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H ere w e pre sent m agnet i c resonance st udy which conÙrms an existence

of a phase separation picture in Eu 0: 7 Pb0 : 3 Mn O3 single crystals . T he mea -
surements were p erformed w ith a standard techni que and w ith using un-
conventional schemes of the magnetic resonance metho d. T he inhomoge-
neous paramagnetic -ferromagneti c state , w hich is sensitiv e to a magnetic

Ùeld, ta kes place in 0 :6 5T c À 1: 15 T c temp erature range, where the colossal
magnetoresistan ce e˜ect is observed. T he b ehavior of spectra suggests that
a scenario of the phase separation is reali zed and the mixed state is not re-

lated to a simple chemical inhomogenei ty . T he changes of the conductivi ty
induced by the microw ave resonance absorption are observed in a vicini ty
of T c , to o. T he changes are not related to a trivial heating of the sample
by a microw ave radiation. W e prop ose a mechanism connected with the

change of equili bri um concentrations of the coexistin g phases, this change
takes place w hen the system is under magnetic resonance condition s. To an-
alyze the experimental data we applie d the e˜ective- medium approximation

for tw o-comp onent system. A lso we attracted the simplest phenomenol ogi cal
mo del qualitati vely repro ducing the essential features of the behavior of the
tw o-phase system.

PAC S numb ers: 76.50.+ g, 72.20.My

1. I n t rod uct io n

At present a vari ety of exp erim enta l studies supp ort the existence of the
inhom ogeneous states near the ferromagneti c orderi ng temperature Tc in some
parts of the m anganite phase diagram [1]. These inhom ogeneiti es are general ly
described in the fram ework of the phase separati on pi cture, when the coexi stence
of a m etal l ic/ ferro m agneti c and insul ati ng/ paramagneti c (or anti ferromagneti c)

Ê corr esp on din g au t h o r; e-m ail : vol k@ip h .kr asn.r u

(69)



70 N . Volkov et al.

phases ta ke place in the m ateri a l. Such m ixed state is therm odyna m ic equi l ibri um
state and one is not related to simpl e chemical inhom ogeneity of the sam ples.
Ful l understa ndi ng of the phase separati on phenomenon in the m angani tes is sti l l
lacki ng. At the sam e ti me, it is evi dent tha t pha seseparati on is due to com peti ti on
between a vari ety of intera cti ons wi th comparable energy scales [2].

The phase separati on scenarios di scussed at present for m angani tes sup-
pose the di ˜erent m agneti c state of the coexi sting phases, so the electron m ag-
neti c resonance metho d can be an e˜ecti ve to ol for probi ng the phase separati on
in the sam ples. Real ly, wo rks carri ed out by several research groups wi th using
m agneti c resonance techni que in a wi de temperature range show tha t the m ag-
neti c mixed- phase state is real ized in the vi cini ty of T c [3{ 6]. But al l studi es, as a
rul e, were carri ed out wi th using conventio nal schemes of the magneti c resonance
m etho d.

In thi s work we used the m agneti c resonance metho ds for probi ng the in-
hom ogeneity of the Eu0 : 7Pb0 : 3Mn O3 sing le crysta l . At tha t, measurements were
perform ed wi th both standard and unconventio nal techni que. The sim i lar resul ts
were obta ined early for La 0 :7Pb 0 :3MnO 3 [7 ].

2 . E x per i m en t a l

The single crysta ls of the Eu0 : 7Pb0 : 3MnO 3 were grown by a m etho d of spon-
ta neous crysta l l izati on from soluti on in a m elt. The choice of the Pb ions was
di cta ted by the peculiari ty of the technology, the m ixture of PbO and PbF 2 was
used as the solvent, and at the sam e ti m e i t pro vi ded the lead content in the crys-
ta ls. X- ray analyses conÙrmed the com positi on of the crysta ls and showed tha t
the sam ples are sing le-pha se perovski tes wi th rhom bohedra l (R 3 c) structure . The
sam ples have the tem perature of the ferromagneti c orderi ng T c = 210 K. Al l mea-
surements were carri ed out on well pol ished pl ate-l ike sam ples of the size of about
2 È : mm .

