~13HTRANSFORMED ZI PRE LO790  
1 7 3  FORMAT4 I I r F l 4 .  I J .  3F3.09 2 (  F l 5  10.3F3.0) PRELOAOO 
175 FORMAT( IH I J X , I 2 , 3 ( F 1 3 . 6 r F 4 . 0 , 2 H  XF4.0.2H YF4.092H Z1I PREL0810  
177 F O R M A T ( I H I I O X ~ 1 2 A 6 1  PREL0820  

WRITE OUTPUT TAPE NOUT.171 PREL083r3 
L I NES# I 4 PREL0840  
DO 1 9 0  I # 1 ~ 4 8  PREL0850  
L INESWXCODF(L INES+I ,56 )  PREL0860  
READ INPUT TAPE I N ~ l 7 3 ~ I S ~ ~ T S l J ~ I ~ r ~ F S l K ~ J ~ I ~ 1 K X l r 3 ~ r J W I ~ ~ ~  PREL0870  
I F ( L I N E S ) 1 8 5 , 1 8 0 p 1 8 5  PREL088r l  

18r3 WRITE OUTPUT TAPE N O U T . I 7 7 , ( T I T L E ( J ) , J 6 1 r 1 2 1  PRELOR90 
WRXTE OUTPUT TAPE N O U T r l 7 1  PRELOPOO 

C *****  NCN-CRYSTALLOGRAPHIC HELIX-SYMMETRY INPUT **** PREL0923  
I F t F S ( 3 r 3 r I ) - 5 . ) 1 8 8 , 1 8 6 , 1 8 6  PREL0930  

186 T I # F S ( l r 3 . I ) / F S ( 3 r 3 , 1 )  PREL 0 9 4 0  
T S ( 3 , I ) # T S ( 3 , I ) + T I  PREL0950  
T I # M O D F ( T l * F S ( 2 r 3 r I ) r l . l r 6 . 2 8 3 1 8 5 3 1  PREL0960  
T 2 # C O S F ( T I  1 PRELO97O 
T I # S I Y F ( T I  1 PREL0989  
DO I 8 7  J # I , 9  PRELO99O 

I 8 7  V T ( J , I I # A I D ( J ~ l )  PREL I OOD 
VT(  I , I 1 # T 2  PREL I O 1  0 
V T ( 2 , 2 ) # T 2  PREC102D 
V T ( 2 r l ) # - T I  PREL IO3O 
V T I l  r 2 ) # T I  PREL I O 4 0  
CALL MMlVT,O,PAC) PREL I050 
CALL M M ( A A R E V , P A C , F S ( l r l , I ) )  PREL 1060 

188 I F t I S ) 1 9 5 ~ 1 9 O ~ l P 5  PREL 1070 
iqn CONTINUE PREL 108fl 

NG# I PREL I 090 
CALL ERPNT(D.,O) PREL I IO0 

PREL l  I I 0  I #49 
195 NSYM#I PREL l  1 2 0  

* ****  PCSIT ICNAL AND THERMAL PARAMETERS *e* * *  PREL l  I30 

1 8 X , 3 H R 1 2 8 X ~ 3 H B 1 3 8 X ~ I O H E 2 3  TYPE) PREL l  I 5 0  
2C9 FORMAT1 I H 1 3 1  I X v A 6 r 3 F I  1 . 6 ~ 5 X  96F I  I -6qF5 .0 )  PRELl  I60 
2 1 0  FORMATt IH  I 3 , I X ~ A b ~ 3 F 1 1 . 6 ~ 5 X ~ 2 F 1 1 . 6 , 4 F l l . O , F 5 . 0 )  PREL I I 7 0  
211 F O R M A T I d 6 , 3 X . 5 F 9 . 6 , F 9 . 0 )  PREL I 180 
2 1 3  F O R M A T ( I l t F R . 6 r 5 F 9 , 6 r F 9 , 0 )  PREL I I9n 

L I  NES#L INES+2 P R E L l 2 0 0  
I F ( L I N E S - 5 6 ) 2 2 O , 2 1 5 , 2 1 5  PREL I 2  I P 

2 1 5  L I N E S # - I  PREL I 2 2 0  
G O  T C  2 2 5  PREL 1 2 3 0  

2 2 3  WRITE OUTPUT TAPE NOUT.207 PREL 1 2 4 0  
2 2 s  DO 2 4 5  1#1,200 PREL l25O 

L I N E S # X ~ O D F t L I N E S + I , 5 6 )  PREL 1 2 6 0  
READ INPUT TAPE IN921 I,CHEH( I ) t V I (  I ) r V l l 2 ) , 1 P ( J . I  ) r J # l  t 3 ) , T I  PREL I270 
K # I . + T I  P R E L l 2 8 3  
READ INPUT TAPE I N 9 2  139 1 s t  ( P A (  J I  I t  I ) *  JWI ~ 7 )  PREL 1290 
I F ( L I N E S ) 2 3 0 , 2 3 3 r 2 3 2  PREL I 3 0 0  

2 3 9  WRITE OUTPUT TAPE NOUT,l77,(TITLEIJlrJWl~lZ) PREL I 3 1  IY 
WRITE OUTPUT TAPE NOUTs207 PREL I32n 

WRlTE OUTPUT TAPF N O U T , 1 4 5 ~ ( d ( I ) , I # 1 ~ 3 ) ~ ( A ( I ) , I # 7 r 9 ) r l A ( I ) ~ I # 4 ~ 6 )  PREL0660  

WRITE OUTPUT TAPE N O U T ~ 1 4 5 ~ l B ( I ) ~ I f 1 ~ 3 ) ~ ~ B I I ) ~ I ~ 7 ~ 9 ~  1(BII)rI#496) PREL0680  

171 FORMAT(IHJlOX,24HSYMMETRY TRANSFORMATIONS/IH 1 4 X ~ 3 H N 0 . 1 2 X ~ l 3 H T R A N S P R E L 0 7 8 0  

185 WRITE OUTPUT TAPE N O U T , 1 7 5 ~ I ~ I T S l J ~ I ) ~ ( F S ( K ~ J ~ I ) , K # l r 3 ) , J # l ~ 3 )  P R E L 0 9 l 9  

C 
207 F O R M A T ( I I H 0  NO. ATOM 8 X ~ I H X I O X ~ I H Y I O X ~ I H Z 1 3 X 1 3 H B l 1 8 X ~ 3 H B 2 2 8 X ~ 3 H B 3 3 P R E L l l 4 0  
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2 3 2  I F f P A ( 3 , 1 ,  I ) - l 0 0 0 0 * ) 2 3 5 , 2 3 4 r  2 3 4  PREL I 3 3 0  

I , 7 )  PRELI  350 
G O  T O  2 3 8  PREL I360 

1 1 7 )  P R E L l 3 8 0  
2 3 8  GO TO ( 2 4 4 , 2 3 9 , 2 4 1 , 2 4 2 r 2 4 4 ) t K  PREL 13911 

C +++++ TYPE I POSIT ICNAL PARAPETERS (ANGSTROMS) +*+++ PREL I 4 0 0  
PRFL 1 4 1 0  2 3 9  DO 2 4 0  J U l r 3  

240 P ( J r I ) # P ( J * I ) / A ( J )  PREL 1 4 2 0  
G O  TO 2 4 4  PREL143P 

PREL I 4 4 0  
2 4 1  V I ~ I ) # P t I ~ I )  PREL 14511 

V 1 ( 2 1 # P ( 2 , 1 1  PREL 1 4 6 0  
G O  T O  2 4 3  PREL I 4 7 0  

C + + a + +  TYPE 3 FOSIT ICNAL PARAMETERS ++*+e P R E L l 4 8 3  
C ++++I CYLINDRICAL CCORCINATES RFFERRED TO STANDARC CARTESIAN +++*+PREL1493  

2 4 2  T 2 # P ( 2 1 1 ) + . 0 1 7 4 5 3 2 9 2 5 2  PREL I5On 
VI(II#VI(I)+P(ltI)+COSF(T2) P R E L l 5  I O  
V1(2)#V1(21+P(lrI)*SINF(T2) PREL I 5 2 0  

2 4 3  V I  ( 3 ) # P ( 3 , I )  P R F L l 5 3 0  
CALL V M ( V 1  r Q , P (  I r I )  1 PREL I 5 4 0  

2 4 4  I F ( I S ) 2 4 6 , 2 4 5 , 2 4 6  PREL I 5 5 0  
245 CONTINUE PREL 1560 

NG#2 PREL I 5 7 @  
CALL ERPNT(O.,O) P R E L l 5 8 O  
I # 2 0 0  PREL I 5 9 0  

2 4 6  NATOM#I PREL 1600 
C +*+++ CCNVERT TEMP FACTOR COEF TO STANDA9D TYPE Z E R O  +++++ PREL I6  I O  

PREL I629  NGI#O 
DO 450 IIY1,NATOM PRELI  63’3 
T I  # P A (  I 9 I , I )  PREL I6LO 
K # l  .+PA(7,  I r I )  PREL 1650 
I F I T 1 ) 2 5 n , 2 5 0 v 2 5 5  PREL I660 

PREL 1670 2 5 0  T I # . l  
G O  T O  4 0 5  PREL I680 

2 5 5  T 6 # . 0 5 0 6 6 0 5 9 1 8  PREL I 6 9 Q  
GO T0(27fl1260,2651265127O9 2609 400,4057 9 9 9 )  ,K PREL I700 

PREL I 7 IO 
260 D O  2 6 2  J # 4 r 6  PREL 1 7 2 0  

G O  T O  2 7 0  PREL I 7 4 0  
PRFL I 7 5 0  

265 T6# .351152464  PREL I760 
PREL I770 

C +e+++ TYPES 0 THROUGH 5 +*vu+  PREL 178n 
PREL I 7 9 0  2 7 0  IFIPA12,1,I))400,4001272 

2 7 2  DO 3 0 0  J # l r 3  PREL I 8 O f l  
DO 3 0 0  L # J 1 3  P R E L l 8 1 0  
T 2 # T 6  PREL I 8 2 0  
I F ( K - 5 1 2 8 5 r 2 7 5 9 2 7 5  PREL I 8 3 0  

