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AWHORS’ Ginzhurg, v. Lc, Rukh&dze, A Ao, and‘- Silin, V. P-. ’
TITLES £lectrodynanics of crystals and the exciton theory

PERIODICAL: Fizikd’tverdogo tela, Ve D9 ng. 6} 1961, 1835 - 1850
TEXTs The present »apeT gives 8 detailed theoretical treatment of the
general problen of the application of the electrodynamics of matter with-
spatial dispersion to crystals. The authors confine themselves particu-
larly to the invegﬁigation of the approximations one obtains when one
worxs with aij(w,k), the tensor of the complex dielectric constanb.

First the fundamental equations of the electrodynamics of matter with*
spatial dispersion are written down. They are ipn the usual notationss

- >
> 13D', ARy, e £ 133, =P 1
curlB = T 31 * Vo) aivD'=4%Q curlE = -7 3%} divg = 0; F e(E»z-c-F;B] )y

the force acting on a point charge moving with ve;pcity 7; for the
electric jnduction ; one has 0 1/at = ag/at + 4ny. For plane gonochro-

matic wavesd, ' and = are interrelated by
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density in the approximation of the perturbation +theory. This result is: ;><;
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AUTHOR: Silin, v.P.
TITLE: kem%%ermal Emission in & Transparent tiedium

PRRTIODICAL: fzvestiya vysshikh uchebnykh zavedeniy,
Radiofizika, 1961, Vol. h, No. L, pp. 767 - 769

TEXT: published theories of thermal emission in a trans-
parent medium usually neglect spatial variation in the
dielectric constant. The present author reports an attempt
to rcmove this 1imitation- In tho case of "an isotropic
nongyrotropic medium, the dielectric-canstant tensor

(A.A. Rukhadze, v.p. Silin - Electromagnetic Properties of
plasma and Plasma-like Media, Atomizdat, 1loscow, 1961)

is given by

m%a 3uve v 0TS

e

ki ky , ki ky .
lu(m. k)= (BU-—""")"('”pk) + 11 ¢ ('"nk)'

k2 (1)
where ctr and e{ arc the longizudinal and transverse
dielectric constants. In a previous paper the present author
Card 1/7
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Thermal emission ..-- . rsity im a transpar;nt ::it:-'

ens

btains the following expressions for the energy
1 res

O;etze longitudinal and transversehg?\e
° aw! -_h..— \! L
e e 7ol

which gives the spectral-ener

e ‘ (7)
‘2-:.Tn‘.” ("

1w LR .L uh——ljf——' (8).
! =TTt [
= Ty = a0 (g 2.Tn'? (k) .

dk\ll(,u)‘ ! :‘: ét).ans\rer;e (n\l)) refracti\re indices
The longitudinal (n ) an
are given by

o (ke (B). k) =0

=5~SY

(9) ,r
(10) -
(k) = 0.
ot kel (). ) =€ dependence.
i ntly necéss;}y to obtain the grquznzzn :ge
e ::'irzggz instead of Fas. (9) anda (10), ©
In i s

(9a)
19 =5 aon B
‘ff ( w, Il({’ (W) N,IC) — n(i" (u) = 0.

S ad

Lo é& »",

d (8) are
and the relations analogous to Eas. (7) an
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dwl o hel ",”"‘-'- A (m)‘l—‘w ; / (11)
do  Axl c"c 2T ": ! dw :
0 ( .
l.__..lw___’" s ___.A"_.'J cth _..___h"‘ \/‘ n(l)' (m)‘_l__l:._"_"l—(—)—]—_ (12)
dw 2r?c? 2T -‘- o .
In the case of an arbitrary anisotropic medium Eq. (6) must L*/
be replaced by (Ref. 1) e
ey, T L 13) .
Tl_x- (E‘ L'l),,,“);‘ {w [ z"(m' ky -~ & w? P ] ‘ (13
The general case is not discussed in detail although it is
pointed out that the following solution of the field equations
w? wl ::
';;A“ El = [ —(‘1‘ t”(uv,k) — k2 7)“ “+ k‘h']fl nZ - a2 K" (1”)
leads to the following expression for the filuctuation field,
- Y Ao [ eV ’W.
@.ﬁ)u“‘f}ﬁjfcm hT{A" An (16) ,
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where K, satisfies the relatlon (Ref. l)

(15) .
(K,Kp)o=

In principle, qu. “(16) ‘and (13) can be , used to det ermine the

density of thermal radiation in an anisotropic medium. In the

case of a nonrelativistic electron plasma and for frequencies
close to the Langmuilr frequency Wy oo the- longitudinal

dielectric constant of the plasma js of the form

“1 =
J(g.*):g]__ (,+:’__7.'_"f_).

(t)‘ ——cth -——[ 1y (o, k) = epp (o, »).

e

iy "9‘6‘5" \

‘A

where it is assumed that the wavelength is much greater than the
Debyc rodius. In that case, Eq. (11) becomes
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where Vp =\/3x1/m . 1In this frequency region the spatial
dispersion of the transverse dielectric constant is unimportant
and hence

tr 3 , ;2 2

dw Hw { Aw -\ W - w

_ | e—— \ ——————LL- (12a)

= 53 cth ) al »
dw 2v ¢ \ 2xT W ,

Comparison of [qs. (11a) and (12a) shows that in the region
under consideration the spectral-ecnergy density associated with
the longitudinal field is considerably grecater than that for the
transverse field. Acknowledgments are expressed to

Vv.L. Ginzburg for discussions. ,
ﬁbstracter's note - this is a slightly abridged translation.l
There are 2 Soviet references.
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It is pointed out that strictly speaking not only the interaction
between the particles but also the electromagnetic field must be
taken into account., It is shown how a correction for the effect
of the self—consistent field and the particle collisions can be
introduced into the above equations. 1t is established that the
correction term for the right-hand aide of Eq (7) is 1in fact

