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Abstract: The linear interaction of cold inhomogeneous electron beam (EB) with inhomogeneous magnetized warm
plasma is investigated. The unperturbed density of the EB is considered to vary linearly over the length of the

X
Ny, =ng,(1+—)

system such that: , Where L is the length scale of the variation (L >> X'). The dispersion
relation of the system is derived. In addition, the growth rate of the instability is calculated. The presence of external
static magnetic field, warmness plasma electrons and inhomogeneous EB leads to a decrease of the growth rate in
comparison with the case of magnetized cold plasma and homogeneous EB.

[Kharkwal G, Mehrotra P, Rawat YS. Taxonomic Diversity of Understorey Vegetation in Kumaun Himalayan
Forests. Life Sci J 2015;12(5s):28-31]. (ISSN:1097-8135). http://www.lifesciencesite.com. 4
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1. Introduction

X X
A great number of publications (Fainberg, 1961, N, =ng, (1+ =) Vop = Vop (1+ —)
Nezlin, 1977, Bogdankevich, 1971, Bobylev, 2004, L, L
El-Shorbagy, 2012, El-Shorbagy, 2009 and El-Sharif, Where L is the length scale of the variation

2009) and refs. Cited there are devoted to the
theoretical study of beam-plasma interaction.

Treatments of the beam-plasma instability
usually study the behaviour of the growth rate as a
function of the parameters of the problem for one or
two oscillation modes, which have the largest growth
rate

(L>>X) The growth rate of the instability is
calculated. Waves are excited more strongly in this
case compared for homogeneous electron beam and
magnetized cold plasma.
2. Fundamental Waves

The initial linearized set of equations (the

(Ivanov, 1984, Popkov, 1984, Kondratenko equation of motion and the continuity equation)
1989 Karbu;hev 17989 and i(achal(;v 1989) Thi; describing the oscillations in 1-D, for a relativistic
’ ; ’ ' electron beam, which travels along the magnetic

approach has permitted considerable insight into the
important role of transverse transport of the
oscillation energy which the group velocity out of the 0”V
beam region in determining the behaviour of the e = = =
beam-plasma interaction (Bilienkm, 1993 and El- 7+(V V)V)_ ;1 Vo=Vor + Vs »
Shorbagy, 2014).

In the present work, we study the linear 170 =V, €.

field, are:

interaction between the inhomogeneous EB and b (1)
inhomogeneous warm plasma under the effect of the

external static magnetic field directed along z- ON,

I:I _H, = Mg, T 1y,

direction, ( ez) The field equation that 2
describes the system is differential equations of third

order. To solve this equation to obtain the dispersion The initial linearized set of equations (the
relation we consider the density and velocity of equation of motion and the continuity equation)
inhomogeneous EB is in such form: describing the oscillations in 1-D, for inhomogeneous

plasma electrons in the oscillating electric field and a
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static magnetic field Hey perpendicular to the
plasma density gradient are given by: -

v, L e 1
Vo=—-J1E+—=(V,x
O/‘)t W P m[ C( P ert)]
_LVP

et (3)

Ny +§'(NPI7P) =0; Np=nyp+np
(4)
In equations (1-4), Vous Mo are the

unperturbed velocity and density of the beam while

n n .
0P> 1P are the unperturbed and perturbed density

of the plasma, respectively. P is the plasma pressure.
All other terms have their usual meaning. From (1)-
(4), we can derive the following expressions for the
perturbed densities: -

o ey’n,,
—exp(—x). E.
VOb J. V02b
—io iw
exp(—— x)dx — exp(—x
p( ” ) p(V )

0b 0b

. 2
. =.[za)e7 Mop .[exp( wx)Exdx

3
mVs, Vo

ey’ dny,

mV, dx

iw
— exp(——x)
VOb J.

