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This invention relates to a system for con-

‘trolling the local oscillator in a heterodyne

circuit, and more particularly to a system for
maintaining the locally generated frequency

a 1n a superheterodyne circuit at a definite fixed

frequency relation with the frequency of the
incoming signal. -

It is often necessary, in reception of radio
signals, to maintain a constant intermediate

10, frequency in a superhetrodine receiver. This

1§ tors, bot

is especially difficult when thesignal frequency
is very high. What is usually done, in an at-
tempt to maintain a constant intermediate
frequency at the receiver, is to use oscilla-
at the transmitter and at the re-
ceiver, which are as constant as possible.
Crystal controlled oscillators are very often
employed. When the necessary high degree
of constancy is considered, it is easily appre-
ciated that even crystal control oscillators
cannot meet the requirements. It is under-
stood, of course, that the difference in fre-
quency between the crystals at the transmitter

and receiver is equal to the intermediate fre- .

quency desired.

A small change in crystal frequency, when
using short waves, may, therefore, result in a
considerable change in intermediate - fre-
quency. By means of the system described

30 and disclosed herein, it is possible to obtain a
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counstant beat frequency at the receiver even
when small variations of frequency are occur-
ring in the transmitter or receiver, or both,
and the said system has been found to be of
special efficacy. ‘

It is one of the main objects of my present
invention, then, to provide a system for main-
taining a beat frequency constant by utiliz-
ing variations in the said frequency to control
the action of the local oscillator.

Another important object of the invention
is to provide a method of maintaining the
intermediate frequency constant in a super-
heterodyne circuit by transforming beat
frequency variations into potential varia-
tions, and utilizing the said potential varia-
tions to control the action of the local fre-
quency source in that direction which tends
to maintain the intermediate frequency.

And still another object of the invention.

-well known manner.

is to provide an intermediate frequency con-
trol in a superheterodyne receiving circuit,
which control is adapted to maintain the

intermediate frequency -constant regardless

of variations in signal frequency or local
frequency, the control including a frequency
differentiating circuit adapted to transform
beat frequency variations into potential va-
riations, means to amplify the potential
variations, and means to utilize a portion
of the amplified potential to control the
source of local frequency in that direction
which tends to maintain the intermediate
frequency constant.

The novel features which I believe to be
characteristic of my invention are set forth
in particularity in the appended claims, the

‘invention itself, however, as to both its or-
ganization and method of operation will

best be understood by reference to the fol-
lowing description taken in connection with
the drawings in which I have indicated dia-
grammatically several circuit organizations
whereby my invention may be carried into
effect. _ ‘

The principle and certain applications of
this invention are illustrated in the accom
panying drawings, in which: ‘

- Fig, 11is a schematic diagram showing the
superheterodyne receiver embodying a cir-

cutt for controlling the locally generated:

intermediate frequency;

Fig. 2 is a graphic representation of the
action of the control circuit shown in Fig. 1;

Fig. 3 is a modified form of the control
circuit shown in Fig. 1;

Figs. 4, 5, and 6 are detailed views of
three modified types of frequency differen-
tiating circuits. : i

Referring more particularly to Fig. 1,
there is shown a conventional superhetero-
dyne receiver circuit, embodying two stages
of radio frequency amplification coupled to
a conventional frequency changer, the lat-
ter being coupled to a local oscillator in the
In its usual form, this
frequency changer is a circuit employing an
ordinary three electrode tube biased to oper-
até on the lower curve portion of its plate
current-grid voltage characteristic. Both
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the incoming signal frequency and the local-
ly generated frequency are applied to the
grid of this tube. The difference frequency,
or intermediate frequency, is taken out of
the plate circuit thereof.

