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summary

An analysis has been made of a coaxial transmission line composed of two
coaxial cylindrical conductors. Two dielectrics fill different angular portions
of the volume between the conductors. The propagation constants (primarily the
guide wavelength) are determined by a resonant condition applied to the plane
transverse to the direction of propagation. Experimental verification is given
for near unity values of the ratio of the outer to the inner radius. In addi-
tion, an experimental. investigation has been made of the properties of the guide
wavelength as a function of frequency and larger ratios of the radii.

I. Introduction

The propagation constants of coaxial transmission lines with co~~ &.-
electric cylinders have been determined by means of several methods. The prob-
lem has been treated as a boundary value problem as well as a modal. problem.1y2

On the other hand, the composite structure of coaxial cylinders and a
wedge-shaped dielectric material does not lend itself to a simple analysis by
means of the solution of Maxwell~s Equations subject to the proper boundary con-
ditions. A simple approach which yields good results is made here using an
approximate modal method.

II. Theory and Experimental Results

The waveguide shown inl?ig. l(a) consists of two uniform coaxial cylindri-
cal conductors, the space between the cylinders being partially filled with
material of dielectric constant==. The remaining volume has a dielectric con-
stant,. The structure has even symmetry about the plane AAt and through the
useof the bisection theorem, can be considered as a l!bentfl waveguide of width
%~and length 211@ where~ is an average.radius. The ends of the ~benttl wave-
gu~de are open circuited. The requirement that the total admittance looking in
both directions at the point T yields the resonant frequencies canbe written
as follows:s

Y02 tan

[%’4 ‘ ‘“’t=[?”-’)d = 0“

+ ~is work was done at the Electronics Research Laboratory of the University
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Y02 and YOl =e me characteristic a~ttances of the ‘ections 2 W 1 ‘e-

specti-vely. The wavele@hshc2 andhcl are the wavelengths of propagation of

the fields into region 2 and regionl respectively of the ‘Ibenttl waveguide. The
angle is shown in fig. l(b).

For the region 1,

Similsrly, for region 2,

k
C2 =

Y02 ==

For both, ~ is the free-space wavelength, Xg is the unknown resonant wave-

length or propagation wavelength in the tial direction of Fig. l(c). Since

~ ~ ~ , the above relations may be arranged in the following form:

Hence, the resonant condition becomes:

:. [2J-~i’’-4g=j’- ,an[:h-~ti].

g
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If the arguments are small,

(2)

‘g then becones independent of theThe ratio Of_

%

21r.—

average radius p and

Equation (2) canbe obtained from the consideration of the !Istaticfl problem
in the diagram of l?ig. 2.

The capacitances per unit length of the regions 2 and 2 are:

where

and c = 2E* 6
27=7=-

The total equivalent capacitance is:

L

‘O1=-%-+%--
The equivalent phase velocity, V@,

Ve=l .f~=

J LCe

()]k. 1 +1
E*

and wavelength of

f&

respectively.

propagation, Ag are:

The variation of the propagation wavelength as a function of the amount of
filling by the dielectric as calculated from the ‘~static~ formula (2) is shown
in Fig. 3. The eqerimentel points are for a considerable number of frequencies

and for a ratio of the radii: ~ = 1.6. These points for mos% of the frequenoy

range lie within the

of the ratio of~ ,

%
approfiation of (2)

circles sh&n. A detailed investigation of the deviation

as calculated from resonant condition (1), from the static

as a function of the frequency is summarized in Fig. 4.
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For this set of data, the relative dielectric constant of region 1 is 1.0 (air)

and that of region 2 is 2.8 (Hysol plastic). me ratio~is 1.60. (Actual dj..

mensions: b = l/2!~, a = 5/16fI, frequency range between 1~000 racps and 3,500 mcps.)

The effect of the variation of the ratio~ on the wavelength has been inves-

tigated for a large frequency range. Fig. ~ i%icates this variation for several
frequencies. As the ratio ofb to a becomes larger, the ~bentfl waveguide approxi-
mation becomes worse. 4

In the limit of~+,the physical shape of the dielectric approaches a di-
Kg

electric wedge. Fig. 6 illustrates that the ratio — variation with frequency
%

is small. The detiationf%cm the static approximation due to the waveguide pro-
perty is compensated in part w a correction necessitated W the circul= bend.

The modal structure of the fields within this partially filled coaxial line
was examined in detail. The guide wavelength was measured for the three posi-
tions indicated in fig. 7. Within experimental accuraqy, the guide wavelength,
the position of voltage minima and voltage md.ma remained unchanged for the three
positions. This was true for a large number of frequencies and for two conditions
of load; e.g. (1) short circuit and (2) arbitrary resistive load.

By rotating the inner structure of the codal cable dielectric assembly,
the charge distribution on the inner surface of the outer conductor was obtained.
As is seen in~g. 8, the charge distribution does follows cosinusoidal typeof
variation from the plane of symmetry in region 2 and hyperbolic cosine variation
in region 1; it is rapidly changing clout the plane of the dielectric disconti-
nuity. The ratio of charge densities of the two regions is equal to the ratio
of the dielectrics used. (Hysol plastic, > = 2.8. ) The frequency for this measure-
ment was 2000 mops. CL

The coaxial line in which all. the measurements were made consists of a
slotted outer conductor of 1 inch inner radius. The dielectric used was a low-
10SS Hysol plastic of a relative dielectric copstant of 2.8.
which the search probe was inserted was coveredby a sliding
mode excitation was negligible.

Conclusion

The p=tially filled coa?dal cable canbe analyzed to a
mation by a simple static method as long as the ratio of the
radius is small., Even for frequencies high enough to almost

The slot through
shield so that slot

very good approxi-
outer to the inner
propagate the next

higher mode, this approximate method is usefhl. The method could be extended
to similar problems which do not lend themselves to easy solution by means of
exact bound= value problem methods. The dielectric wedge obtained as a con-
sequence of a large ratio of the outer to the inner radius produces a guide wave-
length near to that calculated approximately.
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Fig. 1 - Details of the coaxial line Fig. 2 . Static or low-frequency con-
considered as a bent waveguide. sideration of the partially

filled coaxial line.
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Fig ● 3 - Low-frequency approtiate
guide-wavelen@h variation
as a function of angular
dielectric filling.
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Fig. L - Comparison of the approximate
method, modal method and
experimental results as a
function of frequency.
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lag. 5 - The effect of the ratio of
radii on the wavelength in
the guide.
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Fig* 7 - Positions of the search
probe in the composite line.

fig. 8 - Charge-density distribution
on the inner surface of the
outer conductor for a par-
tially filled coaxial line.
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