
2,113,260 G. L. USSELMAN April 5, 1938. 
RECE WER 

Original Filed June 13, 1933 

27/2/2% 
??? ? ? ? ?? ? ? ? ? ? ?? ? ??? - ? - - - ???-T 

W 

'/') > ?? 
AITORNEY 

?? - ?? ---- - - - - - -- - ?? -- - -??- - ???? -- -?? ?------- 

  

  



5 

O 

5 

Patented Apr. 5, 1938 

UNITED STATES 

2,113,260 

PATENT OFFICE 
2,113,260 
RECEIVER, 

George Lindley Usselman, Port Jefferson, N.Y., 
assigner to Radio Corporation of America, a 
corporation of Delaware 

Application June 13, 1933, Serial No. 675,536 
Renewed March 30, 1936 
20 Claims. 

The present invention relates to signalling Sys 
tems and more in particular to a signalling Sys 
tem including transmitters and receivers Which 
utilize a single side band for intercommunication. 
AS is known in signalling Systems, the trans 

mitted frequency on which the signal is im 
preSSed. Often times deviates from the desired 
frequency. Receivers also have frequency drift 
due to temperature or Voltage changes or both. 
The receivers of the transmitted signals, being 
of the heterodyne or beat frequency type, are 
in general sharply tuned to the signal carrying 
carrier frequency sent out from the transmitter. 
Due to this deviation of the transmitted fre 
quency received and tuning the receiver of the 
heterodyne type may not respond efficiently 
thereto. In some cases the transmitted signal 
may be entirely lost. 
Attempts have been made heretofore in the 

prior art to provide means to Synchronize the 
transmitter frequency and the frequency of the 
local oscillator at the receiver. Attempts have 
also been made to maintain the transmitted fre 
quency exactly constant and the frequency of 
the local oscillator also exactly constant. Obvi 
ously, both of these schemes are difficult to foll 
low successfully since at present it is practically 
impossible to hold two oscillators at sufficiently 
constant frequency to produce a beat note of 
constant frequency Which may be passed through 
the intermediate frequency amplifier at the re 
ceiver. 
By actual experiments I have come to the 

conclusion that it is necessary for the receiver 
to include means whereby the frequency to which 
it responds may be made to follow the transmit 
ter frequency. In order to accomplish this in 
accordance with my present invention a fre 
quency is radiated from the transmitter in ad 
dition to the signal carrying or side band fre 
quency. This additional frequency may be a 
Small amount of the effective transmitter car 
rier frequency. This additional frequency is 
used at the receiver in a novel manner to cor 
rect or control the frequency of an Oscillator at 
the receiver. The OScillator at the receiver is 
tuned in a novel manner in accordance With my 
invention to generate a frequency which Waries 
in the same direction as the received carrier So 
that When the received carrier and Said gen 
erated frequency are beat together they produce 
an intermediate frequency which is constant in 
frequency irrespective of variations in the re 
ceived carrier frequency. Of course the addi 
tional frequency sent over the transmitter must 

(C. 250-20) 
be so related with the signal carrying frequency 
that they are relatively constant, that is, the 
frequency space between said frequencies must 
be constant except for the Superimposed signal 
frequencies on the side band frequency. The 
additional frequency Sent out from the trans 
mitter for control purposes at the receiver may 
be the effective carrier frequency. If this fre 
quency is assumed to be CF cycles, then the 
signal carrying carrier (side band) will be of a 
frequency CF plus the audible frequency rep 
resenting the signal, which frequency will vary 
Within an audible frequency band. In other 
words, the additional frequency is the transmit 
ter output energy frequency when there is zero 
signal frequency. 
An advantage of the present System is that, 

as will appear more in detail hereinafter, it is 
applicable to new installations and may also be 
readily applied to installations now in use With 
out materially altering said installations. . . 
The novel features of my invention have been 

pointed out with particularity in the claims at 
tached hereto as required by a W. 
The nature of my invention and the method 

