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Investigations of the optical properties of substituted spinel femtes have indicated a significant increase in 
the transmittance of these compounds upon their conversion into a structure with a single Fe3+-ion 
magnetic sublattice. The off-diagonal components of the permittivity tensor are determined from the 
optical and magneto-optical spectra, and some of the transitions that occur in the hexagonal femtes are 
identified. It is suggested that the two-ion optical transitions with charge transfer between neighboring 
magnetically active ions play the decisive role, and a selection rule for such transitions is proposed. 

PACS numbers: 75.50.Gg, 78.20.L.5, 77.20. + y, 64.70.Kb 

INTRODUCTION 

In ferromagnets with two magnetic iron sublattices 
intense allowed transitions in the visible and near-ul- 
traviolet regions of the spectrum a re  observed only in 
the case when they a r e  due to pair excitation of the 2'e3' 
ions. This follows from the fact that, in the indicated 
spectral region, the electric dipole,transitions of the 
2'e3' ion in the internal crystal field a r e  spin and parity 
forbidden, a s  well a s  from the quadratic dependence of 
the intensity of these transitions on the iron-ion con- 
centration. ' The f i rs t  intense single-ion optical tran- 
sitions of the type of a charge transfer from the 2p or- 
bitals of oxygen to the 3d orbitals of iron8 lie, accord- 
ing to  Ref. 4, in the shorter-wavelength region of the 
spectrum. 

sublattices with the formation of ~ e ~ ' -  and Fe2'-ion 
pairs. 2*4 Analysis of the splitting of the energy levels 
of the F'e3' ion in tetrahedral and octahedral crystal 
fields and the computation of the energies of the pos- 
sible transitions both in the case of two-exciton excita- 
tion and in the case of charge transfer between sublat- 
tices lead to good agreement with the experimental 
data. '' 

Thus, if we consider the pair mechanism of transition 
excitation in iron ions located on different sublattices 
to have been reliably established, then we should ex- 
pect to observe not only the above-indicated decrease 
in the magnitude of the magneto-optical effect, but also 
a decrease in the absorption coefficient of such ferro- 
magnets when the iron ions on the tetrahedral or octa- 

The two-exciton mechanism of simultaneous excitation 
hedral sublattices a re  replaced. With the object of 
verifying this assertion, we carried out optical investi- of two 2'e3' ions located on different sublattices, and 
gations of the aluminate ferri tes and chromite ferri tes 

coupled by a strong exchange interaction, has been con- 
of cobalt and nickel, in which we replaced in turn the 

sidered in investigations of the garnet ferrites5 and sub- 
iron ions on the octahedral or  tetrahedral sublattice stituted spinel ferrites. ' 'I  In particular, in Ref. 6, 

where chromium-substituted spinel ferri tes a r e  con- respectively by and cr3+ ions. On the basis of the 
optical and the earlier-performed magneto-optical sidered, the conclusion that the two-ion optical-transi- 
measurements, we computed the permittivity-tensor tion mechanism plays the decisive role is based on the 

fact that the magnitude of the magneto-optical effect components, which were used for a more reliable 
identification of the optical transitions and the deter- has been found in investigations of the magneto-optical 

spectra of the spinel ferri tes of cobalt and nickel to mination of the nature of their splitting. 

decrease sharply when the iron ions on one of the sub- By qualitatively comparing the magneto-optical spec- 
lattices a re  replaced by Cr3' ions. Another possible t r a  of the spinel ferri tes with those of the hexagonal 
mechanism for the pair excitation of the iron ions is ferri tes yith the M, W, 2, Y, and X structures, we 
the transfer of charge between Fe3' ions on different have identified some of the optical transitions in the 
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hexaferrites. The basis for this is the fact that all  
these structures consist, in the main, of spinel blocks 
separated by blocks with hexagonal packing. The vari- 
ous combinations in the sequence of such blocks lead to  
a number of possible magnetic structures for the hexa- 
ferri tes and to  a wide range of possible exchange coup- 
lings both within, and between, individual blocks, and 
this determines the unique magnetic properties of the 
indicated compounds. It is of interest to track down 
any manifestation of a structural difference, or, con- 
versely, any manifestation of a similarity between the 
hexaferrites and the spinels in a comparison of their 
magneto-optical spectra. 

