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ABSTRACT

The self and mutual admittances between two circular viaveguide apertures in a conducting spherical
cavity are formulated, from an expansion of the cavity field in terms of spherical w-aveguide modes. Tw-o

basic admittance functions are formed, one for the apertures polarized along the interconnecting great circle,

(E-plane) and another crosswise to it. These mutual admittances have direct application to microwave
network analysis of mutual coupling in spherical lens arrays on concave surfaces of the Dome Antenna type.

Modal analysis of the coupling coefficients in
concave spherical collector lens arrays of aperture

elements of the Dome antenna type 1 involves deter -
mination of mutual coupling b e tw-e en tw-o circular
apertures in a large conducting spherical cavity.

This problem is also of interest in microw-ave net-
w-ork theory. In this paper an analytical treatment of

this problem is reported.

The analysis is based on the fact that a
spherical cavity ma ~ be regard ed as a terminated
spherical w-aveguide , w-ith one termination at the
origin and another at the conducting surface, s o that

one has essentially a tw-o aperture spherical w-ave -

guide junction discontinuity problem. An admittance
matrix description of this netw-ork is therefore
possible in terms of the spherical w-aveguide and
circular w-aveguide modal bases using the following
stationary formula; w-ith the assumed TE1l circular

w-aveguide mode aperture illumination:

Y,. =V+2J j % ‘%2 “Eds . . . . . (1)

aperture 2

w-here Jj

2

is the tangential electric field distribution

of the T 11 circular w-aveguide mode over aperture 2

and ~ ~ is the tangential magnetic field distribution

kover t e short circuited aperture 2 due to the TE1l
mode illumination of aperture 1, VI and V2 being the

respective modal voltages.

Referring to Fig. 1, TE1l modal ‘ield distrib-
ution at the apertures are first expressed m terms

of spherical w-aveguide modes with polar axes through

the center of the respective apertures. Then, for the
magnetic field due to aperture 1, addition theorem for

spherical harmonics is used to transfer the polar
axis to the center of the second aperture. Ortho -

gonality property of the spherical w-aveguide modes
simplifies evaluation of the mutual admittance inte-
grals and one finally ob~ains: ~

’12 = ‘&&
cosa cos~+ Ycc sinctsin~

(2)

(3)

where

m Ivy IV-12
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FIG. I GEOMETRY OF THE SPHERICAL
CAVITY WITH TWO ARBITRARILY
POLARIZED CIRCULAR APERTURES

and

m p’12 IV”12
ycc(~2)= ~ ~&- c~j2)+ -#- Bn(92)), (H-Plane) (5)
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Spherical TM mode amplitudes, V’ , are obtained in
closed form whereas, evaluation o% the ‘TE mode
amplitudes ~~ involves a single integration that can
be further simplified using as y ptotic expressions for
associated Leg endre functions ~ (COS ~ ). The terms

Bn(42 ) and ICn (?2 ) are the trans~orma~!fon coefficients
for spherical harmonics of unity azimuthal index

w-ith even and odd q-variations, respectively. These
modal amplitudes and transformation coefficients

were first evalu~ted in c~nnection w-ith the exterior
problem3~ 4 . Z and Z are spherical TM and TE
mode impedance% respectively and are given by:

(6)



z“ = (3z; , . . . . . (7)

where { is the free space impedance. These modal
admittances are computed very accurately using a
rapidly convergent algorithm.

Similar expressions for self and mutual ad-
mittances involving higher order aperture modes have
also been evaluated. For a single aperture spherical
cavity, rigorous analysis including several higher
order aperture modes show-s that the single circular

‘aveguide ?~l
mode field approximation at the

aperture yzel s quite accurate results for a large
cavity both near and off resonance for small apertures
(a -. 2~). P-s a special case, w-hen a particular
spherical TM or TE mode is near resonance, mutual
admittances in (2) and (3) tend to be very large and

the coupling coefficients, then,have to be evaluated in

the limit. Such limiting procedure has been carried
out*

Three thousand spherical viaveguide modes for

either TE or TM polarization are used in the numer-
ical computation. Normalized mutual admittances as
a function of aperture separation angle are plotted in
Fig. 2 and 3. For large cavity, mutual admittances
are very rapidly varying functions of the cavity size
and aperture separation angle. Near a spherical TE
mode resonance, normalized Y

&&
and Y

C and B respectively w-ith

asn seen inn Fig. 3.
==p=t5~=~$~!i2
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NORMALIZED MUTUAL .&OMITTANCES AS FUNCTION OF
APERTURE ANGLE 8,2 NEAR 5th OROER SPHERICAL
TE MOOE RESONANCE. ( kR = 101.95460863, APERTURE
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