For the magneti c resonance m easurements we used a standard cavi ty per-
turba ti on techni que wi th m icrowave f requency ¡ GHz and a spectrom eter
operati ng in ¡ 80 GHz frequency range wi th a pul sed externa l m agneti c
Ùeld up to 40 kOe. Mo reover, the spectro meter wi th com bined inÛuence of the
m icrowave i rra diati on and di rect current was used to study a change of the con-
ducti vi ty induced by the magneti c resonance microwave absorpti on. In thi s case
two leads were atta ched to the sam ple by the silver epoxy. T o detect a change of
the conducti vi ty a dc vol ta ge on the sam ple was measured under the m agneti c
resonance, at the same ti me the current thro ugh sam ple was constant.

The magneti zati on data were obta ined by SQUI D m agnetom eter. The m ag-
neto resistance was m easured by the standard f our-pro be techni que wi th externa l
m agneti c Ùeld up to 12 kOe.
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3. Exp er im ental r esu l ts

W e presented the features of the magneti c resonance spectra f or the
Eu 0 :7 Pb0 :3 MnO 3 sing le crysta l in part in a previ ous paper [8]. At Ùrst we used
conventio nal scheme of the spectrom eter operati ng at 25 GHz wi th Ùeld m odul a-
ti on. It was observed tha t the spectra reveal a structure in tem perature range f rom
240 K to 140 K. W e appl ied a Ùtti ng pro cedure by Lorentzi an l ines, whi ch showed
tha t the observed spectra could be Ùtted sati sfactori ly, onl y i f we assumed the pres-
ence of two l ines. Fi gure 1a shows the tem perature dependences of the integrated
intensi ti es I pm and I fm of two coexisti ng l ines in the spectra. W e supp ose tha t
two l ines in the spectra are the magneti c resonance absorpti on from param agneti c
(PM) and ferromagneti c (FM) regions in the sampl e (the conÙrm ati on for thi s wi l l
be given below). The l ine correspondi ng to ferrom agneti c resonance absorpti on in
the spectra appears at the temperature T ¤ 2 3 5 K, whi ch is above T c . It is in-
teresti ng to noti ce tha t for tem peratures below 235 K the curve for the inverse
dc susceptibi l i ty 1 =â dc versus tem perature shows the positi ve curvature suggest-
ing spi n clusteri ng e˜ects. W hen the tem perature appro aches T c from above the
intensi ty of the PM resonance line I pm fol lows reasonabl y wel l the tem perature
dependence of a PM susceptibi l i ty â dc , whi ch stro ngly increases. Com pari ng the
dependences f or I pm and I fm wi th temperature behavi or of the m agneto resistance
Â £= £ 0 , one can see tha t colossal magneto resistance (CMR ) e˜ect is observed in
tem perature range where PM and FM regions coexi st in the sam ple. Let us note,
however, tha t not only the phase vo lumes mak econtri buti on to the l ine intensi ti es.
Theref ore above we concluded tha t I pm i s proporti onal to â dc , and we can supp ose
tha t I fm i s pro porti onal to M fm ( H ; T ) .

Fi gure 1b shows the tem perature dependences of the resonance Ùelds (H fm
r

and H pm
r ) and l ine wi dths (Â H fm and H pm ) for the FM and PM absorpti on l ines

in the magneti c resonance spectra. We discussed earl ier the questions concerni ng
a great bro adening of the H fm and H pm below Tc [8].

The shif t of the resonance Ùeld to lower Ùelds for absorpti on l ine corresp ond-
ing to the FM phase H fm

r i s attri buted to increase in m agneti zati on of the sampl e.
Our sam ples m ay be appro xi mated by inÙnite pl ate and so the expression for H fm

r

can be wri tten as
!

Û
H fm

r H fm
r 4¤ M fm ; (1)

here, ! ¤ ¡ is a cyclic f requency, Û i s a gyro magneti c rati o, M fm i s an ef-
fecti ve m agneti zati on, whi ch m ay di ˜er from M fm due to inÛuence of the m ag-
neti c anisotro py and the magneti c inhomogeneit y of the crysta l. The m agneti c
ani sotro py of the 3D perovski te-l ike m angani tes is general ly smal l, in our case one
is no m ore tha n 120 Oe at T K.

The PM l ine shifts to lower Ùeld as T decreases f rom T c can be expl ained
ei ther by the inÛuence of the demagneti zing Ùelds from the FM regions or by the
change of the g -facto r whi ch ta kes pl ace as a resul t of the Ja hn{ Tel ler distorti ons
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Fig. 1. Temp erature dependences of the paramagneti c and ferromagnetic line param-

eters ( ¡ = 25 GH z): (a) intensity , (b) resonance Ùeld, and (inset) line w idth.

at T < T c . It should be noted tha t in the case of La0 : 7Pb0 : 3MnO 3 [7], we did
not observe the shi ft of the resonance Ùeld of PM l ine wi th the excepti on of small
increase in one at T ¿ Tc .

