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My invention relates to frequency modulated
transmitting equipment in which the average
frequency of the equipment can be varied over &
substantial range, and more particularly, to a
system of frequency modulation for such equip-
ment.

An object of my invention is to provide a
method of frequency modulation in which the
modulating effect is held - substantially constant
over the entire frequency range of the transmit-
ting equipment.

In frequency modulated transmitting equip-
ment, it is a well known practice to vary the fre-
quency of a master oscillator circuit in accord-
ance with the amplitude of modulating signals by
means of a reactance circuit. This reactance
circuit may comprise an electron discharge device
with assoclated circuits which, in effect, acts like
a variable reactance across the master oscillator
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tuned circuit, thus altering the frequency at a 20

desired rate.” The magnitude of the frequency
variation is dependent upon the ratio of the ef-
fective reactance of the reactance circuit to that
of the master oscillator tuned circuit elements.

In frequency modulated transmitting equip- 28

ment, where the average frequency of the equip-
ment is variable over a substantial range of fre-
quencies, it is unidesirable to have the modulating

effect of the reactance circuit vary widely with -

adjustment of the frequency of the master oscil-
1ator circuit, It is a further object of my inven

tion therefore, to provide & modulating system
for frequency modulated transmitting equipment
which permits the effect of a reactance circuit to

be held substantially constant at all adjustments.

of the frequency of the master oscillator tuned
cireuit and to maintain a substantially ‘constant
amount of modulation over the entire frequency
range of the master oscillator.
~ The features of my invention which I believe
to be novel are set forth with particularity in the
appended claims. My invention itself, however,
together with further objects and advantages
thereof, may best be understood by reference to
the following description taken in connection
with the accompanying drawing, in which Fig. 1
shows the modulatior: circuit of a frequency mod-
ulated transmitter embodying ‘certair. features of
my invention and Fig. 2 is a modification of the
cireuit of Fig. 1 embodying other features of the
invention. :
In Fig. 1 the electron discharge device I8 acts
as B source of high frequency oscillations, the
average frequency of which is controlled by the
resonant frequency determining circuit 1. Mod-

30

35

40

46

50

ulation of oscillations from the device 10 is ef-
tected by means of the reactance circuit 2, in-
cluding the source of modulating signals 13.

As shown, device 18 has an anode 14 connected
directly to ome terminal of the resonant Ire-
quency determining circuit |1, a control elec-
trode 15 coupled by means of capacitor 16 to the
other terminal of the resonant frequency deter-
mining circuit i1 and connected by means of re-
sistance 11 to ground, and a cathode 18 con-
nected directly to ground. The resonant fre-
quency determining clrcuit |1 comprises an in-
ductance 19 and a variable capacitor 20. A tap
on inductance 19 is connected to a source of po-
tential, such as & battery 21, and coupled by
means of a condenser 22 to the cathode 8. While
I have shown capacitor 20 as a single capacitor,
it is of course understood that a plurality of
capacitors of the same or of varying size and
connected in parallel miay be used. In fact, any
arrangement may be used which allows the aver-
age frequency of the resonant circuit 1§ to be
varied over a wide range, for example, from two
megacycles to four megacycles.

The reactance circuit 12 comprises an electron
discharge device 23 having an anode 24, control
electrodes 2§ and 26, and a cathode 21. For a
purpose to be explained later, variable capacitor
28 is connected between anode 24 and control
electrode 25. Anode 24, of the modulating de-
vice 28 may be connected to either terminal of
the resonant frequency determining circuit i1;
in the figures of the drawing it is shown as con-
nected to the terminal to which the anode 14 is
connected. Control electrode 25 is connected, by
means of resistor 29 and bypass condenser 30 to
the cathode of device 23, and by means of re-
sistor 29 and arm 31 to a variable point on re-
sistor 32 connected to ground. In this circuit in-
ductance 33 is inserted to act as a radio fre-
quency choke. Modulating signals, such as from

jan audio source 13, are connected across resistor
32 and supplied with variable intensity by means
of arm 31 to control electrode 25. As shown,
cathode 21 is connected to ground through re-.
sistor 34, resistor 34 being bypassed by capacitor
35. For a purpose to be explained later, capac-
itors 20 and 28 are shown as arranged for simul-
taneous operation. Thus, they may be either
mounted on the same shaft or otherwise me-
chanically linked. In order to prevent oscilla-
tions of device 28, control electrode 26, bypassed
for alternating currents to cathode 21 by means
of capacitor 38, is connected to a source of posi-
tive potential in a well known manner to act as

