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We discuss the mechanism for trapping and entraining of electromagnetic (EM) field packets by
ion-sound waves into supercritical regions of an inhomogeneous plasma. The transfer is caused by
the fact that there exist, in an inhomogeneous plasma with strong ion-sound waves, EM field
states which are dragged along by these waves into dense plasma layers. We determine the
efficiency of the excitation of the entrained states of the EM field by incidence of EM radiation of a
given frequency upon the plasma and we find the penetration depth of the trapped field into the
dense plasma layers. We show that it is possible that the EM field can penetrate into plasma layers
having local density values several times larger than the density in the region of the turning point

of the radiation incident upon the plasma.

1.INTRODUCTION

The problems of the penetration of electromagnetic
(EM) waves into inhomogeneous plasma regions with local
values of the plasma frequency larger than the frequency of
the radiation incident upon the plasma (supercritical re-
gions) are of considerable interest both for the theory of
wave propagation and for applied studies of plasma physics.
In the past the penetration of strong high-frequency waves
has been studied; their action leads to a considerable nonlin-
ear restructuring of the parameters of the medium.'* In par-
ticular, the excitation of electro-acoustic waves by a modula-
ted EM wave, incident from the vacuum, at the boundary
between the vacuum and a uniform supercritical plasma has
been studied in Ref. 8.

In the present paper the penetration of EM field
bunches into supercritical regions of a smoothly inhomogen-
eous plasma is connected with their transport by strong ion-
acoustic waves. This transport is caused by the existence in
an inhomogeneous medium of quasi-localized states of the
EM field, which are of variable frequency and are dragged
along by the low-frequency wave of the parameter of the
medium.® The transport mechanism can be demonstrated
using as a model the problem of evolution of a one-dimen-
sional wave field ¥(z,t) described in dimensionless variables
by a Schrddinger type of equation:

v, 10y
"ot 2 oz

with a potential

U(z,t)= ——zz— + V (z—at),

where V(z — at) is a low-frequency perturbation of the po-
tential and moves with a velocity a >0 into a region with
large values of the stationary potential U,(z) = z/2. Equa-
tion (I) can be reduced through a change of the independent
variables

f=z—at, t'=t

and of the required function
¥=T (%, 1) exp (iag—iat’/4)

to the form

480 Sov. Phys. JETP 67 (3), March 1988

0038-5646/88/030480-06$04.00

oy 10y
1 —
T 2 9

e E v Jemo,

from which it follows that for well- or hump-type perturba-
tions V(&) of the potential there can exist metastable states
which are dragged into the region z > 0,

Po="Tx(E) exp (—iput—iat*/a+iat),

withafrequencyw, = Re u,, + at /2 whichincreases mono-
tonically with time. After the lifetime of the metastable state
t, = |Impu,| ™", an upwards shift Aw by an amount of the
order a|Im p,, | ™" is reached. The penetration depth of the
field is then z,, = 2Aw = 2a|Im g, | ~'. The magnitude of

this shift and the penetration depth are larger for low-lying
weakly damped states.

We consider in the present paper EM field states which
are dragged along by ion-sound waves into dense plasma
layers. We determine the coefficients for the excitation of
such states. We find the lifetime and the corresponding pene-
tration depth of the field dragged into the dense plasma lay-
ers. We show the possibility that the entrained field can be
dragged into plasma layers with a local value of the density
several times larger than the value of the plasma density in
the trapping region.

2.BASICEQUATIONS

We consider the field of EM waves in a plane-layered
plasma without an external magnetic field in the presence of
strong nonstationary density perturbations produced by ion-
sound waves. To be specific, the wave vectors of the EM and
ion-sound waves considered are assumed to be collinear with
the direction of the density gradient of the unperturbed plas-
ma, which coincides with the z axis. In that case, the equa-
tions describing the interaction of the EM waves with the
strong ion-sound waves have the form

9*E  9°D

I o (1
9zt at* 0 » )
2 2 2 E 2
1 9%p, 5pa+ {Pa dpo} 1 0*| I ’ (2)
et at? 9z* po dz 16mnc® 02°

where E is the electric field strength of the EM wave, D the
electric induction, ¢ the velocity of light, p; the perturbation
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of the plasma density in the ion-sound wave, p, = p,(z) the
value of the plasma density when there are no ion-sound
perturbations, and ¢, the ion-sound wave velocity. The elec-
trical induction D is connected with the field strength E
through the integral relation'”