As is well known, the intermediate fre-

quency is amplified by an intermediate fre-
quency amplifier, the latter being coupled to
a detector, which in turn is connected to
utilization means of any type such as tele-
phones, a loud speaker, and the like. The
intermediate frequency amplifier is connect-
ed to a conventional limiting tube arrange-
ment, and the output from the limiter is
passed into a circuit connected to the local
oscillator as shown. The circuit between
the limiter and the local oscillator comprises
two main elements, hereinafter termed re-
spectively, the direct current amplifier tube,
and the control tube. ,
. The voltage from the intermediate fre-
quency amplifier is fed into the limiter, and
the output from the latter is passed into the
subsequent frequency differentiating circuit
connected thereto. The constants of capac-
ity C,, resistor R,, and the frequency dif-
ferentiating circuit, are such as to give a
voltage across resistor R; which is variable
with impressed frequency. Plate voltage
for the control tube T, is taken through the
same resistance R, as the plate supply to the
local oscillator T,. The constants of the
oscillator circuit are such that its generated
frequency varies inversely with the applied
direct plate voltage. »

Since it is desired to obtain a voltage va-
riation across the resistance R; which is di-

rectly proportional to the intermediate fre-.

quency variation only, and is not affected by
amplitude variation, the conventional limit-
ing arrangemient is disposed between the in-

termediate frequency amplifier and the cir-

cuit C;, R,. The limiter consists of an elec-
tron discharge tube connected to the interme-
diate amplifier so that for all values of input
voltages from the amplifier, saturation is

reached, whereby the limiter output is of con- .
stant amplitude, and can only vary in fre-

quency. The limiter is conventionally shown
to simplify the description, and since it is
readily apparent to those skilled in the art
that the particular type and arrangement
used is unimportant, since any well known
device adapted to perform the-desired lim-
iting function can be used. :

In other words; as the plate. voltage of os-
cillator tube T; goes up, the locally generat-
ed frequency f2 goes down. ‘It may be shown,
both experimentally and mathematically,
that the generated frequency of an oscillator
may be varied in a small degree by a change
in the applied plate voltage. . As the. plate
voltage is increased, either an increase or de-
crease of frequency may occur, depending
upon the circuit and tube characteristic, Ref-
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erence to the December, 1928, issue of the Pro-
ceedings of the Institute of Radio Engineers,
page 1719, will reveal a description of this
phenomenon. The case described therein is
a particular one, and considerable variations
are obtainable. .

I have chosen the circuit, in which the gen-

70

erated frequency decreases when an increase .

in plate voltage over the range of voltages is
employed. For the circuit action to be car-
ried through it is, therefore, necessary that
the local oscillator frequency be higher than
the frequency of the incoming signal. For
example, assume that the desired interme-
diate frequency is 25,000 cycles and the in-
coming frequency f! is 12,500,000 cycles, then
the local frequency f2? would be 12,525,000 cy-
cles. If, however, a local oscillator was em-
ployed in which the generated frequency in-
creased with an increase in plate voltage, the

local oscillator would have to be operated at

a lower frequency than the incoming signal
frequency.

If /2 should tend to increase, the interme-
diate frequency would obviously increase,
and due to the lessening of impedance of-
fered by capacity C, to the increasing fre-
quency, the alternating voltage across resistor
R, will increase. T\, the direct current ampli-
fier tube, 1s normally operated at the lower
bend of its plate current-grid voltage charac-
teristic. -Accordingly, the plate current of
tube T, will rise as the voltage across resistor
R, increases.

The negative bias on the grid of T,, the
control tube, will increase, and the plate cur-
rent of this tube will, therefore, decrease.
There will now be less voltage drop across
resictor Ry and the plate voltage of the local
oscillator T will increase causing the gen-
erated frequency of oscillator T to decrease.
The adjustment of resistor R, is effected by
the slider S, the latter being connected to
the grid of tube T,. The slider S is so posi-
tioned on resistor R, that the result of de-
crease in frequency of oscillator T, due to
the increase in plate voltage of the latter, is
just sufficient to compensate for the rise in
frequency f? which initiated the increase in
the plate voltage of oscillator Ts.

