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Introduction

Recently, nonlinear phenomena in various media (crys-
tals, graphene, various mixtures, composites, weakly ionized
gases, suspensions etc.) are being actively studied; they
are related to nonlinear interaction of electromagnetic (EM)
waves (see, for instance, [1-4]). At the same time, less atten-
tion has been paid to nonlinear phenomena in dense charged
systems (Coulombic systems and plasma), caused by a
quadratic response to an electromagnetic field — second
harmonic generation (SHG), parametric generation of radi-
ation (PGR) (see [5] and references therein), or by thermal
perturbations — multiplicity of thermal conditions in media
with volumetric heat release [6,7]. SHG and PGR in dense
plasma in laboratory conditions can be implemented in the
presence of stationary relatively strong magnetic fields [5].
Studied have shown (see, for instance, [5,7,8-11]) that
successive analytic calculation of precise formal expressions
(obtained according to the response theory [12,13]) for
quadratic response functions (QRF) of dense charged media
with a strong interparticle interaction under perturbations
is impossible, computer modeling of precise expressions
for QRFs even for model Coulombic systems is difficult,
therefore, model approaches should be used to determine
these functions. One of the model variants can be
the application (for the response function) of an explicit
approximation with adjustment parameters determined from
precise frequency moments of QRF and the corresponding
correlators [5-7]. In the present paper we will consider
the quadratic fluctuation-dissipative theorem and frequency
moments of quadratic response functions under the action
of an electromagnetic field of dense charged media in a

2*

constant magnetic field, on which the suggested model is
based.

1. Quadratic fluctuation-dissipative
theorem

Let us define precise expressions for the quadratic
response function of a charged medium (dense plasma) in a
constant magnetic field with vector potential A(r) under the
action of an electromagnetic field according to the nonlinear
response theory. In doing so, we will use the complete
Hamiltonians of the system (H), medium (Ho) and the
perturbation Hamiltonian H®*' related to exposure of the
medium to an external field D(r,t), in the known form
(exclusive of the particle spin; see, for instance, [12]).

H = Ho + H™,
1 e 2
Ho = 2.2 m [pui - éAﬂ(ri)} +U{ri},
H = —Yier; - D(r, t)e”‘. (1)

Here ¢, m, &, Pui, Au, U{ri} are respectively the speed
of light, mass, charge, yu-component of impulse of the i-th
particle, © — component of the vector potential of the
constant external magnetic field and energy of interaction
of the medium (plasma) particles with each other, Zjejr; —
dipole moment of the medium, n — small positive quantity
that ensures adiabaticity of inclusion of perturbation (and
causality — see [13]). Let us write H®* for generality as

Het = Y / drB; (1B (. 1). 2)
J
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Here B(r) is a certain observable system property
(e.g., space charge density, electric current density, dipole
moment), b (r,t) is the corresponding generalized force
(e.g., external electric field). Let us write out an expression
for response of a certain observable system property B(r)
to perturbation (1) [13]

th—1

/ / / Sp{B(r) [H™(11)

—0o0 —0O0

= 0+Z

% [HeXt(tZ) . [HeXt(tn)’ pe] .. ]}dtl .. dtn (3)

Here (...), {...)o denotes averaging by p and pe (equi-
librium matrix of density) respectively, |[...] — commutator.
The quadratic response has the form

ﬁ / / Sp{B(r) [H™(t1)[H™(t2, pe)]] }dt1dlta,

— o000

t

B, :Z/ /lezlz tl,

—OOOO

—tyr—r,r—r)

x b (ry, tr) bR (2, t2)dt dtydr dr, (4)

B(r,t), H®*(t) in these expressions are operators in
Heisenberg representation (H®(t) = e/HotHXte=THot | here
Ho is the Hamiltonian of an unperturbed system, {bj, by
are perturbations. Let us write out, having introduced
the O-functions, the second-order response function in a
symmetrized form (according to the last two indices) (see,
for instance, [7]; V is system volume):

Ot —t1)0(t —t2)
2h2V

x {0(t1 —t2)([[Bi(r, t), Bj(r1, )], Bk(r2, )] ),

@)

Ak —rnt—t,r—n,t—t)=—

+0(t2 — t)([[Bi(r. 1), B(r2, )], Bj(r1, tr)] )o}.  (5)

Thanks to this definition of QRF, the time integration
limits in (4) can be extended to infinity. Let us substitute (5)
in (4) and go to a Fourier representation

1

Bulk o) = o Z/dwldwzx”k(kl,wl,kz,wz)