D(s,t)=| die(E t,2)E (5,69, 3)

and the form of the kernel € (3,¢,2) is determined by the prop-
erties of the medium. The #-dependence of £(2,£,z) character-
izes the temporal dispersion of the medium and the depen-
dence on z and ¢ corresponds to the inhomogeneity and
non-stationarity of the parameters of the medium. The set of
Egs. (1), (2) for well- or hump-type profiles of the ion-
sound density perturbations has solutions describing EM
field states which are dragged along by such perturbations.
We consider first of all entrained states of the field, neglect-
ing the action of the EM waves on the ion-sound perturba-
tions. Afterwards we take into account the change in the ion-
sound wave parameters due to the action of the EM field.

3.ENTRAINED EMFIELD STATES IN AN INHOMOGENEOUS
PLASMA

We consider the field of EM waves in a plane-layered
plasma with a monotonic density profile in which a strong
ion-sound perturbation propagates in the direction of the
density gradient. We write the field of the EM waves E(z,t)
in (1) in the form of a wave packet with a frequency w(?)
which varies slowly with time:

E(z,t)=E,(z, t)exp{ij m(t)dt}, 4)

where E,(z,2) is the envelope of the wave packet. Assuming
the characteristic time T, for a change in the frequency @
and of the envelope field E, to be much larger than the wave
period, Tow <€ 1, we expand the amplitude E,(z,t —?) and
the phase

ot —0={ o)

in (3) in series in the vicinity of ¢ up to terms of order
(T, @)~ ' €1. We then perform in (3) transformations simi-
lar to those in Ref. 11 and use the definition of the permittivi-
ty of a medium with temporal dispersion
e (0, {,2) = S dit (3,1, 2) eiol,
¢

to substitute the relation obtained for the electric induction
D(z,t) into (1). Retaining in the formula obtained terms of
order (T, w) ™', we have the following equation for the field
envelope E,

'E, . 0K,

c* RAT)
az® ot

d
+[ i%— (.0280+i( e’

where

g0, t, 2)=1—,2(z, t)/0*(t)

is the quasi-stationary value of the permittivity of an inho-
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mogeneous and non-stationary plasma,
0, (2, t) =[4ne’N(z, t)/m,]"

is the plasma frequency, N(z¢t) the plasma density;
€' =Ime is the imaginary part of the permittivity and is
connected with the non-stationarity of the parameters of a
medium with temporal dispersion, and leads to an additional
phase shift between D and E. If the wave packets (4) which
we are considering are of finite size, the magnitude of the
imaginary part £’ found from the condition that there exists
for such packets the adiabatic invariant'"!?

dt{ jdz|Eo(z NE }

is equal to 1/2(dw/dt) (3 e,/dw?). In that case Eq. (5) for
the wave-packet envelope E,, in an inhomogeneous and non-
stationary plasma takes the form

o 9°E, dE, [ do

oY at

—+ 0%, (0,t Z)]E =0, (6)

We set the plasma density N(z,¢) in (6) equal to
N(z, t)=N,(1+2z/L)+N,(z—c.t, vt),

where N(z) = Ny(1 + z/L) is the stationary value of the
density, N (z — c,t,vt) is the deviation of the plasma den-
sity, caused by the propagation of the ion-sound wave into
the dense plasma layers, from its equilibrium value N(z);
v £ 1 is a small parameter corresponding to the change in the
parameters of the ion-sound perturbation in the inhomogen-
eous plasma. If we change the variables

E=z—ct, t'=t

and the required function

E,=y(E, vt)[ z—(((% ' exp[ ic.uc)z(t) g] (7)

and neglect in the relation obtained terms of order (¢, /c)?,
Eq. (6) takes the form

7 0y 2 2 i &
0&2 - 2iov— 5 [m (t) —wp? (t) —wy (0)7
— 35" (g, \‘l’)] P=0. (8)
where

c,t . 4me*N,
1), o=

4me’N, (g, vt)

m,

0, () =0, (0) (1 +
(()PZ (gv Vt) =

Equation (7) together with (8) describes the envelope
of the EM wave packet. The frequency w(?) of this packet is
determined from the solution of the boundary-value prob-
lem for Eq. (8) for the eigenvalues of the field states ¢ de-
scribed by Eq. (8) for a given profile @} (£,vt):

(Y =w, (t)+Re 1. (9)

Hence it follows that in an inhomogeneous plasma and when
there are strong ion-sound waves present it is possible that
there exist EM field states which are dragged along into
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dense plasma layers and have a frequency which increases
monotonically with time.

