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OR TEP II: A FORTRAN THERMAL-ELLIPSOID PLOT PROGRAM 
FOR CRYSTAL STRUCTURE ILLUSTRATIONS 

Carrol l  K. Johnson 

ABSTRACT 

T h i s  report d e s c r i b e s  a computer program for drawing crys ta l  s t ructure  i l lus t ra t ions  
with a mechanical  plotter. Ball-and-stick type  i l lus t ra t ions  of a qual i ty  s u i t a b l e  for publi- 
cat ion a r e  produced with e i ther  s p h e r e s  or  thermal-motion probability e l l i p s o i d s  on t h e  
atomic s i t e s .  T h e  program c a n  produce s t e r e o s c o p i c  pa i r s  of i l lustrat ions which a id  in  t h e  
v isua l iza t ion  of complex packing arrangements  of a toms and  thermal motion pat terns .  Inter- 
a tomic d i s t a n c e s ,  bond a n g l e s ,  and  principal a x e s  of thermal motion a r e  also ca lcu la ted  to 
a id  t h e  s t ructural  s tudy.  

tion feature  to ,omit  those  portions of a toms o r  bonds behind other  a toms or bonds. 
T h e  most recent  version of t h e  program, OR TEP-11, h a s  a hidden-line-elimina- 

1. INTRODUCTION 

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

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

thousand numbers. With the  so-cal led information explosion i n  the  sc ien t i f ic  l i terature ,  t h e  author of a 

s t ructure  paper  should f e e l  particularly obl igated to help t h e  reader a s  much as h e  c a n  with “crys ta l  

c lear”  i l lustrat ions.  

T h i s  computer program, OR TEP (Oak Ridge Thermal-Ellipsoid Plot program) i s  a n  attempt t o  supply 

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

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

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

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

menting cer ta in  of h i s  ideas .  Touching up t h e  f igures  by hand, to  add further de ta i l ,  often enhances  

the  figure’s appea l  and usefulness .  T h e  u s e r  is encouraged to d o  this  and not to  b e  content  with the  raw 

i l lustrat ions a s  they come from the plotter. 

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

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

thermal-motion figures, a s  free a s  poss ib le  of visual ly  d is t rac t ing  approximations. (2) T h e  program must 

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

plot t ing equipment that  i t  c a n  utilize. (3) ?’he program must b e  e a s y  to use ,  require a minimum of input, 

and b e  e a s y  to  modify. (4) T h e  computation time should b e  minimized. Memory size limitation w a s  not 

of t h e  considerat ions;  hence  the program requires  a t  l e a s t  a 32 K word memory. 
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Stereoscopic  c r y s t a l  s t ruc ture  i l lus t ra t ions  were  used  qui te  ex tens ive ly  i n  t h e  1920's and 1930's, 

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

drawings. 

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

larger, fas te r  computers  and higher resolut ion plotting d e v i c e s  led qui te  naturally 50 t h e  present  work. 

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

More recent ly ,  computer techniques  were appl ied in making crys ta l  s t ruc ture  s te reoscopic  

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

El l i son ,  for many helpful d i s c u s s i o n s ,  and t o  R. A. Holl is ter ,  a summer par t ic ipant  with t h e  ORNL Mathe- 

mat ics  Division, who helped plan and c o d e  severa l  par ts  of t h e  program. T h e  in i t ia l  vers ion of OR T E P  

was written a s  a subrout ine for the Busing,  Martin, and Levy Funct ion and Error Program, OR F F E ; 3  and 

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

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

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

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

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

i s  outlined and a n  example given. Sect ion 3 def ines  t h e  terms used  in  t h i s  report and d e s c r i b e s  t h e  input  

in detail.  T h e  computat ional  procedures  used by t h e  program are d i s c u s s e d  in Sect. 4, and s t e p s  a r e  out- 

l i n e d  for adapt ing t h e  program t o  other configurations of equipment. T h e  next  sec t ion  summarizes  the 

mathematics of thermal-motion probability e l l ipso ids .  Sect ion 6 contains  a number of examples  of figures 

produced with OR TEP. Most of t h e s e  drawings a r e  s te reoscopic  pa i r s  of perspec t ive  project ions and a r e  

included to i l l u s t r a t e  the  information transfer advantages  gained through the  u s e  of s t e r e o  figures. T h e  

f inal  sec t ion  conta ins  the complete OR TEP-I1 FORTRAN IV l i s t ing  for the  IRM 360. 

2. GENERAL PRINCIPLES AND PROCEDURES 

2.1 Summary Table of Instructions 

A brief summary of t h e  input cards  i s  given a t  t h i s  point to  se rve  a s  a check l i s t  for u s e  with OR TEP. 
All a s p e c t s  a r e  explained in detai l  in  Sect .  3. 

1. Ti t le  card ( s e e  3.2.1) 

2. Cell parameter card (see 3.2.2) 

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

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

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

'M. von Laue and R. yon Mises (eds.) .  Stereoscopic Drawings of Crystal Structures, vols. I and 11, Springer, 
Berlin, 1926 and 1936. 

2 W. R. Busing, Abstrac t  of Washington. D.  C., Meeting of the ACA,  Jan. 24-27, 1960,  F-7, p. 23. 
W. R. Busing, K. 0. Martin, and H. A. Levy, O R  FFE,  a FORTRAN Crystallographic Function and Error 3 

Program, ORNL-TM-306 (March 1964). 



Table 2.1. Summary table of all instructions 
~~- 

Function 1-3 4-9 10-18 19-21 28-36 31-45 46-54 55-63 64-12 
-._____.._ _ _ _  

Structure analysis 
Distances 
Dist. + ang. 
Princ. axes 
Dist. single convolute 
Dist. reiterate convolute 

Initialize 
Advance and term. 
Initialize CRT 
Change CRT intensity 

Plot boundary 
Dimensions 
Title rotation 
Retrace displace 

Atoms list 
Run add 
Run subtract 
Sphere add 
Sphere subtract 
Box add 
Box subtract 
Triclinic box add 
Triclinic box subtract 
Convolute add 
Convolute subtract 
Reiterate convolute add 
Reiterate convolute subt. 
Zero atoms list 

Cartesian system 
Definition 
Rotate r eference 
Rotate working 
Translate working 
Origin at  centroid 
Inertial axis system and 

Plotter control 

origin at centroid 

Store overlap data 
(Also see 822, 821) 

101 
102 
103 
105 
106 

201 
202 
203 
204 

301 
302 
303 

401 
411 
402 
412 
403 
413 
4 04 
414 
405 
415 
406 
416 
410 

501 
502 
503 
5 04 
5 05 
5 06 

511  

ORG 1 
ORG 1 

ORG 1 
ORG 1 

- 

- 
WIN) 
XORG 
IZ-IZORG 

WIN) 
THETA(" ) 
X W )  

FROM (1) 
FROM (1) 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
ORG 1 
- 

ORGN 
Axis No. 
Axis No. 
AX (IN) 
- 
- 

OVMRGN (IN) 

ORG 2 
ORG 2 

ORG 2 
ORG 2 

- 

- 

Y(IN) 
YORG 

Y ( W  
- 
- 

(-1 TO (1) 
(-) TO (1) 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
ORG 2 
- 

V1 A 
Rotate e )  
Rotate e )  
AY (IN) 
- 

- 

TAR 1 
TAR 1 

TAR 1 
TAR 1 

- 

- 

- 

IZORG 

VIEW(1N) 
- 
- 

FROM (2) 
FROM (2) 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
TAR 1 
- 

V1B 
Axis No. 

AZ (IN) 
- 

- 

- 

TAR 2 
TAR 2 

TAR 2 
TAR 2 

- 

- 

- 

BRDR(IN) 
- 

- 

(-) TO (2) 
(-)TO (2) 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
TAR 2 
- 

V2A 
Rotate (") 
- 

- 
- 
- 

D max (A) 
D max (A) 

D max (A) 
D max (A) 

- 

- 
- 

L 

- 

- 

FROM (3) 
FROM (3) 
D max (A) 
D max (A) 
AI2 (A) 
AI2 (A) 
A12 
AI 2 
D max (A) 
D max (A) 
D max (A) 
D max (A) 
- 

V2B 
. . .  
- 
- 
- 
- 

. . .  

. . .  
- 



Table 2.1 (continued) 

Function 1-3 4-9 10-18 19-27 28-36 37-45 46-54 55-63 64-72 

Center and scale 
- - Explicit - 601 XO(1N) YO (IN) SCALl SCAL2 - 
- - - Scale only - 602 XO(1N) YO (IN) - SCAL2 

Center only - 603 
Center and scale - 604 
I.P. and I.S.a - 611 AXO(1N) AYO (IN) ASCALl SCAL2 
I.P. and scale - 612 AXO(IN) AYO(1N) - SCAL2 
I.S. and center - 613 

- - - - SCALl SCAL2 - 
- - - SCAL2 - - - 

- - - 
- - - 

- - - - ASCAL 1 SCAL2 - 

Ellipsoids 
Shaded football Oor 1 701 - - - - SYM HGT P A R - O F F ~  PER- OFF^ 

- - (Format No. 1 trailer card) - - A0 (IN) A1 (IN) ANR (1) ANR (2) - 

Football 0 or 1 702 (same as 701) 
Open model 0 or 1 703 (same as 701) 
Boundary only 0 or 1 704 (same as 701) 
Other types Oor 1 705 NPLANE NDOT NLINE NDASH SYM HGT PAR- OFF^ PER- OFF^ 

ANR (2) (Format No. 1 trailer card) - - A0 (IN) AI (IN) ANR (1) 
As above except no 0 or 1 711 (same as 701) 

printed output of 0 or 1 712 (same as 701) 
individual coordinates 0 or 1 713 (same as 701) 

0 or 1 714 (same as 701) 
Oor 1 715 (same as 705) 

Bonds 
Explicit 1 o r 2  801 FROM (1) TO (1) FROM (2) TO (2) 

(cont.) 
Implicit fancy 2 802 - 

(Format No. 2 trailer card) 
Implicit line 2 803 

(Format No. 2 trailer card) 
As above except - 811 (same as 801) 

no printed output 2 812 (same as 802) 
2 8 1 3  (same as 803) 

- - - 

- - - - 

Bond overlap l o r 2  821 FROM(1) TO (1) FROM (2) TO (2) FROM (3) TO (3) . . .  
explicit 

implicit 

- - - - - - - Bond overlap 2 822 

Labels 
Chem. Symb. - 901 ATOM-I (ATOM-2) X Edge Reset Y Edge Reset HGT (IN) PAR-OFF PER-OFF 
Reg. titles. 3 902 ATOM-1 (ATOM-2) X Edge Reset Y Edge Reset HGT (IN) PAR-OFF PER-OFF 

Format No. 3 title card 

Format No. 3 title card 

Format No. 3 title card 

Proj. Vect. title 3 903 ATOM-I ATOM-2 X E d 5  Reset Y Edge Reset HGT (IN) PAR-OFF PER-OFF 

PER-OFF Vector title 3 913 ATOM-1 ATOM-2 - - HGT (IN) PAR-OFF 

FROM (3) TO (3) 

- - 

- - 

P 



Table 2.1 (continued) 

1-3 4-9 10-18 19-27 28-36 37-45 46-54 55-63 64-12 Function 

Proj. bond label 
(1 dec. place) 
(2 dec. places) 
( 3  dec. places) 

(1 dec. place) 
(2 dec. places) 
(3  dec. places) 

(pen down) 
(Format No. 1 trailer card) 

Saved sequence 
Start 
s top 
Execute 

Terminate job 
New job follows 

Bond label 

Centered symb. (pen up) 

(from title card on) 

904 
905 
906 

914 
915 
916 
908 
909 

1101 
1102 
1103 
-1 
-2 

ATOM-1 
(same as 904) 
(same as 905) 

ATOM-1 
(same as 914) 
(same as 914) 

(same as 908) 
SYMB# 

ATOM-1 

ATOM-2 X Edge Reset 

ATOM-2 - 

(ATOM-2) X Edge Reset 

- - 

Y Edge Reset HGT (IN) 

- HGT (IN) 

Y Edge Reset HGT (IN) 

PER-OFF PAR-OFF 

PER-OFF PAR-OFF 

PAR-OFF PER-OFF 

- - 

‘I.P. and I.S. signifies increment position and increment scale. 
b ~ ~ ~ - ~ ~ ~  signifies parallel offset (in.). 
‘PER-OFF signifies perpendicular offset (in.). 
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2.2 Programming o Nonstereoscopic I l lustration for OR TEP 

2.2.1 General Comments on Automoted Graphics. - In order t o  produce high qual i ty  i l lus t ra t ions  with 

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

and plotted s e v e r a l  t imes  before  a n  optimal f igure is produced. With e a c h  t r ia l ,  as  many fac tors  a s  p o s s i -  

ble are opt imized t o  give a m o r e  informative and  m o r e  e s t h e t i c a l l y  p leas ing  result. One  often requires  

about four t r i a l s  for a s t e r e o s c o p i c  figure of an unfamiliar s t ruc ture  (barring blunders  and  plotter mal- 

functions). 

Overlap i s  one  of t h e  major problems, particularly for chemica l  symbols  and bond d i s t a n c e  labels .  If 
* the  user  i s  not drawing s t e r e o s c o p i c  f igures ,  i t  i s  of ten bet ter  to  do t h e  le t ter ing with a L e R o y  le t ter ing 

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

b e  posi t ioned much m o r e  eas i ly .  However, for s t e r e o s c o p i c  le t ter ing t h e  manual procedure a p p e a t s  to  b e  

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

maintain good s te reops is .  

T h e  major port ions of the  hidden l ine  segments  of a toms and bonds that  a r e  par t ia l ly  or totally 

behind other  a toms and bonds may be omitted by us ing  the  overlap-elimination fea tures  of OR TEP-11. 
However, there  are often areas where addi t ional  manual touch-up i s  needed. T h i s  c a n  be  accomplished 

by e r a s i n g  or “whit ing out”  the remaining unwanted l i n e  segments. Even with s t e r e o  views,  t h e  features  

a r e  more e f fec t ive  if overlap i s  taken c a r e  o f ,  e s p e c i a l l y  when “opaque” e l l ipso ids  a r e  used. 

In order  t o  maintain general i ty  in OR T E P ,  t h e  concept  of programming is appl ied  t o  t h e  problem of  

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

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

programming OR TEP are divided into t h e  following ca tegor ies :  (1) ins t ruc t ions  u s e d  to s p e c i f y  prelimi- 

nary graphical d e t a i l s ,  (2) ins t ruc t ions  used  t o  compose a n  i l lustrat ion,  (3) ins t ruc t ions  u s e d  t o  draw the  

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

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

ever parameters  are needed  for t h e  par t icular  instruction. T h e  genera l  role  of t h e s e  ins t ruc t ions  is ex-  

plained in the  remaining par t s  of Sect. 2,  and t h e  individual instruct ions are descr ibed  in de ta i l  in  Sect. 3.3.  
T h e  s imples t  way to construct  the  program i s ,  f i rs t ,  to  s c a n  through the l i s t  of instruct ions in  numerical 

order and pick out the  relevant  o n e s  t o  cons t ruc t  t h e  framework of t h e  program. Then  cer ta in  other  in-  

s t ruct ions are placed into t h e  framework program to furnish the  remaining “bookkeeping” de ta i l s .  

L e t  u s  assume that t h e  s t ruc tura l  da ta  c a r d s  (descr ibed in  3.2) h a v e  been  prepared for a c r y s t a l  

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

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

illustration. 

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

tion 201 ( s e e  3.3.3.1) which will i n i t i a l i z e  t h e  plot t ing package. 

Next, t h e  plot boundary instruct ion 301 (see 3.3.4.1) i s  needed  t o  s e t  t h e  following parameters: (1) X 
dimension i n  inches  for t h e  plot boundary, (2) Y dimension in i n c h e s  for t h e  p lo t  boundary, (3) viewing 
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d i s t a n c e  i n  i n c h e s  for perspec t ive  projection (zero as  a s igna l  for paral le l  projection), and (4) border (or 

margin) dimension i n s i d e  the  boundary. 

NO other  200  or 300  s e r i e s  instruct ions a r e  required for t h i s  par t icular  hypothetical figure. 

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

board i n  preparation for a drawing. 

2.2.3 Composing the Il lustration. - T h i s  s t e p  involves  specifying:  (1) which a toms are  t o  b e  used  a s  

t h e  f igure s u b j e c t ,  (2) t h e  rotat ional  orientation of t h e  subjec t ,  and (3) t h e  s c a l i n g  and posi t ioning of t h e  

subjec t  re la t ive t o  t h e  drawing area.  T h e s e  three  components of composition a r e  implemented by the  400, 
500, and 600 s e r i e s  ins t ruc t ions  respect ively.  

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

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

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

necessary ,  a 502 instruct ion (see 3.3.6.2) would a l s o  b e  used.  

A t r ic l inic  box of enclosure can  be descr ibed  with a 404 instruction ( s e e  3.3.5.4) to contain the de- 

s i red atoms for  the subjec t  definition. T h e  s c a l i n g  and  posi t ioning of t h e  s u b j e c t  to  fill the  drawing area  

may b e  accomplished automatical ly  with a 604 instruct ion (see 3.3.7.1). 

2.2.4 Drawing the I l lustrat ion.  - Crys ta l  s t ructure  i l lustrat ions of t h e  bal l -and-st ick type a r e  made u p  

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

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

types  of labeling. 
A new instruct ion 511 in the OR TEP-I1 version of the program w a s  added to  s t o r e  information needed 

for the  overlap correction. T h i s  instruction i s  u s e d  before the  700 and 800 s e r i e s  instruct ions.  

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

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

For o u r  example we might simply draw c i r c l e s  and  put t h e  chemical  symbols  within t h e  c i r c l e s  by  

using instruct ion 704 ( s e e  3.3.8.1). T h i s  instruction wil l  draw a l l  t h e  a toms of the  subjec t  and their  chemi-  

cal symbols .  

T h e  bonds are not  a lways  n e c e s s a r y  in  a drawing, but for s t r u c t u r e s  with molecules  or with d is t inc t ive  

groupings they are usua l ly  qui te  helpful. T h e  most convenient  method for descr ibing and drawing bonds i s  

instruct ion 812 (see 3.3.9.2). T h i s  instruct ion u s e s  vector  s e a r c h  c o d e s  (see 3.1.5) which reflect the  

user’s knowledge of the  s t ructural  chemistry and the  interatomic d i s t a n c e  ranges  for t h e  compound be ing  

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

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

( s e e  3.3.9). 

Various types  of label ing can  be  done with the  900 s e r i e s  instruction. T h e  one which will most often 

b e  included i s  a caption for the figure, us ing  instruct ion 902 ( s e e  3.3.10.2). 

2.2.5 Terminating the Drawing of the Il lustration. - T h e  plotter control instruction 202 ( s e e  3.3.3.2) 

a l lows the  u s e r  to remove t h e  f inished drawing f rom t h e  plotting a r e a  and to  p lace  a fresh area of plot 

paper in posi t ion for any  addi t ional  plots  which may b e  drawn. 
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To terminate t h e  computer job, a (-1) instruct ion ( s e e  3.3.12) i s  used  as  t h e  l a s t  instruct ion of the  

program. 

2.3 Programming a Stereoscopic I l lustration for OR TEP 

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

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

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

s t e r e o  figures. T h e s e  ins t ruc t ions  a r e  t h e  s t e r e o s c o p i c  rotation instruct ion 503 and t h e  1100 s e r i e s  of in- 

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

2.3.1 Stereoscopic Rotations. - In general ,  o n e  member of a de ta i led  s t e r e o s c o p i c  i l lustrat ion cannot  

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

octant  of a n  el l ipsoid i s  shaded)  must b e  done  ident icaIIy in t h e  two drawings. In OR T E P  t h e  “ s t e r e o -  

scopical ly  s e n s i t i v e  d e c i s i o n s  ’’ a r e  handled by us ing  two Car tes ian  coordinate  sys tems:  t h e  reference 

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

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

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

s imply a rotation of t h e  working sys tem from t h e  reference s y s t e m  about  t h e  a x i s  which is ver t ica l  whi le  

viewing t h e  f inal  result. For example, a nominal rotation of +3” about  t h e  plot ter  y a x i s  might b e  u s e d  for 

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

view, t h u s  producing a to ta l  interocular  a n g l e  of 69 

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

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

2. composition of s u b j e c t ,  

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

4. draw t h e  subjec t ,  

5. a d v a n c e  t h e  plotter, 

6. right-eye s t e r e o  rotation, 

7. draw t h e  subject ,  

8. advance  t h e  plotter, 

9. terminate t h e  job. 

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

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

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

be  placed between 3 and 4, a n d  a 1102 instruct ion (end s a v e d  sequence)  be tween 5 and 6. Then s t e p s  7 
and 8 c a n  b e  replaced by a 1103 instruct ion (execute  s a v e d  sequence). 

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

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

v iews  of a s t ruc ture  a t  ( say)  1 5 ” i n t e t v a l s  about an axis .  Note  that  t h e  ins t ruc t ions  between t h e  s t a r t  and  

s top  instruct ions a r e  both e x e c u t e d  a n d  s a v e d  t h e  f i rs t  t ime through. 
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2.4 D r a w i n g  t h e  C u b a n e  St ructure :  An E x a m p l e  

T h e  novel compound cubane4  (C4H4)  h a s  been crys ta l l ized  and the s t ructure  determined. T h e  
carbon-carbon bonds l i e  a long the  e d g e s  of a cube  within experimental erior. T h e  compound crys ta l l izes  

with the  t i igonal  syminetry of s p a c e  group R3. One  carbon and one hydrogen a r e  in  s p e c i a l  pos i t ions  

along t h e  3 a x i s ,  and t h e  remaining carbon and hydrogen a r e  in  general posi t ions.  Anisotropic  temperature 

factor coef f ic ien ts  were fitted to the  carbon a toms during t h e  leas t - squares  refinement of  the  structure, 

and i so t ropic  temperature factors  were used  for  the  hydrogen atoms. 

- 

- 

T h e  c e l l  parameters  a r e  

a = b = C  = 5.34 A , 

U. = 0 = y = 72.26'. 

- 
T h e  equivalent  pos i t ions  of s p a c e  group6 R3 a r e  x ,y , z ;  z ,x,y; y , z ,x ;  X,y,Z; Z,X,Y; and y ,FX .  

T h e  posi t ional  parameters  for C1, C2, H1, and  H2 a r e  given as  -0.18711, 0.19519, 0.10706; 
0.11546, 0.11546, 0.11546; -0.3246, 0.3468, 0.1848; and 0.2100, 0.2100, 0.2100, respect ively.  T h e  

anisotropic  temperature factors given for the  carbon a toms a r e  of t h e  type ca l led  zero7in  t h i s  report 

( s e e  3.2.4.2). T h e  coef f ic ien ts  b l  1, b , 2 ,  b,,, b l  2,  b l  3: b, ,  for C1 and C2 a r e  0.0410, 0.0425, 
0.0450, -0.0042, -0.0142, -0.0051; and 0.0468, 0.0468, 0.0468, -0.0143, -0.0143, -0.0143. 

2.4.1 D a t a  I n p u t  for  C u b a n e  

2.4.1.1 T i t l e  C a r d  ( s e e  3.2.1). - FORMAT (12A6) 

Card N o .  

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

2.4.1.2 C e l l  Parameter  C a r d  ( s e e  3.2.2). - FORMAT (6F9.6) 

5.34 5.34 5.34 72.26 72.26 72.26 

2.4.1.3 Symmetry Cards  ( s e e  3.2.3) 

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

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

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

0 . 0 0 1  

0 . 0 1 0  

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

6N. F. M. Henry and K. Lonsdale (eds.), International Tables  for X-Ray Crystallography, vol. I ,  Kynoch, Bir- 
mingham, 1962. 

Unfortunately, many authors of structure papers  neglect  to define the equation for the  anisotropic temperature 
factor coefficients. 
factor l is ted in anisotropic  form in their Table  I. In other instances one must arbitrarily choose a type (usually 0. 
1, or  4 in the U.S.A.) and do the principal a x i s  transformation, then check that the principal values  a re  correct, or 
a t  l e a s t  reasonable. 

7 

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

In particular, the principal values must a l l  be  positive. 
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C a r d  No. 

0 . 0 1 0  
0 . - 1  0 0 

0. 0 0 - 1  

0. 0 - 1  0 

0 . 0 0 1  

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

0. 0 0 - 1  

0 . 1 0 0  
0. 0 0 - 1  

0. 0 - 1  0 

0 . - 1  0 0 

2.4.1.4 Atomic Parameter Cards. - 

Posi t iona l  parameters  ( s e e  3.2.4.1): FORMAT (A6, 3X,  5F9.6, F9.0) 

Thermal parameters  ( s e e  3.2.4.2): FORMAT (11, F8.6, 5F9.6, F9.0) 

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

fac tors  type  0. 

Card No. 

(9) c1 - .18711 .19519 .lo706 0 

(10) 0 .04100 .04250 .04500 -.00420 -.01420 -.00510 0 
c 2  .11546 .11546 .11546 0 

(12) 0 .04680 .04680 .04680 -.01430 -.01430 -.01430 0 
(11) 

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

perature  fac tors  (type 7) 0.1 A in  radius. 

(13) H1 - .32460 .34680 .18480 0 
(14) 0 .1 7 
(15) H2 .21000 .21000 .21000 0 
(16) 0 .1 7 

Atom 5 i s  a dummy atom a t  the c e l l  origin with a blank card dummy s p h e r e  ( s e e  next  to 

l a s t  paragraph of 3.2.4.2). T h i s  could a l s o  be  entered with type 7 as  were a toms 3 and 4. 

.ooooo .ooooo .ooooo 0 
0 

In the  card deck for th i s  sample program, e x t e n s i v e  u s e  of Format No. 3 t ra i ler  c a r d s  (see 

3.3i1.4) i s  made a s  a method of including a comment with a n  instruction. T h i s  convention is not 

mandatory, but i t  i s  a convenient method for annotat ing a program. T h i s  example u s e s  a wide range o f  

instruct ions in  order  to  demonstrate them. A s  in  the case with any programming sys tem,  there  are many 

ways of doing any given problem. T h e  Formats  are descr ibed  in  Sect. 3.3. 
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2.4.2 Analysis  of Structure ( s e e  3.3.2). - T h e s e  instruct ions a r e  not connected with producing the 

figure. They  a r e  shown here  j u s t  to demonstrate  how they a r e  used.  A 101 inst ruct ion i s  u s e d  to obtain 

a tabulation of the  atoms surrounding one  atom or a s e r i e s  of several  designated atoms. To  obtain a l i s t  

of a l l  a toms (hydrogen and carbon atoms) out  to a limit of ( say)  3.61 A about  t h e  two carbons C1 and 

C2, o n e  would u s e  the  following instruction. ( T h e  notation i s  explained in  Sect .  3.3.2.) 

Card No. 

(19) 1 0 1  155501 2 , I  4 , 3.61 , 
Atoms 1 through 2 of 
symmetry operat ion 1 

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

D max 

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

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

instruction. 

(2 0) 1 0 2  155501 2 1 4 1.8 

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

in te res t  would b e  computed. 

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

pack a g e  . 

T h e  two plot boundary dimensions can be  equal  for the  present  illustration s i n c e  t h e  

cubane molecule  i s  a cube. Suppose we u s e  a n  11- by 11-in. boundary and  spec i fy  a 1.5- 
in. margin to give a total working a r e a  of 9 by 9 in. A 30-in. view d is tance  might b e  

reasonable  to u s e  i n  viewing a model of t h i s  s i z e .  

(22) 301 11 11 30 1.5 

In general  we  would u s e  re t racing to  make t h e  le t ter ing,  and  cer ta in  other  d e t a i l s ,  

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

t rac ing  so t h a t  t h e  i l lustrat ion wi l l  plot a s  fas t  a s  poss ib le .  

(23) 303 0 

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

fine. O n e  way of des igna t ing  t h i s  s u b j e c t  i s  t o  spec i fy  a sphere  of enclosure,  centered 

on t h e  dummy atom 555501, which is a t  t h e  center  of a cubane  molecule. A radius  of 3.2 
A should be  adequate  to  i s o l a t e  a s ingle  molecule. 
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C a r d  No. 

(24) 

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

( a )  a run of origin atom (center  of sphere)  from atom 5 to atom 5 in symmetry posi t ion 

55501 (that i s ,  i n  t h i s  example, a s i n g l e  sphere) ,  

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

(c)  a sphere  radius  of 3.2 A. 

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

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

minimize overlap. 

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

des i red  coordinate  sys tem orientation wil l  b e  def ined by  spec i fy ing  two vec tors  from the  

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

501 555501 255501 155501 255501 155502 0 0 

A rotation of 25"about t h e  Y a x i s  ( a x i s  2) followed by a rotation of 28Oabout t h e  X 
a x i s  ( a x i s  1) will produce a sa t i s fac tory  view of t h e  molecule .  

502 2 25 1 28 

To scale and posi t ion t h e  subject  for projection onto the  drawing board and to u t i l i ze  

a l l  ava i lab le  s p a c e ,  we  will u s e  the  604 instruct ion,  which will automatically s e t  XO, YO, 

and SCAL1. However, the  el l ipsoid s c a l e  factor  ratio SCAL2 must b e  spec i f ied  independent ly .  

I f  we  want thermal e l l ipsoids  corresponding to 50% probability, then w e  wi l l  e n t e r  1.54 f o r  

SCAL2. 

604 0 n 0 1 .54  

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

T h e  s t e r e o s c o p i c  rotation for the lef t  e y e  can  be done  a t  th i s  point. We will u s e  a 

rotation of 2.7" about  the  Y a x i s  ( a x i s  2) for t h e  lef t -eye view. L a t e r  in  t h e  program, we 

will make a -2.7" rotation about the same a x i s  for the  right-eye view to g ive  a total 

interocular  angle  of 5.4'. 

503 2 2 .7  

S i n c e  t h e  s t ruc ture  will b e  drawn twice ,  o n c e  for e a c h  e y e ,  t h e  "saved s e q u e n c e "  

fea ture  c a n  b e  used  to  shorten the  program. Note that  t h e  ins t ruc t ions  between t h e  s t a r t  
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Card No. 
and s t o p  ins t ruc t ions  are both executed and saved t h e  first time through. They  can  then 

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

tion 1103. 

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

1101 

T h e  511 instruct ion s t o r e s  the information needed  for the  overlap hidden-line correct ion 

(i.e.,  as  projected boundary e l l ipses  for each  atom in t h e  ATOMS l i s t  and a quadrangle  

approximation for e a c h  bond). T h e  bonds are spec i f ied  with a format No. 2 t ra i ler  card 

ident ical  to tha t  u s e d  in t h e  812 instruction descr ibed  below. 

2 511 0 

0 1  4 1 4 4 0.9 1 .6  .04 

T h e  ATOMS l i s t  currently contains  a l l  the  atom designators  for one cubane  molecule. 

We want to draw t h e  molecule in two separa te  s t e p s  so that the hydrogen and  carbon a toms 

can be  given different graphical representations. To  draw the  carbon atoms (ANR = 1,2) ,  

we  will cons t ruc t  a spec ia l  code that  (a)  draws t h e  three principal-plane forward t r a c e s  

and the  boundary-plane t race  (NPLANE = 4), (b) omi ts  t h e  reverse  s i d e s  of t h e  pr incipal  

p lanes  (NCOT = O), (c) draws the  forward pr incipal  a x e s  withoiit additional s h a d i n g  (NLINE = 

l), and (d) omits  t h e  reverse  principal a x e s  (NDASH = 0). In addition we want t h e  chemical  

symbols to b e  drawn with le t te rs  0.2-in. high (before  projection) and displaced from t h e  

atomic center  by 0.6 in. in  t h e  horizontal direction and 0.7 in. in  the vertical direction. 

1 715 4 0 1 0 . 2  .6 .7 

0 0 0 1 2 

T h e  715 instruct ion i s used,  rather than 705, to shorten the  output l i s t ing  of the  example. 

Normally we would u s e  the  705 to  obtain a l i s t i n g  o f  a l l  coordinates. 

Since t h e  hydrogen atoms (ANR = 3,  4) a r e  to  be  drawn with a s tandard model, t h e  construc- 

tion d e t a i l s  wil l  b e  taken care  of automatically. We want chemical symbols 0 .2  in. high and 

offset  0.35 in. horizontally and 0.4 in. vertically. 

1 712 0 0 0 0 . 2  .35 . 4  

0 0 0 3 4 

T h e  most convenient  procedure for drawing bonds i s  to  u s e  t h e  implicit bond ins t ruc-  

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

(vector search  c o d e  card). 
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Card No. 

(36) 2 812 

(37) 0 

where 

( a )  and ( b )  are atom number r u n s  for atom-pair bonds to  b e  drawn, 

( c )  denotes  bond type 4, 

(d)  denotes  t h e  d i s t a n c e  range 0.9 t o  1.6 A, which wil l  cover  a l l  cova len t  

bond d i s t a n c e s ,  and 

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

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

labe ls  i s  not desired.  

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

T h e s e  a r e  C1-C1 and C1-C2. We s h a l l  l abe l  o n e  example of e a c h  of t h e s e  bonds.  For 

variety let u s  labe l  o n e  with a normal bond-length labe l  and t h e  other  with a perspec t ive  

label .  T h e  two bonds which c a n  be labeled most advantageously a r e  ( a )  155504 + 155503 
and ( b )  255504 -+ 155505. T h e  l a b e l s  will b e  0.15 i n .  in height  and  d i s p l a c e d  ver t ical ly  

from t h e  bond center  by  - 0.4 in. 

(38) 

(39) 

906 155504 155503 0 0 .15 0 - .4  

916 255504 155505 0 0 .15 0 - . 4  

T h e  final feature  to b e  drawn i s  a capt ion (CUBANE) for t h e  i l lustrat ion.  T h i s  can 

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

it 1 i n .  off the l o w e r y  boundary. 

(40) 3 902 555501 0 0 1. .25  0 0 

(41) CUBANE 

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

(42) 1102 

(43) 

(44) 

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

202 9: 

The  s t e r e o  rotation of -2.7Oabout a x i s  2 i s  now performed in  preparation for t h e  

right-eye view. (Note  that  th i s  rotation s t a r t s  with the  reference orientation, not  

t h e  previous working orientation.) 

5 03 2 -2.7 
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Card No. 

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

conta ins  t h e  same information that  i t  did when t h e  first view w a s  drawn. 

(45) 1103 

T h e  i l lustrat ion i s  now complete. T h e  plotter i s  next advanced  2 0  in. a long x to  remove 

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

(46) 2 02 2 0  

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

plotter. 

(47) 202 0 

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

(48) -1 

2.4.4 Stereoscopic Il lustration of the Examples. - Figure 2.1 shows the  s te reoscopic  pair  exact ly  

as  i t  w a s  plot ted by a mechanical CalComp sys tem,  except  for photographic reduction. F igure  2.2 shows 

one-half of t h e  same illustration a t  a larger  s c a l e .  T h e s e  drawings have  not be en retouched. 

Note tha t  one  bond d i s t a n c e  labe l  w a s  drawn in perspec t ive  a long  t h e  bond, and the o ther  w a s  drawn 

as  a regular labe l  paral le l  to  the  page.  

Figure 2.3 is a n  example of a figure without photographic reduction drawn by a CalComp plot ter  which 

h a s  0.005 in.  s t e p - s i z e  resolut ion.  Another representat ion of the  same s t ruc ture  is shown in F ig .  6.19. 
T h e  input da ta  and OR TEP instruct ions for Fig.  2.3 a r e  l i s t e d  in  2.4.5.2. T h e  user  should examine 

th i s  example careful ly  s i n c e  s e v e r a l  useful  techniques a r e  i l lustrated.  
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O R N L - D W G  75.16056 

m"' 

CUBANE 

Fig. 2.1. The Sample Figure Cubane Reduced for Stereoscopic Viewing. 
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Fig.  2.3 Polyhedra Representation of Potassium Perxenate 9-Hydrate.  

2.4.5 L is t ing  of Sample Input and Output. - 2.4.5.1 Listing of Znput Cards for Cubane. - 

CUBANE E . B . F L E I S C B E R  1964  J.A.C.S.  66 ,3889  EXAM 10 
5 .34  72 .26  72 .26  72 .26  EXAM 2 0  

0 0 0 lEXAM 30 0 1 0 0  0 0 1 0  
0 0 0 1  0 1 0 0  0 0 1 OEXAM 4 0  
0 0 1 0  0 0 0 1  0 1 0 3EXAM 50 
0 - 1  0 0 0 0 - 1  0 0 0 0 -1EXAM 6 0  
0 0 0 - 1  0 - 1  0 0 0 0 -1 OEXAM 70  

1 0 0 - 1  0 0 0 0 - 1  0 - 1  0 OEXAM 80 
EXAM 90  

. 0 4 1 0 0  .04250  - 0 4 5 0 0  - .00420 - .01420 - .00510 0 EXAM 100 
c 2  .11546  . 11546 . 11546 0 EXAM 110 

0 EXAM 120 , 0 4 6 3 0  -0U680 . 0 4 6 8 0  - . 0 1 4 3 0  - . 0 1 4 3 0  - . 0 1 4 3 0  
H I  - .32460 .34680  . 18480 0 E X A I  130  

.10  7 EXAM 140 
H2 . 21000  .21000 . 21000  0 EXAM 150 

.10  7 EXAM 160 
OBG N 0 0 0 0 EXAM 170 

1 0 EXAM 180 
3 1 0 1  1555C1 2 1 4 3 .61 EXAM 190 ***** F I N D  ALL NEIGHBOR ATOMS AROUND C 1  A I D  C2 OUT TO 3.61 A ***** EXAM 200 
3 102 1555C1 2 1 4 1.8 EXAM 210 ***** F I N D  COVALENr BONDS AND BOND ANGLES ARCUND CARBONS ***** E X A I  220 
3 201  EXAM 230 ***** I l I r I A L I Z E  MECHANIZAL PLOTTER PACKAGE. 2 0 3  FOR CRT PACKAGE ***** EXAM 240  
3 3 0 1  11. 11. 30. 1.5 EXAM 250 ***** 11x11 BOUNDARY. 8x8 I N S I D E  1.5 MARGINI VIEW FROM 3 0  I N Z H E S  ***** EXAM 260 
3 3 0 3  E X A I  2 7 0  ***** E L I M I N A T E  ALL RETRACING ***** EXAM 280 
3 402  555501 5 1 4 3.2 EXAM 290 

***** ENCLOSER S € H E R E  O F  R A D I U S  3.2 A ABOUT DUMMY ATOM 5 ,555 ,Ol  ***** E X A I  300  
3 501  5 5 5 5 0 1  2 5 5 5 0 1  155501  2 5 5 5 0 1  155502 OEXAM 310 ***** O R I G I N  ON DUMMY ATOM 5 5 5 5 0 1 ,  VECTORS ALONG 2 EDGES OP CUBANE ****#EXAH 320  
3 502  2 25. 1 28 .  EXAfl 330  ***** R 3 T A T E  25  D E S R E E S  ABOUT Y ,  THEN 2 8  DEGREES ABOUT NEW X ***** EXAM 3 U O  
3 604  0 0 0 1.54 EXAM 350 

***** AUTOMATIC S C A L E  AND P O S I T I O N I  50 P E R C E N T  P R O B A B I L I T Y  E L L I P S O I D S  **EXAM 360 
3 503  2 2 .7  EXAM 370  

5.34 5 .34  

c1 -. 18711 . 19519 . l o 7 0 6  0 
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***** S T E R E O  R O T P I O N  O F  2.7 DEGREES ABOUT Y F O R  L E F r  EYE ***** EXAM 380 
3 1101 EXAM 390 ***** START SAVE SEQUENCE ***** EXAM 400 
2 511 0 E X A l  410 
3 1 U 1 U 4 0.9 1.6 . 04  EXAM U20 ***** STORE P B O J E Z T E D  ATOHS AND BONDS FOR OVERLAP, IJARGIN SET BY DEFAULPEXAM 430 
1 715 U 0 1 0 .20 .60 -7OEXAM 440 
3 1 2 EXAH US0 ***** DRAW CARBON ATOM E L L I P S O I D S ,  ATCM NUHBER RUN 1-2 ***** EXAM 460 
1 712 .20 .35 .UOEXAIJ 470 
3 3 4 EXAH U 8 0  ***** DRAW HYDROGEN A T O l  S P H E R E S ,  ATCM NUMBE6 RUN 3-U ***** EXAM 490 
2 812 EXAM 500 
3 1 U 1 U 4 0.9 1.6 . 0 4  EXAIJ 510 ***** TYPE 4 BONDS -04  A MEAN R A D I U S ,  ATCMS 1-4 T O  ATOMS 1-4, 0.9-1.6 A EXAH 520 

0 C .15 0 -.UEXAM 530 3 9 0 6  15550U 155503 ***** LABEL BOND 155504-155503 WITH REGULAR BOND D I S T A N C E  LABEL ***** EXAU 5UO 
3 916 2555C4 155505 0 0 .15 0 -.4EXAM 550 

***** LABEL BOND 255504-155505 WITH P E R S P E C T I V E  BOND DISTANCE LABEL ****EXAM 560 
3 902 5555C1 0 0 1.0 .25 0 OEXAH 570 

CUBANE EXAH 580 
3 1102 EXAH 590 

* * *e *  END O F  S A V E  SEQUENZE ***** EXAM 600 
3 202 S. EXAM 610 ***** ADVANCE PLQTl'ER 9 I N C H E S  ALONG X ***** EXAM 620 
3 503 2 -2.7 EXAM 630 ***** S T E R E O  ROT LTION O F  -2.7 DEGREES ABOUT Y FOR RIGHT E Y E  VIEW ***** EXAM 640 
3 1103 EXAW 650 ***** EXEZUTE SAVED SEQUENCE FOR R I G H T  EYE DBAVING ***** EXAM 660 
3 232 2 0. EXAM 670 ***** ADVANCE P L O l ' r E R  20 I N C E E S  ***** EXAIJ 680 
3 202 EXAM 690 ***** A D D  D u n m  ELOT ro  MAGNETIC T A P E  ***** EXAIJ 700 

- 1  EXAM 710 

2.4.5.2 Listing o f  Input Cards for Potassium Perxenate 9-Hydrate. - 

P C T A S S  I U M  
9 .749  

I 
X E  

K I  

K 2  

K 3  

K4 

C I  

c 2  

c 3  

04  

c5 

. I 3  

- 3 3  

. 37  

. 3 1  

.37 

. 2 3  

. 2 0  

.2cl 

. 2 3  

.2'1 

F E W  E Y A T E  9-I-YCRATE/A.ZALK 1'4 E T  AL 
13.924 15.636 90.  90. .' I 3  c .o  " I 
.1 - I  3 c .o c - I  
- 1  - I  3 c .5  r I 
-1 I 3  (3 . 5  c - I  

.249 .988 

. 6 2 8  - - 9 8 7  

. 9 4 6  . 2 3 8  

.307 . 2 2 7  

. 8 7 7  . 9 8 9  

.40  3 . I O 1  

. 0 9 4  .H70 

. 1 3 8  . C96 

. I 7 6  . C58 

. 3 2  3 . 9 1 8  

/ (  I964 ) J A C  S 8 6  9 3 5 6 9  

0 .rl n 
0 - 5  '3 

F c. 

0 .o  n 
C .5 1 

. 2  50 

. 3 3 9  

. $ 5 8  

. C26 

. I 3 9  

. 2 5 1  

.253 

. 3 1 6  

. I51 

.351 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

EXAPO310 
E X A P 0 0 2 0  

0 IEXAp!31330 
0 I E X A P 0 3 4 0  
0 I E X A C 0 3 5 0  
0 I E X A P 0 0 6 0  

EXAPO370 
EXACOJ83 
E X A P 0 3 9 0  
E X A P O l r 3 i 3  
E X A P O I  IO 
E X A P O l 2 0  
E X A C 7 l 3 0  
E X A C O l 4 3  
E X A P O I  5 0  
EXAPOI 6 0  
E X A P C I I  7 0  
E X A P O l 9 0  
EYACOl9O 
E X  Aw0200  
EXAPfl21 0 
E X A  P O 2 2 0  
E X  A PO2 30 
E X  A V O 2 4 0  
€TACO253 
EXAP0260  



C 6  

W I  

w2 

w3 

w4 

w5 

W6 

w7 

W8 

H9 

ORGN 

. 2 7  

.27 

. 2 3  

.21 

. 2 3  

.2’J 

.23 

. 2 0  

. 2 0  

.20 

. I9 

. 3 6 0  

. 6 5 4  

. e 5 0  

. 8 7 3  

. 6 9 2  

,997 

. 9 6 7  

.376 

. 4 9 3  

.606 

.2 5 0  

. oclo 
I .03 

3 I 0 2  1 5 5 5 7 1  5 5 5 5 3 1  I 
+ + + + +  DISTA\CES,ANGLES END EDGES OF X E  

3 201 

19 

. e81 

. 8 3 9  

. I 3 6  

. 8 2 9  

. 0 4 6  

. 2 4 3  

. F 8 0  

. L 70 

.262 

. I 5 0  

.500 

. ooo 
2 0  

. I88  

. I99 

.2 9 7  

. 3 6 9  

. S O 6  

. I l l  

. $ 7 2  

. co2  

. E 8 6  

. I 2 4  

.4 cn 

. C C O  

3.55 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

E XAC027O 
EX A V0280 
EX A P O 2  90 
E X A C 0 3 0 0  
E X A P 0 3 1 0  
E X A C 0 3 2 0  
E X A P 0 3 3 0  
E X A P 0 3 4 0  
E X A C 0 3 5 0  
E X A C 0 3 6 0  
E X A C 0 3 7 0  
E X A P 0 3 8 0  
E X A V 0 3 9 0  
E X A C 0 4 0 0  
E XAC04 I 0 
E X A P 0 4 2 0  
E X A PO430 
E X A P 0 4 4 0  
E X A C 0 4 5 0  
EX AC0460 
E X A C 0 4 7 0  
E XACO48O 
EXACO49C 
E X A C 0 5 0 0  
EXACO5 IO 

4VO Y CZIORDINATION POLYHEDRA ++++EXAC0520 
E X A P 9 5 3 0  

+ + + + +  I R I T I  A L I Z E  CALCOMP PLOT PACKAGE + + e + +  EX AVO540 
3 301 1’3 I I  1 2  3.85 EX AVO550 

EX AVO57 0 
+ + + + +  STORE U N I T  CELL CCRrUERS F O R  CELL OUTLIVE +++++  E XACO580 

. 5 7 E X A V 0 5 9 0  

+ + + + e  1 9 - 2 r 5 . 8 5  B 2.3 Ih. DIAMETER PICTUXES9 1 2  I Y .  AWAYqDIRECT STEREO VUEXAV0560 
3 4 0 1  2 2 5 5 5 7 1  - 2 2 6 6 6 3 1  

3 4r14 21 21 I 5 . I 3  . 5 2  
I + + + *  STORE CE\ITRAL ATOCS OF P3LYHEOQA +I++ 

e + + + *  C C V V O L l J T t  SPHERE CF EYCL3SURE W I T H  E4CH LENTRAL A T O M  +++I+ 
3 4’15 1 5 1 2 0  3.52 

3 5 3 1  2 1 5 5 5 5 1  2 1 5 5 5 3 1  2 1 5 6 5 0 1  2 1 5 5 5 0 1  2 1 5 5 6 9 1  

3 6 0 4  

3 5c13 2 3 

3 I101 

I 7 1 4  
3 I 5 

2 Y13 

a + + + *  R A X I S  H O R I L O Y T A L t  C A X I S  VClQTICPLt VIEWED 4LONG - A  A X I S  * + + + +  

+ + + + +  AUTOWETIC SCALE ANC P O S I T I O h l  ++e*+ 

e + * + *  STEREC R’ITATIOY FCR L E F T  E Y E  V I E W  *I++* 

+ + I + +  S T A R T  S A V E C  SEQUFNCE +I+** 

***++ D R A W  FETAL ATOMS S E L E C T I V E L Y  + + + + +  

2 2 2  2 2  2 2  22 I 9.0 I 1.0 . @ I  
2 2 ?  2 2  2 2  22  I 15.0 16.0 - 0 1  
2 6 I I  6 I 1  3 2.5 2.8 .04 - I  I 
2 6 19 5 19 I 2.6 4.4 - 0 2  - 2  2 
2 I ”  27 13 23 t 2.6 4.7 - 3 2  - 3  3 
2 3 2 3  9 23 I i - 6  4.58 .07 - 4  4 
3 7 2 1  7 23 1 2.6 4.6 - 0 2  - 5  5 

3 I t 0 2  

3 2 3 2  2.4 

3 5 3 3  2 -3 

3 1133  

3 202 I 3  

3 2 9 2  

+** * *  DRAW F C L Y P E P R A  AUC CELL 3 U T L I Y E  e * * + +  

+ + + + +  E h D  S C V E O  SEGUEYCE * + * + a  

+ * + e *  ACVAVCE OLOTTER FCR R I G I - T  EYE VIEW * + + + +  

+++*I STErlEC 9 0 T A T I O Y  F C R  RIGbT’ EYE V I E W  * * + + *  

+ + + + +  R E P E A T  S A V E r  S E Q U E N C E  

+++*I ACVANCE DLOTTER I C  I\. + * * * *  

1.8 1.9 
2.6 3.1 
2.7 3.52 
2.7 3.3 
2.7 3.2 

~~ 

+ + + + +  ACE D U C M Y  PLOT ( STOP CALCOMP 01 PLOT 1 3 .  3 ) * + + * e  
-I 

EX AVO600 
EXAPO6IO 
E X A PO6 2 0  

I EXAVO630 
EX A P 0 6 4 0  
E X A P 0 6 5 0  
E XACO660 
EX AVO670 
E X A  PO6 8 0 
EX AVO690 
E X A V O 7 3 0  
E X A C 0 7 1 0  
E X  AVO720 
EXAVO730 
E XAPO74O 
EXAP075O 
E X  A PO76 0 
EXAVO770 
EX AVO780 
E XAV079c1 
EXAVOSC13 
EXAVO8 IO 
EX AVO920 
EX AVO830 
E X A C 0 3 4 0  
EX AVO853 
E X  AVO860 
E X A V08 7 0 
EXAPO880 
E X A C 0 8 9 0  
E X A V09OO 
EXAlJO9lO 
EXAlJO920 
EX A V093 0 
EX AVO940 
EXAVO950 



2.3.5.3 Listing o f  Output from the Monitor Output Tape o f  the Computer. - 

CUBANE E . B . F L E I S C H E R  1964 J . A . C . S .  86,3889 

D I R E C T  CELL PARAMETERS 
A B C ALP HA BETA s h u n &  

5.339 999 5.339999 5.339999 72.260 7 2.260 72.260 
C O S I N E  0.30469871 0 . 3  046 98 7 1 0.3046987 1 

R E C I P R E A L  CELL PARAMETERS 
G A M M A *  

C O S I N E  -0.23353952 -0.23353940 -0.23353940 

BETA* ALPHA* A *  B* C* 
0.202207 0.202207 0.202207 103.506 103.506 103.506 

S YBMET BY IRANSFORMATIONS 

NO. ATOB 
1 c1 
2 c2 
3 HI 
(1 82 
5 ORGN 

NO. ATOM 
1 c1 
2 c2 
3 H1 
4 H2 
5 ORGN 

N O .  TRANSFORMED X 
1 0.0 1. x 0. r 0. 
2 0.0 0. x 0. r I. 
3 0.0 0. x 1. Y 0. 
4 0.0 -1. x 0. Y 0 .  
5 0 .0  0. x 0. r -1. 
6 0.0 0. x -1. r 0. 

X Y z 
-0.1871 10 0.1951 90 0.107060 
0. 115460 0.115460 0.115460 
-0.324600 0.346800 0.184800 
0.2.10000 0.210000 0.210000 
0.0 0.0 0.0 

X r z 
-0.1 E71 10 0.195190 0.107060 
0.1 15460 0.115460 0.115460 

-0.324600 0.346800 0.184800 
0.2 10000 0.210000 0.210000 
0.0 0.0 0.0 

PRANSFQRMED Y PRANSPORMED 2 
z 0.0 0. x 1. r 0. z 0.0 0. x 0. Y 1. 2 
Z 0.0 1. x 0. Y 0. z 0.0 0. K 1. r 0. z 
z 0.0 0. x 0. Y 1. z 0.0 I. x 0. r 0. z 
z 0.0 0. x -1. r 0. z 0.0 0. x 0. Y - 1 .  2 
Z 0.0 -1. x 0. Y 0. 2 0.0 0. x -1. Y 0. z 
z 0.0 0. x 0. Y -1. 2 0.0 -1. x 0. Y 0. z 

B l l  B2 2 833 812 813 8 2 3  TYPE 
0.041000 0.042500 O.OU5000 -0.004200 -0.014200 -0.005100 0. 
0.046800 0.046800 0.046800 -0.014300 -0.014300 -0.014300 0. 
0.100000 0.0 0.0 0.0 0.0 0.0 7. 
0.100000 0.0 0 .o 0.0 0.0 0.0 7. 
0.0 0.0 0.0 0.0 0.0 0.0 0. 

RMSD 1 RMSD 2 BBSD 3 
0.204899 0.239856 0.255794 
0.205704 0.247732 0.247732 
0.100000 0.100000 0.100000 
0.100000 0.100000 0.100000 
0.100000 0.100000 0.100000 

t3 
0 



CUBANE E.B.PLEISCHER 1964 J.A.C.S. 86 ,3889 

ORTHONORMAL REFERENCE VECTORS BASED ON CRYSTAL AXES POST-FACTOR TRANSFORM A T I O B  M A T R I X  
X VECTOR Y VECTOR Z VECTOR 

0.1872659E 00 -0.5990840E-01 -0.47223263-01 0.5339996E 01  0.9536743E-06 
0.0 0.19661 53E EO -0.4722328E-01 0.1627090E 01  0.5086076E 01 
0.0 0.0 0.20220681 00 0.16270903 0 1  0 . 1 1 8 7 7 9 9 3  0 1  

( ( ( ( (  INSIRUCTION 101 ) I ) ) )  
0.1555010E 06 0.2000000E 01 0.1000000E 01 0-4000000E 0 1  0.3610000E 01  0.0 

***** F I N D  ALL N E I G H B O R  ATOLIS AROUND C1 A N D  C2 OUT TO 3.61 A ***** 
PROM ATOMS TO ATOMS Y I T H  RADIUS OR. IF A BOX. YITH SEMIDIMENSIONS 

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

1 0 1  155501 255501 1 4 3.610 0.0 0.0 

V E C T O R 2  FROM A T O I  
c 1  81  
c 1  c 1  
c 1  C l  
c 1  c2  
c 1  c 1  
c 1  c 1  
c 1  c 2  
c 1  H l  
c 1  H 1  
c 1  ti2 
c 1  C1 
c 1  H1 
C l  H1 
c 1  ti2 
C l  H 2  
c 1  H2 
c 1  HI 
C l  H I  
c 1  H1 
C l  c2 

VECTORS ?ROM ATOM 
c2 H 2  
c2  C l  
c 2  c 1  
C i  Cl 
c2  c1 
C i  C l  
c2 c1 
C i  H1 
c 2  8 1  
c2 H I  
c 2  c 2  
c 2  H 1  
c2 H 1  
c 2  H 1  
C 2  Hl 
c 2  H1 

c 2  c1 
C i  c 1  
c 2  c 1  

c 2  n i  

( 1,5550 1) T O  ATOMS 1 THROUGH 
( 1,55501)-0 .1871 0. 1952 0.1071 ( 

( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
t 
( 
( 

( 2,55501)  TO ATOMS 1 T H R O U G H  
( 2 ,55501)  0 .1155 0. 1155 0.1155 ( 

( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 

4 
3,55501) -0 .3246 0.3468 0.1848 
1 ,55505)  -0.1071 0.1871-0.1952 
1 ,55506)-0 .1952-0 .1071 0.1871 
2,55501) 0 .1155 0.1155 0.1155 
1 ,55502)  0 .1071-3.1871 0 .1952 
1,55503) 0.1952 0.1071-0.1871 
2,5 5504) - 0.1 1 55- 0.1 1 55- 0.1 1 5 5 
3 ,55506)  -0.3468-0.1848 0.3246 
3,555053-0.1898 0.3246-0.3468 
4,55501) 0 .2100 0.2100 0 .2100 
1 ,55504)  0 .1871-0.1952-0.1071 
3 ,55502)  0 .1848-0.3246 0.3466 
3,55503) 0 .3468 0.1848-0.3246 
4 ,4  5501)  -0.7900 0.2 100 0.2 100 
4 ,56504)  -0.21 00 0 .7900-0 .2  100 
4,55504) -0 .2100-0.2100-  0.2 100 
3 ,55605)-0 .1848 0.3246 0 .6532 
3 ,45603)-0 .6532 0.1848 0.6754 
3 ,46504)  -0 .6754 0.6532- 0 .1848 
2 ,5  6504)  -0.1 155 0.8845-0.1155 

U 
4,55501) 0 .2100 0.2100 0.2100 
1 ,55501)  -0.1871 0.1952 0 .1071 
1,55502) 0 .1071-0.1871 0 .1952 
1,55503) 0 .1952 0.1071-0.1871 
1 ,55504)  0 .1871-0.1952-0.1071 
1,55505)-0.1071 0.  1871-0.1952 
1,55506) -0.1952- 0.1071 0.1871 
3 ,55501)  -0.3246 0.3468 0.1848 
3,55502)  0 .1848-0.3246 0 .3468 
3,55503) 0 .3468 0.1848-0.3246 
2,5550U)-0.1155-D. 1155-0.1155 
3,55504)  0 .3246-0.3468-0.1848 
3,55505) -0 .1848 0.3246-0.3468 
3 , j5506)-0 .3468-0 .1848 0.3246 
3 ,56504)  0 .3246 0.6532-0.1848 
3,55605) -0.18U8 0.3246 0.6532 
3 ,65506)  0.6532-0.1848 0.3246 
1 ,56504)  0 .1871 0.8048-0.1071 
1,55605) -0 .1071 0.1871 0.8048 
1 ,65506)  0.8048-0.1071 0.1871 

0.9 53 6 7 4 3E -0 6 
0.95367433-06 
0.4945430E 0 1  

0.0 

D = 1.012 
D = 1.549 
D = 1.549 
D = 1.552 
D = 2.183 
D = 2.183 
D = 2.202 
D = 2.282 
D = 2.306 
D = 2.316 
D = 2.677 
D = 3.052 
D = 3.069 
D = 3.077 
D = 3.096 
D = 3.175 
D = 3.200 
D = 3.284 
D = 3.388 
D = 3.609 

D = 1.109 
D = 1.552 
D = 1.552 
D = 1.552 
D = 2.202 
D = 2.202 
D = 2.202 
D = 2.273 
D = 2.273 
D = 2.213 
D = 2.710 
D = 3.091 
D = 3.091 
D = 3.091 
D = 3.181 
D = 3.181 
D = 3.181 
D = 3.609 
D = 3.609 
D = 3.609 



( (  ( (  ( INSTRUCTION 102 ) ) ) ) ) 
0.1555010E 06 0.2000000E 01 0.1000000E 0 1  0 .4000000E 0 1  0 .17999993 01 0.0 

***** I I N D  COVALENT BONDS A N D  BOND ANGLES A R O U N D  CLRBONS ***** 
P R O H  ATOHS T O  ATOHS Y I T H  RADIUS O R ,  I F  A BOX,  WITH SE~DIHEUSIONS 

C O D E  (HIN H A X )  ( H I N  MAX) b B C 

1 0 2  155501 255501 1 4 1.800 0.0 0.0 

VECTORS PRON Aron ( 1,55501)  'IO A X O N S  1 T H R O U G H  U 
c 1  H I  ( 1,55501) -0.1871 0. 1952 0 .1071 ( 3,55501)-0.32U6 0.3468 0.1848 
c 1  c 1  ( 1 , 5 5 5 0 5 ) - 0 . 1 0 7 1  0.1871-0.1952 
c 1  c 1  ( 1,55506)-0.1952-0.1071 0 .1871 
c 1  c2 ( 2,55501)  0.1155 0.1155 0 .1155 

ANGLES A R O U N D  ATOH 1 
H 1  c 1  c 1  ( 3,55501)  ( 1 ,55501)  ( 1 ,55505)  D = 2.282 
8 1  c 1  c1 ( 3,55501)  ( 1 ,55501)  ( 1 , 5 5 5 0 6 )  D = 2.306 
H 1  c1 c 2  ( 3,55501)  ( 1,55501) ( 2,55501)  D = 2.273 
c 1  c 1  c 1  ( 1,55505)  ( 1 ,55501)  ( 1 ,55506)  D = 2. 183  
c 1  c1 c 2  ( 1,55505) ( 1,55501)  ( 2,55501)  D = 2.202 
c 1  c 1  c2 ( 1 ,55506)  ( 1,55501)  ( 2,55501) D = 2.202 

c 2  H2 ( 2,55501)  0 .1155 0. 1155 0 .1155 ( U,55501) 0.2100 0.2100 0.2100 
C i  c 1  ( 1.55501)-0 .1871 0.1952 0.1071 
c 2  c 1  ( 1 ,55502)  0 .1071-0.1871 0 .1952 
C i  Cl ( 1,55503)  0.1952 0. 1071-0 .1871 

VECTORS PROH At011 ( 2,55501) TO A'IOHS 1 T H R O U G H  U 

ANGLES A R O U N D  ATOM 2 
8 2  c 2  c 1  ( 4,55501)  ( 2,55501)  ( 1 ,55501)  D = 2.376 
H i  c 2  c1 ( 4,55501) ( 2 ,55501)  ( 1 ,55502)  D = 2.376 
8 2  c 2  c1 ( U,55501) ( 2,55501)  ( 1,55503) D = 2.376 
c 1  c 2  c 1  ( 1,55501) ( 2,55501)  ( 1,55502)  D = 2. 183  

D = 2. 183  c 1  c2  c1 ( 1,55501)  ( 2 ,55501)  ( 1 , 5 5 5 0 3 )  
D = 2.183 E 1  c 2  c1 ( 1,55502)  ( 2,55501)  ( 1,55503) 

( ( ( ( (  INSTRUU'ION 201 ) ) ) ) )  
0.0 0.0 0.0 0.0 0.0 0.0 

***** I N I T I A L I Z E  LIECBAUICAL ELCTTEL PACKAGE. 203 FOR CRT PACKAGE **I** 

( ( ( ( (  INSTRUCTION 3 0 1  ) ) ) ) )  
0. 11OOOOOE 02 0. 11OOOOOE 02 0.3COOOOOE 02 0.1500000E 01 3.0 

***** 11x11 BOUNDARP,  8 x 8  INSIDE 1.5 H A R G I N ,  Y I E U  PRON 30 INCHES ***** 
PLOT IIuIrs 11.00 BP 11.00 IN. INCLUDING 1.50 IN. MARGIN 
V I E Y  DISTANZE 30.000 INCHES 

0.0 

0.0 

0.0 

0.0 

D = 1.012 
D = 1.549 
D = 1.549 
D = 1.552 

A =120.69  
A =127.16  
A A =123.52 = 8 9 . 6 0  

A = 9O.UB 
A = 90.48  

D = 1. 109 
D = 1.552 
D = 1.552 
D = 1.552 

A =125.66  
A =125.66 
A =125.66 
A = 89.4U 
A = 89.44  
A = 89.4U 



( ( ( ( (  INSTRUCTION 303  ) ) ) ) )  
0.0 0.0 0.0 0.0  1 0.0 0.0 0.0 

***** E L E H I N A T E  ALL RETRACING ***** 
RETRACE DISPLACEUENT = O..O I N C H  

INSTRUCTION 402 ) ) ) ) )  
0.55550103 06 0.5000000E 01 0.1000000E 0 1  0.4000000E 01 0.3200000E 01  0 .0  0.0 

***** ENCLOSER SPHERE O F  RADIUS 3 .2  A ABOUT D U M H Y  A T O H  5,555.01 ***** 
FEOH ATOUS TO ATOHS WITH RADIUS OR. IF A BOX. UITH SEHIDIMENSIONS 

C O D E  ( U I N  H A X )  ( U I N  MAX) A B C 

4 0 2  555501 555501 1 4 3.200 0.0 0.0 

VECTORS PROH A r O U  ( 5 ,55501)  TO ATOHS 1 THROUGH 4 

CONTENTS OF ATOUS A R R A Y  
155501.  255501.  355501.  455501.  155502.  355502.  155503.  355503.  155504.  255504.  
355504. 455504.  155505.  355505.  155506. 355506.  

INSTRUCTION 501 ) ) ) ) )  
0.55550103 06 0.2555010E 06 0 .15550103 06  0 .2555010E 06  0 . 1 5 5 5 0 2 0 3  06 0.0 0 .0  

***** C R I G I N  ON D U H H Y  ATOM 555501,  VECTORS ALONG 2 EDGES OF C U B A N E  ***** 
O R I G I N  FOB PROJECTION AXIS I N  CRYSTAL COORD.  0.0 0.0 0.0 

O R T H O N O R H A L  REFERENCE VECTORS BASED CN CRYSTAL A X E S  P3ST-PAZTOR T E A N S P O E H A T I O N  M A T R I X  
Y VECTOR X VECTOR 2 VECTOR 

-0. 1950173E 0 0  -0 .533243lE-01  0.3517698E-02 -0 .51615723 01  3 . 2 1 2 8 9 7 3 ~  00 0 . 1 3 5 2 1 9 0 ~  01  
0 . 5 1 3 a 8 8 9 ~ - 0 1  0 . 4 0 3 1 1 5 i ~ - o 2  0 . 1 9 5 5 2 6 3 ~  00 -0 .2760968E 00 3. 13500793 01 0 .5159129E 01  

-0.54141213-02 0 .19547853 00  -0.5144400E-0 1 -0.1402325E 01 0.5145890E 01 0 . 2 6 2 4 6 9 3 3  00  

I NSTRU C T I O N  502 ) ) ) ) ) 
0.200COOOE 01 0.2500000E 02 0.1000000E 0 1  0 .2800000E 02 0.0 0.0 0.0 

***** hOTA'IE 25  DEGREES ABOUT Y, THEN 28 DEGREES ABOUT N E U  X ***** 
O R I G I N  FOR PROJECTION AXIS I N  CBXSTAL COORD. 0.0 0.0 0.0 

O E T H O N O R i i A L  R E F E R E N C E  VECTORS BASED ON CBYSTAL A X E S  P3ST-FA~TDE TEANSPORHATION H A T R I X  
X VECTOR Y VECTOR Z VECTOR 

-0.1752591E 0 0  -0.8727211E-01 0.5055124E-01 -0.1106512E 01  -3.1411451E 01 0.3108037E 01 
0.1292071E 00  -0.6943826E-01 0 .13918123 00 0.1930112E 01  -0.1057861E 0 1  0.4865296E 01 

-0.2664803E-01 0.1934117E 00  0.52625193-01 -0.1 160014E 01 0.4153644B 01 0 .31491573 01 

INSTRUCTION 604 ) ) ) ) )  
0.0 0.0 0.0 0.1540000E 01 3.0 0.0 0 . 0  

***** AUTOHATIC SCALE A N D  POSITION. 50 PERCENT P R O B A B I L I T Y  ELLIPSOIDS ** 
O R I G I N  POINT I N  PLOTTER C O O R D . (  5 .35 . 5.15 ) I N .  
O V E R A L L  SCALE = 1.960 INCH/ANGSTROM ELLIPSOID SCALE = 1 .SUO 
V I E Y  DISTANCE 30.000 INCHES 

N 
W 



0.0 
( ( ( ( (  INSTRUCTION 503 ) ) ) ) I  

0.200COOOE 01 0.2700000E 01 0.0 0.0 0.0 0.0 

***** STEREO R O T A T I O N  O F  2.7 DEGBEES ABOUT Y FOR LEFF EYE ***** 
O R I G I N  FOR PROJECTION AXIS I N  CBYS'IAL COORD. 0.0 0.0 0.0 

O X T H O N O R I A L  W O R K I N G  VECTORS BASED C N  CRYSTAL AXES P3ST-FAZFDR l ' R A N S P O R I A T I O N  I A T R I X  
X VECTOR Y VECTOR 2 VECTOR 

-0. 1726831E 0 0  -0.8727211E-01 0.5875095E-01 -0.39555U4E 01  -3 .141145lE 0 1  0.3298029E 01 
0.1356199E 0 0  -0.6943828E-01 0. 13294013 00 0 .21571553 01  -0.1057861E 0 1  0 .47689711 0 1  

-0.2413946E-01 0.1934117E 00  0.5382206E-01 -0.1010380E 01 0.4153644E 01 0.3200305E 0 1  

( ( ( ( (  INSTRUCrION 1101 ) ) ) ) )  
0.0 0.0 0.0 0.0 0.0 0.0 

***** CTAR'I  SAVE SEQUENCE ***** 
( ( ( ( (  INSTRUCTION 511 ) ) ) ) I  

0.0 0.0 0.0 0.0 0.0 0.0 
1 4 1 4 4 0.90000 1.60000 0.04000 0.0 0.0 0.0 

***** S T O R E  PBDJECTED ATOIS A N D  BONDS FOB OVERLAP, M A R G I N  SET BY DEFAULT 

OVERLAP M A B G I N  IS 0.042 I N C H  
CONTENTS OF SORTED ATOIS A R R A Y  

455504.  255504.  355504.  355506.  155504.  155506.  355505.  155505. 
155503.  155501.  355503. 355501.  255501.  455501.  

BOND SELECTION CODES 

0.0 

0.0 
0.0 0.0 

355502.  155502.  

(SEQUENCE(A) ) (jEQUENCE(B)) (BOND) (DISTANCES) ( BOND ) (PEBSP.--LABELS) (NOBMAL--LABELS) (DIGITS) 
( I I N  I A X  ) ( I ' l IN  M A X  ) (TYPE) ( I I N  I A X )  (RADIUS) (HEIGHT OFFSET) (HEIGHT O F F S E T )  (NUIBEB) 

FAULT NG = 1 4  455501. 800 
1 4  1 4  4 0.90 1.60 0.040 0.0 0.0 0.0 0.0 0. 

B O N D  O V E R L A P  A B R A Y  CONTAINS 19  BONDS ( n a x m u n  IS  599)  
LTOPI-PAIR NUMBERS I N  A B R A Y  EEPER T O  SEQUENCE I N  SORTED ATOIS A B R A Y  

2005. 2006.  2008. 3005.  4006.  50 10. 5011. 6010.  6012. 7008.  
8011. 8012.  9010. 10015.  11013.  11015.  12014. 12015. 15016. 

3RIGIN FOR P R O J E C T I O N  AXIS I N  CBYSTAL COCRD. 0.0 0.0 0.0 

O R T H O N C R I A L  REFERENCE VECTORS BASED ON CRYSTAL AXES POST-FACTOR TRANSFORIATIOI I A T R I X  
X VECTOR Y VECTOR 2 VECTOS 

-0.1 952591E 0 0  -0.8727211E-01 0.5055124E-01 -0 .41065123 01 -0.1411451B 01 0 .31060373 0 1  
0. 1292071E 00 -0.6943828E-01 0.1391812E 00 0. 1930112E 01  -0.1057861E 01 0.4865296E 0 1  

-0.2664803E-0 1 0. 1934 117E 0 0  0.5262519E-01 -0.1160014E 0 1  0.4153644E 0 1  0.3149157E 0 1  

( ( ( ( (  INSTRUCTION 715 ) ) ) ) )  
0.4000000E 01 0.0 0.1COOOOOE 01 0.0 0.2000000E 00 0.6000000E 00 0.7000000E 00  
0.0 0.0 0.1000000E 01 0.2000000E 01 3.0 0.0 0.0 

***** D R A Y  C A R B O N  A T O I  ELLIPSOIDS, ATOU NURBER R U N  1-2 ***** 



( ( ( ( (  INSTRUUION 712 1 ) ) ) )  
0.0 0.0 
0.0 0.0 

0.0 0.0 0.2000000E 0 0  0.35000OOE 0 0  0.4000000E 00 
Q.3000000E 0 1  0 .4000000E 0 1  0.0 0.0 0.0 

***** LRAY HYDBOGEN ATOH SPHERES, ATOH NUMBER BUN 3-4 ***** 
( ( ( ( (  INSIRUCTION 812 ) ) ) ) )  

0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 4 1 4 4 0.90000 1 .60000 0.04000 0.0 0.0 0 .0  0.0 0.0 

***** l Y P E  4 BONDS .04 A BEAN RADIUS, ATOHS 1-4 T O  ATOIS 1-4, 0.9-1.6 A 

B O N D  SELECTION CODES 

(SEQUENCE(A)) (SEQUENCE(B)) (KOND) (DISTANCES) ( BOND ) (PERSP.--LABELS) (NORHAL--LABELS) (DIGITS) 
( B I N  H A X  ) ( UN I A X  ) (TYEE) (BIN H A X )  (BADIUS) (HEIGHT 3PFSET) ( H E I G H T  OFFSET.) (NUIBEB) 

FAULT NG = 14  455504. 800 
1 4  1 4  4 0.90 1.60 0.040 0.0 0.0 0.0 0.0 0. 

( (  ( (  ( INSTRUCrION 906 ) ) ) ) ) 
0.1555040E 06 0.1555030E 06 0.0 0.0 0.1500000E 00 0.0 

***** LABEL BOND 155504- 155503 Y I T H  REGULAR B O N D  DISTANCE LABEL ***** 
( ( ( ( (  INS’IRUCPION 916 ) ) ) ) )  

0.255504OE 06 0.15550503 06 0.0 0.0 0 .1500000E 00 0.0 

***** LA3SL BOND 255504-155505 Y I T H  PERSPECPIVE BOND DISTANCE LABEL **** 
( ( ( ( (  INSTRUUION 902 ) ) ) ) )  

0.55550106 06 0.0 0.0 0.1000000E 01 0 .2500000E 00 0.0 

CUBANE 

( ( ( ( (  INSTRUCTION 1102 ) ) ) ) )  
0.0 0.0 0.0 0.0 0 .o 0.0 

***** E N D  OF SAVE SEQUENCE ***** 
( ( ( ( (  INSTRUCrION 202 ) ) ) ) I  

0.900COOOE 01 0.0 0.. 0 

***** l D V A N C E  PLOTTER 9 INCHES ALONG X ***** 
( ( ( ( (  INSTBUCrION 5 0 3  ) ) ) ) )  

0.200COOOE 01 -0.2700000E 01 0.0 

0.0 3.0 

0.0 0.0 

0.0 

0.0 

-0.UOOOOOOE 00  

-0.4OOOOOOE 00 

0.0 

0.0 

0.0 

0.0 

***** CTEREO R O T A T I O N  OF -2.7 DEGKEES ABOUT Y FOR R I G H T  EYE VIEW ***** 
O R I G I N  FOR PROJECTION AXIS I N  CRYSTAL COORD. 0.0 0.0 0.0 

O R T H O N O R I A L  Y O R K I N G  VECTORS BASED CN CRYSTAL AXES P3ST-FAZPDR PUANSPORHATION I A T B I X  
X VECTOR Y VECTOR 2 VECTOR 

-0. 17744571 00  -0.87272 11E-01 0.42239306-01 -0.Y248351E 0 1  -3 .1Ul l451E 01  0.2911142E 01  
0.1225073E 00 -0.6943828E-01 0.1451131E 00 0.1698782E 01 -0.1057861E 0 1  0.4950814E 01  - 0.2 909743E-0 1 0.1934 1 17E 00 0.5 13 1147E-0 1 -0.1307071E 01 0.4153644E 01 0.3091016E 0 1  



( ( ( ( (  INSTBUU'ION 1103 ) ) ) ) )  
0.0 0.0 0.0 0.0 0.0 

***** EXECUTE SAVED SEQUENCE PCR B I G H T  EYE D R A W I N G  ***** 
( ( ( ( (  INSTRUCrION 511 ) ) ) ) )  

0.0 0.0 0.0 0.0 3.0 
1 4 1 4 U 0.90000 1.60000 0 .04000 0.0 0.0 

*I*** SPORE PROJECTED ATOHS A N D  BONDS FOB O V E R L A P ,  H A R G I N  SET B Y  DEFAULT 

3VERLAE I A R G I N  I S  0.042 I N C H  

CONTENTS OF S O E T E D  ATOHS A R R A Y  
455504.  355504.  255504. 355506.  155504.  155506.  355505. 
155503.  155501.  355503.  355501.  255501.  455501. 

BOND SELECTION CODES 

0.0 

0.0 
0.0 

355502.  

0.0 

0.0 
0.0 0.0 

155502. 155505.  

(SEQUENCE (A) ) (jEQOENCE(B) ) (BOND) (DISTANCES) ( BOND ) (PERSP.--LABELS) (NORHAL--LABELS) (DIGITS) 
( B I N  H A X  ) ( H I N  H P X  ) (TYFE) (HIN U A X )  (RADIUS) (HEIGHT 3FFSET) (HEIGHP OFFSET) ( N U H B E R )  

FAULT NG = 1U U55504. 800 
1 4  1 4  U 0.90 1.60 0.040 0.0 0.0 0.0 0.0 0. 

B O N D  OVERLAP A R R A Y  CONTAINS 19 BONDS ( H A X I H U H  I S  599)  
ATQH-PAIR NUllBEES I N  A R R A Y  6EFER T O  SEQUENCE I N  SORTED ATOHS A R R A Y  

200 5. 3005.  3006. 3010.  4006.  5009.  5011.  6009.  6012.  7010.  
8009.  90 15. 10011. 10012.  11013.  11015. 12014. 12015. 15016. 

O R I G I N  FOE PROJECTION AXIS I N  CRYSTAL' COCfiD. 0.0 0.0 0.0 

OBTHONORHAL REFERENCE VECTORS BASED ON CRYSTAL AXES POST-FACTOR TRANSPORflATION H A T R I X  
X VECTOR Y VECTOR Z VECTOR 

-0 .175259lE 00  -0,87272113-01 0.5055124E-01 -0.4106512E 01  -0.1411U51E 01 0 . 3 1 0 8 0 3 7 3  0 1  
0 . 1 2 9 2 0 7 1 3  00 -0.6943828E-01 0.1391812E 00 0. 1930112E 01 -0.1057861E 01 0 . 4 6 6 5 2 9 6 3  0 1  

-0.266U803E-01 0 .193411lE 00 0.5262519E-01 -0.1160014E 01  0.41536UUE 0 1  0 .3149157E 01  

( ( ( ( (  INSTRUCTION 715 ) ) ) ) )  
O . U O O O O O O E  01  0.0 0. lOOOOOOE 01 0.0 0.2000000E 00 0.6000000E 00 0.7000000E 00 
0.0 0.0 0.1COOOOOE 01 0.2OOOOOOE 01 0.0 0.0 0.0 

***** D R A Y  Z A R B O N  ATOH ELLIPSOIDS, ATOH NUHBER R U N  1-2 ***** 
( ( ( ( (  INSTRUCPION 712  ) ) ) ) )  

0.0 0.0 0.0 0.0 0.2000000E 00 0.3500000E 0 0  0 .4000000E 00  
0.0 0.0 0 .3000000E 0 1  0.UOOOOOOE 01 0.0 0.0 0.0 

***** [ R A Y  H Y D R O G E N  ATOH SPHERES, ATOH NUHBEE R U N  3-4 ***** 



( ( ( ( (  INSTRUCTION 812 ) ) ) ) )  
0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1 4 1 4 4 0.90000 1.60000 0.04000 0.0 0.0 3.0 0.0 0.0 

***** IYPE 4 BONDS .04 A HEAN RADIUS, ATOMS 1-4 T O  ATOMS 1-4* 0.9-1.6 A 

BOND SELECTION CODES 

(SEQUENCE(A) ) (SEQUENCE(B) ) (BOND) (DISTANCES) ( BOND ) (PEESP.--LABELS) (NOEHAL--LABELS) (DIGITS) 
( N I N  M A X  ) ( H I N  MAX ) (TYFE) (HIN HAX) (RADIUS) (HEIGHT DPFSET) (HEIGHP OFFSET) (NUMBER) 

FAULT NG = 14  455504. 800 
1 4  1 4  4 0.90 1.60 0 .040  0.0 0 .o 0.0 0.0 0. 

( ( ( (  ( INSTRUCIION 906 ) ) ) ) ) 
0.15550UOE 06 0.15550303 06 0.0 0.0 0.1500000E 00 0.0 -0.4000000E 00  

***** LABEL BOND 155504-155503 WITH REGULAR B O N D  DISTANCE LABEL ***** 
( ( ( ( (  INSTRUCIION 9 1 6  ) ) ) ) )  

0.2555040E 06 0.15550503 06 0.0 0.0 0 .1500000E 00 0.0 -0.4000000E 00 

***** LAaEL BOND 255504-155505 Y I ' I H  PERSPECTIVE BOND DISTANCE LABEL **** 
( ( ( ( (  INSTEUC~ION 902  ) ) ) ) )  

0.55550103 06 0.0 0.0 

CUBANE 

( ( ( ( (  INSTRUCTION 1102 I ) ) ) )  
0.0 0.0 0.0 

***** END OF S A V E  SEQUENCE ***** 
( ( ( ( (  INSIRUCTION 202 ) ) ) ) )  

0.2000000E 02 0.0 0.0 

***** A D V A N Z E  PLOTTER 20 INCHES ***** 
( ( ( ( (  INS'IRUCTION 202 ) ) ) ) )  

0.0 0.0 0.0 

***** ADD D U M H X  PLOT TO MAGNETIC TAPE ***** 
( ( ( ( (  INSIRUCTION -1 ) ) ) ) )  

0. 1OOOOOOE 01  0.25OOOOOE 00 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 

0.0 

0.0 

0.0 
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3. D E T A I L E D  O P E R A T I N G  I N S T R U C T I O N S  

3.1 Definitions 

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

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

the  crystal  within a reasonable  d is tance  from the  crystal lographical ly  defined origin, t h e  following five- 

component atom designator  code word (ADC) is used.  

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

where 

< <  < AN = ATOM NUMBER (0 = AN = NATOM = 166)  = t h e  sequent ia l  number of the  atom in t h e  input l i s t  

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

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

T A , T B , T C  = c r y s t a l  l a t t i c e  t ranslat ion digits a long  c e l l  e d g e s  a, b, and c.  E a c h  digit in ADC can  

range f r o m  1 t o  9; consequent ly ,  i t  i s  poss ib le  t o  move up t o  +4  la t t ice  t rans la t ions  in any di- 

rection from the  origin c e l l  5,5,5. 
< <  < SN = symmetry operator number (0 = SN = NSYM = 48) = the  numerical position of t h e  symmetry op- 

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

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

operation (corresponding t o  position x, y ,  z )  must in general  a l s o  b e  somewhere in t h e  input 
symmetry operator  l i s t  and i s  usually the  f i rs t  operator. 

Example: An atom designat ion code  of 347502 refers to atom 3 moved through symmetry operat ion 2 ,  

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

An a d d r e s s a b l e  point in t h e  c rys ta l  is any  point for which a n  atom designator  c o d e  e x i s t s .  In general, 

t h e  addressable  region is approximately a 9 x 9 x 9 block of unit c e l l s .  

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

T h e  vector  direct ion i s  from t h e  f i rs t  t o  t h e  s e c o n d .  

Example: 253704 263704 i s  a vector  a l o c g  t h e  posi t ive a direct ion of t h e  crystal  l a t t i ce .  

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

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

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

t ranslat ion TC.  

Example: ADR (145502 - 245603) will genera te  t h e  8-atom run 145502, 245502, 145503, 245503, 

145602, 245602, 145603, 245603. 

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

th i s  c a s e ,  only the  atom number AN i s  a l lowed t o  change .  Normally, an ANR i s  entered by u s i n g  only the  

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

Example: (1 4) wil l  des igna te  a toms 1, 2 ,  3 ,  and 4 of t h e  input l i s t .  
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3.1.5 Vector Search Code (Vsc). - A vector  s e a r c h  c o d e  c o n s i s t s  of two atom number runs  and a dis-  

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

such  a s  covalent  and coordination bonds.  

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

and that  t h e  interatomic d i s t a n c e  range between metals  and  oxygens i s  1.9 A t o  2.4 A .  The metal-to- 

oxygen vectors  c a n  be spec i f ied  by t h e  vector s e a r c h  code  (1 2) (6  12)  (1 .9  2.4). Several  var ia t ions of 

this  b a s i c  code  a re  used  in t h e  program. 

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

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

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

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

which a r e  derived f r o m  a group of sequent ia l  a toms in t h e  input l i s t ,  then t h e  s p h e r e  i s  s a i d  t o  have a 

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

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

a vector s c r e e n e d  population. 

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

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

radius. 

3.1.7 Box o f  Enclosure. - T h i s  i s  a paral le lepiped which c a n  be centered about  any addressable  

point and a s s i g n e d  arbitrary orientation and dimensions. T h i s  “box of enclosure” can  h a v e  a complete 

population or  a par t ia l  population as  descr ibed for t h e  sphere  of enclosure (3.1.6). However, vector 

screening i s  not a l lowed with the  box of enclosure.  

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

culat ions u s e  fract ional  coordinates  b a s e d  on t h e  c rys ta l  a x e s  a, b, and c ( t r ic l inic  coordinate  system); 

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

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

is used for a l l  operat ions except  plotting, where the working (minor) sys tem i s  used .  For a right-eye 

or left-eye s t e r e o  view,  the working sys tem is moved from t h e  reference sys tem by rotation about  an 
ax is  of the reference sys tem.  However, cer ta in  d e c i s i o n s  made while  plotting must s t i l l  be  referred 

to the reference sys tem to maintain accura te  s t e r e o p s i s .  T h e  u s e r  can  def ine and  or ient  t h e  two 

Car tes ian  s y s t e m s  through t h e  instruct ions of s e r i e s  500. Until a 500-ser ies  instruction i s  given,  a 

“s tandard Car tes ian  s y s t e m ”  i s  ut i l ized for both t h e  reference and  working sys tems.  

base  vectors  of the  s tandard sys tem a r e  oriented a s  follows: 

T h e  orthonormal 

x a x i s  a long  a, 

y a x i s  a long  (a 

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

b) Y a, 

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

c r  refers to a reciprocal a x i s .  
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3.1.9 P r i m e  Parameters and Pr imer  Constants .  - In the  p rocess  of mathematically desc r ib ing  an  

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

e t e r s  a r e  ca l l ed  Prime Parameters. T h e  v a l u e s  a s s i g n e d  t o  t h e s e  prime parameters  are often s imi la r  or 

ident ica l  from one  problem to t h e  next.  T h e  f i r s t  t h ing  OR TEP d o e s  i s  to  c a l l  subrout ine PRIME, which 

s e t s  a s  many prime parameters  as  poss ib l e  t o  reasonable ,  "in the  ba l l  park," Primer Constants. For ex- 

ample, t he  maximum plo t  dimensions (instruction 300 se r i e s )  are set at  17.0 in. for x maximum and 11.0 

in. for y maximum, and the  overall  scale for p lo t t ing  (instruction 600 se r i e s )  is set at  1.0 in./A. If t he  

value a s s i g n e d  t o  a particular cons t an t  by t h e  primer routine is sa t i s f ac to ry ,  t h e  u s e r  d o e s  not have  to 

rese t  t h i s  cons t an t  with OR TEP ins t ruc t ions .  

3.2 Crystal  Structure Data Input 

3.2.1 Tit le Card. - FORMAT (12A6) 

C o l u m n s  

1-72 T i t l e  cons i s t ing  of any des i r ed  alphanumeric  ident i f ica t ion  information. 

T h i s  wi l l  appea r  periodically in  t h e  output.  

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

b e  u s e d  (no ind ica tor  is needed  t o  specify which type). '  

T h e  parameters a*, e tc . ,  r e f e r  to t h e  reciprocal un i t  cell s u c h  tha t  a.a* = 1. Al l  four  t ypes  wi l l  b e  

printed out regardless  of which type  w a s  u s e d  for input.  

3.2.3 Symmetry Cards ( 1  =( NSYM 5 48). - FORMAT (Il,Fl4.10, 3F3.0,2(F15.10,3F3.0)).  T h e  card 

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

If that  number is ~ 5 . 0 ,  t h e c a r d  is interpreted a s  a crystal lographic  symmetry operation; but if t h e  number 

i s  =5.0, t h e  card i s  interpreted as  a general  helix-screw symmetry operation'  a long  t h e  c *  c r y s t a l  a x i s  > 

> > 
'The routine assumes  that  a = 1.0 A ,  a* < 1.0 A b ' ,  

'The general helix-screw symmetry operation i s  not a n  allowed element of a crystallographic group, so  that  the 
molecular environment of the  transformed unit will not in general b e  ident ical  t o  that of the  untransformed unit (unless  
the crystal  i s  considered to  be  one dimensional). 
structure models with minimum input. 
complete crystallographic asymmetric uni t  and normal crystallographic symmetry transformations. 

continue uninterrupted from c e l l  t o  c e l l  along the c axis .  

(or U * )  = 1.09 and lcos (or lcos a* I ) < 1.0. 

This  input is simply a n  expedient for u s e  in plotting hel ical  polymer 
In general i t  would be  poss ib le  t o  produce the same  resu l t s  by specifying the 

This  input mode i s  only meaningful i f  the  ce l l  angles  a and [3 are  909 s o  that  c lies along c* and t h e  hel ix  can  
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(third a x i s  of t h e  s t anda rd  Car tes ian  s y s t e m ;  see 3.1.8). T h e  two symmetry types  c a n  be  intermixed if 

desired.  

( a )  C r y s  ta  I 1  o g r a  ph i c  s y m m e t r y  

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

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

1 

2-15 
16-18 
19-2 1 

22-24 
25-39 
40-42 

43-45 
46-48 
49-63 

64-66 
67-69 
70-72 

f' 0 l a s t  ca rd  only 

TI 

s1 I 

SI 2 

s* 3 

T z  
s2 1 

Sz 2 

T 3  

s 3  2 

s 3  3 

'2 3 

' 3  1 

f 0 l a s t  card  only 

T1 
- 

T 3  

L 
M 

N 

(a )  Crystallographic symmetry3: Transformed t r ic l in ic  coord ina tes  (X 1, Y ,,Z 1) are  obtained from input 

tr iclinic coord ina tes  (X, Y , Z )  by 

XI = T I  i S1 X + S l z  Y + S I 3  Z , 

Y l  = T ,  + S , l  X + S 2 2  Y + S,, Z ,  

Z 1  = T 3  t S 3 1  X + S,,  Y + S 3 3  2 ,  

or in matrix notation 
X I  = T + S  X ,  

where 

T = ( T 1 , T 2 , T 3 )  a s  fractions of c e l l  e d g e s .  

( b )  Helix sc rew symmetry: 
X 1 = T + S X ,  

where 

T = ( T , ,  T 2 ,  T 3  + L / N )  as  f rac t ions  of c e l l  e d g e  a n d  

S = a counterc lockwise  rotation of L.M/N c y c l e s  about  C* a x i s .  

