Reduction of
HETERODYNE

EDUCTION of constant- fre-
R quency interference such as
is caused by heterodyne signals
can be accomplished by utilizing
the principle that heterodyne
waves both amplitude and phase
modulate the carrier of the desired
signal. This method of interfer-
ence reduction involves simultan-
eous detection of amplitude and
quadrature modulation compo-
nents of an interfering wave and
subsequent canceling of the two
detected outputs by balancing
them against each other. The re-
ception of desired signals, which
are modulated in only one manner,
remains unaffected.

The system is of particular ad-
vantage for communications in
crowded bands where interference
due to carrier heterodynes is ob-
Jectionable, and increases the num-
ber of stations that can occupy a
given frequency band without pro-
ducing cross interference. In
operation, the system to be de-
scribed has attenuated strong inter-
ference heterodyne signals to be-
low audibility with no apparent
effect on the desired signal.

Principle of System

It is an accepted fact® that the
sum of two waves is a wave which
varies in both amplitude and
phase. If one of the waves is taken
as a reference, the second wave can
be said to produce amplitude and
phase modulation of this reference
wave. In Fig. 1 let ¢, be the refer-
ence wave, which may be the carrier
wave of a desired signal, and let
e; be the second wave, which may
be an interfering and undesired
signal. The combination of these
waves can be resolved into a com-
ponent e, which is in phase with
the reference wave and produces
pure amplitude modulation and
a component e, which is in phase
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FIG. 1—Vector relations of two waves
show phase and amplitude modulation
of one by the other

quadrature and produces
phase modulation.

A heterodyne interference wave
thus produces effects which differ
from either those of a pure ampli-
tude-modulated wave in which the
resultant modulating vector is al-
ways exactly in phase with the car-
rier, or those of a narrow-band
phase or frequency-modulated
wave in which the resultant modu-
lating vector may be in phase
quadrature with the carrier.

The inherent characteristic of a
heterodyne interference wave can
be utilized to eliminate the inter-
fering effects of the undesired
wave in the reception of amplitude-
modulated, or narrow-band phase or
frequency-modulated signals, pro-
vided that suitable detection cir-
cuits as assumed in Fig. 2 can be
devised. These detectors must be
such that the amplitude-modula-
tion detector responds only to side-
bands which are in phase with a
carrier, and the phase-modulation
detector responds only to side-
bands which are in phase quadra-
ture with the carrier.

pure

Principle of Detectors

Detectors devised by Crosby,® in

which carrier segregation and
amplification are utilized, are
adaptable for this purpose. Re-

ferring to Fig. 3, the carrier, which
has been derived from the desired
signal by filtering or other means

FIG. 2—System by which amplitude
and phase, modulation components are
independently detected

“and then amplified, is applied to

the balanced detector as shown.
Also the entire received signal is
applied in a balanced manner to
the rectifiers.

In the absence of the carrier,
there is no detection of the re-
ceived signals, and in the presence
of the carrier, only those resultant
signal vectors which have compo-
nents directly in phase or 180 de-
grees out of phase with the carrier
are detected. For the a-m detector
the segregated and amplified car-
rier should bhe in phase with the
signal carrier, while for the p-m
detector the segregated carrier
should be in phase quadrature.

Basic Circuit

A more complete diagram of the
system is shown in Fig. 4. The re-
ceiver i-f voltage is fed in parallel
to a crystal filter for segregation
of the signal carrier, and to two
detectors through isolating ampli-
fiers. The segregated carrier from
the filter is amplified and fed to
the two detectors, with the carrier
voltage to one detector being
shifted 90 degrees in phase.

One of the detectors detects
amplitude modulation and the
other detects quadrature modula-
tion. For equal applied voltages,
the outputs of the amplitude and
quadrature detectors are equal.
Thus, in the simultaneous recep-
tion, for example, of a pure a-m
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INTERFERENCE

Adjacent-channel signals produce both amplitude and phase modulation of the desired

carrier. From separate detection of these two modulations, two interference signals are

obtained which cancel each other leaving only the desired signal
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wave and a heterodyne interfer-
ence wave, the amplitude-modula-
tion detector will respond to both
the a-m signal and to the hetero-
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FIG. 3—Balanced rectifier is used to
detect either a-m or p-m components of
input, but not both

dyne signal, while the quadrature
detector will respond only to the
heterodyne signal. Consequently
if the output of the quadrature de-
tector is combined in the proper
phase with the output of the ampli-
tude-modulation detector, cancella-
tion of the detected heterodyne
signal will result. The output of
the quadrature detector must be
shifted an additional 90 degrees to
bring its output signal into opposi-
tion to the heterodyne signal from
the other detector. Also the output
of the quadrature detector must be
shifted an additional 180 degrees
when the heterodyne interference

-
ISOLATING AUDIO
AMP OUTPUT
A A-M DETECTOR |
. FROM 5.1, | CRYSTAL | | CARRIER | | ; 90°PHASE
| RECEIVER FILTER AMP SHIFTER
_ 90°PHASE A
SHIFTER[ P-M DETECTOR
ISOLATING
1 amP

FIG. 4—By means of filters and phase shifters, the interfering carrier hetero-
dyne can be eliminated in the detector stage, leaving only the desired signal
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wave changes frequency from
above to below that of the carrier.

Effect of Segregated Carrier

Detecting systems, other than
that described, are also usable.
For example, a single diode to
which the segregated carrier and
received signal are applied will
detect substantially only those sig-
nal components in phase with the
segregated carrier, provided that
the voltage of the segregated car-
rier greatly exceeds that of the
total signal.

It is interesting to note the ef-
fects of the large phase shifts
which occur in the crystal filter
when the incoming carrier is
slightly off resonance. One such
effect causes detection of ampli-
tude-modulated signals by the
phase-modulation detector, be-
cause if the carrier is not at ex-
actly 90 degrees phase difference
with the amplitude-modulation
components some detection of
these components will result. This
effect of carrier phase shift can be
overcome by biasing the detectors
so that the segregated carrier volt-
age will exceed the bias voltage
only when the phase shift in the
crystal filter is less than a prede-
termined amount which should be
less than 45 degrees, at which con-
dition the outputs from the two
detectors are equal.
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