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Expansion (9) can now be substituted into (31) and
taking note of the fact that if k., is real then ., is
purely imaginary, (31) becomes proportional to

N N 2 2
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32
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This quantity is of the same form as (16) except here
®r and Py, are Hermitian. The matrix eigenvalue
problem which occurs when the wvariation of (32) with
respect to the a; is set to zero must also have real
eigenvalues. One then finds

Yot — v?

e
w1 +)

O

must be real, so that AB=a and the resulting matrix
eigenvalue problem is just (11).
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CONCLUSIONS

By means of the variational approach, the following
general properties of degenerate modes in lossy wave-
guides and cavities have been shown: 1) The degenerate
modes of the ideal structure split into an equal number
of nondegenerate modes in the lossy structure. 2) The
split occurs such that each of these new modes possess
the orthogonality properties of a nondegenerate mode.
3) Each of these new modes individually satisfies the
single mode power loss approximation. 4) In the case
of the cavity the shift in resonant frequency due to
losses is equal to the damping factor and for the wave-
guide the shift in the propagation factor is equal to the
attenuation constant.

In any particular example, the actual calculation of
the damping factor or Q of a cavity or the attenuation
constant of a waveguide has been systematized into the
solving of the determinant of a matrix eigenvalue prob-
lem, if desired the field distribution in the lossy struc-
ture can also be found by solving for the eigenvectors
of the problem, thus obtaining the expansion coefficients
of the ideal modes.

Correspondence

Comment on “A Simple Method for
Measuring the Phase Shift and
Attenuation through Active
Microwave Networks”*

In his recent letter! on the measurement
of phase shift and attenuation of active two
ports Alday has submitted material which
the author believes should not remain un-
challenged. His notion of the addition of
power in his system is an erroneous one, so
that what he claims to be a measure of at-
tenuation is in fact a measure of a quantity
which is not an attenuation at all. It is, as
will be seen, a quantity which qualitatively
follows the “ups and downs” of a peculiar
attenuation.

When the left- and right-hand ports of
the network to be measured in Alday’s Fig.
1 are designated as 1 and 2, and the network
is described by its scattering matrix (.5), the
wave which reaches the detector of the
“attenuator loop” has an amplitude which is
proportional to [.Su|-+|Su| after the indi-
cated phase shifter adjustment. Now, assum-
ing square law detection, one has |.Sy|?
+ ]S} 2+2] SuSul. When the network is

* Received May 22, 1962.

1J. R. Adlay, IRE TRraNs. ON MICROWAVE
THEORY AND TECHNIQUES (Correspondence), vol.
MTT-10, p. 143; March, 1962.

lossless (as distinguished by primes) the
sum  |Sn’|?4[Su’|? remains constant at
unity; however, |S1’Sxa’| depends on the
details of the network so that Alday’s meas-
ured “attenuation” is

1+ 2] 5u/Sy/|
10 logm[ e 1. e
[ Sul2 | Soa| 2+ 2] S1uSu|

Assuming | Su’Sy’| constant, this quantity,
in a vague sense, behaves like

]db. M

1
10 logie [“Aj“—‘g— db 2

where 1/(|.S1t] 2+ | S| 2) is the ratio of avail-
able power (to a matched load) to power not
dissipated by the network (the sum of the
“reflected” and “transmitted” powers). One
can only infer that Alday’s intention was to
measure the peculiar attenuation given by
(2) or the related quantity

1
10 logy [ —————————— db, (3)

which would give, in decibels, the portion of

available power dissipated by the two port

under test. In any case, Mr. Alday owed it
to his readers to define his terms.

H. M. ALTSCHULER

Polytechnic Inst. of Brooklyn

Brooklyn, N. Y.

Measurement of Impedance at
Frequencies above 300 Mc*

I wonder if any of your readers can help
me to find out whether the method described
below has ever been proposed in the litera-
ture to measure the output impedance of
signal sources in the frequency range above
300 Mec. Although it is realized that this
method is in close relationship with Chip-
man's method,! to the author’s best knowl-
edge it has not been proposed for the meas-
urement of active two-terminal impedances,
i.e., signal generator output impedances in
particular.

