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This invention relates generally to vacuum tube 
amplifier systems, and more particularly to Such 
Systems which are adaptable for use in radio 
broadcast receivers for controlling the amplifi 
cation and selectivity thereof. 
There are a number of operating character 

istics which it is desirable to impart to amplifier 
systems for use in the amplification of high 
frequency signals and particularly in amplifiers 
to be used in radio broadcast receivers. In gen 
era, it is desirable that the gain and selectivity 
of such an amplier system be easily adjustable 
Over a Wide range with a minimum amount of 
distortion of the amplified signals at any ampli 
fication level within the range. It is further de 
sirable that the system be stable in operation 
Over its operating frequency range, sensitive to 
Small changes in the gain control bias, and 
highly efficient in its operation. In amplifiers. 
subject to automatic or remote control for vary 
ing the gain and selectivity thereof, it is par 
ticularly desirable that the characteristics of sim 
plicity of adjustment and sensitivity of control 
be provided. Amplifier systems at present known 
to the art are deficient in one or more of the 
above respects. . . ' 
In the copending application Serial No. 70,172, 

fled March 21, 1936, by Harold M. Lewis, there 
is described and broadly claimed a system which, 
in general, meets the requirements for an am 
plifier and band-pass selector system as set forth 
above, the invention claimed therein forming no 
part of the present invention. Briefly described, 
the System comprises tuned input and output 
circuits coupled in both the forward and back 
ward directions by directive coupling means 
which provide a coupling reaction between the 
circuits such that any desired amount of am 
plification is secured in the forward coupling 
means simultaneously with any desired width of 
the band-pass characteristic. The directive cou 
pling means include, in the preferred arrange 
ment, an amplifying vacuum tube coupling the 
circuits in the forward direction and another 
Vacuum tube coupling the circuits in the back 
ward direction. Changes in the band-pass char 
acteristic and variations in the amplification are 
secured by proper adjustment. of the directive 
transconductances of the vacuum tubes included 
in the two coupling means. 
The proper control of an amplifier and band 

pass selector system of the above character, 
when used in a radio receiver, is governed by the 
requirements of obtaining the desired amount 
of amplification together with faithful reproduc 

(C. 19-1) 
tion of a desired signal free from undesired signal 
interference and from static and other back 
ground noise, under all operating conditions. In 
general, the selectivity control should be effective 
to cause the system to pass a band of de 
sired modulation frequencies sufficiently narrow 
greatly to reduce interference from undesired 
signals, as, for example, those on channels adja 
cent to the received carrier channel. Such nar 
rowing of the selected band of frequencies, how 0. 
ever, tends to impair the fidelity of reception of 
the desired signal, since the outer frequencies of 
the sidebands, which in radio broadcasting corre 
spond to the higher audio frequencies of modu 
lation, are suppressed. Accordingly, it is de 
sirable that the width of the selected band of fre 
quencies be contracted only when an undesired 
signal of sufficient amplitude to cause interfer 
ence or noise is present, and that in its absence 
the selectivity control be effective to increase the 
width of the selected band sufficiently to admit 
and pass all of the sideband frequencies of the 
desired signal. 

It, is an object of the present invention to pro 
vide an improved amplifying system of the above 
general arrangement which is easily adjustable 
to secure variation of amplification over a wide 
range and which operates to amplify, without 
distortion, the signals passed through the System. 
. . It is a further object of the invention to pro 
vide a system of the above character which is 
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sensitive to small adjustments in the amplifica 
tion control, is stable in operation at all fre 
quencies within the operating range, and is. 
highly efficient in its operation. 

It is an additional object of the invention to 
provide a selectivity control arrangement for a 
modulated-carrier signal receiver in which the 
amplification and selectivity of the receiver are 
automatically and simultaneously controlled in 
a desired sense in accordance with the amplitude 
of a desired received signal carrier. 

It is a still further object of the present inven 
tion to provide an improved, simple and econom 
ical non-mechanical arrangement which includes 
an amplifier and band-pass selector system hav 
ing the above characteristics, for automatically 
controlling the selectivity of a modulated-carrier 
signal receiver to obtain maximum fidelity of 
reception consistent with any particular condi 
tion of reception. 
More specifically, it is an object of this inven 

tion to provide an improved arrangement for au 
tomatically controlling the selectivity of a modul 
lated-carrier signal receiver in which the selec 
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tivity control remains inactive unless the ampli 
tude of the desired received signal is greater than 
a predetermined magnitude. w 

Briefly stated, the above objects are attained 
in accordance with the present invention by pro 
viding, in combination with suitable control cir 
cuits, an amplifier and band-pass selector System 
Of the general arrangement described in the 
above referred to application but with certain 
added improvements designed to procure the de 
sirable characteristics described above. To this 
end, a Vacuum tube of the sharp cutoff type is 
employed in the backward coupling path. It is 
known that this type of tube is inherently more 
efficient in operation than the type of . tube 
known to the art as the gradual cutoff type. 
Also, it is more sensitive to changes in the con 
trol bias applied between the input electrodes 
thereof. However, when the bias is adjusted to 
approach the cutoff value, any signal voltage of 
considerable amplitude applied between the in 
put electrodes is distorted in its reproduction in 
the output circuit, due to the extreme nonlinear 
ity of the characteristic curve in the cut off 
region. 