.[ exp(_Vﬂ x)E dx
0b (5)

2

nOP (x) E(x)}

—— (1, (x))
ox ©)
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eH,
a):(a)z_a)j 1/2’ ) 0
Where, me s
kT,
V, = £
the electron cyclotron frequency and m s
the electron thermal velocity.
Using Poisson's equation
dE
— =—4re(n,+n,)
dx )

Moreover, by substituting from (5) and (6) into
(7) we have:

o’ 2iw 0°
—EE)-———5 ()
ox v, ox’
2 A2 2
w 0" . 0, o
() =~ ()
V,, Ox ox Vg,
1 i
LR —ew (i
VOb Ox Voo
l
V ™ 2( b)jexp(—x)E dx
0b Voo )
Where;
. Ve 8 (wi(x 5 (x
w0 0x"\ wo 0] S
the dielectric permeability of the plasma,
dre’n,,(x
a)lzp(X) — OP( )
m is the plasma Langmuir
dre’n,, (x
a)Z (X) — Ob( )
frequency and m is the
frequency of the inhomogeneous EB.
When N, =const., V,, =const., and
vV, =0
¢ , i.e., the case of a homogeneous electron

beam with magnetized cold plasma, equation (7)
becomes:

2
[—ia)+ Voo aij (eE )+ a),fEx =0
X
©)
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Equation (9) is in agreement with the work of
(Amein, 1975 and Akiezer, 1975).
From (2) into (8) we have

o* . ) X
_2(51(90) +0ep)E, —2iy,(1-—)
ox L

—| —& +08,)E
Ox Gx{( r ») X}
X R
zf(l—z)—(€§°)+5€p)
+ ) E)C
X
Z(f(l—?)
0 2x
=4%5{zﬁb~—%
X L (10)
where;
Ve w0 2(0
i = o+ 0|y 1220,
oo oo 0w
2
W, X w
0, =—L=, y,=—1,
P e L X v,
@? (0 X
52%0—2)
and 0b .

p(0), ,(0)

is the first approximation for
(0)

the plasma and beam respectively, and €r s the

first approximation of plasma electric permittivity.

X Xz

T 2
If we neglect small terms L or L and takes

E, ~ exp(ikx) , we have from (10), that:

o Vi) e
00 00| 00 (—kV,,)’
w0t
1+2ik2V0i,a)ﬁ o, 0
kL, 00 2KV,

(11

30

Since Y= 7 then from dispersion

relation (11), we obtain the growth rate as
- 173

n
1+2i2
y= w;b Wp &
o | 1 ikLV;
A1+ || |1+ —=
w, || kL 2
- - (12)
n _ _
kL<<1, —-=107-10""
where; Np
At N, =const., V,, =const., and
V, =0 . . .
) , equation (12) is agreement with the

equation in case of homogeneous beam-magnetized
cold plasma.

In the case of inhomogeneous electron beam
interaction with inhomogeneous magnetized cold
plasma,

1/3

2
Vo = _%9y 1+2in_/’i
cold ) n kL
2(1+—) b
“r (13)

By comparing relation (12) with (13), we can
see that the effect of inhomogeneous warm plasma is

appear n term
2 . 2
Wr), O n, 1 ikLV,
— X r . 2l—pk— 1+ —2 L
()
21+ %y | M KL
@p ie., the

instability is decreasing in the case of inhomogeneous
magnetized warm plasma as comparing with
inhomogeneous magnetized cold plasma.

We conclude that the growth rate of the
instability decreased more in inhomogeneous EB-
magnetized warm plasma than in inhomogeneous
electron beam-magnetized cold plasma.

3. Conclusions

We study the linear interaction between the
inhomogeneous EB and warm plasma under the
effect of the external static magnetic field. The field
equation which describes the system is differential
equations of third order. The growth rate of the
instability is calculated. Waves are excited more
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strongly in this case compared for homogeneous
electron beam and magnetized cold plasma.

The differential equation which we obtained is
in agreement with the case of homogeneous beam-
magnetized cold plasma instability if we put in our

case and VT" 0 .
The linear dispersion relation describes the system is
obtained (relation (11)).

Relation (12) shows that the growth rate of
beam-plasma instability decreased. This means that,
the interaction of beam with plasma waves are
weaker due to the local character of the interaction
i.e., the Chernkov resonance condition in this case
(inhomogeneous density of beam and plasma) could
satisfied only locally because of the dependence of

N, =const., V,, =const.,

@y and ©* on the variable X .

In conclusion, it is shown that the growth rate of
the instability in inhomogeneous EB- magnetized
warm plasma has been reduced as compared to
inhomogeneous electron beam- magnetized cold
plasma.
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