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The Use of the IBM 650 and 704 for 
Crystal Structure Analysis  Computat ions  

A Conference was held at  the Mellon Ins t i tu te ,  P i t t sburgh ,  
on November  4, 1958, for the  purpose of exchanging 
informat ion on the  development  and use of programs for 
crystal  s t ructure  analysis. I t  was the second Conference 
on this topic for bo th  computers ;  the previous meet ings  
had  been held separately,  on 6 Feb rua ry  1957 for the 650 
(Acta Cryst. (1957), 1O, 384); on 4 and  5 November  1957 
for the 704 (Acta Cryst. (1958), 11, 311). 

The Conference was opened by Mr Wil l iam B. Kehl  of 
the  Univers i ty  of P i t t sburgh  Computa t ion  and  Da ta  
Processing Center. There were eight principal speakers 
and  about  s ixty a t t ended  the  Conference. 

The following is a summary  of the information,  which 
was presented by the  au thor  indicated *. 

An  IBM Code for Fourier Analysis of Line Shapes 

E. R. Boyko* and  G. J .  Mohn, (Westinghouse Atomic 
Power  Division). 

This program is designed to perform a Stokes analysis 
to de termine  the  pure diffraction profile. Special tests 
which  are performed on the  Four ier  coefficients of the 
pure diffraction profile are conta ined in the program, and  
these tests allow the series to be au tomat ica l ly  broken 
off at  the  point  where it is no longer converging to the  
r ight  answer.  I t  is also possible to by-pass these tests 
so t ha t  the  final series will be computed  using the number  
of coefficients specified in the input  information.  The 650 
operat ing t ime depends upon  the amoun t  of input  da ta  
and  the n u m b e r  of Four ier  coefficients which mus t  be 
calculated.  The operat ing t ime required to run the 
problem given in Stokes'  original paper  was 15 minutes.  

A Fast Three Dimensional Fourier Program for the Basic 
IBM 65O 

D. R.  F i t zwate r  and  D. E. Williams*, (Iowa State Col- 
lege). 

This program (TDF-2) calculates two- or three-dimen-  
sional Fourier  synthesis in the general expanded  form. 
The summation is carried out one dimension at a time on 
ei ther  1/40 or 1/80 intervals  in each direction, r rov i s ion  
is made  to el iminate sorting of in termedia te  sums for 
two-dimensional  series and  to drast ical ly reduce sorting 
for three-dimensional  series. The series is divided into 
subseries having the  same t r igonometr ic  form and  even- 
ness of indices so tha t  only the basic ¼ × ¼ × ¼ of the uni t  
cell is calculated by the 650. The remainder  of the uni t  cell 
is obta ined by  t r igonometr ic  expansion on the t abu la to r  
while pr in t ing the results. Two -dimensional series 
general ly require less t han  0.25 hr. on the 650. The t ime 
required for three-dimensional  series is variable and  is 
given approx imate ly  by the formula 

t (minutes) = 0.0005 ~ [HsKsLsX + K s L s X Y +  L sXY Z ]  
8 

+0"00125 ~ [KsLsX + L s X Y  + X Y Z ]  , 
8 

where Hs, Ks, and  Ls are the number  of h, k, and  1 index 
values in subseries S, and  X, Y, and  Z are the n u m b e r  
of points Xi,  Yi, Z~ on which the series is eva lua ted  in 
the x, y, and  z directions. An example  wi th  2000 co- 
efficients uni formly dis t r ibuted among 16 subseries 
eva lua ted  on 1/40× 1/40× 1/80 intervals  requires ap- 
proximate ly  3.4 hours on the 650. 

Fourier Synthesis, Structure Factor and 
Auxiliary Programs on the IBM 650 

B. W. Brown, F. C. Lingafelter,  J .  M. S tewar t  and  
L. H.  Jensen*,  (The Univers i ty  of Washington,  Washing-  
ton). 