N, ( ds
' s B af
[,;a = g dpg dr E TP b ga?B(gu,ge,pa.Bﬁ. t) +

Z - v o
e - dhg

+ F (r - r,: Y. v, ) ————Eﬁ

Fop (Za " EZp' Ta” =B dRq

The transport equation may be used, for example, to obtain the
high-frequency dielectric constant of relativistic plasma to a
higher approximation than the usual self-consistent field
approximation. Acknowledgments are expressed to v.L. Ginsburg
for interest in this work, Yu. L. Klimontovich, s .T. BelyayevVv
and G.I. Budker are mentioned in the article.
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AUTHORS: Yeleonskiy, VeMe, Zyryanov, P.S. and Silin, V.P.
TITLE: ne Collision Integral for Charged particles in a

rlagnetic Field

PERIODICAL: Fizika motalloVv i metallovedeniye, 1961, Vol. 11,
Ho. 6, pp. 955 - 957

TEXT: The present note 1is concornet. with the derivation of
the collision integral for charged non-relativistic particles
in a magnetic field. Results are given for the scattering of
charged particles by each other and Tor tae scattering of
olectrons by fixed impurities. The matrix element for the
_scattering of particles 2 and B Dy each other is

) ’"oa—
S(dq)hexe’ Mg Ty Uy'le faryy (1)
P (CErIER)

W)

[ad]
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where 7\) . A are the states of the particle A before

and after scat ering. The wave function representing a charged S0
particle in the magnetic field is then talken in the form ’ )
(Landau rcprcScntntion)

[ny = | & P R )"‘ exp {1 x + I 2} X
xQn‘()""“zk:)lﬂ;]' (2)

where ai = ch(‘ e)\\B)'l and Qn(x) is the normalised:
oscillator wave function. Eas. (1).and (2) can then be used L0

~ to shov that tie collision integral 1s
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The Collision Integral ..

N gath dad B {hwy + hes] X
= % (2-)-“54:«;‘4»;’“3,4*, anp Ry hoy + hos

1B n;. ny n:

2s
x o (a8, + 4] sfary + a5 ]

. . _ | "k" ' |
4u¢xe,qu,£,k[q.Akz.k',]F,,‘,.’[ q.u,‘,.] N (3)
\S for+ o A+ (o AR, g+ (AN

(W@ =100 B o

7L?.5~

where 5
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lq‘B 19, Ak-.’.-‘.. » A0 -
huxBE:—Ex'EX“(h»l)'/?"‘-’-——rc ("1'*'/ . -

oo e ) = G~ ((a0+ o VI X
cexp | (a4 +orfard ) L (AN + ¢1] a42) X

- +itn— 2 4 ]~% — w2}
b8 { 1a® qk' 4 1avA Kq/2 i(n—n') {arcsinhh, [A | 4 q']‘ =/ ]}
exp . | .

e
AS -

" 5 -
Ly = g

In- Dq- (J) C(U’ . q 9 q ) iS defined by q q € W, =
= ( q‘ A + qz e\w z l z y y sed o
) ( q 9 q ) . According vO r anov 9 P S
Ilef . Z ET' ) for spat ial uniform distributions (o] pax cles
( 3 H hE F f_' ti ]

of type B
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'("- qlq;)-'— 9 7 1~0
L AR,

o (o, L2 —,
" gy~ EyHhe—th

The Co

where £(p) 1is the distribution function,

gﬂ = 25B + 1 and
jcles of type B « -

8 js the spin of the part

In the case of scattering of electrons by fixed-charged
impurities of a given type, which are uniformly distributed :
in space with a density T, o the collision int egral becomes f .

X
ot
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L.

1) =% (fn)—’Sd»; o, a7 V(E, = B) X

+ x(4n Q)" o] Fane ((ar+ @lon)ile+ari+ (4)
raRt]tefo.n, AN+ ] ran =1l

whiere Q is the charge of the impurity. Since the energy
of the clectron is conserved when it 1s cattered by the

jmpurity, one can put ® = 0 in e(w, q) - In the quasi-
classical appro::i,mation the asymptotic form of the function

t 2
an’n,(x)‘ for large n 1is

|¥

n,n

PR LA fC G 1)Y2] ()

3%

where (x) is the square of the Bessel function of

Jn'--n
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be given in another paper.

present topic is given by V.P. Silin (Ref. 1:
(Refo 3)-
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s of Egqs. (3) and (4) will
Other information related to the

ZhETF,
The results reported

in the present note were obtained while the present authors
attended tiie Theoretical Physics Winter School at Kourovka.
S.V. Vonsovskiy is thanked for inviting the authors to that

Fizicheskiy institut im. P.N. Lebedeva

school. There are 3 Soviet references.
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(Ural Polytechnical Institute)
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% AUTEHOR: ST A F—

X TITLE: Electromagnetic properties of 2 relativistic plesne. I1.
\ PERIODICAL: znurnal eksperimentnl‘noy i teoreticheskoy f£iziki,

| v. 40, no. 2, 1961, 616-625

E TE4T: The present paper ghows that the method used by G- E. E» Reuter

and E. He. gondheimer (proc. RoY- soc. b 195 336, 1948" can be directly
applied to a plasna of relativistic electrons. mhis makes it possible
not only to study the case of mirror reflection in a high temperature

| plasnme (cf.y €601 <. 1. SteparoV, ZnETF, 36y 1457 1959), but also

i the diffuse refleciion of electTons fron ihe plasna surface. 0On the

" assumption of a plene wave being perpendicularly incident upon the

3 gurface of 2 vounded plasiid, expressions are derived nere for the surface
impedar e

., Ant Ex (0) . Antie Ex (0) (2)
Z(0) =T —-——"B” o - '/E's ) .

(2)

/ /



"APPROVED FOR RELEA
ELEASE:
bbbttt SE: 08/23/2000  CIA-RDP86-00513R0
. ——— - 01550610011
-1

T —
A —

\ 5/056 61/040/002/034/047\

: slectromagnetic properties .. 3102/3201
wotn in the case of relativistic and nonrelativistic electron senperature.
7or the case of an ultrarelativistic plasna, the asymptotic pehavior of

the field jnside the plasza, far from the boundary, nas teen studied.
The compleX reflection factor waich is equal to tne ratio of thne compleX
amplitudes of incident and reflected weves: r o= 4? AT

C 4u AUS +1
wnown 10 allow one %0 study the reflecticn end apsorption of electro-
.acnetic waves by the plasma. Besides T end 2(.) also sne effective
conpiex penctration depth of 8 magnetic “ield

nust te

~

OIS
£

»= B (U)X dzB' (2) = —l; By [} = E;('!.' 0) - Aniw (m)‘ ( )
0

(3)

