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Refiaction of meutroms. A. 1. Akhlezer awd 1 Ya
Pomerauchuk (Phys,«Tech, Tnst ATl SA-Uke, SS R,
Kiev)., Zhur. Ebspil. Teorel, Fis. 18, 475-8{1048).—In the
case of n magnetized (p tic _or ferr e}

) modinm, an addn. term must be added ta the potential
envrgy in the Schrodinger equation. Expressions ate ob-
tainesd fur the wave vectors of the neutron within the crystal
<hondng that the refraction coeff., and also the anghe of total
seflection, depends on the odentation of the spin of the

- sentson relative to the sector of magnetie induction.  This
taet can be utliized 1o obtsin o completely polarized neutron
Dttt . N. Thon |
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1639, Contritution to the Thecry of Resonance Seattering of Particles, by
&, Adhieser end I. Pomerancink, '
“Is theskpd | 18, p, 60 , July 1948, (In Russian)

It is known that the phenomenon of resonance scattering taking place
at collisions between nwutrons (or othor particles) and atomic muclel
oan » described by a resonance formula anslogous to that describing
the resonance interactions between 1light and matter. The formlas
which have been given ty various authors,are however, generally wery
complicated arnd hot easily adeptadle to a survey of the possible

 classes of the phencmenon. The present vriters suggest a method for
obtalning formalas of the oross seotions of scatteringy based on
wvave-mechanical conaiderations of a very general characler. Their
formulas show that only two general dasses of scattering of slow
pertioles ty micles are possible: (L) those in whick the anplitide
1s the resultant of the esplitudes of the resonance and the potential
scatterings, and (2) thoss of the type of scattering ocowrring frow
collision betueen olow neutrons end rro
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iwww s [ goatterings, sapes of muclsar disintegration, and nuclear spin
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On the non-olu;tronp'tlb ntoincuono betwesn elsotrond and neutronss :::
A, Axhieser and Io Pomerenchuk. MW , b
5e8=9(1949) Juns. {1 Russian) (Letter To the editor). o
The apyseetry Qf {he soattering of neutrons in yenon wea attributed .::
"oy ' (Prooss Reva T 1139(1947)) to & BOB" by
petween neutrons and electrons. Rowever, |3lspe@
the interference af sg®

the obaerved agymetry may almo e caused by
s atoms. This interferenc
4ch 18

vaves socatte by the g0
n-the matual arrangepent of the atoas, W
he centers of o
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eisduoton Y
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correlation in° :
deternine the fact that the distance betveen ¢ z

~ atoms cannot to less than two atomic radii, Being pmportional to “lsge

he interference offect 18 at pressures of tseo

od by Fersi and Marshall} “lcow

‘o0

the gas density, e

the order of tode of 1 ata, enploy y

nowever, the effoot do_nri\nd vy these authors 18 also Yery srall,
It is showm 4n the presen te that the jpterfarence effect must
te of the order of magnitule of the effeot observed.
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1 ” v 2487  Diffraction Scattering of Fast Neutrons and Charged ..'.
- . Particles. A. 1. Akhtezer and 1. Ya. Pomeranchuk. 1..‘
‘ ¢ Uspekhi Fla. Naik 35, T55-200(1949)in Russlan). v :.
oo/l P e
..‘i _ LR i e . -0
PY R 1% The theory of diffraction phenomena, regatded as one of -..
- - the axpects of the scattering of particies by nuclel, 18 given, : «00®
t’. L4 s the latter being phenomenologlcally {reated as opaque g ..‘
o0 2 Iodies. - The opacity Is represented by the phenvmenon of -
009 e formation of excited compound nucled, and the dependence 5 =00
e of the opacity buth on the enerky of the incident particles J<®®
(neutrons or charged light auclides) and on the mass of the H 5.'.
sbsorbing nuclel, is determined by statistical methods, 3 g
independently of any theory of nuclear forces. After that, 4 ‘..
. an opticat diffeaction theory of the scattering of fast neu- “1:0@
trons is outiined, followed by 2 quantum-mechanical one, § 00
R both lezdirg to the same croas-section formula for the " d.‘a:.
K18 diffraction scattering of neutral particles. These consider-
31 ations are generalized =3 as to include the diffraction of . I.‘.
2 charged nuclides, viz. fast protons, deuterons, anda particles. :..
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AKHTYEZER, A. I.

"Dok Ak Nauk SSSR”
Solves the
Considers
bution function

. ‘pcad L. D. landau.
18 Jul 51.

S B

- GouhPuyetes - Nonlineer Plamma
S S U ppetillations

"Noplinear Theory of Oscillations of Blectron
' AL T Akhiyezer,

gimplest uniform
the 1ongitudinal
vounded plesma &t ab3s zZE€r0,
‘ plasma'characterized by the ordinsrily used distri-
_electron density n{r,t). Ac-
knowledges the interest and valued discussion of

';:sgsep;’"“-i”

G. Ye. Lyubarsksly
Yol IXXX, No 2, pp 193-19
nonlinear problem:

oscillations in un- -
with the state of the -

gubmitted by L. p. Landau
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AKHIYEZER, A. I " PA 236T101
’ v'. *

"oscillation of Plasma in Crossed Electrical and ‘

Magnetic Fields," A. T. Akhiyezer and R. V.
.Polovin.

nghur Tekh Fiz" Vol 22, No 11, pp 1794-1802

Authors consider the interaction of a compen-

_ sated beam of electrons with slow waves in
crossed-over electrical and magnetic fields.
Clarify the conditions that govern the insta- -
bility of the beam. Cite related works of V. My
Lopukhin and S. D. Gvozdover. -

~ cesémor |
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WG QFRTC YT E e TN ed el L iy 206D NG
partiolo 1 el cilics excoed he thar mal votawity of the
elocirons tn tho planmn, (D.E.B)
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IS AT — =7

R f}ussn/m}siéé - Paramagnetism - 21 Dec 52_ 5
“Paramagnetic Dispersion,” A. Akhiyezer and .
1. Pomeranchuk

"DAN SSER" Vol 87, No 6, pp 917, 918

Introduce definition of "magnons"” (certain devi-n»-
ations from distribution of magnetic electron -
moments which are propagated in a crystal in -
form of a wave) and assume that they obey Fermi- .
Dirac statistics. Attemp to explain why suscep-::
tibility of paramagnetic dielectirics bacomes in- -
~ dependent of temp at low temps. (cf. B. Cabrera, .
Rep Inst Phys Solvay, 6, 183, 1932). Presented 'by: -
Acad L. A. Landau 11 Oct 52. !

oo |
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AKHIYEZER, 4.

Radiative Corrections to the Scattering of an Electron by an Electron, A,
Akhiyezer and R. Polovin, DAN SSSR Vol.$0, no. 1, pp.55-57, 1953

Interaction of electron with zero oscillation of electromagnetic field and
polarization of electron-pesitive vacuum lead to additional electron scattering
in a specified external electromagnetic field, This should be considered in
electron electron scattering, Corrections are computed and represented graphi-
cally, Presented by Acad. L.D.Landau, 10 Mar 53.
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'6SSR/Piy£1cs-ﬁﬁdé&iﬁr&tors FD-1234
Card 1/1 Pub, 153-18/22
- Author T Akhieser, A. I, énd Lyubarskiy, G. Ya.
» ) et ;
Title ¢ Theory of coupled endovibrators

Periodical : Zhur, tekh, fiz., 24, 1697-1706, Sep 1954

Abstract : Proper frequencies of two endovibrators coupled through narrow and
and long slits in metallic separators are computed. The necessary
field equations are derived and integrated., Indebted to Prof. K, D.
Sinelnikov, P. M. Zeydlits, O, Zavgorodnyy. Six references including
2 foreign, . :

Institution :

. Submitted  : April 3, 1954
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A'monographic work by twdeoviet scienti ,ts is reviewed The mono-»
‘graphdeals with quanbum electrodynamics and-is considered to be: a;:

_unique and - very valuable work on theoretical pmrs:Lcs.» RO
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LHUSTE IR

USSR/Physids - Endovibrators FD-3134
Card 1/1 Pub. 153 - 9/19

Author : Akhiyezer, A. I.; Lyubarskily, G. Ya.

Title . : Theory of conneéted endovibrators. II

Periodical :+ Zhur. tekh. fiz., 25; No 9 (September), 1955, 1597-1603

Abstract + '[e authors consider the propagation of waves in a series of indentical
endovibrators connected with one another by narrow and long slots for
which the parameter a « 1/(1n[L/d]) is considerably iess than unity, where
L is the length and d is the width of the slot. In the series it is possi-
ble then to have the propsgation of both endovibratorial and also slot
waves whose length is determined by the length of the slot. The pass band
in both cases is proportional to the above parameter alpba, excluding the
case of resonance between endovibrator and slot waves, when the band - re-
mains proportionai to the sguare root of alpha. The displacement of fre-
guency in the absence of resonance both for endovibrator waves and eiso
for slet waves is proportional o parameter alpha and this frequency shift
is & linear function of the cosine of psi, the shift in phases between the
oscillations in two adjacent endovibrators. In the case of resonance the
displacement in frequency is proportional tc the square root of the linear
fanction of cosine of psi multiplied by parameter alpha. The authors thank
K. D. Sinel‘nikov, Ya. B. Faynberg, and P. M. Zeydlits, and O. Zavgorcdnyy.
One reference: ibid., 24, 1697, 1954.

