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Fig. 3—Two-port reactive switch, pormally on, utjliz—
ing mode-conversion properties of magnetized
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Fig. 4—C-band absorption switch, normally on,

LOSSY BLOCKS
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Fig. 5—Absorption switch, normally off. Field off,
high insertion loss. Field on, low insertion loss.

COUPLING HOLES

FERRITE ON
ONE SIDE

Fig, 6—Proposed variable coupler. With field applied,
coupling to auxillary guide is reduced.

This indicates that there is a considerable
field outside the ferrite even when saturated.

4) Absorption Switch, Normally Of:
This configuration has not been fabricated
as yet, but in principle should work well. The
switch conception is illustrated in Fig. 5 and
is similar to the reactive switch of Fig. 2. In
this switch, the metal is replaced by lossy
material so that, with zero field applied,
most of the energy is absorbed. With an
applied field, the RF energy is trapped to
the ferrite and passes through the material
with low insertion loss.

5) Variable Coupling Devices: A pair of
coupled waveguides, one of which contains
the phase-shifter geometry, is depicted in
Fig. 6. When a field is applied, the energy is

trapped in the ferrite and changes the cou-
pling coefficient.

CONCLUSIONS

The suggested types of switches have a
number of features which make them valu-
able. First, the magnetic field required is low,
thus facilitating rapid switching. Second,
they cannot be over-driven as in a Faraday
rotation switch. Once saturated, additional
field has little effect on the passage or reflec-
tion of RF energy. Excellent ratios of isola-
tion to insertion loss can be obtained.

A. CLaviN
Microwave Dept.
Rantec Corp.
Calabasas, Calif.
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Comments on “Stepped Trans-
formers for Partially-Filled
Transmission Lines”*

The use of a lumped equivalent circuit
for the transverse section of a waveguide has
been used to determine the cutoff frequency
of ridged guide.l? In essence, the transverse
section of the guide is equated to an LC tank
and the resonant frequency of the tank is de-
termined by the usual formula. Sullivan and
Parkes® have extended this method to the
analysis of a ridged guide partially loaded
with dielectric. They account for the addi-
tional capacitance introduced by the di-
electric and include this capacitance as
part of the LC tank to be analyzed for the
resonant frequency. While the simplified
lumped-network equivalents are always de-
sirable in analyzing microwave networks,
we should be wary of overgeneralizing them.
In the case of dielectric slab loading in a
waveguide, the location of the added capac-
itance as well as its magnitude has an effect
in determining the cutoff frequency. (This
can also be said of the discontinuity capac-
itance at the edge of a ridge.) Note how a
dielectric slab when centered in a rectangu-
lar waveguide will lower the cutoff frequency
far more than when flush with the sidewall.*
This is not accounted for in the LC tank
equivalent. The effect of each increment of
capacitance due to each lamina of dielectric
will be largely determined by the distance
from the lamina to the short-circuit walls.
Therefore, the author believes that the case
of a partially dielectric-loaded guide can
only be genuinely analyzed by the trans-
verse resonance method or by some other
method which accounts for the distributed
parameters involved.

Another point for consideration in an-
alyzing dielectric slab-loaded guide is the
relationship between the guide wavelength
and the cutoff wavelength—or rather the
lack of relationship. Formulas for guide
wavelength are based upon the right tri-
angle relationship that exists between the
propagation constants koxsx. Lhese are,
respectively, the propagation constants for
free space, for the waveguide transverse di-
rection, and for the waveguide longitudinal
direction.

ko? = k? + Kg27 (1)
where

ko=2m/Xo, No=wavelength of the traveling
wave in free space,

k:=2m /N, \s=transverse resonant wave-
length,

kg=2m/Ng, \;=guide wavelength.

* Received by the PGMTT, July 19, 1960.
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If the guide is completely filled with di-
electric, (1) becomes

eko? = ki + Kg% (5)

where ¢ is the dielectric constant of the me-
dium relative to air.
Eq. (5) leads to

N=———t— (9

Usually when formulas (4) and (6) are
presented A, is given as A, the cutoff wave-
length, because in the usual case where the
guide has only one dielectric medium, A; is
equal to N\,. When the guide contains dis-
similar dielectric media, however, \; is gen-
erally not equal to .. Therefore, \; as well
as fe, the cutoff frequency, cannot be used to
determine M, as in formulas like (4) and (6).
This point is widely unappreciated. Sullivan
and Parkes, for instance, have used the cut-
off frequency in a formula akin to (6) at-
tempting to determine A, for a dielectric
slab-loaded guide.®

In a guide having one dielectric medium
in the transverse plane, the transverse reso-
nant wavelength for each mode is fixed and
independent of the frequency of the travel-

5 Sullivan and Parkes, op. cit., see (13).

Correspondence

ing wave. In a guide having different dielec-
tric media, however, the transverse resonant
wavelength for each mode will vary as a
function of the traveling-wave frequency as
wellas of the geometry of thesystem. Further-
more, each dielectric medium will contain a
different transverse resonant wavelength.
In a dielectric slab-loaded guide, the air
region and the dielectric region will each
have a different transverse resonant wave-
length, Ay in the air region and X\, in the
dielectric region. In all cases, A\, will be
different from A, but both Ay and A will
yield the same A, when used in (4) and (6),
respectively.
As the frequency increases, the RF tends

to concentrate in the region of highest di-
electric constant.” When the frequency is
reached at which A;=Xo, there is no longer
any transverse propagation in the air region.
A becomes imaginary, and in the transverse
plane, the air region is a guide below cutoff.
Nevertheless, (4) or (6) will still yield A, if
we know Ay or Ag, respectively.

For the dielectric slab-loaded guide, (1)
and (5) are modified respectively,

K¢ = ko +x? Q)
&Ke? = ke + & @®
where
Kia = 27“/)\m
ke = 2w/ e,

The determination of X\, for this case is

6 C. G. Montgomery, R. H. Dicke, and E. M
Purcell, “Principles of Microwave Circuits,” McGraw-
Hill Book Co., Inc., New York, N. Y,, op. 385-390;
1948

7T, Moreno, “Microwave Transmission Design
Data,” Dover Publications, Inc., New York, N. Y.,
Fig, 11-2; 1958,
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usually made by simultaneously solving (7),

(8) and the transverse resonance equation
of the given geometry.%

MicuaasL R. LEiBowriTZ

1620 Ocean Ave.

Brooklyn, N. Y.

Authors’ Comment$

The authors would like to thank Mr.
Leibowitz for his comments on the article,
“Stepped Transformers for Partially-Filled
Transmission Lines.”?

The analysis of a ridged waveguide par-
tially loaded with dielectric is intended pri-
marily to outline a means of designing di-
electric stepped transitions in ridged wave-
guide. Because of the approximations that
have been made in the analysis, it is not in-
tended to be a precise treatment of guide
wavelength as a function of the dielectric
geometry for the double-ridged guide. How-
ever, we feel the design procedure will yield
good results for most engineering component
applications. Similar stepped dielectric
transformers have also been employed suc-
cessfully in the 4000- to 7000-Mc range.

Although not reported in the paper, the
VSWR of a linear dielectric taper (of the
same length as the stepped transition) had
also been measured. The maximum recorded
VSWR in the 2000- to 4000-Mc band was
1.44 as compared to a maximum VSWR of
1.10 for the stepped transition.

D. ]. SuLLivaN

D. A. PARKES

Advanced Microwave Dev.
Sperry Microwave Electronics Co.
Div. of Sperry Rand Corp.
Clearwater, Fla.
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