It.is seen, therefore, that the intermediate
frequency will be maintained constant. The
purpose of capacity C, is to slow down the ac-
tion of the circuit: If capacity C, were ab-
sent, the action would be almost instantane-

‘ous, - and the locally generated frequency

might then be influenced by the presence of
either modulation on the incoming signal or
fading. . This condenser prevents the occur-
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rence of rapid changes in voltage across re- 125

sistor R, but does not prevent a slow chanee.

Fig. 2 graphically presents the operation -

described above. This figure shows, in a
qualitative manner. the intermediate fre-
quency plotted against voltage, current and
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55 T, will be lowered.
ment of resistance R. is made such that the
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frequency. The abscissee—intermediate fre-
quency—are regarded as the “cause” of the
action, and, the various ordinates—frequency,
voltage and current—the “result”. Thus; an
attempted rise in intermediate frequency, due
to the change in either the locally generated
frequency f2 or the incoming frequency f*
will result in a decrease in the locally gen-
erated frequency.

It is to be noted that the rise in interme-
diate frequency, according to the curve shown
in Fig. 2, results in an 1ncrease in voltage
across resistance R,; increase in the bias of
control tube 'T;; decrease of plate current
of tube T.; increase of plate voltage of oscil-
tator T;, and finally decrease of the locally
generated frequency. ‘

Another method of accomplishing the same
result, which offers some advantages over the
arrangement shown in Fig. 1, is disclosed in
Fig. 3. For the sake of simplicity and brev-
ity, the main members of the superheterodyne
receiver are omitted, and only the control cir-
cuit is shown. Tube T, is connected to the
limiter as in Fig. 1, the tube being connected
through a resistance R, to a control tube T,
as shown in Fig. 1.

In this case, however, the control tube is
coupled to the local oscillator tube T, through
an amplifier tube T,. The input capacity of
tube T,, which is acting as a high frequency
amplifier, is used to control the generated fre-
quency of the local oscillator Ty, The input
capacity of tube T, is shunted across the tun-
ing condenser V of the circuit embodying T.
Theoretically, it can bs shown that the input
capacity of the vacuum tube employed as an
amplifier will vary with the impedance in its
plate circuit.

The total resistance iﬁ ﬁhe.plate circuit of

T, is made up of resistance R, and tube T,.

in parallel. The input capacity of tube T,
can thus be varied by changing the plate im-
pedance of tube T.. The action of the re-

maining part of the circuit is the same as that-
Using the same- nomenclature,.
when the local frequency f? increases the in-

of Fig. 1.

termediate frequency will'rise, and the drop
across resistance R, will rise.”

The negative bias on the grid of tibe T,

will then increase negatively, and the im-
pedance of tube T, will rise. As a result, the
input capacity of tube T, will rise, and, there-
fore, the generated frequency of the oscillator
As Dbefore, the adjust-

lowering of the generated frequency of os-
cillator of T, is just equal to the rise of fre-
quency which initiated the action of the con-
trol cireuit. Tt is to be observed that any
kind of load impedance may be substitnted
for resistance R,, such as an inductance cor
tuned cirenit. By adjnsting the constants of
the cirvenits, the action may be varied over a
considerable range. It is also to be noted

3

that in place of the frequency differentiating
circutt 81, R., shown in Figs. 1 and 3, numer-
ous other arrangements may be used, as
shown in Figs. 4, 5, and 6. In Fig. 4, for ex-

ample, capacity C, is replaced by a recistance ¢

R, and the resistance R, is replaced by an
inductance L. C , o :

~When the frequency differentiating c'r-
cuits shown in Tigs. 5 and 6 are-employed in
place of capacity C; and resistance R, of Fig.
1, it 1s necessary.to operate the local oscilla-
tor at the frequency f2,lower than the incom-
ing signal frequency ft, since the available
voltage on tube T, will now decrease with an
increase of intermediate frequency.

