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the guide wavelength remains constant as

the screen diameter is increased. Thus the

effect of the screen on the HEII mode be-
comes small and the wave propagates in a

quasi-diehxtric rod mode. However, (2) and
(3) show that higher-order modes are also
produced by the screen and a pure quasi-

dielectric rod HE,, mode is not propagated.
The theoretical results in Fig. 2 were taken
from Beam and \Yachowski.l
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On the Measurement of

Detector Impedance*

A detector or receiver may be used in

conjunction with a directional coupler and a

calibrated variable short to measure its own
impedance. The observed VSIJ7R as the

short is adjusted is the VS\\’R of the de-

tector if the coupling is light. Irarious minor
corrections are described.

The purpose of this paper is to describe

a method for the measurement of the im-
pedance of a detector of known response
law without the use of an auxiliary detector.
The method is especially suitable for use at

the lowest power level within its range of
operation. The detector could be a crystal,

a bolometer or a receiver. The method is

related to the resonance cur~,e (Chipman

method) impedance measuring technique.

It is also related to the usual method of

measuring impedance of a receiver in which

the source and detector of a standard setup
are exchanged.1 The unusual feature is that

the detector is used to measllre its own
impedance.z

It is assumed, of course, that the detec-

tor law is known and that its impedance
does not change for the moderate change of
received power levels encountered during the
VSWR measurements. The method utilizes

a di~ ectional coupler, a matched load, and
a moving short with a position indicator, in

addition to the signal source and the detec-

tor. .4 slotted line is not required. The
method can be applied to standard micro-

wave circuits but has been used primarily in

* Received January 21, 1963; revised manuscript
received APrd 1, 1963. Tbe research reported in this
paper was sponsored by the L~. S. Army Signal Re-
search and Development Laboratories, Fort Mon-
mouth, N. J. and jointly hy the U. S. Army Sigual
Corps, the U. S. Air Force, and the U. S. Navy
(Office of Naval Research). This material was pre-
sented at the Millimeter and Submilli meter Confer-
ence, Orlando, Fla., January 7–10, 1963.
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circuits utilizing plane waves in the sub-

mi]lirneter wa~,elength range.~

Let a signal source and a matched termi-

uatiou be connected to the main arms of a
directiofial coupler, the detector to be
tested to the forward-coupled side arm and
a caiibmted shorting (tuning) plunger to the
I everse arlrr, as sketched in Fig. 1. Let the
reflection coefficient of the mount be r and
the corresponding transmission coefficient
to the detector element itself be T. The

voltage transmission coefficient of the
coupler is t and its voltage coupling coeffi-

cient is r. “~he shorting plunger is assumed

perfect and has a reflection coefficient e~~.
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Fig. l-—Circuit for measuring detector impedance,

Au incident wave of unit arnplitude,
upon reaching the coupler, will be partially
transmitted to the detector. It will deli~-er a

voltage rT to the detector itself. The reflec-
tion from the detector, of magnitude rr,
will pass twice through the coupler on its

way to the shorting plunger and back. It
will contribute an additional voltage
~IY2@7_ at the detector. Multiple reflections

will exist; the total signal delivered to the

detector will be

Maxima and minima will be observed as

the shorting plunger is adjusted to make the
denominator real. Their ratio is:

l+t211’1

from which we obtain the reflection coeffi-

cient of the detector mount:

,, D—1

For light coupling, t= 1 and p will be ap-

proximately the voltage standing-wave ratio
of the mount.

The measurement, of course, can be no
more accurate than the equipment used. In
the equations above, it has been assumed

that the directivity of the coupler is infinite

and that the matched load is perfect. Im-
perfections will have an effect similar to
that of the residual VSWR of a slotted line.

It will be noted that no auxiliary detec-
tor is used in this measurement. It is re-
quired only that the signal source be

3 R. H. Mdler, P .4. Szente, and K. B. Mallory,
‘<A Mea~”rem~nt of Bolometer Mount Efficiency at

Mdbmeter Wavelength s,” presented at the Milhmeter
and Submilli meter Con f., Orlando, Fla.; JanuarY,
1963.

moderately well-matched and that the

transmission coefficient t of the coupler be

known. The loss in the shorting plunger

m~y also be lumped in with t if it has been
measured. ;Note that the losses in the mount

have not been measured. They affect the
value of T which is elimin,zted in the ratio
of maximum to minimum signals. The
mount efficiency must be measured by an
appropriate series of measurements of
mount impedance.
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The Synthesis of N-Port

Circulators*

Professor P. Penfield has kindly brought
to our notice his paper on lossless three-
ports,] which independently covers some of
the work described by US.2 He has pointed

out that for circulator synthesis from a three-
port junction only one of the three condi-

tions of equation (16) or (17) need be speci-

fied. This can be seen frc~m the first two
equations of (9) of our paper. Otherwise our
classifications of three-port networks are the

same.
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Broad-Band Microwave

Discriminator*

A sketch of a novel broad-band micro-
wave discriminator is shown in Fig. 1. The
device utilizes a pair of symmetric 3-db

hybrids joined by unequal lengths of trans-
mission line. The difference between line
lengths is represented as a frequency de-
pendent phase difference O. A straightfor-
~vard analysis of the circuit yields

I E, I = 0.707E(1 + Cos$b)” (1)

] E, I = 0.707,?3(1 -- Coso)’”. (2)
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