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Hazeitine Corboration, a corporation of Dela-

ware
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12 Claims.

This invention relates to band-pass selector
systems and, more particularly, to such systems
in which the width of the frequency band trans-
lated by the system is-adjustable. .While band-
pass selector systems constructed in accordance
with the present invention are of general utility,
they are particularly suitable for use in the inter-
termediate-frequency channel of modulated-car-
rier signal receivers of the superheterodyne type
for controlling the selectivity and fidelity of re-
sponse of the receiver.

Band-pass selector systems of conventional de-~
sign usually comprise a pair of resonant circuits
tuned to the same or different frequencies and
suitably coupled, inductively, capacitively, or by a
combination of these individual couplings. The
desired response of this type-of selector system
is substantially uniform over a band of frequen-
cies in the vicinity of the mean resonant fre-
quency of the selector, while signal components
of all other frequencies are sharply diseriminated
against and. attenuated to a substantial degree
by the selector. In general, the width of the
frequency band passed by such & selector system
may be varied by adjusting the coupling between
the. two circuits, by adjusting the resonant fre-
quencies of the two circuits relative to each other,
or by a combination of these two adjustments.
Selector systems of the type described gen-
erally utilize coupling systems which are non-
directive in nature; that is, either circuit may be
the input circuit and the other the output circuit
without substantially affecting the characteristics

. of the system. Such a system is to be . con-
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trasted -with that: type of selector utilizing a

“vacuum-tube coupling in one or both directions
between the input and. output circuits wherein
one or both of the couplings are primarily unidi-
rective. :

Band-pass selector systems wherein the non-
directive form of coupling is utilized are, in gen-
eral, open to the criticism that only mechanical,
or- relatively complicated nonmechanical, ar-
rangement are known for adjusting the width of

5 the frequency band to be translated. Band-pass

selector systems employing unidirective couplings
in both the forward and backward directions be-
tween the tuned circuits, however, require a sepa-
rate vacuum tube, or the equivalent, in each of
the forward and backward coupling paths. All of
the above-mentioned band-pass selectors, more-
over, require two resonant circuits.

1t is an object of the present invention, there-
fore, to provide an improved ‘band-pass selector
system of simple arrangement in which one or

(CL 250—20)

more of the above-mentioned disadvantages of
prior art systems are eliminated.

Tt is another-ohject of the invention to pro-
vide an improved band-pass selector system re-
quiring only one tuned circuit in the signal- &
translating channel with which it is associated.

In accordance with the present invention, a
modulated-carrier signal-translating stage com-
prises -a- tuned  circuit including parameters of
resistance, capacitance, and inductance, and nor- 10
mally rescnant in-the vicinity ‘of the frequency
of the carrier. wave to be translated. - There is
provided means:for varying one of the param-
oters of the tuned circuit at a frequency twice
that of the carrier wave.to be translated by the 18
stage, whereby the selectivity “of the stage de-
pends on both the timing of the variations with
respect to the carrier frequency of the trans-
lated sighal and the amplitude or range of the
variations. There is also provided means for ad- 20
justing the relation between the amplitude of the
variations and the phase angle between the varia-
tions and the signal-carrier wave to impart pre-
determined: adjustable selectivity characteristics
to the stage. : 26

In accordance with a preferred embodiment of
the invention, the capacitance of the tuned cir-
cuit is varied sinusoidally at twice the frequency
of the carrier wave while the actual conductance
of the tuned circuit is maintained substantially 30
constant.  In this preferred embodiment of the
invention an oscillator, synchronized by means
of the signal-carrier wave to be translated by the
stage, is utilized to generate a frequency at twice
that of the signal-carrier wave. These oscilla~ 35
tions are utilized to vary the transconductance
of a control vacuum tube which, in turn, is
utilized as an adjustable capacitance across the
tuned circuit; for example, in accordance with the
well-known “Miller effect.” Also in accordance 49
with the preferred emhbodiment, the timing. or
phase of the generated oscillations may be ad-
justed with respect to that of the signal-carrier
wave, the bias applied to the control tube may be
adjuisted to control the maximum amplitude of 45
the capacitance variations of the tuned circuit,
and these two adjustments may be relatively ad-

. justed to impart predetermined adjustable selec-
tivity characteristics to the stage.