4. TRAPPING OFEM FIELD PACKETS IN ENTRAINED STATES

To determine the efficiency of the excitation of the en-
trained EM field states we assume that an EM wave of fre-
quency o, is incident from the vacuum onto a plane-layered
plasma normal to its surface, so that in the absence of ion-
sound density perturbations a field distribution

E(z, t)=E:(z)exp(iwot)
with an amplitude which is constant in time and which is
described by the equation

2
2 L, + [(Ooz—ﬁ)pz(o)( 1 +z—)] E.=0

c
dz*

is established in the plasma. Furthermore, we assume that
from the region, of incidence of the EM field upon the plas-
ma in there propagates the direction of the density gradient
an ion-sound wave in the form of a compression step:

N (1), z<ecgt
Ns(§7Vt)={ 0 Z>ct'

Assuming that the ion-sound wave speed and the scale of the
plasma inhomogeneity L are sufficiently large quantities, we
take it that an ion-sound perturbation does not affect the
nature of the propagation of the EM field incident upon the
plasma when the plasma frequency in that perturbation
[o; (1) + @ (§v1) ] '/2 is less than the critical value w,, and
becomes opaque to the field incident upon the plasma at the
time ¢ * when the quantity [} (¢) + @ (&,vt)]'/? reaches
the critical value w,. If we write the EM wave field in the
region z>c,t*, for t>t*, as a sum of the fields of the en-
trained states the envelope and frequency of which are de-
scribed by Egs. (7)-(9), and, to be specific, assuming that
the field E; in the region z > ¢, ¢ * contains m oscillation com-
binations we get for that time at z> ¢,z *, in terms of the
variables 2’ =z — ¢ t*,t' =t — t * (we drop the primes in
what follows)

Yu(z)= Ecm,nlbn (z)exp (i

———c"‘"‘z(o) z), (10)

c

where C,,, is the coefficient for the excitation of the nth
state

E.=vy. exp (ic,0,.z/c?)

by the field ¢,,, . The functions ¢,,,,,, in (10) satisfy the equa-
tion
» PYmn z
C.Tu+[pm(n)_wpz(0) T] 1bm(-n)zo (11)
with boundary condition ¥,,,, (0) =0. The solution of
(11) is in that case the Airy function Ai( — Pom(my ) With
argument

Pm(m=Alh (z_-ﬁm(ﬂ)/A)v

where
ko=w;(0)/c, A~'=kL,
®,*(0) =0, (0) (1+7.).

z=zk,,
Hrn(n):“’m(n)/mpz (O) ’

while the quantity —p,,,y = — fipnny 4 ~*/*isthe m(n)th
root of the Airy function Ai( —p,,.,, ) = 0. Multiplying
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(10) by the complex conjugate y* (z) of the quantity ¢,, (z)
and integrating the relation obtained over z from 0 to + oo,
using (11), we get

Crnn=exp(iVpm) j d(—pn) Ai(—pm) Ai(—p.)
X exp (—iVpm) [ ". d(—pm)Ai?(—pnm) ]— , (12)
where
V=(csJc) (koL)" (1+,).

To start with we analyze Eq. (12) for small values of the
parameter V. We assume that in the region which gives the
essential contribution to the integral (12),0<p,, <p,,, the
relation Vp,, €1 is satisfied. In that case, using in (12) the
relation exp( — i¥p,, ) =1 —iVp,, and the condition that
the Airy functions Ai( — p,, ) and Ai( — p, ) are orthogo-
nal when m#n, we get for the excitation coefficients

Ch, w=iVIn, o

Inn=— Jd(—pm) P Al (—pm) Ai(—pn)

—Pm

oo

X[ [ a-pmaipn ]

—Pm

The excitation coefficient is in this case small and propor-
tional to the parameter V. The way C,,,, depends on the
indexes m and n is described by the integral I,,,,, and is found
by numerically integrating that relation. We give here the
quantities ,, ,, for m-values 4 and 6 and » values 1 and 2:

1.,~0.17, I,,~0.44, I;,~0.09, I,,~0.13.

It is clear that the amplitude of the excitation coefficient
increases both when the number of the excited state n in-
creases, and when the number m decreases.

