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where

CC velocity of light,

f= frequency,

e= dielectric constant,

It is at this diameter that orthogonal TEu

modes can propagate in the ferrite acting as

a dielectric waveguide. We have observed
an additional phenomena which can also be

explained by this dielectric waveguide
model. This effect is discussed by Weiss4 and
is associated with the large amount of

periodic 10SS which occurs as one increases

the microwave frequency above a critical

value. I believe a simple explanation of this

behavior can be attributed to the excitation
of the next higher order mode, the TM ~l.
This mode can only propagate in the ferrite
region and is not matched to the rectangular

waveguide by the transformer that matches

the TEII mode. Multiple reflections, there-
fore, occur between the ferrite ends with

periodic losses resulting. In a similar manner
to that used by Rizzi and Gatlin, the fre-
quency at which this mode propagates is
computed by

f> c
1.309 d 4; ‘

(2)

The dashed curve in Fig. 1 has been calcu-
lated using this relationship with c=13.

Also presented is an experimental curve ob-

tained with R-1 ferrite. The two curves

show a general agreement. Some of the dif-
ferences in the two curves can be possibly

explained by the value of e used as well as
the effect of the waveguide height. Since
all the microwave energy is not trapped to
the ferrite, especially at Iow applied fields, a
reduction in the narrow dimension should

raise the frequency at which the TM 01mode

can propagate. We have experimentally ob-
served theaboveto be true.

ON TEMPERATURE SENSITIVITY

The temperature sensitivity of the
Reggia-Spencer phase shifter has been of
concern in those applications which require
precise phase control or phase modulation.
In applications that require both phase ad-

vances and delays, bias currents are re-
quired because of the reciprocal nature of

the phase shifter. The phase delay, as a
function of temperature at a bias point of 85

ampere-turns for R-1 ferrite 1.4 inches long

with 0.6-inch conical tapers, is shown in

Fig. 2. It can be observed that over very
large temperature ranges, as much phase

shift can be obtained from this effect as from

applied magnetic fields.
The type of phase modulation char-

acteristics obtainable about the 85-ampere-
turn bias points as a frrrr,ction of tempera-
ture, is shown in Fig. 3. These curves are
plotted ona relative basis; Le.,, they all use

the same zero field phase-shift value. Note

that the peak-to-peak phase shift is quite
constant. This is illustrated by Fig. 4, which

indicates the variation in the peak-to-peak
phase shifts as a function of temperature.

There is a fairly large range of temperature
possible with little change in phase modula-

tion characteristics. Threfcm:, if one desires
to use these devices as phase modulators it
is possible to do so with little change in the
iodex of modulation with temperature.
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