In accordance with this invention, the use of 
this type of tube in the backward coupling means 
is rendered feasible by suitably proportioning the 
couplings between the output circuit of the sys 
tem and the respective forward and backward 
coupling means, so that the input voltage to this 
tube is very small as compared with the output 
of the system, whereby operation is limited to a 
relatively small increment of the tube charac 
teristic, so that, over the sharply curved por 
tion in the region of the cutoff, no appreciable 
distortion is caused. Stability of operation and 
Symmetry of the resonance curves are insured by 
neutralizing the incidental capacitive couplings 
between the terminal circuits caused by the in 
terellectrode capacitances of the tubes included in 
the forward and backward coupling paths. 
The system of the present invention, as de 

Scribed generally above, is particularly adaptable 
for use in the intermediate-frequency channel 
of a Superheterodyne radio receiver to control 
the gain and selectivity thereof. In this appli 
cation a number of individual systems are cou 
pled in cascade, and suitable certrol means are 
provided for automatically adjusting the coupling 
reaction between the resonant input and output 
circuits of the individual selector systems to con 
trol in a desired manner the amplification ob 
tained in the forward coupling between the ter 
minal circuits of the intermediate-frequency 
channel and the shape and width of the band 
pass characteristic curve. Desired control of the 
two factors noted is procured by varying the 
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transconductances of the forward and backward 
Coupling tubes as a particular function of the 
amplitude of the desired signal carrier. Prefer 
ably the backward coupling means is maintained 
substantially ineffective until the signal ampli 
tude exceeds a predetermined value. For excess 
of signal intensity above this value, the control 
means becomes effective to decrease the forward 
coupling at a relatively low rate and to increase 
the backward coupling at a considerably greater 
rate, and vice versa. In this manner the gain 
control and the selectivity control functions are 
combined and the desired relative properties of 
both are Secured. 

. In one embodiment of the invention, there is 
provided means for adjusting one of the direc 
tive coupling means directly in response to the 

2,152,618 
intensity of a received carrier to vary the ampli 
fication of the system, and additional means re 
sponsive to a variable effect of adjustments of 
the above-mentioned coupling means to vary the 
width of the frequency band passed by the Sys 
ten. 
The novel features which are believed to be 

characteristic of this invention are set forth With 
particularity in the appended claims. The in 
vention itself, however, both as to its organiza 
tion and method of operation, together with fur 
ther objects and advantages thereof, Will best be 
understood by reference to the following speci 
fication taken in connection with the accompany 
ing drawings, in which Figs. 1 and 2 illustrate 
band-pass selectors constituting different em 
bodiments of the invention; Figs. 3, 4 and 5 are 
curves illustrating certain operating character 
istics of the systems shown in Figs. 1 and 2; Fig. 
6 illustrates the embodiment of a bandapa SS. Se 
lector in accordance with the present invention 
in a complete superheterodyne receiver; and Figs. 
7 and 8 illustrate modifications of the control 
circuit of Fig. 6. 

Referring more particularly to Fig. 1 of the 
drawings, there is illustrated an amplifier sys 
ten constructed and arrangedy generally in ac 
cordance with the invention described in the 
above-identified copending application and in 
cluding certain of the improvements of the pres 
ent invention. The system comprises a resonant 
input or terminal circuit. O and a resonant out 
put or terminal circuit f, which are coupled to 
a source of high-frequency current to be ampli 
fied, and to a utilizing circuit through inductors 
2 and 3, respectively. Adjustable directive cou 

pling means are included between the two cir 
cuits fo and for coupling these circuits in both 
the forward and backward direction. Preferably, 
for most purposes, a very loose inductive cou 
pling is provided between the input circuit O and 
the circuit including the inductor - f2, and be 
tween the output circuit and the circuit in 
cluding the inductor 3. The purpose of loosely 
Coupling the indicated circuits is to minimize 
the effect on the circuits fo and f of the cir 
cuits coupled respectively therewith. 

In order to couple the input and output cir 
cuits 0 and f in the forward direction, there is 
provided a vacuum tube amplifier 4 having its 
input electrodes coupled by means of an inductor 
f5 to the input circuit 0, and its output elec 
trodes coupled by means of an inductor f to the 
output circuit f. The tube 4 is preferably of 
the well-known gradual cutoff type having Only 
a small residual plate-to-grid capacitive coupling 
minimized by the presence of a screen grid there 
between, and having adjustable directive trans 
conductance. The residual capacitive coupling 
between the input and Output electrodes is indi 
cated by the condenser 7 shown in dotted lines. 
Screen-grid and plate voltages are supplied from 

i the direct current sources indicated at 18 and 9, respectively. 
For the purpose of varying the forward coupling 

between the circuits 0 and f, there is provided 
means for varying the value of transconductance 
of the tube f4. This means comprises a control 
circuit including a voltage source 20 shunted by a 
a voltage divider 2 having an adjustable arm 22 
connected to the control grid of the tube 4 in 
the manner indicated. The active portion of the 
voltage divider is by-passed to ground for high 
frequency currents by a condenser 23. 
In order to couple the input circuit to and the 
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output circuit in the backward direction, there 
is provided feed-back means which includes a 
vacuum-tube repeater 24 having its input elec 
trodes inductively coupled to the output circuit 

by means of an inductor 25, and its output 
electrodes coupled to the input circuit to by 
means of an inductor 26. The vacuum-tube re 
peater 24 is preferably of the well-known pentode 
type having small plate-to-grid capacitive coul 
pling, adjustable directive transconductance, and 
a sharp cutoff. The input-output electrode ca 
pacitive coupling in this tube is indicated by the 
dotted line condenser 27. Suitable screen-grid 
and plate voltage Sources are indicated by the 
batteries 28 and 29. 
In order to adjust the bias on the control elec 

trode of the tube 24 to vary the transconductance 
of the tube and thereby to change the value of 
the backward coupling between the circuits 
and 0, there is provided a source of biasing 
potential 30 shunted by a voltage divider 3? have 
ing an adjustable contact arm 32 connected to 
the grid of the tube 24 in the manner illustrated. 
The active portion of the voltage divider 3i is 
by-passed to ground for high-frequency currents 
by a condenser 33. 