of operation of the same will be better under 
stood by the following detailed description there 
of and therefrom when read in connection with 
the drawing in which the single figure Serves 
to illustrate the essential elements necessary at 
the receiver of the heterodyne type to practice 
my invention. 
At the transmitter a carrier frequency may be 

derived from the first Oscillator in the trans 
mitter (or any other desirable Stage therein) by 
slightly unbalancing the succeeding modulator 
So that a portion of the carrier is allowed to 
pass through the transmitter With the selected 
Side band to be radiated along With the Said 
Selected Side band or signal carrying carrier 
frequency (side band). Normally the carrier is 
all balanced out in the modulators which are 
of the suppressed carrier type which make effec 
tive only the side bands or is eliminated by filter 
circuits so that it does not appear in the radiated 
energy. In the present invention the desired 
amount of carrier is permitted to get through and 
be radiated. This Small amount of carrier from 
the first oscillator or subsequent stages will have 
a certain definite frequency relation with re 
spect to the signal carrying carrier and said 
relation will be maintained constantly since the 
Small amount of carrier is derived from the first 
oscillator, the frequency of which determines 
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2 
the frequency of the selected side band or signal 
carrying carrier. 
The signal carrying carrier and the additional 

carrier are radiated from the transmitter and are 
received on the antenna System. A of a radio re 
ceiver of the heterodyne type. This receiver may 
include, as indicated, a radio frequency amplifier 
included in unit f, a local source of oscillations 
included in a unit 3, a first detector or demodula 
tor included in a unit 5, and an intermediate fre 
quency amplifier connected with said first de 
tector and included in a unit 7. The intermedi 
ate frequency amplifier 7 may be followed by a 
Second detector included in a unit 9. The Second 
detector feeds the demodulated signals to a low 
frequency amplifier included in a unit 0. The 
low frequency signals may be translated in this 
unit or fed by Way of the line shown to any 
utilization circuit. The utilization circuit may 
be a recorder or aural indicator . In the 
event the signals are of the continuous Wave type 
for telephone operation, oscillations from an addi 
tional oscillation generator included in a unit 2 
may be Supplied to the input of the second de 
tector included in unit 9, as shown, to beat there 
in With the continuous Waves and render there 
from the voice signal. The devices included in 
the radio frequency amplifier , the detector in 
5, the intermediate frequency amplifier in , the 
Second detector in 9, and the low frequency am 
plifier in 0 are standard circuits in the present 
in Venti On and need not be described in detail 
herein. 
The transmitted signal is received on A, which 

is tuned to a frequency band broad enough to 
include the signal carrying carrier and the addi 
tional carrier transmitted for control purposes. 
Both of the carriers are amplified in the radio 
frequency amplifier , which is broad enough to 
amplify both carriers and combined in the unit 
5, which includes the first detector, with oscilla 
tions from the oscillator in unit 3 to produce a 
beat note at intermediate frequency, which is 
amplified in 7 and further beat in 9 With oscilla 
tions from the oscillator in f2 and demodulated 
to render the Signal. 
The oscillator included in unit 3 is a substan 

tially constant high frequency oscillator of the 
type in which Oscillations are produced by cou 
pling the anode 4 to the grid 2 by a tuned cir 
cuit i 3, as shown. The frequency of the oscil 
lations generated is determined by the capaci 
ties C and C connected in parallel with the in 
ductance 4 of the circuit. The capacity C may 
be of the Vernier type and may be driven by a 
motor f7 connected as shown. The motor 7 may 
be energized by Way of the contacts 8 and 9 
of a relay 20 in such a manner that when the 
movable contact 2 is in one closed position say 
on 8 the motor rotates in one direction. When 
the movable contact 2 is in the other closed 
position say on 9 the motor rotates in the other 
direction and when the contact is as shown in 
the neutral or intermediate position no ener 
gizing current is Supplied to the motor and the 
motor and the Vernier condenser connected 
thereWith remain stationary. 
The OScillation generator included in the unit 

