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Abstract: The instability of collisional electron and ion in warm ptaa is investigated. However, the dispersion relation dfsiohal
electron at equilibrium ion and the dispersion relationaifisional ions at equilibrium electron are studied. Itasihd that the collision
term is more effective in the instability. Also, the sepamabf variables method is used to find the transverse elgtettio wave potential
in cylindrical coordinates, of electrons and ions plasma found that this wave potential is independent of theigiolh parameter.
On the other hand, the longitudinal electrostatic wave mi@ikeis investigated and found to be strongly dependinghendollision
parameter.
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1 Introduction degenerate plasma with zero temperature components
was considered and the exact barometric formulas for the
. L . electron and ion degenerate gases and the exact
The nqmber of theoretlcgl publ|cat|on§ devoted to Var'ousexpressions for the elgctron andgion Debye radii were
collective processes in electron—ion plasmas hasd rived [L4]
increased enormously in recent years. This interest is;.e ‘ . ]
primarily due to the fact that such plasma is typical ratherBinary Coulomb collisions between charged particles,
than exceptional in astrophysical conditions. For eXamp|echaracterlzed _by a cub_|c depende_nce of the collision rates
it is assumed that such plasmas exist in the inner region@n the relative particle velocity, are one of the
of accretion disks near black holeH,[in magnetospheres distinguishing features of plasma physics. It plays a
of neutron starsd,3], in active galactic nuclei4], and cruc_lal .roIe in a variety of transport, rela}xa'uon and
even in solar flaress]. The theory of collective processes dissipative phenomena in magnetically confined plasmas
in quantum plasma is one of the most actively developindla 16]. The e_ﬁgcts of electron-electrqn gnd .electron-_lon
fields in plasma physics6[7,8,9] lon-acoustic waves Coulomt_) collisions on the electron dlstrlbut|on function
(IAWs) in plasma have been attracting attention of are studied by Hagelaar, 20157. A difficult problem
physicists for decades. The interest in IAWs remains alivethat often arises when trying to derive theoretical
because not all problems have been solved in this fieldPredictions for the behavior of waves in plasma is how to
[10]. lon-acoustic waves (IAWSs) in quantum electron-ion include effects of particle collisions in the theot9[18].
plasma with degenerate components are theoreticallyvhen collision effects are considered, three regimes of
investigated using a system of quantum equations of gagheath behavior are evident. There is a collisionally
dynamics by Dubinov and Kitayev, 20151. Models of dommated (i.e., mobll!ty I|m|tec_j) regime, a collisionges
ionization equilibrium of thermal plasmas with r€gime, r_:md a transition regime that separates them
multicharged ions are exactly solveti?]. Collisionless ~[20.In this paper we present the study of the warm
unmagnetizede—p—i plasma consisting of quantum plasmq qf electron and ion W|th take into co_n5|derat|on
degenerate gases of ions, electrons, and positrons the coII|S|on betvygen the particles Qfelectrpn-lon,aruj th
nonzero temperatures was considered. The dispersiofffect of this collision on the potential function.
equation for isothermal ionic sound waves was derivedThe layout of this paper is as follows; In Sec. 2, we derive
and analyzed 13. The collisionless unmagnetized the basic electron ion plasma differential equations
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describing the model. In Sec.3 the separation of variable

. ; . e
method is used to find the complete solution of these 0.(Eg+Ee1) = —(No— (Ng+Ne1)), (8)
equations. In Sec.4 is assigned for numerical results and €
conclusions. In this perturbation approximation, we assume

thatn; = ng is a constant an@)=Eg = 0.In addition we
SePo = 3n0KBTe, Pe1=3ne1KBTeand El = D(Del,ila
2 Basic Equations where@ i1 is the perturbed part of the electric potential
affected on the electrons and ions. For first order
We consider a warm unmagnetized collisional p|a5maperturbation, Eqs4),(7) and @), with some mathematical
system consists of ions and electrons. This system ignanipulation, give the'8 order differential equation;
governed by the continuity equation, the momentum

equation, and Poisson‘s equation respectivaly 22 23, (D2 + Kg)DZ(Del =0, 9)
24
ONgj Where the electron wave vectdt,, satisfy the dispersion
0? + 0 (NeiVei) =0, @) relation: ) Y P
' 1  w(w+ile)
K2 = W [ — —1]. (10)
OVei 3A5e Woe
MeiNei(—— + (Vei-U) Vei)
ot nge?

Hence, the electron plasma frequemgé = and

&oKgTe

the electron Debye leng#tg, = £ 5.