For example,  t he  Pau l ing  and  Corey right-handed a lpha  helix repea ts  a f te r  5 turns a n d  18 res idues  and  can  

be  represented by 18 symmetry c a r d s  with N = 18; M = 5; L = 0, 1, . . . , 17; T I ,  T Z ,  T 3  = 0. T h e  input 

atom l i s t  con ta ins  the  con ten t s  of one  residue. 
< < 3.2.4 Atom Parameter Cards ( 1  = NATOM = 166). - Two ca rds  a re  required for each  input atom. T h e  

first  conta ins  the chemical symbol and posit ional parameters,  and  the second con ta ins  temperature factor 

30nly symmetry cards  for general symmetry equivalent posi t ions are  permitted. Symmetry cards  which explicitly 
designate spec ia l  positions such  a s  X, x, X ;  x, x, 2 ;  x,y,o; $,Y,O; and $,3/ ,0 are  not allowed. 
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information or other  information which s p e c i f i e s  how t h e  atom i s  t o  b e  represented on  t h e  drawing. T h e  

format a l lows  t h e  u s e  of t h e  atom parameter c a r d s  produced by  t h e  FORTRAN L e a s t  Squares  Program OR 

F L S  by Busing, Martin, and Levy (1962).4 Severa l  a l te rna te  inputs  a r e  p o s s i b l e  for e a c h  of t h e  two c a r d s ,  

and the  number in  columns 55-63 denotes  t h e  type  u s e d  on t h a t  par t icular  card. 

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

C o l u m n s  

1-6 
7-9 Blank 

Up t o  s i x  alphanumeric charac te rs  centered  i n  t h e  s ix-place f ie ld  

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

- - - xo (A) Car tes ian  
- - - yo  (A) Car tes ian  

28-36 x (fractional, c rys ta l )  x (A, crys ta l )  x (A, Car tes ian)  r (A) cyl indrical  
37-45 y (fractional, c rys ta l )  y (A, c r y s t a l )  y (A, Car tes ian)  4 (9 cyl indrical  
46-54 z (fractional, c rys ta l )  z (A, c rys ta l )  z (A, Car tes ian)  z (A) cyl indrical  

10-18 
19-27 

55-63 0 or blank 1 2 3 

Type  0 i s  t h e  normal input based on t r ic l in ic  coordinates .  Some authors  g ive  coord ina tes  in A along the  

unit c e l l  vector; type 1 would b e  used  in  s u c h  a case. T y p e  2 a l lows  one t o  p l a c e  a model descr ibed  in 

Cartesian coordinates  onto a general  t r ic l inic  la t t ice .  T h e  or ientat ion of t h e  Car tes ian  s y s t e m  x y z in 

the general  l a t t i ce  o b c i s  the  s tandard t y p e  descr ibed i n  3.1.8 with x a long  o and z a long  c * .  T y p e  3 

i s  s imilar  t o  type  2 except  that  cyl indrical  coord ina tes  r,  4, z are u s e d  and t h e  a x i s  of t h e  sys tem c a n  

be d isp laced  from zero  in the  x y Car tes ian  p lane  by t h e  d isp lacement  xo, y o ,  Cylindrical  coord ina tes  

are often used  in  the l i terature  t o  d e s c r i b e  a h e l i c a l  s t ructure .  T h e  xo, yo translat ion should  be  zero  

if hel ical  symmetry operators  a r e  used .  T h i s  t ranslat ion feature  is meant to b e  used  in  expl ic i t ly  de- 

scr ibing t h e  conten ts  of 3 multiple hel ix  c e l l .  

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

C o l u m n s  

1 A s e n t i n e l  # 0 for l a s t  atom only 

T y p e  0,1,2,3,10 ~ y ~ e  4,5,8,9 T y p e  6 T y p e  7 

B B R R  

0 0 0 0  
2-9 bl 1 I 

10-18 b2 2 u 2  2 

19-27 

28-36 
37-45 

46-54 

b 3  3 

b12 

'1 3 

b 2  3 

u 3 3  

u 1  2 

u 1  3 

'2 3 

55-63 0,1,2,3,10 4 ,5 ,8 ,9  6 (or 0) 6 (or 0) 7 7  

~~ 

4W. R. Bus ing  and H. A. L e v y ,  A Fortran Crystallographic Least-Squares Program, ORNL-TM-305 (Nov. 21, 1962). 



33 

T h e  coeff ic ients  b..(i,j  = 1,2,3)  of the  anisotropic  temperature factor, types  0,1,2,3,10,  a r e  defined 

as  follows: 
' I  

T h e  complete  temperature factor is 

{ - D ( b  h 2  + b 2 2 k 2  + b3312  + c b 1 2 h k  + c b l 3 h 1  + c b z 3 k 1 ) ]  (Base)  1 1  

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

type 2: B a s e  = 2 ,  C = 2; D = 1;  

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

type 10: B a s e  = e, C = 2, D = 277'. 

T h e  coeff ic ients  U . . ( z , j  = 1,2,3)  of the  anisotropic  temperature factor types 4 and 5 are defined a s  fol- 

lows: T h e  complete  temperature factor is 
11 

exp{ - D ( a T 2 U 1 , h 2  +a:2U22kZ i a : 2 U 3 3 1 2  + Caya:V12hk + CaTa:V13hl + Ca:a:V23kl)) , 

where a;, a;, a: a r e  reciprocal  cell dimensions and i n  types  4 and 8 ,  C = 2; i n  types  5 and  9, C = 1 ;  in  

types 4 and 5, D = v4; i n  types  8 and 9, D = 2n2. T y p e  6 a l lows  t h e  input  of t h e  Debye-Waller isotropic  

temperature factor  B,  which is used  as follows: 

e x p  (-- B s i n 2  8 / h 2 ) ,  

where X i s  t h e  wavelength and  8 is t h e  Bragg angle .  T h e  parameter B i s  re la ted  t o  mean-square d isp lace-  

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

- 
B = 8n2 p 2  . 

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

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

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

t h e s e  arbi tary or thogonal  vectors  by using t h e  two vector  designator  c o d e s  VDC, and VDC,; then t h e  

three new principal-axis vectors  wil l  b e  VDC1,  (VDC, x VDC,), and VDCl  x (VDC, x VDC,). T h i s  i s  

s t r ic t ly  a n  a r t i s t i c  fea ture  of no phys ica l  s ign i f icance .  

Type  7 a l lows  t h e  input  of arbitrary spheres  of radius  ,7 = R in  angstroms. T h e  vector  t r iplet  orienta- 

tion is specif ied as  with type 6. An additional feature  a l lows  one  to u s e  a completely blank card (except  

perhaps column 1 )  for a temperature factor card. In th i s  case t h e  program assumes  type  7 with an R = 0.1 A. 

A type 10 temperature-factor input card may be  u s e d  to load Cartesian temperature factors  having 

components in  the  s tandard  Cartesian sys tem (3.1.8). T h i s  feature complements the  type 3 Cartesian 

positional parameter  input system (3.2.4.1) and  i s  useful  for plotting mean-square d i s p l a c e m e n t s  caused 

by internal molecular  motions as calculated from spec t roscopic  normal-coordinate ana lyses .  5 * 6  

3.3 Instruction input 

T h e  instruct ions a r e  t h e  commands u s e d  in  programming a n  i l lustrat ion,  and  there  i s  n o  required se- 
quence for t h e  instruct ions,  except  a s  indicated by t h e  programming logic. Some instruct ions require 

' C .  K. Johnson, chap. 9 in  Thermal Neutron D i f f r a c t i o n ,  ed by B. T. M. W i l l i s ,  p. 149, Oxford University P r e s s ,  

6R. R. Holmes and R. M. Deiters, 1. Chern. Phys.  51, 4043 (1969). 
London, 1970. 
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trailer cards ,  which may have  three different  formats .  T h e  program i s  informed what t h e  format of t h e  

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

by th i s  information. 

“ L o o k  a h e a d ”  

( c o l u m n s  1 - 3 )  

0 or blank 

1 

2 

3 

N e x t  c a r d  w i l l  b e  - P r o g r a m  a c t i o n  

Format No. 0, a new instruct ion Execute  present  instruct ion;  
then read next  card.  

Format No.  1, cont inuat ion of Read cont inuat ion card;  then 
present  instruct ion check  “Look ahead .”  

code  “Look ahead .  ’’ 
Format No. 2 ,  vector  s e a r c h  Read (VSC) card;  then check  

Format No. 3, alphanumeric info. Read alphanumeric  info. and 
e x e c u t e  instruct ion;  then 
read next cbrd. 

3.3.1 Instruction Cards. - 3.3.1.1 The Format No. 0 Instruct ion Card. - FORMAT(13,16,7F9.0) 

C o l u m n s  

1-3 “Look a h e a d ”  (0,1,2,3)  

4-9 Instruct ion number 

10-18 1 s t  parameter 

19-2 7 2nd parameter 

64-72 7th parameter 

3.3.1.2 Format  No. 1, Instruct ion Continuation Card. - FORMAT(I3,16,7F9.0) A maximum of 1 9  con- 
tinuation c a r d s  per instruct ion i s  permitted. 

C o l u m n s  

1-3 “Look ahead”  (0,1,2,3)  

4-9 Blank 

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

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

3.3.1.3 Format No. 2, Vector Search Code  (VSC) Card. - FORMAT(I3,6X,SI3,8F6.0) A maximum of 

ten VSC cards  i s  a l lowed.  T h e s e  cards  c a n  b e  entered with any instruct ion,  but only cer ta in  instruct ions 

will u s e  them. They  must  be  entered with the particular ins t ruc t ions  that  require them; that  i s ,  they are 

not held over. T a b l e  3.1 wil l  b e  referred t o  as  t h e  individual ins t ruc t ions  a r e  explained.  



Table 3.1. Vector search code cards 

Inertial Negative No. i n  columns Search instructions 
axes  Bond plotting instructions 43 to  48 

~~ Columns 101 402 
803/813 505/506 801 /811/82 1 802/812/822 803/813 802/812/822 102 412 

1-3 

4-9 

10-12 

13-15 

16-18 

19-21 

22-24 

25-30 

31-36 

37-42 

43-48 

4 9-54 

55-60 

61-66 

67-72 

Look ahead 

- 

ORG. ANR I 
TAR. ANR I 

- 
D min (A) 

D max (A) 

- 
- 
- 
- 
- 
- 

Look ahead Look ahead 

- - 

] ANR 

- 

Weight 

- 

Bond type 

- 
- 

Bond radius  (A) 

Perspect ive label hgt. (in.) 

Perpendicular displ. (in.) 

Nonperspective label  hgt. (in.) 

Perpendicular displ. (in.) 

Digits indicator 

Look ahead 

- 

Bond type 

D rnin (A) 

D max (A) 

Bond radius  (A) 

Perspect ive label  hgt. (in.) 

Perpendicular displ. (in.) 

Nonperspective labe l  hgt. (in.) 

Perpendicular displ. (in.) 

Digits indicator 

Look ahead 

- 

ANR (B) I 
- 

D rnin (A) 

D max (A) 

- 
- 
- 
- 
- 
- 

Look ahead 

- 

Bond type 

D min (A) 

D max (A) 

Bond radius  (A) 

} ANR (P) 

D rnin (A) 

D max (A) 
P 

Look ahead 

- 

- 
D min (A) 

D max (A) 

- 

} ANR (PI  

D min (A) 

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

C o l u m n s  

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

3.3.2 Structure Analysis Instructions (100 Series). - T h i s  s e r i e s  of instruct ions i s  not connected 

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

venient tabulat ion of the  chemical ly  in te res t ing  a s p e c t s  of a c r y s t a l  s t ruc ture ,  s u c h  a s  interatomic d is -  

tances ,  interatomic a n g l e s ,  and  principal a x e s  of thermal motion. 

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

target’) a toms within a sphere  of enc losure  of radius  D max about a particular “origin” atom. T h e  1 1  

instruction card h a s  a n  atom designator  run ( s e e  3.1.3) of origin atoms (Org. ADR) and a n  atom number 

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

with a printout of r e s u l t s  a f te r  e a c h  one.  For example,  s u p p o s e  there  a r e  nine a toms in t h e  input l is t  

and we want t h e  total  surroundings of a toms 365502, 465502, and 565502 out t o  a maximum radius ,  D 

max, of 4 A. The  Org. ADR i s  des igna ted  (365502, 5) or (365502, 565502)7 and  t h e  T a r .  ANR i s  

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

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

Format N o .  2 ( s e e  3.3.1), which can  b e  en tered  with t h e  instruct ion.  If VSC c a r d s  a r e  present ,  then 

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

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

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

known interatomic d i s t a n c e  ranges,  s u c h  a s  t h o s e  tabulated in Vol. I11 of the  International Tables for 
X-Ray Crystallography.’ 

Vectors  found about  a particular origin atom a r e  s tored  i n  a tab le  of dimension 200 sor ted on d is tance .  

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

about a n  origin atom, t h e  200 shor tes t  vectors  a r e  saved.  At the end of the  s e a r c h  about  e a c h  origin atom, 
the d i s t a n c e s  a r e  printed out a long  with t h e  atom designator  c o d e s  (ADC), chemical  symbols ,  and  tr i -  

c l inic  c rys ta l  coord ina tes  for  t h e  origin and target  a toms.  If the  instruct ion i s .102 ,  a l l  poss ib le  inter- 

atomic angles  and interatomic d i s t a n c e s  for t h e  e d g e s  opposi te  t h e  a n g l e s  a r e  a l s o  ca lcu la ted  and printed 

for the s tored  vectors .  There  wil l  be  n(n - 1)/2 a n g l e s  for n vectors .  

7For the origin sequence 355501, 455501, 555501, an Org. ADR input (3,s) is allowed a s  well a s  (355501,5) and 
(355501,555501); however, the Tar. ANR must always be designated a s  shown. 
a s  ORG 1,  ORG 2; and Tar. ANR is denoted by TAR 1,  TAR 2. A minus s ign preceeding the second member of the 
Org. ADR is not required. 

In sect .  2.1, Org. ADR is designated 

8 H .  Ondik and D. Smith, “Interatomic Distances in Inorganic Compounds,” p. 257 in In t e rna t iona l  T a b l e s  for 
X - R a y  Crys ta l lography .  vol. 111, ed. by K.  Lonsdale, Kynoch, Birmingham, 1962. 
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T h e  tabulat ion of atom designator  c o d e s ,  which is obtained automatical ly  when t h e s e  instruct ions 

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

addressable  region of g3  c e l l s ,  t h e  computing t ime i s  generally only a matter of s e c o n d s  per sphere  

unless  a very large D max i s  spec i f ied .  Subroutine SEARCH i s  a rather e laborate  routine des igned  to  

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

plained i n  3.3.5. 
Instruct ion card for instruct ions 101 and 102: 

C o l u m n s  

1-3 

4-9 101  or 102 

0 or 2 (look ahead)  

Origin-ADR (atom des igna tor  run) 
10-18 

19-27 

Targe t  ANR (atom number run) 
28-36 

37-45 

46-54 D max (A) 

3.3.2.2 Znstruction 103. - Principal  a x e s  of thermal motion (or arbitrary s p h e r e s ,  according t o  t h e  

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

square  ampli tudes of d isp lacement  a long  t h e  principal a x e s  of t h e  t r ivar ia te  normal probability densi ty  

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

A symmetric covar iance  dispers ion matrix b a s e d  on t h e  reference Car tes ian  sys tem i s  a l s o  printed out. 

The  diagonal  e lements  a r e  t h e  mean-square d isp lacements  a long  t h e  reference Car tes ian  a x e s .  

C o l u m n s  

1-3 
3-9 103  

10-18 Blank 

0 or blank (look ahead)  

3.3.2.3 Instruct ions 105 and 106, Convoluting Sphere o f  Enclosure  a n d  Rei te ra t ive  Convoluting Sphere 

of Enclosure.  - T h e s e  instruct ions u t i l i ze  the  ATOMS tab le  and c a n  only b e  u s e d  af ter  one or more a toms 
have been placed in  the  t a b l e  by a 401, 402, 403, or 404 instruct ion.  T h e  conten ts  of the  tab le  are re- 

turned to  the  condition of entry a t  the conclusion of instruct ions 1 0 5  and 106. 
All a toms in  t h e  ATOMS table  which have  atom numbers within the origin atom number run (Org. ANR) 

of t h e  instruct ion are used  as  origin points. Interatomic d is tances  for a l l  neighboring atoms (whether or  

not in the  ATOMS tab le)  a r e  found out t o  t h e  spec i f ied  radius. Vector-search-code (VSC) c a r d s  may be  

used  for screening  if desired.  

Instruct ions 105 and 106 a r e  s imilar ,  except  that  instruct ion 106  k e e p s  repeat ing t h e  “convolution” 

process  until no new atoms with atom numbers within the  Org. ANR a r e  found. 



Instruction 106  is usefu l  for molecular s t ruc tures  where the  a toms i n  the  input  asymmetric uni t  d o  not 

form a n  in tac t  molecule. In a case of t h i s  nature, i t  is advisable  t o  p l a c e  a s i n g l e  atom into the  ATOMS 

tab le  with a 401  instruct ion and l e t  a 1 0 6  instruct ion find the  molecule. C a r e  must be  taken t o  spec i fy  a 

D max which wil l  e n c l o s e  only bonded atoms.  T h e  106  instruct ion should  not b e  used  for s t ruc tures  form- 

ing inf ini te  cha ins .  

C o l u m n s  

1-3 
4-9 1 0 5  or 106  

0 or 2 (look ahead)  

Origin ANR (atom number run) 10-18 

19-27 

46-54 D max (A) 

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

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

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

different equipment configuration, t h e s e  s e r i e s  200 instruct ions,  which are executed through subrout ine 

F200, should b e  redefined to su i t  the  user’s  requirements. Instruct ions for controlling t h e  CalComp 765 
and 835 off-line magnetic t a p e  plotting s y s t e m s  are given here. 

Instruct ion 201, P l o t  P a c k a g e  Ini t ia l izat ion,  Mechanical Plot ter .  - T h i s  instruct ion (or a 3.3.3.1 
203 instruction) must  be  executed before any plot t ing can  t a k e  place.  I t  i s  a s a f e  pol icy a lways  to  

make th i s  the  f i rs t  instruct ion card. It should be  u s e d  only once  per computer j o b  regard less  of how 

many p lo ts  a r e  to  b e  drawn during the job. I f  the  201 (203) and 301 instruct ions are omitted, a l l  calcula- 

t ions are carr ied out  but no plotting i s  done. 

3.3.3.2 Instruction 202, Plot Terminate a n d  Frame Advance. - T h i s  t a k e s  c a r e  of put t ing t h e  correct  

plot termination information onto t h e  magnetic t a p e  t o  inform the plot ter  t h a t  the  current plot is f inished.  

It a l s o  a l lows  advance  of t h e  paper  so  tha t  t h e  old plot i s  removed and  new paper  i s  in  posi t ion for the  

next plot. 

C o l u m n s  I n s t r u c t i o n  201 I n s t r u c t i o n  2 0 2  

1-3 

4-9 

10-18 

Blank 

201 

Blank 

202 
Plo t te r  movement a long  x 

e d g e  of paper  i n  i n c h e s  

’The CalComp i s  an incremental plotter. The  particular Benson-Lehner model avai lable  a t  Oak Ridge Central 
Data Processing Faci l i ty  h a s  a l s o  been used. 
converter. In general i t  seems that  a n  incremental plotter is better sui ted t o  the  requirement of OR TEP. The  user  
should be  warned that in the author’s experience the magnetic tape  ?lotting sys tems are  notoriously troublesome; an 
annoying percentage of plot failures is to be expected because of equipment malfunctions. (This  was true in 1965 
and is s t i l l  true in 1975.) 

The  Benson-Lehner is an electromechanical x - y  plotter with an analog 
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3.3.3.3 Control lnstruct ions for CalComp Model 835 Cathode-Ray-Tube Plot ter .  - In order  to plot 

interchangeably on t h e  C R T  and the  mechanical  CalComp plot ters ,  a n  extended 200 s e r i e s  of instruc- 

t ions is necessary .  

A 203 instruct ion i n i t i a l i z e s  t h e  C R T  plot ter  and  is u s e d  in p lace  of the  201 instruct ion.  In general ,  

n o  other  c h a n g e s  a r e  needed  except  that  the  plot t ing a r e a  spec i f ied  by t h e  301  instruct ion must  not  
exceed 17 in. in  x and 11 in. in  y .  ( T h e  301 primer c o n s t a n t s  a r e  s e t  accordingly.) 

C o l u m n s  

1-3 Blank 

4-9 203  

10-18 XORG I (new position of the origin of plot ter  coordinates  re la t ive to  t h e  lower left-hand 
J’ c o m e r  of the normal CRT plot t ing area)  

19-27 YORG 

28-36 IZORG (beam intensi ty  origin) 

The ent r ies  for XORG, YORG, and IZORG are normally zero  or blank. 

T h e  beam in tens i ty ,  I Z ,  can  be  changed from i t s  in i t ia l ized  va lue  I Z  = IZORG + 18 to any o ther  

value i n  t h e  range 0 to 30 with a 204 instruction. T h e  u s a b l e  range of I Z  i s  about  1 2  t o  24  with t h e  

higher va lues  producing darker l ines .  

C o l u m n s  

1-3 Blank 

4-9 204 

10-18 I Z  - IZORG 

T h e  frame a d v a n c e  instruct ion 202 is interpreted differently for C R T  usage;  however ,  t h e  same 202 

instruction c a r d s  u s e d  for a mechanical  plotter plot can  also b e  u s e d  for a C R T  plot. Any pos i t ive  

number in  columns 1 0  to  18 of t h e  202 instruct ion (3.3.3.2) will add a block a d d r e s s  ( i -e . ,  p lot  number) 

to  the magnet ic  t a p e  and wil l  advance t h e  film to a new frame. A value of zero  i n  columns 10 t o  18 will 

add a block a d d r e s s  but wil l  not advance t h e  film to a new frame, and a negat ive  va lue  will terminate 

the  output magnet ic  t a p e  file. I t  i s  not normally n e c e s s a r y  to u s e  the nega t ive  va lue  opt ion s i n c e  t h e  

termination is taken  c a r e  of  automatically when t h e  -1 instruct ion is executed if a 201 instruct ion w a s  

not executed a f te r  the  203 ini t ia l izat ion instruct ion;  however ,  i f  t h e  mechanical  plot ter  is to b e  u s e d  

during t h e  s a m e  job,  t h e  nega t ive  value option a l lows  t h e  C R T  to b e  terminated properly before 

ini t ia l izat ion of t h e  mechanical  plotter. 

3.3.4 Plot Boundory lns truc t ions  (300 Series). - T h i s  is a s e t  of misce l laneous  instruct ions for 

specifying the  dimensions of t h e  drawing, viewing d is tance ,  general  le t ter ing or ientat ion,  and  pen d is -  

placement for l i n e  retracing. 

3.3.4.1 Instruct ion 301. - T h i s  instruct ion d e f i n e s  t h e  limiting x and y dimensions,  in  inches ,  of 
the plot boundary and t h e  border indentat ions.  T h e  boundary dimensions must not exceed  t h o s e  al lowed 

by the plotter. T h e  program wil l  prevent t h e  pen from ge t t ing  c l o s e r  than 0.1 in. to  a n y  boundary. T h e  

border indentat ion i s  an e q u a l  margin ins ide  t h e  ent i re  boundary. When automatic  s c a l i n g  i s  used  (600 
ser ies) ,  the  center  points  of t h e  a toms a r e  prevented from fai l ing in the  margin; but the  atom represen-  
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tation, which h a s  a f ini te  s i z e ,  may extend in to  that  a rea .  To compensa te  for t h e  overlap,  t h e  border 

dimensions should  b e  large when t h e  overal l  drawing s c a l e  and  t h e  e l l ipso id  s c a l e  a r e  expected t o  b e  

large. 

In addi t ion,  instruct ion 301  s p e c i f i e s  the  perspec t ive  viewing d i s t a n c e ,  in  i n c h e s ,  f r o m  t h e  plane of 

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

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

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

- - 1-3 
4-9 301  - 

10-18 P l o t  x limit (in inches)  17. 
19-27 Plot  y limit (in inches)  11. 

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

28-36 View d i s t a n c e  (in i n c h e s )  0. (paral le l  proj.) 

3.3.4.2 Instruct ion 302, T i t l e  Rotation. - For regular t i t l e s  a n d  chemica l  symbols ,  the  t i t le  rotation 

i s  spec i f ied  with instruct ion 302. T h e  le t te r ing  b a s e  l ine  for a l l  le t ter ing i s  rotated counterclockwise by 

an angle  the ta ,  in  degrees ,  f r o m  the  x a x i s  of the  plotter. Although any  va lue  i s  a l lowed,  Oo and -90° a r e  
the v a l u e s  most often used ,  s o  tha t ,  when one v iews  t h e  f in i shed  drawing,  e i t h e r  the  y plotter a x i s  i s  ver- 

t i ca l  or t h e  x plotter a x i s  i s  ver t ica l .  

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

1-3 Blank 

4-9 302 

10-18 T h e t a  i n  degrees  

- 
0. 

3.3.4.3 Instruct ion 303, Retrace  Displacement. - For a r t i s t i c  purposes ,  cer ta in  l i n e s  a r e  made heavier  

than o thers  by retracing over t h e  path severa l  t imes  with s l igh t  pen d isp lacements  (DISP) f r o m  the  original 

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

the  hidden half s o  the eye  d o e s  not confuse  the  two ha lves .  In addi t ion a l l  regular  le t ter ing (but not per- 

spec t ive  le t ter ing)  i s  gone over  four t imes t o  g ive  i t  boldface appearance.  In preliminary runs or when the  

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

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

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

ORNL. For o ther  p lo t te rs  or for various inking pen  s i z e s ,  DISP can b e  rese t  a t  t h e  u s e r ' s  discretion. 

Retracing should not b e  used  with a CRT plot t ing device.  

C o l u m n s  

1-3 - 
4-9 303 

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

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

- 

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

t o  b e  included in  t h e  i l lustrat ion.  T h e  atom des igna tors  for t h e  c h o s e n  atoms are s tored  in t h e  ATOMS 

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

i l lustrat ion h a s  m o r e  than t h i s ,  t h e  i l lustrat ion c a n  b e  segmented and t h e  s e g m e n t s  drawn sequent ia l ly  

on the same plot. 

Groups of atoms a r e  added t o  or el iminated from t h e  ATOMS array (which i s  s e t  t o  z e r o  a t  t h e  s ta r t  

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

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

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

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

s t ruct ion.  

3.3.5.1 Instructions 401 and 411, Atom Designator Run Add and Atom Designator Run Eliminate. - 

T h e s e  instruct ions can  contain:  ( a )  atom des igna tor  c o d e s  (ADC) for a s i n g l e  a tom, ( b )  atom designator  

runs (ADR) for s e v e r a l  a toms in a run, (c )  blank f i e l d s  (except  between t h e  two e n t r i e s  of a run), and 

(d) any combinat ions of (a ) ,  (b ) ,  and (c ) .  Since  up  to  1 9  Format No. 1 cont inuat ions a r e  p o s s i b l e  per 

instruct ion,  up t o  7 0  runs c a n  b e  made per  instruct ion and  a n  unlimited number of instruct ions c a n  b e  

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

C o l u m n s  

1-3 

4-9 401 or 411 

Blank or 1 (depending on what fol lows)  

10-18 

A s  descr ibed  above  

64-72 

3.3.5.2 Instructions 402 and 412, Sphere of Enclosure Add and Sphere of Enclosure Eliminate. - 

T h e s e  instruct ions a l l o w  t h e  u s e r  t o  build o r  modify the  subjec t  by spec i fy ing  t h e  conten ts  (complete, 

partial, or vector  sc reened ,  see 3.1.6) of a s p h e r e  of enc losure  about  any  a d d r e s s a b l e  point. F o r  in- 

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

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

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

ta i l s  are ident ica l  t o  t h o s e  of instruct ions 1 0 1  and 102 ( s e e  3.3.2.1) except  for t h e  instruct ion number. 

In t h e  moniior output, only t h e  ATOMS l i s t  a tom des igna tor  c o d e s  a r e  printed and  not the coord ina tes  

and interatomic d i s t a n c e s .  If the  origin a toms on which t h e  s p h e r e s  of enc losure  a r e  centered are t o  be  

saved ,  t h e  target  atom number run (Tar .  ANR) must contain t h i s  atom number. Furthermore, if vector  

search  c o d e  c a r d s  of Format No. 2 a r e  used ,  o n e  of them must s a t i s f y  t h e  intra-atom nul l  vector for the  

origin atom in order to retain i t .  
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3.3.5.3 Instruct ions 403 a n d  413, Box of Enclosure  Add a n d  Box of Enclosure  Eliminate. - T h e s e  

instruct ions al low t h e  u s e r  t o  build or modify the  subjec t  by spec i fy ing  t h e  conten ts  (complete or par t ia l  

but not vector sc reened ,  see 3.1.7) of a box of enc losure  about  any  a d d r e s s a b l e  point (or atom designator  
run of addressable  points). T h e  three  a x e s  of t h e  box a r e  paral le l  to  t h e  three b a s e  vec tors  of t h e  ref- 

erence Car tes ian  s y s t e m ,  a n d  t h e  semidimensions of the  box a r e  spec i f ied  on t h e  instruct ion card.  If a n  

orientation of t h e  box different from t h e  s tandard or ientat ion ( s e e  3.1.8) i s  des i red ,  than a 501 or a 502 

instruction, or both, should b e  used  before this instruct ion t o  reorient the  reference Car tes ian  sys tem.  

After t h i s  instruct ion h a s  been executed,  t h e  reference s y s t e m  c a n  undergo further reorientation as  de- 

s i red for plot t ing purposes ,  e t c .  

A s  in the  c a s e  of t h e  sphere  of enc losure  ( s e e  3.3.5.2), the origin atom on which t h e  box i s  cen tered  wil l  

not b e  included u n l e s s  t h e  target  atom number run includes t h e  origin atom number. Vector s e a r c h  c o d e s  

are not used  by th i s  instruct ion.  Subroutine SEARCH i s  u s e d  by t h i s  instruct ion,  a n d  t h e  instruct ion in- 

put de ta i l s  a r e  s imilar  t o  t h o s e  descr ibed in 3.3.2.1 except  t h a t  D max i s  replaced by t h e  semidimension 

a /2  of the  box and t h e  following f ie lds  on t h e  card  a r e  u s e d  to spec i fy  t h e  other  t w o  semidimensions b/2 

and c/2. One must u s e  caut ion in  choos ing  t h e  box dimensions so tha t  t h e  atom t a b l e  d o e s  not overflow. 

C o l u m n s  

1-3 Blank 

6-9 403 (or 413) 

Origin ADR (see 3.3.2.1) 

Targe t  ANR ( s e e  3.3.2.1) 

10-18 
19-27 

28-36 

37-45 

46-54 a / 2  (A) 

55-63 b/2 (A) 
64-72 c / 2  (A) 

3.3.5.4 Instruct ions 404 a n d  414, Tricl inic  Box of Enclosure  Add a n d  Tricl inic  Box of Enclosure  

Eliminate. - T h e s e  instruct ions a r e  s imilar  t o  instruct ions 403 and  413, e x c e p t  that  t h e  t r ic l inic  box of 

enclosure i s  bounded by p lanes  paral le l  t o  the  principal p lanes  of t h e  c r y s t a l  la t t ice .  T h e  semidimensions 

a/2,  b/2, c /2  refer t o  f ract ional  ( t r ic l inic)  coordinates .  To spec i fy  t h e  conten ts  of the  convent ional  uni t  

ce l l ,  one  would u s e  a /2  = b/2 = c /2  = .5, and t h e  Org. ADR would refer t o  a point in  the  input  atom l i s t  a t  

1 /2 ,  1/2,  1/2. 
3.3.5.5 Instruct ions 405, 406, 415, 416; Convoluting Sphere of  Enclosure  Add, Rei te ra t ive  Convolut- 

ing Sphere of Enclosure  Add, Convoluting Sphere of Enclosure  Eliminate, a n d  Rei te ra t ive  Convoluting 

Sphere of Enclosure  Eliminate. - T h e s e  instruct ions a r e  used  i n  the  same manner as  instruct ions 105 and 

106 ( s e e  3.3.2.3). Thei r  function is t o  add a toms to  or el iminate  a toms from t h e  ATOMS table .  A val id  
origin atom must be  placed i n  t h e  ATOMS l i s t  with a 401, 402, 403, or 404 instruct ion before t h e  present  

instruct ions a r e  used.  All a toms in  t h e  ATOMS tab le  which have  atom numbers within the  origin atom 

number run (Org. ANR) of the  instruct ion a r e  used  a s  origin points  of convolution. 
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An important u s e  for t h e  405 instruct ion is t o  complete  the  coordination s h e l l s  around metal a toms 

without having  to descr ibe  any  of t h e  atoms individually. Another u s e  might b e  t o  obtain a c l u s t e r  of 

atoms out  to t h e  nth neighbor when only t h e  d i s t a n c e  to the  f i r s t  neighbor i s  known. T h i s  c a n  be  accom- 

pl ished by u s i n g  n consecut ive  405 ins t ruc t ions  with D max s l ight ly  more than the  f i rs t  neighbor d is tance .  

Instruction 406 is useful  for descr ib ing  molecular compounds w h e q  a n  unfortunate choice of atoms for 

the input  asymmetric uni t  d o e s  not  allow t h e  molecule  to b e  descr ibed by a run. D max must be  c h o s e n  

judiciously so  t h a t  t h e  s e a r c h  d o e s  not  c r o s s  molecular boundaries. 

T h e  input  format is ident ica l  to  tha t  descr ibed  i n  3.3.2.3, with t h e  appropriate  instruct ion number in  

columns 4-9. 

3.3.5.6 Option for Examining E-Map Results.  - Stereoscopic  drawings are usefu l  for t h e  

rapid screening  of E m a p s  when direct  methods a r e  u s e d  for so lv ing  c rys ta l  s t ructures .  F i r s t  the  

interpolated pos i t ions  of t h e  la rges t  p e a k s  i n  t h e  Fourier  s y n t h e s i s  E map a r e  punched on  c a r d s  di- 

rectly by a Four ie r  program. Then OR TEP s t a r t s  a t  a given peak (usually the la rges t )  and d o e s  a 

reiterative-sphere-of-enclosure-add instruct ion (406) to i s o l a t e  a molecule if one  i s  present .  In order to 

terminate t h e  convolution procedure when ex t raneous  “bridging peaks” link t h e  molecules ,  a modifica- 

tion w a s  added  to  t h e  406 instruct ion which a l l o w s  an atom (in any of i t s  equivalent  posi t ions)  to be  

entered in  t h e  ATOMS list only once. To invoke t h i s  feature ,  a type 1 continuation card (3.3.1.2) with 

a 1 i n  column 18 is added  to t h e  406 instruction. T h e  406 instruct ion opera tes  normally if t h e  continua- 

tion card is omit ted (3.3.5.5). 

3.3.5.7 Instruction 410, Clear Atoms Lis t .  - T h i s  instruction c l e a r s  the  a toms l i s t  to zero. When the 

program i s  f i rs t  entered,  t h e  l i s t  is automatically s e t  to zero. 

3.3.6 Orienting Instructions (500 Series). - T h i s  s e r i e s  of instruct ions or ients  t h e  reference and work- 

ing Car tes ian  s y s t e m s  ( s e e  3.1.8). E a c h  t ime t h e  reference sys tem i s  redefined with a 501 or  rotated with 

a 502, the  working sys tem i s  automatical ly  made coincident  with the  reference sys tem.  T h e  working s y s -  

tem can  b e  displaced from t h e  reference s y s t e m  by rotat ing about  a n  a x i s  of t h e  reference sys tem with a 

503 instruct ion.  T h e  working sys tem i s  a l w a y s  positioned by a rotation from t h e  reference sys tem and 

does  not depend on t h e  previous working s y s t e m  orientation. After e a c h  500 s e r i e s  instruct ion,  the b a s e  

vectors  of t h e  relevant  Car tes ian  s y s t e m  a r e  printed out .  T h e s e  vectors are b a s e d  on the  t r ic l in ic  co- 
ordinate sys tem.  

Car tes ian  coord ina tes  i s  a l s o  printed out. 

the three b a s e  vectors  together  in row vector  form. 

T h e  pos t fac tor  transformation matrix for converting from tr ic l inic  coordinates  t o  

T h e  inverse  transformation matrix may b e  formed by placing 

3.3.6.1 Instruction 501, Reference Cartesian System Assignment. - Any Car tes ian  coordinate  sys tem 
i s  based  on three  orthonormal b a s e  vectors  and a n  origin point. T h e  origin point in t h e  model (ORGN) i s  

spec i f ied  with a n  atom designator  code .  T h e  three orthonormal b a s e  vectors  c a n  b e  descr ibed  by two non- 

col l inear  vec tors ,  and  OR T E P  provides the two following s e p a r a t e  techniques for performing t h i s  opera- 

tion, u s i n g  vector  c r o s s  products of t h e  two v e c t o r s  u and v. 
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T y p e  A T y p e  0 

B a s e  vector  1 (x a x i s )  U U 

B a s e  vector  2 ( y  a x i s )  

B a s e  vector 3 (z a x i s )  

u x v  (u x v) x u 

u Y (u x v) U Y V  

The reference sys tem x and y a x e s  wil l  paral le l  t h e  plotter x and y a x e s ,  and t h e  origin point ORGN will 

l i e  in the  p lane  of t h e  plotter. T h e  viewer w i l l  b e  looking in to  t h e  z a x i s  vector  of t h e  coordinate  sys tem 

from a d i s t a n c e  VIEW in i n c h e s  ( s e e  3.3.4.1) direct ly  above  t h e  origin point. 

C o l u m n s  

1-3 
6-9 

10-18 
19-27 
28-36 
37-45 
46-54 
55-63 
64-72 

E f f e c t i v e  

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

501 
Origin (ADC) 

Vector u (VDC) 

Vector v (VDC) 

- 
000000 
155501 
165501 
155501 
156501 

- - 
0 = T y p e  A, > O  = T y p e  B 1 

3.3.6.2 Instruct ion 502, Reference Car tes ian  System Rotation. - T h e  c r y s t a l  model c a n  b e  given any 

orientation des i red  with a s e r i e s  of rotat ions of t h e  model about  t h e  reference s y s t e m  a x e s .  In general ,  

three rotat ions (e.g., t h o s e  of a n  Euler ian sys tem)  a r e  suf f ic ien t  t o  a c h i e v e  any  orientation, but  for con- 

venience a n  unlimited number of rotat ions a r e  permitted in t h e  program. In addi t ion,  rotat ions of 120' 
about the  body diagonal  of t h e  reference Car tes ian  s y s t e m  a r e  permitted ( this  i s  ach ieved  by a c y c l i c  

permutation of reference base vectors). 

E a c h  operation requires  t w o  f ie lds  i n  t h e  instruct ion card.  For a x i a l  rotat ions,  t h e  f i rs t  f ie ld  of e a c h  

pair wil l  have  the  number 1, 2,  or 3 t o  ind ica te  rotation about  t h e  x, y ,  or z a x e s  of t h e  reference system. 

The  s e c o n d  f ie ld  wil l  h a v e  t h e  rotation angle  in  degrees  for  a right-handed rotation of t h e  model about  

the designated a x i s  (i.e., a pos i t ive  a n g l e  s i g n i f i e s  a counterclockwise rotat ion of t h e  s t ruc ture  with t h e  

designated a x i s  point ing toward t h e  reader). T h e  body diagonal  rotation i s  des igna ted  b y  e i ther  a (- 1) 

or a (- 2) in t h e  f i r s t  f ie ld  to indica te  a 120' or a 240' right-handed rotation about  t h e  body diagonal, and 

the s e c o n d  f ie ld  is blank. A (- 3) would ro ta te  the s t ruc ture  completely around and  thus  not change  i t s  

previous or ientat ion.  
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C o l u m n s  

F i r s t  C a r d  

1-3 

4-9 

10-18 

19-27 1 
1 28-36 

37-45 

46-54 

55-63 

64-72 

10-18 

0 (or 1 if cont inued on next  card) 

502 

1,2,3,- 1,-2 

+; 
+; 

4," 

1,2,3,- 1 ,- 2 

1,2,3,-1,-2 

1,2,3,-1,-2 

S e c o n d  C a r d  

+: 

If desired,  e a c h  rotation c a n  b e  executed with a s e p a r a t e  502 instruction card.  

3.3.6.3 Instruction 503, Working Cartesian System Rotation (Stereoscopic Rotation). - T h e  working 

(minor) Ca r t e s i an  sys tem is automatically made coincident  with the  reference s y s t e m  whenever  the ref- 

e rence  sys tem is redefined with a 501 inst ruct ion or rotated with a 502 instruction. To define a n  orien- 

tation of t h e  working sys tem which i s  not coincident  with t h e  reference s y s t e m  w e  u s e  a 503 instruction, 

which a l l o w s  one  rotation about  o n e  a x i s  of t h e  reference sys t em.  Actually any number of s u c c e s s i v e  

rotations c a n  b e  made, but t h e  effect  i s  not  cumulat ive s i n c e  t h e  s t a r t i n g  point for e a c h  rotation is 

a lways  t h e  reference sys t em.  Body diagonal  rotat ions a r e  not permitted. 

A 503 rotation normally precedes e a c h  member of a s t e reoscop ic  pair  of plots.  T h e  rotation i s  about 

a x i s  2 if t h e  s t e r e o  pair  is to b e  viewed with t h e  x a x i s  paral le l  t o  t he  observer 's  interocular l i ne  and 

about a x i s  1 if t h e  y a x i s  is to  be paral le l  t o  t h a t  l ine.  

C o l u m n s  

1-3 - 

4-9 503 

10-18 1,2,3 
19-27 ldo 

3.3.6.4 Optimal Parameters for Stereoscopic Drawings. - Figure 3 .1  s h o w s  a geometrical  con- 

struction which may b e  used  to derive the parameters  used  in  making s t e reoscop ic  drawings.  ' ',' ' 
T h e  empirical  parameters  in  common u s a g e  [ ( a )  30-in. view dis tance,  (b )  5Oto 6' s t e reo  rotation, and 

'OJ .  T. Rule, J. O p t .  SOC. Am. 28 ,  313 (1938). 
"B. G. Saunders, A p p l .  O p t .  7, 1499(1968). 
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(c) a photographic reduction to achieve 2.2 to 2.4 in .  separat ion of equivalent  points]  produce qui te  

sat isfactory resu l t s  with a s l ight ly  exaggerated impression of depth. Theoret ical ly ,  t h e  b e s t  

s te reoscopic  f idel i ty  i s  obtained by t ranslat ion of t h e  origin rather than by s te reo  rotation of the  

object; l 1  however, t h e  comparison of resu l t s  given in Fig.  3 .2  shows that  the d i f fe rences  a r e  in- 

deed minor and nearly impossible  to detect .  Stereo by t ranslat ion of origin i s  ach ieved  with 

instruction 504, which may be  used  in p l a c e  of t h e  503  instruction; however, t h e  504 ins t ruc t ions  

should not b e  u s e d  when the  e l l ipso ids  have  internal  s t ructure  because  the  o c t a n t s  s e l e c t e d  for 

shading may not b e  the  same on both s te reo  views. 

C o l u m n s  

1-3 Blank 

4-9 504 

10-18 

19-27 
28-36 

Trans la t ion  of origin along x a x i s  of reference sys tem (in.) 

Trans la t ion  of origin along y a x i s  of reference sys tem (in.) 

Trans la t ion  of origin along z a x i s  of reference sys tem (in.) 

For  the  geometrical condi t ions depicted in  Fig.  3.1, the  stereo-rotation ins t ruc t ions  for t h e  le f t  and 

right e y e s ,  

503 2 2.45 

and 

503 2 - 2 . 4 5 ,  

a r e  replaced by t h e  s t e r e o  t ranslat ion instruct ions 

504 -1.28 0 0 
and 

504 2.56 0 0 ,  
respectively. If addi t iona l  drawings a r e  t o  b e  made,  t h e  origin first should b e  returned to  i t s  original 

position with t h e  instruct ion 

504 -1.28 0 0 ,  
in order to  prevent  confusion.  

3.3.6.5 Instruction 505, Origin a t  Centroid. - T h i s  instruct ion f inds the  f i rs t  moment ( i .e . ,  

centroid or center  of gravity) of the  atoms in  t h e  ATOMS l i s t  and makes t h i s  point  t h e  ORIGIN of the  

reference and working coordinate systems.  A weight ing scheme and screening  may be  appl ied to the  

atoms by u s i n g  format No. 2 trailer cards  ( s e e  T a b l e  3.1). If no trailer cards  are used ,  a l l  atom posi t ions 

a re  entered with unit weights. 

3.3.6.6 Instruction 506, Origin at Centroid and Inertial A x i s  Coordinate System. - T h e  calculat ion 

described for instruct ion 505 i s  performed; then t h e  second moment matrix about  t h e  centroid i s  calcu- 

lated, and the  reference and working coordinate sys tems are  s e t  up a long  t h e  principal a x e s  of t h i s  matrix. 

T h i s  principal a x i s  system of coordinates i s  a long  the  iner t ia l  a x i s  of the  configuration of a toms in  t h e  

ATOMS l i s t .  T h e  x a x i s  i s  a long the long  a x i s  of t h e  configuration (i.e.,  the  minimum a x i s  of iner t ia)  

and t h e  z a x i s  i s  a long  the short  a x i s  of t h e  configuration (i.e. the  maximal a x i s  of iner t ia) .  T h e  overlap 
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ORNL-DWG. 6 9 -  7 5 4 1  

+PLOT BOUNDARY 7 ORIGINAL OBJECT AND 
I 14 in. STEREOSCOPIC IMAGE 
I SUPERIMPOSE IN THIS BOX I r - - - - - -  
I I  I I  

I I  PLOTTER PROJECTION PLANE I - '  FOR STEREO BY 

( a )  ROTATION 
( b )  TRANSLATION 

ORIGIN FOR STEREO BY 

( b )  TRANSLATION ( LEFT EYE)  

PROJECTION AXIS FOR STEREO BY 

-(b) TRANSLATION 

112 OF TOTAL ROTATION ANGLE 
BY ROTATION 

( 112 x 4 .9"  

PROJECTION PLANE FOR 

STEREOSCOPE PHOTOGRAPHICALLY REDUCED (4.71 30) 
FOCAL LENGTH STEREO PAIR 

( 2.2 in .  BETWEEN EQUIVALENT 
POINTS I N  THE LEFT AND 
RIGHT EYE VIEWS 1 

DISTANCE 

w v  
L E F T  RIGHT 
EYE EYE 

I I 

F-2 
SEPARATION OF 
OPTICAL CENTERS 
IN STEREOSCOPE 

2 . 5 6  in.  

Fig. 3.1. Geometrical Relations Among the Stereoscopic Perspective Projection Parameters for a Typical OR TEP Drawing. 
The available plotting area for each projection is assumed t o  be 14 in. horizontally and at least 11 in. vertically. The scaled 
mathematical object is within a box 12 in. wide, 9 in. lor more) high, and 6 in. deep with the plane of the plotter halfway back 
into the box. The stereoscopic image seen through a stereoscope with a 12-cm (4.7-in.) focal length and a 6.5-cm (2.56-in.) 
separation between optical centers should appear superimposed on the original object. The parameters for both "translation 
stereo" and "rotation stereo" are shown. The appropriate linear dimensions can be scaled to  accommodate other plotting areas 
and still produce the same final image. 
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ORNL CWG. 69-8122 

STEREO R O l A l I O N  tF 9.9 DEGREES 

srmo minim 5 6.0 EWS 

Fig. 3.2. Three Stereoscopic Drawings of a Hexagonal Lattice with Different Stereoscopic Parameters. The top and middle 
drawings utilize the parameters derived in Fig. 3.1 and demonstrate that the differences predicted (ref. 11) for translation and 
rotation stereo are not discernible in practice. The bottom stereo drawing illustrates the slight exaggeration in depth which occurs 
when a larger stereo rotation angle is used. The drawings should be viewed individually with a 12-crn focal-length stereoscope of 
good optical quality. 

along the 2-view direct ion i s  often minimized by t h i s  option. Furthermore, the  x-y  plane  i s  the l e a s t -  

squares  b e s t  p lane  for the  atomic configuration. Format  No. 2 trailer cards  may be used  to supply weights  

and screening  ( s e e  Table  3.1). 
3.3.6.7 lnstruction 511, Overlap Elimination. - S e e  Section 3.3.14. 

3.3.7 P o s i t i o n i n g  a n d  S c a l i n g  I n s t r u c t i o n s  (600 Series). - T h e s e  ins t ruc t ions  a r e  used  t o  direct  the  

placement of t h e  origin point ORGN (specif ied by instruct ion So l )  onto the  drawing (dimensioned by in- 

s t ruct ion 301). In addi t ion t h e  three-dimensional assembly  of atoms (chosen by t h e  400 s e r i e s  instruct ion)  

const i tut ing t h e  model i s  s c a l e d .  The  atomic c e n t e r s  of t h e  model wil l  then b e  hanging in s p a c e  above  

and below t h e  drawing board correctly posi t ioned t o  b e  projected f rom t h e  e y e  point descr ibed  with 301. 

3.3.7.1 Normal Modes of Positioning and Scaling. - Several  normal modes of operat ion a r e  ava i lab le  

t o  the  user  for posi t ioning and s c a l i n g  t h e  model. Instruct ion 601 requires  t h e  u s e r  t o  supply  a complete  

expl ic i t  descr ip t ion  of posi t ion ( x , , y , )  and s c a l e  (SCAL1). At t h e  other  extreme,  instruct ion 604 auto- 

matically s c a l e s  and posi t ions the model so tha t  t h e  peripheral projected atom c e n t e r s  wil l  touch two 
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opposi te  borders and  t h e  peripheral a toms in  t h e  remaining dimensions wil l  b e  centered on t h e  drawing. 

An intermediate  mode is ava i lab le  through 602, which provides  automatic  s c a l i n g  a f te r  expl ic i t  posi- 

tioning. In general  t h i s  a l lows  only o n e  edge  of t h e  model t o  touch a border. F ina l ly ,  instruct ion 603 
requires a n  expl ic i t  s c a l e  and  d o e s  automatic  center ing.  

In general  t h e  604 instruction i s  the e a s i e s t  and s a f e s t  one  to use ,  but s i tua t ions  a r i s e  in  which the  

user  should not relinquish control to the  program. F o r  example, if a b ig  i l lustrat ion i s  t o  b e  drawn piece- 

w i s e  on a s m a l l  plotter, t h e  u s e r  wil l  have  t o  maintain control  over t h e  s c a l e ,  and  probably over 

positioning, so  tha t  t h e  par t ia l  plots  c a n  b e  f i t ted together correct ly .  

A s e c o n d  s c a l e  factor SCAL2 i s  required in  connect ion with the  e l l ipso id  (or sphere)  s i z e .  It i s  

a d imens ionless  s c a l e  factor  ratio used  to  modify a l l  rms displacement  v a l u e s  before plot t ing equi- 

probability e l l i p s o i d s  or s p h e r e s .  A t a b l e  of SCAL2 values  v s  probability i s  given in Sect .  5.2. T h e  

primer cons tan t  for SCAL2 i s  1.54, corresponding t o  50% probability. If t h e  instruct ion’s  entry for 

SCAL2 i s  0 or blank,  then SCAL2 i s  not modified by  t h e  instruction. T h e  same s ta tement  a l s o  holds  

for xo, y o ,  and SCAL1. T h a t  i s ,  if t h e  instruct ion entry i s  z e r o  or blank for a n y  of t h e s e ,  then t h e  value 

of the constant  in  memory is not  changed. T h i s  means  that  an xo or y o  cannot be  entered as  exact ly  

zero, so that  if zero i s  wanted, a small nonzero  number should b e  entered. 

Columns 

1-3 
4-9 

10-18 
19-27 

28-36 
37-45 

601 

- 

601 
X 
0 

YO 

SCALl 
SCAL2 

602 

- 
602 

x O  

YO 
- 

SCAL2 

603 

- 

603 
- 

- 

SCALl 
SCAL2 

604 

- 
604 
- 
- 
- 

SCAL2 

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

- 
8.5 
5.5 
1 .o 
1.54 

3.3.7.2 Incremental Modes of Positioning and Scaling. - Additional flexibility i s  provided through the  

incremental instruct ions 611, 612, and  613. T h e s e  a l low the  u s e r  t o  “nudge” t h e  model or modify t h e  

s c a l e  factor  (SCALl), or both, a f t e r  the  parameters  have  been  ini t ia l ly  s e t  with a previous 600 s e r i e s  in-  

s t ruct ion.  T h e  611 instruct ion a d d s  Axo,  &4y0 t o  t h e  previous xo, y o  position for t h e  ORGN placement 

and mult ipl ies  t h e  ex is t ing  SCALl by .AK (except  if AK = 0, SCALl i s  unmodified). Instruction 612 
increments the  posi t ion and then d o e s  a n  automatic  sca l ing ;  613 f i rs t  increments  the s c a l e  (by multi- 

plying by AK) and then automatical ly  reposi t ions.  

A conserva t ive  general approach i s  t o  follow a 604 with a 611 having :Zxo = 0, .\yo -: 0 and L\K = 0.9. 
T h i s  wil l  simply reduce t h e  s c a l e  10% so  tha t  there  i s  more s p a c e  for labe ls ,  e t c .  
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C o l u m n  6 1  1 6 1  2 6 1 3  

- 1-3 - - 
4-9 611 612 613 

- 10-18 A X o  A X 0  

19-27 AYo ,AY - 
28-36 A K - A K 
37-45 SCAL2 SCAL2 SCAL2 

3.3.8 Atom P l o t t i n g  Ins t ruc t ions  (700 Series) .  - T h e s e  instruct ions a r e  concerned  with drawing 

various representat ions of t h e  atom based  on the familiar ball-and-stick molecular model. T h e  ball in 

the general  c a s e  i s  a n  e l l ipso id  represent ing a contour  s u r f a c e  of e q u a l  probability densi ty .  Alterna- 

tively, when thermal motion i s  not being portrayed, t h e  ball c a n  b e  a s p h e r e  of arbitrary dimension. 

T h e  700  s e r i e s  a l s o  h a s  provision for label ing t h e  a tomic  s i t e  with t h e  corresponding chemica l  symbol. 

The  instruct ions in t h i s  s e r i e s  draw t h e  “ATOMS l i s t ”  a toms which project  onto t h e  u s a b l e  part of t h e  

drawing area.  Atoms found t o  b e  out  of bounds a re  bypassed ,  and a F a u l t  Message  (NG = 10)  i s  printed 

on the  monitor output. An atom i s  out of bounds under t h e  following condi t ions:  (1) if i t s  z coordinate  in 

the s c a l e d  reference Car tes ian  s y s t e m  i s  greater  than f/2 the  viewing d is tance ,  (2) if i t s  c e n t e r  a f te r  pro- 

ject ion f a l l s  ou ts ide  the limiting boundary of t h e  drawing board, or (3) if t h e  projected center  i s  within 

54 of t h e  margin width (BRDR) of a limiting boundary. 

An e l l ipso id ,  for graphical  purposes  in  OR TEP, is cons idered  t o  b e  composed of e l l i p s e s  and  s t ra ight  

l ines .  T h e  e l l i p s e s  are of two types ,  principal e l l i p s e s  and  boundary e l l i p s e s .  Rela t ive  t o  t h e  viewpoint, 

a principal e l l i p s e  i s  further subdivided in to  a front half and a back,  or hidden,  half. There a r e  three 

principal e l l i p s e s  per  e l l ipso id ,  corresponding to t h e  three  pr incipal  planes.  T h e  boundary e l l i p s e  i s  the 

edge of t h e  el l ipsoid a s  s e e n  from t h e  viewpont. T h e  front and back  h a l v e s  of the  pr incipal  e l l i p s e s  meet 

a t  the  boundary e l l ipse .  T h e  s t ra ight- l ine segments  of t h e  OR T E P  e l l ipso id  a r e  t h e  forward principal 

a x e s ,  reverse  pr incipal  a x e s ,  and  octant  s h a d i n g  l i n e s .  
Figure 3.3 s h o w s  various combinations of t h e s e  elements. I t  i s  obvious that  cer ta in  of t h e s e  com- 

binations a r e  bet ter  representat ions than others .  Instruct ion 701 generates  t h e  5 A  model of Fig. 3.3, 

instruction 702 genera tes  2A, and 703 produces 3B. Instruct ion 704 draws  t h e  boundary e l l i p s e  a lone .  

If an atom i s  en tered  a s  a sphere ,  t h e  boundary wil l  b e  c i rcu lar  before projection and s l igh t ly  e l l ip t ica l  

af ter  perspect ive projection. Instruct ion 705 a l lows  t h e  u s e r  t o  make up  any representat ion f r o m  the  

b a s i c  components. 

Chemical  symbols  up  to  s i x  alphanumeric c h a r a c t e r s  in  length are included with t h e  input s t ructural  

parameters for e a c h  atom. T h e s e  symbols  c a n  b e  put onto t h e  i l lustrat ion with one 700 s e r i e s  or s e v e r a l  

900 s e r i e s  instruct ions.  T h e  700 s e r i e s  p l a c e s  t h e  center  of t h e  s ix-character  f ie ld  of e a c h  atom in the 

same posi t ion relat ive t o  the  atom center ;  t h e  900 s e r i e s  a l lows  t h e  u s e r  t o  posi t ion e a c h  symbol  individ- 

ually. T h e  700 s e r i e s  requires  only three  parameters  a s  follows: (1) symbol  height  in inches ,  (2) paral le l  

(left-right) offset  in  i n c h e s ,  and  ( 3 )  perpendicular  (up-down) offset  in  inches .  T h e  parameters refer t o  the  

model before projection, and they wil l  change  s l ight ly  during perspec t ive  project ion.  T h e  paral le l  and 
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ORNL DWG. 64-5255 

A .  8. 

Without back Full l ine  
C. 

4 .  Principal ellipses 

2. 

3. 

4. 

5. 

Principal and 
enveloping ellipses 

Principal ellipses 
and axes 

Principal ellipses 
and axes 
with envelope 

Principa I ellipses 
and axes 
w i t h  envelope and 
octant shading 

_ -  
or reverse axes back 

Fig. 3.3. Various Combinations of Ellipsoid Components. 

Dotted 
back  

(-J; .., . 

0 . . . . .,. . . . . . . , , 

(JJ .. ... . \  &. . . . , - -  _.. . .  

. . '., . . . . . , . . 

. ... 

. I : ., ... I _. '....? ... 

.....A. . . . , 

.. .. ... 

perpendicular of fse t  refer t o  t h e  e x a c t  cen ter  of t h e  s ix-character  input  f ie ld  and a r e  re la t ive t o  the  le t ter-  

ing b a s e  l i n e  s e t  u p  with t h e  302 the ta  rotat ion.  A symbol height  of 0 or blank wil l  c a u s e  t h e  symbol- 

drawing routine t o  b e  bypassed .  

with NPLANE = 4, NDOT = 3, 4,  5, or 6,  NLINE = 0 ,  and NDASH = 0 may b e  used  to  produce dotted 

boundary e l l i p s e s  to cont ras t  with t h e  normal s o l i d  l i n e  boundary e l l ipses .  Another feature  of t h e  

705/715 instruct ion i s  that i f  NPLANE = 0 ,  and if t h e  symbol height i s  greater than zero, then chemical 

In order  to d is t inguish  certain atoms, such  a s  t h o s e  in disordered posi t ions,  a 705/715 instruction 

symbols a lone  a r e  drawn on the  atomic s i t e s .  
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It is p o s s i b l e  to  vary the th ickness  of t h e  boundary e l l i p s e  l ine by making i t  a funct ion of z, the  

height of the  atom from t h e  drawing board. T h i s  option is normally used  with t h e  704 (boundary only) 
instruction but  wil l  work for any  700 instruction. Ent r ies  a r e  put in the  A ,  and A I  f ie lds  of t h e  in- 

s t ruct ion cont inuat ion card to spec i fy  t h e  coef f ic ien ts  of 

,2R(z) = A. + A l z ,  

where 

(AR i s  t h e  i n c r e a s e  in  radial  dimension t o  be  added to the  width of t h e  s i n g l e  pen l ine,  

A. i s  AR for a n  atom a t  z = 0, and 

A l  i s  t h e  ra te  of i n c r e a s e  in radial  dimension with z .  

As a n  example,  a s s u m e  tha t  t h e  a toms of t h e  s c a l e d  model range from 5 in. below t o  5 in. a b o v e  the 

drawing board and t h e  pen width i s  0.2 rnm (.008 in.). If we  want  t h e  c l o s e s t  e l l i p s e  boundary t o  b e  

f ive times a s  wide a s  the  far thest ,  then jA2R(-5 in.) = 0, AR(5) = 0.008 x (5 - 1) = 0.032 in.; t h u s  

A ,  = 0.016 in.  and A ,  = 0.0032 in. 

T h e  program widens t h e  l ine  by s tepping  radial ly  in increments  of DISP, which is s e t  by primer 

cons tan t  to 0.005 in. A 303 instruct ion c a n  b e  u s e d  to c h a n g e  DISP if desired.  
Se lec ted  types  of atoms from the ATOMS tab le  c a n  be  drawn without having to a l te r  the  conten ts  of the  

table .  T h i s  i s  accomplished by u s i n g  a n  atom-number-run (ANR) c o d e  which inc ludes  t h e  atom types  that  

a r e  t o  b e  drawn with a particular 700-ser ies  instruction. T h i s  feature  i s  particularly usefu l  when two or 

more different representat ions a r e  u s e d  s u c h  a s  for the carbon and hydrogen a toms in  t h e  cubane  example. 

If no ANR i s  entered,  then a l l  a toms in  the  table  a r e  drawn. 

T h e  monitor output for the  701 through 705 instruct ions c o n s i s t s  of the  following: 

1. x , y  plotter coordinates:  the  coordinates ,  i n  i n c h e s ,  for the  projected atom center  on t h e  plot, 

measured from t h e  lower left-hand corner  of t h e  limiting boundary. T h i s  i s  t h e  fixed plotter coordinate  

system with origin point s e t  by t h e  plot ter  operator. 

2. x ,y , z  working Car tes ian  coordinates:  t h e  coord ina tes ,  in i n c h e s ,  f o r  t h e  oriented and  s c a l e d  

atomic model before  projection. T h e  x m d  y a x e s  paral le l  the  plotter x and y a x e s ,  and t h e  origin of 

the sys tem is in t h e  p lane  of t h e  plotter a t  the  point xo ,yo  ( s e e  3.3.7) in plot ter  coordinates .  T h e  point 

ORGN of t h e  s c a l e d  model i s  a t  th i s  point ( s e e  3.3.6.1). 

3. x ,y , z  t r ic l inic  coord ina tes ,  in f ract ions of the  unit-cell e d g e s  relat ive t o  t h e  c r y s t a l  unit-cell 

origin. 

4. Pr inc ipa l  a x e s  of thermal motion, c o n s i s t i n g  of  (a)  principal v a l u e s  of root-mean-square d is -  

placement and  ( b )  direct ion c o s i n e  for  principal vectors  re la t ive t o  t h e  working Car tes ian  sys tem.  

5. T h e  atom designator  code  and chemica l  symbol  for t h e  atom. 

Instruct ions 711 through 715 a r e  ident ical  t o  701 through 705 except  that  the 710 s e r i e s  s u p p r e s s e s  

all monitor output except  fault messages .  
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3.3.8.1 Atom Plotting Instructions 701, 702, 703, 704, and 711, 712, 713, 714. - 

C o l u m n s  

F i r s t  C a r d  

1-3 
4-9 

1 (if boundary retracing or atom select ion is desired;  otherwise 0) 

701, 702, 703, 704, 711, 712, 713, 714 
10-45 Blank 

46-54 Symbol height  (in.) 

55-63 Para l le l  offset  (in.) 

64-72 Perpendicular  offset  (in.) 

Second Cord (needed only for boundary retracing or atom selection) 

1-3 Blank 

4-9 Blank 

10-18 A,  (in.) or blank 

19-27 A ,  (in.) or blank 

28-36 

37-45 
ANR or blank 

3.3.8.2 Atom Plotting Instructions 705 and 715. - 
C o l u m n s  

1-3 
4-9 

10-18 

19-27 

28-36 

37-45 

46-54 
55-63 
64-72 

F i r s t  C a r d  

1 (if  boundary retracing or atom se lec t ion  i s  desired;  otherwise 0) 
705 or 715 
NPLANE 

= 0, n o  el l ipsoid components  
= 1, boundary e l l i p s e  only 
= 3, principal e l l i p s e s  only 
= 4, boundary + principal e l l i p s e s  

NDOT (back s i d e  of pr incipal  e l l i p s e s )  
to, s o l i d  l i n e  back s i d e  
= 0, back s i d e  omitted 
= 3, 4 d o t s  on back s i d e  
= 4, 8 dots  on back  s i d e  
= 5, 16 dots  on back  s i d e  
= 6, 32 dots  on back  s i d e  

= 0, n o  forward a x e s  or s h a d i n g  
= 1, forward principal a x e s  only 
= N, forward a x e s  + ( N  - 1) l i n e  s h a d i n g  

NLINE (forward pr incipal  a x e s  a n d  shading)  

NDASH (dashed reverse  pr incipal  a x e s )  
= 0, n o  reverse  a x e s  
= N, dashed  reverse  a x e s  with N d a s h e s  

Symbol height  (in.) 

P a r a l l e l  offset (in.) 

Perpendicular  offset (in .) 
for symbols  1 

S e c o n d  C a r d  same a s  701 



54 

3.3.9 Bond Plot t ing Instructions (800 Series). - T h e  bond plot t ing ins t ruc t ions  a r e  grouped into two 
general types,  expl ic i t  and  implicit,  depending on how t h e  bonds a r e  spec i f ied .  Expl ic i t  bonds require a 

vector designator  code  (see 3.1.2) for e a c h  bond. Implicit bonds make u s e  of vector  s e a r c h  c o d e s  ( s e e  

3.1.5) t o  find pa i rs  of atoms from t h e  ATOMS array s e t  up  by the  400 s e r i e s  instruct ions.  

There  a r e  two t y p e s  of bonds  t h a t  c a n  b e  drawn, s t i c k  bonds and  l i n e  bonds.  T h e  l i n e  bond is a 

very crude, but  rapid, method useful  in  drawing preliminary i l lustrat ions.  It i s  cons t ruc ted  by placing 

centered symbols  (e.g., +, x, *, etc.) on t h e  two atom s i t e s  and  drawing a s i n g l e  s t ra ight  l ine  between 

them. L i n e  bonds a r e  a l w a y s  spec i f ied  implicitly (803, 813 instructions). 
T h e  more elaborate  bond is t h e  s t i c k  bond, which could  also b e  c a l l e d  a conica l  bond b e c a u s e  of i t s  

accentuated perspec t ive  taper. 

ing  cone  ( tangent  cone)  which h a s  i t s  apex  a t  t h e  viewpoint and i s  tangent to an el l ipsoid.  In general, 

the  e l l ipso id  in te rsec t ion  is automatical ly  u s e d  if t h e  a x i s  of the  bond i n t e r s e c t s  t h e  e l l ipso id  a t  a point 

which i s  v i s ib le  t o  t h e  viewpoint; otherwise,  t h e  tangent  c o n e  intersect ion is used ,  S O  that  t h e  bond ap- 

pears  t o  terminate a t  t h e  boundary of t h e  e l l ipso id .  However, t h e  u s e r  c a n  spec i fy  t h a t  t h e  e l l ipso id  in- 

tersect ion a l w a y s  b e  used  in  order to make t h e  ske le ton  type  model (e.g., 3 B  of Fig.  3.1) appear  even  

more transparent. T h e  radius  of t h e  s t i c k  bond a n d  t h e  number of l i n e s  which a r e  used  t o  draw t h e  bond 

are  specif ied by input parameters. 

Each  end of  the bond i n t e r s e c t s  e i ther  (1) an e l l ipso id  or (2) a n  envelop- 

Bond-distance l a b e l s  c a n  b e  drawn automatical ly  with s t i c k  bonds, but not with l ine  bonds.  The  

bond-distance labe l  numbers a r e  in  Angstrom uni t s  t o  one,  two, or three  p l a c e s  pas t  t h e  decimal point. 

T h e  bond l a b e l s  on t h e  i l lustrat ion wil l  have  their  base l i n e s  paral le l  t o  t h e  s t i c k  bonds  and  wil l  b e  

right s i d e  up  for t h e  viewer. T h e  height  of the  labe l  in i n c h e s  a n d  the perpendicular  offset  d i s t a n c e  

for the  center  of t h e  labe l  re la t ive t o  t h e  c e n t e r  of t h e  bond a r e  parameters  t o  b e  spec i f ied  by the  user. 

With t h e  present  primer cons tan t  for FORE,  if t h e  s i n e  of t h e  angle  between t h e  bond and  the  mean view- 

ing vector  i s  greater than 0.5, t h e  le t ter ing i s  done  in  perspect ive a long  t h e  bond. When t h e  s i n e  of t h e  
angle  i s  l e s s  than 0.5, t h e  perspec t ive  le t ter ing would be  e x c e s s i v e l y  foreshortened; t h e  le t te r ing  i s  

then made paral le l  to t h e  p lane  of the  drawing with i t s  b a s e  l i n e  paral le l  to the projected bond. Dif- 

ferent le t ter ing he ights  and different perpendicular of fse t  d i s t a n c e s  c a n  be  a s s i g n e d  t o  t h e  perspec t ive  

and nonperspect ive bond-distance labe ls .  

All bond parameters  a r e  input with Format No. 2 t ra i ler  cards  ( s e e  3.3.1). T h e  bond parameters  a r e  

as follows: 

1. Bond type (for s t ick bond) i s  des igna ted  by a n  integer  NBOND, where - 5  5 NBOND =( 5. T h e  

negat ive in tegers  denote that both e n d s  of t h e  bonds terminate a t  t h e  e l l ipso ids .  T h e  posi t ive integers  
denote bonds ending e i ther  a t  the  e l l ipso id  or the  tangent  cone ,  a s  descr ibed  previously in  t h i s  sec t ion .  

An entry of zero draws n o  bond. A magnitude of 1 for NBOND produces two l i n e s ,  o n e  for e a c h  bond 

edge,  180Oapart in t h e  p lane  normal t o  t h e  bond a x i s .  L i n e s  a r e  drawn go", 4S0, 22.S0, or 11.25O apart  

for NBOND magnitudes of 2,  3 ,  4, or 5, respect ively.  T h e  back s i d e  of t h e  bond i s  not drawn. Repre- 

s e n t a t i v e  samples  a r e  shown in F i g  6.1. 

"The accentuated taper may be increased or decreased by  changing the value assigned to  T A P E R  in SUB- 
ROUTINE PRIME ( see  TAPER in sect. 4.5). 
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2. T h e  bond radius (mean va lue  for s t i c k  bonds)  is in Angstrom uni ts .  Values  between 0.01 and 

0.06 A usual ly  give good resul ts .  Any posi t ive va lue  may b e  used  a s  long a s  i t  is smal le r  than the 

s c a l e d  el l ipsoid minimum semidimension. T h e  bond radius i s  not changed by t h e  el l ipsoid s c a l e  factor  

ratio SCAL2. T h e  bond rad ius  should not b e  made “vanishingly small” (e.g., r < 0.005 A) if t h e  overlap 

feature i s  used  b e c a u s e  numerical rounding may c a u s e  incorrect  hidden-line elimination. 

3. T h e  height  of perspec t ive  l a b e l s  for bond d i s t a n c e s  i s  entered a s  z e r o  if n o  bond d i s t a n c e s  a r e  

t o  be  labeled.  P o s i t i v e  va lues  denote t h e  le t te r ing  height  in  inches  before  projection. 

4. T h e  perpendicular offset  for bond d i s t a n c e  perspec t ive  l a b e l s  (in i n c h e s )  per ta ins  t o  offset  of the  

center  of t h e  d i s t a n c e  labe l  re la t ive  t o  t h e  c e n t e r  of t h e  bond. 

5. T h e  height  of regular  labe ls  for bond d i s t a n c e s  is entered a s  z e r o  if n o  bond d i s t a n c e s  correspond- 

ing to  foreshortened bonds a r e  to b e  drawn. P o s i t i v e  va lues  give t h e  le t ter ing height  in i n c h e s  before 

project ion. 

6. T h e  perpendicular offset  for bond-distance regular l a b e l s  h a s  t h e  s a m e  def ini t ion as  parameter 4 
above. 

7. T h e  s ignif icant  d ig i t s  indicator  i s  -1, 0, or 1 ,  denot ing bond d i s t a n c e  l a b e l s  with one, two, or 

three d ig i t s ,  respect ively,  a f te r  the decimal  place.  

T h e  u s e  of vector-search-code (VSC) c a r d s  for t h e  bond plot t ing ins t ruc t ions  802 and  803 h a s  been ex-  

tended t o  inc lude  a provision for drawing coordination polyhedra whi le  s u p p r e s s i n g  the  unwanted bonds. 

In addition to descr ibing t h e  bond with ANR(A), ANR(B), and the D min t o  D max range, a condition c a n  b e  

imposed to require that  both atoms must be  within a spec i f ied  “polyhedral d i s tance  range” of an atom in 

the ATOMS tab le  which h a s  a n  atom number sa t i s fy ing  a third atom number run, ANP(P). T h i s  option is 

brought i n t o  play by a negat ive number i n  columns 43 t o  48 of t h e  VSC card  and is appl icable  t o  instruc-  

t ions 802, 803, 812,  and 813. 

Instruct ions 801, 802, and 803 differ from 811, 812, and  813 only in t h e  monitor output l is t ing.  T h e  

second group h a s  n o  output except  error m e s s a g e s .  T h e  f i r s t  group l i s t s :  (1) plot ter  coord ina tes  in  

inches ,  (2) s c a l e d  Car tes ian  coordinates  (in inches)  of atom before projection, and  (3) t r ic l inic  c r y s t a l  

coordinates  for the  a toms of e a c h  bond. T h e  interatomic bond d is tance  in angstroms i s  a l s o  l i s ted .  

If a n  atom of a bonded pair i s  out of bounds, a faul t  message (NG = 10) i s  printed on t h e  monitor output. 

If the  bond i s  hidden and cannot  b e  drawn, faul t  m e s s a g e  NG = 14 i s  printed. F a u l t  NG = 13 s igni f ies  

that a n  imaginary intersect ion w a s  found with a bond radius larger  than t h e  e l l ipso id  semidimension. 

3.3.9.1 lns t ruc t ions  801 a n d 8 1 1 ,  Expl ic i t  St ick Bonds. - T h e  bonds a r e  descr ibed  with two atom 

designator  c o d e s  for e a c h  bond. T h e  atom des igna tor  c o d e s  go on t h e  801 card and  on Format  No. 1 

trailer cards  ( s e e  T a b l e  2 .1  for format). T h e  two atom designator  c o d e s  for a bond must  b e  i n  a d j a c e n t  

fields, but blank f ie lds  c a n  b e  inser ted between the  different bonds. Since there a r e  seven  f ie lds  ava i lab le  

per card, i t  i s  a good i d e a  to  u s e  only two, four, o r  s i x  of them so tha t  the  card sequence  within t h e  instruc-  

tion (other than f i rs t  and l a s t  cards)  will b e  unimportant. In addition, a Format No. 2 t ra i ler  card i s  re- 

quired with t h e  f ie lds  spec i f ied  under column 801 in T a b l e  3.1 properly filled in. 

3.3.9.2 lnstructions 802 and 812, Implicit Stick Bonds. - All parameters a r e  input with Format  No. 2 

trailer cards  ( s e e  T a b l e  3.1). T h e  only entry on the  instruct ion card i s  the instruction number and look 

ahead (2). 
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3.3.9.3 Ins t ruc t ions  803 a n d  813, Implicit L i n e  Bonds. - All parameters  a r e  input  with Format No.  2 
trailer c a r d s  (see T a b l e  3.1). T h e  centered symbol  placed on a given atom wil l  b e  t h e  centered  symbol  

whose c a l l i n g  number corresponds t o  t h e  atom number modulo 10 ( s e e  Fig.  4.2). 

T h e  centered symbols  drawn on the  atomic s i t e s  by the  803/813 instruct ions may be  made larger  or 

smaller by redefining t h e  SCAL2 factor, which i s  controlled by the  600 s e r i e s  of ins t ruc t ions  (3.3.7). 
3.3.9.4 Ins t ruc t ions  821 a n d  822, Overlap Elimination. S e e  Section .3.3.14. 

3.3.10 Label P lot t ing Instructions (900 Series). - T h e  900 s e r i e s  a l lows  t h e  u s e r  t o  plot general  

t i t l es  up  to 72 charac te rs  in  length, chemica l  symbols  u p  t o  6 charac te rs  long, bond length l a b e l s ,  and  

centered symbols .  T h e  bond length labe ls  c a n  h a v e  t w o  decimal  p l a c e s  before t h e  decimal  point  and 

one,  two, or three  p l a c e s  a f te r  t h e  decimal  point. T h e  700 and 800 s e r i e s  ins t ruc t ions  can  plot chemical  

symbols  and  bond length l a b e l s ,  but  i t  i s  of ten d e s i r a b l e  t o  pos i t ion  cer ta in  l a b e l s  individual ly  with the  

900 s e r i e s .  

General  t i t l e s  a n d  bond length l a b e l s  c a n  b e  drawn e i ther  in  perspec t ive  or para l le l  t o  t h e  plane of 

the drawing, Chemical  symbols  a n d  centered symbols  are a l w a y s  drawn para l le l  t o  t h e  plot ter  plane.  

Instruct ions 913 through 916 a r e  for perspec t ive  le t ter ing,  a n d  ins t ruc t ions  901 through 909 produce 

regular le t ter ing.  

T w o  vec tors ,  t h e  upright vector  and t h e  base- l ine vector, a r e  needed t o  d e s c r i b e  a le t te r ing  plane. 

In OR TEP t h e  upright le t ter ing vector  i s  a l w a y s  para l le l  t o  the  p lane  of t h e  drawing. For perspec t ive  

le t ter ing t h e  base- l ine vector is a g e n e r a l  vector  in  three  dimensions. In the nonperspec t ive  case the  

base- l ine vector i s  e i t h e r  a l o n g  the project ion of a genera l  vector  or a long  the vector (in the  p lane  of 

t h e  plotter) which i s  or iented with a 302 t i t le  rotation instruct ion ( theta  base  line). If the ta  ( s e t  by 302) 
i s  zero, then the  theta  base- l ine  vector is along t h e  plot ter  p o s i t i v e  x axis .  

T h e  e x a c t  c e n t e r  of t h e  labe l  is a l w a y s  referred t o  when spec i fy ing  t h e  pos i t ion  of t h e  label .  T h e  

program goes  through t h e  following s t e p s  t o  posi t ion t h e  center  point of t h e  l a b e l  onto t h e  drawing. (1) 
A point P1 i s  found which is e i ther  t h e  posi t ion of atom A or t h e  mean of t w o  atom pos i t ions  (atom A 
and atom B). T h e  atom A posi t ion is u s e d  if n o  atom designator  e x i s t s  in t h e  atom B f ie ld  of t h e  in- 

s t ruct ion card.  (2) A point P2 i s  found by ( a )  t rans la t ing  from P1 along t h e  base- l ine vector  for the  

d is tance  spec i f ied  by paraZle2 offset, then ( b )  t rans la t ing  a long  the upright vector by  t h e  perpendicular  

of fse t  d i s tance .  (3) A point P3 i s  found by project ing P2 onto t h e  p lane  of t h e  plotter. (4) If t h e  x 

edge r e s e t  is >O, then x is r e s e t  t o  th i s  value. If x edge r e s e t  i s  (0,  x i s  r e s e t  t o  t h e  posi t ive x plot 

boundary minus Ix edge reset l .  N o  rese t t ing  i s  done  if x edge rese t  is zero.  T h e  y parameter i s  handled 
in the  same manner with y edge reset .  
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T h e  format for the  ent i re  900 s e r i e s  i s  a s  follows: 

C o l u m n s  

1-3 

4-9 

10-18 
19-27 

28-36 

37-45 

46-54 

55-63 
64-72 

1-3 

4-9 

10-18 

3.3.10.1 Instruct ion 901. 

chemical  symbol  for atom A .  

Blank or 3 (or 1 i f  s e c o n d  card  i s  needed)  

Instruct ion number 

Designator  for atom A 
Designator  for atom B (or blank)  

x e d g e  reset (in.) 

y e d g e  r e s e t  (in.) 

Le t te r ing  height  (in.) 

P a r a l l e l  offset  (in.) 

Perpendicular  offset  (in.) 

S e c o n d  Card  (if needed)  

Blank 

Blank 

Centered symbol number (0-14) 

A nonperspect ive chemical  symbol  with the ta  b a s e  l i n e  i s  drawn us ing  the  

3.3.10.2 Instruct ion 902. - A nonperspec t ive  t i t l e  with the ta  b a s e  l ine  i s  drawn. T h e  t i t l e  must b e  

entered with t h e  instruct ions on a Format No. 3 t ra i ler  card.  T h e  t i t l e  should  b e  centered about columns 

36-37 of that  card. 

3.3.10.3 Ins t ruc t ions  903 a n d  913. - A general  vector  t i t l e  i s  drawn with nonperspect ive le t te r ing  

for 903 and perspec t ive  le t te r ing  for  913. T h e  general  vector  is from atom A t o  atom B. T h e  t i t l e  is 

entered a s  descr ibed  for 902 (see 3.3.10.2 above). 

3.3.10.4. Ins t ruc t ions  904, 905, 906, 914, 915, a n d  916. - T h e s e  are instruct ions for general-vector 

bond-length labe ls .  T h e  f i r s t  th ree  a r e  for nonperspect ive le t ter ing with one,  two, and three p l a c e s  a f te r  

the decimal  point; and  t h e  l a s t  th ree  a r e  for t h e  corresponding bond-length l a b e l s  with perspec t ive  let- 

tering. T h e  general  vector  i s  from atom A t o  atom B. Note tha t  t h e  s e n s e  of t h e  vector  is important in 

order t o  have  t h e  labe l  right s i d e  up. 

3.3.10.5 Ins t ruc t ions  908 a n d  909. - T h e s e  ins t ruc t ions  a r e  for  centered symbols .  With 908 t h e  pen 

i s  up whi le  moving t o  the  position where t h e  centered symbol  i s  t o  b e  drawn, but  with 909 the  pen is left 

down. T h e  centered symbol  is o n e  of t h e  15 l i s ted  for t h e  CalComp SIMBOL routine (the misspe l l ing  of 
“symbol” i s  intentional). T h e  symbol  number must b e  i n  t h e  range 0-14. 

3.3.1 1 Saved  S e q u e n c e  Instruct ions  ( 1  100 S e r i e s ) .  - It i s  often des i rab le  t o  repeat  a s e q u e n c e  of in- 

s t ruc t ions  one  or m o r e  t imes  with other  instruct ions inser ted between t h e  repet i t ions.  T h e  1100 s e r i e s  

a l lows  t h e  user  t o  d o  t h i s  without t h e  n e c e s s i t y  of put t ing in  dupl ica te  s e q u e n c e s  of instruct ion c a r d s .  

It i s  not a n  e labora te  looping device ,  but i t  d o e s  give addi t iona l  f lexibi l i ty  t o  t h e  sys tem.  

T h e  three instruct ions in  t h i s  s e r i e s  a r e  to s t a r t  t h e  s a v e d  s e q u e n c e  (instruction I l o l ) ,  terminate  t h e  

s a v e d  s e q u e n c e  ( instruct ion 1102), and  e x e c u t e  t h e  s a v e d  s e q u e n c e  (instruction 1103). A l l  inst ruct ion 



cards  and  their trailer c a r d s  be tween t h e  1101 and 1102 instruct ions a r e  executed and s a v e d  on  a mag- 

net ic  sc ra tch  tape.  A 1103 instruction rewinds t h i s  sc ra tch  t a p e  and  repea ts  a l l  t h e  ins t ruc t ions  s tored  

there before another instruct ion i s  read from t h e  monitor input. There  a r e  n o  parameters t o  b e  en tered  

with the  1100 s e r i e s  instruct ions.  

3.3.12 Job Termination Instructions (Negative Series). - A (- 1 )  instruct ion terminates  the  job a n d  

ex i t s  via  SUBROUTINE EXIT.  

A (-2) instruct ion re in i t ia l izes  t h e  whole program and s t a r t s  over  with another  s t ruc ture  from t h e  t i t l e  

card on. A s  many s t ruc tures  a s  des i red  may b e  run in  s e q u e n c e  in  t h i s  manner before  ex i t ing  with a (- 1) 
instruction. Note t h a t  t h e  201 instruct ions should occur  only o n c e  and  should  not  b e  repeated for s u c c e e d -  

ing jobs .  

3.3.13 Supplementary Instructions (1200 Series). - T h e s e  instruct ions ut i l ize  Subroutine SPARE. 

3.3.13.1 Punching Cards with OR FLS Format. - An instruct ion 1201, which is implemented 

in subrout ine S P A R E ,  punches  new position c a r d s  and  temperature-factor cards  with t h e  format u s e d  by 

the  OH F LS leas t - squares  program. T h e  instruct ion is usefu l  for transforming a s t ruc ture  to  a different 

asymmetric uni t  and for s a v i n g  k e y  atoms from a complex ATOMS array. F i r s t  a n  ATOMS array is gen- 

erated by t h e  400 s e r i e s  of instruct ions;  then posi t ional  parameter cards ,  taken from t h e  input  a toms 

l i s t ,  a r e  read to  def ine which atoms are wanted and  to supply information about  t h e  s c a t t e r i n g  factor 

identifier and t h e  multiplier. T h e  parameter cards  for all a toms i n  the  ATOMS l i s t  which a r e  crystal-  

lographically equivalent  to  t h e  o n e s  read a r e  punched out. T h e  sequence  of the  parameter  c a r d s  read 

by th i s  instruct ion need  not  correspond with t h e  s e q u e n c e  of t h e  original input  atoms. 

Columns 

1-3 Blank 

4-9 1201 

10-18 n ( the  number of posi t ional  parameter cards  to b e  read; n position parameter c a r d s  from t h e  

original input atom deck must follow th is  instruction card.) 

3.3.14 Over lop Correction Instructions (511, 821, 822). - T h e  hidden l ine  correction feature  of 

OR TEP-I1 el iminates  most  of the  manual touch-up t a s k s  previously required to correct  for overlapping 

atoms and bonds. Drawings made with the overlap feature  ac t iva ted  may require up to two or  three t imes 

t h e  computing t ime needed for noncorrected drawings; consequent ly ,  i t  i s  often more economical  in  

computer time to make the  preliminary drawings without overlap correction, particularly if a l a r g e  number 

of  atoms are present  in  t h e  drawing. 

T o  ut i l ize  the  overlap feature  an additional instruct ion,  511, is required, which i s  usua l ly  accompanied 

by type 2 trailer cards  ident ica l  to those  used  by the  802  or  8 1 2  instruct ions.  T h e  511 instruct ion 

s tores  the  projected atom boundary e l l i p s e s  for a l l  a toms in  t h e  ATOMS l is t .  I t  i s  important tha t  t h e  

contents  of t h e  ATOMS l i s t ,  the  s c a l i n g  and positioning, and t h e  viewing parameters (controlled by the  

400, 600, and 500 s e r i e s  of instruct ions respectively) not  be  changed between the  511 instruct ion and 

the  drawing of the  a toms and  bonds by t h e  700 and 800 s e r i e s  of instruction; otherwise,  the  projected 

out l ines  may b e  destroyed or may be  inappropriate. 
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T h e  projected bond out l ines ,  approximated as quadrangles ,  a l s o  may be  s tored for t h e  overlap cor- 

rection ei ther  by adding format No. 2 trailer cards  to t h e  511 inst ruct ion or by us ing  o n e  or more 822 

instruct ions ( including t h o s e  format No. 2 trailer cards)  a f te r  t h e  511 instruction. T h e  bonds to b e  

s tored a r e  spec i f ied  implicitly by the  format No. 2 trailer cards .  Expl ic i t  bonds a l s o  may be  s tored by 

us ing  an 821 inst ruct ion (a f te r  t h e  511 instruction) with parameters  ident ical  to the  8011’811 inst ruct ions 

to be used  for plot t ing the  expl ic i t  bonds. 

T h e  projected out l ine information for a toms and bonds must  be  recalculated for e a c h  member of a 

s tereo pair; consequent ly  the  511 and 821 or 822 ins t ruc t ions  a r e  usual ly  the f i rs t  i n s t r u c t i o n s  within 

the  saved  sequence.  T h e  old overlap information is removed whenever a new 500 or 600 s e r i e s  instruc- 

tion is executed.  

T h e  maximum number of projected atoms and projected bonds which can  be  s tored i s  500 and 599 

respectively. A l i s t  of the  projected atoms and bonds is given i n  the  printout. 

An important feature  of the  OR TEP-I1 scheme for correct ing overlap i s  that  a l l  d e t a i l s  inside atoms 

and bonds, including chemical  symbols  and bond-distance l a b e l s ,  will be  corrected for overlap;  however, 

note  that  chemical symbols  (drawn by the  700 s e r i e s  ins t ruc t ions  and bond-distance l a b e l s  (drawn by 

the 800 s e r i e s  instruct ions)  which a r e  outside the  a toms or  bond boundary may not be Corrected for 

overlap. T h e  reason for t h i s  i s  that  the  “area  overlap s e a r c h  s t e p ”  d o e s  not s a v e  projected atoms or  

bonds which do not contac t  the  projected atom or bond to be  drawn. L a b e l s  or symbols  drawn with the  

900 series instruct ions will not be  corrected for overlap. 

3.3.14.1 Instruction 511, Projected Outline Storage. - A cons tan t  width overlap margin ( i .e . ,  a 

blank s t r ip  a t  the  in te rsec t ion  of overlapping elements)  is included in  the dimensions of e a c h  projected 

atom e l l ipse  and projected bond quadrangle. The  width of th i s  margin may be  specif ied as  a parameter  

with the  511 inst ruct ion if desired;  otherwise, t h e  margin i s  s e t  by default to e i ther  0.025 inch or  

(SCALl)’” x 0.030 inch,  whichever i s  largest .  Some u s e r s  prefer a n  overlap margin of 0.0 for 

s te reoscopic  drawings. 

C o l u m n s  

1-3 

4-9 511 

2 (if bonds are to be  stored; otherwise 0) 

Blank or 0 - overlap margin default option descr ibed  above  

1 (or -1) - overlap margin = 0.0 

0 < OVMRGN < 1.0 - overlap margin = OVMRGN (in inches)  

10-18 

If column 3 i s  2, format no. 2 t ra i ler  cards  a r e  included. In general  all the trailer c a r d s  included with 

the 802/812 ins t ruc t ions  ate used.  