2 is of a unique type and is, as shown, in effect, 
tWO similar tube oscillators B and D, each having 
their anodes 25, 26 and grids 27, 28 respectively, 
coupled by circuits 30 and 3, respectively so 
that each tends to produce Oscillations of a fre 
quency determined by said circuits. The sep 
arate oscillators, however, have their grids 21 
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and 28 interconnected in push-pull relation, as 
shown, by an additional tuned frequency deter 
mining circuit 22. Biasing potentials for the 
grids 27 and 28 of tubes B and D are supplied 
from a source 38 connected by way of a re 
Sistance 3 to the electrical center of the in 
ductance in the tuned circuit. This resistance 
37 is also of assistance in stabilizing the oscilla 
tions produced in this unit. The anode elec 
trodes 25 and 26 of the oscillators B and D are 
connected, as shown, in push-pull relation by 
Way. Of direct current energizing circuits 32 and 
34 which include the balanced winding 35 in the 
relay 20. Both of these direct current circuits 
include a Source of potential 36. The inductance 
and capacity in the alternating current anode 
circuits of each of the oscillators and the com 
mon tuned grid circuit determine the frequency 
of Said oscillator. Each plate circuit of these 
Oscillators is normally slightly detuned with re 
Spect to the other so that normally the tendency 
of the oscillators B and D is for one to oscillate 
On One side of the normal frequency, as deter 
mined by the tuned inductance 22 interconnect 
ing their grids, and the other to oscillate at a 
frequency on the other side of the normal fre 
quency of the combined oscillators, as determined 
by Said tuned frequency determining circuit 22. 
However, oscillators B and D must both oscillate 
at the same frequency because their grid elec 
trodes are, as shown, connected together by Way 
of the same tuned frequency determining cir 
cuit 22. The oscillations of the oscillators Band 
D are out of phase by 180° because, as shown, 
the grids of said oscillators are connected in : 
push-pull. There is enough excitation brought 
back from the plate circuit of each oscillator by 
Way of the variable capacities 40 and 4 to the 
grid circuit of each oscillator to maintain sus 
tained oscillations in said oscillators. 
The output of the first detector included in 

the unit 5 is connected, as shown, to a filter and 
an amplifier included in the unit 24. The oscil 
lations at the intermediate frequency pass 
through the filter in this unit, are amplified, and 
are impressed by inductive coupling by way of an 
inductance 26 on the inductance in the tuned 
circuit 22. As will be seen, a slight shift in 
phase of the frequency of the oscillations passed 
in the filter and amplified in unit 24, assuming 5 
Said oscillations are of a frequency substantially 
equal to the mean frequency of the oscillations 
developed by the oscillators acting together in 
unit 2, will increase the excitation on the grid 
of B or D and decrease the excitation on the 
other grid. This will increase the efficiency of 
the first oscillator and decrease the efficiency of 
the Second oscillator. Increasing the efficiency 
of one of the Oscillators decreases the amount of 
current flowing in the direct current plate circuit 
thereof. This increase in efficiency of one oscil 
lator, and consequently decrease of plate cur 
rent therein, occurs simultaneously with the de 
Crease in efficiency of the other Oscillator and 
the increase of the plate current therein. This 
decreases the current in half of the balanced 
Winding in relay 20 and increases the current 
in the other half So that the movable arnature 
2 of said relay is actuated in one direction or 
the other to complete a circuit through the motor 
to energize Said motor and drive the vernier con 
denser C1 in the proper direction to produce in 3 
oscillations of shifted frequency which, when 
combined or beat With the incoming additional 
carrier, will produce an intermediate frequency, 
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2,113,260 
the frequency of which falls in step or in phase 
with that of oscillator 2 and which is also the 
middle of the frequency band passed by the in 
termediate frequency amplifier. The original 
shift of the intermediate frequency applied by 
24 to 26 may result from a shift in the trans 
mitter frequency or in the frequency of the Oscil 
lator in 3 or both. 
Although applicant does not wish to limit his 

invention to any specific frequencies, it is thought 
that the operation thereof will be more readily 
understood if specific or definite frequencies are 
used to set forth said operation. 
Assume that a signal carrying frequency and 

