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This invention relates to the regulation of the
resonant frequency of a tuned or tunable system
and, while it is of general application, it is par-
ticularly suitable to the control of the frequency

5 of a local oscillator of a superheterodyne re-
ceiver so as to obtain and/or maintain the car-
rier. frequency in an intermediate-frequency
channel thereof substantially at the center fre-
quency, or at least at the normal operating fre-

10 quency, of such channel. This application is a
continuation-in-part -of my copending applica-
.tion Serial No, 46,493, flled October 24, 1935.
~ As is well understood, the intermediate-fre-

- quency channel of a superheterodyne recelver is

15 a channel passing a given fixed intermediate
frequency and at least one of its symmetrically
related side bands of modulation. As is also
well understood, reception with the greatest se-
lectivity and fidelity of which such a receiver is

20 capable is usually obtained, other things being
equal, when the frequency of the intermediate-

frequency carrier wave produced by the receiver -

is located at the center or normal operating fre-
quency of the intermediate-frequency channel.
In common practice, however, the relationship
just described often does not obtain because
of the fact that the oscillations actually pro-
duced by the local oscillator of such a receiver
drift relative to the frequency which the oscil-
‘30 lator is intended to produce. This drift Is par-
ticularly noticeable during each initial period

of operation of the receiver in which the vari-
ous elements in the receiver are heating up to
their steady operating temperatures.

# tors, such as variations in the supply voltage,
also contribute to- oscillator drift. Oscillator
drift is frequently of such magnitude as not only
seriously to impair the fidelity of reception of a
given signal but also to cause the complete fad-

40 ing out of such signal. Returning of the re-
ceiver is generally required In either instance.

A second cause for the deviation of the inter-
mediate-frequently carrier wave from the center

. or normal operating frequency of the intermedi-
- 45 ate-frequency channel resides in the fact that
the receivefr may be inaccurately tuned to the
frequency of the received signal. As a result, the
tunable local oscillator of such receiver pro-

.. duces oscillations of a frequency different from
50 that which it produces when the receiver {s tuned
precisely to the frequency of the received signal.
Bach of these two factors becomes of increas-

ing importance as the signal frequencies are high-

. er in the frequency spectrum. Thus, the same
85 percentage of frequency deviation incidental to

[
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Other fac-

either factor produces an actual frequency de-
viation at 10 megacycles which is ten times great-
er than that produced at 1 megacycle.

It is an object of this invention, therefore, to
provide a simple and effective automatic con- 5
trol of the resonant frequency of a tuned cir-
cuit and, more particularly, of a local oscillator
of a superheterodyne receiver.

More specifically, it is an object of the inven-
tion to provide an automatic frequency control 10

for a local oscillator of a superheterodyne re-

ceiver effective to maintain the frequency of the
intermediate-frequency carrier wave substantial-
1y at the center or normal operating frequency
of the intermediate-frequency channel. 15
It is another object of the invention to pro-
vide an automatic frequency control of the type
described which has one or more of the fol-
lowing .characteristics: uniform effectiveness
throughout the tunable range of .the receiver; 20
equal effectiveness In compensating for tend-
encies -of the intermediate-frequency carrier
wave to deviate either above or below the center
or normal operating frequency of the intermedi-
ate-frequency channel; independence from varia- .5
tions in amplitude of the intermediate-frequency
carrier wave; and independence from the car-
rier wave of the desired signal during periods of
severe fading thereof. -
A further object of the invention is the pro- 3
vision in such an automatic frequency control
system of means for indicating the sense, or,
alternatively, both the sense and relative amount,
by which the frequency subject to control tends
to deviate from the desired normal frequency, 33
or, more specifically, by which the frequency of
the carrier wave in the intermediate-frequency
channel tends to deviate frem the center or
normal operating frequency thereof. With such

" & feature embodied in a radio receiver, the user 4¢

of the receiver may readjust its tuning to in-
sure the maximum fidelity of reception and the
maximura margin of automatic frequency con-
trol. .
Other objects of the invention. will become 45
apparent from a consideration of the following
specification taken in conjunction with the ac-
companylng drawings and the appended claims.
The invention contemplates a tuned cireuit,
preferably electrically symmetrical with respect su
to its output connections and including at least
four impedance elements arranged in two paral-
lel arms, each arm consisting of two serlally-
related impedance elements, at least two of such
impedance elements, one in each arm, belng re- 55
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2
active and of opposite type, together with means

individual to an impedance in each arm for ad-
justing in the same sense the effective Inductance

and capacitance values in the tuned clrcult of

the reactive elements of opposite type, thereby
controiling the resonant frequency of the tuned
circuit. Such control may be effected auto-
matically by impressing a control voltage of such
frequency, of a frequency related thereto in &
predetermined manner, or of a controlling fre-
quency, upon two control elemerits the responses

" of which vary in opposite senses as the control

16

20

. the associated control element. The relative pro- -
portioning and disposition of the various elements

voltage deviates from its normal frequency. - A
pair of independent similar control circuits are
connected, respectively, from the control elements
to the two arms of the tuned circuit, each control
circuit including the adjusting means individual
to the associated arm and varying the effective
value of the circult reactance in such arm in ac-
cordance with the variation of the response of

and circuits is such as to- cause the effective

" values of the circuit reactances of the two arms

25

‘to vary in the same sense with variations in the

frequency, and in the opposite sense with varia-

.- tions in the amplitude, of the control voltage.

30
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More specifically, when the invention is applied

to a superheterodyne receiver, the tuned circuit -

comprises the oscillation circuit of a local oscll-

_lator, and the control is effected in response to

deviations of the intermediate-frequency carrier
wave from the center or normal operating fre-
quency of the ‘Intermediate-frequency channel.
Buch control may be effected by two auxiliary
‘circults sharply tuned respectively above and be-

‘. low the center or normal operating frequency of

.40
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such channel and coupled thereto. The outputs
of the suxiliary circuits are utilized to adjust the
effectiveness of the frequency-determining react-
ance elements of the oscillation circuit.
embodiment illustrated hereinafter, the outputs
of the auxiliary circuits are rectified and applied
as bias voltages to the grids of vacuum tubes
effectively shunting the respective reactance ele-
ments. . )

In accordance with a preferred embodiment
of the invention, the local oscillator to which
automatic frequency control is applied is the

second, or fixed frequency, oscillator of a double

superheterodyné receiver, the frequency of the
oscillator being controlled by the second Inter-
mediate-frequency carrier wave. With such an
arrangement, the automatic frequency -control

is of uniform. effectiveness regardless of the fre-

quency to which the receiver is tuned.
In accordance.with another feature of the in-

‘ventlon, the automatic frequency control is pro-
-vided with a relatively long time constant so that

it remains effectivé independently of the carrier
wave of the desired signal during short periods
of severe fading thereof.. Moreover, this insures
that the automatic frequency control, during a
period of severe fading of the desired signal, does
not attach itself to an undesired signal. Further,
in certain cases, the time constant of the auto-

matic frequency control is subject to adjustment

by the user of & receiver, or automatically in ac-

. -7. cordance with the tuning thereof, so that the-
.70
" the recelver to a desired signal and thereaffer in-.

time constant is small during initial tuning of

creases to its hlgher va.lue during normal re-
ception. . .
In accordance with still another feature of the

invention, there is provided in connection with

In the

{requency changer
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the automatic frequency control means effective
to indicate the tendency of the wave subject to
such control to deviate above or below its normal
frequency. In certain applications of the in-
vention, as in a radio recelver, the indicating
means preferably indicates not only the sense
of such deviation tendencies, &s above; but also
the degree or relative extent of such téndencies,
inasmuch as the degree of such deviation ten-
dencies is of assistance in gauging the amount

10

of adjustment required to retune the re-

ceiver. With the particular automatic frequency
control described herein, indication of the sense
and the degree of frequency deviations is con-
veniently .obtained by connecting a zero-center
voltmeter across two serles-connected resistances,
the currents in which are in opposition and in-

dividually controlled by -the responses in the

two sharply resonant circuits.

