density, by virtue of the fact that pressure anisotropy is possible in this case. In the
solution under consideration, the matter is compressed at the initial instant of time into

3

a "pancake" in the xl, x2 plane, and expansion begins along the x~ axis, which is orthogonal

near 1 = Q0 to the xl, x2 plane. In the case of non-equilibrium expansion the pressure in the
x3 direction becomes smaller than the infinite equilibrium pressure by an infinite amount,

and turns out to be a Pinite gquantity. Thus, the physical meaning of the condition (6) isa
understandable: 1In the case of non-equilibrium compression along & certain axis, irreversible
processes can only increase the pressure in this direction.

Certain properties of the solution considered above are similar to those possessed by
the solution for weakly-interacting particles during initial stages of expansion in an aniso-
tropically expanding world [8].

The author is grateful to Ya. B. Zel'dovich and A. L. Zel'man for help in interpreting
the obtained result, and also to A. G. Doroshkevich and I. D. Novikov for a discussion.
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Expansions (3) were first proposed in [2]. The indices a and b run through the
values 1 and 2.
™
For more details see [5].
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The problem of skin flow of a high-frequency current is usually analyzed theoretically
using as a model a half-space filled with plasma [1,2]. Such a model describes well the skin
effect in an electrodeless discharge. However, as will be shown in the present communication,
it is unsatisfactory in the case of an electrode discharge with sufficiently small distance
between electrodes (which we shall denote by L[). Namely, when L << vT/w, vhere Vo is the
thermal velocity of the electrons and w is the frequency of the current, the thickness of
the skin layer turns out to be much larger than the value calculated by the semi-bounded
plasma model.

We investigate here the case when the thickness of the skin layer is small compared
with the transverse dimension of the plasma column, and the plasma boundary can be regarded

as plane. With respect to the electrodes it is assumed that they are parallel to each other
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and perpendicular to the plasma boundary. The origin lies on the line of intersection of one
of the electrodes with the plasma boundary, the x axis is perpendicular to this boundary, and
the z axis is directed towards the second electrode. The system is infinite in the direction
of the y axis. The external magnetic field is homogeneous and directed along the z axis.

We consider for simplicity the case when the magnetic field is so strong that the
electron motion in the x and y directions can be neglected (it is easy to show that such an
approximation is valid when the Iarmor radius of the electrons is small compared with the
thickness of the skin layer). The kinetic equation for the electrons then takes the form:

af e E, afy
9z m av

- 0. (1)

~iof +v,
z

Here f is the perturbation of the distribution function, fo is the unperturbed distribution
function, and the remaining symbols are standard.

The current is produced in the plesma under the influence of an external voltage
source connected with the electrodes, the current being determined to a considerable degree
by phenomena that occur on the electrode surfaces and in the Debye layers. For a qualitative
description of these phenomena we use the boundary conditions

f(Vz) |z=0,L = f('vz) ‘an'L —g(vl)Ellzso,L, (2)

where g(vz) > 0 is a function that depends on the properties of the electrodes. Relation (2)
shows that the current from the electrode (or to the electrode) appears only in the presence
of an external electric field.
Putting L << VT/w and taking the symmetry of the problem into account, we get from
(1) - (2):
. 3p kb
i, =0E_(x,0), a——- E_(x, z), (3)

z 47

vwhere Jz and p denote respectively the current density and the charge density, and the quan-
tities o and kD are defined by the relations:

dv, df,

7= =efv,glv,) dv, , kb=~

m v, dav,

The quantity o can be called the "limiting conductivity.” The solution (3) is valid if
o <K g <K wpevT/wL. An investigation of the equations for the Debye layers shows that if
the current is bounded by the space-charge effect (and not by the emissivity of the elec-
trodes), then ¢ ~ mpe.