an additional carrier having a certain frequency 
relation from the commercial signals is being 
transmitted simultaneously without interference 
between said carriers. Assume that the trans 
mitter frequency corresponding to this addi 
tional carrier frequency is 17,300,000 cycles and 
that the useful signals lie between 50 and 6,000 
cycles so that the signal carrying carrier Occu 
pies a space from 17,300,050 to 17,306,000 cycles. 
The frequency band received at the antenna. A 
connected with the receiver will be 17,300,000 to 
17,306,000 cycles. This frequency band is ampli 
fied in the radio frequency amplifier included in 
unit and beat in the detector included in unit 
5 with Oscillations from the oscillator included 
in unit 3. The frequency of these oscillations in 
3 may be 17,200,000 cycles or very close thereto. 
These two frequencies are beat in the detector in 
unit 5 and a beat note varying between 100,000 
and 106,000 cycles is produced, of which the 
100,000 beat note represents the additional car 
rier. Part of the energy is diverted from the out 
put of the detector in unit 5 and fed to the pass 
filter in unit 24. This filter permits a beat fre 
quency of 100,000 cycles plus or minus 50 cycles 
to pass through the amplifier in 24 and be im 
pressed on the inductance 26 coupled to the fre 
quency determining circuit 22. The combined 
oscillators in unit 2 operate at, say, 100,000 
cycles or very closely thereto. The oscillations 
produced in the oscillator in 2 are fed from 
said oscillator to the input of the second detector 
in 9 to beat with the frequency band applied to 
the intermediate frequency amplifier in unit 
from the output of the first detector. This band 
varies between 100,000 and 106,000 cycles and 
when beat with the oscillations from 2 pro 
duces a beat note varying - at signal frequency 
between 50 and 6,000 cycles, and the receiver 
output has the same frequency and relative 
amplitude as the original signal. 
Now assume that the transmitter frequency or 

receiver frequency changes slightly, that is, the 
frequency of the transmitted carrier or the fre 
quency of the oscillations produced in the oscil 
lator in unit 3 drifts in either direction from the 
desired frequency. This drift in either of these 
frequencies causes the beat note appearing in 
the output of the detector in unit 5 to change 
slightly, that is, said beat note of the example 
given for purposes of illustration will vary slight 
ly above or below 100,000 cycles. This variation 
in the beat note is applied by Way of the band 
pass filter and amplifier in unit 24 to the in 
ductance 26 coupled to the frequency determin 
ing circuit connected with the grids of B and D. 
Since the frequency of the combined oscillators 
B and D is fixed by the frequency determining 
circuits, there will be a phase difference between 
the current in the inductance 26 and that in 

3 
the inductance in the tuned circuit 22. This 
phase difference will be in one direction or the 
other so that it will add energy to the oscilla 
tions in one of said oscillators and oppose in the 
other. This will cause a change in excitation 
and efficiency in each side of the combined oscil 
lator and result in an unbalancing of the same 
and a change in the amount of current flowing in 
the direct current anode circuits of each. The 
unbalance in the anode current acts through the 
winding of relay 20 to move the movable con 
tact in a direction such as to complete a circuit 
through the motor windings in the desired di 
rection to rotate the motor in the direction neces 
sary to shift the frequency of the oscillations 
developed in the oscillation generator in 3 in the 
desired direction to correct the frequency result 
ing from the beating of the incoming signal and 
the oscillations from the first Oscillator. This 
changes the beat frequency output of the detéctor 
in unit 5. By proper connections to the relay 20 
the reaction of unbalanced plate current in OScil 
lators B and D can be made to change the fre 
quency of the oscillator in unit 3 so that the 
carrier output of the detector in unit 5 will 
again come in step and have the same frequency 
and phase as the oscillations in the tuned circuit 
22, that is, in the combined oscillators B and D. 
This is again the correct phase relation between 
the Oscillators in 2 and in 3 for proper operation : 
of the receiver. 

