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First experiments on iron single crystals are outlined de-
monstrating that the mechanical aftereffect can be reactivated 
remarkably by discontinuous changes in superimposed mag-
netic fields. As magnetostrictive effects not only are very much 
smaller but can also be separated experimentally, it appears 
to be necessary to interpret the observed phenomena by inter-
actions between domain walls and dislocations having mutual 
orientations suitable to enable reactivation of disclocation 
glide caused by the repulsive interaction forces of the domain 
walls. 

§ 1. Introduction 

I n 1 9 5 6 BLANK 1 r e p o r t e d o n a s t range b u t note-
w o r t h y e x p e r i m e n t : s u p p o s e a nickel s ing le c rys ta l has 
b e e n p l a s t i c a l l y d e f o r m e d to s o m e p e r c e n t strain b y 
u n i a x i a l , c o n s t a n t tensi le stress a p p l i e d e i ther w i thout 
o r d u r i n g s u p e r p o s i t i o n o f a constant e x t e r n a l m a g -
n e t i c field p a r a l l e l to the stress axis . A f t e r w a i t i n g f o r 
s o m e m i n u t e s the rate o f strain o c c u r i n g u n d e r c o n -
stant stress d u e to the m e c h a n i c a l a f t e re f f e c t , has de-
c r e a s e d to a n e g l i g i b l e d e g r e e . B u t if n o w the ex terna l 
m a g n e t i c field is e i ther a p p l i e d or swi t ched o f f , or 
c h a n g e d d i s c o n t i n u o u s l y , in a n y case a r eac t i va t i on o f 
the m e c h a n i c a l a f t e re f f e c t wi l l b e o b s e r v e d . 

A l t h o u g h o b v i o u s l y very interest ing , this u n e x p e c t e d 
resu l t d i d n o t find a n y r e s o n a n c e in the s u b s e q u e n t 
l i t e ra ture , p r o b a b l y b e c a u s e it was in s t r ik ing dis-
a g r e e m e n t w i th o n e of the m o s t impor tant pos tu la tes 
o f a l l t h e o r i e s o f the m a g n e t i z a t i o n curve s e r i o u s l y dis-
c u s s e d at that t ime as we l l as later on a n d unt i l t o - d a y : 
t h e p o s t u l a t e that d u r i n g the m a g n e t i z a t i o n p r o c e s s 
a l l d i s l o c a t i o n s a n d d i s l o c a t i o n segments s h o u l d b e h a v e 
stiff a n d r i g i d a n d r e m a i n fixed at their r e s p e c t i v e p la -
c e s in the c rys ta l latt ice even in the v e r y m o m e n t s 
w h e n d o m a i n w a l l s in terac t ing with t h e m , u n d e r the 
i n f l u e n c e o f an e x t e r n a l m a g n e t i c field, j u s t are m o v i n g 
a c r o s s t h e m . 

F o r the a b o v e r e a s o n BLANK'S 1 e x p e r i m e n t as we l l 
as a s i m i l a r o n e c a r r i e d out b y CULLITY a n d ALLEN 2 
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s h o w e d t h e m to b e two of the most i m p r e s s i v e p r o o f s 
o f h i s n e w t h e o r y o f the m a g n e t i z a t i o n c u r v e o f p last i -
c a l l y d e f o r m e d f . c . c . c rysta ls o f s ingle s l ip o r i entat i on . 
A s the v a l i d i t y r a n g e of that theory i n c l u d e s no t o n l y 
m a t e r i a l s as f o r ins tance m a g n e t i t e , bu t a c c o r d i n g to 
MARKERT 3 , c a n b e e x t e n d e d at least qua l i ta t ive ly a lso 
to b . c . c . c r y s t a l s such as i r o n , it f o l l o w s that B l a n k ' s 
e x p e r i m e n t s h o u l d w o r k o n i r o n and o n m a g n e t i t e 
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s a m p l e s t oo . I n o r d e r to p r o v e this p r e d i c t i o n , a ser ies 
o f m e a s u r e m e n t s h a d b e e n startet r e c e n t l y , the first re-
sul ts o f which sha l l b e o u t l i n e d in the p r e s e n t p a p e r . 

