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This disadvantage is common to both the balanced and
unbalanced bridges, but patient selection from a suf-
ficiently large supply of diodes should reduce it to a
minimum.

The dynamic power range of this correlator is rela-
tively small. If the input signal strength exceeds about
+0.1 volt, the values of 4 and 7 in the crystal charac-
teristic change and distortion is introduced. Conversely,
too small a signal is lost in the noise generated in the
diodes. Also, since this correlator is a passive device,
the output is of small magnitude (a few microamperes)
and must be measured with a sensitive galvanometer or
amplified with a differential dc amplifier.

In the analysis of the unbalanced bridge operation it
was shown that the output must be averaged over an
interval which is long with respect to the input voltage
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variations, if the nonproduct terms in the output are to
appear as a bias. Thus the unbalanced bridge is a rapid-
response multiplier, not an instantaneous multiplier. This
limitation is no disadvantage, when bridge is included
with prior delay and post averaging in a correlator.

A correlator including this unbalanced bridge multi-
plier is usable over a very wide frequency range; the
limits are those of the input cables themselves and their
terminations. It is simple in construction and operation,
and the constituent parts are not given to drift over long
periods of time.
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The Calibration of Amplitude Modulation Meters
with a Heterodyne Signal®
J. ROSS MACDONALDT, SENIOR MEMBER, IRE

Summary—Errors which may occur in the calibration of peak or
average reading amplitude modulation meters with a heterodyne sig-
nal are investigated in detail. Relations between the heterodyne-
amplitude ratio M and the true modulation factor = of a sinusoidally
modulated wave are derived. Using these results, heterodyne cali-
bration of modulation analyzers to read m exactly can readily be
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INTRODUCTION
Q-MPLITUDE-MODULATION ANALYZERS for

intermodulation measurements at audio fre-

quency!? or for the determination of modula-
tion depth in radio transmission® are commonly cali-
brated with a heterodyne signal produced by summing
two signals of different amplitudes and frequencies
whose frequency difference is small compared to their
frequencies. The reason for the use of such a calibration
signal in place of a truly sinusoidally modulated signal
is that the latter is difficult to produce with known
modulation factor ab initio, whereas the former is eas-
ily produced with an accurately known ratio between
the amplitudes of the beating signals. Since it is appar-
ently not generally recognized that appreciable errors
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can arise when this calibration procedure is employed,
this paper discusses how such errors occur and how they
can be eliminated.

PRrINCIPLES OF MODULATION MEASUREMENT

Most modulation analyzers read directly in terms of
modulation factor and to do so perform the following
operations on an input signal. First, the signal passes
through a high-pass filter which removes any low-fre-
quency modulating component which may be present
and leaves the higher-frequency modulated carrier in-
tact. In order to allow a final indication in terms of
modulation factor alone, the average amplitude of the
modulated carrier is set to a given level determined
during initial calibration of the instrument. After nec-
essary amplification, the modulated carrier is then
demodulated with either a half- or full-wave linear de-
tector. The rectified output of the detector then passes
through a low-pass filter which eliminates unmodulated
signal components at the carrier frequency and higher.
The signal at the output of this filter then consists of the
low-frequency modulating component of the modulated
wave together with a dc component which is next
eliminated by a series capacitor.

The resulting output signal is the low-frequency
modulation alone. By comparing its amplitude with
that of the carrier, the modulation factor may be di-
rectly obtained. In intermodulation testing, the modu-
lating signal is usually rectified with a full-wave linear
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