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SUMMARY

In the Foster-Seeley frequency discriminator circuit,
at the center frequency, the secondary voltage (the voltage
across the secondary coil) is 900 out of phase with the pri=-
mary voltage (the voltage across the primary coil). The phase
of the secondary voltage is changed in proportion to the fre=-
quency. At the center frequency, if the center frequency is
fed back to make the discriminator oscillate, the frequency
of oscillation should be the center frequency. When the se-
condary voltage is shifted away from its quadrature phase
condition, and is fed back to make the discriminator oscil-
late, the frequency of oscillation should be the one which
will bring the secondary voltage to its proper phase condi-
tion,

The secondary voltage of the Foster-Seeley discrimi-
nator is the vector difference C of two voltages A and B,
which are different in phase by an angle of @. At the center
frequency, the magnitude of A is equal to the magnitude of B.
The magnitude of A and B determine the phase of voltage C.

When two resistive loads are connected across the volt-
ages A and B, at the center frequency, two equal partial volt=-
ages A' and B' are obtained across two equal partial resis-
tances Rj and Ry on the two loads respectively. A voltage C'
is obtained which is the vector difference of A' and B', and
is 900 out of phase with the primary voltage. Suppose the

voltages A and B are constant for a certain load variation,



viii

If Ry is decreased a certain amount of resistance and Ry is
increased the same amount of resistance, the loads of A and B
are no longer equal. Then, the voltage A' across Ry is not e-
qual to the voltage B' across R,. The voltage C' is shifted
away in phase from its quadrature position with respect to
the primary voltage. The magnitude of A' and B' determine

the phase of voltage C'. If C' is the feed-back voltage mak-
ing the discriminator oscillate, the frequency of oscillation
depends upon the phase of C', and so, the frequency of oscil-
lation is controlled bv a resistance variation.

A variable resistance could be obtained by a half-
wave rectifier excited by a variable bias. If an audio sig-
nal is used as the variable bias, then the half-wave recti-
fier would be a modulator while it is connected as a phase-
shift network in the output circuit of the discriminator
which is used as an oscillator circuit.

A phase-controlled oscillator exists for direct fre-~

quency modulation.



CHAPTER 1

INTRODUCTION

Frequency modulation, the process of varying the fre-
quency of an oscillator, can be carried out in a variety of
ways. Prequency modulators developed for intermediate-fre-
quency-amplifier aligment are electronic and also elec-
tronic-mechanical devices. The simplest frequency modulator
is obtained by varying either the capacity or the inductance
of a tuned circuit; this can be done by physically changing
a capacitance or by making use of a reactance tube. If either
the inductance or the capacitance of the tank circuit of an
oscillator is varied in magnitude at any selected audio fre-
quency, the output of the oscillator is frequency-modulated.

Also FM can be generated by resistance variation. This
method depends upon the fact that a loss-free network pro-
ducing a 45° phase shift translates increments of load re-
sistance or conductance into increments of susceptance at its
input., In this type of FM oscillator, a frequency deviation
of about # 400 kc is obtained at a center frequency of from
3 to 8 mc. Magnetrons may be frequency-modulated by addition
of controlled electron beams between the vanes and parallel
to the axis of the system. Such electron beams add a bpure
variable susceptance to the resonator. Magnetrons, however,
are useful only for microwave purposes.

There are many ways to generate FM by using phase-mo-



dul ation. A frequency-nodul ated wave is obtai ned when the no-
dulating voltage applied to a phase nodul ator is inversely
proportional to the nodul ating frequency. For a further study
in FM generated by phase shifting, it will be useful to review
the existing methods. They are briefly as foll ows:

(a) The General Hectric Conpany has devel oped a vacuum

tube, called a "phasitron,” fromwhich frequency nodul ation is
derived from phase shifting within the tube.

(b) Velocity nodul ation oscillators nmay be frequency
nodul ated by varying the accelerating or reflector voltages.
The resul ting changes of phase shift due to transit tine re-
sult in frequency nodul ation.

(c) E. H Arnstrong devel oped a phase nodul at or, shown
schematically in Fig. 1, The output of a bal anced nodul at or,
consisting of the two sidebands with carrier suppressed, is
conbi ned with an unnodul ated carrier wave that differs in
phase by 90° from the carrier associated wth the bal anced
nodul at or. Wien the nodulation index is small, the only dif-
ference between an anplitude and a phase- or frequency-nodu-
lated wave is a 90° phase shift of the carrier with respect to
the sidebands. By this nethod, a substantially linear rela-

tionship between the nodul ating voltage and the phase shift is
obtained up to about t 53°.

(d) Pul se-Position-Mdulation can be used to generate
FM The nodul ated pul ses, after rectification, pass through a

filter that selects one of the harnonics of the carrier fre-