Submitted ¢ April 1, 1955
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-

USSR / Radiophysics 1

Abs Jour : Ref Zhur - Fizika, Ko L, 1957, No 9918

Aostract : in that case vhen the undisturbed beam velocity exceeds
g certain critical value. The smaller the coupling between
the resonators, the smaller this velocity. Thus, ina chain
of resonators it is possible to propagate a space-charge wa-
ve and electromagnetic waves with increasing amplitudes.
It is shown that as regards the character of the propagating
waves, .the resonator chain with a beam is analogous to a wa-
veguide filled with dielectric, through which a beam of par-
ticle passes.

A connection is established between the increasing waves

of the field and the space charge density and the Cherenkov
radiation of each individual particle.

Carda - : 2/2
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AKHIYEZEH, A.I.; SITENKO, A.G.
TN

) . . KHGU
Charge-field intemctiong in cavity resonators, Uch z?fmu 10:7)

625~ 59,
S mo 5(;1ectzina) (Electric fields)
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Ay eser, A

- Gatogefy. 1 USSR/Nusloor Physios - Nusloer Recctiens ' 05

PRI

bs Jour + Ref, Zhur - '1§1kgijNo;5.j1957;'uo 6051
' 5, Sotonko Cae.

- huthor 1% ; , .
‘ oncerning’ tt!}e‘.’;i‘;hé_olfy of tho Couteron Splitting Resction.

Title 3,
Orig Pub + Uoh, 207 Ko eovele, u-nity 1955, 64 9-12

Abstrect 3 If the chengo in the romontum of © doutoron is sufficiently -
1ergo, es ¢ Te sult -of diffrection” sorttoring of repid:douter-
ons by & nucloue, douteron’ oplitting is possibls. The cross
"section of tbe.'dif‘i‘réctionﬁs;’iliiting-is approximately‘fz_rRRd, i,e,
of tho some order oe the eroes section of the deuteron brock=
up, observed by Servor (Sorbery Ruy Physicrl Reviow, 1947,
72, 1008), ' Using the known exprossion for tho emplitude of
the nucles.r'r‘e}-.g'r;io" »'_‘_':(' -y - s
ST k) Dy () e (e el Ye s X
) w o NL N ‘,"'\_‘.' . . o .
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end repleeing { o v end k4 -i\ag,’ln{e Ry VAR
» Ty Iy L= %gn 14 r )/?7, by the wave function de eribing the
R dif‘ifmotion_of‘ protons, neutrons, end deuterons, respectively
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Abs Jour : Ref Zhur - Fizika, No 1, 1957, No 1709

Author ¢ Akhiyezer, A.l., Iyubarskiy, G.Ya.
Title <o fﬁg StabIlity of the Distribution Function of Electron Flasma.

orig Pub : Uch. zap. Knar 'kovek. un-ta, 1955, 64, 13-16

Abstract : An investigation was made of the stebility of the stationary state in
electron plasma in response to small distuubanies. It was established
that any monotonically decreasing energy-distr
with respect to small distunbances of the field and of the density. It
is also shown that an electron beam of low density is unstable in the
plasma for all electron velocities in the beam and for any dependence of
the plasma electron distribution functions on the energy.

Aana V.
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RREZER AL | ~

" USSR/Ruclear Physics - Nuclssr Reactioms, c-5
Abs_t Journal: Referat Zhur - Fizixa, No 12, 1956, 34054
_Kuthor: Axhiezer, A. I., Sitenke, A. G.
Institutions Knar'kov University, Kier'kov, USSR
Title: On the Theory of the Nuclear Phoieerfect
Original Perioedical: Uch. zap. Khar'kovek, unota, 1955, 64, 67-T2

Abstract: It is showm that 4n additlon to the pracess of evaptration of the pucleon
from the pucleus and of the photoeffect by an ipdividusl nucleon, the photonuclecns
can also be produced by the following mechanism: the additicpal nuclecn ipteracts
with the surface oscillaticns of the pucleus, which interact in turn with the elece
trcmagnetic wave (interaction of the quadrupole mement of the nucleus with the slece -
tromagnetic field of the vave). Using perturbation theory, the authors obtain an
approximate expressicnp for the cross section of the quadrupole photonuclear effect.
.The ratio of the cross section of the quadrupgle 4ransition to tha cross szction of
the dipole transition is g% _ 1 /(. 2 e [ w w\2 (tw \° /3 where v 1s the
rey ( ( 2) ("") _2'> A=l I,

(-} 3 AT WEW,

1 of 2 el =
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" "UsSR/Nuclear Physics - Nuclear Reacticns, C-3
Abst Journels Referat Zhur - Fizika, No 12, 1956, 3405k
Authcarﬁ Akhlezer, A I Sifenko, A. G.
Instituﬁion: Imar"k'ov University, Kbar'kov, USSR
Ti{tle: On the Theory of thé Nuclear Photoeffect |
Original Pericdicall Uch. zap. Khar'kovek. un~ta, 1955, 64, 67-T2 p
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-y “Toout the relstivistic osoillstions of plesua

Periodical ;
fostrast 4

zﬁismuuon! S
_ ?réaéhtéd by o

Dok, AN SSSR 102/5, ©19-920, June 11, 1955

stions connected with the relmtivistic opsillatiens of plasma are
?uz:lysed. ' The snalysis ie sccomplished in view of the Maxwell slectro-
magnetic equations for the electric (E) end magnstic (B) fields, Only 1ids
jongitudinal oseillations of the plasma ere considersd, Oms USSR refer-
ence (1951).

seeseseeme L ki

Acederioisn L, D, Landan, Februery 26, 1955
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ON BOMS E¥FECTY. mmo FROM THE INTER-

]

ACTION OF THE !LEOTRQHAGNE‘RC FIELD WITB THE
. .« YACUUM OF SCALAR CEARGED PARTICLES. A
AXhierer, V. Aleksin, and M
8.8.8.R. 104, 830-3(1955) Oct. 21. (In Russlan)
” “The Interaction of the elsctromagnetic field with elsctros—
ﬂ positron vacuum lesds to changes is Cozlomd's taw and to
a sories of noo-linsar effscts (scattering of light by ligat,
Paclear coberent scatisring of vy rays, etc.). Sudies of this
effoct in the electrodynamics of a particle with s»ro-spls
are mado. (R.V.J.)
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USSR /Electronics

Abstract $ plasmae For a plapmd

greater detail
jations of pla
jongitudinal oscillations
1ation amplitudes, vhere
such oscillations on

que to them. The frequenc

Card 1 2/2

Abs Jour t Ref Zhur = Fizika, No b, 1957,

shown that the solutions obtained are
tion of an unrelativistic par
with a potential enerey determi
basis of the general equations,
the following plasma motions:
sma (in the first and second appro;dmation) s
without limitation of the oscil-
the dependence of the period of
amplitude of the velocity is found;

transverse oscillations, which have D
zation, and particular cases of couple
verse oscillations with types of polar
jes of all tle types of oscilla-

tions considered are determined.

No 9816

without external magnetic field, it is

equivalent to them-

ticle of unit mass in a field

ned in this article., On the
the authors congider in
small oscil-

urely circular polari-

jzations that are wni-
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L1 , RSKTY, G. Ya.
Am‘lYEZER-A. Ia, FAYNBERG’ Yao B,, LYUBA ’
AN TR |
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ty of Beams 4n the Wave
nCerenkov Radiation and the Stabil% {:.a o presented e

Linear Accelerators,

=30, 1957
ing in Nuclear Instrum pp. 2-30,

ents, No. 1,

of Slow Wates used in
Symposium, 1956, appear
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R I FEn Y - 560120/ 2
~~AUTHOR : AKHIYEZER, A.Ls "SITENKO,*A.G. : : - y
’ Dif rection Scattering of Fast Deuterons By Nuclel

COTITIE _ - "Tm,vhe Difired
o I (0\}'¢1$£ra\ct31¢;ixmrrass}.ayggii bystrykh deytonov yadraml.e Russian) -
pmiDIcAL.  Zhwed raperin, 3 Teorets Fizdkls 1957, Vol 32, = by PP 79% = 805
o 0 (vsSR) RS ERS R
ABSTRACT ~ The paper i nder review determines the cross sections of the elastic

scattering and of X t,hc"j_difjfr'aétibn spallation of fa'a}.' deuterons by -

sblut,oly,blai_:k ‘nucleds It also determines the energy distrivition of

the spalls tion products. It is possible 1o determine the “diffraction

gcattering of punctiform by ‘gbsorbing, nuclel with the aid of the opti-
oal mo’thdd"’_i\x_ejihg_,tho Huygens principle. In order to generalize this .
" methed for ‘deuterons, the euthors “of the. paper. under roview first of

all investigate the problem of the diffraction acattering of puncti-

form particles by'absorbing‘ nuclei. This method of investigation per-

mits to make the generalization for tha cass of the diffraction scabe=
yering df"compo'sed'—pqrt.ic1bs with weak couplingseoge of ,deuteronﬂ_.by‘
absolutely black nuclei, In this context it is necessarysto take into
agcount the m’otion_of_,the centers of mass of the deuterons as well as
thie relative motions of. the neutron and of the proton in the deuterons

~  The "p'apur_,undor'revie‘w'procnds to derive expressions for the dif-

ferentisl and for the integral cross ssction of the slastic scattcrmg"

and of the di,ffract.ion spallation, and also an expression for the inte-

. card 1/2
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L , | 56-1-25( 52

: AUTIm . AKKIYEM%[ w g‘oIop Lmﬁmsm, Ga!‘o T

TITLE us vhe Acserptisn of Dltrhaenics in Netals

' _ (o po.louhehonii. ul‘ti"uvulk! v metallakh, Russian) . ) .