X bTXt(kl, wl)bﬁXt(kz, (1)2). (6)

The expressions for )Zi@'z(k 1, w1; K2, 03) and

(Bi(—k, —w)Bj(ki, 1)Bk(ka, a)z)go are

/ dw| da)2
2h2V

X.<,k(k1, w1;ka, @)

x [1/i(w] — o1)] [1/i (0] + ©) — 01 — @2)]
x [S(012) + S(210) — S(102) — S(201)]

/ T[S 1w}~ )1 0] #0501 — )]
x [S(021) + S(120) — S(201) — 5(102)]}, (7)

<Bi (—k, —w)Bj (kl, wl)Bk(kz, (1)2)>0
= 2JTN5(CL) — W] — a)z)(S(k — kl — k2)8(012) (8)

Set {a, b, c} in correlator S(abc) denotes combination

K, w with the corresponding indices. Symmetry of response
function )ijzlz in relation to the two last indices is evident
from definition (5). For the Fourier transform of response

function )Zi(jzlz(kl, w1;ky, w;) the ratios are

- (2)

Xikj (ki, w3 ko, @2) = )Zi(jzﬁ(kz, w2 ki, 01),

2)

Xijk(ki, w3 ko, 02) = )Zi(jzﬁ (—ki, —w1

since )Zi(jzll(rl, 71,12, T2) is a real function, which follows
from its phenomenological definition. The real and imag-

;—ko, —@2),  (9)

inary parts )Zi(jzlz(kl, w1;ky, wy) are interrelated similarly to
the Kramers—Kronig relations for linear response func-
tions [6,7]. It should be noted than (5), (7) can be
considered as one of the simplest forms of the non-linear
fluctuation-dissipative theorem (NFDT). By applying the
Sokhotski formula (1/(x +£i8) =P(1/x) Fins(x)) [13],
we find relations between the real and imaginary parts
of the response function and S(abc) correlators. By
making combinations from Re ;Zi<j2|z(k1,w1;k2, ;) and by
considering the properties of a cyclic rearrangement of
operators in S(abc) (exp(—Bwah)S(abc) = S(bca)), we
obtain the ratios between Re )ijzlz and the S(abc) correlators,
which represent one of the variants of a non-linear FDT
(see [7] and references therein):

Re ki(fﬁ (ki, w1k, w2)  Re 5(5,—2&(1(2, w2k, )

[ONN0)) wWw

) T a2

Regu(k wski,@1)  —n [S(102) + S(201)
w17

S(012) + S(210)  S(021) + S(120) } (10)

ww) w1

These expressions can be in principle applied to calculate
frequency moments of the real part of quadratic response
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functions, since they relate frequency moments of response
functions to frequency moments of correlators. Calculation
of frequency moments of correlators is described in the
next section. By setting a QRF, according to the suggested
model (see Introduction), as an explicit approximation with
adjustment parameters, we can determine these parameters
by comparing the frequency moments in the right and left
members (10). Adjustment parameters for QRF depend
on thermophysical characteristics of the charged medium
(dense plasma, Coulombic system) and magnetic field. It
should be noted that correlators in the linear case are related
to the imaginary part of the response function and the FDT
contains one response function and one correlator (see,
for instance, [6]). The quadratic FDT looks the simplest
in the classical limit. Taking into account i — 0, (10) is
substituted by

— wRe )Zi(jzlz(kl, w1; ks, w3) — wiRe )Zi(jzlz(kz, wk, w)

_ np?
— wyRe Xi<j2|2(k’ w; ki, w1) = % [S(ZlO)wzwl (w1 + @)

+ S(201)wrwi (w2 + w1)] = (012)wwiw,,  (11)

2
¥ s
4
since correlators in the classical limit are invariant in relation
to the rearrangement of arguments. Formula (11) is
used below since laboratory dense plasma is often non-
degenerate [5].

Let us consider QRF )Zé?jk(kl,a)l;kg,wg) and the
corresponding correlators. These QRFs determine the
quadratic contribution to polarization of charged media P(?)
(P =Zieri/V), ie. SHG and PGR (see, for instance, [7]
and references therein). From the ratio (see, for in-
stance, [14]) .

P = 4aj (12)

QRF )Zg?jk(kl,a)l;kz, wy), related to )Zé?i)jk(kl,a)l;kz, ),
can be assigned in a form similar to (7). Tensor
)Zﬁ?i)jk describes the quadratic contribution ji(z)(k, w) to the
electric current density of the charged medium under the

EM-field action and, naturally, determines the quadratic

electrical conductivity 6](j2k) (k1, w13ka, w2) (cf [7]). In )Zfi)jk

(and 6](122 ), Sj(abc) corresponds to the correlator of current
densities.