3.3.14.2 Instruction 821, Explicit Bond Outline Storage. - If expl ic i t  bonds are to  be s tored  for t h e  

overlap calculat ion,  the a t tached  atoms must b e  in  the  ATOMS l i s t  even though th is  i s  not a requirement 

for the  801/811 ins t ruc t ions  u s e d  for plotting the  expl ic i t  bonds. S e e  3.3.9.1 ( Instruct ions 801 and 811) 

and Table  3.1 for descr ipt ion of parameters. 
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3.3.14.3 Instruct ion 822, Implici t  Bond Outl ine Storage. - Normally t h e  information on implici t  

bond out l ines  i s  s tored with the  511 card; however, if more than 10 Format No. 2 trailer c a r d s  a r e  

needed, the  extra  o n e s  can  be  entered with th i s  instruction. All parameters  are entered with t h e  Format 

No. 2 trailer c a r d s  (see T a b l e  3.1). T h e  only entry on t h e  instruct ion card is the  2 i n  column 3 and 822 

in columns 7-9. 

3.4 List of Fault Indicators 

Certain errors  a r e  checked for in OR T E P ,  and when one  of t h e s e  occurs ,  a n  error message ,  “ F A U L T  

NG = ng ADC m” is written on t h e  monitor output tape.  T h e  number NG i s  explained below. T h e  ADC and 

m identify t h e  atom c o d e  and  t h e  instruct ion involved (if t h e s e  a r e  relevant). If poss ib le ,  correct ive meas- 

ures  a r e  made by OR T E P  and  t h e  ca lcu la t ion  proceeds;  otherwise,  t h e  j o b  is terminated by ca l l ing  SUB- 

ROUTINE EXIT. 

N G  

1 

2 

3 

4 

5 

6 

7 

9 

10 
11 

12 

13 

14  

15 
16 

S u b r o u t i n e  
I n v o l v e d  

PRELIM 

PRELIM 

PRELIM 

ATOM,PAXES 

ATOM,PAXES 

EIGEN 

EIGEN 

MAIN, S P A R E  

BOND,F700 

F 8 0 0  

F600, SEARCH 

BOND 

BOND 

F900 
STORE 

F a u l t  

No sent ine l  found af ter  reading 
4 8  symmetry c a r d s  

No sent ine l  found af te r  reading 
the  parameter c a r d s  for  100 
atoms 

Anisotropic  temperature fac tor  
coef f ic ien ts  form a matrix 
which i s  not posi t ive def ini te  

Symmetry operation number i s  
higher  than the  number of in- 
put operat ions 

Atom number i s  higher  than t h e  
number of input  a toms 

Null temperature factor  matrix 
or  fa i lure  in  bisect ion rout ine 

Eigenvector  routine fai lure  due  
to null vector  

Unidentified instruct ion 
number 

Atom out of bounds 

No vector  s e a r c h  c o d e s  

Insuff ic ient  number of a toms 
in ATOMS l i s t  

Imaginary bond intersect ion 
(i.e.,  bond l a r g e r  than 
atom) 

Hidden (end-on) bond 

Null vector  a s  b a s e  l ine  
ATOMS l i s t  i s  fu l l  

A c t i o n  

T r i e s  t o  read parameter c a r d s  

T r i e s  t o  read instruct ion c a r d s  

EXIT af te r  printing out a l l  r m s  
pr incipal  va lues  (imaginary 
o n e s  a r e  l i s ted  negat ive)  

Omit atom 

Omit atom 

EXIT,  a f te r  printing out a l l  
pr incipal  v a l u e s  

EXIT,  a f te r  printing out a l l  
principal va lues  

Omit faul ty instruct  ion 

Omit atom 

Omit instruct ion 

EXIT 

Omit bond 

Omit bond 

Omit labe l  
Omit a l l  s u c c e e d i n g  a toms 
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4. COMPUTATIONAL PROCEDURES (HOW THE PROGRAM WORKS) 

Cer ta in  of the numerical  procedures '  u sed  in OR T E P  are of a nature somewhat  unfamiliar to many 

crys ta l lographers .  T h e s e  a s p e c t s  a re  out l ined f o r  the benefit of the reader  who may wish to  write a 

similar program or modify the present  one .  

4.1 Graph ic-Computa ti ona I Methods 

T h e s e  a re  the techniques used in producing t h e  graphical  de t a i l s  of the i l lus t ra t ions .  

4.1.1 Drawing Ell ipsoids. - Figure  3.1  demonstrates  the var ious e l l ipso id  graphical representat ions 

tha t  can  be  drawn with OR TEP. T h e  major components  i n  the representat ions a re  the three  principal 

e l l i p ses  and the  boundary (outline) e l l i p se .  T h e  principal e l l i p s e s  have  a front half and a back (hidden) 

half. T h e  en t i re  boundary e l l i p se  is v i s ib l e .  

An e l l i p s e  i s  approximated by connect ing a s e r i e s  of points on the e l l i p s e  with s t ra ight  l ine seg- 

ments. 

t hese  points i s  projected on to  the  drawing board for plott ing.  

Po in t s  on an  e l l i p s e  having a general  orientation i n  th ree  dimensions a re  computed; then e a c h  of 

T h e  bas i c  algorithm for finding t h e  poin ts  a long  a given general  e l l i p s e  u t i l i ze s  the  properties of 

conjugate  diameters .  Assume that w e  h a v e  the three principal a x i s  vectors  V I ,  V2,  V 3  of the general  

e l l ipso id  and a vector V 4  from the  center  of the e l l ipso id  to  the  viewpoint.  T h e  vector  V5 normal to  t h e  

polar plane (see F i g .  4.1), whose pole  is the  viewpoint,  c a n  b e  obtained from 

V 5 =  A V 4 ,  (4.1.1.1) 

where A i s  the matrix for the  e l l ipso id  which is defined by 

X T A X = d ,  (4.1.1.2) 

where d is a constant .  

T h e  boundary e l l i p s e  is defined by t w o  conjugate  vec tors ,  one of which is any vector V6 perpendicular 

t o  V 5  and the  second  is V7, where 

V7 = V5 x A V 6 .  (4.1.1.3) 

T h e  assumption made for t h i s  boundary e l l i p se  der ivat ion is tha t  the view d i s t a n c e  is l a rge  compared to 

the  e l l ipso id  size.  Therefore,  the boundary e l l i p s e  defined a b o v e  a lways  l i e s  on  t h e  diametral  polar plane 

(see Fig. 4.1). 

'For a treatment of the projective and analytical geometry involved, the following four books are  recommended. 
The first  one is particularly useful. 

J. Heading, Matrix. Theory for Phys ic i s t s ,  chap. 3 ,  pp. 81-106, Longmans, Green and Co., London, 1958. 

C. E. Springer, Geometry and  Analysis  of Projective Spaces,  Freeman and Co., San Francisco, 1964. 

J. A .  Todd, Projective and Analytical Geometry, Pitman Pub. Corp., New York, 1946. 

G. A .  Korn and T. M. Korn, Mathematical Handbook for Scient is ts  and  Engineers, McGraw-Hill Book Company, 
New York, 1961. 
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ORNL- DWG. 65-2671 

Fig .  4.1. Po lar  P lanes  Formed by Tangent Cy l inder  and Tangent Cone. 

A principal e l l i p s e  which l i e s  in the plane of the  pr incipal  ax is  vectors  V1 and V 2  will  have  the third 

principal a x i s  vector  V3 normal to  t h e  plane of the e l l ipse .  The intersect ion of th i s  pr incipal  e l l i p s e  with 

the  boundary e l l i p s e  i s  a long t h e  vector V8 where 

V8 = V5 x V3 . (4.1.1.4) 

T h i s  vector d iv ides  the front and back  (hidden) s i d e s  of t h e  pr incipal  e l l i p s e .  A vector  conjugate  to  V 8  
and in the principal p lane  containing V1 and V2 i s  V9, where 

v 9  = v 3  x A V 8 .  (4.1.1.5) 

After the conjugate  vec tors  have  been found, the i r  l engths  are a d j u s t e d  t o  make them s a t i s f y  (4.1.1.2) 

by le t t ing  X = s I where I i s  a uni t  vector. Solving for s, we obtain 

s = [d/( ITA1)] ' /2 . (4.1.1.6) 
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A conjugate  vector  pair is expanded into an e l l i p s e  by subrout ine RADIAL. Since a n  e l l i p s e  i s  

centrosymmetric, t h e  two conjugate  vec tors  and their nega t ives  give u s  four vectors  whose end points  l i e  

on t h e  e l l ipse .  By performing a vector  s u m  of two adjacent  vectors  and dividing t h e  resu l tan t  vector 

components by 6, we c a n  obta in  a n  addi t ional  vector. After doing t h i s  for a l l  ad jacent  pairs ,  w e  then 

have a total  of e ight  vectors .  T h i s  process  c a n  b e  repeated a s  many times as des i red  except  that  the 

s c a l i n g  constant  will b e  diffe:ent for e a c h  cyc le .  T h e  constant  i s  descr ibed  by 

where i i s  the c y c l e  number. 

T h i s  total  p rocess  may be thought of a s  taking a planar  radial  s e t  of equally s p a c e d  unit vectors  and 

performing a deformation and s c a l i n g  on the s p a c e  in which it i s  descr ibed .  In geometry t h i s  deformation 

i s  ca l led  an affine transformation. 

Complete de ta i l s  on drawing e l l ipso ids  c a n  be  obtained from the FORTRAN coding of subrout ines  

F 7 0 0  and RADIAL. 

4.1.2 Drawing Bonds. - T h e  major problem in drawing bonds i s  to obtain the  intersect ion where t h e  

bond penet ra tes  t h e  e l l ipso id .  Three  quadrics  a r e  used in subrout ine BOND to c a l c u l a t e  bond intersect ion.  

T h e s e  three are t h e  e l l ipso id ,  the tangent cyl inder ,  and t h e  tangent cone .  

T h e  el l ipsoid i s  descr ibed  in matrix notation as  

X T A X = d ,  (4.1.2.1) 

where d i s  a cons tan t  and X i s  any vector from t h e  center  t o  the  sur face  of the  el l ipsoid.  T h e  matrix A i s  

3 by 3 symmetrical with components a . .  (i, j = 1 ,  2 ,  3). 
' I  

T h e  el l ipt ic  cyl inder  tangent  t o  the  e l l ipso id  and with i t s  a x i s  a long z i s  descr ibed by 

X T B X = d ,  

where 

3'3 1 

l 2  a 

B =  
a 2 2  -- 

(4.1.2.2) 

(4.1.2.3) 

and d i s  the  cons tan t  used  i n  (4.1.2.1). T h e  tangent  cyl inder  is used  when i t  i s  n e c e s s a r y  t o  terminate 

the bond at t h e  boundary of t h e  el l ipsoid when a paral le l  projection is used. 

To find the intersect ion of a cyl indrical  bond a long  Vb with rad ius  r with ei ther  the  el l ipsoid or t h e  

tangent cyl inder ,  we proceed as follows: 

1. Form a radial  s e t  of vectors  V r .  of length r normal to  Vb. 
I 
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2. T a k e  a unit vector  I paral le l  to V b  and let 

X .  = Vr.  + s I , (4.1.2.4) 
I I  

where s i s  a c o n s t a n t  t o  be determined. Subs t i tu t ing  in (4.1.2.1) we  obta in  

s Z I T A I + 2 s V r T A I + V r T A V r - d = O ;  (4.1.2.5) 

so lv ing  for s we get  

- V r T A I  +J (Vr ‘A I ) ’  - ( I T A I ) ( V r T A V r - d )  

l T A l  
s =  (4.1.2.6) 

T h e  e l l ip t ic  cone  which is tangent t o  t h e  el l ipsoid and which h a s  i t s  a p e x  on t h e  viewpoint c a n  be 

obtained from the matrix A and f r o m  the  vector  Vu which e x t e n d s  from t h e  c e n t e r  of the  e l l ipso id  t o  t h e  

viewpoint. T h i s  i s  performed in  t h e  following s t e p s :  

1. T h e  el l ipsoid i s  transformed with a rotation matrix t o  a new Car tes ian  f r a m e  of reference which h a s  

the z a x i s  a long  the view vector  Vu. 
2. T h e  tangent  cone  c a n  now be  descr ibed  as 

where Y i s  

- 

Y T C Y = O ,  

a vector or iginat ing from the  vertex (viewpoint) of the cone  and  

(4.1.2.7) 

1 3 ’ 3 1  
a 

+ 

L =  K = d/(Vu T V ~ ) .  (4.1.2.8) 

K - a  

3. T h e  frame of re ference  i s  rotated back to  i t s  or iginal  or ientat ion with a rotat ion matrix which i s  t h e  

inverse of the o n e  used  in s t e p  1. Note that  the  origin i s  now on the  viewpoint rather than the 

el l ipsoid center .  

To find the  length,  s, of a vector  s I extending from any point p i n s i d e  t h e  c o n e  to  the  sur face  of the  

cone we l e t  

Y = V p + s l  (4 . 1 .2.9) 

and obtain from (4.1.2.7) 

(Vp + s l > T  c (Vp  + s I) = 0 ; 
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then so lv ing  for s we  obtain 

- V p T C I  + J ( V p T C l ) Z  - ( I T C I ) ( V p T C V p )  
s =  

l T C l  
(4.1.2.10) 

T h e  vector Vp from the  ver tex  to  p is formed by 

Vp = - V u  + Vr , 

where Vr is any member of a r ad ia l  s e t  such  as tha t  desc r ibed  for t he  regular e l l i p so id  in te rsec t ion .  

4.2 OR TEP Subprograms 

T h e  subprograms can  b e  grouped in to  four functional ca t egor i e s .  T h e s e  can  b e  ca l l ed  Mainstream, 

Subs id ia r ies ,  Arithmetic,  and Plott ing.  T h e  f i r s t  th ree  c a t e g o r i e s  a re  coded  in a FORTRAN d ia l ec t  

which will compile with e i ther  IBM-7090 FORTRAN I1 o r  CDC-1604A FORTRAN 63. T h e  plott ing 

routines are generally different for each  machine configuration and are  usually writ ten in a machine- 

oriented symbolic language .  In general ,  the s tandard  l ibrary plott ing routines ava i lab le  a t  most computing 

cen te r s  c a n  be  used  with very minor modification. 

4.2.1 Mainstream Subprograms. - T h e  first  three (PRIME, PRELIM, and MAIN) a r e  t h e  general  con- 

troll ing rout ines ,  and t h e  remainder a re  oriented toward particular OR TEP instructions.  

4.2.1.1 P R I M E .  - T h i s  routine “primes the program” by in i t ia l iz ing  a l l  the “primer parameters”  

including the  magnetic t a p e  log ica l  number ass ignments .  

4.2.1.2 P R E L I M .  - All  ca l cu la t ions  concerned  with p rocess ing  (e.g., principal axis transformations) 

and s tor ing  the  input c rys ta l lographic  parameters are performed by PRELIM. 

4.2.1.3 M A I N .  - MAIN is t h e  controll ing routine which  decodes  t h e  OR TEP ins t ruc t ions .  It e i ther  

execu te s  t h e  command directly or c a l l s  t he  appropriate subroutine which can  e x e c u t e  the  ins t ruc t ion .  

4.2.1.4 F200.  - T h i s  is the  plotter “nursemaid routine” which is controlled through the  200 s e r i e s  

ins t ruc t ions .  It s a t i s f i e s  t h e  whims and fancies of any  particular plott ing sys t em control package .  

4.2.1.5 F400.  - T h i s  is the subroutine t h a t  e x e c u t e s  t h e  401  and  411  instructions.  

4.2.1.6 F 5 0 0 .  - T h i s  is t h e  subroutine t h a t  e x e c u t e s  a l l  500 s e r i e s  instructions.  

4.2.1.7 F600.  - T h i s  is the  subroutine tha t  e x e c u t e s  all 600 s e r i e s  ins t ruc t ions .  

4.2.1.8 F700.  - T h i s  is the  e l l ipso id  plott ing routine,  which e x e c u t e s  a l l  700 s e r i e s  ins t ruc t ions .  

4.2.1.9 F 8 0 0 .  - T h i s  is the  subrout ine  tha t  e x e c u t e s  a l l  800 s e r i e s  ins t ruc t ions .  Bonds t o  b e  drawn 

are  found by F800,  then drawn by subrout ine  BOND. 

4.2.1.10 F900.  - T h i s  is t h e  subroutine tha t  e x e c u t e s  a l l  900 s e r i e s  ins t ruc t ions .  

4.2.1.1 1 F1000.  - T h i s  is a dummy subroutine which  is ca l l ed  by the  present ly  nonexistent 1000 
s e r i e s  ins t ruc t ions .  T h i s  s e r i e s  c a n  b e  coded  by the  use r  for any s p e c i a l  purpose which may develop .  

4.2.1.12 S P A R E ( N J ) .  - Fur ther  expans ion  of the  instruction l i s t  may be done  through th i s  dummy 

subroutine,  which is ca l l ed  by any NJ - 12. NJ = instruction/lOO. 
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4.2.2 Subsidiary Subprograms. - 4.2.2.1 A T O M ( A D C , X ) ,  D IMENSION X(3) .  - T h i s  wil l  f ind the  

triclinic coord ina tes  X for the atom descr ibed by the  atom des igna tor  code  ADC. 

4.2.2.2 B O N D  ( A D C 1 ,  A D C 2 ,  N B ) .  - BOND i s  t h e  bond plot t ing routine to  draw a bond, descr ibed  

by Format No. 2 trailer card  number NB, between atoms ADCl and ADC2. 

4.2.2.3 DRAW ( W , D X , D Y , N P E N ) ,  D IMENSION W(3). - DRAW interconnects  OR T E P  and the  plot 

package.  It also prevents  the pen f r o m  c r o s s i n g  the  boundaries .  If the  indicator  ITILT in common i s  

zero, the array W conta ins  x and y in  plotter coordinates .  While perspect ive le t ter ing i s  being plotted, 

I T I L T  f 0; and W conta ins  x, y ,  z in Cartesian coord ina tes ,  which will be  rotated and projected by 

DRAW to form plotter x,y coordinates .  D X  and DY a r e  added t o  the  plotter x and y ,  respec t ive ly ,  

before the plot package  i s  ca l led .  NPEN = 2 for pen down and 3 for pen up. 

4.2.2.4 E R P N T  ( A D C , I N S T ) .  - T h i s  i s  t h e  printout r o u t i n e c a l l e d  when a F a u l t  i s  found. T h e  argu- 

ments identify t h e  atom designator  code  and the  instruct ion involved in t h e  Faul t .  T h e  faul t  indicator ,  

NG, i s  in common. 

4.2.2.5 P A X E S  ( A D C , I T Y P E ) .  - T h e  covar iance  (dispers ion)  matrix for the thermal e l l ipso id  or i t s  

inverse  matrix, which is t h e  matrix of coef f ic ien ts  in t h e  quadrat ic  f o r m  descr ibing the  e l l ipso id ,  i s  s tored  

in common at  Q for the atom ADC. 

I T Y P E  > 0 for covar iance  matrix 

ITYPE < 0 for e l l ipsoid quadrat ic  form matrix 

( I T Y P E /  = 1 based  on triclinic sys tem 

/ I T Y P E /  = 2 based on working Car tes ian  sys tem 

IITYPEI = 3 b a s e d  on reference Car tes ian  sys tem 

4.2.2.6 P L T X Y  ( X , Y ) ,  D IMENSION X(3) ,Y(2) .  - T h i s  c a l c u l a t e s  t h e  plot ter  coordinates  Y from t h e  

unscaled Car tes ian  coordinates  X .  T h e  d i s t a n c e  t o  t h e  c l o s e s t  boundary of the plot i s  placed in common 

a t  location EDGE. 

4.2.2.7 P R O  J ( D ,  D P ,  X I  X 0 , V  I E W ,  I1,12,13), D IME NS I ON D (3,12 9),D P (2,129),X (3),X O(3).  - T h i s  routine 

is used to obtain an array,  D P ,  of plotter coord ina tes  f r o m  a s c a l e d  array, D, of points  descr ibed i n  

Car tes ian  coordinates .  X ,  XO, and VIEW a r e  parameters  involved in  t h e  projection, and 11, 12, I3 are DO 

loop parameters  for indexing through t h e  array. 

4.2.2.8 R A D I A L ( N D ) .  - Given two conjugate  radius  vectors  of an e l l i p s e  in t h e  array DA in common, 

RADIAL genera tes  a “radial”  array (D in common) of points  lying on the e l l ipse .  From 8 to 1 2 8  points  

are  generated depending on t h e  va lue  of ND (1 $ ND 5 5). 
4.2.2.9 S E A R C H .  - Instruct ions 101,  102 ,  402, and 403 u t i l i ze  t h i s  routine to  conduct an exhaus t ive  

(but educa ted)  search  t o  find a l l  points  within a sphere  or rectangular  box. Interatomic d i s t a n c e s  and 

angles  a r e  a l s o  ca lcu la ted  for t h e  100  s e r i e s .  

4.2.2.10 S T O R E .  - T h i s  rout ine s t o r e s  a toms in (or removes atoms from) the  ATOMS ar ray .  

Coordinates  in whichever  s y s t e m  i s  in  u s e  and t h e  atom designator  code  a r e  communicated to STORE 

via  array V1 of common. 

4.2.2.11 

ITYPE = 0: t r ic l inic  coord ina tes  

X Y Z ( A D C , X , I T Y P E ) ,  D IMENSION X(3) .  - Coordinates  f o r  atom ADC a r e  returned in x. 
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I T Y P E  = 1 or  2: working Car tes ian  sys tem coordinates  

I T Y P E  = 3: re ference  Car tes ian  sys tem coord ina tes  

4 .2 .2 .12  L A P 5 0 0 .  - T h i s  routine s o r t s  the ATOMS l i s t ,  then c a l c u l a t e s  t h e  projected out l ine 

e l l i p s e s  for a l l  atoms in the  ATOMS l i s t .  T h e  e l l i p s e s  a r e  s tored i n  the  CONIC array along with t h e  

minima and maxima i n  x and y for a rectangle  enc los ing  each  e l l ipse .  

4.2.2.13 L A P 7 0 0 .  - T h i s  routine f inds the  atoms which overlap a given atom t o  be  drawn. T h e  

routine f i r s t  c h e c k s  the bounding rec tangles  for intersect ions,  then forms the  cubic  discriminant from the 

quadrat ic  descr ipt ions of t h e  two projection e l l ipses .  T h e  discr iminant  provides  a specif icat ion for com- 

p l e t e  overlap, partial overlap or  no overlap. A l i s t  of up to 20 interfer ing e l l i p s e s  i s  compiled. 

4.2.2.14 L A P 8 0 0 .  - T h i s  routine i s  used  in  the  “Projected Outl ine Storage Step” to s tore  t h e  

projected quadrangles  for the  bonds spec i f ied  by the trailer c a r d s  of the  511, 821, and 822 instruct ions.  

T h e  routine also i s  used  in  the  “Area-Overlap Search Step” to find t h e  projected bond quadrangles  

which overlap a given bond to  b e  drawn. A l i s t  containing up to  thirty interfering quadrangles i s  compiled. 

4 .2 .2 .15  L A P A B .  - T h i s  routine f inds the bonds that  overlap an atom to be  drawn and the  atoms tha t  

overlap a bond to be  drawn. I t  i s  u s e d  in  the  “Area-Overlap Search Step.”  

4 .2 .2 .15  L A P D R W .  - T h i s  routine c h e c k s  each  l ine  segment  to b e  drawn for intersect ion with t h e  

interfer ing e l l i p s e s  and quadrangles  and compiles  a l i s t  of in te rsec t ions .  T h e  intersect ion l i s t  is sor ted  

accord ing  t o  d is tance  along t h e  l i n e  segment, and the intersect ion pat tern i s  analyzed to determine which 

subsegments  are vis ible  and which a r e  hidden. T h e  l ine subsegments  a r e  p a s s e d  to t h e  SCRIBE routine. 

4 .2 .2 .17  S C R I B E .  - T h i s  routine f i l ters  out the  hidden l ine  segments  and p a s s e s  the vis ible  l i n e  

segments  to the DRAW routine. 

4.2.3 Arithmetic Subprograms. - 4.2.3.1 F u n c t i o n  A R C C O S  ( X I .  - T h i s  rout ine computes  0, t h e  
arc  c o s i n e  of X in  degrees ;  0 5 8 5 1 8 0 O .  

4.2.3.2 A X E Q B  ( A , X , B , N ) ,  DIMENSION A ( 3 , 3 ) , X ( 3 , 3 ) , 8 ( 3 , 3 ) .  - T h i s  routine s o l v e s  t h e  matrix 

equation A X = B for X. T h e  matr ices  B and X are (3 ,N) and A i s  a lways ( 3 , 3 ) .  To invert  A ,  make 

B a n  identity matrix. 

4.2.3.3 A X E S  ( X ,  Y ,  A ,  I T Y P E ) ,  DIMENSION X ( 3 ) , Y ( 3 ) , A ( 3 , 3 ) .  - T h i s  routine provides  three  

orthogonal column v e c t o r s  in A, e a c h  1 A long,  from the  two vec tors  X and Y .  
I T Y P E  > 0: Car tes ian  s y s t e m  

I T Y P E  5 0: t r ic l inic  sys tem 

IITYPEI 7 1: A,  = X; A, : ( X  x Y); A, = X x (X  x Y )  
~ I T Y P E ~  = 2:  A ,  = X; A, = (X  x Y )  x X; A, = X x Y 
ITYPE = 0: s a m e  as type 2 except  x = a c r y s t a l  a x i s ,  Y = b c r y s t a l  a x i s .  

4.2.3.4 D l F V  ( X , Y , Z ) ,  DIMENSION X ( 3 ) , Y ( 3 ) , Z ( 3 ) .  - T h i s  routine performs the  vector subtract ion 

X - Y = Z. Z may have  t h e  same locat ion as X or Y .  
4.2.3.5 E I G E N  ( A , X , B ) ,  DIMENSION A ( 3 , 3 ) , X ( 3 ) , B ( 3 , 3 ) .  - EIGEN determines t h e  three e igenvalues  

x and the  three column e igenvec tors  B of t h e  matrix A. Indeterminate e igenvectors  are replaced by zeros  

and t h e  F a u l t  indicator NG s e t  to  a nega t ive  va lue  (eigenvectors  a r e  ass igned  for the  indeterminate 

cases by PRELIM). 
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4.2.3.6 MM ( A , B , C ) ,  D I M E N S I O N  A ( 3 , 3 ) , B ( 3 , 3 ) , C ( 3 , 3 ) .  - M M  performs t h e  matrix multiplication 

C. 
4.2.3.7 M V  ( A , X , Y ) ,  D I M E N S I O N  A ( 3 , 3 ) , X ( 3 ) , Y  (3 ) .  - MV performs the matrix-vector multiplication 

A 8 The location of C must be  different from A and B. 

A X = Y .  T h e  location of Y must b e  different from A and x. 
4.2.3.8 N O R M  ( X , Y . Z , I T Y P E ) ,  D I M E N S I O N  X ( 3 ) , Y ( 3 ) , Z ( 3 ) .  - NORM s t o r e s  a t  i! a vector  (not 

necessar i ly  a uni t  vector)  perpendicular to  both X and Y .  T h e  s e n s e  o'f Z i s  tha t  of t h e  vector  

product X x Y.  
ITYPE > 0: Car tes ian  s y s t e m  

ITYPE 5 0: t r ic l inic  s y s t e m  

4.2 .3 .9  T M M  ( A , B , C ) ,  D I M E N S I O N  A(3,3) ,B(3 ,3) ,C(3 ,3) .  - T M M  performs t h e  matrix multiplication 

(AT B)T = C. T h e  locat ion of  C must b e  different f r o m  A and B. 
4.2.3.10 U N I T  ( X , Y , I T Y P E ) ,  D I M E N S I O N  X ( 3 ) , Y ( 3 ) .  - T h e  v e c t o r y i s  made 1 A long  and paral le l  t o  

X. T h e  vectors  X and Y may have  t h e  same locat ion.  

I T Y P E  > 0: Car tes ian  sys tem 

ITYPE < 0: t r ic l inic  sys tem 

4.2.3.11 V M  ( X , A , Y ) ,  D I M E N S I O N  X ( 3 ) , A ( 3 , 3 ) , Y ( 3 ) .  - VM performs the vector-matrix multiplication 

X T A  = Y T .  T h e  location of Y must b e  different from X and A. 
4.2.3.12 F U N C T I O N  V M V  ( X , A , Y ) ,  D I M E N S I O N  X ( 3 ) , A ( 3 , 3 ) , Y ( 3 ) .  - VMV performs t h e  vector-matrix- 

vector multiplication X T  A Y = s c a l a r .  

4.2.3.13 F U N C T I O N  V V  ( X , Y ) ,  D I M E N S I O N  X ( 3 ) , Y ( 3 ) .  - VV performs the  vector-vector multiplication 

X T Y  = s c a l a r .  

4.2.4 Plott ing Subprograms for the CalComp Plotter .  - T h e  plot t ing subrout ines  are taken f rom the  

Library rout ines  currently in u s e  a t  Oak Ridge National Laboratory with t h e  CDC 1604A and the  IBM 7090 
computers. A CalComp model 580 Magnetic T a p e  Plo t t ing  System is u s e d .  T h e  three major rout ines  

required are der ived from the  CalComp subrout ines  PLOTS,  SYMBOL, and NUMBER. T h e  OR T E P  

modifications are c a l l e d  PLOTS,  SIMBOL, and NUMBUR. 

4.2.4.1 

a )  ENTRY - P L O T S  (A, LENGTH, LTNO) 
T h i s  i s  t h e  ini t ia l izat ion entry for t h e  plotter package  and should be used  only once  in the  program. 

Subrout ine  P L O T S .  - T h i s  i s  an unmodified CalComp Library routine with two entry points .  

T h i s  c a l l  must be made prior t o  u s a g e  of any other  subrout ines  in the  package.  

A is an array which may be used  by t h e  plot t ing package  for s t o r i n g  d a t a  to  be written on the 

plot tape.  

LENGTH i s  the  number of loca t ions  in A avai lable  t o  the plot ter  package.  

LTNO i s  an integer  which  t e l l s  the plotter package  the log ica l  t a p e  number of the plotter tape .  
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In subrout ine F 2 0 0  we h a v e  

DIMENSION PLA( 1500) 
and card  F2000180 conta ins  

“210 C A L L  P L O T S  (PLA,1500,  LTNO)” 

for the  CDC 1604-A or 

“2 1 0  C A L L  P L O T S  (PLA( 1 SOO), 1500,  LTNO)” 

for  the  IBM 7090. T h e  reverse  s torage  of common in t h e  IBM 7090 i s  t h e  reason  for the difference.  

LTNO i s  in common and w a s  s e t  to  23 by subrout ine PRIME. 

An O R T E P  201 instruct ion d i r e c t s  the execut ion of th i s  ini t ia l izat ion.  

b)  ENTRY - P L O T  (X,Y , I P E N )  

T h i s  i s  t h e  b a s i c  entry t o  convey d a t a  to t h e  subrout ine for plotting. T o  fac i l i t a te  t h e  subs t i tu t ion  of 

other plot t ing rout ines ,  O R T E P  conta ins  only one  instruct ion (card DRAW0330 i n  subrout ine DRAW) which 

c a l l s  t h i s  entry point. All the plot t ing information p a s s e s  through DRAW before going  to the a c t u a l  plot t ing 

routine PLOT.  

X is the a b s c i s s a  e x p r e s s e d  i n  inches .  

Y i s  t h e  ordinate  e x p r e s s e d  i n  inches .  

IPEN = 3,  the  pen will b e  lifted prior t o  execut ion of the movement to  t h e  given (X,Y) position. 

IPEN = 2,  the pen will b e  lowered to t h e  paper and a s t ra ight  l i n e  will b e  drawn f rom t h e  current 

(X,Y) to  t h e  given (X,Y) position. 

I P E N  = -3, the  subrout ine will interpret th i s  as b e i n g  the  end of the current plot; and,  following move- 

ment t o  t h e  new (X,Y) posi t ion,  i t  will s e t  x = 0.0, so  tha t  a new origin i s  e s t a b l i s h e d  for t h e  

fol lowing plot (an O R T E P  202 instruction e x e c u t e s  t h i s  termination procedure). 

T h i s  subrout ine k e e p s  track of current  X and Y pos i t ions ,  and whether or not the  pen i s  i n  contac t  with 

the  paper. It s t o r e s  d a t a  ir, t h e  array A provided by t h e  programmer and wri tes  out  a record on the spec i f ied  

tape each  time the  s torage  a rea  i s  filled or an end-of-plot c a l l  i s  made. It a l so  generates  sequent ia l  plot 

addresses  for e a c h  plot on t h e  magnetic t a p e ,  so  that phys ica l  plotting of the p lo ts  c a n  be  done in any order, 

regardless  of the order in  which they were placed on tape.  

4 .2 .4 .2  S u b r o u t i n e  S I M B O L .  - SIMBOL differs  from the s tandard  rout ine SYMBOL in two respec ts :  

1. T h e  input posi t ional  parameters spec i f ied  in t h e  input argument should b e  a n  array containing 

X, Y ,  and 2 i n  adjacent  memory locat ions.  Three-dimensional parameters  are required to produce 

perspec t ive  labels .  T h e 2  parameter  i s  not  used  by SIMBOL but i s  t ransferred to another array that  i s  

referenced when SIMBOL c a l l s  DRAW. 

2.  T h e  s tandard routine SYMBOL c a l l s  P L O T  directly while  SIMBOL c a l l s  DRAW which in turn 

c a l l s  P L O T .  When perspect ive l a b e l s  are used ,  DRAW will perform a three-dimensional rotation and a 

projection of the  grid points  on which the le t te rs  a re  formed, t o  obtain true perspect ive.  T h e  c a l l i n g  

sequence  for DRAW i s  descr ibed  in 4.2.2.3. 
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There  a re  two u s e s  of subrout ine SIMBOL. T h e  f i rs t  u s e  i s  for producing l a b e l s ,  and the second 

i s  for plotting o n e  of 15 s p e c i a l  centered symbols .  

1. ENTRY - SIMBOL (X(l),X(2),H,BCD,THETA,N), DIMENSION X(3) (note N 2 0) 
X(l),X(2) are  the  X and Y coord ina tes  of the lower left-hand e d g e  of the  f i r s t  charac te r  to  b e  

drawn. 

X(3) is the 2 coordinate .  It is u s e d  only with perspec t ive  label ing.  

H i s  the height  in inches of t h e  character  to be  drawn. T h e  width of the  charac te r  i s  e q u a l  to  

‘4 the height and the charac te r  s p a c i n g  is ‘4 t h e  height .  

BCD spec i f ies  t h e  a d d r e s s  of an ar ray  containing the BCD c h a r a c t e r s  to be plot ted.  

THETA i s  the a n g l e  in  degrees  by which t h e  b a s e  l i n e  of t h e  charac te rs  i s  to  be rotated 

counterclockwise f rom the  posi t ive X a x i s .  

N i s  an integer  which s p e c i f i e s  the number of c h a r a c t e r s  i n  the array BCD that  a re  t o  b e  drawn. 

2. ENTRY - SIMBOL (X(l),X(2>,H,NUM,THETA,L), DIMENSION X(3) (note L < 0) 

X(l),X(2) a r e  t h e  X and Y coordinates  of the c e n t e r  of the symbol. 

H is t h e  height  of t h e  symbol  to be plotted. 

NUM i s  a n  integer  such  that  0 5 NUM 5 1 4  which determines which symbol  i s  to be plot ted.  

A l i s t  of the  integers  and the symbols  generated i s  shown in Fig.  4.2. 

THETA i s  the  angle  of rotation as descr ibed  previously 

L = -1: the  centered symbol wil l  be plotted without a l ine b e i n g  drawn from the previous (X,Y) 
position. 

L < -1: a s t ra ight  l ine  n i l 1  b e  drawn from the previous (X,U) position to  the  given (X,Y) posi t ion.  

4.2.4.3 Subroutine N U M B U R .  - T h i s  is a subrout ine to  convert  a machine format number t o  i t s  BCD 

equivalent  and plot i t  accord ing  t o  a spec i f ied  format. 

NUMBUR is different from t h e  usua l  subrout ine NUMBER in tha t  i t  c a l l s  SIMBOL rather than SYMBOL. 

ENTRY - NUMBUR(X( l), X(2),H, A, THETA,  N) 

X(l),X(2),H and THETA a r e  descr ibed  i n  Sect. 1 of t h e  SIMBOL routine 

A is t h e  a d d r e s s  of the  f loat ing or fixed point  number which is to b e  plotted. 

N is t h e  number of d ig i t s  to t h e  right of the  decimal  point. A(-1) value  wil l  s u p p r e s s  the decimal  

point. 
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42 K 
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52 2 
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55 T 
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57 > 

60 + 
61 R 
62 8 
63 c 
64 D 
65 E 
66 F 
67 G 
70 t-l 
71 I 
72 < 
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76 ? 
77 ; 

CENTERED 
SYMBOL5 

O D  

2 m  

3 +  

7 x  

8 Z  
9 Y  

l o  x 
x 

l 2  x 
13 I 

Fig. 4.2. Characters Available in  1604-A Symbol Routine. 

4.3 Adopting OR TEP to Other Equipment Configurations 

Card images2  for OR TEP will  b e  provided to crystallographers and  o the r s  who request that  t h e  program 

FORTRAN decks  a r e  ava i l ab le  in  IBM 360 FORTRAN I V  and  IRM 7090 FORTRAN I V  T h e  FORTRAN 

subprograms are arranged alphabet ical ly  within the  FORTRAN source  decks .  An exception is MAIN, which 

is f i rs t  in  e a c h  deck. 

b e  s e n t  to them. 

2The size of the card deck (3000-6000 cards) is such that i t  is generally more economical to send the program on 
magnetic tape. If convenient, the user should send a blank magnetic tape to  the author. Card images will be written 
on that tape in an agreed upon format and the tape returned to the sender. 
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T h e  machine language subrout ines  SIMBOL and NUMBUR a r e  modif icat ions of the  CalComp subrou- 

t ines  SYMBOL and NUMBER. Subroutine P L O T  i s  an unmodified CalComp subroutine also written in  

machine language. T h e s e  three subrout ines  a re  copyrighted by Cal i fornia  Computer Products ,  Inc. Sub- 
rout ines  SIMBOL and NUMBUR for IBM 360, IBM 7090, and CDC 1604-A c a n  b e  dis t r ibuted from ORNL. 

Subroutine P L O T  which i s  different for e a c h  plotter may be  obtained from California Computer Products ,  

Inc., 305  Muller Avenue, Anaheim, California (Attention: Programming Dept.). 

Cards  for the example figure, cubane,  will be included with t h e  deck.  

4.3 .1  OR TEP Source Deck Differences for the IBM 360 and the IBM 7090. - T h e  l i s t ing  of the  

FORTRAN IV source  deck for t h e  IBM 360 i s  given in Sect. 7. T h e  length of the  s ingle-precis ion 

floating-point word in  the  IBM 360 i s  s u c h  that  the  maximum number of a toms in  the  input l i s t  cannot  

b e  greater than 166  b e c a u s e  of t h e  way the  atom designators  a r e  s tored .  T h i s  must be  taken into account  

if the  dimension s ta tements  of t h e  program a r e  changed. 

T h e  following changes  a r e  made t o  modify the program for IBM 7090 FORTRAN IV: 
1. Remove the  “REAL*8 CHEM” card  f rom the subprograms which u s e  common. 

2. Add the  correct  IBSYS monitor control c a r d s  including “$POOL” and “$GROUP” c a r d s  t o  con- 

s e r v e  memory s p a c e .  

T h e  following changes  a r e  made to modify the  program for IBM 7090 FORTRAN 11: 
1. Remove the  “REAL*8 CHEM” cards  from the  subprograms which u s e  common. 

2. Add “*LfST8” and “*LABEL” cards  before each  subprogram. 

3. Replace  card F2000180 with “210 C A L L  P L O T S  (PLA(1500), lSOO,LTNO).” 

4. Change input-output s ta tements  and library function names to correspond with FORTRAN I1 con-  

ven tion. 

4.3.2 External Device  Logical  Number Assignments. - Logica l  device  number ass ignments  a r e  made 

in  subroutine PRIME. Four  cards  are involved in  t h i s  ini t ia l izat ion:  

Magnet ic  S y m b o l i c  P r i m e r  L o c a t i o n  
T a p e  F u n c t i o n  N a m e  C o n s t a n t  i n  P R I M E  

a) Monitor Input IN = 5 PRIM0220 

b)  Monitor Output NOUT = 6 PRIM0280 
c) Scratch NSR = 8 PRIM0290 
d) Plot t ing  L T N O  = 23 (P RIM0250)* 

4.3.3 Plotter Systems Other than the CalComp 580. - In general ,  only subrout ine P L O T S  (with e n t r i e s  

P L O T S  and P L O T )  n e e d s  to  b e  rep laced  when a different  plot t ing s y s t e m  is used .  T h i s  routine is c a l l e d  

from only two loca t ions ,  one  in F 2 0 0  and the other  in DRAW. F 2 0 0  will probably h a v e  to b e  rewri t ten,  and 

*In the present revision, LTNO a l so  serves  a s  a plotting device indicator and is init ialized to zero a t  
MAIN0145. 
instruction. 

For the mechanical plotter (CRT), LTNO is s e t  to 15 (-99) at F2000210 (F200250) by a 201 (203) 



the  200 s e r i e s  ins t ruc t ions  may h a v e  to be  redefined and expanded to accommodate t h e  ru les  of the  new 

sys tem.  

Locat ion DRAW0330 in  subrout ine DRAW should also be modified t o  call the new line-drawing routine 

with the correct  argument. 

4.3.4 Computing Systems Other Than  the IBM 360, IBM 7090, and CDC 1604-A. - Basica l ly ,  t h e  OR 

TEP s y s t e m  is des igned  to be u s e d  i n  a 32 K memory. Consequent ly ,  OR TEP would have  to b e  changed  

considerably to  opera te  i n  a much smal le r  memory. 

T h e  FORTRAN coding of OR T E P  h a s  proven to  be  fairly machine independent, but as  compilers 

become more sophis t ica ted  new problems continually appear. For example,  some compilers rearrange 

the  s e q u e n c e  of operat ions to obtain more eff ic ient  execution and sometimes they “outsmart” themselves  

i n  the process .  Certain of the  6000 s e r i e s  CDC compilers occas iona l ly  take  a n  instruction such  a s  I1 = 

ATOMS(1, J ) /  100000. and make i t  in to  TEMP = 1./100000.; I 1  = ATOMS(l,J)*TEMP. T h e  effect  i s  

d i sas t rous  because  the numerical rounding and truncation produce a n  incorrect  integer  11. 

If i t  becomes n e c e s s a r y  to rep lace  t h e  machine language subrout ines  SIMBOL and NUMBUR with 

completely different rout ines ,  the  s ta tements  c a l l i n g  t h e s e  rout ines  wil l  a l s o  need to  be  modified. 

SIMBOL is c a l l e d  from BOND0460, BOND0480, F7000850, F9001310, F9001340, and  F9001470. 

NUMBUR is c a l l e d  from BOND 2510 and F9001440. 

4.3.5 Space Requirements with Overlap Feature. - T h e  overlap feature  requires an additional block 

of approximately 15 K words of computer memory and will c a u s e  O R T E P  to exceed  the  memory of a 32 K 

computer. For computers with a working s torage  under 45  K-60 K words,  t h e  overlap feature may b e  

de le ted  by removing subrout ines  LAPSOO, LAP700,  LAP800,  LAPDRW, LAPAB,  and LAPCON and 

subs t i tu t ing  dummy subrout ines  for t h e  f i r s t  four of t h e s e  s i x  subrout ines .  

4.4 Addition of New OR TEP Instructions 

O c c a s i o n s  wil l  a r i s e  when addi t ional  s p e c i a l  purpose instruct ions would b e  useful .  For example,  

perhaps a c e l l  out l ine rout ine would b e  des i rab le .  (Originally, t h e  1000 s e r i e s  of ins t ruc t ions  were 

planned for drawing a paral le lepiped def ined by four general vec tors .  However, t h i s  fea ture  la ter  
seemed somewhat  redundant and w a s  omitted, s i n c e  c r y s t a l  c e l l  ou t l ines  c a n  be  produced with judicious 

usage  of smal l  dummy a toms and  t h e  800 s e r i e s  instruct ions.)  

T h e  subrout ines  F l O O O  and S P A R E  a r e  intended to  b e  used  for additional instruct ions.  All  1000 
s e r i e s  instruct ions c a l l  subrout ine F1000,  which i s  currently j u s t  a dummy routine. Instruct ions 2 1200 

c a l l  another dummy routine, subrout ine SPARE(NJ) ,  where NJ = inst ruct ion number/100. 

All Arithmetic subprograms ( s e e  4.2.3) and many of the  subs id ia ry  subprograms ( s e e  4.2.2) are 

avai lable  for  coding t h e s e  Mainstream subprograms (see 4.2.1). 
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4.5 Glossary of Symbols in OR TEP Common, w i t h  Array Dimensions 

A(9) Direct  c rys ta l  c e l l  parameters ,  a,  b, c, cos a, c o s  @, c o s  y ,  a ( O ) ,  P ( O ) ,  y(O) .  

Metric tensor  g where 9.. = a ,  * a , .  

Post fac tor  transformation matrix t o  convert  coord ina tes  from t r ic l in ic  t o  
AA(3,3) ‘ I  I 
AAREV(3,3) 

t h e  reference C a r t e s i a n  sys tem.  A A R E V  = AA R E F V .  
AAWRK(3,3) Pos t fac tor  transformation matrix t o  convert  coord ina tes  f rom t r ic l inic  t o  

the working Car tes ian  system. AAWRK = A A  WRKV. 
AID(3,3) Identity matrix. 

A IN( 14 0) 

ATOMS(4,500) 

Array conta in ing  the input parameters  of the current OR T E P  instruct ion.  

Column 1 conta ins  atom des igna tor  c o d e s  for t h e  atoms which are t o  be 
included in t h e  s c a l i n g ,  plot t ing,  bond s e a r c h i n g ,  e t c .  T h e  o ther  t h r e e  
columns are  u s e d  for temporary s torage  of coord ina tes  in any of s e v e r a l  
coordinate s y s t e m s .  

BB(3,3) Reciprocal  metric tensor .  BB AA-’ .  
BRDR 

CD(8,lO) 

Border width in inches  e x t e n d i n g  inward f r o m  plot boundary. 

P a r t  of vector s e a r c h  code  array. Used  in conjunct ion with KD array. 

CHEM(100) 

CONT(5) 

D (3,13 0) 

DA(3,3) 
DP(2,13 0) 

Chemical  symbols  for the input atoms. 

Cons tan ts  used  in subrout ine RADIAL. 

Array in which three-dimensional points  on an e l l i p s e  a r e  s tored by RADIAL. 

Transmi ts  conjugate  vec tors  t o  RADIAL. Also used  for temporary s torage .  

Array in which two-dimensional points  for e l l i p s e  are s tored  af ter  projection. 

DIS P 
EDGE 

Displacement  parameter for ret racing.  

Dis tance  in inches  f r o m  a projected point to t h e  c l o s e s t  boundary. 
Se t  in PLTXY. 

EV(3,lOO) Root-mean-square d isp lacements  for e a c h  principal a x i s  of each input  atom. 

F O R E  Cosine  of c r i t i ca l  angle  between bond and Car tes ian  z a x i s  vec tors  for 
perspect ive bond d i s t a n c e  l a b e l s .  At smaller  angles  t h e  l a b e l s ,  produced 
from subroutine BOND, are  drawn without perspect ive t o  prevent e x c e s s i v e  
foreshortening. 

FS(3,3,48) Rotat ion matr ices  for input symmetry operat ions based  on t r ic l inic  s y s t e m .  
Used  with T S  array. 

IN Logica l  number for monitor input  magnetic tape.  

I T I L T  

KD( 5,lO) 

Indicator u s e d  t o  s igna l  subrout ine DRAW, whether or not to  do perspec t ive  
l a b e l i n g  (“Tilted T i t l e s ” ) .  

P a r t  of vector search  code  array. Used  in conjunct ion with CD. 
LATM 

LTNO 

NATOM Number of input a toms.  

NC D 

Number of en t r ies  in ATOMS array. 

Logica l  t a p e  number for magnet ic  plot t ing tape.  

Number of Format  No. 2 trailer c a r d s  for an instruct ion (vector s e a r c h  codes) .  

Note: (P) indica tes  “prime parameters ,”  which are  in i t ia l ized  in subrout ine PRIME. 
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P 

P 
P 

P 

P 

P 

P 

P 

P 

P 

NG 

NJ 

NJ2 
NOUT 

NSR 

NSY M 

ORGN(3) 

P(3,lOO) 

PA(3,3,100) 

PAC(3,5)  

PAT(3,3)  

REFV(3,3)  

RES(4) 

RMS(5) 

S C A L l  

SCAL2 

S C L  

SYMB(3,3) 

T A P E R  

FAULT INDICATOR ( s e e  3.4). 
Instruct ion number/100. 

L a s t  two decimal  d ig i t s  of the  instruct ion number (instruction = NJ*100 + NJ2). 

Logica l  number for monitor output magnet ic  t a p e .  

Logica l  number for scra tch  magnet ic  t a p e .  

Number of input symmetry opera t ions .  

Tricl inic  coord ina tes  for the atom which i s  t h e  origin of the drawing ( i .e . ,  o n  
the  opt ic  a x i s  for the projection). 

Tricl inic  pos i t iona l  coordinates  for the input a toms.  

Matrices for e a c h  input a tom made up of three orthogonal column e igenvec tors  
each  1 A long,  based  on the  t r ic l inic  sys tem (principal a x i s  vec tors ) .  

A 3 x 3 matrix produced by subrout ine PAXES and made up of three orthonormal 
pr incipal  a x i s  column vectors ,  based  on ei ther  the working or reference Car tes ian  
system. Columns 4 and 5 a r e  used  i n  subrout ine  F700 to dupl icate  columns 
1 and 2 for ease in indexing. 

A matrix produced by subrout ine PAXES and composed of three  principal a x i s  

A matrix produced by subrout ine PAXES. Conta ins  e i ther  t h e  d ispers ion  matrix 

column vectors  e a c h  1 H long, b a s e d  on t h e  t r ic l inic  sys tem.  

or i t s  inverse ,  based on e i ther  the  working or reference Car tes ian  sys tems.  

A matrix made up of three orthogonal column vectors ,  e a c h  1 P. long,  b a s e d  on 
t h e  t r ic l inic  sys tem.  T h i s  i s  t h e  base  vector t r ip le t  for the reference 
Car tes ian  coordinate  sys tem.  T h e  t r a n s p o s e  i s  t h e  postfactor  transformation 
matrix for conver t ing  coordinates  f r o m  t h e  reference orthogonal sys tem to 
the  t r ic l inic  sys tem.  R E F V T  = A A R E V - ’ .  

Regula tes  t h e  resolut ion of the plot t ing of a given e l l i p s e  a s  a function of t h e  
longes t  principal a x i s  x in the given e l l ipso id  of the sca led  model. 

x 1 Res(1)  

Res(1)  > x 1 Res(2)  

Res(2)  > x 2 Res(3)  

Res(3)  > x 

Res(4)  i s  not u s e d .  

1 2 8-PO in t e l l  i p s e  

64-poin t e l l ipse  

32-point e l l i p s e  

16-poin t e 11 i ps e 

T h e  r m s  d i sp lacements  a long the principal a x e s  in a r rays  PAC and PAT. 

T h e  s c a l e  of t h e  model in i n c h e s  per angstrom before  projection. 

The  s c a l e  factor ratio which s e t s  the el l ipsoid s c a l e  re la t ive  to SCAL1. 
If SCAL2 = 1.54 ,  then the ins tan taneous  posi t ion of the  atomic center  
will be  within t h e  e l l ipso id  50% of the t ime (5CR probability e l l ipso id) .  

S C L  = SCALl  t imes  SCAL2.  

A rotation matrix b a s e d  on the angle  THETA which i s  s e t  by instruct ion 302. 

T h e  exaggera ted  bond taper  parameter. T h e  t o p  and bottom e n d s  of a bond 
have  radii: RADIUS = 1. * T A P E R  *T6 where T 6  = / c o s i n e  of angle  between 
bond and z a x i s  of Car tes ian  system1 . 

Note: ( P )  i n d i c a t e s  “prime parameters ,”  which a r e  ini t ia l ized in subroutine PRIME. 



76 

P THETA 

T I T L E  (1 2) 

TITLE2(12) 

TS(3,4 8) 

P VIEW 

VT(3,4) 

V2(3) , . . . . , W 3 )  
W RKV(3,3) 

P XLNG(3) 

P xo(3) 

Angle in deg rees  between plotter x a x i s  and le t te r ing  base-line vector. 

Alphanumeric job t i t l e  s torage .  

Alphanumeric information s to rage  for Format No. 3 t ra i le r  card.  

Trans la t ion  vec tor  for e a c h  input symmetry operation. Used  with F S  array.  

Viewing  d i s t ance  in inches .  

Pe r spec t ive  t i t l e  rotation matrix and t rans la t ion  vector.  Also used  fo r  

Array to t ransfer  data to subrout ine  STORE. Al so  used  for temporary 

temporary s torage .  

storage.  

Temporary s torage .  

Same definit ion as for R E F V  except  tha t  t h i s  o n e  is for working 
Car tes ian  sys tem.  W R K V ~  = AAWRK-I. 

Elements  (1) and  (2) a r e  x and y plot dimensions.  E lement  (3) i s  not u sed  

Elements  (1) and (2) denote  t h e  posit ion in plotter coord ina tes  (in inches)  
where ORGN is placed. Element  (3) is used  t o  t ransfer  2 coord ina tes  to 
subroutine DRAW when perspec t ive  le t te r ing  is used .  

Tr ic l in ic  coord ina tes  for an atom posit ion are p laced  here  by subrout ine  XYZ. 

Note: (P) ind ica t e s  “prime parameters ,”  which are in i t ia l ized  in subroutine PRIME. 
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5. MATH EMAT ICs 0 F TH E RMAL-MO TI ON P ROB AB1 L I TY ELL I P SO1 OS 

It i s  convenient  to develop t h e  phys ica l  s ign i f icance  of t h e  anisotropic  temperature factor  with the 

notation and terminology of probability theory rather than with t h e  more familiar Fourier  transform theory. 

T h e  resu l t s  are ,  of course,  ident ical  regard less  of t h e  terminology used.  T h e  reason for t h i s  c h o i c e  is 

tha t  t h e  l i terature  of mathematical  s t a t i s t i c s  and probability theory is somewhat neater  and e a s i e r  to 

follow. T h e  t e x t s  by Wilks, Cramer, '  Miller, Hamilton, and L u k a c s  and Lana '  and t h e  handbooks by 

Burington and May6 and Owen7 a r e  found to  b e  particularly useful. 

5.1 Probabil i ty Densi ty  Function (pdf) of a Tr ivar ia te  Normal Distribution 

Given three c h a n c e  var iab les  X , ,  X,, X,  and S which i s  a region in X1,  X,, X 3  s p a c e .  T h e  prob- 

ab i l i ty  P(S) t h a t  t h e  point ( X l ,  X,, X,) f a l l s  i n  t h e  region S i s  given by 

P(S)  = //JW t x 2' x 3 >  dx 1 , dX . (5.1.1) 
S 

I f  t h e  integration i s  carr ied over  a l l  s p a c e ,  then 

JTJ"(X1, X,, X 3 >  dX1 d X z  dX, = 1 . (5.1.2) 
-m 

T h e  :unction # X I ,  X,, X3)  i s  ca l led  t h e  probability dens i ty  function (pdf) for the  joint  distribution of 

X1, X,, X,. Using vector  notat ion,  w e  c a n  des igna te  the pdf as  +(X). 

When t h e  dis t r ibut ion i s  t h e  type s a i d  to  b e  normal or Gauss ian ,  the  pdf i s  

(5.1.3) 

T h e  matrix M- i s  t h e  inverse  of t h e  symmetrical d i spers ion  (variance-covariance) matrix M, where 

A 

T h e  symbols  a: represent  t h e  second moments or v a r i a n c e s  about t h e  mean posi t ion X. T h e  symbols  

a.o.p.. a r e  the  corresponding covar iances  and p . ,  a r e  t h e  correlation coeff ic ients .  
I I 11 11 

IS. S .  Wilks, Mathematical Stat is t ics ,  Wiley, New York, 1962. 
'H. Cramer, Random Variables and  Probability Distributions, Cambridge University Press ,  London, 1962. 
3K. S. Miller, Mu1 tidimensional Gaussian Distributions, Wiley, N e w  York, 1964. 
4W. C. Hamilton, S ta t i s t ics  in Phys ica l  Science, Ronald, New York, 1964. 
'E. Lukacs and R. G. Lana,  Applications of Characteristic Functions, Hafner Publishing Co., N e w  York, 1964. 
6R. S. Burington and D. C. May, Handbook of Probability and  Stat is t ics  with Tables, Handbook Publishers, 

'D. B. Owen, Handbook of Stat is t ical  Tables, Addison-Wesley, Reading, Mass., 1962. 
Sandusky, Ohio, 1953. 
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5.2 Equiprobabil i ty  El I ipsoids 

A I\ 

For a proper normal dis t r ibut ion t h e  quadrat ic  form (X  - X)TMJI-’ (X - X) i s  pos i t ive  def in i te ,  and a 

principal a x i s  transformation i s  p o s s i b l e  which will make the  c r o s s  correlat ion coef f ic ien ts  p . .  = 0 (i # j ) .  

T h i s  transformation i s  d i s c u s s e d  i n  5.4. T h e  resul t  of t h e  transformation i s  the pdf 
I J  

(5.2.1) 

where 

( Y ,  - ?,>’ ( Y ,  - F2), o., - P3Y Q =  +-- + 
o2 U 2  0 2  
Y1 y 2  y 3  

(5.2.2) 

T h e  y j  are  coordinate: based  on t h e  Car tes ian  principal a x i s  sys tem and u 2  are t h e  var iances  along t h e  

principal a x e s ,  i = 1 , 2 , 3 .  
Y i  

T h e  normal probability dens i ty  function i s  cons tan t  for po in ts  on the el l ipsoid Q = C 2  where C i s  a 

constant .  T h e  probability that  a random point ( y l ,  Y , ,  y , )  in t h e  distribution wil l  fa l l  i n s i d e  t h e  e l l ipso id  

i s  

(5.2.3) 

T h i s  result i s  der ived from (5.1.1), (5.2.1), and (5.2.2) by transforming to  spher ica l  coordinates .  

When C = 1.5382, P = 0.5 and the corresponding el l ipsoid i s  ca l led  the  50% probability e l l ipsoid.  A 

t ab le  of P v s  C va lues  i s  found on page  2 0 3  of Owen’s Handbook of Sta t is t ica l  Tables .  

i ence ,  that t ab le  i s  reproduced here a s  T a b l e  5.1. 
For conven- 

5.3 Characteristic Function (c.f.) of a Tr ivar iate Normal Distribution 

T h e  charac te r i s t ic  function @(T) corresponding to  a t r ivar ia te  dis t r ibut ion +(X) i s  t h e  expec ted  va lue  
of T X , namely, 

(5.3.1) 

For t h e  t r ivar ia te  normal pdf (5.1.3) t h e  conesponding  charac te r i s t ic  function i s  

Q(T) = exp [ i T T X  - ‘/2 T T M T ] ,  

where M i s  t h e  var iance-covariance dispers ion matrix descr ibed  in 5.1 and X i s  t h e  center  of mass of t h e  

distribution. 

(5.3.2) 
/\ 

T h e  crystal lographic  s t ructure  fac tor  equation which incorporates  general  anisotropic  temperature  

factor coeff ic ients  i s  

A 

F(h) = r]f,(h) exp (2nihTX,) e x p  (-hTBnh) , (5.3.3) 
n 
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Table 5.1. Cr i t ica l  values for probabil i ty e l l ipsoids o f  a t r ivar ia te  norrnol distributiona 

P 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.1 0 

0.11 

0.12 

0.13 

0.14 

0.1 5 

0.16 

0.17 

0.18 

0.19 

0.20 

0.21 

0.22 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.31 
0.32 
0.33 

0.34 
0.35 

0.36 

0.37 

0.38 

0.39 

0.40 

C 

0.3389 

0.4299 

0.4951 

0.5479 

0.5932 

0.6334 

0.6699 

0.7035 

0.7349 

0.7644 

0.7924 

0.8192 

0.8447 

0.8694 

0.8932 

0.9162 

0.9386 

0.9605 

0.9818 

1.0026 

1.0230 

1.0430 

1.0627 

1.0821 

1.1012 

1.1200 

1.1386 

1.1570 

1.1751 

1.1932 

1.2110 
1.2288 
1.2464 

1.2638 
1.2812 

1.2985 

1.3158 

1.3330 

1.3501 

1.3672 

P C 

0.41 

0.42 

0.43 

0.44 

0.45 

0.46 

0.47 

0.48 

0.49 

0.50 

0.51 

0.52 

0.53 

0.54 

0.55 

0.56 

0.57 

0.58 

0.59 

0.60 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.70 

0.71 
0.72 

0.73 
0.74 

0.75 

0.76 

0.77 

0.78 

0.79 

0.80 

1.3842 

1.4013 

1.4183 

1.4354 

1.4524 

1.4695 

1.4866 

1.5037 

1.5209 

1.5382 

1.5555 

1.5729 

1.5904 

1.6080 

1.6257 

1.6436 

1.6616 

1.6797 

1.6980 

1.7164 

1.7351 

1.7540 

1.7730 

1.7924 

1.8119 

1.8318 

1.8519 

1.8724 

1.8932 
1.9144 

1.9360 
1.9580 

1.9804 
2.0034 

2.0269 

2.0510 

2.0757 

2.1012 

2.1274 

2.1544 

P C 

0.81 

0.82 

0.83 

0.84 

0.85 

0.86 

0.87 

0.88 

0.89 

0.90 

0.91 

0.92 

0.93 

0.94 

0.95 

0.96 

0.97 

0.98 

0.99 

0.991 

0.992 

0.993 

0.994 

0.995 

0.996 

0.997 

0.998 

0.999 

0.9991 

0.9992 

0.9993 
0.9994 

0.9995 
0.9996 

0.9997 

0.9998 

0.9999 

0.99999 

0.999999 

0.9999999 

2.1824 

2.2114 

2.2416 

2.2730 

2.3059 

2.3404 

2.3767 

2.4153 

2.4563 

2 .SO03 

2.5478 

2.5997 

2.6571 

2.7216 

2.7955 

2.8829 

2.9912 

3.1365 

3.3682 

3.4019 

3.4390 

3.4806 

3.5280 

3.5830 

3.6492 

3.7325 

3.8465 

4.0331 

4.0607 

4.0912 

4.1256 
4.1648 

4.2107 
4.2661 

4.3365 

4.4335 

4.5943 

5.0894 

5.5376 

5.9503 

eReproduced from Ref. 7 by permission of Addison-Wesley Publishing Company, Inc., Reading, Mass. The orig- 
inal caption was “Critical Values for the Spherical Normal Distribution.” 
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where 

h i s  a vector giving t h e  Miller ind ices ,  

Xn i s  a vector giving t h e  fractional unit ce l l  coordinates  of the  nth atom, 

Bn i s  the anisotropic  temperature factor  coeff ic ient  matrix, and 

fn(h) i s  the  atom form factor  va lue  for atom n. 

If a change of var iab les  T = 2nh i s  made, then (5.3.3) c a n  b e  rewritten a s  

F(T) = Z f , ( T ) e x p  ( i T T R n  - '4 T T  -T  Bn ) . n 2 n2 
(5.3.4) 

T h e  s c a l e d  anisotropic  temperature factor  matrix (1 /2n2)8  i s  s e e n  t o  b e  ident ical  with t h e  variance- 

covariance dispers ion matrix M i n  (5.3.2). 

T h e  corresponding crys ta l  s p a c e  t r ivar ia te  normal pdf for any  par t icular  atom n i s  

or if M-'  = 2 n 2 B - '  then 

(5.3.5) 

(5.3.6) 

which i s  ident ical  to (5.1.3). 

5.4 Pr incipal  Axis Transformation 

T h e  transformation of anisotropic  temperature factor coef f ic ien ts  (for t h e  general  t r ic l inic  c a s e )  to  

and Cruickshank et al. l o  principal a x e s  of thermal motion i s  d i s c u s s e d  by Waser, Bus ing  and Levy,  

T h e  principal a x i s  transformation i s  necessary  to find t h e  them.al-motion probability e l l i p s o i d s  d is -  

y,, y, for which t h e  c u s s e d  in 5.2. T h e  principal a x e s  of the  matrix M-' i n  (5.3.6) a r e  t h e  vec tors  y 

inner vector  product (yi, yi) h a s  a s ta t ionary value subjec t  to  the  cons t ra in t  

(yi, M-'yj) = 1 , i = 1, 2 ,  3 .  (5.4.1) 

For the  general t r ic l inic  crystal  sys tem this  means  that  t h e  quadra t ic  form yTG-ly h a s  a s ta t ionary  v a l u e  

subjec ted  to  t h e  constraint  

y T ~ -  'M- l Y  = 1 , (5.4.2) 

'J. Waser, Acta Cryst. 8, 731 (1955). 
9W.  R. Busing and H. A. Levy, Acta Cryst. 11, 450 (1958). 

'OD. W. J. Cruickshank et al., p. 74 in Computing Methods and  the P h a s e  Problem in X-Ray Crystal Analysis ,  
ed. b y  R. Pepinsky, J. M. Robertson, and J. C.  Speakman, Pergamon, New York, 1961. 
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where G-' is t h e  metric tensor  with components  a i  a and ai a is t h e  s c a l a r  vector product of two of t h e  

three unit c e l l  vectors .  Introducing t h e  Lagrange  multiplier 1/X l e a d s  t o  
i i 

premultiplying by  M y i e l d s  

Or w e  c a n  d o  some addi t ional  rearranging and obtain 

[GM-' - Xillyi = 0 (i = 1,2,3). 

(5.4.3) 

(5.4.4) 

(5.4.5) 

Equation (5.4.4) i s  equiva len t  to o n e  of t h e  resu l t s  der ived by Busing and Levy,  except  t h e  X i  obtained 

here  a re  t h e  reciprocals  of their  X i  b e c a u s e  we a r e  doing the  principal a x i s  transformation on M-' while 

their formulation performs t h e  transformation on M. T h e  numerical procedure used  i n  OR T E P  f inds  t h e  

e igenvalues  and eigenvectors  of t h e  unsymmetrical matrix MG-' in  (5.4.4). 
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6. E X A M P L E S  OF I L L U S T R A T I O N S  T H A T  H A V E  B E E N  P R O D U C E D  WITH OR TEP 

Most of t h e  drawings reproduced h e r e  were made while  OR TEP w a s  under  development. Consequent ly ,  

cer ta in  d e t a i l s  i n  t h e  f igures  a r e  not t h e  same a s  t h o s e  produced with t h e  present  vers ion of t h e  program. 

In particular, t h e  l i n e s  of shading  i n  t h e  e l l ipso id  “open octant”  a r e  now a l w a y s  evenly s p a c e d .  

6.1 Nonstereoscopic Drawings Showing Thermal Motion 

T h e  f igures  in  t h i s  s e c t i o n  h a v e  t h e  viewpoint a t  infinity (para l le l  projection). 

6.1.1 Comparison of Graphical Representations of Thermal Motion. - Figure  6.1 s h o w s  t h e  che la t ion  

pat tern of two c i t ra te  molecules  re la ted  by a twofold screw a x i s  i n  t h e  c rys ta l  s t ruc ture  of magnesium 

c i t ra te  decahydrate .  O n e  molecule  h a s  “ t ransparent  e l l i p s o i d s ”  and  t h e  other  h a s  “opaque, plugged 

e l l ipso ids .”  Bond t y p e s  1, 3, and 4 (see 3.3.9) are i l lustrated.  Note that  cer ta in  bonds  terminate  a t  t h e  

el l ipsoid boundary while  o thers  in te rsec t  t h e  el l ipsoid.  T h e s e  var iab les  a r e  under t h e  user ’s  control and 

can  b e  u s e d  t o  advantage  for s p e c i a l  e f fec ts .  

F i g u r e  6.2 i s  another  drawing of magnesium c i t r a t e  decahydrate  with t h e  rms magnitudes of d isp lace-  

ment a long  principal a x e s  ind ica ted  around t h e  equiprobability thermal e l l ipso ids .  

F igure  6.3 i l l u s t r a t e s  t h e  same f igure with t h e  thermal-motion representat ion mentioned by Waser, i n  

which t h e  thermal motion i s  portrayed by a fourth-degree sur face  generated by  a radius  vector  with length 

proportional to the  rms component of displacement  in  the direct ion of t h e  rad ius  vector. T h e  charac te r i s t ic  

peanut s h a p e  of t h i s  fourth-degree sur face  i s  most apparent for atom 0 3 .  

T h e  thermal e l l ipsoid seems to b e  t h e  preferred representat ion,  and the  present  vers ion of O R  T E P  

will draw e l l ipso ids  only.  

6.1.2 Thermol El l ipsoids Derived from Independent Sets of Diffraction Data. - F i g u r e s  6.4(a) and ( b )  

show t h e  thermal e l l i p s o i d s  for potassium dihydrogen i s o c i t r a t e 3  obtained from two independent s e t s  of 

three-dimensional x-ray d a t a  (copper  K ,  d a t a  and chromium K ,  data). F igure  6.4(a) i s  presumably a b e t t e r  

representat ion s i n c e  i t  i s  b a s e d  on a much larger  number of measurements .  In fac t ,  it  i s  rather surpr is ing 

tha t  the  thermal-motion f igures  a r e  so s imilar ,  consider ing t h e  l imited number of da ta  obta inable  with 

chromium radiation. 

6.1.3 Thermal Motion in Molecules Not Related by Crystallographic Symmetry. - Myo-inositol4 h a s  

two molecules  i n  i t s  crystal lographic  asymmetric unit. F i g u r e s  6.5(a) and 6.5(b) permit a comparison of 

t h e  two s e t s  o f  thermal e l l i p s o i d s  in  ident ica l  molecular or ientat ions.  T h e  hydrogen b o n d s  to neighboring 

a toms a r e  also indicated.  T h e  similarity be tween t h e  two e l l ipso id  s e t s  is readily apparent .  

‘ C .  K. Johnson, Acta  Crys t . ,  18, 1004 (1965).  

’5.  Waser, Acta  C r y s t .  8, 731 (1955). 
3 

D. van der Helm, J. P. Glusker, C. K. Johnson, J .  A .  Minkin, N. E. Burow, and A .  L. Pat terson,  Acta  Crys t . ,  
8-34, 578 (1968). 

41. N. Rabinowitz and J .  Kraut, Acta  C r y s t .  17, 159 (1964). 
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6.2 Stereoscopic Drawings of Crystal Structures 

6.2.1 Thermal El l ipsoids Derived from Neutron Studies. - Thermal e l l i p so ids  for hydrogen atoms c a n  

b e  derived from neutron diffraction da ta .  Some recent c rys ta l  s t ruc ture  r e s u l t s  refined from three-dimen- 

s iona l  neutron d a t a  a re  shown here  a s  s t e reoscop ic  pa i r s  of perspec t ive  projections.  T h e  thermal e l l ipso id  

for a hydrogen atom is a lmost  a lways  larger than tha t  of t h e  heavier neighbor atom b e c a u s e  of zero-point 

energy. 

6.2.1.1 Chloral Hydrate. - Figure  6.6 fea tu res  two molecules  of ch lora l  hydrate' re la ted  b y  a center  

of symmetry. T h e  neighboring hydroxyl groups which a re  involved in  hydrogen bonding t o  the  two mol- 

e c u l e s  a re  a l s o  included. 

6.2.1.2 Sugars. - A s ing le  molecule  of s u c r o s e 6  is shown i n  Fig. 6.7 with t h e  six-membered g lucose  

ring to  t h e  left  and  the  five-membered f ruc tose  ring t o  t h e  right. Two intramolecular hydrogen bonds  a r e  

drawn be tween the  two moieties.  Only o n e  hydroxyl group in the  molecule  does not form a hydrogen bond; 

t h i s  group h a s  t h e  abnormally l a rge  thermal e l l ipso id  for hydrogen on  t h e  left s i d e  of the  figure. 

T h e  thermal motion of a g lucose  molecule in  t h e  a -g lucose  c rys ta l  s t ruc ture '  is i l lus t ra ted  by  Fig.  6.8. 

T h i s  figure w a s  drawn with O R  TEP by  G. M.  Brown. 
6.2.1.3 Lithium Sulphate Monohydrate. - T h e  inorganic s t ruc ture  lithium su lpha te  monohydrate h a s  

b e e n  refined with three-dimensional x-ray da ta  by Larson '  and with th ree  zones  of two-dimensional neu- 

tron d a t a  by Smith and Levy,  

ture. T h e  hydrogen thermal e l l i p so ids  were taken  from the neutron a n a l y s i s  and t h e  remainder from t h e  

x-ray resu l t s .  T h e  outs tanding  fea ture  in  t h i s  i l lus t ra t ion  is t h e  l a rge  thermal motion of t h e  water mol- 

ecu le ,  which i n d i c a t e s  much loose r  binding than in  t h e  res t  of the  s t ruc ture .  

F igure  6.9 i l l u s t r a t e s  t h e  cha rac t e r i s t i c  atomic arrangement in tha t  struc- 

6.2.1.4 Potassium Hydrogen Chlorornaleate. l o  - T h i s  s t ruc ture  con ta ins  a centered hydrogen bond. 

T h e  interatomic bond d i s t a n c e s  and the  surrounding K a toms a r e  a l s o  shown in F ig .  6.10, which w a s  

drawn with O R  TEP by R. D. El l i son  and H. A. Levy.  

6.2.2 Thermal El l ipsoids Derived from X-Ray Studies. - T h e  examples  shown i n  t h i s  s ec t ion  were 

t aken  from the  l i terature and  from t h e  work of s eve ra l  c rys ta l lographers  who kindly sen t  their  unpublished 

r e s u l t s  t o  ORNL to  be drawn. 

6.2.2.1 Long-chain Aliphatic Organic Compounds. - Dihydromalvalic ac id  (c i s ,  D ,  ~ -8 ,9-methylene-  

heptadecanoic  acid) is shown in Fig. 6.11. T h e  thermal motion perpendicular to  the  cha in  direction is 

s e e n  to  i n c r e a s e  in  amplitude toward the nonpolar end of the  cha in .  

5G. M. Brown and H. A .  Levy, Cryst.  Struc t .  Cornrnun. 2, 107 (1973). 

6G. M. Brown and H. A. Levy, Science 141, 921 (1963). 

'G. M. Brown and H. A. Levy, Science 147, 1038 (1965). 

'A. C. Larson, Acta Cryst. 18, 717 (1965). 

'H. G. Smith, S. W.  Peterson,  and H. A .  Levy, J. Chern. Phys.  48, 5561 (1968). 

'OR. D. El l ison and H. A .  Levy, A c t a  Cryst., 19, 260 (1965). 

"(3. A. Jeffrey and M. Sax, Acta C r y s t .  16, 1196 (1963). 
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Figure  6.12 i l l u s t r a t e s  t h e  thermal motion i n  t h e  t r iglycer ide beta-tricaprin. T h e  two molecules  

shown a r e  re la ted by  a center  of symmetry. Again t h e  ampli tude of motion perpendicular to  t h e  cha in  in- 

c r e a s e s  toward t h e  end of the chain.  

6.2.2.2 Copper  Chefat ion Compound. - T h e  chelat ion pat tern in  bis-(3-amino-l-phenyl-2-butene-l-ono)- 

Cu(II)I3 is demonstrated in  Fig. 6.13. T h e  copper  atom i s  on a symmetry center .  

6.2.2.3 L a r g e  Biological  Molecule. - Harunganin, l 4  which i s  a plant  pigment, is shown in F ig .  6.14. 

T h e  pair  of “half a toms” a t  t h e  upper right is a n  approximation u s e d  i n  t h e  leas t - squares  refinement to 

correct  for e i ther  very la rge  thermal motion or disorder  which o c c u r s  in  tha t  part of the c r y s t a l  s t ructure .  

T h e  thermal parameters  a r e  somewhat  ques t ionable  s i n c e  t h e  s t ruc ture  w a s  not refined t o  convergence.  

However, the stereogram d o e s  permit t h e  molecular configuration to b e  readily visual ized.  

6.2.2.4 Abnormal Motion in  &(Ill) Acetyfacetonate .  - Dr. Bruno Morosin from Sandia  Corporation 

sen t  t h i s  most unusual  example of thermal motion. Cr(1II) ace ty lace tona te  l 5  h a s  three  ace ty lace tona te  

l igands  arranged to  form an octahedral  coordination of oxygens  about  t h e  C r  atom, a s  shown in Fig.  6.15. 
One  of t h e  l igands  d i s p l a y s  very la rge  thermal anisotropy. When a molecular  packing diagram s u c h  a s  

Fig.  6.16 i s  viewed, t h e  la rge  d isp lacements  a r e  s e e n  to b e  paral le l  to tho b crys ta l  axis .  It appears  that  

s h e e t s  of t h e s e  l igands  a r e  e i ther  disordered o r  undergoing longi tudinal  vibration. Morosin h a s  ev idence  

from other  diffraction experiments  which supports  t h e  hypothes is  tha t  i t  i s  a thermal vibration phenomenon 

and not s t a t i c  disorder  in  t h e  crystal .  

6.2.3 Crysta l  Structure Packing Diagrams. - I t  is often des i rab le  t o  i l l u s t r a t e  t h e  way t h a t  molecules  

pack together  i n  a c r y s t a l  s t ructure .  Sometimes thermal motion c a n  b e  interpreted o n  t h i s  b a s i s ,  as w a s  

done  in 6.2.2.4. In  o ther  i n s t a n c e s  o n e  may b e  more in te res ted  in  v isua l iz ing  t h e  general  packing geom- 

etry of t h e  c rys ta l  s t ructure .  Stereograms a r e  very useful  for both  appl ica t ions .  

6.2.3.1 Potass ium Hydrogen Chloromaleate. - A molecule  of t h i s  s t ruc ture”  is shown in F i g .  6.10. 

Packing  diagrams were a l s o  drawn by E l l i s o n  and Levy and a r e  reproduced here .  F igure  6.17 s h o w s  t h e  

packing of an ions  about the  two types  of potassium ions.  One  coordinat ion polyhedron is a n  irregular 

octahedron of oxygen atoms.  T h e  other  i s  a n  irregular 1 6 h e d r o n  having s ix  oxygen a toms and four chlo- 

rine atoms a t  i t s  ver t ices .  F igure  6.18 is a different view of t h e  packing with a larger  a rea  included. 

6.2.3.2 P a c k i n g  Diagrams for Inorganic Structures. - T h e  reader  may have  not iced t h a t  most of t h e  

i l lustrat ions a r e  of organic  s t ruc tures .  T h e  reason is that  organic  molecules  a r e  e a s y  to  draw. Con- 

s iderably more planning i s  required t o  produce a n  informative i l lustrat ion of a n  inorganic  s t ructure .  

An approach which i s  fa i r ly  s u c c e s s f u l  i s  t h e  following: 

1. Draw a preliminary stereogram of the  conten ts  of a box which e n c l o s e s  somewhat  m o r e  than  o n e  

uni t  ce l l .  B o n d s  should b e  drawn in accordance  with known interatomic d i s t a n c e  ranges.  T h e  d imens ions  

12A. J. Mabis and L. H. Jensen, Abstracts  ACA Meeting, Bozernan, Montana, F-9 (1964) and L. H. Jensen,  

13G. E. Gurr, Acta Cryst. 824,  1511 (1968) and private communication, 1964. 

14R.  A. Alden, G. H. Stout, J. Kraut, and D. F.  High, Acta Cryst. 17, 109 (1964). 
1 5  

private communication, 1964. 

B. Morosin, Acta C r y s t .  19, 131 (1965) and B. Morosin, private communication, 1964. 
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for t h i s  drawing may b e  such  tha t  t he  plot c a n  b e  viewed directly with a s t e reoscope  without photographic 

reduction. 

2. While viewing t h e  preliminary stereogram, pick out  t h e  b a s i c  structural  un i t s  and dec ide  o n  a 

grouping of t h e s e  un i t s  for t h e  des i red  figure. 

3. Descr ibe  t h e  in tended  sub jec t  with whichever technique  is the  most convenient and draw t h e  new 

figure. F igure  6.19, potassium perxenate  nonahydrate,  l 6  is a n  example of a n  i l lus t ra t ion  planned in  t h i s  

way. T h i s  figure w a s  drawn by  J. H. Bums  at ORNL. 
6.2.3.3 I l lus t ra t ions  of the  Contents  of a Unit Cell. - A favorite method used  by  crys ta l lographers  is 

to  draw a unit c e l l  ou t l ine  and t h e  c e l l  con ten t s  within tha t  outl ine.  F igure  6.20, which is a stereogram 

showing lithium a-monodeuteroglycolate,  l 7  is of th i s  nature.  T h e  molecules  were kept i n t ac t  rather than  

cut off a t  the ce l l  outl ine.  

6.3 He l ica l  Structures 

OR TEP h a s  cer ta in  fea tures  which f ac i l i t a t e  t he  drawing of nonintegral  he l ica l  s c rew models such  a s  

t h o s e  d i s c u s s e d  in  the  field of molecular biology. T h e  Paul ing ,  Corey, and Branson alpha-helix model l a  

for protein s t ruc ture  is a n  example. F igure  6.21 s h o w s  t h e  modification of t h i s  s t ruc ture  which is present 

i n  t h e  synthe t ic  polypeptide poly-L-alanine. 

16A. Zalkin, J. D. Forrester, D. H. Templeton, S. M. Williamson, and C. W. Koch, J .  Am. Chem. SOC. 86, 3569 

"C. K .  Johnson, E. J. Gabe, M. R. Taylor, and I. A. Rose, J .  A m .  Chem. SOC. 87, 1802 (1965). 

18L. Pauling, R .  B. Corey, and H. R. Branson, Proc. N a t l .  Acad. Sci. U.S. 37, 235 (1951). 

"A. Ell iot t  and B. R. Malcolm, Proc. Roy. S O C .  London A 249 ,  30 (1959). 

(1964). 
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ORNL DWG, 65-2448 

Fig. 6.1. 
Decohydrate. 

obi I i ty  distribution. 

Chelat ion Pattern Viewed Along o Twofo ld Screw Ax is  i n  the Crystal Structure of Magnesium Citrate 

El l ipso ids represent equiprobabil ity surfaces of thermal displacement and contain 65% of the prob- 

ORNL DWG. 65.2441 

0 I4 

’ \  

I I 

~ $b. 
0 21 0 21 

Fig. 6.2. Thermal-El l ipsoid Representation for Magnesium Citrate Decahydrate wi th  Pr inc ipa l  Values o f  RMS 
Displacement in  Angstrom Units. E l l ipso ids enclose 74% probabil ity. Structure i s  viewed along b oxis. 
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ORNL DWG. 65-2444 
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Fig. 6.3. Peanut-Shaped RMS Thermal-Displacement F igure Representation for Magnesium Citrate Decahydrate. 

Pr incipal  values o f  rms displacement i n  Angstrom uni ts  are indicated around the displacement figures, which are 

drawn at double scale. Some view of  structure os  shown i n  Fig. 6.2. 

Fig. 6.4. Potassium Dihydrogen lsoc i t ro te w i th  Thermal E l l ipso ids Scaled to  Include 74% Probobil ity. ( a )  
( b )  Results obtained from Results obtained from 1350 three-dimensionol copper Kadoto (disagreement foctor 6.5%). 

340 three-dimensional chromium Kadoto  (disagreement foctor 2.2%). Note: This is not a stereo pair. 
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ORNL DWG. 65-2450 

MYO-INOSITOL MYO-INOSITOL 

Fig.  6.5. Comparison of Thermal E l l i p s o i d s  i n  the Two Crys ta l lograph ica l l y  Independent Mo lecu les  of Mya- 
E l l i p s o i d s  are Inos i to l  (6.5a and 6.56). 

scaled to inc lude 74% probabi l i ty .  

Hydrogen bonding i s  shown, s ince  th is  might in f luence the thermal motion. 

Note: This  is not a s t e r e o  pair. 

Fig.  6.6. Stereogram (Stereoscopic Po i r  of Perspec t ive  Pro jec t ions)  of Ch lora l  Hydra te  V i e w e d  A long the 
T w o  molecules are shown re la ted  by a center of symmetry, w i t h  the hydrogen bonds connect ing Reciprocal  A x i s  a * .  

them together and to other molecules. E l l i p s o i d s  are sca led  to inc lude 48% probab i l i t y .  
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SllCROSE FROM NEUTRON D I F F R R C T I O N  SUCROSE FROM NEUTRON D I F F R R C T I O N  

Fig.  6.7. Stereogram Showing the Sucrose M o l e c u l e  w i t h  Thermal E l l i p s o i d s  Scaled to E n c l o s e  50% Probabi l i ty .  

x 

Fig.  6.8. A M o l e c u l e  of Glucose wi th  Thermal  E l l i p s o i d s  Scaled to E n c l o s e  50% Probabi l i ty .  
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Fig.  6.9.  L i t h i u m  Sulphate Monohydrate. The l i thium ions and sulphate ions are coordinated into a compact 

network. T h e  structure is  viewed along the reciprocal  a' axis.  The  e l l ipso ids  are sca led  t o  enc lose  20% probabi l i ty .  

K i l l  3 

" l a 1  C,f 
fl " E  POTASSIUM HTOROGEN CHLOROMALEATF POTRSSIUH HYDROGEN CHLOROHALEATE 

Fig.  6.10. Potassium Hydrogen Chloramaleate. The  chloromaleate ion i s  v iewed normal to i t s  own plane. T h e  

thermal el l ipsoids enc lose  50% probabi l i ty .  
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Fig. 6.11. A M o l e c u l e  of Dihydromolvalic A c i d  wi th  Thermal E l l i p s o i d s  Scoled to Enclose 48% Probabi l i ty .  

0 

BETR-TRICRPRIN BETR- T8 1 CRPR I N 
22/6/6q 0 22/6/6'1 0 

Fig.  6.12. T w o  Molecules of Beta-Tr icapr in  R e l a t e d  by a Center of Symmetry. T h e  thermal e l l ipsoids are 

scaled to inc lude 30% probabil i ty.  
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L 10 

Fig.  6.13. Chela t ion  Complex o f  Bis-(3-ornino-l-phenyI-2-butene-l-ono)-Cu(ll) wi th  Thermal  E l l ipso ids  Scaled 

to Include 50% Probabi l i ty .  

HRRUNGRNIN HRRUNGRNIk 

Fig.  6.14. A Molecu le  of the  P lant  Pigment Harunganin w i t h  Thermal  E l l ipso ids  Scaled to Include 48% Prob- 

obi l ity. 
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cq [ I  1 1 1  A C t T Y L R C E T O N A T E  CR [ I  i I 1  R C E ' I I R C E T O N A T F  

Fig.  6.15. A U n i t  o f  Tris-acetylacetonotochromium(lll) Viewed A long  i t s  Threefold A x i s  of Chemical  Symmetry. 

T h e  thermal e l l ipso ids  ore scaled to enc lose  20% probabi l i ty .  

F ig .  6.16. P a c k i n g  Diagrams for Tris-acetylacetonatochromium(l l l )  V i e w e d  Along the Reciprocol  A x i s  c*.  

Thermal  e l l ipso ids  are sca led  to enclose 20% probabi l i ty .  
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POTRSSIUM HYDROGEN CHLOROMRLERTE -- POTRSSIUM HYDROGEN CHLOROMALERTE 
I- - 

Fig, 6.17. Pock ing of  Chloromaleote Ions Around the Potassium Ions i n  Potossium Hydrogen Chloromaleate. 

Thermal e l l ipso ids ore scoled The edges of the coordination polyhedro ore shown. 

to contain 50% probabil i ty. 

View i s  neorly along the c axis. 

PDTRSSIUM HYDROGEN CHLOSOMALEATE POTASSIUM HYDROGEN CHLOROrALERlE 

Fig. 6.18. Pock ing Diagrams for Potossium Hydrogen Chloromoleate. Atoms ore represented os small  circles. 

View i s  neorly along the a axis. The edges of the coordination polyhedro around the potassium ions ore shown. 
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POTRSSIUH PERXENRTE NONRHYDRRTE POTRSSIUH PERXENRTE NONRHYORRTE 

Fig. 6.19. Packing Diagram for Potassium Perxenate 9-Hydrote, I l lus t ra t ing the Network of High ly  Hydrated 

The v iew i s  paral lel to the a axis. Another layer, related to  the Potassium Ions Surrounding Perxenate Ions. 

present one by a twofold screw ax is  along a, i s  needed to complete the structure. 

Fig. 6.20. A Stereogram Showing the Unit-Cel I Contents of Anhydrous Li amonodeuteroglycolate. The unique 

monocl inic b axis  points up i n  the page and the mean c ax is  out from the page. 
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F ig.  6.21. A Stereoscopic P a i r  of Perspect ive  Pro-  

ject ions Showing the  A lpha-He l ix  Which I s  Present  i n  
Poly-L-Alanine.  There  ore 47 amino-acid residues in 

13 turns o f  the he1 ix .  Stereo v iewing  is accomplished by 

placing o sheet  o f  cardboard between the he l ices .  



