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SUME  INVOSTIGATIONS  OF  SOVIRT DPHYSICS ON  THE
PHEORY OF FERRO- AND ANTIFERRCMAGNETISM FOR

LiST YEARS.
S.V.Vensevski,
Institute of Physics of Metals,
Academy eof Sciences of the USSR,

Sverdlevsk, U3'F,

During the time since the laut International Conferen
ce en Magnetism (Crenoble,IP88)the research work en the
theory of fnJi’_,and antiferromagretism nac heen cenducted
in the ussa, '

 follewing lines:

Vﬁke general quantum theory of

it  -‘sm using quantum-statistic
methods (Greeﬂx!uuntttﬂiﬂz the gpectrum of elementary
sxitations has besm dttimnined as well as their lifetime
in a wide temperature riﬁcl; the temperature march ef
magnetization has been calculated - fer lewer tempera-
tures it coincides with the predictiens of the spin=-
wave approximatiens,for higher temneratures (near and
above Curie peint) with those of the molecular field
nethed (Begolubev and Tiablikovl)). Ginzburg and Painz)
have suggested a different self-censistent generalizatiea
of the spin-wave methed and ebtaeined analegeus results.
The spin-wave medel has been generalized fer the case eof
Zeveral electrons near the lattice point3); the quantum

4)

theory of ferrites and thermedynamic theery of ferre-

magnetic transfermation” 2 have been further develeped,

2. The work continued en developing quantum theery
of ferro- and antiferromagnetic metais within the
frame work ef (s-d)-exchange scheme using the methed ef .
Sreen-functionse).A spectrum of .pin-vaves in Fermi
liquid 'is obtained7). The question is investiszated
connected with the recembination precess ef current
carriers of semiconductors with the energy transfer te
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’erromagnonsa) and the energy spectrum of carrent carriers
is calculated for case of intrinesic and impurity conduc-
tion of ionic antiferromagnetics9). Study was made of the
interrelation between gupercenductivity and ferro- and
antiferromagnetism and of influence of aychange interac -
tion on tne parameters of a superconductorIO).A method is
rut forward for determining the Permj-gurface shift of
conduction electrons of ferromagnetic with different spin

projectiens II).

3. A thearetical study of the nhenomena of atomic
magnetic erder in crystals has resulied in the prediction
and discevery of piezemagnetism and magnetoelectric
effect I2).

4, The werk has been continued along the lines of
developing phenemenelogical treatment of the properties

of crystals with atomic magnetic erder using the

5 )
crystal-chemical and magnetic symmetry prepertiesI}'Id’.

5. Preperties of weak ferremagnetiss at lew éempera—
I5)

and the criterion aof existence

tures were investigated

.The becularities of

17
this phenemenen in rhombic cryatzls werse investiqated‘7’.

of weak ferremagnetiem formulate

i trensformatien frem the antiferromagnetic state into a
weak ferremagnetic ene wae discovered experimentclly and
explained themreticgllyla). Fer the first time the exjs-
tence of twe branches of the spectrum ef spin waves in

antiferremagnetics was established frem the meaesurements

Ig).Conditione of magnetic reconance 1in

ef heat capacities
20)

varieus weak ferremagnetics were investigated

6. On the basis ef the phenemenclogicel theosry of
spin-waves there have been investjgated energy cpecctrum
of ferremagnens,high frequeney properties and resenance
in ferromagnetics,surface impedance,magnete-clastic
wuves,ferreacouciic resenance,thermal preperiiee of
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ferre- and antiferremagnetics,precesces of interarction of
3tin-waves with each other and with phenons,relaxation
processes »f magnetization in farredielectrics,dispersien
of magnetic eucceptibility and heat caductivity 1)
Thermodynamic theery of magnetic elastic media hag been
further developed QI).