Tor a better understanding" of the invention, 50
together: with:other-and further objects thereof,
reference is had to the following description taken
in econnection with the accompanying drawing,
and its scope will be pointed out in the appended
claims. o ‘ 55
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Fig. 1 of the drawing is a circuit diagram,
partly schematic, of a modulated-carrier signal
receiver of the superheterodyne type employing
a band-pass selector constructed in accordance
with the invention; Fig. 2 is an equivalent circuit
diagram of a portion of the circuit of Fig. 1
utilized to explain the general theory of the in-
vention; while Figs. 3 and 4 are graphs illustrat-
ing certain of the operating characteristics of
the circuit of Fig. 1.

Referring now more particularly to Fig. 1 of
the drawing, there is shown a circuit diagram,
partly schematic, of the improved band-pass se-
lector system of the invention embodied in. a
modulated-carrier signal receiver of the super-
heterodyne type for controlling the selectivity of
the intermediate-frequency channel of the re-
ceiver. Briefly described, the receiver comprises
a radio-frequency amplifier 10 having input ter-
minals connected to an antenna, ground circuit
11, 12, and output terminals coupled to a fre-
quency changer or oscillator-modulator 13.
‘Connected in cascade with the oscillator-modu-
lator unit 13, in the order named, are an inter-
mediate-frequency amplifier 14 including a vac-
uum-tube amplifier 15, variable band-pass selec-
tor 16, an Intermediate-frequency amplifier 11
including a vacuum-tube amplifier 8, a detec-
tor and automatic amplification control or
A. V. C. unit 19, an audio-frequency amplifier
20, and a sound reproducer 21, The bias poten-
tial derived from the automatic amplification
control source 19 may be applied to one or more
stages of radio-frequency amplifier 10, the mod-
ulator included in unit 13, and one or both of
the stages of intermediate-frequency amplifica-
tion 14 and 11.

Considering first the operation of the receiver
as a whole without regard to the details of the
band-pass selector 16 of the invention, per se,
a desired received signal is selected and amplified
in radio-frequency amplifier 10 and is converted
to a modulated intermedia,te-frequency signal by
oscillator-modulator 13. The signal as thus con-
verted is further amplified in intermediate-fre-
quency amplifier 14, is selected by variable band-
bass selector 16, is further amplified in interme-
diate-frequency amplifier 17, and detected by de-
tector 19, thereby producing the audio-frequency
modulation components which are, in turn, am-
blified by audio-frequency amplifier 20 and re-
‘Produced by the sound reproducer 21. The am-
plification of the received signal is subject to
automatic control by the control-bias potential
derived from source 19 to maintain the amplitude
of the signal input to detector 19 relatively con-
stant for a wide variation of received signal am-
plitudes, in 3 manner well understood in the art,.

Referring now more particularly to the por-
tion of the system of Fig. 1 comprising the pres-
ent invention, there is provided g band-pass se-
lector 16 including a single tuned circuit 25, 26
in the signal-translating channel of the receiver
‘and utilized as a coupling circuit between vac-
uum tubes 15 and 18. It will be understood that
only the portion of the circuits of tubes 15 and
18 necessary to deseribe the present invention
are shown in the drawing and that these tubes
are provided with additional circuits in a manner
well understood in the art to effect operation
thereof as conventional vacuum-tube amplifiers.
In order to vary the selectivity of tuned circuit
25, 26, the effective capacitance thereof is pul-
sated at a frequency approximately twice that
of the intermediate-frequency carrier wave, For

2,216,160

this purpose, there ig provided a vacuum tube

21 having input electrodes coupled across tuned

circuit 25, 26 and having its grid and anode re-
actively coupled by a condenser 45, thereby be-
ing effective to reflect capacitance into tuned cir-
cuit 25, 26 in accordance with the well-known
“Miller effect.”

In order to vary the transconductance of tube
21 at a frequency twice that of the intermediate-
frequency carrier wave, thus to pulsate the ca-
pacitance across tuned circuit 25, 26 at the dou-
ble frequency, there is provided a vacuum-tube
oscillator 28 tuned to generate oscillations at this
double frequency by means of a frequency-de-
termining circuit 29, 30 coupled to its input elec-
trodes and a feed-back circuit including an in-
ductance 31 in its output circuit and inductively
coupled to inductance 29. In order to synchro-
nize the oscillator 28 with the carrier wave of the
intermediate-frequency signal of the receiver, a
voltage is coupled to the oscillator from the in-
termediate-frequency channel of the  receiver
through a vacuum-tube limiter 32, Tube 32 op-
erates as a conventional limiter and is provided
in order to eliminate the effects of the amplitude-
modulation components or amplitude variations
of the intermediate-frequency signal. Tube 32
comprises a tuned output circuit including a con-
denser 32 and inductance 34 inductively coupled
to feed-back inductance 31 of the oscillator cir-
cuit.