‘' PERIODICAL Zhurns) Eksperime. i:-Tesrets Fisiki, 1957, Vel 32, Nr- b, pp 637 « 811
“ABSTRACT | " when-investigating the sbeerptien of seund vibratiens in selid bediss,

we have te distinguish between Awo cases, = (a) the frequency of ihe
gound vibratiens » is censiderably higher than the reciprecal valune of -
the relaxatien time g, (b)w & 1/7 . In this first case (WT>1 ) iv.
. 1s pessible Yo treat the abserptien of seund as an ab erptien of asund
. L ~quanta with the ‘energy hw and with the impulse 7%k (k denetes the
i T e vecter ef the sound wave)o, This abserptien takes place a8 result
' . of .Ahe cellisiens of the seund quanta with the quasi-psrticles charace .
. terising the energy spectrun ef the selid bedy, Leeo in the usual di.
- olostric media with the phenens, and in the metals with electrens and
phepens, In the second case (wT«41) the gound vibratiens may be
yiewsd as a certain external field in which the gas of the quasi.pare
ticles is situated and which medulates the anergy of these particles..

- The paper under Teview investigates the sbserptien of seund in the
metals at lew temperatures. In this case the réle played by the phenens

o is unimpertant as their number tends tewards zere in prepertien to T3
‘Card /2 if the tamperature is reduced, The abserption ef seund is caused by the

N
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R o L 561425/ 52
On the Abserptien ef Ultrasenics in Metals
utormtlonr of the seund wave with the cenductien electrenso It is pes:
» cesfficients

oxporimnhl]:‘oburvablo difference ol
und in metals in their newmal and 4n their sus

rive state 1s cenneched with this phenemnsnens First of all the
WT &4 . In this centext, the

aper under review discusses the caas o
n funotien of the slecirens 1tn respect te

changes of the distributie
. time and spece are essentials The sound field alters the energy of the
electrens, and thus slse the ohemical petential Juoand the temperature
T are sltered. In.the metals, heat cenductance has b Jew temperatures
ne osnsidsrable influence on bhe dissipatien of the onergys This dise
sipatien lo nainly caused by & srriotien® of the alectren gase. IV s
p"llbh ¢ neglect the appesring magnetlo field and to censider the
: h the aid el the equatien which is

) electrioal field as lengitudinal, Wit
L .bum%;y inear uppn_xmuhn 4 then is pessible te determine the

R ‘diseipation of the onergys : : ‘
ASSOCIATION © ° Phyeiodd Technioal Institute, hoadeny. of Sciences of the Ukrainian 88SR
PRESENTED BY - ¢ : S
SUBMITIED 3 April 1956

- AVAILABIE’: - Library of Gengress
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fact that in the plasma
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These oscillations lead
constant of the plasma.
of the electromagnetic
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of the plasma is possible. Th
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ur wirtehuis coupled with the wariation 0
‘these oscillations is given by

plasmé. The frequenoy of
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to 8 periodical varia
The intensity of the
field waves in $he pl
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AUTHORS Akhiyezer, 4;1.; prokhoda, I.G., Sitenkos A.G. 56-3-29/59
TITLE: On the ‘Scattering of Electromagnetio Waves in a Plasmé
(o ros_seyanii elektronagnitnykh voln v plazme
PERIODICAL: Zhurnal Eksperim. 4 Teorst. Fiziki, 1957, Yol. 33, Fr 3
T e 753157 (USSR)

ABSTRACT: For the propagation of electromagnetic waves in the plasms 8

by the dansity oscillations

e combined gcattering is due to the

tion of the dielectric
combined socattering
asma is theoretically
eous magnetio field.
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AUTHORS: Akhiyezer, A.l., Rozenisveyg, L.Y., 56~3-31/59
meVIOE, f-lﬂ.
TITLE: On the Scattering of Electrons by Protons (O rasseysnii elekironov

protonani)

Zhurnal Eksperim. 1 Teoret. Fiziki, 1957, Vol. 33, Nr 3,

pp. 165-772 (USSR)

ABSTRACT: It is demonstirated theoretically thut also in the case of most

general conditions prevailing the scattering of electrons h% pro—
tons can be represented by two real functions a(q?) and b(q ) of the

PERIODICAL:

invariant q2 - (p1 - p2)2. Py and P, is the fourdimensional electron

and after the collision. Since the terms a and b
unlimited number of experimentg jndependent
@ which in the case of fixed 9~ @& and b
can be computed. If the comparison of the results for the determin-
ation of a and b leads to contradictions in the case of high
eleotron energies it is an important jndication that the theory
daveloped is notl applicable for high energies. There are 5 figures.

SUBMITTER: March 21, 1957.

AVAILABLE: Library of Congress
card 1/1

momentum before
do not depend on q2 an
of each other exist fro
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B\ KW EZER, N

' 56-4-31/54
AUTHORS! Akhiyezer, A.l«y Sitenko, A«Gey
, A
TITLE: On the Theory of Evaporation Reactions at High Energies

(x teorii raaktsii sryve pri vysokikh energiyakh) ,

PERIODICAL: ghurnal Eksperim. { Teoret. Fiziki, 1957, Vol. 33 Kr 4,
pp. 1040 - 1042 (ussR) (Letter to the Editor)

ABSTRACT: The effective cross gection of anevaporation is theoretically
dervied, when the generally made assumption R>» R is not
valid. (R = the radius of the nucleus to be split, By = the

radius of the deuteron). The reaction is treated in which &
neutron becomes free and a proton 1is absorbed. The total effec-
tive cross section for otﬂ:he evaporation. reacﬁion is determined to

@;=W/RZ{1 -25 -2. are tgjl-)- i-ls —2 df},

whereas the following Cas Tound for the a.bsofgption o
terons oo 2

0;-277'1125}2- arc tg j——.--l% —?- dj

a deu-

Bt P
0

Fion o st L bpaino—idocd, P’ 7S ka SSIC
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Plasma-and Magnetohydro-
"‘Ihnorotical Reaearch on Figh-Frequen cy Properties of

Dynamic Shock Waves."
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100, The coapritaticaal valus o

156.5.kv/cn,
1oed witds water ooalings approximately 300 kv
- the bean disne

roalstor’s note: This 18 the full translatios

2/056,/£0/000 /006 /003N

423 R
gh3 40 shornal, Piatks, 1960, %o, 6, P 2, ¢ _v.:.o

aversge curTest is t 20 a3
.5“9. u.Bwﬂ.Eu the energy beas half.width 1s adout Bg.

‘ sd 0,99 © —.anlmﬁi-ru. he electron aguilibrive uﬂ)u.g-l
ita iaitial value 1in wqual to 259 and 13 chosen acoording
¢ the B.f, paver At the

LEY i . e e
1 Y e 2 i - .
U ascalarator input i 900 kw; <. asc=lerstor £1e1d 1ntensity Amoumnds hereat to
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14 with an tntensity up 1o 800 4
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of the original Russian abstraat,
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rranslation from: Referativnyy zhurnal, pizika, 1960, No. & P 73, # 3070

= ‘  ,%Kl}/e'zf?f/ AT

~ AUTHORS: AkhiyezeT, A. Ios Aknigezer, N. L., Lyubarskiy, . Ya.

TITLE: The Efi‘eotive'Boundary Condition on the Interface of & Multiplying
and Moderating Medium

PERIODICAL: Ty, Sessil AN UkrSSR po mirn. ispol'zov:miyu atomn. energil. Kiyev,
AN UkrSSR, 1958, PP. 107-115

described by the giffusion equstion: = 0, where A= L+/ a1, L,
is the diffusion jength, K is the coeff cien?. of multiplication. In' a certain
region near {the boundary of the multiplying medium with a reflectol’, Equation (0
is not applicable and ylelds an 1ncorreet expression for N+. 1f dimensions of
the multiplying medium surpass tne thickness of this layer considera’.)ly and if
the aistripution of the neutrons near the boundary is without interest,
Equation (1) can be used for solving poundary problems by jntroducing the
effective boundary condition which compensates the incorreciness of the shape

£ the curve N (x, v, 2z) near the boundary. In the weneral case of a boundary
of arbitrary ghape this o aition can pe expressed 15, e form

.
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3/038/80/000/02/13/023

The Effective Boundary Condition on the Interface of a Multiplying an
Moderating Medium , . .

ON /dy = -(boo/ape) XN./L , where v 1s the direction of the inner normal to the
bouﬁdery-surface, a oo aﬁd ﬁo'g'are coefficients which are chosen in such a way
that the asymptotic bahavior of N+ should coincide with that obtained from the
solution of the kinetic equation.’ An infinitely extended medium is considered -
which is divided by the plane x = O into two parts: the left semi-infinite space
filled with the moderator, and the right one filled with the multiplying medium,
The moderating properties of both media are considered to be equal and'K = 1, The
density n of the superthermal neutrons formed as a result of the moderation of
fast neutrons is expressed by the authors in conformity with the. age theory, H
is assumed that neutrons with an initial energy (age 7'= 0) are distributed
according to the law n (x,0) = &N, (x) at x >0, n (x,0) =0 at X<0 (€ is a’
certain coefficieat) . Then the defisities of thermal neutrons in the left and
right semi-Infinite spaces N_ and N+ sazisﬁr a system of integro-differential
equationg of the second order: d +/dx =/3 N+ - €3/2)7T) I, I= N () exp
[—(x—x’) /87 ] x*. Applying a method clost Eto Wiener-Hopf's methoa the authors
succeeded inofinding the ratio a,,/bmin the form of quadratures; for small %/L
ratios a simple analytical expression was found, In the appendix the mathemattcal
apparatus used is applied to a more general integro-differential equation. M

Card 2/2 A. Ya, Temkin
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. SOV/126-6-5-28/43
AUTHORS: Akhi _z,, Bar'yakntar, V. G- and Kazanov, M.I.