THE EXPERIMENTAL PART 

To determine the optical constants-the refractive 
index n and the absorption coefficient &-we measured, 
using a single-reflection reflectometer with a mobile 
detector having a GS-5 goniometer a s  its basic unit, 
the reflection-coefficient ratio R,/R, for light linearly 
polarized in a direction parallel ( p  component), and 
perpendicular (s component), to  the incidence plane. 
The measurements were performed in the spectral 
range from 1.6 to 5 eV with the use of a DMR-4 mono- 
chromator and an F ~ U - 3 9 ~  photomultiplier. As the 
polarizer, we used a Glan-Thompson prism (ensuring 
a 99.98% degree of polarization). The error  in the 
incidence-angle setting did not exceed 5'. The diver- 
gence of the light beam (half the aperture angle) was 
not more than 30'. The spectral width of the slit did 
not exceed 0.05 eV. 

The optical constants were calculated from the mea- 
sured R,/R, values for two angles of incidence of the 
light on the sample by the methods described in Refs. 
9 and 10. Following Ref. 9, we computed n and k by 
means of geometrical constructions, which allowed us 
to determine the optical constants fairly quickly and 
accurately without recourse to  the use of a computer, 
which is important for the n- and k-measurement-re- 
gion determination, aimed a t  choosing the optimum 
angles of incidence. Then, using a previously-de- 
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FIG. 1. Spectral dependence of the refractive index n and the 
absorption coefficient k for the spinels CoFe204 (n-o, k-a), 
CoCrFe04 (n-0, k-m), and CoA1Fe04 (n-A, k-A). 

FIG. 2. Spectral dependence of the refractive index n and the 
absorption coefficient k for the spinels NiFe204 (n-0, k-e), 
NiCrFeO, (n-0. k-D), and CdCr2S4 (n-A, k-A). 

scribed procedure,'0 we computed n and k by the method 
of successive approximations with the aid of a compu- 
ter .  

The chromite ferri te and aluminate ferri te samples 
used were prepared by the conventional ceramic tech- 
nology. An x-ray phase analysis showed that all  of 
them were single-phase crystals with lattice constants 
that corresponded with the data available in the liter- 

11 ature. Pr ior  to  the measurements, the samples were 
subjected to mechanical polishing, followed by etching 
in orthophosphoric acid at a temperature of about 200 O C .  
The samples were etched until the reflectivity value 
and the magnitudeof the equatorial Kerr effect ceased to 
vary and the polished surface was still specular. The 
etching time for the various samples ranged from 10 
to 120 sec. 

FIG. 3. Spectral dependences of the real, C; (0). and imagin- 
ary, (e), parts of the off-diagonal component of the permit- 
tivity tensor of a Lio.5Fez.s04 single crystal. The peaks a), b). 
c), and d) correspond to the energies 2.3, 2.6, 3.27, and 4 eV. 
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FIG. 4. Spectral dependence of the off-diagonal permittivity- 
tensor component &' = &; - iE;: for a NiFez04 polycrystal (Ci-0, 
&;-a). The peaks a) and b) correspond to the energies 2.24 
and 2.5 eV. 

The optical constants n and k for the compounds 
CoFe,O,, CoCr FeO,, CoAlFeO,, NiFe,O,, and NiCr FeO, 
a r e  shown in Figs. 1 and 2 as functions of the light- 
radiation energy Ew. As the Fe9* ions in all the three 
systems C O C ~ F ~ ~ - ~ O ~ ,  CoA1,Fez,04, and NiCr,Fez,04 
a r e  replaced, the quantity k decreases. Figure 2 also 
shows the optical constants of the normal chalcospinel 
CdCrzS4, in which the chromium ions a r e  located a t  the 
octahedral si tes only. l2 

From the experimentally obtained optical constants 
and the magnitudes, 6, of the equatorial Kerr  effectE 
for two angles of incidence of the light, c p l =  60°, cpz 
= 70°, we computed the off-diagonal permittivity-ten- 
so r  E' = &i - i&{ with the aid of the formulas given in 
Ref. 13. 

In Figs. 3, 4, and 5 we show the real, &i, the ima- 
ginary, &i, parts of the off-diagonal component of the 
permittivity tensor for the spinel ferri tes Lio,5Fe2a504, 

FIG. 5. Spectral dependence of the off-diagonal permittivity- 
tensor component &' = &; - i&; for a polycrystalline sample of the 
spinel CoFez04 (&;-0, $-a). 

