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1. Introduction

In nondissipative plasma with weak nonlinearity and dispersion, the propagation of ion -
acoustic waves and solitons are described by the normalized Korteweg de Vries (KdV)
equation [1]:

1
W+ WO W+ 0 W =0 (1)

where W is the perturbed - to - unperturbed plasma density ra&on,, or the wave
potential normalized by the electron temperated® kT, , & = xA is the spatial coordinate
normalized by the electron Debye lengihy, 7 =w,t is the time normalized by the ion
plasma frequencyw , and 8 the ratio between the dispersion and nonlinear coefficient. The
equation (1) expresses the fact that nonlinear effe$td,)( and dispersion onesQ(zo"'E&),

are responsible for the normalized time dependence of the perturbed function.

In this paper new solutions of the KdV equation connected with the experimental
studies are discussed. In the second section the cnoidal solution and dispersion relation are
obtained. lon-acoustic and soliton waves result as degeneration of cnoidal modes oscillations.
Experimental results are describe in the third section. The conclusions of the present paper are
summarized in section forth.

2. Mathematical model

By using the method given in [2], the perturbative solutions of Eq. (1) are of the form:

0=y, +Acn?(ud,  u=alt- a) v
with
2
c:uccszwo+%(2—s‘2), a:%DAZéV , U, =const (3)
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In these relations A is the

normalized amplitude¢ the normalized

perturbation speedgs the ion-acoustic
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speed andcn the Jacobian elliptic
function with moduless [3]. The result
(2) shows that the modes of the plasma

oscillations are cnoidal (Fig. 1). The

.2 dispersive relation corresponding to
4 o cnoidal modes oscillations comes out of
the periodicity of the solution [2]. It has

Fig. 1. Cnoidal waves.
the expression:

2K(s)v = , (4)

\/ 1 -1+ E(S)
s*(2K/A; 9 K(s)

where w=2K(s) is the normalized wave

0.3

v VA i
o ﬂ‘ﬂ"}""i’ 77 frequency,A the normalized wave length,
o.1 ‘}h”'" - .8

o b6 snthe Jacobian elliptic functiork(s) the
s complete integral of the first kind afs)
the complete integral of the second kind
Fig. 2. Normalized dispersion relation. 8] In Fig. 2 the dispersion relation (4) is
plotted. For small values ofg the
dispersive effects appear before the non -
linear ones, while for great values the situation inverts. Moreover through the variation of
the modules, one can discuss the whole range of the wave modes according to relation (3)
between sp and A. But the following degenerations are possible to be analyzed in view of

experimental evidence:

i) for s — 0, situation in which the dispersive effects are dominant with respect to nonlinear
ones, (2) reduces to the ion acoustic wave packet. With the identifications

a'=k,46% = g, kcl = w, from relations (3) and by multiplication witk we obtain the
S

known results [4];

i) for s 1, situation in which the dispersive and nonlinear effects become asymptotic
comparable, relation (2) reduces to soliton packet;
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iii) for s=1, situation in which we restrict to the conditions where the dispersive and non -
linear effects are comparable, (2) withy = 0 reduces to the soliton:

"= A'sedv’[a ‘(- c't)| (5)
and (3) to
A",

= O’HZQE%QZ; A'=ANs=1a"=a(s=1; ¢= ¢=1) . (6)

Thus : 1) the soliton speed celative to the uniform statgy; is proportional (in this

C”:

case by a factor 1/3) to the amplitude, 2) the widihs (a")_1 of the solitary wave is
inversely proportional to the square root of the wave amplitude and therefore taller solitary
waves are narrower in width and travel faster than shorter ones, 3) the amplitude A
independent of the uniform stage;, the limit of ¢*'(&, 7) as|t| - .

3. Experimental results

The experimental results wher

50

obtained in the DP-plasma devic | o
presented in [4,5]. The -s0 a0 ///,//
approximation may be applied whe o //

the ion-acoustic wave is excited by g N ///" )

bi-potential structure and sma ] 7

amplitude of the exciting signal [4]

T T T T T T T T
50 100 150 200 250

In this case nonlinear effects ai o)
nm

negligible and dispersion can be
. . Fig. 3. The experimental (full curve) and theoretical
dominant. Physical results are

) . . (dot curve) dispersion relation.
presented in Fig. 3, where experi-
mental points fit very well with theoretical dispersion relation (full curve) obtained for s up to
about 0.91. This results correspond also to that presented in Fig. 2 which shows that

dispersion relation is very little dependent on s up to about 0.96.

For s 1 approximation a DP-mode method of the ion-acoustic soliton was used. The
exciting signal was a short pulse of rather large amplitude applied to the source chamber with
respect to the target one. In general, the soliton speed is considered to be a linear function of
the soliton amplitude, but taking into account relation (3), a possible nonlinear dependence of

the soliton speed might be expected. This result is presented in Fig. 4 where soliton amplitude
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multiplied by time propagation foi

a fix position of the soliton detecto

25000

shows a clear increasing wit CR— /
amplitude of the soliton. Similai § e
. S 150004 -
results are also presented in [7]. ¢ /
E 10000 A -
a //
. £ -
4. Conclusions X so00- s
£ y
[ -
The main results of the work ar 0+———— . — :

the following:

T T 1
0.6 08 1.0 12 1.4 16 1.8

Exciting signal (V)

the perturbative solutions of the Fig. 4. Time x amplitude dependence function

KdV equation have been made of exciting signal.
in the shape of the elliptical
functionscr? of moduluss; these solutions have been associated to the cnoidal modes of

oscillations of the plasma. The relation of the cnoidal modes' dispersion has been found.

the ion - acoustic waves and the solitons have been obtained as representing degeneration
of the cnoidal modes fos - 0 respectivelys=1;

the dispersion experimental curve was obtained through the excitation of the ion - acoustic
wave by a plane bipolar potential structure, and it was compared with that provided by the
theoretical model taking into account the significance of the elliptical function's modulus
(see the degeneration of oscillation cnoidal modules), the \w&@91 indicates the fact

that inside the examined plasma the dispersive effects are dominant comparing with

nonlinear one.
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