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Abstract: In anisotropic media with an electronic type of charge carriers, an increasing thermomagnetic wave
is excited under certain conditions. Analytical formulas are found for the frequency and for the increment of this
wave. The analytical formulas for the tensor of electrical conductivity of the medium are indicated in the form of
a table. A formula is found for the ratios of the temperature gradient.
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I. INTRODUCTION
In works [1-6] it is proved that in the presence of a temperature gradient vt in a nonequilibrium
plasma, an alternating magnetic field arises. In the presence of a temperature gradient, charge carriers oscillate
in the plasma. Plasma with oscillatory motion of charge carriers differs significantly from ordinary plasma.
Thermomagnetic waves arise in such a plasma without an external magnetic field. The frequency of this wave is
directly proportional to the temperature gradient. If such a plasma is in an external magnetic field H , then the
wave vector of the thermomagnetic wave is directed perpendicular to the magnetic field and is in the plane (

H,vT ). The velocity of the hydrodynamic motions of charge carriers v and the magnetic field 1 are

directed perpendicularly vT. In such a plasma, an ordinary Alphen wave is split into two
hydrothermomagnetic waves and the spectrum of magnetosonic waves will change. The speed of propagation of
thermomagnetic waves and the speed of sound waves are approximately the same.

. . T . L
In a plasma with vT = const or over a distance L = — , the change in the temperature gradient is very
vT

- H . . .
small. Then a weak magnetic field @7 <<1, 2 = 27 s excited in the plasma Larmarov frequency, - is the
mc

time of coIIisipn of electrons. In ordinary solids, the flow of charge carriers with the speed of hydrodynamic

movements v is a plasma. A solid-state plasma under the influence of a temperature gradient is in a
nonequilibrium state and the distribution of charge carriers is inhomogeneous. In a medium with such
inhomogeneity, an alternating magnetic field arises and a thermomagnetic wave is excited. In isotropic media,
the theory of thermomagnetic waves was constructed in [7-8]. In anisotropic media, the theoretical study of
thermomagnetic waves was presented in [9] only in a limited limiting case for the conductivity of the medium.
In this theoretical work, we present the results of a theoretical study of thermomagnetic waves in
anisotropic conducting media, taking into account all possible values of the electrical conductivity tensor o, of

the medium in the presence of a constant temperature gradient vT = const .

1. BASIC EQUATIONS OF THE PROBLEM
In the presence of an elgctric field E , a temperature gradient vT and the speed of hydrodynamic

movements, the current density Vv ( r.t) has the form:
}:UE*+a'[E*,H}7a§T7a[§TI-;} 1)
VH} T &n

+——, e>0
C e nO

—

Here " = E +
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VH
[ } is the electric field created during hydrodynamic motions, T is the temperature of the medium,
c

vn isthe gradient of the electron concentration, n, is the equilibrium value of the electron concentration, € is
the external electric field. Substituting current density and in (1) we obtain the following vector equations for

determining the electric field }: ° rotH and E° to (1) we obtain the following vector equations for

'y
determining the electric field
E=a-+ [bE | 2
From (2) we get
£ =a+[be]+[b[bE]] @A)
E - g]+g[]ﬁ]+g(]ﬁ)ﬁ + A'[%TI—I}Jr A"(%Tl—] )+A§T 4)
4 =22 2%% 4 is the thermoelectric power differential, 4" is the Nernst — Ettinishausen coefficient.

o
In anisotropic media, electric field (4) is the tensor

. ' . " . 6T ’ "
El:gimlm+gim[JH]m+gim(JH)Hm+Aim +Alm[VTH]mJr‘/lim(VTH)Hm (5)

0Xp,

In the absence of an external magnetic field, ﬁo =0 we obtain the following system of equations for our
problem

- 10H'
rotE' = - ——— (6)
| c ot
| = 4z 10E
rotH'= — j'+ ———
[ c c ot
Assuming that all variable quantities change in the form of a monochromatic wave, i.e.
. k‘—r
(E',H')—- el( r al) (7)
k is wave vector, » is wave frequencies from (6) we can easily obtain:
( cAl  aT )
Ei’ :l Agiekekm + Bgim + = ke ‘Erfn (8)
2] X )
Here
c? w? —c’k?
A=i , B=i 9)
drw drw

li=m
Taking into account that €/ = s, E; from (8) we write s,, =@, , 6, = J _
LO,I #m
Al T
(Dim = Agiekekm + Bgim + : = ke a_ (10)
2] 0Xp,
To obtain the dispersion equation, we must disclose the following determinant
|<pim - é‘im | =0 (11)

or

(D1 —1)(@yy ~1) (D3 — 1)+ D, 3Py + D, D,y — DDy, (P, — 1) - (12)

@3, Py (‘Du _1)_4721@12 (@33 _1) =0
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. ) L 2,2
io iwg,, ic’k @, — 0, , ,
D, =—¢5,. D, = - Gip + @ = CAKV,T 0, =cALKV T
4 4 dro 2]
. 2,2 .
io .ck @4 , iw
@5 = S13 — ! S13 ~ @1 = CAGKV T @, = Sa1
4 drw ® 4r
) 2,2
iw ck @y — @y, , ,
@,y = So2 — ! Soa 1@y = CA KV, T @y, = CA,,kV,T
Y4 dro 2]
iw c?k? 0]
) 23 ,
@yy = So3 ! Sa3 ~ 1@,y = CAKV,T, (13)
4 drw 12}
iw iw c?k? Wy — @
- 31 32
By = =Gy Dy = —Gyy Gap + ,
31 31 %32 32 32
4 'y drw 0]