We analyze Eq. (12) for parameter values V> 1," cor-
responding to large values of the inhomogeneity scale kL.
We consider the case m>n. The argument of the function
Ai( —p,, ) intheregion where Ai( — p,, ) is localized is then
a large negative quantity, p,, > 1, and we can write the func-
tion Ai( — p,, ) in the form

. .1 { [(2 -/,_i]
Ao~ el ilg o= 7)

+exp[—i(3ipm"‘—%)]}. (13)

When V>1 we can use (13) to integrate the numerator of
(12) by the stationary-phase method (see, e.g., Ref. 13).
Assuming the stationary phase point, p5, = ¥'?> 1, to lie in-
side the integration interval of (12) we take the function
Ai( —p, )p., /% outside the integral sign with the value at
that point. Expanding the exponent in the integrand in the
vicinity of p, in a series up to terms of order (p,, — p%.)?
and extending the lower integration limit in the obtained
integral to — o0, we get

~_ A{=(4p.—pn)} ( . .V3)
Copn = — 5P, exp —le'"_l? . (14)
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We evaluate the norm of the Airy functions

5 d(—pm) Ai*(—pm), (15)

"Pm

for which we use (11) to integrate (15) by parts. Using the
boundary condition Ai( — p,, ) = 0, we have

Po=|dAi(—pn)/d(—pn) |5, =5,

When m <1 we see, using (13), that the norm of the Airy
functions equals p,, '/*/7. As a result Eq. (14) takes the
form

. nAi{—(V+p.—pn)} , Ve
Cop ™ — o) exp(-—szm—z—;{) , (16)

{Z (-2}

=173 /)

It follows from (16) that the most efficient excitation of
entrained states E, is realized in the interval

O< Vz+\6n——§m<-f5m

while the maximum value of the amplitude of the excited
states decreases with increasing m. When

Vi4p,—om<<0

the quantity C,, , is exponentially small and equal to zero
when V2> p,,. What we have said is illustrated in Figs. 1 and
2. We show in Fig. 1 the function |Cs, |* as function of the
parameter V for various values of the number of the excited
state n and in Fig. 2 the function |C,, , |* as function of ¥ for
various values of m.

5.ENTRAINING OF EMFIELD PACKETSINTO A
SUPERCRITICAL PLASMA

EM field packets trapped by entrained states penetrate
in a supercritical plasma into dense plasma layers. The pene-
tration depth and, correspondingly, the lifetime of these
states in an inhomogeneous plasma are determined by three
factors: 1) the nonlinear transformation of the ion-sound
wave energy in the entrained field, 2) the tunnel de-excita-
tion of the EM field from the localization region, and 3)
thermal losses due to collisions of the plasma particles. We
consider the effect of each of these factors separately.

1. Nonlinear transformation of ion-sound waves in an
inhomogeneous plasma

The ion-sound waves perform work on the trapped EM
field they entrain into dense plasma layers. This leads to a

(65|
2107

L ] J
1 2 Jv

FIG. 1. Square of the modulus of the excitation coefficient |Cs , |? as func-
tion of the parameter V for different values of the number of excited state:
curve 1 corresponds to the value n = 1, curve 2 ton = 2.
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FIG. 2. Square of the modulus of the excitation coefficient |C,, , | as
function of the parameter ¥ for different values of m: curve 1 corresponds
to the value m = 4, curve 2 tom = 6.

change in the ion-sound wave parameters, in this case to
their damping caused by the nonlinear transformation into
the entrained EM field.

To determine the efficiency of such a transformation we
turn to Eq. (2). In that equation we change to a frame of
reference moving with the ion-sound wave speed c,. In the
resultant equation we discard terms with second derivatives
in time and use the relation

dpo(z)/dz=c,"'dp, (E+est) [at,
to get

%, | 9
—2 2P +——{m
dtat | o%

(17)

6m@+a0}_ 1 d|E|
ot 16mc, 9%

We shall be interested in ion-sound perturbations of density
ps for which p, (§ - — «0,vt) - 0. We neglect also the emis-
sion of EM field from the localization region
E(£— — o0,t)—0. Integrating (17) over £ and using in the
relation obtained the assumptions made above we get

0 . 1 d|E|?
O e} L _AEL (18)
at Lp,” 32mnc,p,” 0%

We multiply (18) by p,/py’* and once again integrate the
obtained relation over £ from — o to + oo:

