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I n  r e c e n t  y e a r s  seve ra l  a u t h o r s  h a v e  a t t e m p t e d  to  re f ine  
t h e  m o d e l  of G .P .  zones  in  A1-Cu  al loys.  Gero ld  (1954) 
c a l c u l a t e d  t h e  d i s p l a c e m e n t s  of a t o m i c  p l a n e s  (001) in 
t h e  G .P .  zone  o n  t h e  a s s u m p t i o n  t h a t  t h e  zone  c o n t a i n s  
one  c o p p e r - r i c h  C001) p l a n e  on ly .  I n  a l a t e r  p a p e r  T o m a n  
(1957) t r i e d  to  ca l cu l a t e  n o t  on ly  t h e  d i s p l a c e m e n t s  b u t  
a lso t h e  c o n c e n t r a t i o n s  of c o p p e r  in  d i f f e r en t  (001) p l a n e s  
of t h e  G .P .  zone .  H i s  ca l cu la t ion ,  b a s e d  on  t h e  least-  
s q u a r e s  t r e a t m e n t  of t h e  relative d i f f u s e - i n t e n s i t y  d i s t r ibu -  
t i o n  in  s t r e a k  [00l], d i d  n o t  c o n t a i n  a n y  a s s u m p t i o n s  
a b o u t  t h e  d i s t r i b u t i o n  of c o p p e r  in  t h e  zone.  T h e  r e su l t  
was  r a t h e r  d i f f e r e n t  f r o m  t h e  Gero ld ' s .  T h e  c o p p e r  a t o m s  
w e r e  f o u n d  n o t  to  be  c o n c e n t r a t e d  in  t h e  c e n t r a l  a t o m i c  
p l a n e  on ly ,  b u t  a d i s t r i b u t i o n  of c o p p e r  a m o n g  severa l  
(001) p l a n e s  was  f o u n d .  T h e  d i s p l a c e m e n t s  of (001) 
p l a n e s  of t h e  zone  were  f o u n d  to  be  m u c h  less i m p o r t a n t  
t h a n  in Gero ld ' s  m o d e l .  

I n  a r e c e n t  p a p e r  Gero ld  (1958) expresses  d o u b t  a b o u t  
T o m a n ' s  m o d e l ,  espec ia l ly  t h e  d i s t r i b u t i o n  of c o p p e r  
a t o m s .  Th i s  a r r a n g e m e n t  of c o p p e r  a t o m s  w o u l d  lead,  
a c c o r d i n g  to  Gerold ,  to  s t resses  su f f i c i en t  to  b r e a k  t h e  
c o h e r e n c y  of t h e  zone  w i t h  t h e  m a t r i x .  

T h e  bas is  for  T o m a n ' s  c a l c u l a t i o n  was  t h e  relative 
di f fuse  i n t e n s i t y  on  w h i c h  t h e  i n t e n s i t y  of t h e  d i r ec t  b e a m  
a n d  m a t r i x  B r a g g  re f lec t ions  (000), (002), (004) was  super -  
p o s e d .  Th i s  m a k e s  t h e  d e t e r m i n a t i o n  of d i f fuse  i n t e n s i t y  
in  t he se  r anges  of s t r e a k  r a t h e r  u n c e r t a i n  a n d  i t  is poss ib le  
t h a t  e r rors  in  e x t r a p o l a t i o n  a n d  i n t e r p o l a t i o n  m i g h t  in- 
f luence  t h e  r e su l t  u n f a v o u r a b l y .  I t  was  t h e r e f o r e  desir-  
ab le  to  m a k e  use  of a n o t h e r  m e t h o d  to  a s c e r t a i n  w h i c h  
m o d e l  is cor rec t .  

A s u i t a b l e  m e t h o d  can  be  b a s e d  u p o n  t h e  absolute 
m e a s u r e m e n t  of t h e  d i f fuse  i n t e n s i t y  in  t h e  s t r e a k  n o t  
t oo  close to  t h e  d i f fuse  m a x i m a  on  t h e  r e l rod  [00l]. I n  
o rde r  to  o b t a i n  t h e  s a m e  d i f fuse  i n t e n s i t y  a t  t h i s  relp,  
m o r e  c o p p e r  a t o m s  in  zones  are  n e c e s s a r y  a c c o r d i n g  to  
T o m a n ' s  m o d e l  t h a n  a c c o r d i n g  to  t h e  Gero ld ' s ,  w h e r e  
t h e  a t o m i c  p l a n e  d i s p l a c e m e n t s  are  m o r e  i m p o r t a n t .  

F o r  a s y m m e t r i c a l  B r a g g  a r r a n g e m e n t  w i t h  t h e  m a i n  
p l a n e  t h e  p l a n e  c o n t a i n i n g  t h e  p r i m a r y  a n d  re f l ec ted  
b e a m s - - h o r i z o n t a l ,  t h e  p o w e r  P d i f f r a c t e d  on  t h e  G.P .  
zones  a n d  e n t e r i n g  t h e  G.M. c o u n t e r  (whose  e n t r a n c e  
s l i t  h a s  t h e  w i d t h  A ~ 22R/(Na s in  0) a n d  t h e  h e i g h t  
~1 > 2AR/Na) is 

P =PoK~nNFg(I )  sin 9 ~Nlc/sin 9" ~Ic . 

