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It is shown that when choosing the crystal symmetry, if the wave vector of the wave and the temperature gradient are
oriented arbitrarily, waves of a thermomagnetic nature of the same frequency and growth rate are possibly excited.
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INTRODUCTION to the magnetic field. Due to this complex electric field,
thermomagnetic waves of a transverse k L VT (k -

wave vector) and longitudinal character k| VT are
excited. A theoretical study of these thermomagnetic
waves in isotropic conducting media of the electric type
of charge carriers was carried out in [2-5]. However, in
anisotropic conducting media, there is no theoretical
study of thermomagnetic waves. In this theoretical
work, we will investigate thermomagnetic waves in
anisotropic conducting media with selected samples.

It was shown in [1] that hydrodynamic motions in
a nonequilibrium plasma, in which there is a constant
temperature gradient (VT =const), has oscillatory
properties. This property of plasma is very different
from ordinary plasma. Without an external magnetic
field and hydrodynamic motions, transverse
“thermomagnetic” waves are possible in it, in which
only the magnetic field oscillates. In the presence of an
external magnetic field, the wave vector of
thermomagnetic waves is perpendicular to the magnetic
field and lies in the plane ( H,VT). If a weak magnetic
field appears in such a plasma, i.e., Qr<<1l (- In the presence of an external magnetic field and
Larmar frequency of electrons, 7 -time of collision of ~ a temperature gradient in an isotropic solid, the total
electrons) inside the plasma arises in addition to the  electric field has the form

external electric field, the electric is proportional to the
temperature gradient, the electric field is proportional |

BASIC EQUATIONS OF THE PROBLEM

E=¢j+&[JH]+e(JH)H +A%+A'[?TI—T]+A"(§TH)H 1)
j - current flux density

In anisotropic conducting media, all coefficients in equation (1) are tensors.
Then the equations for anisotropic conducting media will have the form:

H r T r (T el r | oTIg r (oTIa
Ei = ik Jk + Sik [JHJk +3ik (JH>Hk + Ay ax—+/1ik [VTH Jk + i (VTH)Hk (2
k
Here &, is the tensor of the reciprocal of the | Assuming that all variable quantities are
ohmic resistance, A, is the differential thermoelectric ~Monochromatic in nature, 1e.
power, and A, is the Nernst-Ettinishausen coefficient. (E"H"j)~ il =) 4)
We will consider a solid external magnetic field From (3) it turns out:
H, =0. Then, in the equations, the terms containin , ., e
° q_ - g Ei = Gk Jik + A [VTH] ®)
are equal to zero. Taking into account Maxwell's k
equation, we obtain the following system of equations: . 9 .
.o ict Teres, io _,
o it = [ K[KE']] +2E
Ef =& ik + A [VTH], 4w kK Arx
ot = toH’ @3) (o -oscillation frequency).
c ot
-, A4z 10E' THEORY
rotH' = — j'+——
c c ot ]
We (5) it turns out:
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E-’:ﬁé (KE') Kk, +
i A ik k

iw® —ic’k?

To obtain the dispersion equation from (6), you
first need to choose a coordinate system. We will
choose the following coordinate system

oT oT
k; 20, k, =k3 =0, — =0, —=0 (7)
OX, 0X3

Taking into account (7), from (6) it turns out:

, cA,, OT | _,
Ei :[Aé:ik keky + B +_A'k ke —] Ex (8)
(0] 8Xk

When obtaining (8) from (7), we assumed that
k LVT i.e. the resulting thermomagnetic waves are
transverse.

EEL +ﬁ(€TE’)kk —%(WT)E’ (6)
[0

4]

o Li=k
At E{ = 6y By, Oy = 0izk 9)

From (8) we obtain the following dispersion equations
in tensor form

oT

cA
Nix = Adickeky + Bk +—A'e ke — (10)
@ - OX
.2 L2 212
A ic , B:|w ic“k
A A

Expanding by components (10) it turns out:

|(Nik - 6ik)| = (Nll - 1)(N22 - 1)(N33 - 1) + N31N12N23 + N21N32N13 - N31N13(N22 - 1) -

Here:

iw
Ny =—3&s, Ny, =
A

N22:(

—N3yNys(Nyy — 1) — NyyNyy(Naz — 1) = 0 (11)
(ia>2 —iczk2)§12 +A7CALKV,T iw? —ic2Kk2 io

y - ) N = 1]
I 13 . G130 Ny iz én

i’ —i02k2)§22 +47rCAp KV, T iw® —ic’k?
y N3 = —‘/;:237 (12)

47w 4rw
(iwz —i02k2)§32 +47CAgkV, T io® —ic’k?
4 y N3z = —§33
W drw

lo
N3, :—4 S N32 =
T

Putting (12) into (11), we obtain the following |A crystal satisfying conditions (14) is diagonal.

equation for the oscillation frequency inside an
anisotropic body

Dy + Dy’ + Dy0® + Dy + Do+ @ =0 (13)
Solution (13) in a general form is not possible and
therefore we will not write out the expression
DD, D, , Dy, D, Ds .

To solve the dispersion equation (11), we will
choose crystals satisfying the following conditions.