At the same time, the NDFT in form (11) is inconvenient
in implementation of a model approach that consists in
the application of an explicit approximation for response
functions 5(,(32,) ik (eg, in the form from [5]) or )Zfi)jk with
adjustment parameters and precise values of frequency
moments of the corresponding correlators, because tensors
in (11) in this case have 18 components each and are
not invariant in relation to the representations. Therefore,
we will perform a convolution (according to wave vectors
(k, ki, ky)) for Xg?i)jk and the correlator in the right member
of (11) and use the charge conservation equation (13) (see,
for instance, [6])

dp/ot = —divJ. (13)
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In other words, by making a longitudinal projection of

tensors ;Zgi)jk and correlator in (11), we get an NFDT in the

form of an invariant ratio for scalars: QRF %(? of plasma in
a constant magnetic field to a longitudinal field in form (11),
which describes the contribution of p®(k, @) to the total
charge density, and a correlator of charge densities. Let us
write out the longitudinal NFDT

— wRe 1@ (12) — wiRe 1?(20) — wrRe x?(01)

2
= % S, (012)ww; w;. (14)

In (14) %' is the QRF of charges [7] to an external field,
set (a, b) denotes kw combination with the corresponding
indices.

Thus, (14) can be used to determine the ,scalar”
adjustment parameters for the (%) assigned according to the
suggested model in the form of an explicit approximation
with adjustment parameters — see Introduction), which
depend on thermophysical characteristics of a charged
medium (dense plasma, Coulombic system) and magnetic

field. These parameters should be used for the whole range

of QRFs ()Zézl) ko )Zfi)jk, x'?)) interrelated with each other.

2. Frequency moments of correlators for
a charged medium in a constant
magnetic field

Let us consider a procedure for calculation of frequency
moments of density correlator S,(abc) for equilibrium
dense plasma in a constant magnetic field, taking into
account the parity of density operators in relation to time
reversal.  Frequency moments S,(012) in the classical
limit are determined according to the relation (see, for
instance, [6,7])

S12(012) = /dan/dwzw;‘w528d(012):(i)”“z
9"1725(012) _ (i) A
oty at5? - aty' aty?
1
X N(P(k, O)P(kl,tl)ﬂ(kz,tz))o’tlztzzo- (15)

Densities in S)"2(012) (k || z) have the form
N .
p(k,0) =) ezie ",
t=1

plkity) = 3 ezje (Kzikixw)

Il
—_

-

ezke—i (kéZk<t2)+k§Xk<t2)) ) (16)

E

p(ka, ta) =

P
Il
—_



March 2, 2023 0:14 1st draft
182

G.A. Paviov

N in (16) is the total number of particles in the system.
We can consider moments SLI”Z(OIZ) at ri,r, =0.0; 0.2;
2.2; 1.3 etc. according to (15), (16). Let us write out the
first time derivatives from densities (vf is the z-coordinate
of speed of the j-th particle)

N
k1, tl Z kz Z tl) IkTUT(tl)}
e (kfzj(t1)+kij(t1))’
N
ok, tr) = > ezi[—ik5v (t) — iK3vE(t)]
k=1

~ e—i (k;Zk(t2)+k§Xk(t2))

b}

—ikjo% (t) — iKY (t)]

N
j(ki, ty) Z

N
x e (621 0)HKixi ) | 3 ezj [-ikwi () — iKEvi (L))
j=1

o o (K2 0)+Kx 1))

b}

Zezk —iKvg(t2) —

kZzy (t2) +k Xk tz

k(ka, tp) = ikévﬁ(b)]

x et (6

Zezk —ikSvE(ty) — ikgvﬁ(tz)]z

¥ el (k;zk<t2)+k§xk(tz)) )

Let us write an expression which is a frequency integral
S,»12(012) (see (14)) atry, rp =2.2:

R
(i) prlens N(P(k, 0)p(ky, t1)p(ka, t2)>0|t1—t2:0
1 94
1

= (i) N< p(k, 0)p(ky, t1)p (k2’t2)>0‘t1,t2:0 = (i*/N)

X < ez e“kzi{

—ikEOA () — iKY (4)]

