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12 Claims. (CI. 250-20) 
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 discriminated 
against and attenuated to a substantial degree 
by the selector. In general, the width of the 
frequency band passed by such a 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 
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 
rectiWe. - 
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 
the frequency band to be translated. Band-pass 
selector systems employing unidirective couplings 
in both the forward and back Ward 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. 

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

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

* It is another i object of the invention to pro 
vide i 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 Con 
prises : a, tuned circuit including: parameters of 
resistance, capacitance, and inductance, and nor 
mally resonant in the vicinity of the frequency 
of the carrier, wave to be translated. There is 
provided means for varying one of the param 
eters of the tuned circuit at a frequency twice 
that of the carrier Wave to be translated by the 
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 signal and the amplitude, or range of the 
variations. There is also provided means for ad 
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. 
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 
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 
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 
with the preferred embodiment, 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 
adjusted to control the maximum amplitude of 
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. 

For a better understanding of the invention, 
together with other and further objects thereof, 
reference is had to the following description taken 
in connection with the accompanying drawing, 
and its scope will be pointed out in the appended 
claims. 
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2,216,160 
ik=half the percentage pulsation of capaci 

tance C; 
p=the phase angle of the conductance pulsation 

measured with respect to the double fre 
quenCy: 

y=the corresponding phase angle 
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: 

of the capaci 

(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 w, oy--a, cy-a, 
w--2a, c)-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: 
e= A cos cwt--B sin awit 

-+-F cos (c-a) it---H sin (co--a) i 
--X cos (co-a) it--Y sin (aw-at) 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 w may be designated by 
wo, that is 

oo = 1/WLCo 
The steady-state solution of differential Equa 

tion 4 then provides the following: 
E. VA"+B. I (6) “ V2 iv/2Ceo (p — qp sin -- k cos P) 

== (7) 
Where 
Ec=the R. M. S. carrier Voltage across I, C; 
Es=the R. M. S. Sideband Voltage acroSS T, C; 
or = d/ovo; and 
p =the power factor of the original circuit. 

In Equations 6 and 7 the term (qip sin p-k 
cos y) 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, L., C. It 
may be made positive or negative, by a proper 
choice of p and b, 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 
is symmetrical if: 

qp cos qþ-- Pc sin y=0 (8) 
This is most easily satisfied by making p=ttr/2 
and y-0 or ar. If k=0 or q=0, respectively, these 
are the only angles which give Symmetry. There 

3. 
fore, if q=0, cos y==-1 for symmetrical expan 
sion, or if kc=0, sin qþ= + 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: 

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 q in the above equations 
is zero. This embodiment is preferred since cal 
culations indicate that detuning produced by 
fundamental frequency effects in tube 27 may be 
compensated by a readjustment of the value of 
either of the elements of tuned circuit 25, 26. 
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: 

M 
* W2CovV(p-- RAC Lo? E cos 9)2 + 4a? 

Where 
R=the value of resistor 40; 
C1=Value of capacitance 4.5; 
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; 
6=phase angle Of E With respect to the interne 

diate-frequency carrier voltage; 
L=value of the inductance 26; 
A2=coefficient in the series expression for the 

plate current of tube 27 as expressed by: 

(10) 

The term RA2C1wo2E cos 69 has the dimensions of 
a 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, it is seen that the ar 
rangement of Fig. 1 comprises means for varying 
the reactance of tuned circuit 25, 26 º 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 27 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 32 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 4 in the manner 
described above. 

Reference is made to Fig. 3 for a description 
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4. 
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 
pulsations 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 
a response characteristic as illustrated by curve 
B. It is a SSumed that, in his case as in the case 
of curve A, there is no conductance pulsation of 
tuned circuit 25, 26. The corresponding charac 
teristic of the system of the phase angle is equal 
to it, 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 --T/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 chair 
acteristic for a phase angle of -1/2 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 it resultS in an 
unsymmetrical response characteristic. The re 
sponse of the System for capacitance pulsation at 
a phase angle of -t/4 is shown by curve D while 
the corresponding characteristic for the phase 
angle of -- ir/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 T 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 a phase angle 
of Zero, the response characteristic of tuned cir 
cuit 25, 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 4. 
Corresponding characteristics for a phase angle 
of Ir, all other conditions remaining unchanged, 
are shown by Curves A, G, and C. 
From the foregoing, it is apparent that the 

tap on resistor 4 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 pulsated, it is equally 
practicable to pulsate the inductance thereof, or 
a reactance of either kind in the circuit 25, 26 
may be pulsated Simultaneously With the con 
ductance thereof in order to provide a 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 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 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 predetermined selectivity 
characteristics for said Stage. 

3. A modulated-carrier signal-translating stage 
comprising, a tuned circuit 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 
justing the relation between the value of the 
amplitude of said frequency Variations and the 
value of the phase angle 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 circuit 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 a 
frequency twice that of Said carrier frequency, 
whereby, the selectivity of said stage depends 
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2,216,160 
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 chair 
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 to 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 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, 
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 chair 
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 
lated, 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 to be 
translated by said stage, means for adjusting the 
phase of said derived signal, means comprising 
said oscillations for varying one of said param 
eters at a frequency twice that of said carrier 5 
frequency, whereby the selectivity of said stage 
depends on both the phase angle of Said 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 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. 

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. 

12. 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 Said 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 tuned 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, a vacuum tube simulating 
an adjustable impedance coupled to 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 value of the amplitude 
of said Wariations and the value of the phase 
angle between said variations and said carrier 
wave to provide predetermined selectivity char 
acteristics for said stage. 

LESLIE. F. CURTIS. 
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W2Cocoo (p-gp sin qþ-+-k cos yp) 
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