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Correspondence

Parametric Amplification*

According to Manley-Rowe! power rela-
tions the difference of pump and signal
frequencies yields the so-called negative
resistance parametric amplifier. In this case,
infinite gain is possible in contrast to the sum

" frequency amplifier or up-converter which
has a finite gain determined by the pump
and signal frequencies.

In order to realize parametric amplifica-
tion, the circuit in question must contain a
time varying or nonlinear reactive element
which is usually accompanied by a nonlinear
resistance such as the function of a semi-
conductor diode. Under this condition, the
harmonic content of the resultant wave is
very high, due to the existence of both ampli-
tude and frequency modulation. Harmonic
generators using this idea have been devel-
oped by Leenov and Uhlir.? Another condi-
tion which results in combined amplitude
and frequency modulation is the nondissipa-
tive LC circuit with a time varying capacitor.
Such a circuit involves the solution of the
Mathieu's3 equation given in (1)

¢+ 8(1 +cos Wit)g =0 1)
where
_ (patural frequgliy_)f

(signal frequency)?

The sideband expressions of an ampli-
tude modulation in presence of frequency
modulation are given by (2) and (3).*

Ir_y = 0.5KIy(Bo + By) cos (2 — w)t

— Buly cos (2 — w)t @
Ipys = — 0.3KIyu(Bo + B3) cos (@ + w)i
— Bily cos (@ — w)t 3)

where

Q=carrier or pump frequency
w =signal frequency

Bo=Je(B)
Bi=J(B)
By=JB)

Egs. (2) and (3) show a very important
fact. The amplitude of the lower sideband is
the difference of two factors as given in (4).

{0.5K[By + Bs] — Bi}Iur = (c — &)1 (&)

whereas the upper sideband is the sum of two
negative factors. Under this condition, the
magnitude of the lower sideband can be a
very small percentage of the upper side-
band. Therefore, one can talk of a negative
type of parametric amplification if the prod-
uct of parametric amplification gain and the
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amplitude of the lower sideband exceeds the

amplitude of the upper sideband. Also,

under very small lower sideband amplitudes,

the signal-to-noise ratio may be a predomi-

nating factor in determining the quality of

the amplifier. An important conclusion

which can be drawn from the above ex-

planation would be that up-converters may

be superior to negative type of amplifiers

in gain and noise considerations if the value
of (¢ —d)Iu goes to very low levels.
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A Microwave Technique for the
Measurement of the Dielectric
Properties of Soils*

During a recent investigation of antennas
mounted flush with the earth, it was neces-
sary to measure the dielectric properties of
soil. Many different techniques for the
measurement of dielectric constants and loss
tangent have been developed.!=2 These
techniques generally fall into two categories:
those which utilize transmission through a
sample and those which use the reflection
from the sample. The particular technique
employed is modified to suit the range of
parameters being measured and the physical
characterisitics of the sample. In general, a
measurement that provides an accurate de-
termination of dielectric constant is rela-
tively insensitive to variations in loss
tangent and vice versa. The technique
described here utilizes both types of measure-
ments to find in a practical manner the
dielectric constant and loss tangent of
relatively moist loamy soil at microwave
frequencies.

The attenuation of a wave propagating
in the sample is measured by probing a soil-
filled section of rectangular waveguide
through a series of holes drilled along the
centerline of the top face. A typical experi-
mental setup is shown in Fig. 1 where the
top face of the waveguide has been removed
to show the sample of soil. The effect of the
reflected wave in the soil may be neglected
by making the sample sufficiently long. The
magnitude of the field is then given by

E = Ege(alkoks 6h)
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Fig. 1—Equipment for measurement of dielectric
constant and loss tangent of soil,
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Fig. 2—Attenuation in waveguide filled with
two different samples of soil.

where a is attenuation constant, kg is the free
space propagation constant (i.e., ko=27/\o
where )\ is free space wavelength), x is the
distance measured along the waveguide, and
E, is the magnitude of the field at the front
edge of the sample. Thus, if the magnitude of
the field in db is plotted against distance
along the guide, the result is a straight line
whose slope is proportional to a/k¢. Fig. 2
shows examples of probe data taken with
two different samples of soil. It will be ob-
served that there are slight variations from
the straight line curve which are due largely
to nonuniform density of the soil sample;
however, with a sufficient number of points,
the slope of the line is quite accurately de-
termined. No essential variation from the
straight line was observed with a homoge-
neous material such as soap.