7. FORTRAN LISTING OF OR TEP-I1 

c 
C  
C 
C 
C  
C  
C 
C  
C 
C 
C  
C 
C  
C  
C 
C  
C  
C  
C  
c 
C  
C 
C  
C 
C  
C  
C  
C  
C  
C  

C  

C 

C  

TOTAL N U V B E R  OF CARDS INCLUDING DATA POR EXAUPLE I S  4 7 4 5  U A I N  10  
***** OAK R I D G E  THERUAL ELLIPSOID PLOT PROGRAlr ***** U A I N  20  
***** O R T T P - I 1  / IBU-360  1 FEB 1 9 7 1  / INSTRUCTIONS I N  C?NL-3794 * * M A I N  30 
*+*** OPTIONAL OVERLAP PEATUPE ADDED TO ORTEP I N  FEBRUARY 1 9 7 1  * * * U A I N  40 
* * * * a  CUBANE EXAUPLE CARDS ILLUSTRATE USE OF OVERLAP FEATURE * * * * * U A I N  50 ***** I N  BRIEP ,  INSTRUCTION 5 1 1  UAY BE USED JUST BEPORE FACH U A I N  6 0  
***** D R A W I N G  TO STORE THE PROJECTED ATOUS, TYPE 2  TRAILER CARDS U R I N  7 0  

***** 04XIUUI( N U U B E R  O F  STORED BONDS IS 5 9 9 .  I N  GENEPAL, JUST USEURIN 90 
***** THE SAME TYPE 2  TSAILSP CIRDS USED B Y  THE 8 0 2 / 8 1 2  INSTR. ***MAIN 1 0 0  
***** COLS 1 0 - 1 8  ON 5 1  1  INST CARD S P E C I F I E S  OVEQLRP URRGIN(0VURGN) U A I N  1 1 0  

f**** 1 O R  - 1  OVR?GN = 0.0 U A I N  1 3 0  
***** .GT.O, .LT.l  OVURGN = ACTUAL VALUE G I V E N  (INCHES) ***** U A I N  1 4 0  ***** ALL OVSRLAP INPORUATION I S  DESTROYED B Y  I N S I R .  5 0 1 - 5 1 0  U A I N  1 5 0  
***** IF THE COUPUTER ISHOFY AVAILABLE IS EXCEEDED BY THIS  PEATUREUAIN 1 6 0  
***** SUBROUTINES L P P 5 0 0 ,  LAP700,  LAPBOO, LAPDRY, LAPRE A N D  LAPCONUAIN 1 7 0  ***** R A Y  BE PEUOVED A N D  REPLACED B Y  THE FOLLOWING 4 DUMUIES U A I N  1 8 0  
5 IBROUTINE LAPSOO(YTYPE) U A I N  1 9 0  
QETUSN M A I N  2 0 0  
END U A I N  2 1 0  
SU9ROUTINE LAP700  (NA, ICQ)  U A I N  2 2 0  
SETUWN U A I N  2 3 0  
W N  D  U A I N  2 4 0  

R A I N  2 5 0  
l A I N  260 
U A I N  2 7 0  
U A I N  2 8 0  
U A I N  2 9 0  
U R I N  300 
U L T N  3 1 0  

e*+**  WITH INSTR 5 1 1  CAUSES PROJECTED B O N D S  ALSO TO E E  S T O R E D  UAIN 80 

***+* 0 O V M R G N  = UAX(0 .035  OR S Q R T ( S C A L l ) * 0 . 0 3 0 )  M A I N  1 2 0  

SU B?OOTI NF L A P 8 0 0  (NR 1,  NA2. ICQ)  
R E T U R N  . 
n u n  
_.I 

SU BPOUTI NE LAPDRY ( Y e  NP E N , N C Q )  
RSTURN 
EN D  
R F L l t R  C H F n  

DInENSION RBS(4)  ,RRS ( 5 )  ,SI UB ( 3 . 3 )  , T I T L E ( 1 8 ) , T I T L E 2 ( 1 8 )  ,TS  (3.48) M A I N  3 6 0  
DIREYSION VT(3.4)  , V l  ( 4 )  ,V2 ( 3 ) , V 3 ( 3 )  . V 4 ( 3 )  , V 5  ( 3 ) , V 6 ( 3 )  , U Q K V  ( 3 . 3 )  R A I N  3 7 0  
DI IENSION X L N G ( 3 ) , X O ( 3 ) , X T  (3) U A I N  3 8 0  
CO U R O N  N G ,  A, A l l ,  & & R E V , &  A W R K  , A I D  , A I N ,  ATOUS,BB, BRDR, CD, CRER ,CONT, D U A I N  3 9 0  
COUUON DA.DP,DISP,EDGE,EV, PORE,FS,IN,ITILT,KD,LATM,LTNO,NATOM, NCD U A I N  4 0 0  
COUUON NJ,WJ2,NOOT,NSR,NSYU,ORGN,P,PA,PAC,PAT,Q,REFV,RPS,RUS,SCALlUAIN 4 1 0  
COUUON SCAL2 ,SCL,  SYNB, TLPER,TAETA,TITLE,TITLE2,TS . V I E W  ,VT,V1 ,V2  U A I N  4 2 0  
COUrlON V3.VU.V5,V6,YRKV,XLNG,XO,XT U A I N  4 3 0  
I T  NO=O U A I N  440 

2  CALL PRIUE n A I N  450 ***** READ JOB T I T L E  CARD ***** U A I N  4 6 0  
READ ( I N , 4 )  ( T I T L E ( 1 )  , 1 = 1 , 1 8 )  U A I N  4 7 0  

4 PORUAT(l8AU) U A I N  480 
Y Q I T I  (NOUT.6) ( T I T L E ( 1 )  ,I= 1, 1 8 )  U A I N  490 

5 PORMATflHOlOX.18RUl U A I N  500 
U A I N  5 1 0  
U A I N  5 2 0  
U A I N  530 
U A I N  SUO 
N A I N  550 
U A I N  560 
U A I N  5 7 0  
U A I N  580 
U A I N  5 9 0  

6 ~ O R R A T ( l H l l O X ~ 1 8 A 4 )  
CALL P R E L I U  
WRIT? (NOUT.6) ( T I T L E ( 1 )  ,I= 1 , 1 8 )  
ISAVE=O 
GO TO 5 0 7  

7 ISAVS=O ***** ZERO & I N  A R R A Y  ***** 
8 DO 10 J = l , 1 4 0  

1 0  A I N f J l = O .  

NCD=O 
N1=-6 

1 6  Nl=N1+7  
N?=N1+6 . -  . 
I F  (ISAVE) 2 2 ,  1 8 . 1 8  

I P  (ISAVE) 2 4 . 2 4 , 2 0  

GO TO 2 4  

1 8  READ ( I N , l 2 ) I C , N F ,  (AIN ( I ) , I = N l , N 2 )  

2 0  YRITE (NSR)IC ,NP,  ( A I N ( 1 )  , I=Nl.NZ) 

2 2  R E A D  ( N S R ) I C , N P ,  ( A I N ( I ) , I = N l , N 2 )  

2 4  IP ( N l - 1 )  2 6 . 2 6 . 3 0  
2 6  WRITE (NOWT.1l)NP 

NP 1=NF 
I P  ( N P l )  28 .8 .30  

2 8  I P ( N P l + Z )  2 . 2 . 3 0 0 0  
3 0  YRITE INOlJT.14\ f A I R f I I  . I=Nl .N2I  

I P ( I C )  7.24.24 

U A I N  600 
U A I N  6 1 0  
R A I N  6 2 0  
R A I N  6 3 0  
U A I N  6 4 0  
U A I N  650 
U A I N  6 6 0  
U A I N  6 7 0  
U A I N  6 8 0  
R 1 I N  690 
U A I N  7 0 0  
U A I N  7 1 0  
U A I N  7 2 0  
M A I N  7 3 0  
R A I N  7 4 0  
R A I N  7 5 0  
U A I N  7 6 0  
n A I N  7 7 0  
R A I N  7 8 0  
M A I N  7 9 0  
U A I N  800 
U A I N  8 1 0  

3 2  I C = I C + l  

3 3  FORUkT f I 3 . 6 Y  , 5 1 3 . 8 F 6 . 0 )  
3 4  PORUAT ( 6 1 3 ,  B E  1 2 . 5 )  
35 PORNAT(1Y l l X . ~ I 3 , 8 F 1 1 . 5 )  

3 8  NCD=NCD+l 

4 0  R E L D  ( I N . 3 3 ) I C .  ( K D ( I , N C D ) , I = 1 , 5 )  , ( C D ( I , N C D ) , I = 1 , 8 )  

4 2  WRIT8 ( N 5 R ) I C .  ( K D ( I , N C D ) , I = 1 , 5 ) ,  (CD(1,NCD) , I = 1 , 8 )  

GO TO ( 9 0 , 1 6 , 3 8 , 5 O ) . I C  

t+t** R F R D  PORUAT 2  TRAILER CRRDS ***** 
I F  ( I S 4 V E )  u4.40.40 

I P I I S A V E )  4 6 , 4 6 . 4 2  

c.0 TO 46 
U U  R E A D -  (NSR) I C ,  (KD (I, NCD) ,I= 1 , 5 )  , (CD (I, NCD) , I= 1 , 8 )  
U b  W R I T %  (NOUT.35) ( R D ( I , N C D ) , I = 1 , 5 ) ,  ( C D ( I , N C D ) , I = 1 . 8 )  

GO TO 3 2  
* * *a*  READ PORnAT 3 TRAILER CARD ***** 

50 I F ( 1 S A V E )  52.54,SU 
5 2  QEAD (NSR) ( T I T L E 2 ( I )  , 1 = 1 , 1 8 )  

c n  Tn 5 5  -. .. .. 
54 R E A D  ( I N  ,U) ( T I T L E 2 ( 1 )  , 1 = 1 , 1 8 )  
5 5  WRITE (NOUT.5) ( T I T L E Z ( 1 )  , 1 = 1 , 1 8 )  

5 6  WRITE (NSR) ( T I T L E Z ( 1 )  , 1 = 1 ,  1 8 )  
I F ( ? S A V E ) 9 0 . 9 0 . 5 6  

****t EXECUTE INSTRUCTION ***** 
9 0  N J = N F l / 1 0 0  

NJ2=NPl -NJ*100  
NJ3=UOD(NJ2 ,10)  
I P ( N J - 1 2 )  98 .92 .92  

9 2  CALL SPARS(NP1)  
IF (NG)  9a,8,9U 

9 4  CALL ERPNT(O..NPl)  
GO TO 8 
******BRANCH TABLE ?OR FUNCTION TYPES****** 

*+***+*STRUCTURF RNALY S I S  FUNCTIONS******* 
9 8  GO TO(  100,200,300,400,500.60C. 7 0 0 , 8 0 0 , ~ 0 0 , 1 0 0 0 , 1 1 0 0 )  ,NJ  

100 GO TO ( 1 0 1 , 1 0 1 , 1 0 4 . 1 0 9 . 1 0 1 . 1 0 1 , 9 U ) . N J 2  
1 0 1  CALL SEAAC 

GO TO 8 
**tt* ANISOTROPIC TEMP FACTOR OUTPUT ***** 

1 0 4  DO 1 6 4  I= l ,NATOU 

1111 WRITE (NOUT.6) ( T I T L E I J )  . 5 = 1 , 1 8 )  

1 2 9  FORUAT (1  H O  10X. 4HATOU3X, l6HRRS DISPLACEUENT 3X, 3 lHROW VECTORS, BAS 

I F  (MOD (I ,  1 4) - 1) 1 3 4 . 1 1 4 , 1 3 4  

WRITE (NOUT. 1 2 9 )  

1  ON R E F E R E N C E 1 7 X . 2 9 H P R O B A E I L I T ~  COVABIANCE UATRIX) 
1 3 4  T 1 = 5 5 5 0  1. +FLOAT(I )  * 1 0 0 0 0 0 .  

CALL PAXES ( T l , - 3 )  
I P f N G l  1 4 4 .  154.1UU 

t u  u c a i ~  - E R P N T  (T 1  ; I O U )  
1 4 9  PORUAT (1HOlOX. A6 ,F10 .6 ,6X,  3 P 1 2 . 7 . 1 0 X . 3 F 1 2 . 7 )  
1 5 4  WRITE 

1 6 4  UR?TE 

1 5 9  PORUAT ( 1 H  

(NOUT, 1 4 9 ) C R E R ( I )  , R n S  (1)  , (PAC ( J ,  1) , J = l .  3) , ( Q ( J . 1 )  

(NOUT, 1 5 9 )  (RRS ( K ) ,  ( P A C ( J , K )  . J = 1 . 3 )  , l Q ( J , K )  , J = 1  r 3 )  
1 ,  J = l  ,3) 

l .K=2,3) 
16X, F l O .  6 ,  6X, 3 P 1 2 . 1 . 1  O X ,  3 P  1 2 . 7 )  

GO T O  8 -. _. . 
****+**PLOTTER I N I T I A L I Z E ,  PRIRE ADVANCE,TERUINATE PUNCTIONS**+** 

2 0 0  CliLL F 2 0 0  

U A I N  8 2 0  
U A I N  830 
U R I N  840  
U A I N  850 
U A I N  8 6 0  
0AIN 8 7 0  

U A I N  8 9 0  
U A I N  9 0 0  
U A I N  9 1 0  
U A I N  9 2 0  
U A I N  930 
U A I N  9 4 0  

U A I N  R A I N  9 6 0  950 
U A I N  9 7 0  
U A I N  9 8 0  
U A I N  NRIN1000 9 9 0  

MAIN1010 
RAIN1020  UAIN1030 

UAIN1040 UAIN1050 

M A I N  U A I N  1 0 6 0  1 0 7 0  

U A I N  1 0 8 0  
U I I N 1 0 9 0  
MAIN1100 
UAIN1110 
U A I N  11 20 

RAIN11 40 
UAIN1150 
M A I N  1 1 6 0  
l A I N  1 1 7 0  
MAIN1180 
UAIN1200 R A I N  11 9 0  

RAIN1210 
UAIN1220 
UAIN1230 
M A I N  1 2 4 0  

E D U A I N  1 2 5 0  

UAIN1270 
U A I N  1 2 8 0  
RAIN1290 
UAIN1300 
R A I N  1 3 1 0  

U A I 8 1 3 3 0  
HAIN1350  M A I N  1 3 4 0  

UAIN1360  

n a I N  880 

m . 1 ~ 1 1 3 0  

RAIN1260  

~ ~ 1 ~ 1 3 2 0  

~ ~ 1 ~ 1 3 7 0  
* + M A I N I ~ ~ O  H A I N  1 3 9 0  

GO TO 8 
3 0 0  GO TO (301 .302 .303 .94 )  .NJ2 

30 1  I F  ( & I N  ( 1 )  ) 3 2 1 . 3 2  1  31  1  
3 1  1 XLNG( 1) = & I N  ( 1 )  
3 2 1  I F  (AIN ( 2 ) )  341 .34  1 , 3 3 1  
3 3  1  XLNG(2) = A I R  12)  
34 1  IF (AIN ( 3 ) )  3 6 1 , 3 5 1 , 3 5 1  
3 5 1  VIEW=AIN ( 3 )  
3 6  1  I F  (AIN ( 4 ) )  381 .381 .37  1  
37 1 BRDR=AIN 141 

C  *******PLOT DIRENSIONS******* 

RAIN1400 R A I N  14 10 

HAINlU20 
UAIN1430 
R A I N  1 4 4 0  
RAIN1450 
MAIN1460 
M A I N  1 4 7 0  
UAIN1490 HAIN1480 

MAIN1510 RAIN1500 
3 8 1  WRITE (NOlJT,389)XLNG(l),XLNG(2),HRDR 
389 FORITAT( 1  HO ? O X ,  1 lHPLOT L I R I T S P 6  .2 ,3H BIF6 .2 .15H I N .  INCLUDIIGF6.2,  MAIN1520 R A I R I S ~ O  

1 1 2 H  I N .  UARGIN) M A I N  15UO 
3 9 1  WRITE (NOUT.399) VIEW 
3 9 9  PORRIT(1A lOX.13RVIEU DISTANCEP7.3.7H INCLIP9t MAIN1550 --, 

GO TO 8 

302 THETA=AIN( l )  
C  *******LEGEND ROTATION******* 

T l=TRET&*.  0 1 7 4 5 3 2 9 2 5 2  
COSTA=COS ( T l )  
SINTH=SIN ( T O  
DO 3 1 2  J = l , 9  

U A I 1 1  R A I N  1 5 6 0  1 5 7 0  

nnnlseo 
n11a 1 5 9 0  
I A I 6 1 6 0 0  
MAIN1610 
MA1111620 



U A I N 1 6 3 0  
U A I N  1 6 4 0  
MAIN1650 
U A I N  1 6 6 0  
R A I N 1 6 7 0  

SYRB(2.  l ) = S I N T H  

U A I N  1 6 8 0  
SY RB ( 1 , 2 )  =-SINTH 

MAIN1690 
WRITE (NOUT.319)THETA 

3 1 9  FORMAT(IHOlOX.44HREGULAK T I T L E  A N D  SYUBOL ROTATION I N  CEGREESF8.2) UAINl700 

U A I N  1 7  1 0  
GO TO 8 

U A I N 1 7 2 0  3 0 3  D I S P = A I N  ( 1 )  

3 1 3  FORqAT ( l H O l ~ X . 2 2 H Q E T R I C E  DISPLACENENT = F 7 . 4 , 5 H  INCH) 

3 1 2  S Y U B ( J . l ) = O .  
SYUB ( 1 ,  I )=COSTH 
SYMB ( 2 , 2 ) = C O S T A  
SYUB(3.3)  = l .  

C ***** RETRACE DISPLACEUENT ***** 
WHITE (NOOT 3 1 3 )  D l S P  

cn ~n n "- .I Y 

C *******ATOU L I S T  FUNCTIONS******+ 
400 GO TO (401,401.U01,401,401,401,490, 9 4 ,  9 4 , 4 1 0 ,  

4 0 1  CALL FUOO 
G O  TO 4 9 0  

4 1 0  LATM=O 

1 U01,401,U01,401,U0l,UOl, 9 4 )  , N J 2  

DO 4 2 0  I = 1 , 5 0 0  
DO 4 2 0  J = l , U  

4 2 0  ATOlS ( J ,  I )  =O. 
490 IF(LATI*)  8 . 8 . 4 9 1  
4 9 1  VRITE (NOUT.499) (ATOMS ( 1 . 1 )  , I = l , L A T n )  
4 9 4  FOPMAT(lHOlOX.23HCONTENTS CF ATOMS A R R A Y / ( l 5 X , l O P l O . O ) )  

cn m n  n _" I_  Y 

C ***'***CARTESIAN COORDINATE SYSTEU FUNCTIONS******* 
500 CALL F 5 0 0  

WRIT? (YOUT.503) (ORGN ( J ) , J = 1 , 3 )  
5 0 3  FORYAT(lHO, lOX,  UUHORIGIN FOR PROJECTION AXIS I N  CRPS 1 . 3 F  1 5 .  fit ;TRL 

U A I N 1 7 3 0  
U A I N 1 7 4 0  
U A I N 1 7 5 0  
MAIN1760 
U A I N 1 7 7 0  
U A I N 1 7 8 0  

MAIN1800 
U A I N l 8 l O  
U R I N 1 8 2 0  
U A I N 1 8 3 0  
U A I N  1 8 4 0  
MAIN1850 
M A I N  1 8 6 0  
U A I N l 8 7 0  
M A I N  1 8 8 0  
M A I N  1 8 9 0  

U A I N l 9 1 0  
U A I N  1 9 2 0  

COORD. UAIN1930 
.~~ . -, MAIN1940 

U R I N 1 9 5 0  
I F  ( N J 3 - 3 )  5 0 7 , 5 3 9 ,  504 

5 0 4  I F  ( N J 3 - 6 )  6 0 1 , 5 0 7 , 6 0 1  

M A I N  1 9 6 0  
5 0 7  WRIT? (NOUT.529) 

U A I N 1 9 7 0  
l A I N  1 9 8 0  
U A I N 1 9 9 0  509 POQUAT ( 1  HOIOX. 49HORTHONORMRL YORKING VECTORS BASED ON CRYSTAL AXEUAIN2000 

I S  18X. 33HFOST-FACTOR TR ANSFORUA TlON URTRIX/ 16X.8HX VECTCR8K.8HY YECUAIN20 10  

U A l N 2 0 2 0  
2TORBX.8HZ VECTOR) 

U A I N 2 0 3 0  
5 1  9 FORMAT ( 1  H 10X. 3E16.7 .8  X ,  3E 1 6 . 7 )  
5 2 9  P O R ~ ~ T ( l H O l O X , 5 l H O R T H O N O R n R L  REFERENCE VECTORS BASED ON CRYSTAL AXUAIN2040 

lESl6X.33HPOST-FRCTOR TRANSFORBATION UATRIX/16X,8HX VECTORBX, 8 H Y  VEMAIN2050 

U A I N 2 0 6 0  
2CTOS8X.8HZ YECTOR) 

UAIN2070 
5 3 9  WRIT? (NOU'I,509) 

MAIN2080 
U R I N 2 0 9 0  

n ~ r ~ i 7 9 0  

~ ~ 1 ~ 1 9 0 0  

n A  IN i 9 55 
WRITE (NOUT.519) ( ( R E F V ( J . 1 )  , I = 1 , 3 ) ,  (AAREV(J .1)  , 1 = 1 , 3 ) , J  

GO TO 8 
1 = 1 , 3 )  

WRITE (NOUT.519) ((WRKV IJ.1) ,I= 1 , 3 ) ,  ( A A Y R K  ( J , I )  ,I= 1 , 3 )  , J  

cn i n  o 
1 = 1 , 3 )  

U A I N  2 1  00 
U A l N 2 l l O  
UAIN212O 

/ 1lX.lSHOVERALL SCALE = F 6 . 3 , 3 2 H  I N C H / A N E S T R , N ' E ~ L ; ~ ~ ~ ~ ~ 8 ~ C ~ ~ ~ ~ ~ ~ ~ ~ ~  

"- ., , 
C *******PLOT CENTERING FUNCTIONS******* 

6 0 0  CALL FhOO 

6 0 9  TORlAT(lYOlOX.31HORIGIN POINT I N  iLOTTER COORD ( F 6  2 2 m 1 ~ 2 1 3 o  
WRTTE ( N O U T , 6 0 9 ) X O ( l ) ,  X O ( 2 ) , S C A L l  SCAL2 

1 I N .  
7 T P  = I C  2 >  

N A I N  2 1 6 0  
-"I ".d, 

cn no 2 0 3  

c *******ELLIPSOID A N D  s Y n s o L  FLOT FUNCTIONS******+ 
C ********"ILL OUT I)E?IIILS FCR SPECIAL UODELS******** 

7 0 0  G O  TO (7Ol ,?02 ,70U,705,?09 ,9U)  . N J 3  
7 0 1  A I N ( 3 ) = R .  

so vn 7 n a  - -  ., "i 

7 0 2  R I N ( 3 ) = O .  
7 0 3  A I N  ( 1 )  = U .  

A I  N ( 2 )  = O f  
A I N ( U ) = O .  
GO TO 709 

A I N f 2 )  =-5 .  
GO T O  7 0 6  

705  A l N ( l ) = l .  
A I N f 2 ) = 0 .  

706  A I N ( 3 1 = 1 .  
A I Y  ( u )  =9. 

109 CALL '700 
GO TO R 

7 0 4  a I q ( i ) = 3 .  

C **+****SOND FUNCTIOYS***I*~+ 
8 0 0  CALL FQOO 

GO TO 8 
C *******TITLE PUNCTIONS****f t t  

900 CALL F 9 0 0  
GO " 0  4 

C *******CELL OUTLINE PUNCTICNS******* 
1 0 0 0  CALL TlOOO 

GO TO 8 

U A I N 2 1 7 0  
U A I N  2 1 8 0  
U A I N 2 1 9 0  
NAIN2200 
M A I N  2 2  1 0  
R A I N 2 2 2 0  
U A I N 2 2 3 0  
Y A I N 2 2 4 0  
UAIN2250 
U A I N 2 2 6 0  
U A I N 2 2 7 0  
UAIN2280 
U A I N 2 2 9 0  
U A I N  2 3 0 0  
UAIN2310 

UAIN2330 
U A I N 2 3 4 0  

MAIN2360 
MAIN2370 
U A I N 2 3 8 0  
f l R I N 2 3 9 0  
UAIN2400 
B I I N 2 4  1 0  
URIN2U20 
R A I N 2 4 3 0  
MRIN2440 
MAIN2450 

~ 1 ~ 2 3 2 0  

~ ~ 1 ~ 2 3 5 0  

C *******SAVE SEQUENCE P U N C T I O N S * i * t * t t  
1 1 0 0  I F ( N J 2 - 2 )  1 1 0 1 , 1 1 0 2 , 1 1 0 3  
1 1 0 1  I S A V E = l  

GO TO 1 1 0 4  

J=- 1 
END F I L E  NSR 
GO TO 1 1 0 4  

1 1 0 3  ISAVE=-1 
1 1 0 4  REWIND NSR 

1 1 0 2  ISAVE=O 

GO TO 8 
***** TERMINATE PLOTTER TAPE I F  NECESSARY tt*+t 

3 0 0 0  I F  (LTNO) 3 0 0 5 , 3 0 1 0 , 3 0 0 5  
3 0 0 5  A I N ( l ) = - . 0 0 0 0 0 1  

A I N ( 2 ) =  0.0 
N J 2 = 2  
CALL F 2 0 0  

3 0 1 0  CALL E X I T  
STOP 
END 

FUNCTION APCCOS(X) 

I P ( l . O - A B S  ( X ) )  1.2.2 
c ARCCoS(X) I N  DEGREES 

1 X = S I G N ( l  .O,xI 
2 I F ( X )  3.4.5 
3 4RCCOS= 1 8 0  .O+ATAN (SQRT (1.0-X*X) /X) * 5 1 . 2 9 5 1 1 9 5  1 

4 hRCCOS=90.0  

5 ARCCOS=ATAN (SQRT ( 1 .  0-X*X) /X)* 5 7 . 2 9 5 7 7 9 5  1 
5 RETURN 

GO TO 6 

GO TO 6 

END 

n A I N 2 4  6 0  
UAIN2470 
UAIN248O 
UAIN2U90 
UAIN2500 
UAIN25 1 0  
U A I N 2 5 2 0  
UAIN2530 
U A I N 2 5 4 0  
UAIN2550 
UAIN2560 
U R I N 2 5 7 0  
U R I N 2 5 8 0  
U A I N 2 6 0 0  MAIN2590 

UAIN2610 
U A I N 2 6 2 0  
UAIN2630 
U A I N  2 6 4 0  
MAIN2650 

ARCC ARCC 2 0  1 0  

ARCC 3 0  
ARCC 4 0  
ARCC 50 
ARCC 6 0  
ARCC 70 
ARCC 80 
ARCC 9 0  
RRCC 1 0 0  

ARCC ARCC 1 1 0  1 2 0  

ATOM 10 
SUBROUTIN' ATOM (QA,Z) 

ATOU 2 0  
C ATOU COORDINATE S'IBQOUTINE 

ATOM 3 0  
DIUENSION X ( 3 )  . 2 ( 3 )  

ATON 40 
SXAL*8 CHEN 
DINENSION A ( 9 ) , A A f 3 , 3 )  ,AAREV(3,3),AAWRK(3 3 ) , A I D ( 3  3 )  R I N ( l U 0 )  ATOU 50  
D I l E N S I O N  ATOnS(4 .500)  , B B ( 3 , 3 )  C D ( 8  1 0 )  C k E N ( 1 6 6 )  E O N k ( 5 )  D ( 3  1 3 0 )  ATOM 6 0  
DIUENSION DA(3.3) , D P ( 2 , 1 3 0 ) , E V ~ 3 , 1 6 ~ ~  , P 4 ( 3 , 3 , U 8 ) , i D ( 5 , 1 0 )  : O R G i ( 3 )  ATOM 70 
DIMENSTON P ( 3 , 1 6 h ) , P A ( 3 . 3 ,  1 6 6 ) , P A C ( 3  5)  F A T O  3)  Q ( 3  3 )  Q E F V ( 3  3 )  ATOU 8 0  DINENSION R F S ( U ) , ' i U S ( 5 ) , S Y M B ( 3  3) TI; IE;18)  T;TL;2(1;) k S ( 3  48;  ATOU 9 0  
DIUENSION VT (3.U) ,VI  (4) ,V2 ( 3 ) ,  i 3  (?) , V U  ( 3 )  ,V: ( 3 )  , V 6 ( 3 ) ,  ;RKV(;,3) ATOU 1 0 0  

ATOU 1 1 0  DIMENSION XLNG(3) , X 0 ( 3 ) , X T  ( 3 )  
COMUON N G , A , A A . A A R E V , A L Y R K , A I D , A I N , A T O U S , B ~ . B R C R , C D , C H E U , C O N T ,  D ATOM 1 2 0  
COflqON DA~D~~D~SD,EDGE.?V,FORE,FS.IN.ITILT,KD, LATU,LTNO,NATOU, NCD ATOn 1 3 0  
COHMON VJ,NJZ NOUT NSR NSYU,OBGN P PA PAC PAT Q REFV RES R n S  SCALlATOn 1 4 0  
COHMON S C A L 2 , ~ C L , S ~ ~ B . ~ A ~ E R , T H E T ~ , ~ l ~ ~ E , T ~ T L E ~ , ~ S , V I ~ W , V ~ , V l ~ V 2  ATOU 1 5 0  

ATOM 1 6 0  C O W I O N  V3,V4,V5,Y6,WRKV,XLNG,XO,XT 

ATOM 1 7 0  
K = Q A / 1 0 0 0 0 0 . 0  

ATOM 1 8 0  
I F ( K )  1 0 9 , 1 0 9 ,  1 1 7  

ATOM 1 9 0  
ATOM 2 0 0  
ATOM 2 1 0  
ATOM 2 2 0  
ATOM 2 3 0  
ATOU 2 4 0  
ATOU 2 5 0  
ATOM 2 6 0  
A T O R  2 7 0  
ATOU 2 8 0  
ATOU 2 9 0  
ATOU 3 0 0  
ATOM 3 1 0  
ATOU 3 2 0  
ATOU 3 3 0  
ATON 3 4 0  
ATOU 3 5 0  
ATOM 3 6 0  
ATOM 3 7 0  
ATOM 380 
ATON 3 9 0  
ATOU 4 0 0  
ATOU U 1 0  
ATOU U20 
ATOU 4 3 0  
AT09 4 4 0  
ATON 4 5 0  
ATOl U 6 0  
ATOM 470 
ATOM 4 8 0  

1 0 9  X (  1) =o.o 
x ( 2 ) = 0 . 0  
X ( 3 ) = 0 . 0  
GO TO 1 2 5  

1 1 7  I F ( K - N A T O M ) l l 9 . 1 1 9 , 5 0 3  
5 0 3  NG=5 

GO TO 3 2 5  
1 1 9  DO 1 2 3  J = 1 , 3  
1 2 3  X ( J )  = D ( J , K )  
1 2 5  TA=&BS(QA) 

KSYl=AUOD ( T I ,  1 0 0 0 0 0 . 0 )  
KT=KSYI/ 1 0 0  
KS=KSYM- lOO*KT 
IPfKS-NSYM) 2 0 3 , 2 0 3 , 4 0 3  

GO TO 3 2 5  
4 0 3  NG=4 

2 0 3  IT (KS) 4 0 3 , 2 0 5 ,  2 1 3  
205 7 ( 1) = x  ( 1 )  

z ( 2 )  = x  ( 2 1  
Z ( 3 )  =X ( 3 )  
GO TO 3 1 1  

2 1 3  DO 2 2 3  K = l , 3  
Z ( K ) = T S ( K , K S )  
DO 2 2 3  J = 1 , 3  

2 2 3  Z ( K ) ' Z ( K ) * P S ( J , K , K S ) * X ( J )  
3 1 1  I F ( K T ) U 0 3 . 3 2 5  3 1 3  
3 1  3 I F  (KT-555)  3 1 7 ;  3 1 5 . 3  1 7  
3 1 5  KSYB=KS 

GO TO 3 2 q  
3 1 7  ICl=KT/100 



ATOl P 9 0  
a T o n  5 0 0  
a w n  510 
ATOB 5 2 0  
ATOM 530 
ATOM 5 4 0  
ATOH 5 5 0  
ATOB 5 6 0  

0 ( 2 ) = 0 .  
u ( 3 ) = 0 .  
V (  1 ) = 0 .  
v ( 2 ) =  1. 
v ( 3) = O  . 

1 1 5  DO 1 2 5  J = 1 , 3  

AXES 1 1 0  
AXES 1 2 0  
AXES 130 
AXES 1 4 0  
AXES 1 5 0  
AXES 1 6 0  
AXES 1 7 0  
AXES 1 8 0  
AXES 1 9 0  
AXES 2 0 0  
AXES 2 1 0  
AXES 2 2 0  
AXES 2 3 0  
AXES 240 
AXES 2 5 0  
AXES 2 6 0  
AXES 2 7 0  
AXES 2 8 0  
AXES 2 9 0  
AXES 300 
AXES 3 1 0  

K=KT- lOO*R 1 ,. .._ 
K2=K/10 
K3=K-lO*R2 
z ( l ) = z ( l ) + F L O A T ( K 1 - 5 )  
z (2)=z ( 2 )  +PLOAT(K2-5) 
z f 31 =z 13) +FLOAT (R3-5) 

3 2 5  RETURN 
END 

AXEQ 10 
AXEQ 2 0  
AXEQ 30 
AXEQ 4 0  

LXEO 60 
A X E Q  5 0  

C 
C 
C 
C 

C 

C 

C 

1 5 5  DO 1 9 5  I = 1 , 3  

1 6 5  I C = - 1  

1 7 5  I C = l  
1 9  5 CALI. UNIT (U  ( 1  . I )  , X  ( 1  , I )  * I c )  

I F  ( I T )  1 6 5 . 1 6 5 ,  1 7 5  

GO TO 1 9 5  

RETURN 
END 

AXEa 7 0  
AXEQ 8 0  
AXEQ 9 0  
AXEQ 1 0 0  
AXEQ 1 1 0  

N V = J J J  
*st** TULNSFTR DATA ***** 

AXEQ 1 2 0  
AXEQ 1 3 0  
AXEQ 1 4 0  
AXEQ 1 5 0  
AXEQ 1 6 0  
RXEQ 1 7 0  

AXEO 1 9 0  
A X E Q  i a o  

BOND 1 0  
BOND 2 0  
BOND 30 
BOND 40 

QEAL*8 CBEH 
DIMENSION A ( 9 )  A h ( 3 . 3 )  , A I R F V ( 3 , 3 ) , A A Y R K ( 3  3) A I D ( 3  3 ) , 6 1 N ( l U O )  BOND 50  
DIM*NSION A T O H ~ ( 4 , 5 0 0 )  , B B ( 3 , 3 )  , C D ( 8 , l O )  CiEH;166)  ,;ONT(5) , D ( 3 , 1 3 0 )  BOND 60 
D I n i N S I O N  D A  ( 3 . 3 )  ,DP ( 2 , 1 3 0 ) ,  FV ( 3  1 6 6 )  ,Pi (3.3. 48) ,  K D  ( 5 ,  10)  ,ORGN ( 3 )  BOND 

7 0  
DIRBNSION ~ ( 3 , 1 6 6 )  , ~ ~ ( 3 , 3 ,  166)  , P k ( 3 , 5 )  ,PRT(3,3) , Q ( 3 , 3 ) , R E F V ( 3 , 3 )  BOND 80 

DIMENSION R E S ( 4 )  , R H S ( 5 )  ,SYnB(3,3),TITLE(l8),TITLE2(18) , T S ( 3 , 4 8 )  BOND 90 
D I ~ E N S I O N  VT (3.4) , V 1  (4) ,V2 ( 3 ) ,  V 3  (3) , V 4  ( 3 ) ,  V 5  ( 3 )  , V 6 ( 3 )  ,YRKV(3,3)  BOND BOND 1 1 0  1 0 0  
DIHENSION X I N G  (3)  s X O ( 3 )  , X T ( 3 )  
CONHON NG,A,AA,AARFV,AAURK,~ID,AIN,ATO~S,BB,BRDR,CD,CHEH,CONT,D BOND 1 2 0  
C O H ~ O N  D R  DP DISP,EDGE.EV, FORE,FS,IN,ITILT,KD.LATn,L~NO,NATOH,NCD BOND 1 3 0  
COMBON N J ~ N J ~ , N O U T , N S R , N S Y I , O R G N , P , ~ A . P A C , E A T , Q , R E F V , ~ E S , R U S , S C A L l B O N D  1 4 0  
COnHON SCAL2,SCL,SYHB,TAPER,THETA,TITLE,TIlLE~,TS,VI~Y,V~,Vl ,V2 BOND 1 5 0  
COnBON V3,VU,V5,V6,WRKV,XLNG,XO,XT BOND BOND 1 6 0  1 1 0  

NG 1=0 BOND 1 9 0  
BOND BOND 2 0 0  2 1 0  

RnNn 2 2 0  

t**+f OBTRIN POSITIONAL PRRAnETERS ***** B O N D  i a o  

AXE6 2 0 0  
AXEQ 2 1 0  
AXEQ 2 2 0  
AXEQ 2 3 0  
AXEQ 2 4 0  
AXEQ 2 5 0  
RXEQ 2 6 0  
AXEQ 2 7 0  
LXEQ 280 
AXEQ 2 9 0  
AXEQ 3 0 0  
AXEQ 3 1 0  
RXEQ 3 2 0  
AXEQ 3 3 0  
AXEQ 3 4 0  
LXEQ 3 5 0  
AXEQ 360 
RXEQ 3 7 0  
AXEQ 380 
RXEQ 3 9 0  
AXEQ 400 
AXEO 4 1 0  

S=A ( 1 . J )  
A 11.  J I  = A  1L.J) . .  

6 L ( L , J ) = S  

S = B  (I ,  J) 
DO a J = I . N V  

C 

1 0 5  
~ 

BOND 2 3 0  
BOND 2 4 0  
BOND 2 5 0  
BOND 2 6 0  
BOND 2 7 0  
BOND 2 8 0  
ROND 2 9 0  .. ~ 

BOND 3 0 0  
BOND 310 
BOND 3 2 0  
BOND 330 

AXEp 4 2 0  
AXEQ 4 3 0  
RXEQ 4 4 0  
AXEQ 4 5 0  1 2 5  NGl=I  

YRITY ( N O U T , l 3 6 ) C H E n ( K ) , K , L ,  ( U ( J . 1 )  , J = 2 , 9 1  
CALL E Q P Y T ( U ( 1 , I )  ,800) 
C" TO 1 7 "  

BOND 340 
BOND 3 5 0  
BOND 3 6 0  
BOND 3 7 0  
BOND 380 
BOND 3 9 0  
BOND 4 0 0  
BOND 4 1 0  
BOND 4 2 0  
BOND 4 3 0  
BOND U P 0  
BOND 4 5 0  
BOND 4 6 0  
BOND 4 7 0  
BOND 480 
BOND 4 9 0  
BOND 5 0 0  
BOND 5 1 0  
BOND 5 2 0  
BOND 5 3 0  
BOND 5 4 0  
BOND 550 
30ND 560 
BOND 5 7 0  
BOND 5 0 0  
B O N D  590 
BOND 6 0 0  

AXEQ 4 6 0  
AXEQ 4 7 0  
AXEQ 4 8 0  
AXEQ 4 9 0  
AXEQ 500 
AXEQ 5 1 0  
AXEQ 5 2 0  
AXEQ 5 3 0  
AXEQ 5 4 0  
AXEQ 5 5 0  
L X E O  560 

,,- - -  ~ 

1 2 8  I F ( N J 2 - 1 0 )  1 3 0 . 1 3 F . 1 3 5  
l?O WRITE ( N O U T , 1 3 6 ) C H F n ( K )  ,K,L, ( U ( J . 1 )  , J = 2 , 9 )  

.. . ~ -  
AXEQ 5 7 0  
AXEQ 580 
AXEQ 5 9 0  
AXEQ 6 0 0  
RXEQ 6 1 0  

1 2 )  
GO TO 5 7 0  

1 4 3  KODE=KD(5,NB) 
IF (KODE) 1 4 5 , 1 1 1 4 , 1 4 6  

i u u  N B N D = O  
GO TO 1 4 8  

1 4 5  KODE=-KODE 
1 4 6  NBND=125/2**KODE 

1 4 8  I F  (VIZY) 1 5 2 ,  1 5 0 , 1 5 2  
****t ~ I N D  U P P E R H O S T  a ~ ~ n  FUT I N  P O S I T I O N  ONE ***** 

1qo u ( 1 2 , 1 ) = 1 .  
u ( 1 2 , 2 )  = 1 . 

AXTS 1 0  
SUBROUTIYE A X E S ( U  V X I T I P E )  

AXES 30 
tt*** I T ~ P F  . G T . O  F O R  CRRTESIRN,.LE.O FOR ' IRICLINIC I**** 

AXES 5 0  
t + t * * I 4 B S ( I T Y P E )  = 2  u ( 1 ) = 0 ,  Y(2) =(UXV) XU,U ( 3 ) =  (UXV) * * * * *  ***** ITYPE=O U ( l ) = R , U ( 2 ) = ( A X B ) X A , U ( 3 ) = ( A X E ) ,  ABC=CELL VFCTORS ***AXES 6 0  

AXES 70 
DIHTNSIOY U ( 3 ) , V ( 3 ) , W ( 3 , 3 )  qX(3.3)  AXES 80 

AXES 9 0  I T = I T  Y PE 
I P ( 1 T )  1 1 5 ,  1 0 5 , 1 1 5  

* a + * *  S T O R Y  T H R E E ' O ~ T ~ O G O N A L  V E C T O R S  E A C H  1 L N G S T R O N  L O N G  * * * * *  A X E S  20  

AXES 4 0  
* + + * * I A B S ( I T Y P E )  = 1  W ( l ) = U , U  ( 2 )  = ( U x v )  ,w ( 3 ) = u x  ( u x v )  

***** 

AXES 1 0 0  
1 0 5  U ( l ) = l .  



I F P ( 6 . 1 ) - W ( 6 , 2 ) )  1 6 5  1 7 5  1 7 5  
*"***VECTOR PROM ATOfi T O ' V I F U P O I N T  * * *e*  c 

1 5 2  DO 1 6 0  1 = 1 - 7  

1'5 

C 
1 6 0  

C 
1 6 5  

E ( J , J ) = l .  
E ( J + l , l )  = O .  

1 8 0  E f J + 5 .  11 = n  

CRLL U N I T ( V 2 , V Z  1 )  

I F  ( . 999U-T6)  1 8 5 , 1 8 5 ,  1 8 1  
***** ALTERNATE CALC I f  B O N D  IS ALONG REFERENCE V I E W  DIRECTION 1 8 5  DO 1 8 6  J = 1 , 3  

1 8 6  V2 ( J )  = W  ( J + 9 ,  1 )  +W ( J + 9 , 2 )  
CALL UNIT(V2 ,V2 ,1 )  
Th=ABS fVVfV3.V711 

T f i = A B s ( v v ( v 3 , v 2 i )  

C 

BOND 6 1 0  
BOND 620 
BOND 6 3 0  
BOND 6 4 0  
BOND 650 
BOND 6 6 0  
BOND 6 7 0  
BOND 680 
BOND 6 9 0  
BOND 1 0 0  
BOND 1 1 0  
BOND 1 2 0  
BOND 1 3 0  
BOND 7 4 0  
BOND 7 5 0  
BOND 7 6 0  
BOND 7 1 0  
BOND 780 
BOND 7 9 0  
BOND 8 0 0  
BOND 8 1 0  
BOND 8 2 0  *** BOND 830 
BOND 8 4 0  
BOND 8 5 0  
BOND 860 
BOND 8 7 0  
B O N D  880 
BOND 8 9 0  
BOND 9 0 0  
B O N D  9 1 0  
BOND 9 2 0  
BOND 9 3 0  

***BOND 9 4 0  
BOND 950 
BOND 9 6 0  
BOND 9 1 0  
B O N D  9 8 0  
BOND 990  
BOND 1 0 0 0  
BOND10 1 0  
BOND 1 0 2 0  
BOND 1 0 3 0  
BOND 1 0 4 0  
BOND1050 
BOND 1 0 6 0  

BOND1130 
BOND1140 
B O N D  1 1  5 0  
BOND1160 
BOND1110 
B O N D  11 80  
B O N D  11 9 0  
BOND1200 
BOND 1 2  1 0  

**BOND1220 
BOND 1 2 3 0  
BOND1290 
BOND1250 
BOND 1 2 6 0  
BOND 1 2 7 0  
BOND 1 2 8 0  
BOND1290 
BOND 1 3 0 0  
BOND 13 10  
BOND1320 
BOND 1 3 3 0  
30ND1340  
BOND 1 3 5 0  
BOND1360 
BOND1310 
BOND1380 
BOND 1 3 9 0  
BOND1400 
BOYD 14 1 0  
BOND 1 4 2 0  
BOND1430 
BOND1440 

c ***** DFRIVE TANGENT CYLINDER WITH AXIS ALONG z t * t* f  

DO 2 5 0  J = 1 , 2  
DO 2 4 5  P = 1 , 2  

24  0 T 1 =- l .O/Q ( 3 , 3 )  

2 4 5  S ( K , J ) = Q ( K , J ) + Q ( K , 3 ) * Q  ( J , 3 ) * T l  
s ( 3 . 5 1  =o.n 

2 5 0  S ( J ; 3 ) = 0 . 0  
sr 3.3) =o.o 
GO TO 2 1 0  

C ***** TRANSFER E L L I P S O I D  *a** *  
2 6 0  DO 2 6 5  J = 1 , 9  
2 6 5  S I J ,  1 )  = Q  ( 5 . 1 )  

2 7 0  T 5 = 1 .  

300  I ? ( I I - 2 )  3 0 5 , 3 1 0 , 3 1 0  
3 0 5  RADIUS=l.+T6*TAPER 
3 1 0  GO RADIUS=l.-T6*TAPES TO 3 2 0  

I B N D = I I  

C ***** CHECK ?OR B O N D  T A P E R  * * * *a  

3 2 0  CRLL n v ( s , v 3 , v u )  
T2=VV (V3 ,Vu) 
***** COHPUTE BOND INTERSECTION ***t* 
K L = 5 - I I - I I  
KSTP=U 
I F  (NJ2-2  1)  3 2 4 ,  3 2 2 ,  3 2 2  

c 

3 2 2  KSTP=32 
3 2 4  DO 3 3 5  P = 1 , 6 5 , K S T P  

DO 3 2 5  J = 1 , 3  
V6 (5 )  = D  ( J ,  K )  +RADIUS 

T3=VV(Vq,V4)  BOND 1 1 8 0  
T'J=T3*T3-T2* ( V U V ( V 5 , s , v 5 )  - ~ 5 )  BOND 1 7 9 0  
I P ( T 4 )  3 0 5 , 3 3 0 , 3 3 0  BOND1800 

BOND 18 10  
T l = ( T U - T 3 ) / T 2  BOND1820 
T 3 = ( - T U - T 3 ) / T 2  BOND 1 8 3 0  

BOND1840 L= K+KL-  1 
DO 3 3 5  J = 1 , 3  B O N D  1 8  5 0  u r ~ . ~ )  = r v 6  (J) + T I + V ~  (J)  B O N D  1 8 6 0  

3 3  5 D ( J ,  L +  1 )  = ( - 1 6  (J)  -T3*V3 ( J ) )  *sCL BOND 1 8 7 0  
IF ( IRND+ZI-NJZ)  3 6 0 , 3 3 8 , 3 6 0  BOND 1 8 8 0  

3 3 8  I u ( K D ( 5 , N B ) )  3 6 0 , 3 6 0 , 3 4 0  BOND1890 ***** ? O R  OVERLAP, R A K E  B O N D  QUADRANGLE TANGENT TO E N V ~ L O P I N G  CONE BOND^^^^ 
BOND 19 10  3 4 0  T3=VV (VUE,vu)  

TU=T3+*2-T2* (VnV (VOE,S,VUE) - T 5 )  
I F ( T 4 )  3 4 5 , 3 5 0 , 3 5 0  

3 2 5  V ~ I J ) = V ~  ( J ) + V U E ( J )  

3 3 0  TU=SQRT (TU) 

*SCL 

3 4 5  NG=l3  
CALL E R P N T ( W ( I . I I )  ,800) 
G O  *O 9 9 9  

DO 3 5 5  5 = 1 , 3  

D (J,KL) = D  ( J  SL) +TI( 

3 5 0  T 1 =  (SQRT (TU) -T3)  /?2 

f T l * V 3  (J) *SCL-o.5* ( D ( J ,  KL) + D ( J ,  KL+64)  ) ) *1 .00  1 

3 5 5  D ( J , T L * 6 4 )  = i ( J , K L + h U ) + T q  
3 h @  C A L L  PRO,' ( G ( 1  VKL) I DP ( 1  ,II) , U 19 ,II) , xo. V I E W ,  1 . 6  S , K S T P )  

IP (1BND-1)  3 1 0 . 3 6 5  3 1 0  
3 6 5  c 4 L L  P a o J ( D ( l v K L + k )  ,DP ( 1 . 1 1 + 6 8 )  , b ! ( U , I I )  , X O , V I E W , ~ , ~ ~ , K ~ T ~ )  

GO TO 3 8 0  

3 7 0  DO 3 7 5  K = 4 , 6 4 , 4  
c I**** RFTRACE TOP HALF *ttt* 

L = K + I I  
fl=L*%4 
*= 66-L 
o ~ ( 1 ,  V )  = D P ( ~ , N )  

3 7 5  D P ( ~ , N ) = D P ( ? . N )  
380 CONTINUE 

***** CHECK VOR OVFRLRP O R  
DO 395 K = 1 , 5 5 , 3 2  
T l = O .  
T2=O. 
DO 35' J = 1 . 2  

H I D D E N  B O N D  ***t* 

BOND1920 
BOND 1 9 3 0  
BOND1940 
BOND1950 
BOND 1 9 6 0  
BOND1970 
BOND 1 9 8 0  
BOND1990 
BOND2000 
BOND20 10  
BOND2020 
BOND2030 
BOND 20 4 0  
BOND2050 
BOND2060 
BOND20 1 0 
BOND2080 
BOND2090 
BOND2100 
BOND2110 
BOND2120 
BOND2130 

CRLL F Q D V T ( W ( l , 2 )  ,800) 
GO TO 9 9 9  

3 9 5  CONTINUP 

I C Q = O  
CRLL L A D  9 0 0  ( N  A 1 ,  N R2. I C  Q )  

r ***** CALL O V E R L A P  R O U T I N E  **::* 

BOND1450 
BOND1460 
B O N D  1 4 1 0  
BOND 1 4 8 0  
BOND1490 
BOND1500 
BOND 1 5  1 0  
BOND 1 5 2 0  
BOND1530 
BOND 1 5 4 0  
BOND1550 
BOND 1 5 6 0  
BOND1570 
BOND 1 5 8 0  
BOND1590 
BOND 1 6 0 0  
BOND16 10  
BOND1620 
BOND 1 6 3 0  
BOND1640 
BOND1650 
BOND 16 6 0  
BOND1670 
BOND1680 
BOND1690 
BOND 1 1 0 0  
BOND 17 10  
BOND1720 
BOND 1 1 3 0  
BOND1140 
BOND 1 7 5 0  
BOND 1 1 6 0  
BOND1710 

B O N D  21 4 0  
BOND2150 
BOND2160 
BOND2110 
BOND 2 1 8 0  
BOND2190 
BOND2200 
BOND22 10  
BOND2?7O ~ ~... 
~ 0 ~ ~ 2 2 3 0  
BOND2240 
BOND2250 
BOND2260 
BOND2210 
BOND2280 

0 0 



OPP=CD ( 5 ,  NB) 
IF (HGT) 5 7 0  5 7 0  5 1 0  
* * * *e  ~ ~ R S ; E C T ; V E  BOND L A B E L  ROUTINE ***** 
***+* SASE DECISIONS ON REEERENCE SYSTEn ***** c 

r 
5 1 0  K = O  

CALL DIFV(U(7 .2 )  ,W ( 7 , l )  ,V71 
CALL VR(V7 AAREV,VI) 
CALL AXES(; l ,E( l ,3 ) ,U,  1 )  
DO 5 3 5  I = 1 , 3  

.. 

5uo 
C 

5 u 5  

***** 

T9=10.**19 
DISTR=AINT ( (DIST*T9)  +O . 5 )  / T 9  + . 0001  
CALL NUMBUR(Z (1) , Z ( 2 ) ,  RGT. DISTR.0.,19) 

570 ITILT=O 
I F ( N J 2 - I O )  580,999,999 

580 WRITE (NOUT 5 7 1 ) D I S T  
571 pORnF.T((H 56X,lOADISTLNCE =F8.3/1H ) 
999 RETURN 

END 

C 
C 

1 1 1  

BOND2290 
BOND2300 
BOND23 10 
BOND2320 
BOND2330 
BOND2340 
BOND2350 
BOND2360 
BOND2370 
BOND2380 
BOND2390 
BOND 2 4  00 
BOND24 1 0  
BOND2420 
BOND2430 
BOND2440 
BOND2450 
BOND2460 
BOND2470 
BOND2480 
BOND2490 
BOND2500 
BOND25 10 
BOND2520 
BOND2530 
BOND2540 
BOND2550 
BOND2560 
BOND2570 
BOND2580 
BOND2590 
BOND2600 
BOND2610 
BOND 2 6 2 0  
BOND2630 
BOND 2 6  40 
BOND 2 6  50 
BOND2660 
BOND2670 
BOND2680 
BOND2690 
BOND2700 
BOND2710 
BOND2720 
BOND2730 
BOND2740 
BOND2750 
BOND 2 7  60 
BOND2770 
BOND2780 
BOND 2 7  90 
BOND2800 
BOND 2 8  1 0  
BOND2820 
BOND2830 
BOND2840 
BOND2850 
BOND2860 
BOND2870 
BOND2880 
BOND2890 
BOND2900 
BOND29 10 
BOND2920 
BOND2930 
BOND2940 

DIPV 10 
D I F V  2 0  

DIPV 40 
DIPV 50 
DIFV 60 
DIPV 70 
DIPV 80  

DIPV 30 

DRhW 10 
DRAW 2 0  SUBNOUTINE DRLW (S,DX,D¶,NPEN) 
DRAW 30 DINENSION U ( 3 ) , X ( 3 ) , T ( 3 )  e Z ( 3 )  

RELL*8 CAER 
DINENSION k ( 9 )  ,LL(3 ,3 )  , A h R E V ( 3 , 3 ) , l A S R I ( 3  3) , A I D ( 3 . 3 ) , L I N ( 1 4 0 )  DRIW 4 0  D I R E I S I O N  L T O n S ( 4 , 5 0 0 )  ,BB(3,3) . C D ( 8 , 1 0 ) , C ~ E n ( 1 6 6 )  ,CONT(5) ,D(3 ,  130) DRLW 50 
DINENSION DA(3.3) , D P ( 2 , 1 3 0 ) , E V ( 3 , 1 6 6 )  , P S ( 3 , 3 , 4 8 )  ,KD(5 ,10)  ,ORGN(3) URLW 60 

l U 0  DO 160 J = 1 , 2  

1u5 Y ( J ) = X L N G ( J ) - . j  
1 5 0  I F f Y ( J ) - . O  1 5 5 , 1 6 0 , 1 6 0  
1 5 5  Y ( J ) = . l  
1 6 0  CONTINUE 

IF ( p ( J )  -XING (J) i. 1 )  1 5 0 , 1 5 0 #  

c t*t** CHECK FOR OVERLAP ***** 

connoN N G  
c *+t*t STATEMENT FUNCTION ***** 
c ***+* STLRT OF PROGRAR ***** P H I P ( Z ) =  ((E2-Z)*Z+B1)*Z1B0 

ERRND=5.E-7 
s I G n a = o .  
DO 1 1 5  5 = 1 , 3  
DO 1 1 5  1=1,3  
TEn=W (I, 5 )  
A ( J , J ) = T E R  

tt*t+ CRFCK FOR NULL MATRIX 

t*t**  FOR^ CHARACTERISTIC ?QUATION ***** 

1 1 5  s I G n A = S I G n k * T E n * T E ~  
c ***** 

I P ( 5 I G n L ) 2 3 0 , 2 3 0 , 1 2 0  
1 2 0  SIGRL=SQRT(SIGNA) 

x=o. 
y=SIGnA 
T E n = P H I F  (SIGNA) 
VNEW=O.O 
I?(BO) 135 2 5 0 ,  1 4 5  

1 3 5  I F ( T E n )  1 9 6 . 1 4 0 . 1 6 5  
1 4 0  Y=-Y 

GO TO 1 6 5  
1 4 5  Y=O. 

x = s I G n L  
I F  (TER) 1 6 5 , 1 6 5 , 1 5 0  

150 X=-X 

165 VNEW=(X+Y) * . 5  
DO 225 1 = 1 , 4 0  

1 7 5  I F ( P H I F ( V N E W ) )  1 8 0 # 2 5 0 , i 8 5  
1 8 0  X=VNEW 

GO TO 2 0 0  
185 T=VNES 
2 0 0  VOLWVNEY 

***at NOW PRIP(X) .LT.O.AND.PHIP(I).GT.~. ***** 

VNEW=(X+T) 8 . 5  
TEn=ABS (VOLD-VNEW) 
IF(TEN-ERRND) 2 5 0 , 2 5 0 , 2 0 5  

2 0 5  I P ( V 0 L D )  2 1 0 , 2 2 5 , 2 1 0  

(2 .1 )  
3) 

E I G E  
EIGE 
EIGE 
EIGE 
EIGE 
E I G E  
EIGE 
EIGE 
EIGE 
EIGE 
E I G E  
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 
EIGE 

-EIGE 
EIGE 
EIGE 
RTGE 

1 0  
2 0  
30 
40 
50 
6 0  
70 
80 
90 

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 4 0  
1 5 0  
1 6 0  
1 7 0  
1 8 0  
1 9 0  
2 0 0  
2 1 0  
2 2 0  
2 3 0  
2 4 0  
2 5 0  

E;EE 2 6 0  
EIGE 2 7 0  
EIGE 280 
EIGE 2 9 0  
EIGE 3 0 0  
EIGE 310 
EIGE 320 
EIGE 330 
EIGE 3 4 0  
EIGE 350 
EIGE 360 
EIGE 370 
EIGE 380 
EIGE 390 
EIGE 1100 
EIGE 410 
EIGE 4 2 0  
EIGE 430 
EIGE 440 
EIGE 450 
EIGE 1160 
EIGE 370 
EIGE 480 

d 

0 



2 1 0  I F  (ABS (TEU/VOLD) -ERRND) 2 5 0 , 2 5 0 , 2 2 5  
2 2 5  CONTINUE 

2 3 0  NG=6 
C ***** D I D  NOT CONVERGE, SET ERROR INDICATOR * b t t *  

GO TO 4 0 0  

250 U(3)=VNEW 
C ***** STORE F I R S T  ROOT *+it* 

C *a*** DEFLATE 
CI=BZ-VNEW 
c o = s I + c i  *PHEW 

TEU=Cl*C 1+4.*CO 
I F ( T F U )  2 5 5 , 2 6 5 , 2 6 0  

C ***** SOLVE QUADRATIC ****t 

c ****' IGNORE IRLGINARY CORPONENT OF COUPLER R O O T  ***t* 
2 5 5  TBU=O. 

GO TO 2 6 5  
2 6 0  TEU=SQRT (TEn)  
26  5 U ( 1 )  =. 5* (C 1-TEU) 

U 12)  = .5*  (C l+TEU) 
C ***** SORT ROOTS tt*** 

DO 2 7 5  J = 1 , 2  
IF (U(J) - 0  (3) ) 2 7 5 , 2 1 5 , 2 7 0  

2 7 0  TEM=U(J) 
U ( J )  = U  ( 3 )  
U ( 3 ) = T E R  

2 7 5  CONTINUE 
LLL=-2 
DO 3 7 5  1 1 1 = 1 , 2  

TEU=ERQND* 1 0 0 .  
NG=O 
L =  1 
DO 3 0 5  I = 1 , 2  
IF 1U ( I + l ) - U ( I ) - T E T )  3 0 0 , 3 0 0 , 2 9 0  

c ***** CHECK FOR RULTIPLE ROOTS 

2 9 0  I P ( U ( 1 ) )  2 9 5 , 3 0 5 , 2 9 5  
2 9 5  I F ( ~ B s ( ( u ( I + l ) - U ( I ) ) / U  ( I ) ) - T E U ) 3 0 0 , 3 0 0 , 3 0 5  
3 0 0  L=L-1 

305 CONTINUE 
NG=NG-2+1 

I F ( L L L - L )  30R.UOO.UO0 

***** EIGENVECTOR ROUT 
DO 3 7 5  I I = 1 , 3  
T l = U  (11) 
I F  ( I )  3 1 5 . 3  1 0 , 3 2 2  
***** TWO VECTORS NULL 
I P ( W G I 5 - 1 1 )  3 1 5 , 3 2 2 , 3 1 5  
***** ALL VECTORS NULL 
DO 3 2 0  J = 1 , 3  
V ? C T ( J , I I ) = O . O  
GO TO 1 7 5  
DO 3 2 5  J = 1 . 3  

I LLL=L 3 0 8  
C 

C 

C 
3 1 0  

3 1 5  
3 2 0  

3 2 2  
3 2 5  

3 3 5  
3 4 0  

3 5 0  

3 5 5  CONTINUE 

3 5 3  N G = l  

36 0 

3 6  5 

I U A X = I  

Iw ( S N A X I  3 5 3 , 3 5 3 , 3 6 0  

C 

3 7 0  

C 

2 7 5  
110 0 

I N E  ***** 

FOR DOUBLE 

FOR T R I P L E  

ROOT 

ROOT 

* A  (I 1 , 2 )  
'A ( 1 1 . 3 )  
* A  ( 1 1 . 1 )  
3) **2 

GO TO 3 7 5  
SUAX=SQRT(SRAX) 
DO 3 6 5  J = 1 . 3  
v ( J I = ~  (IVAX,J) /snAx ***** P E P I N E  EIGEVVECTOR ****t 
CALL AXEQE(A,V,V, 1 )  
TBfl=LnAXl ( A B S  ( V ( 1 )  ) .ABS(V(  2) ) ,  ABs(V (3) ) ) 
DO 3 7 0  J = 1 , 3  
V ( J ) = V ( J ) / T s n  
CALL U N I T f V , V E C T I l . T T )  , 1 )  
***** REFINE FT< 
Tl=VnY l V P r T l  

* .-- 
-->ENVALUE * * * *a  

I - - - \ l , I I )  , W , V E C T ( I , I I ) )  
U ( I 1 )  = T 1  
" l T  U ( I T ) = T l  . 
QETUqY 

***** 
***** 

EIGE 4 9 0  
EIGE 500 
EIGE 5 1 0  
EIGE 5 2 0  
EIGE 530 
EIGE 5 4 0  
EIGE 550 
EIGE 5 6 0  
EIGE 5 7 0  
EIGE 580 
E I G E  590 
EIGE 6 0 0  
EIGE 6 1 0  
E I G E  6 2 0  
EIGE 6 3 0  
EIGE 6 4 0  
EIGE 6 5 0  
EIGE 6 6 0  
EIGE 6 7 0  
EIGE 680  
EIGE 6 9 0  
EIGE 700  
E I G E  7 1 0  
EIGE 7 2 0  
EIGE 7 3 0  
EIGE 7 U O  
EIGE 7 5 0  
EIGE 760 
EIGE 770 
EIGE 780 
E I G E  790 
EIGE 800 
EIGE 8 1 0  
EIGE 8 2 0  
EIGE 8 3 0  
EIGE 8 4 0  
E I G E  850 
EIGE 860  
E I G E  8 7 0  
EIGE 880 
EIGE 8 9 0  
EIGE 9 0 0  
EIGE 9 1 0  
EIGE 9 2 0  
EIGE 9 3 0  
EIGE 9 4 0  
EIGE 9 5 0  
E I G E  9 6 0  
EIGE 970 
E I G E  980 
EIGE 9 9 0  
EIGE 1 0 0 0  
EIGE 1 0  1 0  
EIGE 1 0 2 0  
E I G E l O 3 O  
EIGE 1 0 4 0  
EIGE 1 0 5 0  
E I G S  1 0 6 0  
E I G E 1 0 7 0  
E I G T 1 0 8 0  
E I G E 1 0 9 0  
E I G E l l  0 0  
E I G E  1 1  1 0  
E I G E l l 2 O  
EIGE 1 1 3 0  
EIGE I 1 4 0  
E I G E  11 50 
E I G E l l 6 0  
E I G E 1 1 7 0  
E I G E l l f l O  
EIGE 1 1 9 0  
EIGE 1 2 0 0  
E I G E 1 2 1 0  
EIGE 1 2 2 0  
EIGE 1 2 3 0  
E I G E 1 2 4 0  
E I G E 1 2 5 0  
E I G E 1 2 6 0  
E I G E 1 2 7 0  
S I G E l 2 8 0  
EIGE 1 2 9 0  
E I G E 1 3 0 0  
E I G E 1 3 1 0  
EIGE 1 3 2 0  

ERPN SOBROUTINE ERPNT (T 1, N) 
ERPN REAL*8 CHEU 

DIUENSION E R P N  
DIIEWSION ATOUS(U.500) , B B ( 3 , 3 )  .CD(8 1 0 )  CHEY(166)  CONG(5) D ( 3  1 3 0 )  ERPN 
DIUENSION D A ( 3 , 3 ) . D P ( 2 , 1 3 0 ) . E V ( 3  16;) P:(3 3 4 8 ) , ~ D ( 5 , 1 0 ) : 0 8 G ~ ( 3 )  ERPN 
DIOENSION P ( 3 , 1 6 6 ) . P A ( 3 . 3 ,  1 6 6 )  P k ( 3  j) PA;(; 3 ) , Q ( 3  3 )  R E P v ( 3  3 )  E R P N  
DIUENSION R E S ( " )  , R ~ S ( 5 ) . S Y U B ( 3 : 3 ) , T I ~ L E ~ l ~ )  T i T L E I ( 1 ; )  ; S ( 3  48; ERPN 
DIUENSION m ( 3 , U )  , V I  1 4 )  eV2 ( 3 ) , V 3  (3)  , V U  ( 3 )  ,V; (3 )  , V 6 ( 3 )  ,;RRV(?,3) ERPN 

ERPN DIRENSION XLNG(3) , X 0 ( 3 ) . X T ( 3 )  
CO UUON NG, A ,  LL,ALREV. A L U R K ,  AID, A I N ,  ATOMS, B 8, BRDR, CD, CH En, CONT, D E R P N  
C O ~ ~ J N  D A ,  DP. D I S P ,  E D G E J J .  PO~E.PS. IN, ITILT,KD,  L A T U , L T N O ,  N A T O U ,  NCD E A P N  
CO ORON N J. NJZ-NOUT- N W  - N S Y  U,ORGN ,P ,  P A ,  PAC. €AT, 0. REPV . R E S  .RHS . ? T I  T 1 FPDV 

A ( 9 ) ,  A A  ( 3 , 3 l  ,AIR EV (3 .3)  . A A w R K ( 3 ,  3) , L I D  ( 3 . 3 )  A I  N ( 1 4 0 )  

1 1 5  
NG=O 
RETURN 
E N D  

ERPN 
ERPN 

1 0  
2 0  
3 0  
u o  
50 
60 
70 
80 
90 

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 4 0  
1 5 0  
160  
1 7 0  
1 8 0  
1 9 0  

C 

SUBROUTINE F 2 0 0  
DIUEYSION HEADER ('A), PLA ( 3 0 0 0 )  
DATA HEADER/3*UH . 4 H I  /,ZERO/O.O/ 

2 5 5  
2 6 0  

C 

NJQ = N J 2 + 1  
GO T O ( 2 6 0 . 2 0 0 . 2 2 5 . 2 0 5 .  2 1 0 . 2 6 0 )  ,NJQ 
LTNO ***** = I N I T I A T E  1 5  UECHANICAL CALCOUP PLOTTER ( 2 0  1 INSTRUCTION) *t 

CLLL PLOTS (PLA13000,LTNO) 
GO TO 2 6 0  
***** I N I T I A T E  C.R.T. CLLCOUP PLOTTER ( 2 0 3  INSTRUCTION) ***t* 
LTNO = - 9 9  
CLLL JORNUR(HELDER(1))  
CALL IDAY (HEADER ( 2 )  ' ,.,.- ̂ "_."_. - ^ ^ ^  .. I 
L ~ L L  c n i  (rLn. iwuu,nEaDER,O)  
***** S E T  C.R.T. X . Y  O R I G I N  A N D  BEAU INTENSITY B A S E L I N E  t i ***  
I 2  = A I N ( 3 )  
CALL C R T f L I N ( 1 )  . A I N ( 2 )  , I Z , 3 )  
GO TO 2 1 E  

e200 1 0  
F 2 0 0  2 0  
~ 7 n n  30 .-.. 
F 2 0 0  R?AL*8 C H B l  

DIUENSION ATOUS(4,500)  . B 8 ( 3 . 3 )  ,CD(B.lO) CHEN;166) S O N > ( 5 )  D ( 3  1 3 0 )  P 2 0 0  
VIUENSION DA(3.3) , D P ( 2 , 1 3 0 )  EV(3 .166)  P;(3 3 4 8 )  i D ( 5  1 0 ) ' O R G i ( 3 )  P 2 0 0  
DIUENSION P ( 3 , 1 6 6 ) , P A ( 3 , 3 ,  1;6) .PAC(3.:),P&;(; 3 ) ' Q ( 3  5) R;PV(3 3) F 2 0 0  
D I n E 4 S I O N  RTS (4) ,RMS(5)  , S Y U B ( 3 , 3 )  , T I T L E ( I 8 )  I';TLi2(1;) G S ( 3  48; F 2 0 0  

~ 2 0 0  
P 2 0 0  DIWENSION X L N G ( 3 ) , X O ( 3 ) , X T ( 3 )  

COUUON NG, A. A A .  LAQEV, A APRK , A I D ,  A I N .  ATOUS , B E ,  B R D R ,  CD, CHEU ,CONT, D P 2 0 0  
COInON D ~ ~ D P ~ D I S P ~ ~ D G E ~ E V , F O R E . P S . I N ~ I T I L T . K D , L A T ~ , L T N O , N A T O ~ ,  NCD P 2 0 0  
COUUON NJ,NJ2,NOUT,NSR.NSYU.ORGN,P,PA,PAC,PAT,Q,REFV RES RVS S C A L l F 2 0 0  
COflflON SCALZ.SCL,SYnB,TLPER,THETA TITLE,TITLE2,TS,VI;W,VG,Vl;V2 P 2 0 0  

F 2 0 0  COIllON V3.VU,V5,V6,WRKV.XLNG,XO,X~ 
P 2 0 0  ***** CALCOWP CONTROL *t i**  

F 2 0 0  
P 2 0 0  

*** F 2 0 0  
P 2 0 0  
F 2 0 0  
F 2 0 0  
F 2 0 0  
F 2 0 0  
F 2 0 0  
?ZOO 
PZOO 
P 2 0 0  
F 2 0 0  
F 2 0 0  
P 2 0 0  
F 2 0 0  
P 2 0 0  
P 2 0 0  

DIUENSION A ( 9 ) , A A ( 3 , 3 )  . A ~ R E V ( 3 . 3 ) . A A Y R K ( 3 . 3 )  ~ r D ( 3  3 )  A I N ( l u 0 )  ~ 2 0 0  

D I m N S I O N  VT(3 .4)  . V l ( U )  . V 2 ( 3 ) . V 3 ( 3 1  , V U ( ~ ~ . V ~ ~ ~ ) , V ~ ( ~ ) , ~ R K V ( ~ , ~ )  

C 
2 0  0 

C 
2 0  5 

C 

C 
2 1 0  

2 1 5  TZ = 1 8  
2 2 0  CLLL CRT ( Z v R 0 , Z B R 0 , 1 Z , 7 )  

GO TO 260 
C ***** TERRINATE THE PLCT A N D  ADVANCE PLOTTER ( 2 0 2  INSTRUCTION) 1 

2 2 5  T F ( L T N 0 )  2 3 5 , 2 6 0 , 2 3 0  
2 3 0  CALL P L O T ( A I N ( l ) , A I N ( 2 ) , - 3 )  

GO TO 2 6 0  
****+ THC: FOLLOWING &RE FOR CRT P I L U  ADVANCE ETC. ***+* 
***** A D D  FLOCK llDDRESS BUT Do NOT kDVANCE CRT P I L I  **t*t 

GO TO 2 5 5  

2 4 5  IB = 9 0 0 0  
GO TO 2 5 5  

C 

C 
2 3 5  I P ( A I N ( 1 ) )  2US.ZU0.250 

2UO I3  = 1 0 0 0  

" ***** ADVANCE CRT F I L U  A N D  CLOSE OUTPUT TAPE F I L E  a * * *  

C ***** R D D  BLOCK ADDRESS A N D  ADVANCE CRT PILU *I*** 

7 ***** I D E N T I F I C A T I O N  T I T L E  VRAnE BETWEEN PLOTS ***at 
2 5 0  IB = 0000 

CALL CFT(ZERO,ZERO,IB,2)  
CALL SI~BOL(0.2,0.0,0.25,TITLE ( 1 )  ,40. , 7 2 )  
CALL CRT (ZERO.ZERO.IB, 2) 
RETURN 
END 

SUBROUTINE FUOO ***** ATOF L I S T  FUNCTIONS ***** 
REhL*8 CHEH 

4 0  
50 
6 0  
70 
80 
90 

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 u 0  
1 5 0  
1 6 0  
1 7 0  
1 8 0  
1 9 0  
2 0 0  
2 1 0  
2 2 0  
2 3 0  
2u0 
2 5 0  
2 6 0  
2 7 0  
280 
2 9 0  
300 
3 1 0  
3 2 0  
3 3 0  
3 4 0  
3 5 0  

P 2 0 0  360 
F 2 0 0  3 7 0  
P 2 0 0  380 

L**P200 3 9 0  
P 2 0 0  800 
P 2 0 0  P 2 0 0  4 2 0  4 1 0  

F 2 0 0  P 2 0 0  4 4 0  4 3 0  

F 2 0 0  4 5 0  
F 2 0 0  F 2 0 0  4 6 0  4 7 0  

F 2 0 0  F 2 0 0  4 9 0  4 8 0  

P 2 0 0  5 0 0  
e200 5 1 0  
F 2 0 0  5 2 0  
P 2 0 0  5 3 0  
F 2 0 0  5 4 0  
F 2 0 0  550 
P 2 0 0  5 6 0  
F ? n n  5 i n  . _ _ _  - " 
F 2 0 0  580 

PUOO 1 0  
FUOO 2 0  
P U O O  30 

END 



DI nEqS ION A ( 9 )  , A A  ( 3 , 3 )  , R A R E V  ( 3 . 3 )  , R R U R K  (3.3) r A I D  (3 .3)  ( quo)  FUOo 4 o  

DIMENSION XLNG(3) , X O ( 3 )  ,XT (3) CORU'JA NG, A A~,ARREV,AAURK,AID,AIN,ATOMS,BB,BRDR,CD,CHEH C0NT.D P Y O O  1 1 0  
COMMON DA,D~,DISP,EDGE.EV. EORE,FS,IN,ITILT.KD,LATR,LTNO,~LTOR,NCD PUOO 1 2 0  
COMU'JN N J ,  NJZ,NOUT,NSR,NSY M.0RGN.P. PA,PAC,PAT,Q,REFV , R E S , R ~ S , S C A L l P U 0 0  1 3 0  
COMMON SCAL2,  SCL,SYMB, T~PER,THETA,TITLE,TITLE2,TS.VIEY,VT,Vl,V2 PUOO PUOO 1 5 0  1 4 0  
ConRoN v 3,Vu,V5,V6,URKV, XLNG.XO.XT PUOO 1 6 0  
N G = 0  P400 1 1 0  
IV(LATN) 4 0 2 , 4 0 2 . U 0 0  PUOO 1 8 0  

U O l  CALL A T O Y ( R T O 0 S ( l , I )  , A T O n S ( 2 , 1 ) )  
4 0 2  I F ( U O D ( N J 2 , 1 0 ) - 1 )  4 9 9 , u 0 ~ , 4 0 3  PUOO 2 1 0  
4 0 3  CRLL STRRC P400 2 2 0  

400 DO 4 0 1  I = l , L A T U  P400 1 9 0  
PUOO 2 0 0  

GO T O  4 9 9  P U O O  2 3 0  
P400 2 4 0  

**t** R O N  A I E R ~ R ~ H Y  = ATOn NO./SYM/ A/WC TRANS. PUOO 250 
4 0 4  1 1 = 1  PUOO 2 6 0  

PUOO 2 1 0  

I F  ( T l )  4 1 0 , 4 1 O , U 2 0  PUOO 2 9 0  
4 1 0  1 1 = 1 1 + 1  P400 3 0 0  

IF (1110-11) U99.UO5.405 P400 3 1 0  
4 2 0  JJ=II PUOO 3 2 0  

P400 3 3 0  
U l = T 1 / 1 0 0 0 0 0 .  PUOO 3 4 0  
n2=AnOD ( T I ,  1 0 0 . )  PUOO 3 5 0  
n 5 = R n O D  ( T 1 / 1 0 0 . ,  1 0 0 0 . )  P 4 0 0  360 
1 ~ ( n 5 )  4 2 2 , 4 2 2 , 4 2 3  P400 310 

4 2 2  15=555 PUOO 380 
4 2 3  ! 5 3 = U 5 / 1 0 0  P400 3 9 0  

C 
c 

C t**** FIND RUNS I N  R I B  A R R A Y  ***** 

**t+t STORES ( 4 0 1 )  OR REROVES ( 4 1 1 )  RUNS O F  ATOMS",::::' 

1105 T l = L I N ( I I )  PUOO 2 8 0  

c e*** *  SET I N I T I A L  R U N  VALUIS ***** 

n 4 = n o D ( n 5 / 1 0 , 1 0 )  PUOO 400 
R5=UOD (M5.10)  P 4 0 0  4 1 0  

4 3 0  T Z = - A I N ( J J )  P 4 0 0  4 4 0  

4 2 5  J J - J J I l  F 4 0 0  4 2 0  I F  ( 1 4 0 - J J )  4 3 5 , 4 3 0 , 4 3 0  P400 4 3 0  

I F ( T 2 )  U 3 5 . 4 2 5 . 4 4 0  PUOO U S 0  
435 I I = J J - l  P400 460 

P 4 0 0  4 1 0  
**tt* S E T  T E R ~ I N ~ L  VLLUES FOR DEGENERILTE R U N  ***** 
N l = M l  PUOO 480 
N 2 = 1 2  P400 4 9 0  
N3=il3 PUOO 500 
N4=U4 
N5=M5 
GO TO 4 5 0  

UUO II=JJ 

c 

c *et** SET TERRINAL R U N  VALOES ***** 
N 1 = T 2 / 1 0 0 0 0 0 .  
N2=RROD(T2 ,100 . )  
N5=LMOD ( T 2 / 1 0 0 . ,  1 o o o . l  
IF (N5) 4 U 5 , 4 4 5 , 4 4 6  

U45 N 5 = 5 5 5  
446 N3=N5/100  

NU=UOD ( N 5 / 1 0 , 1 0 )  
N5=ROD(N5,10)  

c :a*** LOOP THROUGH ALL Q U A 5  PI*** 
4 5 0  DO 4 9 0  L5=M5,N5 

DO 4 9 0  L4=UU,NU 
DO 4 9 0  L3=R3 ,N3  
DO 9 9 0  L2=!42,N2 
DO 4 9 0  L l = M l , N l  
V1 (1) =PLOAT (L 1 )  * 1 0 0 0 0 0  .+PLOAT(L3*10000+L4*  1 0 0 0 * L 5 * 1 0 0 + 1 2 )  
CALL A T O I ( V l ( 1 )  , V 1 ( 2 ) )  
I P ( N G )  455,458,455 

455 CALL E R P N T ( V l ( 1 )  , 4 0 0  
GO TO 4 9 0  

458 c a m  S T O A  
4 9 0  CONTINUE 

4 9 9  RETURN 
GO TO 4 1 0  

END 

;400 5 1 0  
P400 5 2 0  
PUOO 5 3 0  
PUOO 5UO 
P400 5 5 0  
P400 560 
P 4 0 0  510 
P400 580 
P400 5 9 0  
P400 6 0 0  
PUOO 6 1 0  
PO00 6 2 0  
P400 630 
P400 640 
PUOO 6 5 0  
P400 660 
PUOO 6 7 0  
P400 680 
P400 6 9 0  
1400 100 
P400 7 1 0  
P400 7 2 0  
P400 7 3 0  
PUOO 740 
P400 1 5 0  
PUOO 160 
P400 7 7 0  
P 4 0 0  180 

P 5 0 0  1 0  SUBROUTINE P500 P 5 0 0  2 0  
DIllENSION RR ( 3 . 3 )  , V  (3.4) P 5 0 0  30 
RELL*B CHER 
DIllENSION A ( 9 ) , & & ( 3 , 3 1  ,AARBV(3,3),AAWRK(3,3),LID(3 3 )  LXN(140) P500 40 
DIHENSION ATOllS(lc 5 0 0 )  SS(3.3) , C D ( 8 , 1 O ) , C H E R ( l 6 6 )  , tOR; (5 )  . 0 ( 3 , 1 3 O ) P 5 0 0  5 0  
DIRENSION DA(3,3)~DP(2~130),EV(3,166),PS[3,3,48),KD[5,10),0RGNl3) P500 6 0  
DIRENSION P ( 3 , 1 6 6 )  , P A ( 3 , 3 ,  166)  , P & C ( 3 , 5 ) , P A T ( 3 , 3 )  . 9 ( 3 , 3 ) , R E P V ( 3 , 3 )  P 5 0 0  70 

DIMENSION RES (4) , RRS (5), SY RB (3,3) , T I T L E  [ l a ) ,  T I T L E 2  ( 1  8) ,T S (3,98) 
DIf l IYSION V T ( 3 . 4 )  , V l  (4) ,V2 ( 3 ) , v 3 ( 3 )  , V 4 ( 3 )  , V 5  ( 3 )  , V 6 ( 3 )  V U R K V  ( 3 . 3 )  
DIREYSIOM TLNG(3) ,XO(3)  vXT(3)  
COnlON N G , A , L A , A b Q E V , ~ I Q R K . I I D , L I N , ~ T O ~ S , B B , ~ R D R , C D , C ~ E U , C O N T ~ ~  
COI'ION DA,DP,DISP,EDGE,EV,PORE,FS,IN,ITILT,KD,LATU,L~NC,~ATOU~~C 
COnMOll N J ,  NJ2 ,  NOUT, NSR ,NSYI,OR GN,P, PA .PAC, PAT,Q,REPV ,RES,RNS ,SCI  
CORMON SCALZ ,SCL,SYnB, TAPER,THETA,TITLE,TITLE2,TS,VIFU , V T , V I  , V  2 
CONION V3 ,  V4,V5,V6,WRKV,XLNG,KOIXT 
NG=O 
TV ( N J 2 - 1 1 )  5 0 0 , 7 0 0 , 1 1 0  

500 IF ( N J 2 - 1 ) 7 1 0 , 5 0 1 . 5 1 0  
5 0 1  T l = I I I N ( I )  

CRLL RTO~(T1 ,ORGA)  
IF (NG) 5 0 2 , c 0 4 , 5 0 2  

5 0 2  CliLL E R P N T ( T 1 , 5 0 1 )  

5 0 U  

506 

507 

CRLL EXIT  
w 5 0 6  K=I ,U  
TI=RIN (K+ 1 )  
CALL ATOn(T1.V (1.W 1 
I P ( N G )  5 0 2 , 5 0 6 , 5 0 2  
CO NTIYUE 
DO 507 J = 1 , 3  
Vl  ( J ) = V  ( J . 2 )  -V ( J ,  1) 
V 2 l J I  = V f J . U ) - V ( J . 3 )  

5 0 8  IND=-2 
5 0 9  CRLL hXES(Vl.VZ.REFV.1 ND) 

GO TO 6 7 0  
5 1 0  I P ( N J 2 - 4 )  5 1 5 , 5 1 1 , 5 9 9  

5 1 1  DO 5 1 3  J = 1 , 3  
DO 5 1 2  K = 1 , 3  

5 1  2 O R G N  (J) =ORGN (J) +RTPV (J,K) * AIN(K) /SCALl 
5 1 3  XO (J) = X O ( J ) * R I N ( J )  

c *t+t* S H I F T  O R I G I N  POR PRCJECTION &XIS ( I N  INCHES) ***** 

** *** GO TO 615 
c +**e* FORM ROTATION RATRIX 

5 1 5  DO 5 5 2  L = 1 , 1 3 9 , 2  
I = A I N  (L) 
I P ( I )  5 3 2 , 5 5 2 , 5 1 6  

5 1 6  x = I I I N ( L + I )  * 1 . 7 4 5 3 2 9 3 E - 2  

5 3  2 
5 3 5  

F 5 0 0  8 0  
P 5 0 0  90  
P500 1 0 0  
F 5 0 0  1 1 0  

: D  P 5 0 0  1 2 0  
i L 1 P 5 0 0  1 3 0  

P 5 0 0  1 4 0  
F 5 0 0  1 5 0  
P 5 0 0  1 6 0  
F 5 0 0  1 1 0  
P 5 0 0  1 8 0  
P 5 0 0  1 9 0  
F 5 0 0  2 0 0  
P 5 0 0  2 1 0  
F 5 0 0  2 2 0  
P500 2 3 0  
P500 2 4 0  
P500 2 5 0  
P500 2 6 0  

P500 3 1 0  
P500 3 2 0  
P500 3 3 0  
P S O O  3 4 0  
P500 3 5 0  
P 5 0 0  3 6 0  
Q 5 0 0  3 7 0  
P 5 0 0  3 8 0  
P 5 0 0  3 9 0  
P500 400 
P500 4 1 0  
P500 u 2 0  
P 5 0 0  4 3 0  
P 5 0 0  QUO 
P 5 0 0  450 
P500 460 
P500 4 1 0  
P500 4 8 0  
P500 4 9 0  
P500 500 
P 5 0 0  5 1 0  
P500 5 2 0  
P500 5 3 0  
P500 540 
P500 5 5 0  
P500 5 6 0  
P 5 0 0  510 
P 5 0 0  5 8 0  
P 5 0 0  5 9 0  
P500 600 
P 5 0 0  6 1 0  
P 5 0 0  6 2 0  
Q 5 0 0  6 3 0  
P 5 0 0  640 
P500 650 
P500 660 
P 5 0 0  6 7 0  
P500 680 
P500 6 9 0  
P 5 0 0  7 0 0  
P500 7 1 0  
P500 7 2 0  
P500 130 
PSOO 140 
P 5 0 0  7 5 0  
P 5 0 0  7 6 0  
P500 7 7 0  
P 5 0 0  780 
1 5 0 0  7 9 0  
P500 8 0 0  
P 5 0 0  8 1 0  
P500 6 2 0  
P500 830 
P 5 0 0  840 
P 5 0 0  8 5 0  
P 5 0 0  860 
P 5 0 0  870 
? 5 0 0  880 
1 5 0 0  8 9 0  
P 5 0 0  9 0 0  
1 5 0 0  9 1 0  

0 w 



6 1 0  DO 5 1 2  J = l , 3  
V2 ( J )  = O .  0 
DO 6 1 2  1 = 1 , 3  

6 1 2  R H t I , J ) = O . o  
A WT=O . 0 
DO 6 2 0  K = l , L A T n  
CALL ATOH (ATOUS (1.K) ,ATOMS ( 2 . K ) )  
T 2 = 1 . 0  
IF (NCD) 6 1 8 . 6  1 8 , 6  1 3  

6 1 3  I I=ATOUS ( 1  , K )  / 1 0 0 0 0 0 .  
DO 6 1 6  J = ~ . N c D  
T2=CD ( 1 ,  J )  
IF ( I l - K D  ( 1 ,  J )  ) 6 1 6 ,  K l  4 . 6  1 4  

6 1 4  IP (KD ( 2 ,  J )  -11) 6 1 6 , 6 1 8 ,  6 1 8  
6 1 6  CONTINUE 

6 1 8  AWT=AWT+T2 
GO TO 6 2 0  

DO 6 1 9  J = 1 , 3  
6 1 9  
6 2 0  

C 
6 2 4  

V 2 ( J ) ' V 2 ( J ) , A T O U S ( J + l , K )  * T 2  
CO NTI NUE 
IF(AW?I 6 0 5 , 6 0 5 , 6 2 1  
***** PUT O R I G I N  AT CENTER OF GRAVITY ***I* 
DO 6 2 2  5.1.3 
ORGN(J)=VZ (J) /AUT 
I P ( N J 2 - 6 )  6 9 9 , 6 2 U , 7 1 0  
***** FORM PROEUCT-NOflENT MATRIX FOR ATOMS I N  
DO 6 3 0  K = l , L A T n  

650 
6 5 5  

6 6  0 
66 5 
67 0 
6 7  5 

AT0 H LIST ***a* 

6 2 8  DO 6 2 9  J = 1 , 3  
T l = ( A T O ' I S  ( J + l  .K) -OBGN( J )  ) *'I2 
DO 6 2 Q  I = 1 , 3  

6 2 9  R M  (1.J) =Tl*(ATOHS ( I + I , K ) - O R G N ( I ) ) + R H  (1,~) 

6 3 0  CONTIYUF 
T 1 = 0 . 0 3 /  ( R U ( 1 . i )  + ~ n ( 2 , 2 )  + R n  ( 3 . 3 ) )  

DO 6 3 2  J = 1 , 3  
DO 6 3 2  T = 1 , 3  

6 3 2  R H ( I . J ) = S ~ ( I , J ) * T I  
c ***** " R f i N S F O R I  TO INERTIAL AXIS SYSTEM **t*t 

CALL M fl ( 91, A A  , DA) 
CALL EIGPN(DA RUS PAT) 
I P f R I S f 2 ) )  6 0 5 : 6 0 5 : 6 3 5  

6 3 5  I ? ( N G )  5 4 0 , 6 3 3 , 6 0 5  

6 3 3  CALL AXES(PAT(l,3),P&T(l,l),REPV,-l) 

6 U O  I P ( Y G i 6 )  f i 6 ' . 6 6 5 , 6 4 5  
645 N=YG+5 

***** FAKE SURE VECTORS A R E  O R T H O G O N A L  - -> N E W  R E P E R E ~ C E  P E C T ~ ~ ~  

***** TWO F Q U A L  E I G E N V E C T O R S  SPECIAL C A S E  *tt+t 
GO TO 6 6 5  

C 

CALL UNIT (PAT ( l.N) ,V 1,  -1)  
DO 650 K = 1 , 3  
IF (ABS (VnV ( V l ,  AA,PEPV( 1.K) ) )  -. 5 8 )  6 5 5 , 6 5 0 , 6 5 0  
CONTINUE 
CALL IXES(V1,  REPV (1.K) . D A ,  - 1 )  
DO 6 6 0  K = 1 , 3  
L=MCD (N-K+2,3)  + 1 
D O  660 J = 1 , 3  
Q E F V ( J , L ) = D A  ( J , K )  
YG=0 
cam H I ( A A , F E F V , A A R E ~ )  
DO 6 8 0  5 = 1 , 3  
DO 680 I = l , 3  
W R  KV (I, J )  = P E F V  (I 
AAWRK(I , J )  =AP.RFV;I,J) 
***** ELININATE ALL PREVIOUSLY STORED OVERLAP INPORflATIoN **tt 

C l L L  LAPSOO(0)  

J) 

***** ( A I L  IWTRUCTIONS P i l c n  5 0 1  T H Q O U G H  5 1 0  DO THIS 

680 

C 
699 

GO TO 7 1 0  

7 0 0  CALL L A P 5 0 0 ( 1 )  
7 1 0  RETUQN 

C ***** STORE NEW OVEPLAP INPORHATION (INSTRUCTION 5 1  1 )  t t l t t  

END 

P 5 0 0  9 2 0  
P 5 0 0  9 3 0  
P 5 0 0  9 4 0  
P 5 0 0  9 5 0  
P500 9 6 0  
P500 9 7 0  
P 5 0 0  980 
F500 9 9 0  
P 5 0 0 1 0 0 0  
P 5 0 0 1 0 1 0  
P 5 0 0  1 0 2 0  
F 5 0 0 1 0 3 0  
P 5 0 0  1 0 4 0  
P S 0 0 1 0 5 0  
P 5 0 0  1 0 6 0  
P 5 0 0  1 0 7 0  
P 5 0 0 1 0 8 0  
P 5 0 0 1 0 9 0  
P 5 0 0 1 1 0 0  
P 5 0 0 1 1 1 0  
P 5 0 0 1 1 2 0  
P S 0 0 1 1 3 0  
F 5 0 0 1 1 4 0  
P500 1 1  50 
P 5 0 0  11  6 0  
P 5 0 0 1 1 7 0  
P 5 0 0 1 1 8 0  
P 5 0 0  1 1 9 0  
P 5 0 0 1 2 0 0  
P 5 0 0  1 2  1 0  
P 5 0 0 1 2 2 0  
P 5 0 0 1 2 3 0  
F 5 0 0 1 2 4 0  
P 5 0 0 1 2 5 0  
P 5 0 0 1 2 6 0  
F 5 0 0 1 2 7 0  
P 5 0 0 1 2 8 0  
P 5 0 0  1 2 9 0  
P S 0 0 1 3 0 0  
P 5 0 0  1 3  1 0  
P500 1 3 2 0  
P 5 0 0 1 3 3 0  
F 5 0 0 1 3 0 0  
P 5 0 0  1 3  50 
P 5 0 0 1 3 6 0  
P 5 0 0 1 3 7 0  
P500 1 3 8 0  
F 5 0 0 1 3 9 0  
P 5 0 0 1 4 0 0  
P 5 0 0 1 4 1 0  

* F 5 0 0 1 4 2 0  

? 5 0 0 1 4 U O  
P S O O 1 4 5 0  
P 5 0 0 1 4 6 0  
P 5 0 0 1 4 7 0  
P 5 0 0 1 4 8 0  
P 5 0 0  1 4 9 0  
P 5 0 0 1 5 0 0  
P 5 0 0 1 5 1 0  
P 5 0 0 1 5 2 0  
F 5 0 0 1 5 3 0  
P 500 1 5  40 
P 5 0 0 1 5 5 0  
P 5 0 0 1 5 6 0  
P 5 0 0 1 5 7 0  
P 5 0 0 1 5 8 0  
P 5 0 0  1 5 9 0  
P 5 0 0 1 6 0 0  
P S 0 0 1 6 1 0  
P 5 0 0 1 6 2 0  
P 5 0 0 1 6 3 0  
P5001640 
P 5 0 0 1 6 5 0  
P 5 0 0 1 6 6 0  
P 5 0 0 1 6 7 0  
P 5 0 0 1 6 8 0  
P 5 0 0 1 6 9 0  
F500 1 7 0 0  

P S O O 1 4 3 0  

SUBROUTINE P 6 0 0  

DIMENSION H A X f 3 ) , 5 C A L ( U ) , X  ( 3 ) , X a A X ( 3 )  , X I ( I N  ( 3 )  , 2 ( 2 )  
REAL*8 CAE! 
DIHENSION A ( 9 ) , A A ( 3  3 )  AAREV(3,3),AAWRK(3,3),AID(3 3 )  A I N ( 1 4 0 )  P 6 0 0  5 0  

1 T O f l S ( 4 , 5 6 0 )  ' B B ( 3 . 3 )  , C D ( 8 , I O ) , C H E M ( l 6 6 )  ,:ON4(5) , D ( 3 , 1 3 0 )  P 6 0 0  60 
DIHrNSION DAf3.3)  , D P f 2 ' 1 3 0 )  E V ( 3  1 6 6 )  , P S ( 3  3 4 8 ) , K D ( 5 . 1 0 ) , O R G N ( 3 )  P600 7 0  
DINENSION P ( 3 , 1 6 6 ) . P A ( ; , 3 , 1 ~ 6 )  p k ( 3  5 )  PA;(; 3 )  
DIflENSION RES(4)  , R U S ( 5 )  S Y M B ( 3 ' 3 )  TI;LE; l8)  T ~ T L ~ ~ ~ ? i ~ ) ~ ~ ~ ? ! j ~ ~ 3 )  i,","," :," 

VT (3.4) (u) :V2 (3),;3 , V 4 ( 3 )  .V; ( 3 )  .V6(?),;RKV (:,3) P600 1 0 0  
P 6 0 0  1 1 0  DIflENSION XLNG(3) , X 0 ( 3 ) , X T  ( 3 )  

COUMON N G ,  A. L A ,  AAREV,AAWRK ,AID,AIN, ATONS,BB, 8RDR.CD. CHEM,CONT, D P 6 0 0  1 2 0  
COHMON DA,DP.DISD,EDGE,EV, F O R E , P S , I N , I T I L T  K D  LATN LTNC NATOM NCD P 6 0 0  1 3 0  
COMMON NJ,NJ2,NOUT,NSR,NSYN,ORGN,P,PAPAC gAT:Q REFV RE: RMS,kCALlP600 1 4 0  
COHUON SCAL2, SCL, SYnB. TRPER,THETA,TITLE,T;TLE2,;S , V I ; W  ,V;,Vl.V 2 P 6 0 0  1 5 0  

P 6 0 0  1 6 0  C ***** DEL = 1 .  FOR 1NCRUMBNT;NG FUNCTIONS *tt** P 6 0 0  1 7 0  
C ***** DEL = 0. FOR REGOLAR ?UNCTIONS ****+ P 6 0 0  1 8 0  

DEL=FLOAT (HOD f N J 2 / 1 0 , 2 )  ) P 6 0 0  1 9 0  
C P 6 0 0  2 0 0  P 6 0 0  210  

C ***** SCALING A N D  CENTERING FUNCTIONS ***** 
.I.l" _ . "  

COMmON V 3. V u .  15.  V ~ . Y S K V ,  X L N G  X O , X T  

NJZ='TOD (WJ2.10)  
***** E X P L I C I T  O R I G I N  A N D  SCALE tit** 
I ? ( A I N ( l ) ) h 0 2  60U 6 0 2  

6 0 4  I? ( A T P  ( 2 ) )  6 0 6 , 6 0 8 , 6 0 6  
6 0  6 XO (2)  =AT N ( 2 )  + XO ( 2 )  *DEL 
6 0 8  I P ( A I N ( 3 ) ) 6 1 2  6 1 2  6 0 9  
6 0 9  I? fDEL) 6 11.6 1; , f i l b  
6 1 0  SC AL l = S C  AL l * A I N  ( 3 )  

6 1 1  S C A L l = A I N ( 3 )  
6 1 2  I F ( A T W ( 4 ) ) 6 1 6 , 6 1 6 , 6 1 4  

6 1 4  SCRL2=AIW(U) 

6 1 6  I F ( N J 2 - 2 ) 7 9 0  6 2 2 , 6 2 0  
6 2 0  XO(l )=XLNG(l ;* .5  

X O ( 2 ) = X L N G ( 2 ) * . 5  
6 2 2  6 2 5  I F ( N J 2 - 3 ) 6 2 5 , 6 4 0 , 6 2 5  S C A L l = l .  

