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Dudley E. Foster, South Orange, N.J., assignor to 
Radio Corporation of America, a corporation of 
Delaware 

Application March 31, 1937, Serial No. 133,946 
6 Claims. 

My present invention relates to automatic fre 
quency control circuits, and more particularly to 
an automatic frequency control circuit for the 
local OScillator of a superheterodyne receiver. 
One of the main objects of my present inven 

tion is to provide a novel method of, and means 
for, controlling the frequency of a local oscillator 
of a Superheterodyne receiver; this control being 
accomplished by "locking' the oscillator to a 
desired operating frequency with oscillations of 
a frequency equal to the sum of the signal and 
beat frequencies. 
Another important object is to control the fire 

quency of an oscillator by heterodyning its oscil 
lations with other oscillations of a different fre 
quency to produce beats, the beats being com 
bined with said other Oscillations to produce con 
trol oscillations of a frequency equal to the oscil 
lator frequency; the control oscillations being 
utilized to "lock' the oscillator to oscillation at 
its operating frequency. 
Another object of the invention may be stated 

to reside in the provision of a superheterodyne 
receiver with a first detector of the electron 
coupled type and a local oscillator of the nega 
tive resistance type, the I. F. output of the de 
tector being combined with signals in a mixer to 
produce oscillations equal to the oscillator fre 
quiency; aid the last mentioned. OSciliations be 
ing used to maintain the oscillator at its prede 
termined frequency. And still other objects of 
the invention are to improve generally the opera 
tion of local oscillators; and more especially to 
provide automatic frequency control circuits for 
Superheterodyne receivers which are not only 
reliable and efficient in operation, but readily 
enbodied in receivers. 
The novel features Which I believe to be char'- 

acteristic of my invention are set forth in par 
ticularity in the appended claims; the invention 
itself, however, as to both its organization and 
method of operation will best be understood by 
reference to the following description taken in 
connection with the drawing in which I have 
indicated diagrammatically a circuit organization 
whereby my invention may be carried into effect. 

Referring now to the accompanying drawing, 
there is shown in the latter only that portion of a 
superheterodyne receiver which is essential to a 
proper understanding of this invention. Spe 
cifically, there is shown the first detector tube , 
the local Oscillator tube 2, and a tube 3 whose 
circuits are arranged to cause the latter to act 
as an automatic frequency control arrangement. 
for the receiver. The signal source for the first 

age having a frequency equal to F3. 

(C. 250-20) 
detector, or mixer, tube may comprise the usual 
Signal collector followed by one or more stages 
of tuned radio frequency amplification. The sig 
inals, Symbolically designated as of a frequency 
F1, are impressed on the tunable input circuit 4 5 
Which includes the usual variable tuning con 
denser 5. The signal grid. 6 and cathode are 
Connected to the input circuit 4; the cathode is 
Connected to ground through the customary self 
bias network 8, and the low potential side of in- 0 
put circuit A is at ground potential. 
The plate, or output electrode, 9 of tube is 

connected to a source of proper positive potential 
B through the coil. of I. F. coupling trans 
former M. The coil e is tuned to the operating 15 
I. F. by the shunt condenser . The secondary 
circuit 2 of transformer M is tuned to the 
I. F. value, designated by the symbol F2. The 
I. F. Output of the first detector may be ampli 
fied by one or more I. F. amplifiers, and then 20: 
demodulated by a second detector. Of course, T 
the audio voltage component of the demodulated 
I. F. energy can be utilized in any desired man 
ner; further, the direct current voltage compo 
nent may be employed for AVC action in any well 
known manner. 
ASSunning that the signal frequency range is in 

the broadcast range of 500 to 1500 kc., the I. F. 
may have a value chosen from a range of 75 to 
480 kc. Generally the local oscillations have a 30 
frequency higher than the signal frequencies at 
any setting of the tuning device, and the differ 
ence is equal to the I. F. Hence, the local oscil 
lation frequency F3 is equal to F1--F2. The os 
cillator frequency F3 is impressed on the grid 35. 
electrode 3 of tube ; the oscillator grid being 
Surrounded by a positive electrostatic shielding 
field produced by the screen grids A, 5. The 
Suppressor grid 6, tied to the cathode, is dis 
posed between plate 9 and screen grid 5. The 4 
tube may be of the well-known 2A7 or 6L7 
types; in either case the I. F. energy is produced 
by “electron coupling' between the signal and 
OScillator grids. - 
An auxiliary grid 27 is provided in the oscillator 45 

tube, and the grid is positioned between cathode 
25 and screen f7. The electrode 2 has alternat 
ing current voltage impressed thereon, the volt 