C *+++e TYPES 4 A M 0  5 ++*et PREL I 8 4 0  
2 7 5  T 2 # B ( J ) * B ( L ) * T 2 * . 2 5  P R E L l 8 5 O  
285 I F ( J - L ) 2 9 0 , 2 8 2 , 2 9 0  PREL I R6n 
2 8 2  V T ( J * J ) # T 2 + P A (  JI I , I )  PREL 187’3 

G O  T O  30’1 PREL 188n 
PREL I R9n 
PREL I900 
PREL I 9 I ’J 

300 CCNTINUE PREL 1 9 2 0  
PREL 1931) 

CALL MM ( V T  7 AA,  DA 1 P R E L l 9 4 0  
CALL EIGEN(DAiRMS,PAT) PREL I 9 5 q  

C **++* ARE EIGENVALUES P O S I T I V E  +++++ PREL I96f l  
I F I R M S ( I ) ) 3 2 5 r 3 2 5 , 3 2 0  PREL 19711 

PREL 1980 
325 NG#3 PREL I 9 9 0  
3 3 0  N G I # I  PREL2000  

CALL ERP~TIFLOATF~I)*100000.+5550l.,O) PREL2O IO 
C ++*++ 3 EQUAL EIGENVALUES, USE REFERENCE VECTORS *++++ PREL202r3 

2 3 4  URITE OUTPUT TAPE N O U T I ~ ~ O ~ I ~ C H E M ( I ) ~ ( P ( J ~ I ~ ~ J # ~ ~ ~ ~ , ( P A ( J ~ I ~ I ~ ~ J # I P R E L I ~ ~ ~  

2 3 5  W R I T E  OUTPUT TAPE N O U T r 2 ~ 9 ~ 1 ~ C H E M ~ I ~ ~ ~ P ~ J ~ 1 ~ ~ J # 1 ~ ~ ~ ~ ~ P A ~ J ~ 1  r I ) , J # I P R E L 1 3 7 0  

C *++++ TYPE 2 POSIT ICNAL PARAMETERS, STANDARO CARTESIAN +++++ 

C a*+** TYPE I e++++ 

2 6 2  P A ( J i l r I ) # P A ( J , l r I ) + . 5  P R E L 1 7 3 n  

C +++++ TYPES 2 AND 3 (BASE 2 SYSTEMS) ++*++  

I F ( K - k ) 2 7 0 r 2 6 0 r 2 7 0  

2 9 0  M # J + L + I  
V T ( J , L ) # T 2 + P A ( M , I , I )  
V T I L r J ) # V T I J , L )  

C +*++I F I N D  PRINCIPAL  AXES *++++ 

3 2 0  I F ( N G ) 3 5 0 , 3 6 0 , 3 3 0  

. 
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. 

3 4 0  T 3 # S I G N F ~ S Q R T F l A B S F ~ R ~ S ~ l ~ + ~ M S l 2 ~ + R M S l 3 ~ l / 3 ~ ~ ~ R ~ S ~ l ~ ~  
DO 3 4 5  J # 1 , 3  
DO 3 4 2  K # l r 3  

3 4 2  P A ( J , K , I ) # R E F V [ J * K )  
3 4 5  E V t J r  11WT3 

350 I F ( N G + 6 ) 3 4 0 ~ 3 4 0 , 3 5 2  
G O  TO 4 5 0  

C ***** TkO EQUAL EIGENVALUES * *a* *  
3 5 2  N#NG+S 

CALL U N I T I P A T ( l r N ) , V I * - I  1 
DO 3 5 4  K#l,3 
I F I A B S F ( V M V ( V I , A A , R E F V ( I , K ) )  ) - . 58 )356 ,354 ,354  PREL2 I 4 0  

3 5 4  COhTlNUE PREL2 I 5 0  
3 5 6  CALL YMlAA,OA,VTI PREL2 I6n 

PREL2 I 70 
DO 3 5 9  K # 1 , 3  PREL2 I80 
L#XMOOF(N+K-2,3)+1 PREL2 I 9 0  
00 3 5 8  J#1 ,3  PR E L 2 2 0 0  

3 5 8  P A ( J , L * I I # D A ( J , K )  PREL22 I0 
PREL2220  
PREL22 3 0  

C * + * * e  M A K E  EIGENVECTORS I ANGSTROM LONG + * * * *  PREL2240  
360 DO 3 6 5  J # 1 , 3  PREL2250  
3 6 5  CALL U N I T I P A T I I ~ J ) , P A I I ~ J , I ) , - I )  PREL2260  
3 7 0  NG#D PREL227@ 

t * * * * *  SCRT EIGENVALUE # RMS CISPLACEMENT ***** PREL2280  
DO 3 7 5  J # 1 , 3  PREL2290  
T2#RMS ( J )  PRE L 2  3 0 0  

PREL2310  
G O  TO 4 5 0  PREL2323  

t * * * * *  TYPE 6 ( ISOTROPIC TEMP FACTOR) ++*** PREL2330  
400 T I  #SQRTF( T I  * e 0  I 2 6 4 5  I 4 8  1 PREL2340 

PREL2350  C ++***  TYPE 7 [DUMMY SPHERE) *a*** 
PREL2360  

4 1 0  E V ( J , I ) # T I  PRE L 2 3 7 n  
I F ( P A 1 3 r l r I ) ) 4 3 3 r 4 3 f l , 4 1 5  PREL2380  

PREL2390  

PREL24 I O  
CALL A T C M l T Z r V T (  I t J )  1 PREL242r l  
I F l N G l 4 2 0 ~ 4 2 5 , 4 2 0  PREL2430  

4 2 0  CALL ESPNT(T2901  PREL2440  
GO TO 4 3 0  PREL245f l  

4 2 5  CCNTINUE PREL2460  
CALL D I F V ( V T I ~ ~ ~ ) V V T ( I , I I , V I  I PREL2470  
CALL D I F V ( V T ( I , 4 ) , V T l l r 3 ) ( V 2 )  PREL24813 
CALL A X E S l V l  ,V2,PAl I ,  1 9  1 ) t - l  ) PREL249f l  
G O  T O  4 5 0  PREL25f ln  

C ++***  REFERENCE VECTORS FOR SPHERE **e** PREL25 I D  
4 3 0  DO 4 3 5  J # l r 9  PREL252Cl 
4 3 5  P A ( J ~ I ~ I I # R E F V ( J I I )  PREL2530  
450 NG#O PREL2540  

C * * * * e  WRITE OUT RHS VALUES * e * + *  PREL2550  
L I NESItL INES+2  PREL2560  
I F ( L I N E S - 5 6 ) 4 5 8 , 4 5 8 , 4 5 5  PREL2570  

4 5 5  L I N E S # - I  PREL2580  
G O  TO 4 6 0  PREL2590  

4 5 8  WRITE OUTPUT TAPE NOUT.461 PREL2600  
460 DO 4 6 5  I # I * N A T O M  PREL26 I rl 

LINESWXMODFI L I N E S +  1.56 1 PREL2620  
PRE L 2 6  3 0  

461 FORMATIIOHOYO. ATOM ~ X ~ I H X ~ ~ X ~ I H Y I O X I I H Z I ~ X ~ ~ H R M ~ D  I 4XP7HRMSD 2 4PREL2640  
IXr7HRMSC 3 1 PRFL2650  

4 6 2  WRITE OUTPUT TAPE N O U T ~ 1 7 7 ~ I T I T L E l J ) r J 6 1 , 1 2 )  PREL2660  
WRITE OUTPUT TAPE NOUTr441  PREL2670  

4 6 3  FORMAT( IH 13, IX,A6,3FI  1 - 6 1  PREL2680 

I )  PRE L 2  7 0 0  
I F ( N G l ) 9 9 9 , 9 9 9 , 4 7 0  PREL2710  

470  CALL E X I T  PREL2720  

CALL A X E S ~ V I ~ R E F V I l r K ) , D A ~ - I  ) 

3 5 9  E V I L , I ) # S I G N F ( S Q R T F l A B S F l V M V t D A I I r K ) ~ V T , D A l l r K I ) )  ) r R M S ( L ) )  
G O  TO 4 5 0  

3 7 5  E V l J ~ I ~ # S I G N F l S Q R T F l A B S F O  ) ,T21 

4 0 5  DO 4 1 0  J#1,3 

C ***** DEFINED V E C T O R S  FOR SPHERE **e**  

4 1 5  DO 4 2 5  J e t 9 4  PREL24flrI  
1 2 # P A ( J + 2 r l , I 1  

I F ( L I N E S ) 4 6 5 , 4 6 2 , 4 6 5  

4 6 5  WRITE OUTPUT TAPE N O U T ~ 2 0 9 ~ I , C H E M l I ~ ~ l P o ~ J # l ~ ~ ~ ~ ~ E V l J ~ I ~ ~ J # l ~ 3 P R E L 2 6 9 O  

PREL2030  
PREL204f3 
PREL2050 
PREL2060  
PREL207f l  
PREL2080  
PREL2090  
PREL2100  
PREL2 I I O  
PREL2 I 2 0  
PREL2 I 3 0  
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999 RETURN 
END 