A phase-shifting network including a variable
condenser 35 and resistor 36 is provided for vary-
ing the phase of the synchronizing signal applied
to oscillator 28, thereby to control the timing or
bhase of the generated oscillations. The output
oscillations of oscillator 28 are coupled into the
cathode circuit of the control tube 27 by means
of an inductance 38 inductively coupled to in-
ductance 29 of the oscillator circuit. A source
of variable bias including a resistor 39 connected
to an adjustable tap on resistor 4{ is provided
for vacuum tube 27 in order that the magnitude
of the capacitance variations reflected into tuned
circuit 25, 26 may be varied. Operating poten-
tials for tubes 21, 28, and 32 may be supplied from
suitable sources indicated as +B and -Sec, the
anode circuit of control tube 27 including a load
resistor 40.

Reference is now made to Fig. 2 for an expla-
nation of the effect of varying the parameters
of a tuned circuit at twice the carrier frequency
of a modulated-carrier signal applied thereto.
In Fig. 2 there is shown a tuned circuit compris-
ing parallel-connected inductance I. and capaci-
tance C effectively shunted by a resistor having
a. conductance g. Conductance g and capaci-
tance C are indicated as being variable for the
reason that the ecircuit is to he analyzed under
the condition of periodic pulsation of each of
these parameters at twice the carrier frequency
of the system. The tuned circuit I, C is thus
the equivalent of the effective inductance and
capacitance associated with tuned circuit 25, 26
of Fig. 1 and the current % is thus effectively the
equivalent of the output current supplied by tube
{5. It is assumed for the burposes of analysis
that: '

io==I sin wt4+M sin (o+a)E4-M sin (w—a)t (1)
9=gol14-29 sin (2ut4¢)] (2)

C=Co[1+-2Fk sin Qi -yl 3
where:
g=half the percentage pulsation of conduct-~
ance g; :

10

20

25

30

35

40

45

50

60

70

75



10

15

20

30

36

40

45

50

55

60

65

70

76

2,216,160

Jk—half the percentage pulsation of capaci=
tance C; ‘

¢—=the phase angle of the coriductance pulsation
medasured with respect to the double fre-
quency; g ‘ :

y=the corresponding phase angle of the capaci-
tance pulsation;

go==the mean value of conductance g;

Co=the mean value of capacitance C;

and the terms in Equation 1 are those corre-
sponding to: the conventional - expression for a
modulated-carrier current having symmetrical
upper and lower sidebands.

Under these assumptions the differential equa-

tion applicable to the circuit of Fig. 2 is:
ge+C de/di+ S edt/L=b 4)
where:
t =time; :
e=the instantaneous voltage across the circuit;

w=the angular frequency of the input-carrier
wave; and |

a—the angular frequency of the modulation of
the input-signal wave

The steady-state solution of this equation con-
tains terms at angular frequencies o, w4-a, o—a,
w+2a, «—2a, etc. The magnitudes of all the
terms except the first three of the above are small
and may be neglected. :

e may then be assumed to be:

—A cos wi-+B sin ot
4F cos (w+a)t-+H sin (wtadt
+X cos (w—a)t+Y sin (w—a)t (5)

where A, B, F, H, X, and Y are the coefficients
associated with the various terms of the equation.
When the inductance L and the mean capaci-
tance Co are tuned to the frequency of the input-
carrier wave, the value of « may be designated by

wo, that is
w=1VLC

The steady-state solution of differential Equa-
tion 4 then provides the following:

o _VATB I ©
J2  V2Cn(@—ap sin ¢+Fk cos ¥)
_NPTE_JX1 Y
‘ V2 V2

J2Cowny (p—gp sin ¢-+k cos ¥)i+4a?
where
Eo=the R. M. S. carrier voltage across L, C;
TE.=the R. M. S. sideband voltage across L, C;
a =0/wo; and
p —the power factor of the original circuit.