In the drawings, PFig. 1 1s a circuit diegram,-

partly schematic, llustrating an emhodiment of
the invention as Incorporated In a superhetero-
dyne receiver; Fig. 2 is a schematic diagram of
one type of indicating device represented in Fig.

" 1; Fig. 3 is an outline of another type of indi-
cating device represented in Fig. 1; and Fig. 4
-is & circuit dirgram of a modified form of the

control apparatus of the present inventlon gshown
In Fig. 1.
-Referring now to Pig. 1 of the drawings, the

"superh‘eterodyne receiver there shown comprises
‘& tunable radio-frequency channel 12 connected
to the antenna I8 and ground (1.

The radio-
frequency channel {2 may or may not include
amplifying means, as desired. Connected in cas-
cade with the radio-frequency channel 12 are a

15
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first frequency changer {3, a first intermediate-
frequency channel {4, a second frequency changer

18§, a second intermediate-frequency channel i6,
a detector and automatic gain control source 17,
an audio-frequency amplifier I8, and a sound re-
producer 19. All this apparatus may be of con-
ventional design. The first frequency changer 13
is tunable and comprises a tunable oscillator and
first modulator, the tunable oscillator being tuned

_conjointly with the tuning of the radio-frequency

channel i2 by a unicontrol mechanism indi-
cated by the dotted line 22. - The second
15
comprises a second modulator 28 and a non-
tunable  oscillator 24 the -output frequency
of which is subject to control within iimits as
described hereinafter. A “tunable” frequency
changer or oscillator, as used herein, is defined
as one which is normally operable over g sub-
stantial range of frequency directly in response
to adjustment by the user. An “untunshie” fre-
quency changer or oscillator, as used herein, is
defined as one which is normally operable at &
frequency that is fixed in so far as any direct con-
trol of the frequencies by the user is concerned,
but may nevertheless be adjustable within rela-
tively narrow limits for the purpose of regulating
the frequency output thereof. Either or both of
the intermediate-frequency channels may inciude
amplifying means. Preferably, however, second
intermediate-frequency channel 1§ is provided
with amplirying means and 1s, as described here-
inafter, more selective than the first intermediate-
frequency channel.: The sutomatic amplification
control bias potential, indicated as A. V. C., may
be applied to one or more of the radio-frequency
channel 12, the modulator of the first frequency
changer {8, the -first ' intermediate-frequency

40

is non-tunable and -
50

56
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channel M the second modulator 23, a.nd the sec- 75
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- tuned circuits 31 and 32 suitably energized from
" the second intermediate-frequency channel 16. -
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ond intermediate-frequency channel 18, as de-
sired.

Considering first the operation of the receiver
as thus far described, the desired received signal
is selected (and also, in some instances, ampli-
fied) in radio-frequency channel (2 and converted
by the first frequency changer (3 into a signal-
modulated first intermedlate frequency. The sig-
nal, as thus converted, is selected (and. also, in
some instances, amplified) in the first intermedi-
ate-frequency channel 4, converted by the sec-
ond frequency changer 15 into a signal-modu-
lated second intermediate frequency, selected
(and also, in many instances, amplified) in the
second intermediate-frequency channel {6, con-
verted by detector IT into the audio frequencies
of modulation, amplified In the audio-frequency
amplifier 19, and reproduced by the sound repro-
ducer 19. The amplification of the received signal:
is subject to automatic control by the A. V. C. bias
potentials, according to the manner well under-

stood in the art.

In order to maintain the second intermediate-
carrier frequency of the above described system at
the center or normal operating frequency of the
second intermediate-frequency channel {8, there

is connected to such second intermediate-fre- -

quency channel a frequency responsive device 26
which, in turn, is connected to a frequency control
apparatus.27 arranged to control, within limits,
the frequency of the non-tunable oscillator 24,
The frequency responsive device 26 includes two

The two tuned circuits 3! and 32 are sharply
tuned, respectively, to frequencies below and
above the normal operating frequency, in this
instance the center frequency, of the second in-
termediate-frequency channel and are connected,
respectively, to rectiflers 38 and 34, preferably

_of the diode vacuum tube type. The load cir-
cuits of the rectifiers 33 and 34 comprise the

parallel connected condensers and resistors 3§,
37 and 36, 38, respectively, preferably grounded
at the rectlﬂer cathodes, as shown.

If desired, additional resistors 41 and 42 may

be provided in series with resistors 31 and 38, .

respectively, and a zero-center voltmeter 43
connected thereacross.

The non-tunable oscillator Il may be of any
of certain conventional types. One preferred ar-
rangement, however, is that illustrated, in which
the oscillation circuit 80 is effectively connected in
the grid-cathode circuit of a vacuum tube BI,
with- the anode-cathode circuit containing an
inductance 52 by whicl the anode circuit is tuned
to a frequency above the resonant frequency of
oscillation circuit 80. The oscillator is pro-
vided with a grid choke B#& and coupling con-
denser 83, and Wwith a feed-back coupling con-
denser BB between the anode and grid circuits..
Preferably, grid choke 84 is of such proportions

. a8 to tune the oscillator 24, other than the oscil-

70

78

lation circuit 80, broadly to the resonant fre-.

quency of oscillation circuit 88. In this manner
the capacitive susceptance of condenser 83 and
its assoclated elements is compensated, and the
oscillator 24, excluding the osciliation circult 50,
becomes a pure negative resistance. In this

connection it should be observed that any other
form of substantially pure negative resistance, "

such as a dynatron, may altérnatively be utilized
in the oscillator 24 in connection with the oscil-
lation circuit B0.

The osclilation circuit of the non-tunable

3

oscillator 24 comprises not less than four im-

pedance elements, of which at least two, in

opposite arms of the circuit, between the output .
connections B7, 58 théreof, are reactance ele-

ments of opposite type. In the arrangement

. shown, the oscillation circuit 58 comprises four

reactance elements, two,of one type in one arm
and two of the other type in the other arm. At
the normal resonant frequency of the oscilla-
tlon circuit, each of two reactance elements of
opposite type and in opposite arms of the oscil-

" lation circuit has a reactance which is not greater

than & minor fraction of the total reactance in
the corresponding leg of the oscillation circuit

and, preferably, which is equal in magnitude to.

the reactance of the corresponding element of
the opposite type. Specifically, the oscillation
circuit 80 comprises two serially-related induc-
tances Li, La and two serially-related condensers
Ci1, Cz2 connected in parallel effectively between
the grid and the grounded cathode of vacuum
tube §!. Inductance Lz is a minor fraction of
the total oscillation circuit inductance and, at
the normal resonant frequency of oscillation cir-
cuit 80, the capacitive reactance of condenser
Cz is substantially equal to the inductive reac-
tance of inductance La.

The oscillation circuit 80 is thus electrically
symmetrical with respect to the output connec-
tions 57, 58, which are points of maximum volt-
age difference. The term “electrically symmetri-
cal”, as applied to a tuned circuit, is used herein
to describe a tuned circuit- in which the im-
pedances in the two parallel paths between the
points of reference have, at the natural resonant
frequency of the circuit, substantially equal val-
ues and opposite phase angles. In addition, the
impedances of oscillation circuit 50 are so pro-
portioned and arranged that point 59 (the junc-
tion of L1, La) is a point in one arm of the cir-
cuit which electrically corresponds with the point
60 (the junction of Ci, C2) in the other arm
of the circuit. The term “electrically correspond-
Ing points” in the respective arms of a tuned cir-
cuit, as used herein, is defined as two points. to
which the impedances from a junction of the
two arms have, at the natural resonant frequency

of the circuit, substantially equal values and

opposite phase angles.