86 the usual screen grid.
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In the operation of my frequency modulation
system, oscillations of an average frequency de-
termined by the capacitance of capacitor 20 In
the resonant frequency determining ecircuit 11
are geherated In the anode circult of device 10.
These oscillations are caused to vary in accord-
ance with the frequency of the modulating sig-
nals from the source {3 by means of the reactance
circuit 12. This circuit, comprising the device 23
and its associated reactance elements, functions
as a variable capitance across the tuned circuit 11
in accordance with signals from the audio source
{3. Proper selection of the values of capacitor 28
between the anode and control electrode and the
resistor 28 between the control electrode and cath-
ode of the modulating device 23 results in shift-
ing the phase of the modulator anode current so
that it is substantially 90° out of phase with the
anode current of the oscillator (0. Thus, the
modulator functions as a capacitance connected
across the frequency determining circuit of the
oscillator and modulates the frequency of the
oscillations in accordance with the instantaneous
intensity of signals, the rate of variation of the
frequency of the oscillations corresponding to rate
of variation of the {nstantaneous intensity of the
signals, 1. e., the frequency of the signals varying
in accordance with the voltage impressed on con-
trol electrode 26. Therefore, when an audio fre-
quency signal is applied to control electrode 25
of modulator 23, the oscillator is subjected to the
effect of a varying capitance across the frequency
determining circuit 11, causing the oscillator fre-
quencles to swing above and below the mean car-
rier frequency at the rate determined by the
applied audio frequency. The magnitude of fre-
quency varlation is dependent upon the ratio of
the effective capacitance of the reactance circuit
12 to that of the master oscillator tuneg circuit.

In order that the effect of the reactance cir-
cuit remain constant for different values of the
capacity of variable master oscillator capacitor
20, capacitor 28 in the reactance circuit is me-
chanically coubled with capacitor 20 for simul-
taneous variation of capsacity therewith. In this
manner the ratio of the effective capacitance of
the reactance circult to that of the oscillator
tuned circuit may be maintained virtually con-
stant; hence the magnitude of frequency varia-
tions of the oscillations, 1. e., the amount of modu-
lation, 1s maintained substantially constant. By
properly proportioning capacitor 28 and resistor
29 with respect to capacitor 20, the reactance cir-
cuit 12 may be designed for all values of capacity
of the capacitor 20 and for a predetermined inten-
sity of audio signal to produce a constant modula-
tion of the oscillations in the anode circuit of the
device 10. .

In the portion of the transmitter circuit shown
in Fig. 2, control electrode 26 of device 23 is sup-
plied with a unidirectional potential by the var-
jable contact arm 37 on potentiometer 38 con-
nected across battery 2i. In this modification,
the effective value of resistor 29 in the reactance
circuit 12 is determined by the position of the
variable contact arm 39. As shown on the draw-
ing, capacitors 20 and 28 and contact arms 381, 37,
and 39 are mechanically linked together for un-
controlled operation. As explained later, the

number of these elements so unicontrolled may

be chasen to meet given operating conditions,

As previously explaihed, variation of the value
of either capacitor 28 or resistor 28 changes the
apparent reactance of the reactance circuit 12.
Hence, the amount of modulation may be con-
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trolled by variation of either of these parameters.
Adjustment of the contact arm 31 affects the in-
tensity of the signals supplied to the contro] elec-
trode of modulator 28 and changes the modulat-
ing effect of the device 23. Adjustment of this
parameter then provides a third means for con-
trolling the amount of modulation as the average
frequency of oscillations is adjusted by variation
of capacitor 20 in the resonant frequency deter-
mining circuit. Variation of a fourth parameter,
the potential applied to the control electrode 26,
alters the trans-conductance of the device 23 and
its effect on the reactance circuit. In practical
application any, or all, of these variables may be
linked with the capacitor 20. The particular ones
to be so unicontrolled depends upon both the
range of the average frequency of the oscilla-
tlons of the device 10 and the amount of modu-
latlon desired.