In Equations 6 and 7 the term (gp sin ¢—Fk
cos ¢) 'is of the dimension of a. power factor.
This quantity must always be less than p to pre-
vent self-oscillation of the tuned circuit I, C. It
may be made positive or negative. by a proper
choice of ¢ and v, in which case the resulting
over-all arrangement is regenerative or degener-
ative, respectively. ‘This regenerative or degen-
erative effect may be produced by pulsation of
susceptance or conductance or both. In any case
the resultant response of the band-pass selector
ig symmetrical if:

ap cos ¢-+k sin =0 8)

This is most easily satisfied by making ¢=zw/2
and y=0or =. If k=0 or ¢=0, respectively, these
are the only angles which give symmefry. There-

]

)]

3

fore, if g==0, cos y==1 for symmetrical expan-
sion, or if k=0, sin ¢=== 1.

The response characteristic of a circuit having
regenerative feedback and tuned to the input sig-
nal is well known and may be shown to. be rep-
resented by the equation:

M

Ey=—= e = 9
V200 (p— pay?+ 402 ©
where pn is the absolute value of the effective
power factor introduced by a negative conduct-
ance across the tuned circuit and the other terms
are as in Equation 7. Attention is called to the
fact that the expression of Equation 9 is of exact-

ly the same form as that of Equation 7 above.

In accordance with the circuit arrangement
shown in Fig. 1 only the parameter of capaci-
tance of the tuned circuit 25, 26 is varied, which
means that the factor ¢ in the above equations
is zero. This embodiment is preferred since cal-
culations indicate that detuning produced by
fundamertal frequency effects in tube 27 may be
compensated by a readjustment of the value of
either of the elements of tuned circuit 25, 286.
The harmonic effects in tube 27 produce beat-
frequency currents in its output -circuit due to
the difference in frequency of the applied volt-
ages. The effective sideband voltage output -of
the circuit of Fig. 1 for a signal input comprising
symmetrical upper and lower sidebands may be
expressed by the equation:

E,= M
* 20w (p+ RACi L’ E cos 6)%4-4a°
where :

R—the value of resistor 40;

Ci=value of capacitance 495;

wo=angular frequency of the intermediate-fre-
quency carrier wave;

E—maximum value of the voltage pulsation ap-
plied to tube 27 from coil 38;

¢—=phase angle of E with respect to the interme-

diate-frequency carrier voltage;

L—value of the inductance 26;

As=coefficient in the series expression for the
plate current of tube 271 as expressed by:

ip=—Aleg—A2€g2——A36g3+ .

(10)

The term RA:2C1002E cos ¢ has the dimensions of
g power factor by which the original power factor

‘of tuned circuit 25, 26 is increased by the double-

frequency pulsations. Obviously, the term may
be made negative and the circuit regenerative
by making 6=r.

In summary, therefore, if is seen that the ar-
rangement of Fig. 1 comprises means for varying
the reactance of tuned circuit 25, 26 at twice the
frequency of the intermediate-frequency carrier
wave; that the capacitance of the tuned circuit
25, 26 is pulsated by means of a tube 21 in ac-

cordance with the “Miller” effect; that oscillator .

28 generates oscillations at twice the carrier fre-
quency which are used.to vary the transconduct-
ance of the “Miller” tube 27; that the phase of
these generated oscillations can be adjusted by
adjustment of condenser 35, thereby to adjust
the phase of the synchronizing signals applied to
oscillator 28; that the limiter 82 is effective to
remove the amplitude-modulation components
from the signal utilized to synchronize oscillator
28; and that the amplitude of the capacitance
pulsations of circuit 25, 26 may be adjusted by
adjusting the tap on resistor 41 in the manner
described above.

Reference is made to Fig. 3:-for a description
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of the effect of pulsating only one of the param-
eters of tuned circuit 25, 26. In Fig. 3, curve A
represents the normal response characteristic of
tuned circuit 25, 26. If the capacitance of cir-
cuit 25, 26 is varied at twice the carrier frequency
of the system and the phase of these capacitance
bulsations is zero with respect to that of the in-
termediate-frequency carrier wave; that is, if the
carrier frequency goes through zero amplitude in
the positive direction at the same time that the
capacitance pulsation is changing through zero
in the positive direction, tuned circuit 25, 26 has
& response characteristic as illustrated by curve
B. It is assumed that, in his case as in the case
of curve A, there is no conductance pulsation of
tuned circuit 25, 26. The corresponding charac-
Seristic of the system of the phase angle is equal
to. , all other conditions being unchanged is
shown by curve C.