15 introduced; £ is an electyic field strength. The plasma-absorbed
energy is given vy A= 1 |zl . oOn the basis of these relations and
of %the equation of electron mation in t1e plasma £411ing the gemispace
z 2> 0, 8n expression for the effective depth of penetration of the field
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\ ultrarelativistic case C . *® 1e Nec/ArTe. The penetration depths are

i given °Y e
Y j=

et e

1““7"3) e (48)

*W=%U+%ﬂzﬁﬁh (49)

=

1

o
—

The asymptotic pehavior of the field at jarge 2z in an ultrarelativistic ‘
plasne 15 studied in an appendix. L. V. pariyskaya is thanked for ‘
aumerical integrations. Tnere are 10 references: 6 goviet-bvloc and

\ 4 non-Soviet—bloc.
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The electromagnetic properties of & relativistic plasma.III 7

. o» ‘ .
EERIODICAL: zhurnal eksyerimental'noy i teoretichesKOy fiziki, Vv 4x,
.t ]

no. 1{7)s 1961, 159-170

TEAT Tnis paper gives 8 getailed theoretical atudy of the reflection
and absorption of electromagnetic rudiation jpcident obliquely on the plane
poundary gurface of an electron sleam8e The case of perpendicular' :
sncidence has peen exhauatively investigated~already. A semi-infinite M
jgotropic plasma (without constant.field) qith arbitrerd (in the gpecial '
case: relativistic) distrivution of particles s considered. Mot only f
the lossesd yelated to the ugpearance of transverse fields in the plasné -
are considcred, put also the excitation of longitudinal waves and the :
losses related to then. o ‘study the electromagnetic properties of the
electron plasma (the ion® form & nomogeneous bagkg&ound) the usué

uation with self—consistent field is used: .

APPR!
OVED FOR RELEASE: 08/23/2000

CIA-R
DP86-00513R001550610011-1"



A
v

305 61/041/001/012/021 ){

D102 D214
e electrond, ¢ the

iunm distributio
and v the collision frequency. In the case of
yne solution of !

lectrons vy the p face

properties of

7he elcctromagnetic
n function of th

tne equilibr

3 'd(‘itioﬂ,
of the €

where f

n—equilibrlxr
T reflect*oz

1asma .SUr a

°x<ov

ﬂirro
(1) is given by .
bf_—_:——.-—f\dz exp {—— x}v!’.(z') -t
(3)
z—-x .\,
arn,szup{ \du)+ f%aem{ v’ﬁx
b d {E;Ug + Eyvy - Elvl)l > 0
where Y =V -iw (1=V ginefc)y fo ;s an erbitrary equilibrium energy dia- ' -
gribution function, and © the angle of incidence. The longitudinal and '
yransverse dielect“ic constants are given by: -
: ‘(kv)'f; .
¢ (“"k)—l'*' s dpu—i—lv—-kv' (5) ,
- it .
By = ) o o P (6)
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The eléctromagnetic prbperties of s+
in the following the case of a—polarization (elebtric vectoT of the
dicul.r %0 the plane of incidence) ia'considered. For

. ; o

incident wave perpen

the effective depth of penetration
AR i (m")(a(u)-(m“)smze)”/z " with
e (0, k) = ¢ () _alckd e = 1 —wt/ ot — o'k Jo* + (vm:/m". "
Astet 13,73 0‘,‘ (9) ’
wzﬁ-"a’%“?"’fo- ot = — 55\ Far IP ‘ ’

, the contributions })er due to the existence of & pranching point of the

dielectric constant are given for relativistic, nonrelativistic, and By
ultra-relutivistic cases (all for mirroT reflection). _The case of diffuse
reflection of the electrons by the P jg analogous; one :></

obtains . - :
,'«’m'= {71‘_& dq In [1 __.',C% (¢! (w, B) — stn? 0)]}-1'. (19)
; e

lasna surface
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ctric vector of the jncident.
in this case longitudinal '
gsible for s-polarization.
"racterized by:
Ef) =E@+ E, (2. (22)
: S

— l% sin OE,(O)} X '

The electromngnetic propcrties of eee

In the followints
wave in the plane
waves nay appes’ in the plasmd whic

yare, the fielid %

(23

v
X .‘_+§° _,_,—____..___...____.__“.4__4.‘!'_ e,
a3 Fem ol o (@, ) — (o] on® 0 —4") ! - .
. N} - . N . .

' 1g*+lolc
E E, { £ sin O, (0) ‘+<° dqsint €2 (245 -
@) = (B @ —4 TS @)% | T =
the compleX reflection coefficient ig glven vy
_ cos—Z, (c]4n) (25) §
fp= cos()-&—Z,(cIlm) ' '
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ed additively fron the

omagnetic propcrties of se»

The electr
tion 1is obtain

yive depth of penelrd

Eere, the effect
+ransverse and 1ongitudi al oned:
K8 dqq’
1 (w/ e sin? 0} fwie® e (0. k) —-(wlc)‘;ln’ 90— a'l ' (27)

n
t -1
)wz_iﬁ“q
dq . :
am ole (@8 - (28) &

we e
1 _. —_$\l1
bp=""a _\ml4‘+(wlc)'
tnese formulas due to dielec~

to the 1eft—hand sides of

The contributions
tric constant wranching are: ) 2
=55+ Ivlw)\‘%—r\x’ —sin* 9 (ﬁ—,;,)} im ¢! (o LR RS
) 1 : - (36)
X “Re e (w, ".Z.j;—‘!x);_(l 4+ iv/] o) xiY +Klm ai (w,‘l‘j—;-i!Jt)Y} ' ’
-
= __Z:‘T 5 1“:\?Im) %Sl dx Im ¢, (0."—’:6—‘3;)\ ei(m,‘?_ic_‘lx)\" X '. \/
X {x’ —sin?® (‘-ﬁ'-_"—“—,)z " . o (5.7 ) 'ft. ;
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1 g .
gere again 2 gsecial case is ypvestigated. 1f « £ g(w) &Y .
. ot
253 1? d T491n29(1—uge/u2), where T, is the electron yemperature in &
e ’ e L
L the nunber of electyons per cm3, and L the Coulomb logarithm,.one
e
optains foT ‘the +bsorptivity of the plasméi .o )
' A(p) - 4 cos ) sln’a‘/u‘c (w) 3 (45)
{e"cos 0+ Vasingp+(—1F sintg /e .
1 N
1f, ip-oddition, (a')bzﬁu , one 2?9 L
= A e’ (w) cos §sln*8 . :
. A { 2’ \W) sintQ — &(w) cos ' (46)
mhe heat released per cm5 at a depth 2 on account of the apsorption of
5 is given by : . %
R LA @

yransverse wave
YA 0y =
Q N0 1 | 2 ———‘/
v =% )it Al | Ha O exp (T @ —awoaral™ -
for transverse waves one hos analogously v::
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AUTHOR: silin, V. P.
TITLE: High-frequency dielectiric constant of @ plasma X