* L I S T 8  

PREL2730  
PREL2740  

*LABEL 
SUBROUTINE PRIME P R I  MOO1 D 

C ****GENERAL I N I T I A L I Z A T  I C N  OF PRIME PARAMETERS**** P R I  MOO20 
DI MENS1 CN P R I M 0 0 3 0  
DIMENSION ATOMS (49500) CD( 8,201 p CHEM( 200) ,CONT( 5 1 * D  ( 3, 130) P R I  MOO40 
DIMENS I C N  ORGN ( 3  1 P R I  MOO50 
DIMENSICN P ( 3 , 2 D O ) , P A ( 3 , 3 , 2 0 0 ) r P A C 1 3 , 5 ) , P 4 T ( 3 , 3 ) ( a ( 3 , 3 ) * R E F V ( 3 , 3 )  P R I M 0 0 6 0  
DI MENS I C N  RES( 4 P R I  MOO7n 
D ICENSICN PRIMOOBO 

COMMCN N G ~ A ~ A A ~ A A R E V ~ A A W R K ~ A I O ~ A l ~ ~ A T O M S , B B , B R D R , C D ~ C H E M ~ C O N T ~ D  P R I M 0 1 0 0  
COMMCN C A , D P , D I S P ~ E D G E ~ E V , F O R E ~ F S ~ I N ~ I T I L T ~ K D ~ L A T ~ ~ L T N O ~ N A T O M ~ N C D  P R I M 0 1 1 0  
COMMCN N J, NJ2 9 NOUT, NSR , N S Y M ,  ORGN, P I  PA, PAC , PATIO,  REFV, RES ,RMS, SCALI  P R I  MOI 20 
COMMCN SCAL2 ,SCL, SYMB, TAPER, THETA, T I T L E ,  TITLE2,TS ,VIEW,VT,VI wV2 P R I  MOI 30 

A (  9 )  9 AA( 3 

DA( 3r  3 )  .DP( 2 9  130) 9 EV(  3 9  200 1, F S (  3, 3.48) 9 KO( 5.20) 

3 1 ,  AAREV ( 3, 3 I 9 AAWRK ( 3.3 , A ID { 3 9  3 1 , A  I N  ( I 4 0  1 
B B I  3 9 3 )  

p RMS( 5 1 (SYMB ( 39 3 )  t T I  TLE(  I 2  1 , T I T L E  2 1  12)  , TS ( 3  ,481 
W R K V ( 3 r 3 1  V T ( 3 9  rC 1 ,  V I  (4 I 9 V 2 (  3 ) 9 V 3 (  3 ) s  V 4 l 3 )  9 V5(  3 )  e V 6 l 3 )  

DIMENSICN X L N G ( 3 ) r X 0 1 3 ) , X T ( 3 )  P R I  MU090 

COCMCN V 3 , V 4 , V 5 , V 6 , W R K V , X L N G , X O , X T  P R I M 0 1 4 3  
BRDR#O 5 P R I  Mol 50 

C ****CALCULATE CONSTANTS**** P R I  MOI 60 
DO 2999 I#1,5 P 4 1  MOI 7 0  

2999 t C h T l I ) C S Q R T F ( 1 . / ( 2 . * (  1 . + C C S F 1 3 . l ~ 1 5 9 2 6 5 4 / 2 . * * 1 1 )  1 )  P R I M 0 1  8n 
DI SP#.OiJ5 P R I  MOI 90 
FOREfb.866 PR I M 0 2 0 n  
I N # I  0 P R I M o 2 I O  
I T I L T l O  PR I M 0 2 2 0  
LATM#O PR I M02 30 

NCD#O P R I M 0 2 5 9  
NGW3 P R I  M0260 
NOUT#9 PR 1140270 
NSR# I I P R I  MO28rJ 
R E S ( I ) # l . 2 5  P R I  140290 
RES(2 )# .5  PR I H 0 3 0 0  
RES ( 3 )  # * 2  P R I  M03 I 0  
SCALIX1.3 P R I  HO32'J 
SCAL2#1.54 PR I PU33Cl 
SCLU I .54 PR I no340 
DO 3000 I # l r 3  P R I  P O 3 5 0  
S Y M B ( I , I ) # I .  P R I M 0 3 6 0  

P R I M 0 3 7 0  
3000 SYMB(I+5, I )YO. P R I M 0 3 8 0  

TAPERt.375 PR I M039O 
THETA#O -0 P R I  M0400 
V I  EW tO.0 P R I  M04 I Q 
XLNG(I)W3D.O P R I  M042q 
X L N G ( 2 ) # I I . O  P R I  M043r3 
XO( I ) # l 5 . 3  P R I  H 0 4 4 0  

P R I M 0 4 5 9  
RETURN P R I  M046cI 
E NO PR 11.404 70 

LTNO#23 P R I  ~ 0 2 4 0  

SYYB( I+ I , I )WO.  

X0(2 )#5 .5  

* L I S T S  
*LABEL 

SUBROUT I NE PROJ 4 Ow OP , X , XOc V I  EW 9 I I 9 I 2  9 I 3  1 PROJOOIO 
C ***** 3C CARTESIAN TO 20 PLOTTER COORDINATES *e*** PRO J0020 

DIMENSION D ( 3 , 1 2 9 ) r D P ( 2 r  ( 2 9 )  , X ( 3 ) r X 0 ( 3 )  PRO JClO31 
T3#V IEW-XI 3 )  PROJCI040 
DO 145  I # I I , I 2 , 1 3  PROJOOSO 
T I # D (  I 9 I ) + X I  I ) PROJOO6O 
T 2 # D ( 2 , I ) + X ( 2 )  PROJ0073  
I F ( V I E W 1 1 3 5 , 1 3 5 ~ 1 2 0  PROJ0080  

120 T 4 # V I E W / I T 3 - 0 ( 3 , 1 ) )  PRO JOO90 
T I  # T I  * T 4  PROJOIDO 

PROJOI 10 T 2 # T 2 * T 4  
135 D P ( I w I ) # T I + X O [ I )  PROJOl20  
145 D P ( 2 , I ) # T Z + X 0 ( 2 1  P R O J O l 3 0  

RETURN PRDJOI 40 
END P R O J O l 5 0  

* L I S T 8  
*LABEL 
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RAOIOOIO 
C ***** GENFRATE E L L I P S E  FROM TWO CONJUGATE VECTORS e * * * *  RAOIOO20 

RADIO030  C *****  ORTHCNORMAL VECTORS PRODUCE 8 - 1 2 8  SPOKED CIRCLE * + * e *  
C *****  NO DENOTES NUMBER OF SUBDIV IS IONS ( I  T O  5 )  ***+e RADIO040  

SUBROUTINE RADIAL(ND1 

DIMENS I C N  A I  9 )  RADIOOSO 
DI MENS I C N  ATOMS (4 ,500  1 t BBt 3, 3 )  rCD( 8 .20 )  r CHEMf 200) tCONT I 5  1 r D (  3,130) RADIOflbO 
DI PENS I O N  DA ( 3 ~ 3 )  9 DP ( 2 1  1 3 0 )  r EV( 3r 203 1, F S (  3 . 3 ~ 4 8 1  9 PD (5 ,  2 0 )  r ORGN ( 3  1 R A O I 0 0 7 0  
DIMENSICN P ( 3 , 2 3 O ) r P A ( 3 , 3 r 2 3 0 ) . P A C ( 3 , 5 ) , P A T ( 3 r 3 ) r Q ( ~ , 3 ) , R E F V ( 3 * 3 )  RADIO080  
DIMENSICN R E S l k l ~ R M S ( 5 ) ~ S Y M 9 ( 3 , 3 ) ~ T I T L E ~ l 2 ~ ~ T I T L E ~ ~ l 2 ~ ~ T S ~ 3 ~ 4 ~ 1  RADIOO90 
01 PENS I ON RADIO1 DO 

CCMMCN ~ G ~ A ~ A A ~ A A R E V I A A W R K , A I D ~ A I N ~ A T O M S ~ ~ B ~ ~ R D R ~ C D ~ C H E M ~ C O N T , D  RAOI012i3 

COCMON 
COMMON S C A L ~ , S C L ~ S Y M B I T A P E R ~ T ~ E T A ~ T I T L E I T I T L E ~ , T S ~ V I E W ~ V T ~ V I ~ V ~  
COMMCN V 3 , V 4 r V 5 , V 6 , W R K V , X L N G I X O t X T  

A A  ( 3 t 3 1 9 AAREV ( 3 ~ 3 )  9 AAWRK ( 3, 3 )  ,A I D (  3 1 3 )  V A I N (  1 4 0 )  

VT (3,  4 1 ,  V I ( 4 1 t V 2 i  3 ) 9 V 3 (  3 1 r V 4 t  3 1 9  VSt 3 1 * V t (  3 )  v WRKV13 93 I 
DIMENSION XLNG(3)  p X O ( 3 )  r X T I 3  RADIO1 10 

CCMMCN C A ,  DP D ISP, E DGE , EV, FORE, FS I N ,  I T I L T  9 KO, LAT P,L T V O I  NATOM, NCD RADIO I 3 0  
N J t N J 2  t NOUTt NSR e NSYMI ORGN, P 9 PA, PAC t PAT Q t R EFV, RES , RMS t SCALl RAD I O 1  4 0  

DO 115 J # 1 , 3  
T I  # D A (  J s  I )  
D (  J, I ) # T I  
D ( J , 1 2 9 ) # T I  
0 ( Jq 65 f # - T  I 
T I # D A ( J * 2 )  
O ( J , 3 3 ) # T I  