It will thus be seen that I have provided a fre-
quency modulating systém which permits the ef-
fect of the reactance circuit 12 to be held ap-
proximately constant for all adjustments of the
variable capacitor 20 in the resonant frequency
determining circuit of the master oscillator, thus
keeping the modulation effect substantially con-
stant over the entire frequency range of the mas-
ter oscillator,

While I have shown particular embodiments
of my invention, it will of course be understood
that I do not wish to be limited thereto since var-
fous modifications may be made, and I contem-
plate by the appended claims to cover any such
modifications as fall within the true spirit and
scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States, is:

1. In a radio transmitter the combination of,
a source of oscillations, means for modulating
a characteristic of said oscillations, means for
controlling the amount of said modulation, means
for varying the average frequency of said oscll-
lations, said controlling means being mechani-
cally connected with said frequency varying
means for simultaneous adjustment therewith to
maintain the amount of said modulation sub-
stantially constant as said average frequency is
varied over a substantial range,

2..I_n & radio transmitter the combination of,
& source of oscillations including a resonant fre~
quency determining circuit, means for modulat-
ing the frequency of said oscillations comprising
& reactance circuit connected in shunt with sald
resonant circuit, said reactance circuit including
a variable impedance, adjustable means for vary-
ing the frequency of said resonant circuit, and
means Interconnecting said frequency varylng
means and said impedance for simultaneously
varying the impedance of said reactance cireuit
83 sald frequency varying means is adjusted
thereby to maintain the amount of modulation
substantially constant as said frequency varies
over R substantial range.

3. In combination, a source of oscillations in-
cluding a resonant frequency determining circuit,
means for varying the average frequency of said
oscillations, means for frequency-modulating said
oscillations comprising a reactance circuit con-
nected with said frequency determining circuit,
means for varying the apparent reactance of said
reactance circuit presented to said frequency de-
termining circuit, and means Interconnecting said
frequency varying means and said reactance vary-,
ing means for maintaining the amount of fre--
quency modulation substantially constant as said
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average frequency js varled over & substantial means Is varied, said frequency varying means
range. v and sald conductance adjusting means belng so
4, A frequency modulated transmitting system proportioned that the modulating effect of said
comprising & gource of oscillations including & modulating means is maintained substantiaily
resonant frequency determining circuit, means 3 constent 8s said average frequency is varied over

for varying the average frequency of said oscll- a substantial range. )

1ations, means for frequency-modulating sald 6. A frequency modulated transmitting system
oscillations comprising an electron discharge de- - comprising & source of oscillations jincluding &
vice having an anode connected with sald res- resonant freguency determining circuit, means

onant circuit, & cathode, and & control electrode, 1V for varying the average frequency of sald oscil-
means for connecting modulating signals petween lations, means for frequency modulating sald os-

said control electrode and said cathode, & var- cillations comprising an electron discharge device
iable reactance connected between said control having an anode connected with sald resonant
electrode and said anode, and means for simulta- circuit, & cathode, and & control electrode, a var-

neously varying said reactance as sald frequency 1. jable reactance connected between said control
yarying means is varied, whereby the amount of electrode and sald anode, means for connecting
frequency modulation caused by said modulating modulating signals between sald control electrode
means is maintained substantially constant 88 and said cathode, means for varying the inten-

-t

said average frequency is varied over & substan- sity of said signals, and means for slmult,aneously
tial range. 2 adjusting said intensity varylng means as sald
5. In combination, & source of oscillations in- frequency varying means is adjusted, said inten-

_ cluding & resonant frequency determining circuit, sity varying means and said frequency varying
means for varying the average frequency of sald means being s0 proportioned that the amount of
oscillations, means for modulating said oscilla- frequency modulation caused by said modulating
tions comprising an electron discharge device 23 means is maintained ‘substantially constant as
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connected in shunt with sald frequency deter- sald average frequency 1s varied over & substan-
mining circult, and means linked with sald fre- tial range. i )
quency varying means for adjusting the conduc- ALFONSO ALVIRA.

tance of sald device as sajd frequency varying