The study of the Ùeld- frequency dependences of the magneti c resonance spec-
tra is f ound to be a very powerful metho d to determ ine the magneti c state of the
system and i ts behavi or in the externa l m agneti c Ùeld. At Ùrst we have appl ied
thi s m etho d f or the study of the mixed tw o-phase state in the La0 : 7Pb0 :3 MnO 3

sing le crysta l [7]. Fi gure 2 shows the Ùeld- frequency dependences for two observed
l ines in the magneti c resonance spectra of the Eu0 : 7Pb0 : 3MnO 3 at T = 2 0 5 K.
It is exp ected tha t the dependence for FM absorpti on l ine wi l l fol low the expres-
sion (1). Since at T K the sam ple is f ar from the m agneti c satura ti on we
m ust ta ke into considerati on the dependence of M fm on the tem perature. T o Ùt
the exp erimenta l data we supp osed tha t M fm H and M fm H do not strongly
di ˜er from each other, and the Bri l louin functi on for the M fm H was used

M fm M B
T c S

k B T

g ñ B S

k B Tc
H

M fm

M
; (2)

here, M i s the satura ti on magneti zati on, S x x = and x : .
The result of Ùtti ng is shown in Fi g. 2 by dotted l ine for M fm H ; T : at
T K and H .
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Fig. 2. Frequency {Ùeld dependences of the paramagnetic and ferromagnetic absorption

lines observed in the magnetic resonance spectrum at 205 K . Dotted lines are extrap o-

lations of experimental points by the dep endences (1) and ( 3) (see the text). Inset: the

ratio of the intensities of the ferromagnetic and paramagnetic lines (I f m =I p m ) versus mi-

crow ave frequency ; solid line represents the expected dependence under the assumption

that I f m dep ends only on M fm ( H ) .

For the PM regions the demagneti zing e˜ect can be neglected as the m ag-
neti zati on is smal l. It turned out tha t the experim enta l data are wel l Ùtted by the
fol lowi ng equati on:

!

Û
= H pm

r + H e˜ ; (3)

where the externa l m agneti c Ùeld H for the PM regions is corrected by the e˜ecti ve
Ùeld H e˜ . The dependence of the H e˜ on H has behavi or simi lar to M fm ( H ) (see
Eq. (2)), whi ch has been used f or appro xi m ati on of the f requency-Ùeld dependence
for FM l ine. The value of the H e˜ am ounts to ¤ 1 5 % of the ¤ M fm H value.
Thi s suggests such ki nd of the m ixed-phase picture in the crysta l , where the PM
regions are located in the demagneti zing Ùeld from FM regions. Further support for
thi s concl usion is the temperature dependence of the H pm

r below T c (see Fi g. 1b).
W i th decreasing tem perature, the m agneti zati on and vo lum e of the FM phase
in the sam ple grow, whi ch leads to the increase in the dem agneti zing Ùeld. As a
resul t, the resonance Ùeld H pm

r shifts to the low Ùelds.
It is interesti ng to noti ce tha t wi th m icrowave frequency (or the m agneti c

Ùeld) increasing the relati ve intensi ty of the FM l ine I fm increases; on the contra ry,
PM line intensi ty I pm decreases. Thi s result is shown in the inset of Fi g. 2, where
the rati o I fm = I pm as a functi on of m icro wave frequency is plotted. The observed
behavi or of the I fm = I pm cannot be expl ained only by the increase in M fm H [8].
Thi s observati on suggests tha t the m agneti c Ùeld changes the phase state of the



74 N . Volkov et al.

sam ple, as H increases, the volume of FM phase in the sam pl e grows but the
vo lume of the PM phase is reduced. Thi s m echani sm leads to observed growth of
the rati o ( I fm = I pm ). One can noti ce tha t the above resul ts conÙrm the picture of the
phase separati on in the sampl e because the strong e˜ect of the externa l m agneti c
Ùeld can hardl y be expected in the case when the chemical inhomogeneit y of the
sam ple ta kes pl ace.