00 135 K # l r N D  
T I # C O N T ( K )  
K D E L I 2 * * ( 6 - K )  
KDELI#KDEL+I  
KDEL2#KOEL/2 

J#L-KOEL 
MYL-KDEL2 

115 D ( J , 9 7 ) # - T I  

DO I 3 5  L # K D E L I  r65,KDEL 

00 1 3 5  N#1,3 
1 2  # { D ( N 9 L 1 +D Z N 
D ( h i M ) # T 2  

135 O ( h r M + 6 4 ) # - T 2  

J 1 ) *T I 

RETURN 
END 

+ L I S T 8  
*LABEL 

SUBROUTINE SEARCH 

RADIOI  50 
RADIO l  60 
RADIOI  7n 
RADIOI  80 
R A D I O l  90 
RADI  0 2 0 0  
RADIO2 10 
RADIO220  
RAD I 0 2 3 0  
R A D I 0 2 4 Q  
RAD I 0 2 5 0  
RAD I 0260 
RAD10270  
RAD I 0 2  80 
RAD I0290 
RAD I0300 
RAD103 I O  
RADI  O32fl 
RADIO330  
RADI  0 3 4 0  
RADI  0 3 5 0  
RADIO360  
R A D I 0 3 7 f l  
R A D I O 3 8 1  

SEAR001 0 

DIPENSICN 2 ( 3 )  SEAR0030 
D I  MENS I O N  N W  ( 6  1 v OX ( 3 1 * S ( 2 , 2 0 0 )  9 U( 3 1 r V (  3 1 * W I  2 1 4  1 

01 MENS I C N  A ( 9  ) S E A R 0 0 4 0  
DIMENSION ATOMS (4,5001 , AB( 3 1  3 1 r C D (  8 9 2 0  1 ,  CHEM( 2 0 0 )  r C O N T l 5  1 r 0  ( 3 9  130) SEAROOSO 
DIMENSION DA(  3 1 3  ) t DP ( 29 130 3 ,  E V (  31 2 0 0  P FS( 313,481 )cD ( 5.20 ,ORGN( 3 1 SEAR0060 
DIMENSICN P ( ~ V ~ ~ O ) ~ P A ( ~ , ~ , ~ O C ) , P A C ( ~ ~ ~ ] ~ P A T ( ~ ~ ~ ) , Q ( ~ , ~ ) ~ R E F V ( ~ , ~ )  SEAR0070 
OIMENSICN R E S ( 4 ) ~ R M S ( 5 l r S Y M 8 ( 3 r 3 ) r T I T L E ~ l 2 ) ~ T I T L E ~ ~ l 2 ~ ~ T S ~ 3 ~ 4 8 ~  SEAR0080 
01 MENSICN SEAR0090 
DIMENSICN X L N G ( 3 ) r X 0 ( 3 ) , X T ( 3 )  
COMMON N G ~ A ~ A A ~ A A R E V ~ ~ ~ W R K I A I D ~ A I ~ ~ A T O M S V B B ~ B R D R ~ C D ~ C ~ E M ~ C O ~ T ~ D  SEAROl lO  
CCCMCN SEAR01 2 0  
COMMON N J , N J ~ ~ N O U T I N S R I N S Y M I O R G N . P I P A I P A C , P ~ T I P ~ R E F V ~ ~ E S ~ R M S ~ S C A L I S E A R O I ~ O  
COMMON S C A L ~ ~ S C L ~ S Y M B I T A P E R ~ T H E T A ~ T I T L E ~ T I T L E ~ ~ T S ~ V I E W ~ V T ~ V I ~ V Z  SEAR0140 
COVMON V 3 * V 4 r V S r V 6 r W R K V 1 X L N G , X O I X T  

Wk( 2 9 3  1 t X (  4 1 t Y  ( 3 )  SEAR0020 

A A (  3 3 1 1 AAREV ( 3 9  3 )  t AAWRK( 31 3 1 A IO I ? 9  3 1 r A I  N (  1 4 0 )  

VT ( 3 ,  4) t V  I ( 4 I r V 2 (  3 1, V 3 (  31 9 V 4 (  3 1 ,  V 5 (  3 1 , V C I  3) 9 WRKVt 3131 
SEAR01 00 

C A P  DP, DISPI E OGE, EVt  FORE, FSI I N  9 I T I  LTI KO, L A T F r L  TNOI NATOMr NCO 

SEAR01 50 
EQUIVALENCE(NW( I ) r L L ) ,  I N W ( 2 )  r L U ) p I N W (  3)1ML 1 SEAR0160 
E Q U I V A L E N C E I N W ( b ) r M U ) 1 I N W ( 5 )  r N L I , ( N W ( 6 l r N U I  SEAR01 70 

C CIIC+ OBTAIN PROBLEM P A R A M E T E R S  *eo+* SEAR01 80 
WRITE OUTPUT TAPE NOUT,2n SEAR01 90 

2 0  FORMAT(IH0 9X982H FROM bTOMS T O  4TOMS WITH RADIUS ORSEAR0200 

2AX 1 7 x 1  IHARX, I H B ~ X I  IHC)  SEAR0220 
I F I A 1 N ~ I ~ ~ 1 0 0 0 0 ~ ~ 1 0 ~ ~ 1 0 0 ~ 1 0 1  SEAR02 30 

IOU I T C M I # A I N (  I )  SE AR02 4 9  
SYITOP#55501 .  SEAR025n 
GO T O  123 SEAR0260 

1 0 1  1 ~ ~ ~ 1 # A 1 ~ ( 1 1 / 1 0 0 0 0 0 .  SE AR027O 
SYITOMCMODF( A I N (  1 9 1 OOOOO. ) SEAR0280 

102  IF(AIN12)-10000.)103~Ifl3~1~4 SEAR0290 
103 I T C M 2 # A I N ( 2 )  SEAR0300 

I r  I F  A @OX, WITH SEMIDIMENSIONS / l lX ,46HCODE ( M I V  M A X )  ( M I N  MSEAR0210 
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. 
GO T O  135 S E A R 0 3  I O  

SE A R 0 3 2 n  
105 ! T A R I # A I N ( 3 )  S E A R  0 330 

I F ( I T A R I ~ 1 0 8 ~ l O 8 ~ 1 1 0  SE A R 0 3 4 0  
108 I T A R I # I  S E A R 0 3 5 0  

SE A R 0 3 6 0  I I 0  I T A R 2 # A I N ( 4 )  
D M A X # A I N ( 5 )  SE A R 0 3 7 0  

S E A R 0 3 8 0  
I 1 5  D M A X # 4 .  S E A R 0 3 9 0  

A I  N (  5 )  # C M A X  S E A R 0 4 0 0  
I 2 0  O M X d D M A X * D M A X  S E A R 0 4  I0 

T E M #  .O I S E A R 0 4 2 0  
K F U N # N J * I O ~ + X M O D F ( N J 2 ~ l O )  $E A R 0 4 3 0  
K # N J * l O O + Y J 2  S E A R 0 4 4 1  
I O # S Y  I T C M  SE A R 0 4  50 

121 F O R M A T ( I H D I O X ~ 2 I 3 ~ 2 1 5 ~ 1 7 ~ 1 5 ~  1 8 X * 3 F 9 . 3 / I H  ) S E A R 0 4 6 0  

15.7) S E A R 0 4 8 0  
124 F O R M A T ( I H  1 5 X . 2 1 5 r I 8 ~ 1 5 r 2 F 9 . 3 )  S E A R 0 4 9 0  

I F ( N C D ) 1 3 0 r 1 3 0 r 1 2 5  SE A R 0 5 0 0  

104 I T C M 2 # A I N ( 2 ) / 1 O 3 O O O .  

I F ( D M A X ) 1 1 5 ~ 1 1 5 t 1 2 0  

W R I T E  O U T P U T  T A P E  N O U T ~ 1 2 l ~ K ~ I T O H l r I O ~ I T O M 2 ~ I T A R l ~ I l A R 2 ~ ~ A I N ~ J ~ ~ J # S E A R O 4 7 ~  

125 W R I T E  O U T P U T  T A P E  N O U T I I Z ~ , (  ~ ~ K O ~ J I I ~ ~ J # ~ ~ ~ ~ ~ ~ C D ~ J ~ I ~ ~ J # I ~ ~ ~ ~ ~ I ~ ~ ~ S E A R O ~ I ~  
I N C D )  

130 DO 1 3 5  J R l r 4  

135 W ( 2 , J ) # - 9 9 .  
W ( I  9 J ) # 9 9 .  

D O  155  I # I T A R l r I T A R Z  
T I # F L O A T F ( I ) * I O ~ ~ ~ O O .  
C A L L  A T C M l T l  9 x 1  

I F ( N G ) 1 4 0 r l 4 5 * 1 4 0  
140 C A L L  E R P N T ( T I 9 K F U N )  

I 4 5  X ( 4 ) # X ( l l - X ( 2 )  
GO T O  600 

DO 155 J # l r 4  

I F ( W ( 2 , J ) - T E M ) 1 4 8 ~ 1 S ~ ~ l 5 O  
148 W ( 2 r J ) # T E M  
150 IFITEM-W~lrJ))1521155,155 
152 W ( I * J ) # T E M  

T E F ( # X (  J )  

155 C C N T I N U E  
I F l K F U N - 4 0 3 ) 1 6 5 ~ 1 6 0 ~ 6 O ~  

C *****  F I N D  P A R A L L E L E P I P E D  W H I C H  E N C L O S E S  M O D f L  B O X  ****e 
160 DO 162 J # 1 . 3  

D X  [ J  1 # 0 .  

