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MAGNETIC PERMEABILITY BEHAVIOUR IN SINGLE C R Y S T A L  Mn-FERRITES 

Z .  SimSa, F .  ZounovA and V . A . M .  B rabe r s  ( 1 )  

I n s t i t u t e  o f  P h y s i c s ,  Czechoslovak Acad. S c i . ,  180 4 0  Prague 8 ,  Czechoslovakia  
( 1 ) D e p t .  o f  P h y s i c s ,  T e c h n i c a l  U n i v e r s i t y ,  5 6 0 0  M8 Eindhoven, The Ne the r l ands  

M:&hoij. 'To d e t e r m i n e  r e a l  and imag ina ry  p a r t s  
of the permeahi1i.t.y of t o r o i d a l  f e r r i t e  
s amples ,  t h e  t w o - c o i l  method d e s c r i b e d  e a r l i e r  
[ l l ]  w a s  u s e d .  Using t h e  i n t e r n a l  b u i l t - - i n  
o s c i l l a t ~ r  f o r  t h e  a c  d r i v i n g  f i e l d  i n  t h e  100 
Hz t o  10 kHz f r e q u e n c y  r e g i o n  a Two Phase  
Lock-in Ana lyze r  EG&G model 5206 s e r v e d  f o r  
t l ie  measurements of b o t h  t h e  i n - p h a s e  and 
q u a d r a t u r e  components of a s i g n a l  i nduced  i n  
the secondary  c o i l .  I n  o r d e r  t o  measure t h e  
t r u e  i n i t i a l  p e r m e a b i l i t y  v a l u e s  i n  t h e  
Rey le igh  r e g i o n  of t h e  m a g n e t i s a t i o n  c u r v e ,  
t h e  a m p l i t u d e s  of t h e  magne t i c  d r i v i n g  f i e l d s  
were k e p t  below 1 A/m ( < 10 m O e ) .  Low 
t . empara tu re  measurements w e r e  r e a l i z e d  u s i n g  a 
l i q u i d  he l ium c o n t i n u o u s - f l o w  c r y o s t a t ;  h i g h e r  
t e m p e r a t u r e s  w e r e  a t t a i n e d  i n  a f u r n a c e .  More 
d e t a i 1 . s  about. t h e  method and t h e  s e t - u p  used  
can  be found i n  [ll]. 
R e s u l t s .  I n  F i g s .  1 t o  5 ,  t h e  t e m p e r a t u r e  
dependences of t h e  real  and imag ina ry  p a r t s  of 
t h e  i n i t i a l  p e r m e a b i l i t y  measured a t  1 kHz are  
r c p r e s e n t e d .  A l l  samples  were f i r s t  h e a t e d  
above t h e i r  C u r i e  t e m p e r a t u r e s  T, t o  
a t t a i n  demagnet ized s t a t e .  Curves i n  F i g s .  1 
t o  5 were t h e n  o b t a i n e d  by measu r ing  )I i n  
d e c r e a s i n g  t e m p e r a t u r e s .  The h i g h - t e m p e r a t u r e s  
b e h a v i o u r  of JL' arid )I" iridicaterr. the p rese i i ce  
of t h e  maxi.ma i n  1-1 o c c u r i n g  j u s t  below t h e  
C u r i e  t e m p e r a t u r e s  [ l 2 ] .  

I n  m a g n e t i t e  (see t h e  r igh t  hand p a r t  of 
F i g .  1 )  t h e  o t h e r  maximum l ies  n e a r  t h e  Verwcy 
t r a n s i t i o n  t e m p e r a t u r e ,  TV=121 K . A more 

I 1 

F i  1 'L'r:iiiperat.iire dependences of t h e  rea l  
( j i '  1 a n d  t h e  imag ina ry  (I*") p a r t s  of t h e  
i n i t i a l  p e r m e a b i l i t y  of m a g n e t i t e  ( s ample  I). 
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F i g .  3 a , b .  Temperature  dependences of t h e  real  
and t h e  imag ina ry  p a r t s  of t h e  i n i t i a l  
p e r m e a b i l i t y  of t h e  sample 4 ( a )  and 5 ( b ) .  See  ' 

Tab le  1 f o r  sample d e t a i l s .  

BLSWZZiQQ 

I n i t i a l  p e r m e a b i , l i t v  b e h a v i o u r .  The i n c r e a s e  
of t h e  i n i . t i a l  p e r m e a b i l i t y  n e a r  T, ( i . e .  the 
p r imary  maximum) i s  w e l l  d e s c r i b e d  [1,2]. More 
i n t e r e s t i n g  i s  t h e  o c c u r r e n c e  of the  second  
maximum i n  u a t  t e m p e r a t u r e s  w e l l  bel.ow T c .  
One o f  t h e  p o s s i b l e  r e a s o n s  i s  t h e  p a s s i n g  of 
t h e  a n i s o t r o p y  c o n s t a n t  K1 t h r o u g h  z e r o .  S h a r p  
maxima i n  b '  and p" i n  m a g n e t i t e  ( sample 1 ) 
n e a r  TV c o u l d  i n d e e d  b e  conce ived  i n  terms of 
K1=0 o c c u r r i n g  a t  Tk.126 K [ 7 ] .  However, t h e  
s t e e p  d e c r e a s e  by two o r d e r s  of magni tude i s  
more l i k e l y  t o  b e  c o n n e c t e d  w i t h  t h e  c r y s t a l -  
l o g r a p h i c  and magnet, ic t r a n s i . t i o n  o c c u r r i n g  
a t  T v = 1 2 1  K .  The two o t h e r  anomal i e s  below Tv 
have a q u i t e  d i f f e r e n t  c h a r a c t e r  and c a n n o t  b e  
e x p l a i n e d  by s u p p o s i n g  K1=0. 

I n  t h e  case of sample 2 (x=O.52), s h a r p  
maxima n e a r  340 K are a l s o  i n  agreement  w i t h  
t h e  e s t i m a t e d  t e m p e r a t u r e  r a n g e  f o r  K1=0 
v a l u e s  [ 1 4 1 .  The same t y p e  of e x p l a n a t i o n  i s  
a l s o  v a l i d  i n  t h e  c a s e  of sample 3 ( x = O . 9 5 )  
where Lhe e x t r a p o l  a t e d  t e m p e r a t u r e  f o r  
K1=0 is  a b o u t  370 K [14] i n  good 
agreement, w i t h  t h e  o b s e r v e d  d i s p e r s i o n l e s s  
maxima of IJ a t  360 K .  The b r o a d  s h o u l d e r  i n  1-1' 
and ti tnaxi.rnim i n  k c ' '  below 200 K have o b v i o u s l y  
a d i f  f a r e n t ,  f r equency  dependen t  c h a r a c t e r .  

N O  r c l  i u b l c  d a t a  on t h e  h i g h  t e m p e r a t u r e  
tc:havirJur of KI i n  manganese - r i ch  p a r t  
of t . t i r :  :;yzt.c-:m arc! a v a i l a b l e ,  The e x t r a p o l a t i o n  
f r ) l J ( , w i n g  1 1 4 1  w c ~ i i l d  y i e l d  Tk a p p r o a c h i n g  T c .  
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