= FeneiE — OPsj — Mejingj raive,i7 (2) mefo’

D-E=£—i(ni—ne), ®3)
Wheret is the electric fielde, Vei, Mej, andle;, are the 2.2 ,C,O”'.S' on of lonin Warm Plasma at
density, velocity, mass and collision term of electrons andEQuilibrium Electron
ions respectively. The positive (negative) sign in Epi$ . )
assigned for ions (electrons).The pressure termfjs= In th[s case, we assume a small perturbation around the
VeiKgTei, Wherey = 2N is the ratio of specific heats of eqU|I!br|um number density of ions and a constant nur_nbey
substrate. The degree of freedoh= 1, and hencey = 3 density of electrons. The pIasma parameters appearing in
SO Pyi—3nKgTe;, while Kg, Te; are Boltzmann constant EdS-0)—(3) can be expanded, in a similar way, as

and electron and ion temperatures respectively. N = No+Niy Ny < No
I — 11 |

Vi=Wo+Vii, Vii<W

.. . E =Ey+Eq, E;1 <Ep (’
2.1 Collision of Electron in warm plasma at P =P+ Py Py<Py

Equilibriumlion

(11)

Substitute from E and (1) in Egs.(), (2) and Q):
At first, assuming a small perturbation around the o= ) as0). 3 ®

equilibrium number density of electrons and a constant d(ny+ni1)
number density of ions, the plasma parameters appearing gt 0. (no+mia) (Vo +Via) =0, (12)
in Egs.@)—(3) can be expanded as
Ne=Np+Ne1 , Ne1<KNo J0(Mo+ Vi1

Ve=Vo+Ver , Ver<Vo Me(No + nil)(i( ot ) +((Mo+Vir).0)(Vo +Vir)

E=BotE , E<E (7 @ = e(ny+ni1) (Eo+Eq) — O(Po+P1) —mi(no+ni)li(Vo+Viz) =0

Pe=PotPer ,  Per<Po o | ST )
At plasma equilibrium state we have o

E=Eo, Ni=nNe=no, p=e(m—ng)=0, (5 - (BotEr) = 5 (No = (No i) a4

Applying Egs.@) and 6) in Egs. @),(2) and Q): Assumingne = ng, for first order perturbation, we can

obtain a similar &' order differential equation for ions as

0(Ny+Ne1)
=0 & 0. (ng+Net)(Vo+Ver) =0, (6
ot (no -+ Ne1) (Vo + Vet ) (6) (02 + K220, — 0 (15)
0(Vo+Ver) Where the ion wave vectok;, satisfy the following
me(No + nel)(Te + ((Mo+Ver).0) (Vo + Ver) dispersion relation:
= —€(Ny+Ne1) (Eo+E1) — O(Po+Pe1) —Me(No+Ne1)e(Vo+Ver) =0, , 1 w(w+il)
7 K=gzl—g U (16)
Di pi
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Hence, the ion plasma frequena;gi = ”mo—‘:z, and the  Let the function; @ i1 (r,

;
electron Debye lengthg; = 2. gz Ivlvgirttgn aZ)s R(r)d (8

Egs. (LO) and (L6) are the dispersion relations for electron
and ion acoustic waves which can be rewritten as a @+}d_F3 }+i02_19+}ﬁ
quadratic equation i as drz2 rdr /R 912002 Z 972

. 2
w2+|re,iw_wSe,i(l‘f's)‘I%e,iKe’i) -0 (17) ;rgw?i?t%?]rztse the dependence of Z, equati®4) €an be

3, z)is separated in the form;
)Z(2z), then equation43) can

=0. (24)

The roots of equationl() in this case are d2R+ 1dR\ 1 . 1 829 1 927 2 o
ir -z, 2 dr2 " rdr JR 912062  Z9z2
_ e 2
w=- 2 + 4 -+ wpel(1+ 3)‘Del ) (18) Whera is a constant. Hence,
It is clear that, the square root in E4.8) may be real or Z=Zye® (26)

i i CAfiti I that= i t tai
imaginary. Ifitis real we assume that— cx.,ia to obtain Similarly, to separate the dependencéof)andd (6) in

equation 25) we can write

, 2
(d R+1dR> +a2r2:_lﬁzn2 (27)

W = i\/——ngI 1+3)\DE| ) (19)

and dr2 = rdr 9 062 ’
i This gives; _
W= —%v' (20) 9 = 9o (28)
If wisimaginary we get And d2R drR
2 ’r2—n®)R=0 29
w,:OAndoq_—Ei\/ p&|(1+3AD&I EI) < d2+rd )+(ar n°) (29)