The propagation constant (v) for the
dominant mode in the soil filled portion of
the rectangular waveguide may be written
(assuming e/®¢ time dependence) as

v =a+j8

= ko [(%)2 . + jer tan 5]1” )

where ¢, is the relative dielectric constant of
the soil, tan & is the loss tangent of the soil,
and A is equal to twice the waveguide
width. Solving for the loss tangent gives

tan 8
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This shows that the attenuation constant is
sensitive to changes in loss tangent.

The normalized impedance z in the air-
filled portion of waveguide at the interface
of the soil sample is equal to the ratio of the
propagation constant in the air-filled guide
to that in the soil-filled guide and is thus
written as '

Yo

z=—

Y

Mo\ ? v
[ - (3) ] "
pm—c)

In turn, the VSWR S in the air-filled guide
is related to z by

ekt fa=1]
h |z+1[ —|z—1’

Substitution of (3) and (4) in (5) yields an
expression for S containing ¢, the measured
quantity «/ko and waveguide parameters.
For the special case when &>2 and tan
§<0.1, (5) simplifies to

>\0 2—j1/2
()
1 Ae

NG
xC

This shows that measurement of VSWR is

sensitive to changes in dielectric constant.
Eqgs. (3), (4) and (5) are plotted in Figs.

3 and 4 as a function of «/k for an op-

erating frequency of 8.6 kMc. Thus, for a

given measured a/kg and S, the correspond-

ing dielectric constant may be read from
Fig. 3 and then the value of tan § may be
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TFig. 3—VSWR as a function of a/ko for f=8.6 kMc.
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Fig. 4—Loss tangent as a function
of a/ko for f=8.6 kMc.
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taken from Fig. 4. Not only has this tech-

nique proved useful for measuring the

properties of soil, but it has also been used

with great success in a bio-medical research

program for measuring the properties of
fatty tissue at L- and S-band frequencies.
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Investigation of Millimeter Wave
Reflex Klystron Amplifiers*

It has been shown that reflex klystrons
are usable for microwave'™? and millimeter
wave amplification.3 The purpose of this
communication is to report that a VA-99
fixed-cavity reflex klystron performed well as
a negative-resistance amplifier in the
“difficult” millimeter wave region and that
the amplifier was operated not by loading it
so that it was incapable of oscillation as has
been previously reported,?%¢ but by ad-
justing voltages and impedances so that it
was on the edge of a mode of oscillation.
All measurements were made using the set-
up shown in Fig. 1. In the amplifier section,
the reflex klystron was connected to the
main waveguide line with an H-plane tee
with an EH tuner, each at the input and out-
put end of the colinear arm of the H-plane
tee.5 The repeller and anode voltages, and
the circuit impedance were adjusted so that
the oscillation stopped at the signal fre-
quency.

In general when the amplifier was ad-
justed so the signal frequency existed at the
outside edge of the oscillation range of the
repeller voltage, stable amplification was
easily accomplished. Thus, the most suitable
frequency for amplification exists at the
edge of oscillation region of repeller voltage.
For the fixed-frequency klystron the signal
frequency must be chosen to meet these con-
ditions. The same thing is true for the anode
voltage adjustments.

When the output circuit impedance of
the reflex klystron is such that it can oscillate

* Received November 29, 1962; revised manu-
script received January 11, 1963. This research was
based on a work partly supported by a Frederick
Gardner Cottorell .Grant, and University Committee
on Research Grant, Marquette University, Mil-
waukee, Wis.
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and the input signal frequency is in fre-
quency range of oscillation of the amplifier,
it is difficult to control the oscillation to
obtain stable amplification. On the other
hand if the signal frequency is just outside
the oscillation region and the impedances
and voltages are such that oscillation does
not exist, stable amplification is easily
obtained.

Thus it can be seen that the output
impedance of the amplifier had a great
effect on its performance. As an example,
with a —70 dbm 70.35 kMc input signal to
the VA-99, strong oscillation appeared
approximately 30 Mc off the signal. When
one of the £H tuners adjacent to the VA-99
was adjusted, the oscillation weakened as it
moved to within 18 Mc of the signal which
was now being amplified. By further ad-
justment of the EH tuner, oscillation dis-
appeared near the signal frequency and the
signal alone remained, amplified 27 db.

When the VA-99 was oscillating strongly
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Fig. 1—Test circuit configuration.

Fig. 2—Pulse amplification (frequency sweep dis-
play). Top: Output of VA-99 Amplifier, 30 db gain
70.35 kMc carrier. Bottom: 1-usec pulse input to
VA-99 amplifier, pulse repetition rate, 1000 cps.