The following set of programs in a self-consistent input-  
ou tpu t  form have been wr i t t en  and are in use:  (1) 
Scattering Factor Interpolation. The program evaluates  
scat ter ing factors at  intervals  of 0.005 in sin ~/~ by  a 
four-point  in terpolat ion formula.  I n p u t  are l i te ra ture  
values for the scat ter ing factor  and  ou tpu t  is in a form 
used by program (2). About  two minutes  are required 
per e lement  to cover the range to the  l imit  of Me radia- 
tion. (2) Reduction of Data. The program m a y  be used 
to reduce equi-inclination Weissenberg and zero level 
precession data .  I n p u t  are the  necessary scat ter ing 
factors and  a hand-punched  in tens i ty  deck containing 
h, k, l, Irel and  sin 2 ~u. Outpu t  is a reflection deck, one 
reflection per card, in a form used by program (3). 
Calculation t ime is about  1.2 seconds per reflection. 
(3) General Structure Factor. The program is used in 
conjunct ion  wi th  a pa ramete r  load program and  will 
handle  up to 100 a toms of up to 8 a tom types  in a single 
pass. A n y  number  of a toms of any  number  of kinds can 
be handled  by  using mult iple  passes. Outpu t  is in the  
form used by programs (4). Calculation t ime is a t  the  
rate  of 12 a toms per second for a cen t rosymmetr ic  
s t ructure  wi th  an overall t empera tu re  factor,  and  is 
sl ightly slower for non-cen t rosymmetr ic  s t ructures  or 
wi th  individual  t empera tu re  factors. (4) General Two- 
and Three-Dimensional Fourier Series. Centrosymmetr ic  
structures up to 7.5 × 30 A or equivalent can be handled 
in a single pass. II~ geimral larger s tructures,  non-centre-  
symmetr ic  project ions and  sections of three-dimensional  
Fourier  series require more than  one pass. Project ions 
and  sections m a y  be eva lua ted  at  intervals  of n/200 along 
ei ther  axis. The three-dimensional  programs can be used 
to evaluate  any  section n/1000 of the  axis corresponding 
to the index summed over first. Calculation t ime for a 
cen t rosymmetr ic  oblique axis proje'ction wi th  200 re- 
flections eva lua ted  at  676 points is about  10 minutes .  
The following auxil iary programs have also been wr i t t en :  
Sharpened Patterson. Patterson Superposition. Least 
Squares Temperature and Scale Factor. Linear and Least 
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Squares Rescale 2.actor. Wilson Plot. Least Squares Plane. 
Bond Length-Bond Angle. Conversion of 2.ractional Co- 
ordinates (any Symmetry) to Orthogonal Coordinates in 
.~ngstrSms. Calculation of Hydrogen Atomic Coordinates. 

Anisotropic Structure Refinement Using Differential 
Synthesis on the I B M  650 

R.  Shiono*,  (Un ive r s i t y  of P i t t sbu rgh ) .  

A set of p r o g r a m s  for  t he  an i so t rop ic  s t r u c t u r e  ref ine-  
m e n t  us ing  d i f fe ren t ia l  F o u r i e r  syn thes i s  have  been  
w r i t t e n  a n d  used .  T h e  an i so t rop ic  s t r u c t u r e  fac tors  are  
c a l c u l a t e d  in genera l  f o rm  w i t h  a P1  or  P i  p r o g r a m ,  
a n d  t h e  d i f fe ren t ia l  syn thes i s  p r o g r a m s  c o m p u t e  e lec t ron  
d e n s i t y ,  slopes a n d  c u r v a t u r e s  a t  po in t s  a s s u m e d  as 
a t o m i c  coord ina tes ,  a n d  t h e n c e  t h e  shifts  of coord ina tes .  
T h e  shif ts  of t e m p e r a t u r e  fac tors  are  ca l cu la t ed  f rom t h e  
d e r i v a t i v e s  of t h e  c u r v a t u r e s ,  a n d  t h e  d i f ference  of 
o b s e r v e d  a n d  ca l cu l a t ed  cu rva tu re s ,  us ing  C r u i c k s h a n k ' s  
a p p r o x i m a t i o n .  T h e  an i so t rop ic  s t r u c t u r e  fac to r  of 28 
a t o m s  of 2 k inds  in  P1  t o o k  ca. 18 sec. / ref lexion.  T h e  
d i f fe ren t i a l  syn thes i s  of 672 ref lexions  in P212121 t ook  
28 m i n . / a t o m ,  a n d  t h e  s u m m a t i o n  of de r iva t ives  of 
c u r v a t w ' e s  book 2"5 hours  for  i so t ropic  to  an i so t rop ic  
cycle ,  7-7 hours  for an i so t rop ic  to  an i so t rop ic  cycle  on 
t h e  basic  650. These  c o m p u t a t i o n  t imes  have  been  
r e d u c e d  10-20% b y  m i n o r  mod i f i ca t ions  for t he  use of 
i n d e x i n g  a c c u m u l a t o r  a n d  core s torage .  