- On the other hand, if the capacitance of the
circuit is maintained constant and the conduct-
ance is pulsated at a frequency equal to twice
that of the carrier frequency and with a phase
of conductance pulsation equal to +#/2 with re-
spect to the signal-carrier wave, the tuned circuit
25, 26 has a response characteristic as shown by
curve C of the drawing. 'The corresponding char-
acteristic for a phase angle of —x/2 is that of
curve B, all other conditions being unchanged.
As explained above, a pulsation of capacitance at
phase angles of other than zero or = results in an
unsymmetrical response characteristic. The re-
sponse of the system for capacitance pulsation at
& phase angle of —#/4 is shown by curve D while
the corresponding characteristic for the phase
angle of +#/4 is shown in curve E.

Characteristic curves showing the response of
the system when the capacitance of tuned circuit
25, 26 is pulsated with varying amplitudes at
twice the carrier frequency of the system and
with phase angles of zero and = with respect to
the signal-carrier wave are shown in Fig. 4.
Thus, curve A represents the normal resonant
characteristic of tuned circuit 25, 26 and corre-
sponds to curve A of Fig. 3. If the amplitude of
the capacitance pulsations is varied under the
conditions outlined above and with g phase angle
of zero, the response characteristic of tuned cir-
cuit 28, 26 becomes increasingly more broad as
shown by curves A, F, and B, curve B thus cor-
responding to curve B of Fig. 3. Such an in-
crease in amplitude of capacitance pulsations is
effected by adjustments of the tap on resistor 4i.
Corresponding characteristics for a phase angle
of =, all other conditions remaining unchanged,
are shown by curves A, G, and C.

From the foregoiing, it is apparent that the
tap on resistor 41 and the value of capacitance
'35 may be relatively adjusted to procure pre-
determined selectivity characteristics for the in-
termediate-frequency channel of the receiver
shown. It will be understood that, while in the
embodiment illustrated in Fig. 1 the capacitance
of tuned circuit 25, 26 is pbulsated, it is equally
practicable to pulsate the inductance thereof, or
8 reactance of either kind in the circuit 25, 28
may be pulsated simultaneously with the con-
ductance thereof in order to provide g readily
and flexibly adjustable band-pass selector.

While there has been described what is at
present considered to be the preferred embodi-
ment of this invention, it will be obvious to those
skilled in the art that various changes and modi-
fications may be made therein without depart-
ing from the invention, and it is, therefore, aimed
in the appended claims to cover all such changes

2,216,160

and modifications as fall within the true spirit
and scope of the invention.

What is claimed is: :
- 1. A’ modulated-carrier signal-translating stage
comprising, a tuned circuit including parameters
of resistance, capacitance and inductance and
normally resonant in the vicinity of the fre-
quency of the carrier wave to be translated,
means for varying one of said Parameters at a
frequency of twice that of said carrier frequency,
whereby the selectivity of said stage depends on
both the phase angle of said variations with re-
spect to the carrier wave of said translated signal
and the amplitude of said variations, and means
for providing a predetermined relation between
the value of the amplitude of said variations and
the value of the phase angle between said varia-
tions and said carrier wave to provide predeter-
mined selectivity characteristics for said stage.

2. A modulated-carrier signal-translating stage
comprising, a tuned circuit including parameters
of resistance, capacitance and inductance and
normally resonant in the vicinity of the frequency
of the carrier wave to be translated, means for

varying one of said parameters at g frequency -

twice that of said carrier frequency, whereby the
selectivity of said stage depends on both the
bhase angle of $aid variations with respect to the
carrier wave of said translated signal and the
amplitude of said variations, and means for ad-
justing the relation between the value of the
amplitude of said variations and the value of the
phase angle between said variations and said car-
rier wave. to provide bredetermined selectivity
characteristics for said stage.

3. A modulated-carrier signal-translating stage

comprising, a tuned cireuit including reactance

of one kind and normally resonant in the vicinity
of the frequency of the carrier wave to be trans-
lated, means for varying said reactance to vary
the resonant frequency of said tuned circuit at
a frequency twice that. of said carrier frequency,
Whereby the selectivity of said stage depends on
both the phase angle of said variations with re-
spect to said translated carrier signal and the
amplitude of said variations, and means for ad-
jusfing the relation between the value of the
amplitude of said frequency variations and the
value of the phase ahgle between said ‘variations
and said carrier wave to provide predetermined
selectivity characteristics for said stage.