In order to control the frequency of the oscil-
lator 24 by means of the frequency responsive
device 26, there is provided the frequency control
apparatus 27 comprising a vacuum tube 63, ef-
fectively shunted across inductance Lz through
a blocking condenser 65, and a vacuum tube 64,
effectively shunted across condenser Cz: through
blocking condenser 66. A source of operating
voltage, such as a battery 18, for the tubes 63
and 64 is connected to theéir anode ecircuits
through choke coils 87 and 88, respectively. The
grids of the tubes 63 and 64 are connected to
the appropriate terminals of resistors 37 and
38, respectively, and are thus biased with volt-
ages varying with the responses of the sharply

“tuned circuits 31 and 32, respectively. The grid

circuits of tubes 63 and 64 may be provided with
filter sections Ti, T3, and 712, 14, respectively,
each comprising & blocking resistor and by-pass
condenser.

In certain cases, filter sections Tia, T3¢ and
T2a, T4a, In addition to and associated with filter
sections 71, 13 and 12, 74, respectively, may be

provided in the grid circuits of the tubes 83 and -

64 so that for each grid circuit the two corre-

10
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sponding fllter sections are in cascade, together 75
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with two switches 85 and 88 by means of which
the additional filter sections, normally effective,
may be short-circuited and thus rendered inef-
fective. Switches 85 and B8 are preferably oper-
ated conjointly by unicontrol mechanism indi-
cated by the dotted line 87. Also, the unicontrol
tuning mechanism ‘22 is preferably interlocked
with the unicontrol mechanism 87 so that, when-
ever. the receiver is tuned, the switches 85 and
86 ‘are actuated to render the additional filter
sections ineffective.  This interlock is schemati-
cally indicated by an arrangement in which the
tuning knob 88 must be pushed Inwardly against
the action of a spring 94 to engage the tuning
unicontrol mechanism 22, the inward motion of
the knob actuating switches 8% and 86 through
unicontrol mechanism 81. Other interlocking

arrangements may, of course, be employed; for

example, swltches 85 and 86 may be actuated by
the user’s hand in proximity to or touching &
tuning  knob directly connected to the tunlng

" unicontrol mechanism. 22.

-the terminals thereof, .

If -destred, series-connected resistors 18 and
18 may be connected in the anode circuits of
‘tubes 63 and 64, between high-frequency chokes

87 and 68, respectively, with source 18 connected
to the junction of such resistors and with a zero-
center direct-current meter 17 connected across
the terminals thereof. Alternatively,
connected resistors 19 and 80 may be connected
in the cathode circuits of tubes 83 and 64, be-
tween the cathodes of such tubes, with the junc-
tion of the resistors grounded and with a zero-
center direct-current meter 81 connected across
In this latter case, re-

. sistors 719 and 80 are preferably by-passed by

40

45

50

condensers 83 and 84, respectively. Also, if de-
sired, indicating lamps 63 and 70 may be con-
nected in place of, or in shunt or serles with,
resistors 18 and 18, respectively.

In considering the operation of the above-

described automatic frequency control system, it -

is first assumed that.the radio-frequency chan-
nel {2 is tuned precisely to the frequency of the
desired signal, that the sunable oscillator of- the
first frequency changer 13 is tuned precisely to,

and Is producing oscillations precisely of, such & -
frequency that the frequency of the first inter- -
mediate-frequency carrier wave is located at the
.center frequency of the first intermediate-fre-
* quency channel 14, and that the non-tunable

oscillator 24 is producing oscillations of such a
frequency that the frequency of the second-inter-
mediate-frequency carrier wave is located at the
center frequency of the second intermediate-fre-
quency channel 16, To simplify the description

"of the basic operation of this receiver, the func-

. tioning of the previously mentioned optional pro-

80

" above the resonant frequency of the sharply -

10

" due to the shunted inductance La is equal to the
15

- visions will, for the moment, be neglected.

Under the conditions thus assumed, the fre-
quency of the second intermediate-frequency
carrier wave is as much below the resonant fre-
quency of the sharply tuned circuit 32 as it is

tuned circuit 31. The responses of these tuned
¢irouits are thus equal in magnitude, with the

result that equal voltages appear across resistors

37 and 38 and equal negative bias potentials are
applied to the control grids of vacuum tubes 63
and 64. Under these conditions, the resistances
of the shuinta across Lz and Cz are equal, the net
inductive reactance in the oscillation circuit 80

net capacitive reactance in the oscillation circuit
due to the shunted condenaer Cy, the occulator 24

. 8,090,158

series-.

is operating at its normal frequency, and the
second intermediate carrier frequency Is exactly
at the center frequency of the channel 8.
Assume now that, as a result of any of the
foregoing causes, the carrier frequency in the
second intermediate-frequency channel {6 tends
to deviate from the center thereof; for example,
the oscillator frequency of the frequency changer
18 may drift below its correct value for the par-
ticular setting of the receiver. To an extent equal
to such drift, the frequency of the first inter-

" mediate-frequency carrier wave falls below the

center frequency of the channel {4, assuming that
the frequency of the tunable oscillator is above
the frequency of the received signal..
equal extent, the frequency of the second inter-
mediate-frequency carrier wave tends fo. fall
below the center frequency of the channel 18§,
assuming that the frequency of the non-tunable
oscillator 24 is below the frequency of the second
intermediate-frequency carrier wave.

As the frequency of the second intermediate-
frequency carrier wave hecomes nearer to the
resonance frequency of tuned circuit 3i
further from the resonance frequenéy of tuned

- clrcuit 32, the responses of the two circuits be-

come unbalanced correspondingly and unequal
negative potentials are developed across resistors
37 and 38. The negative bias potertials applied
to the control grids of vacuym tubes 683 and 64
are similarly unbalanced, that applied to the
control grid of tube 68 assuming the larger nega-
tive value, The resistance of the shunt across

‘La becomes, therefore, greater, and the resistance

of the shunt across Cz becomes less, than their
respective resistances under the conditions ini-
tially assumed. As a consequence, the effective
inductance of In and L2 in series and the effec-

“tive capacitance of Ci'and Cz in series are both

increased, and, likewise, the. effective inductance

‘To an-

10

20

and

25

30

35

40

and the effective capacitance of the oscillation

circuit 30 are correspondingly increased. Oscil-
lator 24 thus operates at a correspondingly de-
creased frequency. By suitable choice of circuit
constants this decrease in frequency of the non-
tunable oscillator 24 may be made very nearly to
approximate and compensate for the decrease in
frequency of the second intermediate-frequency
carrier wave which, in the absence of the compen-
sating action of this invention, would occur as a
result of the assumed drift of the tunable oscil-
lator. - As a result, the second intermediate-
frequency carrier wave is maintained very nearly
exactly at the center frequency. of channel {8.
Obvlously, in case the frequency of the second
intermediate-frequency carrier wave shouid in-
‘crease above the centér frequency of chanmnel 16,
the system would operate in a similar manner but
reverse sense,

It will be apparent that, In the event the fre-
quency deviation of the carrier wave in channel

18 is produced by drifting of the non-tunable
oscillator 24, or by mistuning of the receiver, or.

any other cause, the frequency responsive device
26 and the frequency control apparatus 27 will

be effective to compensate for such deviation in

a similar manner. “The final result of this con-
trol of the frequency of the non-tunable oscil-

- lator 24 is that the second intermediate-frequency

carrier wave iz maintained very nearly at its
normal frequency, . e., the center frequency of

the second intermediate-frequency channel, re-

gardless of all frequency disturbing causes.

In selecting the time constants of the flter

45

50

80

70

sections 11, 713 and 71, T4 (neglecting the addi- 78
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- ‘the frequency of such carrier wave deviates some-

tional filter sections), consideration should pref-
erably be given to the circumstances under
which the ‘receiver is used. If the receiver is
iised for the reception of signals the carrier
waves of which are subject to severe fading, the

- time constants of these two fllter sections are

10

15

20

25

preferably equal and sufficiently great to prevent -
the biases on tubes 63 and 64 from changing -

materially during a period of fading in which
the desired carrier wave becomeés too weak to
operate the automatic frequency control. In
such cases, the tinmie constants may be of the
order of 10 to 30 seconds, although the exac
value may best be determined by operating con-
ditions. If the recelve. is used for the reception
of' signals the carrier waves of which are not
subject to severe fading, the time constants of
these two fllters may be equal and fairly small,

such as of the order of one second or less. If,

in such case, the receéiver is provided with auto-

-matic amplification control (A. V. C.), the time
constant of the automatic frequency control

(provided by the time constants of the filter sec-
tions) is preferably greater—at least double—the

-time constant of the automatic amplification ~

control. A common time constant for A. V. C.

