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Abstract: The wave propagation through a hot and non-uniform plasma has
been studied from the dispersion relation. It is found that the temperature
gradient can affect the wave propagation and it helps the damping or in-
stability of the longitudinal wave.

1. Imtroduction

When any disturbance propagates through a non-uniform plasma, it may split
up in two different modes, one of which undergoes damping and the other is ampli-
fied. Gold"? has shown that in the presence of streams (static magnetic field may
or may not be present) the electromagnetic instability occurs. Sturrock?, Sudan®
and many others have discussed the stream instability. Clemmow and Daugherty®
have discussed the same considering relativistic effect. Paul and Bandyopadhaya
(unpublished) have shown that the particle density gradient of the medium may
lead to the damping or instability of the longitudinal wave, provided streaming
or thermal motion is present. In the present paper we have investigated the pos-
sibility of spatial instability of the waves in the absence of any stream. It is found
here that the temperature gradient of the medium can affect such instability of
the longitudinal wave.
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2. Assumptions and basic equations

We consider a fully ionised plasma of homogeneous density. The temperature
of the medium is non-homogeneous, it varies slowly with space. A static and spa-
—
tially uniform magnetic field H, is present in the medium. We assume that:

— initially the medium was in equilibrium condition and the equilibrium con-
dition is disturbed when perturbation was made,

— gravitational force, viscous force and the force due to collision are negli-
gibly small compared with other forces present in the medium,

— the motions of the ions and the electrons are non-relativistic, and

— the thermal change being of diabatic nature, the perturbed pressure and
density are related as

p=mvin, ¢))

where p is the perturbed pressure, » is the perturbed density, m is the mass of the
particles and V is the thermal velocity.

With the above assumptions, the equation of momentum transfer and mass
conservation for the ions and electrons are

8v, 1 1
e - ] grad (P + p) — -1 grad (B) =
~2lEy Lis, B+ Ha) =0, @
and
ong ) -
3 + div. {(Ns; + n,) - v} =0, 3)

where, s = | for ions, s = 2 for electrons; ¢; = charge density;

g1=¢ g=—¢e Pit+p,=mV, (N, +n),

and o, n, p are perturbed quantities.

The above equations will be supplemented by usual Maxwell’s equations (writ-
ten in C.G.S. units). It should be noted that the equations satisfy the equilibrium
condition (Zheleznyakov3)).

3. Simplification of the basic equations

We shall linearise the above equations by the help of following assumptions:

— the perturbed quantities are proportional to exp (ikz — i wi), where % is
the wave number and  is the wave frequency,

— the perturbed density n, is much smaller than the unperturbed density N,
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— the phase velocity w/k is much greater than the macroscopic velocity v, of
the particles,

— the temperature gradient has only component in the direction of wave pro-
pagation, i.e.

grad (T) = % T @

=5

where & is the characteristic length of variation of temperature.
With the above assumptions the Equs. (1) and (2) are linearised as

. 1 2 qs = - =
1wv,—mgrad (”s Vs)+ZE+[vn -Qun —0) (5)

and

k
ny=— N, v, z, (©)

where

-

eHO.

Q. =- .
mgc

vs

Using equation (6), equation (5) is further simplified as
w?v, + B2V I,0,, — ikv, grad (V) + i ;‘1; wE+tiof, 8,)=0 (7

where I is the unit vector along z-direction.

Again using (6), another equation is obtained from Maxwell’'s equation which
is given by

4mie - -
ci—"“’ (Nyv; — Nav3) = 0. (8)

w? - s
(l — kzcz) RE—RKE I, —

4. Dispersion relation

It is difficult to find separate dispersion relation for transverse and longitudinal
wave because in (7) and (8) transverse and longitudinal waves are coupled to each
other by the perpendicular components of static magnetic field. We, therefore,
assume that the static magnetic field is parallel to the direction of wave propaga-
tion, i.e.,

ﬁo = (0, 0, Ho=).
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Thus E and ;J: eliminant of the Equs. (7) and (8) give the dispersion relation,
namely,

+ 92, 2 2 F O
B et — w? 2 0 % — 4 e, ——— = 0
¢ W Wy el - Qg, L Qv. (9)
and
[ w W o =0, (l10)

2 _p2 -|-1kgradV w? —sz +1kgradV
for transverse and longitudinal wave, respectively, provided
-9 x0.

In the Equs. (9) and (10).
2 4= Nl e
o =

ml_
and
2 4n Nzez
W= —-
m

5. Discussions

It is observed from the dispersion relation (9) that the temperature gradient
has no effect on the transverse mode. Therefore, the equation (9) is not important
for our present discussion.

From d.r. (10), we observe that the temperature gradient has an effect on lon-
gitudinal wave. To study the effect of temperature explicitly, the dispersion re-
lation (10) is simplified with the assumptions

2 2
w, o
since the general N, » N, and m; » m,. Therefore, neglecting second term

compared with the third term we get from (10) after writing V, = (R’ T)'?

LT ® wi, R T7
k=igr e (41 - o)~ e ) n
where
R’ = 3y/m,,
= T/,

and x = Boltzman's constant.
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From (11), it is observed that when
® < @, {1 + (R T4 0. T)'"
the wave will not propagate at all. But for
® > o, {1 + (R T4, TH'".

the wave will propagate producing two modes of propagation one of which is
damped, other is amplified. These happen because the first and the second term
of r.h.s. of (11) may be of same sign (both are + ve) or opposite in sign (4 ve
and — ve). Again, we see that the damping factor, i.e., imaginary part of r.h.s.
of (11) is inversely proportional to the characteristic length of variation of the
temperature gradient. Therefore, the temperature gradient may affect the wave
propagation and it has an important role in the process of damping or instability.

Phase velocity. The phase velocity of the longitudinal wave is

w0 V,
Uiy = Teal b = {( ) ._.;l;..z,, R'ZI‘T’z o (12)
= =)

~ T T{,2
w? V, w?

From (12), it is observed that phase velocity depends on the temperature and tem
perature gradient of the medium. It is important to note that phase velocity of
the longitudinal wave is increased due to presence of temperature gradient. From
(12), we also observe that

Upy —> ¢
when
, T o, \\'"
T *2“’{7 — )]
and
V,
Upn > 2 14,
_w,
? }

when T' - 0.

Applications. One can notice that temperature gradient can affiect the wave pro-
vided the condition

T's 21075 )T, h<10°)/T|w A)

is satisfied. In fact, on the solar corona 7 may be takenas | K per km when T'~10¢
K (Parker®). Therefore, the equation (A) suggests that for high frequency
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(~ 1 MHz), the temperature gradient has insignificant effect on the wave. In the
jonosphere we may take T’ = 10K per km where T ~ 103K, (Parker”) thus
the importance to the temperature should be given if w ~ 10 which is remarka-
bly smaller.

In general, longitudinal waves are density waves and density wave has small
frequency. But yet it seems that the temperature gradient has little influence on
the wave propagation through ionosphere or solar corona. However, the influence
may be important in stellar interior near the surface or in the regions of stellar
surface where the temperature gradient is large enough.
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