162 D X  ( J ) # D X  ( J  1 + A B S F (  R E F V (  J. I ) * A  I N (  I + 4 )  1 
GO T O  170 

DO I 6 2  I # l t 3  

C *+e** F I N O  P A R A L L E L E P I P E D  W H I C H  E N C L O S E S  D M A X  S P H E R E  **I** 
I 6 5  T I  # I  . - A ( 4  1 * A ( 4 ) - A ( 5  1 * A (  5 ) - A (  6 ) * A (  6 ) + 2 . * A (  4 ) * A I  5 ) * A (  6 )  

00 168 JRl.3 
168 0 X ( J ) ~ S 6 4 T F ( I I . - A ( J + 3 ) * * 2 ) / T l ) * D M A X / A [ J )  

C * * * e *  S T A R T  S E A R C H  AROUND R E F E R E N C E  A T O M S  * e * * *  
170 DO 500 I T O M # I T O M l r I T O M 2  

T I # F L O A T F ( X T O M ) * l O O ~ O J . + S Y I T O M  
C A L L  A T C M ( T 1  t Y )  
I F ~ N G ) I 7 1 ~ 1 7 2 ~ 1 7 1  

171 C A L L  E R P N T ( T 1 r K F U N )  
GO T O  500 

C *.I.*** K # S Y H M E T R Y  E Q U I V A L E N T  P O S I T I O N  * ****  
172 NUM#O 
173 DO 400 K # I * N S Y C  

C *****  S U B T R A C T  S Y C M E T R Y  T R A N S L A T I C N  FROM R E F  A T O M  **e*+ 
00 1 7 5  J # l r 3  
U (  J )  # Y I  J ) - T S (  J p K I  1 7 5  

C *****  D E T E R M I N E  L I M I T I N G  C E L L S  T O  BE S E A R C H E D  *e**+ 
C *++** F I R S T . M O V E  T H E  BOX T H R O U G H  T H E  S Y M M E T R Y  O P E R A T I O N  + * S O *  

DO 185 J#113 
00 185 L # l  12 
W U ( L v J ) # O - O  
G O  185 ! # I 9 3  
T E M M F S  I I 9 J v K 1 

S E A R 0 5 2 0  
S E A R 0 5 3 0  

SE A R 0 5 5 n  
S E A R 0 5 6 0  
S E A R 0 5 7 0  
S E  A R 0 5 8 0  
S E A R 0 5 9 0  
S E A R 0 6 0 0  
S E A R O b l C i  
S E A R 0 6 2 0  
S E A R 0 6 3 n  
S E A R 0 6 4 3  
S E A R 0 6 5 n  
S E A R 0 6 6 C l  
SE A R 0 6  70 
SE A R 0 6 8 C I  
SE A R O 6 9 O  
S E A R 0 7 0 9  
S E A R 0 7  I r] 
S E A R 0 7 2 0  
S E A R 0 7 3 n  
S E A R 0 7 4 0  
S E A R 0 7 5 1 1  
S E A R 0 7 6 0  
S E A R 0 7 7 @  
SE A R O 7 8 0  
SE A R 0 7 9 0  
S E A R 0 8 0 ' 3  
F E A R O R  In 
S E A R 0 8 2 0  
SE A R 0 8 3 0  
S E A R 0 8 4 0  
S E A R 0 8 5 q  
S E A R 0 8 6 3  
S E A R 0 8 7 0  
SE A R O A 8 0  
S E A R 0 8 9 0  
S E A R 0 9 0 0  
S E A R 0 9 1  0 
S E A R 0 9 2 ' l  
SE  A R O 9 3 0  
S E A R 0 9 4 0  
S E A R 0 9 5 0  
S E A R 0 9 6 0  
S E A R 0 9 7 0  
S E A R 0 9 8 0  
S E A R 0 9 9 0  
S E A R  1000 

S E A R ~ S ~ ~  
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. 
I F ( T E M ~ 1 7 7 , 1 8 5 ~ 1 7 9  SEAR IO1 0 

1 7 7  N # X M O D F ( L , Z ) + l  SEAR I020 
GO T O  1 8 3  SEAR103R 

I 7 9  N#L  SEAR IO40 
I 8 3  W W ( L , J ) # W W ( L v J ) + W ( N q I ) * T E M  SEAR IO50 
185 CChTINUE SEAR I 060 

C **+** CHECK FOR MIXED INDEX TRANSFORMATION +*e+* SEAR I O 7 0  
DO 2 1 5  J#1 ,2  SEAR I O A O  
T F V # F S ( I . J , K )  SEARl O m  
I F ( T E M + F S ( Z , J , K )  )215,20lr215 SEAR1 100 

2’31 I F ( T E M ) 2 0 3 , 2 1 5 , 2 0 7  SEARl I I r l  
2r13 W W ( I * J ) # W I 2 r 4 ) * T E M  SEAR I I20 

k W ( 2 r J ) # W ( 1 , 4 ) * T E M  SEAR1 I 3 0  
G O  TO 215 SEAR I I40  

2 0 7  W W ( I , J ) # W l l r 4 ) + T E Y  SEAR1 I5 ’ J  
W W ( Z * J ) U W t 2 r 4 ) * T E M  SEAR I I60 

SEAR I I 7 n  215 CCNTINUt  
C +**** MCVE 4 CELLS A W A Y  THEN MOVE BACK U N T I L  PARALLELEPIPED AROUNDSEARIIAO 
C REF A T O M  AND BOX AROUND TRANSFORMED 4SYM U N I T  INTERSECT ***e* SEAR1190 

N#O SEARl 200 
DO 2 3 5  J # 1 , 3  SEAR12 In 
00 2 2 5  I H l . 2  SEAR I 2 2 0  
N#N+ I SEAR I 2 3 0  
TT#(UIJ)-WW(I,J))*FLOATF(I*2-3)-DX(J) SEAR I 2U3 
TEMP5.O SEAR 1 2 5 0  

221 TFM#TEM-1.0 SEAR1260 
I F ( T E M + T T ) 2 2 5 , 2 2 5 t 2 2 I  SEAR1270 

2 2 5  NWIN)#TEM*FLOATF(I*2-3)+5. SEAR I 2 8 0  
C *****  I F  NO P O S S I B I L I T Y  OF A H IT ,  GO TO NEXT SYMMETRY OPER e**** SEAR1290 

I F I Y W ( N ) - N W ( N - I )  ) 4 0 0 r 2 3 5 1 2 3 5  SEAR 1 3 0 0  
2 3 5  CCNTINUE SEARl 31 0 

SEAR I 3 2 0  
DO 3 9 5  L#LL,LU SEAR I 3 3 0  

SEAR I 340 V ( I ) # U ( I ) + F L O A T F ( L - 5 )  
C * *+**  M CELL TRAYSLATIONS I N  Y * *e * *  SEAR I 3 5 0  

SEAR1360 
V ( 2  1 # U ( 2  1 +FLOATF( M-5 1 SEAR I 3 7 0  

C ***+* N CELL TRAYSLATICNS I N  Z *e** *  SEAR 13813 
DO 3 9 5  NN#NL,NU SEAR I39Q 

SEAR I 4 0 0  
SEAR141 0 

DO 3 9 5  I # I T A R I  9 I T A R 2  SEAR1420 
SEAR I 4 3 0  

T EM#O. 0 SEAR1440 
DO 245 I I l t l r 3  SEAR I 4 5 0  

2 4 5  T E M # T E M + F S [ I I I J , K ) + P ~ I I , I ~  SEAR I 4 6 0  
C *****  SEE I F  W I T H I N  PARALLELEPIPED***+* SEAR147r3 

TEM#TEM-V( J )  SEAR I 4 8 0  
I F ( D X (  J )-TEM) 3 9 5 9 3 9 5 , 2 5 0  SEAR1490 

2 5 0  X I J ) U T E C  SEAR I 500 
SEAR1 510 
SEARl 520 

2 5 2  CALL V M ( X , A A R E V , V I I Z ) )  SEAR1 5 3 3  
DO 2 5 3  J l t 2 r 4  SEAR1540 

SEAR I 5 5 0  
253 CCNTIVUF SEAR I 560 

GO T O  2 7 7  SEAR I 5 7 0  
C * * * e *  SEE I F  W I T H I N  SPHERE *I*** S E A R  I580 

SEAR I 5 9 0  
I F ( D M X - C S Q ) 3 9 5 r 2 5 6 r 2 5 6  SEAR I600 

2 5 6  IF(DSQ-.00011258,260~260 SEARl 6 I O  
258 I F ( K F U N - 4 0 2 ) 3 9 5 , 2 6 0 9 3 ~ 5  SEAR I62fl 

C ***** SELECT VECTORS ACCORDING TO CODES IF ANY * * a * *  S F A R l 6 3 0  
260 TEM#SQRTF(DSQ) SEAR I 6 4 0  

I F ( N C D ) 2 7 7 , 2 7 7 r 2 6 8  SEAR I65D 
268 DO 2 7 5  J # l i N C D  SEAR 1669 
269 IF(ITOM-KD(I,J))275r270~270 SEAR1670 
2 7 0  IFIK0(2rJ1-ITOM)275,271,271 SEARl 680 
271  I F ( I - K O ( 3 , J ) )  275,272,272 SEARl69 r l  
2 7 2  I F ( K D ( 4 r J ) - I )  2 7 5 , 2 7 3 , 2 7 3  SEAR170f l  