.- being of the order of one-twentieth of a second,

30

40

45

the time constant of the automatic frequency
control may, when the signal carrier wave is not
subject to severe fading, be of the order of one-
tenth to one-fifth of a second.

When the time constant of the automatlc fre-
quency control i1s small, the control tends to
assist the tuning of the receiver to a desired
signal by compensating for inaccurate tuning by
the user thereof. When the time constant of the
automatic frequency control is large, it is highly
desirable that the user initially tune the receiver
to the desired signal with accuracy, thus assuring
the user full beneflt of the automatic frequéncy
control during the continued reception of such
signal.

In certain cases, provision may be made by
which the time constant of the automatic fre-
quency control is subject to adjustment by the
user of the receiver, In such cases, for example,
the initial tuning of the recelver to a desired
signal may. be made utilizing a small time con-

- stant in the automatic frequency control, with

. 50

10
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subsequent reception of such signal utilizing a .

large time constant in the automatic frequency
control. This provision is embodied in the previ-
ously mentioned additional filter sections Tia,
18a and T2a, Tda and the equipment. related
thereto. The switches 85 and 86 are normally in
the positions illustrated and render the addi-
tional fllter sections effective, thereby imparting
a large time constarit to the automatic frequency
control. Preliminary to tuning the recelver by
the tuning knob 88, the user automatically causes
switches 88 and 86 to be actuated to render the
additional fllter sections ineffective, thereby re-
ducing the time constant of the automatic fre-
quency control to a smaller value. During the
tuning of the receiver the additional filter sec-
tions are maintained ineffective and they resume
thelr effectiveness only when the user ceases to
tune the recelver.

It 1s to be noted that, inasmuch as the carrier
wave In the first intermediate-frequency channel
i4 is not maintained at a fixed frequency, the
filter of channel 14 is preferably rather broadly

or non-critically selective so that there may be
.no substantial attenuation therein of the car-

rler wave and its side bands of modulation as

L

S

what from the center frequency of channel 14. In
contrast, the filter of channel 16 may be, and
preferably is, very selective or critical, since the
frequency of the carrier wave therein is main-
talned nearly constant. If desired, channel 1§
may be provided with any well-known arrange-
ment providing variable selectivity.

It is also to be noted that the automatic fre-
quency control of the second- intermediate-fre-
quency carrier wave as described above is inde-
pendent of its amplitude, Thus, if the amplitude
of the carrier wave increases or decreases from
a given value, the negative bias potentials ap-

‘plied to the control grids of tubes €3 and 64 are.
varied simultaneously in the same sense and to:

10

16

a similar extent, and the effective inductance of

Ls and the effective capacitance of Ca are cor-
respondingly varied but in opposite senses. The

‘resulting changes in the effective reactances of
.the arms of the oscillation circuit are thus equal

and opposite and the resonant frequency of oscil-

“lation circuit 50, therefore. is substantlally un-

changed.
In accordance with a feature of the lnvention,

the automatic frequency control circuits may be

designed to operate elther more or less critically,

20

25

as desired. More particularly, three different -

classes or types of operation may be obtained,
which may be indicated as Classes A, B'and C by
analogy to the well-known Class A, B and C am-
plification. In Class A operation, for the control

“elements upon which the control voltages are
impressed, initial bias voltages are provided which

are substantially less than the value required
to cut off the plate currents of the respective

30

35

tubes, and the variable control biases are of such
magnitude and polarity that the resultant grid

bias is at all-times less than the cut-off value.
Here, therefore, the operation of the frequency
control is critical and responds to all variations

40.

in the contrel voltages from their normal values.

In Class B operation, an initial negative biasing
voltage is utilized which is approximately that
required to cut off the plate current; and in
Class C operation an initial negative biasing
voltage is employed which is substantially greater
than the cut-off value. The incremental or con-
trol biasing voltages in these last two instances
are applied positively to the control elements so
as to reduce the resultant grid bias to values less
than the cut-off value. In Class B operation,
the initial bias. voltage is such that the effect
of a small incremental or control voltage is much
less than in Class A. In Class C operation, the
initial bias voltage is excessive, so that the in-

-cremental or control voltages are quite ineffec-

tive except when they exceed a predetermined
value. Hence, the Class B and Class C types of
operation are léss critical than Class A opera-

45

50

55

tion, to the respective extents of the excess of

initial biasing voltages employed.

It will be apparent that the embodiment of the
invention shown in Fig. 1 may be considered as
effecting Cilass A operation, in accordance with
the meaning of this term as hereinabove defined.
In Fig. 4 there is Illustrated a modified form of
the control apparatus of the invention whereby
elther Class B or C operation may be obtained.
Excepting for the differences hereinafter spe-
cifically described, the circults shown in Fig. 4
are identical with the corresponding circuits of
Fig. 1. Corresponding parts are given the same

reference numerals in the two figures and the. .

detaued descrlptlon of such pnrta is not repested.
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While, in Fig. 4, only the frequency responsive -coupling through the direct-current -circuits.
device 28g and the frequency control apparatus - The former would be evidenced by hum in the
27a, which correspond to the device 26 and ap- receiver output when the receiver was slightly
paratus 27, respectively, are shown, it will be detuned, so as to convert any hum modulation to

§ understood that these circuits are adapted to be modulation of the carrier. The latter would be & -

_included in a recelver in. substantlally the same evidenced as “motor boating” when the receiver

. manner as the corresponding circuits of Fig. 1. was slightly detuned on’ either side. Both of
Thus, the leads from the second intermediate- these effects would be highly detrimental if they
frequency channel I8 will be connected to the were not obviated, as above described, by the

10 frequency responsive device by way of the con- . present invention. 10

" nections 82 and the leads from the oscillation Considering now the previcusly mentioned op-
circuit 53 will be connected to the frequency con- tlonal provisions, one or more of such provisions
trol apparatus by way of the connections 83, these ~ are preferably utilized to provide indicating
connections being Indicated in both figures. means to ald in accurate tuning of g receiver in-

18 In the modified form of the Invention, a bias- corporating automatic frequency control, Al- 15
ing battery 94 is provided in the common lead of though precision tuning is not necessary in order
the cathode circuits of the tubes 63 and 04 and, to obtain satisfactory reception with such a re-

. as shown in the drawings, may be connected ceiver, it is sometimes advantageous and aids in
between ground and the junction of the resistors obtaining the highest quality reception possible

20 79 and 89. This battery serves to apply a sub- and in avoiding loss or impairment of the re- 20
‘stantially fixed initial biasing voltage, above the ceived signal during the operation of the receiver.
relatively . small . initial bias voltage developed Illustrative of such optional indicating means
across the resistors T8 and 8¢ by the space cur-  is the mefer 43, shown in greater detail in Fig.
rents of the tubes 63 and 64, respectively, as in 2, together with its associated resistors & and

25 the embodiment of Fig. 1. The voltage supplied 42. The direction and extent of the deflection of 25
by the battery 94 may be made sufiiclent to cut pointer 89 of such meter from its zero-center po-
off nearly or completely the plate currents of the sition is dependent upon the algebraic sum of the
tubes 52 and €4. With this condition, it is nec- voltages across the two resistors 41 and 42.. These .
essary that the incremental or control bias volt- voltages are severally dependent upon the mag-

30 sges supplied by the frequency responsive device nitudes of currents rectified by the respective 30
26a be applied to the control grids of the tubes  tubes 33 and 34, which, in turn, are dependent
€3 and G4 in & positive sense In order that the upon the magnitudes of the responses of the re-
resultant negative bias voltage applied ic each ¢ spective tuned circuits 8i and 32. When the
tube be reduced from the cut-off vahie, For Ireguency of the second intermediate-frequency

35 thiz purpese, two further changes are made in = carrier wave is at the center frequency of the 35