M=
HMZ

N
e (kzjt1+kxjt1 Z (t1) — I|(U()]2
N
e i (Kzj )+ () } {Z K30g(t2) — k30K (t2)]
k=1
Lz X N
w el (kzzk(t2)+kzxk(t2)) + Z ezy [_i kévﬁ (t) —i kévi(tz)} 2
k=1
e—i (k;Zk(t2)+k§Xk(t2)) . 17
o >0 (17a)

Calculations as per (15)—(17a) are performed using the
following definitions for the averaging of sums and products
(see [6] and references therein, V is system volume, Fs is
s-partial correlation function):

 UN(N=1)...(N=s+1)
Ms = SIS //f(rl
\Y% \Y%

X Fs(ry...rs)dry...drs,

Ms= > f(ri,...r,).

1<iy...is<N

<g—; F(ry... rN)>0 =B~ NaF (r,

Similarly to [6], we find the following for S>2(012) (signs
of exponent sums and averaging are omitted in formulas
1—4 for brevity — cf. (17a); H — magnetic field):

rN)/BXi>0. (17b)

L [—ik{o] — ik} [-ik3vg — ik3vg] = —k{vTksog
1
m;jmy
1 U ez (UYH)X>L u
m; ax;  cm; V) me 3z

1 oU 1 oU

ez X
ek — (L S vy
+ m; 0z; ( me Xk + cmy (viH) )

x_k;( 1 +E(UYH)X>

m; ax;  cm;
1 oU eZy X
kx -7 K yH .
y 1( L, &y )),

X Z Z ) Z XX XWX X\ X yAp4
— kivjkivg — kivikavg — Kjojkaog = —kik3

oU du
— — + kK5
32j 0Zx T 2(

2. [iKkEY? — ik [~k

1 oU ) 1 oU €z X
— ) ik —— = 4+ ==L (WYH
* (mj 8Zi> a ( m;j 9X; - cmj (vJ ) ﬂ

1 au
X [—(KSuk)? — (K2ud)? — 2KSuikEvE] = —ikE <ﬁ E)

—ik3vE? = [i k?

18U

X [(KS0X)? + (KEv2)? + 2kSukk2uE] — |kx<———
2Vk 2Vk mJ BXJ
ﬁ(

2L (M) I 002 — (16 ? — 2kgofkdofl
]

3. [k — K P[—iKEoE — iK365] = —[(K(v))?

1 aU
2 .

ik <—i N e (v{H)X)];

mg Xk Cm
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4. [iRY — K-k

D] [(kK3vi)* + (kKGv)?

—ik§og)” = [(Kiv})?
+ (Kjv})? + 2(kfv
+ 2k2Uka Z]

Averaging is performed according to the Gibbs distribu-
tion (in the classical limit of Hamiltonian Hg) in (17a),
using expressions 1—4. After the selection according to
the speed integration results, the term with H remains only
in item 1, the other summands in moment $3?(012) do not
depend on magnetic field. Let us write out the expressions
corresponding to items 1—4:

e
mjmy 0z; 0z m; 9X;

Ee) o)

() o

N N
ik i (Kezj KX —i (K2zy+KE Xk )
ez.e"Eez,e lJHEezke 22kt
1 j=1 k=1

“

. —Xx
MZ /—\

1 0U oU 1 oU 1 oU

{ kG —— +k’1‘k§<—— —)——

2 mymy az, azk m; 9X;j / Mg 9z
1 oU 1 oU 1 U 1 oU
R (L L) e L LY
+ ’m; 9z; ( my axk) 2y axj my axk

ez; ezx

XX VYHY EE Y LY
GG ot O SOl )

N N
(i4/N)<Z ez ik Z ezjefi(kfzﬁkij)
i=1 j=1

N
x ) ezye ! (GaHax) [—ikf (mi] g—:>

k=1

. 1 oU
-k (o g ) |02 + 0ot
N ) N )
3. (i4/N)<z:ezie*"‘Zi Zez,—e*“kfzﬁk?xi)
i=1 i=1

N

x Y eze A (16X

1
1 oU 1 oU

_ik? - _ikX - .

x { IS (mk 82k> Ik2<mk axk)]>o’
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— (Kjvf)?]

4. [(Kv)* + (kfv)? + 2(kfv]) (kfvf] [(Kivg)?

+ (K3p)? + 2K5uikdvE] — (1PN (Y ezie

-

N N
« Z ezje—i(kfzﬁkfxi) Z ezke—i(k;zk+k§xk){(k>l<v>j<)2
j=1 k=1
+ (K (k502

x (K3v)® + (kfv)? (k3vg)?