PERIODICAL: Zhurnal ekaperimentél'noy i teoreticheskoy fiziki, V. 41,
no. 3(9), 1961, 861-670

TEXT: The author derives &n expression for the compleXx dieleotric
constant of a totally ionized rarefied plasma with an accuracy to terms
which are quadratic with respect to the number of particles per unit
volume. This expression ijg valid for frequencies which considerably
exceed the Langmuir electron fregquency. The author has gtudied an
igotropic plasmad and also a plasmd located in a magnetic field. The
calculations are paged on the kinetic equation for stable, rapidly varying
processes. The equation for a plasma located in 8 spatially hgpogeneoua
alternating electric field E and in a constant magnetic field B is8

written as
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Eigh-frequency dielectric constant... X
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High-frequency dielectrio consta

"‘d ‘)‘ !D ‘__t).__
§ (BE (‘ )) ‘BE( sin ({

t

2
Mcosgl(g.pt__. (')}. ( )
- m

Bv,) { — cos Q¥ (Bv,] ﬂantﬂllBYGII +
=rfatB L”’ T e
Rall 1 tol- pls rl‘ a R

l+‘! 1 . lBE (‘n“ ) Q t’ ___t') _

BE() _ BEUN G0
dt" B —z— B

= m, \' dt' 8' { B

. r »” (3)
_ B IBEE o3 0, (¢ — O}

coordinate,

assg
p denote the charge, m ’ .

R, =e JB/mee represents
unit volume.

T and
g @ m T Va
iy “ g mom ntum of an a-type particle;

velocity and mome e
jo frequency, Na the number of a type P

articles per
gyroecop
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Uaﬁ(r) -eaoe/r. Eq. (1) cennot be applied at small collision parameters.

Therefore, integrations with respect to the collision paraneters are cut V‘
off at Qpin° BEq. (1) aleo does not take into account the shielding of the

Coulomd interaction at large distances. without magnetio f£ield the
distribution of an jsotropio plaems is assumed %o bve agttiul_ly homogeneous.
For small deviations from the Maxwell distribution fgo the following

equation is obtained when 1inearizing the kinetic equation:

T A
o — — _v.l-.‘,._..._----..__._‘.v L e e e —T PO oy

[
By fa o __ J ) {OU,Q(Ir.—-fa-}-(v,——v,)ﬂ)
e =3 No 3 \dpo drs e x

au, (ra —fa) 9 3 . oy
i —J‘;:‘J‘[ap/. - opdlf(f) dfalpan t T T dfa(pas £ + %) ™

(0 {0 QU u__,)
B Walem B Ul (va = V)T X

# (€aVa -+ CaVH E (¢ + t))} . 4)

eve BV
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High-frequendcy dielectric gonstant..-

aporoximut1on reads: e,

(! (0) (5)

& f ,
1) o1
and the one in pecond approximatxon

dap(ifa— sl the—"‘ X
2 dpgdra—7
o = ZNa 2 dpars =57

Wepllfa™ 2" 2 —— 15 . ©)
« OU.B((r ——r,;' (ve—varsh 1 ,‘fm) i(n)\ma ')E,
"

. (5) and (6) furnieh the current density

j- 23 N jdp v 6f (7) s .+ 4xio /w.
f the complex dielectric constant eij ij i}
and the tensor O
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High-frequensy dielectric constant.ee k
ther ‘
Fur ’ ) 4nd N 4“[ —_(:3 _ ) N N,l \dp, dps X
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af

. .
maox dk (4"’; 5) exp (lk (V:——Va) ‘t)' (8)

o deim |
“w ]

i

1 (rp = Debye radius).

-1
-)(,T/‘e eﬂ\ and kmin emﬂ.x Of the ratio of

where k .= emin ontainin8 pouitlve powers ¢

Neglecting in (8) the terms © ol 4 YIS Y L F (w); ©)
electron to ion mass, e (o) = l—""'"{"":,’ .5 )/m(xT) f
and F(u))‘\.”é“{m\“/ '_k"“" - ‘/’mkmn (10)
° x
D (r) = 7= :e—"d"
[}
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will follow if only one type of ions are present. For w& Wy oy

!.‘.2
() =1 -%(1%\)4»1:1-‘3“‘.'&2 (13), ' K
ey g R (eeTH (2 ) () ~
Veff T 3 q; (wT)5/2 ‘eei‘ D! ’
and [2% (o0 N1

/\ It -

AR - ~Tr ’
> o (.L‘l’)3/2 “1a
notes the Langmuir frequency.

For = » g9 the following

where uLa de

expression ig obtained: — 2
\)(' _ i\Zn (eei) Ni 1n\ gr.'r)5/2 \ (10).
eff = 3 'ﬂ;(nT)B 2 1uf§ﬁ\eeil
of u() vary consideradbl
uency dependence which occu

he real part y for the ranges® -
rs at w» “i1a

The corrections to ¢
The new freq

Lo and © » vra®
~la La
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p i n.