Obviously, if the frequency of the oscillators 
in 3 and 2 are maintained in harmonic relation 
With each other the action of the frequency cor 
rection circuits will be made more rapid. 
Although in describing the operation of this 

device it has been assumed that the frequency 
of the incoming carrier or of the oscillator in 
unit 3 is subject to variations, it will be obvious 
that the present control system will function in 
a similar manner, to correct the frequency of 
the oscillator in unit 3, to compensate for any 
shift in frequency of the combined oscillators B 
and D in unit 2. 

Having thus described my invention and the 
operation thereof, what I claim is: 

1. The method of automatically tuning a re 
ceiver to a signal carrying carrier and a reference 
carrier transmitted therewith which bears a 
definite frequency relation to the signal carrying 
carrier Which includes the steps of, receiving 
said carriers, beating said carriers with local 
Oscillations to produce beat notes, one of Which 
carries the signal modulated oscillations which 
may be translated, and controlling the frequency 
of said local OScillations in accordance With the 
frequency of the other beat note. 

2. The method of automatically tuning a re 
ceiver to a signal carrying carrier and a refer 
ence carrier transmitted therewith which bears 
a definite frequency relation to the signal carry 
ing carrier which includes the steps of, receiving 
Said carriers, beating Said carriers with local 
oscillations to produce beat notes, one of which 
carries the signal modulated Oscillations, Sepa 
rating said beat notes and translating said sig 
nal carrying beat note, and producing changes 
in the frequency of the local oscillations chair 
acteristic of changes in the frequency of the 
Other beat note. 

3. The method of automatically tuning a re 
ceiver to a signal carrying carrier and a pilot or 
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4. 
of Substantially equal amplitude, receiving said 
carriers, beating said signal carrying carrier with 
local oscillations to produce signals, impressing 
energy representative of said pilot carrier. On Said 
tWO produced Oscillations to produce relative 
changes in the amplitudes thereof characteristic 
of deviations of the frequency of said carrier from 
the desired carrier frequency, and utilizing said 
amplitude deviations to control the frequency of 
the local oscillations beat With said signal carry 
ing carrier. 

4. The method of automatically tuning a re 
Ceiver to a signal carrying carrier which includes 
the steps of, producing two oscillations of Sub 
Stantially equal amplitude, beating said signal 
carrying carrier with local oscillations to produce 
Signals, impressing energy representative of said 
carrier on Said two produced OScillations to pro 
duce relative changes in the amplitudes thereof 
characteristic of deviations of the frequency of 
said carrier from the desired carrier frequency, 
and producing changes of the frequency of said 
local oscillations characteristic of said amplitude 
changes. 

5. The method of automatically tuning a re 
Ceiver of the beat note type, including an inter 
mediate frequency filter circuit, to a signal carry 
ing carrier to maintain the frequency of the en 
ergy passed through said filter at the center of 
the frequency band of said filter irrespective of 
Variations in the carrier frequency or in the local 
Oscillator frequency which includes the steps of, 
producing two oscillations of substantially equal 
amplitude but of different frequencies, beating 
Said carrier to an intermediate frequency to be 
passed by said filter, differentially impressing en 
ergy representative of the energy passed through 
Said filter on Said two produced Oscillations to 
produce relative changes in the amplitudes of the 
produced oscillations characteristic of deviations 
of Said energy in said filter from the mean reso 
nance frequency of said filter, and producing 
changes in the frequency of said intermediate 
frequency energy characteristic of the relative 
changes in the amplitudes of the produced oscil 
lations to compensate for Variations in the car 
rier frequency or in the local oscillator frequency. 

6. The method of automatically tuning a re 
ceiver to a signal carrying carrier and a pilot or a 
reference carrier which bears a definite relation 
to the signal carrying carrier which includes the 
Steps of, receiving said carriers, producing local 
OScillations, beating said local oscillations with 
Said carriers to produce a beat note resulting from 
Said pilot carrier and said local Oscillations and 
a beat note resulting from said signal carrying 
OScillations and said local OScillations, translat 
ing said last named beat note to render the signal, 
producing a pair of local oscillations of constant 
amplitude and of a frequency substantially equal 
to the frequency of Said first named beat note, 
impressing said first named beat note on said pair 
of oscillations differentially to produce variations 
in the energy of said oscillations, and controlling 
the frequency of said first named produced oscil 
lations in accordance with said variations in en 
ergy. 