§ 2. Experimental Results 

A s in the n e a r f u t u r e the m e a s u r e m e n t s shal l b e car -
r i e d out a l so o n m a g n e t i t e s i n g l e c rys ta l s , f o r e x p e r i -
m e n t a l s i m p l i c i t y w e p r e f e r e d to use c o n s t a n t u n i a x i a l 
p r e s s u r e ins tead o f tens i le stress . F i rs t resu l ts h a v e 
b e e n g o t o n t w o i r o n s i n g l e c r y s t a l s o r i ent i ed as s h o w n 
in F i g . 1 a n d c o n t a i n i n g 3 . 5 % s i l i c o n each. B e c a u s e o f 
the pos i t ive m a g n e t o s t r i c t i o n o f i r o n it w a s n e c e s s a r y 
c a r e f u l l y to a v o i d those m e c h a n i s m s o f r eac t i va t ing the 
m e c h a n i c a l a f t e r e f f e c t wh i ch s i m p l y h a v e their o r i g i n in 
the a d d i t i o n a l m a g n e t o s t r i c t i v e p r e s s u r e ar i s ing in o u r 
h y d r a u l i c p r e s s ( w h i c h w a s l o c k e d in a w a y n o t to a l l o w 
a n y i n c r e a s e in l e n g t h o f the s a m p l e ) w h e n an e x t e r n a l 
m a g n e t i c field is a p p l i e d o r i n c r e a s e d d i s c o n t i n u o u s l y . 
T h u s the e x p e r i m e n t s u n d e r d i s c u s s i o n w e r e c o n f i n e d 
to the f o l l o w i n g t w o k i n d s o f m e a s u r e m e n t s that s h o u l d 
y i e l d at least s o m e l o w e r l imi t s o f the tota l e f f e c t s 
e x p e c t e d : 

1. A f t e r a n n e a f i n g , the c r y s t a l s h a d b e e n e x p o s e d 
to a c o n s t a n t e x t e r n a l m a g n e t i c field of 2 0 O e p a r a l l e l 
to the ax i s o f the p r e s s u r e to b e a p p l i e d . T h e n , u n d e r 
the i n f l u e n c e o f the s u p e r i m p o s e d m a g n e t i c field, the 
s a m p l e s w e r e d e f o r m e d p l a s t i c a l l y b y a p p l i c a t i o n o f a 
g i v e n c o n s t a n t u n i a x i a l p r e s s u r e . W h e n the m e a s u r i n g 
c u r v e d i s c r i b i n g the m e c h a n i c a l a f t e r e f f e c t , i . e . the 
( l o g a r i t h m i c a l l y ) d e c r e a s i n g rate o f c o n t r a c t i o n sti l l 
o b s e r v a b l e a f t e r the p r e s s u r e h a s b e e n k e p t c o n s t a n t , 
w a s flattened to a n e a r l y h o r i z o n t a l run , the e x t e r n a l 
m a g n e t i c field h a d b e e n sw i t ched o f f , as s h o w n in 
F i g u r e 2 . T h e i n t e n t i o n t h e r e b y w a s to c a u s e a react iva -
t i o n of the m e c h a n i c a l a f t e r e f f e c t that then s h o u l d b e 
the e x p e c t e d n o n - m a g n e t o s t r i c t i v e o n e . A f t e r it h a d 
r e a l l y set in a n d a g a i n d e c r e a s e d to n e g l i g i b l e v a l u e s , 
an e x t e r n a l m a g n e t i c field o f 2 0 O e s h o u l d b e a p p l i e d 
a n t i p a r a l l e l to its f o r m e r d i r e c t i o n in o r d e r to react i -
vate o n c e m o r e that m e c h a n i c a l a f t e r e f f e c t . 