Both the forward and backward coupling 
means, described above, are designed to be sub 

3) 
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stantially nonselective with respect to frequency; 
the circuit constants of the two coupling means 
being so proportioned as to render these means 
much less frequency-selective than the resonant 
input and output circuits f0 and . The pur 
pose of making these coupling means substan 
tially less frequency-selective than the two ter 
minal circuits is to prevent the amplifier system 
from oscillating at off-resonant frequencies and 
to insure stability of operation at all frequencies 

40 

5 5 

(30 

65 

70 

5 

Within the operating frequency range. 
The operation of the system in Fig. 1 will now 

be described generally without particular refer 
ence to the improvements constituting the pres 
ent invention. It will be seen that, by utilizing 
the tube f4 in the forward coupling means and 
assuming no phase reversals in the inductive cou 
pling with the terminal circuits, the alternating 
voltages appearing in the output circuit are 
substantially reversed in phase with respect to 
the voltages across the input circuit O. at fre 
quencies in the vicinity of the resonant fre 
quencies of the circuits fo and , at which fre 
quencies these circuits are of high impedance and 
are substantially resistive. A second phase re 
versal is secured in the feed-back path through 
the coupling between the output circuit i? and 
the inductance 25. By including the single tube 
24 in the backward coupling path, to . cause a 
third reversal, the voltages impressed on the in 
put circuit 0 through this path are substantially 
reversed in phase, at the frequencies indicated, 
with respect to the input voltages directly im 
pressed upon this circuit. If the circuits fo and 

have the same resonant frequency, which is 
the preferred arrangement, the input and feed 
back voltages are in phase opposition at this 
frequency. At the resonant frequency the cir 
cuits 0 and also have their maximum imped 
ance, so that the signal transfer of the tubes 
4 and 24 is maximum and the voltages developed 
across the circuit 0 and the feed-back voltages 
are both maxima. Therefore, the system is de 
generative to the maximum degree at this fre 
quency. - 

At frequencies substantially above the resonant 
frequencies of the two circuits 9 and , these. 

3 
circuits are capacitively reactive so that the volt 
ages across the circuit flag the input voltages 
by an additional phase angle approaching 90 de 
grees, while the feed-back voltages impressed on 
the circuit fo are similarly retarded by an addi 
tional relative amount also approaching 90 de 
grees, so that feed-back voltages are nearly in 
phase with the input voltages. However, at 
these frequencies the impedances of the circuits 
0 and are much less than at resonance, re 
ducing the signal transfer of the stages including 
the tubes 4 and 24 and thus reducing the ampli 
tudes of the feed-back voltages. Therefore, the 
system is regenerative but not excessively so. 
At frequencies intermediate the limiting fre 
quencies, just discussed, the feed-back voltages 
have intermediate amplitudes and phase angles 
with respect to the input voltages, and the feed 
back characteristic of the system has a gradual 
transition from degeneration to regeneration. 
Obviously, at frequencies below the resonant fre 
quencies of circuits f C and , the same relation 
ships between the magnitude and phase of the 
feed-back and directly impressed voltages exist 
except that at these frequencies the seed-back 
voltages are subject to leading instead of lagging 
phase shiftS. 
The resonance curves obtainable with the cir 

cuit of Fig. 1 are similar in shape to those ob 
tained with the same tuned circuits having in 
ductive coupling therebetween instead of the 
forward and backward coupling tubes. There 
fore, the vacuum-tube coupling may be compared 
with inductive coupling on this basis. The ap 
parent coefficient of coupling by the tubes may 
be stated as being equal to the value k of in 
ductive coupling which would be required to ob 
tain the same shape of resonance curve, and 
may be expressed in terms of the circuit values. 
as follows: 

I-aa2b1b242421 
- k-w co1a2C1C (1) 
where: - 

ow and w2=the respective natural frequencies 
of the circuits 0 and f. 

a1, a2, b1 and ba=voltage transformation ratios 
between the windings as indicated in Fig. 1. 

g12=transconductance of the forward tube 4. 
gai=transconductance of the backward tube 24. 
C=capacitance of tuning condenser in cir 
cuit (). 

Ca=capacitance of tuning condenser in cir 
cuit . 

If the tuned input and output circuits 10 and 
f have the same power factor and are tuned 
to the same resonant frequency, the condition 
for “optimum' coupling and a relatively flat-top 
resonance curve is: 

-a1dabibagi agai=G1Ga (2) 
where: 
G1=apparent shunt conductance of circuit lo 

including all resistance and dissipation 
therein. 

G2=apparent shunt conductance of circuit 
including all resistance and dissipation 
therein. 

If the effective forward transconductance 
algiaba and the effective backward transconduct 
ance a2g21b1 are equal, the signal transfer from 
either circuit to the other has the same magni 
tude as for a pair of coupled circuits with equal 
coefficient of coupling. If algiaba is greater or 
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4. 
less than agaibi, the signal transfer in the for 
ward direction is greater or less in the ratio 

From Equation 2 it will be noted that the 
shape of the resonance curve depends upon the 
product of the forward and backward transcon 
ductances g12 and 921, while Equation 3 shows 
that the forward transfer depends on the ratio 
of the two transconductances. By properly pro 
portioning the values of transconductance, any 
desired shape of resonance curve may be ob 
tained simultaneously with any desired amount 
of amplification. Amplification occurs in the 
System. When the effective forward transconduct 
ance is much greater than the effective backward 
transconductance. v 

From Equation 1 it is evident that a real value 
of the coefficient of coupling is secured only when 
an odd number of the factors in the numerator 
are made negative. In the system described 
above, a2 is made negative by properly poling 
the inductance 25 relative to the inductance 
in the tuned circuit in order to obtain the 
desired real coefficient of coupling. As Was noted 
above, this condition of polarities causes degen 
erative feedback at frequencies in the vicinity 
of the resonant frequencies of the circuits to 
and , and regenerative feedback at lower and 
higher frequencies, but never can cause OScil 
lation. The System is, therefore, stable, as dis 
tinguished from ordinary regenerative feed-back 
circuits. 
The effects which may be procured by varying 

the transconductance of either or both of the 
tubes 4 and 24, to vary either or both of the 
forward and backward couplings, are illustrated 
graphically by the curves of Figs. 3, 4 and 5. 
In each of these figures the curves A, B and C 
represent, respectively, Successively greater Walues 
of the coefficient of coupling (k) between the cir 
cuits O and , which coefficient, as was noted 
above, depends on the product of the individual 
forward and backward transconductance values 
912 and 921. 
In Fig. 3 the effect of varying only the forward 

