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plsarev, S1n1l,  and Smo1enst l l  . [1-]  have o!served that the magnetoopt ic
effect that is quadrat lc 1n the magn-t lzat lon (magnetlc blrefr lngence) ls large
1n ant l ferromagnetlc crystals and Is eonparable with the l inear effect ( the

Faraday effect)  observed in ferr lmagnets. In I t ] ,  t f te magnetlc birefr ln-
gence was invest lgated ln ferr l tes and ant l feruomagnets wlth weak ferromag-
iet lsrn. In the piesent study, thi-s effect was observed and studled 1n the
ant l ferrornagnet lc crystal  MnFz. Thls ls a thoroughly- lnvest lgated tetragonal
an t i fe r romagnet - * f i f r " i ,  I  eg .9oX.  The sub la t t i ce  magnet lza t lon  ( the  vec tor

iy  i . r  l t  l s  d l rec ted  a long the  four fo ld  ax ls  ( tne  z  ax ls  1n  F lg .  1 ) .

The exper lment  was per fo rmed a t  a  wave length  l :912-8  f t  l? t  f rom the  ab-

sorp t lon  Uanas 1n  th is  subs tance.  L lnear ly  po la r lzed  l igh t  w i th  a  wave vec tor

t- i ' ; ; ; - ;"-Hu: l l "  taser was incident o4 the trystal  along the x axis (see F1g.
j l .  The 11ght -po la r i  za t lon  vec tor  (E)  was lne l1ned 45o to  the  z  ax ls  1n  the
yz p1ane. i f te resul- tant change in the path dl f ference between the ordinary

and extraordinary rays was cancef led out and measured with the aid of a Berek

compensator placed past the crystal .  The measurements were made in a wlde

tempera ture  ln te rva i ,  L .5  -  30b"K.  The tempera ture  was measured w i th  a  go ld

iaoi,"a * i t f ,  i "on) I  cfr"o*e1 ihermocouple glued to the sample, and was maln-
t a i n e d  c o n s t a n t  w l t h i n  0 . 1  -  0 . 2 o K .

di f ference between.the ordinary and extraordinary refract lve
n  -  n  =  0 .026.  I  )  We measured the  change o f  th is  quant l t y

l ) t f re  au thors  a re  g ra te fu l  to  V . I .  Burkov  fo r  supp ly ing  these da ta '
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At  300oK the
lnd ices  1n  MnFz is
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(An)  as the temperature was lowered f rom 300oK down.

Figure 1 shows the main exper imenta l  resut ts .  I t  is  seen f rom the f igure
that  f rom 300 to 100oK the value of  n"  -  no changes ins lgni f icant l -y  '  but  1n

the region of  T" ,  i t  begins to vary appreclably .  The maxlmum ls  An = 1.5 x
- N

10- t ,  app rox ima te l y  5 / '  o f  t he  na tu ra l  b i r e f r i ngence .  I t  shou ld  be  no ted  tha t
An in Mntr 'z  is  larger  by one or  two orders of  magni tude than in the substances
inves t i ga ted  i n  [ ] - 1 ,  con ta in ing  on l y  magne t i c  i ons  o f  t he  i r on  g roup .  Th i s
anomal-ous behavior  of  An can be natuyal ly  re lated wi th the occurrence of
an t i f e r romagne t i c  o rde r l ng  i n  t he ; c r ys ta l .  Howeve r ,  t he  reason  fo r  such  a
behav io r  can  be  e i t he r  t he  d i rec t  magne t l c  b i re f r l ngence  o r  t he  change  o f  t he
re f rac t i ve  l nd i ces  due  to  t he  spon taneous  s t r i c t l on  t ha t  i s  p roduced  1n  c rys -
t a l s  u p o n  m a g n e t i c  o r d e r i n g  ( c f . ,  e . 8 . ,  t 2 l ) .  S i n c e  t h i s  q u e s t i o n  h a s  n o t  y e t

been def in i te ly  answered,  we have compared our  exper imenta l  resul ts  wi th the
avai l -able publ ished Oata [3]  on the temperature dependence of  the re lat ive
e longa t i on -  (L9 , /9 , )  i - n  MnFr .  I t  f o l - l ows  f rom [3 ]  t t r a t  t he  va lue  o t  ' L9 ' / 9 '  a l ong
the Cwofold ax is  (x)  is  pract ica l ly  equal  to  zero.  The data for  L9, /9,  a long
the  fou r fo l -d  ax l s ,  t aken  f rom [3 ] ,  a re  shown  to  t he  app rop r i a te  sca le  i n
Fig.  1.  The p lots  of  An and of  L9, /9.  vs.  T are in  very good agreement  1n the
reg ion  150  -  300oK .  I n  T ,  we  see  an  add l t i ona l  change  o f  L9 . /9 ' ,  due  to  spon -