"Programs Using an I B M  650 Equipped with Tapes, 
Immediate Access Storage and Indexing Registers. I .  
Fourier Syntheses' 

L y n n e  L. Merr i t t ,  J r . * ,  ( I n d i a n a  Un ive r s i ty ) .  

This  F o u r i e r  p r o g r a m ,  w r i t t e n  for  a n  I B M  650 w i t h  
core  s torage ,  i ndex ing  regis ters  a n d  four  m a g n e t i c  t apes  
c o m p u t e s  two-  or t h r e e - d i m e n s i o n a l  syn theses  a t  in t e rva l s  
of n /100 ths  w h e r e  n can  be a n y  in teger .  The re  is no 
l imi t  on t h e  n u m b e r  of ref lec t ions  no r  on t h e  m a x i m u m  
index  in a n y  zone.  T h e  i n t e rva l  could  be c h a n g e d  to  
1/200th b y  a s l ight  mod i f i ca t ion .  A n y  space g roup  can  
be hand led .  One con t ro l  ca rd  a t  t he  s t a r t  of each  s tage  
of t he  s u m m a t i o n  e l imina te s  t h e  c o m p u t a t i o n  of un-  
neces sa ry  t e rms .  The  speed  is a p p r o x i m a t e l y  55 milli-  
seconds  pe r  re f lec t ion  × t e r m  × po in t  in t he  f irst  d imen-  
sion,  44 mi l l i seconds  per  s u m  × t e r m  × po in t  in t h e  second  
d i m e n s i o n  a n d  a p p r o x i m a t e l y  t h e  same  t i m e  in  t h e  t h i r d  
d imens ion .  I n  t he  above  s t a t e m e n t ,  t he  w o r d  ' ref lec t ion '  
refers  to  t he  n u m b e r  of pieces of d a t a  a f t e r  g roup ing  
ref lec t ions  so t h a t  on ly  pos i t ive  indices  n e e d  be con- 
s idered .  The  w o r d  ' t e rm '  refers  to  t he  n u m b e r  of t e r m s  
to  be c o m p u t e d  in t he  genera l  equa t ion .  The  w o r d  'po in t '  
m e a n s  t he  n u m b e r  of va lues  of x (or y or z) over  w h i c h  
the  s u m m a t i o n  is to  be m a d e ,  a n d  the  w o r d  ' sum'  refers  
to  t he  n u m b e r  of va lues  of (/clx) or (lxy) going in to  the  
second  or t h i r d  d imens ion .  

' I I .  Structure Factor and Least Squares' 

D i c k  V a n  de r  H e l m * ,  ( I n d i a n a  Un ive r s i t y ) .  

The  p r o g r a m s  were  w r i t t e n  for  a n  I B M  650 w i t h  core 
s torage ,  i n d e x i n g  regis ters  a n d  m a g n e t i c  t ape .  T h e  f irs t  
p r o g r a m  ca lcu la tes  s t r u c t u r e  fac tors  for  t he  monoc l in i c  