TITLE: On the Provlem of the Ferromagnetic Resonance Line
width (K voprosu o shirine linii ferromagnitnogo
rezonansa

PERIODICAL: Fizika'Metallov i Metallovedeniye, 1958, Vol 6, Nr 5,
| pp 952-934 (USSR) .

ABSTRACT: Kittel and Herring (Bef 5) and Ament and Rado (Bef 6)

' showed that the exchange interaction may broaden the

ferromagnetic resonance lines if the magnetic moment 1is
not uniform. Such & non—uniformity<does in fact occur
in ferromagnetic metals due to the skin effect, The
present paper estimates the nagnitude of broadening (v.)
of the ferromagnetic resonance 1ines due to the excheangé
interactlion. The value of ¥ ig given as & function
of the parameters of the ferroﬁagnetic and of the
frequency ®_in Eq (5). The symbols used in Eq (5)
have the following meanings:
@ is the Curie yemperature in ergs,

a is the lattice constan®,
cardl/# © ig the velocity of light
[ .
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On the Problem of the Ferromagnetic Resonance Line width

g is the electrical conductivity

Yr ig the broa@ening due to relaxational Processes,

g 1is the gyromagnetic ratio, :

Mo is the magnebtic moment at saturation and

B, is the magnetic £lux density at saturation.

The total broadening Y ig given by T = Yo * Yo

The results obtained are generalised to the case of the
anomalous skin effect at low temperatures. The
expressions for Yg (which is the value of Yg in the case
of the anomalous skin effect) and v, 8 then given
by Eq (€), where 4, is the mean sree path of electrons.,
Comparison of Eas (6) and (5) shows that Yg ig much

smaller than Yeo Dependence of Y =Ygt ¥r on

temperature is given in Fig.l. The total broadening. Y
is seen to have & minimum, dbub this can be observed only

in very pure samples.
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" AUTHORS: Akhiyezer, Ao I.,. Shishkin, L. Ao sov/56-34-5f31/61
(/ = - .
TITLE: On the Theory of Thermal Conductivity and Avsorption of Sound

in Ferromagnetic Dielectrics (K teorii teploprovednostl i
g pogloshcheniya zvuka V ferromagnitnykh dielektrikakh)

PERIODICAL: Zhurnal eksperimental‘noy i teoreticheskoy fiziki, 1958,
Vol. 34, Nr 5 pp- 1267 - 1271 (USSR)

ABSTRACT: In this papeT the determination of the temperature dependence
of the heat conductivity and of the absorption goefficient of
sound in ferromagnetic djelectrics is investigated. In ferro-
magnetic dielectrics the elementary excitations are not only
represented by phonons but also by spin waves. pherefore the
investigation of the influence of the spin waves oD heat conductiv-
ity and absorption of sound in these materials is of interest.
The authors show that at low temperatures the heat conductivity
of an unlimited ferromagnetic dielectric without admixtures is
determined assentially by the interaction of the spin waves with
each other and with the phonons. The dissipation function of
Card 1[2 the ferromagnetioc dielectric will, if an external sonic field
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On the Theory of Thermal Conductivity and Absorption SOV/56-34-5-31/61
of Sound in Ferromagnetic Dielectrics

at. low temperatures is presenrt, also be determined by the inter- .
action of the spin waves among each other; it will be independent

of the temperature. (In the case of common dielectrics it is
inversely proportional to the temperature). The . following
elementary interaction processes in the system of the spin waves
and phonons which are considered are the most important ones:
Pransformation of two phonons into one phonon, transformation

of two spin waves into one spin wave, the scattering of a spin
wave by a phonon, and the transformation of two spin waves into
one phonon, Expressions for the probability oi these processes

are written down. Subsequently the esuthors write down and explain
the kinetic equations for the distribution functions of the spin
waves and phonons with regard to these interaction processes.
These equations are specialized for low temperatures. Expressions
for the heat currents, caused by the phonons and spin waves, are
given. In the last seotion the absorption of sound in a ferro- .
magnetic dielectric is investigated. On this occasion the devi-
ations of the distribution functions of the phonons and spin

Card 2/@ waves from their equilibrium values must be found and the increase’
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of the entropy of the crystal,
must be determined. The influence ©

and spin waves is reduced to
energy of the phonon and of the spin wave.

e sound is caused mainly by the spin waves.
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AUTHORS: skhiyezer, A. L., Sitenko, A. G. sov/56-35-1-16/59
. 3 e :
TITLE: On the TheoTy of “the Excitation of Hydromagnetic Waves

(K teorii vozbuzhdeniya gidromagnitnykh voln)

PERIODICAL:  Zhurnal eksperimental 'noy 1 teoreticheskoy fiziki, 1958,
: Vol. 35, Nr 1, pp. 116 - 120 (USSR)

ABSTRACT: In conductive liquids located in an external magnetic
field;hydromagnetic and magneto-acoustic waves are able
to propagate (Ref 1). Lundquist (Lundkvist) (Ref 2)
investigated the behavior of hydromagnetic waves in a
1iquid (Hg) during the mechanical excitation of waves
by means of a revolving disk. It is, finally, possible
to excite hydromagnetic waves by means of external variable
gurrents. In the present paper the latter possibility is
theoretically jnvestigated, and the intensity dfexcﬁmtialiscompared
with that attained by mechanical means. First, a perfectly '
conductive compressible liquid is agsumed 10 exist, which
4s located in an external magnetic field and is subjected
to the action of external currents. The initial egquations
. for the following deliberations are the hydredynamic basic
card 1/ 2 equations as well a8 Maxwell's (Maksvell) equations.
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‘On the Theory of the Excitation of Hydromagnetic Waves 50V/56-35-1-16/59

'7(?,t) is here set up as meder(Fur'ye) integral, and alse
for the current density 3’(?,03) the Fourier components are
written down; the wave equation in the perfect liquid

and, further, an expression for the intensity are derived.
Furthermore, an expression is also derived for the intensity
of excitation as well as for the velocity ef the Propagation
of the hydromagnetic waves in consideration of a damping,

by basing en the assumption that the liquid possesses only
finite conductivity and is viscous. There are 2 references,
1 of which is Soviet.,

ASSOCIATION: Fiziko-tekhnicheskiy institut Akademii nauk Ukrainskoey SSR
(Physico-Technical Institute,As Ukrainskaya SSR)

SUBMITTED: January 29, 1958
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" AUTHORS: _ Akhiyezer, A. I., Bar'yskhtar, V. G., 50v/56-35-1-31/59
- Peleotminskiy, S. Ve

TITLE: Coupled Megnetoelastic Waves in Ferromagnetics and Ferro-
acoustic Resonance (Svyazannyye magnitouprugiyve volny v
ferromagnetikakh 1 ferroakusticheskiy rezonans)

" PERIODICAL: 7hurnal eksperimental'noy i teoreticheskoy fiziki, 1958,
vol. 35, Nr 3, pp. 228-239 (USSR) ;

ABSTRACT: A deviation of the nagnetic moment of ferromagnetics or
Seignette electrics fiom the equilibrium value (at a given
temperature) propagates in form of waves,the dispersion
characteristics of which do not differ f%om those of spin
waves (Ref 1). In elaestically deformable ferromagnetics an
interaction between maegnetic and elastic waves occurs as & Tre-
sult of magnetostriction and the ponderomotoric forces (caused
by spontaneous magnetizetion). In the present paper th» '
authors develop & phenomenological theory of these phenomena
and determine the velocities of sound in ferromagnetics in
dependence on magnetization and the applied magnetic field
strength, the absorption coefficient in dependence on elec-

"~ Card 1/2_
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Coupled Yagnetoelastic Waves in Ferromagnetics SOV/56-55-1-31/59
and Ferroacoustic Resonance

Card 2@\

tric conductivity and the relaxation of the magnetic moment,
and finally they discuss the possibility of exciting mag-
netic waves with the aid of ultrasonics (s a result of re-
sonance). The paper is divided into individual sections which
deal with the following problems in the following order:

Free energy of ferfomagnetics; introduction of Maxwell's
equations; the dispersion properties of magnetic waves; the
absorption of magnetic waves.as a result of limited conduct-
ivity and of relaxation processes; the case A & gMo; coupled

and magneto-acoustic waves in ferromagnetios; coupled
magneto-acoustic waves with A = 03 coupled magneto-acoustic
waves for the limiting case of high conductivitye’§o)c2/ct;

determination of the phase velocity of sound vibrations at

= 0; determination of the absorption coefficients of
magneto-acoustic vibrations; disturbance of magnetic waves by
external sound-fields. In conclusion, the authors thank L.D.
Landau, Academician, and M.I. Kaganov for their advice and
discussions,
There are 8 references, 6 of which are Soviet.