7. Solutiens of Landau-lifshitz equatien have been
investigated for an arbitrary value of the alterrmating
field amplitude22); the influence of the cenditiens of
electronic regenance on the Faraday and Kerr effects was
investigated 23); methods of Green-fanctiens and Kube-
Temita were used for slucidating frequency dependence of
the susgsceptibility ef ferremagnetics 24 +Theeretical
investigations were carried out ef resenance line width
25),.f the resenznce frequency

,and eof the role ef the dipole;dipola
' 27

~
&<

in fcrromagnetic metels
gpectrum )
coupling in the ferromagnetic resenance

8. Temperature dependence vas calculated fer elec-
tric resistence of ferromagnetics induced by scattering
of conduction electrons with the arbitrary isetropic lsw
of dispersion by ferremagnons; heat resistance was alse
calculated fer the case ef quadratic dispersien law 28).

A general phenemenelegical theery eof electric conductivity
of ferrites and antiferromagnetics has been develeped
elucidating the nature of "anemalies” near the Néel -
peints 29). Thesretical predictien was made for the
additional electric resistance due to the scattering ef
conductien electrons by spin-wavesg of a ferremagnetic in

the conditiens of a ferromagnetic resenance 30).

9. Cress-sectione of neutron scateripg in ferremagne-
tics due the abeserption and emissien of ferremagnons have
been celculated 31); scattering of polarized neutrens has
been investigated fer different processes and a methed is
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indicated for separating crees-sections of these procee-
ses32), Aith the help of Green-functions the questien was
investigated related to the. width ef intensity peaks ef

neutrone scattered in a given directien and induced by

abegorption or emission of a ferremagnen depending on the §
neutron energy; the width of the peck was determined by
the damping of spin-wave exitations due te various types
of interactions in ferromagnetic 33).A phenouonologicil ;
theory of critical scattering of neutrens near the Curie
and Nfel points is eet up.34 .Cross-ecctions of elestic 0
scattering.ef neutrens in ferrites depending on the degree

of reversien and composition arz calculated .Cregs- g
sectiong of elastic and anelastic scattering ef neutrens
in antiferremagnetics and ferricee are calculated by the |
method of spin-waves 36).

10. Temperature dependence of free energy of magrnetic
anisotrepy and magnetestrictien in ferromagnetics in the
low temperature range is calculated on the basis ef
phenomenolegical theary of spin-waves.The nature of the
temperature march ef the additien to the magnetic
anisotrepy censtant induced by magnetestirictien is elucida
ted 37).

1I. A neutrenegraphic investigatien is carried eut eof
thre magnetic atemic structure eof a numbdber ef weakly
ferremagnetic crystals 38). : * b
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44,The glectrical Properties of Thin Pilms of Nickel

at Very lLow Temperatures :
B8y E.I.Kondorsky, 0.S.Galkina, F.A.Chernikova, Chsién Kai-da

Moscow State University

‘Thin nickel films were obtained by thermic evaporarion
in glass tanks brought to a pre;sure of 10 mm. During the
_ process of depositing the 1natr§ment was submerged into -
helium bath allowing to optain kerromasnetic £ilms 6f very
high purity. C

Electrical properties of the%tilms were studied including
the electrical resistance tempeFatdre dspendence frbm & 50
500°K and Hall's electromotive force.

At lcw temperatures residuall resistivity was obsprved
close to that of nickel bulk schimens. The :esults were
obtained on films ranging from bOA and thicker. Hall's
electromotive force on the saidifilms was of the order of

Hall's electromotive force in ble specimens.

44 =1

Sanitized Copy Approved for Release 201 1/‘03/07 : CIA-RDP80T00246A014400130001-7



Sanitized Copy Approved for Release 2011/03/07 : CIA-RDP8OT0024éAO144001 30001-7

155, PILZOMAGNITIC BFFECT IN  ANTIFERROMASNETS.

2 4.3, Sorovik-iomanov, G.G.Aieksanjan, ZeG.udashevski j.
Institute for PLysical .Toblems, loscow.
It is known that the piezomagnetic effect (PJlfe ) may
»xist only in crvstals showing magnetic structurol.
Dzyaloshinskijg investigated the thermodynanic potential

rav.ns the following form for some antiferromaznets

P=P + I\WJKQZJT“K (1)

where € 1) - are the stress tensor comnonents and mk -
tie components of the magnetic moment in the crystal.
te hus shown that some components of the P,. tensor
should be different from zero for antiferromagnets having
a totragonal lattice such as Mnrz, and those with rhombo-
redral lattice such as Fecos. For the latter only the
following components are different from zero

A Axxx: Ayyx’ iA“” ) A A""" A)‘”‘
The .M. effect in the antiferromagnetio fluoriden has been
discivered ty one of thre authors3, and it has been found to
ne considerable for Con. The first part of this peper is
devoted to analogous experiments on cryétuls of FeCOs.

