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Fig. 3, Pulse generator output (modulating signal).
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Fig. 4. Detector outputs. (a) Detected pulses for
L =0. (b) L =1 meter of RG52/U. (c) L =2 meters of
RG52/U. (d) Reference~L =0 meters of RG9AfU.
(e) L =2 meters of RG9A.

Figure 4(d) is the output pulse observed

when coaxial to waveguide adaptors were
inserted between isolator and modulator.
This pulse is the reference for the coaxial

line. Figure 4(e) is the output pulse observed

when two meters of l?G9A/U were inserted

between the adaptors. No change in pulse
shape should occur because TEM or coaxial

transmission is not dispersive. The output
pulse shows that the only effect is a 3 dB
loss in power. Since RG9A/U cable has an
attenuation of 0.5 dB /f t at 10 Gc/s, the de-

tected output amplitude agrees very well
with theory.

F. A. RUSSO

V. R. SCHOEP

Research Labs. Div.

Bendix Corp.

Southfield, Mich.
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Correspondence

Maximally Flat Bandwidth of

Nondegenerate Parametric

Amplifier with Double Tuned

a

Signal Circuit and Single Tuned

Idler Circuit

The advantages of an amplifier employ-

ing a single tuned idler circuit have been
discussed by DeJager.l Using a single tuned
idler, circuit, DeJager has calculated the
maximum bandwidth obtainable with a

single tuned signal circuit and also the
maximum limiting flat bandwidth.

It is the purpose of this letter to present

the results of the extension of DeJager’s
work to the case of a single tuned idler cir-

cuit and double tuned signal circuit. As
shown by DeJager, the input impedance of

the single tuned amplifier is given by

(Z=RA 2j~Q, –
1

)

(1)

l+2j~” Qz
W1

If a shunt tuned circuit resonant at the sig-
nal frequency is connected across the input

terminals (see Fig. 1), the input admittance
is given by

Yi. =Y+*

where

and
Q = wR.C

Therefore

(2)

1 1 – QQ@-j(QlQzQ@+Q8- QNJ
I’i.= ‘~

[ 1+QlQ2ti2-jQl? 1
C, L,

Then

A + Ba2 + C’IIJ + Dac
g’(a) =

E + Ba2 + C(Z4+ Dae

where

()A=~2
g+l

‘“+K%)2
+ 2 [(fi)’ –x] q’ + (1 – X)2!(T4

\

()
C=xz+ %’ – 2X(:[ – X)q’

D = X’q2

2’

()
E= —

g+l

For maximally flat gain, we must set as
many derivatives of gz(a ), evaluated at
~ =0, to zero as possible. Setting

W!w)l _ wo)l_ .= o

da2 da’ ‘

we must have

B=C=O

Thus

q4(l – x)’

-2P-(5+)’lq’+(53’””0
(–)X2+ f?-1 2

– 2X(1 – ,x)q~ = o
g+l

“ci3z333
Q =~

I (IJICIRA ‘2= WI C2RA O=W}C RA

Fig. 1. Equivalent signal circuit near resonance.

where The above two equations can be satisfied

~=zti simultaneously for

w
X=g–l

The power gain of the amplifier is given by ~’
q, ,= K;

[ YoRA + 1 – (QQ1 – I’@AQIQ,)ZI’]2 + @[ yiIRAQI – Q2 + Q + QI(@

“(u) = [ I’&A – 1 + (QQI + l’oRAQ,QJ@]’ i- v’[ YORAQI + Q2 – Q – QIQ21QII.2]’

Let Therefore, we have

“(0)=(2:02=” +

——
‘–1

qopt = 7

and define Q~2 = QIQ2, @ = Q2/Q1 after De-

Jager and also let
~= (~)d~?

(1g2+ g--l)s
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Fig. 2. Bandwidth vs. center frequency gain
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Fig. 3. Optimum q vs. center frequency gain

TABLE I

Single tuned

3 dB bandwidth

gain calculated measured

7 dB 1.5 per cent 15 per cent
6.1 5.7

H 2.6 2.3

Broadbanded

flat bandwidth
gain calculated limit

7 dB 44 per cent
30

;; 21

Double-tuned

0.1 dB bandwidth 1.0 dB bandwidth

gain calculated measured calculated measured
per cent per cent per cent per cent

7 dB 19.6 23 29.7 29.7
11.4 14 17.0 16.1

;; 7.0 8.5 10.5 11.2

I I –“’’’’’w;”’” I
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Fig. 6. Gain vs. frequency.
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Fig. 4, Optimum Q/QM vs. center frequency gain.

The optimum 1 dB and 3 dB bandwidths
are plotted as functions of midband gain in
Fig. 2 as well as the single tuned and limit-
ing flat bandwidths as obtained by DeJager.
The optimum g for the three cases is plotted
in Fig. 3 and the optimum Q for the double

tuned case is plotted in Fig. 4. As seen
from Fig. 2, the maximally flat band-

width for the double tuned case is approxi-
mately double that of the single tuned and

about half of the maximum limiting flat case.
When the value of q is not its optimum

value, it is still possible to choose Q such

that

The gain vs. frequency curves for g= O.73q0Pt
and g = 1. 25qO~~with Q chosen to set

~’[tw)l = o

dcxz

are shown in Fig. 5, along with the maxi-
mally flat case for comparison.

It should be noted that the bandwidth of
the amplifier can be increased somewhat
over the maximally flat case by sacrificing
gain ‘flatness, as shown in Fig. 5.

Table I shows the results of DeJager’s
work, along with the calculated 0.1 and 1
dB bandwidths for the double tuned case,
using his value of Q~ = 3.6. It can be seen

that the calculated results compare favor-
ably with his measured values. The gain vs
frequency characteristic for another ampli-
fier’ is shown in Fig. 6, along with the the-

oretical maximally flat curve. Again there is

a favorable comparison, both in the shape
of the curve and in bandwidth.
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