transconductance gia in tube 4 is shown. Curve 
A corresponds to a nominal value of backward 
coupling and a relatively small forward coupling. 
Curve B is obtained by adjusting the arm 22 of 
the voltage divider 2 to increase only the for 
Ward transConductance of the tube 4 by decreas 
ing the negative bias applied to its control elec 
trode. As shown by this curve, with such an 
adjustment of the transconductance, the gain or 
responsiveness of the system is increased and 
the degenerative action becomes appreciable at 
frequencies near the mean resonant frequency 
of the System, while the phase and magnitude 
of the feed-back voltage components of fre 
quencies above and below the mean resonant 
frequencies are such that the regenerative action 
is of no appreciable effect. A further increase 
in the tranconductance of the tube 4 further 
increases the responsiveness of the system, and 
also the amplitude of the feed-back components. 
As a result, the feedback becomes considerably 
degenerative at the mean resonant frequency and 
regenerative at frequencies substantially dis 
placed from the means resonant frequency, as 

75 

shown by curve C, wherein the double peak on 
both sides of the mean resonant frequency is 
accentuated. 
The family of curves A, B and C of Fig. 4 

2,162,618 a. 

is obtained by proportionate and simultaneous 
increases in both the forward and the backward 
couplings, whereby the product of the two cou 
plings is increased while the ratio of the two 
is maintained constant. This family of curves 
has the same relative disposition as in the well 
known simple case of two coupled circuits, the 
only difference from the case noted being that, 
by employing the arrangement described above, 
a considerable amount of amplification is Secured 
from one circuit to the other. 
The family of curves A', B' and C' of Fig. 5 

is obtained by maintaining the forward coupling 
constant and increasing the transconductance of 
the tube 24 to increase the backward coupling 
only. 
A comparison of the three families of reso 

nance curves yields valuable information as to 
the utility of this form of coupling when sub 
jected to suitable control. It may be deduced 
from these curves that the transconductance in 
the forward path has the main effect on the re 
sponsiveness of the system at frequencies sub 
stantially removed from the mean resonant fre 
quency of the system. Wariation of the forward 
transconductance varies the gain and the width 
of the frequency band in the same sense, while 
variation of the backward transconductance var 
ies the gain and the band width in opposite 
senses. The results obtained by varying only the 
backward transconductance are equivalent to 
those caused by symmetrically detuning a pair 
of coupled resonant circuits, in the manner de 
scribed in an article by the applicant. Wheeler 
and J. K. Johnson, entitled "High fidelity re 
ceivers with expanding selectors', published in 
the Proceedings of The Institute of Radio in 
gineers, June 1935, pages 594,609. This type of 
control causes a resulting change in the reso 
nance curve of the system which is well adapted 
to some forms of automatic selectivity controi 
circuits, in which are desired simultaneously in 
creasing band width and decreasing responsive 
ness of the System. 

Referring now more particularly to certain fea 
tures of the above-described circuit included in 
the scope of the present invention, the coupling 
relations between the circuits 0 and and the 
forward and backward coupling means, includ 
ing the tubes 4 and 24, respectively, will be 
considered. The advantages of employing a tube 
of the sharp cutoff type in the backward cou 
pling path have already been mentioned. The 
use of this type of tube is rendered feasible by 
proportioning the couplings between the output 
circuit f f and the two coupling means in such 
a manner that distortion in the system is re 
duced to a negligible value, even when the bias 
applied to the control electrode of the tube 24 
is adjusted to values near the cutoff value and 
the System is operating at maximum normal 
power output. This desired proportioning of the 
two couplings may be obtained by following a 
few simple rules. 
forward transconductance of the tube f4 to its 
maximum value and to make the product of the 
ratio a1, between the input circuit O and the 
inductance 5, and the ratio b2, between the in 
ductance f6 and the output circuit i?, sufficient 
ly large to secure the desired amount of ampli 
fication in the forward coupling means. This 
product will be unity if the input and output 
electrodes of the tube f4 are connected, respec 
tively, directly across the input and output cir 
cuits fo and fl. Following this adjustment, the 
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value of the backward transconductance of the 
tube 24 is made moderately large, and the prod 
uct of the couplings between the circuit i? and 
the inductance 25, and between the inductance 
26 and the circuit fo, is adjusted to secure the 
desired coefficient of coupling and width of res 
onance curve. Preferably the coupling between 
the input electrodes of the tube 24 and the out 
put circuit f is made very small and much less 
than the coupling between the output circuit and , 
the output electrodes of the tube 4. Also, the 
coupling between the input electrodes of the tube 
24 and the output circuit f is preferably made 
much less than the coupling between the out 
put electrodes of the tube 24 and the input cir 
cuit fo. In this manner the voltage applied be 
tween the input electrodes of the tube 24 is main 
tained at a very small value even when the sys 
tem is operating at maximum normal power out 
put. Also, by making the coupling between the 
output electrodes of the tube 24 and the input 
circuit Orelatively large as Compared to that be 
tween the output circuit if and the input elec 
trodes of this tube, the factor a 2 ga1 b1 is not un 
duly lowered with the result that the product 
a1 (2 b1 b2 g12 ga1, appearing in the numerator of 
Equation 1, is not unduly decreased. Hence, 
the coefficient of coupling. k is not appreciably 
decreased by the small coupling between the out 
put circuit and the input electrodes of the 
tube 28. 
By making the input voltage to the tube 26 

small in the manner noted, operation of this 
tube is limited to a small increment of its grid 
voltage-anode current characteristic, irrespective 
of the bias applied to the control grid of this 
tube. Thus, when the bias is adjusted to a value 
near the cutoff value, that is, the region of great 
est nonlinearity of the characteristic, no sub 
stantial distortion is produced in the anode cur 
rent of the tube and, consequently, the feed-back 
voltages impressed between the input electrodes 
of the tube 4 are free of distortion. 
Operating stability of the system at all fre 

quencies within the operating frequency range 
and symmetry of the frequency response char 
acteristic are insured by the cancelling effect of 
the input-output electrode capacitances of tubes 
4 and 2 on each other. Since each of these 

tubes is shielded, these capacitances, indicated 
by the dotted line condensers 7 and 27, respec 
tively, represent the residual capacitances, de 
noted by C3 and C4, respectively, between the 
input and output electrodes of the respective 

tive coupling between the input and output cir 
cuits 0 and in the forward and backward di 
rections, respectively: Also, with the circuit ar 
rangement shown, and with the polarities of cou 