“he magnetic moment of the specimen as a function of
the external magnetic field was examined by & special
~agnetic torsion bclance at 20°K. An essential part of this
aosaratus was the miniature press shown in Fig.l. The press-
are on the snecinen 1 was exerted by an evacuated and

sld2r2d up bellow. It was regulated by changing the press-

ure of helium gas in the vessel in which %the baleance was

rlaced. Thus we achieved a pressure - 700 kg.cm.’2 on the

155 =1

Sanitized Copy Approved for Release 2011/03/07 : CIA-RDP80T00246A014400130001-7



Sanitized Copy Approved for Release 2011/03/07 : CIA-RDP80T00246A014400130001-7

specimen having a oroaa-secQ
tion 1 mma. The press was '
suspended on vertical S0 u
tungsten wires., This enabled
us to measure the force on
the specimen in the inhomo-
geneous magnetic field of

_ the small electromagnet 3 ,

We investigated small crys-

F/?{ | tals of siderite (FeCOz).

‘ From these two specimens
there were proﬁareq :in the first the stress component was
QK,y and the magne tic moment was directed along x -
axis, in the seoond the stress component was Tyz und the
magnetic moment was also directed along X -axis,

. The measurements on the first specimen showed that
within the errors of moasurcmptb the magnetio moments"ith
and without pressure coincided. Thus

‘/\1 < 10-3 emu, mol-l. kg-l. cm2.

A noticeable P?,M, moment was disocovered in the second

specimen (Fig.2.) Line 1 was measured without pressure; line
2 under pressure. The upper and lower lines were obtained
depending on the sign_of'the magnetic field in which the
specimen was cooled. It is evident that the specimen shows

a spcnteneous magnetic rioment even in the absence of press-
ure whicn is obviously connec#ed with imperfections in the
erystal. However under pressure the magnetic moment increags-

es threefold. This can't be explaired by a change in the

155 - 2
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emy
m{ moé parasitic moment and it
T

2 has to be ascribed to a

|
i
1 1 P.M., effect. It has to be
75 ’

' y\ointed out that this
F;[aﬂ 2pone

- 40 value of the P.M, moment

i{s obtained only 1f the

4l - specimen was cooled under

HkQe]

pressure. When gooled with

out the application of

S
O

as

N

pressure the effect was

smaller pointing to

presence of antiferromagne:-

0

tic domains.

: The second part of
15 P

the paper deals with the

/7 investigation of the P.M.

/L_;QZ . effect in Col"? under the
influence of ultrasonic
pressure, The ultrasound in the range of 10 to 200 kc/s was
generated by & barium-titanate transducer. The P.M, moment
was measured through the voltage induced in pick-up coils
placed around the specimen. The temperature dependence of the
P.M. moment 1n the relative. units is shown in Fig;s (curve a).
The most interesting results were obtained aroimd TN-SB,ZOK.
In the range «2°K this dependence can be described by’ '
(/60" = F(4-T/T) (2)
wherae }-3,8 (see Fiig.a {nset curve b). The obtained dependen-

ce {2) of the D.k. moment is in sgreement with the results

155 = 3
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of the thermodyvnamic theory of phase transitions of

the second kind.
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167. ANTIPERRCLAGNETIC RESONANCE 1IN CARBONATES
07 “THANSITION SLEMENTS.