space g roups  w i t h  e i t he r  s epa ra t e  isotropic ,  or s epa ra t e  
an i so t rop ic  or  w i t h o u t  t e m p e r a t u r e  fac tors  (and consecu-  
t ive  ca lcu la t ion  of an  overa l l  t e m p e r a t u r e  factor) .  T h e  
m a x i m u m  n u m b e r  of a t o m s  is 50, a n d  t h e r e  can  be  
6 d i f fe ren t  k inds  of a toms ,  t h e  s ca t t e r i ng  fac tors  of w h i c h  
are  in t he  d a t a  cards .  The  se t t ing  of t he  p r o g r a m  is done  
b y  a con t ro l  card ,  a n d  no changes  h a v e  to  be m a d e  b y  
t h e  ope ra to r  for t h e  d i f fe ren t  ca lcu la t ion .  E v e r y  zone is 
resca led  a f te r  c o m p u t a t i o n  w i t h  i ts  own  ca l cu l a t ed  scale 
fac tor .  A n  R for  e v e r y  zone a n d  a n  overa l l  R a re  p u n c h e d  
out .  T h e  o u t p u t  cards  h a v e  also 2"o--Fc, a n d  in t he  non-  
c e n t r o s y m m e t r i c  space groups ,  a second  ca rd  w h i c h  has  
t h e  A a n d  B p a r t s  a n d  Ao--Ac a n d  Bo--Bc is p u n c h e d  
ou t  for  e v e r y  ref lec t ion.  The  speed  is 0-4-0.7 seconds  
pe r  a t o m  per  ref lec t ion.  I t  seems t h a t  t he  a u x i l i a r y  u n i t s  
of t h e  I B M  650 can  speed  u p  t h e  ca l cu l a t i on  to  a n  
ave rage  of a b o u t  80% of t h e  t i m e  for  t h e  bas ic  un i t .  
The  second  p r o g r a m  ca lcu la tes  shif ts  of coo rd ina t e s  a n d  
t e m p e r a t u r e  fac tors  for  each  a t o m  in f loa t ing  d e c i m a l  
f o rm  for t h e  c e n t r o s y m m e t r i c ,  monoc l in i c  space groups .  
To use these  two  d i f fe ren t  p r o g r a m s  one m a y  set t h e  
least  squares  p r o g r a m  to  ope ra t e  on on ly  a p a r t  of t h e  
ref lect ions .  The  speed  is 0.9 seconds  pe r  a t o m  pe r  reflec- 
t ion.  

Review of I B M  650 Programs Available and Tested at 
the University of Pittsburgh Computation and Data 
Processing Center 

G. A. Je f f r ey* ,  (Un ive r s i t y  of P i t t s b u r g h ) .  

A t  t he  p rev ious  650 confe rence  i t  was  a g r e e d  t h a t  t h e  
cen t e r  w o u l d  (1) a ccep t  a n d  d i s t r i bu t e  copies of p r o g r a m s  
s u b m i t t e d  in s t a n d a r d  form,  (2) r eco rd  t h e  t e s t i ng  of 
these  p r o g r a m s  e i the r  b y  t h e  C r y s t a l l o g r a p h y  L a b o r a t o r y  
a t  t h e  U n i v e r s i t y  of P i t t s b u r g h  or  b y  t h e  f irst  re-user .  
The  fol lowing p r o g r a m s  are  ava i l ab l e :  e igh t  F o u r i e r  
syn thes i s  p rog rams ,  of w h i c h  we h a d  used  a n d  t e s t e d  
f ive;  four  s t r u c t u r e  f ac to r  p rog rams ,  of w h i c h  we h a d  
used  t h r e e ;  one least  squares  (isotropic,  d i agona l  t e rms)  
w h i c h  we h a d  used ;  f ive misce l l aneous  a u x i l i a r y  p r o g r a m s  
of w h i c h  we h a d  used  th ree .  De ta i l s  of these  p r o g r a m s  
were  d i s t r i b u t e d  in t a b u l a t e d  fo rm to  t h e  conference .  

A Versatile Least Squares Program for the I B M  704 

W .  R.  Bus ing*  a n d  H.  A. L e v y ,  (Chemis t ry  I ) iv is ion,  
Oak  R i d g e  N a t i o n a l  L a b o r a t o r y ) .  

A least  squares  p r o g r a m  for t he  I B M  704 c o m p u t e r  
has  been  w r i t t e n  w h i c h  m a k e s  use of t he  c o m p l e t e  m a t r i x  
of t h e  n o r m a l  equa t ions .  Some of i ts  f ea tu re s  a re  (1) 
choice of overal l ,  s y m m e t r i c ,  or an i so t rop ic  t e m p e r a t u r e  
factors ,  (2) r e f i n e m e n t  on  F or 2 TM, ( 3 ) u s e  of X - r a y  or  
n e u t r o n  d i f f rac t ion  d a t a ,  a n d  (4) a r b i t r a r y  se lec t ion of 
p a r a m e t e r s  to  be va r ied .  The  p r o g r a m  al lows t h e  sym-  
m e t r y  a n d  choice of or igin  to  be specif ied eas i ly  a n d  
usua l ly  a u t o m a t i c a l l y  so t h a t  a n y  space  g r o u p  m a y  be 
a c c o m m o d a t e d .  The  p r o g r a m  will  be d i s t r i b u t e d  t h r o u g h  
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