The equipment needed is a sliding short-
circuit stub with a pickup loop mounted at
the short circuit. A quantity proportional to
the current in the short circuit is read on a
detector which can be any distance (in elec-
trical length) from the pickup loop. If the
subscripts of the absolute values of currents
denote the corresponding electrical distance
of the position of the effective short circuit
from the plane where the generator impe-
dance is to be measured, then it can be
shown that the generator impedance Z, =2’

* Received August 29, 1962.

1 R. A. Chipman, “A resonance-curve method for
absolute measurement of impedance at frequencies of
the order of 300 Mc/s,” J. Appl. Phys., vol. 10;
January, 1939.
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+7Z’" can be expressed as

(1+|W2_ Iiﬁg)
]z|2 Iilzz

liloe 27
7= 27, 1/(]-1%{—%)

where Z, is the characteristic impedance of
the measuring line in which the sliding short
circuit travels.

Furthermore, it can be shown that the
SWR of the generator output impedance
with respect to the measuring line can be
read directly off the detector (taking the
type of detection into account, of course).

If the generator output impedance is
matched to the measuring line the current
in the short circuit will be a constant as the
probe slides, so this method gives the highest
resolution for detecting small mismatches.

As an alternative, the value of Z, can be
determined with the aid of the Smith chart.
By the knowledge of the SWR a correspond-
ing circle centered around Z, can be drawn.
The electrical length between the short
circuit and the reference plane when |i| is
maximum, measured around the given SWR
circle (towards the generator) from the point
where the real component is at minimum,
yields the value of Z,.

The method described here relies on the
assumption that neither the generator im-
pedance nor the generator voltage is affected
by the load, which may not be the case for
a very heavily coupled output circuit to a
klystron oscillator, for instance.

In such a case the definition of the gener-
ator output impedance is meaningless in
general, but still can be determined by this
method by restricting the travel of the short-
circuit to smaller regions and using the
appropriate formulas to determine Z, for
the mean value of the load impedance. This
restriction will result in loss of resolution
and will not cover the case of resistive
loading.

However, such a coaxial-line stub was
produced by the author and proved to be
a very useful and simple instrument which
has a wide variety of uses.

and

PrTER 1. SomMLO

Division of Applied Physics
National Standards Lab.
Chippendale, Australia

A Practical UHF Multidiscriminator
Unit*

The purpose of this communication is to
report the design and development of a com-
pact UHF multidiscriminator unit. This de-
vice offers possible new applications in the
microwave systems. Fig. 1 shows the cir-
cuit of a single discriminator. A typical dis-

* Received August 29, 1962,
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criminator essentially consists of two capac-
ity-loaded strip-line cavities. The strip-line

&
configuration offers compactness and ease of
fabrication. The center conductor of each
. cavity is a printed circuit strip.! One side of
2] + -+
a conventional coaxial cavity.? The other

the strip is connected to the RF circuit as in
side of this strip is connected to a micro-
wave diode such as a 1N833. One diode is
tied to the discriminator output terminal,
and the other diode is grounded to the
# cavity wall with positive polarities of the
diodes jointed together by an RF choke (see
Fig. 1). The tuning of each cavity is pro-

vided by a trimmer capacitor (such as the
JFD piston type). Thus, the discriminator

\ can be tuned over a wide range of frequen-
cies simply by varying the capacitance of the
trimmers.

3 . - - .
‘i;‘;azz_ﬁ’ The discriminator action can be ex-
plained by referring to Fig. 2. In Fig. 2(a),
1 This idea was originally suggested by N. Foot,
Fig. 3. Technical Consultant, Hallicrafters Co., Chicago, Ill.
2 R. G. E. Hutter, “Beam and Wave Electronics in

Microwave Tubes,” D. Van Nostrand Co., Inc.,
Princeton, N. J., pp. 71-72; 1960,