7. The method of automatically tuning a re 
ceiver to a signal carrying carrier and a pilot or a 
reference carrier which bears a definite relation 
to the signal carrying carrier which includes the 
Steps of, receiving said carriers, producing local 
OScillations, beating said local oscillations with 
Said carriers to produce a beat note resulting 
from Said pilot carrier and said local Oscillations 
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and a beat note resulting from said signal carry 
ing oscillations and said local Oscillations, trans 
lating said last named beat note to render the 
signal, producing a pair of local oscillations of 
constant amplitude and of a frequency Substan 
tially equal to a subharmonic of the frequency of 
Said first named beat note, impressing said first 
named beat note on said pair of oscillations differ 
entially to produce relative variations in the en 
ergy of said oscillations, producing movements 
characteristic of said relative variations in the 
energy of Said oscillations, and controlling the 
frequency of said first named produced oscilla 
tions in accordance with said movements. 

8. A signal receiving means comprising signal 
responsive means, signal demodulating means 
provided with an output circuit, a local oscilla 
tion generator coupled between said signal re 
Sponsive means and said signal demodulating 
means Said generator including a tuning element, 
a pair of local OScillators each provided With an 
Output electrode and having a frequency deter 
mining circuit in common coupled to the output 
circuit of Said demodulator, and a relay oper 
atively interposed between the output electrodes 
of Said pair of oscillators and the tuning element 
in Said first named oscillator. 

9. A signal receiving means comprising signal 
responsive means, Signal demodulating means 
provided with an output circuit, a local oscillation 
generatOr, including a frequency determining elle 
ment, coupled between said signal responsive 
means and said signal demodulating means, a 
pair of local Oscillators each provided with an 
output electrode and having a frequency deter- : 
mining circuit in common coupled to the output 
circuit of said demodulator, a magnetic relay 
having a winding connected between the output 
electrodes of said pair of oscillators, and a con 
nection between the frequency determining elle- , 
ment in Said first named oscillator and the arma 
ture of said relay. 

10. A signal receiving means comprising signal 
responsive means, signal demodulating means 
provided with an output circuit, a local oscilla 
tion generator, including a frequency determin 
ing element, coupled between said signal respon 
sive means and said signal demodulating means; 
a filter circuit tuned to an intermediate frequen 
Cy, a pair of local oscillators each provided with : 
an output electrode and having a frequency deter 
mining circuit in common coupled to the output 
circuit of Said demodulator by way of said filter 
circuit, a magnetic relay having its winding con 
nected between the output electrodes of said pair 
of Oscillators and its armature mechanically cou 
pled to the frequency determining element in 
Said first named Oscillator. 

11. Signal receiving means comprising, signal 
responsive means, detecting means coupled there 
With, a local oscillator comprising a frequency 
determining means coupled between said signal 
responsive means and said signal demodulating 
means, control means connected with said fre 
quency determining means, a pair of thermionic 
tubes having coupled input and output circuits, a 
frequency determining circuit connecting the con 
trol electrodes of said tubes in push-pull relation, 
a direct current output circuit including a relay 
having a winding connecting the output elec 
trodes of Said tubes in push-pull relation, an oper 
ative connection between said relay and said con 
trol means, and a filter circuit interposed between 
the output of Said demodulator and said fre 
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quency determining, circuit connecting the con 
trol grids of said tubes in push-pull. . . . 

