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THEORY OF OPERATION

TRANSMITTER

The transmitter is designed for narrowband FM (phase modulated)
transmission in the frequency range of 148 to 174 MHz. A crystal
controlled oscilldtor provides for selection of up to six fre-
quencies.

GENERATION OF PHASE MODULATED SIGNAL: The oscillator is crystal
controlled and generates the initial RF signal in the frequency
range of 8.22 to 9.67 MHz. The RF signal is then applied to the
phase modulator, together with the audio modulating signal. The
audio modulating signal varies the capacity of the varactor diode
(phase modulator), in turn causing the applied RF signal to be
shifted in phase at an audio rate.

The angular phase shift produced by the modulator without distor-
tion is relatively small. Therefore, the oscillator frequency is
multiplied 18 times to obtain the desired deviation (+SkHz) at the
output frequency. Two tripler stages and one doubler provide the

necessary 18 times frequency multiplication, followed by a driver
and the RF power amplifier. ‘

The RF power amplifier develops the output signal applied .through
a tri-filar wound filter to the four-section pi-network. The pi-
network in turn matches the output impedance of the power ampli-
fier to the 50-ohm antenna, as well as providing the selectivity

Lo attenuate spurious and harmonic signals which might appear in
the output.

INSTANTANEOUS DEVIATION CONTROL: The transmitter contains an '"in-
stantaneous deviation control™ (IDC) circuit. This circuit limits
the output deviation to- +SkHz, preventing overdeviation when a
higher than normal microphone output occurs. ‘

The audio signal from the microphone is amplified, and applied
through a peak limiter, low-pass filter, and an integrator cir-
cuit, to the phase modulator. The phase modulator has an inherent
6 dB/octave pre-emphasis characteristic, and under normal output
levels from the microphone, the transmitter FM carrier output is
pre-emphasized to 6 dB/octave.

The speech amplifier characteristics are such that a 6 dB/octave
pre-emphasis is applied to the audio input. The peak limiter will
have no effect on the audio signal until the microphone output in-
creases to a point where overdeviation would occur. Therefore,
the non-1limited pre-emphasized signal is applied through the
filter to the integrator, which has a 6 dB/octave de-emphasis
characteristic. This affects the pre-emphasis applied in the
speech amplifier, resulting in a "flat" output being applied to
the phase modulator. The § dB/octave pre-emphasis characteristic
of the phase modulator then becomes the only factor affecting the
deviation-versus-modulationmfrequency characteristics of the
transmitted signal.

- T s e = -




If the microphone output level increases to a point where overde-
viation would occur, the limiter ''clips'" both positive and nega-
tive peaks of the audio waveform. This results in an essentially
square wave signal of constant amplitude, removing the 6 dB/octave
pre-emphasis from the speech amplifier. The limited audio wave-
form is then reshaped in the low-pass filter, and applied to the
integrator. As the signal at the integrator input is of constant
amplitude, the output will be de-emphasized at 6 dB/octave as
applied to the phase modulator. This then offséts the inherent

6 dB/octave pre-emphasis characteristic of the phase modulator,
resulting in a transmitter FM carrier output where frequency-devi-
ation-versus-frequency is essentially flat.

RECEIVER

The receiver is a double conversion super-heterodyne, designed for
narrowband FM reception in the frequency range of 148 to 174 MHz.
A crystal controlled first local oscillator '‘provides for selection
of up to six operationg frequencies.

The input signal is amplified by a single RF stage and applied to
a mixer where it is heterodyned with the output of the first local
oscillator and converted to the first IF, 11.7 MHz. The 11.7 MHz
signal is then amplified and applied to the second mixer where it
is heterodyned with the output of a second crystal controlled
local oscillator, and converted to the second IF, 455 kHz.:

The 455 kHz signal is applied through a selective filter to shape
the IF passband, amplified by a hybrid IC (I002) and applied to a
limiter and FM discriminator. The limiter removes any vestige of
amplitude modulation, while the FM discriminator functions to re-
cover the modulation, producing an audio output in response to a
corresponding frequency (or phase) shift in the 455 kHz IF signal.
The FM detector output is then amplified and applied to the
speaker. ‘

NOISE ACTUATED SQUELCH: A ''moise-actuated" squelch circuit is in-
cluded to silence the receiver output when no carrier is present.
This is accomplished by amplifying and detecting the 'noise" com-
ponent in the 455 kHz output to produce a DC level. This DC level
is then applied to inhibit the audio amplifier. The inhibiting
level is removed, opening the audio channel, when a carrier is re-
ceived and the "noise" component decreases due to the quieting ac-

tion of the limiter. De-activated for ON/MUTED private channel operation.

TONE CODED SQUELCH: The Model C831L can be equipped with an op-
tional tone-coded encoder/decoder to provide a '"private channel”
facility. The 'private channel" permits the receiver to remain
muted until a signal is received containing a specific sub-audible
tone, at which time the audio channel is opened and the transmis-
sion is audible. In this manner transmissions from other users of
a shared frequency will not cause the receiver to respond. The
same circuit is used to generate the sub-audible tone applied to
the transmitted carrier.
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