
y s i s  l ead  to the s a m e  g e n e r a l  r e s u l t s .  Only the s e m a n -  
t i c s  a r e  d i f f e ren t !  Chipman  p r e f e r s  the  luc id i ty  of 
p a r t i a l  m o l a r  f r e e  e n e r g i e s  and in f in i te ly  d i lu te  s t a n -  
d a r d  s t a t e s .  1 The idea  of a fcc c h r o m i u m  s t a n d a r d  
s t a t e  r e q u i r e s  s p e c i a l  d i s p e n s a t i o n !  On the o the r  hand 
KNU z and the p r e s e n t  au thor  s p r e f e r  dea l ing  with i n t e -  
g r a l  f r e e  e n e r g i e s  and the pu re  m e t a l  s t a n d a r d  s t a t e  
co inc id ing  with the s t r u c t u r e  of the so lu t ion  in q u e s -  
t ion.  The l a t t e r  s e e m s  to be a f a r  m o r e  p h y s i c a l  d e f i -  
n i t ion  than the in f in i te ly  d i lu te  s t a t e .  In th is  v iew fcc 
Cr is  no m o r e  unusual  than bcc  i ron  at  1400 K, fcc i ron  
at  1000 K o r  hcp i ron  at  one a t m o s p h e r e .  The i m p o r -  
tan t  r e s u l t  is  that  both methods  can y ie ld  the s a m e  c o r -  
r e c t  a n s w e r s  when handled  p r o p e r l y  and that  a r g u m e n t s  
ove r  which method g ives  c l e a r e r  a n s w e r s  a r e  po in t l e s s .  
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A p a p e r  of Dr .  K a u f m a n ' s  had unfor tuna te ly  excaped  
the a t tent ion  of the au thor .  His  equat ion for  the s ac t iv i ty  
coef f ic ien t  of c h r o m i u m  in fcc F e - C r  a l loys  g ives  r e -  
su l t s  at low concen t r a t i ons  which a g r e e  with those  
unde r  d i s c u s s i o n .  My d i s c u s s i o n  i s  l i m i t e d  to di lute  
so lu t ions  within the g a m m a - l o o p  and i s  not in tended to 
apply to a pu re  fcc c h r o m i u m .  
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The p r e s e n c e  of ca rbon  and n i t rogen  in so l id  so lu -  
t ion is  p a r t i c u l a r l y  h a r m f u l  in low ca rbon  r i m m e d  
s t e e l s  in tended for  deep  d rawing  app l i ca t ions .  It was 
fe l t  n e c e s s a r y  to develop  a technique  to d e t e r m i n e  the 
i n t e r s t i t i a l s  content  of such f la t  r o o l e d  p roduc t s .  We 
sha l l  p r e s e n t  in th i s  communica t ion  the po ten t ia l  use  
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of the d i f fus ion magne t i c  a f t e r - e f f e c t s  for  the de tec t ion  
of i n t e r s t i t i a l s .  