When Such 
voltage is impressed on the electrode 27 the oscil- 50 
lator is “pulled' or “locked' into strong Oscilla 
tion at the frequency F3. The “locking' oscilla 
tor comprises tube 3, which may be of the 2A7 
or 67 type, provided with cathode 30, signal grid 
31, electrode 32 and plate 33. Positive screen 55 
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2 
grids are positioned on either side of the grid 
32; a Suppressor grid is disposed adjacent the 
plate 33. The cathode is maintained above ground 
potential by the Self-biasing network 34. The 
plate 33 is connected to a point of positive po 
tential through the resistor 35, the by-pass con 
denser 36 connecting the plate lead to ground. 
Signals are impressed on the grid 3 through 
the condenser 40; I. F. energy is impressed on 
electrode 32 through lead 50. 
The plate 33 of tube 3 is connected by con 

denser 60 to the electrode 27. The Oscillatory 
Output of converter 3 will include the Sun fre 
quency (F3) of F2 and F1. Hence, when the oscil 
latory output of tube 3 is impressed on electrode 
2, the oscillator 2 automatically will be "locked' 
to the oscillation frequency F3. It will, therefore, 
be seen that the oscillator of the receiver includes 
an auxiliary electrode which functions to main 
tain the chosen frequency F3 as soon as some I. F. 
energy is produced. Of course, the 'locking' 
efficiency of tube 3 will depend upon the selec 
tivity of the signal and I. F. circuits. If, for 
example, the transformer M is broadly tuned, 
then the converter 3 will begin to produce F3 as 
Soon as a side band of the carrier is approached. 
However, the selectivity will seem to be increased 
because of the "locking' action. 
Tube 2 has its circuit arranged to produce local 

OScillations and is operated in a negative trans 
conductance manner, and may be of the type 
such as 57 or 6C6. The Second grid is con 
nected to a source of positive potential S through 
resistor 29; the plate 8 is connected to a source 
of positive potential S2 which is less positive than 
that of S. The third grid 9 is at a negative 
potential relative to cathode 25 by reason of the 
Voltage drop acroSS the Self bias resistor 24 which 
is by-passed for radio frequencies by condenser 
62; the D. C. path for this grid is through coil 
20 and resistor 23 to ground. The first grid 2 is 
Operated at a negative potential relative to the 
cathode; it plays no part in the oscillating action 
of the tube, but its negative potential influences 
the strength of oscillation. Resistor 6 in this 
grid circuit may, therefore, be connected to any 
desired point on resistor 24 to adjust oscillation 
amplitude. In a tube With this arrangement of 
grids and Operating potentials the phase of grid 

and grid 9 is the same; that is, negative 
transconductance exists between grid 7 and grid 
(9 So that the circuit is self-oscillatory by reason 
of condenser 28 connecting grids and 9. The 
frequency of Oscillation is approximately deter 
mined by coil 2) and condenser 2i, but may be 
varied over a relatively narrow range by a radio 
frequency voltage applied to grid 2. Thus, in 
the absence of Voltage on grid 27, the oscillation 
frequency will be that of circuit 20-2-22, but 
When a Voltage differing by a few kilocycles from 
that of circuit 2-2-22 is applied to grid 2, 
the oscillations will take place at the frequency 
injected into grid 2. The oscillation amplitude 
is adjusted So that tube is not saturated, i. e., 
any increase in OScillation amplitude produced by 
tube 2 will increase the output of frequency F2 
with a given amplitude of signal input F1. There 
fore, tube 2 will be caused to Oscillate most 
strongly at a frequency where maximum ampli 
tude of frequency F2 is produced, i. e., at the 
correct intermediate frequency. 
In operation, then, the tuner 26 is adjusted to a 

signal carrier. AS Soon as Some signal energy is 
converted to I. F. energy, the latter is transmit 
ted through lead 50 to grid 32. Signals being al 