60 pling such that a real coefficient of coupling is 
obtained, these small capacitive couplings are 
substantially in opposed phase relation and tend 

70 

to neutralize each other, thereby to minimize the 
over-all incidental capacitive coupling between 
the two terminal circuits. The condition for 
complete neutralization of capacitive coupling in 
the system is given by the equation: : 

a1 b2 C3 -- a b1 C4=0 . (4) 
Due to the relatively small coupling between the 
output circuit and the input circuit to the 
tube 24, the coupling caused by the capacitance. 
2 between the two circuits 0 and f is effec 

75 
tively much less for the same inter-electrode ca 
pacitance than that caused by the capacitance 

5 
7 of the tube 4, and the condition stated above 
may not be satisfied. Accordingly, if complete 
neutralization is desired, it may be necessary to 
augment the capacitance 2 by additional means 
Comprising a condenser 34, connected between 
the anode and the control grid of the tube 24. 
This additional condenser may be of such size 
as to reduce to Zero the over-all capacitive cou 

ing between the two terminal circuits to and 
. 
Referring now more particularly to Fig. 2 of 

the drawings, there is shown a modification em 
bodying certain features of the invention, in 
which the input electrodes of the forward cou 
pling tube 4 are directly connected across the 
terminals of the resonant input circuit O and the 
output electrodes are directly connected across 
the terminals of the output circuit The back 
ward coupling means includes a vacuum tube 35, 
of the well-known unshielded three-electrode 
type having a sharp cutoff characteristic and a 
Substantial capacitance between the input and 
output electrodes thereof. This coupling means 
is coupled to the output circuit by the lead 36 
connected to an intermediate point of a capaci 
tive voltage divider comprising two condensers 3 
and 38, connected in series across the output cir 
cuit . The input circuit to the take 35 includes 
the backward coupling control means comprising 
the source of biasing potential 3G shunted by the 
Woltage divider 3 having a resistance 39 in the 
adjustable arm thereof. The desired phase rela 
tion between the voltage directly impressed on the 
input circuit 0 &nd the feed-back voltage in 
pressed thereon is obtained by properly poling 
the coupling between the inductive branch of the 
input circuit and the inductance 26 connect 
ed across the output electrodes of the tube 35. 
The Operation of tise system of Fig. 2 is, in 

generai, the same as that described above in con 
nection with the system of Fig. , and a further 
amplification of this description is deemed to be 
unnecessary to a ready understanding thereof. 
The use in the backward coupling means of the 
unshielded tube 35 having interellectrode capaci 
tance considerably greater than that of the shield 
ed tube 4 may render an additional neutralizing condenserunnecessary. It is pointed out that it is 
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most desirable to minimize capacitive coupling 
between the input and output circuits O and A 
in the forward tube A, since it is this tube in 
which amplification of the signal occurs. 
Although the features of the circuit of Figs. 1. 

and 2 have been described with particular ref 
erence to their application to amplifier systems 
employing tuned input and output circuits, it will 

55 

be understood that in their broadest aspects of 
amplification control they are also applicable to 
amplifier systems in which the input and output 
circuits are aperiodic or have negligible frequency. 
Selectivity. 

Referring now more particularly to Fig. 6 of 
the drawings, there is illustrated a superhetero 
dyne radio broadcast receiver including, in the 
intermediate-frequency channel thereof, two cas 65 
caded band-pass selector and amplifier systems, . 
each constructed and arranged in accordance 
with the above description, and control circuits 
arranged in accordance with another feature of 
the present invention for automatically control 
ling the selector and amplifier systems. Briefly 
described, the receiver comprises a tunable radio 
frequency amplifier 39 having its input circuit 
coupled to an antenna-ground circuit 40 and its 
output circuit coupled to a frequency changer 4, 
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A broadly tuned auxiliary intermediate-frequency 
amplifier 42, provided for a purpose to be de 
scribed hereinafter, is coupled to the output cir 
cuit of the frequency changer 4 and has its out 
put circuit, in turn, coupled to a first AVC recti 
fier 43. The rectified AVC output from the rec 
tifier 43 is impressed on the input circuits of one 
or more of the amplifier tubes included in the 
radio-frequency amplifier 39' and the frequency 
changer 4 through the lead 44. 
The main signal channel following the fre 

quency changer 4 includes, in cascade, two in 
termediate-frequency amplifier and band-pass se 
lector systems indicated generally at 45 and 46, 
each embodying the above-described features of 
the invention, a detector 47, an audio-frequency 
amplifier 48, and a sound reproducing device 49. 
The responsiveness and selectivity of the systems 
45 and 46 are automatically controlled in accord 
ance with the intensity of carrier voltages appear 
ing across the input of the system 46 by control 
means, indicated generally at 5. 

Neglecting for the present the novel charac 
teristics of the selector systems 45 and 46 and the 
associated control apparatus, the system de 
scribed above comprises a conventional Super 
heterodyne receiver, the operation of which is well 
understood in the art. In brief, signals inter 
cepted by the antenna are selected and amplified 
in the radio-frequency amplifier 89, converted to 
intermediate-frequency signals in the frequency 
changer 4 f, further selected and amplified in the 
selector and amplifier systems 45 and 46, and 
supplied to the detector 47 wherein the audio 
frequency components are derived. The audio 
frequency output from the detector 4 is ampli 
fied in the amplifier 48 and Supplied to the device 
49 for reproduction. 

