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network analysis on the usual image basis, as they have
sometimes been in the past, one finds that the results
are significant only if the image impedances are pure
resistances. In order to analyze the operation of a de-
vice with complex image impedances, one has two
alternatives. Either one may first tune the device
by adding appropriate reactances at its input and
output terminals and then continue the analysis on
the usual image basis, or combine both steps in one
operation and derive the results directly on the con-
jugate -image basis. The results by either method should
be the same.

As a matter of practical significance, many common
devices used in communication circuits, such as tele-
phone cables and transformers, do have complex image
impedances. The problem of determining the optimum
impedances between which passive devices such as these
may operate has been described by Johnson.' We are
here concerned with systematizing and simplifying this
analysis and extending it to more general cases, such as
amplifiers with feedback and various types of mixers'
which cannot be treated as passive networks.

II. GENERATORS, LOADS, AND AVAILABLE POWER

In the radio art, one often finds examples where a
source of signal energy can be represented as a constant -
voltage source in series with an impedance, or a con-
stant -current source in parallel with an impedance.
When the signal originates in a linear network, these
representations are justified by Thevenin's and Norton's
theorems, respectively.' A device to which these repre-
sentations arc applicable will be called a generator in
the following discussion.

A load impedance connected to a source of signal, or
a generator, is in many applications "matched" to the
impedance of the generator or vice versa. If the load
impedance is matched on the usual image basis, it is
made equal to the impedance of the generator. The
maximum amount of power will be delivered into a load
matched on this basis, provided that the generator im-
pedance is purely resistive. If the maximum power from
a generator having complex impedance is desired, it is
not sufficient to match the load as above. One should
first add enough reactance in series to tune out the re-
actance of the generator. This is another way of saying
that for maximum power transfer, the load impedance
should be the complex conjugate of the generator im-
pedance. Impedance matching to secure maximum -
power transfer will, therefore, be called matching on the
conjugate -image basis. The power delivered from a gen-
erator to a load, when matched on this basis, will be
called the available power' Po of the generator.
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The power delivered from a generator having an im-
pedance Zo to a load impedance Zi may be derived with
reference to Fig. 1. In this derivation and others to fol-
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Fig. 1-Equivalent circuit of generator and load.

low, the asterisk is used to denote the conjugate of a
complex quantity; thus, Zo* is the conjugate of Zo.

eo eo* (Z1 + Z1*)P = ii*Ri =
(7, Zo) (Z1* Zo*) 2
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where Ro and R, are the real parts of Zo and Z1.
Equation (1) can also be written

P/Po = 1 - aloalo* (2)
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where

and
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Po =

4R0
(3b)

By analogy with transmission lines, aio is called the
"reflection coefficient" of the load as viewed from the
generator. It differs from the corresponding reflection
coefficient on the ordinary image basis in that the nu-
merator contains the complex conjugate of Zo. It is zero
when the load and generator are matched on the con-
jugate -image basis, and its absolute value is always less
than unity if Zo and Zi have positive resistance compo-
nents. The reflection coefficient aoi of the generator, as
viewed from the load, has the same magnitude as ceio,
but a different phase angle as can be seen by inter-
changing Zo and Z1 in (3a).

Impedance matching on the conjugate -image basis
over a wide band of frequencies is not likely to be a
simple matter. One is faced with the contradiction that
all physically realizable impedances are analytic func-
tions of frequency and that the conjugate of a complex
analytic function is not analytic. However, the con-
jugate of a given impedance function can be realized
exactly at a specific frequency, and approximately in a
relatively small adjacent band of frequency.
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