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The motion of magnetic moments in magnetic fihns subjected to radio-frequency 
radiation (R.F.R.) has been recently investigated by several authors (1-3). In the range 
of R.F. that  they used ( (1+ 6) MHz), these authors were able to detect, by means of 
pick-up coils, the motion of the magnetic moments and to distinguish their full rota- 
tion from the partial  rotation and from the oscillatory motion. SALANSKII and P O L S K I I ,  

in particular, detected subarmonic oscillations that  could not be explained in the frame 
of their experiment. 

In this letter we show, at our present knowledge for the first time, that  the effect 
of R.F. fields on magnetic systems can be conveniently studied by means of Mdssbauer 
spectroscopy and some preliminary results are reported. 

I t  is known that  there exists a coupling between the individual atomic magnetic 
moments and the latt ice vibrations caused by exchange, ordinary dipole-dipole and 
spin-orbit interactions. These interactions depend on the interatomic spacing and the 
exchange of energy is thus possible betw'een the magnetic and the vibrational states. 

If  we measure the M6ssbauer spectrum of an iron sample in a R.F. field of fre- 
quency O)RF, we expect to find, in addition to the usual six-line Zeeman-pattcrn, a set 
of sidebands at energies hco.~±nh~Rr,, where ~0v is the energy of the resonant ganuna- 
rays. Such sidebands are caused by the large population of the vibrational modes at 
(,~ = oRr, excited through the interaction with the magnetic moments. Sidebands in 
~Iossbauer spectra have been produced (4) by means of ultraeustic modulation of the 
absorber. 

The R,F. used in this experiment ranges from 54 MHz to 63 MHz and the intensity 
of the associated nlagnetic fields, HRF, could be as large as ~ 5 G. The samples were 
thick iron films ((2+20) ~m thickness) and were placed parallel to the R.F. field. The 
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y-rays,  e m i t t e d  by a ~Co in Cu source,  p ropaga te  pe rpend icu la r  to the  absorbing film. 
The source,  p roper ly  shielded front t he  R .F .  radia t ion,  was  m o u n t e d  on an electro-  
magne t ic  t r a n s d u c e r  associated to a mul t i channe l  analiser  working  in mult isealer  mode.  

a) Iron ]ilm, 90% enriched in 57Fe (2 Ftn thickness). In  th is  sample  the  p e n e t r s t i o n  
of the  R. F.  used in this  e x p e r i m e n t  was  app rox ima te ly  1.5 Fro. In  Fig.  la)  t he  
MSssbauer  s p e c t rum in the  absence  of R .F .  field is shown,  while lb) and lc) are t he  
spec t ra  o b t a i n e d  in the  presence  of 5 4 M H z  and 6 3 M H z  R .F .  fields respect ively .  
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Fig. 1. - 5ISssbauer spectra for 2 ~m iron film (90 % enriched in ~TFe): a) in the absence of the R.F. 
field; b) in the presence of a 5t MIIz R.F. field; c) in the presence of a 63 MHz R.F. field. 

The s idebands  occurr ing wi th  the  R .F .  on are clearly de t ec t ed  up to the  th i rd  harmonic .  
The spacing b e t ween  the  s idebands  of the  same Zeeman line is exac t ly  given by  h~ORF. 
In  addi t ion ,  t he  i n t ens i ty  of the  s idebands  was found p ropor t iona l  to the  value of HRs.  

The re la t ive  in t ens i ty  of the  Zeeman  lines in Fig.  la)  ind ica tes  t h a t  the  to ta l  
magne t i za t ion  M~ has a large c o m p o n e n t  in the  plane of the  film. 

(5) ~4 CHIKAZUMI: Physics o] ~llag~etism (New York,  1964). 
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b) _Natural.iron ] i lm (10 ~m and 20 y.m thickness). - The M e s s b a u e r  spec t ra  of 
these  samples  are n o t  af fected by  t he  p resence  of a R .F .  field. The  re l a t ive  i n t e n s i t y  
of t he  Z e e m a n  l ines i n d i c a t e s  t h a t  t he  t o t a l  m a g n e t i z a t i o n  has  a smal le r  c o m p o n e n t  in  
t he  p lane  of t h e  fi lm t h a n  for t he  2 ~zm fihn.  

c) Stainless-steel ] i lm (5 ~m thickness). No s i d e b a n d s  were obse rved  w i t h  these  
n o n m a g n e t i c  samples ,  showing  t h e r e b y  t h a t  t h e i r  p resence  is connec t ed  to t h e  m a g n e t i c  
order .  

As far  as the  resu l t s  a) arc concerned ,  we can  r e a s o n a b l y  suppose  t h a t  t h e  m a g n e t i c  
s t r u c t u r e  of t he  s ample  is a m u l t i d o m a i n  s t r u c t u r e  w i t h  doma ins  in  t h e  p l ane  of the  film 
cons ide rab ly  la rger  t h a n  t he  dom a i ns  w i t h  the  m a g n e t i z a t i o n  n o r m a l  to  t he  surface.  Th i s  
rules  ou t  t he  poss ib i l i ty  t h a t  the  m a g n e t o s t r i c t i v e  effects g iv ing  r ise to t h e  s i d e b a n d s  
are  caused b y  the  full  r o t a t i o n  of t he  m a g n e t i z a t i o n .  The  respons ib le  processes  can be, 
therefore ,  e i the r  t h e  osc i l la t ion  of t he  m a g n e t i c  m o n m n t s  w i t h i n  t h e  d o m a i n s  or t he  
m o t i o n  of the  d o m a i n  walls.  The  las t  i n t e r p r e t a t i o n  (domain  wal l  mo t ion )  seems to 
be  s u p p o r t e d  by  t he  r e su l t  b). I f  t he  response  to t he  R .F .  field, in  t he  e x p e r i m e n t  b), 
wcre t he  osci l la t ions  of the  magne t i c  m o m e n t s  w i t h i n  t he  domains ,  we would  h a v e  
de tec ted  the  presence  of s idebands ,  whose  i n t e n s i t y  is expec ted  to be  smal l  because  of 
t he  reduced  p e n e t r a t i o n  of t h e  R .F .  On t h e  o t h e r  h a n d ,  if  t he  r e sponse  to t h e  R .F .  field 
were  t he  mo t ions  of t h e  walls ,  we would  n o t  e x p e c t  such  a m o t i o n  unless  t he  R .F .  pene-  
t r a t e s  comple te ly  the  sample .  T he  fa i lure  in  d e t e c t i n g  any  s i d e b a n d  in  our  e x p e r i m e n t s  
agrees  the re fore  w i t h  t he  las t  i n t e r p r e t a t i o n .  F u r t h e r  e x p e r i m e n t s  are  be ing  ca r r ied  
on for t h i n  f e r r o m a g n e t i c  fi lms w i th  s ing le -domain  s t ruc tu re ,  in  order  to  focus t he  effect  
of t he  full r o t a t i o n  of t he  m agne t i z a t i on .  In  a d d i t i o n  t he  inf luence of c o n s t a n t  m a g n e t i c  
fields superposed  to t he  R .F .  field will be s t ud i ed  in de ta i l  (*). 

(*) Note added in proo]s. - During the process of publication of these results, the work of N. D. 
HEIMAN et al. (Phys. Rev. Lett., 21, 93 (1968)) concerning sidebands in MSssbaucr spectra was brought 
to our attention. The results of their experiments are in substantial agreement with the results pre- 
tented here. 