Referring now more particularly to the ampli 
fier and selector systems 45 and 46, each of the 
systems is arranged generally in the same man 
ner as the system of Fig. 1. Thus, the system 45 
comprises an input circuit. 5 loosely coupled to 
the output circuit 52 of the frequency changer 4 
and an output circuit 53 loosely coupled to the 
input circuit 54 of the system, 46. The input and 
output circuits 5 and 53 are coupled in the fora 
ward and backward directions, respectively, by 
means of vacuum tubes 55 and 5. Suitable 
voltage sources 57 and 58 are provided for biasing 
the respective control electrodes of the tubes 5. 
and 56 to the proper potentials. The output cir 
cuit 53 is coupled to the input electrodes of the 
tube 56 through the mutual inductance between 
the inductor of this circuit and an inductor 59 
properly poled with respect thereto and cons 
nected between the input electrodes of the tube 
56. The output electrodes of this tube are 
coupled back to the input circuit 5 through the 
mutual inductance between the inductor of the 
circuit 5 and an inductor 68. Preferably, the 
tube 55 is of the shielded, gradual cutoff type and 
the tube 56 is of the unshielded, sharp cutoff 
type. The couplings between the input and out 
put electrodes of the two tubes and the input and 
output circuits 5 and 53 are proportioned in the 
manner set forth above to secure the desired 
operating characteristics. 
The system 46 is identical in all respects with 

that of 45 and includes, in addition to the input 
circuit 54, an output circuit 6 coupled to the 
input circuit 62 of the detector 47 and directive 
coupling means comprising vacuum tubes. 63 and 
64 coupling the circuits 54 and 6 in the forward 
and backward directions, respectively. Woltage 

2,152,618 
sources 65 and 66 are provided for biasing the 
respective control electrodes of the tubes 63 and 
64 to the proper potentials. The coupling be 
tween the output circuit 6 and the input elec 
trodes of the tube 64 comprises the mutual in 
ductance between the inductor of the circuit 6 
and an inductor 67, and the coupling between the 
output electrodes of the tube 64 and the input 
circuit 54 comprises the mutual inductance be 
tween the inductor of the circuit 54 and an in 
ductor 68, as in the system, 45. Each of the cir 
cuits 5-54, inclusive, 6 and 62 is tuned to the 
intermediate frequency of the receiver. Suitable 
Screen grid and anode voltages are supplied to 
the indicated electrodes of the several tubes 
through the terminals indicated by --Sc and --B. 
The general arrangement and performance of 

the tuned circuits of the cascade-connected SyS 
tems 45 and 46, described above, is similar to that 
outlined in the above referred to article appear 
ing in the T. R. E. Proceedings. This arrange 
ment utilizes six permanently tuned intermedi 
ate-frequency circuits shown, of which four are 
sharply tuned and the other two are relatively 
broadly tuned to the intermediate frequency. 
The ideal relation is that the four sharply tuned 
circuits each have a very small power factor, 
which may be denoted p, and the other two each 
have double this power factor, which may be de 
noted 2p. Particularly advantageous results are 
secured by coupling the sharply tuned circuits in 
pairs and utilizing the broad circuits to flatten 
out the double peaks of the coupled sharply 
tuned circuits. The present arrangement differs 
from that described in the above referred to pub 
lication in the Order of arrangement of the six 
permanently tuned circuits relative to the ampli 
fier tubes 55 and 63 in that loose coupling is emi 
ployed in each of the three intermediate-fre 
quency transformers comprising the inductors of 
the six tuned circuits and the terminal circuits 
of the intermediate-frequency channel, namely, 
the circuits 52 and 62 are the broadly tuned 
circuits. 
The Control means 50, which Operates auto 

matically to control the amplification and the 
shape of the band-pass characteristics of the sys 
tems 45 and 46, comprises an amplifier tube 69 
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having its input electrodes coupled to the circuit 
54 through a condenser 70, and its output elec 
trodes coupled through a broadband transformer 

to a diode rectifier 2. A grid leak resistor T3 
is provided which is connected in series with a 
filter condenser 4 between the cathode and con 
trol grid of the tube 69. The control electrode of 
this tube is biased to the proper potential by the 
voltage source 75. Control bias voltages for the 
forward and backward coupling tubes are de 
rived from a voltage divider comprising series 
connected resistors 76, 77 and 78 by-passed for 
high-frequency currents by condensers 79 and 80 
and constituting the load circuit of rectifier T2, 
the junctions between the Series-connected re 
sistors 7 and 78 and between the condensers 79 
and 80 being grounded at 8. 
varies in accordance with the intensity of the 
carrier voltage across the circuit 54 is developed 
across resistors 6 and 77, and is positively ap 
plied to the control electrodes of the backward 
coupling tubes. 66 and 64, through a connection 
82 and intermediate-frequency and audio-fre 
quency blocking resistors 83 and 84, respectively, 
for varying the backward coupling between the 
respective output and input circuits. Similarly, 
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tensity of the carrier voltage is derived from the 
resistor 78 of the voltage divider and applied 
negatively to the control electrodes of the for 
ward coupling tubes 55 and 63 through a con 
nection 85 and intermediate-frequency and 
audio-frequency blocking resistors 86 and 87 to 
vary the forward Coupling between the input and 
output circuits. 
In order to stabilize the effects of the forward 

and backward control means and to insure a car 
rier input of constant amplitude to the detector 
47, there is provided a third control means com 
prising a connection 88 including a filter resistor 
89 from the junction between the resistors T6 
and 77 to the control grid of the amplifier tube 69. 
In considering the operation of the amplifier 

