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Fig. 1. Configuration of the dual-mode coupler.

TABLE I

VALUES OF LETTER DIMENSIONS FOR THE

COUPLER OF FIGURE 1

Dimension
Model 1
(inches)

Model 2
(inches)

a 0.765 0.465
b 0.200 0 196

c 0.780 0.910

d 0.230 0.406
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Fig. 2. VSWR versus frequency for Model 1 of the
dual-mode coupler.

Two models were designed and tested.
Their configuration including dimensional
information is shown in Fig. 1; specific dimen-
sions of the irises are given in Table I. The
smaller resonant iris in Model 1 yields a
wider bandwidth; however, it reduces the
power-handling capabilities of the side arm.

Both models were tested for VSWR, power
handling capabilities, and isolation. The
VSWR versus frequency characteristics are
shown in Figs. 2 and 3. Both couplers tiere
tested at atmospheric pressure with a pulsed
power source having a pulse length of 1.0 M,
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Fig. 3. VSWR versus frequency for Model 2 of the
dual-mode coupler.

a pulse repitition frequency of 600 Hz, and a
frequency coverage from 8.5 to 9.6 GHz. The
straight-through arm of both models handled
over 250 kW peak; the side arm handled over
125 kW peak in Model 1 and over 250 kW
peak in Model 2. In both couplers, the isola-
tion between the rectangular arms exceeded
50 dB over the test frequency bands of 8.2 to
9.8 GHz and 8.4 to 9.6 GHz for Models 1
and 2, respectively.

The performance reported here does not
necessarily represent the ultimate limits for
this type of coupler. It is felt that with changes

in the taper and with a different shape for the
resonant iris the coupler would perform well
over a broader frequency band.

R. C. JOHNSON
F. L. CAIN

E. N. BONE
Engrg. Experiment Station

Georgia Institute of Technology
Atlanta, Ga. 30332
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Comment on “Isolation of Lossy Trans-

mission Line Hybrid Circuits”

I should like to call attention to several

errors appearing in the above correspon-

dence.1 These errors are presumably typo-

graphical, and indeed do not affect the calcu-

lated isolation values. However, they could

impair the utility of the correspondence to the

reader wishing to extend the analysis to cal-

culate the remaining properties of the two

hybrid types. The errors are listed in the

following.

Equation (13) should read

Manuscnpt received May 31, 1967.
1 R. M. Kurzrok, IEEE TMns. M[cro waue Theory

and Techniques (Correspondence), vol. MTT- 15, pp. 127-
128, February 1967.
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Square Hybrid

Isolation Coupling
Insertion

*L Loss
Input

(dB) (dB)
(dB)

VSWR

0.0785 ‘22,0 4.52 4,52 1.17
0.00785 40.6 3.17 3,17 1,02
0 00078S 60.5 3.03 3.03 -1.001

0 . 3.00 3.00 1.000

BI

Isolatmn

(dB)

33.6
51.4
71.1

.

1

Rat Race Hybrid

Coupling
to port 2

(dB)

4,17
3,15
3 03
3.00

Coupling
to port 4

Input

(dB)
VSWR

3.77 1.04
3.12 1.005

3.03 -1.000

3.00 1.000

Author’s Rep~2

The author is grateful to McGough for
D~

=.I

1

— 1 aIL

1

.1” pointing out the er~ors in the preceding letter.

*~d2 “’L i ~2a2L + 7? 42‘+”’L*% Errors in(13) and (22) are typographical,, The

error in (17) which is carried through to (19)

appears to be the result of faulty algebraic

Here his seen that Az and As are of equal manipulation. Equation (15) is correct as

amplitude and in phase quadrature, as in the shown; however, it can be simphfied as fol-

Equation (17) should read

leading to

l(dB) = 20 logl,
2[1 +a,L + ~!2a,L]

—.
aJ + /2 a2L

However, if we make the approximations
~lL, ~&<<l, the error disappears and (19)
remains correct.

Equation (22) should read

3aL – j
Y,++ = —T

leading to

together with (25).
The author calculates the isolation only of

the square and rat race hybrid junctions. It is
instructive to extend the analysis in order to
obtain the theoretical coupling, transmission
loss, and input VSWR of these hybrids, as
follows

For the Sqaare Hybrid

Assuming m = cu = a

A,=–
aL(l + @)

2[CYI(1 + %@ +11

1
.4z = ‘j~qaL(l + W) +11

and

A,=–
1

~2[aL(l + v’2) + 1]

Ad= –j_
aL(l + ~~)

2[aL(l + @) + 1] ‘

lossless case. lows :

For the Rat Race

A~=–j
3d5GL -t- 2

2@[3x/~ aL + 11

A, =
–@ aL

4[3@ aL + 1]

and

Here it is noticed that the outputs AZ and
Al are in general no longer equal, due to the
asymmetry of the hybrid, but remain in phase.

Using the author’s own values for Q and
~L, the results can be expressed in Table I.

Thus, in addition to the 10 dB superiority
in isolation achieved by the rat race hybrid,
the coupling to ports 2 and 4 are closer to the
theoretical value of 3 dB than are the coupling
and insertion loss of the square hybrid, and
the input VSWR is also improved. However,
the rat race suffers from the disadvantage that
in the lossy case the power division is uneven
which may be a serious drawback when the
hybrid is to be used as the basis for a balanced
mixer.

B. MCGOUGH
Systems Div.

Mullard Research Labs.
Redhill, Surrey,

England

This is of the form

TjA
r+? =

BhjB

where

A = d2aIL + 2CUL

= @(aIL + @ azL)

B = @ + @ aIL + zcY2~

c @j(I + ~,L + ~~;a,~).

Use of this modified (15) will permit determi-
nation of vector amplitudes such as A4 with
minimal algebraic effort. For example

“[ A
A,== —

2 B+jB
+ ;+]

[1–~A.——
2B

Substituting for A and B quickly provides
McGough’s corrected version of (17).

McGough’s extension of the analysis to
other properties of the hybrids has provided
useful results.

R. M. KURZROK

Consulting Engineer
545 West End Ave.

New York, N. Y.

9Manuscnpt received .lune 26, 1967.


