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Recently the question of the behavior of charged particles in random fields has
been intensively studied (see, for example, (174)) in connection with the problem
of turbulent heating of plasma. The behavior of such particles in weak random
fields has the character of diffusion in velocity space, the result of which is an
increase, on average, of their energy. The aim of the present work is to show that
pumping of energy into a nonlinear wave by external random sources is possible,
in essence analogous to the stochastic acceleration of charged particles. The
effect of stochastic heating of a nonlinear wave can be observed under conditions
when the damping of the latter due to collisions and other factors is small, and
the spectral properties of the noises do not change with time and are determined
mainly by external sources. It will be shown that a certain part of the noise
energy is transferred into the energy of regular collective motion, as a result
of which the energy, and with it the amplitude, of the nonlinear wave increase
with time analogously to the way stochastic acceleration of particles occurs.
The differences between particles and a wave in the character of the stochastic
pumping of energy are connected with the spectral properties of the latter. It is
established that the process of pumping energy into the wave is accelerated as
its amplitude grows and can be interrupted, apparently, only by its overturning.
Let us consider (without limiting the generality of the qualitative results) the
influence of a random external force on stationary solutions of the Korteweg-de
Vries equation, which has in a certain sense a universal character (°),

vy + (1 + ’U)Um + Vppe = EF(J),t)*, (1)

where v is the velocity of the medium; z, ¢ are coordinate and time; eF'(z,t) is
a random external force and € « 1. The wave energy H for ¢ = 0 does not
depend on time and is simultaneously the Hamiltonian of equation (1) (°):
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Equation (1) in the canonical variables v_, v,/q has the form
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* A parametric random external force can also be included in the consideration.

It is now not difficult, taking (2), (3) into account, to write the equation for the
wave energy H (t)
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Let, in the absence of a perturbation, a stationary wave v (z — ut) propagate

in the medium with velocity u. In this case vé()) = a(q)e ", and in the first
approximation in ¢ from (4) we have

dH +o0 ) +oo 0
v 2meu dqug"F_, = eu dz v\ (z — ut)F(x,t), (5)

since
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We shall now assume that F'(x,t) is a stationary random process with zero mean
and spectral density S,

(F(z,t)) =0, (F(z,t)F(x+&t+7)) = R(&T);
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From (5) we find the mean square of the change in energy over the time ¢:

((H(t)—H(0)) =
= (eu)? /[::O dxy d, /Ot/ot dty dity v (2 —ut; )0 (zy—uty) R(|2,—,], |t1_(t72)|)'

Passing in the integrand to the Fourier representation in x and ¢ and recalling
that véo)(t) = a e """, we obtain
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Let 7, be the correlation time. Then, for a time ¢ > 7, after computing the
integrals over ¢; and t,, and then over w, we obtain

4sin®[(w + qu) /2]t
(w+ qu)?

([H(t) — H(O)2) = (2meu)? /[ dgdwaga_,S,, ()

and finally

([H(t)—H(O)]2>%t-2(27r)3(5u)2/0 dqla S, . =tD  (t>7.), (10)

where D is the diffusion coefficient. In particular, for a solitary wave, when
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we have
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which gives

D~ (24reu)*(u—1*2  (ruvu—1<«1),
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D =~ 2m(24e)?u(u — 1)/, (TCU\/U —1> 1) :

With the aid of the expressions obtained, we find the time 7, during which the
nonlinear wave overturns (at the critical velocity ug):

7o ~ (ug —u)*/D.

Novosibirsk
State University

Received
21 V 1969

References
1. F. G. Bass, Ya. B. Fainberg, V. D. Shapiro, ZhETF, 49, 7, 329 (1965).
2. R. A. Sturrock, Phys. Rev., 141, 1, 186 (1966).
3. S. Puri, Phys. Fluids, 11, 8, 1745 (1968).
4. V. 1. Aref ev, I. A. Kovan, L. I. Rudakov, Pis’ ma ZhETF, 7, 286 (1968).

5. C. S. Gardner, C. H. Su, Annual Report of Princeton Plasma Phys. Lab.,
MATT-Q-24, 329 (1966).
6. C. S. Gardner, Ibid., 332 (1966).
Note: Figure translations are in progress. See original paper for figures.

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the
original.

sovietrxiv.org/items/ru-196901.73686 Machine Translation


https://sovietrxiv.org/items/ru-196901.73686

	Abstract
	Full Text
	ON STOCHASTIC “HEATING” OF A NONLINEAR WAVE
	References


