
S O V I E T  P H Y S I C S  J E T P  VOLUME 3 6 ,  N U M B E R  2 F E B R U A R Y ,  1 9 7 3  

EFFECT OF RADIO-FREQ UENCY MAGNETIC REVERSAL ON THE y-RESONA,NCE 

SPECTRA OF FERROMAGNETS 

YU. V. BALDOKHIN, S. A. BORSHCH, L. M. KLINGER and V. A. P O V ~ S K I ~  

Institute of Chemical Physics, USSR Academy of Sciences 

Submitted March 15, 1972 

Zh. Eksp. Teor. Fiz. 83, 708-712 (August, 1972) 

The effect of magnetic reversal  in a sample induced by a radio frequency field on the y-resonance 
spectrum is considered. It is shown that a s  a result  of change of direction of the effective field at the 
nucleus during magnetic reversal  magnetic hyperfine structure lines disappear from the y resonance 
spectrum and new lines appear, whose positions correspond to frequencies that a r e  multiples of fre- 
quency of the applied field. A new interpretation of some of the experimental facts based on the calcu- 
lations is proposed. 

A number of recent theoretical and experimental pa- 
pers  a r e  devoted to investigations, by y -resonance 
spectroscopy, of the effect of radio-frequency fields on 
magnetic . The action of a radio-fre- 
queney field on a multidomain sample causes a displace- 
ment of the domain walls. If this wall displacement is 
much smaller than the wall thickness, then an apprecia- 
ble (- lo3) enhancement of the external R F  field occurs 
for the nuclei situated inside the wallC1'].   it tin"] has 
shown that strong R F  fields give r i s e  to additional 
" y -photon2' transitions that produce additional satellite 
lines in the y-photon" transitions that produce addi- 
tional satellite lines in the y-resonance spectra. The 
strongest distortion of the spectrum occurs, as shown 
by GabrielC3], a t  frequencies corresponding to transi- 
tions between the sublevels of the ground and excited 
states of the MSssbauer nucleus. 

On the other hand, it is of interest to consider the 
case when the R F  field moves the domain wall a dis- 
tance much larger than its thickness, o r  even reverses 
the magnetization of the sample completely. Then the 
time of reorientation of the magnetic moment of an atom 
over which a domain wall passes can be neglected, and 
the field direction at the nucleus can be assumed to be 
reversed jumpwise. We present here a calculation of 
the y-resonance spectrum for this case. The results of 
the calculations allow us to  explain, from a new point of 
view, certain existing experimental results. 

We consider two domains separated by a domain wall 
assumed to  be, for simplicity, of the 180-degree type. 
We choose the z axis in the magnetization direction of 
one of the domains, and the y axis normal to the wall. 
The Hamiltonian of a nucleus located a t  a point with co- 
ordinate y is given by 

ergy E on going from the ground state to  an excited one 
is given by the formula - 

w(E)-- Re Sexp [ i ( ~  - E 0 ) t  - I't] a ( t ) d t ,  
0 

where % is the Hamiltonian of the interaction of the -y 
Y 

quantum with the nucleus, and p is the density matrix. 
Substituting here the Hamiltonian from (I) ,  we obtain 

Here Ck is the relative probability of the k-th tran- 
sition, EO + Ek is the energy of the k-th transition, and 

is the line half-width. We put 5 = -r + i(E - Eo); 
11 = iEk, and then - 1 

P {i; q) = J exp [ i t  + 'I J E"(t.) at'] at. 
0 0 

We shall henceforth omit the arguments 5 and q .  
Let tl be the time in which E (t) changes in value from 

Y 
from - 1 to + 1,  and let T be the time during the period 
T when eY(t) = + 1  (Fig. 1). Expression (5) must be aver- 
aged over t', i.e., over the initial phase of the R F  field, 
since the instant t = 0, which is connected with the s t a r t  
of the excited-state decay, is random: 

The time T in (6) is different for the different nuclei 
in the domain. Let the number of nuclei characterized 

Here g is the gyromagnetic ratio, p~ is the nuclear- FIG. 1. Reversal of the sign of the 
field at the nucleus when a domain wall 

magneton, Heff is the effective field at the nucleus, I, is passes over it. 
the projection of the nuclear spin on the z axis, and yl(t) 
is the coordinate of the domain wall. The usual expres- 
sion for the probability of absorbing a y quantum of en- 
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