2,162,883 
ready impressed on grid 3f, the output of con 
Verter 3 will include F3. When Oscillations of the 
latter frequency are impressed on grid 27, the 
OScillator 2 is “pulled' into F3 Oscillation. The 
action is cumulative, and it requires but a little 
Signal energy to produce the “locking' effect, 
Should the local oscillator tend to drift in fre 
quency for One reason or another, the tendency 
Will be compensated for by the controlling effect 
of converter 3. 
While I have indicated and described a system 

for carrying my invention into effect, it will be 
apparent to One skilled in the art that my inven 
tion is by no means lirinited to the particular or 
ganization shown and described, but that many 
modifications may be made without departing 
from the scope of my invention as set forth in 
the appended claims. 
What I claim is: 
1. A method of reception. Which includes col 

lecting signal modulated energy of a desired car 
rier frequency, generating local Oscillations of a 
different frequency, combining the signal energy 
With Said oscillations to produce energy of a dif 
ferent frequency, combining said signal energy 
With difference frequency energy to produce other 
Oscillations of said different frequency, and com 
bining the said local oscillations with said other 
OScillations at the same frequency in such elec 
trical relation as to maintain synchronism there 
between. 

2. In a Superheterodyne receiver of the type in 
- cluding a first detector and a local oscillator, the 
method which includes collecting signal modu 
lated energy of a fixed frequency, generating at 
Said OScillator oscillations of a different fre 
quency, combining signal energy and oscillator 
energy at said detector to produce beat frequency 
energy, combining said signal energy with beat 
frequency energy to produce other oscillations of 
Said different frequency, and impressing said 
other OScillations upon said oscillator in such 
electrical relation to said first oscillations as to 
maintain frequency Synchronism therebetween. 

3. In combination, a first detector, a local os 
Cillator of the negative transconductance type, 
means impressing OScillations from the latter on 
the detector, Said detector having an intermedi 
ate frequency energy output circuit, a converter 
netWork having a signal input circuit and an 
internediate frequency input circuit, means im 
preSSing Signals on the signal input circuit, 
Ynieans impressing energy from said intermediate 
frequency Output circuit on said intermediate 
frequency input circuit, said converter having an 
Output circuit coupled to said oscillator to im 
press thereon the sum of the signal and inter 
mediate frequencies whereby said oscillator is 
CauSed to have maximum OScillatory amplitude at 
Said sum frequency. 

4. In combination, a first detector, a local os 
cillator, means impressing Oscillations from the 
latter on the detector, said detector having an 
intermediate frequency energy output circuit, a 
converter netWork having a signal input circuit 
and an intermediate frequency input circuit, 
neans in pressing signals on the signal input cir 
cuit, means impressing energy from said inter 
mediate frequency output circuit on said inter 
mediate frequency input circuit, Said converter 
having an output circuit coupled to said oscillator 
to impress thereon the sum of the Signal and 
intermediate frequencies, said local oscillator 
comprising a tube having reactively coupled in 
put and output electrodes, and an auxiliary elec 
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trode in said tube, said sum frequency being 
impressed on the auxiliary electrode. 

5. In combination, a first detector, a local os 
cillator tube, means impressing Oscillations from 
the latter on the detector, said detector having 
an intermediate frequency energy Output circuit, 
a converter network having a signal input circuit 
and an intermediate frequency input circuit, 
means impressing signals on the signal input cir 
cuit, means impressing energy from said inter 
mediate frequency output circuit on said inter 
mediate frequency input circuit, said oscillator 
tube having an auxiliary electrode, said con 
Verter having an Output circuit coupled to said 
Oscillator auxiliary electrode to impress thereon 
the sum of the signal and intermediate fre 
quencies, 

3 
6. In combination, a first detector, a local os 

cillator tube, means impressing OScillations from 
the latter on the detector, said detector having 
an intermediate frequency energy output circuit, 
a converter network having a signal input cir 
cuit and an intermediate frequency input circuit, 
means impressing signals on the signal input cir 
cuit, means impressing energy from said inter 
mediate frequency output circuit on said inter 
mediate frequency input circuit, said oscillator 
tube having an auxiliary electrode, Said converter 
having an output circuit coupled to said OScillator 
auxiliary electrode to impress thereon the sum of 
the signal and intermediate frequencies, said OS 
cillator having a tank circuit tuned to said Sum. 
frequency. 

DUDLEY E. FOSTER, 
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