The complex dielectric constant of a p

iven by .
field 1s & Va1, ) — S A — D) X
2 » W02 u
eay(0) = 8+ Gy e

[ Anla, Q,)_. i AI: (@, ;)] (he,e,,)l jmdre—fm.x

Amax { 1/kB !,
k .k «T[ . "'l ,_) 1
< & dk 7%y exp {" ) [ﬁxl C g KB

@y &
.mmﬂk’ (ﬂk)’ sin? (Q 1’2) . "m:_...“ﬂ -1——1—:1]} (20)
— 2% i { m, Q s Q
and its Hermitian part is represented DY B8 =5 B

g = 0= (5t~
3 a? B, (28)

i e !]L’I“—E— ’

Tolese o -
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High-frequency dielectiric constant... 5 1 .
po el the complex e -
if the collision integral is neglected. For r"igs ] p
tant is given as 2 BB \
tric cons ) B *T-L (54).
gy(0) = L eff off,| 42 15

B
gor of the
Q w, the Hermitian part of the correction to the ten
For D,

ds as follows:
complex dielectric constant reads

1
del} (w) = — —2— “L“",’“’ signo —‘}—:-_l-;‘m <!7g;,‘,'} “
3 ws;gﬂm ————+ 2[ln———-—— ] }
B (0)= — 7
’ b Q,<<m<9.1/ ; (46)

e p Q. (47
m(w)"—lgggf—s‘g““’{—‘r'““\ “/ ‘Tﬁ oL

)
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. " - art is given by V(
For w» n'e and <y the anti-Hermitian p

0,
"’(m)..,{B, L, -+ dvy (@)] + T4 [Vien + 8v1 (m)]}—m';—-, (54)

() V'E‘_("l)’ N, (uT)'*"

= A L (55)
Vb = T Ym0, Vomler,| .

V2u (ee* N, |9 56

dvy (0) = V‘(r‘T)" ‘“‘ml (66)

{ [lnn‘], . o, Y mm € <0 (57)

VIx(ee )P N, l[ln_—‘]ln‘ ‘- [’ MI] (58)

v, () = "‘}/' =T)" N cw<OYmim e
\[ln.‘;‘_ +T[ln1”:-]+lnmln\—u-\. (59)

w <y
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equencies and also two relaxation
thanks V. L. Ginzburg for his

Fizicheskiy inetitut im. P. N. Lebedeva Akademii nsuk 853R
(Physics Institute jmeni P. K. Lebedev of the Academy of

{nterest. There are 5 Soviet references.
ASSOCIATION:
Sciences USSR)
SUBMITTED: April 3, 1961
card 11/11

CIA-RDP86-00513R001550610011-1"

CIA-RDP86-00513R001550610011-1



| "APPOVED FOR RELEASE: 08/23/2000

———— ————— CIA-RD86'00513R001550510011_1

. 28764
- 9’%” 5/056 61/041/003/017/020
9y 2500 (1538, 1395) B125/B102
AUTHCH: 8ilin, V. P.
TITLE: Theory of electromagnetic fluctuations in plasma
YERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, V. 41,

no. 3(9), 1961, 969-976

TEXT: Electromagnetic fluctuations are investigated in & non-equilibrium
plasma jocated in a stirong magnetic field, and also when 8 magnetic field
is lacking. The author mentions the theory of electromagnetic fluctuations
by L. D. Landau and Ye. . 1ifshita (Elektrodinamika gploshnykh sred
(Electrodynamics of continuous media), Gostekhizdat, 1957). He considers
the plasma as & system of weakly interacting particleé, and directly
calculates an expression for the fluctuation. This calculation ig based

Qn conponents of the Fourier operator for the electric field

3 -
E(w,k) on the quantum—mechanical mean of the operator:

: n . A A N
%[ﬁjQJ,E)Eiﬁu,E') + EiQJ',Z')EJ@J,K)] (2). For the case shere no strong ¥
maggetyg field is present, the field matrix element corresponding ®© the
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Theory of electromagnetic ... f
3 ve to form: D(
transition of a particle from state n to a state m will ha

(m| B (o, K)|n) = — 4niec e AT (0, K) ahe X (5)s
E,—En
XO(k———izﬂ)O((D""—‘—‘r—)l

(6).
Ay (o, k) = (0,0 (0, K) — B0y + kiky.

iven by
The expection of the operator (%l_%i.g R -

1{Ej(w, i Er k) B, k) Byl ) =
= 8(0 + 0 8+ K (EEsdu s

with

.‘ Z(an © ) .AHI (@ k) A (@, K) Na X

(EiEj)a, x

(8)
s« dpaa(pa) (o[ 00 — 5 (E et RO —E (o]
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. !
(E (p, + W) — E ()N — W8 g Pyt "“M
o e " F ) E (p, + AK)
X (— ir JE“) )F\p“ }-’lk] L(pu)c(pﬂ t

e, (9, -+ WY ) Fofot (B D k) — E (] X

A RATE R ' oy
3 ] p —
1 AR p., (9 Ak) ple cp )}
x( [‘E(pav_hk)—‘c(p““ ‘ E(p):(p ——Mt) E\P)b\P,,-—M)
- 4 .

ZEWp) ERa— ki)
(7) denotes the quantum—mechanical averaging.

e V¥ A1 (0, K) Aj7 (@0 )
(EEas= Z(’?“) A (oK) 2

where the bar in

(9)
b d Nngdpafa(Pn) "‘"‘6(“’ —kva) o f
se of an : e
nolds for the classical limit % = Oy und for the special ca o
igotropic distribution of plasma particles
Card 3/8
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(BB = 5 (552) Japati (0= v x

{ k&, 1 b kv, |2 (R, — Lk k)
X l'i(“’")l‘ 2 |w‘-"w.k)-——c‘k‘|'

(12)

is valid instead of (9). For an equilibrium digtribution of particles,
the expressions (12), (8), and (9) are changing over into corresponding
formulas of the thermal fluctuation theory. hnen a plasua is located in a

strong constant magnetic field ! the fluctuations of the electric field

can be repregented by

L 1E; (w, k) Efo' k)4 Eq(w', k) E (0, k) =— (Aafc)twe’ X (13).
X A,-[-‘ ((l)', k') A;;‘ ((‘)- k) III ((‘)n kv “)’a k,)‘

The right side of this equation shows the correlation function of the
transition current.