C * * + e *  L CELL TRAYSLATICNS I N  X * a * * *  

DO 3 9 5  PUPL,MU 

V 1 3 ) # U 1 3 ) + F L O A T F ( N N - 5 )  
C **I** I # TARGET ATOM ****e 

DO 2 5 0  J # 1 , 3  

I F I K F U N - 4 0 3 ) 2 5 5 r 2 5 2 , 2 5 5  
C *++** SEE I F  W I T H I h  MODEL BOX e**** 

IFIAIN(J+3)-ABSF(VI(Jl))395r253,253 

255 DSQ#VMV(X,AAIX) 
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2 7 3  I F ( T E M - C D ( I , J ) )  275,274,274 
2 7 4  I F I C D ( 2 , J ) - T E M )  2 7 5 , 2 7 7 , 2 7 7  
2 7 5  CONTINUE 

GO T O  395  
2 7 7  V I ( I  1 # I O O ~ O O . . F L O A T F ( I ) + F L O A T F ( ( I I I G - L * I O ~ - M * I O - N N ) + I O O + K )  

I F ( K F U N - 4 0 2 ) 2 7 8 , 3 2 5 , 3 2 5  
C *****  DETERMINE CORRECT P O S I T I O N  I N  SORTEO VECTOR TABLE ***I* 

2 7 8  I F t N U M ) 3 1 7 * 3 1 7 * 2 7 9  
2 7 9  DO 3 1 5  I I # I , N U M  

TTRS ( 2  I I )-TEM 
IF(ABSF(TT)-0.03011297~297~281 

2 8 1  I F ( T T ) 3 1 5 , 2 9 7 , 2 8 3  
C ***** MCVE LCNGER VECTORS TOWARD END OF TABLE ***** 

2 8 3  I F ( Z D D - N U Y ) 2 8 7 r 2 8 7 , 2 8 9  
2 6 7  NUM#199 
2 8 9  I J#NUM 

DO 2 9 5  J # I I * t V U M  
S ( l r I J + I ) # S ( I * I J )  
S ( 2 r I J + I  ) # S 1 2 , I J )  

2 9 5  I J # I J - I  
GO T O  3 1 9  

C **I** CHECK FOR OUPLICATE VECTORS IF DISTANCES ARE EQUAL ***** 
2 9 7  CALL A T C M ( S ( 1 , I I ) t Z )  

DO 3 0 5  J#1 ,3  
I F ~ A E S F ~ X ~ J ) + Y ~ J ) - Z ~ J ) ) - U ~ D ~ O I ) 3 0 5 , 3 O ~ ~ 3 l S  

3 0 5  CONTINUE 

3 1 5  CCNTINUE 
G O  T O  3 9 5  

I F  1 2 0 0 - N U M ) 3 9 5 r 3 9 5 , 3 1 7  
C * * e * *  STORE THE RESULT IN VECTOR TABLE ***** 

3 1 7  I I # N U M + I  
3 1 9  NUM#NUM+I 

S( I ,  I I ) # V I  I I 1 
S ( 2 , I I ) # T E M  
G O  T O  395  

C ***+* STORE RESULT I N  ATOMS TABLE *+** *  
3 2 5  DO 3 3 0  J # 1 , 3  
3 3 0  V I ( J + I ) # X ( J ) + Y I J )  

3 9 5  CCNTIrJUE 
4 0 0  CChTINUE 

CALL STCRE 

C *****  PRINT OUT DISTANCES * * *e*  

SEAR17 10 
SEAR 1720 
SEAR I 7  3Q 
SEAR I 7 4 3  
SEAR I 7 5 0  
SEAR I 7 6 Q  
SEAR I 7 7 0  
SEARl 7A0  
SEARl 79C 
SEAR I A O n  
S E A R  I8 I D  
SEAR 1 8 2 0  
SEARI 8 3 n  
SEAR I 8 4 0  
SEARI 85f l  
SEAR I 8 6 0  
SEAR I 8 7 0  
SEAR I 8 8 0  
SEAR 18917 
SEAR1 9 0 0  
SEARl 91 0 
SEARl 9 2 0  
SEAR I930 
SEAR I 9 4 0  
SEARl 9 5 0  
SEAR 1 9 6 9  
SEAR I 9 7 0  
SEAR I 9 8 0  
SEAR I 9 9 0  
SEAR2ODq 
SEAR20 I r? 
SEAR212i-l 
SEAR203n 
SEAR2340 
SEAR2050 
SEAR2060 
SEAR2070 
SEAR20813 
SEAR2390 
SEAR2 I O 0  
SEAR21 I9 
SEAR2 I 2 0  

421  F O R M A T ( I H ~ I O X , 2 3 H V E C T O R S  FROM ATOM ( 1 3 * 1 H ~ I 5 ~ 1 H ) 6 X ~ 8 H T O  ATOMS149 SEAR2130 
I S H  THROUGHIkO SEAR2 I 4 0  

I O # S Y  lTCM S E A R 2  I SO 
WRITE OUTPUT TAPE N O U T ~ 4 2 l ~ I T O M , I O ~ I T A R l r I T A R 2  SEAR2 I 6 n  
I F t N U M ) 5 D 0 , 5 0 0 , 4 2 3  SEAR2 I 7 0  

T 2 # S (  1 ,  I )  SEAR219g 
I I # T 2 / I C U 0 0 0 .  SE AR22 00 
12#TZ-FLOATF ( I I 1 *10D000. SEAR22 I !l 
CALL ATCM(T2,ZI SEAR2220 
I F ( I - I ) 4 3 2 ~ 4 3 2 r 4 3 4  SE AR22 31, 

4 2 7  FORMAT( IH l 3 X ~ 2 ~ A 6 ~ l X ~ ~ 3 9 X ~ l H ~ I 3 ~ l H ~ I 5 ~ l H ~ 3 F 7 ~ ~ ~ 7 X ~ 3 H D  #F6.3)  SE A R 2 2  4n 

4 2 3  DO 4 3 5  I # I , N U M  S E A R Z  I 80 

4 2 9  FORMAT( IH 13X121A6,  I X J , 2 ( 3 H  ( 1 3 ,  IH, 15, I H ) ~ F ~ . ~ , ~ X ) ~ X V ~ H D  nF6.3) SEAR2250 
4 3 2  WRITE OUTPUT TAPE N O U T ~ 4 2 9 ~ C H E M ~ I T 0 M ~ ~ C H E ~ ~ I l ~ ~ I T C M ~ I O ~ ~ Y ~ J ~ ~ J # l  p3SEAR2260 

I 1 ,  I I  9 1 2 1  ( 2  ( J  1 ,  J# I 1 3  1 , S (  2, I )  SEAR227r) 
G O  TO 4 3 5  SE AR22 8rI1 

I S ( 2 r  1 )  SEAR2300 
4 3 5  CCNTINUE SE AR23 I O  

C * *e * *  CALCULATE ANGLES ABOUT REF ATOM IF CODE I S  102 ***** SEAR232i-l 
4 3 7  I F l N J 2 - 2 ) 5 0 0 ~ 4 5 1 r 4 5 1  SEAR2330 
4 4 1  FORMAT( IH310X, IBHANGLES AROUND ATOMIS) S E AR 2 3 4 n  
4 5 1  WRITE OUTPUT TAPE NOUT1441,ITOM SEAR235n 

L#NUY-I SEAR2360 
I F { L ) 5 0 0 , 5 0 0 , 4 5 7  SEAR237g 

4 5 7  DO 4 6 5  I # I , L  SEAR2380 
T2#S ( I  9 I )  SEAR2390 
T 3 # 5 ( 2 , 1 )  SE A R 2 4 X l  

4 3 4  WRITE OUTPUT TAPE N O U T ~ 4 2 7 ~ C ~ E M ~ I T O M ~ ~ C H E M l I l ~ ~ I l ~ I 2 ~ ~ Z ~ J ~ ~ J # l ~ 3 ~ ~ S E A R 2 2 9 ~  



' 123 

I I # T 2 / 1 0 0 0 0 0 .  S E A R 2 4 1  3 
I2#T2-FLOATF(I1)*100@00. S E A R 2 4 2 0  
C A L L  A T C M ( T 2 , X )  S E A R 2 4 3 0  

S E A R 2 4 4 0  
C A L L  M V ( A A t U t V 2 )  SE A R 2 4 5 0  

S E A R 2 4 6 0  M # I + I  
DO 4 6 5  J # M t N U M  SE A R 2 4  70 
T 4 # S  ( I t  J )  S E  A R 2 4 8 0  
J I  # T 4 / I C O O O O .  S F A R 2 4 9 9  
J2#T4-FLOATf(J11*100000. SE A R 2 5  00 
C A L L  A T C M ( T 4 , Z )  S E A R 2 5  In 
C A L L  D I F V ( Z p Y * V )  S E A R 2 5 2 0  
F # A R C C O S ( V V ( V t V 2 ) / ( T 3 * S ( 2 t J )  ) )  S F A R 2 5 3 f l  

460 F O R M A T ( I H  1 3 X t 3 ( A 6 t I X ) r 7 X * 3 ( 2 H  ( 1 3 , 1 H t I 5 t l H ) ) t 3 I X t F 6 . 2 )  S E A R 2 5 4 0  

S E A R 2 5 6 0  
495 C C N T I Y U E  S E A R 2 5 7 0  
500 C C N T I N U E  S E A R 2 5 8 0  
600 R E T U R N  S E A R 2 5 9 f l  

S E A R 2 6 0 0  

C A L L  DI F V  I X t Y r U  1 

465 W R I T E  O U T P U T  T A P E  N O U T ~ 4 6 0 ~ C H E M ~ I l ~ ~ C H E M ~ I T O M ~ ~ C H E M ~ J l ~ ~ I l ~ I 2 t I T O M S E A R 2 5 5 O  
I 9 101 J I t J2 t F 

END 
* L I S T 8  
* L A B E L  

S U B R O U T I Y E  S P A R E (  M J  1 S P A R O O I C l  
CCMMCN N G  S P A R 0 0 2 1  
N G # 9  S P A R 0 0 3 1  
R E T U R N  S P A R O O 4 0  