FIG. 6. Spectral dependence of the real, C; (O), and imaginary, 
E;: (e), parts of the off-diagonal component of the permittivity 
tensor for a polycrystalline sample of the spinel CoCrFe04. 

NiFez04, and CoFe204. The quite different behavior of 
and &; for these ferr i tes  a t  energies of 2-4 eV is, 

in a l l  probability, due to the influence of the divalent, 
magnetically active ~ i "  and co2' ions. 

The real  and imaginary parts of the off-diagonal com- 
ponent of the permittivity tensor of cobalt chromite 
ferrite, CoCrFe04, a r e  shown in Fig. 6. 

With the object of verifying the accuracy of the deter- 
mination of the off-diagonal components of the permit- 
tivity tensor from the obtained data, we computed the 
polar Kerr  effect for the ferr i tes  NiFez04 and 

a,, ang. rnin 

FIG. 7. Spectral dependence of the polar Kerr effect (YK for a 
Lio.5Fez.504 single crystal (experimental c u r v e d ,  calcula- 
ted-0) and a NiFez04 polycrystal (experimental curve-., 
calculated-0). 
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FIG. 8. The equatorial Kerr effect for single crystals of the 
hexaferrites SrFei20,, (8) and B ~ , C O ~ F ~ ~ ~ O ~ ,  (0) for angle of 
incidence of the light cp = 65". The peaks a), b), c), and d) cor- 
respond to the energies 2.1, 2.5, 3.45, and 4.0 eV. 

Li,.,Fe,.,04 and then experimentally determined the ef- 
fect in these same samples. The polar Kerr effect was 
measured a t  an angle of incidence of the light equal to 
rp = 4 "; the sample was magnetized by a magnetic field 
perpendicular to the surface. The measurements were 
performed on the p and s components of light with the 
analyzer oriented a t  an angle of 45 " to the polarizer. 
The resulting value of crK for normal incidence of the 
light was defined a s  the arithmetic mean of the two 
indicated measurements on the p and s components. 
The amplitude of the variable field of the electro-mag- 
net in the gap of which the sample was placed was 6 
kOe. As can be seen from Fig. 7, there is satisfactory 
agreement between the theory and experiment for the 
case of Li0.5Fe.504 and NiFez04. On the magneto-opti- 
cal spectra, b(w), of the hexagonal ferri tes SrFe12010 
(M structure) and B ~ S C Q F ~ Z ~ O ~ ~  (Z structure), mea- 
sured by the method described in Ref. 6, and shown in 
Fig. 8, we can distinguish positive peaks at the ener- 
gies 2.1 and 2.5 eV, a wide negative peak in the 3.5-eV 
region, and a positive peak a t  4.9 eV for the M struc- 
ture. On the 6(w) spectrum for the Z structure we can 
clearly see  two positive peaks a t  1.9 and 2.3 eV, a 
negative peak a t  3.3 eV, and a positive peak a t  4.7 eV. 

DISCUSSION OF THE RESULTS 

As can be seen from Figs. 1 and 2, when the ~ e "  
ions in the spinel ferri tes CoF404 and NiFe204 a r e  
replaced by cr3' ions and, especially, by Al" ions, the 
absorption coefficient in the visible and near-ultraviolet 
regions of the spectrum decreases. Such a behavior 
of the absorption coefficient cannot be explained by the 
normal single-ion transitions in magnetically active 
ions. If only such transitions occurred, then the ab- 
sorption coefficient for the substituted spinel CoCrFe04 
would be approximately equal to  half the sum of the 
absorption coefficients for the spinels CoFe204 and 
CdCr2S4. But, a s  can be seen from Figs. 1 and 2, the 
absorption coefficient of CoCrFe04 has a considerably 
smaller value, and this fact again confirms the two- 
ion mechanism of excitation of ~ e "  ions located on dif- 
ferent sublattices. An even more drastic reduction in 

the absorption coefficient is observed for the compound 
CoA1Fe04 (Fig. 1). The absorption coefficient for this 
sample becomes comparable to, and in the region fiw 
> 3 eV even smaller than, the absorption coefficient of 
yttrium iron garnet. ' Thus, we have, in going over to 
the state with a single iron sublattice, obtained an in- 
crease in the transmittance in the visible and near- 
ultraviolet regions of the spectrum. This fact may ac- 
quire practical significance in the development of new 
transparent ferromagnetic crystals. 

