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The excitation of non-linear oscillations in plasma by

charged particle beams is of certain interest from the point

of view of the possible use of characteristics of such oscil-

lations in order to determine the physical parameters of the

passing particles ae well as the plasma itself.

The excitation and stability of plasma non-linear wares

produced by uniform electron beams are considered in the work

£1]. In present paper we consider the excitation of non-lineai

oscillations in cold plasma by a monoenergotic electron beam

having limit size in the direction of beam motion and analyse

the dependence of the characteristics of the excited oecil -

lations on the beam parameters.

Let a non-relativistic electron beam, infinite in the di-

rections of the axe 8 X and у and having a thickness Zo

moves along the axis H with a velocity Vo **• С . If the

beam density is equal to ГЦ then at small thicknesses j?
e

one may assume that the magnitude €"=Cfl|Zo ia the beam charge

^surface density. Therefore, one may consider such a beam as a

charged "plane" and write the charge density in the form p =

— - 5* о (_Z—V
o
x) . Thus, with these assumptions the problem

under consideration is essentially one-dimension problem and

-3-



the self-consistent system of equations dieeribing the beam -

plasma interaction in the hydrodynamic approximation for non ••

relativistic beam and plaama particle velocities takes the fol-

lowing form:

) = о , 1Л
 +

"II,-. ктгеъич Wvo£S(zvoi.) ,
(D

where /fcx fl.(Zf£) and U* U (£,-£) are the density and velocity

of the plaoma electrons, /Z-o is the equilibrium density equal

to the density of ions in reet, б is the absolute magnitude of

electron charge, respectively.

Though we have a one-dimension problem, nevertheless the

system of equations (1) is complicated and therefore we shall

limit ouxt-alvee studying the stationary solutions of this sys -

tern when all the functions depend on з=. and ~L in the form of

sombination of «ae variables 2 = 2—V
o
"t. One may show that

in the one-dime;, anal case under consideration the obtained

stationary solutions coincide with the solutions having the

form of simple waves. To obtain the stationary solutions of

the system (1) one may rewrite them introducing the potential

CP instead of E (

J
b n(uV) = О
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(2)

From the first two equations of the system (2) it follows

П/(и-У
о
)~ Const. and (U-V^- %£.<£= COnf-b

To determine the integration constants entering into these

current and energy conservation laws let us choose the poten-

tial (/> equal to zero in the point where Z = О and also as-

B\meLL(O)*O and Ibfd)* /b
o
(t0T an another choice of U(o) we

should have a constant flux of plasma electrons). Then we ob-

tain:

V
o
-U 2,

 T
 SL

or substituding % H 1 +

*

(3)

Writing the last expression we have taken into account the

fact that the root*square has sign "plus" since the electron

density fl has to be a certain positive magnitude.

Substituding П/ from (3) into the last equation (2) and

using dimensionless variables we obtain

(4)

where

v
e

 c
 V /«/io

 r
 v " U T "
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This non-uniform equation may be replaced by an uniform one -

with an additional condition for the discontinuity of the first

derivative of the function %> in the pointe X— О ',

-6 v
c

(5)

The general solution of the uniform equation пае been conside-

red in the work [2]. Multiplying equation (4) (without right

hand side) by ^ /d%
 o n e ш а у с а г г

У
 o u

* first integration.

Determining the integration constant from the condition (5) ta-

king into account the equations
 <
X/(f>)

s
i, % (

4
О )

=

and X l " O )
s
" ^ J j(£ one ontainsi

From this equation it follows immediately:

where (7)

Since V Aw»ln is a positive magnitude one obtains

< V o . Let us also note that, as it is seen from (3)

and (7) » the magnitude Vg- is the maximum velocity of plas-

ma electrons —^ and



Thus, the stationary state in cold plasma with ions in reet and

in the presence of a "chared plane" type beam is possible only

when the condition V
6
- •< V

o
 is satisfied. According to its

physical meaning 4
r
 determines the maximal kinetic energy of

plasma electrons which corresponds to the electrostatic energy

per electron of the "charged plane" field [ (ХЗГ<Г*) /9
—

Integrating equation (6) we obtain the following implicit

expression for OClW *

This relation together with the expressions (3) determines the

dependence ot fit i \JL end other characteristics of the non -

linear stationary waves excited in plasma on the electron beam

parameters Yd"
 a n d
 »o •

The dependence of the magnitudes J^ , JQl » . •- and

d i i l£/ЭДГ<Г— — J l - ^ f ^ - l Y
 o n

 *
oe
 dimensionleee va-

riable X for two*values of the ratioYeyVo ;0.5 and

V<f/V
0
 ~ A is given schematically in Pig;i - 4.

Now let us consider the problem of the excitation of longi-

tudinal non-linear stationary oscillations in relativistic cold

plasma by a relativistic electron beam having the above discus-

sed shape. Using the complete system of hydrodynamics relati-

vistic equations and Maxwell's equations one may obtain the fol-

lowing equation for the longitudinal component of the dimension-

less momentum Р
ж
 = ̂ ъ/ДгЩ , U

a
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-=o

(9)

with the boundary condition at the points ~ v) I

-€

After the first integration assuming О /Q\ — Q and

using the condition (10) we obtain the following equation:

СП)

where

The integration of (11) results in the following formula

for the longituc oal component of the velocities l/% as func-

tions of 2 « 2 - v
o
*t :

where

by the relation (12).

and are determined
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Iu the general case the inte
t
 ; in (13) ̂ ay be expressed

by elliptic functions [}, 4] • The apace period Z * (wave-

length) and the oscillation frequency CJ are given by the

expressions

( 1 4 )

R and fc are the total elliptic integrals of the firet
I # • V-X *" (/jij>ji I У

and second kind with module K = /

where R and

In the two limit cases Uitmv» ^ •* and j(-Ug
AK
t
)l
<f- £

the oscillation frequency is given by the following simple ex-

pressions:

ы = o
r
 (1- su

(16)

Let us also give the expressions for the density ib and

field t, j as functions of " г (It is not difficult to obtain

them using the initial system of equations of motion,continuity

and Maxwell's equations);

fb- «г
 с r
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Ths formulae (13), (14) and (17) determine all ths charac-

teristics cf the longitudinal non-linear oscillations in depen-

dence of the electron beam parameters О and N̂ » . However,

it is necessary to note that in the relativistic case the one-

diiasneional motion is impossible and velocity components LJ*

and *-*y appear due to the presence of magnetic fields in the

initial equations. The relation between the longitudinal and

transversal oscillations results in a fact that the solutions

of the equations for the velocity components are non-stable

due to the terms proportional to & (&*•*) ±
n
 the equations

for the transversal components

AFJ the analysip shows the application of an external mag-

netic field does not remove the solution non-stability though

changes its character.
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Figure Captions

Pig. 1. The dependence of % (*) on X for VsyV e = 0.5 and

~ £
ч
 The maximum,inflexion,and minimum take piece at

' yFig. 2, The dependence of ' yf^ on X . rhe maximum and

miniiamn take place at ^miv»~ "7=г(*̂  —--h ЗГ }

. 3. The dependence of rvvv on X
 9
 The maximum and

vc
minimum take place at the same values of X as in

JPig. 2.

Pig. 4. The dependence of ЁгЛУ... oa x i A ^ j^-C») ̂  ^
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