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Introduction

Since MBglich's paper of 1927}
little substantial contribution
to the problem of the electrical
oscillations of a perfectly
conducting ellipsold has been
made for a long time, This seenms
by the reason that the expres-
sions of the ellipsoidal wave
functions have not been given in
a simple form to get the numeri-
cal valges. But recsntly
Arscott® and Mllller” have inves-
tigated the solutions of the
ellipsoidal wave equation and
the characteristic values. In
their papers, asymptotic repre-
sentations of the wave function
have been given in physically
significant forms. 8o 1t may be
said that the problem about the
electrical oscillations of a
conducting ellipsoid can be in-
vestigated in detail.,

In this paper, the electrical
free oscillations of a plane
elliptic conductor whose shape
is nearly equal to prolate or
oblate spheroid are investigated
using ellipsoidal wave functions.
Also several radiation patterns
are shown in figures.,
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Analysis

In the ellipsoidal coordinate
system, the solutions of the
vector wave equation in a form
directly applicable to the solu-
tion of boundary value problems
are unfortunately not known. And
so the problem of oscillations of
ellipsoid in general form can not
reduce to the boundary value pro-
blem to the scalor wave equation.
But for the electrical oacilla-
tion problem of an elliptic plane
conducting plate or of an ellip-
tic hole on a conducting plane,
the procedure discribed above can
be applied successfullye.

The solenoidal solutions of the
vector wave equation . ,

(v*+ k=0, ( K*= @ e#,i&(nfwt))
have the forms, C iy

M=vx@Y¥  N=kK'"XM (2=€orl)

where (V2+i)¥=0, € ;constant
unit vector, ) ;position vzctog.
The vector wave function(M<, N€)
and{M", ") in a ellipsoidal
coordinate system shown in Fig.l
have in the following forms
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where €= €x . The ellipacidal
coordinates( %, 72, 8) are defin-
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ed in terms of the rectangular
coordinates by the relations
X=7357dng ,
= 3/01-)1=R?) cnp
3 = HU-R¥)(7'—1) s
where k’= ?/3’ .‘ﬁ(-.-:z —‘r’-/ ,Snﬂ »
cng,dng ;Jacobian elliptic func-
tions, fig, y »Tp smetrical co-
efficient, ¢ , ¥r;the solutions
of (v¥x)V=0 . The boundary con-
ditions for the, scalor wave
functions ¢ or ¥ are ¢ = 0 or
2¥/2%3=0at =0 for a plane ellip-
tical plate conductor and2$/7 =0
oryY =0 at 7 =o0for a conducting
plate having an elliptical hole.
The form of vector wave functions
defined above coincides with the
form for the prolate spheroidal
coordinates(¥ ,%7 , ) in the lim-
it of >0 (R’~1). So this ex-
pression 1s useful for the
problem of elliptic body which is
nearly equal to thin wire or silit,
The ellipsoidal coordinates( ¥,
7 s %) defined by the relations

x= FANUrRTS) (107> dn¥
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are, on the other hand, useful
for the problem of elliptic body
which 18 nearly equal to circular
disk or hole. In this case, the
coordinates( ¥, ,¥ ) coinside
with the oblate ones(¥,%7, ¥)in
the 1limit of &> 1 (&’>0 ).

In the case of thin wire, the
scalor wave equation (vix“)V=0 is
separated to the following
differential oquationzz:/
(-s)fo-y)-R-2y Ll ~3fa -3
+k’(3§’.-2)}%£§5_ +fwz§4'+E§z+ H
.—.Rl}i(zu’zga_f E)jl,VS =0 & W
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+ (W +EY*+ H)Vy=0

2 2
f:-‘—,’% - [(w’+ E+H)- -§ (2W+E)
+ (2w )cos 28]V =0

where Vs Vy Vg = V.,
Those equations can be solved by

using the perturbation procedures
from the prolate spheroidal wave
functions ' selecting as a
perturbation parameter.Especially
the equation for Vp is Mathieu's
differential equation. So the
fleld pattern with respect to the
argument £ can be easily found.
In Pig.2, the current and the
electric intensity distributions
in the equator plane are shown.
Those results are directly appli-
cable to the problems of elliptic
plane conductor whose thickness
is sufficiently thin compared to
the wavelength,
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