The magne t i za t ion  a f t e r - e f f e c t s  we re  f i r s t  p r o p o s e d  
by  N~el. 1 These  e f fec t s  a r i s e  f rom the i n t e r ac t i on  en -  
e r g y  be tween  an occup ied  i n t e r s t i t i a l  s i t e  in the b a s i c  
l a t t i c e  ce l l  and the ma gne t i z a t i on  in that  ce l l .  A c o n s e -  
quence of th i s  i n t e r a c t i o n  e n e r g y  is  that  a l l  the  i n t e r -  
s t i t i a l  s i t e s  within a magne t i c  domain  a r e  not a l l  e n -  
e r g e t i c a l l y  equ iva len t  and the e q u i l i b r i u m  d i s t r i bu t i on  
of i n t e r s t i t i a l s  within a domain  g ives  r i s e  to d i r e c t i o n a l  
o r d e r .  This  o r d e r  changes  in doma ins  s e p a r a t e d  by  a 
90 deg  Bloch wal l  and of c o u r s e  a c r o s s  any kind of do -  
ma in  b o u n d a r y  where  the magne t i za t ion  v e c t o r  r o t a t e s  
f r o m  ce l l  to ce l l .  The e q u i l i b r i u m  d i s t r i b u t i o n  of in-  
t e r s t i t i a l s ,  b e c a u s e  i t  l o w e r s  the  f r e e  e n e r g y  of the 
s y s t e m ,  s t a b i l i z e s  a given domain  conf igura t ion .  When 
a s t a b i l i z e d  conf igura t ion  is  d i s t u r b e d  by  the a p p l i c a -  
t ion of an e x t e r n a l  f i e ld  H, some  e x t r a  e n e r g y  has  to 
be suppl ied  b e c a u s e  the  d i s t r i bu t i on  of i n t e r s t i t i a l s  
within the vo lume swept  b y  the wal l  is  not the  equ i l i b -  
r i u m  one. F o r  a 90 deg  wall ,  the e x t r a  amount  of en -  
e r g y  i n c r e a s e s  con t inua l ly  with the  wal l  d i s p l a c e m e n t  
b e c a u s e  the number  of i n t e r s t i t i a l s  lef t  out of equ i l i b -  
r i u m  by the p a s s a g e  of the wal l  a l so  i n c r e a s e s  con t in -  
ua l ly .  On the o the r  hand, for  a 180 deg  wall ,  the e x t r a  
e n e r g y  r e a c h e s  a cons tan t  va lue  with the  wal l  d i s p l a c e -  
ment  b e c a u s e  only the i n t e r s t i t i a l s  within the wal l  t h i ck -  
ne s s  at  the old and the new pos i t i ons  a r e  lef t  out of 
e q u i l i b r i u m  by  the p a s s a g e  of the  wall .  The addi t iona l  
r e s t o r i n g  o r  s t a b i l i z i n g  p r e s s u r e  on the in i t i a l  pos i t i on  
of the wa l l s  d E / d u  thus  r e a c h e s  a cons tan t  va lue  as  a 
funct ion of u, the wal l  d i s p l a c e m e n t ,  in the ca se  of the  
90 deg wal l  and goes  th rough  a m a x i m u m  and van i shes  
a s  a funct ion of u in the  c a s e  of the 180 deg wall .  Thus,  
the e x t r a  e n e r g y  that  we have to supp ly  to change a 
s t a b i l i z e d  domain  conf igura t ion  is  a funct ion of the d i s -  
p l a c e m e n t  u (or  the magne t i c  induction B) for  s m a l l  
va lue s  of u. F o r  l a r g e  d i s p l a c e m e n t  of u the  e x t r a  e n -  
e r g y  r e a c h e s  a cons tan t  that  depends  to some  extent  
on the number  of 90 deg wa l l s  that  moved  upon the a p -  
p l i ca t ion  of an e x t e r n a l  f ie ld .  Phenomeno log ica l ly ,  th is  
e x t r a  e n e r g y  o r  s t a b i l i z i n g  p r e s s u r e  can be thought of 
a s  a s t a b i l i z i n g  f ie ld  s i m i l a r  to a demagne t i z ing  f i e ld  
that  a lways  opposes  the app l i ed  f ie ld  but  that  g r a d u a l l y  
d e c r e a s e s  with t i m e  as  the i n t e r s t i t i a l s  adapt  t h e m -  
s e l v e s  to the  new domain  conf igura t ion  c r e a t e d  by  the 
app l i ed  f ie ld .  In p o l y c r y s t a l l i n e  m a t e r i a l  with i s o t r o p i c  
domain  conf igura t ions  the  magni tude  of th is  f i e ld  is  a 
funct ion of the i n t e r s t i t i a l s  content .  

In p r i n c i p l e ,  any e x p e r i m e n t  that  is  s e n s i t i v e  to the 
bu i ld -up  of the new s t a b i l i z e d  conf igura t ion  v i a  the d i f -  
fus ion  of i n t e r s t i t i a l s  may  be used to eva lua te  the m a g -  
ni tude of the  s t a b i l i z a t i on  f ie ld .  We have s tud ied  the 
magne t i c  induct ion r e s p o n s e  to the app l i ca t ion  of a s t ep  
funct ion f ie ld  in the Rayle igh  reg ion .  An a n a l y s i s  of the  
t i m e  dependent  p a r t  in a s ingle  e x p e r i m e n t  e nab l e s  the  
iden t i f i ca t ion  of the na tu re  of the i n t e r s t i t i a l s  r e s p o n -  
s ib le  fo r  the  a f t e r - e f f e c t s .  The a s s u m p t i o n s  use  fo r  
r e v e r s i b l e  d i s p l a c e m e n t s  a r e  the fol lowing:  

- -We a s s u m e  that  we a r e  dea l ing  with a s t a b i l i z e d  
domain  conf igura t ion  and that  the ef fec t ive  f i e ld  in the  
s p e c i m e n  is  g iven by  

H e f  t = H a -- ~ i H s t i  [1] 

where  Hst i i s  the s t a b i l i z i n g  f ie ld  of a given s p e c i e  i 
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