6 3 0  I p ( L A T H - l )  6 3 5 , 6 3 5 , 6 U 0  
635 NG=12 

CALL E R P N T ( 0 . , 6 0 2 )  
C4LL E X I T  

X f l k X ( J ) = - l . F 5  

6 0 2  KO ( 1 )  = A I N  ( 1 )  +;o ( I ;*DEL 

GO TO 6 1 2  

c ***** SET E L L I P S O I D  SCRLE F A C T O R  ***t* 

C ***** AUTOMATIC ORIGIN AND/OR SCALE **I** 

6 U O  DO 6 5 0  J = 1 , 3  

650 X M I W ( J ) = l . E 5  
c *'*** F I T  EOX AROUND S E T  O F  ATOHS * * + a *  

DO 6 7 0  I = l , L A T n  
CALL XYZ ( A T O H S f 1 , I )  , A T O I S ( Z , I )  ,3 )  
IF (NG) 6 5 2 , 6 5 3 , 6 5 2  

GO TO 6 7 0  

T l = A T O l S  ( J 1 1 . I )  
I P ( K l ~ y ( J l - T 1 ) 6 5 5 , 6 6 0 , 6 6 0  
X H A X ( J ) = T l  
' T A X  (J) = T  
I P ( T I - X I I N ( J ) )  6 6 5 , 6 6 8 ,  6 6 8  
X M T V ( J ) = T l  
CONTIWOE 

6 5 2  CALL P R P N T ( A T O M S ( l , I ) , 6 0 0 )  

6 5 3  DO 6 5 8  5.1.3 

655 

6 6  0 
66 5 
66 8 
6 7 0  CONTIWUF 

DO 7 8 0  U = 1 , 5  
IP (M-2) 7 4 0 , 6 7 5 , 6 7 8  

C ***** CHECK VIEY DISTANCE t*t*+ 
6 7 5  I F  (VIEW) 7 E C  7 8 5 , 6 8 0  
6 7 8  I F f N J 2 - 3 )  6 8 ; , 7 8 5 , 6 8 0  
6 8 0  Tl=ATOHS (4,KU) *SRlJLT 

IF (VIEW*.'i-Tl) 6 8 5 , 6 9 0 , 6 9 0  
***I* INCREASE VIEW DISTANCE **ttt 

6 8 5  V I F V = 2 . + T l  
***** FIND PERSPECTIVE PROJECTION L I M I T S  *tt*+ 

6 9 0  DO 7 0 0  J = 1 , 2  
XilAX(J) =-1 .E5  

700 X H I N  ( J )  = 1. E5 
DO 7 2 5  I = l , L A T M  
DO 7 0 5  J = 1 , 3  

C 

C 

P 6 0 0  1 0  
P 6 0 0  2 0  
P 6 0 0  30 
l c n n  $0" 

- .  
e 6 0 0  2 2 0  
P 6 0 0  2 3 0  
P 6 0 0  2 4 0  
P 6 0 0  2 5 0  
P 6 0 0  2 6 0  
P 6 0 0  2 7 0  
P 6 0 0  2 8 0  
P600 2 9 0  
F 6 0 0  300 
P600 3 1 0  
P 6 0 0  3 2 0  
P 6 0 0  330  
P 6 0 0  3 4 0  
P600 350 
P 6 0 0  360  
P 6 0 0  3 7 0  
P 6 0 0  380 
P 6 0 0  390 
F 6 0 0  400 
P 6 0 0  U 1 0  
P 6 0 0  u 7 n  . _. 
P600 4 3 0  
P 6 0 0  440 
P 6 0 0  4 5 0  
P 6 0 0  460 
P600 4 7 0  
P 6 0 0  480 
P 6 0 0  4 9 0  
F 6 0 0  500 
P 6 0 0  5 1 0  
P 6 0 0  5 2 0  
P 6 0 0  5 3 0  
F 6 0 0  P600 5 5 0  540 

P 5 0 0  5 6 0  
7 6 0 0  5 7 0  
P 6 0 0  580 
P 6 0 0  590  
P 6 0 0  6 0 0  
F600 6 1 0  
P 6 0 0  6 7 0  -. 
P600 6 3 0  
P 6 0 0  640 
P 6 0 0  6 5 0  
P 6 0 0  6 6 0  
P 6 0 0  6 7 0  
F 6 0 0  6 8 0  
F 6 0 0  6 9 0  
P 6 0 0  7 0 0  
P 6 0 0  P500 7 1 0  720  

F 6 0 0  7 3 0  
P 6 0 0  7 4 0  
P600 7 5 0  
P 6 0 0  7 5 0  
P 6 0 0  7 7 0  
P 6 0 0  7 8 0  
P 6 0 0  7 9 0  



7 0 5  X(J )=ATOYS ( J + 1 . 1 )  *SflULT 
T2=VIEW/(VIEW-X(3)  ) 
DO 7 2 5  J = 1 , 2  
T l = X ( J ) * T 2  
IF (X?AX (J) - T O  7 1 0 . 7 1  5,715 

710 X R A X ( J ) = T l  
7 1 5  IP(Tl-XnIN(J))720,725,125 
7 2 0  X n I N ( J ) = T l  
7 2 5  CONTIWUE 

7 4 0  I P ( N J 2  -3) 7 4 5 , 7 4 2 , 7 5 5  
C ***** REPINE PARANETERS ***** 

7 4 2  s I u L Z = l .  
GO TQ 765 

C ***** AUTOVATIC SCALE ONLY ***** 
7 4 5  DO 750 J = 1 , 2  

T2=XO (J) 
S C A L ( J )  = (BRDR-T2) / X R I N  (J) 

750 S C A L l J + 2 ) =  (XLNG(J1 -BRDR-TZl/XUIX(JI  
SMULZ=AnIN 1 (SCAL ( 1 )  , S C I L  ( 2 )  .SCAL (3) ,SCAL ( 4 ) )  
GO TO 7 8 9  

C ***** AUTOMATIC SCALE A N D  POSITION ***** 
755 DO 760  J = 1 , 2  
'60 S C R L ( J ) =  (XLNG (J) -BRDR*2.)/(XnAX(J)-XnIN(J) 1 

SMUL2=RNINl (SCRL ( 1 )  , S C A L ( 2 ) )  
C ***** AUTOMATIC POSITION ***** 

7 6 5  DO 7 7 0  J = 1 , 2  
7 7 0  XO ( J )  =.5*(XLNG (J) -SUUL2* (XnAX(J )  i X H I N  ( J )  ) )  
7 8 0  SMULT=SMULT*SnUL2 

V I E u = V I P w * S n U L 2  
1 8 5  SCALl=SCALl+SOULT 
7 9 0  SCL=SCRLl*SCAL2 

C ***** ELIRINRTE RLL PREVIOUSLY STORE0 OVERLAP 
CALL L R P 5 0 0 ( 0 )  
RETURY 
END 

P600 800 
P600 8 1 0  
P600 8 2 0  
P 6 0 0  830 
P600 8 4 0  
P 6 0 0  850 
P600 8 6 0  
P 6 0 0  8 7 0  
P 6 0 0  880 
F 6 0 0  8 9 0  
P600 9 0 0  
P 6 0 0  9 1 0  
F600 920 
F600 9 3 0  
P 6 0 0  9 4 0  
P 6 0 0  950 
P 6 0 0  960 
P600 9 7 0  
P 6 0 0  9 8 0  
P 6 0 0  9 9 0  
P 6 0 0 1 0 0 0  
P 6 0 0 1 0  10  
P 6 0 0 1 0 2 0  
P 6 0 0 1 0 3 0  
P600 1 0 4 0  
P 6 0 0 1 0 5 0  
P600 1 0 6 0  
P 6 0 0 1 0 7 0  
P600 1 0 8 0  
P 6 0 0 1 0 9 0  
P 6 0 0 1 1 0 0  

INPORUlTION ***** P 6 0 0 1 1 1 0  
P600 11 20  
P 6 0 0 1 1 3 0  
P6001140 

10 SUBROUTINE P700 F 7 0 0  
C ***** SUBROUTINE TO DRAW ELLIPSOIDS ***** P700 

DINENSION EYE(3)  , V I E W V ( 3 ) , 1 ( 3 )  ,Z (3 )  F700 
RERL*8 CHEM P700 
DIUENSION A ( 9 )  ,111 ( 3 . 3 )  . A A R E V  (3.3) ,AAWRK(3, 3) , A I D ( 3 , 3 ) ,  I I I N ( l 4 0 )  P700 
DIUENSION AT0~5(4,500),BB(3,3),CD(8,10),CHE~(l66) , C O N T ( 5 ) , D ( 3 ,  1 3 0 ) P 7 0 0  
DIUENSION D A ( 3 , 3 )  , D P ( 2 , 1 3 0 )  , E V  ( 3 , 1 6 6 )  .PS ( 3 . 3 . 4 8 )  , K D  ( 5 . 1 0 )  , O R G N  (3) P700 
DIM?NSION P ( 3 . 1 6 6 )  , P R ( 3 , 3 ,  166)  .PAC(3 ,5 ) ,PAT(3 .3 )  , Q ( 3 , 3 ) , R E P V ( 3 , 3 )  P700 80 
DIMENSION RES (4) ,RMS ( 5 )  , S Y I B  (3.3) , T I T L E (  1 8 )  , T I T L E 2 (  1 8 )  ,TS (3,48) P700 9 0  
DInENSION VT (3.4) , V l ( 4 ) , V 2  (3) , V 3 ( 3 )  , V 4 ( 3 )  ,V5(3) , V 6 ( 3 )  ,IRKV (3 .3)  P700 1 0 0  

P700 1 1 0  DIMENSION XLNG(3) , X O ( 3 ) , X T ( 3 )  

CONHOB D A , D P ,  DISP,EDGE ,EV,  FORE ,PS,IN,ITILT,KD,LATU,LTNO, NRTON, NCD P700 1 3 0  
CORNON N J ,  W2,NOOT.NSR . N S Y ~ , O R G N , P . P A , P ~ C , P A T , Q , R E P V , R ~ S , R U S , S C A L l P l O O  140 
COnfiON SCAL2,SCL,SY~B,TRPER,THETA,TITLE,TITLE2,TS,VIEW,VT,Vl,V2 P700 1 5 0  
connoN V~,VU,VS,V~,WRKV,XLNG,XO.XT P700 160 

P700 170 
I T I L T = O  P700 1 8 0  
N G = O  P700 1 9 0  
NFIRST=l  P700 2 0 0  
NPLANE=AIN (1)  P700 2 1 0  

P700 2 2 0  I F  (NPLANE- 1) 7 2 0 , 7 1 5 . 1 2  0 
7 1 5  NPIRST=U P700 2 3 0  

NPLANE=U 
7 2 0  NSOLID=AIN ( 2 )  

NDOT=64/2**(  IABS (NSOLID))  
LINES=AIN (3) 
NDLSH=RI N (4) 
CHSYI=AIN ( 5 )  
D H = A I N  (6)  -CHSYn*l l .  /7. 
D V = A I N ( l )  -CHSYfl*.5 

CounoN N G ,  A, l a ,  A A R E V , A A W R K ,  AID,AIN, ATOUS,EB,BRDR,CD,CHEU,CONT, D pi00 1 2 0  

C ***** SET ELLIPSOID GRAPHIC DETI ILS  ***** 

C ***** ESTAHLISH REFERENCE POINT OF V I E U  ***** 
T l = l .  E6 
IF (VIEW) 7 4 0 , 7 4 0 , 7 3 5  

7 3 5  Tl=VIEW/SCAL 1 
740 DO 7 4 1  J=1,3 
741 ETE(J)=REPV(J,3)*Tl+ORGN(J) 

LNS=-l  
C ***** LOOP TAROUGH ATOU L I S T  ***** 

DO 1 1 0 5  ITOU=l,LATU 
T1 =ATOMS (1  , ITOU) 
I P ( A I N ( 1 0 ) ) 7 4 4 , 7 4 4 , 7 4 2  

7U2  T2=AIRT ( T 1 / 1 0 0 0 0 0 . )  
I P  (12 -AIN ( 1 0 ) )  1 1 0 5 , 7 4 3 , 7 4 3  

7 4 3  I F ( A I N ( l l ) - T 2 )  1 1 0 5 , 7 4 4 , 7 4 4  
744 CALL XYZ(Tl .X .2 )  

2 0  
30 
40 
50 
60 
70 

~~ 

P700 2 4 0  
P700 2 5 0  
PlOO 2 6 0  
P 7 0 0  2 7 0  
P700 2 8 0  
P700 2 9 0  
F700 300 
F700 3 1 0  
P700 3 2 0  
P700 330 
P700 340 
F700 3 5 0  
P700 360 
P 7 0 0  370 
P700 3 8 0  
P 7 0 0  3 9 0  
P700 4 0 0  
P700 4 1 0  
P700 4 2 0  
P700 430 
P700 440 
P 7 0 0  4 5 0  
P 7 0 0  460 

I P ( N G )  7 5 8 , 7 4 6 , 7 5 8  
7 4 6  CALL PLTXY (X.2) 

K = T 1 / 1 0 0 0 0 0 .  
L=Tl-FLOAT (K) *lOOOOO. 
T F  11.17-101 7 4 7 . 7 5 4 . 7 5 U  

P700 4 7 0  
P700 480 
P 7 0 0  4 9 0  
e700 5 0 0  
P 7 0 0  5 1 0  
P700 5 2 0  
P700 5 3 0  
P700 5 4 0  

WRITE (NOUT.752)  P700 5 5 0  
7U9 WRITE (NOUT,750)CHEU(K),K,L,Z(l),Z(2), ( X ( I ) , I = l , 3 ) ,  ( X T (  P700 560 

P700 5 7 0  
7 5 0  PORMAT(1H 10X,A6,3H (13.1H.15.4H) 2P8 .2 .3X.3P8 .3 ,  l l X , 3 F 8 . 1 0  P700 580 
15 1 QnPlllT I 1  H 11nT.  1 R1 L11 P700 590 

1 1 )  , 1 = 1 , 3 )  

. .-..,,..-I . .  ___. . .. ... 
7 5 2  F O R N ~ T ( l A O l O X , 1 8 H S Y H B O L  ATOM CODE7X.16HPLOTTER X , Y  ( I N . )  3X,21HCAP100 6 0 0  

lRTESIAN K , Y . Z  ( I N . )  lSX.2OHCRYSTP.L SYSTEM X.Y.Z/lH 19X,U5H(DIRECTIOP700  6 1 0  
2N C O S I N F S f 1 , J l  . 1=1 ,3 ) .RNSD l J l l  . J=1 ,312X,42HFOR PRINCIPAL AXES BASEP700 6 2 0  

C 
7 6  0 

16 2 

764 

7 6  5 

76 6 
767 

C 

76 8 

77 0 
7 1  5 

780 

7 8 3  

C 

785 

7 9  0 
7 9 5  

.- . _  . 
7 5 8  CALL E R P N T ( T 1 , 7 0 0 )  

GO TO 1 1 0 5  
***** CALL OVERLAP ROUTINE ***** 
ICQ=O 
C A L L  L A P 7 0 0 ( I T O U , I C Q )  
IP ( I C Q )  7 6 2 , 7 6 4 , 7 6 4  ***** O n I T  H I D D E N  ATOR ***** 
NG=14 
GO TO 7 5 8  
IP (CHSYn) 775,775,765 
* f * f *  PLOT CHERICAL SYUBOLS ***** 
T4=1 .  
IF (VIEW) 767,767,766 
T U = V I E W /  (VIEW-X(3) )  
T3 =CHSYn *TU 
TU=DISP*TU*.S 
V1 ( 1 )  = X (  1) iDH*SYRS ( 1 , l  
V1 (21 = X  ( 2 )  +DH*SYHB ( 2 , l  

CALL PLTXY (Vl.V3) 
I F  (EDGE-CHSYM) 775 .768 ,  
V2 (3)=0. 
DO 170 1 = 1 . 3 , 2  
V2 ( 1 ) = V 3  ( l ) * P L O R T  ( 1 - 2 )  
DO 7 7 0  J = 1 , 3 , 2  
V2 ( 2 )  =V3 ( 2 )  +FLOAT ( 5 - 2 )  *TU 
CALL SIUBOL(V2 ( 1 )  , V 2  ( 2 )  , T 3  ,CHEI (K) , THETA.6) 
IF (TU) 7 7 5 , 1 7 5 , 7 7 0  
CONTINUE 
IF (NPLANE) 11 0 5 , 1 1 0 5 , 7 8 0  ***** ELLIPSOID PRINC VECTORS TOWARD VIEWER ***** 
T F  fNBl 75E. 7 8 3 . 7 5 8  

V l ( 3 ) = % ( 3 )  

cam P h x e s ( ~ i . 2 )  

P700 6 3 0  
7 5 4  IP(EDGE-B9DR*.75)755.160,760 P 7 0 0  6 4 0  
7 5 5  u c = r n  P700 6 5 0  

P700 P700 6 6 0  670 

P700 6 8 0  
P700 P700 6 9 0  7 0 0  

P700 7 1 0  
P700 7 2 0  
P 7 0 0  730 
P700 740 
P700 7 5 0  
P700 760 
P700 770 
P 7 0 0  780 
P700 7 9 0  
P700 8 0 0  
P700 8 1 0  
P700 8 2 0  
P700 830 
P700 840 
P700 8 5 0  
P700 860 
P700 870 
P700 880 
P700 8 9 0  
P700 9 0 0  

P700 P700 9 2 0  9 1 0  
P 7 0 0  9 3 0  
P 7 0 0  9 4 0  
P700 9 5 0  
P700 9 6 0  
P700 9 7 0  
1700 9 8 0  
P 7 0 0  9 9 0  
P7001000 

P700 1 0 2 0  
F 7 0 0 1 0 3 0  
P 7 0 0 1 0 4 0  
P700 1 0 5 0  
P 7 0 0 1 0 6 0  
P 7 0 0 1 0 7 0  
P 7 0 0 1 0 8 0  
P 7 0 0 1 0 9 0  
F700 1 1 0 0  
P 7 0 0 1 1 1 0  
P 7 0 0 1 1 2 0  
P 7 0 0 1 1 3 0  
P 7 0 0 1 1 4 0  
P700 1 1 5 0  
F 7 0 0 1 1 6 0  
P700 1170 
P 7 0 0 1 ~ 8 0  
P 7 0 0 1 1 9 0  
P 7 0 0 1 2 0 0  
P 7 0 0 1 2 1 0  
F 7 0 0 1 2 2 0  
P 7 0 0 1 2 3 0  
P 7 0 0  1 2 4 0  
P 7 0 0 1 2 5 0  
P 7 0 0  1 2 6 0  
P 7 0 0 1 2 7 0  
P700 1 2 8 0  
P 7 0 0  1 2 9 0  

3D ON WORKING SYSTEU/lH ) 

p i a o i o i o  

) +DV 
' )  +DV 

768 

*TU 

*SYRB ( 1 . 2 )  
+SYRB(2 .2 )  

-. 
C A ~ L - ~ I P V ~ E Y E ; X T , V I E W V )  
CALL UNIT (VIEWV,VIEWV, -1)  
CALL VU(VIEUV.AA.V2) 

PAC ( J , u )  = p a c  ( J ,  1)  
800 P I C  (5 .5)  = P A C ( J , 2 )  

IP ( N J 2 - 1 0 )  8 0 2 , 8 0 3 , 8 0 3  
80 1 FORUAT ( 1  H 13X, 3 ( 3 X .  3P8.U. P 8.5)  / l H  ) 
8 0 2  WRITE (NOUT.801) ( ( P A C ( J , K ) , J = 1 , 3 ) , R ~ S ( K )  .K=1,3) 

8 0 3  CALL Vfl(VIEWV,AAWRK,V6) 
c ***** V U  = VECTOR NORnAL TO WLAR PLANE ***** 

CALL U N I T ( V 6 , V 6 , 0  
CALL NV(Q,V6 ,V4)  
CALL U N I T  (VU , V U ,  1) 

T3=RnS ( 3 )  *SCL 
NRESOL=l 
N B I S = 5  
DO 805 J = l , 3  
I P ( T 3 - R E S ( J ) )  8 0 4 , 8 1 0 ~ 8 1 0  

C ***** SET n O T T 1 N G  RESOLUTION FOR ELLIPSOID ***** 

804 NBIS=NBIS-1  
805  NRESOL=NRESOL*2 
8 1 0  NRES l=NRESOL+ 1 

C ***** LOOP TAROUGH PRINC A N D  POLAR PLANES .**** 
DO 1 1 0 0  I I=NPIRST,NPLANE 



IIO=MOD ( I I i 2 . 3 )  + 1 

I I 2 = U O D  ( 1 1 + 1 , 3 )  + 1  

I F  (.99938- RBS (VV ( V U , P R C ( l , 1 1 2 ) ) ) )  8 2 0 , 8 2 0 , 8 3 0  
8 2 0  T l = R ? l S ( I I O )  *SCL 

T 2 = R U S  ( 1 1 1 )  *SCL 
DO 8 2 5  J = 1 , 3  
D A ( J , 1 ) = P a C ( J , I I O ) * T l  

GO TO 8 5 0  

CALL NOWM[Vl,VU,V2,1) 
CRLL UNIT (V2, V 2 , l l  
CALL UVfO.V2.V3\ 

r r i = n o o ( 1 1 , 3 )  r i  

C ***** GENEDATE CONJUGRTE DIRRETERS ***** 

8 2 5  DA ( J , 2 ) = P A C ( J , I I l )  *T2 

8 3 0  CALL N O R U ( P A C ( 1 , I I O )  , P A C ( l , I I l )  , V l , l )  

IF (114)' i 5 5 ,  suo; 8 uo 
8 3 5  CALL NORU(V3,Vl ,V5 ,1 )  

8 4 0  CALL NOQU(V3,V4 ,V5 ,1 )  
8 9 3  CALL U N I T f V 5 . 1 5 ,  11 

GO TO 8U3  

T l = S C L / S Q R T  (VnV(V2.Q.V2) )  
T2=sCL/sQRT(VHV(V5,Q,V5)) 
DO 845 J = l , 3  
D R  (J, 1 ) = V 2  (J)  *T1 

8U5 DA (J ,  2) =V5  (J)  *T2 

8 5 0  CRLL RADIAL(NB1S) 

8 5 1  TPfNSOLIDl  € 5 9 . 8 5 9 . 8 5 2  

C ***** GENEPATE PLLIPSE ***** 
I F  ( 1 1 - U )  9 0 0 , 8 5 1 , 8 5 1  

C ***** PLOT DOTTED'BOUNDAQY ELLIPSE ***** 
8 5 2  IF(NDOT-NRESOL) 8 5 3 . P 5 5 . 8 5 5  
8 5 3  C4LL RADIAL(NSOL1D-1) 
855  CALL PROJ (D.DP.X.XO.VIEW.1 , 1 2 9  ,NDOT) 

DO 857 J = 1 , 1 2 9 , N D O T  
CALL D R R W  (DP ( 1,  J)  , D I S P ,  DIS  P, 3) 
DO 8 5 6  1 .1 .3 .2  
Tl=FLOAT (112i * D I S P  
DO 856 K = l , 3 , 2  
T2=FLORT (K-2) * D I S P  
CALL D R R U  (DP ( 1 . J )  , T l , T 2 , 2 )  
I P ( D I S 0 )  € 5 7 , 8 5 1 , 8 5 6  

856 CONTINUE 
8 5 7  CONTINUE 

GO TO 1 1 0 0  
C 

R59 

86 0 

c 
Pfi 5 

8 7  0 
C 

8 7 5  

9 0 0  
C 

00 5 

C 
9 1 0  

9 1 5  

9 2  5 
9 3 0  
9 7 5  

9 3 8  

940 
0 U 5  

***** PLOT SOLID B O U N D R R Y  ELLIPSE ***** 
CALL P1OJ(C,DP,X.XO,VIEU.l  ,129,NRESOL) 
CALL DQAU(DP, O.,  O . ,  3) 
DO 860 J = N R E S l , l 2 9 , N R E S O L  
CALL DRAU(DP(1.J)  ,O . ,O  . , 2 )  
TP(DISP1  1 1 0 0 , 1 1 0 0 , 8 6 5  
***** BOllNDARY RVNULUS RS R LINEAR FUNCTION 
CALL DIPV(XT,ORGN,Vl)  
T5=VV ( V l  ,a  A R E V  ( 1 , 3 )  ) *SCALl 
NCYCLE=. 5 +  ( A I N ( 8 )  t T S * A I N ( 9 ) )  n 1 S P  
I F  (NCYCLE) 1 1 0 0 , 1 1 0 0 , 8 7 0  
T 3 =  ( 2 . * D I S P )  / ( T l + T 2 )  
***** INCREASE ANNULAR THICKNESS ***** 
DO 8 7 5  I = l , N C Y C L E  
TU=T3*PLOAT (I) 
DO 8 7 5  J = l , l 2 9 , N R E S C L  
CRLL D R R U  (D? ( 1 .J)  , D ( 1 ,  J)  
c n  .m i i n n  

*T 4.0 ( 2 . J )  *TU, 2) _ _  _ _  . 
CALL PROJ (D,DP,  X , X O , V I E W .  1 , 6 5 ,  NRESOL) 
***** ?LOT HALF R N  ELLIPSE ***** 
CALL DQAU(DD,O.,O. ,3)  
DO 90' J = N R ? S l , 6 5 , N B 3 S C L  
CALL D9RW (DP ( 1 ,  J)  , O .  ,O . , 2 )  
I F  ( D I S P )  9 3 0 , 9 3 0 , 9 1 0  
***** ACCENTUATE FRONT 3RLF ***** 
DO 9 2 5  1 = 1 , 3 , 2  
T2=FLOAT (1-2) *DISP  
DO 9 1 5  J = l , h 5 , N R E S O L  
K=66-J 
CALL 
DO 0 2 5  K=1,65,NRESOL 
CALL D R A W  (DP (1.K) , - D I S P , - T 2 . 2 )  
IF (YSOLTD) cU0 .9C7 ,935  

DQA W (DP ( 1 .K) , DISP  . T 2 , 2 )  

L= NDqT 
IF(YDOT-NRESOL) 9 3 8 , 9 4 5 , 9 4 0  
CALL R A D I A L  (NSOLID- 1 )  
GO TO 9U5  
L=NQSSOL 
CALL 
I F  (NSOLTD) 9 h 0 . 9 6 7 . 9 5 0  

P Q O J  ( D (  1 , 6 5 )  ,DP ( 1 . 6 5 )  ,X,XO,VIEW, 1 .65 ,L)  

L= NDqT 
IF(YDOT-NRESOL) 9 3 8 , 9 4 5 , 9 4 0  
CALL R A D I A L  (NSOLID- 1 )  
GO TO 9U5  
L=NQSSOL 
CALL 
I F  (NSOLTD) 9 h 0 . 9 6 7 . 9 5 0  

P Q O J  ( D (  1 , 6 5 )  ,DP ( 1 . 6 5 )  ,X,XO,VIEW, 1 .65 ,L)  

OF HE I G H ' I  I**** 

P 7 0 0 1 3 0 0  
F 7 0 0  1 3  10  
P 7 0 0 1 3 2 0  
F 7 0 0 1 3 3 0  
1 7 0 0 1 3 4 0  
P 7 0 0  1 3 5 0  
P 7 0 0  1 3 6 0  
F 7 0 0 1 3 7 0  
F 7 0 0 1 3 8 0  
F 7 0 0 1 3 9 0  
F 7 0 0  lU00  
P 7 0 0  14 10  
P 7 0 0 1 4 2 0  
P 7 0 0 1 U 3 0  
F70014UO 
P 7 0 0 1 4 5 0  
F 7 0 0  1 4 6 0  
P 7 0 0 1 4 7 0  
F 7 0 0 1 U 8 0  
F 7 0 0 1 4 9 0  
P 7 0 0  1 5 0 0  
F 7 0 0 1 5 1 0  
P 7 0 0 1 5 2 0  
P 7 0 0 1 5 3 0  
F7 00 15U 0 
P 7 0 0 1 5 5 0  
F 7 0 0  1 5 6 0  
F 7 0 0  1 5 1 0  
F 7 0 0 1 5 8 0  
F 7 0 0 1 5 9 0  
P 7 0 0 1 6 0 0  
P 1 0 0 1 6  10  
F 7 0 0  1 6 2 0  
F 7 0 0 1 6 3 0  
F70016UO 
F 7 0 0 1 6 5 0  
P700 1 6 6 0  
P 7 0 0  1 6 7 0  

F 7 0 0 1 6 9 0  
F 7 0 0  1 1 0 0  
F 7 0 0  17 10  
F 7 0 0  1 7 2 0  
P700 17 30  
F 7 0 0  1 7  UO 
F 7 0 0 1 7 5 0  
F 7 0 0  1 7 6 0  
P 7 0 0 1 7 7 0  
F 7 0 0 1 7 8 0  
F 7 0 0 1 7 9 0  

F ~ O O  1 6 8 0  

F 7 0 0  1 8 0 0  
P 7 0 0  1 8  1 0  
F 7 0 0 1 8 2 0  
P 7 0 0 1 8 3 0  
F 7 0 0  1 8 4 0  
F 7 0 0  1 8 5 0  
F 7 0 0 1 8 6 0  
F 7 0 0  1 8 7 0  
F 7 0 0 1 8 8 0  
F 7 0 0 1 8 9 0  
F 7 0 0 1 9 0 0  
F 7 0 0  19  1 0  
F 7 0 0 1 9 2 0  
F 7 0 0  1 9 3 0  
p i n o  i q u n  
F 7 0 0 1 9 5 0  
F 7 0 0 1 9 6 0  
F 7 0 0 1 9 7 0  
F 7 0 0 1 9 8 0  
F 7 0 0  1 9 9 0  
F700 2 0 0 0  
F 7 0 0 2 0  10  . .. 
P 7 0 0 2 0 2 0  
F 7 0 0 2 0 3 0  
P700 2 0 4 0  
F 7 0 0 2 0 5 0  
F 7 0 0 2 0 6 0  
F 7 0 0 2 0 7 0  
F 7 0 0 2 0 8 0  
F 7 0 0 2 0 9 0  
P 7 0 0 2 1 0 0  
F 7 0 0 2 1 1 0  
P 7 0 0 2 1 2 0  
F 7 0 0 2 1 3 0  

C ***** DOTTED LINE ON REVERSE S I D E  ***** 
9 5 0  DO 958 J = 6 5 , 1 2 9 , N D O T  

CALL D R A U  (CP ( 1 . J )  , D I S P , D I S P ,  3)  
DO 9 5 5  1 = 1 . 3 . 2  
TlmFLOAT ( I - 2 j  * D I S P  
DO 9 5 5  K=1 .3 ,2  
T2-FLOAT (K-2) 'DISP 
CALL D R A W  (DP ( 1 . J )  , T l , T 2 , 2 )  
I F  IDISPl  9 5 8 , 9 5 8 , 9 5 5  

9 5 5  CONTTNUP 
9 5 8  CONTINUF 

GO TO 9 6 1  
C ***** SIUGLE L I N E  ON REVERSE S I D E  ***** 

960 DO 9 6 5  J = 6 5 , 1 2 9 , N R E S O L  
96  5 CALL D R A  U (DP ( 1 ,  J) , O .  .O . , 2 )  

C ***** DETAIL INTERIOR FEATURES ***** 
9 6 7  T2=NDASH*2 

DO 975 J = 1 . 3  
T I = P R C ( J , I ~ O )  + R U S ( I I O )  *SCL 
r)A ( J , l ) = T l  
D A  ( 5 . 2 )  = P R C ( J , I I l ) * R 1 S  ( I I l ) * S C L  
D A ( J , 3 ) = O .  
IF fNDRSRI  9 7 5 . 9 7 5 . 9 7 0  

9 7 0  V1 (J)  =-T 1 

9 7 5  COWTIYUF 
V2 (J) = T l / T 2  

I F ( N D A S H ) 9 8 7 , 9 8 7 , 9 8 0  
C ***** DASHED LINE FOR REVERSE AXIS * e * * *  

9 8 0  DO 9 5 5  J=l .NDASH 
DO 985 K = 1 , 2  
L=4-K 
CALL PROJ(Vl ,DP ,X,XO,VIEW,  1.1,  1) 
CALL DFAW (D0,O.. 0.. L)  
DO 9 8 5  I = 1 , 3  

985 V1 (I) = V 1  ( I ) + V 2  (I) 

9 8 7  I F ( L I N 3 S )  1 1 0 0 , 1 1 0 0 , 9 8 8  
C ***** SOLID LINE FOR FORWARD AXIS ***** 

9RR CALL P F ' O J ( D A , D P , X , X O , V I E U , 1 , 3 , 1 )  
T l = D T S P * .  5 
DO 990  1 .1 .3 .2  

c ***** S P A D E  QIJRDRANT B E T W E E N  T W O  PRINCIPAL A X E S  ***** 
1000 L = L I N ? S - l  

1 0 0 5  T2=LTN?S 
I F  ( I )  1 1 0 0 , 1 1 0 0 , 1 0 0 5  

DO 1 0 2 5  I = l , L  
T l = F L O A T ( I ) / T 2  
TP=SQRT ( 1. -T 1*T 1)  
I F  (1OD ( I ,  2 ) )  1 0  10.10 1 5 ,  1 0 1 0  

1 0 1 0  n = 7 * 2  
N=n-1 
GO TO 1 0 2 0  

1 0 1 5  N = I * 2  
U = N -  1 

1 0 2 0  DO 1 0 2 5  J = 1 , 3  
T U = D A  ( J ,  1) *T1 
D (J,  n) =T4  

1 0 2 5  D ( J , N ) = D A ( J . 2 )  *T3+T4  
L=L*2  
CRLL PROJ (D, DP, X,XO,  V I E W ,  1 , L , 1 )  
DO 1 0 3 0  I c 2 . L . 2  
CALL D R A W f D P f i . 1 - 1 1  .O. . 0 . . 3 1  . . . . .  

1 0 3 0  C%LL D R R W ( C P ( l , I ) , 0 . , 0 . , 2 )  
1 1 0 0  CONTINUE 
1 1 0 5  CONTINUF 

C ***** VLIMINATS LOCRL 0V3QLIIP INFORf$RTION BEFCFE RETURNING ***** 
CALL L A P 5 0 0 ( - 1 )  
RETURN 
E N D  

SUBROUTINE F 8 0 0  

DLnENSION I A ( 3 l . U l f 6 1  
R?AL*fl CHER 
D I  UENS I n N  A I91 . R A  f 3.31 . A R R  P V  (3.31 . A A Y R K  13.31 . A I D  1 3 . 3  1 , A I  N r 1U 01 

C ***** SUPROUTINE FINDS ATOn PAIRS FOR BONDS ***** 

F 7 0 0  2 1 4 0  
P 7 0 0 2 1  50 
F 7 0 0  2 1 6 0  
F 7 0 0 2 1 7 0  
F 7 0 0 2 1 8 0  
F 7 0 0 2 1 9 0  
P 7 0 0 2 2 0 0  
F 7 0 0 2 2 1 0  
F 7 0 0 2 2 2 0  
F 7 0 0 2 2 3 0  
F70022UO 
P700 22 50 
P 7 0 0 2 2 6 0  
F 7 0 0 2 2 7 0  
P 7 0 0 2 2 8 0  
P 7 0 0 2 2 9 0  
F 7 0 0 2 3 0 0  
P 7 0 0 2 3  1 0  
F 7 0 0 2 3 2 0  
F 7 0 0 2 3 3 0  
F70023UO 
F 7 0 0 2 3 5 0  
F 7 0 0 2 3 6 0  
F 7 0 0 2 3 7 0  
F 7 0 0 2 3 8 0  
P 7 0 0 2 3 9 0  
F 7 0 0 2 4 0 0  
F 7 0 0 2 4 1 0  
F 7 0 0 2 4 2 0  
F 7 0 0 2 U 3 0  
F 7 0 0 2 4 4 0  
F 7 0 0 2 4 5 0  
P 7 0 0 2 4 6 0  
P 7 0 0 2 4 7 0  
P 7 0 0 2 4 8 0  
F 7 0 0 2 8 9 0  
F 7 0 0 2 5 0 0  
F 7 0 0 2 5 1 0  
F 7 0 0 2 5 2 0  
F 7 0 0 2 5 3 0  

- F 7 0 0 2 5 4 0  
P 7 0 0 2 5 5 0  

F 7 0 0 2 5 7 0  
P 7 0 0 2 5 8 0  
F 7 0 0 2 5 9 0  

0 
F 7 0 0  2 5  60 0. 

F 7 0 0 2 6 0 0  
F ~ O O  26 i n  ~. 
P 7 0 0 2 6 2 0  
P 7 0 0 2 6 3 0  
F70026UO 
P 7 0 0 2 6 5 0  
F 7 0 0 2 6 6 0  
F 7 0 0 2 6 7 0  
F 7 0 0 2 6 8 0  
P 7 0 0 2 6 9 0  
F 7 0 0 2 7 0 0  F 7 0 0 2 7 1 0  

F 7 0 0 2 7 2 0  
F 7 0 0 2 7 3 0  
F 7 0 0 2 7 4 0  
F 7 0 0 2 7 5 0  
P 7 0 0  27  60 
F 7 0 0 2 7 7 0  
F 7 0 0 2 7 8 0  
F 7 0 0 2 7 9 0  
F 7 0 0 2 8 0 0  
P 7 0 0 2 8 1 0  
P 7 0 0 2 8 2 0  
F 7 0 0 2 8 3 0  
F 7 0 0 2 8 4 0  
F 7 0 0 2 8 5 0  
F 7 0 0 2 8 6 0  
F 7 0 0 2 8 7 0  

F 8 0 0  1 0  
F a 0 0  2 0  
? B O O  30 
F 8 0 0  40 
F 8 0 0  5 0  

DI i l345ION Albb i (4 ;5bO\  iBB(3,j) ;Cb.(8, lO);CHE11(166) ' .CONT(5)  , 0 ( 3 , 1 3 0 )  F 8 0 0  60  
DINEVSIOY DA ( 3 . 3 )  , D P ( 2 , 1 3 0 ) , F V  ( 3 , 1 6 6 )  ,PS ( 3 . 3 . 4 8 )  , K D  ( c . 1 0 )  , O R G N  (3)  P800 7 0  
DIMENSION P ( 3 , 1 6 6 ) , P A ( 3 , 3 ,  166)  , P A C ( 3 , 5 ) , P A T ( 3 , 3 )  , Q ( 3 , 3 ) , R E F V ( 3 , 3 )  F 8 0 0  80 



DIMENSION R ? S ( U )  ,RMS(5)  ,SYnB(3,3),TITLE(lE),TITLE2(16) . T S ( 3 , 4 8 )  P 8 0 0  9 0  
DINENSION VT (3 .U)  , V 1  ( 4 ) , V 2  ( 3 ) .  V3 ( 3 )  ,V4 ( 3 )  ,V5 ( 3 )  , V 6 ( 3 )  ,WRKV(3,3)  P800 1 0 0  

CO'INON N G ,  A ,  bA,AbREV.hbURR,RID .AIN,LTOMS~0B,BBDR, CD,CHEU,CONT, D Pa00 1 2 0  
CONNOY D4,  DP, D I S P ,  EDGE. EY. PORE,PS.IN,ITILT,KD ,LRTN, LTNO.  NATOM, NCD PEOO 1 3 0  

DIMSYSTON XLNG(3) , X 0 ( 3 ) , X T ( 3 )  Pa00 1 1 0  

_ .  
IP ( N O D ( N J 2 , 1 0 ) - 2 )  805,848,898 

C ***** EXPLICIT  DESCRIPTION ***** 
805 II=o 

IP INCD)  8 1 0 , 8 1 0 , 8 1 5  
8 1 0  N G = l l  

CALL ERPNT(O..NJ*lOO+NJ2I 
GO TO 9 8 0  

R l C l  T T = T T + l  

COMNON YJ,YJ2,NOUT,NSQ,NSYH,ORGN,P,PA,PAC, EAT,C,REPV,RES,RHS,SCALlP800 1 4 0  
CONNON S C R L 2 , S C L , S Y I I B , T A P E R , T R E T A , T I T L E , T I ~ L E 2 , T S , V I E U . V T , V l , V 2  P800 1 5 0  
CONWIN V3,VU.V',V6,4RKV,XLNG,XO,XT F 8 0 0  1 6 0  
T N S = - l l  P800 1 7 0  

P E O O  1 8 0  
m o o  1 9 0  
F800 2 0 0  
P E O O  2 1 0  
P800 2 2 0  
P R O O  2 1 0  

. .- _ _  
I P ( 1 4 0 - I S )  9 8 0 , 9 6 0 , 8 2 0  

I P f T O  8 1 5 , 8 1 5 . B 2 5  
8 2 0  T l = A I N ( I I )  

8 2 5  I I = I I + l  
T 2 = A I N ( I I )  
T P I T X  R l K . R l 5 . 8 1 0  

8 3 5  PORN4T f 1 A1 10X. 18AU1 

~. 
P E O O  2 4 0  
P E O O  2 5 0  
P 8 0 0  2 6 0  
PEOO 2 7 0  
P800 2 8 0  
PSOO 2 9 0  
P 8 0 0  3 0 0  
PEOO 3 1 0  
FE00 3 2 0  
P800 330 
P E O O  3 4 0  
P800 3 5 0  
P800 3 6 0  

WRIT? (NOUT.8 j l )  ' PROO 3 7 0  
8 3 7  FOR~AT(lHOlOX.18HSYMBOL ATCN CODE61,16HPLOTTER X,Y ( I N . )  6X.Z 1HCAPEOO 3 8 0  

I ' ITESIRN X.Y.2 ( I N . )  17X.2OACRYSTAL SYSTEN X , Y , Z / l H  ) P800 3 9 0  
C ***** CHECK IF B O N D  &TUNS ARE I N  ATOHS L I S T  (FOR OVERLAP CRLC) ***P800 4 0 0  

8 3 6  n I i i = o  P 8 0 0  4 1 0  
NA2=0 
I F  (LATN-2) 8U5 .839 .839  

DO 844 K = l , L A T n  
T3=ATOnS ( 1  ,K)  
IP ( T 3 - T l )  8 4 1 , 8 4 0 , 8 4 1  

GO TO 8U3  

8 3 9  N2=2 

8 4 0  NAl=K 

8 4 1  I P ( T 3 - T Z )  8 4 4 . 8 4 2 . 8 4 4  
8 4 2  NA2=K 
8 4 3  N2=N2-1 

844 CONTINUE 
8 4 5  IP (NA2-NAl) 8 4 6 . 8 4 7 , 8 4 7  
846 NL3=NAl 

NAl=NA2 
N R  2=NR 3 
T3=T1  
T l = T 7  

I P ( N 2 )  845,645,644 

. .. 
T2=T3  

GO TO 8 1 5  
8 4 7  CALL BOND(Tl .T2 ,1 ,NAl ,NL2)  

C ***** I M P L I C I T  DESCRIPTION ***** 
848 IF(LATM-2) 6 1 0 . E 5 0 . 8 5 0  
E50 SCAL3=SCRLl 

SCAL 1= 1. 
DO E55 I = l , L A T M  

sc AL 1 =sc 111 3 
IF (NCD) 8 1 0 , 8  1 0 , 8 6 0  

8 5 5  CALL XYZ(ATOMS~l,I).IiTOMS(2,1) , 2 )  

860 WRITE ( n 0 0 ~ , 8 6 i )  

PEOO 4 2 0  
Pa00 4 3 0  
PEOO 440 
Pa00 450 
P800 4 6 0  
P800 4 7 0  
PEOO 480 
FB O O  4 9 0  
P800 500 
PEOO 5 1 0  
PEOO 5 2 0  
P800 5 3 0  
PEOO 5 4 0  
P800 5 5 0  
P800 5 6 0  
P800 5 7 0  
PEOO 5 6 0  
P800 5 9 0  
P800 6 0 0  
PEOO 6 1 0  
P800 6 2 0  
P E O O  6 3 0  
PEOO 640  
PEOO 650 
FEOO 6 6 0  
PEOO 6 7 0  
PEOO 680 
P800 6 9 0  
P800 7 0 0  
P800 7 1 0  
PEOO 7 2 0  

PORUATilHO 10X.20HBOND SELECTION CODES//( lX .94RfSEOUENCEf l l l  fSEOOENPR00 7 3 0  
7 4 0  
7 50 
7 6 0  

FEOO 7 7 0  
P800 7 8 0  
P800 7 9 0  
P E O O  EO0 
P 8 0 0  8 1 0  
PEOO E 2 0  
PEOO 830 
PEOO 6'40 
P800 8 5 0  
PEOO 860 
PEOO 8 7 0  
FEOO E80 
PEOO 890 
1 8 0 0  9 0 0  
P800 9 1 0  
P800 9 2 0  

E61  
i c E  ( 8 ) )  ( B O N D ) .  (DISTANCES)  ( B O N D  ) ( P E R S P . - - ~ A B E L S ~  i noana i - l i i i k i s  j(;Soo 
3US)  (REIGRT OFFSET) (SEIGRT OFFSET) (NUIIBER)) P800 
2 D I G I T S )  / l l X , 9 3 H (  N I N  N A X  ) (  M I N  H I X  ) (TYPE) (HIN MAX) (RADIPEOO 

D n i x = o .  
DO E70 I = l , N C D  
I P ( D ~ A ~ - ~ D ( z , I ) )  865,870,870 

E 6 5  DMAX=CD(2,I) 
6 7 0  WRITE (NOUT.871)  (KD(J .  I )  , J = 1 , 5 ) ,  (CD (J.1) , J = 1 , 8 )  
8 7  1 m R m T  ( 1  A 10x16.15.18.15.1 E. 2 ~ 6 . 2 . 5 ~ 8 . 3 ,  ~7 .o) 

DM A X = D M A  X * D M A X  

DO 977 n=! ,LhTn  
C ***** LOOP THROOGA ATOMS A R R A Y  ***** 

N A  1=I( 
Tl=ATOMS (1.M) 
IA f l l  = T l / l 0 0 0 0 0 .  

8 7 5  DIST=SQRT(DIST)  
T2=bTOKS ( 1  . a )  
IR 121 = T 2 / 1 0 0 0 0 0 .  

C ***+* SELECT BONDS llCCORDING TO CODES ***** 
DO 950 J = l , N C D  
. l R = . l  _ _  - 
TF (DIST-CD ( 1 . J ) )  950,880,880 

880 IP (CD ( 2 ,  J) -DIST)  9 5 0 , E E 1 , 8 6 1  
8 8 1  DO 455 K=1.2 

I F  (In (K) - K D ( l  ,J) ) 8 8 5 , 8 6 2 , 8 6 2  
8 8 2  I P ( K D ( 2 . J )  - I I I ( K ) )  8 8 5 , 8 8 3 , 8 8 3  
88  3 IP (I& (K+ 1) - K D  ( 3 ,  J) ) 885,864,884 

8 8 5  CONTINUE 
8 8 4  I F ~ ~ D ( U , J ) - I A ~ K + ~ ) ) ~ ~ ~ , ~ ~ O , ~ ~ O  

GO TO 9 5 0  
C * * * *e  CHECK FOR POLYHEDRA CODE ***** 

8 9 0  IP ( C D ( U . J ) ) 9 0 0 . 9 5 5 , 9 5 5  
9 0 0  W l ( 4 ) = A T O N s ( 2 , N )  

U1 (5 )=ATONS(3 ,N)  
Ul (6) =ATOMS(U,N) 
K N  1=ABS (CD ( 4 , J ) )  
K N 2 = L B S ( C D f S , J ) )  
DSQl=(CD (6.5)) * * 2  
D S Q Z = ( C D ( l , J ) ) * * 2  

DO 935 I N = l , L I T H  
K3=ATOnS ( 1 , 1 M ) / 1 0 0 0 0 0 .  
IP (K3-KMl) 9 3 5 , 9 0 5 , 9 0 5  
IP fKN2-K 31 9 3 5 . 9 1  0 . 9 1 0  

C ***** SEIiRCA F O R  POLYHEDRA CENTER ***** 

9 0 5  

L= N+ 1 P 8 0 0  9 3 0  
I F ( L I i 9 M - L )  9 7 7 , 8 7 2 , 8 1 2  Pa00 9 4 0  

8 7 2  DO 9 7 5  N=L,LATY F 8 0 0  9 5 0  
YA2=N P800 9 6 0  
DI ST= (ATOMS ( 2 , N )  -W1 ( 1 )  ) **2 P800 9 7 0  
IP IDNAY-DISTI 9 7 5 . 8 1 3 . 8 7 3  F800 9 8 0  

P800 9 9 0  
F 8 0 0 1 0 0 0  
P ~ O O l O l O  
PEOO 1 0 2 0  
F 8 0 0 1 0 3 0  
P 8 0 0 1 0 4 0  
YE00  1 0 5 0  
P 8 0 0 1 0 6 0  
P E 0 0 1 0 7 0  
F800 1 0 8 0  
1 8 0 0 1 0 9 0  
P800 1 1 0 0  
P 8 0 0 1 1 1 0  
F8OO 11 2 0  
P E 0 0 1 1 3 0  
F 8 0 0 1 1 4 0  
P 8 0 0 1 1 5 0  P 8 0 0 1 1 6 0  

P 8 0 0 1 1 7 0  
P 8 0 0  11 EO 
P 8 0 0 1 1 9 0  
P E 0 0 1 2 0 0  
P 8 0 0 1 2 1 0  
P 8 0 0 1 2 2 0  
PE00 1 2 3 0  
P 8 0 0  PSOO 1 2 5 0  1 2 4 0  

P 8 0 0 1 2 6 0  
P E 0 0 1 2 7 0  
P E 0 0 1 2 8 0  
P 8 0 0 1 2 9 0  P 8 0 0 1 3 0 0  

P 8 0 0 1 3 1 0  
PEOO 1 3 2 0  
PEOO 1 3 3 0  
PEOO 1 3 4 0  
P 8 0 0 1 3 5 0  
P E 0 0 1 3 6 0  
P E 0 0 1 3 7 0  
P 8 0 0 1 3 8 0  
P E 0 0 1 3 9 0  
P 8 0 0 1 4 0 0  
PE00192D P 8 0 0 1 4  1 0  

P B 0 0 1 4 3 0  
PEOOl440  
P E 0 0 1 4 5 0  
P E 0 0 1 4 6 0  
P E 0 0 1 4 7 0  
P 8 0 0 1 4 8 0  
P 8 0 0 1 4 9 0  P E 0 0 1 5 0 0  

P800 15 10  
WRITE (NOOT.837) P 8 0 0 1 5 2 0  

9 7 0  CALL BOND(Tl ,T2 , JB ,NAl  , N I 2 )  P 8 0 0 1 5 3 0  
975 CONTINUE P E 0 0 1 5 4 0  
977 COWTINUE P 8 0 0 1 5 5 0  

C ***** ELININATE LOCAL OVERLAP INFORMATION BEFORE RETURNING ***** PEOO 1 5 6 0  
980 IP (NJ2-2  1) 5 8 5 , 9 9 0 , 9 9 0  P E 0 0 1 5 7 0  
9 8 5  CALL L A P 5 O O f - 0  P800 1 5 8 0  
990 RETURN P 8 0 0 1 5 9 0  

E N D  P 8 0 0 1 6 0 0  

c *****-CHECK P ~ L Y H E D R A  DISTANCE R A N G E  ***** 
9 1 0  DO 9 3 0  J 1 = 1 , 4 , 3  

DSQ=(ATOnS ( 2 , I M ) - l i l  ( J l ) ) * + 2  
I P ( D S Q 2 - D S Q ) 9 3 5 . 9 1 5 , 9 1 5  

I P f D S Q 2 - D S Q )  9 3 5 , 9 2 0 , 9 2 0  
9 1 5  DSQ=DSQ+ ( A T O M S ( 3 , 1 M ) - W l ( J l * l ) )  **2 

9 2 0  DSQ=DSQ+(A<OES(4,IR)-Ul(Jlt2)) **2 
IP (DSQ2-DSQ) 9 3 5 , 9 2 5 , 9 2 5  

9 2 5  I P ( D S Q - D S Q l )  9 3 5 , 9 3 0 , 9 3 0  
9 3 0  CONTINUE 

9 3 5  CONTINUE 

950 CONTINUE 

GO TO 955 

C ***** END OF POLYHEDRL CHECK ***** 
GO TO 9 7 5  

C ***** PREPARE TO D R A W  BOND ***** 
9 5 5  I P ( N J 2 - I O )  9 6 0 , 9 7 0 , 9 7 0  
9 6 0  LNS=NOD(LNS+U,56)  

965 URITB INOUT.835) I T I T L E ( I 1  . I = l .  181 
I P ( L N S )  9 6 5 , 9 6 5 . 9 7 0  

SUBROUTINE P 9 0 0  P900 10 
DIMENSION X(3)  ,XW(3,5)  . Y ( 3 ) , 2 ( 3 )  P900 2 0  
REAL*E CAEM P 9 0 0  30 
DIUENSION A(9) , 1 1 ( 3 , 3 )  , I A R E V ( 3 , 3 )  ,AAWRK(3,3) , A I D ( 3 , 3 )  , A I N  ( 1 4 0 )  P 9 0 0  40 
DIHYNSION I T O n S ( 4 . 5 0 0 )  , B B ( 3 , 3 )  ,CD(B, lO)  ,CHEM(166) , C O N T ( 5 ) , D ( 3 ,  130)  P 9 0 0  50 
DINEASTON DA(3~3),DP(2,130),EV(3,166),FS(3,3,4E),KD(5,10),0RGN(3) P 9 0 0  6 0  
DInENSION P ( 3 , 1 6 6 ) . P A ( 3 . 3 .  166)  . P A C ( 3 , 5 ) , P I T ( 3 , 3 )  , Q ( 3 , 3 ) . R E P V ( 3 , 3 )  P 9 0 0  7 0  
DIMENSION R E S ( @ )  .RMS(5) ,SYMB (3.3) , T I T L E ( l E ) , T I T L E 2 (  1 6 )  , T S ( 3 , 4 8 )  P 9 0 0  80  
DIMENSION V'I ( 3 . 4 )  . V l ( U )  ,V2 ( 3 ) , V 3 ( 3 )  , V 4 ( 3 )  , V 5 ( 3 )  . V 6 ( 3 )  ,MRKV(3,3)  P 9 0 0  9 0  
DIMENSION XLNG(3) ,XO(3)  ,XT (3) P 9 0 0  1 0 0  

COMMON DA,DP,DISP,EDGE,EV, PORE,PS,IN,ITILT,KD,LITM,LTNO,NATOM,NCD P 9 0 0  1 2 0  
CO HMON N J , NJ2,  NOUT, NSR , NSY M, ORGN ,P ,  PA, P AC, PA T , Q, REPV , R E S  ,RMS, S CA L l  P 9 0 0  1 3 0  
CONIION SCAL2,  SCL.SYM0. TAPER.THET&,TITLE.TITLE2,TS,VIEU ,VT,Vl,V 2 P 9 0 0  1 4 0  

connoN N G ,  I , ~ R , A ~ R E V , A I ~ R K . I I D , A I N , ~ ~ ~ M ~ , B B , ~ R D R . C D , ~ R ~ M , C O N T , D  m o o  i i o  

0 
U 



COlnON V3,V4,V5,V6.WRKV,XLNG.XO,XT 
C +**** LABELING FUNCTION SUEROOTINE ***** 

I T I L T = O  

9 1 0 . 9  ‘ 1 0 . 9 C 5  

N J 3 = n O D ( N J 2 , 1 0 )  
TH=THETR 
S I N T H = S Y n B ( Z ,  1 )  
COSTH=SYnB ( 1 , l )  
ILAST= 1 
I F  (AIN ( 2 )  - 1 1  1 0 0 .  

9 0 5  I L R S T = 2  
9 1 0  DO 9 2 5  I I = l , I L I I S T  

C ***** OBTAIN YOI?KING CARTESIAN COORDINATES ***** 
CALL X Y Z ( A I N ( I 1 )  , X W ( l , I I ) , 2 )  
I F  (NG) 9 1 5 ,  9 2 5 , 9 1 5  

9 1 2  NG=15 
9 1 5  CRLL 9RPNT(AIN(II) ,NJ*10O*NJ2)  

9 2 5  CALL X Y 7  ~ A I N f I I ~ ~ X W ~ l ~ I I ~ 3 l , 3 l  
GO TO 1 1 9 9  

1 1 = 1  
C ***** F I N D  HEAN RYPERENCE FOINT ***** 

DO 9 3 0  J = 1 , 3  
T2=XW ( J , I t A S T )  
T l = X W ( J ,  1)  
X U  fJ ,  31 =TZ-Tl  

9 3 0  T ( J ) = ( T Z + T l ) * . S  
C ***** PERSPECTIVE SCALING FACTOR ***** 

scar=  1 .  . . .- 
I F  (VIEW) 94C.940.935 

9 3 5  SCAL=VIEW/(VIEW-X(3) 1 
9 4 0  HGT=SCAL*RIN(S) 

IF ( N J 2 - 3 )  9 6 0 , 9 5 0 , 9 4 5  
9 U 5  T ” ( N J 2 - 6 ) 9 5 0 , 9 5 0 , 9 6 0  

C ***** PROJPCTED VECTOR BASELINE ***** 

P900 1 5 0  
P 9 0 0  1 6 0  
F 9 0 0  1 7 0  
P 9 0 0  180 
P 9 0 0  1 9 0  
F 9 0 0  200  
e 9 0 0  2 1 0  
P 9 0 0  2 2 0  
P 9 0 0  2 3 0  
P 9 0 0  2 4 0  
P900 250 
P 9 0 0  2 6 0  
P 9 0 0  2 7 0  
P 9 0 0  2 8 0  
P 9 0 0  2 9 0  
P 9 0 0  3 0 0  
P 9 0 0  3 1 0  
F 9 0 0  3 2 0  
F 9 0 0  330  
e 9 0 0  3 4 0  
F 9 0 0  350  
P 9 0 0  360 
P 9 0 0  3 7 0  
F 9 0 0  380 
P 9 0 0  3 9 0  
F 9 0 0  4 0 0  
F 9 0 0  4 1 0  
P 9 0 0  4 2 0  
P 9 0 0  4 3 0  
F 9 0 0  440 
P 9 0 0  4 5 0  
P 9 0 0  4 6 0  
P 9 0 0  4 7 0  

9 5 0  CALL PLTXY(XW(l .U) ,Vl)  
C4LL PLTXY (XW (1 .5)  ,V2)  
T l = V 2  ( 1) -V 1 ( 1 )  

P 9 0 0  4 8 0  
P 9 0 0  490 
P 9 0 0  5 0 0  
F 9 0 0  5 1 0  T2=V2 ( 2 )  - V l  ( 2 )  

T 3 = S Q R m ( T l * T l + T 2 * T 2 )  F 9 0 0  5 2 0  
1” ( T 3 )  9 1  2 , 9 1 2 , 9 5 5  P 9 0 0  5 3 0  

955 C O S T H = T l / T 3  F 9 0 0  5 4 0  
S I N T H = T ? / T 3  F 9 0 0  550 

F 9 0 0  5 6 0  TH=ARCCOS (COSTH) 
IF (SINTH) 9 5 8 , 9 6 0 , 9 6 0  F 9 0 0  5 7 0  

954 TH=-TH P 9 0 0  580 
q60 I F ( N J 2 - 1 3 )  4 6 5 , 9 8 5 , 9 8 5  F 9 0 0  5 9 0  

P 9 0 0  600 
9 6 5  Y ( 1 )  =SCAL* (X ( l ) + A I N ( 6 )  * C O S I H - I I N ( 7 )  *SINTH) +XO ( 1 )  P 9 0 0  6 1 0  

P 9 0 0  6 2 0  Y ( 2 )  =SCAL* ( X  ( 2 )  +RIA ( 6 )  *SINTH+AIN (7)  tCOSTH) +XO ( 2 )  
Y ( 3) =@ . F 9 0 0  6 3 0  

C ***** CHECK FOR LEGPND RESET ***** F 9 0 0  6 4 0  
P900 650 DO 980 J = 1 , 2  
P 9 0 0  6 6 0  T l = R I N ( J + 2 )  

I ? ( T 1 ) 9 7 5 , 9 8 0 , 9 7 0  P 9 0 0  6 7 0  
P 9 0 0  680 9 1 0  V ( J ) = T l  
P 9 0 0  6 9 0  

9 7 5  Y ( J ) = X L N G ( J ) + T l  F 9 0 0  700 
F 9 0 0  7 1 0  9 8 0  CONTINU?! 

C ***** SET PARANETERS POQ INDIVIDUAL PUNCTICYS ***** e 9 0 0  7 2 0  
9 8 5  GO ~O(9~0,995.~95,1000,1000,1000,915,1105,  1105.915.9  15 ,9  1‘. 1 0 0 5 ,  1 0 F 9 0 0  7 3 0  

1 0 5 , 1 0 0 5 ,  1 0 0 5 , 9 1 5 )  , N J 2  P 9 0 0  7 4 0  
4 9 0  T 6 = 1 7 .  P 9 0 0  7 5 0  

L = A I N ( l )  / 1 0 0 0 0 0 .  F 9 0 0  7 6 0  
P 9 0 0  7 7 0  I L L S T = (  

mw=o. P 9 0 0  7 8 0  
D Y  W=O. F 9 0 0  7 9 0  

P 9 0 0  800 GO TO 1 0 3 0  
T F = 2 1 5 .  F 9 0 0  8 1 0  
T I  AST=18 P900 P 2 0  

C ***** F I N D  CENTBQ OF PAOJECTED LABEL ***** 

GO w 9 8 0  

4 0  5 

1 0 0 0  

1 0 0 5  

C 
1 0 1 0  

1 0 1 5  

~~ 

Tl=HST*2 4./1. 
DXW=COST H*Tl 
D Y  W=SIN?H*Tl 
GO TO 1 0 3 0  
T 6 = 1 0 + 3 *  ( 1 5 3 - 4 1  

****a TQUE PFRSPRCTIVE LABELS ***** 
CALL U N I T ( X U ( 1 , 3 ) , V T ( l , l ) , l )  
1’ (ABS (VT ( 3 , l ) )  - . 9 9 9 4 )  1 0 1 0 , 9 1 2 , 9 1 2  
***** F n R n  PEQSPECTIVE R ~ T R T I O N  N A T R I X  
CALL NOQ’I (AID ( 1 , 3 )  , VT ( 1 , l )  ,VT ( 1 . 2 ) ,  1 )  
CRLL U N ? T ( V T ( 1 , 2 ) , V T ( l , Z ) , l )  
CALL NOPPI(VT ( 1 , l )  , V T ( 1 . 2 ) ,  VT ( 1 , 3 ) ,  1 )  
DO 1 0 1 5  J = 1 , 3  
VT (J .U) = X  ( J )  

***** 

F 9 0 0  830 
F 9 0 0  8 4 0  
P 9 0 0  850 
P 9 0 0  860 
F 9 0 0  870 
P 9 0 0  880 
P 9 0 0  8 9 0  
F 9 0 0  9 0 0  
P 9 0 0  9 1 0  
P 9 0 0  9 2 0  
F 9 0 0  9 3 0  
P 9 0 0  9 4 0  
P 9 0 0  950 
F 9 0 0  9 6 0  
F 9 0 0  9 7 0  
F 9 0 0  980 

I T I L T =  1 
HGT=RIN(5)  
TH=O. 
Y 111 = K  1 7 1  
~ . ~ I  - - ~ - ,  
Y ( 2 )  = X  ( 2 )  + & I N  ( 7 )  -HGT*. 5 
I F ( N J 2 - 1 3 )  1 0 3 0 , 1 0 2 5 , 1 0 2 0  

C ***** PERSPECTIVE BOND LABELS ***** 
1 0 2 0  Y ~ O ~ X ~ l ~ * A I N ~ 6 ~ - H G T * P L O A T ~ 2 2 + 3 * ~ 6 - N J 3 ~ ~ / 7 .  

DIST=SQRT (VV ( X U  ( 1 . 3 )  , X U  ( 1 ,  3) ) )  /SCRLl  
GO TO 1 0 5 0  

1 0 2 5  Y ( 1 )  = X ( l )  + & I N  (6)-HGT*2 15 . /7 .  
I L R S T = l 8  
DX W=HGT* 2 4 .  /7. 
D Y W = O .  
GO TO 1 0 5 0  

DV=HGT*. 5 
Y ( l ) = Y  (1)-DH*COSTH+DV*SINTH 
Y ( 2 )  =Y ( 2 )  -DH*SINTH-DV*COSTH 

r ***** PERSPECTIVE TITLES ***** 

1 0 3 0  DH=HGT*T6/1. 

Y ( 3 )  -0. 
C ***** PLOT VARIOUS LABELS ***** 

1 0 5 0  z ( 3 ) = Y ( 3 )  
XO (3)=Y (3)  
G O  T 0 ( 1 0 6 0 , 1 0 6 0 , 1 0 6 0 , 1 0 9 0 ,  1 0 9 0 , 1 0 9 0 , 9 1 5 , 1 1 0 5 . 1 1 0 5 )  

DO 1 0 7 5  J = l , 3 , 2  
Z (  1) = Y  ( 1 )  +FLOAT ( 5 - 2 )  *DISP* .5 
DO 1 0 1 5  K = 1 , 3 , 2  
Z ( 2 )  - Y  ( 2 )  rPL0P.T (K-2) W I S P * .  5 
I F  (NJ3-2)  1 0 6 5 ,  1 0 6 8 ,  1 0 6 8  

1 0 6 0  DO 1 0 8 5  I = l , I L R S T  

c * a * * *  PLOT CHEHICAL s Y n s o L  *a** *  
1 0 6 5  CALL SIlBOL(Z(l),Z(2),HGT,CHEl! ( L ) , T H , 6 )  

GO TO 1 0 7 0  
C ***** PLOT T I T L E S  ***** 

1 0 6 8  CRLL STNBOL(Z(1)  , Z ( Z )  , H G T . T I T L E Z ( I )  ,TH,U)  
1 0 7 0  I F ( D 1 S P )  1 0 8 0 , 1 0 8 0 , 1 0 7 5  
1 0 7 5  CONTINUE 
1 0 8 0  Y ( 1 )  = Y  ( 1 )  + D X W  
1 0 8 5  Y ( Z ) = Y  ( 2 )  +DYW 

GO TO 1 1 9 9  
C ***** PLOT BOND DISTLNCE LABELS a * * * *  

1 0 9 0  I 9 = W J 3 - 3  
T 9 =  10 .  **I 9 
DISTR=41NT((DIST*T9)+0.5)/T9 + . 0 0 0 1  
CALL NUVSUR(Y(1) , Y ( 2 )  ,HGT,DISTR,TH,I9)  
G O  TO 1 1 9 9  

c ***** PLCT C E N T E R E D  S Y ~ B O L S  ***** 
1 1 0 5  CALL S I I B O L ( Y ( 1 )  , Y ( 2 )  ,HGT, I P I K ( A I N ( 8 ) )  ,TH,7-NJ3)  
1 1 9 9  ?TILT=O 

RETURN 
END 

, N J 3  

P 9 0 0  990 
P 9 0 0 1 0 0 0  
P 9 0 0 1 0 1 0  
P 9 0 0 1 0 2 0  
P 9 0 0  1 0 3 0  
P 9 0 0 1 0 4 0  
P 9 0 0 1 0 5 0  
F 9 0 0  1 0 6 0  
P 9 0 0 1 0 7 0  
P 9 0 0  1 0 8 0  
F 9 0 0  1 0 9 0  
P 9 0 0 1 1 1 0  P 9 0 0 1 1 0 0  

P 9 0 0  1 1 2 0  
P 9 0 0 1 1 3 0  
P 9 0 0 1 1 4 0  
P 9 0 0  1 1  50 
P 9 0 0 1 1 6 0  
P 9 0 0  1 1 7 0  
P 9 0 0 1 1 8 0  
P 9 0 0 1 2 0 0  F 9 0 0  1 1 9 0  

P 9 0 0 1 2 1 0  
P 9 0 0 1 2 2 0  
P 9 0 0 1 2 3 0  
F 9 0 0  1 2 4 0  
P 9 0 0 1 2 5 0  
P 9 0 0  1 2 6 0  
P 9 0 0 1 2 7 0  
F 9 0 0 1 2 8 0  
P 9 0 0 1 3 0 0  P 9 0 0 1 2 9 0  

P 9 0 0  1 3  10  
F 9 0 0  1 3 2 0  
P 9 0 0 1 3 3 0  
F 9 0 0  1 3 4 0  
P 9 0 0 1 3 5 0  
P 9 0 0 1 3 7 0  P 9 0 0 1 3 6 0  

F 9 0 0 1 3 8 0  
P 9 0 0 1 3 9 0  
P 9 0 0 1 4 0 0  
P 9 0 0 1 U  1 0  
F 9 0 0 1 U 2 0  
P 9 0 0 1 4 3 0  
P 9 0 0 1 4 4 0  
P 9 0 0 1 4 5 0  
P 9 0 0 1 4 6 0  
P 9 0 0 1 4 7 0  P 9 0 0  1 4 8 0  

P 9 0 0 1 4 9 0  
P 9 0 0 1 5 0 0  

SUBil9UTINE PlOOO PlOO 10 
DIEENSION DK(3.3) , D l 5 ( 1 5 ) . D 6 L ( 3 , 3 ) , D Q ( 6 )  , Q P ( 6 )  F lOO 2 0  

DIYENSION CIJK ( 3 . 3 , 3 ) ,  ~ ~ n n a ( 3 , 3 , 3 )  . B 2 ( 3 . 3 )  , ~ 3  (3.3) PlOO 40 
D I i l W S I O N  C 1 ( 3 ) , Q P ( 7 , 3 ) . C 3  1 1 0 )  , C E ( l O )  F l O O  30 

DIFENSION 2 0 ( 3 ) , 2 1  ( 3 ) , 2 2 ( 3 ) , D Z 0 ( 3 )  , D Z 1 ( 3 )  , L I N E ( 2 2 , 2 )  ,HEAD(22)  P lOO 50 
PlOO 6 0  

7 0  
80 
9 0  

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

cownov S C ~ L Z ,  SCL, srqB, TAPER,THETA,TITLE,TITLE~ .TS,VIEW ,VT, V I  , v 2  P I O O  1 7 0  
CO31OV V3,VU,V~,V6,VRKV,KLNG,XO,XT 

FlOO e 1 0 0  1 9 0  1 8 0  EOUIVRLENCE(L1NEf 1 1 .  HEAD I l l  I 

DIEENSION RES(‘J),RMS(5),SY~B(3,3),TITLE(l8),TITLE2(18) , T S ( 3 . 4 8 )  P lOO 
DINENSIOY VT(3,4),Vl(U),V2(3),V3(3) ,VU(3),V5(3),V6(7),WRKV(3,3) FlOO 
DTWFNSTON YLNG(31 . Y O 1 3 1  .XT 131 PlOO 

. . I . . . . 
C***+ SUBROUTINE TO AVALYZE IENSCRS OF HIGHER CUMl!LANTS e * * *  PlOO 2 0 0  
c COLlIqN 6 -  9 = 1 0 0 0  PlOO 2 1 0  
c COLI!YN 1 0 - 1 8  F I Q S T  RTOn WITH SKEW TENSOS. I F  0 O R  BLANK I S  S3T  = l P 1 0 0  2 2 0  
c COLUNN 1 9 - 2 7  LAST ATOH WITH SKEW TENSOR, I F  Z E R O  I S  SET = NATOtl F lOO 2 3 0  
C COLUVN 28-36  I F  ZBRO S H I F T  POSITION PRRRHETERS OF ATCN TO NlDE P I 0 0  2 4 0  
C T P  .GT. ZERO, DO NOT S H I F T  TO 1 0 D E  ‘100 2 5 0  
C COLUNN 3 1 - 4 5  P S I  4ND C H I  I F  ZERO, ONLY P S I  IF +, ONLY CHI IF NINUSPlOO 2 6 0  
C**** CONTINUATION CARD IF A 1 I N  COLULIN 3 OF PREVIOUS CARD **** FlOO 2 7 0  
C COLUNN 1 0 - 1 9  SCALE FACTOR FOR MAPS, I F  ZERC, NO HAPS PlOO 2 8 0  
c c o L u n N  7 9 - 7 7  N U N R E P  OF G R I D  POINTS A L O N G  x IN n a p  P lOO 2 9 0  

Y PlOO 300 C COLUMN 2 R - 3 6  

0 m 



C 
C 
C 
C 
C**** 
C 
C 
C 
C 
C 
C 
C 

2 0 0  
2 0 5  

2 1 0  
2 1 5  

C 

COLUf4N 3 7 - 4 5  z 
COLURN U6-54 INCREMENT ALONG X I N  ANGSTROMS 
COLUVN 4 5 - 6 3  Y 
COLfJVN 6 4 - 6 7  z 
CONTINUATION CRRD I F  R 1 I N  COLUMN 3 OF PREVIOUS CRRD **I* PlOO 3 5 0  
COLUMN 1 0 - 1 8  BID-POINT I N  R A N G E  OF X PlOO 3 6 0  
C O L U V N  1 9 - 2 7  Y PlOO 3 7 0  
COLUMN 2 8 - 3 6  z PlOO 380 
COLUilN 3 7 - 4 5  NON-ZERO TO A E R D  A N D  SUBTRRCT R I G I D - B O D Y  CUMULANTS PlOO 3 9 0  
COLlJVN U6-54 SCALE FACTOR FOR R E G U L A R  CURULRNTS I N  SUBTRRCTION PlOO 400 
COLUMN 5 5 - 6 3  SCALE FACTOR FOR R I G I D  BODY CUMULRNTS I N  SUBTQRCTION PlOO 4 1 0  

P lOO u 2 0  COLUilN 6 4 - 7 2  NON-ZERO TO R E R C  OLD FORBBT 3 K ( I , J , K )  CARDS 
NAl = P I N ( 1 )  PlOO 4 3 0  
I F ( N R 1 )  2 0 0 , 2 0 0 , 2 0 5  P 1 0 0  4 4 0  
YAl = 1 PlOO 4 5 0  
NR2 = R I N ( 2 )  PlOO 460 
I F  (NR2) 2 1 0 , 2 1 0 , 2 1 5  PlOO 4 1 0  

PlOO 480 
PlOO 4 9 0  

NA2 = NRTOM 
DO 5 0 5  I A  = NAl.Nk2 ***** R E I D  I N  F I R S T  A N D  SECOND CUMULILNT TENSORS ***** 
RERD(IN.2 )  CHEM2,SCRT,PRRC, (V6 (J)  , J = 1 , 3 )  , 8 2 ( 1 , 1 ) , 8 2 ( 2 , 2 )  , B 2 ( 3 ,  3) 

1 , E 2  ( 1 . 2 )  , B 2  ( 1 , 3 ) , B 2  ( 2 ,  3 ) ,  RLPHA , I B E , I G R , I D L  
2 FORMAT (A6 .3X.SP9 .5 .26X / t F 9 . 6 , P 7 . 9 , 2 X . 3 1 3 )  

CONST=O. 0 0 1  
I F  IRIN ( 2  1)  ) 2 1 5 2 , 2 1 5 2 , 2  1 5 1  

GO TO 2 2 0  
2 1 5 1  C O N S T = 1 . / 4 1 . 3 4 1 1 0  

2 1 5 2  I F ( I G V - 1 ) 2 2 2 , 2 1 7 , 2 1 6  
2 1 6  I P ( 1 G N - 3 )  2 2 0 , 2 1 1 , 2 2 0  

2 1 7  RERD ( I N . 4 )  ( C l ( J )  , J = l , 3 )  
C ***** READ CONTRACTFD GAMflA TENSOR (COVARIANT FORM) ***** 

4 FORRlT ( 5 E 1 4 . 7 . 1 0 X )  
IGH=3 
GO TO 2 2 2  

c ***** R E R D  PULL G a m a  TENSOR ( C O N T H A V A R I A N T  P O R I )  ***** 
2 2 0  R E R D  ( I N , U ) C I J K  ( 1 , l . O  .CIJK (2.2.2) , C I J K ( 3 ,  3.3) , C I J K  ( 1 ,  1 , 2 )  

l . C L J X ( 1 . 2 . 2 )  , C I J K ( l , 1 . 3 )  , C I J K ( 1 , 3 , 3 )  ,CIJK(2,2,3),CIJK(2,3,3) 
2 ,C I J K  ( 1 , 2 , 3 )  

IGR=lO 
2 2 2  I P ( I D L - 1 ) 2 4 1 , 2 2 5 , 2 2 3  
2 2 3  I F ( 1 D L - 3 )  2 2 6 , 2 2 1 , 2 2 4  
2 2 4  I P ( I D L - 1 5 )  2 2 6 , 2 2 7 , 2 4 1  

2 2 5  READ (XN,U) D1 
C ***** READ DELTR TENSOR ***** 

I D L = l  
GO TO 2 9 1  

IDL=6  
2 2 6  R E A D  ( I N . 4 )  D 6 ( 1 , 1 ) , D 6  (2 ,2 ) .D6  ( 3 . 3 1 , 0 6 ( 1 . 2 ) . D 6 ( 1 . 3 )  . D 6 ( 2 , 3 )  

GO TO 2 4 1  
2 2 7  Q E R D  ( I N . 4 )  D 1 5 ( 1 )  .D15 ( 1 1 )  , 0 1 5  ( 1 5 ) , D 1 5 ( 2 ) , D 1 5 ( 7 ) , D l 5 ( 3 ) , D l 5 (  1 0 )  

1 , D 1 5 ( 1 2 )  , D E (  14)  , D 1 5 ( U )  , D 1 5 ( 6 )  , D 1 5 (  13) ,D15  (5) ,D15 (8)  ,D15 ( 9 )  

C * * * * a  EXPAND BET112 TENSOR.MVLT1PLY BY 2 / (9 * P I * * 2 )  ***** 
I D L = 1 5  

2 4 1  DO 2 4 2  1 = 1 , 3  
DO 2 4 2  J = 1 , 3  
8 2  ( I , J ) = 1 2  ( 1 . J )  * 5 . 0 6 6 0 5 9 1 8 2 - 2  

IF ( 1 6 8 - 3 )  2 5 0 1 , 2 4 3 , 2 4 7  
2 4 2  B 2 ( J , I ) = B 2 ( I , J )  

2 4 3  IF (ALPHA) 500.500.2UU 

2 4 4  T1=0.2E5/ALPHA**2 
DO 2 4 5  J = 1 , 3  

2 4 5  V2 (J) = C l  (J) *T 1 
C A L L  M V ( E I ~ . V ~ , C ~ )  
DO 246 I = 1 , 3  
DO 246 J = 1 , 3  
DO 2 4 6  KSJ.3 

24R C I J K ( I , J , K ) =  C l  (I) *E2  (J,K) *C l ( K )  *B2 (1.J) + C l ( J )  882  (K.1) 
2 4 7  I P ( A I N ( l 8 )  ) 2 3 5 , 2 4 9 , 2 3 5  

2 3 5  READ ( IN.  2)CAEM3.SCAT3, PRAC. (VS (J) ,J= 1 , 3 )  ,83( 1 ,  l ) ,  83 ( 2 , 2 ) ,  8 3  (3, 3) 

C ***** EXPRND CONTRACTED G A M M A  TENSOR ***** 

C ***** READ 1 N D  SUBTRACT OUT RIGID-BODY CONTRIBUTION ***** 
1 . 8 3 ( 1 . 2 )  . B 3 ( 1 . 3  .83(2.3) 

lGRMflA(1, 1 , l )  ,G&MMA(2,2,2)  ,GLMMA(3,3,3) ,GAMMll ( l , l ,  2) ,GARMA( 1.2, 2) 
2,GANM11(1, 1.3) ,GARMR(l, 3.3) , G A M M A  (2 .2 .3 )  ,GARMA(2.3,3) . G A M 1 1  ( 1 , 2  .3) 

R E A D  ( I N . 4 )  

DO 2 9 0  I = 1 . 3  
DO 240 J = 1,3  
DO 240 K = 5.3 

2 4 0  C I J K ( 1 . J  , K I  
2119 DO 250 1 = 1 , 3  

DO 2 5 0  .1=1.7 

= C I J K ( I , J  8) *RIH (19)-G&MHh (I, J,K) * A I M  ( 2 0 )  

DO 250 K ;.:,3 
T 1  3 C I J K ( I , J , K ) * C O N S T  
C I J K ( I , J , K )  = T1 

FlOO 3 1 0  
PlOO 3 2 0  
7 1 0 0  3 3 0  
p i o n  3 4 0  

FlOO 500 
PlOO 5 1 0  
PlOO 5 2 0  
PlOO 5 3 0  
PlOO 5 3 3  
PlOO 536 
PlOO 590 
PlOO 5 4 3  
PlOO 546 
PlOO 5 5 0  
P lOO 560 
P lOO 5 7 0  
P 1 0 0  5 8 0  
PlOO 590 
PlOO 600 
PlOO 6 1 0  
PlOO 6 2 0  
PlOO 6 3 0  
PlOO 6 4 0  
PlOO 6 5 0  
P lOO 6 6 0  
FlOO 6 7 0  
P 1 0 0  680 
PlOO 6 9 0  
PlOO 1 0 0  
PlOO 1 1 0  
PlOO 1 2 0  
F lOO 1 3 0  
PlOO 7 4 0  
PlOO 1 5 0  
P I 0 0  7 6 0  
PlOO 7 7 0  
PlOO 7 8 0  
FlOO 7 9 0  
PlOO 800 
P lOO 8 1 0  
P I 0 0  8 2 0  
PlOO 8 3 0  
PlOO 890 
PlOO 850 
PlOO 860 
PlOO 870 
PlOO 880 
PlOO 8 9 0  
PlOO 9 0 0  
P lOO 9 1 0  
PlOO 9 2 0  
PlOO 9 3 0  
P I 0 0  990 
PlOO 9 5 0  
PlOO 9 6 0  
PlOO 970 
PlOO 9 8 0  
PlOO 9 9 0  
PlOO 1 0 0 0  
F l O O l O l O  
PlOO 1 0 2 0  
P 1 0 0 1 0 3 0  
P 1 0 0 1 0 u 0  
P 1 0 0  1 0 5 0  
PlOO 1 0 6 0  
P 1 0 0 1 0 7 0  
P 1 0 0  1 0 8 0  
P 1 0 0 1 0 9 0  
P l O O l l O O  

2 5 0  

2 5 0  1 
25 1 

C 

2 5 2  
2 5  3 

2 5 U  
C 

2 5 5  

2 5  6 

2 5 1  

C 

C 
26  0 

26 1 
26  2 

C 
26 3 

26  5 

2 6 6  

2 6 1  
C 

26  8 
2 1  0 

2 1  5 
C 

28 0 
285 

C 

29 0 

8 

1 0  

C I 3 R I K . I . S I  = T l  
~ 

, K , I )  = T1 
, J , I )  = T l  
, K , J )  = T l  

DELTR TENSORS ***** 

DO 2 5 2  1 = 1 , 3  
no 1 5 2  ~ = i . 3  .. . ~. 
0 6  (I, J ) = E 2  ( 1 , J )  *D1/3 .0  
I F  ( IDL-6)  2 5 6 , 2 5 4 , 2 6 0  
***** COYVERT TO CONTRAVRRJRNT PORR * * a * *  
T 1 = 2 8 .  /I .O l*ALPAA**3) 

.. . ~. 
0 6  (I, J ) = E 2  ( 1 , J )  *D1/3 .0  
I F  ( IDL-6)  2 5 6 , 2 5 4 , 2 6 0  
***** r n u n r l R T  TO CONTRAVRRJRNT PORR * * a * *  

l*ALPAA**3) 
DO 295 i = 1 , 3  
DO 2 5 5  J=1.3 

IJRL=O 
DO 2 5 7  I = l . 3  

P l O O l l 1 0  
FlOO 1 1 2 0  
F 1 0 0 1 1 3 0  
P 1 0 0  1 1 4 0  
PlOO 11 50 
P l O O l 1 6 0  
P l  00 1 1 7 0  
P l O O l l 8 0  
PlOO 1 1 9 0  
P 1 0 0 1 2 0 0  
F 1 0 0 1 2 1 0  
P 1 0 0 1 2 2 0  
F 1 0 0 1 2 3 0  
P 1 0 0 1 2 4 0  
P 1 0 0 1 2 5 0  
F 1 0 0 1 2 6 0  
F 1 0 0 1 2 7 0  
P l O O l 2 8 0  
F 1 0 0 1 2 9 0  
P 100 1 3 0 0  
F 1 0 0 1 3 1 0  
P 1 0 0  1 3 2 0  
F 1 0 0 1 3 3 0  

DO 2 5 1  J=1 ,3  F 1 0 0 1 3 4 0  
DO 2 5 7  R = J . 3  
DO 2 5 7  L=K,3  
I J K L = I J K L + l  
D l S ( I J K L ) = ( B Z  (1 .4  *D6(K,L)  + B 2 ( I . K )  * D 6  ( J , L )  +B2 ( I , L ) * D 6 ( J , K )  

C A L L  P a x E s  ( P L O A T ( I A )  * i o o o 0 0 . + 5 5 5 0 1 . ,  1)  

1 '82 (K,L) * D 6 ( I . J )  + B 2 ( J . L )  *D6 ( 1 . R )  +B2 (J,K) *D6 [ I , L ) ) / 7 . 0  
****I: INVERT BETA MATRIX ***** 
***** STCRE I N  R R R A Y  YITH FROPER MULTIPLICITY ***** 
I J = O  
DO 2 6 2  I = 1 , 3  
DO 2 6 2  J = I , 3  
IJ=IJ+l 
T1-2 .0  
I F  ( 1 4 )  2 6 2 , 2 6 1 , 2 6 2  
~ i = t . n  
i Q ( I i ; = Q ( I , J )  + T 1  
I F ( 1 D L - 6 )  2 1 0 , 2 6 7 . 2 6 3  ***** CONTRACT UTH O R D E R  DELTA TENSOR ***** 
I J = O  
DO 2 6 5  I = 1 , 3  
DO 2 6 5  J = 1 , 1  
I J = I J + l  
DQ (IJ) =O .O 
N = I J - I  
KL=O 
DO 2 6 5  K = 1 , 3  
N = N + I - l  
DO 2 6 5  L = l , K  
KL=KL+ 1 
N= 19+ 1 
D Q ( I J ) = D Q ( I J )  + QQ(KL)  *D15(N)  
I J = O  
DO 2 6 6  1 = 1 , 3  
DO 266 J = 1 , 3  
IJ=IJ+l 
D6 ( 1 , J )  = D Q  (IJ) 
D6 I J , I ) = D Q  (IJ) 
***** CONTRACT ZNT ORDER DELTA TENSOR 
D1=0 .0  
DO 2 6 8  I = 1 , 3  
DO 2 6 8  J = l , 3  
D l = D l + Q ( I , J ) * D 6 ( I , J )  
IF ( IGM-31500 .275 .275  ***** COnTRhkT GiMM11 TENSOR .**** 
DO 2 8 5  K = 1 , 3  
T1 = 0.0 
DO 2 8 0  J = 1 . 3  
VT(K,J )  = P A ( K . J , I A ) / B V ( J , I A )  
DO 2 8 0  I = 1 . 3  
T l  = T l  + C I J K ( I , J , K ) *  Q ( 1 . J )  
V l ( K )  = T l  
DO 2 9 0  J = 1 .3  ***** PORN F I R S T  CUMOLANT - MEAN DIFFERENCE VECTOR I N  
V 5 ( J )  = V 6 ( J )  - P ( J . I A )  + 0.5 * ALeHk * V l ( J )  
V 4 ( J )  = E V ( J , I 1 ) * * 2  
WRITE V 3 ( J )  (NODT, = 1 . 0  8) / ( T I T L E  VU (J) (I) ,I= 1 , 1 8 )  

P O R ~ L T ( l A l , l O X , l 8 A Y )  
WRITE (NOOT, 1 0 )  
FORMAT (1A0 ,  98 NO. A T O ~ , S X , S A l L (  1) . 6 1 , 5 R l L  ( 2 )  ,6X, 5A1 L 

v5 

(3)  I 

P 1 0 0 1 3 5 0  
F 1 0 0 1 3 6 0  
P P 1 0 0 1 3 7 0  1 0 0 1 3 8 0  

FlOOl4OO 
F l O O l 4 l O  
P 1 0 0 1 4 2 0  
P 1 0 0  1 4 3 0  
F l O O l 4 4 0  
P 1 0 0 1 4 5 0  
P 1 0 0 1 9 6 0  
P 1 0 0  1 4 1 0  
P l O O l 4 8 0  
P 1 0 0 1 4 9 0  
P 1 0 0 1 5 0 0  
P 1 0 0 1 5 1 0  
P 1 0 0 1 5 2 0  
P 1 0 0 1 5 3 0  
PlOO 1 5 4 0  
P 1 0 0 1 5 5 0  

p i 0 0  1 3 9 0  

P 1 0 0 1 5 6 0  
P 1 0 0 1 5 1 0  
P 1 0 0  1 5 8 0  
PlOO 1 5 9 0  
P 1 0 0 1 6 0 0  
P 1 0 0 1 6 1 0  
P 1 0 0 1 6 2 0  
'P 100 1 6 3 0  
FlOO 1 6 4 0  
F 1 0 0  1 6 5 0  
P 1 0 0 1 6 6 0  
P 1 0 0 1 6 7 0  
P 1 0 0 1 6 8 0  
P 1 0 0 1 6 9 0  
P 1 0 0 1 1 0 0  
P 1 0 0 1 7  10  
P 1 0 0 1 1 2 0  
P 1 0 0 1 1 3 0  
P 1 0 0  17UO 
P 1 0 0  1 7 5 0  
P 1 0 0 1 7 6 0  
P 1 0 0 1 1 1 0  
P l O O 1 1 8 0  
P 1 0 0 1 7 9 0  
P 1 0 0 1 8 0 0  
P 1 0 0  1 8  1 0  
P 1 0 0 1 8 3 0  P 1 0 0 1 8 2 0  

P l O O 1 8 4 0  
PlOO 1 8 5 0  
P 1 0 0 1 8 6 0  ***** P 1 0 0 1 8 7 0  P 1 0 0  1 8 8 0  

P 1 0 0 1 8 9 0  
PlOO 1 9 0 0  
P 1 0 0 1 9 1 0  
PlOO 1 9 2 0  
P 1 0 0 1 9 3 0  

3 X, 3 3  A (P 1 0 0  1 9 4 0  



1CONTRACTED 3K (I ,I ,J)  = 3K ( J ) )  =,3X,5H3K(1) .6X,5H3K(2)  ,6X,5H3K ( 3 ) / P 1 0 0 1 9 5 0  
2 1H , 14X,  l H 3 K  ( 1  1 1 )  , 4 X . l  H3K ( 2 2 2 )  , UX.7H3K ( 3 3 3 ) s  'JX.7H3K ( 11 2) , U X ,  P 1 0 0 1 9 6 0  
3 7 ~ 3 ~ ( 1 2 2 )  , 4 X , l H 3 K ( l 1 3 )  ,UX,7H3K ( 1 3 3 )  , 4 X , 7 H 3 K ( 2 2 3 ) ,  UX,lH3K ( 2 3 3 ) ,  3 X ,  P 1 0 0 1 9 7 0  
4 7 H 3 K ( l 2 3 ) )  P 1 0 0 1 9 8 0  

WRTT!? fNOllT.121 P 1 0 0 1 9 9 0  
1 2  PORUIIT;lHo;;2H~RYSTRL OBLICUE SYSTEK) F l O 0 2 0 0 0  

URITS (NOUT.14) IA,CHEU(IA),(V5(J),J=l,3), (VI ( J ) , J = 1 , 3 ) ,  F l 0 0 2 0 l O  
P 1 0 0 2 0 2 0  
P 1 0 0 2 0 3 0  

1 4  FORflAT(1H . I 3 ,  lX.A6.3P11.8,33X.3P11.8/lH , 1OX,9P11.8 ,F lO.81  F 1 0 0 2 0 4 0  

l C I J K  ( 1 . 1 , l )  , C I J K  (2 .2 .2)  , C I J K ( 3  ,3 ,3)  , C I J K  ( 1 , 1 , 2 )  , C I J K  ( 1 , 2 . 2 ) ,  
2 C I J K  ( 1 ,  1 , 3 )  , C I J K  ( 1 , 3 , 3 )  , C I J K  (2 .2 .3)  , C I J K  (2 .3 .3)  .CIJK ( 1 , 2 , 3 )  

P 1 0 0 2 0 5 0  
1 6  PORUtT ( 1  H O  .26HREFERENCE CRRTESIRN SFSTEU) F 1 0 0 2 0 6 0  

URIT? (NOUT.16) 
. .  

