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ABSTRRCT

In the present paper we propose a new
method of enhancement of a longitudinal wave by
Injecting an electron beam into a modulated
unbounded plasma. The plasma density is modulated
by ultrasonic standing wave at wavelength L = 2%
7/ kE such that the ion plasma density can be
represented by N. =n . (1 + B.sin k z). where n .
is the ion equilibrfum dendity ahd B, is the
a:plitude of the modulation (B, « 1;. 'Transverse
waves are not affectec by_plasm% modulation while
the amplitude of generated longitudinal wave is
sharply dependant on B, and may play an important
1 2 for plasma heciiny.

The injection of electron beam into plasma is of
interest in several situations, e.q., wave amplification and
generation, plasma beating, plasma instabilities, and particle
acceleration {(Ivancon,et al., 1984; Gupta, et al., 1988 and
Shoueri, et al., 1991). Of these fields, generation of

microwaves represents an important application of the
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collective interaction of beams with plasma (e.g., Wu, et al.,
1987). The excitation of waves due to beam-plasma interaction
also play an important role to controlling and reducing the
attenuation of electromagnetic waves propagating in a plasma-
filled waveguide (e.g., Ottinger and Guillory, 1979).
Analytical theories on the beam-plasma interaction are
preformed without taking the ion response into account, which
only valid for weak beam strength. When the beam strength
increases or the plasma density is modulated, involving the
ions becomes very important.

In thiz paper, the problem o0 beas-wodnisted plasts
jinteraction is investigated. The following assumptions are

made for formulating the problem:

1) we apply the non-relativistic hydrodynamics model to both
the beam and the plasma,

2) both beam and plasma are cold,

3) ions serving as a neutralizing background with density
medulation n ﬁi sin Kuz,

4) perturbations are assumed to be of small magnitude so as to
make a linear analysis possible,

5) no external magnetic field is applied.

On the basis of these assumptions, the linearized
equation of motion, the continuity equation, MNaxwell's
equations and Gauss law are derived for both the beam and the

plasma in the frame of reference attained to the plasma :
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The subscript p,b refer to the plasma and beam parameters
respectively and,

(3)

N, =D, *n, Ny=un,(l+B,sinkz) ,

4

Ny=np+m, V =0+V, V =0, ¥ =V, +7
L

The time-independent (or equilibrium) quantities are indicated
by zerc subscript while the additions represent the perturbed
quantities. The previous set of equations give a remarkably
accurate description of the small amplitude perturbations

( n, > n v ob >> Vh ). Putting the perturbed quantities and
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fields in the form:

FupF(z)eiv

we obtain
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Yo c ' z ©w 0z
The signs (-,+) in the expression for V¥ indicate X-

5(x.1)
and Y-components respectively. We also considered the ions to

be at rest , Gi = 0 . The cwrent J is defined through the
plasma and the beam as:
(6)

:}= eN-I’f=—e[n-I-/+n-T:’+n-T}]
¢§bua‘ npp obb bob
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The electric and magnetic fields satisfy Maxwell's equations:

4T

vsz—_:!'. * —
c c

J,

We can obtain now the following set of equations inking the
fields in their components form:

i aEy iw - aEx -
....._...B = - i B = i B = 0'
c X oz c Y az z
an _iw E - 4ﬂeﬂ°bv
oz oy by
dB iw 4men,,
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where,
2 2
w 4me‘n
€°=1__D , w;,b = ol,o0b
w? m

Using Poisson's equation

6. E'-': E euNuf

a=p, b

and taking into consideration that the equilibrium charge
terms are equal to zero, we get
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(8)

dE, :
€, az" = 4%e n,,f; sink,z - 4nen,

Combining this equation with (2) and (5), we derive the
following differential equation describes the electric field
component E2

&*E, 9E, X2 wi (9)
- ] - - ._._..._b =
P 2.11——132 e (€, o2 JE, = T(z)

where,

X = <
Vob

anen, B,

[(x? + k2)cosk,z + 2ixk,sink,z]
kOEO

T(z) =

Equation (9) has a solution in the form :

Fem, Py et enth

]

. , 2
E =Ciexp (iy, z) +Ciexp (iyg_z) -

k,€, X %
where,
11
Xx = Xi—h: ' % Vb H
32 ob
€,
(10)

F ]
11,2 = [(ko:x)z - —22] ]

]
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the -ve and +ve 3sign are corresponding to X, and }{2

respectively. Also by combining (5) and (7) we get the
electric field components Exy
3 (11)
—-Iix)R(z}) =0 ,
(az ) R(z)

. *E z
R(z) = —X¥ + K*E_ = 0, K2=2 (¢ -2,
a: ¥ c; o 02
z .

Solution of (11) may have the form:

C, exp (1kz) (12)

£ KZ _12

xly

= C, sexp (iKz) + C, sexp(iKz) +

It is clear from (10) and (12) that longitudinal waves (Ez )
propagating along z—-direction, due to the electron beam, has
been affected by the plasma modulation. And from (10), we can
see that, under the condition |){l | > | X, |, the longitudinal
waves are amplified due to plasma ion modulation, and can be
regarded as a source for plasma heating. When taking into
consideration the plasma boundaries, modulated plasma will ]
lead to radiation of transverse waves with large amplitude and
the plasma may be considered as a source of microwave. This

case will be investigated in due course.
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