264

P
T

A
><7>db ><3db
> —F.

Fig. 1—Schematic of broad-band
microwave discriminator.
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Fig. 3—Experimental data on broad-band
microwave discriminator.

It is readily determined from (1) and (2)
that

|E 2+ | B2 = | E] 3)

and that the device is then 100 per cent
efficient.
The ratio of output powers is

]EzP_pz_ . @
I—E;F—-pl—-tan-z—*‘ (4)

Since ¢ is frequency dependent, the ratio
of output power is also frequency dependent.
Since ¢ =27 (l/)\), (4) may be modified to

P2 7l
— = tan? — 5
P1 A ®

where 7 is the physical line length and A is
the wavelength in the line.

For TEM Propagation (coax), (5) may
be written as
22 tan? l —f— (6)

P1 ¢
where ¢ is the velocity of propagation in the
line.

Eq. (6) may be normalized conveniently
if the frequency at which [ is a quarter wave-
length is defined as fo. Eq. (6) is then

P L. %)
p1 4 fo
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A plot of (7) is shown in Fig. 2.

From Fig. 2 it is plain that arbitrarily
wide or narrow percentage bandwidth may
be achieved by suitable choice of the line
length difference. Fig. 3 shows data ob-
tained on an experimental coaxial discrimi-
nator. The differential line length was ap-
proximately three quarter wavelengths long
at 1.5 Ge.

The discriminator described is highly
efficient and capable of operation over
bandwidths limited only by the hybrid.

Theauthor wishes to thank Mr. Adelsberg
of the Naval Material Laboratory, Brooklyn,
N. Y., for the data on the 1-2 Gc discrimi-
nator.
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Frequency Response of Strip-Line
Traveling-Wave Directional
Filters*

Coale analyzed the single resonator strip-
line traveling-wave filter shown in Fig. 1 by
a perturbation method.! Design criteria
were formulated relating loaded Q to perti-
nent circuit parameters. Experimentally it
is observed that properly aligned filters
exhibitafrequencyresponse which is approxi-
mately Butterworth. The purpose of this
communication is to show that the approxi-
mate frequency response of narrow band-
width filters in the absence of dissipation
and resonator discontinuities is theoretically
Butterworth. Comments on the design prob-
lem are included as well as a discussion of
the effects of resonator discontinuities.

The method of analysis employed makes
use of the physical symmetry of the filter.
By applying symmetric and antisymmetric
excitation to two colinear arms of the filter
as shown in Fig. 2, the four-port problem is
reduced to that of solving two, two-port
problems. The two, two-ports to be analyzed
are shown schematically in Figs. 3 and 4.
Making use of the image parameters de-
rived by Jones and Bolljahn for the coupled
lines,? and using 4 BCD matrix notation it
is readily shown that

2
Ts = ; .
2[cos ¢ cosh 2a+-sin ¢ sinh 2« cot 20]
+-5lsin $(2 cosh? w—sinh? a(cot? 4+ tan? )
—2 cos ¢ sinh 2a cot 20] (1)

T,
s =3 TS ([sin ¢ sinh? a{tan?§ — cot? 0]

+ cos ¢ sinh 2a(cot 6 + tan §)) (2)

* Received April 9, 1963.
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Fig. i—Loop type strip-line directional filter.
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Fig. 2—Symmetrical and antisymmetrical excita.tion
of the filter. (a) Symmetrical. (b) Antisymmetrical.
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Fig. 3—Network for symmetrical excitation. (a) Two

port with symmetrical excitation. (b) Equivalent
circuit.
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Fig. 4—Network for antisymmetrical excitation.
(a) Two port with antisymmetrical excitation.
(b) Equivalent circuit.
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Ta=Ts 3
Iy = —Tg% )
where

Ts,4=transfer function for symmetric
and antisymmetric excitation, re-
spectively,

T's,4 =reflection coefficient.

Thus the outputs at the various ports are

A =0
Ay =Ty
Ay =0
A4y =Tg.

The frequency response of the network
is given by

1
L = 10 logy T]—‘——; . 5
S

Assuming 26=¢, the frst resonance
occurs at ¢o=w/2. In the vicinity of
resonance, (4) becomes

1
Tol =
3 1 (cosh 2« + sinh 2a) cos ¢ + 71
~ /2
¢ = 20 (6)

For narrow bandwidth filters,

(cosh 2¢ -+ sinh 2a) ™~ 4 cosh? &
~ 30z
o ks

and

cos ¢~ x/2 — ¢,
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then
1
Ty 10
SR (/2 — ) + 1
™
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N N
20s(1- =) 451
™
Since ¢o=1m/2,
(-2)-25°
T b
and
b0 — b
2 ( ) _—
Qs b0 “
Therefore,
L = 101ogi (1 + w®). (8)

Eq. (8) is equivalent to the insertion loss
formula for a single resonator Butterworth
filter.

Practical development of traveling-wave
directional filters in strip-line form is time
consuming due to unavoidable discontinui-
ties which exist in the loop. The effects of
dielectric post supports and loop corners are
to cause the resonant frequency to shift
from the derived value and to produce a
double resonance in the frequency response.
These effects may be taken into account, at
least approximately, by replacing the trans-
mission lines which represent the loop sides
in the above analysis by a line having image
parameters Z; and ¢;. The image line is
derived so as to take discontinuities into
account. Fig. 5 shows the procedure for a
discontinuity whose equivalent circuit is in

Fig. 5—Loop side equivalent with
corner discontinuities.

the form of a symmetrical Tee (such as a
mitered corner). A difficulty in pursuing this
method further lies in the fact that expres-
sions for the equivalent circuit parameters of
mitered bends are not readily available.
(Mitered bends are normally used in practice
since they present the minimum disconti-
nutiy.) If right angle bends are considered®
it is found that

1) The image impedance characteristics
are poor.

2) The terminal planes at which the
equivalent circuit is known extends
well into the regionn of the coupled
lines. Thus local fields become a
problem.

In summary, it has been shown that nar-
row bandwidth strip-line traveling-wave
filters yield a Butterworth response. A
method of accounting for loop disconti-
nuities has been suggested. Difficulties in
applying the method are outlined. Work in
this area is continuing.

RoBERT D. STANDLEY
Armour Research Foundation
Chicago, Ill.
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