APPROVED FOR RELEASE: 06/05/2000 CIA-RDP86-00513R000100610005-8"




.-

"APPROVED FOR RELEASE: 06/05/2000 CIA-RDP86-00513R000100610005-8

" 24(3), 10(4)
-+ - AUTHORS :
" PITLE:

PERIODICAL:

ABSTRACT:
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S0V/56-35-3-25/61
Akhiyezer, A. I{,“Eznbarskiy, G. Ya., Polovin, R. V.

e "_M'__‘__...———- )

" On the Stability of Shock Waves in Magnetohydrodynamicas (Ob-

ustoychivosti udarnykh voln v magnitnoy gidrodinamike)

Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1958,

Vol 35, Nr 3, pp 731-737 (USSR)

The present paper aims at investigating the stebility of plane
magnetohydrodynamic shock waves against minor disturbances in
dependence on the distance to the explosion front and on time.
It is shown that magnetohydrodynamic shock waves become in-
stable and may be split up into several shock waves if the
number of magnetohydrodynamic, magnetosound-, and entropy waves
leaving the explosion front is different from six. The method
of investigation is then described. By basing on the system of

at

. n du, auk '
equations (1) 3. xik(“) 3ot T () 5722 08 1= 12,000,
k=1 :

where uk is the total of hydrodynamic gquantities (velocity.v,

magnetic field H, density g, entropy s); Xik(u) and Tik(u) are
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On the Stability of Shock Vaves in Magnetohydrodynamics

Card 2{5

functions of U,y u2,...un; X is the distance to the explosion

front, and t denotes the time. (1) is, in the following,
linearized for U, 8nd u, , and the system of equations (2)

thus obtained is solved. Investigation of stability of shock
waves is based on Syrovatskiy's (Ref 2) assumption that in
magnetohydrodynamics there are seven types of onedimensional
prlane waves: 1) magnetohydrodynamic waves with the phase veloc-

ities Ve - Vx, Vet Vx, where Vx = Hx/v4nq; 2) magnetic sound

waves with the phase velocities Ve = U, v, + u_,;vi@o~u+ and
2. 2]
v_ +u , where ug—s %—[Vz + c? + ‘(Vz + 02)2 - 4c Vi J.

pS + :
V= ﬁy'4nq'(c = velocity of sound); 3) entropy waves the phase

velocity of which coincides with the velocity of the liquid v_.
It holds that (8): u_£V_<£Lu . In the following it is shown

what waves show convergence and divergence respectively at what
phase velocities. Stability is obtained only in the following
3 cases: :
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On the Stability of Shock Waves in Magnetohydrodynamics

) w1 e lVyr Ve

B) VipQvixlsr 9. V25KV (9)

0) uy ¥y Voxl Vax {2,

(ef. Fig 1).

The authors further investigate such cases in which the magnetic
field develops parallel to the wave front and in which it is
vertical to it; the respective conditions for stability are
given (equations 10-13). In conclusion the case of anAl!'fven
rotary shock wave is investigated and the conditions of sta-
bility according to scheme (9) are discussed for various cases.
The authors thank L. D. Landau, A. S. Kompaney.ts,and G. I.
Barenblatt for discussions and advice. There are 6 figures and
2 references, ~- which are Soviet.

ASSOCIATION: PFiziko-tekhnicheskiy institut Akademii nauk Ukrainskoy SSR
(Physico-Technical Institute of the Academy of Sciences,
Ukrainskaya SSR)
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" AUTHORS: Akhiyezer, A. I., Pomeranchuk, I. Ya. SOV/53-65-4-3/13
’\ﬁ_ )
TITLE: Diffraction Phenomena in Collisions of Fast Particles With

Nuclei (Difraktsionnyye yavleniya pri stolknoveniyakh bystrykh
chastits s yadrami)

PERIODICAL: Uspekhi figzicheskikh naunk, 1958, Vel. 65, Nr 4,
pp. 593 - 630 (USSR)

ABSTRACT: Absorption accompanied by nucleon-nuclei scattering causes an
additional disturbance of the incident nucleon wave and
independently of a production of compound nuclei. leads to an
additional elastic soattering of nucleons. Strong absorption
of particles occurs when the wavelength '\ of the particles
is short compared with the radius of the nuclei. In such
cages for the incident particles the nucleus is a black or
gsemitransparent body and the elastic scattering of these
particles can, according to their absorption by the nuclei,
be compared with the diffraction of light in black or semi-
transparent bodies. Diffraction scattering of fast particles
by absorbing nuclei shows up in the purest form in the case
of fast neutrons, but in a modificated form it also is

Card 1{% possible with protons. In this case a diffraction emission
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Diffraction Phenomena in Collisons of Fast Particles S0V/53-65-4-3/13
With Nuclei

of photons takes place. Even more interesting are diffraction
phenomena of charged pions scattered at nuclei or single
nucleons. Pions of high energy come into intensive interaction
with nucleons; pion and nucleon unite to form a short-lived
system. The decay products of such systems are mesons and
some pairs of nucleons, Diffraction production of mesons anad
j nucleon pairs can also be a consequence of a collision of
fast mesons or nucleons with nuclei. In the present paper
such phenomena are investigated by . wave mechanics. The
wave functions of the particles (far away from the nucleus)
are written down as superpositions of the incident plane
waves with the waves diffracted by nuclei (black or semi-
transparent). The analogy with the optical phenomenon makes
possible the application of the Huyghens (Gyuygens) principle.
The authors try to construct a semi-phenomenological theory
of the diffraction phenomena far high energies; this theory
bases upon the application of a generalized Huyghens principle.
The paper contains the following sections: 1) Introduction,
2)The elastic diffraction scattering, 3) Computation of the
Card 2{5 nuclear semitransparency, 4) The influence of the Coulomb
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Diffraction Phenomena in Collisions of Fast Particles 80V/53-65-4-3/13
With Nuclei

(Kulon) nuclear field, 5) The Huyghens principle, 6) Diffraction
emission of photons by pions (perturbation theory), 7) Emission
of photons in dependence on the absorption of pions by nuclei
or nucleons, 8) Diffraction production of pioen pairs, 9)
Diffraction emission of Photons by particles with the spin =
1/2, formation of nucleon pairs, 10) Stopping emission of
Photons by partiocles with the spin -21/2, 11)Diffraction
phenomene in the scattering of fast neutrons at nuclei,

12} The elastic soattering oross section of the diffraction
disintegration of deuterons. The stripping cross section at
high energies. There are 5 figures and 28 references, 20

of which are Soviet. ‘

Card 342
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AUTHORS : Akhiyezer, Al Lyubarskiy, G.ya., Polovin, R.V.
TITLE: on the theory of plain and shock magnetohydrodynamical waves

PERIODICAL: Referativnyy zhurnal .Mekhanika, no. 8, 1961, 3.4, abstract 8B17
(“Tr, 2~¥ Mezhdunar, kxonferentsil po mirn, ispol' zovaniyu atomn.
energli, 1958, T.1. yadern, riz.", Moscow,'Atomizdat,_1959, 21%-220)

TEXT: The authors point at ‘the existence of plane non-stationary plain

magnetohydrodynamical waves, each of which propagates in an immovable gas with .
one of the velocities of small disturbance propagation. It is shown that phase f
yelocity within the wave increases with increasing density, if the following QL

relation 1s fulfilled:
. a 2 }_ 7 o
dp2 P ) s

where p 1is pressure, p 1is density, S is entropy. The interaction of magnetohy-
drodynamical shock waves with plane waves of small disturbances 1is considered.
It is concluded that the necessary condition for the stabllity of a wave is as

maea 1 /o

L
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On the theory of plain and shock ... A001/A101

follows: velocities of gas behind the wave and before 1t should be such that
the number of small disturbances of various types diverging from the wave to
both sides should be equal to six, By analyzing the shock adiabatic ocurve, it
1s established in magnetic hydrodynamics that in media in which relations

(25 1) 7e(22),7

are fulfilled, shack': waves accompanied by €ntropy growth are compression waves,
It is concluded from the equation which relates the magnitude behind the shock
wave to that before it, that magnetic field in the wave varies depending on the
relation between densities and velcecitles.

A. Kulikovskiy

[Abstracter's note: Complete translation]
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[+ au(s); 2u(1),(8)
1sovich Berestetskly

:_Akhiyezer, Aleksandr 11'ich, and yiadimir Bor

Quantum Electrodynamics) od ed., reve
10,000

*  Kvantovaya elektrodinamika (
656 p. Errata s1ip inserted.

“Moscow, Fizmatglz, 1959.
coples printed.

Ye., Ye. Zznabotinskiy; Tech, Ed.:!

r students in advanoed'physics
field.

Ed.: N. A. Tumarkina.
PURPOSE: This book 18 intended fo
courses, Aspirants, and geientific researchers in this
COVERAGE: This is the gecond edition of a book which first appeared

in 1953. Most of the chapters have peen rewritten and much new
material has been included. The book examines in detall the basic
theories of guantum electrodynamics; 1. e., the general theory of
1g functions, and -the theory of a

' fields, the theory of Green
1 conversion of gamma

wave
gscattering (s-) matrix. Radiation, interna
external field, the Compton

rays, the behavior of electrons in an

Cand—l%26
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Quantum Electrodynamics (Cont.) S0V/2950

effect, brehmsstrahlung, the creation and annihilation of electromn-
position pairs, the equivalent photon method, radiative corrections
to atomic level and scattering, scattering of 1light by 1ight and
polarized particle processes are reviewed. The present intense
interest in these subjects 18 attributed by the authors to the
discovery of the nonconservaetion of parity. The varlous sectlions
contain numerous computations, i1llustrated applications of .
general methods, and finsi results in the form of formulas and
curves which may be used both in theoretical and experimental
applications. As to the principal problems of quantum electro-
dynamics, the theory of renormalizations underwent the greatest
revision. While the authors do not profess complete mathematical
strictness, they attempt to set forth the concept of renormall-
zations from one simple physical point of view, avoiding pre-
seribed methods for removing divergences and utilizing the general
properties of quantum mechanlcs systems to the full. “In relation
to this, some changes have been made in the organization of the
book: the investigation of the S matrix in light of the theory

of radiative corrections 1s treated in a separate chapter

an¢#5ea?,.
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the ptudy of dynamic processes in the first, not
not related to the removal of divergences
is given in Chapters V and VI; and higher

(chapter VIIL);
zero, approximation,

and renormalizations,
approximations,

in Chapter VIII.
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S0V/2950

The number of electrodynamic

phenomena covered has been inoreased, and in particular the

theory of polarized particle processes,
tgefinite~-purpose”
The book aims on one hand to

f principles

"aimed" or

("target",
been introduced.

concepts have

give a clear physical plcture o
on the other,

electrodynamics and,

the method of "sighting"
) parameters, and other

and results of quantum

to give, the reader an oppor-

tunity to master the method and technique of appropriate compu-

‘Yavken.

