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Comes~ondence_ —.
1.

Parametric Amplification*

According to Manley-Rowel 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. 2 Another condi-
tion which results in combined amplitude

and frequency modulation is the nondissipa-
tive L C circuit with a time varying capacitor.

Such a circuit involves the solution of the
Mathieu’s3 equation given in ( 1)

q“ + 8(1 + Cos JvsmJ = o (1)

where

* = (natural frequency)’

(signal frequency) 2 “

The sideband expressions of an ampli-
tude modulation in presence of frequency
modulation are given by (2) and (3).4

IF.f = 0.5KIM(B0 + B2) Cos (Q – Zu)t

– BJ.i4 Cos (Q – W)t (2)

IF+j = – 0.5KIM(B0 + B,) Cos (a + W)t

– J3,1M Cos (Q – W)t (3)’

where

Q= carrier or pump frequency
w = signal frequency

BO=.TO(6)

B1=J1U3)

B,= J,(6)

Eqs. (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[B, + B,] – BI]IM = (c – d)~.l!f (4)

whereas the upper sideband is the sum of two
negative factors. Under this condition, the
magnitude of the lower sideband can be al

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 (c —d)l~ 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. 1–2 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

characteristics 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 = Eoe– @]h~)kQz (1)
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Fig. l—EQuiPment for measurement of dielectric
constant and loss tangent of soil.

Fig. 2—.Attenuat ion in waveguide filled with
two different samples of soiL

where a is attenuation constant, &is the free
space propagation constant (i.e., k~ = 2m/&z

where xo is free space wavelen~th ), x is the
distance measured along the waveguide, and
EO 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 k a straight line

whose slope is proportional to a/ko. 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 so,~p.
The propagation constant (y) for the

dominant mode in the soil filled portion of
the rectangular waveguide may be written

(assuming e@’ time dependence) as

“f=a+j(3

where e, is the relative dielectric constant of
the soil, tan 6 is the loss tangent of the soil,
and A, is equal to twice the waveguide

width. Solving for the loss tangent gives

tan 6
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