The simplest classification of the optical transitions 
in the magneto-optical spectra &!(W) and E ~ ( w )  consists 
in the delimitation of the paramagnetic and diamagnetic 
transitions. '" The paramagnetic transitions a r e  due to 
the difference in the oscillator strengths f+ and f, for 
clockwise and counterclockwise polarized light; the 
diamagnetic transitions, to  the difference between the 
natural frequencies wi and wo for these components. 
In the case of the paramagnetic mechanism, the transi- 
tion frequencies should correspond to  the peaks on the 
E$(w) curves and the zero points on the &i(w) curves. In 
the case of the diamagnetic mechanism there should be 
a peak on the &i(w) curve and, correspondingly, a zero 
point on the E;(W) curve. The diamagnetic character of 
the behavior of the off-diagonal components of the ten- 
s o r  corresponds to transitions from the ground singlet 
level to an excited level split by the spin-orbit interac- 
tion. The paramagnetic behavior of the off-diagonal 
components of the permittivity tensor is customarily 
ascribed to transitions to an unsplit excited level. 

A qualitative investigation of the spectrum of the off- 
diagonal component of the permittivity tensor for the 
lithium, nickel, and cobalt spinels ( F e ) [ ~ i ~ . ~ F e ~ , ~ ] 0 ~ ,  
(Fe)[NiFe]O,, and (F~) [coF~]o~"  immediately reveals 
a sharp difference in the behavior of the real  and ima- 
ginary parts of the off-diagonal components. The spec- 
t r a  e{(w) and &$(w) for NiFe204 (Fig. 4) in the 3-eV re- 
gion turn out to be very different from the spectra of 
Lios5Fez.504 (Fig. 3), which is naturally explained by 
the presence in the composition of this spinel of the di- 
valent, magnetically active Ni2' ions. It i s  pointed out 
in Ref. 6 that the spin-allowed transition 'A2,('F) 
--'Tl,e~) occurs in the absorption spectrum of the Ni2+ 
ion in an octahedral coordination a t  an energy of 2.9- 
3.0 eV, and that, what is more, this transition in the 
magneto-optical spectrum should exhibit the diamagne- 
tic character a s  a result of the spin-orbit splitting of 
the excited level of the Ni2' ion. Thus, the frequency 
of this transition, determined from the peak on the 
&;(w) curve, is located a t  EW = 2.95 eV. A rapid varia- 
tion of the spectra E;(w) and E;(w) i s  observed also in 
the case of the cobalt spinel (Fig. 5). We can distin- . 

guish on the &i(w) spectrum in the 2-3-eV region one 
broad peak located a t  the energy 2.4 eV. In the investi- 
gation' of the magneto-optical spectrum of CoFe204, the 
singularity in the 2.4-eV region was identified with the 
transition ' ~ ~ ( ~ ~ 1  -"A~,, 4 ~ T t ( 4 ~ )  in the co2' ions in 
octahedral coordination. A similar interpretation does 
not contradict the diamagnetic shape of the &i(W) curve 
in Fig. 5. 

The substitution of the iron ions in the systems 
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CoCr,Fe,-,O, and CoAl,Fe,-,O,leads to a sharp de- 
crease in both the real  and imaginary parts of the off- 
diagonal component of the tensor in the region above 
2.5 eV and to the appearance of a strong diamagnetic 
transition in the 1.9-eV region. As the iron ions a re  
replaced by crS' or  A?+ ions, the cation distribution 
changes in such a way that a t  x =  1 for CoCr,Fez,,04 and 
x =  2 for CoA1,Fez,,04 these compounds become normal 
spinels, ( c o ) [ F ~ c ~ ] o ~  and ( ~ o ) [ ~ e ~ . ~ A l l . ~ ] 0 ~ ,  with one 
iron sublattice,13 which causes the decrease of &i and ci 
in the region above 2.5 eV. Since during the transition 
to the normal spinel structure the co2' ions a r e  dis- 
placed from the octahedral to the tetrahedral sites, the 
decrease of the peak a t  2.3 eV and the growth of the 
peak at 1.9 eV can be related to the cation redistribu- 
tion. The transition a t  1.9 eV should be referred to the 
4 ~ z ( 4 ~ )  4 4 ~ 1 ( 4 ~ )  transition in co2' ions, which i s  allowed 
in the electric-dipole approximation. l4 The spectral 
dependences &;(w) and c;(w) for the systems CoAl,Fe,-,04 
and CoCr,Fe,:,04 have a similar character. It fol- 
lows from this that the introducible 3d ions Cr3' do not 
participate in the determination of the magneto-optical 
properties of the chromium-substituted cobalt spinel. 