12. A frequency control device, to be used with 
signal receiving means of the heterodyne, type 
including, a, demodulator, a local oscillator hav 
ing a frequency determining circuit and an inter 
mediate frequency amplifier comprising, a pair of 
thermionic tubes having coupled alternating cur 
rent input and output circuits, one of said cir 
cuits being tuned to a frequency lying on one side 
of the mean frequency of said intermediate fre 
quency amplifier, the other of said circuits being 
tuned to a frequency lying on the other side of 
the mean frequency of said intermediate fre 
quency amplifier, a tuned circuit Connecting the 
control electrodes of said tubes in push-pull rela 
tion, said circuit being tuned to the frequency of 
said intermediate frequency amplifier, a direct 
current output circuit connecting the output elec 
trodes of said tubes in push-pull relation, an 
energy responsive device connected between said 
output circuit and the frequency determining cir 
cuit in said local oscillator to control... the fre 
quency of the oscillations produced thereby, and 
a circuit interposed between the output of said 
intermediate frequency amplifier and said fre 
quency determining, circuit connecting the con 
trol grids of said tubes in push-pull. : , 

13. Signal receiving means including signal col 
lecting means, signal demodulating means, a 
thermionic oscillator having oscillation circuits 
and a frequency determining element in one of 
Said circuits, circuits for connecting said de 
modulating means to Said Oscillator and to said 
signal collecting means, an intermediate fre 
quency amplifier coupled to said demodulating 
means, a pair of local OScillators having a fre 
quency determining circuit in common coupled to 
the output circuit of Said signal demodulating 
means, a relay connected between the outputs of 
Said last named Oscillators and the frequency 
determining element in the circuit of Said first 
named oscillator, a second demodulator, a cou 
pling between the input of Said Second demodul 
lator and said intermediate frequency amplifier 
and between the input of Said Second demodulator 
and one of said pair of OScillators, and signal 
indicating means connected with the output of 
Said second demodulator. 

14. A frequency control device to be used with 
Signal receiving means of the heterodyne type 
including signal collecting means, signal demodul 
lating means, a thermionic oscillator having os 
cillation circuits and a frequency determining 
element in one of said circuits, circuits for con 
necting said demodulating means to Said oscil 
lator and to said Signal collecting means, and an 
intermediate frequency amplifier coupled to said 
demodulating means, comprising, a pair of local 
oscillators having a frequency determining cir 
cuit in common coupled to the output circuit of 
Said Siginal demodulating means, circuits con 
nected with the output of said pair of Oscillators, 
a relay connected with the output circuits of Said 
last named pair of oscillators and the frequency 
determining element in the circuit of said first 
named oscillator, a second demodulâtor, a cou 
pling between the input of said second demodu 
lator and said intermediate frequency amplifier 
and between the input of Said Second demodul 
lator and said pair of oscillators, and signal indi 
cating means connected with the output of said 
second demodulator. 

15. Signal receiving means comprising, signal 
responsive means, rectifying means coupled there 

5 
with, a local oscillator comprising, a thermi 
onic tube having input electrodes and output 
electrodes connected in oscillation circuits includ 
ing a frequency determining element, a circuit 
connecting said rectifying means to said signal 
responsive means and to said oscillator, an inter 
mediate frequency amplifier coupled with the 
oittput of said rectifier, a pair of thermionic tubes, 
each having their input and output electrodes 
coupled in oscillation circuits, said circuits tend 
ing to produce oscillations slightly above and 
slightly below the beat frequency resulting from 
the combination of oscillations from said first 
named oscillator and signal waves in Said detector, 
a frequency determining circuit connecting the 
control electrodes of said pair of tubes in push 
pull relation, a direct current output circuit in 
cluding a relay winding connecting the anodes of 
said tubes in push-pull relation, a connection in 
ciding a driving motor between said relay wind 
ing and the frequency determining element in the 
circuit of said first named oscillator, a circuit in 
cluding a filter connected between the output of 
said rectifying means and said frequency deter 
mining, circuit connected between the control 3 
electrodes of said pair of tubes, an intermediate 
frequency amplifier coupled to the output of Said 
rectifying means, a second rectifying means cou 
pled to said intermediate frequency amplifier 
and to one of the oscillation circuits connected 
With said last named pair of oscillators, a beat 
frequency amplifier connected with said second 
named rectifying means, and indicating means 
connected with said beat frequency amplifier. 