and band-pass selector systems in conjunction 
with the aSSociated control means, it will be as 
sumed that, in the absence of a received carrier, 
the bias potentials impressed on the control elec 
trodes of the backward coupling tubes 56 and 64, 
by the voltage sources 58 and 66, respectively, 
are of sufficient magnitude to bias these tubes 
considerably beyond cutoff, and that the bias 
voltages 57, 65 and 75 are of a magnitude to avoid 
overloading in the associated tubes. With the 
backward coupling tubes biased in this manner 
and with a weak received signal carrier, the bias 
derived from the voltage divider and applied neg 
atively to the control grids of the forward coui 
pling tubes 55 and 63 through the lead 85 is 
small and, consequently, the gain of these tubes 
is large, while the bias applied positively to the 
backward coupling tubes 56 and 64 through the 
lead 82 is insufficient to overcome the negative 
bias on these tubes from the bias voltage sources 
58 and 66 and, consequently, no backward cou 
pling or feedback is present between the terminal 
circuits of the two systems 45 and 46. Changes 
in the amplitude of the received carrier result in 
like changes in the negative bias applied to, the 
control grids of the forward coupling tubes, 
which tend to maintain constant, the amplitude 
of modulated intermediate-frequency carriers 
supplied to the input of the detector 4 in a well 
known manner. When the received signal ex 
ceeds a predetermined value, the positive bias 
applied to the control grids of the backward 
coupling tubes 56 and 64 is sufficient to over 
come their normal negative bias and to effect a 
backward coupling between the terminal circuits 
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of the two systems 45 and 46 to expand the width 
of the frequency band transmitted through these 
Systems and simultaneously to decrease the am 
plification therein. 
When the carrier amplitude, increases beyond 

this predetermined value, the control means 50 
is effective simultaneously to decrease the ampli 
fication and increase the band width by increas. ing the backward coupling, and further to de 
crease the amplification by decreasing the for 
ward coupling between the terminal circuits of 
the two systems. Obviously, with decreasing car 
rier amplitude the converse action occurs. 

Preferably, the connections 85 and 88 to the 
voltage divider of the rectifier T2 are such that 
the forward tube transconductances are varied 
slightly with variations of signal intensity when 
the signal intensity is above the predetermined 
value at which the backward coupling means 
becomes effective. The transconductance prod 
uct and the resulting coefficient of coupling, 
therefore, increase and cause expansion of the 
bandwidth with increasing signal intensity. In 
this manner the automatic volume control and 

selectivity control may be combined, and the de 
sired related characteristics of both obtained by 
properly proportioning the relative bias voltages 
applied to the forward and backward coupling 
tubes. 
The auxiliary broadly tuned intermediate-fre 

quency amplifier 42 and first AVC rectifier 43, 
Operating to control the gain in the initial stages 
of the receiver, function to render the width of 
the frequency band transmitted through the in 
termediate-frequency channel dependent upon 
the presence of a strong undesired signal, as, 
for example, one located on a channel adjacent 
that of the desired received carrier. The con 
struction. and operation of this portion of the 
receiver is identical with that disclosed in the 
application Serial No. 46,081, filled October 22, 
1935 by the present applicant, Harold A. Wheeler. 
In brief, the auxiliary amplifier 42 is designed to 
be equally or more responsive to undesired signal. 
Carriers adjacent the desired signal carrier than 
to the desired signal. As thus arranged, the neg 
ative bias voltage derived from the rectifier 43 
and applied to the initial stages of the receiver 
is considerably increased when a strong undesired 
signal is presen. The result is a decrease in 
gain through the amplifier 39 and a correspond 
ing decrease in the amplitude of the internedi 
ate-frequency carrier input to the selector sys 
ten £5. Hence, the presence of such a strong 
undesired signal results in a narrowing of the 
band-pass characteristic of the. 2nyplifier and 
Selector systers (35 and 36 in exactly the same 
manner as 3.2 actual decrease in the intensity of 
the desired signal, 
A substantially constant carrier amplitude in 

the detector 47 is secured by the action of the 
“reverse automatic amplification control' or 're 
verse AVC'' comprising the connection 88 be 
tween the voltage divider and the control grid of 
the amplifier tube 69, This type of control is 
described in detail in a copending application, 
Serial No. 691.92, filed October 3, 1933 by Harold 
A. Wheeler, now Patent No. 2,050,679, and its 
effect is to adjust the amplification of the ampli 
fier tube 69 simultaneously with and in opposite 
Sense to the amplification of the forward cou 
pling tubes 55 and 63. In brief, a tendency for 
the amplitude of the carrier input to the tube 
69 to increase causes an increase in the voltage 
across the resistor 7 which changes the bias 
on the control grid of the tube 6S in a direction 
to increase the amplification in this tube. This 
results in an amplified increase in the negative 
bias applied to the control grids of the forward 
coupling tubes and the positive bias supplied to 
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the control gricts of the backward coupling tubes, 
which tends further to decrease the amplifica. 
tion in the systems 45 and 46 and to compensate 
for the increased signal input thereto and main 
tain the signal input to the detector nearly 
constant. Obviously, the reverse tendency, 
namely, a tendency for the carrier input to the 
tube 69 to decrease, produces the converse result. 
The form of 'reverse AVC'' described above 

produces amplified variations in the gain through 
the systems 45 and 46 and is desirable where the 
variations of the control bias potentials in re 
Sponse to variations in carrier amplitude are 
alone not totally effective to provide uniform 
carrier amplitude input to the detector 47. In 
the evant that variations in these potentials are 
alone so great as to change the gain by too large 
an amount, so that the slope of the AVC curve 
is reversed, this condition may be corrected by 
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applying a control bias negatively to the tube 69 
through the connection 88. The three control 
actions described above are automatic and their 
effects may be proportioned so that the desired 
selectivity control is obtained while maintaining 
suistantially constant the amplitude of the inter 
n-ediate-frequency carrier input to the detector 
4. 

In the receiver of Fig. 6, the control means 
50 provides a form of control in which the total 
change in amplification caused by a given change 
in signal intensity is greater than the change of 
amplification caused by the degenerative feed 
back action for signal intensities above the pre 
determined value necessary to render the back 
ward coupling tubes effective. This by virtue of, 
the fact that the bias voltages applied to the for 
ward and backward coupling tubes are both of 
such polarity as to decrease the amplification with 
increasing signal strength, and vice versa. 