Boldyshev, D. Vvolkov, S. Peletminskiy, R.
agsistance in preparing the manuscript.
footnotes.

TABLE OF CONTENTS:
Foreword to the Second Edltion
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AUTHORS: Akhiyezer, A. I., Lyubarskiy, G- Ya., Polovin, R. B.
; | Mendyemed T 7
TITLE: Simple waves in magnetic hydrodynamics

PERIODICAL: Referativnyy zhurnal , Matematika, no. 8, 1961, 56,
abstract 8B244.("Vopr. megnitn. gidrodinamiki 1
dinamiki plazmy" Riga, AN Latv SSR, 1959 151-157)

TEXT: The authors describe a method for finding out simple
plane waves with a finite amplitude of oscillation in magnetic
hydrodynamics, The basic system of equations of magnetic hydrodynamics

is schematically represented in the unidimensional case in the form u](/
n - 3uk v,

, Z Xik(u) 5% * Tk () - =0 1 = 15250009 My (1)

k=1

where U, is the totality of the hydrodynamic parameters, xik and Tik -
certain functions of . The authors interprete all the functions u,
as Tunctions of one of them: u

K = uk(u1(x)t)), substitute this into
card 1/2
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Simple waves in magnetic . . . €111/C333

(1) and obtain a system of ordinary differential equations for the
determination of u: .

du, ' Lf”'i
ey = Uk(u1, u2, cosy un) ° X

du1

The form of the functions Uk is determined from the known solutions of

the linearized system of equations (1). Simple plane waves with arbi-
trary amplitude of oscillation are investigated. In the domain adjecent
to the constant flow the authors prove the uniqueness of the plane
wave solution of (1).

E\bstracter's note: Cownplete translation.-]
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24(3)
AUTEORS: Akhiyezer, A. I., Bar'yaskhtar, V. Gey 507/56~36-1-29/62
Peletminskiy, 5. V.
TITLE: On the Theory of Relaxation Processes in Ferroelectrios at

Low Temperatures (k teorii relaksatsionnykh protsessov v
ferrodielektrikakh pri nizkikh temperaturakh)

PERIODICAL:  Zhurnal eksperimental!noy i teoreticheskoy fiziki, 1959
Vol 36, Nr 1, pp 216-223 (ussr)

ABSTRACT: The authors developed & theory. of the relaxation of the
magnetio moment of a ferrorelectric and showed that, because
of the exchange interaction between the spin waves, above all

the Bose distribution of the spin waves with the given
nonequilibrium values of the squars and the projection of the
pagnetic moment on to the axis of ths‘slighteat magnetization
occurs. The Hamiltonian cf interaction amorg spin waves and
between spin wavesr and phonons can be represented in the form

Hing = e + Wy + Ha +}(,p. Here J{, and f, denote the Hamiltonians

of exchange interaction and magnetic interaction respectively,
; 3[5 ~ the energy of anisotropy, and]Kp « that Hamiltonian which

Card 1/3 desoribes the interaction between spin waves and phonons. When
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on the Theory of Relaxation Processes in s0v/56-36-1 -29/62
' Ferroelectrics at Low Temperatures

determining 'g-ce it is necessary 4o proceed from the expression

for the exchange energy of the ferromagnetics

Zl,e = % aMl Q_lil_ av, where M ig the magnetis moment of the
axi Qxi

volume unit and o« is the exchang? integral. In the following,

the expressions for}ﬂw,?ta, ani'}(p are written down. The

authors then give the ‘formulas for the variation of ithe number
of spin waves with the momentum ¥ in the unit.of time, which
are caused by the above»mentioned interactions. BY using
expressions for the collision operatcrs; it is possible to
determine the mean probabilities of the various processes of
interaction between spin waves and prononse. Above 8ll, the
average probabilities for spin wavs - gpin wave gcattering -
(due to exchange interaction), of the splitting up of & spin
wave into two, and of ths fusion of two spin waves into one,
are written dowr. The probabilities of the other processes
Card 2/3 are lower than those of the two lasﬁumentioned. An equation,
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On the Theory of Relaxation Processes in SOV/56-36-1-29/62
“Ferroelectrics at Low. Temperatures

‘which is given, determines the quantity of heat transferred
from the spin system to the lattice, and e further eguation
is the law for the conservation of energy. Also relaxation
times are crlculated. The authors finally thank Academician
L. D. Landau and M. I. Kaganov for their valuable suggestions.
There are 5 references, 4 of which are Soviet.

ASSOCIATION: Fiziko-tekhnicheskiy institut Akademii nauk Ukreainskoy SSR
(Physico-Technical Institute of the Academy of Sciences,
Ukrainskaya SSR)

SUBMITTED: July 5, 1958
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24(3), 24(5) 30V/56-36-3-32/T1

.
P

AUTHORS : _éEhiyezer, A. I., Pomeranchuk, I. Ya.
TITLE: On the Interaction Between Conductivity Electrons in

Ferromagnetics (o0 vzaimodeystvii mezhdu elektronami pro-
vodimosti v ferromagnetikakh)

PERIODICAL: Zhurnal_ekeperimental'noy i teoreticheskoy fiziki, 1959,
Vol 36, Nr 3, pp 859-862 (USSR)

ABSTRACT: Whereas in ordinary metals mutual attraction between electrons
is a consequence of virtual phonon exchange and the matrix
element describing interaction energy tends towards an in-
finite limiting value if the phonon momentum tends towards
zero, ferromagnetics show an additional attraction between
electrons, and this attraction formg the object of a theoreti-
cal investigation in this paper. Additional attraction is
a consequence of a virtual emission and absorption of spin
waves. As spin wave energy ig proportional to the square of
their momentum, and as the mairix elements of the emission and
absorption of spih waves contain no additional factor that is
proportional to the square root of spin wave energy, the matrix
element describing the electron interaction energy which de-

Card 1/2// pends on the exchange spin waves, is inversely proportional
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On the Interaction Between Conductivity Elecirons in Ferromagnetics

to thr square of the spin wave momentum. In the present paper
the character of this effective interaction between electrons
in dependence on spin wave exchange is investigated, where
the energy operator of interactjon bql&qu s-and d-electrons
is written down in the form V(zr) = CsaM(r), where s denotfes
the spin of the s-electrons and M{r) - t» magnetjc moment
caused by the d-electrons. C is given as C = A a /p s where

u denotes the Bohr magneton, a - the lattice constant, and
A°- an energy (A~VOX ) depending on the Curie (Kyuri) tem-
perature., For an energy of the conductivity electrons of the
form &(3,0) = €°(3)+204 (p = eleotron momentum, ¢ = +1/2, 5
the projection of the spin on %o the z-axis, and E°(¥) = p°/2m)
an explicit formula ies derived for the matrix element Uif which
describes the interaction energy. For its maximum (Uif max

= - a’U/Q2 . is obtained with U = u2/6, and for the total
momentum of an electron pair it holds that
2
PO = p-. -
3 of which are Soviet.

; Phogaris ~Locd Lrot, AS Uk SSE-

pi =D, 24/p. There are 1 figure and 7 references,

APPROVED FOR RELEASE: 06/05/2000 CIA-RDP86-00513R000100610005-8"



CIA-RDP86-00513R000100610005-8

06/05/2000

"APPROVED FOR RELEASE

W

Ao e

JITTTTRIOMTYSTINRIE) Arve e s Sy

> SUDT 86 <¥g *A " *UOIIDATE QY JO TR0 JOWMIW] oYy
© 700 engpux eyy of [wnbe 61 TIWATSANs oQ3 JT EOTUONWILIN. Fe—
UoTiIdI0aqR BIUPUCHAI . 8y SLOERU-*FRAINEGO ‘oq Lum Couemouegd
dojaun- yof UOFIONUTOD BTYY UT 3Gy 30O payutod sounivy
TITTY cpeysane B2 /uRTpel o 0f ~ ¢-01 30 8pdo eqy Jo suerd
wopswEpIPIod a4y JO BIN ¥ Oy pa3oefQas sT ‘preTy ofsesdes |
SYY JO BOTIDEITP AQY UT #OUDIEQNS 33jenFWEOAXSI ¥ YPROIU -
Puyeand usqa woysss no- S0 Lausnbexy w 3o savs mn«nu-l.-:uv

Olivvis paztavrod LTIWSUTL @ %yy peacys (4SES NV n41) aoeery 1176 939
1927100 10TpOII8] TF JusmON 3530uWI eUy ;O USTLEXNIEZ Yy 3O
UOTANITLERAU] TWSFis 00 ¥ 100 _patxiws (1iwy) L1xeTTR(vYeg