taneous  s t r i c t i on ,  bu t  t he  s i gn  o f  t h i s  e f f ec t  1s  oppos l t e  t o  t he  s l gn  o f  t he
change  An .  I n  add l t i on ,  t he  spon taneous  s t r i c t i on  i s  o f  t he  same o rde r  as

the  c f i ange  o f  L9 . /1 ,  i n  t he  reg ion  f rom 300  to  100oK ;  on  the  o the r  hand ,
the change of  An fo l lowing the onset  of  magnet ic  order lng is  approxlmately
f i ve  t imes  l a rge r  t han  the  tempera tu re  change  f rom 300  to  100oK .  f n  ou r  op in -
i on ,  t h i s  comp i r i son  i nd i ca tes  c l ea r l y  t ha t  t he  g row th  we  obse rved  i n  An  i s
d i rec t  magne t i c  b i re f r i ngence .

To  sepa ra te  t he  pu re  magne t i c  b l re f r l ngence ,  we  ex t rapo la ted  the  non -

magnet ic  par t  of  the An(T)  curve to l -ower temperatures,  assuming th is  curve

to  be  p ropo r t i ona l  t o  t he  nonmagne t i c  pa r t  o f  t he  p lo t  o f  LL ' / l '  v s .  T .  The

ex t rapb la t i on  was  by  means  o f  t he  Grune l sen  fo rmu la ,  assumlng  tha t
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C^ was chosen to  be  the  Debye func t lon  ca lcu la ted  fo r  0  =  455oK,  wh lch  agrees
t)

well  with the experimental  values of the speclf lc heat [4]  i -n the temperature

; ;G"  i to  -  300o i { .  The coef f l c len t  K  in  (1 )  i s  de termlned bv  compar lson w l th

tii"tnti- cr*rr6 ln--the rlo - 3O0oK reglon. fhe curve cal-cul-ated, from formula

( f )  i - s  shown so l ld  fn  F fg .  f .  fne  a i f te rence be tween the  exper lmenta l  and

theoret ical  curves, whlc[  represents the temperature dependence of the mag-

net i -c  b i re f r ingenee '  l s  shown 1n F lg .  2 .

Accord ing  to  the  theore t lca l  no t ions  [1 ,  5 r  6 ] ,  tne  va lue  o f  A t * "g r r  l s  an

ant i ferromagnet should be proport ional to the mean-squared magnetlzat lon of

the  subfa t t i ces .  The most  accura te  tempera ture  dependence-o f  the  sub la t t l ce

magnetizat ion M was obtained from MnFz from measurements of the nuclear mag-

net ic  resonance i l l l l n l  t7 l  .  A  corn ia r ison  o f  the  va l -ues  o f  M2(T)  ob ta lned ln

tha t  re fe rence,  re fe r red  to  our  L iper imenta l  da ta  1n  a  he l - lum bath  (so1 id

;; ; ;"- ; i -Fig:- i ) ,  * i_trr  Arrn"g.,  showl a good agreement in a wide temperature

range, thus conf irmlng the ielat ion Anr"gr,  tu <M2>' Near T*,  however '  the

values of An devlate strongly from the values of M2 obtalned from NMR' Atr.grt

v a n i s h e s  o n l y  a t ' T =  1 2 0  -  l 3 0 o K ,  w h e r e a s  M t i f U n =  0  a t  T =  T N =  6 6 . 9 o K .  S u c h

an anomalous temperature dependence of An*rgn i"  apparent ly due to the-1nter-

act ion of the 1lght with the magnetlc-momeni f luctuat ions that are produced
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not  be observed in exper i -ments on
AFMR [6 ]  and  NMR [ / ] ,  s i nce  the
ne r . i r r ^  o f  t hc  nsC i l l a t i onS  O f  t heY v +  + v u  v 4

e lec t romagnet ic  wave is  in  these
cases  la rger  by  severa l  o rders  o f
magnitude than the l i fet ime of an
lnd iv idua l  f luc tua t ion .  In  exper i -
ments  w i th  1 igh t ,  these t i -mes are
comparable in magnitude, and there-
fore the presence of such f luctua-
t ions  ln  the  c rys ta l  leads  to  a
change of i ts refract lve lndex.

Figure 3 shows our results for
temperatures above Tr.  f t  is seen

from the figure that An*"En has a
power- law varlat ion at T I  T",  >
l o o K :  1 \

These f luc tua t ions  cou ld qrn
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Aa_-__ - o/(T -  7")(0.7e r o, t) .  (2)
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