Card 4/8
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Lo, K o, K) = T 17 (@ 0 i’ )+ (@', ) o, W, =

The present paper is limited to the non-relativistic approach. An expres-

sion for the matrix element of the Fourier cocmyonent for the transition

current is derived, and the correlation functicn of the transition current - e
is determined. The expressions for the fluctuation are less simple than

for the classical limit. PFor the fluctuetion of the randcm currents the
following equations are obtained:

’l/ (0), k; N’. k’) =3 6((.) + m')b(k. + k.,) d (k, -+ k;)z f:Na X - '

a eIt
40 ) 400 40 (21 ) [} ’ '
x S dp.S pidpy S dYola(ps. Py, ¥ 2 8(w + I02s — k,0,) X -
— —o -
X exp (_ l (k' + kv) yo) FS" (kn k') F’” (kn k',)' ; LS
TS a5
F (ke k) = FP <k.. k) =0y (~ w[: -§+.—‘sign(1e,)] x  (22),
X 4 fn signe,—-—— II n(-222)}, B
Card 5/8 { TL ) Ak ' ( o, )} ]
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F‘," (k., Iz,) = F"’(k.. y)("‘ 1) =ivy (— 1)‘ 7 {Ju+u ( ) [’ -+

(23),
1 j4— l k [
+1Islsn(¢-ll+ll)] s [I—L+ sign (es 1—11)] J.,_”(.%.é)},
(23)
F (ke k) = FP (R by) = 0, (— 1)1 (R vy /0) X '
x [l fl+-§=si¢n(e.1)]”' (24) (24).
LA
(e k@, K)=08(w+ w)8(k+K) S Naed x
¢ < (25)
. xzngdp,gpldplf (P P1) 2 8 (0 — 1Q, — k),
is obtained for t—}:i apecial case of e distributiocn which is independent of
card 6/8
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the projection 7o of the center of the Larmor orbit on the y-axis.

Equations (29),

Mo = U ({8, k0 )] (kv [P,
n, = U ik v, [Q) x,, = vl (kJ_uJ_/Qa),

n,=n,=0v0llik v /Q) (Q,/k v,)sign k.,

X2

2y

w,=—=x, =riv_:Lv,J, (kle_/Qn) J; (k+vl/Qd)sign (e, k).

and {13) can be used to determine the classical fluctuations of an
electromagnetic field for a plasma located in a strong magnetic field.
K. N. Stepanov and A. B. Kitsenko (ZhETF,.gl, 10, 1961) have calculated
the tensor expressions for the dielectric constent in plasma. The
fluctuations of a Coulomb field are described by

Card 7/8
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' o Une Nk
E E - a a™"f
(& I).' . 02 ke, w, k)i X (28) .
x2n_§°dp: §dp NRAN l)I_E_J‘Ma (0—19,— 4y, J!'(.%)%),

All expressions in this paper are also valid if the plasma distribution
function is a function of time end coordinates. The author thanks

M. A. Leontovich for suggestions. A. A. Rukhadze and L. V. Keldysh are
mentioned. 'Theve are 8 references: 6 Soviet and 2 non-Soviet. The
reference to the English-language publication reads as follows: N.
Rostiker. Phys. of fluids, 3, 922, 1960.

ASSOCIATION:  Fizicheskiy institut im. P, N. Lebedeva Akademii nauk SSSR
(Physics Institute imeni P. N. Lebedev of the Academy of
Sciences USSR)

SUBLITTED: April 26, 1961
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AUTHORS: Rukhadze, A. A., and 3ilin, V. EL
TITLE: Electrodynamics of media with szatial dispersion

PiRIODICAL:  Uspekhi fizicheskikh nauk, v. T4, 1no. 2, 1961, 223-2567

TEiT: The present paper gives & systematic representation of the electro-
dynamics of media with spatial <ispersion. The equations of the electro-
magnetic field in a medium are usually written dowm in the form

1 JB

div D = 4510, rot E= ——-5 . 0.3
13D | 4a . . *
rotll=-;—-a—‘.-i——c—_;o, div3 =0.
j=‘;—f~t-crot.\l, (1,4) ‘x
1= B— 42, (1.5)
D =E +4aP. (1.6)
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(7))

the medium, With the quantity D'
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end P is the polerization vector of
t

- B(r,t) + 4n dsry(z,t') (1.7), the

-
field equaticns can be renresented in the form ; ;KL
livD = L
divl 42‘!@0. rot E — = .
rnll!:x-é-ﬂ)-&—-'. divB=0. (h
The authors restrict themselves to linear electrodynamics. Then, the

material equations D iju ’

used for slowly varying fields%
equations of the type Di(t) = dt'eij(
-00

Card 2/8
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must be used, ahich consider the jnfluence of the previous history on the

electromagnetic properties of the medium. Spatially nonlocal relations

congider spatial dispersion vesides the dispersion in time; for & hono-
geneous, jgotropic and nongyrotropic mediun, they may ye written éomn in
the form

¢
Dmxp:&m'gmiu—r,pqqnuury

N (1.9) ‘7A
Br, )= § dv Sdr'&(t—r'. r—r) (e, 1)

-0
The material equation considering bvoth kinds of dispersion and integrating

t
Eq. (IT) has the form Di(?,t) - dt"d}'?ij(t-t', 2, ?')EJ(E',t) (11I)
) /

in linear electrodynamics. Summing up: The £ield equations I integrated
by the material equations III (and the naterial equations for the surfece)
permit a unique determination of the electromuagnetic field in any part of

Card 3/8
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the space. The tensor of the complex dielectric constant has the form

- m I D - —‘»'\ - s ..'-‘) -
£ (u-,lZ) - adtei't(di‘e ikr{ (tyr) = [a3e~i¥T ;. (o,T) (2,6) for plane
ij o 4 ij 4 cij i
monochromatic waves. Such a tensor, however, only applies %o unlimited and c%;\
spatially homogeneous media for which the meterial equation .