°g pum swyqaesd,aeg <y ‘Iazeliuxy *1 °v lewyy uogywxwLes g0

UOTIOINITED qi1fa Puw sarnjvieduey a0t 3w soyyendvmctre; oy .
suTRoyand OY18UTX 643 QiTa 31vep Aut&v RJUIeANST °x °4 pUV

Aouvdwy °1 oy *udfoxyLy Fiab3y Jo seamymzsduey 3w oyRINIY

wnjq3ey uy ¢mnh 30 e3urucssz styaufemuzwd egy Jo mnlgoeds ofy

inogy exolf (ns51) ezpuuss ¢ 3 fweamimzedusy ao7 3v Iedfoo
Qils sLOTTV §37 PUY TEADIU UO ByUsTSINENER Lyrr3etidecwar s

330302 ¥ wav? (Q0K; umqa-nTg ‘SuRD U UIBFOL Sf 4epef oa v T o

"‘I\I
‘£yxazopucy 1 *s% *cermieseduay el 3w ﬂn«n puw texstu

.-mmﬂn“.-n«:sa-»uouuou Wo 198738 TT9H @4} LUY Tojivjgeudewm jJo .
anssez ynoqe exode Munnn LY 5ig1) sIeAEGIQoanS oT mpew Cv ot L T
WUTQEGT#Y *4- *°Z “XUICTEd ‘A D .uhw.-l_«qﬂuulndul-.. L Fg csarme "

BojIvITIeudec 0g3 3o PUii301d SNOPURIINMIS Qyje eFURI emgesed
~Be3 Bpla ® UY ApLerT oT3eue UT oI jo ecuvisfaar oyIgdetTe :
Ay _Jo_syuezarnsess grag® s3ods (YIJQY) oXusUFEVL X VEY - - -
PEv aneyacpng °] Y *0033ecFtDoZIS) AVEE PUR SOTjenivEciIis]
~33T% 3o esyotendels acTVTORSI syt [uUR ‘yeey otjjoeds aqy
‘L3TrIATId0as0e eys ..»u:«auau-cal oy Jo suogyed[yseAuT IOTS
~8I00RA STY 3RORW SX0LE (ASAGIPISAS ‘HSSE AV WAI) iBIng -v -8 i1/l paeg
.-«1-.hhvonolueonou vnd.cousu oT3suBvoozIBITIOR suy Jo Ldoxy
~0sjue cyseniva eqy Jo (243 T8 up) SIY £4 310 PITIIVD Eyuew
~SIREVER B0 PO3IOLEL ‘AOUNTOU-2T40308 °E °V £Q PYSL NS SIMYOSY .. ..

esoym *ITRIJTINA) seulery - cLioazy s, Lyxausysoyedeg-
vodn pessg pOyLaT a3 jo -nqdmuoan.« "y, pessexie weydey -
*7 *d "saInivIeluay acT IV 058d FIT ‘goux Jo eanyoaitd
otyeufienm oGy Jo IN0 PATIIED oy euUCT eI yeeauy [woinders
~OTOIYReU InoqY exods (JJI) AOUSTATIY “Y °F GOTEINOETP oQy 36
#8In02 Byy uy *(LIABUTHEOTVLZ] Lq pedorsaep LIDeUy (9O} e
-oRIeyy syy Lq pasdTpezd swa Lfolyoetuw Jo yoszje *qs) “oowM .
T UIWROIINITING B3 ‘JO Fardues Te3sLIDOU0N UT mEjjeuivs
~03263 Jvea oYy Jo LdoXy0SIUW #QY JO 40O PATIIWO sy RUOJS
-eTI804UT U0 33040 W [AINATIOP (d4I) ALTENOF-ATAO0Q °§ YV
CRETROTRUR v4p ¢ = m= weeccastmamte e

v
y
Al
Ny
(i}

T TBRITS UsIveseX oy FUTEIVIIV POPTATF eIea QITYA Pe

TTTeZsATTSP sasa semyoel 0§ $ROQY "HERU ¥y Rf JuTAIoR juessxd e

sgeprusyoe smeujyy Funol Jo Jequnu ® Ly S TIA 8F #1310 IO
PUS ‘xpACTPIeag *PISUTUST *asdTY ‘a0y,IEY ‘s00soR ISTIIAL

BOI; 938TIvEONdN O0f Inoqu £q pepueIy® SPa SDUNINIUOD Y

*(GYTSYS TROUT LiyeIeatuy SIWIG TETTTAL) PUTIPES *WT yetiesss

-yan LLunssiszwpnsc® LyyssyTiIql oqs puv ‘(WSS wlwysuysnlp

V'. sassuetog jo Loepwav) ugs foxesiznry jnsw wiyseprxy oqy

‘(aseg ‘wadusiog Jo Zuapeoy egy O 683USIIL TEOTIVESGIEE

-00yslgy Jo jusEiIwdec) ECEE ANYT (TUEPUYY AneU TATANHO
~§yvaessn~-0xT3T3 oLjustepsp eqy Lq pexyUsio sex 43 IFSTIRI
$% | JeqEsack 03 L2 IPGOLS0 EOIZ eowId ooy ESTeIeZUO) SINL  FLOVMIS

0SL-CPL d€ *y IE *ly Toa ‘6561 ‘IMET WATASE[OTSTF TRARANRT uuQUM.n,..ON-NA

' (xnyezadusy
ﬂ«x-«uox«-«u&lkﬁnungn 'honnnho-o-ho»ig:nu—-uxgk

ay

a07 Jo 9078AYJ Q3 US EOUSIEIUOD WOTEA=TTY KAITL 0L e
e e e+ s L . e Saosyueqs - -TPOELAV S
YLrr-ssaos e e (00
—_ - o et AN TSI S F T G, et
=

et o il

CIA-RDP86-00513R000100610005-8"

06/05/2000

APPROVED FOR RELEASE



"APPROVED FOR RELEASE: 06/05/2000 CIA-RDP86-00513R000100610005-8

AKHIYEZER, A.I.

[Introductory remarks to theoretical reports on
magnetolydrodynamics] Vstupitel'nye zanechaniia k
teoreticheskim dokladam po magn%trslgi :fgggodu';amike.
rtkov, Fizikotekhn. in-t AN USSR, . Ps
fhe ’ ' (MIRA 17:1)

(Magnetohydrodynamics) (Plasma (Ionized gases))
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AKHIYEZER, A.I.; LYUBARSKIY, G.Ya,; POLOVIN, R.V.

L

{Evolutional discontimuities in magﬁetoﬁidrodynamics} Evo-
liutsionnye razryvy v magnitnol gidrodinamike, Knhar'kov,
Fiziko-tekhn. in-t AN USSR, 1960, 8-24 p.  MIRA 17:3)
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. . ‘ - 5/181/60/002/010/014/051
944300 (143, 114Y,1138") B019/B056
AUTHORS:. Akhiyezer, A. I, and Bar'yakhtar, V. G.
TITLE: Theory of the Heat Conductivity7&f Ferrodielectrics at

Low Temperatures

PERIODICAL: Fizika tvérdogo tela, 1960, Vol. 2, No. 10, pp. 2446-2449

TEXT: As shown in an earlier paper (Ref. 1), the spin waves meke a
considerable contribution to the heat flow in ferrodielectrics at low
temperatures, There, only one kind of interaction of spin waves was,
however, taken into account, namely the merging of two spin waves into
one, and the division of one spin wave into two. ‘Simultaneously with
this interaction; the "volume" scattering of spin waves by spin waves
plays an essential part. In the present paper this kind of interaction
is investigated and at the same time inaccuracies in Previous papers ars
eliminated (Refs. 1,2). In this case, the authors proceed from the
kinetic equations (1) for the determination of the change in the number
of spin waves and phonons in the case of a small temperature gradient,
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Ferrodielectrics at Low Temperatures B019/]3056 _

' o] o o
and obtain the solutions np = np + np(ng + 1) ?E/T

(2)
By = Ny + N3y (5 + ) p/?

n% and Ni%j are equilibrium Bose funotions. For the collision operators

280(3’) +j.‘€u(g7) = n%(°% + 1) % (,9T) (3) is obtained. Here § is a

small parameter, which gives the probability of transfer processes.
Proceeding from (3), the operators for the collision of gpin waves among X
themselves, for the collision of phonons among themselves, and the
collision of spin waves with phonons are investigated. From an
investigation of the limiting cases, expressions are obtained for the
heat conduction coefficient, from which it may be seen that for
QD P Oc and T & QIZJ/GC’ the main part in heat conduction is played by the
2

spin waves, because c_ PACE If, hewever, QD»T»OD/QC, then the heat is
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transferred by phonons. cl» 0y Here GD iz the Debye temperature, Oc -

the Curie temperature. oé-and o, are the specific heats of the spin
waves and the lattice respectively. There are 3 Soviet references,

ASSOCIATION: Fiziko-tekhnicheskiy institut AN USSR Khar'kov (Institute
of Physics and Technology of the AS UkrSSR, Khar'kov)

SUBMITTED: April 4, 1960

X
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8/053/60/071/004 /001 /004
B004/B056 ,

AUTHORS: t>Akhiyezer,‘Aa Ios Bar'yakhfar, V. G., Kaganov,; M. I,

TITLE: Spin Wavegnin Ferromagneticsvand Antiferromagnetics I

PERIODICAL: Uspekhi fizicheskikh nauk, 1960, Vol. 71, No. 4,
PP 533 = 579

TEXT: The present paper deals with the essential properties of the
energy spectrum of a ferromagnetic near magnetic saturation. The follow-
ing properties depend on this spectrum at low temperatures:; The inter-
relation between the magnetization of the ferromagnetic and temperature
as well as with the external magnetic field; the thermal properties of
the ferromagnetic, the relaxation of the magnetic moment, and the beha-
vior of the ferromagnetic in electromagnetic alternating fields and in
sound fields. In orystals, the deviation of the magnetic moment of an
atom from the predominant direction does not remain localized on the
atom, but it propagates as,a wuve, which 18 oszlled spin wave. In the
present paper; the ferromagnetic theory is dealt with as follows from
the viewpoint of the spin waves: I. Energy speotra, thermal and magnetic
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properties of ferromagnetics and antiferromagnetics. 1) Spin waves in
ferromagnetics. Definition of the microscopic theory of spin waves.