From Eq.@0), it is clear that the damping rate increasesLet (S=ar ) so by chain rule, equatio9) takes the form
linearly with the collision ratel ¢j,and it does not depend of Bessel equation as;
on the wave numbeie;. However, from Eql9), the

damping rate depends dr;, and the wave numbele;. <32d R+ ) +($-n*)R=0 (30)
In addition, the instability occurs  when ds?
ra> 4w%e|(1+3)\De,K ). Eq.(30) has the following solution
i —1)" S
| | nE=3 S
3 The acoustic wave solution of Egs. (9) and M=o M (M+n+1)2
(15 wheren s an integer and it is the order of Bessel function,

Jn (S).In view of Egs.@6), (28) and 1), the complete

We will seek the solution for electron and ion wave solution of Eq.24) is

propagating in three variables cylindrical geometry. The
equations describing this acoustic wave are Egsatd Oei1 (1, 8, 2) =Can Jn(ar) e—azei“57a§ 0,n=0,+1, +2, ...,

(15). These equations can be separated to tioo2der (32)
differential equations as; Similarly, Eq. @2) in three dimensional cylindrical
(%00 11 = O, 21) coordinates takes the f;)rm
' o0, 1 0%0ci1 00
And T 0r ( 0er|1> 2 aeeéll + 0Ze2|1 +K§ |0€ 1=
(0% +KZ)0e, i1 = 0. (22)

(33)
Equation 21) describes a finite wavelength transverseBy the same way of separation of previous solution,
wave of electrons and ions plasma. It is clear that thisequation 83) solved to take the form

wave is independent of the collision paramef&y;. On ez ing

the other hand, equatior22) describes the longitudinal Qei1 (1, 9, 2) =Can Jn(ar) €*i%e™ a<0,n=0,+1, +2, ...,

electron and ion plasma waves which strongly depend on (34)
the collision parameter. In three dimensional cylindrical Equation 82) describes a potential function as a solution
coordinates Equatior2() takes the form of equation 21) for finite wavelength transverse wave of
electrons and ions plasma. On the other hand, equation
020 10 rtme, i1 | 10%0e i1  0°0¢in _0 (34) describes the potential function of longitudinal
el =yor ' or r2 062 02 ' electron and ion plasma waves which strongly depend on

(23) the collision parameter.
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4 Numerical Results

collisional ions at equilibrium electron are calculatetieT
frequency is plotted against the collision term. The

For numerical calculations purpose we can rescale thenstability due to collision term is studied. It is found tha

wave frequencyw, and the wave vectolKej, by the
plasma frequencyyyei, and the reciprocal of Debye
Iength%%,respectively. In this case EQ) becomes

_ —2
Foi T2 B
W= %—(1+3K2,i),

> (35)

I—e,i

Wherd gj = ;-
From Eqg. 85), we notice that the damping rate depends

on the collision parametérej and the wave numbeKe; .

the collision term affects on the instability. The soluon
for electron and ion wave propagating in three variables
cylindrical geometry are calculated. These equations were
separated into two" order differential equations; the
first describes a finite wavelength transverse wave of
electron and ion plasma, and the second describes the
longitudinal electron and ion plasma waves. It's found
that, the transverse wave of electrons and ions plasma are
independent of the collision parametBg;, while the
longitudinal electron and ion plasma waves are strongly
depend on the collision parameter. Graphs describe the

In Fig. 1, we plotted this equation for electrons, where thevariation of damping rate of electron plasma waves with
collision for electron plasma is small compared with ion the wave numbek, and the damping rate of ion plasma
plasma and it is clear that the damping rate increases witiyaves with the wave numbés, are plotted, at different

e and it decreases witke.Fig. 2.shows the same behavior
for the damping rate for ions where the collision is high.
ool

oo 0.1 04
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Fig. 1. Graph of the damping rate, for electron plasma
vs the wave numbeéfsforle = 5, solid lind" = 4dashed
line, andl'e = 3dotted line.
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Fig. 2. Graph of the damping rate for ion plastavs the
wave numbef;, forlj = 100, solid lind; = 50,dashed
line, andl’; = 20,dotted line.

5 Conclusions:

In this paper, the dispersion relation of collisional
electron at equilibrium ion and the dispersion relation of

values of electron collision frequency. It is found that the

increase on the collision electron frequency or the

increase on the collision ion frequency leads to increase
of the damping rate which means that the instability is

more affected by the collision frequency of electrons and
ions.
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