. O|E|*
} o j a2l —0 (19)

o

ated

The expression in the braces in (19) corresponds to the ion-
sound wave energy W, (¢) in the inhomogeneous plasma.
We show that the second term in (19) corresponds to the
rate of change in the energy of the entrained EM field. In the
approximation of real values of the eigenvalues x,, which, as
before, corresponds to neglecting the emission of EM field
from the trapping region, the intensity of the EM field
dragged along by the ion-sound wave can, if we use (7), be
written in the form

0),.(t

|EGE, 0| = on(0)

[Pa (§,v2) |, (20)

where 9, is given by Eq. (8). We assume that the character-
istic time for a change in the function ¥, is sufficiently large
so that in (8) the term with the time derivative is small com-
pared with the other terms in the equation and can be ne-
glected. In that case we get for ¢, the quasi-stationary equa-
tion
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9*ps 3 ]
o+ [0 0 £ - 056,30 Jonmo,
We multiply (21) by d¢¥/d€ and add it to the complex con-
jugateequation. Substituting the quantity p, d |¢,, |2/J¢ from
the relation obtained into (19) and using (20) we get

(2D

0, (t) € dg
Tdt 16 0, (0 _ mp2(§+c t)

x{czaigaig" +[ 0,(0) ]al“’"‘z}.

Assuming that in (22) the scale L of the plasma inhomoge-
neity is much larger than the localization region of the func-
tions ¥, we take the quantity o, (§ + ¢, T) from under the
integral sign at its value in the point £, of the largest maxi-
mum of the field ¢, . For instance, for compression-step ion-
sound perturbations the point £, is close to the turning point
of the field ¢, on the linear profile &, =~Lj,. Performing
then in (22) the integration and neglecting as before the
emission of EM field from the localization region we get

, )
i ) ) 5 E14 I =0

One sees easily that the expression within the braces in (23)
is the energy W, (¢) of the EM field dragged along by the
ion-sound wave in the inhomogeneous plasma and hence,
Eq. (23) is the energy conservation law for the “ion-sound
wave + entrained EM field” system in an inhomogeneous
plasma when one neglects the emission of EM field from the
localization region,

dW €

(22)

(23)

% (W2 (8) W4 (£)} =0. (24)
The energy of the field entrained by the nth state increases
with time in proportion to its frequency, W, < w, (¢).Sucha
change is caused by the work done by the ion-sound waves
on the entrained field and it follows from (24) that it is ac-
companied by a nonlinear damping (transformation) of
these waves in the inhomogeneous plasma into an entrained
high-frequency field. The penetration of the EM field into
the supercritical region is realized under the condition that
the energy W, of the ion-sound waves is much larger than
the energy W, of the entrained field. We determine the non-
linear transformation time ¢,, from the condition
W (ty.) ~ Wy (ty,). Putting for estimates , (1) ~w, (2)
we find that in a plasma with a linear density profile ¥(z) the
nonlinear transformation time in dimensionless units
7 = tc, /L equals

tvies _ [ W,(0)+W,(0) \*
L ~{ W, (0) b -

TNL =

(25)

2. Tunneling “radiation’. Trapped states of an entrained field
inaninhomogeneous plasma

The change in the number P of photons of the entrained
EM field caused by their tunneling through a density barrier
in the low-density region is

dP/dt=—PT/t,, (26)
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where T is the coefficient for transmission of photons
through the density barrier, ¢, is the flight time of the pho-
tons along a closed trajectory in the localization region neg-
lecting de-excitation. As an example of ion-sound density
perturbations we consider a compression step and use the
fact that it follows from (18) that the amplitude N, of the
perturbations, when they propagate in a continuous-inho-
mogeneous medium and when we neglect the effect of the
entrained EM field on these perturbations, changes in pro-
portion to N /2(z):

N.(O)[N(£)/N,]*,  E<0,

N, (&, vt)= 0 £>0,

(27)
In that case the quasi-localized states are those whose num-
ber, according to (21), satisfies the inequality

LO[ZOL rey>p.

The coefficient for the transmission of photons which are in
one of these states through the density barrier takes, with
allowance for (21), the form

B A

We determine the flight time of the photons of the EM field
along a closed trajectory in the £ > O region from the relation

&

ty=2 f V(g ) dE,
where &, is the turning point of the field ¢,,,

Vg(g, t)

is the group velocity of the wave packet (k(&) is the wave
number of the packet), which, with allowance for (21), is
equal in the £ > 0 region to k,c? (&, — £ /L)"/?. Hence, the
time ¢, is equal to

ﬂnthmﬁ (t)
cwp(0)

Using (28) and (29) to integrate (26) we get for the number
of photons in the EM bunch

=dw. (8, t)/ok=k(E)c*/ 0, (t)

(29)

P(t)=P(0) exp{ de } (30)
where
1 4)"~ ¢ N, 1
*TENE) N0 kD)

It follows from (30) that as t— « there remains a finite
number of photons in the localization region

P(oo)=P(O)exp{—aF(2/,, '10) }1 (31)

which are trapped by the ion-sound perturbation. Here
I'(2/3,7,) is the incomplete gamma function.