R is the crystal.t0.slit distance, N is the dimension of 
a zone  ( s u p p o s e d  square )  m e a s u r e d  in a of t h e  m a t r i x  
(4.05 A) as a un i t ,  a n d  n is t h e  n u m b e r  of zones  in 1 cm.  3 
of t h e  a l loy.  T h e  c o n s t a n t  K = B(e~'/mc2)~AA/(2/zRa), w h e r e  
B is t h e  p o l a r i s a t i o n  f a c t o r  a n d  # is t h e  l inear  a b s o r p t i o n  
coeff ic ient .  T h e  f u n c t i o n  F(1) c o n t a i n s  t h e  s t r u c t u r e  
p a r a m e t e r s  of t h e  zone  

o o  

F(l) = 2fat [m 0 + 2 ~ ((1 + m~) cos ~ ail - - cos  gn~l) ; 
1 

h e r e  m~ is t h e  a t o m  f r a c t i o n  of c o p p e r  in t h e  i t h  p l a n e  
(001) of t h e  zone,  a~ is t h e  d i s t a n c e  of t h e  i t h  p l a n e  

of t h e  zone  f r o m  t h e  c e n t e r  of t h e  zone  (0 th  p l ane )  a n d  
n~ is t h e  d i s t a n c e  of t h e  i t h  (001) p l a n e  in t h e  u n d i s t u r b e d  
l a t t i ce  f r o m  t h e  c e n t e r  of t h e  zone .  (Bo th ,  ai a n d  n~ a re  
m e a s u r e d  in a/2 as a u n i t  of t h e  d i s t ance . )  

T h e  p o w e r  Pmax. c o r r e s p o n d i n g  to  t h e  m a x i m u m  
s e t t i n g  of c ry s t a l  for  c o n s t a n t  l is 

~p 
Pmax. = Po K --~ ~r~(l) N (1) 

w h e r e  ~4 r is t h e  n u m b e r  of Cu a t o m s  s e g r e g a t e d  in zones  
in  1 cm.  3 a n d  

#-~(l) = F-'(I)/ _2  m~. 

I n  t h e  e x p e r i m e n t a l  p a r t  of th i s  w o r k  t h e  cross-prof i le  
of t h e  d i f fuse  s t r e a k  [00l] for  c o n s t a n t  1=2"5  was  m e a -  
su red .  T h e  c rys t a l  u s e d  (4 w t .  % Cu) was  aged  a t  r o o m  
t e m p e r a t u r e  for  3000 rain.  T h e  m e a s u r e d  Pmax. was  
459 ± 13 i m p . / m i n ,  a n d  _N was  6-3. T h e  i n c i d e n t  p o w e r  
P0 was  d e t e r m i n e d  b y  m a k i n g  use  of t h e  m e a s u r e m e n t  of 
t h e  r a d i a t i o n  d i f f r a c t e d  f r o m  a p l a t e  m a d e  of a m o r p h o u s  
s e l en ium.  P 0 = l . 1 7 . 1 0 s  i m p . / m i n ,  was  f o u n d .  T h e  con-  
s t a n t  K i n v o l v i n g  t h e  g e o m e t r i c a l  c o n s t a n t s  of d i f f r ac to -  
m e t e r  is 3 . 02 .10  -3°. j I r ~ 2  c a l c u l a t e d  a c c o r d i n g  to  (1) is 
1 .24 .10  z4. 

I n  t h e  T a b l e  1 we  show 5 r~ c a l c u l a t e d  for  d i f f e r e n t  
m o d e l s  of t h e  G.P .  zone.  

T a b l e  1 
Model ~ 2  JV 

Gerold type  al= 0.900 781 1-60. l021 
Gerold type  al----0.800 2130 0.59.1021 

co 
Toman  type  ~ m ~ = 0 . 9 7  11 1.14.102a 

--CO 

c o  

Toman  type  ~ m i =  1.86 7 1.79. l0  ~a 
--OO 

T h e  f i rs t  m o d e l  is t a k e n  f r o m  Gero ld  (1954, t h e  6 th  
m o d e l ) ;  t h e  s e c o n d  is d e r i v e d  f r o m  t h e  f i rs t  b y  d o u b l i n g  
all d i s p l a c e m e n t s .  T h e  t h i r d  a n d  f o u r t h  are  t a k e n  f r o m  
T o m a n  ( 1 9 5 7 - - T a b l e  2, 1st a n d  3rd c o l u m n ) .  T h e  ~ r  
c a l c u l a t e d  are  b a s e d  on  t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  
v a l u e  ~ r ~ 2  = 1.24.1024. 

T h e  n u m b e r  of all c o p p e r  a t o m s  in t h e  a l loy  of ou r  
composition is I'03,1021 in 1 cm2; this represents the 
highest limit for ¢4 z. It  is evident that all Toman-type 
zones need an impossible number of copper atoms to 
explain the observed diffuse intensity. The Gerold models 
show an essentially better agreement especially when the 
atomic plane displacements are increased. 
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