2) The phenomenological theory of spin waves. (The spin wave is defined
as an oscillation of the magnetic moment of the ferromagnetic). 3) Deri-
vation of the quantum theory of spin waves by proceeding from the pheno~
menological Hamiltanian of the ferromagnetic. 4) The high-frequenoy
properties of ferromagnetics and ferromagnetic resonance. Here, the
natural oscillations of the magnetic moment are investigated in finite
samples, whose dimensions are considerably smaller then the damping
length. This condition does not apply to massive ferromagnetic metals
becauge of the skin effeot, and therefore 5) deals with surface im~
pedance. 6) Coupled magnetic and elastic waves and ferroacoustic re-
sonance. In 7) the energy spectrum of antiferromagnetics is investigated
by means of the phenomenological method. B) Thermal and magnetic proper-
ties of ferromagneticas. From the spinewave spectrum the magnetic moment
of the ferromagnetic may be determined as a function of temperature and
of the magnetic field, as well as the contribution made by the spin
waves to the thermodynamic parameters of the ferrcmagnetic. In a similar
manner, 9) deals with the thermal and magnetic properties of antiferroe
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APPROVED FOR RELEASE: 06/05/2000 CIA-RDP86-00513R000100610005-8"



"APPROVED FOR RELEASE: 06/05/2000 CIA-RDP86-00513R000100610005-8

Sy

Spin Waves in Ferromagnetics and 5/053/60/071 /004 /001 /004
Antiferromagnetics I _ 8004 /8056

magnetics. In the next issue of this pericdical, the last part-of-this
work will be published: II. Interaction among spin waves and hetween
spin waves and lattice vibrations. Relaxation processes and kinetic
processes. The authors mention papers by Ya. I. Frenkel! and Ya. G. ;
Dorfman (Ref. 5), Ye. Lifshits (Ref, 8), L. Landau and Ye. Lifshits v
Ref. 11), a paper by the authors in collaboration with 8. Peletminskiy

iRef. 123. V. Gurevich (Ref. 30), A. Borovik-Romanov (Refs. 39,40),

I. Dzyaloshinskiy (Ref. 41), Ye. Turov (Ref. 42), and N. N. Bogolyubov
and S. V. Tyablikov (Ref. 15). There are 6 figures and 55 references:
36 Soviet, 13 US, 3 British, 2 Duteh, 3 French, and 3 German.
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AUTHORS: Akhiyezer, A. I., Bar'yakhtar, V. G., Kaganov, M. I.

DRl . \ (\\
in Ferromagnetios?and Antiferromagnetics. II

TITLE: Spin Waves

PERIODICAL: Uspekhi fizicheskikh nauk, 1960, Vol. 72, No. 1y Pp. 332

TEXT: This is the second part of an article published in "Uspekhi
fizicheskikh nauk"; 1960, Vol. 71, 533, and is devoted to the interac-
tion of spin waves with one another and with lattice vibra%iond?and,
furthermore, to the relaxation- and kinetic processes. 10 deals with
the fusion and splitting of spin waves and their scattering on gpin
waves. The authors restrict themselves to considering eloctretdNand,
therefore, take into account, aside from the interaction of spin waves
with one another, also their interaction with phonons (Ref. 1). The
Hamiltonians of the interaction of spin waves are set up; the use of
which is restricted to the temperature range below the Curie temperature.
The probabilities of fusion and splitting, as well as the scattsring of
8pin waves, are calculated, § 11 deals with the interaction of spin
waves with lattice vibrations. The interaction of spin waves with one
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another was found %o be stronger than their interaction with the lat-

tice. This allows the conclusion that the equilibrium in the spin wave

system is more quickly brought about than the one between spin waves and
lattice. For this reason; the temperatures of s8pin waves and lattice may
differ. The temperature balance is discussed in § 12 together with the
relaxation of the magnetic moment in electrets. The course of relaxation

of the magnetic moment in electrets can be explained on the basis of the
probabilities the authors established for the interaction processes. In

§ 13, the authors deal with the dispersion of magnetic permeability of

& ferromagnetic dielectric. The complicated character of relaxation
established in the preceding:. chapter influences the dependence of the
electret susceptibility on frequency (Refs. 1,7). The case of a longi-~
tudinal magnetic alternating field polarized along the equilibrium mag-
netic moment is examined, i.e.; the longitudinal component of magnetic
Permeability is calculated. When frequencies are sufficiently high it ///_
is more expedient not to speak of a calculation of susceptibility,; but :
rather of an absorption coefficient of the photon. This coefficient is /
determined as the difference of the probabilities of all of the absorp- Jﬂ/
tion and emission processes of the photon. A formula for determining the 7
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dependence of the photon absorption coefficient on frequency is given
(13,20); it can be applied to all limiting cases. The last chapter of

the present article (§14) deals with the thermal conductivity of elac-
trets. It can be calculated from the spin wave interaction Hamiltonian

and the spin wave phonon Hamiltonian, as well as the phonon - phonon
interaction Hamiltonian. There are 10 Soviet references. \//
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.AUTHORS: »-V‘AfAAkhiyezer, A. I., Lyubarekiy, G Ya., Polovin, R. V..A __'_;“-—' '

ETITLE: L Stability conditiona of the electron distribution function 1n; o
e L the plasma - : h S

;PERIODICAi: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v.,40,
: . B ,no. 3, 1961, 963-969 ‘ _ -

"TEXT: The authors deal with the problem of the stability of the eleotron ;
.distribution funotion toward plasma oscillations. The behavior of these
'funotions at t—ro (t-time) is determined by special points of their-
'Laplace transforms ¢p and f with respect to time (p = hu,c: - complex

-2_"oscillation frequanoy) In the {ree plasma 9, and £ _are conneo’ced by
“.'._f (v) = (p+iku)” {g(u)+ikem 1(9 f (u)_} (1) where u is the projection of the!
S electron velocity on the wave vector X, f (u) the initial function of. the !

; distribution of u, and g the initial value of £(u,t). The necessary and
. sufficient condition for the stability of the distribution function F (v)

A Card K /6
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?is given by the vanishing of the roots of - S DA

foude s i ‘ S _
G()—S o"fs i' sv=_5p R (3)' .

A plasma frequency) in the upper semiplane s at an arbitrary value -
k(k) 0). The eriterion for the Btahility of the distribution function B

:..j';:f (u) has' the form = @ ffuydu L
B BN <0, fo(u:)-O fo(u1)>0 T (6)"‘

-t s i

: ‘from which it follows that a distribution funotion having only one maximum
is stable. This stability condition was observed by P. L. Auer (Ref.7s:
‘Phys.Rev.Lett.,1,411,1958)., If the distribution function has two maxima, [
the function will not be stable. A further condition is that any 1
“:spherically symmetrical distribution function F (]vl) which is nowhere

et o A 28 bm  msmmen . I - R

én_ishing fs stable. Sinoe " 4 ) SF,(v)dv_Luz"§ PV o) ugdoy . - ( A)’“

L4

hol'da, where V.L is the velocity component of the electron which is . \
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pe p’endioular to k, £1
fo s

o(u) = .-2nuF (’ [) is obtained. Hence (3) takes on the.i
‘ g mwd.,..__ R (}) Bt

8 ﬂ!'u_du QSK"SF ('Sl) == —. ‘ : ‘ (8) 1!
0 S

H

1
i

T

i

t

f

The atability oondition leads to the fulfillment of the in-f
fF ( ,)du <°' - XIf 8(}) is the Fourier oomponent of the'r.:

i .

uncfion fv(u) - j g(f)e f“.df it can be’ represented 4in form

g<£>=—-$~»(%-—ew(5'>az ,
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the d’is.tr'j,bution function' is stable. ,' Here o(A) is an arbitrary‘oori'- .
uous non-decreasing limited funcs

vion. A certain stable distribution - |
totion corresponds to each of these functions. Representation (10) was

obtained by A. I. Achizer, G. Ya., Lyubarskiy (Ref .3, Tr.fiz.0td.fiz.-mat,
“f-ta KhGU,6,13).

Plasma wave and a
suffiociently strong magnetic field i'the dispersion equation has the .
~ following forms - | ot °§° 1o (u)du '
opeinty @ o ' 1 et e
, + 20, '_Sw ( W—0t oy —':_xu—m—g)” )[9_(u) du = 0, _ (12) L
_':where & = |kcose | and 6 are the angles between i an&?hhdﬁw'n = el/mo" the
*.electronio gyrofrequency. In the following, S

‘i
roe

i

T N 1 T u-.; ' c T G
C Gn(e | (?:g'*‘%’".r:—:ﬁ)n(u)duéf,—.f -y
P . N . , . . °, : o )

S

sw=loglly. . .
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