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PROPAGATION CHARACTERISTICS IN THE WAVEGUIDE LOADED

WITH A CYLINDRICAL ROD OF MAGNETIZED FERRITE

Toshio YOSHIDA, Masayoshi UMENO and Shichiro MIKI

Department of Electronic Engineering, Nagoya University

1. Introduction

When a c¢ylindrical ferrite rod
magnetized axially in static mag-
natic field is inserted parallel to
the E-plane of a rectangular wave-
guide where TE,, mode is propagating
{see Fig.l), we exactly solve the
electromagnetic fields at the in-
and outsides of ferrite rod and
also obtain the transmission and
reflection coefficients’.
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Fig.l Wavegulide inserted with
a ferrite rod
Though this problem was solved
by Epstein and Berky their solution
is an approximate solution that is
avallable only when the radius of
the rod is enough saall.
2. Theory
The electronagnetic field in
the waveguide is given as the sum
of an incident wave and scattered
wave, The field in the waveguide is
decided by the boundary conditions
at the surface of ferrite rod. .
The incident electric field E;
is expressed as follows:
Ei= EosinEE e JA - ¥ n
Expanding this expression by using
the polar coordinates, we obtain

Ei= E, 3 SaJalkr)e?™®
,where S,.—S'"('zxv*’“m' -t LAF SR TYy )

From Helmholz equation, the
scattered electric field can be
expressed as follows.(see Fig.2)
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Fig.2 Image points

Using the addition theorem for
Bessel function, Eq.(3) becomes

Eg= B3 J, (k.r.)e’J""Z AnCun
+ E.Z. ARE ke *
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From Maxwell 8 equation. the
electric field E in ferrite rod is
expresaed by

Ef- £, £ B J (1" ®
,Where ? AV s i

To declide the unknown A, and
Bwm, we consider the continuous con-
ditions on the tangential compo-
nents of the electric and magnetic
fields.
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From Eqs.{(6) and (7), we can
obtain each A,, and Be by taking the
m to a proper order, and so decide
all the field.

Next, by transforming Eq.(4)

,where
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to the rectangular coordinates

(x,¥), we °bt$}}f. R/’ ¥

B & ¥ e
whers f‘*""*’.ﬁt‘i‘%ﬁf::;:"i-> @
-f" = {-l ..... ax/& >k,

and, + and - signs correspond to
the transmitted and reflected waves
respectively.

The transmission coefficient
T and the reflection one R are
glven by

T=1{+ WZA,S«!!(%—I,*-NSmﬁ @
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3. Calculated Results

We obtained the numerical
values of the above expression by
a computer for a lossless ferrite
rod, whenX,=d /o . Fig.3 shows the
absolute values of the transmission
and reflection coefficients.
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Fig.3 Magnetization distributions
on cross section of the rod
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Fig.4 Transmission coefficientt—)
reflection coefficient(--—)

Fig.4 shows the magnetization
distributions on the cross section
of ferrite rod, and Fig.5 shows the
electric field onx=x, in the rod
(E, is normalized to unity).
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Fig.5 Electric field distributions
along x=x, of cross section
of the rod.
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4. Conclusion

‘ The transmission and reflec-
tion coefficients and the field
distributions in ferrite rod were
obtained.

The experimental results for

a lossy ferrite rod were in good
agreement with the theoretical
results.
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