S P A R  00 5f l  E N D  
* L I S T 8  
* L A B E L  

C * * * e *  S T O R E  IN OR R E M O V E  F R O M  A T O M S  A R R A Y  a**** 
S U B R O U T I N E  S T O R E  STOROO I 0  

S T O R 0 0 2 0  
01 MENSXCN A (  9 )  9 A A I  3 . 3 )  9 AAREV ( 3.3) 9 A A W R K (  3 ~ 3  ) . A I D [  3 . 3  1 t A  I N  ( 1 4 G I  S T O R 0 0 3 0  
D I M E N S I C N  ATOMS ( 4 1  500) t B B (  3, 3 )  rCD( 8.20) t C H E M (  200) t C O N T (  5 )  t0 ( 3 , 1 3 0 )  S T O R 0 0 4 0  
DI MENS I C Y  D A  ( 3 9  3 I t D P  ( 2 9  1 3 0 )  t E V (  39 203 ) v  F S (  39 3.48 1 t KO( 5, 2 3 1  t ORGN ( 3  1 S T O R 0 0 5 0  
D I M E N S I C N  P ( 3 t 2 ~ 3 ) t P A ( 3 t 3 , 2 7 t 1 , P A C 1 3 r 5 ) , P A T ( 3 r 3 ) t P A T 3 t 3 t Q ( 3 , 3 ) t R E F V ( 3 t ~ )  S T O R 0 0 6 f l  
O I M E N S I C Y  S T D R 0 0 7 0  
D I  M E Y S I C N  STOROOBO 

R E S ( 4 )  , R M S (  5 I 1 SYMS ( 3 9 3 1  7 T I T L E (  I2 1 ,  T I  T L E i (  I21 r T S (  3 1 4 8 )  
V T  ( 3 9 4  1 , V I  ( 4 1 t V 2 (  3 1, V 3 (  3 I t  V 4 (  3 1 t V 5 1 3 )  t V t (  3 1 t WRKV(  3 9 3 )  

O I M E Y S I C N  X L N G ( 3 ) , X 0 ( 3 ) t X T ( 3 )  S T O R O O P D  
COMMCN N G , A ~ A A t A A R E V t A A W R K ~ A I D ~ A I N t A T O M S t 8 B t ~ ~ D R ~ C D ~ C H E M t C O N T t D  S T O R O I O O  
COMMCN D A, D P  9 DI S P 9 E DGE 9 EV 9 F O R E  t FS t I N  t I T I L T 9 K D  t L A  T S T O R O  I 1 n 
COMMON h J t NJ2 9 NOUT,  N S R  t NSYM, O R G N t  PI P A .  P A C  1 P A T ,  Q t  R E F V t  R E  S t RMS t S C A L l  S T O R O l 2 ' 3  
COMMOY S C A L 2 ~ S C L , S Y M B t T A P E R ~ T ~ E T A t T I T L E 2 r T S ~ V I E W ~ V T ~ V l ~ V 2  S T O R 0 1 3 0  

L T U 0  v N A T O M v  NC D 

CCMMCN V ~ ~ V ~ , V ~ ~ V ~ ~ W R K V ~ X L N G V X D ~ X T  S T O R O  I 4 0  
I F ( L A T M 1 4 8 1 t 4 8 1 , 4 5 0  S T O R O I  50 

450 IF (50 f l -LATM)455 ,455 ,460  S T O R O l  b n  
455 I F ( Y J 2 - 1 0 ) 4 9 0 , 4 9 0 , 4 6 0  S T O R O I  70 
460 L # L A T M  S T D R O I  80 

C * * *+*  C P E C K  FOR P O S I T I O N A L  D U P L I C A T I O N  +*+it* S T O R O I  90 
00 483 K # I , L  S T O R 0 2 0 0  
DO 465  J # 2 9 4  S T O R O 2  IO 

S T O R 0 2  20 
465 C C N T I Y U E  S T O R 0 2  30 

I F ( N J 2 - 1 0 ) 4 9 0 , 4 9 O t 4 7 0  S T O R 0 2  4 0  
C * e * * +  ATOM R E M O V A L  B Y  T A B L E  PUSHDOWN e**** S T O R 0 2 5 n  

470 L A T M # L A T M - I  S T  O R 0 2  60 
DO 475  I U K t L A T M  S T O R 0 2  7n 
DO 4 7 5  J # i r 4  STOR028 f l  

4 7 5  A T C M S [ J t I ) # A T O M S ( J t I + l )  S T OR 02 90 
GO T O  490 S T O R O 3 0 f l  

480 C C N T I N U E  S T O R 0 3  IO 
4 8 1  I F ( N J 2 - 1 0 ) 4 8 2 ~ 4 9 C I t 4 9 0  S T O R 0 3 2 0  

C e**** S T O R E  ATOM e***+ S T O R 0 3 3 0  
482 I F ( 4 9 9 - L A T M ) 4 9 O t 4 8 3 * 4 8 5  S T O R 0 3 4 7  
483 N G # i 6  S T O R O 3  50 

C A L L  E R P N T  (VIII)r4OO) S T O R 0 3 6 0  
485  L A T M # L A T M +  I STOR0370 

D O  486 J U 1 . 4  S T O R 0 3 8 0  
486 A T C M S ( J * L A T M ) # V I ( J )  S T O R 0 3 9 0  
490 R E T U R N  S TOR 04 00 

E N D  S T O R 0 4  I 0  

I F ( A B S F  ( V I  { J ) - A T O M S (  J V K  f ) - O - O O  I I 4 6 5 1  465,480 
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* L I S T 8  
*LABEL 

C *I*** T R A N S P O S E ( T R A N S P O S E I X ) * Y ) # Z  *e * * *  
SUBROUTINE TMM(X,YrZ) 

C *I*** X , Y * Z  ARE 3 x 3  MATRICES ***** 
DIMENSICN X(3931,Y I 3 1 3 ) 1 2  ( 3 1  3) 
DO I I 5  I # l r 3  
0 0  115 K # l r 3  

RETURN 
END 

1 1 5  Z ( K , I ) # X ( l , I ) * Y ( l , K ) + X ( 2 1 1 ) r Y 1 2 r K ) + X ( 3 , I ) * Y ( 3 ~ K )  

* L I S T 8  

TMM 0010 
TMC 0 0 2 0  

TYP 0040 
TMM 0050 

TMM 0070 
TPM 0 0 8 0  
TMM 0090 

T M M  o o m  

TMM onnn 

*LABEL 
SUBROUT I N E  UNIT IX ,Z  r I T Y  PE 1 U(\1IT0010 
DIMENSICN X ( 3 ) r Y ( 3 ) , Z ( 3 )  U N I  TOCI20 
DICENSICN A ( 9 1  r A A 1 3 , 3 ) , A A R E V ( 3 , 3 ) , A A W R K ( 3 r 3 ) 1 A I D l  3,3) ,AIN(  1 4 0 )  U N I T 0 0 3 0  
D I  MENS I C N  B B (  3, 3 1 t CD(  8 9 2 0  1 * CHEY ( 2 0 0 )  ,CONTI S ) t D  (3 ,  130)  UNI  TOO40 
01 PENS I C N  U N I  TOOSD 
OIMENSICN P ( 3 , 2 3 0 ) , P A ( 3 r 3 , 2 0 ' ) r P A C ( 3 1 5 ) 1 P A T ( 3 r 3 ) r B ( 3 , 3 ) , R E F V ( 3 , 3 )  UNITOO6O 
OIMENSICN R E S ( 4 ) , R M S ( S ) , S Y M B ( 3 r 3 ) ~ T I T L E ( 1 2 ) r T I T L E i ( l 2 ) , T S ( 3 , 4 B )  U N I T 0 0 7 0  
OIMENSICN U N I  TOCI8Q 

ATCCS ( 4 r500  1 
DA ( 3 , 3 1 9 OP ( 2 9 I 3 0  1 ,  EV ( 3 7  200 7 FS I 3931 48 ) 9 KO(  51 20)  r ORGN ( 3  1 

V T  ( 3 9 4  1 , V I  ( 4 )  1V213  ) r V 3 (  31, V4 (  3 )  7 VS( 3 )  V e l  3 1 ,  WRKV ( 3 . 3 )  
OIMENSICN X L N G ( 3 ) q X 0 ( 3 ) r X T ( 3 )  U N I  TOD9fl 
COMMCN ~ G , A r A A , A A R E V , A A W ~ K I A I D , A I N , A T O M S , R B , B R D R r C D , C H E M , C O N T * D  U N I T 0 1 0 0  
COYNCN C A , D P , D I S P ~ E C G E ~ E V , F O R E t F S 1 I N 1 I T I L T r K O I L A T ~ r L T ~ O ~ N A T O M r N C D  U N I T 0 1  In 
COMMON h J ~ N J 2 , N O U T r ~ S R , N S Y M , C R G N , P , P A , P A C , P A T ~ Q , R E F V , R E S , ~ M S , S C A L l U N I T O I 2 ~  
COMMON U N I  TO1 30 SCAL2rSCL9 SYMR, TAPER, THETA, T I T L E ,  T I  TLE2 9 TS ,VIEW 9 V T t V  I 1V2 
CCCMON V ~ , V ~ , V ~ ~ V ~ ~ W R K V V X L N G V X C , X T  U N I  TO I 4 0  
Y I  I ) # X (  I 1 U N I  TO I 59 
Y ( 2 )  #X ( 2  1 U N I T 0 1 6 0  

