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Radiation from Rectangular Wave-
guide with Ferrite Slabs

The problem of radiation from a rec-
tangular waveguide completely filled with
transversely magnetized ferrite has been dis-
cussed by Tyras and Held [1]. The funda-
mental TE mode in a rectangular waveguide
containing two transversely magnetized
symmetrical slabs placed against the side
walls has been discussed by Lax and Button
[2]-14], and numerous references to this
subject have been made by several other
authors [5]-[7]. In the present communica-
tion we consider the radiation from the open
end of a rectangular waveguide with twc
ferrite slabs of different thickness placed
against the side walls, magnetized by twoc
different static transverse magnetic fields,
as shown in Fig. 1. Assuming harmonic time
variation /@, the electric fields for the
fundamental TE mode are given by

E,

[}
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Fig. 1, Waveguide aperture.

where
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Mel = 3 Meg = ——
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By matching E, and H, at the appro-
priate boundaries, one obtains

a =284 38
1 Nisin kad2 — Ngsin k16
- .1 2'2 2 161 @)
ks sin k161 sin kede + N1V
where
K k
Ny = ] I: 1Y sin 18y + — cos k151:|
ks Luaper Mel
K k
Ny = La 24 sin kodp — 2 cos kz32:|
ks Luapen He2

By substituting (2) into (3) one obtains a
transcendental equation for the propaga-
tion constant y. For the particular cases of
identical slabs (8,=8:; k1=~k:) and a single
slab against the side wall (8:=0), (3) be-
comes similar to the results obtained orig-
inally by Lax and Button [2].

The magnetic field component H, can
readily be obtained [6] from (1) to give
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where the common factor e/@t¥2 is under-
stood.

From these relationships, derived by
matching E, and H, at the boundaries, one
may also obtain

4
B = [sin 18, cos ks(a — & — 82)
sin keds

+ N1 sin ka(d -8 — 62)]
C= A[sin k161 sin k3d1 -+ Ny cos k351]
D= A[sin k151 cos k351 - N1 sin k351] (5)
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In order to calculate the far-zone radia-
tion fields, it is assumed [1] that the field
distribution at the open end of the wave-
guide is the same as if the waveguide were
infinite in extent. The far-zone radiation
fields will be evaluated from the relation-
ships given by Silver [8]. In the H plane
(¢=0) one has

Jk
Ey = ZE _]kafA(Ey cos @ — yHy)

- ¢fte sing duy ©

and in the E plane (¢ =#/2) one has

Jk .
By =L i f f (B = o, cos0)

- giky sing dody O]
where

k= wvue and 7 =+uo/e

The calculation is carried out for each
region separately, the final result being the
superposition of the three radiation fields.
Substituting (1) and (4) into (6), one ob-
tains for the H plane (¢=0) Ey=0,, and E,
for region I is

_jAbk
*~ "4x Rl — k?sin®0)

gTk(R-al2 sin §)

~[k1 COS@—I— Al sin0+A2
4 iy s (43sin6 cosf -+ Agcosd

+ Assing 4+ 4g)] ®
where
kK k
A1=—-]k7]11, A2=:_1‘I_1_’Y‘
W11 Wil

A = jksin kid1; Ay = — k1 cos byt

ik kK
Ay =22 (o sin kidy + 252 cos klal)
Wikel M1
k K
Ag = — a0 (— kit sin k61 + v cos k;&;)
Witel M1

A similar result is obtained for region II,
where one should use (8}, taking B, ks,
Kz, M2 instead of A, k1, KL, Mely and ("—52)
instead of &. The results for region III may
be found in Chien [9].

Substituting (1) and (4) into (7), one ob-
tains for the E plane (¢=7/2)E4=0, and
Ey for region I is

A sin (£bk sin 6)

By = e
2wk R

-e B[ Dy cos § + D,} ()

sin @

where

K
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A similar result is obtained for region II
by use of the transformation already de-
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Fig. 2. Electric field pattern Eg in the E plane (¢ ==/2) for a/8=1.
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Fig. 3. Electric field pattern Eg in the E plane (¢ ==/2) for (3)bk =1,

scribed. The result for region III has the
same general form as shown in (9) for the
radiation pattern [9].

The total radiation pattern of Ep in the
E plane (¢ =7/2) from the three regions is
of the general form
s 11y .
w (acos+6) (10)

F(f) =
© sin 6

Figure 2 shows the corresponding radiation
patterns for various values of (1/2)bk for the
case o/B=1. Figure 3 shows the correspond-
ing radiation patterns for various values of
a/B for the case (1/2)bk=1. The radiation
patterns are normalized in all cases. The
values of a/B depend on the waveguide con-
figuration and the applied static magnetic
fields in magnitude and direction.

It has been shown experimentally by
Angelakos and Korman [10], and theoret-
ically by Tyras and Held [1], that by

changing the static magnetic field in a
waveguide filled with ferrite, a scanning of
the radiation pattern is obtained in the H
plane. A similar scanning should be ob-
tained if one calculates the radiation pattern
from (8) for two or more modes of propaga-
tion. However, under the present system,
more control is given on the radiation pat-
tern from the design point of view (&; and
8;) and from the possibilities of changing the
static magnetic fields (H: end H). Addi-
tional study of the present system is under
way.
T. M. CHiex!
H. Uxz
Dept. of Elec. Engrg.
University of Kansas
Lawrence, Kans.

1 Mr. Chien is presently associated with the West-
ern Electric Co., New York.
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Microwave and High-Frequency
Calibration Services of the National
Bureau of Standards—Part IV

INTRODUCTION

This is the fourth of a series of presenta-
tions on microwave and high-frequency
calibration services of the National Bureau
of Standards which began in the July 1964
issue of these TRANSACTIONS. (See the July
issue for a more complete introduction.) In-
cluded in this issue are the services for
voltage, frequency stability, and cavity
wavemeter calibrations. This completes the
listing of presently available microwave and
high-frequency calibration services of NBS.
It is expected that the announcement of
additional calibration services will be pub-
lished in a similar manner in the TRANSAC-
TIONS as they become available. As in
previous installments, following the listing
of calibration services is a series of charts
(Figs. 1 and 2) indicating the magnitudes of
quantities, the frequency range, and the
overall estimated accuracy of the calibra-
tions performed.

MIcrROWAVE REGION

201.930 Frequency measurements on cavity
wavemeters

Frequency measurements are made on
fixed or variable cavity wavemeters of either
the reaction (one-port) type or the trans-
mission (two-port) type. Frequency meas-
urements are made on cavity wavemeters
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