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Abstract

The parametric coupling of transverse and longitudinal waves in a plasma is
shown to depend strongly on the structure of the pump wave., Within the fluid
model, the threshold pump intensity and the maximum growth rate of the ex—
cited waves are obtained for the cases of a linearly polarized, a travelling,

and a standing circularly polarized pump wave.
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1. Introduction

It is well-known that a strong radiation, acting as a pump, can simulta-
neously excite transverse and longitudinal waves in a plasma (DuBOIS, 1972),
The purpose of this paper is to study the effects of the pump polarization
on the wave-wave coupling process. Within the fluid model, we shall derive
the coupled equations for the cases of a linearly polarized, a travelling,
and a standing circularly polarized pump. As will be shown, the coupling

process depends essentially on the symmetry of the pump field.

2. The Coupled Equations

Let us consider the interaction between transverse and longitudinal waves,
all propagating along the z-axis, in an homogeneous, unbounded plasma.
Starting from the well-known fluid equations (namely the continuity, the
momentum and Maxwell's equations, KRALL and TRIVELPIECE, 1973), one can
show that the coupling between electrostatic and electromagnetic electron

waves 1s governed by the following equations:
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where n , vV , ;; and UJr are the electron density, the transverse velo-
city, the thermal velocity and the plasma frequency, respectively. [, and
; are the linear (collisional and/or Landau) damping rates of the longi-

tudinal and transverse waves.

From Eq.(1), it is easily seen that the coupling between two transverse
waves induces a longitudinal wave through the non-linear Lorentz force \62}6,
Iz

while the coupling between a transverse and a longitudinal wave induces an-

other transverse wave through the non-linear current -en¥§ .



After a Fourier transformation with respect to space and time, Eq. (1)

becomes
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with

(2¢) Q(w,k) = Wiy zinw- w: = w'y ullw._ :57:,0}- w;
and

(2d) Dw,k) = w*s lir;w'—ﬂ:, = we wl,w. »c"ﬁz-w?,

Let us now consider the case of parametric coupling where one has a strong,
externally-imposed wave acting as a pump to excite other plasma waves
through the mechanism previously described.

By assuming that VJ - thj +V; with vi K \61. ’
and keeping only terms of first order in V,- » Eq.(2) then reduces to the

following linearized equations:
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which can be readily solved in a variety of situations.



3. The Linearly Polarized Pump

. . . . =
For a pump wave polarized along the x-axis (with unit vector €, ) such

that
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the Fourier transform of the pump-induced velocity is
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Substituting (4b) into (3) yields

(5a) g(w,k) n(w,k) = 1,V k* [ Vv, (w-w,, k)4 Vi (we w, ke k,)]
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which show the well-known properties of the parametric coupling process:
each component n{w,k)is coupled to {zgntua,htk,), which in turn couple
with m(w,k) and n(wrzw, kr z,k.). Consequently, one has to deal with an
infinite set of linear equations, whose solutions can be obtained by the

so-called resonant approximation (NISHIKAWA, 1968).

A study of Eq.(5) shows that the coupling process is most effective under

the decay conditions
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which can be satisfied by
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Within the resonant approximation, one then obtains the following threshold

value for the pump intensity:
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For a pump intensity above this threshold value, the maximum growth rate

of the excited waves is given by
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Note that in Eq. (7), k must take the values given by Eq. (6b).

4, The Travelling Circularly Polarized Pump

For a pump wave with a circular polarization such that
g -ty . . d - TC
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the Fourier transform of the induced velocity Vei is
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Upon substituting (8b) into (3) and introducing the new variables
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we obtain the following coupled system:
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Eq.(9b) shows that each component n(w,k) is coupled to v:(bu—u%, k-k,)
and  V, (w+w,, ket ) » which in turn couple only with w(w,k). Consequen-
tly, we have, in this case, a closed system of 3 equations for a three-wave

coupling process,

From Eq.(9b) we easily deduce the following dispersion relation for the

electrostatic waves:
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which is valid for a pump field of arbitrary intensity.
Under the decay conditions (6), we now obtain:
- the threshold pump intensity
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- and the maximum growth rate of the excited waves
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Note that the factor 2 on the RHS of Eq.(11) is only an apparent advantage
of the circular pump over the linear pump. In fact, one has to apply two

linearized fields to obtain a circular one. The real advantage of a circu-
lar pump wave lies in the fact that it only induces a three-wave coupling

process, and therefore can feed its energy more efficiently into these modes.



5. The Standing Circularly Polarized Pump

For a standing pump wave such that
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which shows that one has to deal again with an infinite set of linear equa-
tions. One notes that, in this case, the coupled components m(w,k) all have
the same frequency, while their wave numbers differ from one another by

integer numbers of f, . This is in contrast to the case of a linearly pola-
rized pump where the coupled components differ from one another in frequency

and in wave number by integer numbers of w. and ks, , respectively,.

o

Under the decay conditions (6), Eq.(13) can be approximated as
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which yield the following dispersion relation:
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The minimum threshold value for the pump intensity is given by

(16a) v = w, LN,
Wy (k24 kY

while the maximum growth rate of the excited waves is

(16b) YM = LL [—(“.«r ) +\/(nf )*s 4w;%L(k.thvl)/whﬂh’] .

Note that, due to the pump symmetry in this case, one observes the same

phenomena in the forward and backward directions.

.6. Conclusion
onciusion

In the foregoing sections, we have shown how the parametric coupling process
depends on the pump nature: A linearly polarized pump excites simultaneously
an infinite number of plasma waves with frequencies and wave numbers wiNw,,
kt Nk, ,(Nz=0 oo) 3 a travelling circularly polarized pump can excite only
one plasma wave while a standing circularly polarized pump excites an infi-
nite set of plasma waves having the same frequency, but whose wave numbers

differ from one another by integer numbers of k, .

Finally, note that for the high frequency waves considered in this paper,
effects of the ions have been neglected. Extension to the case of a magne~
tized plasma, and inclusion of the ion waves have also been considered and

will be reported later.
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