No w we analyze a one more unexp ected e˜ect whi ch is the change of the
sam ple conducti vi ty induced by the m agneti c resonance absorpti on. It is interest-
ing tha t such change is observed onl y in tem perature range where separati on on
PM and FM phase ta kes place in the sam ple. In Fi g. 3a the dependences of the
m agneto resistance Â £= £ 0 on magneti c Ùeld both wi th microwave i rra diati on and
wi tho ut i t are presented. Al so in thi s picture one can seethe change of the m agne-
to resistance whi ch ta kes pl ace onl y due to resonance microwave absorpti on. These
data were obta ined for T = 1 9 5 K, where the e˜ect has the maxim al value. The
coexistence of the PM and FM resonance l ines is observed in magneti c resonance
spectrum . Fi gure 3b shows the relati ve resonance spectrum . The dependence of
the resistance R on magneti c Ùeld under m agneti c resonance has dispersion- l ike

Fig. 3. (a) T he dependences of the magnetoresistance Â £ =£ 0 on magnetic Ùeld: 1 |

under magnetic resonance absorption; 2 | w ithout microw a ve irradiation ; 3 | the

change of the magnetoresistan ce w hich takes place only due to resonance microw ave

absorption . (b) T he magnetic resonance spectrum and the best Ùtting of the spectrum

by two- Lorentzian lines.
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shape. Increa se in R corresponds to a region of the m agneti c Ùelds where FM res-
onance absorpti on is observed and decreasing R ta kes pl ace under PM absorpti on.
Such behavi or suggests tha t heati ng m echanism cannot be responsi ble for thi s
e˜ect. The relati ve change of resisti vi ty Â £= £ 0 induced by resonance microwave
absorpti on has a l inear dependence on the m icrowave power P and reaches 0.2%
at P ¤ 1 0 0 m W. The am pl itude of the change depends on a value of the dc-current
I thro ugh the sam ple and exhi bi ts satura ti on at I > 1 m A, Fi g. 4. At the same
ti m e, a V À I characteri sti c is l inear over al l current range up to 1 m A, see the
inset in Fi g. 4. Fi gure 5 shows the tem perature behavi or of the changes of the
sam ple resisti vi ty induced by the m agneti c resonance. W e can see a correl ati on of
the temperature dependences for thi s e˜ect and the m agneto resistance (the inset

Fig. 4. T he dependences of amplitud es of the A 1 and A 2 signal s (see Fig. 2) on a value

of the dc current at T = 1 95 K . Inset: voltage{current characteristic.

Fig. 5. T he temp erature dependence of amplitude of the A and A signals (see Fig. 2),

the pow er of the microw a ve irradiati on is 100 mW.
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in Fi g. 1). Presented experim enta l data suggest tha t state wi th the phase separa-
ti on in the sam ple plays a key ro le in a m echanism whi ch inv okes the changes of
the conducti vi ty under the m agneti c resonance.

4. E ˜ ect i ve -m ediu m ap pr oxi mat io n f or t w o-p h ase co m posi t e

W e have analyzed the experim enta l data in the fram ework of the e˜ecti ve-
-medium appro xi matio n. Thi s appro ach impl ies tha t the observed electri cal resis-
ti vi ty arisesfrom a Ùeld- and tem perature- dependent concentra ti on of the m etal l ic
reg ions wi thi n semiconducti ve background wi th polaroni c conducti vi ty .

Fig. 6. T he temp erature dependences of concentration of the ferromagnetic phase in

the sample. Open circles and triangles represent the dependences calcula ted in the frame-

w ork of the e˜ective- medium approximation for magnetic Ùeld 10 kO e and w ithout mag-

netic Ùeld. Filled circles are the same dep endence obtained from magnetic resonance data

(see the text).

For obta ining the dependences of the resisti vi ty on the temperature for the
m etal l ic and semiconducti ve regions we appro xi mate the exp erimenta l resisti vi ty
data at T < 1 2 0 K and T > 2 5 0 K, respecti vely. In these tem perature ranges
the sampl e is certa inl y in hom ogeneous state. The data f or m etal l ic sta te, below
120 K, are well Ùtted by the power law

£ fm ( T ) = 7 : 6 È 1 0 À 2 : T : T cm : (4)

Here the term s wi th T and T correspond to contri buti ons from one-m agnon and
electron{ pho non scatteri ng processes[9]. Ab ove 250 K, where onl y the param ag-
neti c state ta kes place, the resistivi ty can be given by the form expected for small
polaronic mechanism
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Fig. 7. T he magnetic Ùeld dep endences of concentration of the ferromagnetic phase in

the sample. T he dep endences w ere calculated in the framew ork of the e˜ective- medium

approximation for the experimental data without microw ave irradiati on and under mag-

netic resonance, T = 195 K . I nset: the change of concentration of ferromagnetic phase

w hich is needed to explain the change of the conductivi ty under magnetic resonance.