Since our problem satisfies the condition for a quasistationary state, wl/c << 1, and
the current ;jz depends only on x, we can break up the electric field E into solenoidal and

potential parts Es and Ep:
Es =(0, E,,(x)), EP =(pr(x:z)aEpz(xo Z))-

From Maxwell's equations it follows that
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BZEP azE;:»z 2
. ~k2(E (%)
Ixz | az2 0 (Baale) + Eplx. 2y
2 dni
9°Fss '"';"' (E, (x) + Epe(x,0)). (5)

dx? c

Ep is due to the presence of space charge in the Debye layers near the electrodes and near
the plasma-vacuum boundary. The charges become "aligned" in such a way that Epz cancels E -
almost completely within the volume of the plasma. With this, the field Ep in the layers
themselves greatly exceeds Es.

Integrating (%) with respect to z, we get

dE
ax

~2—PZ(x,0) = k2 LE_,(x).

We have taken into account the fact that pr = 0 on the surface of the conducting electrodes,
and consequently I(I)' E pzdz = 0. Near the electrodes, Eq. (4) can be represented in the form

9%E
e kBE oz
d0z2
It follows therefore that
JE 1
——;—’i’-—(x. 0) = -kpE,.(x,0) and Epg(x,0) = —kpLE(x).
z 2

We can now obtain from (%) an equation for the field distribution in the plasma:

d2E_, 2riwokpl £
dx? c?

$z

We see that the effective skin-layer thickness b is equal to (c2/xow kL) Y2 1t ve put

g~Ww then
pe)

[ 4 v
5~ T

: 6
oVl (6)

Consequently, if the electron time of flight L/vT is smaller than the period of the field,
then the skin-layer thickness exceeds the value c/mpe obtained in the semibounded plasma
approximation. This conclusion is of interest for many experiments aimed at the investiga-
tion of electrode discharges, for example [3].

Relation (6) admits of the following intuitive interpretation. It is well imown that
in a semibounded collision-dominated plasma (with effective collision frequency v) the skin-
layer thickness is of the order of cw 1w(v/«:o) 1/ 2, This ylelds formula (6) if v 1is taken to
be the frequency of the collisions of the electron with the electrodes.

In conclusion, the author is deeply grateful to L. I. Rudakov for numerous discuassions
that led to the formulation of the problem discussed above.
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We develop in this paper the idea developed in [1], that resonances of the direct
channel make a decisive contribution to the amplitude of elastic xp scattering through angles
close to 90°. Attmepts to realize this idea in describing s-channel resonances by means of
a8 sum of Breit-Wigner terms does not lead to the observed exponential decrease of the dif-
ferential cross section for np scattering through 90° with increasing energy, unless one re-
sorts to additional assumptions which have no theoretical justification [1]. We used in this
paper a different approach to this problem. The sum of the Breit-Wigner resonances was re-
placed by Regge's formula, which unifies in one term the contribution of the entire Regge
trajectory on which the sequence of resonances lies. *

We consider elastic x+p scattering through 90°. 1In this reaction, exchange is possible
for resonances lying only on two Regge trajectories (Asz Ia3/2, P=x+, 0=« A.'!: I=3/2,
P=a«, g =+). At the present time there is no confirmation of the recurrence of Regge poles
for the AB trajectory (only one resonance with mass 160 MeV is known). Consequently, in cal-
culating the scattering amplitude

’
o {axq] ~
T(s,z)=f(s, 2z) +1i —_— (s, z) (1)
q

(q and q' are 3-momenta in the c.m.s. before and after scattering), we take into account only
the contribution of the A8 trajectory:

7 af(s)+1/2
s, 2) m e v () [P, o)1 /p(=) =Pprs)y _1/2(5) b (2)
2q cos mpa(s)

~ mo ot (s) ,

f(s,z) = =— _.._-__—--—[Pa
29 cos ma(s)

(s)_l/zf-\!)"’Pa(s)_l/z (Z) ]o (3)

Here a(s) = al( s) + ia.a(s) is the Regge 4, trajectory, r“( 8) is its residue, and z = cos 6.
The trajectory is described by the Chew-Frautschi line:

a,(s) =a,(0) +a)s; a,(0) = 0,15, af=0,9 GeV™2 (4)

Near the resonant value s = Mz (M is the resonance mass), at which Re a(M?) = J, the corres-
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