U N I T O l 7 Q  Y 1 3 )  #X ( 3 )  
I F ~ I T Y P E ) 1 2 S ~ l 2 5 r l O S  U N I T 0 1  8 0  

U N I T O l 9 O  I 05 T I WS ORTF ( Y 1 1 * Y  ( I 1 +Y ( 2 1 * Y  I 2 1 +Y ( 3 1 + Y  ( 3 1 
U N I T 0 2 0 0  GO TO I 4 5  

1 2 5  T I W S P R T F ( Y l l ) * ( Y ( I ) * A A ( I ~ I ) + Y 1 2 ) * ( A A ~ I ~ 2 ~ + A A ( 2 ~ I )  ) + Y ( 3 ) * ( A A ( 1 , 3 1 + A U N I T O 2 I ! I  
l A ( 3 , 1 ) ) ) + Y 1 2 ) * ( Y ( 2 ) * A A ( 2 , 2 ) + Y ( 3 1 * ( A A ( 2 , 3 ) + A A ( 3 7 2 )  ))+Y(3)*Y13)*AA(3UNITO220 
2.3) 1 U N I T 0 2 3 0  

145 I F ( T 1 ) 1 5 5 , 1 5 S r 1 7 S  U N I  T 0 2 4 f l  
UN I TO250 IS5 NGWS 

G O  T O  3 0 0  UNI  TO260 
U N I  TO27f l  175 Z ( l ) # Y ( l ) / T I  

2 1 2  1 #Y ( 2  1 / T I  UN I TU2 8'1 
Z ( 3 ) W Y ( 3 ) / T I  U N I T 0 2 9 0  

3 0 0  RETURN UN I T 0 3 0 n  
U N I  TO3 I O  EN0 

*LI ST8 
*LAREL 

SUBROUTINE V M ( X , Y , Z )  V M  0010 
C TRANSPOSED VECTOR TIMES MATRIX VM 0 0 2 0  
C z ( 3 )  #X ( 3  1 * Y  ( 3.3) VM 0033 

D I  PENS ICNX ( 3  ) Y ( 3 r 3 )  rZ ( 3 1 V M  0 0 4 0  
001 I 5 J # l  r 3  V M  0050 
Z ( J )  #O.O V M  0060 
DO1 I 5 1 Y I  9 3  VM 00711 

115 Z ( J ) # Z ( J ) + X ( I ) * Y ( I , J )  V M  0080 
RETURN VV 0090 

VV O l O O  E NO 
* L I S T 8  
*LABEL 

FUNCTION VMV(X l rQ ,X2)  V M V  0010 
C TRANSPOSED VECTOR MATRIX VECTOR V M V  5 0 2 0  
C V ~ V W X l ( 3 ) * 9 ( 3 , 3 ) * X 2 ( 3 )  TO EVALUATE QUADRATIC OR B I L I N E A R  FORM VMV 0033 

DI MENS I C N  X I  ( 3 )  t Q (  3 7 3 )  9 X2(  3 )  VMV 0 0 4 0  
T I# ] .  VMV 005'3 
DO I O  J J I r 3  V M V  0060 

I O  T I # T I + X I I J ) * ( X 2 ( l ) * Q ( J l l ) + X 2 ( 2 ) + X 2 ~ 2 ~ * a ~ ~ , 2 ) + X 2 ( 3 ) + Q ( J ,  ? ) I  VMV 0073 
VMVWTI VMV 0080 
RETURN VMV 009n 
EN0 V M V  o ion  

*L  I ST8 
*LABEL 
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F U N C T I O N  V V ( X t Y )  v v  0010 
C T R A N S P O S E D  V E C T O R  V E C T O R  vv 0020 
C V V # X 1 3 ) * Y l 3 1  V V  003fl 

D I M E N S I C N X ( 3 ) 1 Y ( 3 1  vv  0[340 
vv 0050 V V # X  ( I 1 * Y  ( 1 + X ( 2  I *Y ( 2 )  + X (  3 ) * Y I  3 )  

R E T U R N  V V  0060 
E N D  V V  0070 

+ L I S T 8  
* L A B E L  

X Y Z  0010 

C * e * * *  X A B S F f  I T Y P E I  .LE.2  FOR W O R K I N G  S Y S T E M  * ****  X Y Z  0030 
C * ****  X L R S F ( I T Y P E 1  a G T . 2  FOR R E F E R E N C E  S Y S T E M  ***I* X Y Z  0040 
C * * i t * *  I l Y P E  .LE.L3 U S E S  T R I C L I N I C  COORD.  X T  *****  X Y Z  0050 

D I M E N S I C N  X ( 3 1  X Y  2 0060 
D I  M E N S  I C N  A 1 9  A A (  39 3 , A A R E V  ( 3 1  3 1 ,  AAWRK ( 31 3 )  , A  I D  I 3 1 3 )  V A I N  l 1 4 0 )  X Y Z  0070 
01 MENS I C N  0080 
D I M E N S I G N  D A (  3 9 3 )  1 OP I 2 1  1301, E V (  3,203 I t  F S (  31 3148) t KD( 5120 ( O R G N ( 3  I X Y Z  0090 

S U B R O U T I N E  X Y Z ( Q A 9 X p I T Y P E )  
C * * * * a  I T Y P E  . G T * f l  C A R T .  COORD. F R O M  ATOM CODE WORC * + * e *  X Y Z  0020 

ATOMS ( 4  t 500 J 9 B B I  31 3 )  ,CD( 81 2 0 )  7 C H E M (  2001 r C O N T (  5 I cD ( 3 ,  I 3 0 1  X Y Z  

O I M E N S  ICN P I  31  200 1 1  P A (  39 31 20 I: 1 1  P A C (  3 9  5 1 9  P A T  ( 3 t 3 1 t Q (  3 9 3 )  ( R E F V  ( 3  13 X Y  Z 01 00 

D I M F N S I C N  V T (  3.4 X Y Z  01 2 0  
O I M E N S I C N  X L N G l 3 l v X 0 ( 3 ) , X T ( 3 1  X Y Z  01 30 

D I M E N S I C N  R E S ~ 4 ~ ~ R C S ~ 5 1 ~ S Y M B ~ 3 ~ 3 J ~ T l T L E ~ l 2 ~ ~ T I T L E ~ ~ l 2 I ~ T S ~ 3 ~ 4 8 l  X Y Z  0110 
, V I  ( I, 1 p V 2 1 3  I p V 3 (  31, V 4 (  3 )  1 V 5 l  3 )  p V t ( 3  1 ,  W R K V l  393  J 

COMMCV N G ~ A ~ A A ~ A A R E V ~ A A W R K , A I O ~ A I ~ ~ A T O M S t B B ~ ~ R D R ~ C D t C H E M ~ C O N T ~ D  X Y Z  0 1 4 c 1  
C O M M C N  C A , D P ~ D I S P ~ E D G E , E V , F O R E , F S , I N , I T I L T , K O , L A T ~ , L T ~ O , N A T O M , N C D  X Y Z  oisn 
COMMCN N J , N J ~ ~ N O U T ~ N S ~ ~ N S Y M , O R G N ~ P , P A ~ P A C ~ P A C , P A T ~ Q ~ R E F V ~ R E S , R M S , S C A L ~ X Y Z  0160 
C O Y M C N  XY 2 01 70 
COMMON V 3 , V 4 1 V S , V h i W R K V p X L N G , X O , X T  X Y Z  0180 
I T # X A B S F ( I T Y P E J - 2  X Y Z  0190 
N G I  # N G  XY7. 0200 
N G # J  X Y Z  0 2 1 0  
I F ( I T Y P E ) I O , I O I ~  X Y Z  0220 

5 C A L L  A T C M ( Q A , X T J  X Y Z  0230 
I F  I N G  J 3 0 , 1 0 , 3 O  X Y 7  0240 

I O  T I # 0 .  X Y Z  0250 
DO 15 J # l r 3  X Y Z  026f l  
T 2 # X T ( J ) - O R G N I J l  X Y Z  0270 
V I  1 J ) # T 2  X Y Z  0280 

I 5  T I  # T I  + A B S F (  T 2 1  X Y Z  0290 

20  N G # N G I  X Y Z  0310 

35 X ( J ) # O .  X Y Z  033rl 
GO T O  3 0 0  X Y Z  0340 

C ****e R E L A T I V E  T O  W O R K I N G  S Y S T E M  ***** X Y Z  03h0 
45 DO 5 5  I # 1 , 3  X Y Z  0370 

T I  #O. X Y Z  0380 
DO 50 J # l r 3  X Y Z  0390 

50  T I # T l + V I ( J ) + A A W R K ( J * I )  X Y Z  04017 

S C A L 2  V S C L ?  SYMB, T APER, T H E T A I T  I T L E .  T I T L E 2  t T S  1 V I E W , V T ,  V I  1 V 2  

I F ( T I - . ~ 0 0 1 ) 2 0 ~ 2 0 r 4 C l  X Y Z  0300 

3 0  DO 35  J # 1 , 3  X Y Z  0320 

40 I F ( I T ) 4 5 ~ 4 5 t 6 0  X Y Z  0350 

55 X (  I )  # T I  * S C A L l  X Y Z  0 4 1 0  
GO T O  3 0 0  X Y Z  0420 

C e * * * *  R E L A T I V E  T O  R E F E R E N C E  S Y S T E M  * ****  X Y L  0430 
60 DO 70 I#1,3 X Y Z  0440 

T 1 1 0 .  X Y Z  0450 
DO 6 5  J # 1 * 3  X Y  Z 0460 

65 T I  # T I  + V I  ( J  1 * A A R E V (  J t  I I X Y Z  0470 
70 X ( I ) # T l * S C A L I  X Y Z  048f l  

500 R E T U R N  X Y Z  0490 
END X Y Z  0500 
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