
S H O R T  C O M M U N I C A T I O N S  705 

Acta Cryst. (1963). 16, 705 

Computer programs for analysis of broadening of diffraction peaks.* By R. J. DE ANGELIS and  
L. H.  SCHWARTZ, Materials Research Center and Department of Materials Science, The Technological Institute, 
Northwestern University, Evanston, Illinois, U.S.A. 

(Received 29 November 1962 and in revised form 16 January 1963) 

Stokes (1948) has shown tha t  it  is possible to el iminate have  been used successfully for two years  on both IBM 
the effects of ins t rumenta l  broadening from a diffraction 650 and 709 machines,  and have  been used independent ly  
profile, by  represent ing the broadened peak and the  instru- by  one other  laboratory.  
men ta l  profile by Four ier  series. Digital  compute r  The cosine coefficients for the annealed ( instrumental)  
programs for this purpose are described below; they  and  broadened  functions are respectively:  

.~] Read Branch Codes 1 and 2 ] 
~] and Angular Corrections I 

Coefficients ' , Intensity Data 

Compute and Print Annealed 
Peak Coefficients and 

Center of Gravity 

l Read Broadened Peak L 
Intensity. Data ]~" 

Coefficients and Center of Gravity Coefficients and Center of Gravity 

Compute Stokes Corrected 
Cosine Coefficients and 

Normalize 

I Print Cosine Coefficients ] 
and Center of Gravity 

Read Branch 
Code 8 

I Compute Stokes Corrected 
Cosine and Sine Coefficients 

and Normalize 

I Print Sine and Cosine Coefficients 
and Center of Gravity 

Branch 3 

Fig. 1. Flow sheet of program for IBM 709 to determine Fourier coefficients correct for instrumental broadening and compute 
centers of gravity of X-ray diffraction peaks. All branches are externally controlled by code words read into the computer 
at the outset of execution. (With the IBM 650 no centers of gravity are calculated.) 
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]'/2 
Gr(n) = _~ g(j) cos 2 ~ n j / Y  (1) 

j = - -  Y / 2  

a n d  
x/2 

Hr(m) ---- ~ h(]c) cos 2 ~ m k / X  (2) 
k =--X/2 

w h e r e  t he  a n n e a l e d  peak  has  been d iv ided  into  Y intervals ,  
a n d  the  b r o a d e n e d  peak  has  been  d iv ided  into  X in tervals .  
Similar  expressions  can  be w r i t t e n  for the  sine coeff icients  
G~(n) a n d  H~(m). g(j) is the  obse rved  power  of the  a n n e a l e d  
p e a k  a t  t he  angu la r  posi t ion co r respond ing  to the  j t h  
in terva l ,  co r rec ted  for factors  which  va ry  wi th  angle,  
a n d  h(k) is the  obse rved  power  of the  b r o a d e n e d  peak  a t  
t he  angu la r  pos i t ion  co r respond ing  to the  k th  in terva l .  

I n  the  app l i ca t ion  of Stokes ' s  m e t h o d  of cor rec t ion  for 
i n s t r u m e n t a l  b roaden ing ,  coeff icients  of the  a n n e a l e d  
a n d  b r o a d e n e d  peaks  m u s t  be c o m p a r e d  for equal  values  
of the  t rue  l eng th  n o r m a l  to the  d i f f rac t ing  planes,  
L - -  i.e. for na 3 = L (annea l ed  ) ---- L ( b r o a d e n e d  ) = (ma~). 
The  coeff icients  cor rec ted  for i n s t r u m e n t a l  b roaden ing  
are : 

Gr(L)Hr(L) + G~(L)H~(L) 
Fr(L)  = 

Gr(L) ~ + Gi(L) ~" 
(3) 

Gr(L )Hi(L ) - Gi(L )Hr(L ) 
F~(L) = 

Gr(L ) 2 + Gi(L ) 2 

aa(or a~) is def ined  as follows : Le t  0o be the  angu la r  posi t ion 
of the  origin of t he  p e a k  ( j = 0 )  a n d  02 be the  angu la r  
posi t ion of one of t he  ex t r emes  of the  peak  ( j =  Y/2) .  
T h e n  a a is g iven  by :  