1) Ny =Ny = N31,
2) N21 = N3, = N,
3) Ni3 = Ngs = Ng;

(14)

O=ay+iy=—

3 4

6 U
It can be seen from (18) that at c2k? > 2 , the

exciting wave is of a purely electromagnetic nature.
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Taking into account (14), from (11) we easily obtain

If
S11=8n =8¢ =¢ (16)
from (15) we get
21,2
3-SR i, =0 17
4 2r
a)él = _CAzllkJ_VZT
From (17) we get:
% , %
6
czkzj +i§(—”|§ﬂ|—c2k2} (18)

When c’k?& <67|ws,| the excited wave is growing
thermomagnetic with a frequency
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V2 2.2 ' \Y% 2,2
o :[47%021] 1+ic k, < and incremey=(%j 1_L€
£ 127 |ahy| £ 1277 | )y |

For K || VT from (11), consider the case

1) Nig =Ny =Ng;, 2) Niz =Ngp = N3z =Ny3 =Ny (19)

i (i0® ~ic’k? )&, —4me ALk V,T (i ~ic?k? ) & —4mCALKVT

Nyp :—5811, Ny, = y Nig = )
A dw drw
i (i0” ~ic’k? )&, —4mc ALK VT (i ~ic°k? ) & — 4mCAZKVT

Ny =—&, Ny, = v Npg = ) (20)
i (i —ic?k? ) &5, —4mCARKVT (i ~ic?k? ) &3 — 47 ARKVT

3 =" Ng, = » Ngz =

A7 47w Ao

Taking into account (19-20) from (11) we get: |

i {2@1&)% z iz (Zwélsj%

N;; —1+2Ny;N,, =0 (21) w, =
4 m ¢ ¢\ 7
g =Ep =& From (23) it can be seen that a wave with a frequency
= [2“@} % s increasing, a wave with a frequency
H 2 2 2.21,2 i o
k? i e
A 8rx 87 27 [2|(02/1|J can grow if 2|wj, |& < 5
o, =—| ———
From solution (22) we obtain 75
For an arbitrary orientation of the wave vector relative

to the temperature gradient, from tensor (10), we obtain

o =7 —[—2“’51‘5 j% Z+ iﬁ(—zwél"a j% (23)
T

¢z ) & ¢ |
222 L2 .22
N =ia)2§11+a)11 N :('a’ —ick )512_‘011+0)12 :('0) —ick >§13+0)13
H bro P drw P 4rw ’
. L2 2,2 L2 .22
N 0P g + oy N _('w ick )§22+a)22 N _('w ic’k )fz3+w23 "
n=""  — Np= : 3= , (24)
iy ) 4w 4rw
.2 .22 s 2 21,2
N :ia)2§31+co31 N =(|a) —ick )532+a’32 =(|a) —ic’k )§33+a)33
3 b P drw ’ % 4w ’

oy =—4re Al (KVT)

Choosing a crystal.
From (11), taking into account (24), we obtain the following dispersion equation for determining the

frequency and growth rate of the excited waves inside an anisotropic crystal
iw?&11—w1q [iw?E1,—1c?k?E 1~ w1 —w iw2&y,—ic?k?Erp+ Wy, (w211~
511 11 ( 512 612 11 12 + 1) — 622 622 22 ( 611 11 1) (25)
4TTW 4TTW 4TTW

4TTW

|
At @, =ay +ay, and & =&, =5, from wzzé(czkzﬂﬂ]

(25) we get s
(26)

Solution (26) gives

43



E.R.HASANOV , Sh.G. KHALILOVA K G.M. MAMMADOVA, R.Z. JAVADOVA

b
ck .
7[02“;135} ey
(27)
or w=awmy+iy
Y %
_| %2 _| Y2
_[%J 7 (45) %)

For any orientation of the wave vector with
respect to the temperature gradient, the frequency and
growth rate of the excited thermomagnetic are the
same.

DISCUSSION OF THE RESULTS

In anisotropic conducting media of the electric
type of charge carriers in an external electric field in the
presence of a constant temperature gradient,
longitudinal K || VT and transverse kK L VT waves of
a thermomagnetic nature are excited. The frequency
and growth rate of this wave depend on the conductivity

of the medium. The conductivity of a medium is easily
expressed in terms of the diagonal values of the
conductivity. This creates a favorable condition for
experimental verification of the exciting waves. If the
wave vector of the excited waves has an arbitrary
direction relative to a constant temperature gradient,
then the frequency and growth rate have the same
values. When calculating, we choose crystals of
different symmetry. Of course, the conditions for the
excitation and growth of the wave will be different if
we choose different symmetries from the tensor (11).

CONCLUSION

It is proved that in anisotropic conducting media
of electric type of charge carriers, different waves of a
thermomagnetic nature are excited. With the

longitudinal K ||VT and transverse Kk LVT
orientation of the wave vector relative to the
temperature gradient, waves of a thermomagnetic
nature with different frequencies and increments are
excited.
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QEYRI-SABIT ANiZOTROP KECIiRiCi MUHITLORDO TERMOMAQNIT DALGALARI

Gostorilmisdir ki, kristal simmetriya segildikdo dalganin dalga vektoru vo temperatur qradiyenti ixtiyari oriyentasiya
edilorso, eyni tezlikli vo artimli termomagqnit dalgalarin hayacanlanmasi miimkiindiir.

9.P. I'acanos, IIL.I'. Xaauaora, I''M. Mamenosa, P.3. /I:kaBagoBa

TEPMOMATHUTHBIE BOJIHBI B HEYCTOMYUBBIX AHU30TPOITHBLIX TPOBOASIIIAX
CPEJIAX

HOKa3aHO, 4YTO IIpH BI)I60pe CUMMETPHUHN KpuCTalsla, €CIN BOJIHOBOM BEKTOP BOJIHBI U TPAAUCHT TEMIIEPATYPhL
OPUCHTUPYIOTCA MNPOU3BOJIBHO, BO3MOXKXHO BO36y)KHaIOTC$[ BOJIHBI TE€PMOMATHUTHOI'O XapaKTepa OJIMHAKOBOM YaCTOTHI H

MHKpPEMEHTA.
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