i.5.Borovik~-Romanov,
institute for Physical Problems, IMoscow.
The anhydrous carbonates of manganese and cobalt

cnance into the antiferromagnetic state with weak ferro-

ermitism ot 32.5%K and 10%K respectively 2*2+>. The mag-
netic structure of these subgiunces 4 giffers from the
ol 4atiferromarnets by the spins lying in the-planes
normal to the main (trigonai) axis of the crystal. The
angle between spins lying in neighbouring planes differs
by & small amount from 180°. The theoretical explanation
of such a structure was given by Dzyaloshinsky > based on
seneral thermodynamical considarations and idees of mag-
netic symmetry. Using the Hamiltonian of the form given
in > the author G and Tufov 6 derived the spin-wave dis-
persion law in the rhombohedral carbonates. It was proved
that the spin-wave gpectrum differs from one for the usu-
al antiferromagnets and contains two branches, one of
which hgs practically no gap. In the particular case of
-ntiferromagnetic resonance ( X=0 ) the following relation
Hetween the frequency -w and the #alue of the megnetic
field applied in the basal plane was obtajned for this
branch:

(w/g)t= By CHy + ) (1)

167 -1
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Here dh i3 the effective field resnonsivle for the weak
ferromagnitism, The value of HD can be derived also from
static measurements of the spontaneous ferromagnetic mo-
ment - &, ( Hy = 6./7(_‘_). If we take the anisotropy in the
basal plane into account an edditional term of the form

cost has to be addad to ( 1 ) 7

Recently Date ° found such resonance studying natural
crystals of MnCOB. The .purpose of the present‘work was _"
the investigation of this reésonance on pure synthetic
crystals of MnCO3 and CoCOB. The single crystals ( size
of about 1 mm3 ) were obtained’ by Ikornikova 3 using a
hydrothermal method, The measurements were performed on
a 3-cm microwave automatic frequency controlled spectro-
meter with the transmitted signel being utilised. Low
frequency magnetic field modulation was used and the de-
rivative of the absorption line was automatically recor-
ded,

For MnCO3 1n the paramagnetlc state ( at room tempera-
ture ) we obtained a fairly narrow line ( AH~200 Oe ). »
Its position corresponds to 9 = 2,00, Neither the posi- -
tion of the line, nor its width depends on the orientation
of the crystal. For C'oCO3 down to 20°K no paramagnetic
resonunce was found.

The derivative of the absorption line obtained for
MnCO; in the antiferromagnetic state ( T=4.2°K, is shown
on Fig, 1. The h.f, and static magnetic field are mutu-

ally normal and in this Case are in the basal plane

167 - 2
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of the crystal. The same
result was obtained when
the h.f. field was along
the trigonal axis of the
crystal. It must be stre-

Ho 20

c; ry " A i . | . l l

the result obtained in 8

the line is very narrow
(~60 Oe ). Apparently
the line-width in ° is
caused by defects in the
crystal. The same situat-
F/!/ jon seems to hold in the
paramagnetic gtate, When
the érystal wag rotated in the basal plane the position of
tre line did not change within the accuracy of our measure-
ments (~20 Oe ). Thus we Lsed relation ( 1 ) to calculate
the value of Hy= 5.35 kOe, The value of Hp obtained from
Lsotic measurements ( Hp= 438 kOe ) 2 jo by 20% smaller.
“his may be connected with the fact that beside the aniso-
tropy in the basal plane there ijs an additional cause for
the gap in the energy spectrum.
Kesonance absorption in CoCO3 in the antiferromagnetic
state was obtained in very emall fields ( HO- 100 Oe ).
1f both the_h.f. and static fields lie in the basal plane
u very assymmetrical line ( see Fig. 2 ) is obtained. When
the h.f. field is directed along the trigonal axis, the in-

tensity of absorption falls by a factor of about 100. At the

167 = 3
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same time the line
becomes more symmetric,
Quantitative’ analysis
of the data for CoCO3
is for the time being
0 <7 . impossible gince 'tne
Ho value of the g-factor

\ N 1 . l‘_‘__%——
0 o0 200 Oe is not known., We must

underline the fact

F}yz ’ that resonance in

CoCO3 is observed for

fields much below the oaturationfvalue.
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! 317. "NEUTRON DIPFRACTION INVBSTIGATION OF ORDER-DISORDER
’ ' IN THE ALLOYS FERRUM-NICKEL AND FERRUM~COBALT"

Dr.B.G.Lyashenko, Dr.D.P,Litvin, Dr.I.M.Puzey
Central Research Institut of Perrous Metallurgy ( MOSKOW )
1 | _ and Dr.J.G.Abov
' Academy of Solence of USSR ( MOSKOW )