" the circuit of Fig. 4 over that of Flg. 1. 'The cir- .channel 18, the responses of tuned circuits 31
cuit connections to each of the rectifiers 33 and  and 32 are equal in magnitude, so that the volt-
34 are reversed. The blas connections between ages across resistors 41 and 42 are equal and op-
the device 26¢ and the apparatus 27a¢ are then Dposite and the pointer 87 remains at its zero-

40 Interchanged so that the rectifier 33, in this em- center position, as illustrated in Figs. 1 and 2. 40-
bodiment, controls the tube 84 and the rectlﬂer When the frequency of the second intermediate-

35 controls the tube 63. . - frequency carrier wave tends to deviate from the

These modifications result in substantially the center frequency of the channel 16, the voltages
same frequency controlling action as déscribed &cross resistors 41 and 42 become unbalanced in

45 With reference to Fig. 1, but, instead of obtain- Ssense and extent corresponding to such frequency 45

' Ing Class A control, as above deflned, either Class deviation, which deviation is indicated by the de--
B or Class C control may be obtained. ‘That is, .vice 43. As the receiver is retuned to bring the
this embodiment has the additional advantage of frequency of the second intermediate-frequency
less critical operating conditions. More particu- carrier wave to the center frequency of the.chan- -

50 larly, the frequency control will not be effective nel I8, independently of the automatic frequency 5o

- on weak signals, as for instance signals which are  control, the voltages across resistors 41 and 42

. too weak to operate the automatic volume con- &re rebalanced so that the pointer 89 gradually
trol; there will be less response to small accidental returns to its zero-center position.

. - frequency variations and the constants of the con- Each of the indicating means comprising zero-

55 trol circuits need not be critically proportioned. center meter 77 and resistors 18 and 16, and that 56
If the initial blas voltages on the tubes 68 and 64 - comprislng zero-center meter 81 and the re-
are made approximately that required to cut sistors 79 and 80, is similar in principle and op-
off the plate current, Class B operation will be eration to the indicating means comprising meter
obtained, while if the initial bias voltage is sub- 43 and resistors 41 and 42, the only difference re-

60 stantially greater than that required to cut off siding in the fact that the currents flowing in 60

the plate current, still less critical,’or Class C, op- the resistors of the former two indicating means
eration is obtained. are the space currents of the tubes 63 and 64 in-.

. Aninherent characteristic of the arrangements stead of the currents rectified by the tubes 33
above described is that the frequency control is and 34. Inasmuch as the space currents of tubes

¢5 substantially unaffected by. voltage fluctuations, 68 and 64 are generally of greater magnitude 65
such as those of the source supplying operating than the currents rectified by the tubes 33 and
voltages for the frequency controlling tubes 63 .34, it may be desirable in many cases to utllize
and 84. This condition obtains because such  either of the indicating means 17 or 8f in pref-
voltage fluctuations are applied similarly to hoth  erence to the indicating means 43. High-fre-

vo tubes and ftend to cause substantially equal and . quency currents from oscillation circuit 50 are 70

~ - opposite effects on the frequency of the oscillator.~ prevented from passing through resistances 16
A particular advantage .of this property of the - and 78 by means of the chokes 67 and 88, and are
circult resides in the fact that it is not sensitive shunted around resistances 78 and 80 by means of
to hum ripple components on the power voltages. . the condensers 83 and 84. .

95 and, lkewise, is not sensitive to audlo-frequency - An alternative form of lndlcating means to ald 75

N
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in tuning the recelver accurately to the frequency
of the desired signal wave comprises the two in-
dicating lamps 69 and 10, connected across re-
sistors 75 and 16, respectively. When the fre-
quency of the second intermediate-frequency car-
rler wave is located at the center frequency of
the channel {6, the voltage across the two lamps
are equal in magnitude, with the result that they.
operate with equal brilllance. When the fre-
quency of the second intermediate-frequency
carrier wave tends to deviate from the center
frequency of the channel (8§, the voltages across
the lamps become unbalanced In sense and to an
extent corresponding to such deviation, which 1s
indicated by the relative brilliance .of the lamps.

A simple and convenient arrangement for en-
abling the brilliance .of the lamps 69 and 10 to
be compared ‘Is {llustrated in Fig. 3. A suitable
opaque panel 90, such as the panel of the receiver,
is provided with a translucent window 8{, behind
which are mounted the two lJamps 69 and 10 pref-
erably with a light screen 95 extending there-
between,

It is to be understood that the indicating
means comprising lamps 69 and 70 may be em-
ployed in lieu of any.of the indicating means
which include meters 48, 71 or 8{. Each of the
{llustrated indicating means indicates both the
extent and the sense of the frequency deviation.
If desired, however, suitable indicating means,
indicating only the sense of the frequency devi-
ations of the second intermediate-frequency car-
rier wave, may be substituted for any or all of
the indicating means, where such are satisfac-
tory. It will be apparent that the indicating
means herein described' may be used with re-
ceivers in which automatic frequency control
is obtained by apparatus or methods other than
herein described.

It 1s to be noted that, while tubes €3 and 64
of the frequency control appe.ra.tus 27 are shown

.and described as having their space paths effec-

tively shunted, respectively, across inductance La
and capacitance Ci, in certain cases tubes €8 and
64 may be assoclated with the two reactance arms
of the oscillation circuit §8 in other manners.
The basic charscteristic of such association is
that the effective value of each of the two re-

actance arms is subject to individual control by -~

the tube associated therewith.

Attention is directed to the fact that, although
the oscillator in the superheterodyne recelver
which 1s controlled by device 26 and frequency

control apparatus 27 {s preferably a non-tunable

oscillator, such as the second oscillator of a triple
detection superheterodyne, any other oscillator of
8 superheterodyne receiver may be so controlled,
including the tunable oscillator, 'Thus, automatic
frequency control of the funable oscillator of &
double detection superheterodyne recelver may
be employed if the resulting sacrifice in the uni-
formity of effectiveness in the automatic fre-
quency control throughout the tunable range of
the receiver is not objectionable. .

‘While the invention has been described {n con-
nection with a superheterodyne receiver and as
concerned with malntaining an intermediate-
frequency carrier wave in such & receiver at &
constant frequency, the invention is of more
general epplication and is directed broadly to
controlling and/or varying the resonant fre-
quency of & tuned system without physical alter-
atton of the reactance elements, per-se, of such

& system,

While I have descrlbed what I at pruent con-

7

sider the preferred embodiment of my invention,
it will be obvious to those skilled in the art that
various changes and modifications may be made
therein without departing from my invention, and
I, therefore, aim In the appended claims to cover
all such changes and modifications as fall within
the true spirit and scope of my invention.

What is claimed is:

1. The method of selective reception of signal-
modulated carrier waves which Includes: selec-
tively tuning to any desired one of a plurality
of mecdulated signal waves; generating and com-
bining therewith a wave of approximately con-
stant but incidentally variable frequency separa-
tion from the carrier frequency thereof to pro-
duce a modulated carrier wave of first inter-
mediate frequency; broadly selecting the carrier
wave of first Intermediate frequency correspond-
ing to sald destred signal wave to permit normal
deviations in the frequency of sald.carrier wave
without substantial attenuation of the modula-
tion frequencles thereof; generating and combin-
ing with said selected first intermediate-fre-
quency carrler wave a second wave of substan-
tially constant frequency to produce a modulated.
carrier wave of second intermediate frequency;
modifying the frequency of said second generated
wave within a range of a small per cent of its
mean value in accordance with, -end responsive to,
predetermined deviations of the carrier frequency
of said second lntex:medlate-frequency wave. from
its normal frequency to restoré it thereto; sharply
selecting the carrier wave of second intermediate
frequency corresponding to sald desired signal
wave; and thereafter converting and ut{lizing
said modulated carrier wave of second intermedi-
ate frequehcy.