2a3 (sin 02 - s i n  00)= ½ (4) 
A 

w h e r e  A is the  w a v e l e n g t h  of the  r ad ia t ion  used.  P e a k s  of 
t he  same  hkl f rom severa l  samples  m a y  be a n a l y z e d  a t  
once, w i th  t he  same  i n s t r u m e n t a l  func t ion .  The  va lue  of 
a 3 is d e t e r m i n e d  for the  b roades t  p e a k  a n d  this  is d iv ided  
into  X = 6 0  intervals .  (Simple changes  in the  p r o g r a m  
w o u l d  enable  X to be changed  to a n y  v a l u e . ) T h e  same  
va lue  of a 3 is used for all o the r  b r o a d e n e d  peaks  (and the  
a n n e a l e d  s t anda rd )  ; h o w e v e r  for these  peaks  the  n u m b e r  of 
in te rva l s  X (or Y) is t a k e n  to be a n y  even  n u m b e r  > 60 
such t h a t  h ( k ) = h ( - k ) = O  a t  lc>_ 3 0 ( g ( j ) = g ( - j ) = O  a t  
j _> 30). F o r  the  less b road  peaks  the  d a t a  poin ts  are  thus  
t a k e n  a t  closer spaced  in tervals ,  m o r e  a d e q u a t e l y  
descr ib ing  the  deta i ls  of these.  

* This research was sponsored by ONl:t, and by the Ad- 
vanced Projects Agency of the Depar tment  of Defense under 
Contract SD-67 with the Northwestern University. One of the 
authors (L.H.S.) also acknowledges a fellowship by the 
Standard Oil Foundation. 

L e t t i n g  b = Y / X ,  equa t ion  (1) becomes :  

bX/2 
Gr(n) = Z ,  g(j) cos 2 ~ n ( j / b ) / X .  (5) 

]=--bX/2 

Compar ing  equa t ions  (2) and  (5), one sees t h a t :  
(a) A l t h o u g h  the  s u m m a t i o n  index (]c or j )  runs  on ly  

f rom - 30 to + 30 in the  compu te r ,  the  sums  are  comple te ,  
since h(k) and  g(j) are  zero for Ikl and  ljl >- 30. 

(b) The  h a r m o n i c  n u m b e r s  m and  n are  now equal .  
Thus  the  Stokes  cor rec t ion  can be appl ied  to coeff icients  
of equal  h a r m o n i c  n u m b e r ,  this  be ing  equ iva len t  to equa l  
L values.  

As shown in the  flow d i ag ram (Fig. 1), several  ex t e rna l l y  
cont ro l led  b ranches  have  been inc luded.  The  p r o g r a m s  
cor rec t  for angu l a r  fac tors  af fec t ing  the  power  va r i a t ion  
(f2e-2m and  Loren tz  polar iza t ion)  wi th  a l inear  app rox ima-  
t ion  be tween  the  va lue  of the  p roduc t  of these  t e rms  at  
the  peak ' s  cen te r  and  a t  the  posi t ions  of the  tails.  T h e  
th ree  values  ca lcu la ted  for angu la r  posi t ions t a k e n  f rom 
the  b roades t  peak  in an hkl set are  i npu t  da ta ,  wi th  t he  
ac tua l  observed  powers  for each in t e rva l  for each peak .  
The  r u n n i n g  t imes  to c o m p u t e  the  cor rec ted  coeff icients  
of one p e a k  on the  650 and  709 are  8 and  0.15 m i n u t e s  
respec t ive ly .  No  sepa ra te  wi r ing  boards  a re  r equ i red .  
Subrou t ines  could  be easily a d d e d  a t  t he  beg inn ing  of 
the program to take printed or punched data and 
accomplish a background correction in the machine 
rather than by hand, or at the end of the program to 
synthesize the corrected peaks or to carry out analysis 
of multiple orders for strain and particle size if the 
broadening is due to deformation (Warren, 1959). The 
centers of gravity may be used to calculate twin fault 
probabilities (Cohen & ~'agner, 1962) or for lattice 
parameters. 

The authors know of other programs for this problem 
written by B. Roessler, and E. R. Boyko & G. J. Mohn 
(Wes t inghouse  Resea rch  Labora tor ies ) ,  S. Allen ( Ins t ru-  
m e n t a t i o n  L a b o r a t o r y ,  M.I .T.) ,  V~'. P.  E v a n s  (Caterp i l la r  
T r a c t o r  Co.) and  G. R.  Mal le t t  (Dow Chemical  Co.). 

De ta i l ed  ins t ruc t ions  and /o r  a comple t ed  p r o g r a m  in 
F O R T R A N  or m a c h i n e  l anguage  can be ob t a ined  f rom 
Prof .  J .  B. Cohen,  D e p a r t m e n t  of Mater ia ls  Science,  
N o r t h w e s t e r n  Un ive r s i ty .  

The authors acknowledge the assistance of the North- 
western Computing Center. 
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