1. The strong asymmetry of the concontrttion region of
' !‘ existing of the superlattice lij!e about thp’stoichocnotric
composition was obtained.This is the cause of the asymmetry
of the xnown diagram "oonponition-vgiintion of the properties
‘ : of the binery alloys Ni-Pe differently hgat t?oated". Por
the alloy TO%Ni-30%Pe the highest valus of parameter 6 in
comparision with the parameter 6 of the alloy Ni3ro was
4 obtained.This testifies that the investigated alloy states
' are not balanced and that the ordering energy in these al-
loys is apparently different.These facts confirm the hypo~
thesis of Snoluchowuki about the essential investment of
. 3d-interaction of the ordoriig energy in the Ni-Pe alloys
and tho_oloqo'oonnoction of the composition d‘pondonoy of
ferromagnetic Curie point with the ehape of the alloy equi-
librium diagrem in the ordering region /1 /e
2. In the equistomic alloy NiPe the laminated ferromsgne-
tic -uporlcttio;‘or the CuAu or CuPt types was got obtained.
The kmown influence of the alloy heat treatmeat on his phy-
sicsl constants and properties oould be explained by the
ordering processes of the positive or negative short rang
oxdering types, '
N -1
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3. The superlatice in the Mo-permalloy and supermalloy
was not obtained also. In the 75%-permalloy with the Cu~
addition the long rang order degree 1is mll.Howover in
the T4%~-permalloy with the Cr-eddition the superlattice '
was found clearly dotolopod. 48 ithe magnetic induction
of these alloys decrease abruptly by the sdditiom of Cr
it can be oxpootod that the Cr atoms have antitorro-g
netic connectiona ihiu thoir own heighbours and tuko ac-
tive part in thc crution of the tr:lple Iupcrttruoturo
NiB(Pe,Cr) in diltinction fro- Cu l.to-o

4, The shape of the tenporatnro dopondoncy 6' +the
large oxpm:lon of tbo -uporlnttioo line and tho pre -
sence of the hy-toru:u of the ordor-dilorder tnufoz»
mation in the alloy 113!0 lhov that th. atonic ordoring
in this uloy must de uttribntod to the phase truutor-
mation of the ﬁ.ret kind.‘!hil comlpondl with the re-
sults of the hnd.u-mlhitu'l theory of the f.o.c.
structures. uth some oilpliticatim the’ oootticiont
of the .urruo -trcin on the bouulm of two phuu
( ordering and duordorhc ) .ro oqul me‘olg to
107" erg/ca? o

5. Por the lupor-tmcturo OICI type ‘that rccl‘!.u- 14
self in .(--olid -olution Pe-~Co I.:ndau—ld.fnh‘itn'n veto '
on the phase transition ordoMilordor "ot the seoomd
kind is mul'oif.' The abepe of the ‘temperature dopoﬁonoy
g for the oqulcto-ic alloy and also the sbsence of

Sy Ayt g N I s 2 e o]
visible expannios of the superlattioce lines in all the =™
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investigated alloys teetify actually about the em -~
bryonless transformation mechanism in this system, By
cooling of the alloy FeCo below 500°C considerable de-
crease of parameter é;’ is observed. This decrease

does not coincide with the extrapolated regular depen-
dency © = © ( T ). This fact conform with the results
/ 2 / about the existence of some transformation at
500°C, A

6. The abnormal large region of the superstructure
FeCo existence ( relatively with the other investiga-
ted systems ) was obtained at a relatively rapid cool~
ing of the allos from the high temporatuios. The boun-
daries of this region are near the low limit of the
golution concentration 1%9_ % where the idea of the
long atomic c;der loses already the sense by itself,
The shape of this region is somewhat asymmetrical re-
latively to the composition 50:50 that conforms with
the extrapolatdd on the Zf/-ragion concentration de-
pendency of the ferromagnetic Curie point / 3 /.

7. The summary of the obtained results and the ana-
lysie of some other dates permit attribute the super-
structures NiBPe and FeCo to the fairly ample specific
class of the superstructures of the magnetic noliq,uo-

lutions / 4 /.

N7 -3
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