Wy = CALKV,T @y, =CcA,kV T
io . c’k’? @4 ,
Pys = 633 | S33 (@3 = CAkV T
iy T® w
When obtaining expressions (13), we choose the following coordinate system

oT

oT oT
=V,T#0,—=V, T 20,—=0."
X, X, OXg

To obtain the dispersion equation from (12) taking into account (13), we calculate each term that in (12).
_ 2, ( S, 1)

1
1) (@1, -1) (@, —1)(Pyy - 1) Ky =@y ~ @565, T 633 = ;'Ck = ‘/Z_Qz

4 dr o
Q0,6 1 w
L 223@q369; 13
2) 0,,0,,0,, = -i 1823 = @3y ~ @35.63; = T 70613 T
0] ck ckQ,
. 2,2 3
'“’§31(C K 615625 Q1055
3) 0,043, P 55 = - s T T s |612®P0s = Q4693 = @y — @y
8z 167 c'k
ckgyy 2
4) D3Py (Poy —1) = - s 613 = 25613 = 65,13, = @,y ~ @y
8 ck
2,2 , . 2,2
c’k” (i \(c K 63,653 Q3w23\
5) @3, @ 55 (1, -1) = - 2 L_§11*1J 2 s 2 |a T @31~ @35,6,3003 = 63,05
o L¥ 167 ¢k
ick [ c’k’sy, o ckeyp Qog Q) Q,
6) 2,0, (@45 -1) = Sa1| ~ PR - T |12 T
4 167 @ 4 ckao @ Ckawg,

Substituting all terms (1-6) in (12), we obtain the following dispersion equations for determining the
vibration frequency inside the medium at

v.T Al J20 ckQ
- 3,2 $21 = : S11 = : ek = \/2_“’33 (14)
VT Ay 4Qz0,, 4Q30,304;
(40} ) 6w,
o’ 4] = 4wy, w-—23-0 (15)
Q0,4 1%23
2
Let us denote » = —22— and then from (15) we get:
Q0,3
| (L ah
@, :2w33—2|w33(pi2w33tl—2|q}—¢7 +Z¢J (16)

Let us write (16) in the following form
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@,

1
2 =204 —1204,0 2204, (a + iﬁ)é =20y, - 20,0 x 2w , (x+iy) =

r(«’a2+ﬂ2—a)%+i(«, 2+ﬂ2+a)%] (17)

1
=204, — 204,90 * 20,4, —=
A2

a=1-9"+¥ 01 =20
From (17) we write

|
L

O =0y +iy, , 0, =0, +iy, (18)
It is clear that a wave with frequency «,, decays, and a wave with frequency «,, can grow if y, >0,

1
\/2_(\’a2+ﬂ2+a)4>2(p (19)
Substituting the values « and g in (19), we obtain for the growth of the wave with the frequency
[

L
a)10:2w33\tl+f( a"+f 701) J| (20)

the following inequalities

(pz—%gp—1<0 (21)

We are interested in the fulfillment of inequality (20) at a certain value ¢..Therefore, we restrict
ourselves to the values

o ==1 (22)

It is easy to see that at » = 1 for inequality (20) becomes — % < 0 and the instability condition (21) is
satisfied, then

2 , 2 2 , 2
@ A \ A v.T
poom W) (T () VT
@110 53 AL VLT - A5V T Af1Azs 2
I . v.T Al
Considering the relations we used —— = 2L
v,T Al
we get

2
(A!33) Aél _

Afy (Az5) A3
Thus, an increasing thermomagnetic wave with frequency (20) is excited in anisotropic conducting media
of the electronic type of charge carriers. The values of the tensor of electrical conductivity in different directions
are indicated in the following table

Table 1. Conductivity values by direction

8/1(;3 ’ A3’1 ck
011 =02 \F Ay VT 12 =792 13 = ?
244, Aqy
L A 418 o2 = oK o o, Vel
21 = 922 \/— 23 22
2 A2'3V1T
B 16 45, T T4y =0, =CK Oy = 0,, =CK
S31 = 922 \F PRREER
24,

Table 1 shows that all components of the electrical conductivity tensor are expressed in terms of the
component o ,, . This means that with measurement o ,, it is possible to determine all other components o,

2
However, excited in the above medium wave is purely thermomagnetic. This wave grows at—2—- 1, i.e. at

Q o,
v.T /11'1/12’3
= —==2 24
v,T 3 (24)
(A33)
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I11. DISCUSSION OF THE RESULTS
All tensor values o, are determined by coefficient values ; . Experimental measurement of the

coefficients 4, using table 1. determine the electrical conductivity o, . Thus, the excited growing
thermomagnetic wave with frequency (20) makes it possible to determine all components of electrical
conductivity o, .
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