The cation distribution in the system NiCrxFez,x04 
does not change during the substitution process,13 but 
the octahedral iron sublattice is completely substituted 
at x =  1: ( F ~ ) [ N ~ c ~ ] o ~ .  This is the cause of the sharp 
decrease in both parts of the off-diagonal component of 
the tensor in the entire investigated region. However, 
the casue of the disappearance of the spin-allowed tran- 
sition in ~ i ~ '  ions in the 2.9-eV region remains ob- 
scure. 

The presence of the co2' ion in the composition of 
Ba3CqFq4041 leads to the appearance of two peaks in 
the magneto-optical spectrum of the equatorial Kerr 
effect a t  1.9 and 2.3 eV, which, a s  in the case of the 
spinels CoFez04 and CoCrFe04, we ascribe respectively 
t o  the transitions 4 ~ z ( 4 ~ )  - - 4 ~ 1 ( 4 ~ )  in tetrahedral co2+ 
ions and 4 ~ 2 , ( 4 ~ )  '4~2a,  4 ~ t ( 4 ~ )  in octahedral co2' ions. 
The simultaneous appearance of the two peaks i s  con- 
nected with the fact that, in contrast to the spinels 
CoFe204 and CoCrFe04, in which the co2' ions a re  lo- 
cated either only on the octahedral, or  only on the tet- 
rahedral, sublattices, in a 2-structure hexaferrite 
these ions occupy both types of si tes a t  the same time. 

If we use the ~e''-ion transition energies obtained in 
Ref. 6 for the spinel ferrites, then the transitions a),  
b), and d) in L i ~ . , F q . ~ o ~  (Fig. 3) can be classified with 
transitions of the diamagnetic type, whereas the transi- 
tion c) exhibits the paramagnetic character. The a) and 
b) peaks in the &i(@) spectrum for NiF%O4 (Fig. 4) 
a r e  similar to the a) and b) transitions in Lio,5Fez,s04. 

The compound SrFelzOle contains only one kind of 
magnetic ions ( ~ e ~ ' ) ,  and we can also distinguish the 
peaks a), b), c) ,  and d) (Fig. 8) in the magneto-optical 
spectrum of this single crystal. Notice that the dia- 
magnetic character of the a),  b), and d) transitions and 
the paramagnetic character of the c) transition should 
be preserved, since the presence in the M structure of 
a spinel block with two magnetic iron sublattices causes 
the same ~ e ~ ' - i o n  excitation mechanisms that operate 

in the case of the spinel to operate in the case of 
SrFelzOl, as well. 

In the Introduction we discuss the two most probable 
mechanisms for the pair excitation of optical transi- 
tions in ferrimagnets: two-exciton excitations and 
charge transfer between magnetically active ions on 
different sublattices. The two mechanisms a r e  used by 
different authors, and lead to  reasonable values for the 
transition energies. So far  two-exciton transitions 
have been observed in the weak ferromagnets FeB03 
(Ref. 15) and Fe3BOG (Ref. 16). However, the avail- 
able experimental data, including the data obtained in 
the present investigation, are,  on the whole, more 
easily explained on the basis of the mechanism of 
charge transfer between magnetically active ions. In 
this, a significant role should, in our opinion, be played 
by the following selection rule for the charge trans- 
fer: the greater oscillator strength should be posses- 
sed by those transitions in which the electron is trans- 
ferred to the neighboring excited ion without a spin 
flip, and without violating the Hund rules for the excited 
ion in the process. From this standpoint, the major 
role in yttrium iron garnet and in the lithium and mag- 
nesium spinels should be played by the intersublattice 
charge-transfer processes 

[FeS+] + (FeS+) +ha+ [Fel+] + (Few) 

or  

(Fe3+) +[Fe3+l+ha+ (Fe4+) +[Fez+]. 