+ (0D (k0p)? + AfvtikuiuiiduE}) - (18a)

Let us perform averaging in the expression for S3?,
using (17b), for two-component fully ionized hydrogen
plasma with the classical statistics. Let us consider the
summands from items 1-4 term by term. The first summand
from item 1. has the form

N
. i N i Z,. Xy . i zZ X
1. (I4/N)< 2 : e3zizjzke |kzIe |(klzj+k1xj)e i (k3zik+k3x)
ik,j=1

N
1 oU oU _
(G G o), =B Y ez

ik j=1
2
o 1 [E(—ikﬁ)—k 9"V ]e—i(kzi+k{zi+kfxi+k§zk+k§xk)
mjmy | 0Z; 020z
1 92U
4 —1 3 Z|,z
N < €°zizjzx(—)kIK ——
B ig:_l 12i2(=) 2mmy 829z«

i (ki k27 kX LKE X . _
Xefl(kz.+klzj+k1xj+kzzk+k2xk)>0+(|4/N)ﬁ 2< Z e3zizjzk
ik,j=1

x (KEkE)? (18b)

1 o (kzi+k§zj+kij+k;zk+k§xk)> .
- 0
i

In the thermodynamic limit, we define

U= Z U + Z Ui

1< <k<N/2 1</ <K <N/2
+ Z Ujrk + Z Ujk.
1</ <k<N/2 1<j <K <N/2

Here (i, j), (i’j’) correspond to electrons and ions, U is
Coulombic energy of interaction of particle pairs. After
averaging of the sums by (17b) (see [6] and references
therein) we obtain the following, by selecting the principal
terms with m;, mg = me (Iif — component of a unit vector,

= N/2), for different ratios between indices i, j, k:
i#j]#k j=ki=],i=ki=]=k (at that, the free
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index can be located in electron or ion subsystems)

1 92U
4 Z|,z
N)B ) (kTK3
(/N <|§lezzzk )m,mk 020z

e3 kzkz /( /_1) -,
0T B m T/(kyvl)

i (kr+k;ri+karp)

~ efi(kri +kir;j +k2rk)>

x (K5 - Va)Uee(|r1 — ra|)e”

3 kzkz / _1
x g3e(r, 1, r2)drdridry + 5 m% %

% /(R? . V1)2Uee(|r1 _ r2|)e—i (kr+(k1+k2)r1)

e’ kiki N'(N —1
X g3e(r, rl,rz)drdrldr2+2F = %

~ /(R? . vl)zuei (|r1 _ r2|)efi (kr+(k1+kz)r1)

e’ kik5 N/ A
X Qeei (T, rl,rz)drdrldr2+2F = vz /(k?Vl)

(kr+(k1 +k) r1)

x (K5 - Va)Uee([r1 — ra[)e”

¢ kg N
B mg V2

Qee(r, r'1)drdr

/(R% . Vl)zuee(|r1 _ r2|)efi (kr+(k1+kz)r1)

e® kik3 N/ _
X Qee(, rl)drdr1+2ﬂ n‘é V2 /(kf . V1)2uei

(kr+(k1 +ks rl)

x (Ire —r2l)e” Qei (1, r1)drdr;.
( /N < Z e ZiZi Zk(kzkz) e i(kri+k1r1+kzrk)>
ik, j=1 m; 0
_ ( ) e3 kaZ u /e—i(kr+k1r1+k2r2)
B? mé V3

3 (kZkZ)2 N/
X g3e(r, 1, r2)drdridry + (—) e’ (kik3)" N

pom v
I 3 (KEk3)? N/
x/e (ke tktlan ) g e rdedi 4 (— )213 m V2
_ el (Kik)?
« /e—l(k+k1)r+kzrlgee(r, |'1)drdr1 + (=) E ( i‘ng)
/
Okrky +k; - )

X2

The second equality in (19) corresponds to the second
expression in the right member of 1.1 (see (18b)).

The second, third and fourth summands from item 1

(1.2.—1.4, see (18a)) after averaging have a form similar
0 (19). Let us consider the main contribution to the last

summand from item 1. (1.5.) which includes the magnetic
field. This contribution is different from zero at j = k.

