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The present invention relates to a frequency 
modulation transmitter and is particularly con 
cerned with a system for stabilizing or prevent 
ing drift of the mean frequency of the trans 
mitter. 
In prior Systems it has been customary to ap 

ply both signal and frequency control voltages 
to a reactance tube in the resonant circuit of the 
transmitter Oscillator with the result that the 
frequency control voltage prevents operation of 
the reactance tube at the optimum bias for low 
distortion. 
In the present transmitter this disadvantage 

is Overcome by applying the frequency control 
voltage to the reactance tube of a separate os 
Cillator and mixing the output of this oscillator 
With a frequency modulated oscillator to produce 
a heterodyned output which is fed to the trans 
mitting antenna. 
An object of my invention is to provide an 

improved arrangement for stabilizing the mean 
frequency of a frequency modulation transmitter. 
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The novel features which I believe to be char. 
acteristic of my invention are set forth with par 
ticularity in the appended claims. My invention 
itself, however, both as to its organization and 
nethod of operation, together with further ob 
jects and advantages thereof, may best be under 
StOOd by reference to the following description 
taken in connection with the accompanying 
rawing in which Fig. 1 is a diagram of a fre 

quency modulation transmitter embodying my 
invention; and Fig. 2 is a diagram of a modi 
fication for substitution in the Fig. 1 transmitter. 

Referring to Fig. 1 of the drawing there is 
shown a modulator oscillator f having a reso 
nant circuit 2 in parallel with a reactance tube 3 
having a control grid 4 inductively coupled to 
the resonant circuit so that the voltage applied 
to the control grid is in quadrature with the volt 
age applied to the anode 5. The tube 3 draws 
a reactive current in an amount varying with 
the bias applied to the control grid from an audio 
input 6 and thereby causes modulation of the 
Output frequency of the OScillator in accordance 
With the audio signal. Because the output fre 
quency of the modulator OScillator f is not con 
trolled for frequency drift, no trimmer condenser 
is necessary in the resonant circuit 2 which per 
mits the maximum L/C ratio for this circuit and 
the tube 3 can be adjusted for operation at the 
bias for minimum distortion. The output of the 
oscillator accordingly has the maximum linear 
frequency modulation. 

ASSOciated with the modulated Oscillator f is 

9-1715) 
a similar oscillator 7 having a resonant circuit 
8 in parallel with a reactance tube 9 having a 
control grid 0 inductively coupled to the res 
onant circuit 8 to supply a voltage in quadrature 
with the voltage applied to the anode ff. The 
tube 9 draws a reactive current varying in mag 
nitude with a frequency control voltage applied 
through a conductor 2 to the grid fo. The fre 
quency of the oscillator varies in accordance with 
the frequency control voltage. After amplifica 
tion or frequency multiplication or both in ap 
paratus indicated at 3 and 4, the output of the 
oscillators f and 7 is fed to a mixer 5, the het 
erodyned output of which is fed through a power 
amplifier 6 to transmitting antenna fl. 
While the frequency radiated by the antenna 

is continually varying in accordance with the 
audio modulating signal, it is desirable that the 
mean frequency be kept constant independent of 
the frequency drift of the oscillators and 7. 
This is accomplished in a frequency control cir 
cuit having a mixer 8 in which the heterodyned 
output of the oscillators and 7 is mixed with 
the output of a crystal or other frequency sta 
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bilized Oscillator 9 to produce a beat frequency 
proportional to the deviation of the mean fre 
quency of the transmitter output from the fre 
quency of the crystal oscillator 9. Oscillations 
of this beat frequency are amplified in an am 
plifier 20 and fed to a discriminator 2 which 
produces a frequency control voltage proportional 
to the deviation or drift of the mean frequency 
of the transmitter output. The output of the 
amplifier 20, appearing in a resonant circuit Com 
prising a condenser 22 and an inductance 23, 
is coupled through a condenser 24 to the mid 
point of an inductance 25 in parallel with a 
condenser 26. The condenser 24 and inductance 
25, which comprise the discriminator circuit, are 
tuned to a frequency proportional to the desired 
mean transmitter frequency and are designed 
for maximum frequency stability and carefully 
temperature compensated. Because there is no 
mutual inductance between the inductances 23 
and 25, the discriminator may be located in any 
convenient position, for example in a tempera 
ture controlled compartment. The quadrature 
voltage in the discriminator circuit, which in the 
conventional design is supplied by mutual in 
ductance from the output of amplifier 20 is sup 
plied by an unbalancing condenser 27 connected 
between ground and the lower end of the in 
ductance 25. The current flowing through the 
condenser 27 induces a voltage in the inductance 
25 which is 90 degrees out of phase with the volt 



2 
tage applied to the inductance when the fre 
quency of the voltage is exactly equal to the res 
onant frequency of the discriminator circuit and 
which has a greater or less phase angle for fre 
quencies above and below the resonant frequency. 
The vector Sums of the voltages in the induct 
ance 25 above and below the midpoint are equal 
at the frequency for which the disciminator cir 
cuit is tuned and are unequal at frequencies above 
and below that frequency. These voltages are 
applied to diodes 28 and 29 connected in opposi 
tion across a condenser 30. The difference volt 
age appearing across the condenser, which varies 
in magnitude and sign with the deviation or drift 
of the mean transmitted frequency is fed through 
the conductor f2 to the grid O of the reactance 
tube 9 to vary the frequency of the oscillator 7 
in the direction to maintain the mean trans 
mitted frequency constant. 

If less accuracy is required in the frequency 
stabilization, the crystal oscillator 9 and mixer 
f8 may be omitted and the transmitted frequency 
may be fed to the discriminator through an am 
plifier 3 (Fig. 2) substituted in Fig. 1 in place 
of the converter 8. 
The automatic frequency control circuit per 

se utilizing the discriminator apparatus 2 is de 
scribed and claimed in a divisional application, 
Serial No. 597,039, filed June 1, 1945, and as 
signed to the same assignee as the instant ap 
plication. 
While I have shown particular embodiments 
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of my invention, it will be understood that many 
modifications may be made without departing 
from the Spirit thereof, and I contemplate by the 
appended claims to cover any Such modifications 
as fall within the true spirit and scope of my in 

: Vention. 
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What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A frequency modulation transmitter, com 

prising two oscillators, means for heterodyning 
the output of the oscillators to produce a carrier, 
a reactance tube responsive to a signal for vary 
ing the frequency of One of the OScillators in ac 
cordance with the signal, a discriminator respon 
sive to deviation of the mean frequency of Said 
carrier from a desired value, and a reactance tube 
responsive to the discriminator for varying the 
frequency of said other oscillator in the direc 
tion to maintain a constant mean carrier fre 
quency. 

2. A frequency modulation transmitter, con 
prising a frequency modulated oscillator, an 
other oscillator having a reactance tube for vary 
ing the frequency, means for heterodyning the 
Output of said oscillators to produce a carrier, 
and a discriminator responsive to the deviation 
of the mean frequency of the carrier from a pre 
determined value for producing a control voltage 
for controlling said reactance tube So as to main 
tain a constant average carrier frequency. 

3. A frequency modulation transmitter, com 
prising a source of high frequency waves subject 
to slow variations in mean frequency, means for 
frequency modulating said waves in accordance 
with a signal, another source of high frequency 
waves, means for heterodyning the outputs of 
said sources to produce a carrier, and means re 
sponsive to slow variations of the mean frequency 
of the carrier from a predetermined value for 
changing the frequency of said other Source to 
reduce said deviations. 

HARRY F. MAYER. 