On the other hand, in the case when the octahedral 
~ e ~ '  ions in NiCrFez,04 a r e  replaced by chromium 
ions, the intensity of the transitions ( ~ e " )  -[cr3'] 
should, for the reason indicated above, decrease con- 
siderably. The stated selection rule automatically ex- 
cludes charge transfer between iron ions located on the 
same garnet or  spinel sublattice. At the same time, 
electron transitions between the [cr3'] ions in the chal- 
cospinel CdCr2S4 can occur (see Fig. 21, since the d 
shell of the cr3' ion is less  than half-filled. This may 
explain the relatively high value of the absorption co- 
efficient of CdCr2S4 in the visible and ultraviolet re- 
gions of the spectrum. 

The role of the mechanism in question in optical tran- 
sitions can be directly verified by experimentally in- 
vestigating the dependence of the intensity of these tran- 
sitions on the angle between the directions of the mag- 
netic moments of neighboring ions a s  this angle is 
varied under the action of a strong external magnetic 
field, or on the sample temperature. 

The authors thank i. L. Nagaev for a useful discus- 
sion of the problem of charge transfer in magnetically 
ordered crystals. 
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The dependence of the amplitudes and phases of two- and three-pulse electroacoustic echo on the 
amplitudes and phases of the applied pulses is investigated. Two methods of erasing the electroacoustic 
recording are proposed and used to discern the three-pulse dynamic echo in the recording. Some features 
of the recording and erasing processes are revealed which confirm the plastic deformation mechanism. 

PACS numbers: 43.88.Rh, 43.35.4~ 

INTRODUCTION of piezoelectric osci l lators i t ~ e l f . ~ - ~  

The electroacoustic echo (EAE ), discovered in 1970,1s2 
manifests itself in the formation of a s e r i e s  of signals a t  
the instants of t ime t = ( n + l ) r  and t= T + n r  ( n =  l , 2 , 3 . .  . )  
upon excitation of a piezoelectric specimen by three 
electromagnetic radio pulses a t  the instants of t ime t 
= O , r .  T . ~ - ~  The  signals at  t =  (n + 1)r  a r e  called the two- 
pulse echo, and those a t  t = T + nr  a r e  called the three- 
pulse echo. The EAE i s  one of the most  interesting and 
intensely studied echo phenomena a t  the present  time. 
It has been observed in a la rge  c l a s s  of different physi- 
cal systems. The  essential condition for the formation 
of the echo i s  the presence of nonlinearity. This  nonlin- 
earity can be an internal property of the system o r  can 
manifest itself in the interaction of the system with ex- 
ternal   field^.',^ Some propert ies of the echo signals a r e  
common to both types of nonlinearities, while others a r e  
characteristic only of one o r  the other. Thus,  from the 
character  of the dependence of the echo amplitude on the 

Of special interest  for  investigation is the long mem- 
ory of the three-pulse echo, which was f i r s t  discovered 
in single c rys ta ls  a t  low temperatures: and la te r  in 
piezoelectric powders a t  room tempera t~re . '~ ."  I t  was 
noted that, upon increase in the interval of time between 
the f i r s t  and third pulses T, the amplitude of the three- 
pulse echo of the signal falls off rapidly with a charac- 
ter is t ic  time Tl -T,, reaches some definite value, and 
is then independent of the time of application of the third 
pulse. Such a dependence of the amplitude of the three-  
pulse echo on T is explained by the fact that the three- 
pulse echo i s  the sum of two signals: onefallsexponent- 
ially to zero  upon increase of (the dynamic three- 
pulse echo), the other does not depend on T (the record- 
ing).'' Thus, i t  is possible to record the signal for  a 
ra ther  long period (days, weeks). In this  case,  the f i r s t  
two exciting pulses can be called the recording pulses 
and the third, the reading pulse. 

interval between the exciting pulses, we can distinguish This  paper is devoted to the study of the dependence of 
the dominant role of one of the mentioned types of non- the amplitude and phase of the EAE on the amplitudes 
linearity.'.' ') In the case  of EAE in piezoelectric pow- and phases of the exciting pulses. On the bas is  of the 
ders,  the study of the dependence of the echo amplitude results ,  two methods of erasing the recordings a r e  pro- 
on the interval between the pulses has  led to theassump-  posed, an experimental proof is given of the compound 
tion that the dominant mechanism in echo formation i s  character  of the three-pulse echo, and a method is pro- 
the mechanism based on the nonlinearity of the system posed for  separation of the dynamic echoandtherecord- 
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