C ***** TRANSPOPUATION UIITRIX FOR REFERENCE CRQTESILN SPSTIU ***** F 1 0 0 2 0 7 0  

2 9 5  P R C ( J . 1 )  = R A R E V ( J . 0  F 1 0 0 2 0 9 0  
DO 2 9 5  J = 1.9  P 1 0 0 2 0 8 0  

.. 
T2 = PAC(K,N) 
DO 310 J = 1 , 3  
T 3  = T 2  * P A C ( J , U )  

.. 
C 3 ( 0  = C 3 ( 1 ) / 3 . 0  
C3 ( 7 )  = C 3  ( 7 )  /3.0 
C 3 ( 1 0 )  = C 3 ( 1 0 ) / 3 . 0  
c 3  ( 5 )  = c 7  ( 5 )  *2.0  
CALL PRXES(PLOATf1AI  * 1 0 0 0 0 0 . * 5 5 5 0 1 .  , - 3 )  
GO TO 3 5 0  

3 0 0  DO 3 4 5  1 = 1 , 9  
3 4 5  Q ( I . 1 )  = A I D ( I . 1 )  

3 5 0  I J K  = 1 
C ***** EXPAND THD CONTRACTED VECTOR ***** 

DO 3 5 5  I = 1 . 3  
DO 355 J = 1 . 3  
DO 355 K = J , 3  
CE ( I J K )  = 0 . 2 + ( V 6  ( I )  *Q ( J , K )  + V 6  (J)*Q (K.1) + V 6 ( K )  * Q ( I , J ) )  

3 5 5  T.1K = T.1R + 1 

ISYS = 0 P 1 0 0 2 1 0 0  
GO TO 3 0 5  F 1 0 0 2 1 1 0  

C *+*** REPLACE REPERENCI SYSTEU BY P R I N C I P A L  A X I S  SYSTEN ***** P l O O 2 1 2 0  
P 1 0 0 2 1 3 0  

WRITE (NOUT.18) P 1 0 0 2 1 4 0  
1 8  F O R ~ R T ( l H 0 . 3 5 H U N I T  VRRIANCE PRINCIPAL-AXIS SPSTEH) P 1 0 0 2 1 5 0  

P 1 0 0 2 1 6 0  
3 0 5  DO 3 1 5  N = 1 . 3  F 1 0 0 2 1 7 0  

DO 3 1 5  il = N , 3  P 1 0 0 2 1 8 0  
DO 3 1 5  L = U , 3  P 1 0 0 2 1 9 0  
T 1  = 0 .0  P 1 0 0 2 2 0 0  
nn  3 1 0  K = 1.3 F 1 0 0 2 2  1 0  

P 1 0 0 2 2 2 0  
F 1 0 0 2 2 3 0  
F 1 0 0 2 2 4 0  

DO 3 1 0  I = 1.3  P 1 0 0 2 2 5 0  

GRMUR(L,n,N) = T 1  F 1 0 0 2 2 7 0  

GRUMA(n,N,L) = T 1  F 1 0 0 2 2 9 0  
G R n l R ( N , U , l )  = T l  F 1 0 0 2 3 0 0  
GAUU4(L,N,U) = T 1  F 1 0 0 2 3 1 0  

3 1 5  GRUUA(U,L,N) = T 1  F 1 0 0 2 3 2 0  
C ***** TqANSFORU VECTORS TO ORTHOGONRL SYSTEU ***** F 1 0 0 2 3 3 0  

DO 320 J = 1 . 3  P 1 0 0 2 3 4 0  
v 2 ( J )  = 0 . 0  P 1 0 0 2 3 5 0  
V U  (J)  = 0 . 0  P 1 0 0 2 3 6 0  
V 6 ( J )  = 0.0  F 1 0 0 2 3 7 0  
DO 3 2 0  I = 1 . 3  F 1 0 0 2 3 8 0  
V 6 ( J )  = V 6 ( J )  + V l ( I ) * P A C ( I , J )  F 1 0 0 2 3 9 0  

3 2 0  V U ( J )  = V B ( J )  + V S ( I ) * P A C ( I . J )  F 1 0 0 2 4 0 0  

F 1 0 0 2 4 2 0  
F 1 0 0 2 4 3 0  

I F ( 1 S Y S )  3 3 C  ,330 , 3 4 0  P 1 0 0 2 4 5 0  
C ***** STORE l L ( I ) , 3 K ( I , J , K )  A N D  INVERSE OF Z K ( 1 . J )  FOR EDGE S E R I E S F 1 0 0 2 U 6 0  

F 1 0 0 2 4 7 0  
I J K  = 1 F 1 0 0 2 4 8 0  
DO 335 I = 1 , 3  F 1 0 0 2 4 9 0  
c 1  (I) = vu  (I) P 1 0 0 2 5 0 0  
DO 3 3 5  J = 1 . 3  F 1 0 0  2 5  1 0  
Q F ( J . 1 )  = Q ( J . 1 )  F 1 0 0 2 5 2 0  
QF (1.J) = Q ( 1 . J )  F 1 0 0 2 5 3 0  
DO 3 3 5  K = 5 . 3  P 1 0 0 2 5 4 0  
C 3 ( T J K )  = G A n n A ( 1 , J . K )  '0.5 F 1 0 0 2 5 5 0  

3 3 5  TJK = T.1R + 1 F 1 0 0 2 5 6 0  
P 1 0 0 2 5 7 0  
F 1 0 0 2 5 8 0  
F 1 0 0 2 5 9 0  
F 1 0 0  2 6 0 0  
F 1 0 0 2 6  1 0  
F 1 0 0 2 6 2 0  
F 1 0 0 2 6 3 0  
P 10026UO 
P 1 0 0 2 6 5 0  
F 1 0 0 2 6 6 0  
F 1 0 0 2 6 7 0  
F 1 0 0 2 6 8 0  
F 1 0 0 2 6 9 0  
F l 0 0 2 7 0 0  
F 1 0 0 2 7 1 0  

300  CRLL nU(IIR,VT,PAC) 

C ***** TRANSFORU GAUUA TENSCR T O  ORTHOGONIL SYSTER * * * * *  

3 1 0  T 1  = T 1  + C I J K ( I , J , K ) * P A C ( I , L ) * T 3  P 1 0 0 2 2 6 0  

GARUA(N,L,U) = T l  P 1 0 0 2 2 8 0  

3 2 5  WRIT? ( N O U T , 2 0 ) I A , C H E R ( I A )  , ( V U ( J )  , J = 1 , 3 )  , ( V 6 ( J )  , J = 1 . 3 )  F 1 0 0 2 4 1 O  

2 0  POQnAT(  1H , I3 .1X,A6.3F 11 .6  , 3 3 1 , 3 1 1  1 . 6 / l H  , l o x ,  9P1 1 .6 .P lO.6)  P 1 0 0 2 4 4 0  

1,GAHRR ( 1 . 1 , 1 )  ,GAYMA ( 2 , 2 , 2 )  ,GAUUII (3 .3 .3)  , G A U U R  (1 ,1 .2)  ,GLPlUII( 1 , 2 , 2 )  
2,GAVIIR ( 1 , 1 , 3 )  ,GATnA( 1, 3.3) .GkUUA(2.2 ,3)  . G A P M A  ( 2 . 3 . 3 )  , G R V E A ( l , 2 . 3 )  

3 3 0  CALL PRXVS(PLCAT(1A)  * 1 0 0 0 0 0 . + 5 5 5 0 1 .  , 3 )  

.. .. 
HRITE (NO'JT.22) C E ( l ) , C E ( 7 ) , C E  ( l O ) , C E ( 2 )  ,CE(U)  , C E ( 3 )  , C E ( 6 )  , C E ( B )  F 1 0 0 2 7 2 0  

l . C E ( 9 )  , C t ( 5 )  F 1 0 0 2 7  3 0  
2 2  'ORUAT(11H XPND 3 K ( J ) . 9 F l l  . 6 , F 1 0 . 6 )  F 1 0 0 2 7  40 

I S Y S  = I S Y S  t 1 F 1 0 0 2 1 5 0  
P 1 0 0 2 7  60 

C ***** MULTTPLY TERUS I N  BIISIC UNIT OF GRUUA BY THEIq UULTIPLICITY F 1 0 0 2 7 7 0  
IF (ISYS- 1)  3 0 0 , 3 0 0 , 3 6 0  

3 6 0  GRUVR(1.1.2) = G A U U A ( 1 . 1 , 2 ) * 3 . 0  P 1 0 0 2 7 8 0  

GAUnA(l .2 .2)  = G A U I A  ( 1 , 2 , 2 ) * 3 . 0  
GAUUb(1, 1.3) = G L f i r A ( 1 , 1 , 3 ) * 3 . 0  
GIUUR(1.3 .3)  = GAUnA(1.3.3) *3.0 
G I U U L  (2 .2 .3)  = G I I U U L  ( 2 , 2 , 3 ) * 3 . 0  
G A U m ( 2 . 3 , 3 )  = G A U U A ( 2 , 3 , 3 ) * 3 . 0  P 1 0 0 2 8 4 0  
GABHA (1 ,2 .3)  = GAUUA ( 1 , 2 , 3 )  86.0 

C **I** CALCULhTE UODE O F  PROBABILITY DENSITF FUNCTION * * * * *  P 1 0 0 2 6 5 0  
TU = n.n F 1 0 0 2 8 6 0  

P 1 0 0 2 7 9 0  
F 1 0 0  2 8 0 0  
F 1 0 0 2 8 1 0  
P l 0 0 2 8 2 0  
F 1 0 0 2 8 3 0  

. ... 
DO 365 J = 1 . 3  
V2 (J) = V U  ( J )  - V 6  (J) 80. 5 

3 6 5  TU = TU + V 2 ( J ) * * 2  
T 4  = S O R T ( T 4 )  
I F ( T 4 - 1 . 0 )  380,380,370 

3 1 0  DO 3 7 5  J = 1 , 3  
3 7 5  V 2 ( J )  = V2 ( J ) / T U  
3 8 0  CALL HERUIT(V2.VU,GA~UA,PSI,CHI,EV(l,IL) 

TU = 0 . 0  
DO 385 J = 1 . 3  

P 1 0 0 2 6 1 0  
P 1 0 0 2 8 8 0  
P 1 0 0 2 8 9 0  
P 1 0 0 2 9 0 0  
P 1 0 0 2 9 1 0  
P 1 0 0 2 9 2 0  
P 1 0 0 2 9 3 0  
P 1 0 0 2 9 B O  
P I 0 0 2 9 5 0  
P 1 0 0 2 9 6 0  
P 1 0 0 2 9 7 0  
F 1 0 0 2 9 8 0  
P 1 0 0 2 9 9 0  
F 1 0 0  3 0 0 0  

T l  = E V ( J , I A )  
V2 (J) = V2 (5) *T 1 

TU = S Q R T ( T 4 )  
C ***** S H I F T  POSITIONIIL PARIIUETERS T O  MODE ***** F 1 0 0 3 0 1 0  

DO 3 9 5  J = 1 . 3  F 1 0 0 3 0 2 0  
V 6 ( J )  = P ( J , I R )  F 1 0 0  30 3 0  
XT (J)  = V 6 ( J )  

P 1 0 0 3 0 5 0  P 1 0 0 3 0 4 0  DO 3 9 0  I = 1 . 3  
390  P ( J , I A )  = P ( J , I R )  + V 2 ( 1 ) * P A ( J , I , I A )  F 1 0 0 3 0 6 0  
3 9 5  V3 (J)  = F ( J . I A )  - V 6 ( J )  F 1 0 0 3 0 7 0  

WRIT? (NOUT.24) F 1 0 0 3 0 8 0  
2 0  QORULT(lHO, l5X,6HX nEAN,SX,fiHY UEIIN.5X.fiHZ UEAN, 16X.6HX UODE.5X. P 1 0 0 3 0 9 0  

16HY HODE.5X.fiRZ UODE.20X.12HOISPLICEfiENT) F 1 0 0 3 1 0 0  
WRITE (NOUT.12) P 1 0 0  3 1  1 0  
WQITE ( N O U T , 2 6 ) I R , C H E H ( I A )  , ( V b ( J ) , J = 1 , 3 )  , ( V 3 ( J )  , J = 1 , 3 )  ,TU P I 0 0 3 1 2 0  

2 6  PORNAT (1H , I 3 ,  1X,A6,3P11.6,1lX,3P11.6,lfiX,P6.3,lX,9HANGS'IRO~S) F 1 0 0 3 1 3 0  
T 1  = 5 5 5 0 1 .  + F L O A T ( I R ) * 1 0 0 0 0 0 .  

P 1 0 0 3 1 5 0  P 1 0 0 3 1 4 0  
CALL X Y Z f T l , V 3 . 3 )  F 1 0 0 3 1 6 0  
DO 400 J = 1.3  F 1 0 0 3 1 7 0  

4 0 0  V 3 ( J )  = V 3 ( J )  - V 2 ( J )  P 1 0 0 3 1 8 0  
I F ( A I N ( 3 ) )  4 1 5 , 4 1 5 , 4 0 5  F 1 0 0 3 1 9 0  

U 0 5  DO 0 1 0  J = 1.3  F 1 0 0 3 2 0 0  
u i n  P I . I . T P I I  = vfi1.i) F 1 0 0 3 2 1 0  

38 5 T 4  = TU + V2 (J)  **2 

c a n  X Y Z  ( i i , v 2 , - 3 )  

~-.--., - ~ ~ I  . .  
WRITE (NOUT.28) P 1 0 0 3 2 2 0  

2 8  FORUAT(1H , 2 9 H P C S I T I O N R L  FARAUETERC AT UERN) F 1 0 0  3 2  3 0 
GO TO 4 2 0  F 1 0 0 3 2 4 0  

U15 WRIT? (NOUT.30) P 1 0 0 3 2 5 0  
30 S O R I I 4 T ( l H  , 29HDOSITIONbL PARAMETERS AT UODE) P 1 0 0 3 2 6 0  

C a**** PRINT UERN AND UCDE BRSED ON REFERENCE CARTESIAN SYSTEU * * * * P 1 0 0 3 2 7 0  

~-.--., - ~ ~ I  . .  
WRITE (NOUT.28) P 1 0 0 3 2 2 0  

2 8  FORUAT(1H , 2 9 H P C S I T I O N R L  FARAUETERC AT UERN) F 1 0 0  3 2  3 0 
GO TO 4 2 0  F 1 0 0 3 2 4 0  

U15 WRIT? (NOUT.30) P 1 0 0 3 2 5 0  
30 S O R I I 4 T ( l H  , 29HDOSITIONbL PARAMETERS AT UODE) P 1 0 0 3 2 6 0  

C a**** PRINT UERN AND UCDE BRSED ON REFERENCE CARTESIAN SYSTEU * * * * P 1 0 0 3 2 7 0  
4 2 0  WRITE (NCUT.16) P 1 0 0 3 2 8 0  

WRITE (POUT,26)IA,CHEU (IA) ,(V2(J),J=1,3),(V3(J).J=1,3) ,TU P 1 0 0 3 2 9 0  
C a**** P R I N T  P R I N C I P A L  AXES BASED ON REFERENCE CRRTESI4N SYSTEM * * * P 1 0 0 3 3 0 0  

WRIT' (NOUT.32) P 1 0 0 3 3 1 0  
3 2  ~ O R U A T ( l ~ b , l O X , 1 6 H R R S  DISPLACEUENT, 8X.31HROU VECTORS, BASED ON R E P 1 0 0 3 3 2 0  

lPSUENCE, 15X.28HCOVARIRNCE HATRIX (U TENSOR))  P 1 0 0 3 3 3 0  
CALL P A X %  ( T 1 , - 3 )  F 10033UO 
WRITJ (NOUT,34) (RUS(J)  , [ P A C ( I , J ) , I = l , 3 ) ,  ( Q ( I , J ) , I = l , 3 )  , J = 1 , 3 )  P 1 0 0 3 3 5 0  

3 4  SORMRT I l H O , l O X . ~ l l .  4.1 lX.3F11.6 .11X.  3 P l l . 6 )  P 1 0 0 3 3 6 0  
IF ( A I N ( R ) )  4 2 5 , 5 0 5 , 4 2 5  P 1 0 0 3 3 1 0  

C I**** CPLCULATE EDGEUORTH DENSITY H A P  ***** P 1 0 0 3 3 8 0  

F 1 0 0 3 3 9 0  P 1 0 0 3 4 0 0  

P 1 0 0 3 U 2 0  P 1 0 0 3 4 1 0  
B 3 0  Z O ( J )  = A I N ( J + l U )  - 0.5*(AIN(J+8)+1.0)*~IN(J+11) P 1 0 0 3 4 3 0  

N Y  = A I N ( 1 0 )  F 1 0 0 3 9 5 0  
NZ = A I N  ( 1  1)  P 1 0 0 3 4 6 0  

r *+*** LOOP OVER Z O S  REFERENCE SYSTEU ***** F 1 0 0 3 4 7 0  
nn 5 o n  I?  = I . N Z  

F P 1 0 0 3 U 8 0  1 0 0 3 4 9 0  
F 1 0 0  3 5 0 0  
P 1 0 0 3 5 1 0  
P 1 0 0 3 5 2 0  
P 1 0 0 3 5 3 0  
P 1 0 0  3540 
F 1 0 0 3 5 5 0  
F 1 0 0 3 5 6 0  
F 1 0 0 3 5 7 0  
F 1 0 0 3 5 8 0  
F 1 0 0 3 5 9 0  S 1 0 0 3 6 0 0  

F 1 0 0 3 6  1 0  
F 1 0 0 3 6 2 0  

4 2 5  SCAT = k f l T N l ( S C R T . l . 0 )  
SCRL3=. 0 6 3 4 9 3 6 3 6  * A I N  [ 8 )  *SCAT/ (EV ( 1  ,I&) *EV (2,IR) *EO ( 3 , I A )  ) 
DO 4 3 0  J = 1 , 3  
D Z O ( J )  = A I N ( J + 1 1 )  

NX = A I N ( 9 )  P 1 0 0 3 4 4 0  

0 ~ 1 ~ 3 )  = F L O A + ( I Z )  
2 1  (3) = Z O ( 3 )  i DZO(3) *DZl ( 3 )  
WRITE ( N O U T . 3 6 ) Z l  ( 3 )  ,CHEU(II I )  

3 6  FORUAT ( 1 3 H 1  SECTION Z =.F6.3 ,3X.A6)  
DO 4 3 5  I = 1.NY 

4 3 5  HEAD(1) = Z 0 i 2 )  + D Z O ( 2 ) * F L C A T ( I )  
WRITE (NOUT.38) ( H E R D ( I ) , I = l , N Y )  

3R PORhAT(9H Y ( A . U . ) = , 2 2 P 5 . 2 )  
C ***** LOOP OVER X O F  REFERENCE SYSTEB ***** 

DO 500 I X  = 1,NX 
D z l ( 1 )  = FLOAT(IX)  
2 1  ( 1 )  = 20 ( 1 )  i DZO( 1) *DZ1 ( 1 )  

DO a 8 0  I Y  = 1,NY 
C ***** LOOP OVER Y OF REFERENCE SYSTEU ***** 



D Z l ( 2 )  = PLOAT(1Y) 
2 1  ( 2 )  = Z O ( 2 )  + DZO(2) * D Z 1  ( 2 )  
***** EVALUATE EDGEWORTH SERIES  AT POINT Z l ( 1 )  t+*t* 
on uuo I = 1 . 3  
Z 2 C I l  = 0 . 0  

C 

4u 

C 

DO 4 U O  J = 1 , 3  

LILJLK = 1 
DST = 1 . 0  
Q U A D  = 0.0 
DO 4 4 5  L I  = 1 . 3  

Q U 4 D  = QU4C * Z ~ L I * Z I ( L I )  
DO 4 4 5  L J  = L I , ~  
Z 2 L J  = Z 2 ( L J )  
Z IZJQP = Z 2 L I * z 2 L J  - Q P ( I  
DO 445 LK = LJ .3  
PSI = P S I  + C 3 ( L I L J L K )  t 

440 Z 2 ( I l  = Z 2 ( I )  + Z I ( J ) * Q P ( J , I )  

Z 2 L I  = Z 2 ( L I )  
P S I  = P S I  + Z 2 L I * C l ( L I )  

1- Z P L J + Q F ( L K . L I ) )  
5 L I L J L K  = L I L J L K  + 1 

PDF = S C A L ~ * E X P ( - . ~ * Q U A D )  
CHI  = P D F * ( P S I - l . o )  
P S I  = PDF* PSI  
***** R O U N D  I N D  STORE P S I  
T1 = P9T . ._ 
LTEnP = T l  + S1GN(0 .5 ,11 )  
IF (LTERP) 460.450 460 

4 5 0  I F  (T1 ) 4 5 5 . 4 6 0 , ~ ~ ~  
4 5 5  LTEMP = -0 
4 6 0  L I N E ( I Y . 1 )  = L T E N P  

***** ROUND A N D  STORE CHI ***t* 
T 1  = rHT 
LTERP = T1 + S I G N ( O . 5 , I l )  
IP (LTENP) 4 7 5  4 6 5  4 7 5  

4 6 5  I P ( T 1  ) 4 7 0 , 4 i 5 , 4 i 5  
4 7 0  LTEWP = -0 
4 7 5  L I N E  ( I Y ,  2 )  = LTEnp  
980 CONTINUE 

- Z 2 L I * Q P  (LK,LJ )  

P 1 0 0 3 6 3 0  
P 1 0 0 3 6 4 0  
P 1 0 0 3 6 5 0  
P 1 0 0 3 6 6 0  
F 1 0 0 3 6 7 0  
P 1 0 0 3 6 8 0  
P 1 0 0 3 6 9 0  
P 1 0 0 3 7 0 0  
P 1 0 0 3 7 1 0  
P 1 0 0 3 7 2 0  
P 1 0 0 3 7 3 0  
P 1 0 0 3 7 4 0  
P 1 0 0 3 7 5 0  
P 1 0 0 3 7 6 0  
P 1 0 0 3 7 7 0  
P 1 0 0 3 7 8 0  
P 1 0 0 3 7 9 0  
P 1 0 0 3 8 0 0  
F 1 0 0 3 8 1 0  
P 1 0 0 3 8 2 0  
P 1 0 0 3 8 3 0  
P 1 0 0 3 8 4 0  
P 1 0 0 3 8 5 0  
P 1 0 0 3 8 6 0  
P 1 0 0 3 8 7 0  
P 1 0 0 3 8 8 0  
P 1 0 0 3 8 9 0  
P 1 0 0 3 9 0 0  
P 1 0 0 3 9 1 0  
F 100 39 20  
P 1 0 0 3 9 3 0  
P 1 0 0 3 9 4 0  
P 1 0 0 3 9 5 0  
P 1 0 0 3 9 6 0  
P 1 0 0 3 9 7 0  
P 1 0 0  3980 
F 1 0 0 3 9 9 0  
p l o o u o n n  P 1 0 o u 0 1 0  .- 

C ***** PRINT P S I  A N D  CHI IF AIN(4) .EQ.O , ONLY P S I  IP +, CHI IP - * p 1 0 0 4 0 2 0  

I P ( A I N ( 4 ) )  4 9 5  4 8 5 , 4 9 0  P 1 0 0 4 0 3 0  
WRITE (NOuT,U4) Z 1 ( 1 )  , (LINE (J, 1 )  , J = l ,  N Y )  

P 1 0 0 4 0 5 0  WRITE (NOUT.46) 2 1  ( 0 ,  (L INE ( J , 2 )  , J = l , N Y )  
P 1 0 0 4 0 6 0  GO TO 5 0 0  

4 8 5  WRITE ( N O U T , U ~ )  P 1 0 0 4 0 4 0  

P 1 0 0 4 0 7 0  

P 1 0 0 4 0 9 0  
4 9 0  WRITE (NOOT,42) P 1 0 0 4 0 8 0  

GO TO 5 0 0  P 1 0 0 4 1 0 0  
4 9 5  WRIT? (NOUT.42) P l O O 4 1 1 0  

WRIT? ( N O U T , 4 6 ) Z l ( l )  , ( L I N E  ( J , 2 ) , J = l , N Y )  F 1 0 0 4 1 2 0  

4 2  POURAT ( 1  H O )  P 1 0 0 4 1 4 0  

505  CONTINUE P l 0 0 4  1 8 0  

E N D  P 1 0 0 4 2 0 0  

WRITE (NOUT.UI0 2 1  ( 1 )  , (LINE ( J . 1 )  ,J= 1 ,  N Y )  

40 FORRAT(1H ) P 1 0 0 4 1 3 D  

4 4  PORMAT(3H XP F6 3 2 2 1 5 )  P 1 0 0 4 1 5 0  
4 6  FORWAT(3H XC: P6 :3 :2215)  P 1 0 0 4 1 6 0  

F 1 0 0 4 1 7 0  
5 0 0  CONTINUE 

RETURN P 1 0 0 4 1 9 0  

ASSIGN 3 0 0  TO N & Z  
ASSIGN 4 3 5  TO N B Y 3  
ILLST = 1 
GO TO 2 2 0  

2 0 5  ASSIGN 4 3 5  TO N B Y 3  
ASSIGN 2 9 0  TO IBY2 
GO TO 2 1 5  

2 1 0  ASSIGN 330 TO NBY3 
ASSIGN 2 8 5  TO NBY2 

2 1 5  ASSIGN 2 6 0  TO NBYl 
TLAST = 4 

2 2 0  ICYCLE = ICYCLE + 1 
ASSIGN 2 3 5  TO 1587 
ASSIGN 2 4 5  TO 14BY 
ASSIGN 2 7 0  TO I 3 B I  

H E R R  8 0  .. 
HERR 9 0  
H E R R  1 0 0  
HERM 1 1 0  
H E R R  1 2 0  
H E R R  1 3 0  
HERR 1 4 0  
H E R R  1 5 0  
H E R R  1 6 0  
HERR 170 
HERR 1 8 0  
H E R B  1 9 0  
H E R R  2 0 0  
HERB 2 1 0  
H E R R  2 2 0  
HERM 2 3 0  

ASSIGN 3 1 5  T O  I 2 8 Y  
ASSIGN 3 5 5  TO I l B Y  
PSI = 1 . 0  
***** GENERATE HO,Hl,  ..., H5 FOR X ( I X ) , I X = ~ , ~  ***** 
DO 2 3 0  I X  = 1 . 3  
H ( l , I I ( )  = 1.0  
X H  = X ( I X )  
H(2 . IX)  = X H  
H I  = 1 . 0  
DO 2 2 5  I H  = 2 . 5  
H ( I H + l , I X )  = X H * H  ( I H , I X )  - H I * H ( I H - i , I x )  
H I  = V I  + 1.0  
Y(1X) = 0 .0  
K H f I X )  = 1 
DO 2 3 0  J = 1 .3  
***** REDEFINE HEQNITE POLINORIALS YITHOUT ( - ( ) * t ~  P L C T O R  
J X 2  = J * 2  
H ( J X 2 , I X )  = - H ( J X 2 , I X )  
A ( J , I X )  = 0.0  
K H f U l  = I 

22  5 

C 

2 3  0 

C **;** FORN TENSORS OF H E R M I T E  POLYNOMIALS ***** 
DO 4 5 5  I 1  = 1 , I L R S T  
I l N l  = I 1  - 1 
I T ( 1 )  = I l n l  
K H ( I 1 )  = K H ( I 1 )  + 1 
DO U 5 0  I 2  ' 11 , ILAST 
1 2 1 1  = I 2  - 1 
I T ( 2 )  = 12171 
K H ( I 2 )  = KH(12)  + 1 
DO UUS I3 = 1 2 . 4  
I 3 M i  = 1 3  - 1 
I T f 3 )  = 1 3 1 1  
K H ( I 3 )  = KH(13)  + 1 
DO 440 I 4  = 13,U 
I 4 N 1  = I 4  - 1 
I T ( U )  = I u n l  
K H ( I 4 )  = K H ( I 4 )  + 1 
DO 4 3 5  I 5  = 1 4 . 0  
1 5 n i  = 15-1  
I T ( 5 )  = I 5 N l  
K H ( I 5 )  = K H ( I 5 )  + 1 

GO TO 1 5 B Y . ( 2 3 5  2 4 0 )  
2 3 5  ASSIGN 2 4 0  TO I ;By 

GO TO 4 3 5  
2 4 0  K1 = KH(2)  

K2 = KH(3)  
K3 = K H ( 4 )  

GO TO I U B Y  ( 2 4 5  2 6 5 )  

c *****SKIP ZERO ORDER TERM *8*+8 

= A ( K l , l ) * H ( K 2 , 2 ) * A ( K 3 , 3 )  

2 4 5  I P ( I U f l 1 )  2 5 :  2 5 5 ' 2 5 0  
2 5 0  liSSIGN 2 6 5  Go I ~ B Y  

GO TO 2 6 5  
c ***** USE H f I l  I+**+ 
C 

2 5 5  

C 
26  0 

***** sun SECOND P A R T  OF PSI ***t* 

****I son FIRST P L R T  OF VECTOR OF PIRST DERIVITIVES a*.** 

P S I  = P S I  - TERN * u ( I 5 n l )  
GO TO N B Y  1 ,  ( 2 6 0 , 4 3 5 )  

Y ( I 5 N O  = Y ( 1 5 N l )  - TERM 
GO TO 4 3 5  
GO TO I3BY ( 2 7 0  305) 
I F  ( I 3 N 1 )  28 ; ,280 :275  
ASSIGN 3 0 5  TO I3BY 
GO TO 305 

c ***** CALCVLITE C O N S T A N T * G a R R A ( I , J , K ) * H E R n ~ E  ( I , J , K )  ***i t  
305 TERn2 = ~ ~ n n 1  (13n1,14n1,15~1)*~~~n*o. 16666667 

3 1 5  1 ~ ( 1 2 1 1 )  3 2 5  3 2 5  3 2 0  
310 GO TO 1 2 B Y . ( 3 1 5 , 3 5 0 )  

3 2 0  ASSIGN 350 GO I i B y  
GO TO 350 

**** 

H E R N  2 4 0  
H E R R  2 5 0  
HERR 2 6 0  
H E R R  2 7 0  
H E R R  2 8 0  
H E R N  2 9 0  
HER8 3 0 0  
H E R M  3 1 0  
H E R l  3 2 0  
H E R R  3 3 0  
H E R R  3 4 0  
H E R K  350 
H E R M  3 6 0  
H E R R  3 7 0  
H E R M  3 8 0  * H E R N  3 9 0  
H E R R  1100 
H E R N  4 1 0  
H E R R  4 2 0  
H E R R  4 3 0  
H E R R  4 4 0  
H E R R  450 
H4RM 460 
HEAR 4 7 0  
H E R N  4 8 0  
H E R R  4 9 0  
H E R R  5 0 0  
H E R R  5 1 0  
HERN 5 2 0  
H E R R  5 3 0  
H E R R  5 4 0  
H E R R  5 5 0  
HERR 5 6 0  
H E R R  5 7 0  
H E R R  580 
HERR 5 9 0  
H E R R  6 0 0  
H E R R  6 1 0  
H E R R  6 2 0  
HERR 630 
HERR 640 
HERR 650 
H E R R  660  
H E R R  6 7 0  
HERB 680 
H E R N  6 9 0  
H E R N  7 0 0  
H E R R  1 1 0  
H E R R  7 2 0  
H E R l  7 3 0  
HERR 7 4 0  
H E R R  7 5 0  
HERR 7 6 0  
H E R N  7 7 0  
HERM 7 8 0  
H E R N  7 9 0  
H E R R  800 
HER8 8 1 0  
H E R R  8 2 0  
H E R N  830 
H E R R  8 4 0  
H E R N  850 
RERH 8 6 0  
H E R R  8 7 0  
HERR 880 
H E R R  8 9 0  
HERR 9 0 0  
H E R R  9 1 0  
H E R R  9 2 0  
H E R R  9 3 0  
H E R R  9 4 0  
H E R R  9 5 0  
HERR 9 6 0  
H E R R  9 7 0  
H E R R  9 8 0  
HER1 9 9 0  
H E R R  1 0 0 0  
HERM 10 10  
HBRfl1020 
H E R R  1 0 3 0  
HERM1040 
HER11050 
HERR 1 0 6 0  



C 
330 

33 5 
340 
3 9 5  

3 5 0  
35 5 
3h 0 

37 n 
375 
380 
3 8 5  
39 0 

C 
C 
C 

34 5 

a0 0 

4 0 5  
4 1 0  

C 

4 1 5  
u20  
4 2 5  

U 3 0  
u 3 5  
4 4 0  
u a 5  
450 
a 5 5  

C 

C 
a6 0 

U6 5 
117 0 

C 

4 7 5  
C 

*+*** USE H ( I )  H ( J )  A (K) ***** 
***** SUll THIRD PART O F  P S I  ***** 
P S I  = P S I  - TERH2 
GO TO NBY3.(33OrU35)  
*+*** s u n  SECOND PART O P  RATRIY OF SECOND DERIVITIVES I**** 
A ( I U U l . 1 5 n l )  = A ( I U U 1 . 1 5 M l )  - TERH * U ( 1 3 1 1 )  
I F  ( 1 5 U l - I U N l )  3 4 0 , 3 4 0 , 3 3 5  
A ( I 3 1 1 , I U U l )  = I ( 1 3 H 1 , I U R l )  - TERN * U ( I 5 N l )  
1 ~ ( 1 u n l - 1 3 ~ 1 ) ~ 3 5 , ~ 3 5 , 3 ~ 5  
R ( I ~ U ~ , I S H I )  = a ( 1 3 n 1 . 1 ~ ~ 1 )  - T E R H  * u ( x u a 1 )  
c20 T O  4 2 5  ," _ _  _ -  
GO TO I l B Y . ( 3 5 5 , 3 9 5 )  
I F  ( I 1  R 1) 3 f i 5 . 3 6 5 , 3 6 0  
ASSIGN 395 TO I l R Y  
GO TO 395 
***** U S E  H ( I ) H I J ) H ( K ) H ( L )  ***** 
***** S U I  THIRD PRPT O P  VICTOR O F  F I R S T  DERIVITIVES ***** 
Y ( I 2 M l )  = Y ( 1 2 N l )  + TERM2 
IF ( 1 5 n i - 1 u n i )  3 7 5 , 3 7 5 . 3 7 0  
Y ( I 5 n i )  = ~ ( 1 5 n 1 )  + G A ~ ~ ~ ( I ~ ~ ~ , I ~ N ~ , I U ~ ~ ) * ~ ~ R H * O .  1 6 6 6 6 6 6 7  
1 ~ ( r u n i - r 3 n i )  3 a s , 3 8 ~ , 3 a o  

IF (13111-12~1)  4 3 5 , 4 3 5 , 3 9 0  
Y ( I U n 1 )  = Y ( I U f i l )  + G A n l l A ( 1 2 H l , I 3 U l , I 5 E l )  *TERH*O. 1 6 6 6 6 6 6 7  

Y ( 1 3 1 1 )  = Y ( 1 3 E l )  + GAU~A(I2Ul,I4Ul,I5Ul)*TERU*O. 1 6 6 6 6 6 6 7  
GO TO 4 3 5  
***** USE H ( I ) H ( J ) H ( K ) H ( L ) H ( H )  ***** 
***** SET UP ORDERZD PEREUTATIONS OF 1 1 , 1 2 , 1 3 , 1 U . 1 5  B Y  2 S, 
I T  = 0 
LB = 1 1  
DO 4 1 0  I = l , U  
I P l  = T + 1  
DO 4 1 0  J = I P 1 , 5  
LT = L T I l  
J T  l l . L T l  = I T I I )  

***** sun  THIRD P A R T  O F  N A T R I X  OF S E C O N D  DERIVITIVES * a * * *  

J T ( 2 ; L T )  = I T ( J l  
I F  ( J - 4 )  UOO.400,UlO 
J P l  = J + 1  
DO 4 0 5  K = J F l , 5  
LB = LB-1 
J T  (3 ,LB)  = I T  (1) 
JTlU.LR1 = I T I J \  

H E R 8 1 0 7 0  
HERM 1080 
HERR 1090 
HER81 1 0 0  
H E R M l l l O  
HERI(1120 
HERR1130 
HERR 1 1 4 0  
HER8 I I 5 0  
HERU 1160 
HERU 1 1 7 0  
HERR1 1 8 0  
H E q R 1 1 9 0  
HERM1200 
HERHlZlO 
H E W  1 2 2  0 
H E R 8 1 2 3 0  
HERR 1 2 4 0  
HERH 1 2 5 0  
HZRN 1 2 6 0  
HERU 1 2 7 0  
HERR1280 
HERR 1 2 9 0  
HERU 1 3 0 0  
HERM 1 3  IO 
HERN 1 3 2 0  
HERR 1 3 3 0  

3 S **HER111340 
HERN1350 
HERU1360 
HERV 1 3 7 0  
HERM1380 
HERR 1 3 9 0  
HERU 1 4 0 0  
HERU1910 
HERR 1 4 2 0  
HERRlU30 
HERN 1 4 4 0  
HERIIIUSO 
HERR lU60 
HERHlU70 
HERH 1 4 8 0  
HERU 1 4 9 0  
HERM 1 5 0 0  

2 . 3  S H E R H l S l O  
H E R U l 5 2 0  
HERN 1 5 3 0  J 2  = 0 

J S  = 0 H E R l 1 5 4 0  
DO 4 3 0  J = l , l O  HERH 1 5 5 0  
I F ( ( J 1 - 3 ) t  ( J 5 - 1 ) )  U 1 5 , U 3 5 . U 1 5  HERH1560 

HERH1570 IF ( J l - J T  ( 1  , J )  ) U 2 5 , 4 2 C , U 2 s  
I F ( J 2 - J T  ( 2 . 5 ) )  u 2 5 . U 3 0 , 4 2 5  HERR 1 5 8 0  

HBRV1590 J1 = J T ( 1 , J )  
J 2  = J T ( 2 , J )  HERH 1 6 0 0  
53 = J T ( 3 , J )  H E R U l 6 1 0  
J U  = J T ( U , J )  H E R B  1 6 2 0  
J5 = J T ( 5 , J )  HERE1630 
A ( J 1 , J Z )  = A ( J 1 , J Z )  - GAMnA(J3,J4.J5)*TER.V*0.  1 6 6 6 6 6 6 7  HERU 1 6 4 0  
CONTINUE HERX 1 6 5 0  

HERU 1 6 6 0  Y H  (IS) = K H ( I 5 )  - 1 
HERU 1 6 7 0  KH(TII) = K H ( I 4 )  - 1 

K H  (T3) = K Y ( I 3 )  - 1 HERfl1680 
HERU 1 6 9 0  K H ( 1 2 )  = K H ( I 2 )  - 1 
HERM 1 7 0 0  KH(TI)  = K H ( I 1 )  - 1 

***** P I L L  OUT nATRIX A A N C  UULTIPLY A , Y  A N D  P S I  BY NORlAL DENSITYHERXl710 
D S P  = 0.063493536 * EXF(-.5*(X(1)**2+X(2)**2+X(3)**2)) HERU 1 7 2 0  

HBRU 1730 P S I  = P S I  * DEN 
C H I  = P S I  - DEN HERHl7UO 

HERU 1 7 5 0  IF (ITYD'?) 4 6 0 , 5 0 0 , 4 6 0  
***** NEGATE DENSITY FOR P O S I T I V E  HRTRIX A O N  R R X I 1 I A  SEARCH ***** HERU1760 
r I P N  = -"PW HERR1770 
Do 4 7 0  I = 1 . 3  
DO 4 6 5  J = 1 , 3  
A ( 1 , J )  = A ( I , J ) * D F N  
A ( J , I )  = n(1.J)  
Y (1) = Y (I) * DEN *+*** CHECK EIGEWVALUES OF RATRIX A ***** 
CALL XIGEN (A,VALU,VECT) 

*****CALCULATE SfI IFT VECTOR ****a 
CALL ASEQR (A,V l , Y ,  1)  
***** CALCULATE LENGTH OF S H I F T  VECTOR ***** 
T 1  = 0 . 0  

17 (VALU( 1)  ) 4 9 5 , 4 9 5 , 4 7 5  

HERU 1 7 8 0  
H E R H l 7 9 0  
HERn 1 8 0 0  
HERR 18 IO 
HERll1820 
HERH 1 8 3 0  
H E R U l 8 4 0  
HERR1850 
HERH 1 8 6 0  
HERR1870 
HERn 1 8 8 0  
HERH1890 

HERR 1 9 0 0  
HERR1910 
HERR 1 9 2 0  
HERR 1 9 3 0  
HERNl9UO 
HERH 1 9 5 0  
HERB1960 
HERE1970 
HERN 1 9 8 0  2 PORN AT (; 2HOHODE FAILURE ON CYCLE,13,3E20.5)  
HERR1990 

4 FORMAT(lHO/( lH , 6 E 1 9 . 8 1 )  HERH2000 
HERN2010 
HERE 2 0 2 0  

DO 4 8 0  J = 1 . 3  
T 1  = T l  + ( V l ( J ) * R H S ( J ) ) * * 2  

I P ( T 1 - 1 . O E - 1 0 )  500 .U85.UE5 
4 8 0  X ( J )  = X ( J )  + V l  (J) 

C ***** ERROR IF S H I F T  I S  .GE. 0.3 A ***** 
4 8 5  I F ( T l - O . 0 9 ) 4 9 0 , 4 9 5 , 4 9 5  
U90 I F  (ICYCLE-20) 2 2 0 . U 9 5 . 4 9 5  
4 9 5  DRINT 2 1CYCLE.VALU 

D R I ' I T  4, F S I , C H I , T l , V l ,  X,VALU,Y , A , H  

5 0 0  RETUWN 
END 

LAP5 1 0  
LAPS 2 0  

SUBROUTINE L A P 5 0 0  (NTYPE) 

DINENSIOY Q C ( 3  3 )  O D ( 3 , 3 ) . V D 1 ( 3 ) , V D 2 ( 3 )  LAPS 30 
c *tat* DOUBLE P;EC;?,ION FOR VERY SHALL ATOIIS A N D  SHORT CORDLENGTH *LAP5 U o  

LAP5 5 0  
C ***** IN GENERAL, DOUBLE PEECISION I S  NOT REQUIRED *I*** LAPS 6 0  

REAL*B QC,QD,VDl , VU2 , T C l  ,TD2 ,TD3 
C ***** J U S T  REHOVE THE PRECEEDING REAL*(( CARD TO UAKE SINGLE PREC LAPS 7 0  

COHHON/OLAP/CONIC(7,50O),COVER(6,20) ,KC(2O),KQ(30),NCONIC,NCOVER, LAP5 8 0  
1 NQOVPR, NQUAD,OVVRGN,QOVER (3.U.30) , Q U A D ( 9 , 6 0 0 )  , S E G H ( 5 0 , 2 )  L n P s  90 

REAL'R CHEV LAPS 1 0 0  

C t***t STCRE PROJECTED &TO4 CONICS A N D  BOND QUADRANGLES ***** 

DINENSION LAPS 1 1 0  
DIHTNSION ATOHS(U,500) ,BB(3,3) , C D ( 8 , 1 0 )  ,CHEU ( 1 6 6 )  ,CONT(5)  , D ( 3 , 1 3 0 )  LAP5 1 2 0  
DIUPNSION DA(3.3) D P ( 2 . 1 3 0 )  , E V ( 3 , 1 6 6 )  ,PS(3,3,U8),KD(5,1o),ORGN(3) LAP5 1 3 0  
DINENSION P ( 3 , 1 6 6 ;  ,PA (3,3. 1 6 6 )  ,PAC ( 3 , 5 ) ,  PAT (3, 3 ) ,  Q (  3 , 3 ) ,  REFV (3,3)  LAP5 1 4 0  
DIMENSION LAP5 1 5 0  
DIWENSION VT(1.U) , V l ( U ) , V 2 ( 3 ) , V 3 ( 3 )  , V U ( 3 ) , V 5 ( 3 ) , V 6 ( 3 ) , U R K V ( 3 , 3 )  LAP5 1 6 0  
DIRENSION XLNG ( 3 )  ,XO ( 3 )  ,XT (3) L b P 5  1 7 0  
COUUON NG,~,AA,A~QEV,A~URK,AID,AIN,ATOUS,BB,BRDR,CD,CHEH,CONT,D LAP5 1 8 0  
COWIION DA,DP,DISP,EDGE,EV,PORE,FS,IN,ITILT,KD,LATM,LTNO,NATOH,NCD LAP5 1 9 0  
COOUON NJ.NJ2,NOUT. YSR,NSYN,ORGN,P,PI,PAC,PAT,Q,REFV,RES,RHS,SCALlLAP5 2 0 0  
COMROP SCAL2, SCL,SYHB, TAPER,THETA,TITLE,TITLF2,TS ,VIEW ,VT.V l,V 2 LAP5 2 10  

LAP5 2 2 0  r O N U O N  V3,V~,V5,Vh.URKV,XLNG,XO,XT 
C *at** FLIWINATF ALL PREVIOUSLY STORED LOCAL OVERLAP INEORUATION **LAP5 2 3 0  

LAP5 2 4 0  
LAPS 2 5 0  

NCOVER=O 

I F ( N T Y P F )  4 2 0 , 1 9 5 , 1 9 5  
C f***f  ELIMINATE ALL PREVIOUSLY STORED GLOBAL OVERL4P INFORNATION *LAP5 2 7 0  

LAP5 2 8 0  
LAP5 2 9 0  

A(9)  , A R  (3.31 .LAREV (3.3) ,AAWRK(3.3) , A I D ( 3 ,  3 )  , A I N ( l U O )  

RES (4 )  ,RUS ( 5 ) ,  SY H 6  (3 ,3)  , T I T L E  ( l e ) ,  T I T L E 2  ( 1  8) ,TS (3 ,  '48) 

NQOVPR=O LAPS 2 6 0  

i Q 5  NCONIC=O 

L A P S  300 
NQUID=0 
I ~ ( N T Y P ~ ) U 2 0 , U 2 0 , 2 0 0  

C ***** CONSTANT FOR OVERLAP U R R G I N  (URITE M A R G I N  AT OVERLAP) I**** LAP5 LAP5 3 2 0  3 1 0  

C a*** *  NEGATIVE NUNBER OR P C S I T I V E  INTEGER GIVES 0 V R R G N I O . O  ***** LAP5 330 
LAPS LAP5 3 5 0  3 4 0  

LAP5 3 6 0  
LAP5 3 7 0  
LAP5 380 

LAP5 a00 

2 0 0  I P ( R I N ( 1 ) )  2 0 5 , 2 1 5 , 2 1 0  

2 0 5  OVnRGN=O.O 
GO TO 2 2 0  

C ***** S E T  OVERLAP U A R G I N  UIDTH DIRECTLY I N  INCHES ***** 
2 1 0  O V n R G Y = 4 1 N ( l ) - A I N T ( A r Y  ( 1 ) )  

GO -n 2 2 0  
C ***** DEFAULT OPTION,  OVERLAP U A R G I N  UIDTH A S  A FUNCTION OF S C A L l L A P S  3 9 0  

2 1 5  OVURGN=4OAX1 (sQRT(sCAL 1) * 0 . 0 3 0 , 0 . 0 2 5 )  
2 2 0  WRITE (NOUT.2) OVORGN 

2 2 5  IF (LATn) 2 3 0 , 2 3 0 , 2 3 5  
2 3 0  NG=12 

LAP5 LAP5 1110 4 2 0  2 F O Q N ~ T ( ~ H O . ~ O X . ~ ~ W O V E R L A P  R A R G I N  I S ,  F6.3.5H INCH) 
LAPS 430 
LAP5 4 4 0  
LAP5 4 5 0  CkLL FQFNT (0. , 5 1 0 1 N J 2 )  

G O  TO 4 2 0  L A P S  u 6 0  
 LAP^ 4 7 0  

2 4 0  DO 2 4 5  I = l , L R T P  L A P S  500 

c ***** s o w  A T O U S  LIST a y  -VIEWDISTANCE O R  ey z P A Q R U E T E R  
7 3 5  I F ( V I E W )  250.250.2UO LAPS 4 8 0  

LAP5 U 9 0  

LAP5 5 1 0  
LAP5 520 

LAP5 LAP5 530 5 4 0  
LAP5 550 

C ****+ CALCULATE VIEWDISTANCES**2 * ( - 1 )  I F  VIEU.GT.ZER0 ***** 
CALL X Y 7  (RTOVS (1 .1)  , V 3 , 2 )  
V3 (31 =V3 ( 3 ) - V I E P  

2115 ATOMS ( U , I ) = - V V ( V 3 , V 3 )  
GO TO 2 6 0  

C ***** STORE CARTESIAN COORCINATES I P  VIEU.EQ.ZER0 * * * * *  
L A P S  L A P S  5 6 0  570 

LAPS 580 

LAPS LAP5 590 6 0 0  
LAP5 6 1 0  

2 5 0  DO 2 5 5  I = I , L A T U  
2 5 5  CALL XYZ(ATONS(l .1)  , A T O f l S ( Z , I )  , 2 )  

2 6 0  R=LRTU 
2 6 5  fi=H/2 

2 7 0  K=LATI*-I 

C ***** SORTING PROCEDURE B Y  SHELL, COHN ACH 2.30 ( 1 9 5 9 )  ***** 

IF ( n )  3 0 0 , 3 0 0 , 2 7 0  

LAP5 LAP5 6 2 0  6 3 0  
, 7 c  1-1 LAP5 6 5 0  LAP5 6 4 0  

L L P 5  LAPS 660 670 

LAPS 680 

J= 1 

2 8 0  IU=I+H 
I F  (ATOHS (U,I l -ATOfIS(U,  IN)) 2 9 5 , 2 9 5 , 2 8 5  

T l = A T O l S  ( 1 . 1 )  
2 8 5  DO 2 9 0  L = 1 , 4 , 3  

N 



ATOHS ( L , I )  =ATOIIS ( L . I I )  

I=I-l 
IP (I) 2 9 5 , 2 9 5 , 2 8 0  

2 9 5  J = J i l  
I F ( J - K )  2 7 5 , 2 7 5 , 2 6 5  

2 9 0  R T O H S ( L , I f 4 ) = T l  

C ***** LOOP THROUGH ALL ATOIS I N  SORTED ATOUS LIST ***** 
3 0 0  DO 405 IA=l .LATH 

CALL XYZ(LTORS(1 , IA)  ,ATOIIS ( 2 , 1 A ) , 2 )  
CALL P A x E S ( A T O I S ( 1 , I A )  , 2 )  
DO 3 0 5  J = l . 3  

LAPS 6 9 0  
LAP5 7 0 0  
LAP5 1 1 0  
LAP5 7 2 0  
LAP5 730 
LAP5 7 4 0  
LAP5 7 5 0  
LAP5 760 
LAP5 7 7 0  
LAP5 7 8 0  
LAP5 7 9 0  
LAP5 8 0 0  
LAP5 810 
LAP5 8 2 0  
LAP5 830  
LAP5 840 
LAP5 850 
LAP5 860 
LAP5 8 7 0  
LAP5 8 8 0  
LAP5 8 9 0  
LAPS 9 0 0  
LAP5 910 
LAP5 9 2 0  
LAPS 9 3 0  

L A P 5 1 5 3 0  DO 7R5 . 1=1 .7  

V5 (J) =O.  00 ~ + O V N R G N  
GO Tn 7 R n  

L A P 5 1 5 9 0  L A P 5 1 6 0 0  

LAP516 10 
L A P 5 1 6 2 0  L A P 5 1 6 3 0  

LAP51640  
L A P 5 1 6 5 0  
L A P 5 1 6 6 0  
LAP51670  

3 7 5  
. . - - . - - 
V5 ( J ) =  SQRT(T1) +OVNRGN 
V6 (J) =V6 ( J )  +QC ( 3 ,  J)  
TD2=TD2+QD (3 .5 )  *QC ( 3 . 5 )  

380 CONIC ( 2 * J - l . I A )  =V6 (J) -V5 ( J )  
38 5 CONIC (2*  J ,  I & )  =V6 (J)  i V 5  l.l\ 

IP (NDG)  3 9 0 , 3 9 0 , 3 9 5  
3 9 0  I P ( T D 2 )  4 0 0 , 3 9 5 , 3 9 5  

3 9  5  CONIC ( 5 , I A )  = 1 . O /  ( (CONIC ( 2 ,  IA)  -CONIC ( 1 , I & )  ) *O. 5)  ** 2 

) *O. 5)  ** 2 

C ***** E L L I P S E  I M A G I N A R Y  D U E  TO ROUNDOFF, RESET TO RELL VALUE 

CONIC (6.111) =O. 0 

V l  ( J ) = A T O I i ( J + l , I A )  
V D l ( J )  = V l ( J )  
DO 3 0 5  K = 1 , 3  

I F  (VIEW) 3 4 0 , 3 4 0 , 3 1 0  
3 0 5  Q D ( J . K ) = Q ( J , K )  

C  ***** ClLCULATE ENVELOPING CONE WITH ORIGIN AT VIEWPOINT **t*t 
3 1 0  V1 (31=V1 f31-VIEH 

C 

3 1 5  
C  

C  

CONIC ( 7 ;  I&) = 1  . a / (  (CONIC(4 ,  1A)-CONIC (3,IA) 
GO TO 405 ***;*' P O R d  COPACTOR HATRIX **it* 

DO 3 1 5  J = 1 , 3  
J l= IOD ( J ,  3) + 1 
J2=IOD(J+1,3) + l  
DO 3 1 5  K = J . 3  

C  ***** STORE NORllALIZED QOACRATIC COEFFICIENPS FOR E L L I F S E  I**** 
C ***** SCRLED BY OVERLAP R A R G I N  PLRAIETER ****+ 

400 TD3= -(1.0-2.0*0VRRGN/(V5(l)+V5(2)))**2 /TD2 
CONIC (5.11) =QD ( 1 , l )  *TD3 
CONIC ( 6 ,  I a )  = Q D  ( 1 , 2 )  *TD3 
C O N I C ( 7 . I A ) = Q D ( 2 . 2 1  *TD3 

4 0 5  CONTINUE 

LAP5 1730 
L A P 5 1 7 4 0  
L k P 5  1 1 5 0  
LAP5 1 1 6 0  
L A P S 1 7 7 0  
L A P 5 1 7 8 0  
L A P 5 1 7 9 0  

LAP51810  
LAPS 1 8 2 0  
LAP5 1 8 3 0  

NCONIC=L )TI1 ~ ~ ~ 5 1 8 0 0  

K2=IOD f K i 1  : 3 l + 1  L A P S  9 4 0  
QC ( J ,  K;= Q o ( i 1  , K  1 )  *QD ( J 2 s K 2 )  QD (J1 ,  K2) *QD ( J 2 , K l )  LAP5  950 
Q C ( K , J ) = Q C ( J , K )  LAPS 9 6 0  ***** 'ORI POLARIZED COFACTOR HATRIX A N D  A D D  TO E L L I P S C I D  UATRIX *LAP5 9 7 0  
TD2=-SCL*+2 LAP5  9 8 0  

~. 
C ***** PRINT OUT SORTED KT015 ARRAY ***** 

WRITE (NOUT.4) (ATOIIS(1 , J ) , J = l , L A T H )  
4 F O R M ~ T ( l H O , l O X , 3 0 H C O N T E n r S  OF SORTED ITOMS lRRAY/(15X,  l O F 1 0 . 0 ) )  

C  ***** STORE BOND QUADRANGLES I F  SEARCH CODES ARE G I V E N  ***** L A P 5 1 8 4 0  
L A P 5 1 8 5 0  

C  ***** GENERATE PSEUDO-INSTRUCTION 8 2 2  TO CALCULATE BONDS ***** L A P 5 1 8 6 0  
4 1 0  N J 2 = 2 2  L A P 5 1 8 7 0  

CALL PBOO LAP5 1880 
L A P 5 1 8 9 0  IP (NQUAD) 4 2 0  I 4 2 0 . 4  1 5  
L A P 5 1 9 0 0  
LAP5 19 1 0  

4 1 5  URITE (NOUT.6)AQUAD. (QQAD(9 . J )  , J=l ,NQUAD) LAP51920  
6 FORIAT( lHO~lOX,27RBOND OVERLAP I R R A Y  CONTAINS.14.23H BONDS (HAXIMULAP51930 

I I  I S  5 9 9 ) /  1 l X .  66fiATOI-PAIR NUIBERS I N  A R R A Y  REFER TO SEQUENCE L & P 5 1 9 4 0  
2 I N  SORTED &TOMS A R R A Y /  ( 1  5X, 1  OF 10.0) ) LAP51950  

4 2 0  RETURN L A P 5 1 9 6 0  
END LAP51970  

I F  (NCD) 4 2 0 , 4 2 0 , U l O  

C  ***** PRINT OUT NUHBER OF BOND QUADRANGLES STORED ***** 
C ***** PRINT OUT QUADRANGLE IDENTIFICATION A R R A Y  ***** 

***** T D l  I S  A N  ARBITRARY SCALING FACTOR ***** 
TD l=VUV(Vl .O.V1) 

LAP5 9 9 0  
L A P 5 1 0 0 0  
L A P 5 1 0 1 0  
L A P 5 1 0 2 0  
L A P 5 1 0 3 0  
L A P 5 1 0 4 0  
L A P 5 1 0 5 0  
LAP5  1 0 6 0  

DO 3 2 5  i=i; i-  
J l = I O D  ( J , 3 ) + 1  
J 2 = I O D  (J+ l ,3 )  + 1 
DO 3 2 0  K = J , 3  
Kl=IOD (K.3) + 1  
K2=HOD(K+1.31+1 
Q D  (J,K) = ( (bD.1 ( J 2 )  * ( Q C ( J  1,K 1 )  *VD1 (K2) -QC ( J 1  K2) *VD 1  (K 1 )  ) L A P 5 1 0 7 0  

1 *VD 1 ( J 1 )  * (VDI (K1) *QC ( J 2 t K 2 )  -VD1 (K2) *QC (J2:K 1 )  ) )  +TD2*QC(J ,K)  ) /TD 1 LAP5 1080  
3 2 0  Q D ( K , J ) = Q D ( J . K )  LAP5 1 0 9 0  

C  ***** PROJECTED E L L I P S E  I N  HOUOGENEOUS COORD OF WORKING SYSTEM ***LAP51100  
L A P 5 1 1 1 0  QD (5.3) = - Q D ( J , 3 )  * V I B H  
LAP5 1 1 2 0  3 2 5  Q D ( 3 , J ) = - Q D ( 3 , J ) * V I E W  

C ***** PROJECT CENTER OF ATCH ONTO PROJECTION PLANE ***** 
TDl=-VIEH/VDl (3) 
V D Z ( l ) = V D l ( l ) * T D l  
VD2(2)  =VDl ( 2 )  *TDl ***** TRANSFORB TO NEW ORIGIN M IBPROVE CONDITION 
DO 330 J = l , 3  
DO 330 K = 1 , 2  
QD (J ,  3 )  = QD (J ,3) +QD ( J ,  K) *VD 2  (K) 
DO 3 3 5  J = 1 , 3  
DO 335 K=1 ,2  
Q D ( 3 , J ) = Q D ( 3 , J ) + V D Z ( K )  *QD(R,J )  
9 6  ( 1 )  = X O ( l ) + V D 2 ( 1 )  
V 6 ( 2 ) = X O ( 2 ) t V D 2 ( 2 )  
GO TO 3 5 5  
***** CALCULATE ENVELOPING CC.INDEB ALOAG 2 OF Y O R K  
DO 395 J = 1 . 2  

d 

w 
LAP5 1 1 3 0  
LAPS 11  4 0  
L A P S I I ~ O  
L A P 5 1 1 6 0  

RATRIX Q ***LAP51170  
LAP5 1 1  80 
LAP5 1 1 9 0  
L A P 5 1 2 0 0  

SUBROUTINE LAP7OO(NA,ICQ) LAP7 1 0  
DIMENSION DETER(2)  , Q A ( 3 , 3 , 2 )  , Q C ( 3 , 3 , 2 )  ,V12  ( 3 , 2 ) , Y H I N  ( 2 ) .  YHAX(2) LAP7 2 0  
DI IENSION OVHR(2) LAP7 30 

C ***** I11 GENERAL. DOUBLE PRECISION I S  NOT REQUIRED ***** LAP7 40 
C ***** BUT I N  CRSE OF TROUBLE, ACTIVATE THE CD COHIENT CARDS ***** LAP7 50 

60 REIL*8 AOV3, AOV3SQ. BOV 3, DETER. PI.PHI.POV3, WV3CU,QA,PC ,QOV2, QOV2SQLAP7 
REIL*8  ROOT,TD LAP7 7 0  

C 

330 

3 3 5  

OF 

I NG 

L A P 5 1 2 1 0  
LAPS 1270 

COIHON/OLAP/CONIC(l, 500) ,COVER (6 .20 )  , K C ( 2 0 ) , K Q ( 3 0 )  ,NCONIC,NCOVER, LAP7 8 0  
LAP7 9 0  

RElL*8  CREH LAP7 1 0 0  
1 UQOVER,NQUAD.OVHRGN.QOVER (3.4.30) , Q U a D ( 9 . 6 0 0 )  ,SEGH ( 5 0 . 2 )  

DI IENSION h ( 9 )  , A A ( 3 , 3 )  , L A R E V ( 3 . 3 ) . A A ~ R K ~ 3 . 3 )  , A I D ( 3 . 3 )  . A I N ( 1 4 0 )  LLP7 110 
DIUENSION ATOM5(4.500) , B B ( 3 , 3 )  , C D ( 8 , l O ) , C H E H ( l 6 6 )  ,CONT(S) ,D(3 ,  1 3 0 ) L A P 7  1 2 0  
DI IENSION D A ( 3 . 3 )  , D P ( 2 . 1 3 0 )  .EV 13.166) .PS (3 .3.48) .KD(5.101 .ORGN (3) LAP7 1 3 0  

C  
34 0 

34 5  

3 5 0  
C  

C  
C  

3 5 5  

3 6 0  
C 

36 5 

DO 3 4 5  K=1:2 L A P 5 1 2 9 0  DIEENSION P ( 3 . 1 6 6 )  . P A ( 3 , 3 .  166)  .PAC(3 ,5 )  , P A T ( 3 . 3 j  . Q ( 3 , 3 ) , k E P V  ( 3 , 3 )  LAP7 1 4 0  
DIMENSION RES(4)  RHS(5)  SYHB(3  3) T I T L E ( l 8 )  T I T L E 2 ( 1 8 ) . T S ( 3  48) LAP7 1 5 0  
DI IENSION VT (3,43..Vl (4) :V2 ( 3 ) ,  ;3(5) , V 4 ( 3 ) ,  & (3)  , V 6 ( 3 )  ,WRKV(;,3) LAP7 1 6 0  
DIBENSION XLNG(3) ,XO(3)  ,XT (3) LAP7 170 
COUION N G ,  A, AA,AAREV,AAURK , A I D , A I N ,  ATOMS.BB, B R D R ,  CD, CAEM,CONT, D LAP7 1 8 0  
COUnON DR,DP,DISP,EDGE.EV, IORE~FS,IN,ITILT,KD,LATH,L'INO,NATOI~NCD LAP7 1 9 0  
COIHOR NJ~AJ2~NOUT~NSR.NSYH.ORGB.P.PI.PIC.PIT,PA,P~C,PAT.Q,REFV,R~S,RHS,SCALlLAPl 2 0 0  
COIION S C I L 2 , S C L ~ S Y M B , T A P E R ~ T E E ~ A , T I T L E , T I T L E 2 , T S ~ V I E W ~ V T ~ V l , V 2  LAP7 2 1 0  
COIION V3,V4,V5,  V6,HRKV. XLNG ,XO,XT LAP7 2 2 0  
P I = %  1 4 1 5 9 2 6 5 3 5 8 9 7 9 3 2  LAP7 2 3 0  

CS P I 3 3 . 1 4 1 5 9 3  
ICQ=O 
NCOVER=O 
NQOVER=O 
OVIR ( 1 )  =OVIRGR 
OVHR ( 2 )  =O. 0 
IP(MC0AIC-NI )  2 0 0 , 2 0 0 , 2 0 5  

2 0 0  RETURN 

L A P 5 1 3 1 0  
L I P 5 1 3 2 0  Q D ( J , 3 ) = O . O  

Q D ( 3 , J ) = O . O  L A P 5 1 3 3 0  
L A P 5 1 3 4 0  V6 (J) =XO ( J )  +ATOHS (J+ 1 , I L )  

*+*** PROJECTED E L L I P S E  I N  HOHOGENEOUS COORD ABOUT CENTER OF ATOH L A P 5 1 3 5 0  
L A P 5 1 3 6 0  ***** F I T  RECTANGLE AROUND ELLIPSE ALLOUING OVERLAP UARGIN ***** L A P 5 1 3 7 0  
LAP513HO ***** PORI IATRIX OF COFACTORS ***** 
LAP5 1 3 9 0  W 3 6 0  511.3 

Jl=MOD (J, 3) + l  
LAP5 111 10 J2=OOD(J+  1.3) + l  
L A P 5 1 4 2 0  DO 360 K=J,3 
L A P 5 1 4 3 0  Kl=HOD (K.3) + l  

K2=MOD(K+l.3) + 1 L A P 5 1 4 4 0  
L A P 5 1 4 5 0  QC (J,K) = QD (J 1 . K l )  *QD (52 .K2)  -QD ( J l ,  K2) *PD( 5 2 ,  K 1) 
L A P 5 1 4 6 0  ***** RESCILE MITRIX OI COFACTORS S O  TEAT Q C ( 3 , 3 ) = 1 . 0  **it* 

L A P 5 1 4 7 0  DO 365 J ~ 1 . 3  
L A P 5 1 4 8 0  DO 365 K=J ,3  

L I P 5  1500 QC (K.J) SQC ( J ,K l  
TDZ=QD(3 ,3 )  
NDG=O 

~ ~ ~ 5 1 4 0 0  

QC 1J.K) QC(J.  K) /QC (3. 3) L A P 5 1 4 9 0  

LAP7 2 4 0  
LAP7 2 5 0  
LAP7 2 6 0  
LAP7 2 7 0  
LAP7 2 8 0  ~ ~. 
LAP7 2 9 0  
LAP7 300 
LAP7 3 1 0  
LAP7 320 
LAP7 330 
LAP7 3110 

c ***** R O U G A  CRECK FOR OVERLAPPING Arons ***** 
2 0 5  DO 2 1 0  J z 1 . 2  

Y M I A  (J) =CONIC (2*J -1 ,  MA) 
2 1  o m i x  ( J )  = conIc ( 2.5, N I ~ )  

I= 0 
DO 4 2 0  IA=NA,MCOMIC 

i A P 7  3 5 0  
L l P 7  360 
LAP7 370 

LAP5 15 1 0  
L A P 5 1 5 2 0  



I P ( 1 l - N A )  2 3 0 , 2 3 0 , 2 1 5  
2 1 5  DO 2 2 5  J = 1 , 2  

I F  (YMAX(J) -CONIC(Z*J- l  ,I&) ) 4 2 0 , 4 2 0 , 2 2 0  
2 2 0  I F  ( Y N I N ( J )  - C O N I C ( Z * J . I A ) )  2 2 5 , 4 2 0 , 4 2 0  
2 7 5  CONTINUE 

C ~ ***** EXICT CHECK FOR OVERLAPPING ATOUS ***** 
2 3 0  I F  (L-1) 2 3 5 , 2 3 5 , 2 4 0  
2 3 5  L = L + 1  
2 4 0  CALL LAPCON(CON1C (1 . IL)  . D l  , 1 1 2  (1.L) .OVUR ( I ) )  

DO 2 4 5  J = 1 , 3  
DO 2 4 5  K = 1 , 3  

2 4 5  Q A ( J , K , L ) = D A ( J , K )  

DETER ( I )  =O.O 
DO 2 5 0  J = 1 , 3  
J 1  =NOD ( 5 1 3 . 3 )  + 1 
J?=UOD ( J I l ,  3 )  + 1 
DO 2 5 0  K = 1 , 3  
Kl=MOD(K+3,3) + l  
K2=uOD ( K + 1 , 3 )  + l  
TD=QA (J 1 .K 1, L)  *QA (J2.K 2. L) -QA ( J  1.K2, L )  *QA ( 1 2 ,  K 1 , I )  
DETER ( I )  =DETER (L) + T D * Q I ( J ,  K,L) 

C ***** CALCULATE COFACTORS AND DETERMININTS ***** 

2 5 0  Q C ( J , K . L ) = T D  
c ***** D E T E R ( L )  IS T H E  DETERNINANT TIUES 3 ***** 

I F  (L- 1) 4 2 0 , 4 2 0 , 2 5 5  
C ***** PORN CHARACTERISTIC EOUATION AND EXAUINE I T S  ROOTS ***** 

2 5 5  AOV3=0.0 
BOV3=0 .O 
DO 2 6 0  5 1 1 . 3  
DO 2 6 0  K = 1 , 3  
AOV3= AOV 3+QC ( J , K ,  2) *PA ( J ,  K , 1 )  

2 6 0  BOV3=BOV3+QC(J ,R, l )  * Q I  ( J .K.2)  
AOV3=.4OV3/ DETER ( 2 )  
AOV3SQ=AOV3**2 
BOV3=BOV3/ DETER ( 2 )  
POV3=BOV3-AOV3SQ 
QOV2=AOV3* (AOV3SQ-BOV3*1. 5DO) +DETER ( 1 )  /(DETER ( 2 )  * 2 . 0 t 0 )  

CS QOV2=AOV3* (AOV3SQ-BOV3*1.5 )+DETER ( l ) / ( D E T E R  (2)*2 .0  ) 
C ***** CHECK DISCRIMINANT O F  CHARICTERISTIC CUBIC EQUATION ***** 

ITYPB=O 
P O V ~ C U = P O V ~ * + ~  

LAP7 380 
LAP7 390 
LAP7 4 0 0  
LAP7 4 1 0  
LAP7 4 2 0  
L l P 7  430 
 LAP^ 440 
LAP7 450 
LAP7 460 
LAP7 4 7 0  
LAP7 480 
LAP7 4 9 0  
LAP7 5 0 0  
LAP7 510 
LAP7 5 2 0  
L A P 7  530 
 LAP^ 5 4 0  
LAP7 550 
LAP7 560 
LAP7 5 7 0  
LAP7 580 

LAP7 600  
LAP7 6 1 0  
LAP7 6 2 0  
LAP7 6 3 0  
LAP7 6 4 0  
LAP7 650  

LAP7 670 
LAP7 680 
LAP7 6 9 0  
L l P 7  7 0 0  
LAP7 7 1 0  
L A P 7  7 2 0  
LAP7 730 
LAP7 740 
LAP7 7 5 0  
LAP7 760 
LAP7 770 
LAP7 780 
L I P 7  7 9 0  
LAP7 8 0 0  
LAP7 8 1 0  

 LAP^ 590 

 LAP^ 6 6 0  

L A P 7  8 2 0  
LAP7 830 

2 7 5  I T F P ? = l  LAP7 8 4 0  
C ***** NO INTERSECTION I F  A/3 A N D  B / 3  INVRRIANTS ARE NEGATIVE *****LAP7 850 

IF(AOV3)  2 8 0 , 2 8 5 , 2 8 5  LAP7 860 
LAP7 870 

C ***** CALCULATE ON7 ROOT O F  CHARACTERISTIC CUBIC EQUATION ***** LAP7 880 
2 8 5  I P ( Q O V 2 )  2 9 < , 2 9 0 , 2 9 5  LAP7 8 9 0  
2 9 0  P H I = P I / 2  .OD0 LAP7 900 

C S 2 9 0  P H I = P I / 2 .  0 LAP7 9 1 0  

 LAP^ 9 4 0  

2 8 0  I P ( B O V 3 )  4 2 0 , 2 9 5 , 2 8 5  

GO TO 3 0 5  LAP7 9 2 0  
LAP7 930 

LAP7 950 
LAP7 960 
LAP7 9 7 0  
LAP7 980 
L a p ?  990 
L A P 7 1 0 0 0  
L A P 7 1 0 1 0  
L A P 7 1 0 2 0  
L A P 7 1 0 3 0  
L A P 7 1 0 4 0  

2 9 5  PHI=DATAN (-DSQRT (-POV3CU-QCV2SQ) /QOV2) 
C S 2 9 5  PHI= ATAN(- SQPT(-POV3CU-QOV2SQ)/QOV2) 

I U ( P H 1 )  3 0 0 , 3 0 5 , 3 0 5  
3 0 0  P H I = P H I * P I  
3 0 5  ROOT=2.0CO*DSQRT (-POV3)*DCOS(PH1/3.ODO)-AOV3 

C S 3 0 5  ROOT=2.0 * SOFtT(-POV3)* C O S f P H I / 3 . 0  )-AOV3 

C **f*f THQEE REAL ROOTS, AT LEAST TWO ARE EQUAL ***** 
C ***** CHECK S I G N S  O F  I N V A R I A W S  A/3 IND B / 3  ***** 

GO TO 3 2 5  

3 1 0  ITYPE=2 

I F ( A O V 3 )  7 1 5 , 3 2 0 , 3 2 0  
3 1 5  IF(BOV3)  4 2 0 , 3 2 0 , 3 2 0  

C ***** CALCULATE REPEATED RCOT OF CUBIC EQUATION ***** L A P 7 1 0 5 0  
3 2 0  ROOT=DSIGN (DSQRT(-POV3),QOV2)-AOV3 L A P 7 1 0 6 0  

C S 3 2 0  ROOT= SIGN ( SQST(-POV3)  ,QOV2)-AOV3 L A P 7 1 0 7 0  
C ****+ FOR* DEGENERATE CONIC ( L I N E  PAIR WHICH M A Y  BE COINCIDENT) **LAP71080 

3 2 5  DO 3 3 0  J=1 ,3  L A P 7 1 0 9 0  

330  D R ( J , K ) = Q I ( J , K , l )  +ROOT*QA(J.K,2) L A P 7 1 1 1 0  
C ***** EXAnINE INVARIANTS OF THE DEGENERRTE CONIC ***** LAP7 1 1 2 0  

T h = D A ( I . l )  t D A ( 2 . 2 )  LAP7 1 1 3 0  
L A P 7 1  1 4 0  T7=DA ( 1 , 2 ) * * 2  

C **.it* NEGATIVE DENOTES S E L L  INTERSECTING L I N E  P h I R  ***** LAP7 1 1  50 
C ***** P O S I T I V E  DENOTES IKAGINARY L I N E S  INTERSECTING AT REAL POINT L A P 7 1 1 6 0  

I P ( T 6 - T 7 )  3 3 5 . 3 4 q . 3 4 0  L l P 7 1 1 7 0  
3 3 5  I P ( T 6 + 1 . 0 0 0 1  - T 7 ) 4 0 0 , 3 4 5 ,  3 4 5  LAP7 11  80 
3 4 0  I P ( T 6 - 1 . 0 0 0 1  * T 7 ) 3 4 5 , 3 4 5 , 3 6 5  L A P 7 1 1 9 0  
3 4 5  T8=DL(3,3)*(DL(l,l)+DA(2,2)) 

T9=DA (1 .3)  **2+DA (2.3) **2 

D o  3 3 0  K = l , 3  L A P 7 1 1 0 0  

L A P 7 1 2 0 0  
LAP7 1 2  10 

C 
C 
C 

3 5 0  
355 

C 

C 
36 0 

3 6 5  

***** NEGATIVE DENOTES REAL PlRALLEL L I N E  FAIR ***** 
***** P O S I T I V E  DENOTES I M A G I N A R Y  PIRIILLELS ***** ***** ZERO DENOTES ONE R E l L  L I N E  (COINCIDENT PARALLELS) ***** 
I F  (T8-T9)  3 5 0 , 3 6 0 , 3 5 5  
I P  (TB*l .OOOl  -T9)  400. 360, 360 
I F ( T 8 - 1 . 0 0 0 1  * T 9 ) 3 6 0 . 3 6 0 , 3 6 5  ***** CGINCIDENT LINE P a m  P O U N D  FOR T H E  R E P E A T E D  ROOT ***** 
I T  Y PE= 3 
***** COIPARE AREAS OF CONICS **a** 
KL=I .. . 
KB-2 
I F  (QC ( 3 ,  3, K A )  -QC (3.3 ,KO) ) 3 70.3  7 5 , 3 7 5  

3 7 0  KA=2 
KB=l  

C ***** S E E  I F  ONE CONIC IS I N S I D E  THE OTHER CONIC ***** 
375 T1=0.0 

DO 385 J = 1 , 3  
T 2 = Q A ( J ,  3,KB) 
DO 380 K s 1 . 2  

3 8 0  T2=T2+QA(J,K,KH)*Vl2(K,Kk) 
385 T l = T l + V l 2 ( J , K A ) * T 2  

C ***** DISCARD I F  K A  I S  OUTSIDE KB ***** 
I F  ( T l )  3 9 0 , 3 9 0 , 4 2 0  

3 9 0  IF(KA-1)  395 3 9 5  4 0 0  
++*** THE 0;ERL;PPING ATOM HIDES THE ORIGINAL ATOU ***** 

3 9  5 ICQ=- 1 
RETURN 

400 ICQ=ICQ* 1 

4 0 5  NG=17 

C 

C *at** STORE OVERLAPPING ATOR ***** 
I F  (NCOVEQ-20) 4 1 0 , 4 0 5 , 4 0 5  

CALL ERPNT (ATOUS (1.111) , 7 0 0 )  
NCOVER=HCOVEH-I 

U 1 0  NCOV?R=NCOVER+ 1 
I J = 1  
DO 4 1 5  I = 1 , 3  
DO 4 1 5  J=1,3 
COVER (IJ,  NCOVER) =QA ( I ,  J, 2) 

KC (NCOVER) =I1 

* * * *a  SECOND PART O F  SOBROUTINE CHECKS FOR BONDS OVER THE ATOM 

4 1 5  I J = I J + 1  

4 2 0  CONTINUE 

4 2 5  I F  (NQUAD) 4 7 0 , 4 7 0 . U 3 0  
4 3 0  ITY=O 

C 

C ***** ROUGH CAECK FOR OVERLAPPING BONDS ***** 
DO 4 6 5  IO=l.NOUAD 

4 3 5  DO 4 4 5  J = 1 , 2  
I F f Y M A X f J ) - A M I N 1  (QUAD QU AD ( J 1 2 , I Q )  ,QUAD ( 5 1 4 ,  I Q )  , PU AC (J+6 

1 ) ) 4 6 5  4 6 5  4 4 0  

1 ) ) 4 4 5 , 4 € E , 4 6 5  
4 4 0  re (YMI; (J) L A N I X  1 (QUAD ( J , I Q )  , QU A D ( J + 2 , I Q )  ,QOAD (J+U , I Q )  ,QUAD (J+6 

445 CONTINUE 

4 5 0  ITY=ITY-  1 
I?Q=O 
CALL LAPAB (1Q.NA.IQQ.ITY) 
I F  ( I Q Q )  4 5 5 , 4 6 O , U 6 0  

4 5 5  I c Q = - 1  
QETUQN 

460  I C P = I C Q * I  
IF(NQOVER-30)  4 6 5 , 4 7 0 , 4 7 0  

4 6 5  CONTINOF 
4 7 0  RETURN 

END 

c e**** EXACT CHECK FOR OVERLLFPING BONDS ***** 

LAP7 1 2 2 0  
L l P 7  1 2 3 0  
L l P 7 1 2 U O  
L l P 7 1 2 5 0  
LAP7 1 2 6 0  
L A P 7 1 2 7 0  
L A P 7 1 2 8 0  

L A P 7 1 3 0 0  
L A P 7 1 3 1 0  

L A P 7 1 3 3 0  
LAP7 1 3 4 0  
L A P 7 1 3 6 0  LAP7 1 3 5 0  

1 ~ ~ 7 1 2 9 0  

1 ~ ~ 7 1 3 2 0  

 LIP^ 1 3 7 0  
~ 1 ~ 7 1 3 8 0  L A P 7 1 3 9 0  

L n p 7  i u o o  
L ~ P ~ I U  10  
1 ~ ~ 7 1 4 2 0  
L A P 7 1 4 3 0  
L A P 7 1 4 4 0  
L A P 7 1 4 5 0  
LAP7 1 4 6 0  
L A P 7 1 4 7 0  
L A P 7 1 4 8 0  
LAP711190 
L A P 7 1 5 0 0  
L A P 7 1 5 1 0  
L A P 7 1 5 2 0  
LAP7 1 5 3 0  
L A P 7 1 5 4 0  LAP7 1 5 5 0  

L A P 7 1 5 7 0  LAP7 1 5 8 0  
~ ~ ~ 7 1 5 6 0  

LAP? 1 5 9 0  
L l P 7 1 6 0 0  
LAP7 1 6  1 0  
L A P 7 1 6 2 0  

***LAP7 1 6 3 0  
l a p 7  1 6 4 0  
L A P 7 1 6 5 0  
L A P 7 1 6 6 0  

L L P 7 1 6 8 0  
L A P 7 1 6 7 0  

L i p 7 1 6 9 0  L A P 7 1 7 0 0  

L A P 7  L A P 7 1 7 2 0  1 7  1 0  

, I Q ) L A P 7 1 7 3 0  
LAP7 1 7 4 0  

,IQ) ~ ~ ~ 7 1 7 ~ 0  
L l P 7 1 7 6 0  
L A P 7 1 7 7 0  
~ ~ ~ 7 1 7 8 0  
1 ~ ~ 7 1 7 9 0  L A P 7 1 8 0 0  

LAP7 1 8  10 
L A P 7 1 8 2 0  
LAP7 1 8 3 0  
L A P 7 1 8 4 0  
L A P 7 1 8 5 0  
L A P 7 1 8 6 0  
LAP7 1 8 7 0  
~ ~ ~ 7 1 8 8 0  
L A P 7 1 8 9 0  