The embodiments illustrated above have
béen shown by way of preference only. The
appended claims should be constroed as
broadly as permissible since many and vari-
ous changes may ke made without departing
from the scopé of the invention as defined in
the broader claims. .

Having thus described my invention, what
I claim and desire to secure by Letters Pat-
ent of the United States is:

1. A method of maintaining a local oscil-
lator circuit including an electron discharge
tube in a superhetrodyne receiving system at
a definite; fixed frequency relation with the
frequericy. of ‘the incoming signal regardless
of signal and local frequency variations which
consists in limiting a portion of the heat fre-

“quency energy ta remove amplitude varia-

tions therefrom, transforming the beat fre-
. (TOMY, Vg o b
quency .variations into potential variations,

~amplifying the potential variations, and im-

pressing a predetermined portion of the
amplified potential upon the znode circuit of

‘the tube. ’

2. A method of maintaining a con-
stant intermediate frequency in a super-
heterodyne receiving.system which consists
in collecting signal energy, generating. local
oscillations with an electron discharge tube
at a frequency different from the incoming
signal energy by the intermediate frequency

“to be'employed, limiting a portion of the in-

termediate frequency - energy to remove
-amplitude variations, transforming inter-
mediate frequency. variations into potential

“variations, amplifying potential variations
caused by intermediate frequency variations,

and altering the potential of the anode of the
‘tube with the amplified potential variations.

3. In the art of heterodyne reception, the :

steps of maintaining the beat frequency con-
stant regardless of <ignal and/or local fre-
quency variations which consist in limiting
a portion of the beat frequency energy to re-
move amphitude variations therefrom,; trans-
forming the beat frequency variations into
potential variations, amplifyving potential
variations cauxed] by bLeat {requency varia-
tions, and controiing, with a predeterniined

L]

19

portion of the amyplified potential, the action © -
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of the source of local frequencg in such a
manner as to maintain a certain definite fixed

~ frequency relation between the local fre-
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quency and signal frequency.

4. A method of controlling the frequency
of an oscillator tube in a superheterodyne re-
celving system so as to maintain a predeter-
mined fixed relation between the local fre-
quency and the signal frequency which con-
sists in limiting a portion of the beat fre-
quency energy to remove amplitude varia-
tions therefrom, transforming the beat fre-
quency variations into potential variatioms,
amplifying potential variations caused by
variations in the difference frequency, bias-
ing, with a portion of the amplified potential,
the grid of a control tube whereby anode cur-
rent flow of said control tube is varied, and
finally varying, with the varying anode cur-
rergz, the anode potential of the oscillator
tube.

5. In combination with a superheterodyne
receiving circuit provided with an oscillator
tube and an intermediate frequency ampli-
fier, means coupled to said intermediate fre-
quency amplifier for limiting a portion of the
intermediate frequency energy to remove
amplitude variations, means for transform-
ing said intermediate frequency variations
into potential variations, an amplifying tube
coupled to the last named means, a control
tube coupled to the output circuit of said
amplifying tube, the output circuit of said
control tube being connected to the output
circuit of the oscillator tube of said super-
heterodyne circuit for varying the anode
potential of the oscillator tube.

6. In combination with signal energy col-
lecting means, a source of local oscillations of
a frequency different from the frequency of
the collected energy by a difference fre-
quency to be detected, amplifying means for
said difference frequency, means coupled to
said difference frequency amplifier for limit-
ing a portion of the difference frequency
energy to remove amplitude variations,
means for transforming said difference fre-
quency variations into potential variations a
second amplifying means coupled to said last
named means, a control tube connected to a
predetermined portion of the output circuit
of said second amplifying means, the output
circuit of said control tube being connected
to the output circuit of said local source.