2. A tunable radio receiver comprlsing, & tun-
able first frequqncy changer for converting a
selected signal wave into a first modulated inter-
mediate-frequency carrier wave of approximately
constant frequency; broadly selective means for
selecting sald first intermediate-frequency car-
rier wave while permitting normal deviations in
the frequency thereof without substantial at-
tenuation of the modulation frequencies thereof;
an untunable second frequency changer for con-
verting sald selected first intermediate-frequency
carrier wave into a second modulated intermedi-
ate-frequency carrler wave subject to minor devi-
ations from a given normal frequency; means
responsive to said deviations of sald second inter-
mediate-frequency carrfer wave for modifying
the tuning of sald second frequency changer to
restore the frequency of sald second intermediate-
frequency carrier wave to said given frequency;
sharply selective means for selecting said second
intermediate-frequency carrier wave; and means
for converting and utilizing sald selected second
modulated intermediate-frequency carrier wave.

3. A tunable superheterodyne receiver com-
prising; a tunable frequency changer for con-
verting a selected signal wave into a first modu-
lated intermediate-frequency carrier wave of
approximately constant frequency; a first inter-
mediate-frequency channel for broadly selecting
gaid first Intermediate-frequency carrier wave

" while permitting normial deviations in the fre-

quency thereof without substantial attenuation of
the modulation frequencies thereof; an untun-
able second frequency changer for converting
sald selected first Intermediate-frequency car-
rier wave into & second modulated intermediate-

© frequency carrier wave subject to minor devi-
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intermediate-frequency channel for sharply se-
lecting snd smplifying sald carrier waves of
seccnd intermediate frequency, said second chan-
nel having a center frequency equeal to sald nor-
mal frequency; a device responsive to deviatlons
in frequency of seld second intermediate-fre-
quency carrier wave from sald center frequency;
and means controlled by said device for control-
ling the frequency of said untunsakle frequency
changer to maintain the frequency of sald second
intermediste~frequency carrier wave ab said cen-
ter frequency. .

4. In a tuned circuit having an inductive arm
and & capacitive arm effectively in parallel,
means for controiing the rescnant frequency of
such cireult comprising a pair of conductive paths
individusily cffectively connected, respectively,
acrose ab least a pertlon of said inductive arm
and across ab least e portion of said capacitive
arm, snd means for adjusting the resistances of

sald paths in opposite senses to alter simultane-.

ously in the same sense the effectlve inductance
and capacitence of said circuit.

5. In combination; s tuned circult comprising
two arms sTectively in parallel each including
at least two impedance elements, said arms in-
cluding, respectively, reactance elements of op-

posite type; and means for controlling the reso-

nant frequency of said circuit without varying the
physical vaiues of any of said elements, compris-
ing a pair of conductive paths individually ef-
fectively connected, respectively, across a react-
ance element of one of said arims and across a
reactance element. of the other of sald arms, and
means for adjusting the resistances of said paths
to like extent but in opposite senses to alter simul-
taneously in the same sense the effective induct-

" ance and capacitance of sald circuit.

40

8. In combinsation; a tuned circuit comprising
two arms each including a plural and equal num-

 ber of impedance elements of which at least two

45

1]

are reactance elements of opposite type, one in
each of said arms, said impedance elements being
proportioned and disposed so that sald circuit
is electrically symmetrical with respect to its
points of maximum voltage difference; and means
for controlling the resonant frequency of sald cir-

_cuit without varying the physical values of any

of said impedance elements, comprising a con-
ductive path connected in shunt with a portion
of each of sald arms including one of sald re-
actance elements, corresponding terminals of said
paths being electrically corresponding points of
sald arms, and means for adjusting -the resist-
ances of sald paths in opposite senses to alter
simultaneously in the same sense the efiective
inductance and capacitance of sald circuit. i

7. In combination; & tuned circuit containing
at least two inductance and at least two capaci-

60- tance elements disposed and proportioned so that

a5
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said circult is electrically symmetrical with re-
spect to its points of maximum voltage difference,
across which points the output of said circuit is
derived; and means for controlling the resonant
frequency of said circult, comprising, two vacuum
tubes having their space paths effectively con-
nected respectively across only one inductance
element and only one capacitance element of sald
resonant circuit, corresponding terminals of said
one inductance and said one capacitance elements
belng electrically corresponding points of said
arms, and means for controlling the conductance
of 2sid tubes in opposite senses to alter simul-
taneously in the same sense the effective induct-
ance and capacitance of sald circuit,

2,069,158

8. In combination; & tuned circuit comprising
in parallel, two serially-connected inductarce ele-
ments snd two serially-connected capacitance
elements; and means for controlling the reso-
nant frequency of such circuit without varying
the actual physical value of any of sald elements,
comprising two variable resistance paths, one ef-
fectively connected across one of said inductance
elements and the other effectively connected
across cne of sald capacitance elements, sald
paths normally having substantially the same re-~
sistance, and means for varying the resistances of
said paths in opposite senses but to substantielly
lke extents to alter simultaneously in the same
sense the effective inductance and capacitance ¢f
said circuit.

9. In combinatlon; a tuned circuit comprising
in parallel, two serially-connected Inductance
elements of substantially different inductance and
two serially-connected capacitance elements of
substantiaily different capacitance, the Induct-
ance slement of smaller inductance and the ca-
pacitance element of larger capacitance being
disposed in corresponding portions of the two
parallel srms; and mesns for controlling the
resonant frequency of such circult without vary-
ing the actual physical value of any of said ele-
ments, comprising two conductive paths Indi-
vidually connected across said inductance element
of smaller inductance and sald capacitance €le-
ment of larger capacitance, and means for ad-
justing the resistances of sald pafhs In opposite
senses to alter simultaneously in the same sense
the effective inductance and capacitance of sald
circuit. i

10. In combination; a tuned circult having two
terminals of which one is effectively grounded,
and containing, in parallel between sald termi-
nals, twc series-connected inductance elements
and two series-connected capacitance elements,
the inductance and capacitance elements with one
terminal thereof effectively grounded each hav-
ing at the normal resonant frequency of sald cir-
cult a reactance which is substantially equal in
magnitude to the reactance of the other and
which is a minor fraction 6f the total reactance
of like kind in sald circuit; and means for con-
troiling the resonant frequency of said clrcuit,

13
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comprising, two vacuum tubes having their space

paths effectively . connected respectively aCross
said inductance element and sald capacitance ele-
ment that have one terminal thereof effectively
grounded, and means for controlling the conduct-
ances of sald tubes in opposite senses to alter
simultaneously in the same sense the effective In-
ductance and capacitance of safd circuit.

11. In combination, & tuned circuit having in-
ductive and capaeltive arms, and means for vary-

ing the resonant frequency thereof over a rela-

tively small fraction of its normal resonant fre-
quency in response to relatively small variations
in frequency of a control wavé from & glven fre-
quency and substantially independently of the

60

55

amplitude of such control wave, comprising; two -

control elements energized with sald control wave,
the responses of sald elements varying in opposite
senses cver said relatively small frequency varia-
tions of sald control wave; and a pair of control
means individuslly responsive to said control ele-

ments and individually cooperating with the arms’

of sald tuned circuit to vary the effective circuit
values of said two arms in the same sense with
frequency, and in opposite serises with amplitude,
of said control wave. . .
12, In combination, & tuned circult having two

70
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arms including not less tha.n four impedance ele-

‘ments of which at least two are reactance ele- -

ments of opposite type disposed in the respective

‘arms of said circuit, and means for varying the

resonant frequency of sald tuned circuit in re-
sponse to relatively small variations of a control
wave from a given frequency and substantially in-
dependentlyof theamplitude of suchcontrol wave,
comprising; two control elements energized with
sald control wave, the responses of said elements
varying in opposite senses over said relatively
small frequency variation of said control wave;
and a pair of independent similar control cir-
cuits connected respectively from said control ele~
ments to the inductive and capacitive reactance
arms of sald tuned circuit, each of said control
circuits including a blas controlled vacuum tube
having at least three electrodes of which two are
effectively connected across sald reactance ele-
ment of the associated arm and including means
for deriving a bias voltage the magnitude of
which varies in accordance with the response of