SUBROUTINE LAPBOO(NA1 NA2 ICQ)  LAP8 1 0  

DINE!6ION F L f 4 , 4 \  .Y l ( 2 )  ,Y2 ( 2 ) .  YMlX(2)  , Y f l I N ( 2 )  .QUA ( 3 . 4 )  LAP8 30 c ***** SUBROUTINE C H E C ~ S  P ~ R  &TOUS A N D  BONDS O V E R L L P P I N G  A BOND * * * L a p 8  2 0  

1ap8 DIUENSION VUE (3) 
CO~RON/OLAP/CONIC(7,500) ,COVER ( 6 . 2 0 )  ,KC ( 2 0 ) , K Q ( 3 0 )  ,NCONIC,NCOVER, LAP8 

1ap8 1 NCOVPR,NQUAD,OVIRGN,QOVER (3,4.30) , Q U & D ( 9 , 6 0 0 )  , S E G M ( 5 0 , 2 )  -. "" REAL*8 CHEY L R Y O  

DIRENSIOA A(9)  ,111 (3, 3)  , AAREV (3.3) ,AAURK ( 3 ,  3) , A I D ( 3 . 3 ) ,  A I N  ( 1 4 0 )  LAP8 
D I M E N S I O N  ATOMS(U,500) , 8 8 ( 3 , 3 )  , C D ( 8 , 1 0 )  ,CHEM(166)  , C O N T l 5 ) , D ( 3 , 1 3 0 ) L A P 8  
D I M E W I O N  C A ( 3 , 3 )  , D P ( 2 , 1 3 0 )  ,EV (3,166) ,PS ( 3 . 3 . 4 8 )  , R D ( 5 ,  10) ,ORGN ( 3 )  L A P 8  
D I N E I S I O N  P ( 3 , 1 6 6 ) , P A ( 3 , 3 ,  1 6 6 )  , P A C ( 3 , 5 )  , P A T ( 3 , 3 )  , Q ( 3 , 3 ) , R E P V ( 3 . 3 )  LAP8 
DIMENSION R E S ( 4 )  , Q n S ( 5 ) , S Y n B ( 3 , 3 )  , T I T L E ( 1 8 ) , T I T L E 2 ( 1 8 )  , T S ( 3 , 4 8 )  LAP8 
DIMENSION VT(3 .4)  , V 1  ( 4 ) , V 2  ( 3 ) , V 3 ( 3 )  , V 4 ( 3 )  , V 5 ( 3 )  , V 6 ( 3 ) , V R K V ( 3 , 3 )  LAP8 
DIMENSION XLNG(3) , X O ( 3 )  ,XT (3)  1ap8 

40 
50 
6 0  
7 0  
80 
9 0  

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 4 0  



COMPION NG.A,AA,AAREV,AAUBK,AID,AIN,ATOUS,BB,BRDR,CD,CH€M,CONT,D LAP8 
COMMON DA,DP,DISP,EDGE,EV,PORE,PS,IN,ITILT,KD,LATM,LTNO,NATOU,NCD LAP8 
COMUON N J , N J 2 , N O U T , N S R , N S Y U , O R G N , P , P A , P A C , F A T , ~ , R E F V , R € S , R M S , S C A L l L A P 8  
COUNON SCAL2,  SCL, SYUB, TAPER,THETA,TITLE,TITLEZ ,TS ,VIEW , V I , V l  ,V2  LAP8 
COflMON V3,VU,V~.V6,YRKV.XLNG,XO,XT LAP8 
IQ=O f L D R  
ICQ=O 
I P ( N A l * N A 2 ) 2 4 5 , 2 U 5 , 1 9 5  

19  5 T I  D l = F L O  AT (N A 1 )  * 1 0 0 0 .  + PLO AT (NA 2)  
IF (NCOVIC) 2 4 5 , 2 4 5 , 2 0 0  

2 0 0  I F f N J 2 - 2 0  2 5 0 . 2 0 5 . 2 0 5  

- .. . . 
LAP8 
LAP8 
LAP8 
LAP8 
LAP8  
LAP8 ~~ 

LAP8 
LAP8  
LAP8 
LAP8 
LAP8 

- 
LAP8 
LAP8 
LAP8 
LAP8  
LAP8 

C ***** ? A R T  1;CALiED PROII  EOND, STORES BOND OUTLINE INPORRATION **LAP8 
2 0 5  I F  (NQUAD-599) 215 .210 .2  10  L a p 8  
2 1 0  RG=16 LAP8 

CALL E R ? N T ( A T O U S ( l , N A l ) , 8 2 2 )  LAP8 
GO TO 2 4 5  L a p 8  

2 1 5  NQURD=AQUAD+l LAP8 
C ***** CALCULATE OVERLAP IIARGIN FOR BOND QUADRANGLE ***** LAP8 

T 1 = 0 . 0  LAP8 
T 2 = 0 . 0  1 .APR 
DO 2 2 0  J = 1 , 2  
Y 1  ( J ) = D ? ( J , l )  - D P ( J , 6 5 )  
Y 2 ( J ) = D ?  ( J , Z ) - D P ( J . 6 6 )  
T l = T l + Y l  ( J ) * * 2  

2 2 0  T2=T2+Y2 (J) **2 
I P ( T l * T 2 )  2 2 5 , 2 2 5 , 2 3 0  

2 2 5  T 1 = 0 . 0  
T 2 = 0 . 0  
GO TO 2 3 5  

2 3 0  Tl=OVMRGN/SQRT(Tl)  
TZ=OVMRCN/SQRT (T2)  

C ***** STORE BOND OUADRANGLE ***** 
2 3 5  DO 2 4 0  J = 1 , 2  

Y l ( J ) = Y l ( J ) * T l  
Y ?  1.11 =?2 1.11 tT? ..~., .~.., ~. 
QU R D  ( J ,  N QU AD) =DP ( J ,  1 )  + Y 1 (J) 
QURD(J*2 ,NQUAD)=DP(J,  2 ) + Y 2 ( J )  
QURD(J*U,NQUAD) = D ? ( J , 6 6 )  - Y 2 ( J )  

.- .. ... . 
QUAD(J , IQ)  = D P ( J ,  1)  
Q U A D ( J + 2 , I Q )  = D P ( J , 2 )  
Q U A D ( J i 4  , I Q )  =DP ( 5 . 6 6 )  

2 6 0  Q U A D ( J i 6 , I Q )  = D P f J , 6 5 \  
OUAD 19 .101  = T I D l  

LAP8  
LAP8 
LAP8 
LAP8  
LAP8 
LAP8 
LAP8 

2 4 0  QUAD(J+K,NQVAD)=DP(J,65)-Yl(J) LAP8 
LAP8 

2 4 5  RETURN LAP8 
C ***** PART 2.  CALLED PROM EOND, OVERLAP CHECK POR BOND NAl-NA2 ***LAP8 

2 5 0  NCOVER=O LAP8 
NQOVER=O LAP8 
TOLZ1.E-5 LAP8 
I F  (NCONIC-Ni l )  2 4 5 , 2 4 5 , 2 5 5  LAP8 

C ***** SAVE QUADRANGLE TEMPORLRILY ***** LAP8 
2 5 5  IQ=NQUAD+l LAP8 

nn ?fin . i = 1 . 7  LAP8  
LAP8 
LAP8  
LAP8 
LAP8  

LAP8  
LAP8 
LAP8 
LAP8  
LAP8 
LAP8  

LAP8 
LAP8  
LAP8 
LAP8 
LAP8  
LAP8 

QUAD ( 9 ,  NQUAD) =TID 1 

L a p 8  

L a p 8  

Y I I I N ( J ) = A I I I N l  (DP(J .1 )  , D P ( J , 2 )  , D P ( J . 6 6 )  , D P ( J ,  6 5 ) )  
2 7 0  YUAX(J)=APIaXl ( D P ( J ,  1 )  , D P ( J , 2 ) , D P ( J , 6 6 )  , D P ( J , 6 5 ) )  

C ***** ROUGA CRECK FOR ATOM-OVER-BOND OVERLAP ***** 
N A  l P l = N A l +  1 
ITY=O 
DO 3 0 5  IA=NAlP l .NCONIC 
DO 2 8 5  J = 1 , 2  
I F  ( I&-NA2)  2 7 5 , 3 0 5 , 2 7 5  

2 7 5  I F  ( T M A X  (J)  -CONIC(2*J - l , 1A)  ) 3 0 5 , 3 0 5 , 2 8 0  
2 8 0  I F  (YI I IN(J )  -CONIC ( 2 * J , I A ) )  2 8 5 2 0 5 . 3 0 5  
2 8 5  CONTINUE 

C ***** CRECK FOR TRUE ATOR-OVER-BOND OVERLAP ***** LAP8 
LAP8  
LAP8 
LAP8  
L a p 8  
LAP8 
LAP8  
L a p 8  
LAP8  

ITY=ITY+ 1 
CALL LAPLB ( I Q ,  IA, I Q Q ,  ITY)  
IF ( I Q Q )  2 9 0 , 3 0 5 , 3 0 0  

C ***** AIDDEN BOND ***** 
2 9 0  ICQ=- l  
2 9 5  RETURN 
300 ICQ=ICQ+l 

305 CONTINUE 
3 1 0  IF (NQUID) 2 9 5 , 2 9 5 , 3 1 5  

3 1 5  CALL DIPV(LTORS(2.NA2) ,ATORS(2,NAl)  , V l )  

IF (NCOVER-20) 3 0 5 , 3 1 0 . 3  1 0  

C ***** ROUGR CAECK FOR BOND-OVER-BOND OVERLAP ***** 
CALL O N I T ( V l , V l , l )  
V U E ( t )  = ATOIIS (2.1111) 
VUE(2)=  ATOIIS(3,NLl)  
VUE (3) = LTOIS ( 4 , N A l )  -VIEW 

LAP8 
LAP8 
L h P 8  

LAP8  
LAP8 
LAP8  
LAP8 

L a p 8  

1 5 0  
1 6 0  
1 7 0  
1 8 0  
1 9 0  
2 0 0  
2 1 0  
2 2 0  
2 3 0  
2 4 0  
2 5 0  
2 6 0  
2 7 0  
2 8 0  
2 9 0  
3 0 0  
3 1 0  
3 2 0  
330 
3 4 0  
3 5 0  
360 
3 7 0  
380 
3 9 0  
4 0 0  
U l O  
4 2 0  
4 3 0  
4 4 0  
4 5 0  
460 
4 7 0  
4 8 0  
4 9 0  
5 0 0  
5 1 0  
5 2 0  
5 3 0  
5 4 0  
5 5 0  
5 6 0  
5 7 0  
580 
5 9 0  
6 0 0  
6 1 0  
6 2 0  
6 3 0  
6 4 0  
6 5 0  
6 6 0  
6 7 0  
680 
6 9 0  
7 0 0  
7 1 0  
7 2 0  
7 3 0  
7 4 0  
7 5 0  
7 6 0  
7 7 0  
7 8 0  
7 9 0  
8 0 0  
8 1 0  
8 2 0  
830 
8 4 0  
850 
860 
8 7 0  
880 
8 9 0  
9 0 0  
9 i n  
9 2 0  
9 3 0  
9 4 0  
9 5 0  
9 6 0  
9 7 0  
9 8 0  

DO 4 4 5  IB=l ,NQUAD LAP8  9 9 0  
TID2=QULD ( 9 ,  I B )  L A P 8 1 0 0 0  
IF ( T I D  1 -TID2)  3 2 0 , 4 9 5 , 3  2 0  

L A P 8 1 0 2 0  LAP8 1 0  1 o 
I F  (NA 1-NB2) 32! ,495,495 

L a p 8 1 0 4 0  L A P 8 1 0 5 0  

3 2 0  NBZ=\nOD(TID2 .  1 0 0 0 . )  
NB 1 = T I D 2 /  1 0 0 0 .  L A P 8 1 0 3 0  

3 2 5  DO 335 J = 1 , 2  
I F  ( Y l A X ( J )  -AMIN1 (QUAD(J.1B) ,QUAD ( J I 2 , I B )  ,QUAD ( J t 4 , I B )  , Q U A C  ( J + 6 , 1 B )  L A P 8 1 0 6 0  

1 1 1  4 9 5 . 4 9 5 . 3 3 0  LAP8 1 0 7 0  
3 3 0  I F ' ( Y I I I i ( J )  : A U A X l  (QUAD(3 , IB)  , Q U A D ( J + 2 , I B )  ,QUAD ( J t U  ,IB) , Q U A D  ( J 1 6 , I B )  L A P 8 1 0 8 0  

1 ) )  3 3 5 , 4 9 5 , 4 9 5  L A P 8 1 0 9 0  
335 CONTINUF L A P 8 1 1 1 0  L A P 8 1 1 0 0  

C ***** S E T  UP LINEAR PORVS FOR EDGES O F  QUACRANGLE ***** 
LAP8 1 1 2 0  DO 3 4 5  L = 1 , 4  
L A P 8 1 1 3 0  K= 2*L L A P 8 1 1 4 0  

K l=mOD (K ,8) + 2  
n n a  11 . I . I  =orinn ci.mi - m n n  1~ 1.  TRI ~ ~ ~ 8 1 1 5 0  

C 

~ .....-, ~ .......-.,-..... 
LAP8 1 1  6 0  
LAP8 1 1 7 0  
L A P 8 1 1 8 0  

QUA(2.L) =QUAD ( K l - 1 , I B )  - Q U A C ~ ~ ~ i , I B )  
QUR (3 .1 )  =QOAD(K- 1 , I B )  *QUAD (R 1 , IB) -QUAD(K, IB)  *QUAD ( K l - 1  , I B )  ***** NORIIALIZE LINE ECUATION COEFFICIENTS ***** 
T 1  =SQRT (QUl l (1 ,  L) **2+QU A ( 2 ,  L )  ** 2 )  
I P ( T 1 )  4 9 5 , 4 9 5 , 3 4 0  L A P 8 1 1 9 0  LAP81200  

3 4 0  DO 3 4 5  J = 1 , 3  L A P 8 1 2 1 0  

C ***** EVALUATE LINERR FORMS A N D  SIGNATURES FOR QUADRANGLE ***** L A P 8 1 2 3 0  

DO 3 6 5  K = l , U  L A P 8 1 2 5 0  
T 2 = 3 . 0  L A P 8 1 2 6 0  
J=K*2  L A P 8 1 2 7 0  
DO 3 5 5  L = 1 . 4  

LAP8 L A P 8 1 2 9 0  1 2 8 0  
L A P 8 1 3 0 0  
L A P 8 1 3 1 0  
L A P 8 1 3 2 0  
L A P 8 1 3 3 0  
LAP8 LAP8 1 3 5 0  1 3 4 0  

L A P 8 1 3 6 0  
LAP81370  L A P 8 1 3 8 0  

LAP8 1 3 9 0  

3 4 5  QUA(J ,L)  =QUA ( J , L )  /T1  L l P 8 1 2 2 0  

T 3 = 3 . 0  L a p 8  1 2 4 0  

L a p 8 1 u o o  
LAP8 L A P 8 1 4 1 0  1 4 2 0  

3 6 0  T 3 = T 3 - 1 . 0 .  
3 6 5  CONTINUE 

C ***** CHECK FOR 4 POINTS I N S I D E  QUADRANGLE * * a * *  
IF (T3)  3 7 0 , 3 7 5 , 3 7 5  

cn I" U I '  
3 7 0  ITYPE=-1  -- _-  - - 

C ***** CHECK POR 1 TO 3 POINTS I N S I D E  QUADRANGLE **** 
3 7 5  I F  (T3-3 .0 )  3 8 0 , 3 8 5 , 3 8 5  
380 ITYPE=O 

GO TO 4 1 5  L A P 8 1 4 3 0  
C ***tt DETERUINE WHICH EDGES ARE CROSSED BY THE 4 L I N E  SEGUENTS ***LAP81440  

385 DO 4 0 5  L = 1 , 4  LAP8 1 4 5 0  
Ll=IIOD ( L , U ) + l  L a p 8 i u 6 o  L A P 8 1 4 7 0  

Y 1 ( 1 )  =QDAD (L*2-1,  I Q )  L a p 8  1480  
Y l ( 2 )  =QUAD (L*2 ,1Q)  

~ ~ ~ 8 1 4 9 0  L A P 8 1 5 0 0  

C I**** L I N E  SEGRENT L P R O I I  POINT 1 1  TO POINT Y 2  * * *a*  

Y2 (1)  =QU AD (L 1*2-1 , I Q )  
I 2  (2 )  =QUAD (L1*2 , IQ)  LAP8 1 5  1 0  
DO 4 0 5  K-1.4 L A P 8 1 5 2 0  L A P 8 1 5 3 0  
T 1 =FL (K, L) 
TZ=PL ( K , L l )  L A P 8 1 5 4 0  
T 3 = T l - T 2  L A P 8 1 5 5 0  

C ***** T 1  AND T 2  UOST HAVE OPPOSITE SIGNS FOR INTERSECTION TO OCCURLAP81560 
I P ( T l * T 2 )  3 9 0 , 3 9 0 , 4 0 5  LAP8 1 5 7 0  

C t*tt* COUPONENT OF SEGRENT L PERPENDICULAR TO EDGE K OF I B  I S  T 3  L A P 8 1 5 8 0  
3 9 0  I F  (ABS ( T 3 )  -1 .E-5)  4 0 5 , 4 0 5 , 3 9 5  

L A P 8 1 6 0 0  LAP8 1 5 9 0  C ***** CALCULATE COORDINATES OF INTERSECTION ***** LAP8 16 1 0  
3 9 5  TU= (T l*Y2  ( 1 )  -T2*Y 1 ( 1 ) )  / T 3  

KO=2*K L A P 8 1 6 3 0  
K l = 2 * ( n O D ( K , 4 )  + 1 )  L A P 8 1 6 4 0  L A P 8 1 6 5 0  

C ***** I S  INTERSECTION UITAIN QUADRANGLE I Q  ***** L A P 8 1 6 6 0  
T6=(TU-QULD(KO-l , IB)  ) *  (QUAD(K1-1,IB) -T4)  +(T5-QUAD ( K 0 , I E )  ) 

L I P 8 1 6 7 0  1 (QUkD(K 1 , I B )  -T5)  
I F  (ABS ( T 6 )  -1. E-4) 4 1 0 . 4  1 0 . 4 0 0  LAP8 1 6 8 0  

UOO I P ( T 6 )  4 0 5 , 4 1 0 , 4 1 0  
L A P 8 1 6 9 0  LAP8 1 1 0 0  4 0 5  CONTINUE 
LAP817  1 0  

4 1 0  I T Y P E = l  LAP8 1 7 2 0  
C ***** CRECK OVER/UtlDER ARBIGUITY ***** L A P 8 1 7 3 0  

4 1 5  IF ( (NA1-RBI)  * (NA2-NB2) * (NA2-NBl ) )  4 2 5 , 4 2 0 , 4 2 5  L A P 8 1 7 4 0  
C ***** BONDS S H A R E  I N  ATON ***** L I P 8 1 7 5 0  

4 2 5  CALL DIPV(LTORS(2.NB2) ,ITOMS (2.NBl) ,V2)  L A P 8 1 7 7 0  
CALL DIPV ( ATORS (2 ,NBl )  ,ATOMS ( 2 , N A l ) ,  VU) L A P 8 1 7 8 0  
CALL UNIT (V2,V2, 1 )  L A P 8 1 7 9 0  
CALL UNIT(V4,V4.  1 )  L A P 8 1 8 0 0  

IF (VV (V3 , V  3) -TOL) U30 ,4  30.4 35 L A P 8 1 8 2 0  

T 5 = ( T l * Y 2 ( 2 ) - T Z * I l  ( 2 ) )  /T3 L A P 8 1 6 2 0  

GO TO 4 9 5  

4 2 0  I F  (NAl+NL2-NBl-NB2) 4 6 5 , 4 9 5 , 4 9 5  L I P 8 1 7 6 0  

CALL NORM (Vl,V2,V3.1)  L I P 8  1 8 1 0  



C ***** PARALLEL BONDS, RECALCULATE V3 ***** 
4 3 0  CALL NORM(V1,V4,V5,1) 

CALL NORM(VS,Vl,V3, 1) 

I F ( V V ( V 3 , V 3 ) - T O L )  4 6 5 . 4 6 5 . l l 5 0  
4 3 5  IF ( V V  (V3 ,VU) +TOL) 4 4 0  .U 5 0 , 4 5 0  
11110 DO 4 4 5  J = l , 3  
11115 V3 ( J ) = - V 3 ( J )  

4 5 0  IF (VIEW) 4 5 c , 4 5 5 , 4 6 0  
4 5 5  T F ( V 3 ( 3 )  ) U 9 5 , 4 9 5 , 4 6 5  
4 6 0  I P ( V V ( V U E , V 3 ) )  4 6 5 , 4 9 5 . U 9 5  

4 6 5  ICQ=ICQ+ 1 

C ***** CHECK FOR COLLINEAR BONDS ***** 

C ****a V3 I S  NOFIIAL TO BONDS I Q  A N D  I B  GOING U R O H  I Q  T O Y A R C  I 8  *** 

C ***** OVFPLAPPIWG BOND FOUND ***** 
I F  ( I T Y P P )  U70.475.475 

C ***** IiIODEN BOND ***** 
4 7 0  ICQ=-1  

R?TUFN 
C ***** STORE INTERFERING QUADRANGLE ***** 

U 7 5  IF(NQ0VEW-30) U85.U80,48O 
U 8 0  NG=17 

CALL SRPNT ( T I D 2 . 8 0 0 )  
RETURN 

4 8 5  NQOVF~=WCOVER+l 
DO U90 K = l , 4  
n0 a90 J=1,3  

490 QOVES ( J ,  K,NQOVER) =QUL ( J , K )  
KQ (NQOVVR) = I B  

4 9 5  CONTIWUP 
500 YPTURN 

? W D  

SUBROUTINE LAPAB ( I Q , I A , I C Q , I T Y )  
C ***** SUEROUTINE CHECKS FOR OVERLAP BETYEEN ATONS AND FONDS ***** 
C ***** CALLED BY SUBFOUTINES LAP700 A N D  L A P 8 0 0  ***** 

DIIIENSION B F ( U ) , C O N ( 3 , 3 )  , Q F ( 5 )  ,QUA(3,4)  
COO~ON/OLAP/COWTC(7.500) .COVER ( 6 , 2 0 1  , K C r 2 0 l  . K O  I301  ,NCONIC,NCOVER, 

1 N Q O V ~ Q ~ N Q U ~ D , O V ~ R G N , Q O V E R ( 3 . 4 . 3 ~ ~ , Q U A D ( 9 , 6 O O ~ , S ~ G N ( 5 0 , 2 )  
REIIL*8 CHEN 

C 
C 

20  0 
2 0 5  

2 1  0 
2 1 5  

2 2 0  
C 

2 2 5  

C 
2 3 0  
2 3  5 

2 u  0 
C 

L A P 8 1 8 3 0  
LAP8 1 8 4 0  
LAP8 1 8 5 0  
LAP8 1 8 6 0  
L A P 8 1 8 7 0  
L A P 8 1 8 8 0  
LAP8 1890 
L A P 8 1 9 0 0  
L A P 8 1 9 1 0  
LAP8 1 9 2 0  
L I P 8 1 9 3 0  
L A P 8 1 9 4 0  
LAP8 1 9 5 0  
L A P 8 1 9 6 0  
LAP8 1 9 7 0  
L A P 8 1 9 8 0  
LAP8 1 9 9 0  
L A P 8 2 0 0 0  
L A P 8 2 0 1 0  
L A P 8 2 0 2 0  
L A P 8 2 0 3 0  
L A P 8 2 0 4 0  
L A P ~ Z O ~ O  
L A P 8 2 0 6 0  
L A P 8 2 0 7 0  
L A P 8 2 0 8 0  
L A P 8 2 0 9 0  

L A P 8 2 1 1 0  
L R P ~ ~ ~ O O  

L A P 8 2 1 2 0  
L A P 8 2 1 3 0  

LAPA 1 0  
LAPA 2 0  
LAPA 3 0  
LAPA 40 
LAPA 50 
LAPA 60 
LAPA 7 0  

n I I I E N S I O N  9 ( 9 )  , A 4 ( 3 .  3) ,A4QEV ( 3 . 3 )  , R A Y R K ( 3 .  3) . A I D ( 3 . 3 ) .  4 I N ( 1 4 0 )  LRPA 80 
DIWEWSION 9 0  
DIKENSION D A  ( 3 . 3 )  , D P ( 2 ,  1 3 0 )  ,EV ( 3 , 1 6 6 )  , F S  ( 3 , 3 , U 8 )  , K D ( 5 ,  10)  ,ORGW ( 3 )  LRPA 1 0 0  
n T E N S 1 O N  P ( 3 . 1 6 6 )  , P A ( 3 , 3 ,  1 5 6 )  ,PAC(3,5),PAT(3,3),Q(3,3),REFV(3,3) LAPA 1 1 0  
DTY3NSTON R F S ( 4 )  , R K S ( 5 ) , S Y N B  13.3) , T I T L E ( l 8 ) , T l T L E 2 ( 1 8 )  , T S ( 3 , 4 8 )  LRPA 1 2 0  
DI'IENSION VT ( 3 ,  U) , V 1 ( 4 )  , V2 ( 3 )  , V 3  (3)  , V 4 ( 3 )  , V 5  ( 3 )  , V6 ( 2 )  , L R X V  ( 3 , 3 )  LAPA 1 3 0  
DIIIBNSTON XLWGf31 .XO131.XT<31 

ATOflS(4 .700)  , 8 8 0 . 3 )  , C D ( 8 , 1 0 )  ,CHEM ( 1 5 % )  ,CONT ( 5 )  , D ( 3 ,  1 3 0 )  LAPA 

COMHON V 3. V U ,  V', V f i ,  U R K  1, XL NG .XO. XT LAPA 1 9 0  
LAPA 2 0 0  

NA2=AiOb ( T I D ,  1 0 0 0 . )  
***** ITY.GT.0 ,  CHECK FOR ATCNS OVER A BOND **** 
a**** I T Y . L T . 0 ,  CHECK FOR BONDS OVER A N  ATCN ***** 
ICQ=O 
I F  ( I T Y ) 2 1 0 , 2 0 0 , 2 0 5  
R P T U R N  
CALL LRPCON (CONIC (1 ,  I A )  ,CON, V 1,O. 0 )  
TF ( I T Y - 2 )  2 2 0 , 2 4 0 , 2 4 0  
I P ( T T Y + 2 ) 2 2 0 , 2 2 0 , 2 1 5  
CRLL LRPCON(CON1C ( 1 , I A )  ,CON,Vl,OVNRGW) 
***** S E T  UP LINEAR PORIIS P O R  EDGES OF QUACRANGLE ***** 
DO 2 3 5  L = l , 4  
K= 2*L 
Kl=ROn(K.RI  +? - . .  , ~ 

QUA (1 .1)  =QUAD ( K , I Q )  -QURD(K 1 , I Q )  
QUA (7 ,L)  =QUAD ( K 1 - 1 , I Q )  -QUAE (K- 1 , I Q )  
Q U A  ( 3 , L )  = Q U A D  ( K -  1 , I O )  * Q U A D  (Kl.IQ)-QUAD (K.IQI *QUAD ( K 1 - 1 , I Q )  
T l = S Q Q T  ( Q U A  ( 1 ,  L) **2+QUA (2. L )  **2) 
I F ( T 1 )  2 2 5 , 2 2 5 . 2 3 0  
ITY=O 
K Q = O  
GO TO 4 3 0  
***** TRANSFORP C O E F F I C I E N T S  FOR EDGES T O  NORNRL FOPK I**** 
DO 2 3 5  J = 1 , 3  
Q U A ( J . L ) = Q U A ( J , L ) / T l  
***** SVALDATE U QUADRATIC AND 4 BILINEAR PORMS ***** 
v 2  ( 3 )  = 1 . 0  
V3 (3) =l. 0 
T 2 = 3 . 0  

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

LAPA 2 8 0  
LAPA 2 9 0  

LAPA 310 

LAPA 3 3 0  

LApn 300 

LAPA 3 2 0  

LAPA 4 5 0  
LAPA U60 

LAPA 4 8 0  
L A P A  4 7 0  

DO 2 6 5  L = 1 , 4  
L l = ( n O D ( L , 4 ) + 1 ) * 2  
V2 ( 1 )  =QUID ( 2 * L - l . I Q )  
V2 ( 2 )  =QUAD ( 2 * L , I Q )  
V3 ( 1 )  =QUAD (L 1- 1 , I Q )  
V3 (2)=QUAD ( L 1 , I Q )  
Q P  (I) =O.  0 
BF ( I )  = O .  0 
DO 2 5 0  K = 1 , 3  
T l=COW ( 3  ,K) 
DO 2 4 5  J = 1 , 2  

2 4 5  T l = T l + V 2 ( J ) * C O N ( J , K )  
Q F ( L ) = Q F  ( L ) + T l * V 2 ( K )  

2 5 0  B F ( L )  = B F ( L ) + T l * V 3 ( K )  
I F ( Q P ( L ) ) 2 6 0 , 2 5 5 , 2 6 5  

2 5 5  T 2 = T 2 - 0 . 8  
GO T O  2 6 5  

2 6 0  T 2 = T 2 - 1 . 0  
7 6 7  r-"NTTN"P 

LAPA 5 1 0  
LAPA 5 2 0  
LAPA 530 
LAPA 5 4 0  
LAPA 550 
LAPA 560 

LAP& LAPA 570 580 
LAPA 5 9 0  

LAPA LAPA 5 1 0  600 
LAPA 6 2 0  
LAPA 630 
LAPA 5 4 0  
LAPA 650  
LAPA 6 6 0  
LAPA 6 1 0  
LAPA 680 - " ~  LAPA 6 9 0  

Q F ( 5 )  =QP (11  LAPA 7 0 0  
C ***** CHECK FOR 4 POINTS O F  QUADRANGLE I N S I D E  O R  ON E L L I P S E  ***** LAPA 7 1 0  

I F ( T 2 )  2 7 0 , 2 7 5 , 2 7 5  LAPA 1 2 0  
2 1 0  I T Y P E = - 1  LAPA 7 3 0  

c-n T"  ??n  LAPA 7 4 0  _ _  _ _  - - 
C ***** CHECK FOR 1 TO 3 POINTS OF QUADRANGLE I N S I D E  THE E L L I P S E  ***LAPA 750 

LAPA LRPA 7 6 0  7 1 0  
I F ( N 4 2 - I A )  3 4 0 , 3 7 5 , 3 3 5  LRPA 780 

2 7 5  I P ( T 2 - 2 .  2)  2 8 0 , 2 8 5 , 2 8 5  
2 8 0  ITYDS=O 

C ***** CHECK FOR OUADSRNGLE-ELLIPSE INTERSECTION ***** L a P a  790 
2 8 5  DO 3 0 5  K = l . U  

C ***** EVALDATE DISCRIMINANT ***** 
T l = B P ( K )  **2-QP(K) * Q F ( K * l )  
I F  ( T l )  3 0 5 , 3 0 5 . 2 9 0  

2 9 0  T l = S O R T ( T l )  
C ***** IS INTERSECTION WITHIN BOUNDS OF QUACRANGLE * * * * *  

T 3 = Q P ( K )  -BF(K)  
TU=T3+QF ( K + l ) - B F ( K )  
I F ( I \ B S  (TU) -1.E-5) 3 0 5 , 3 0 5 , 2 9 5  

2 4 5  T 5 = ( T 3 - T 1 ) / T 4  
I W ( T 5 )  3 0 5 , 2 8 0 , 3 0 0  

300 I P ( 1 . 0 - T 5 )  3 0 5 , 3 0 5 , 2 8 0  
3 0 5  CONTTNUE 

C ***** NO VALID INTERSECTION FOUND ***** 
C ***** CHECK POP CEWTER O F  E L L I P S E  WITHIN THE QUADRANGLE e * * *  

T 3 = 3 . 0  
n n  37n K = I . U  ._ .- . , 
T l = Q U A ( 3 , K )  

LAPA 800 
LAPA 8 1 0  
LAPA 8 2 0  
LAPA 8 3 0  

LAPA LAPA 8 4 0  850 
LAPA 860 
LAPA 870 
LAPA 8 8 0  
LAPA 8 9 0  
LAPA 9 0 0  
LAPA 910 
LAPA LAPA 9 2 0  9 3 0  

LRPA LAPA 9 4 0  9 5 0  

LAPA 9 5 0  
LRPA 9 7 0  

DO 3 1 0  J = 1 , 2  LAPA 980 
3 1 0  T l = T l + V l  f J ) * O U A I J , K )  LAPA 9 9 0  

I F ( T 1 )  3 1 5 , 3 2 0 , 3 2 0  LRPR 1 0 0 0  
L a P a . i o i o  3 1 5  T 3 = T 3 - 1 . 0  

3 2 0  CONTINUE LAPA 1 0 2 0  
I F  p 3 )  3 2 5 , 3 1 0 , 3 7 0  LRPA 1 0 3 0  

3 2 5  T T Y P r = l  LAPAlOUO 
C ***** CHFCK OVVQ/UNDER A O B I G U I T Y  ***** LAPA 1050 

330 I F  ( N A 2 - I A )  3 7 5 , 3 7 5 , 3 3 5  LAPA 1 0 6 0  
335 I F ( I A - N R  1)  375 .375 ,3UO L A P A 1 0 7 0  
7 U O  CALL DI'V (ATOMS (2.NR2) ,ATOMS (2  ,NAl)  , V2) L A P A 1 0 8 0  

CALL DIPV (ATOMS ( 2 , I A ) ,  ATOMS (2.  N I  1 )  , V 3 )  LAPA1090 
CALL U N I T ( V 2 , V 2 , 1 )  LAPA 1 1 0 0  
CALL VNTT(V3.V3,1)  LAPA1110 

I F  (VV (VU,V4) - l . E - 5 )  3 4 5 , 3 4 5 , 3 5 0  LAPA1130 
C ***+* CVNTER OF LTOK IC IS ON THE BOND L I N E  ***** LAPA 1 1  4 0  

3 U 5  I F ( 1 - Y )  370,310,385 LAPA 11 5 0  
C ***** CENTER OF ATON I Q  I S  NOT ON THE BOND L I N E  ***** LAPA1 1 6 0  

3 5 0  c a n  N O R N ( V U , V ~ . V S , I )  LAPA 1 1 7 0  
T l = - V 5  (7) LAPA 1 1 8 0  
IF(V1EW) 3 5 5 , 3 6 5 , 3 7 5  L A P A 1 1 9 0  

355 T l = V 5  ( 3 )  * (ATOKS (4,111 -VIEW) L 4 P A 1 2 0 0  
DO 360 J = 1 , 2  LAPA1210 

CRLL WORK (V2,  V 7 , V U ,  1 )  L A P A 1 1 2 0  

3 5 0  Tl=Tl+V5(J)*ATO~S(J+l,IA) LAPR LAPA1230 1 2 2 0  
365 I F  (Tl*FLCAT(ITY)  ) 3 7 5 , 3 1 5 , 3 7 0  

C ***** NO INT?RF?RENCE FOUND ***** L A P A 1 2 4 0  
370 I C Q = 0  L A P A 1 2 5 0  

GO TO U30 LAPA1250 
C a*** *  I T Y P E = l  ENCLOSED S L L I P S E  / I T Y P E = - 1  ENCLOSED QURCRANGLE ****LAPA 1 2 7 0  

3 1 5  I F ( I T Y D Q * I T Y )  3 8 0 , 3 8 5 , 3 8 5  L A P R 1 2 8 0  
c ***** HIDDEN a m 8  O R  HIDDEN B O N D  ***** LAPA1290 

3 8 0  I C Q = - 1  LRPA 1 3 0 0  
GO TO 4 3 0  LAPA1310 

385 I C Q = l  L A P A 1 3 2 0  
IF ( I T Y )  4 1 0 , 3 9 0 , 3 9 0  L A P A 1 3 3 0  



C *a*** STORE INTEQQERING E L L I P S E  ***** 
3 9 0  IF (NCOVER-20) U 0 0 . 3 9 5 . 3 9 5  
3 9 5  NG=17 

CALI. ERPNT(ATONS(1, IA)  ,800)  
NCOVER=NCOVER- 1 

4 0 0  NCOVER=NCOVER+l 
I J = l  
DO U05 I = 1 , 3  
DO 4 0 5  J = I , 3  
COVER(IJ,NCOVER)=CON(I,J) 

KC (NCOVER) = I A  
GO TO U 3 0  

4 0 5  I J = I J + l  

C ***** STORE INTERFERING QUADRANGLE ***** 
4 1 0  I P ( N Q O V ? a - 3 0 )  420.U15.415 
1115 N G = l R  

CALI. ERPNT ( T I D , ~ O O )  
NQOV?R=NCOVER- 1 

420 NQOVER=NCOVER+l 
DO 4 2 5  K = l , U  
DO U25 J = 1 , 3  

4 2  5 QOVEU ( J  , R ,  NQOVER) =QU L ( J  ,R) 
K Q  (NQOVER) =IQ 

U30 RETUQN 
END 

LAPA1340 
LAPA1350 
L 4 P A 1 3 6 0  
LAPA1370 
LAPA 1380 
LAPA1390 
LAPA 11100 
LAPA lUl0 
LAPAlU20 
L A P A 1 4 3 0  
LAPAlUU0 
LAPA 1 4 5 0  

LAPA1470 
LAPAIU8O 
LAPA 1 4 9 0  
L A P 1 1 5 0 0  

L w a  i u 6 0  

L A P A  15 1 o 
LAP111520 
LAPA 1 5 3 0  
LAPAlSUO 

L A P 1 1 5 6 0  
LAPA 1570 
LAPA 1 5 8 0  

~ ~ ~ 1 1 5 5 0  

SUBROUTINE LAPCON(CONl,CON,Y,OVRR) L I P C  1 0  

C ***** CALLED B Y  SUBROUTINYS LAP700 AND LAPAB ***** LAPC 30 
C ***** TRANSFORPI CONIC T O  PLCTTER HOMOGENEOUS COORDINITI  SYSTEfl ***LAPC 2 0  

DIflEYSION C O N l ( 7 )  ,CON(3,3)  , Y ( 3 )  LAPC UO 
LAPC 50 Y (  1) = ( C O N 1  (1)  +CONI ( 2 ) )  80.5 

Y ( 2 ) =  (CONI (31 +CON1 ( 4 1  1 *0.5 LAPC 60 
Y ( 3 )  = 1 .o LAPC 70 
C O N f l .  11 =CON1 151 LAPC 80 

LAPC 9 0  
LAPC 100 
LAPC 1 1 0  
LAPC 1 2 0  
LAPC 1 3 0  
LAPC 1 4 0  
LAPC 1 5 0  
LAPC 1 6 0  
LAPC 1 7 0  
LAPC 180 
LAPC 1 9 0  
LAPC 2 0 0  
LAPC 2 1 0  

CON(,, 3) =- ((TI-OVRR) /T 1) * + 2  
DO 2 0 5  K = 1 , 2  
CON(K.3) =O.O 
DO 200 J = 1 , 2  

2 0 0  C O N ( K , 3 ) = C O N ( K , 3 ) - Y ( J )  *CON (J,K) 
CON ( 3 ,  K) =CON (K, 3) 

2 0 5  CON (3.3) =CON ( 3 , 3 )  -CON (3.10 *Y (K) 
RETURN 
END 

C **til SUBROUTINE ELIf l INATES BIDDEN L I N E S  A N D  DRAYS V I S I B L E  L I N E S  *LAPD 2 0  
DINENSION C B ( 2 0 )  , C Q ( 5 0 , 2 ) , C L ( U , 3 0 , 2 )  , S E G ( 2 ) , 1 ( 3 ) , I N ( 3 )  ,YO(3) ,Z ( 3 )  LAPD 30 
COflNON/OLAP/CONIC ( 7 , 5 0 0 )  ,CCVER (6.20) .KC(ZO).KQ(30) .NCONIC,NCOVER, LAPD 4 0  

1 NQOVER,NQUAD,OVURGN,QOVER (3 .4 .30)  . Q U A D ( 9 , 6 0 0 )  , S E G I ( 5 0 , 2 )  LAPD 50 
REAL*8 CHEU LAPD 60 
DIMENSION If91 .Ah f3.31 .ALREV 13-31 .AAYRKf3.31 - 1 I D f 3 . 3 1 .  l I N f l U O \  L I P D  7 0  

D I I E N S I O N  DA (3 .3)  . D P ( 2 , 1 3 0 )  .EV(3 .166)  ,FS ( 3 , 3 , 4 8 ) , K D ( 5 ,  1 0 )  ,ORGN (3) LAPD 90 
D I I E N S I O N  P ( 3 . 1 6 6 )  ,PA ( 3 , 3 , 1 6 6 )  , P A C ( 3 , 5 ) ,  PAT(3.3) , Q ( 3 , 3 )  ,REPV (3.3) LAPD 1 0 0  
D I I E N S I O N  RES (4) , RMS ( 5 )  ,SYRB (3.3) , T I T L E  ( 1 8 )  . T I T L E 2 ( 1 8 )  , T S  ( 3 . 4 8 )  LAPD 1 1 0  
DIflENSION VT(3 .4)  ,Vl I Y ) , V 2 ( 3 1 , V 3 1 3 )  .V4131,15(3).V6(3).YRRV13,31 LAPD 1 2 0  DIflENSION VT(3 .4)  ,Vl I Y ) , V 2 ~ 3 1 , V 3 1 3 )  .V4131~15(3).V6(3).YRRV13,31 LAPD 1 2 0  
D I I E N S I O N  X L N G i 3 ) ; X O ( 3 / ; X T ( 3 ) -  - -  . . -  ' . -  . ' .  - ' LAPD 130 
COIMON NG.A. AA.AAREV.IhYRK.lID.LIN. ATOMS .BE. B R D R .  CD. CHlf! .CONT. 0 L l P D  1 4 0  - .  
CORNON DA,DP.DISP,FD&.EV, i O R E ; F S , i N , I T I i T , i D ,  L A i f l ,  iTNO, NATOM; NCD LAPD 1 5 0  
CORNON N J . N J 2 . N O n T . N S R . N S Y n . O R C N . P . P b . P I C .  PAT,Q,REPV,RES,RRS,SClLlLAPD 1 6 0  
r n n n m  S C A L ~ . ~ C L , ~ ~ ~ B , T A P ~ R , T ~ E T A , T I T L E , T I ~ L ~ ~ . T S , ~ I ~ Y , V T . V ~ . V ~  L A P O  1 7 0  
CORNON V3.VU.V5,V6,YRKV, XLNG.XO.YT LAPD 180 
NCQ=NCOVERtNQOVER LAPD 1 9 0  
I F  (NCQ) 2 0 0 , 2 0 0 , 2 0 5  LAPD 2 0 0  

LAPD 2 1 0  2 0 0  RETURN 
c ***** C H E C K  A L L  OVERLAPPING ATOHS A N D  Boms I***+ LAPD 2 2 0  

2 0  5 NPR3=RPEN-3 LAPD 2 3 0  
I F ( N P I 3 )  2 1 0 , 2 3 0 , 2 3 0  LAPD 2 4 0  

C ***** SAVE INFORUATION F R O R  LLST POINT I F  PEN I S  DOWN ***** LaPD 2 5 0  
2 1 0  Y O ( l ) = Y N ( l )  LAPD 2 6 0  

yo (2)  =YN ( 2 )  LAPD 2 7 0  

NPO=NPN LAPD 2 9 0  
DO 2 1 5  K=l ,NCQ LAPD 300 

2 1 5  C Q ( K , l ) = C Q ( K , 2 )  LAPD 310 
I F  (NQOVER) 2 3 0 , 2 3 0 , 2 2 0  LAPD 3 2 0  

2 2 0  DO 2 2 5  K=l,NQOVEN L&PD 3 3 0  
DO 2 2 5  J = l , 4  LAPD 3 4 0  

YO (3)  = 1.0 L a m  2 8 0  

2 3 0  

2 3 5  

C 

2UO 
28 5 

2 5 0  
2 5 5  

C 

2 6  0 
2 6 5  

C 

C 
2 7 0  

2 1 5  
2 8 0  

C 
2 8  5 

2 9  0 
2 9  5 

C 

300 
C 

30 5 

3 1 0  

C 

315 

3 2 0  
C 

3 2 5  
3 3 0  

335 
C 

C 

3 4 0  

C 

C 
39 5 

350 

C 

C 
35 5 

36 0 

2 2 5  OL(J .K. l )=QL(J .K.Z)  
C I**** 3VALOliTE COPIC QUIIDRATIC FORqS AT NZY P C I W  P U  * * * * *  

Y R l l l = V l l >  . ,  - < . ,  i i  (2)=Y ( 2 )  
Y N  ( 3) = 1.0  
RPN=llPYN 
I? (NCOVYR) 250.250.235 
QO 2U5 K=l,NCOVES 
2 ( 1 )  = Y N  ( 1 )  *COVER ( 1  .K)+YN(2)  *COVER(2,K) +COVER ( 3 . 4 )  
z ( 2 )  = Y Y f  1) 'COVER ( 2 , K )  + Y V  ( 2 )  *COVER ( U , K )  +COV?? ( 5 , 5 )  
Z ( 3 )  =¶ N ( 1 )  *COVYR(3,K) +YN ( 2 )  'COVER (5.K) +COVER (6.10 
CQ ( K , 2 ) = 2  ( 0  * Y N ( l ) + Z  (2)*YN ( 2 ) + 2 ( 3 )  
***** EVALUATE CONIC B I L I N E A E  POR8 IF PEN 1.5 DOYN ***** 
IP (NPW3) 2110,245.2U5 
CB (K) = 2 ( 1 )  +YO ( 1 )  + Z ( 2 )  * Y 0 ( 2 )  +Z (3) 
CONTINUE 
****+ E v h L u a m  LINEA=! ?oms A N D  SIGNATURE POB ~ U ~ D R \ N G L Y  ***** 
IF(NKIV?R)  2 7 5 , 2 1 5 , 2 5 5  
KCQ=ICOVER 
DO 270 K=l,NQOVER 
T2=3.0  
DO 2 6 5  J = l , U  
TI=YN F I T 1 1  ( 1 )  2 6 0 , 2 6 5 . 2 6 5  +QOVER (1 ,  J , R ) + Y N ( 2 )  *QOVER(2,J ,K)  +QOVEX ( 3 ,  J,R)  

T 2 =T 2- 1 . 0 -  

L A P 3  35')  
LIID? 3 6 3  

LAPD LAPD 37'2 3 8 0  
LAPD 3 9 0  
LRP3 LAP3 uoo U l O  

LAP3 4 2 0  
LAPD U30 
LAPD 11110 
LAPD 4 5 0  
LAPD U60 
L4PD 1170 
LAPD a80 

LAPD LAPD 4 9 0  5 0 0  
LAPD 5 1 0  
LAPD 5 2 0  
LAPD 5 3 0  

LAPD LRPD 5 5 0  5uo 
LAP3 5 6 0  

LAPD LAPD 5 7 0  5 8 0  
LIIPD 590 
LAPD 600 QL ( J , K , Z ) = T l  

KCQ=KCQ+ 1 LAPD 6 1 0  ***** T 2 = - 1  I N S I D E ,  = O  I C R C S S  A N Y  EDGE, =1  ACQCSS 4NY VERTEX *****LAPD 6 2 0  
C Q ( K C Q , 2 ) = T 2  LAPD 630 ***** I F  PEN I S  UP. O R I T  I L L  SUBSEOUENT CHECKING ***** 
IF(NDW3) 2 8 c . 2 8 0 . 2 8 0  
NPN=3 
CALL SCRIBE(YN,NPN,LTNC) 
RETURN 
***** CHECK FOR HIDDBN SEGRENT ***** 
DO 2 9 5  K=l,NTQ 
I P ( C Q ( K ,  1 ) ) 2 9 0 . 2 9 5 , 2 9 5  
IP (CQ ( K ,  2) ) 2 8 0 , 2 9 5 , 2 9 5  
CONTINUE 
***** F I N D  ENTRY AND E X I T  POINTS ON EACH CONIC ***** 
NINT=O -~ 
I F  (NCOVER) 3 3 0 . 3 3 0 . 3 0 0  
DO 3 2 5  K=I,NCOVER 
***** EVALUATE DISCRIRINANT ***** 
T l = C B ( K )  **2-CQ(K, O * C Q  (K.2) 
TIXSORT I P ( T 1 )  3 2 5 , 3 2 5 , 3 0 5  f T11 

****; SOLVk QUADRATIC EQATION ***** 
T 2 e Q  (K, 1) -CB (K) 
T3=T2+CQ (K,2) -CS(K)  
IP(ABS(T3)-1.E-5)325,325.310 
TU=(T2-T1)  / T 3  
T 5 =  ( T 2 + T  1) /T3 
***** VALID INTERSECTION IF TU.LT.1 AND T5.GT.0 ***** 

S V G R ( N I N T , 2 ) = T 5  
CONTINUE 
IF (NQOVER) 4 2 5 , 1 2 5 , 3 3 5  
a* * * *  FIND ENTRY L A D  E X I T  POINTS FOR EACH QUADRANGLE * * * * *  
DO U20 K=l,NQOVER 
1 1 2 = 0  
KCPNCOV ERIK 
***** CHBCK FOR SINGLE I N S I D E  POINT ***** 
S E G ( 1 )  = C Q ( K C Q , l )  
I F  fSEG I 1 1  1 3 4 5 . 3 4 0 . 3 4 0  
S E k (  1) :l :b-CQiKCQ;2) 
IP(SEG(l)-l.O) 3 5 0 , 3 5 0 , 3 4 5  ***** I N S I D E  POINT POUND, ONLY ONE INTERSECTION P O S S I B L E  ***** 
1 1 2 = 1  
I**** FIND YAICH EDGES ARE CROSSED BY THE SEGRENT ***** 
DO 410 J=l.U 
T l = Q L  (J ,  K, 1) 
TZ=QL (J, K, 2) 
T 3 = T l - T 2  
I P ( T l * T 2 )  3 5 5 , 3 5 5 , 4 1 0  
***** CHECK FOR SEGRENT ON A N  EDGE ***** 
IF ( h a s  (T 3) -1. E-5) 9 2 0 . 4  20 .360  ***** CALCULATE COORDINATES OF INTERSECTION 

T l = Q L  (J ,  K, 1) 
TZ=QL (J, K, 2) 
T 3 =  
IP(. -_, ---,- -. - ***** CHECK FOR SEGRENT ON A N  EDGE ***** 
IF ( h a s  (T 3) -1. E-5) 9 2 0 . 4  20 .360  ***** CALCULATE COORDINATES OF INTERSECTION 
TU= (T l * Y  II ( 1) -TZ*YO ( 1) ) / T 3  
T 5 = ( T l * Y N ( 2 )  - T 2 * 1 0 ( 2 ) )  / T 3  

***** 

LAP0 6UO 
LAPD 650 
LAPD 5 6 0  
LAPD 6 7 0  

LAPD LAPD 690 6 8 0  
LAPD 7 0 0  

LAPD 7 2 0  
L a m  710 

LAPD 7 9 0  
LAPD LAPD 800 810 

LRPD LAPD 830 820 

LAPD 8'40 ' 

LAPD LAPD 8 5 0  860 

LAPD 870 
LAPD 880 
LAPD 890 
LAPD 9 0 0  
LAPD 9 1 0  
LAPD 9 2 0  
LAPD 930 

LAPD LAPD 950 9 4 0  
LAPD 9 6 0  
LAPD 9 7 0  
LAPD 980 
LAPD 9 9 0  
LRPDlOOO 
LAPDlOlO 
LAPD1020 
LAPD1030 
LAPD1040 
LAPD1050 
LAPD1060 LAPD1070 

L R P D l O 8 0  
LAPD 1 0 9 0  
LAPD1100 
L A P D l l l O  
LAPD1120 
LAPD1140 LAPD I 1  30 

L A P D l 1 5 0  
L l P D 1 1 6 0  
L A P 0 1 1 7 0  
L A P D l 1 8 0  



- . . . , . - 
I F  ( I 1  2- 1 )  3 7 5 , 3 8 0 , 3 9 5  

C **I** STORE F I R S T  INTERSECTION ***** 
3 7 5  1 1 2 = l  

GO TO 3 9 0  
C * * * * a  STORF SECOND INTERSECTION **** 

7 R O  T 1 2 = 2  ~~~~~ 

T F ( T 1 - S E G ( 1 ) )  385,405.UO5 
3 8 5  S E G ( ? ) = S E G  ( 1 )  
3 9 0  S F G ( I ) =  T l  

4 0 0  l F [ T l - S E G ( ? j )  U 1 0 ; 4 1 0 ; 4 0 5  
4 0 5  S T G ( 2 ) = T l  
0 1 0  CONTTNUF 

I F ( I 1 2 - 1 ) 4 2 O . U 2 O , U l 5  
C ***** STORE FRACTTON PARAnETERS ***** 

4 1 5  N I N T = N I N T + l  
5EGN (NINT,  1) =SFG ( 1 )  
S P G n ( N I N T , 2 ) = S E G ( 2 )  

U7n rONTTMllP - .  ". 
C ***** FND OF ENTRY-RND-EXIT-POINT CALCULATIONS ***** 
C ***** NO 1NTERPTRENCE FOUND, DRAY ENTIRE SEGBENT I**** 

4 2 5  I ? ( N T N T - 1 )  43O,U90,435 

u 3 0  C a  L L  SCRIBE (YN. 2, L T N O I  
RETllRN 

C **** SORT SPGUENT INTERSECTION L I S T  ***** 
C ***** SORTTNG PROCEDURE B Y  Sl3ELL.D.L. CONi l .  ACN 2 . 3 0 - 3 2  

U75 R=41NT 
u u 0  1 = 1 / 2  

IF(*) 4 9 0 , 4 9 0 . 4 4 5  
U U 5  K=NINT-U 

J= 1 
U50 I=J 
U 5 5  T R = I l M  

4 6 0  I F ( S ? G U ( I U , l ) )  4 6 5 , 4 6 5 , 4 8 5  
Uh5 IF(SRGM ( 1 . 2 ) - S E G N ( I W . 2 ) )  U 8 5 . 4 8 5 . 4 1 5  
4 7 0  IF (SSGV ( I ,  1) - S P G M  ( I M . ~  ) )  u 8 ? , u 8 5 , u 7 5  
4 7 5  DO 4 8 0  L = 1 , 2  

T l = S S G I ( T , L )  
9PGn ( 1 . L )  =SFGl? (1M.L) 

U R O  SFGM ( K M ,  L) =T 1 
1=1-1 

TF(SEGM(T,  1 ) )  UhO,U10,410 

T F ( 1 )  UR',U85,455 

TF (J-K) U5O.USO.440 
U R T  J = J + l  

C ***** F l N D  STARTING POINT FO A N D  END POINT P 1  ***** 
4 9 0  p n = o . n  

K=O 
4 9 5  K=K+l 

I F  (K-NINT) 0,500.5 1 5 
5 0 0  P l = S % I ( K , l )  

I F  (P 1)  5 1  0 , 5 0 5 , 5 0 5  
505 I F ( P 1 - P O )  5 1 0 , 5 1 0 , 5 2 0  
5 1 0  PO=AIAXl ( P O , S E G N ( K , Z ) )  

515  p 1 = 1 . 0  

5 2 0  T F ( P 0 )  5 1 5 , 5 3 5 , ? 3 0  

l F ( P 0 - 1 . 0 )  U q 5 , 5 3 0 . 5 2 5  

C ***** D W A Y  SEGIENT FRON PO TO P1 ***** 
5 2 5  P O = I . O  
5 3 0  z ( o = y o (  I )  * ( I . - P ~ ) + Y N ( I ) * P o  

2 (2I=YO ( 2 )  * (  1. -POI f Y N (  2 )  *PO 
NPN=3 
ChLL SCRlUE(Z,NPN,LTNO) 
I F ( V 0 - 1 . 0 )  5 3 5 , 5 4 0 , 5 0 0  

515 7 ( 1 )  =YO ( 1 )  * ( l . - P l )  +YN( 1 ) * P 1  
2 ( 2 )  nYO(2) * (  1. - P l )  +YN( 2) *P 1 
NPN=2 
CALL SCRIPE(7 ,NPN.LTNO) 
I F  ( P l - 1 . 0 )  540.540 

TND 
540 RITlJRN 

J 1 = 2 + ( n o D ( J , U )  *1)  LAPD1190 
IQ=KQ ( K )  LAPD1200 

C ***** I S  INTERSECTION UITHIN L I N I T S  OF QUADRLNGLE * * * * *  LAPD1210 
T 6 =  (TU-QUAD ( 2 * J - 1  , I Q )  ) (QO L D  (J 1 - 1 , I Q )  -TU) + (T5-QUAD ( 2 * J , I Q )  ) *  L l P D 1 2 2 0  

1 ( Q U L D ( J l , I Q ) - T 5 )  L A P D l 2 3 0  
T F ( A R S ( T f i ) - 1 . E - U )  3 1 0 , 3 7 0 , 3 6 5  LRPDlZYO 

3 6 5  I F ( T h ) U 1 0 , 3 7 0 . 3 7 0  L L P D l 2 5 O  
LAPD 1 2 6 0  

1 7 0  T l = T l / T 3  LAPD1210 
LAPD 1 2 8 0  
LAPD1290 
LAPD1300 
LAPD 13 1 0  
LAPD1320 
LAPD1330 
LAPDl3UO 
LAPD1350 
LAPD1360 

GO TO U l O  LAPD1310 
C ***** NORF THAN TWO TNT'USECTIONS (I.E.,QUADRRNGLE D I A G O l A L )  *****LLPDl380 

395  J F ( T I - S F G I l 1  l 3 ~ O . U l O . U O O  LAPD1390 
LAPDlU00 
LAPDlUlO 
LAPD 1 4 2 0  
LAPDlU30 
LAPD 1440 
LRPDlU50 
LAPDlU60 
LAPDlU7O 
LAPDl48O 
LAPDlU9O 
LAPD1500 
LAPD 1 5  10 
L A P D l 5 2 0  
LAPD1530 
LA PD 15UO 

( 1  959)  ***LAPD1550 
LRPD 1 5 6 0  
LRPD 1 5 1 0  
L A P D 1 5 8 0  
LAPD 1 5 9 0  
LAPDlhOO 
LAPD 16 1 0  
L APD 1 6  2 0 
LA PO 1 6 3 0  
LAPD 16UO 
LAPD 1 6 5 0  
L A P D l h 6 0  
LAPD1670 

C ***** CALCULATE FRACTION P R R A l E T E R  A N D  STORE I T  ***** 

L a P D i 6 o o  
L a m  1690 
L a p D i i o n  
LAPD 1 7  1 0  
LAPD172D 
LRPD 1 7  30 
LAPD 17UO 
LAPD 1 1 5 0  
LAPD1160 
LAPD 1 7 1 0  
LAPD1180 
LAPD 1 7 9 0  
LAPDlROO 
LRPD 1 8  1 0  
L R P D l 8 2 9  

LAPDlUUO 
L A P O I 8 5 9  
LAPD186O 
LLPD 1 8 1 0  
LAPD1480 
L A P D l 8 9 0  
LAPD1900 
LAPD1910 
LRPD 1 9 2 0  
LAPD1930 
LAPD1940 
LAPD1950 
LRPD1960 
LAPD 1 9 1 0  
LAPD1980 
LAPD1990 
LAPD2000 

L A P D I U ~ O  

SUBROIJTINE n a ( x , y , z )  

7. (3 ,3)  = x  ( 3 . 3 )  *Y ( 3 , 3 )  
C UULTIPLY TWO NATRICES 
c 

DIUFNSION X(3.3) , Y  ( 3 . 3 )  , 2 ( 3 , 3 )  
DO 1 1 7  T=1,3 
DO 1 1 7  K = 1 , 3  
2 fI.Kl =O .O 
~d iii ~ = i , 3  

1 1 1  Z ( I .K)=7.  (T,K) + X  (I, J l  *Y ( J , K )  
RFT119N 
PND 

SUBROIJTTNE 0 1  ( X . Y . 2 )  
C WATRTr VECTOR 
c z ( ? ) = X ( 3 , 3 ) + Y ( 3 )  

DIMliNSION X ( 3 , 3 ) . Y ( 3 ) , 2 ( 3 )  
nn 1 1 3  T = I , ~  

DO 1 1 3  J = l , 3  
1 1 7  2 ( 1 ) = 7  (1) + X ( T , J )  * Y  (J) 

RP TrJ" N 
E Y n  

z ( I ) = n . n  

TP ( I ~ Y P ~  1 is ,  i t s , ' i n k  
. 

1 0 5  7 ( T ) = T l  

1 1 5  Z l ( T I = T l  
GO TO 1 2 5  

1 2 5  CONTINIJV 

1 3 5  CALL UV(RB,Z1,Z)  
I F  (TTYPV) 1 3 5 , 1 3 5 , 7 0 0  

3no R F T I J R N  
FND 

ilv 1 0  
N V  2 0  
MV 30 
N V  4 0  
MV 50 
nv 6 0  
W V  7 0  

M V  9 0  
N V  100  

n v  so 

S U A R O U T I  NF NOR6 ( X I  Y ,  Z. ITYPE) N O R M  
C ***** VPCTOR PPODIJCT 2=X*Y *I*** N O U N  
C ***** I T Y P E  .GT.(I FOR CARTTS~AN, .LE.O FOR T R I C L I N I C  I**** N O A N  

DIHPNSION X ( 3 ) , Y ( 3 ) , 2 ( 3 ) , 2 1 ( 3 )  NORM 
UF9L*R CHIN NORM 
DJMPNSTON b ( 9 ) ,  h 9 ( 3 , 3 )  , L A R E V  (3 .3)  , A A Y R K  ( 3 ,  3) , A I D ( 3 . 3 ) ,  RJN(1UO) NORR 
nTMTYSTnN A T O M S ( U . 5 9 0 )  , B B ( 3 , 3 )  , C D ( B , l O )  , C H F 7 ( 1 6 6 )  , C O Y T ( S )  , E ( ? ,  1 3 0 )  N0WH 
Dl M"NSTON EA ( 3 , 3 )  , DP ( 2 , 1 3 0 )  , EV ( 3 , 1 6 6 )  , PS (3 .3 ,  U R )  , K D  ( 5 , l O )  ,OF GN ( 3 )  N O U n  
DIU*NSlON P(7, 1 6 6 )  , P I (  3, 3, l h h )  , P A C ( 3 , 5 ) ,  P A T ( 3 , 3 )  , ' 2 ( 3 , 3 ) ,  QPPV ( 3 , 3 )  NORM 
DIMliNSTON U F S ( U )  , Q N S ( 5 ) , S Y N B  ( 3 , 3 ) . T I T L E ( l R ) , T T T L 1 2 ( ) 8 )  , T S ( 3 , U R )  N ' I R n  
DTMqNSTON V? ( 3 , U )  , V  1(4) ,V2 ( 3 )  , V 3  ( 3 )  , V U  ( 3 ) ,  V 5  ( 3 )  , V 6 ( 3 )  , Y R K V  ( 3 , 3 )  NOUN 
nIHFNSTON XLNG(3) , X O ( 3 ) , X T ( 3 1  N 0 R W  
r o n n O N  N G , ~ , ~ A , ~ ~ ~ ~ ~ , ~ ~ ~ ~ R , ~ ~ ~ , ~ I N , ~ ~ ~ ~ ~ , B B , ~ ~ C R , C ~ , ~ ~ ~ ~ , C O N T , ~  NCIUM 
COMMON DA,DP,DISP,EDGE,?V. FORE,PS,IN.ITILT,KD,LATM,LlNC,VATO~, NCD N O R 6  
COMW'IN NJ,NJ2,NOlJT,NSR .NSYH,OPGN,P, PA,PAC, PAT,C,PPPV ,P€S ,RflS,SCALINOP1 
CORMON SCRL?,  SCL, SYIIB, TLPER,THETA,TITLE,TITLE2,TS ,VJPY ,VT,Vl ,V2 NOR6 
COilMON V 3 , V U , V 5 , V 6 . W R K V , X L N G . X O . X T  n3pt1 
DO 1 2 5  J = l , 3  HORN 
I l=MOD ( 1 + 3 , 3 )  1 NORil 
T Z = M O D ( I 4 1 , 3 )  * 1  NORU 
T l = X ( I l l  * Y l I 7 1 - X I T 2 I * Y  1111 U O R M  

NORH 
Y 1 R N  
N ? R N  
Y O R M  
N ? U M  
n0r7 

1 0  
20  
30 
4 0  
5 0  
60 
70 
sn 
90 

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 u0 
1 5 0  
16') 
1 7 0  
1 8 0  
1 9 0  

2 1 9  
2 0 0  

2 2 0  
2 3 0  
2ur )  
2 5 0  
2 6 0  

N O R n  2 8 0  
NORM 2 9 0  
NOR7 3 0 0  

2 7 0  

SIIRROIJTTN? PAXPS (ACOD?,ITYPB) PAXP 1 0  
f ***** TTYPE .LT.O POR COVARTLNCE RRTRIX I N  0 ***** PAX2 2 0  
C ***** TTYPF .GT.O FOU E L L I P S O I D  QIJRDRATIC FORM I N  Q ***** P a x u  30 
r * * * a *  X I B S P ( I T Y P P ) = l  BASED ON T F I C L I N I C  COCPDIVITD SYSTEP I**** PAXZ 4 0  
C ***** = 2  OP 7 ?OR W 1 R K I N ' ;  OW REFERENCE CARTPSTAV SYST'hS ***** PRX" 5 0  
r ***** r9YTFhVARI9NT EIGPNVECTORS FOP I I N  COLIJ7VS OP P W  ***e* P9XE 6 0  
r a * * * *  C H F C K  A T O M  C O D E  ***** PAX' 7 0  

n T M " Y S 1 O N  U ( 3 . 3 )  . X ( 3 )  PAX" 90 
W"Plb*4 CHPR PAX" 79 
OIMvNSlON A ( 9 ) , R A ( 3 , 3 )  ,AAREV(3,3),ARYRK(3,3),AI9(3,3),AIN(lUO) PLX? 1 9 0  
DTnFNSlON ATOOS (U.500) , a s (  3, 3) ,CD(R,  l o )  ,CHEM ( 1 6 6 )  ,CO4T (5)  ,D( 3 , 1 3 9 )  P9XF 11C 
nlMwYSlON D 1 ( 3 , 3 )  , D P ( 2 , 1 3 0 )  , F V ( 3 , 1 % 6 )  , P S ( 3 , 3 , U 8 ) . K D ( T , l r ) , ~ Q ~ q ( 3 )  P A X '  1 2 0  
n 1  MnYSTO'4 F ( 7 , 1 6 5 ) .  PA (3,3, 166) ,PAC ( 3 . 5 ) .  P I T  ( 3 ,  3 )  ,'j f 3 ~ 3 ) ,  WVFV ( 7 , 7 )  PAX" 1 3 1  
n T v u s I o v  PTS (u) ,wns ( 5 )  , S T W E  (3 .3)  , T I T L Z (  I R )  , T T ~ L P Z ( ~ ~ )  , T S  ( 7 . ~ 3 )  P A X ?  i u o  

OIIFNSTON XLNG(3) , X O ( 3 ) , X T  ( 3 )  P9XE 169  
conmN N S , A , A A , R A Q ~ V , A A Y R K , A I D , A I N , A ~ ~ ~ ~ . B ~ , ~ ~ D R , C ~ , C ~ ~ ~ , ~ ~ ~ ~ , D  PRX? 1 7 0  

DrUSYSTON VT(3.U) ,V1 (U) ,V2 ( 3 ) ,  V 3  ( 3 )  , V U  ( 3 ) , V c  ( 3 )  , V 5 ( 3 ) ,  X ° K V t l , 7 )  P I X 3  1 5 5  

c O 5 M O U  3 L , D P , D l S D . E D G E , J V , P O P E , P S , I N , I T I L T , K D , L 4 T ~ , L ? ~ C , ~ A T ' I ~ , ~ C D  PAXI 1 8 0  
C O 6 5 0 4  NJ,N.IZ,NOIJT,NSQ,YSY 3,0PGN,P,PA,PAC,PIT,Q,P~?V,R~S,P~5,5~PlL~ PAX.? 19G 
S O l M O N  SCAT.2, SCL,SYMB, T A P I R , I H E T A , T I T L E , T I T L E  2,TS . V I E W  ,VT, V 1 ,*I 2 P A X v  2 9 0  
COMlON Y3.VU.V5.V6.WRKV. XLNG.XO.XT PAXP 2 1 0  

P4XE 2 2 9  
PAXE 2 3 0  
P 9 X E  2UP, 
PAX2 2 5 0  

. . . .  . . 
I T = I A B S  (ITYP') -1 
K S = R I O D (  RcOnE, t o o . \  
TU (NSYY-KS) l Q 5 ,  1 1 5 , 1 1 5  

1 0 5  U G = U  



1 1 5  

1 2 5  

1 3 0  

1 3 5  
C 

C 
1 4 5  

1 5 5  

1 6 0  

16 2 
1 6  E 

1 7 0  

1 7 5  

C 

C 

1 8 5  

1 9 5  
20  5 

2 2  5 

24  5 
30 0 

C 

GO TO 300 

I P ( N R T O n - 1 1 )  1 2 5 , 1 3 0 , 1 3 0  
NG=5 
GO TO 300 
TF (11) 1 2 5 , 1 2 5 , 1 3 5  
***** CBYSTALLOGQAPAIC S l n M E T R l  ROTATION ***** 
CR LL T WV (PA ( 1 , 1 , I I )  , PS ( 1 , l  ,KS) ,PAT) 
I F  ( I T - 1 )  1 6 0 , 1 4 5 ,  1 5 5  
***** TRRNSPORU TO CARTESIAN SYSTERS ***** 
CALL TNN (PRT,AAWRK,PAC) 
GO TO 1 7 5  

GO TO 1 7 5  
I F  ( ITYPE)  1 6 2 , 1 5 5 , 1 7 0  ***** TRANSPORW TO T R I C L I N I C  SYSTEM ***** 
DO 1 5 5  J = 1 . 9  
PRC (3.1) = P R T ( J , l )  

I I = A C O D E / 1 0 0 0 0 0 .  

C A L L  T n n  ( P B T , A A R E V , P A C )  

GO T O  1 7 ‘  .. . 
C R L L  n n ( a ! . , P a T , e h c )  
*+*+* PnRn DIAGONAL m m I x  O R  ITS INVERSE ***** 
DO 2 0 5  J = 1 , 3  
T 1 =EV (J, 1 1 )  
I F I I T Y P F )  1 9 5 , 1 9 5 , 1 8 5  
X ( J )  = I . /  ( T I * T  1 )  
GO TO 2 0 5  
X ( J )  CT 1*T1 
RMS(J )  =T 1 
t * t t f  FORM QUADRATIC FORM ***** 
DO 2 4 5  I = 1 , 3  
DO 2U5 5 ~ 1 . 3  
T 1 = 0 . 0  

END 

PAXE 260 
PAXE 2 7 0  

PAXE 2 9 0  
PAXE 300 
PLXE 3 1 0  
P IXE 3 2 0  
PAXE 3 3 0  

P A X E  z e o  

PAXE 3 4 0  
PIXE 3 5 0  
PAXE 360 
PIXE 3 7 0  

PAXE 3 9 0  
PAXE 400 

PAXE 3 e o  

PAXE 4 1 0  
PIXE 420 
PAXE 4 3 0  
PAXE 440 
PAXE 4 5 0  
PAXE 460 
PAXE 4 7 0  
PAXE 480 
PAXE 490 
PAXE 5 0 0  
PAXE 5 1 0  
PAXE 5 2 0  
P IXE 5 3 0  
P IXE 5 4 0  
PAXE 5 5 0  
P IXE 560 
PAXE 5 7 0  

PAXE 5 9 0  
PAXE 600 
PAXE 6 1 0  
PAXE 6 2 0  
PAXE 6 3 0  

PAXE seo 

SOBROUTINE PLTXY (X,Y) PLTX ***** PLCT COORD. A N D  CLOSEST EDGE AFTER PROJECTION ***** PLTX 
DIMENSION X ( 3 )  , Y ( 2 )  PLTX 
R P I l . * R  THXM PLTX ~ 

DIMENSION B ( 9 )  ,AA(3 ,3 )  ,AAREV(3.3),AAWRK(3,3),AID(3,3),LIN~lUO) PLTX 
DIRSNSION BTOMS(4,500)  ,BB(3,3),CD(8,lO),CAE~(l66),CONT(5).o(). 130)PLTX 
D I  RENSION PLTX DR (3.3) ,DP ( 2 , 1 3 0 ) ,  EV (3 .166)  ,PS (3 .3 .08)  , K D  ( 5 . 1 0 )  , O R G N  (3 )  
DIMENSION P ( 3 . 1 6 6 )  ,PA (3.3.166)  , P A C ( 3 , 5 ) ,  PAT(3.3)  , Q  (3.3) ,REPV (3.3) PLTX 
DIMENSION RES 14)  .RnS 151 .SYMB (3.31 .T ITLE1181  . T I T L E 2 (  1 8 )  .TS 13.481 PLTX 
DIMENSION VT(3’.~),Vl~Uj;V2(3)’.~3‘(j) .VU(3)  , V S ( 3 ) , V L i 3 ) ; U R R V ( i , 3 j  PLTX 
DTPIENSION XLNG 131 .XO131 .XT 131 D t T I  . -  .-. 
C V P M O Y  W G ,  B ; A A , ’ A A i E V , ’ A i P R K , A i D , A I N ,  bTOnS,BB.BRDA,CD,CHEn,CO~T, D P L T I  
COMYOY O A . D P , D I S P , E D G E , E V , ? O R E , F S , I N , I T I L T , K D . L A T Y , L ~ N O , N A T O M , N C D  PLTX 
COMM‘lY N J , N J 2 , ~ 0 U T . N S 9 , N S Y M , O R G N , P , P A . P A C , P A T , C , R ~ F V , R ~ S , 9 Y S , S C A L l P L T X  
COnnON SCAL2,SCL,SYMB,TAPER,TAETA,TITLE 
COnUON V3.VU,VS,V6.URKV,XLNG,XO,XT 
TU=) .  
T l = I .  
IP (VIEU) 125 .  1 2 5 . 1 1 0  

I 1 0  TII=VIEU- X ( 3 )  
I P ( T 4 )  1 1 5 , 1 1 5 , 1 2 0  

1 1 5  Y ( l ) = - 9 9 .  
Y ( 2 )  s - 9 9 .  
GO TO 1 3 0  

120  Tl=VIEU/TU 
1 2 5  Y ( l ) = X ( l )  * T l + X O ( l )  

Y I71 = X 1 2 \ * T I + X 0 1 2 1  . . -, . . -, . .. . . . , 
TI=XLNG(I)-ABS(Y(I)*Z.-XLNG(1)) 
TZ=XLNG(2) -ABS (Y ( 2 )  * 2 .  -XLNG(Z) 1 
EDGE=AMINl ( T I , T 2 ) * . 5  
IP(TU-VIEW*.51 1 3 0 , 3 0 0 . 3 0 0  

1 3 0  EDGE=-99. 
300 RETURN 

END 

SUBROUTINE PRELIR 

DINENSION B ( 9 )  
REAL*8 CHER 

C ***** DITA INPUT ROUTINE ***** 

,T1TLE2,TS.V1EW,VT,V1,V2 PLTX 
PLTX 
PLTX 
PLTX 

1 0  
20 
30 
40 
5 0  
60 
7 0  
80 
9 0  

1 0 0  
110 
1 2 0  
1 3 0  
140 
1 5 0  
1 6 0  
1 7 0  
1 8 0  . - ~ ~  .. 

PLTX 1 9 0  
PLTX 2 0 0  
PLTX 210 
PLTX 2 2 0  
PLTX 230 
PLTX 2 9 0  
PLTX 2 5 0  
PLTX 260 
PLTX 2 7 0  
P L T I  280 
PLTX 2 9 6  
PLTX 300 
PLTX 3 1 0  
PLTX 3 2 0  
PLTX 330 
PLTX 340 

PREL 10 
PREL 20 
PREL 3 0  
DUET. un _ _ - _  

DIMENSION I ( 9 )  ,AA(3 ,3 )  ~AAREV(3,3),AAWRK(3,3),~ID(3,3),~IR(lUO) PREL 5 0  
DIMENSIOR IITONS(4,SOO) ,BB(3,3) ,CD(8 ,  10) ,CAEM(l66)  ,CONT(5)  . D ( 3 . 1 3 0 )  PEEL 6 0  
DIMENSION DA(3.31 , D P ( 2 , 1 3 0 )  ,EV(3.166)  , P S ( 3 , 3 , 4 8 ) , K D ( 5 , 1 0 )  ,ORGN(3) PREL 70 
DIMENSION P (3 ,166)  , P I  ( 3 , 3 , 1 6 6 )  ,PAC (3.5) , P A T ( 3 , 3 ) ,  Q (3 ,3 ) ,  REPV ( 3 . 3 )  PREL 80 

DIYENSION RES101 .P1S 1 5 1 . S Y M B l 3 . 3 1  , T I T L E 1  1 8 )  . T I T L E Z ( l e I  .TSt3.481 PREL 9 0  
DIRENSIOP VT (3,Ui .V1 i U )  ;V2 ( 3 ) .  v3’(3) , V U  ( 3 1 ,  Vi ( 3 )  ,V6 ( 3 )  ; V R K V  (3.3j 

PREL P R E L  1 0 0  1 1 0  D I  ?ENS IO  N XLNG ( 3 )  , XO (3), XT (3) 
COMNON N G . A . A A , A A R E V . A I U R K . A I D , A I N , A T O M S , B B . B R D R , C D , C H € ~ , C O N T , D  PREL 1 2 0  
COIMON D1.DP.DISP.EDGE.EV. € O R E . P S . I N . I T I L T . K D . L I T f l , L T N C ,  NBTOM, NCD PREL 1 3 0  
CO‘IION NJ,ICIZ,NOUT,NSR.NSIM,ORGN.P,PA,PAC,PAT.Q.REPV.RES,ROS,SCALlPREL 1 4 0  
COMMON S C A L 2 , S C L . S Y ~ 8 , T A P E R , ~ H E T A , T I T L E 2 . T S , V I ~ U , V ~ , V l  ,V2  PREL 1 5 0  

DIRENSIOP V T ( 3 , U j , V l i U ) ; V 2  (3) ,V3’(3)  ,V4(3).V~(3),V6(3);aRKV(~,3~ P R E L  1 0 0  
nTRPNSTON XLNG 131 .KO 1 3 1  .XT I31 D R P T  i i n  
~~ .- ... ~~ .~.,,. ~ .~,.--- .-, - .. - . . - 
COMNON N G . A , A A , A A R E V . A I U R K . A I D . A I N , A T O M S , B B . B R D R , C D , C H € ~ , C O N T , D  PREL 1 2 0  

CO ‘IION N J ,  WZ, NOUT, NSR , N S I  M.OR GN .P, PA, PAC, PA T . Q. REPV , R E S ,  ROS , S CA L 1 PREL 1 4 0  
COMMON S C A L 2 , S C L . S Y ~ 8 , T A P E R , ~ H E T A , T I T L E , T I T L E 2 , T S , V I ~ U , V ~ , V l  ,V2  PREL 1 5 0  

connon D~.DP.DISP.EDGE.EV, IORE.PS.IN.ITILT.KD.LIT~,LTNC, N B T ~ M ,  N C D  P R E L  1 3 0  

COMMON V3.VU,V5,V6,YRKV,XLRG,XO.XT 
C ***** CELL DINPNSIONS ***** 

1 0 %  FORnAT(6F9.6)  
RELD ( I N . 1 0 6 )  ( & ( I )  . 1=1 .6 )  
Tl=AAS ( A  ( U ) )  -1 .  
DO 1 2 5  J=1,3 
IP ( T l )  1 1 5 , 1 1 0 ,  1 1 0  

C ***** CELL ANGLES I N  DEGREES ***** 
1 1 0  h ( J + 6 ) = A  ( 5 1 3 )  

A ( J + 3 ) = C O S  (A (J+6) *1 .745329E-2)  
GO TO 1 2 0  

c ***** COSINES OF CELL ~ N G L E S  ***** 
1 1 5  A ( J i 6 ) = A R C C O S ( A ( J i 3 ) )  

C ***** STORE IDERFICTOR MATRIX ***** 
1 2 0  R I D ( J , J ) = l .  

A I D ( J + l ,  1 ) = 0 .  
I I D l 3 + 5 . 1 ) = 0 .  . . .  

C ***** STORE METRIC TENSOR ***** 
1 2 5  A A  (J ,J )=I (J )**Z 

L A  (1 .2 )  = A  ( 1 )  * I  ( 2 )  * a  (6) 
A l l  ( 1 , 3 )  = A  ( 1) * A  (3) * I  ( 5 )  
A A  1 2 , 3 ) = A ( 2 ) * & ( 3 1 * A ( U )  
1111 (2;  l i = A A  ( 1 . 2 1  
A 1  1 3 . 1 \ = & A I 1 . 3 1  

i z e  B ( J ) = S Q R T  ( B B ( J . J ) )  
B(6) =BE ( 1 - 2 1  / ( e  ( 1 )  *B ( 2 ) )  
B ( 5 )  =BB( 1.3) / ( B ( l )  *B ( 3 ) )  
B ( 4 ) = B B  (2.3) / ( B ( 2 )  8 8 1 3 ) )  
DO 1 3 0  J = 1 , 3  

1 3 0  B(J+6)=ARCCOS ( B ( J 1 3 ) )  
C ***** U R S  INPUT FOR REAL OR RECIPROCLL CELL ***** 

I P ( A ( l ) - I . )  1 3 5 , 1 5 0 , 1 5 0  
1 3 5  DO 1 4 0  J = 1 , 9  PREL 5 3 0  

T l = B A ( J , l )  PREL 5 4 0  
A R  (J. l ) = B B ( J ,  1) PREL 5 5 0  
88 (J, 1) = T I  PREL 5 6 0  
T l = A ( J )  PREL 5 7 0  
A(J) = B  ( J )  PREL 580 

1 4 0  B ( J ) = T l  
PREL PREL 600  5 9 0  

1 4 3  PORMAT(lBOlOX.22HDIRECT CELL PIRIRETERS/ IH 15X. lAI14X.  lHB14X. lHCl4PREL 610 
lX.5H~LPHAlOX.UHBETAl IX.5RGAURIl PBEL 6 2 0  

C ***** URTTE OUT CELL PARIRETERS ***** 

PREL 1 6 0  
PREL 1 7 0  

PREL 1 9 0  
PREL 2 0 0  
PREL 210 
PREL 2 2 0  
PREL 2 3 0  
PREL 2 4 0  
PREL 2 5 0  

PREL PREL 2 6 0  2 7 0  

PREL 2 9 0  
PREL 300 
PREL 3 1 0  
PREL 3 2 0  
PREL 3 3 0  
PREL 340 
PREL 350 
PREL 360 
PREL 3 7 0  

PREL 3 9 0  

PREL PREL 4 0 0  4 1 0  
PREL 420 
PREL 4 3 0  
PREL 440 
PREL 4 5 0  
PREL 460 
PREL 4 7 0  

PREL i e o  

PREL z e o  

PREL 380 

~ ~- 
PREL 980 
PREL 4 9 0  
PREL 500 
PREL 5 1 0  
PREL 5 2 0  

1 4 5  FORMAT( 1H 10~,P9~6,2P1!?.6,3P15~3/1H 481,6ACOSINEP 12 .8 .2P  15 .8 )  PREL ~- 630 
1 4 7  PORN AT ( 1  HO l ox ,  268RECIPROCIL CELL PIIR ANETER S/  1 A 15X. 2 A B *  1 3 X . 2 f l B  * 1 3XPREL 6 4 0  

PREL 6 5 0  1,2HC*13X,6AALPHA*9X~5HBETA*lOX~6HGAMRA*) 

1 7  3 
1 7 5  
1 1  1 

I80 

, I= 1, 3) , ( I ( I )  , I = 7 .  
150 WRITE (NUUT.IU3) 

URITE (NOUT,  1 4 5 )  ( & ( I )  
URITE (NOOT.147) 
WRITS 

CllLL AXE S (AID,  A I D  ( 1 , 2 )  ,REPV, 0) 
C A L L  nn (a!.,REPv, LAREV)  
DO 1 6 0  I = 1 , 3  
DO 1 6 0  J = 1 , 3  
IAURK(J .1 )  = L I R E V ( J , I )  
Q ( J . 1 )  =REFV ( 1 ,  J) 

1 6 0  U R K V ( J , I ) = R E P V ( J , I )  

1 7  I PORRAT (lROlOX,Z4FlSYMIETRI TRINSFORMATIONS/IA 14X.3HNO. 1 

(NOUT, 1 4 5 )  (B ( I ) ,  I = 1 , 3 )  , (B ( I )  , 1 = 7 , 9 ) ,  (8 (I) , 1 = 4 ,  6) 
C ***** STORE STANDARD VECTORS ***** 

C ***** READ I I N D  WRITE SIMRETRI  TRANSPORIATIONS ***** 
IPORNED X18X.13UTRINSPORRED Yl81 .138TE~NSPORMED 2) 

FORMAT ( I  1,  I 1  4 .10 .3F3  .O , 2  (P  15 .10 .3P3 .0 )  ) 
PORRAT(1H 1 3 X , I 2 , 3 ( P 1 3 . 6 , P 4 . O , 2 A  XPU.O,ZH YP4.0.2H 2)) 
FORMAT f 1 A I lox, 1 BL41 
URITE (NOUT. l? l )  
L INES=lU 
LINES=UOD DO 1 9 0  I = 1 , 4 8  ( L I R E S i l . 5 6 )  

READ ( I N . 1 7 3 ) I S .  ( T S ( J . 1 ) .  ( P S ( K , J , I )  , K = 1 , 3 )  , J = 1 , 3 )  
I F  (LINES)  1 8 5 , 1 8 0 , 1 8 5  
WRITE 
WRITE (NOUT.171) 

(NOUT. 1 7 7 )  (TITLE (J) J=1,18)  

PREL 660 
PREL 6 7 0  

PREL 6 9 0  
PREL 7 0 0  
PREL 7 1 0  
PREL 7 2 0  
PREL 7 3 0  
PREL 7 4 0  
PREL 7 5 0  
PREL 760 
PREL 7 7 0  
PREL 7 8 0  

2 X ,13AT R A  NS PREL 7 9 0  
PREL 800 
PREL 810 

PREL 830 
PREL 840 

PREL 680 

PREL e20 

PREL PREL 8 6 0  8 5 0  

PREL e 7 0  
PREL e 8 0  
PREL 8 9 0  
PREL 9 0 0  
PREL 9 1 0  



1 8 5  WRITE ( N O U T , 1 7 5 ) 1 ,  ( T S ( J . 1 )  , ( F S ( K , J , I )  ,K=1,3)  , J = 1 , 3 )  
C ***** NOR-CRTSTRLLOGRAEHIC HELIX-SYUUETRY INPUT ***** 

IF (FS (3 ,  3 , I )  -5 . )  1 8 8 ,  1 8 6 , 1 8 6  
1 8 6  T l = F S  ( 1 ,  3.1) / F S  (3.3.1) 

T S ( 3 , 1 ) = T S ( 3 , I ) + T l  
T l = A ~ O D ( T l * P S ( 2 , 3 , I )  , 1 . ) * 6 . 2 8 3 1 8 5 3 1  
T2=COS (T 1)  
T l = S I N  (T 1)  
DO 1 8 7  J = l , 9  

1 8 7  V T ( J , l ) = A I D ( J . l )  
V T ( l , l ) = T 2  
VT (2. 2) = T 2  
VT ( 2 , 1 ) = - T 1  
V T  11. 71 = T I  

- \  .-, - 
CALL HU(VT.Q,PAC) 
CALL HV(AIREV,PAC,FS ( 1  , ( . I ) )  

1 8 8  I F  ( I S )  1 9 5 ,  1 9 0 , 1 9 5  
1 9 0  CONTINUE 

N G = l  
CALL ERPNT(O.,O) 
1 = 4 R  

1 9 5  N S Y l = I  
C ***** POSITIONAL A N D  THERURL PIRIHETERS ***** 

2 0 1  FORlAT ( 1 1 H O  NO. ATOU 8 X ,  1 H X  1 O X ,  1 H Y  1 O X .  1HZ 13X, 3H3 1 18X,  3HB 228X, 

2 0 9  PORNAT( 1H 1 3 , 1 X , A 6 , 3 P 1  1 .6 .5X.6P11.6 .F5 .0)  
2 1 0  FORNAT(IH T 3 , l X .  A6.3P1 1 . 6 . 5 X , 2 F 1 1 . 6 , 4 P l l  . O , P 5 . 0 )  
2 1  1 FORlAT(A6,3X.5F9.6,F9.0) 
2 1 3  FO~~AT(Il.F8.6,5P9.6,7X,F2.O) 

1 8 X , 3 I 3 B 1 2 8 X , 3 H B l 3 8 X , l O H 8 2 3  TYPE) 

L I  NES=LINES+2 
I F  (LINES-%) 2 2 0 , 2 1 5 , 2 1 5  

GO TO 2 7 5  
2 1 5  LINES=-1  

2 2 0  WRITE (NOUT.207) 
2 2 5  DO 2 4 5  I = 1 , 1 6 6  

LINES=nOD ( L I N E S +  1 , 5 6 )  

K = l . + T l  
I P f F L O A T  ( K - 1 ) - T l )  2 2 1 , 2 2 8 , 2 2 7  

2 2 7  K = l  
2 2 8  READ ( I N , 2 1 3 ) I S , ( P R ( J ,  1.1) , J = 1 , 7 )  

2 3 0  U R I T S  (POUT, 1 7 7 )  ( T I T L E  ( J )  , J= 1, 1 8 )  

2 3 2  I F ( P A ( 3 ,  1 . 1 ) - 1 0 0 0 0 . )  2 3 5 , 2 3 4 , 2 3 4  

I P ( L 1 N E S )  2 3 0 , 2 3 0 , 2 3 2  

W I T n  (NOUT.207) 

23U WRITE (NOUT.210) 1,CHEU ( I ) ,  (P ( J . 1 )  , J = 1 , 3 )  , (PA ( J ,  1.1)  , J = 1  
1 # l )  

1 . 7 )  

GO TO 2 3 8  
2 7 5  U R I T E  ( N O U T , 2 0 9 ) I , C H E H ( I ) ,  ( P ( J , I ) , J = 1 , 3 )  , ( P A ( J , l , I )  , J = 1  

2 3 8  G O  TO ( 2 4 4 , 2 3 9 , 2 4 1 , 2 4 2 , 2 4 4 )  , K  

2 3 9  DO 2 4 0  J = 1 , 7  
2 4 0  P ( J , T ) = P  ( J , I ) / A ( J )  

C *+*** TYUE 1 POSITIONAL PARRIETERS (ANGSTRCMS) ***** 

GO TO 2 4 4  
C ***** TYPE 2 POSITIONAL P4RAUETERS. STANDARD CARTESIAN ***** 

2 4 1  v l ( l ) = P ( l , I )  
V 1 ( 2 ) = D f 2 , T )  
GO TO 2 4 3  

C ***** TYP? 3 POSITIONAL PARANETERS ***** 
C ***+* CYLINDRICAL COORDINATES REFERRED TO STANDARD CARTESIAN 

CALL V* (V 1 ,Q,P  ( 1 ,  I) ) 
2 4 4  I P ( I S ) 2 4 6 , 2 4 5 , 2 4 6  
2 4 5  CONTIIIUE 

4G=2 
CALL ERPNT(O.,O) 
T =  1 0 0  

2 4 6  I IATOI=I  
C ***** CONVERT T E l P  FACTOR COEF TO STANDARD TYPE ZERO ***** 

YG 1=0 
DO 4 5 0  I=l .NRTOU 
T 1  =PR ( 1 , 1 , I) 
K = l . + P A ( l ,  1 , 1 )  
I F ( T 1 )  2 5 0 , 2 5 0 , 2 5 5  

2 5 0  T l = . l  
GO TO 405 

G O  T ~ ( 2 7 0 , 2 6 0 , 2 6 5 , 2 6 5 , 2 7 0 , 2 6 0 , U 0 0 , U 0 5 , 2 7 0 , 2 6 0 , 2 7 0 , 4 5 0 )  
2 5 5  T 6 = . 0 5 0 6 6 0 5 9 1 8  

C * a * * *  TYPE 1 e * * * *  
2 6 0  D O  2 6 2  J = U , f i  

.K 

PREL 9 2 0  
PREL 9 3 0  
PREL 9 4 0  
PREL 950 
PREL 9 6 0  
PREL 970 
PREL 980 
PREL 990 
PRELlOOO 
PREL 10  1 0  
PREL 1 0 2 0  
PREL 1 0 3 0  
PRELlOUO 
PREL 1 0 5 0  
PREL 1 0 6 0  
PREL 1 0 7 0  
PREL 1 0 8 0  
P R E L 1 0 9 0  
P R E L l l O O  
P R E L l l l O  
P R E L l l 2 O  
PRRL 1 1  30 

PREL 1 1 8 0  
PREL 11  90 
PREL 1 2 0 0  
P R E L l 2  10  
P R E L 1 2 2 0  
PREL 1 2 3 0  
P R E L 1 2 4 0  
PREL 1 2  50 
PREL 1 2 6 0  
P R E L 1 2 7 0  
PREL 1 2 8 0  
PREL 1 2 9 0  
P R E L 1 3 0 0  
PREL 1 3 1 0  
P R E L 1 3 2 0  
PREL 1 3 3 0  
P R E L l 3 4 0  
P R E L 1 3 5 0  
PREL 1 3 6 0  
P R E L 1 3 7 0  
PREL 1 3 8 0  
PREL 1 3 9 0  
PRELlYOO 
PREL 1 4 1 0  
PREL 1 4 2 0  
PREL 1 4 3 0  
PREL 1 4 4 0  
P R E L 1 4 5 0  
PREL 1 4 6 0  
P R E L 1 4 7 0  
P R E L 1 4 8 0  
P R E L 1 4 9 0  
P R E L 1 5 0 0  
P R E L l 5  1 0  

*****PREL 1 5 2 0  
PREL 1 5 3 0  
P R E L 1 5 4 0  
PREL 1 5 5 0  
P R E L 1 5 6 0  
PREL 1 5 7 0  
P R E L 1 5 8 0  
P R E L 1 5 9 0  
PREL 1 6 0 0  
PREL16 1 0  
PREL 1 6 2 0  
P R E L 1 6 3 0  
PREL 1 6  4 0 
PREL 1 6 5 0  
PREL 1 6 6 0  
PREL 1 6 1 0  
P R E L 1 6 8 0  ~ ~- 
P R E L 1 6 9 0  
PREL 1 7 0 0  
P R E L 1 7 1 0  
PREL 1 7  2 0  
P R E L 1 7 3 0  
PREL 1 7 4 0  
PREL 1 7 5 0  

2 6 2  PA ( J , l , I ) = P A ( J ,  1 . 1 )  *.5 
cn Tn 7711 _ _  ._ - . 