4. A modulated-carrier signal-translating stage
comprising, a tuned cireuit including parameters
of resistance, capictance and inductance and nor-

mally resonant in the vicinity of the frequency |,

of the carrier wave to be translated, means for
varying sinusoidally one of said parameters at
a frequency twice that of said carrier frequency,
whereby the selectivity of said stage depends on
both the phase angle of said variations with re-
spect to said translated carrier signal and the
amplitude of said variations, and means for ad-
justing the relation between the value of the
amplitude of said variations and the value of
the phase angle between said variations and said
carrier wave to provide predetermined ‘selectivity
characteristics for said stage.

5. A modulated-carrier signal-translating stage
comprising, a tuned circuit including capacitance
and normally resonant in the vicinity of the fre-
quency of the carrier wave to be translated,
means for varying said capacitance to vary the
resonant frequency of said tuned circuit at g
frequency twice that of said carrier frequency,
Whereby. .the selectivity -of ;said stage depends
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on. both: the phase angle of said variations with
respect to said translated carrier signal and the
amplitude of said variations, and means for ad-
justing the relation: of the value of the ampli-
tude of said variations and the value of the phase
angle between  said variations and said carrier

wave to provide predetermined selectivity char- -

acteristics for said stage.

6. A modulated-carrier signal-translating
stage comprising, a tuned circuit including pa-
rameters of resistance, capacitance and induct-
ance and normally resonant in' the vicinity of
the frequency of the carrier wave to be trans-
lated, means comprising a vacuum tube simu-
lating an adjustable impedance coupled fo said
tuned circuit, means for controlling said vacuum
tube at a frequency twice that of said carrier
frequency to vary one of said parameters, where-
by the selectivity of said stage depends on both
the phase angle of said variations with respect
to said translated carrier signal and the ampli-
tude of said variations, and means for adjusting
the relation between the value of the amplitude
of said variations and the value of the phase
angle between said variations and said carrier
wave to provide predetermined selectivity char-
acteristics for said stage.

7. A = modulated-carrier - signal-translating
stage comprising, a tuned circuit including pa-
rameters ‘of resistance, inductance and capaci-
tance and normally resonant in the vicinity of
the frequency of the carrier wave to be trans-

lated, an oscillator tuned to generate oscillations.

at twice the resonant frequency of said tuned
circuit, means comprising said oscillator  for
varying one of said parameters at the frequency
of . said oscillations, whereby -the. selectivity of
said stage depends on both the phase angle of
said variations with respect to said translated
carrier signal and.the amplitude of said varia~
tions, and means for adjusting the relation be-
tween the value of the amplitude of said varia-
tions and the value of the phase angle between
said variations and said carrier wave to provide
predetermined selectivity characteristics for said
stage.

8. A modulated-carrier  signal-translating
stage comprising, a tuned cireuit including pa-
rameters of resistance, capacitance and. induct-
ance and normally resonant in the vicinity of the
frequency of the carrier wave to be translated,
an oscillator for generating oscillations. at twice
the resonant frequency of said tuned circuit,
phase control means for said oscillator, means
responsive to said oscillations for varying one of
said parameters at a frequency twice that of said
carrier frequency, whereby the selectivity of said
stage depends on both the phase angle of said
variations with respect to- said translated car-
rier signal and the amplitude of said variations,

and means comprising said phase control for .

said oscillator for adjusting the relation between
the value of the amplitude of said frequency
variations and the value of the phase angle be-
tween said frequency variations and said carrier
wave to provide predetermined selectivity char-
acteristics for said stage.

9. A  modulated-carrier signal-translating
stage comprising, a tuned circuit including pa-
rameters of resistance, inductance and capaci-
tance and normally resonant in the vicinity of
the frequency of the carrier wave to be trans-
iated, an oscillator for generating oscillations
at twice the resonant frequency of said tuned
circuit, means for deriving a synchronizing sig-

5

nal for said oscillator from the: signal fo be
translated by said stage, means for adjusting the
phase of said derived. signal, means coraprising
said oscillations for varying one of said param-
eters at a frequency twice that of said carrier
frequency, whereby the selectivity of said stage
depends on. both the phase angle of sald . varia=
tions with respect to said translated signal and
the amplitude of said variations, and means
comprising said phase control for adjusting the
relation between the value of the amplitude of
said variations and the value of the phase angle
between said variations and said. carrier wave to
provide predetermined selectivity characteristics
for said stage.