When a, =al'(2/3,7,) <1 the number of trapped
photons P( oo ) differs from its initial value P(0) by a factor
less than e. Determining the lifetime of the entrained states
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t..q from the condition P(t,,4) = P(0)/e we find that when
a. <1 the states of the EM field dragged into the supercriti-
cal plasma can be defined as non-emitting or trapped.

When a, > 1 the lifetime of the entrained states is finite
and such states are metastable. We find the time ¢,,, from the
relation

N
aj dre—<r—"=1, (32)

o

where 17, = 7(t =t,,4). We give an upper bound for the
quantity #,,4 . To do this we use in (32) the obvious inequali-

ty

T
3
j dre~e <—- e~ (" —1,")
L
and we find that the time 7 for the emission of the entrained
field in dimensionless units does not exceed the value
C, empn'lz } 2
=12 ———+17r —1. (33)
Trad { ¢ (koL) s
After that time the EM field penetrates into a region with
density

N(7rg) { ¢, evp,” }2
MALLA § S e
N, ¢ (kL)”

3.Thermal losses

To estimate the effect of thermal losses due to collisions
of the plasma particles we must recognize that the collision
frequency is proportional to the plasma density N(z). For a
linear profile, N(z) = Ny(1 4 z/L), the number of photons
in the EM bunch will change with time according to

PO=POexp{- 2L

where ¢, = v;'(z = 0) is the lifetime of the bunch in its ini-
tial position with z =0, ¢, (in s) =5-1072T3/2 (in K)/N,
(inem™?), ¢, (incm/s) =~10*T "2 (in K). After a time ¢,
determined by the condition ¢, + ¢,t2/(2L) = t,, the num-
ber of EM field photons is reduced by a factor e and then the
bunch has reached a region with density

No=No(1+city/ L) =No (1+2¢,t,/L) ™.

Putting in this example the plasma parameters equal to
T, ~5-10° K, and Ny~ 10" cm ™3, we get c,¢, =125 cm.
When L ~ 10 cm we find that after its lifetime ¢, the bunch
has penetrated into a region with density &, /N,~5.1. The
lifetime of the bunch itself,

L ,t, 2
th=——[(1+2—cL—) - 1]

Cs
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isthen of the order of 1.9 10~ %5, The frequency of the bunch
increases approximately in proportion to (N, /N,)'/2~2.3,
i.e., by a factor 2.3.

We can estimate the time for tunneling radiation ¢,,4
from Eq. (33). For instance, when an EM field in the ground
state (n = 1) is dragged along, the radiation time ¢ 4 for a
plasma with the parameters given above is longer than ¢, for
arelative initial height of the step N, (0)/N,> 7.5-10~2 We
can estimate the time ¢, for the nonlinear transformation of
the ion-sound wave energy into the entrained EM field from
(25). In a plasma with the parameters given above the time
ty, is larger than ¢, when W, (0)/W, (0) > 3.6.

The mechanism proposed here thus indicates the possi-
bility that EM waves can penetrate into a supercritical plas-
ma to an appreciable depth, which is undoubtedly of interest
for transporting EM field energy into dense plasma layers.

One can similarly consider the trapping and entraining
of Langmuir wave packets in an inhomogeneous plasma. It
proves also possible to consider the entraining of high-fre-
quency wave packets in a radially inhomogeneous plasma
into central dense layers by spherically converging ion-
sound waves.

"For EM waves the condition ¥'> 1 is reached for very large values of kL.
However, the consideration of this case is of methodological interest as in
a study of the trapping of other kinds of hf waves into entrained states the
relation ¥'S 1 can be reached for relatively smaller values of L. For in-
stance, for Langmuir waves the parameter ¥ corresponds to the quantity
(¢,/Vy)(L/rp)'? (Vy is the thermal velocity and r,, the Debye radius
in the trapping region) and reaches values of the order unity for
L~ry(m;/m.)*?2
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