_the assoclated control element, and for applying

sald -derived bias voltage to the associated vac-
uum tube, said control circuit means and said
bias deriving and appliying means being relatively
proportioned to vary the effective circuit values

of the two reactance arms of said tuned circuit

in the same sense with frequency, and in oppo-

‘site senses with amplitude, of sald control wave. -

13. In combination with a tuned circuit having

inductance and capacitance elements and nor- -

mally resonant. at & predetermined frequency,
means for controlling the resonant frequency of
such circuit without varying the physical values

of any of sald elements, comprising: conductive

paths effectively in shunt respectively to an in-
ductance element and a capacitance element of
sald circult; a pair of auxiliary tuned. circuits;

means for energizing said auxillary tuned cir-’

cults with a frequency having a fixed relation to
the resonant frequency of sald tuned circuit, said
auxiliary tuned circuits being.sharply resonant,
respectively,: at trequencies just above .and just
below the normal value of said related frequency;
and means for controlling in the same sense both
the effective capacitance and the effectlve induc-

tance in said tuned circuit in accordance with -

the responses of said auxiliary tuned.circuits.
14. In combination with a tuned ecircuit hav-

ing -inductance and capacitance elements and

normally resonant at & predetermined frequency,

* means for controlling the resonant frequency of

sald circuit without varying the physical values
of any of said elements, comprising: two vac-

uum tubes, each with a control-grid, having their

space paths effectively in shunt respectively to

"an inductance element and & capacitance ele-

ment of said circuit; a pair of auxiliary tuned cir-
cuits; means for energlzing sald auxiliary tuned

_circuits with a frequency having a fixed relation:

to the resonant frequency of said tuned circuit,

.mdauxﬂhryhmedcircmtsbeinsshsrplyreso-

nant, respectively, at frequencies just above and
juat below the normal value of said related fre-

quency; means for deriving rectified blas po-

A - tentials varying in accordance with the responses

"

of sald auxiliary tuned ecircuits; and.means for .
i said potentials to the control grids of
) said tubes with the same polarity whereby both.
.. the effective capacitance and effective inductance

' ———"of-sald tuned circuit are varied in the same sense.
L0070 18, Tn combination, an ‘oscillation geneérator in-
cluding a frequency-determining circuit having .

sn mductlve arm end & capacitive arm eﬂectlvely

o

in pa.rallel and means for controlling the oscil-

lation frequency thereof comprising: a pair of

" conductive paths individually connected, respec-

tively, across at least a portion of said inductive
arm and across at least a portion of sald capaci-
tive arm of said circuit; and means dependent on
the oscillation frequency of sald generator for
controlling the resistances of said paths in oppo-
site senses to alter simultaneously in the same

sense the effective inductance and capacltance of.

said ‘eircuit.

16. In combination, an oscillatlon generator
including & frequency-determining circuit con-
taining inductive and capacitive arms, and means
for controlling the oscillation frequency thereof,
comprising: conductive paths individually effec-

tively connected in shunt with an inductance

element and a capacitance element of said cir-
euit; and. means responsive to the frequency of
the output of said oscillation generator for vary-

10
15

ing the conductances of said paths in substan-’

tially equal amounts but in opposite 'senses and
responsive to the magnitude.of the output of
sald oscillation generator for varying the con-.

ductances of said shuints in substantially equal

amounts but in the same sense, whereby only

variations in the frequency of the output of said

oscillation generator influence the frequency pro-

-duced by said oscillation genemtox‘
17. In a frequency-changing system in which

a first selected input frequency and a second

selected input frequency are arranged to produce -

a third frequency bearing a predetermined rela-
tion to sald two input frequencies, and in which
the second input frequency is derived from an

oscillation generator having inductance and ca-

pacitatice elements in'a frequency-determining

‘circult therefor; means for maintaining said third
frequency at a predlermlned frequency’ not- -

withstanding incidental minotr variations.in fre-
quency of either or bot.

output of said system, the responses of said con-
trol elements varying in opposite senses with. vari-

quency;‘and means for controlling in the same

_sense the effective capacitance in the frequency-

determining: circuit in accordance with the re-
sponse of one of sald control elements and the
effective Inductance in said frequency-determin-
ing circuit in accordance with the responses of the
other of said control elements.

18. A tunable radio receiver comprising; a tun-
able first frequency changer for converting a8 se-

lected signal wave into a first modulsted inter-

mediate-frequency carrier wave of approximate-
1y constant frequency; an untunable second fre-
quency changer for converting said first inter-
mediate-frequency: carrier wave into- a .second

: of sald input frequencies:
from their respective selected frequencles, com--
‘prising; two control elements energized with the

=

45

“ation of said output from said predetermined fre- -

50
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modulated intermediate-frequency carrier wave .

subject to minor deviations from a given normal
frequency, ‘sald. ‘second - frequency changer in-

.cluding an oscﬂlation ‘generator having a fre-
,quency-determining circuit having an inductive

arm and a capacitive. arm effectively in parallel;

& palr of-conductive paths indlvldually effec-

tively connected, respectively, across at least a

‘portion of said inductive arm and across at least '
.& portion of sald capacitive arm; means respon-
:slve to. sald deviations of sald second interme- -
'dlate-rrequency carrier wave for adjusting the

"resistances ‘of -sald. paths in opposite senses to -
alter simultdnéously in the same sense the effec-
tive inductance and capacitance of said cu'cuit 50

10
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as to modify the action of said second fre-
quency changer to restore the frequency of said

second intermediate-frequency carrier wave to

said given frequency; and means for converting
and utilizing said second modulated interme-
diate-frequency carrier wave.

19, In g superheterodyne radio receiver: tun-
able means for selecting a desired signal wave

. subject to severe fading and converting it to an

10

15

20

intermediate-frequency carrier wave subject to

minor deviations from a given normal frequency;
a critically selective intermediate-frequency filter

whose pass band includes sald given normal
frequency; a device responsive to deviations in
frequency of said intermediate-frequency car-
rier wave from said glven normal frequency;
means controlled by sald device for controlling
sald converting means to compensate for said de-
viations and thereby cause said carrier wave to
equal said normal frequency; means responsive
to said control means indicating the sense of the

" control exercised thereby; time-delay mesns in
" sald control means affecting both said control
- means and said Indicating means and of suffi-
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' erate sald control means; and means operable’
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cient magnitude to continue.the control exer-
cised by the control means during those periods

of fading in which the carrier wave of the de-

sired signal is of insufficient' magnitude to op-

when tuning sald receiver for reducing to a
smaller order of magnitude the time delay pro-
vided by said delay means, thereby to facllitate
the tuning of said receiver with the assistance
of said control means and said indicating means.

20. The method of selective reception of signal-
modulated carrier waves which includes: select-
ing the desired modulated signal wave; generat-
ing and combining therewith a wave of approxi-
‘mately constant but incidentally variable fre-
quency separation from the carrier frequency
thereof to produce a modulated carrier wave of
first intermediate frequency; selecting the car-
rier wave of first intermediate frequency corre-
sponding to said desired signal wave; generating
and combining with said selected first interme-
diate-frequency carrier wave a second wave of
substantially constant frequency to produce a
modulated carrier wave of second intermediate
frequency; modifying the frequency of said second
generated wave within a range of a small per
cent of its mean value in accordance with, and
responsive to, deviations in frequency above a
predetermined magnitude, of the carrier of said
second intermediate-frequency wave from its
normal frequency to restore it thereto; and there-
after converting and utilizing said modulated
carrier wave of second- intermediate frequency.