10. A modulated-carrier . signal-translating
stage comprising, a tuned circuit including pa-~
rameters of resistance, inductance and capaci-
tance and normally resonant in the vicinity of
the frequency of the carrier wave to be trans-
lated, means for varying one of said parameters
at a frequency twice that of said carrier fre-
quency; whereby the selectivity of said stage de-
pends on both the phase angle of said variations
with respect to said translated carrier signal and
the amplitude of said variations, means for ad-
justing the amplitude of said - variations, and
means comprising said last-mentioned means
for adjusting the relation hetween the value of
the amplitude of said variations and the value of
the phase angle between said variations and sald
carrier wave to provide predetermined selectivity
characteristics for said stage.

11. A = modulated-carrier signal-translating
stage comprising, a tuned circuit including pa-
rameters of resistance, capacitance and induct-
ance and normally resonant in the vicinity of the
frequency of the carrier wave to be translated,
means comprising a vacuum tube simulating an
adjustable impedance coupled to said tuned cir-
cuit, means for controlling said vacuum tube at
a frequency twice that of said carrier frequency
to vary one of said parameters, whereby the se-
lectivity of said stage depends on both the phase
angle of said variations with respect to. said
translated carrier signal and the amplitude of
said variations, bias-control means for said
vacuum tube to adjust the amplitude of said va-
riations, and means comprising said bias control
for adjusting the relation between the value of
the amplitude of said variations and the value
of ‘the phase angle between said variations and
said carrier wave to provide predetermined selec~
tivity characteristics for said stage.

i2. In a modulated-~carrier wave-signal re-
ceiver of .the superheterodyne type, a signal-
translating stage comprising, a tuned circuit in
the intermediate-frequency channel of gaid re~
ceiver, said tuned circuit being normally resonant
in the vicinity of the frequency of the intermedi-
ate-frequency signal-carrier wave to be trans-
lated by said channel and including parameters
of resistance, inductance and capacitance, an
oscillator tuned to generate oscillations at twice
the resonant frequency of said tunmed circuit,
means for deriving a voltage from the signal in-

“put to said stage for synchronizing said oscilla~

tor, adjustable means for controlling the phase
of said derived voltage, & vacuum tube simulating
an adjustable impedance coupled fo said tuned
circuit, means for applying said oscillations to
said vacuum tube to control said vacuum tube
at a frequency twice that of said carrier fre-
quency to vary one of said parameters, whereby
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6 2,216,160

the selectivity of said stage depends on both the
phase of said- variations .with respect to said
translated signal-carrier wave and the amplitude
of said variations, an- adjustable bias for said

§ vacuum  tube to adjust the amplitude of said

variations, and means comprising said- phase

control and said adjustable bias for adjusting -

the relation between the vahlie of the amplitude
of said variations and the value of the phase
angle between said variations and said carrier
wave to provide predetermined selectivity char-
acteristics for said stage..

LESLIE ¥, CURTIS.



Certificate of Correction
Patent No. 2,216,160. October 1, 1940.
LESLIE F. CURTIS

It is hereby certified that errors appear in the printed specification of the above
numbered patent requiring correction as follows: Page 1, first column, line 4344,
for the word “arrangement’’ read arrangemenis; page 2, second column, line 72,
equation 3, after “2wt-+y¢’’ and before the bracket insert a parenthesis; page 3,
first column, line 46-47, equation 6, for

I
V2Cys(p—gp sin ¢-+k cos ¢)

- I
V2C,5(p—gp sin ¢k cos ¥)

. page 4, first column, line 14, for “his” read this; line 57, for “foregoiing” read fore-
going; and second column, line 54, claim 4, for “capictance’ read capacitance; and
that the said Letters Patent should be read with these corrections therein that the
same may conform to the record of the case in the Patent Office.

Signed and sealed this 3rd day of December, A. D. 1940.

read

[smAL]

HENRY VAN ARSDALE,
Acting Commissioner of Patents.