16. The method of automatically turning a re 
ceiver to a signal carrying carrier Which includes 
the steps of, producing two oscillations, beating 
said signal carrying carrier With local OScilla 
tions, impressing energy representative of said 
carrier on said two produced Oscillations to pro 
duce relative changes therein characteristic of 
deviations of the frequency of said carrier from 
the desired carrier frequency, and changing the 
frequency of Said local oscillations in a manner 
characteristic of the relative changes produced 
in Said two produced OScillations. 

17. The method of automatically tuning a re 
ceiver to a signal carrying carrier which includes 
the steps of, producing two oscillations by means 
of electrical power, beating said signal carrying 
carrier with local oscillations, impressing energy 
representative of Said signal carrying carrier on 
said two produced Oscillations to produce relative 
changes in the amount of power utilized to pro 
duce said Oscillations characteristic of deviations 
of the frequency of said carrier from the desired 
carrier frequency, and Controlling the frequency 
of the Oscillations beat With said signal carrying 
carrier in accordance With said relative changes 
in the amount of power utilized to produce said 
tWO OScillations. 

18. The method of automatically tuning a re 
ceiver to a signal carrying carrier which includes 
the steps of, producing tWO OScillations which are 
normally entrained, beating said signal carrying 
Carrier With local OScillations, impressing energy 
representative of Said carrier on said two pro 
duced OScillations to disentrain said OScillations 
When said carrier frequency changes in a man 
ner characteristic of deviations of the frequency 
of said carrier from the desired carrier fre 
quency, and producing changes of the frequency 
of said local Oscillations characteristic Of the man 
ner in which said two i Oscillations are disen 
trained, 
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19. In a radio receiver of the Superheterodyne 

type employing a local oscillator consisting of a 
single tube provided with main and auxiliary fre 
quency determining elements, the main element 
comprising a resonant circuit which includes a 
Variable reactance, and Said auxiliary frequency 
determining element comprising a capacitative 
reactance electrically connected acroSS Said reso 
nant circuit, a first detector network having an 
Output circuit resonated to a predetermined in 
termediate frequency, a Secondary tuned circuit 
which is resonated to said intermediate frequency, 
a pair of electron discharge devices having a com 
mon direct current output circuit, said devices 
having a common Signal input circuit resonant to 
Said intermediate frequency and electrically con 
nected with Said Secondary circuit, the magni 
tude and direction of flow of the direct current in 
said output circuit being dependent upon the 
amount and the sign of the difference between 
the frequency of said secondary circuit and the 
frequency of the signal energy applied thereto, 
and means coupled to said direct current output 
circuit, responsive to said direct current in said 
Output circuit, for automatically adjusting the 
magnitude of said auxiliary frequency determin 
ing reactance element. 

20. In a Superheterodyne receiver, a first de 
tector network having a modulated signal carrier 

input circuit and an output circuit tuned to a 
predetermined operating intermediate frequency, 
a local Oscillator network consisting of a single 
tube provided with a main frequency determin 
ing element and an auxiliary frequency adjusting 
device, the main frequency determining element 
comprising a resonant circuit which includes an 
adjustable reactance, and said auxiliary adjusting 
device comprising a capacitative reactance elec 
trically connected across the resonant circuit, an 
arrangement for automatically regulating the ef 
fect of said adjusting device on the frequency of 
said oscillator network as the signal energy output 
of said first detector departs in frequency from 
Said intermediate frequency, said arrangement 
comprising a pair of Space discharge devices hav 
ing a common Signal input circuit and a common 
direct current output circuit, said common input 
circuit being resonated to said operating fre 
quency, said devices being additionally construct 
ed and arranged to produce in Said direct cur 
rent Output circuit a, direct Current Whose mag 
nitude and sense of flow is dependent upon the 
amount and sign of the said frequency departure, 
and means coupled to said direct current output 
circuit and responsive to said direct current for 
controlling the magnitude of the reactance of 
said auxiliary adjusting device. 
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