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The field of a charge moving above a plane boundary is computed by using Leontovich’s
approximate boundary condition.

THE computation of the field in the case of the motion of charges or currents near the surface sepa-
rating a medium from vacuum presents certain difficulties. It is therefore proposed in the present note
to use in problems in which only the field in the vacuum is of importance the Leontovich approximate
boundary condition!

Ve E: =V p'Hy, (1)

where € and p’ are the dielectric constant and permeability of the isotropic medium,* while E; and H;
are the tangential components of E and H.

We shall consider the case of greatest interest, when the transverse dimensions of the source are of
the order of or greater than the dimensions of the source in the direction of motion. An evaluation of the
corrections to (1) shows that the application of (1) to the plane boundary of separation is equivalent under
these conditions to neglecting terms of the order of 1/8%'e’, corresponding to velocities much higher
than the velocity of light in the medium. This case is of particular interest in the generation of micro-
waves and for the stabilization of moving beams.

It should be noted that the condition (1) is satisfied with the accuracy indicated above far away from,
as well as in the neighborhood of, the source. As an illustration we shall give the values of Ve€'E{/Vp’Hy
taken from two problems which have been solved exactly.

(a) In the case of uniform motion of a current filament along the separation boundary,2

VEEJVH: = (1 — 1/Be’p )= 1 4+ 1/2 B2y,

(b) In the case of uniform motion of a point source normal to the surface of the dielectric®

V<e'E, _(1.l= 52>—“2~ { 182
VuH, _< Bre’w’ T 2s

The use of condition (1) permits us to investigate problems in which only the field above the medium is
of importance and the parameter p%¢’y’ is large. As an example we shall give the outline of the compu-
tation of the field of a point charge moving uniformly along the z axis at a distance y =h from an arbi-
trary non-dispersive medium.

The boundary conditions & =0 and ¥ = 0 follow from (1) for the components of the potential A,, Ay.
¢ where
Ve 1 04,

c ot

O=VwAy+Vee Y=V (2)

According to Maliuzhinets? the functions & and ¥ can be found directly by the method of images and
therefore determination of Ay, A,, ¢ reduces to solving the system of equations (2) to which the Lorentz
condition must also be added. Simple calculations yield

*The case of anisotropic and gyrotropic media will be considered separately.
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B e
(3)
el ) ¢ (R e )]

where
E=2z—0t, 92=1—ﬁ2;
P (= AP (—ot) b= (B/6) VT, A2 =145
r'2=x2 4 (y +h)? + (2—ot)%; 1 = (8/9) Vp'/e', Al=1420%"

= S=rwth (y+h +2E ), _
W)= (&— l(y+h))2+x2A3<l Ar* ): Wi=W ().

The expression for the radiation losses obtained with the aid of (3) agrees for Bzu'e' — oo with the exact
expression.’

In the non-relativistic domain the solution of problems is further simplified by the possibility of ex-
panding the field in powers of 8 =v/c.

E=EO 4+ BE® 4 B2E® 4 ..., H=HO 4 BHO 4 B2H® 4

For the sake of definiteness we shall consider the motion of a charge near a certain boundary over
which the condition (1) is satisfied. In this case it may be shown® that

EQJEP ~BV e = 1. (4)

From (4) it follows that for A; > 1 the electric field is “expelled” from the medium, while for A; « 1
it enters the medium essentially at right angles. Th1s permits one to take as the basis the solution of
Laplace’s equation with the boundary condition E ) =0 or E{Y =0 and then by using (1) to find E )
and H(’), and thus to compute the intensity of rad1at1on The approximation obtained for A; >1
will correspond to expanding the intensity of radiation in powers of 1/A4, while for A; <« 1 the
expansion is carried out with respect to 1/A. With this accuracy one can easily find, for instance, the
field of a bunch of charges moving at an arbitrary angle to the surface of a dielectric (¢’ > p’). This
field is of the form

¢
I o’ dp
v ’ ’ ’ ’ v ._P‘ —_—
'P=‘Po—‘Ps”‘2_cy‘VP/5 g A, =0, Ay:"zl/P/S‘PS‘FTy(‘Po""‘Ps)‘FVe'vy S a;dt,

v d9
A= —e)—20) & S %% g,

where ¢, is the potential of the bunch in homogeneous space, while ¢ g is the potential of its image taken
with opposite sign.

In the case when the motion takes place near a curved surface the error due to the use of (1) will be of
the order of

h(1/Ry—1/Ry)[BV e,

where R; and R, are the principal radii of curvature, while h is the distance of the moving source from
the surface. In the non-relativistic case one may also use simpler boundary conditions as was done above
in the case of the plane boundary. We have calculated by this method the instantaneous value of the flux
of the Poynting vector into a dielectric cylinder (Ay <1, A > 1) of radius a when a charged filament
parallel to its axis passes over it. This flux turned out to be equal to

- woaB 2t (r—1)p
2CV dakr ArE—D)
where pa is the impact distance, ar = Va%p? + (vt)? is the distance from the filament to the axis of the

cylinder, and p is the charge density of the filament.
I am grateful to Prof. A. A. Sokolov and to Prof. Kh, Ia., Khristov for their interest in this work.
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A thermodynamic investigation of the phenomena associated with a phase transition of the
second order in liquid mixtures is carried out. The results obtained are compared with the
experimental data on liquid-vapor equilibrium in the He® — Het system.

IN pure He!, as is well-known, the He I — He 11 transition is a phase transition of the second order. The
question of the nature of this transition in mixtures of the helium isotopes has been repeatedly submitted
to theoretical investigation, as a result of which, in particular, it has been predicted! that the A -transition
in such mixtures will be a transition of the first order for sufficiently small concentrations and high
temperatures.

Inasmuch as this problem is of fundamental significance, it appears desirable to carry out a detailed
thermodynamic investigation of the phenomena associated with the He I —He II transition in helium isotope
mixtures, and to compare the results thus obtained with the experimental data (cf. also references 2, 3).

It is necessary first of all to note that a conclusion regarding the nature of the He I —He 11 phase tran-
sition in helium isotope mixtures can be drawn from a study of the dependence of the vapor pressures of
these mixtures upon their He® content. In the case of a first order phase transition, in fact, there should
be observed a separation of the liquid phase into two mixtures of differing He® content, which would yield
vapor pressures independent of the concentration of the light isotope in the region of separation.

Carefully-conducted experiments®~®, however, have shown that in the interval 1.35 —3.0°K there is a
marked dependence of the vapor pressure upon the He® content of the liquid phase, indicating that the
hypothesis concerning the occurrence of a first order phase transition in this temperature interval is not
borne out.

Thus, as in the case of pure Hed, the He I — He I1I phase transition in helium isotope mixtures within
the temperature range investigated is a phase transition of the second order.*

Inasmuch as this is the only instance of the occurrence of a second order phase transition in liquid

*It must be noted that Walters and Fairbank' have recently observed a separation of helium isotope
mixtures into two phases below 0.8°K.