C ***** TYPES 2 A N D  3 ( B I S E  2 SYSTEMS) ***** 
2 6 5  T 6 = . 3 5 1 1 5 2 9 6 U  

I F  (K-4) 2 1 0 , 2 6 0 , 2 7 0  
C ***** TYPES 0 THROUGH 5 ***** 

2 7 0  I F ( P A ( 2 ,  1 , I ) )  4 0 0 , 4 0 0 , 2 7 2  
2 7 2  DO 300 J = 1 , 3  

DO 300 L = J , 3  
T 2 = T 6  
I F  (K-5) 2 8 5 , 2 1 5 , 2 7 5  

2 1 5  I F ( K - 6 )  2 8 0 , 2 8 0 , 2 8 1  

2 8 0  T 2 = B ( J ) * s ( L ) * T 2 * . 2 5  
C ***** TYPES 4 A N D  5 ***** 

GO TO 2 8 5  

2 8  1 T2=B (J)  * E  ( I )  
I F ( K - 1 1 )  2 8 5 , 2 8 2 , 2 8 2  

C ***ft TYPES E AND 9 ( U ( 1 . J )  TENSOR SYSTEHS) ***** 

C ***** TYPE 1 0 ,  (CRRTESIAN TENSOR SYSTEU) ***** 
2 8 2  T 2 = l . O  
2 8 5  I F ( J - L )  2 9 0 , 2 8 7 , 2 9 0  
2 8 7  VT ( J , J ) = T Z * P A ( J ,  1.1) 

2 9 0  H = J + L + l  
GO TO 3 0 0  

V T ( J , L ) = T 2 * P A ( H , l , I )  
V T ( L , J ) = V T ( J , L )  

3 0 0  CONTINUE 
r +*t*+ FIND P R I N C I P A L  AXES ***** 

3 1 0  

C 

3 2 0  
3 2 5  
3 3 0  

C 
94 0 

74 2 
345 

3 5 0  

3 5 2  
C 

3 5 9  
3 5 6  

3 5 8  
359 

C 
3 6 0  
3 7  0 

C 

3 7  5 

C 

C 
40 0 

4 0 5  
4 1 0  

C 
4 1 5  

u 2 0  

4 2 5  

I F  (K- 11; 3 1 0 , 3 0 5 , % 5  

CALL UMIREPV,PAC,VT) 
305 CALL RH(VT,Q,PIC)  

CALL UN(VT,AA,DI) 
CALL FIGEN (DA.QMS,PAT) 
++*** ARE EIGENVALUES P O S I T I V E  ***** 
I F ( Q Y S ( 1 ) )  3 2 5 , 3 2 5 , 3 2 0  
I P ( N G )  3 5 0 , 3 6 0 , 3 3 0  
NG=3 
NC 1=1 

DO 3 4 5  J = 1 . 3  
DO 3 4 2  K = 1 , 3  
P L ( J , K , I ) = R E F V  ( J , K )  
EV (J.1) = T 3  
GO TO 4 5 0  
I F ( N G + 6 )  3 4 0 , 3 4 0 . 3 5 2  
*+*** THO EQUAL EIGENVALUES ***** 
N=NG+5 
CALL U N I T ( P I T ( 1 . N )  , V l , - 1 )  
DO 3 5 9  K = 1 , 3  
I F  (ABS (VMV (V 1 ,  LA, REFV ( 1 ,  K) ) )  -. 5 8 )  3 5 6 , 3 5 4 , 3 5 4  
CONTINUE 
C A L L  n v  ( A & ,  D A ,  VT)  
CALL AXES(Vl ,REFV( 1.K) , D A ,  - 1 )  
DO 3 5 9  K = 1 , 3  
L= HOD (N+ K-2,7) + 1 
DO 3 5 8  .1=1,3 
PI ( J , L , I ) = D A ( J , K )  
3V (L ,  I) =SIGN (SQRT ( A B S  ( V n V  ( D A  (1  ,K) ,VT, DR ( 1,  Kl ) ) ) , QHS ( I )  ) 
GO TO 450 
***** MAKE EIGENVECTOQS 1 ANGSTROU LONG ***** 
CALL AXES (PAT ( 1 , l )  ,PAT ( 1 , 3 )  ,PA ( 1 , 1 ,  I )  . - I )  
NG=O 
+*fa*  SQRT SIGSNVALUE = R n S  DISPLRCEUENT ***** 
DO 3 7 5  J = l , 3  
T2=RHS (J l  
S V  ( J ,  I) =SIGN (SQRT ( A B S  ( T 2 )  ) ,T2)  
G O  TO 4 5 0  
**+tt TYPE 6 ( I S O T R O P I C  TEHP FACTOR) ***** 
T l = S Q Q T  ( T l * l .  2 6 6 5  15E-2)  
***** TYPE 7 ( D U H M Y  SPHERE) ***** 
DO 4 1 0  J = l , 7  
FV ( J , I ) = T l  
I F ( P I ( 3 .  1 . 1 ) )  U 3 0 . 4 3 0 . 4 1 5  
* * * * a  DEFINED VECTORS FOR SPHERE ***** 

GO TO 4 3 0  
CONTTNUE 
CALL DIPV(VT (1.2) ,VT ( 1 , l )  , V I )  

PREL P R E L 1 7 6 0  1 7 7 0  

P R E L l l B O  
P R E L 1 7 9 0  
PREL 1 8 0 0  
P R E L l 8  1 0  
PREL 1 8  2 0  
PREL 1 8 3 0  
P R E L l 8 4 0  
PREL 1 8 5 0  
P R E L l 8 6 0  
P R E L l 8 7 0  . PREL ~~ 1 8 8 0  

P R E L l 8 9 0  
PREL 1 9 0 0  
PREL 1 9  10  
P R E L 1 9 2 0  
PREL 1 9 3 0  
P R E L l 9 4 O  
PREL 1 9 5 0  
P R E L 1 9 6 0  
P R E L 1 9 7 0  
PREL 1 9 8 0  
PREL 1 9 9 0  
P R E L 2 0 0 0  . ~-~ 
PREL 20  1 0  
P R E L 2 0 2 0  
PREL 2 0 3 0  
P R E L 2 0 4 0  
P R E L 2 0 5 0  
P R E L 2 0 6 0  
P R E L 2 0 7 0  
PR P R E L 2 0 9 0  EL 2 0  8 0 

P R E L 2 1 0 0  
P R E L 2 1 1 0  
PREL212O 
P R E L 2 1 3 0  
PREL21YO PREL 2 1 5 0  

P R E L 2 1 6 0  

PREL22 10  
P R E L 2 2 2 0  P R E L 2 2 3 0  

P R E L 2 2 4 0  
P R E L 2 2 5 0  
P R E L 2 2 6 0  
P R E L 2 2 7 0  
P R E L 2 2 8 0  
P R E L 2 2 9 0  
P R E L 2 3 0 0  
P R E L 2 3 1 0  
PREL232O 
PREL 2330 
P R E L 2 3 4 0  
P R E L 2 3 5 0  
P R E L 2 3 6 0  
P R E E 2 3 7 0  
P R E L 2 3 8 0  
P R E L 2 3 9 0  
PRELZUOO 
PREL24 10  
P R E L 2 4 2 0  
P R E L 2 4 3 0  
PREL244O 
PREL2U50 PREL 2 4 6 0  

P R E L 2 4 7 0  
PREL248O 
P R E L 2 4 9 0  
P R E L 2 5 0 0  
P R E L 2 5 1 0  
P R E L 2 5 2 0  
P R E L 2 5 3 0  
P R E L 2 5 4 0  
P R E L 2 5 5 0  
P R E L 2 5 6 0  
P R E L 2 5 7 0  
P R E L 2 5 8 0  
P R E L 2 5 9 0  



CALL DIFV (VT ( 1  .U) ,VT ( 1  , 3 )  , V2) 

GO TO U50 

1130 DO U 3 5  J = 1 , 9  
4 3 5  P R ( J , l , I ) = R E P V ( J , l )  
4 5 0  YG=O 

C A L L  a x E s ( v i . v 2 , P ~ ( i .  1.11 , - 1 )  

C ***** REPERFNCE VECTORS FOR SPHERE ***** 

C ***** WRITE OUT R U S  VALUES ***** 
L I  NES=LINES+Z 
I F  ( L I N E S - = 6 )  4 5 8 , 4 5 8 . U 5 5  

GO TO U 6 0  
1155 LINES=-1  

4 5 8  WRITE fNOUT.4611 

PREL2600  
PREL26 1 0  
P R E L 2 6 2 0  
PREL 2 6 3 0  

DIMENSION D ( 3 . 1 2 9 )  , D P ( 2 , 1 2 9 )  , X  ( 3 )  , X O  ( 3 )  
T3=VIEU-X ( 3 )  
DO 1 4 5  I = I 1 , 1 2 , 1 3  
T l = D  11 .II + X f l l  

PROJ 3 0  
PROJ 40 
PROJ SO 
PRO3 60 
PROJ 7 0  
PROJ 80 
PROJ 9 0  
PROJ 1 0 0  
PROJ 1 1 0  
PROJ 1 2 0  
PROJ 1 3 0  
PROJ 1110 
PROJ 1 5 0  

PREL26UO 
P R E L 2 6 5 0  
PREL2660  
P R E L 2 6 7 0  
P R E L 2 6 8 0  
PREL 2 6 9 0  
PREL2700  

T Z = D ~ Z ; I ~ + X ~ Z ~  
I P ( V 1 E U )  1 3 5 , 1 3 5 , 1 2 0  

1 2 0  TU=VTEW/ (T3-D ( 3 , I ) )  
T 1  =T ( * T U  _ .  _ .  _ .  
T?=T2*TU 

1 3 5  DO ( 1  ,I) =Tl+XO ( 1 )  
(US D P ( Z , T ) = T 2 + X 0 ( 2 )  RETORN 

END 
PREL 2 7  1 0  
P R E L 2 7 2 0  
PREL2730  
PREL 2 7 4 0  
PREL2750  

2 UPREL2760  
P R E L 2 7 7 0  
PREL2780  
PR EL 2 7  9 0  
P R E L 2 8 0 0  
PREL2810  
P R E L 2 8 2 0  
PREL2830  
PREL28UO 
P R E L 2 8 5 0  
PREL2860  

SUBROWTINE RADIAL (ND) R A D I  
C ***** GENERATE E L L I P S E  PROM TWO CONJUGATE VECTORS *****  R A D I  
C ***** ORTHONORUAL VECTORS PRODUCE 8 - 1 2 8  SPOKED CIRCLE ***** R R D I  
C ***** ND DENOTES NWNBER OF SUBDIVISIONS ( 1  TO 5 )  ***** R A D I  

PEAL*8 CHEN R A D I  
DINENSION A(9)  , A l ( 3 , 3 )  ,&&REV ( 3 . 3 )  ,AA#RK(3 ,3 )  . R I D ( 3 , 3 )  .AIN( lUO)  R A D I  
DIUENSION LTONS(U,500)  , B B ( 3 , 3 )  , C O ( 8 , 1 0 )  ,CHEM(166) ,CONT(S) , D ( 3 , 1 3 0 ) R A D I  
DIMENSION D A f 3 . 3 1 . D P f 2 . 1 3 0 l . E Y  f 3 . 1 6 6 1  . P S f 3 . 3 . 4 8 1 . K D f 5 . 1 0 1  .ORGNf3I R a Q T  

1 0  
20 
30 
uo 
50 
6 0  
70  
80 
9 0  

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 4 0  

U 6 2  WRITE (NODT. 1 7 1 )  ( T I T L E ( J )  , J = l ,  18)  

U 6 3  POEUAT(1H 1 3 , 1 X , A 6 , 3 F 1 1 . 6 )  
4 6 5  W9ITE (NOUT.209)I .CHEN ( I ) ,  ( P ( J , I ) , J = 1 , 3 )  , ( E V ( J , I )  , J = l , 3  

WRITE (NOUT,U61) 

1) 
I F  ( N G 1 ) 9 9 9 , 9 9 9 , 4 7 0  

4 1 0  CALL EXIT  
9 9 9  RETURN 

END 

DIUTNSION ~ ( i , i 6 b i , ~ i ( j , 3 , i k 6 )  , ' P '~C(S ;$  , P ~ T ( i , 3 i  ; ~ ( i , ; ) , i i ~ v ( 3 ; 3 j  R i D I  
DIUENSION RES(U),RMS(S),SYUB(3,3),TITLE(l8),TITLE2(18) , T S ( 3 , 4 8 )  R A D I  
DIUENSION YT(3 ,U)  , V l  ( U ) , Y Z  ( 3 ) , Y 3 ( 3 )  , V U  ( 3 ) , V 5 ( 3 )  , V 6 ( 3 )  ,URKY(3 ,3 )  RADI 
DIMENSION XLNG (3) , X 0 ( 3 )  ,XT (3) R A D I  
COlUON N G , # . , A ~ , A # . R E V , A A U R K . # . I D , A I N , A T O M S , B B , B R D R , C D , C H ~ U , C O N T , D  R A D 1  
COMUON DA,  DP, DISP ,  EDGE. EV. EORE,PS.IN.ITILT.KD .LLTU.LTNC. NITOM. NCD R A D I  

C 
SUBROUTINE PRINE PRII I '  1 0  
****GENERAL INITIALIZATION OF PRIME PARAMETERS**** PAIN 20 
RERL*B CHEM P R m  30 
DIUENSION A(9)  , A A ( 3 , 3 )  . R A R E Y  ( 3 . 3 )  ,ARWRK(3,3) , A I D ( 3 , 3 )  , A I N  ( 1 4 0 )  PRIM 40 
DIUENSION ATOUS14.5001 . B B f 3 . 3  .CDlB. lOl  .CHEUI166% .CONTI51 - 0 1 3 .  1101  PRTM 50 

CONNON N J ; N J 2 , N O U T , N S R ; N S Y U , O R G N , P , P ~ , P A C , ~ A T ; Q , R E F V , R E S , R M S , ~ C A L l R A D I  
CONNON S C A L 2 , S C L , S Y ~ B , T A P E R , T H E T A , T I T L E , T I T L E 2 , T S , Y I E W , V T , V l , Y 2  RADI 
COUflON Y 3, VU,Y5,V6 ,WRKV,XLNG,XO, XT R A D I  

1 5 0  
1 6 0  
1 7 0  
1 8 0  
1 9 0  
2 0 0  
2 1 0  
7 7n 

DO 1 1 5  J = 1 , 3  RRDI 
Tl=DA (J, 1) R A D I  

R A D I  D ( J ,  l ) = T 1  
D ( J , 1 2 9 )  = T 1  R A D I  
D f J .  6 51  = -T 1 Rani 
T i = h ( i , 2 )  
D ( J , 3 3 ) = T 1  

DO 1 3 5  K=l,ND 
1 1 5  D ( J , 9 7 ) = - T l  

.. .. . - . - . 
R A D I  2 3 0  
RADI 2 4 0  
R A D I  2 5 0  

DINENSION XLNG(3) , X 0 ( 3 ) , X T ( 3 )  P R I n  l o o  
CONNON N G ,  A, 1111, AAREV.A A U R K ,  A I D  , A I N ,  #.TOMS , B B .  B R D R ,  CD, CHEU,CONT, D PRIU 1 1 0  
CONNON D A ,  DP, DISP, EDGE, EV,  FORE,PS.IN , I T I L T  ,KD. LATU. LTNC, NATON, NCD PRIM 1 2 0  
COUMON NJ,NJZ.NOUT,NSR,NSYN,ORGN,P,PA,PAC,PAT,Q,REPY ,RES,RUS,SCALlPRIU 1 3 0  
COUMON S C L L 2 , S C L , S Y N B , T R P E R . T A E T 1 . T T T L E , T I T L E 2 , T S , V I E U  ,VT.Vl.V2 PRIM 1 4 0  
connoN v 3 . v u . v  5 . ~ 6 ,  W R K V ,  IING,XO,XT PRIN 1 5 0  
aano=n E 

R A D I  2 6 0  
R A D I  2 7 0  
R A D I  280 
R R D I  2 9 0  
R A D I  3 0 0  
R A D I  3 1 0  
R A D I  3 2 0  
RADI 3 3 0  
R A D I  3110 
R R D I  3 5 0  
R L D I  3 6 0  

T1 =CONT (K) 
KDEL=2** (6-K) 
KDELl=KDEL+ 1 
KDEL 2=KD EL/2 
DO 1 3 5  L=KDELl,65,KDEL 
J=I -KDEL 
U=L-RDELZ 
DO 1 3 5  N = 1 , 3  
T 2 = ( D  (N.L) +D ( N , J ) )  *T1 
D (  N ,  M )  = T 2  

1 3  5 D (N ,  N + 6 4 )  =-TZ 
RETURN 
END 

PRIM 1 6 0  
PRIM 1 7 0  
PRIU 1 8 0  
PRIU 1 9 0  
PRIM 2 0 0  
PRIU 2 1 0  
PRIN 2 2 0  
PRIM 2 3 0  
PRIU 2 4 0  
PRIU 2 5 0  
PRIM 2 6 0  
PRIM 2 7 0  
PRIM 2 8 0  
PRIU 290 
PRIU 300 

". ". ~ 

C ** **C ALCUL AT E CONSTANTS*** * 
DO 2 9 9 9  I = l , 5  

2 9 9 9  CONT ( I )  =SQRT ( 1  ./ (2.: (1 .+COS ( 3 . 1 4  1 5 9 3  
D I  s p = .  00 5 
FORE=.866  
I N = 5  
I T I L T = O  
LATm=O 
NCD=O 
N G = O  
NOUT=6 
NSR=8 
R E S ( ( )  = 1 . 2 5  
R E S ( 2 ) = . 5  
R E S ( 3 )  =. 2 
S C R L l = l . O  
SCAL2=1. 54 
s c L = l . S u  
DO 3 0 0 0  1 - 1 . 3  
SY UB ( 1 . 1 )  =1 .  
s y n B  ( I + (  , i ) = o .  

/2 .  **I) ) ) )  

3 0 0 0  S Y U B ( 1 + 5 , 1 ) = 0 .  
TAPER=.375 
TAETA=O. 0 
YIEY=O.O 
XLNG f 11 = 1 7  .O 

R R D I  3 7 0  
R A D I  380 
R A D I  3 9 0  

SUBROUTINE SCRIBE (Y,NPEN,LTNO) 
DIMENSION Y ( 2 )  , Y O ( 2 )  

IF (NPEN-3) 2 1 0 , 2 0 5 , 2 0 5  
C ***** SOBROUTINE WHICA LINKS WITH THE PLOTTER-SPECIFIC SOBROOTINESSCRI 30 

SCRI  40 
C ***** KEEP TRACK OF COORDINATES F O R  LAST PEN-UP LOCATION ***** SCRI  5 0  

2 0 5  YO (1)  =Y ( 1 )  SCRI  60 
YO (2) = Y  ( 2 )  SCRI  7 0  
NPO=O 
RETURN 

2 1 0  I F ( L T N 0 )  2 3 0 , 2 1 5 , 2 1 5  
C ***** CALL MECHLNICAL ELOTTER PLOTTING SUBROUTINE ***** 

SCRI  1 0  
SCRI 2 0  

PRIM 3 1 0  
PRIU 3 2 0  
PRIU 3 3 0  
PRIM 3 4 0  
PRIN 350 
PRIM 3 6 0  

SCRI 80 
SCRI  9 0  
SCRI  1 0 0  PRIM 3 7 0  

PRIU 380 

PRIU 400 
PRIM 4 1 0  
PRIU 4 2 0  
PRIU 4 3 0  
PRIM 440  
PRIM US0 
PRIR 4 6 0  

P R I n  3 9 0  

P R I n  8 7 0  
PRIM 480 
P R I n  4 9 0  
PRIM 5 0 0  
PRIN 5 1 0  

SCRI  1 1 0  
SCRI  1 2 0  
SCRI  1 3 0  
SCRI  1 9 0  

2 1 5  I P ( N P 0 )  2 2 5 , 2 2 0 , 2 2 5  

2 2 5  CALL PLOT(Y(1)  , Y ( 2 )  , 2 )  
2 2 0  C A L L  P L O T ( Y ~ ( ~ ) . Y O ( ~ ) , ~ )  

GO TO 2 4 5  
C ***** CALL CRT PLOTTING SUBROUTINE ***** 

230 I P f N P O I  2 U 0 . 2 3 5 . 2 9 0  

SCRI 1 5 0  
SCRI 1 6 0  
SCRI  1 7 0  
SCRI  1 8 0  
SCRI  1 9 0  
SCRI  200 
SCRI  2 1 0  
SCRI  2 2 0  

XLNG(2 j=  11.0 

XO (2)  = 5 . S  
DO 3 0 0 1  J = l , 3  
ORGN(J)  = 0.0 ***** I N I T I L T E  OVERLLP ROUTINES ***** 
RETURN 
END 

XO (1)  =8.5 

CALL L # . P S O O ( O )  

300 1 
C 

C 

END 

SUBROUTINE SELRC SEAR 1 0  
DIMENSION N W ( 6 ) . D X ( 3 ) , S ( 2 , 2 0 0 )  , 0 ( 3 ) , V ( 3 ) , W ( 2 , U ) , W W ( 2 , 3 ) , X ( U ) , Y  ( 3 )  SE#.R 2 0  
DIMENSION Z ( 3 )  S E I R  3 0  
REAL.8 CHEU SEAR 40 

SOBROUTINE PROJ (D,DP,X,XO. VIEW.Il .12.13)  ***** 3 D  C lRTESIAN TO 2D PLOTTER COORDINLTES ***** PROJ 1 0  
PROJ 2 0  



DIMENSION A(9)  , A A  (3.31 ,AAREV (3.3) .AAYRK(3,3) , A I D ( 3 , 3 ) ,  A I N ( 1 4 0 )  SEAR 5 0  
DIMENSION ATOMS(4.500) ,BB(3 .3)  , C D ( 8 , 1 0 ) , C H E M ( 1 6 6 )  , C O N T ( 5 ) , D ( 3 , 1 3 0 )  SEAR 6 0  
DIMENSION D L ( 3 , 3 ) . D P ( 2 ~ 1 3 O ) . E V ( 3 , 1 6 6 ) . P S ( 3 , 3 , 4 8 ) . K D ( 5 ,  101,ORGN(3)  SELR 7 0  
DIMENSION P ( 3 . 1 6 6 )  , P A ( 3 , 3 ,  1 6 6 )  , P I C ( 3 , 5 1  , P A T ( 3 , 3 )  , Q ( 3 , 3 )  , R E P V ( 3 , 3 )  SEAR 80 
DIHENSION RES (4) , R M S  (51 , S Y M B ( 3 , 3 )  , T I T L E ( l f l ) , T I T L E 2 ( 1 8 )  , T S ( 3 , 4 8 )  SEAR 9 0  
DIUENSION VT(3.4) ,V1 ( 4 )  ,V2 ( 3 ) , V 3 ( 3 )  , V U  ( 3 )  , V 5  ( 3 )  , V 6 ( 3 )  ,YRKV(3,3)  SEAR 1 0 0  
DIMENSION XLNG(3) , X O ( 3 )  , X T ( 3 )  SEAR 1 1 0  
COUUON N G , A , A A , A A R E V , L ~ Y R K . A I D , ~ I N , A T O U S , B B , B R D R , C D , C H E M , C O N T , D  SEAR 1 2 0  
COMMON DA.DP,DISP,EDGE,EV. F0RE,PS.1N,1T1LT,XD.LATN,LTNO,N~T0M,NCD SEAR 1 3 0  
CO M MON N J , N J  2. NOUT, NSR , NSY 0 ,OR GN .P , PA, PAC, PAT * Q ,  R EF V ,RES ,RMS, S CAL 1 SEAR 1 4 0  
COUHON S C L L 2 . S C L , S Y U B , I L P E R , T H E T A , T I ~ L E , T I T L E 2 , T S , V I ~ U , V T , V l , V 2  SEAR 1 5 0  
COMWON V3,V4,V5,V6,WRKV,XLNG,XO,XT SEAR 1 6 0  

C ***** OBTAIN PROBLEM PARAMETERS ***** SEAR 1 7 0  
SEAR 1 8 0  WRIT? (NOUT, 2 0 )  

2 0  ?URnAT(lHO 9X.82H P R O H  ATOMS TO ATOHS WITH RADIUS O R S E A R  1 9 0  
1 ,  I F  A B O X ,  YITH S E M I D I I E N S I O N S  / l lX,U6HCODE (MIN M R X )  ( H I N  SEAR 2 0 0  
2 HRX) 7x. l H A 8 X .  1HB8X. 1HC) SEAR 2 1 0  

SEAR 2 2 0  
1 0 0  I T O H l = A I N ( l )  SEAR 2 3 0  

I" (ATN ( 1 ) - 1 0 0 0 0 . )  1 0 0 , l  00 ,  1 0 1 

S Y I T O n = 5 5 5 0 1 .  S F P R  >un 
GO TO 1 0 3  

10  1 I T O U l = R I N  ( 1) / 1 0 0 0 0 0 .  
SY ITOH=AMOD ( A I N  ( 1 )  , 1 0 0 0 0 0 . )  

1 0 2  I P ( R R S ( L I N ( 2 ) ) - 1 0 0 0 0 . )  1 0 3 ,  1 0 3 ,  
1 0 3  ITON2 = L B S ( A I N ( 2 ) \  

SY I T 0 2 = S  YITOM 
GO TO 1 0 5  

10  4 ITOR2=LB S (AIN ( 2 )  ) / 1 0 0 0 0 0 .  
SY ITO2=A nOD (ABS (AIN ( 2 )  ) , l o  OOOC 

105 I T A R l = R I N ( 3 )  
I F  ( I T A P l )  1 0 8 , 1 0 8 , 1 1 0  

1 0 8  T T A R l = l  
1 1 0  TTAR2=AIN(4)  

DilAX=AIII (5) 
IF (DNAX) 1 1 5 , 1 1 5 ,  1 2 0  

&IN(%) =D3AX 

TEM=.Ol 
K V U N = N J *  100+MOD(NJ2,  1 0 )  
K=NJ*lOO+NJ2 
I O Z S Y I T O  H 
1 0 2 = S Y I T O 2  
LATOil=LATn 

1 2  1 FOQMAT ( 1 H O  ( O X ,  2 1  3 , 1 5 ,  I U, 1 5 , 2 1 4 ,  18X,3P9.3 /1H ) 

1 1 5  D!AX=U. 

1 2 0  DMX=DMAX*DPAX 

WR IT? ( N O U T ,  1 2  1)  K,ITOM 1.1o.1~0n2.102, 
1 I T A R l  , I T  RR2, (AIN (J) , J = 5 , 7 )  

1 2 4  FORflAT(1H 1 5 X , 2 1 5 , T 8 , 1 5 , 2 P 9 . 3 )  

1 2 5  WRITE (NOUT.124)  ( ( K D ( J , I )  , J = l , U ) , ( C D ( J , I )  , J = 1 , 2 )  . I = l ,  

1 3 0  DO 1 3 5  J = l , U  

1 3 5  W ( Z , J ) = - 9 9 .  

IF (NCD) 1 3 0 , 1 3 0 , 1 2 5  

1 NC D) 

W( 1.J) = 9 9 .  

DO 1 5 5  I = I T R R l , I T A R 2  
Tl=FLOAT f I l * l 0 0 0 0 0 .  
C A L L  I T O ~ ( T ~ , X )  
I F ( N G )  l U O , l U 5 , 1 4 0  

1 4 0  CALL ERPNT(T1,KPUN) 
GO TO 5 0 0  

lU5 X ( U ) = X ( l ) - X ( 2 )  
DO 1 5 %  J = l . U  
TEM=X f J 1  

1 0 4  

I - )  

- - .. . - - 
SEAR 2 5 0  
SEAR 2 6 0  
SEAR 2 7 0  
SEAR 2 8 0  
SEkR 2 9 0  
SEAR 300 
SEAR 3 1 0  
SEAR 3 2 0  
SEAR 330 
SEAR 3 4 0  
SEAR 3 5 0  
SEAR 360 
SEAR 370 
S E A R  380 
SEAR 390 
SEAR U O O  
SEAR 4 1 0  
SEAR 4 2 0  
SEAR 4 3 0  
SEAR 11110 
SEAR 4 5 0  
SPAR ufin 

I F  ( Y ( 2 , i ) - T J n )  1 4 8 ,  1 5 0 ,  1 5 0  
1 4 8  W ( Z , J ) = T E I  
1 5 0  I F  (TSH-W ( 1 , J ) )  1 5 2 ,  1 5 5 ,  1 5 5  
1 5 2  W ( l , J ) = T E M  
1 5 5  CONTIVUF 

K'+UN2=nOD (KT'UN, 10) 
GO TO ( 1 6 5 , 1 6 5 . 1 6 0 , 1 5 6 , 1 6 5 . 1 6 5 ) , K P U N 2  

C ***** P I N D  PARAILTLEPIPED WHICH ENCLOSES 
1 5 6  D9 1 5 8  J = 1 , 3  
15R DX ( J ) = A I N ( J + U )  

GO TO 1 7 0  

1 6 0  DO 1 6 2  J = 1 , 3  
DX (J) = O .  

C ***** FTND PARALLELEPIPED YHICH ENCLOSES 

no 1 5 2  1 = 1 . 3  
1 6 2  O X ( J ) = D X ( J ) + A B S ( R E F V ( J , I I  * A I N ( I + U ) )  

GO TO 1 7 0  
Z ***** F I N D  PARALLTLEPIPED WHICH ENCLOSES D H A X  SPHERE * * * * *  

1 6 5  T l = l . - A  ( 4 )  * A  ( U ) - A  ( 5 )  * A  ( 5 ) - A ( 6 )  *A(6)  +2.*A (4) * A  ( 5 )  * A  ( 6 )  
DO 1 6 8  J = 1 , 3  

1 6  8 D Y  (J) =SQRT ( ( 1 .  - A  ( J +  3 )  * '2) / T 1 )  * D M A X / A  (J) 
r ***** START SEARCH LROUND BEPERENCE ATORS ***** 

. - .. . . . 
SEAR 470 
SEAR 4 8 0  
SEAR 4 9 0  
SEAR 5 0 0  
SEAR 5 1 0  
SEAR 5 2 0  
S E A R  530 
SEAR 540 
SEAR 5 5 0  
SEAR 5 6 0  
SEAR 5 7 0  
SEAR 580 
SEAR 5 9 0  
SEAR 4 0 0  
SEAR 6 1 0  
SEAR 6 2 0  
SEAR 6 3 0  
SEAR 6 U O  
SEAR 6 5 0  
SEAR 6 6 0  
S E l R  670 
SEAR 680 
SEAR 6 9 0  
SEAR 700 
SEAR 7 1 0  
SEAR 7 2 0  
SEAR 7 3 0  
SEAR 7 4 0  

TRICLINIC B o x  ***** SEAR 750 
S E L R  7 6 0  
SEAR 7 7 0  
SEAR 7 8 0  

RECTANGULAP BOX ***** SEAR 7 9 0  
SEAR R O O  
SELR 8 1 0  
SEAR 8 2 0  
SEAR 830 
SEAR 8 4 0  
S E A R  850 
SEAR 8 4 0  
SEAR 870 
SEAR 880 
SEAR 8 9 0  

1 1 0  

C 

C 
1 1 2  

1 7 4  

C 
1 7 6  
1 7 7  

1 7 8  

1 8 0  

1 8 2  
1 8 4  

C 
1 8 6  

C 

C 

1 8 8  

C 
1 9 0  

C 

19 2 
C 
C 

1 9 u  

1 9 6  
1 9 8  
2 0  0 

C 

20  1 
20 3 

207 

LISTZO 
LA ST=O 
Ml=ITOHl  
N1 =ITOU2 
IF(KVUN2-5)  1 8 6 , 1 7 2 , 1 7 2  

I F  (LATW) 1 7 4 , 1 7 4 , 1 7 6  

NG=12 
CALL EQPNT(O.,KFUN) 
G O  TO 6 0 0  
***t* CHECK FOR SEFERBNCE ATOMS I N  ATOMS L I S T  ***** 
I F  (LhTI-LAST)  6 0 0 , 6 0 0 , 1 7 7  
L I  STFL AS T 
LASTsLATU 
L I S T E L I S T + ~  
I F ( L L S T - L I S T )  5 0 ~ . 1 8 0 , 1 8 0  
Tl=LTOMS ( 1 , L I S T )  

I F ( I T O U - I T O U ~ )  1 7 8 , 1 8 4 ,  1 8 2  
IF( I 'POM2-ITOU) 1 7 8 ,  18U. 1 8 4  
SY ITOU=AMOD(T1,1 0 0 0 0 0 .  ) 
SY IT02=SYITOH 
Ml=ITOH 
N 1 =TQOn 

****a CONVOLUTE A N D  REITERATIVE C O N V O L U T E  INSTRUCTIONS ***** 
***** ? a m ? ,  NO E N T R I E S  I N  ATOUS LIST ***** 

ITOHST 1 / 1 0 0 0 0 0 .  

_ _  
*ttt* SET I N I T I A L  RUN PARLUETERS ***** 
n2=a#OD (SY ITOl l ,  100 . )  
n5=aRoD (SY I T O H / 1 0 0 . ,  10 00.1 

SEAR 9 0 0  
SEAR 9 1 0  
SEAR 9 2 0  
SEAR 9 3 0  
SEAR 9 4 0  
SEAR 950 
SEAR 9 6 0  
SEAR 9 7 0  
SEAR 9 8 0  
SEAR 9 9 0  
S E A R 1 0 0 0  
S E A R  1 0 1 0  
SEAR 1 0 2 0  ~. - 
S E A R 1 0 4 0  S E A R 1 0 3 0  

S E A R 1 0 5 0  
S E A R 1 0 6 0  
S E A R 1 0 7 0  
S E A R 1 0 8 0  
SEAR 1 0 9 0  

~ 3 = n 5 / 1 0 0  
l u = n O D  ( M 5 / 1 0 , 1 0 )  
U%=UOD(MS, 1 0 )  
***+* SET TEQHIKAL R U N  PARAHETERS ***** 
N2=AflOD(SYITO2,100. )  
N5=AflOD(SYIT02/100. ,  1 0 0 0 . )  
V 3 = N 5 / 1 0 0  
NU=HOD ( N  5 /  1 0 .  1 0 )  
N5=nOD ( N 5 . 1 0 )  
***** START SEARCH AROUND REFERENCE ATOMS ***** 
DO DO 500 5 0 0  L5=M5.N5 LU=MU,N4 

DO 5 0 0  L3=M3,N3 
DO 500 L2=M2,N2 
DO 500 I T o n = n l , ~ l  
Tl=FI.OAT ( ITOR) * 1 0 0 0 0 0 . + P L O A T  (L3*1OOOO+LU*lOOO+LS* 1OO+Li)  
CALL ATOU(T1.Y) 
I F  (N6) 1 8 8 , 1 9 0 ,  1 8 8  
C A L L  PRPNT ( T l  ,KFUN) 
GO TO 5 0 0  

N U  n=a 
DO 400 K = I . N S Y M  
t**** SUBTRACT SYMMETRY TRANSLATION FROH REFZRENCE ATOU ***** 
no 1 9 2  J = 1 , 3  
U (J) SY (J)  - I S  ( J  ,K) ***** DETERYINE L I M I T I N G  CELLS TO B E  SEARCHED **f*f  
f***l P I R S T , n O V E  THE BOX THROUGH THE SYMMETRY OPERATION ***** SEARlU5O 
no ? o o  J = I . ~  S E A R 1 4 6 0  

SEAR 1 4 7 0  
SEARlUflO 
SEAR 1 4 9 0  
SEAR 1 5 0 0  

S E A R 1 5 2 0  N=HOo(L,2)  * I  
GO TO 1 9 8  SEAR 1 5 3 0  
N= L SEAR 1 5 8 0  
YW (L,J)=WW ( L . J ) + Y ( N , I )  *TEM SEAR1550 
CONTINUP S E A R 1 5 6 0  
***** CHECK FOR I I X E C  I'UDEX TRANSFORHATION ***** SEAR 1 5 7 0  
DO 2 1 5  J = 1 , 2  SEAR 1 5 8 0  
T E I I = P S ( l  , J , K )  SEAR 1 5 9 0  
IF (TSM+FS ( 2 ,  J ,  K) ) 2 1 5 , 2 O  1 , 2  1 5  S E A R 1 6 0 0  
I F f T F K )  2 0 3 , 2 1 5 , 2 0 7  SEAR 1 6 1  0 
W U  ( 1 . J )  = W ( 2 , 4 )  *T9H S E A R 1 6 2 0  
U Y  ( 2 ,  J)  = Y  (1.U) *TEH SEAR 1630 
GO TO 2 l C  SEAR 1 6 4 0  
W W  ( 1 ,  J)  = H  ( 1 , U )  *TEN S E R R  1 6 5 0  
UW ( 2 . J )  = Y  ( 2 . 0 )  *TEN S E A R 1 6 6 0  

S E A R 1 6 7 0  CO NTI NUF 
* * * * a  lOVE 4 CELLS R U R P  THEN MOVE BACK UNTIL PARALL?LEFIPED AROUNDSEAR1680 

REP RTOH A N D  POX A R O U N C  TRRNSFORHED L S Y R  UNIT INTERS'CT ***** S E A R 1 6 9 0  S E A R 1 7 0 0  
N= 0 
DO 2 3 5  J = 1 , 3  SEAR 17 10  
DO 2 2 5  1 1 1 . 2  SEAR 1 1 2 0  
N=N+l SEAR 1 7 3 0  
TT= (IJ (J) -UW(I ,J) )  *FLOAT(I*2-3)  -DX(J)  SEAR17U0 

I**** K=SYRHPTRY FQUIVALENT POSITION ***** 

S E A R  15 i n  

~~ 

SEAR 1 1 0 0  
SEAR 11 1 0  
SEAR 1 1  2 0  
S E A R 1 1 3 0  
S E A R l l U O  
SEAR 1 1 5 0  
SEAR 1 1  6 0  
SELR 1 1 7 0  
SEAR 1 1  80 
SEAR 1 1 9 0  
S E A R 1 2 0 0  
SEAR 1 2 1 0  
SEAR 1 2 2 0  
SEAR 1 2 3 0  
SEAR 1 2 4 0  
SEAR 1 2 5 0  
SEAR1260 
SEAR 1 2 7 0  
SEAR 1 2 8 0  
SEAR 1 2 9 0  
S E A R 1 3 0 0  
S E A R 1 3 1 0  
S E A R 1 3 2 0  
SEAR S E A R 1 3 4 0  1 3 3 0  

SEAR 1 3 5 0  
SEAR 1 3 6 0  
S E A R 1 3 7 0  
SEAR SEAR 1 3 8 0  1 3 9 0  

S E A R 1 4 0 0  
SEAR 14 1 0  
SEAR 14 2 0  
SEAR lU30 
SEAR 1 4 4 0  

N N 



T E n = 5 . 0  
2 2 1  TEn=TEV-l .O 

I F  (TEHiTT)  2 2 5 , 2 2 5 , 2 2 1  
2 2 5  NW(N)=TEH*FLOAT(I*2-3) + 5 .  

C ***** I F  NO P O S S I B I L I T Y  OF A H I T .  GO 
IF(NW(W)-NW(N-l))400,235,235 

2 3 5  CONTINUE 

LU=NU ( 2 )  
NL=NW (3) 
H U = N U  (U)  
NL = N U  ( 5 )  
N I I = N U  lfil 

LL=Nu ( 1 )  

c ***** ' L '  C E L L  T R A N S L A T I O N S  IN x I**** 
DO 3 9 5  L=LL,LU 
V ( l ) = U  ( 1 )  +?LOAT ( 1 - 5 )  

C ***** N CELL TRANSLATIONS I N  Y ***** 
DO 395 r = H L , n U  
V ( Z ) = U ( 2 ) + F L O A T ( H - 5 )  

DO 3 9 5  NN=NL,NU 
V ( 3 ) = U ( 3 )  +FLOAT(NN-5) 

C ***** I = TARGET ATOH ***** 
DO 3 9 5  I = I I A R l  , I T A R 2  
DO 2 5 0  J = 1 , 3  
TFn=O.O 

C ***** N CELL TRANSLATIONS I N  Z ***** 

DO 2 4 5  I I = 1 , 3  
2 4 5  T E N = T E I + F S  ( I I , J , K )  *P (11.1) 

C ***** SEE IF WITHIN PARALLELEPIPED***** 
TEH=TElr-V (J)  
I F  (DX ( J )  -ABS (TEN) 1 3 9 5 . 2 5 0 .  2 5 0  

S E A R 1 7 5 0  
SEAR 1 7 6 0  
S E A R 1 7 7 0  
S E A R 1 7 8 0  

TO NEXT SYVHETRY CPER ***** S E A R 1 7 9 0  

. .  . . 
2 5 0  X ( J ) = T F n  

GO TO (255,255,252,277,255,255),KFUN2 
c ***** S E E  I? WITHIN V O C E L  p o x  ****+ 

2 5 2  CALL V U  (X,AAREV,Vl ( 2 ) )  
DO 2 5 3  J = 2 , 4  
I F  ( R I A  ( 5 1 3 )  -ABS ( V l  ( J ) )  ) 3 9 5 , 2 5 3 , 2 5 3  

2 5 3  CONTINUF 
Go TO 2 7 7  

C ***** S E E  I F  WITHIN SPHERE ***** 

2 6 0  TEH=SQRT (DSQ) 
I F  ( A I W  ( R )  ) 2 6 5 , 2 6 5 , 2 6 1  

C *****SELECT ONLY F I R 5 T  ASYNnFTRIC UNIT ENCOUNTERED ***** 
26 1 I F  (LATN) 2 6 5 , 2 6 5 , 2 5 2  
2 6 2  7 1 T N = F L O A T ( I )  * 1 0 0 0 0 0 .  

ZMAX=ZHIN+ 1 0 0 0 0 0 .  
DO 2 6 4  J = l , L A T H  
ZSTO=ATOHS ( 1 . J )  
I? (ZSTO-ZHIN) 2 6 4 , 2 6 3 , 2 6 3  

2 6 3  I F  (ZHAX-ZSTO) 2 6 4 , 2 6 4 , 3 9 5  
2 6 4  CONTINUE 

SEAR 1840 
S E A R 1 8 5 0  
S E A R 1 8 6 0  
SEAR 1 8 7 0  
S E A R 1 6 8 0  
SEAR 1 8 9 0  
S E A R 1 9 0 0  
SEAR 1 9 1 0  
S E A R 1 9 2 0  
SEAR 1 9 3 0  
SEIR 1 9 4 0  
S E A R 1 9 5 0  
SEAR 1 9 6 0  
S E A R 1 9 1 0  
SEAR 1 9 8 0  
SEAR 1 9 9 0  
S E A R 2 0 0 0  
SEAR 20 1 0  
S E A R 2 0 2 0  
S E A R 2 0 3 0  
S E A R 2 0 4 0  
S E A R 2 0 5 0  
S E A R 2 0 6 0  
S E A R 2 0 7 0  
S E A R 2 0 8 0  
S E A R 2 0 9 0  
SEAR 2 1  0 0  
SEAR21 10 
SEAR21 2 0  
S E A R 2 1 3 0  
S E A R 2 1 4 0  
SEAR 2 1 5 0  
S E A R 2 1 6 0  
S E A R 2 1 7 0  
S E A R 2 1 8 0  
S E A R 2 1 9 0  
S E A R 2 2 0 0  
S E A R 2 2 1 0  
S E A R 2 2 2 0  
S E A R 2 2 3 0  
S E A R 2 2 4 0  
SEAR 2 2 5 0  
S E A R 2 2 6 0  
S E A R 2 2 7 0  
S E A R 2 2 8 0  
S E A R 2 2 9 0  
S E A R 2 3 0 0  
S E A R 2 3 1 0  
S E A R 2 3 2 0  
S E A Q 2 3 3 0  
S E 4 R 2 3 4 0  
S E A R 2 3 5 0  
S E A R 2 3 6 0  
S E A R 2 3 7 0  
S E A R 2 3 8 0  
S E A R 2 3 9 0  

GO TO 3 O 7  S E A R 2 4 0 0  
2 7 7  VI (1)  = 1 0 0 0 0 0 . * ~ L O A T ( I )  +FLO~T((1110-L*100-~*10-NN)+100+K) SEAR 24 10  

IVIKQUN-4021 2 7 8 . 3 2 5 . 3 2 7  S F L R 2 4 7 0  

2 7 2  1 F I K ~ l U . J i - T I  775:271:273 
2 7  3 I F  iTF<-CD'( lii) ) 2 7 5 ;  ? 7 4 ; 2 7 4  
2 7 4  I P ( C D ( 2 , J )  - T t N )  2 ' 5 , 2 7 7 , 2 7 7  
2 7 5  CONTINUE 

~- .. 
C ***** DETERiINE.CORRECT POSITION I N  SORTED VECTOR TAELE ***** SEAR21130 

2 7 8  I P ( N U 1 )  3 1 7 , 3 1 7 , 2 7 9  S E A R 2 4 4 0  
2 7 9  DO 3 1 5  I I = l , N I ? M  SEAR 2 4 5 0  

T T = S ( 2 , I T )  -TEH S E A R 2 4 6 0  
IF ( A R S  (TT) -0 .0001)  2 9 7 ,  297 .  2 8 1  S E A R 2 4 7 0  

2 8 1  I ' (TT)  3 1 5 , 2 4 7 , 2 8 3  SEAR 2 4 6 0  
t ***** MOVE LONGER VECTORS TOURRD END OF TABLE ***** S E A R 2 4 9 0  

2 8 3  1 ' ( 2 0 O - N U R ) 2 8 7 , 2 8 7 . 2 8 9  S E A R 2 5 0 0  
2 R 7  NU1=199 SEAR 2 5  10 
2 R 4  I J = N U P  S E A R 2 5 2 0  

DO 2 4 5  J = I I , N U H  S E A R 2 5 3 0  
S ( l , I J + l )  =S ( 1 ,  IJ) S E A R 2 5 4 0  
S ( 2 , l J + l ) = S ( 2 , T J )  S E A R 2 5 5 0  

2 4 5  I J = I J - 1  S E A R 2 5 6 0  
GO TO 3 1 9  S E A R 2 5 7 0  

C ***** CHPCK FOR DUPLICATE VECTORS I F  DISTANCES A R E  EQUAL ***** S E A R 2 5 8 0  

2 9 7  CALL ATOn (S ( 1  ,II) , Z )  
DO 305 J = 1 , 3  
I F ( A B S ( X ( J ) + Y  (J)-Z(J))-0.0001) 3 0 5 , 3 0 5 , 3 1 5  

GO TO 3 9 5  
3 0 5  CONTINUE 

3 1 5  CONTINUE 
TF (200-NOM) 3 2 0 , 3 2 0 , 3 1 7  

C ****e STORT THE RESULT I N  VECTOR TABLE ***** 
3 1 7  I I = N U H + l  
3 1 9  NUH=NU1+1 

s ( l , I I ) = v l ( l )  
S ( 2 . 1 1 1  =TEH 

320 I F  ( b U N -  1 0 6 )  3 9 5 , 3 2 5 , 3 2 5  

3 2 5  DO 3 3 0  J = 1 , 3  
3 3 0  V1 ( J + l ) = X ( J ) + Y ( J )  

C ***** STORE RESULT I N  ATOMS TABLE I**** 

CALL STOR 
395 CONTINUE 
400 CONTINIJE 

4 2 1  FORNAT(lHOlOX,20HVECTORS PROH ATON ( 1 3 ,  l H , I 5 , 1 H )  6X.8HIO 
C ***** P R I N T  OUT DISTANCES ***** 

18H THROUGHIU) 
I O  = AMOD(T1, 100000. )  
WRITE (NOUT.421) I T O H , I O , I T A R l , I T R R 2  
IF(NUN) 5 0 0 , 5 0 0 , 4 2 3  

* ) = S I 1  . T I  
4 2 3  DO 435 I = l , N U n  

- ,  .-, .. 
I l = T 2 / 1 0 0 0 0 0 .  
1 2 = T 2 - F L O A T ( 1 1 ) * 1 0 0 0 0 0  
CALL ATOH(T2.Z) 
I? (1-1)  4 3 2 , 4 3 2 , 4 3 4  

4 2 7  FORRAT ( l q  13X,  2(A6,1X)  .39X,  1H (13. l H ,  
4 2 9  P O R N A T ( I H  1 3 X , 2 ( 9 6 , 1 X )  , 2 ( 3 A  ( 1 3 , 1 H ,  
4 3 2  URITE (NOUT,429)CHEH(ITOU) , C H E I ( I l )  , 

l ) , T l , I 2 ,  ( Z ( J )  , J = 1 , 3 )  , S  ( 2 . 1 )  
GO TO 4 3 5  

4 3 4  W I T S  f N O U P , 4 2 7 l C H E H ( I T O H )  , C H E H ( I l )  , 1 1 , 1 2 ,  ( Z ( J ) , J = l , 3 ) ,  

U 3 5  CONTINU? 
1 s ( 2 , I )  

C ****+ CALCULATE ANGLES ABOUT REP ATON I F  CODE IS  1 0 2  ***** 
4 3 7  I F ( K F U Y - l O 2 ) 5 0 0 , 4 5 1 . 5 0 0  
4 4 1  FORNRT(lHOlOX,18HANGLES ARCUND ATOHIS) 
U51 URITE (NOUT.441)ITOU 

L=NUH-l 
I F  111 5 0 0 . 5 0 0 . 4 5 7  

SEAR2590 
S E A R 2 6 0 0  
SEAR2610 
SEAR2620 
SEAR2630 
S E A R 2 6 4 0  
SEAR2650 
S E A R 2 6 6 0  
S E A R 2 6 7 0  
S EAR 26 80  
SEAR2690 
S E A R 2 7 0 0  
SEAR27 10 
S E A R 2 7 2 0  
SEAR 2 7 3 0  
SEAR2740 
SEAR2750 
S E A R 2 7 6 0  
SEAR2770 
S E A R 2 7 8 0  

ATOHSIU, SEAR2790 
S E A R 2 8 0 0  
SEAR2810 
SEAR2820 
S E A R 2 8 3 0  
SEAR2840 
SEAR2850 SEAR2860 

SEAR2870 
SEAR2880 
SEAR2890 

H) 3F7.4 .7X,3HD = P 6 . 3 )  SEAR2900 
H ) 3 F 7 . 4 , 3 X )  ,4X,3HD = F 6 . 3 )  SEAR2910 

SEAR2920 . I O ,  ( Y ( J )  , J = 1 , 3  
S E A R 2 9 3 0  
SEAR2940 
SEAR 2 9  5 0  
S E A R 2 9 6 0  
SEAR2970 
SEAR2980 
SEAR2990 
SEAR3000 
SEAR3010 
SEAR3020 
S E A R 3 0 3 0  
SEAR3040 
SEAR3050 
S E A R 3 0 6 0  
SEAR3070 
SEAR3080 

CALL RTOH(T2,X) S E A R 3 0 9 0  
CALL DIPV(X,Y,U)  SEAR3100 
CALL HV(AA,U,V2) S E R F 3 1 1 0  
M=T+l SEAR3120 

SEAP3 1 3 0  
SEAR3140 
SEAR3150 

J ? = T U - F L f l A T ( J l )  *lOOOOO. SEAR3160 
CALL A T O I ( T 4 . Z )  SEAR3170 
CALL DIFV(Z,Y,V)  SEAR3160 
F=ARCCOS(VV(V,V2)/(T3*S(2, J ) ) )  SEAR3190 
CALL D I P V ( X , Z , V 3 )  SEAR3200 
F l = S Q P T  ( V f l V  ( V 3  .AA,V3) ) SEAR 3 2 1 0  

4 6 0  FORNAT ( 1 H  1 3 X , 3 ( 9 6 , 1 X )  , 7 X ,  3 ( 2 H  ( 1 3 , 1 H , 1 5 ,  l H ) ) ,  12X,3HD = F 6 . 3 , 7 X , 3 H A S E A R 3 2 2 0  

4 6 5  WQIT'J (NOUT,U60) CAEM (I  1) ,CHEM(ITOH) ,CHEH (J  1) , I l , I 2 , I T O N  S E A R 3 2 4 0  
l , I O , J l , J 2 , F 1 , F  SEAR3250 

4 0 5  CONTINUE SEAR3260 
5 0 0  CONTTNUF SEAR3270 

S E A R 3 2 8 0  
SEAR3290 
SEAR3300 
S E A R 3 3 1 0  
SEAR3320 

1 = P 6 . 2 )  S E I R 3 2 3 0  

DO 465 J = H , N U H  
T 4 = S  ( 1 ,  J) 
J 1  = T h / 1 0 0 0 0 0 .  

I F ( L A S T - L I S T )  5 0 5 . 5 0 5 . 1 7 8  
5 0 5  I F ( K P U N 2 - 6 ) 5 0 0 ,  l 7 6 , 6 0 O  
601) I F  (KPUN-106) 6 1 O , 6 0 5 , 6 1 C  
6 0 5  LAT1=LATOn 
6 1 0  QYTUSN 

EN D SEAR3330 

SUAROTJTINE S P A Q E ( 1 N S T )  SPAS 1 0  
C ***** INSTRUCTION 1 2 0 1  PROCUCES PUNCHED CARDS UITH POSIT.+THERHAL SPAR 2 0  

C ***** S F R I E S  INSTRUCTIONS SPAP 4 0  
REAL** CHEN SPAR 5 0  
DINEYSIOY A ( 9 ) ,  A A  (3 ,3)  , A A Q E V  (3 ,3)  , A A W R K  ( 3 ,  3) , A I D  ( 3 , 3 ) ,  A I N  (140) SPAR 6 0  
n T I P N S I O N  ATOHS(U.500) , 86 (3 ,3 )  , C D ( 8 , l O ) , C H E V ( 1 6 6 )  , C O N ' ( 5 ) , D ( 3 , 1 3 0 ) S P A R  70 

c ***** P A a a n w E w s  FOR Ainus P L A C E D  I N  T H E  ?.Tons LIST B Y  T H E  uon SPAR 30 



DIUE4SION DA(3.3) ,DP ( 2 , 1 3 0 )  ,EV ( 3 , 1 6 6 )  ,FS  ( 3 , 3 , U 8 )  , K D  ( 5 ,  10)  ,ORGN (3)  
DIUIYSION P ( 3 . 1 6 6 )  , P A (  3,3. 1 6 6 )  , P A C ( 3 , 5 )  , P R T ( 3 , 3 )  , Q ( 3 , 3 )  .REFV(3,3)  
DIMFVSION RES (U) ,RNS (5) , S Y n B  (3.3) , T I T L E (  1 8 )  , T I T L E 2  ( 1 8 )  , T S  (3.48) 
DIUEUSION VT ( 3 , U l  ,V1 ( 4 ) , V 2  ( 3 ) , V 3  (3) , V 4 ( 3 )  , V 5  ( 3 )  , V 6 ( 3 )  ,WRKV(3,3) 
DIMENSION XLNG(3) , X O ( 3 )  , X T ( 3 )  

SPRR 80 
SPRR 9 0  
SPAR 1 0 0  
SPAR 1 1 0  
SPAP 1 2 0  
SPAR 1 3 0  
SPAR 1 4 0  

1SPRR 1 5 0  
SPAR 1 6 0  
SPRR 1 1 0  
SPAR 1 8 0  
SPRR 1 9 0  
SPAR 2 0 0  
SPAR 2 1 0  
SPRR 2 2 0  

C e*** *  RTOU QYMOVAL BY TRBLE PUSHDOWN 
4 7 0  LAIM=LATI- l  

DO 4 7 5  I=K.LRTU 
DO 4 7 5  J = 1 , 4  

GO TO 4 9 0  
4 7 5  D.TOMS(J.1) = R T o M S ( J , I + l )  

480  CONTINUE 
US1 I F  ( N J 2 - 1 0 )  U 8 2 . U 9 0 , 4 9 0  

U 8 2  IF(Uq9-LRTU) 49O,U83,U85 
4 8 3  NG=16 

4 8 5  LATM=LRTM+l 

4 8 6  A T O n S ( J , L A T n ) = V l  (J) 
4 9 0  RSTURN 

C *+*** STORE RTOn ***** 

CALL I R P N T  ( V l ( 1 )  , 4 0 0 )  

DO 486 J = l , U  

END 

***** STOR 2 6 0  
STOR 2 7 0  
STOR 2 8 0  
STOR 2 9 0  
STOR 300 
STOR 3 1 0  
STOR 3 2 0  

COURON NG,R,AA,AAQEV,AAYRK,AID,AIN,ATOMS,BB,BRCR,CD,CHEN,CONT,D 
COPnON D R , D P , D I S P , F D G E , E V , F O R E , P S , I N , I T I L T , K D , L R T ~ , L ~ N C , N R T O M , N C D  
COUMON NJ.NJ2,NOUT.NSR .NSYU,ORGN.P, PL,PRC, EAT,Q,REPV,RES,RUS,SCRL 
COlUON S CAL2, SCL, SYnB, TAPER.THETA.TITLE.TITLE2,TS ,VIEU ,VT, V1 , V 2  
COUllnN V 3,  V U , V 5 ,  V 6 ,  Y R K  V ,  XL NG ,TO. XT 
RFRL*8 CHM 
***** F I R S T  F I E L D  ON INSTRUCTION CARD = NO. OF POSITION PRRRnETER 
***** CILRDS TO @E RERD B Y  ' IRIS  SUBROUTINE (STANDARD CRFLS FORUAT) 
***** THE SEQUENCE OF THESP CARDS NEED NOT BE IDENTICAI YITH 
***** THE OQIGINAL INPUT RTOR DECK SEQUENCE 
I F ( 1 U S T - 1 2 0 1 )  1 0 0 , 1 0 5 , 1 0 0  SPAR 2 3 0  
NG = 9 SPAR 2 4 0  
RETUQN SPAR 2 5 0  
I P ( A I N ( 1 ) )  1 0 0 . 1 0 0 , 1 1 5  SPAR 2 6 0  
LRST = R I N ( 1 )  
DO 1 5 0  L = l , L A S T  
PERD (IN, 1 1 6 )  
FORUAT(A 6 .3X.6F9.6)  

CHM, V2 ( I ) ,  V2 ( 2 ) ,  (V1 ( J )  , J= l ,  4 )  

STOR 330 
STOR 3 4 0  
STOR 350 
STOR 360 
STOR 3 1 0  

STOR STOR 3 9 0  380 
STOR 400 
STOR 4 1 0  
STOR 4 2 0  

C 

1 0 0  

10  5 
1 1 5  S U B R O U T I N E  T n n ( x , Y , z )  

C ***** T F R N S P O s E ( T R a N S P O s E ( X )  *Y) =Z ***** 
C ***** X.Y.2 A R E  3x3 UATRICES ***** 

1 0  
2 0  
30 
4 0  
50 
60  
7 0  
8 0  
90 

1 0  
2 0  
30 
4 0  
50 
60  
7 0  
8 0  
qn 

SPRR 2 7 0  
SPAR 2 8 0  
SPAR 2 9 0  
SPRR 300 

SPRR 3 2 0  
SPAP 3 3 0  
SPAR 3 4 0  
SPAR 3 5 0  
SPAR 360 

S P A R  3 1 0  
1 1 6  

1 1 1  

DIUENSI6N.X (3.3) ,Y (3.3) , Z (  3.3) 
DO 1 1 5  I = 1 , 3  
no 1 1 5  ~ = 1 , 3  

1 1 5  z ( K . 1 )  = X  (1 .1)  *Y (1 ,K)  + X  ( 2 , 1 ) * Y ( Z , K ) + X  (3.1) * Y ( 3 r K )  
RITURU 

WRIT? ( N O t T , i l 7 )  C b n , V 2 ( 1 )  , V 2 ( 2 )  , ( V l ( J ) , J = l , 4 )  
FOQURT(lHO.2UX.25ROLD POSITION PARAnETERS , 1 6 , 4 X , 6 P 1 0 . 6 )  ***** FIND ATOR NUUBER ***** 
DO 1 2 5  I A = l , N A T O n  
DO 1 2 0  J = 1 , 3  
I F  (ABS (V1 (J) - P ( J , I A )  ) - 0 . 0 0 1 )  1 2 0 , 1 2 0 ,  1 2 5  
CONTINUE 
I X  = I R  
GO TO 1 3 0  
CONTINUE 
GO TO 1 5 0  
***** SEARCH ATONS L I S T  FOR ENTRIES YITH ATON NUNBER I X  ***** 
I F  (LATn) 1 5 0 , 1 5 0 , 1 3 1  
DO 1 4 5  I B = l . L A T n  

END 

1 2 0  SPRR 3 1 0  
SPAR 380 
SPRR 3 9 0  
SPAR 400 
SPRR 4 1 0  
SPAR 4 2 0  
SPAR 430 
SPAR 4 4 0  

SUBROUTINE UNIT (X, 2 ,  I T  I P E )  UNIT 
DIMENSION X ( 3 )  , Y ( 3 )  , 2 ( 3 )  UNIT 
PERL*R CHEU UNIT 
D I  MENSION A(9) , A R  ( 3 ,  3) , AAREV ( 3 , 3 ) ,  A A Y R K  ( 3 , 3 )  , A I D  ( 3 , 3 )  , R I  N ( 1 4 0 )  UNIT 
DIUENSION ATOUS(4.500) , B B ( 3 , 3 )  , C D ( 8 , 1 0 ) , C H E U ( 1 6 6 )  ,CONTIS)  , D ( 3 , 1 3 0 ) U N I T  
DIRENSION DR (3,3)  , D P ( 2 , 1 3 0 )  ,EV ( 3 , 1 6 6 )  ,PS (3 ,3 .U8)  , K D ( 5 ,  10)  ,ORGN ( 3 )  UNIT 
DI UENSION P ( 3 , 1 6 6 )  .PR ( 3 , 3 ,  1 6 6 )  ,PAC ( 3 , s )  , P A T ( 3 , 3 )  ,Q ( 3 , 3 ) ,  REFV ( 3 , 3 )  UNIT 
DIMENSION RES ( 4 )  ,?US ( 5 ) ,  SYNB (3,3) , T I T L E ( l 8 ) . T I T L E 2 ( 1 8 )  , T S  (3 .48)  UNIT 
DIMENSION V T ( 3 . 4 )  , V l  (U) ,V2 ( 3 ) . V 3 ( 3 )  , V 4 ( 3 ) . V 5 ( 3 ) , V 6 ( 3 )  ,VRKV(3,3)  UNIT . 
DIRENSION XLNG(3) , X 0 ( 3 )  , X T ( 3 )  UNIT 1 0 0  
COUUON NG,A,AA.ARREV,AAURK,AID,AIN,ATOMS,BB,BRDR,CD,CHEM,CONT,D UNIT 1 1 0  
COUHON D A ,  DP, DISP.  EDGE, EV, FORE ,PS.IN , I T I L T  .KD. LATM, LTNC, N ATOR, NCD UNIT 1 2 0  
COUNON NJ.NJ2,NOUT. NSR.NSYU,ORGN,P,PL,PAC,PAT,Q,REFV ,RES,RNS,SCALl UNIT 130 
COMMON SCRL2,SCL,SY~B,TAPER,THETA,TITLE,TITLE2,TS,VIEU,VT,Vl,V2 UNIT 1 4 0  
COUION V 3. V U .  V 5 . V 6 .  Y R R V .  XL NG,XO, XT UNIT 1 5 0  

UNIT 1 6 0  
UNIT 1 1 0  
UNIT 1 8 0  
UNIT 1 9 0  

1 2 5  

C 
1 3 0  
1 3  1 

T 1  = R T O n S ( i , I B )  S P A R . 4 5 0  
IF ( I X - I N T ( T 1 / 1 0 0 0 0 0 . ) )  1 4 5 , 1 3 5 , 1 4 5  SPAR 4 6 0  

1 3 5  CRLL RTOM(T1,Vl)  SPAR 4 7 0  
URIT? (NOUT, 1 3 6 )  T 1 ,CH n,V2 ( 1 )  , V2 ( 2 )  , ( I 1  (J) ,J= 1 , 4 )  SPAR 480 

1 3 6  PORMRT( 1 R0,9X,F10.0 ,5X,25HNEU POSITION PARAMETERS , A6,UX.fiFlO . 6 )  SPAR 4 9 0  
I 1  = T 1  SPAR 5 0 0  
PUNCH 1 3 1 ,  CHn,V2 ( 1 )  . V 2 ( 2 ) ,  (Vl (J) , J = l , U )  , I 1  SPRR 5 1 0  

1 3 1  ?ORUAT(R6,3X,6F9.6 ,9X,  18) SPAR 5 2 0  
CRLL P A X E S ( T l , - l )  SPRR 5 3 0  
DO 1 9 0  I = 1 , 3  SPAR 5 4 0  
DO 1 4 0  J = 1 , 3  SPAR 550 

1 4 0  Q ( J . 1 )  = Q ( J . 1 )  / . 0 5 0 6 6 0 5 9 1 8  SPAR 5 6 0  
WRIT? ( N O U T , 1 4 0  Q ( l , l ) , Q ( 2 , 2 )  , Q ( 3 , 3 )  , Q ( 1 , 2 ) , Q ( l , 3 )  r Q ( 2 . 3 )  SPAR 570 

1 4 1  PORUATIIH .24XS25RNEV THERIIIL PARIIMETERS , 6 F 1 0 . 6 )  SPAR 580 
SPAR 590 

. . .  
Y( 1) = x (  1 )  
Y ( 2 ) = x  ( 2 )  
Y ( 3 )  = x ( 3 )  
I F  ( ITYPE)  1 2 5 , 1 2 5 ,  
T l = S Q R T ( Y ( O  * Y  ( 1 )  

1 0 5  
+ 7 ( 2 )  1 0 5  *Y UNIT 2 0 0  

UNIT 2 1 0  GO T 6  1 4 5  
PUNCH i l l ? ,  - Q ( 1 ;  1 )  .Q(2 .2)  .Q (3.3) .Q (1 .2)  .Q (1.3) . Q ( 2 . 3 )  .I 1 

1 4  2 FORUAT (6 F 9 . 6 ,  18X, 1 8 )  
1 9 5  CONTINUE 
1 5 0  CONTINUE 
300 RETURN 

1 2 5  T l = S Q R T ( Y  ( 1 )  * ( Y ( l ) * A A ( l ,  1) + Y  ( 2 ) * ( R A  (1 .2)  i R A ( 2 . l ) )  + Y ( 3 )  * ( A A ( 1 , 3 ) + A  UNIT 2 2 0  

2 . 3 ) )  UNIT 2 4 0  
1 4 5  IF ( T l )  1 5 5 , 1 5 5 , 1 7 5  UNIT 2 5 0  
1 5 5  NG=5 UNIT 2 6 0  

GO TO 300 UNIT 2 7 0  
1 7 5  Z ( l ) = Y ( l l / T l  UNIT 2 8 0  

UNIT 2 9 0  

l A ( 3 . 1 ) ) )  + Y  (2)  * ( Y ( ~ ) * R R  ( 2 , 2 ) + Y ( 3 ) * ( R A ( 2 , 3 ) + A R  (3 .2)  ) )  i y ( ? )  *Y ( ~ ) * R R    UNIT 2 3 0  SPAR 600 
SPAR 6 1 0  
SPAR 6 2 0  
SPAR 6 3 0  
SPLR 6 4 0  END 

2 i 2i = Y  ( 2  j /T 1 
2 (3) = Y  ( 3 )  /T  1 

300 RETURN C 
SUBROUTINE STOR ***** STORE I N  OR REnOVE FROn !+TONS A R R A Y  ***** 
9117*u F R l M  

STOR 
STOR 
STOR 
STOR 
STOR 

1 0  
2 0  
30 
4 0  
50 
60 
70 

U N I T  500 
UNIT 3 1 0  
UNIT 3 2 0  EN D ._..I " -..I.. 

DIUENSION A(9) , A A ( 3 , 3 )  ,AAREV(3,3) ,AAVRK(3,3)  . R I D ( 3 , 3 ) , A I N ( 1 4 0 )  
DIUENSION RTOMS (U ,500) ,BB ( 3 . 3 )  ,CD ( 8 ,  l o ) ,  CHEH ( 1 6 6 )  ,COAT ( 5 ) ,  C ( 3 , 1 3 0 )  
DIMENSION DRl3 .3)  .DP ( 2 . 1 3 0 )  .EV ( 3 . 1 6 6 1  ,FS I 3 . 3 . U 8 )  . K D ( 5 , 1 0 1  ,ORGN ( 3 1  STOR 

STOR 
STOR 

SUBROUTINE vn (x .y ,z )  
C TRANSPOSED VECTOR T I R E S  RATRIX 
C 2 (3)  = X  ( 3 )  * Y  (3 ,3)  

DIilENSION X ( 3 )  , Y ( 3 , 3 ) , 2 ( 3 )  
DO 1 1 5  J = 1 , 3  
Z ( J) = O  . 0 
DO 1 1 5  1 = 1 , 3  

1 1 5  Z ( J I  =Z IJI + X I 1 1  *Y (I. J 1  

V U  

V I  
v n  
v n  
v n  
v n  
v n  
v n  
v n  

V U  

1 0  
2 0  
30 
40 
50 
60 
70 
80 
90 

100 

1 0  
2 0  
30 
4 0  
50 
60 
70 
80 

D I n m s I o N  ~ ( i , i f i 6 j , ~ A ( i , 3 ,  i S 6 )  , . ~ A c ( 3 ; 5 )  ,PnT(3 ,3)  ; ~ ( 3 , i ) . R E ~ v ( 3 ; 3 j  
DIEENSION R E S  (U) ,RnS ( 5 )  ,SYMB (3.3) , T I T L E (  1 8 ) , T I T L E 2  ( 1 8 )  ,TS (3.98) 
DIUENSION VT(3.4) .V1 (4) .V2 ( 3 ) , V 3  (3) , V U  (3)  , V 5  ( 3 )  , V 6 ( 3 )  ,URKV(3.3) 
DINENSION XLNG(3) , X 0 ( 3 ) , X T ( 3 )  
COIRON NG.A.AA,AAREV,AAYRK,AID,AIN,ATO~S,BB,BRDR,CD,CHE~,CONT, D 
COKlON DA,DP,DISP,EDGE,EV, FORE,PS,IN,ITILT,KD,LRT~,LTNC, NITON, NCD 
COflflON NJ,NJ2,NOUT.NSR.NSY~,ORGN,P,PA,PAC,PAT,Q,REFV,RES,R~S,SCRLl 
COlMON SCIIL2,SCL,SY~B,TAPER,THPPA,TITLE,TITLE2,TS,VIEY,VT,Vl,V 2 
COMRON V 3 , V 4 , V 5 , V 6 , ~ R K V ,  XLNG,XO.XT STOR 
I F ( L A T n )  4 8 1 , 4 8 1 , 4 5 0  STOR 
IF ( 5 0 0 - L a i n )  4 5 5 , 4 5 5 . 9 6 ~  STOR 
I? ( N J 2 - 1 0 )  U9O,U90.460 STOR 
L=LATn STOR 
***** CHECK FOR POSITIONAL DUPLICATION ***** STOR 

8 0  
90 

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1 4 0  
1 5 0  
1 6 0  
1 1 0  
1 8 0  
1 9 0  
2 0 0  

STOR 2 1 0  
STOR 2 2 0  
STOR 2 3 0  
STOR 2 4 0  
STOR 2 5 0  

~~ ~ 

STOR 
STOR 
STOR 
STOR 
STOR 
STOR 

. . . . . . . . 
RETURN 
END 

4 5  0 
4 5 5  
4 6 0  

FUNCTION V I1V (X 1, Q, X2)  
TRANSPOSED VECTOR * I A T R I X  VECTOR 
v n v = x 1 ( 3 )  i ~ ( 3 . 3 )  * x 2  (3) TO E V A L U A T E  QUADRATIC OR BILINEAR PoRn v n v  
DIMENSION X l ( 3 ) , Q ( 3 , 3 )  , X 2 ( 3 )  v n v  
T l = O .  v n v  
DO 1 0  J = l , 3  v n v  

1 0  T l = T l + X l  (J)* ( X 2 ( l ) * Q ( J . l )  +X2 ( 2 ) * Q  (J, 2) +X2 (3) * Q ( J ,  3) ) vnv 
V I V = T l  vnv  

v n v  
v n v  C 

C C 
DO 4 8 0  K = l , L  

I P ( A B S ( V 1  ( J ) - A T O I S ( J , K ) ) - 0 . 0 0 1 )  4 6 5 , 9 6 5 , 4 8 0  

I F  (NJ2-10)  4 9 0 . U 9 0 . 4 7 0  

no 4 6 5  J=Z.U 

465 CONTINUE 



RETURN 
END 

FUNCTION VV(X,Y) 
TRLNSPOSED VECTOR VECTOR 

DIHENSION X(3) vY(3)  

RETURN 
END 

v v = x ( 3 )  * I f 3 1  

v v = x (  1 )  * Y  ( 1 )  + x  ( 2 )  *Y ( 2 )  +X(31*Y(3)  

SOBROUTINE XYZ (QA,X, IT lPE)  ***** I T Y P E  .GT.O CART. COORO. FRO11 &TOO CODE 90RD ***** 
***** XkBSF(1TYPE)  .LE.2 FCR WORKING S Y S T E l  ***** ***** XkESF(1TYPEI  .GT.2 FOR REPERERCR SZSTEH I**** ***** ITYPE..LE.O. USES TRICLINIC COORD. XT ***** 

vnv 
v n v  

rv 
vv 
vv 
vv 
vv 
vv 
vv 

XIZ 
X I Z  
XYZ 
XYZ 
XIZ  

D I l E N S I O N  XC3) XYZ 
RELL*8 C A E l  xrz 
D I l E N S I O N  A(9)  , L I ( 3 , 3 )  ,LLREV(3,3)  ,AIIWRK(3,3) , 1 1 I D ( 3 , 3 ) , L I N ( 1 4 0 )  XYZ 
D I l E N S I O N  ATOMS(4.500) , B B ( 3 , 3 )  , C D ( 8 , I O ~ , C H E f ! ( l 6 6 ) , C O N T ( 5 ) . o ( 3 ~  130)XYZ 
D I l E N S I O N  0 1 1 0 . 3 )  ,DP(Z ,  1 3 0 )  ,EV ( 3 , 1 6 6 )  ,PS ( 3 , 3 , 4 8 )  ,KO (5 .10 )  ,ORGN (3) XIZ  
D I l E N S I O N  P  ( 3 , 1 6 6 )  , P L ( 3 , 3 , 1 6 6 )  ,PAC ( 3 , s )  , P I T  (3.3) , Q (3 .31 ,  REFP (3.3) XYZ 
DIHENSION RES (4) , R l S  ( 5 )  , SYHB ( 3 , 3 ) ,  T I T L E  ( l a )  , T I T L E 2  ( 1 8 )  ,TS (3. 4 8 )  XYZ 
DIIIENSION VT (3.4) , V l  (4) ,V2 (3 ,  V 3  (3)  , V U  ( 3 )  ,VS (3) ,V6  ( 3 ) ,  URKV ( 3 . 3 )  XIZ  

COMMON N G ,  E, Ah, II AREV, A A W R K  , A I D .  LIN, ATOIIS, BB. BRDR,  CD CAEH ,CONT, 0 XIZ 
COlllON OL.OP,OISP,EOGE,EV,PORE,FS,IN,ITILT,KD,LLT~~LTNO,NLTOl,NCD XYZ 
C O l l O N  NJ.NJ2,NOOT. NSR,NSYl,ORGR,P,PA,PAC, P A T , Q , R E F V , R E S , R I I S , S C I L l X I Z  
COIIlON SCAL2,  SCL, SYMB, TAPER,TRETA,TITLE,TITLE2,TS ,VIEW ,VT,Vl , V  2  XYZ 
cannon XYZ 

DIMENSION XLNG (3) . X 0 ( 3 )  ,XT (3) XYZ 

v 3, v 4  , v s , v ~ ,  W R K V ,  XLNG,XO,XT 
I T = I A B S ( I T P P E )  - 2  XYZ 
NG W I G  XYZ 
NG-0 XYZ 
IF ( I T Y P E )  1 0 , 1 0 . 5  XYZ 

5 CALL ATOl(Q1,XT) XYZ 
IF (NG) 3 0 , l O .  3 0  X I 2  

1 0  T1=0 .  XYZ 
DO 1 5  5 = 1 , 3  xrz 
T2=XT ( J )  -0RGN ( J )  XYZ 
V1 (J) = T 2  XYZ 

1 5  T l = T l + L B S ( T 2 )  XYZ 
IF ( T l - . 0 0 0 1 )  20.20,UO XYZ 

2 0  NG=NGl XYZ 
30 DO 3 5  J = 1 , 3  XYZ 
35 X ( J ) = O .  XYZ 

GO TO 3 0 0  XYZ 
4 0  I F ( 1 T )  45.45.60 XYZ 

C ***** RELATIVE TO YOBKING SYSTEH ***** XIZ 
4 5  DO 55 I = 1 . 3  X I 2  

T 1 = 0 .  
DO 5 0  J = 1 , 3  

50 T l = T l + V l  ( J ) * L k W R K ( J , I )  
55 X ( I ) = T l * S C A L l  

GO TO 3 0 0  

6 0  00 70  I = 1 , 3  
C  ***** RELATIVE TO REFERENCE SISTEU ***** 

T1=0 .  
00 6 5  J = 1 , 3  

6 5  T l = T l + V l  IJ)*AAREV (J.11 
7 0  x ( I ) = T ~ * S C ~ L ~  
300 RETURN 

END 

XYZ 
IYZ 
XYZ 
XYZ 
XYZ 
XYZ 
XYZ 
xrz 
XYZ 
XYZ 
XYZ 
X I Z  
XPZ 

SOBROUTINE C R T ( X l , Y l r I l , I 2 )  CRT 
C  ***** D U n l Y  SOEROUTINE TO REPLACE THE CATHODE-RLY-TUBE PLCKLGE ***CRT 
C ***** SOBROUTINE CRT IS CALLED BY SURROOTINES F 2 0 0  AND DRAW ***** CRT 

T R T  RETURN 
END 

- .. - 
CRT 

90 
1 0 0  

10 
2 0  
30 
40 
50 
60 
70 

1 0  
2 0  
30 
40 
50 
60 
70 
80 
9 0  

1 0 0  
1 1 0  
1 2 0  
1 3 0  
1  uo 
1 5 0  
160 
1 1 0  
1 8 0  
1 9 0  
2 0 0  
2  1 0  
220 
2 3 0  
2 4 0  
2 5 0  
2 6 0  
270 
2 8 0  
2 9 0  
300 
310 
320 
330 
3 4 0  
3 50 
360 
3 7 0  
380 
3 9 0  
400 
4 1 0  
4 2 0  
4  30 
440 
4 5 0  
9 6 0  
4 7 0  
480 
4 9 0  
5 0 0  
5 1 0  

1 0  
2 0  
3 0  
40 
50 

SUBROUTINE I D A Y  (H2) IDLY 1 0  

RETURN Ion 40 

C ***** DOHHY FOR ORNL LOCLL SUBROUTINE CLLLED BY F 2 0 0  FOR CBT IDERTIDAY 20 
C ***** I D L Y  OBTAINS DLTE ( 8  BCD CRARACTERS) PROU OPERLTING S Y S T E l  I D A Y  30 

END IDLY 5 0  

SUBROOTINE J O B l I U l ( 8 l l  JOB# 10 
C ***** DUlllY FOR ORNL LOCLL SOBROOTIUB CLLLLD BY F200 PCR CRT IDEUTJORU 20 
C ***** JoBNOn OBTLINS USERS J O B  UOBBER (4 BCD CRARACTEBS) ***** J O B l  30 

QETURN JOBll 40 
END JOB# 50 

C O B I I E  E.B.FLE1SCRER 1 9 6 4  J .L.C.S.  86,3889 
5 . 3 4  5 . 3 4  5 . 3 4  7 2 . 2 6  7 2 . 2 6  1 2 - 2 6  

0 1 0 0  0 0 1 0  
0 1 0 0  0 0 0 1  

0 0 1 0  0 0 0 1  
0 - 1  0 0 0 0 - 1  0 
0 0 0 - 1  0 - 1  0 0 
0 0 - 1  0 0 0 0 - 1  1  

c 1  - . I 8 7 1 1  - 1 9 5 1 9  . l o 7 0 6  
. O U l O O  . 0 4 2 5 0  . 0 4 5 0 0  - . 0 0 4 2 0  - . 0 1 4 2 0  - . 0 0 5 1 0  

c 2  - 1 1 5 4 6  - 1 1 5 4 6  - 1 1 5 4 6  
.Ob680  .04680 .04680 - . 0 1 4 3 0  - . 0 1 4 3 0  - . 0 1 4 3 0  

A 1  - . 3 2 4 6 0  - 3 4 6 8 0  - 1 8 4 8 0  

EXAI 
EXLI 

0 0 0 I E I L I I  
0 0 1 O E I L I  
0 1 0 O E I A I  
0 0 0 - 1 E I A I  
0 0 - 1  OEXLII 
0 -1 0 OEXLI 
0 E I A I  
n 

. l o  

- 1 0  
A2 

ORGI 

. 2 1 o u o  . 2 1 0 0 0  . 2 1 0 0 0  

0 0 0 

0 
7 
0 

EX18 
E 1 1 8  
BXAII 

1  0 EILI I  
2  1 BXAl 3 1 0 1  1 5 5 5 0 1  ***** FIND ALL NEIGHBOR LTOlS LROUND C 1  L I D  C 2  OOF TO 3 . 6 1  A ***** EXAl 

3 1 0 2  1 5 5 5 0 1  1.8 EIAI 2 1 4  ***** FIND COVLLENT BONDS 1111: BOND LUGLES L R O O l D  CLRBOllS  ***** BXAI 

4  3.61 

3 2 0 1  E I L I  
***** I N I T I A L I Z B  l lECAAIICLL P L W T E R  PLCKLGE. 203 FOR CRT PICKLGE ***** E I L l  

3 3 0 1  11 .  1 1 .  30. 1.5 B I A I  

7 303 
t i***  1 1 x 1 1  B O U N D A R Y ,  8x8 INSIDE 1.5 ILRGIU. VIEW FROI 30 nicnes ***** EILI 

RTLU __-- 
B I A I  E L I l I N A T E  I L L  RETRACING ***** 

4 0 2  5 5 5 5 0 1  3 .2  E I L I  5 1 4 
ENCLOSER SPBERE OF RADIUS 3-2 A ABOUT DUlllY LTOl 5 . 5 5 5 . 0 1  **** E I U I  

O E I A I  5 0 1  555501 2 5 5 5 0 1  155501 2 5 5 5 0 1  1 5 5 5 0 2  

2  1 2 5 .  28.  BXAI 
EXAll 

5 0  2  
ROTIITE 25  DEGREES &BOUT Y, TREII 28 DEGBEES ABOOT NEW I ***** 

0 0 0 1 . 5 4  EXAII 60 4 

~.~ 

ORIGIN O M  o o n n y  a T o a  ~ 5 5 5 0 1 ,  VECTORS ALOUG 2  EDGES 01 COBANE ****+EIAB 

***** 
3 ***** 
3 

3 
#*** 
***** 
*:** I U T O l L T I C  SCLLE A N D  POSITION,  50 PERCEUT PROBLBILITY E L L I F S O I D S  **BXAII 

EX&# ***** STEREO ROTLTION OF 2 .1  DEGREES ABOUT I FOR LEFT ETE I**** 
EIAlI 
E I A n  ***** STllRT SAVE SEQUENCE ***** 

_ _ _ _  
2 2.1 B I L I  3 5 0 3  

3 1 1 0 1  

3 
2  5 1 1  

1  115 

0 EXAS a i0  
Bmn 4 2 0  

-20 . 6 D  . 7 o ~ x ~ n  aao 
EIAI a50 

1 U 1 4  4 0.9 1.6 .04 +**** STORE PROJECTED LTOllS  L I D  BONDS FOR OVERLLF, BLRGII  SET BY OEFAOLTBILI 4 3 0  
4 0 1 0 

3 1 2  EXAB 4 6 0  ***** DRAW CLRBOll A T O l  ELLIPSOIDS,  L T O I  UOlBER RUN 1-2 ***** 
- 2 0  -35 . W E I L l l  4 7 0  

EIAII 4 8 0  
B X A I  4 9 0  
B I L I  500 

2 8 1 2  E I L I  510 3 1 4 1 4 4 0.9 1.6 - 0 4  
**** TYPE 4 BONDS -04 A l E L N  RLCIOS,  L T O I S  1-4 l0 & T O I S  1-4, 0.9-1.6 I EIAB 520 

0 - . 4 B I L l l  530 

0 - . 4 B I L I  550 
LABEL BOND 2 5 5 5 0 4 - 1 5 5 5 0 5  WIT6  PEBSPECTIVE BOllD D I S T L l C E  LABEL ***QEXAI 560 

3 9 0 2  5 5 5 5 0 1  1.0 . 2 5  
OBXAI E I L I  570 580 

E I M  590 
EXAB 600 

3 1 1 0 2  

9. E I A I  610 
E I A n  620 

3 2 0 2  

3 503 2 -2 .1  EIAB 630 

EIAB 650 
EIAII 660 

3 1 1 0 3  

3 202 2 0 .  E I A I  BIAII 670 680 

EILII 690 
EIAB 700 

3 2 0 2  

3 3 u 
1 7 1 2  

***** DRIIW RYDEOGEI LTOH SPAERES, L T O l  RUIIBER 801 3-4 ***** 

0 

0 

3 906 1 5 5 5 0 4  1 5 5 5 0 3  0 .15 

3 9 1 6  2 5 5 5 0 4  1 5 5 5 0 5  0 -15 
***t LABEL BOND 1 5 5 s 0 ~ - 1 5 5 5 0 3  WITR REGOLLB Bono o I s m n c E  LLBEL ***** Exan 5a0 

***** 
0 0 0 

COBANE 

***** END OF SLVE SEQUENCE ***** 
**+** ADVANCE PLOTTER 9  INCRES LLOIG I ***** 
st*** STEREO ROT~TION OP -2.7 DEGREES LBOOT Y FOR RIGET E Y E  VIEW **** sxm 6ao 

***** EXECUTE SAVED SEQUENCE FOR RIGRT E I E  DRAWIMi ***** 
***** LDVANCE PLOTTER 2 0  INCHES ***** 
***** ADD D O l l Y  PLOT TO HAGIIETIC TLPE ***** 

- 1  Exan 710 

10 
20 
30 
40 
50 
60 
70 
80 
90 

1 0 0  
110 
120 
130 
140 
150 
160 
1 7 0  
180 
190 
200 
210 
220 
230 

2 50 
260 
270 

I 280 
290 
300 
3 10 
320 
330 

350 
360 
310 
380 
390 
400 

zao 

3a0 
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