Di(%,t) - j dt"d%{ij(t-t',?;?')zj(?lt) (2.4) holds.
-0 '

g (— . —k)=¢,(w, k), £i;(— 0, — k)= —ei;(w, k),
el (0. k)=eij(—w, —k) (2,7

holds for the real part e'ij(u,ﬁ) and the imaginary part of the complex

tensor Lij

((-:,'E'). ‘.'.he_p_.fields are applied, which depend on the coordinates
through the factor eikr, (2.4) takes the form

Card 48
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Iy f -ikr .
Di(t) = (t t',k)E (t') (2.8) with ¢ (t-t‘x) - dre (t $',7)
-0
(2.9). The tensor of the dielectric constent in an isotrozic and non-
gyrotropic medium has the form
eas (0, W) = (% e (. k) + “ o (0. k). 211
Further, et (w, k) =¢e¥ (—o, k et (0, k)= —e'" (— k
(0, k) ( ), (0, k) et (— o, k). 2.12)

e (0, k)y=¢"(—o. k),

For fields depending like e

ij(,k)bj (2. 26),-ﬁhere

o _(',.}E) = dte
[o)

holds.
iy = ¢

APPROVED FOR RELEASE: 08/23/2000

el (w, k) = =" (—w, k).

ikr
the complex tensor of cond

*laze” -1iFy fy(f) (2:2T)

-i"% on time and coordinates,
uctivity

Similarly to (2.11),
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holds for an jsotropic and nongyrotropic medium. Dispersion of %the tensor
of the dielectric constants For 8 Debye screening of the electrostetic
field in an jgotropic medium, it is sufficient that the static dielectric

A
conatant (0,k) at k = 0 has 2 cingularity of the type 1/k2, and is
positive. In general, two different 1imits of the longitudinal dielectric

constant :1( ,k) may exist for = 0 and k = O- for ~/k0
. 2 .
r e 4 i
o (0,0) = lim 1im fy o (T -2 (3.14) holds, end 8 weak
K S 2,2 5
kK o fko ¢k
spatizal dispersion exists for k/ . 0. “"Frequency dispersion“ concerns the
quentity u ( ,k) near the point Je = O. Similer statements are made for

anicotropic media. The energy

i. \ , : - 2 . 2
“ =T ( - )EE +(p -p)HE = 3 ng Sapt B
to the effect of an electromasnetic field in 2 medium. In @ quasimono-

chroaatic field, the formula

. (4.14) is released due

'
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di o o f oo Wi (', 1) 5 .
(T)cp=7’-.'; S drdr {I:N(r. 0 -ﬂ;‘—m[m,i (0, r. ')} +

., aEdi(r, 1) A . , . O e .
Lo () 2R D, ,r)]} o S de 2 (B3 Bo)+Q, (4,16)

ias obtained for the rate of the systematic change of the electromagnetic ;#:‘
energy. Here, g denotes the amount of heat relezsed per unit time. U may
be regarded as the mein energy of the electromasnetic field of the medium.

For the electromarnetic waves in = medium, the authors obtain a sysiem of
linear algebraic enuutions
kiey (0, k) E; (k, w) = —kD™ (k, w), (5.4°)
(0%, (@, k) — c*k*8y; -+ ek k) £ (K, 0) = — 0D (k, w) +
T iwDi (k. t =0) +ic[k, Bk, t =0)). (5.5")

for determining £(%, ). Feom these more genecral deliberations, the
Card 7/8
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anuthors also derive formulas for plane monochromatic waves in a medium, for
the propagation of electromagnetic waves through media with wesk spatial :g(
dispersion, for the energy losses of fast electirons in a medium, and for

the fluctuations of en eleciromagnetic field. The theory of losses of fast,
charged particles was developed by Tamm, Frank, and Fermi. A consideration
of weak spatial dispersion in isotropic media near absorption bands leads %o
a quulitatively new phenomenon, nzmely, the appearance of newv trcnsverse
weves. There are 3 figures and 44 references: 36 Soviet-bloc end 8 non-
Soviet-bloc. The most important rrferen”es to Znglish-language puvlications
read as follows: D. Pines, Revs. lod. Phys. 28, 184 (19;6?u R. E. Bitchie,
Phys. Rev. 105, 674 (1957).

Card 8/8

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R001550610011-1"



"APPROVED FOR RELEASE 08/23/2000 CIA-RDP86-00513R001550610011-1

- (lstif(;t Q




"APPROVED FOR RELEASE: 08/23/2000

B RRIER I PR RS SUSRS IR N BT BEGIENAGE™

VL
Y ’( 1
Ry

AUTHORS

TITLES Fiaik
VERLODLCAL‘ 156-h57

S |"(:,I
u&;’ 1)

CIA-RDP86-00513R001550610011-1

1ovedeﬂ¥y°‘

tals . nt
in me ifice f
jics ign
“122%53210“ haven:1:e§nt1°“ of

jtrasonic®: yn supe

§0513R001550610011-1"

——



"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R001550610011-1

. 1™
- OGL"

-‘t’j‘()’g ['517?‘ l
108

IA-RDP86-00513R001550610011-1"
506/0V1




"APPROVED FOR RELEASE: 08/23/2000

whe ghape of the lines 0L e
fcicients of

Tor the spgorption cae
vefractive index ab

{ .
st Peen 2, the

- B
—tlq

the ordinary
d the absorp

Ut &
P is}

CIA-RDP86-00513R001550610011-1

5/057 /62/032/004/006/01 7
3125/3108 :

and extraordinary waves.
tion coefficient are

G

(5)-

e

e

e e r—— &

"
? g P

for b

and {(5) onxY nold
£ the thermal motio

persion in t

(,!\
-4
influence 2

gpatial dis

APPROVED FOR RELEASE: 08/23/2000

des
2n—"Gn

e IZrequency range
n and angles 1
he Hermitian part of

: mgd(v—® 2
21’-;:11:.0 Fx( z(n-;ug R) )(1 -+ 1).

““ s
x= —

With a weak
the
lacted.

with n2 > 0.
ot very near o n/2,
the tensor can be neg

(6)

CIA-RDP86-00513R001550610011-1"



-1
CIA-RDP86-00513R00155060011

il TR I

: 08/23/2000
"APPROVED FOR RELEASF 08/ e mm—

s/0s57 52/052/004/005/b17
08

The shape of 1he lines of .., 5125/31

o

Tor wiyvegy Propagating under the angle . O with respect to the
ic field, I the waves Propagate undepr the angle ﬁ‘asn/? with

Lo the fagnetic Tield, the 8patial dispersigp has to %e taken inte
C¥en near the firgs fesonance lipe, In a dange plasaa, the
" Wave cannot PTovagate under tphe angle Yauz/2, Relativigtic ep.
" the theimal motiop of Particleg Ray cause g Considerable
" Wavag Rear the firgt Tesonance line even gt nonrelativigtye
Ures.  Year the secong Teésonance line of absorption, the waveg are
O enter the vlasma readily, With g bPrevailing influence of the
al 2otion, the Waves nay pe strongly absorbeqd in plagmg, There are
14 3oviet and 4 non-Soviet, The foyr referenceg to
publications read ag follows,; . 3. Bernstein, Phys. Rev,,
* &. Drummong. Phys. Rev., 112, 1460, 1958; w, ».
© Rogenblysy, Phys, Fluids, 3, 45, 1960; p, 3, Beard, Pnys.
r 2, 61, 1959. Pays, Fluida, 2 342, 1960,

