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Radial Line Transducer

E. SAWADO

I. INTRODUCTION

The purpose of this paper is to give a new excitation method of
a radial-electromagnetic wave by a metallic cylinder with ellipti-
cal cross section. It was ascertained [1] that the radial wave
propagates in a medium of permeability of quantity g, . The
quantity g , is given by p |, = (u*> — x2)/p, where p and « are the
diagonal and nondiagonal components of the tensor permeability
of a gyrotropic medium, respectively. The radial wave has inter-
esting properties that this mode has not cutoff below the critical
frequency w = y(BH)'/?, where w is the angular frequency, y =
1.76 X107 ((0oe 5)™ ' in CGS unit), B = po(H + M,), the magnetic
flux density, H the magnetic field, and M, the saturation magneti-
zation. Ganguly and Webb [2] presented an initial theory and
some experiments for a magnetostatic surface wave single bar
transducer. These investigations have concluded that the lowest
operating frequency of Ganguly-type delay line is y(BH)!/2.
Below this cutoff, no surface modes can exist. In view of the
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Fig. 1. Schematics for radial-line transducer with dimensions and coordi-
nates. (a) Radial line with a fine sire of elliptical cross section (b) Diagram
for a thin wire.

above, investigation of a radial wave type delay line should
produce developments in low frequency microwave (0.5 to 1.5
GHz) applications.

The system analyzed in this report is shown in Fig. 1. A
transducer in the form of a fine wire with an elliptical cross
section is excited with an RF current which generates radial
volume waves within the structure. The dc magnetic field is
directed along the z axis, and also the fine wire with an elliptical
cross section is' situnated parallel to the z axis. This radial wave
propagates perpendicular to the magnetic biasing fields, guided
by parallel surfaces of a ferrite disk, and its energy is distributed
within the medium. As Ganguly et al. pointed out previously, the
frequency characteristics of the radiation resistance is influenced
considerably by changing the microstrip width. The main subject
of this paper is to demonstrate how a change of eccentricity of an
elliptical metal cylinder influences the characteristics of the radia-
tion resistance. The radiation pattern of this elliptic cylinder
(Ribbon type) excitation possesses some type of directivity. If the
eccentricity of the ellipse decreases, the patterns of the radiative
power arc highly directional, and this directed energy power
tends to be confined to the direction of the y-axis shown in Fig.
1(b). It is possible to gain the maximum output power by placing
the second thin wire within an area of maximum radiative power.

II. Basic THEORY

When the fields are independent of z (d/dz=0), for the
component e, of the electric field vector, Maxwell’s equation
leads to the two-dimensional wave equation

3%, 3%

PR +5y—;-+w2€u0,ule:=0

M

where |, = — x%/p, p and « are a diagonal and a nondiagonal
component of permeability tensor i, and p, and € are the vacuum
permeability and dielectric constant, respectively. Applying the
transformation defined by x = hcosh (§)cos(r), y = hsinh
(£)sin(), the wave equation leads to the equation

2 2
9’ + 9. +2k*(cosh(2£)—cos(27))e, =0

382 9 @

where 2k = kh, k? = weuop, h = xo(1—tanh?(£,))'/2, and

(x0+ ¥0)

(£,=0.5n
0 (xo—)’o)

, (refer to Fig. 1 on x, and y, ).

The boundary condition is that, at the surface of a metal cylinder
e: = 0’ g = 50 . (3)

Here, for physically acceptable reasons, we assume that the fields
having periods m, and the lowest mode m = 0 is possible to excite,
so that (6) has a nonzero value. Defining ¢ = (k,h)>/4, the
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appropriate formal solution of (2) is [3}

eO(SO’q)
MP(§0.9)

where C,y(£, ¢) is modified Mathieu functions of the first kind,
¢.0(7,q) is a periodic Mathieu function of the first kind, and
M@(&,q) is a second solution of a Mathieu equation. The
function M3 (£, ¢) corresponds to the Hankel function H{?(z),
where the H{?(z) is used to represent outgoing waves in prob-
lems pertaining to a circular cylinder. From Maxwell’s curl
equation we have
b — 1 ( 8e Je: s de,
T epo(pt—w?)1 "o

where [ = h /2 (cosh(2£)—cos(27))!/2. The magnetic field 4, at
the surface of the elliptic cylinder is equal to the surface currents
Js- Then, for the total current j, we have

j=¢jsld7=2foﬂh7(q-)ld'r. (6)

From (6) we have a relation between j and the coefficient 4 of
(4). The radiation resistance R, is defined by the ratio the
radiative power to the square of the current flowing into the
metal cylinder. The radiative power flow is given by

c=A| Co(€.9)— MP (¢, q9) | eo(r.q) (4)

(5)

r~—
P = real (— e5h%Y) (7)
where, 43¢ is the complex conjugate of the A5, and
. e0(£0,49)
e = — A0 Dy gy (r,q) (8)

) M3 (40, 9)
and ’}E‘Jcan be derived from (5) by making use of (8). Thus, the
radiation resistance is defined by

f il d'T
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|
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(9)
From (7), (8), and (9), we have
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where

(11)

in the £

I= 2](; le.o (7, q))* dr.

It is to be noted that there is no £ dependence of R,
direction.

In Fig. 2, the radiation resistance R,, is plotted as a function of
frequency. In Fig. 2, discontinuities of the curves near the
frequency of 2.5 GHz are originated from the use of the ap-
proximate formulas for Mathieu functions. For small values of ¢,
we expect the line of the curves in the low frequency regions to be
more accurate, while the curves in the high frequency regions
should be more reliable for large values of ¢. Interesting char-
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Fig. 2. Radial resistance is plotted as a function of frequency for various
dimensions of the thin wire. Other parameters are biasing dc magnetic field
H =500 oe, saturation magnetization 47M; = 1800 G.

acteristics are shown in Fig. 2 that this transducer near the
critical frequency w = y(BH)!/2. The following trends can be
found for the range of parameters considered in this paper: 1) the
exciting bandwidth of low frequency side decreases approxi-
mately proportional to x,; 2) the maximum value of R, de-
creases with increasing x,; and 3) a number of zeros of the R,
appear as x,, increases.

In order to confirm this theory, a curve is plotted in Fig. 2 by a
chain line so that this curve shows the resistance of a thin wire
with a shape which is almost considered as a circular cylinder
(xo=11m/m, y,=1.0 m/m). This curve agrees quite well with
the previous results which were obtained by using Bessel func-
tions. [1]

III. ConcrLusiON

In conclusion, a broad bandwidth (1 ~2 GHz) radial-wave
transducer can be expected to design by making use of a fine wire
with elliptical cross section. In view of the above, developments
of a suitable radial line should produce extremely wide band-
width and a magnetically tunable low frequency (0.5 ~ 1.0 GHz)
microwave transducer.
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New

A Simple Formula for the Capacitance of a Disc on
Dielectric on a Plane

HAROLD A. WHEELER, FELLOW, IEEE
Abstract —There is presented a simple explicit formula for the capaci-

tance of a thin circular disc on a dielectric substrate on a plane (so-called
“microstrip”). It gives continuous coverage of all shape ratios (»/4) and all
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