£ pm ( T ) = 1 : 6 È 1 0 À 3 T exp
T

cm : (5)

Then we assume tha t £ £ H ; T in the tra nsi ti on region sati sÙes the general
expression for the e˜ecti ve resistivi ty of the com posite consisti ng of ell ipsoidal
m etal l ic regions in the semiconducti ng matri x [10]. Thi s appro ach al lows us to
determ ine the concentra ti on of the m etal l ic pha se as functi on of the m agneti c Ùeld
and tem perature Q Q H ; T . Results are shown in Fi gs. 6 and 7. In Fi g. 6 we
also pl otted the norm al ized value Q re s I fm =M H ; T obta ined from an analysis
of the m agneti c resonance data. Thi s value corresponds to the volum e of the ferro-
m agneti c regions in the sam ple. On condi ti on tha t FM regions are in the m etal l ic
sta te the Q re s and Q should have the identi cal dependences. Real ly, Fi g. 5 shows
the sati sfactory coinci dence for tem perature dependences Q re s and Q obta ined in
two independent ways. Fi gure 7 shows the dependences Q both wi tho ut microwave
i rra diati on and under the m agneti c resonance. The change of Q whi ch is needed
to account for the change of the conducti vi ty induced by the magneti c resonance
absorpti on is demonstra ted in the inset of Fi g. 7.

A phenomenological appro ach has an essential l imit to describe well the
pro perti es of the m angani tes, but som eti mes the phenomenological m odel al lows
to pro vi de the understa nding of the m ain features in the behavi or of the m angan-
i tes. W e use a simpl est mean-Ùeld appro xi m ati on, whi ch repro duces qual i ta ti vely
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the behavi or of two -phase system at change of the externa l inÛuences: tempera-
ture, magneti c Ùeld, and magneti c resonance. The same m odel wa s Ùrst appl ied to
m angani tes by Jaim e and co-workers [11]. Stro ng electro n{ phonon intera cti on is
the basis of the pro posed model. Real ly, i t is clear now tha t the Jahn{ T eller e˜ect in
Mn 3 + pl ays essential role for physi cs of the manganites [1]. Stro ng electro n{ phonon
coupl ing leads to the smal l polaron form ati on at T > Tc , but below Tc doubl e ex-
change resul ts in dissolvi ng of the polarons into band electro ns.

Near T c the free-energy functi onal can be wri tten in the form of expansion
in powers of two order param eters. The relati ve m agneti zati on m = m ( T ; H ) i s
the prel iminary order param eter and we pro pose tha t the relati ve concentra ti on
of the ferrom agneti c phase Q = Q ( T ; H ) i s the secondary order param eter dri ven
by the m . If rea l ly, the tra nsi ti on from polaroni c to meta ll ic conducti vi ty rel ates
to stro ng electron{ phonon coupl ing, so, in our phenom enological m odel , we can
use expansion of the free energy in power m and Q fm in a conven ti onal form for
ferrom agnet wi th magneto-elastic coupl ing, i .e.,

F = 1

2
am 2 + 1

4
bm ˜ Q ÙQ âm Q M m H : (6)

Here term âm Q i s the sim plest form of the magneto -elastic coupl ing, whi ch is
assumed by symm etry of the cubi c latti ce, the last term describes Zeeman energy,
M is satura ti on m agneti zati on, and we can consider tha t at therm ody-
nam ic equi l ibri um . Mi ni mizing F wi th respect to both param eters and using some
general izati on, we can obta in the fol lowi ng simulta neous equati ons:

m B
S T c

S T
âQ m

g ñ B S

k B Tc

H ; (7)

Q
â

˜
m : (8)

Here i t is necessary to ta ke account tha t Tc i s the temperature of the m agneti c
phase tra nsi ti on at â . Solvi ng simul taneousl y these equati ons we can ob-
ta in dependences of the order param eters versus temperature and m agneti c Ùeld.
Fi gure 8 shows the dependence of the Q H . It is seen tha t for ˜ : ; â

: ; T c 210, S = sati sfactory Ùt ta kes pl ace between thi s dependence and
the one obta ined from experim ental data in the framework of the e˜ecti ve-medium
appro xi m atio n (Fi g. 7).