5o

C ot
P
o

P A
3 ee
ot

£ g

Y9G o§
I3
by

RS
T oo
[{/3S)
T er
?

o B3]
[N )
]
o]

Q
[

i3

©
likely ¢
o
3

ALSLCIAT:Ch ?izicheskiy ingtitue im., 2, Ve Lebedeva 4N 8ssy Xoskva
(Pryzics Institute jpong P. N. Lebedev AS USSR Yogcow)

Sl IiTED. APTil 5, 1964

_1"
CIA-RDP86-00513R001550610011

APPROVED FOR RELEASE: 08/23/2000



"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R001550610011-1

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R001550610011-1"



"APPROVED :
FOR RELEASE: 08/23/2000 CIA-RDP86-00513R001550610011-1

/05 A62/042/oo1/o43/04e
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MGN%— 0. (1.3)

or better 4N, 08N,
S ALl nazgdwdrs

with &N = N - ﬁ js solved with the jnitial condition

aua(ra, Py t) = 6H (p , T o’ 0) for t = O3
ON, (l',, Pas l) == bN: (Pz (0 t, P:) Ra (O L, P 0) O)
Ar 1 x'a
S L \d—-r—
af, (P4 (0, . Pa)
Wu

+(n)‘
(1.12).

X

x X dt exp {i (0T 4 kR, (U, T, P2 o)) k

X \dt exp li (o7 — kR, (T, 0, Pr. 0))) 0N+ (Pv, v 0)
he mean values of products of an

ugsed to celculate t
is done for

These solutions are
functions bﬂ . This

arbitrary number of
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Theory of fluctuantions in particle ..

J———— -
dNa (l'.. Pa ‘) ONQ (I’q, Ps 0)
== —*—-\ dm\dk exp (— i (of — Kk (ra = o))} (ON 4 (Pa) pr(p;q)).. W (2.1)
-pa) nipfa (P + nanpGapK.Pa.Pa)—

i
(8N4 (pa) N5 (PN '“((;,':_r,;‘;‘;;\’){ UY( RS
Ane, o { '[;"‘qlq(pn) \ e "{\gm(k pv p’\, o9
-\ na k #m‘.ﬁt"ﬁn-ﬂ T » &dp, L RS A “ (2.2)
..a,._... * N A, ‘,,_.-__/.___—————“

inary correlation function is:

The Fourier component of the b

/lﬂ'nla 0/, f'
P T AT — e e
Gan (k. Par P3) Kiv. _va)_,-A B { 3. & (hv,,k) (2 3)
f,(py) '

9 / 9/a 0/;\ ~3
— ko ‘)P[ e!” )(kv k) i (k ( )\ \dp“ je(kvy) P X

[ B ____.‘___——]}
'[k(v;—v,)-}-iA k(v,—-v,)—iA_ *

represented through charge fluctuations

and can be
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e,y 9, Ia ol Ia

]
G,',(k. P--P») “"'l"v‘;"f;:v‘,j.-wl_\ ’—-L—:"_ {kd_p—,;h,‘kva-k)_ p. r"’(kva. k)

4 vf, oJf . _
() 2 (8po. o — Bp0pI, ) (2.12)

These charge fluctuation furctions are also used to express the re-
maining correlation functions. The functions

bﬂa(f;, 5;, t) 6Nh(f;,'$\, 0) are determined for a plasma in a constent

and uniform magnetic field. The formulas derived are applied to the \
investigation of an equilibrium plasna with Maxwellian distribution
functions fo(fy). A. I. Akhiyezer, I. A. Akhiyezer and A. G. Sitenko
(ZhETF, 41,644, 1961) are mentioned. There are 8 references: 5 Soviet

and 3 non-Soviet. The two references to English-language publications

read as follows: J. Hubbard. Proc. Roy. Soc. A260, 114, 1961;

3. Balescu, H. Taylor. Phys. of fluids, 4, 85, 1961.
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o, e B108/3102
Ll A
AUTHOUS: Yeleonskiy, V. 1., Zyryanov, Ps Se silin, V. P.”
11T Le: Collision integral for charged particles in a magnetic field
PERICDICAL: zhurnal eksperimental'noy i teoreticneskoy fiziki, v 42,

no. 3, 1962, £96-904

PukT: The collision integral for charged particles in a strong magnetic
field % is derived. The particles are agsumed to undergo Coulomb
interaction. Polarization of the medium and quantum effects are taken
into account. For non-uniferm particle digtribution in the ¥y direction,
the collision integral for two sorts of particles, & and Py has the
general forn

I, (e 5 = 2 (o {psdp 0 7+ P P~ pP) %

ﬁn“npu;
« @iy {dpzdp?dod (P + P2~ gz — p?) 8 1Ea () + En (%) —
. 2 |} . E, ) — Eala)  Pr =P
v — Ea o | Lt pmeses AT L Sl ’
card 1/3 (va) — Es (o n\\ ik, = ( A A s
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,'1—— : B . , i ’ ; ,
2By ) exp (o G+ 08) = B 80

{ Ay n,! | 7=l o Mgl Ll =" X%
— 1 Xa|— TIXW}V,‘;W L, (Xl )VTI_'?! s 4%l (11).
x XLnu—na l x;‘lﬂn—nﬁ\\’ {ia (n;‘ p;a' y;a) f;;(”;' p’zﬂ' y;ﬂ)_
— £ (s 05y 03 Fp (150 P24 40D}

. n [leplB . . "
Xp = l/z\:a\n[ nch (!/";—.‘/on)s‘g“("ﬂ—"ﬁ)—‘ky]‘

“he L's are Laguerre polynomials. The tern A-1 implies the tensor of
conplex dielectric constant involving both frequency and spatial disper-
sion. Consequently, this coliision integral accounts also for screening
owin; to poluriuation of the medium. From the above collision integral
another is derived for a distribution function depending on the
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