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Abstract

A method is presented to treat a three port E-plane

waveguide .iunction with partial height dielectric

and ferrite inserts without finding the propagation

ccmstents of the guided modes in the dielectric and

ferrite inserts. It is shown that in order to com-

pletely describe the fields in the junction some

nonphysical terms have to be included in the

irrotational

with the

waveguide

and ferrite

set, The numerical results are compared

experimental results for the E-plane

junction with partial height dielectric

in8erts.

~ltroduction

The performance

partial height

of the waveguide junction with

ferrite have been successfully

analyzed with the field matching method [ 1 ] and

[2]. By the field matching method the propagation

conetants of the guided modes in the ferrite and in

the dielectric inserts have to be first determined

via solving a transcendental equation in order to

obtain the S-parameters of the waveguide junction.

In [3] a method was proposed to calculate the

S-parameters of the waveguide junction with full

height anisotropic medium without finding the prop-

agation constants of the guided modes of the an-

isotropic medium. This method is extended to treat

the E-piane waveguide junction with partial height

dielectric and ferrite inserts. It is shown

order to completely describe the fields

junction some nonphysical terms have to

eluded in the irrotational set. The numerical

that in

in the

be in-

results

are compared with the experimental reeults.

Theor~

Fig. 1 shows an E-plane waveguide junction con-

taining a partial height dielectric or ferrite

cylinder. Applying the equivalence principle, the

imaginary boundaries chosen between the center

region of the junction and the waveguides are

short circuited and magnetic surface currents are

introduced at both sides of the inserted short

circuits in order to restore the nonvanishing tan-

gential electric fields, The imaginary boundaries are

chosen such that the center region of the junction

can be treated as a cylindrical resonator excited

by magnetic surface currents located at the imag-

inary boundaries and volume polarization currents

within the partial height medium. Due to the partial

height medium all the possible modes of the cyl-

ind rical resonator are excited. Since the electric

displacement ~ is divergentless in the resonator it

can be expressed completely as an expansion in
m

terme of a solenoidal set

(1)

where I?n is the electric field of the nth resonance

mode in the empty cylindrical cavity, en is the

corresponding expansion coefficient. Due to the

magnetic surface currents at the imaginary bound-

aries the magnetic induction ~ can be expressed in

the resonator as an expansion in terms of a

solenoidal set and an irrotetional aet
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(2)

where & is the magnetic field of the nth resonance

mode in the empty cylindrical cavity, & and s~q

belong to the irrotstional set and h“, g“ and goq

are the corresponding expansion coefficients. The

irrotational modee are defined by

g“ = y!’
n

AZ*” i- p:$” ❑ O (3)

d$n

Z7
=0 on the surface of the cylindrical

resonator
yxG = O

-n

~ is the unit normal vector at the surface of the

cylindrical resonator and p“ ia the eigenvalue for

the problem+ Since .3#n/an = O at the surface of the

cylindrical resonator, v“ generally doee not have a

constant term. However a constant term %q are

needed for the completeness of the irrotational set.

The term along can not physically exist in the res-

onator. For the E-plane waveguide junction and

with TE,O dominant mode exciting at one POrt, &.q

is Q independence and has constant values on the

xy plane

qq . gzsin ~ z , q= 1,2,3, . . . . (4)

L is the height of the junction. From the math–

ematical point of view, the Qoq term haa the same

meaning as the constant term in the Fourier seriee,

Substituting (1) and (2) into Maxwell’s equations

and making use of the orthogonality properties of

(~” ), {E”} and {G. } and matching the tangential

magnetic fields at the imaginary boundaries one

arrives at a matrix equation of infinite dimension,

the unknown of which are the amplitudes of the

scattered waveguide modes.

Numerical Results

Fig. 2 shows the calculated eigenvaluea and the

S–parameters of an E-plane empty waveguide junc-

tion. The solid lines show the calculated reeults

with the nonphysical terms C&q and the broken

lines show the calculated results without the

nonphysical terms ~0 q. The experimental results of

[4] are represented by the triangles. It can be

seen that for the correctness of the numerical

results the irrotational aet has to include the

nonphysical terms Qqo Fig. 3 shows the phaees of

the eigenvalues and the S–parametera of an E-plane

waveguide junction with partial height dielectric

insert. The numerical reeults and the experimental

results of [41 are represented by the solid lines

and the broken linee, respectively, As can be seen

the two results agree to a very good extent. The

abrupt changes of the phaaea of the eigenvalues at

about 9.2 GHz and 11.2 GHz are due to the res-

onances of the EHI IX and HEO ~Z modes of the die–

lectric insert at these frequencies, respectively.

Fig. 4 shows the calculated S-parameters (solid

lines) and the experimental reeults (broken lines) of

[4] for an E-plane waveguide junction with a

partial height ferrite. The agreement between the

two results is not so good as the resulte with

dielectric insert. The discrepancy may be due to

the inhomogeneity of the constant magnetic field

around the ferrite which had about the same di-

ameter as the diameter of the permanent magnet in

the experiment. This inhomogeneity of the constant

magnetic field around the ferrite leads to different

values of permeability tensor elements as the values

used in the numerical calculations. Figs. 5 and 6

show the electric-field distributions in the E–plane

waveguide junction with ferrite ae functions of r.

The discontinuities of the electric field at r ❑ a are

due to the fact that the magnetic surface currents

are introduced there and the disco ntinuities of the

electric field components EV and E, at the

ferrite-air interface are accompanied with the Gibbs

phenomenon.

Conclusion

A method for the analysie of the E-plane waveguide

junction with partial height dielectric and ferrite

inserts has been proposed. It has been shown that

in order to completely describe the fields in the

junction some nonphysical terms have to be in-

cluded in the irrotational set. The numerical results

were compared with the experimental results.
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Fig. 1 An E-plane waveguide junction with a partial height

dielectric or ferrite insert.
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Performance of an E-plane waveguide junction with a RF2 partial

height ferrite. The parameters of the RF2 ferrite: 2=.13.5,

MS.185 KA/m and g=2.03.
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