N/ N/
. —ik7: —_i(Kk%¢7.: Xy
(|4N)<Zezie 'kZ'Zezje (K22 +Kx;)
i=1 j=1

N’

(L2 X €z; eZk
~ Zezke i (k3zk+k3xk) { kxkxcmj( )]/H)xﬁ(viH)x}>o
k=1 )
H2N/

V kX 2 ‘Brr% / 7I khL (k1 +ka rl)g e(r rl)drdrl

l 5

v H N kiks ﬁflT% Sk o (20)
The averaged expressions in items 2,3 represent a sum
of four summands whose form coincides with the right
member of the second equality in (19) at the values of the
products of the vectors before the summands respectively

(K2, (KB )2, —(KEKY)2, (K32
The averaged expression in item 4 consists of five terms,
the form of four of which matches the right member of
the second equality in (19) at the values of products of the
vectors before the terms: (Kik%)2, (kik3)?, (Kik%)?%, (Kik3)%,
the fifth term is equal to the integral in (20) with coefficient
3
k"k"kzk2 vz ﬁZemg
At z; =1 (which corresponds to singly charged ions),
it is necessary to write out the formulas similar to (19)
and (20), which contain correlation functions Qeei, Jeii, Jei
instead of gse, Jeei, Jee and the sign before the expression
in the right member changes. Thus, the main contribution to
Sk% (~ 1/mg, ~ 1/m) is equal to the sum of all five terms
from items 1—4 determined above. The estimates show a
considerable contribution (20) to correlator Sf;z at the inten-
sities of a constant magnetic field achievable in laboratory
experiments (plasma parameters: nNe = 1017—10%! cm~3,
T =1-10eV, B = 10*~10°Gs, at which PGR and SHG
should be studied) [5]. Let us compare for estimation the
terms (the equal multiplicands are omitted) in sums (19)

Z1,Z2\2
(2-th sum) and (20) (% (klr:é) £ (KXK%)S); their

ﬂmé

ratio is ~ / By expressing the wave vector through

Cz
the cut-off frequrlzncy and by selecting parameter values from
the above-mentioned ranges, we can estimate the parameter
regions where the contribution of (20) to the frequency
moment of correlator S} is insigniciant, considerable or
prevailing.

The above-mentioned procedure can be used to calculate
other frequency S)"> moments of dense charged media.

Conclusion
Frequency moment Sﬁ’z has been analyzed as applied to

the conditions in laboratory dense plasma. Evidently, a
specific calculation of the main contribution to frequency
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moment S}* according to (19), (20) (or other frequency
moments according to the corresponding relations found
using the suggested procedure in this paper) for two-
component fully ionized hydrogen plasma with the classical
statistics is a separate problem related to the setting of
an interparticle interaction potential (see, for instance, [8—
11,16-19]), correlation functions of the 2-nd and 3-rd
orders: Jeei, Jeii, Jei and Jse, Jeei, Jee at certain values
of thermodynamic parameters: temperature and pressure.
The correlations functions from (19), (20) were studied in
a large number of papers (see, for instance, [8-11,16-19]).

In their turn, explicit approximations of quadratic re-
sponse functions should be performed using expressions
which have the correct asymptotics in the limit cases, e.g.,
for rarefied plasma (see [5,14]). The use of values of
one correlator (e.g, S;?) at certain (P, T, H) presupposes
a one-parameter approximation for the QRF. In order to
determine the adjustment parameters, numeric values of
correlators must be compared (see (14)) with moments of
convolute approximations for tensors 5(‘()2,) jk or )Zgi)jk.

It should be noted that we have discussed the model
approach to determination of quadratic response functions
under the action of an external field, which is based, in
particular, on calculation of their frequency moments. In
doing so, we used ratio (10) obtained within the framework
of the nonlinear theory of response to external perturba-
tion [12,13]. At the same time, nonlinear phenomena (e.g.,
PGR and SHG) in plasma are studied using an equation
in relation to polarization of the medium and electric field
E(r,t)) (see, for instance, [5,14]), with a QRF under the
action of a mean field in the given medium (they will be
‘()2I) ik etc). Therefore, construction of a model
for Xéfi) jk according to Xé?i) jk requires a clarification related to
substitution of the known relation D = €E (€ is permittivity
of the medium) into an equation similar to (6).

Thus, in this paper we have justified a model for
calculation of quadratic response functions which deter-
mine nonlinear phenomena caused by quadratic interaction
of electromagnetic waves in a dense charged medium
(Coulombic systems, plasma) in a constant magnetic field.
This approach uses the rather well-known thermodynamic
information about dense charged media and does not
require significant computer capacities as compared to
implementation of direct numerical modeling of quadratic
response functions, which is in principle possible for model
systems.

denoted as yx
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