W e can analyze the change of R under magneti c resonance using assumpti on
tha t the observed e˜ect is a di rect consequence of the phase separati on pi cture.
In thi s case, the free energies in PM (wi th polaronic conducti vi ty) and FM (wi th
m etal l ic conducti vi ty) states are nearl y equal , and a smal l local perturba ti on of
one of the subsystem s can result in the change of a therm odyna mic equi l ibri um in
the mixed state. Near a percolati on thresho ld f or the m etal l ic sta te thi s situa ti on
can im ply the vi sibl e change of conducti vi ty in the sam ple. Since the condi ti ons
of the exci ta ti on of the resonance m icrowave absorpti on are di ˜erent for PM and
FM phases at scanni ng of the magneti c Ùeld the local perturba ti on of either one
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Fig. 8. T he magnetic Ùeld dependence of concentration of the ferromagnetic phase in

the sample. The dep endence is calculated in the framew ork of mean- Ùeld model.

or other phase ta kes place. As a result, the phase equi l ibri um in the system is
changed either in one or other di recti on, and we observe the increase or decrease
in the sam ple conducti vi ty .

Using simpl est phenomenological m odel proposed above we try to discuss
possible m echanisms of change of the phase state under m agneti c resonance. W e
consider separatel y the situa ti ons ori ginati ng from m agneti c resonance absorpti on
in the FM and PM subsystems of the sam ple. Real ly, di ˜erent behavi or of the con-
ducti vi ty under PM and FM resonance (f or exampl e, see Fi g. 3) conÙrms propri ety
of such appro ach.

Under FM resonance the increase in the m icro wave power resul ts in the de-
crease in magneti zati on pro jection onto a m agneti c Ùeld di recti on m z . In our m odel
i t results in the decrease in the Zeeman energy in the free energy expression (6).
T o expl ain the change of C fm induced by the magneti c resonance absorpti on in FM
phase (the inset of Fi g. 6) the change of the pro jecti on Â m z = Â M z =M 0 should
be ¤ 1 0 À . Thi s order of magni tude qui te conf orm s wi th m whi ch ta kes pl ace
under magneti c resonance for the m icrowave power appl ied.

It is clear tha t the change of the conducti vi ty induced by resonance absorp-
ti on in PM regions should be considered in the fram ework of other m echanism.
The sim plest variant is to propose dependence of â , whi ch determ ines the cou-
pl ing of the order parameters, on m icrowave power absorbed by the PM subsys-
tem . Increa se in â by 0.07% al lows to expl ain the change of the concentra ti on
of the coexi sting phase and relati ve change of the conducti vi ty under m agneti c
resonance in PM regions. We can suggest the fol lowing qual i ta ti v e mechanism ex-
pl aining such increase in â . Doubl e exchange coupl ing, whi ch deÙnes m agneti c
behavi or, impli es tha t m agneti c orderi ng results in increase in a ki neti c energy of
the electro ns. Accordi ng to thi s an e˜ecti ve value of the electron{ phonon coupl ing
decreases. On the contra ry, under the magneti c resonance in PM phase a pro ba-
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bi l ity of an electro n scatteri ng by precessed local ized m agneti c m oment of Mn ions
grows, thi s decreases the ki neti c energy of the carri ers and restores the e˜ecti ve
electron{ pho non coupl ing value.

The l im ita tio n of A 1 and A 2 (see Fi g. 4) wi th dc value increase can be
apparentl y attri buted to the electron scatteri ng process, to o. Here we should take
into account tha t thi s pro cess results in intensi Ùcati on of a spin relaxati on channel
and, as consequence, the am pl i tude of the precession can be reduced both in PM
and FM phasesat Ùxed microwave power.

6. Co n cl u si on

In summary , the results shown above pro vi de one more exp erim ental evi-
dence for pha se separati on in the mangani tes. The magneti c resonance metho ds
incl udi ng both the conventi onal techni que, the scheme of spectrom eter wi th the
m icrowave frequency tuni ng and the metho d wi th combi ned inÛuence of the m i-
cro wave irra di ati on and dc are found to bethe powerf ul instrum ents for the pro bing
the magneti c inhom ogeneity in the m angani te single crysta ls.
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