21. A tunable radio receiver comprising; s
tunable first frequency changer for converting
& selected signal wave into a first modulated in-
termediate-frequency carrier wave of -approxi-
mately constant frequency; an untunable second
frequency changer for converting said first inter-
mediate-frequency carrier wave into a second
modulated intermediate-frequency carrier wave
subect to minor deviations from a given normal
frequency; means responsive to said deviations

‘in frequency, above a predetermined magnitude,

for modifying the tuning of sald second frequency
changer to restore the frequency of said second
intermediate-frequency carrler wave to said
glven frequency; and means for converting and
utilizing said second modulated intermediate-
frequency carrler wave. ‘
22. In a tuned circuit having an inductive

2,099,156 -
.arm and a capacitive arm effectively in parallel,

means for controlling the resonant frequency of
such circuit comprising a pair of conductive paths
individually effectively connected, respectively,
across at least a portion of sald inductive arm and
across at least a portion of said capacitive arm,
and means for selectively adjusting the resistance
of either of sald paths in the same sense selec-
tively to alter in opposite senses the effective
inductance or capacitance of said circuit.

23. In combination; a tuned circuit containing
at least iwo inductance and at least two capaci-
tance elements disposed and proportioned so
that sald circuit is electrically symmetrical with
respect to its points of maximum voltage dif-
ference, across which points the output of said
circult is derived; and means for controlling the
resonant frequency of said circuit, comprising,
two vacuum tubes having their space paths ef-
fectively connected respectively across only one
inductance element and only one. capacitance
element of said resonant circuit, corresponding
terminals of said one inductance and said one

capacitance elements being electrically corre--

sponding points of sald arms, and means for
selectively controlling. the conductance of either
of said tubes in the same sense selectively to alter
in opposite senses the effective inductance or
capacitance of. said circuit.

24. In combination; a tuned circuit having two
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terminals of which one is effectively grounded, °

and containing, in parallel between said termi-
nals, two series-connected inductance elements

and two series-connected capacitance elements,

the inductance and capacitance elements with
one terminal thereof effectively grounded each

- having at the normal resonant frequency of sald

circuit a reactance which is substantially equal
In magnitude to the reactance of the other and
which is & minor fraction of the total reactance
of like kind In said circuit; and means for con-
trolling the resonant frequency of said circuit,
comprising, two vacuum tubes having their space
paths effectively connected respectively across
said inductance element and said capacitance
element that have one terminal thereof effectively
grounded, and means for selectively controlling

85

the conductance of either of sald tubes in the .

same sense thereby selectively to alter in the
opposite senses the effective inductance or capaci-
tance of said circuif.

25.-In combination; & tuned circuit having two'

terminals of which one is effectively grounded,

"and containing, in parallel between said termi-

nals, two series-connected inductance elements
and two series-connected capacitance elements,
the inductance and capacitance elements with
one terminal thereof effectively grounded each

having at the normal resonant frequency of said
circuit a reactance which is substantially equal

in magnitude to the reactance of the other and

trolling the resonant frequency of sald circuit,
comprising, two vacuum tubes having their
space paths effectively connected respectively
across sald inductance element and said capaci-
tance element that have one terminal thereof
effectively grounded, means for negatively bias-
Ing said tubes at least to approximately piate
current cutoff, and means for selectively apply-
ing in a posiiive sense a variable control bias
voltage to -either of sald tubes for controlling

.their conductances in the same sense thereby
-selectively to alter in the opposite senses the
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“which is a minor fraction of the total reactance -
of like kind in said circuit; and means for con-
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. respectively, across at least a portion of sald’
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effective inductance or capacitance of said cir-

cuit when said variable bias voltages exceed &
predetermined value sufficient to overcome the
cut-off effect of said fixed bias voltage.

26. In combination, an oscillation generator
including a frequency-determining circuit hav-
ing an inductive arm and & capacitive arm

_ effectively in parallel, and means for controlling

the oscillation frequency thereof comprising: a
pair of conductive paths individually connected,

inductive arm and across. at least a portion' of

- sald capacitive arm of sald circuit; and means
‘dependent on the. oscillation frequency of sald

generator for selectively controiling the resistance
of either of said paths in the same senses thereby
selectively to alter in the opposite senses the
effective inductance or capacitance. ot said cir-
cuit,

27. In eomblnatlon an oscillation generator for
generating oscillations, means for controlling the
frequency of said oscillations comprising two

vacuum tubes so connected in circult with said.
generator that similar control of sald tubes pro--

duces equal and opposite effects on the frequency
of said oscillations, and means for simultane-
ously controlling said tubes in equal and opposite

11

senses to produce a cumulative shift o! the fre-
quency of said-oscillations.

28, In -combination, .an osclllatlon generator
including a plurality of reactance elements for
generating oscillations and means for controlling
the frequency of said oscillations comprising two
vacuum tubes each individually connected in cir-

. cult with one of said reactance elements, the
connections between each tube and its asso-
clated reactance element being such that similar

" control of said tubes produces equal and opposite
effects on the frequency of said oscillations, and
means for simultaneously controlling said tubes
in equal and opposite senses to produce a cumu-

Iative shift of the frequency of said oscillations.
29. In combination, an oscillation generator

for generating oscillations; means for controlling
the frequency of said oscillations comprising two
vacuum tubes so connected in circuit with said
generator that similar control of sald tubes pro-
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duces equal and opposite effects on the frequency .

of said oscillations, and means for selectively

controlling said tubes in the same sense, selec- -

tively to shift in opposite senses the frequency
of said’ oscllla.tions
I-IAROLD A, WHEEI.ER

' DISCLAIMER
2, 099 156. —Harold A. Wheeler, Great Neck, N. Y. Avromatic Frequency Cox-

TROL FOR OSCILLATION SysTEMS.

Patent dated November 16, 1937: Dis-

- claimer filed September 10, 1938, by the pat,entee the assignee, Hazeltine

Corporanon, assenting. . :
Hereb enters this disclaimer to clsims 1, 2, and 3 of smd patent.

_ﬂicwl Gazette October 11, 1 988]




10

. respectively, across at least a portion of sald’

18

. 2,099,156
effective inductance or capacitance of said cir-

cuit when said variable bias voltages exceed &
predetermined value sufficient to overcome the
cut-off effect of said fixed bias voltage.

26. In combination, an oscillation generator
including a frequency-determining circuit hav-
ing an inductive arm and & capacitive arm

_ effectively in parallel, and means for controlling

the oscillation frequency thereof comprising: a
pair of conductive paths individually connected,

inductive arm and across. at least a portion' of

- sald capacitive arm of sald circuit; and means
‘dependent on the. oscillation frequency of sald

generator for selectively controiling the resistance
of either of said paths in the same senses thereby
selectively to alter in the opposite senses the
effective inductance or capacitance. ot said cir-
cuit,

27. In eomblnatlon an oscillation generator for
generating oscillations, means for controlling the
frequency of said oscillations comprising two

vacuum tubes so connected in circult with said.
generator that similar control of sald tubes pro--

duces equal and opposite effects on the frequency
of said oscillations, and means for simultane-
ously controlling said tubes in equal and opposite

11

senses to produce a cumulative shift o! the fre-
quency of said-oscillations.

28, In -combination, .an osclllatlon generator
including a plurality of reactance elements for
generating oscillations and means for controlling
the frequency of said oscillations comprising two
vacuum tubes each individually connected in cir-

. cult with one of said reactance elements, the
connections between each tube and its asso-
clated reactance element being such that similar

" control of said tubes produces equal and opposite
effects on the frequency of said oscillations, and
means for simultaneously controlling said tubes
in equal and opposite senses to produce a cumu-

Iative shift of the frequency of said oscillations.
29. In combination, an oscillation generator

for generating oscillations; means for controlling
the frequency of said oscillations comprising two
vacuum tubes so connected in circuit with said
generator that similar control of sald tubes pro-

10

15 -

20

duces equal and opposite effects on the frequency .

of said oscillations, and means for selectively
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of said’ oscllla.tions
I-IAROLD A, WHEEI.ER

' DISCLAIMER
2, 099 156. —Harold A. Wheeler, Great Neck, N. Y. Avromatic Frequency Cox-

TROL FOR OSCILLATION SysTEMS.

Patent dated November 16, 1937: Dis-

- claimer filed September 10, 1938, by the pat,entee the assignee, Hazeltine

Corporanon, assenting. . :
Hereb enters this disclaimer to clsims 1, 2, and 3 of smd patent.

_ﬂicwl Gazette October 11, 1 988]