7. In the art of heterodyne reception, the
steps of maintaining the beat frequency con-
stant which consist 1n heterodyning incoming
waves with a local frequency source, trans-
forming beat frequency variations into poten-
tial variations after limiting a portion of said
beat frequency energy to remove amplitude
variations, amplifying the potential varia-
tions, and controlling, with a predetermined
portion of the amplified potential, the action
of the local frequency source in that direc-

1,871,741

tion which tends to maintain the beat fre-
quency. - ‘

8. In the art of heterodyne reception, the
steps of maintaining the beat frequency con-
stant which consist in heterodyning incoming
waves with a local frequency source, limiting
a portion of the beat frequency energy to re-
move amplitude variations therefrom, there-
after transforming beat frequency variations
into potential variations, amplifying the
potential variations, and controlling, with a
predetermined portion of the amplified
potential, the source of local frequency so
that its frequency is varied in that direction
which tends to maintain the beat frequency
constant.

9. In a radio receiving system, a receiving
circuit, means including an electron discharge
tube for heterodyning incoming waves, means
for converting beat frequency variations into
potential variations substantially free of am-
plitude variations, and means mcluding an
additional electron discharge tube responsive
to said potential variations for varying the
anode potential of the first tube on a change
in frequency of either the incoming waves or
the heterodyning means.

7¢
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10. The method of receiving high fre-

quency wave signals which consists in hetero-
dyning the signals with a circuit including
an electron discharge tube, transforming a

variation in the beat current so produced, due.

toa change in the frequency of the waves, into
potential variations free of amplitude varia-
tions, varying the potential of the anode of
the tube with said potential variations, and

~ causing such alteration in potential to vary

the frequency of said circuit.

11. The. method of receiving high fre-
quency wave signals which consists in apply-
ing a heterodyne thereto from a local oscilla-
tor tube to produce a beat frequency, con-
verting a change in the beat frequency to a
potential change free of amplitude change,
and altering the anode potential of the oscil-
lator tube with said potential change.

12. In combination in a high frequency
signalling system an oscillatory circuit in-
cluding an electron discharge tube, means in-
cluding a second electron discharge tube and
associated circuits responsive to changes in
the oscillator frequency and adapted to con-

vert frequency variations into potential vari-.

ations substantially free of amplitude vari-
ations, and a control tube connected between
said frequency responsive means and the oscil-
latory circuit whereby said potential varia-
tions are caused to vary the potential of the
control electrode of said control tube which
controls the frequency of the oscillatory cir-
cuit.

13. In combination with a high frequency
receiving system, means including an electron
discharge tube for heterodyning incoming
waves, means including an additional elec-

10

1n

1L

12

12

13¢



10

1,871,741

tron discharge tube responsive to beat fre-
quency variations and adapted to convert the
latter into amplified potential variations sub-

stantially free of amplitude variations, and

control means including an electron discharge
tube connected between the heterodyning and
responsive means, whereby said amplified
potential variations are caused to vary the
conductivity of said control tube and thereby
cogtrol the frequency of said heterodyning
tube. '

14. In a superheterodyne receiver, a source
of amplified signal energy, a frequency chang-
er circuit adapted to deliver emergy at an

5 intermediate frequency, a source of local os-

cillations comprising an electron discharge
tube provided with a tunable input circuit
coupled to said changer circuit and an out-

_put circuit, means for converting intermedi-
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ate frequency variations into potential vari-

_ations substantially free of amplitude vari-

ations, a control tube coupled to said convert-
ing means, the anode circuit of said control
tube being connected to the anode circuit of
said oscillator tube.

15. In a superheterodyne receiver, a source
of amplified signal energy, a frequency
changer circuit adapted to deliver energy at
an intermediate frequency, a source of local
os.:iiations comprising an electron discharge
tube provided with a tunable input circuit
coupled to said changer circuit and an output
circuit, means for converting intermediate
frequency variations into potential variations
substantially free of amplitude variations, a
control tube having its input circuit coupled
to said converting means, an amplifier adjust-
ably connected between said converting means
and control tube, the anode circuit of said
control tube being connected to the anode cir-
cuit of said oscillator tube.

GEORGE RODWIN.
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