2 . T h e c r y s t a l s h a d b e e n d e f o r m e d p las t i ca l l y in ze ro 
m a g n e t i c field b y a p p l i c a t i o n o f c o n s t a n t u n i a x i a l pres -
sure . W h e n the m e c h a n i c a l a f t e r e f f e c t h a d d e c r e a s e d 
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Fig. 2. Reactivation of the mechanical after-
effect of the sample Fe E II due to the kind 
of experimental conditions described under 
point 1. of the text. The right-hand curve 
corresponds to a constant applied pressure 
of 21.2 kp/mm2 , the left one was measured 

under constant pressure of 28 kp /mm 2 . 
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Fig. 3. Reactivation of the mechanical after-
effect of samples Fe E I and Fe E II due to 
the kind of experimental conditions out-
lined under point 2. of the text. The left-
hand curve as well as the right-hand one 
show measurements carried out on sample 
Fe E I under constant pressure of 19.7 kp 
/mm 2 and 26.7 kp/mm 2 , respectively. The 
third curve in the middle represents the cor-
responding results got on sample Fe E II 

under constant pressure of 19.4 kp /mm 2 . -
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to n e g l i g i b l e rates o f c o n t r a c t i o n , an e x t e r n a l m a g n e t i c 
field o f 2 0 O e p a r a l l e l to the ax i s o f p r e s s u r e w a s 
switched o n , see F i g . 3 , in o r d e r to r eac t iva te the me -
chan i ca l a f t e re f f e c t . W h e n it a g a i n h a d d e c r e a s e d to a 
su f f i c i ent ly smal l a m o u n t , the swi t ch ing off o f the m a g -
net ic field w a s a n o t h e r test to p r o v e w h e t h e r , a c c o r d i n g 
to B l a n k ' s e x p e r i m e n t o n n i cke l a n d to M a r k e r t ' s sup-
pos i t i on 3 c o n c e r n i n g the qua l i ta t ive va l id i ty o f h i s n e w 
theory even with r e g a r d to i r o n , a s e c o n d n o n - m a g n e t o -
strict ive reac t ivat i on of the m e c h a n i c a l a f t e r e f f e c t w o u l d 
either set in or not . 

A l t h o u g h the ou t l ined e x p e r i m e n t s still a r e ra ther 
i n c o m p l e t e , o b v i o u s l y it f o l l o w s f r o m F i g s . 2 a n d 3 that 
bo th i ron s i n g l e c rys ta l s s tud ied s h o w a b e h a v i o u r very 
s imi lar to the o n e d e s c r i b e d b y BLANK 1 w i t h r e s p e c t 
to nickel s i n g l e c rys ta l s . In p a r t i c u l a r it is c l e a r that 
the o b s e r v e d e f f e c t s o f r eac t iva t i on o f m e c h a n i c a l a f ter -
e f fec ts b y d i s c o n t i n u o u s v a r i a t i o n of the m a g n e t i c field 
c a n n o t b e a t t r ibuted to m a g n e t o s t r i c t i v e c o u p l i n g b e -
cause o f at least t w o m a i n r e a s o n s : 
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a ) M a g n e t o s t r i c t i v e c on t rac t i ons due to field c h a n g e s 
o f 2 0 O e are o f the o r d e r o f a b o u t 1 0 ~ 7 , i. e. very m u c h 
s m a l l e r than the e f f e c t s observed . F u r t h e r , if m a g n e t o -
str ic t ive c o n t r a c t i o n s real ly take p l a c e , they o c c u r as 
q u i c k l y as the field changes a n d c a n n o t c a u s e the t y p 
o f a f t e r e f f e c t s h o w n in F i g . 3 at the po ints w h e r e the 
e x t e r n a l field w a s switched of f . 

b ) If the e f f e c t s u n d e r d i s c u s s i o n w e r e m a g n e t o -
str ic t ive ones , they c o u l d not b e i n d e p e n d e n t o f w h e t h e r 
the field w a s i n c r e a s e d or d e c r e a s e d . 

T h u s the qua l i ta t ive a p p l i c a b i l i t y o f the q u o t e d 3 ' 4 

n e w theory of the magnet i za t i on curve o f p l a s t i c a l l y 
d e f o r m e d c rys ta l s a p p e a r s to b e c o m e p r o b a b l e even 
wi th r e g a r d to i r o n s ing le c rysta ls . 
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