In Fig. 7 there is shown a modification of the 
control means 50, whereby the relation between 
the band width and the signal strength is ren 
dered more critical so that there is secured a 
change in bandwidth for a given change in signal 
intensity which is greater than that secured in 
Fig. 6. In Fig. 7 the voltage divider is grounded 
at its negative terminal, so that the potential 
impressed on the control grids of the forward 
coupling tubes through the connection 85 varies 

The 
effect of this positive change of potential is to 
decrease the negative bias and thereby to increase 
the amplification in the forward coupling tubes 
with increasing signal strength. However, when 
the signal strength exceeds the predetermined 
value - noted, the backward coupling tubes be 
come effective to decrease the amplification in 
the System in the manner. previously described. 
The bias potentials applied to the forward and 
backward coupling tubes are so proportioned that 
a change of much greater ratio is produced in 
the backward coupling transconductance than 
in the forward coupling transconductance for a 
given change in signal intensity. The final re 
Suit is that the two transconductance adjustments 
tend to counteract each other so far as amplifica 
tion is concerned and, since the adjustment of 
the backward coupling tube transconductance is 
the greater, the effect of the backward coupling 
tube predominates in determining the over-all 
amplification. Since, with this arrangement, the 
change in the value of the backward coupling 
transconductance caused by a predetermined 
change in signal intensity is preferably con 
siderably greater than that produced by the same 
carrier amplitude change in the arrangement of 
Fig. 6, the sensitivity of the selectivity control to 
signal intensity changes is greatly augmented. 
Obviously, any desired selectivity control sensi-. 
tivity may be secured by making the connection 
85 to the proper point of the voltage divider 
shown. 

Referring now more particularly to Fig. 8 of 
the drawings, there is illustrated a modified ar 
rangement wherein a single control bias connec 
tion is employed between the control means 50 
and the control electrodes of the tubes included 
in the amplifier and selector systems 45 and 46. 
The general arrangement is the same as that 
shown in Fig. 6, and the same reference char. 
acters have been used to identify corresponding 
elements. In this arrangement the cathodes of . 
the tubes 55 and 56 are connected together and 
have included in their common circuit a biasing 

2,152,618 
resistor 9 shunted by an intermediate-frequency 
by-pass condenser 9. The control grid of the 
backward coupling tube 56 is biased positively 
With respect to ground by means of the voltage 
source 92. Similarly, the cathodes of the forward 
and backward coupling tubes 63 and 64 of the 
System 6 are connected together and include in 
their common circuit a biasing resistor 93 shunt 
ed by an intermediate-frequency by-pass con 
denser 94. A voltage source 95 is provided for 
biasing the control grid of the tube 64 positively 
with respect to ground. 
The control means 50 included in the receiver 

of this figure differs from that of Fig. 6 in that 
the cathodes of the tubes 69 and 2 are connected 
together through a connection 96, are biased posi 
tively with respect to the control grid of tube 
69 by means of a voltage source 97, and are biased 
more positively with respect to ground by means 
of the source 9 and a second voltage source 98. 
The bias connection 85 for the forward coupling 
tubes 55 and 63 is connected to the negative 
terminal of a resistor 99 included in the rectifier 
circuit and shunted by an intermediate-frequency 
by-pass condenser fee. . 
The operation of the circuit of Fig. 8 is most 

easily described by considering the biasing po 
tentials applied to the input electrodes of the 
tubes. Due to the presence of the voltage sources 
9 and 98, the cathodes of the tubes 69 and 72 
are substantially positive with respect to ground. 
Therefore, in the absence of a received carrier, 
the control grids of the forward coupling tubes 
55 and 63 are held substantially positive with 
respect to ground, but not relative to their cath 
Odes. This positive potential is made sufficiently 
great so that the space currents in the tubes 
55 and 63 cause voltages across the resistors 90 
and 93, respectively, which bias the backward 
coupling tubes 56 and 64 considerably beyond cut 
off. Resistors 90 and 93 have such resistance 
values that the voltage thereaCrOSS in conjunction 
with the bias supplied from the connection 85 
maintains the amplification of the forward cou 
pling tubes at maximum without overloading. 
With increasing intensity of received signal, 

the connection 85 becomes increasingly negative 
relative to the cathode connection 96, which is 
held at a relatively unvarying positive potential 
by the voltage sources 97 and 98. This increas 
ingly negative potential, which is applied to the 
forward coupling. tubes 55 and 63 through the 
connection 5, reduces the bias and thereby de 
creases the Space current in these tubes and con 
sequently lowers the positive bias applied to the 
cathodes of the tubes 56 and 64 across the bias 
ing resistors 90 and 93, respectively. When the 
positive bias applied to these cathodes is lowered 
to a sufficiently low value corresponding to a 
given value of signal intensity, the backard coul 
pling tubes become operative by virtue of decreas 
ing effective negative bias thereon. For signal 
intensities above this value, the varying bias 
caused by changing signal intensity, which is ap 
plied to the control electrodes of the backward 
coupling tubes 56 and 64, serves to determine the 
amount of the backward coupling and, to a lesser 
extent, the amount of the forward coupling, 
thereby to determine the amplification and the 
band-pass characteristics of the systems 45 and 
46. The circuit. constants and cutoff character 
istics of the tubes may be chosen so that a rela 
tively small change of the space current and 
anplification in the forward coupling tubes as 
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space current and amplification in the backward 
coupling tubes. By properly proportioning the 
fixed bias voltages and variations in effective bias 
voltages with changing signal strength, a single 
connection from the control means is enabled to 
cause the desired variation of both the forward 
and backward transconductances. The control 
bias applied over the connection 85 is thus effec 
tive to vary directly the effect of the forward 
coupling tubes 55 and 63 in response to the in 
tensity of a received signal so that their trans 
conductance is decreased with increased signal 
strength. The common cathode resistors 90 and 
93 for tube sets 55, 56 and 63, 64, respectively, 
therefore, provide an additional means for pro 
viding an indirect control of the backward coul 
pling responsive to the adjustments of the for 
ward coupling in each case. The relative vari 
.ations and the results obtained are similar to 
those described above in connection with the cir 
cuit of Fig. 6. - - - 

In either of the arrangements illustrated in 
Figs. 6 and 8, the selectivity of the terminal 
coupling transformer comprising the coupled in 
ductors of the tuned circuits 6 and 62 is beyond 
the influence of all automatic control and, there 
fore, furnishes apparent selectivity which is an 
aid in tuning the receiver. The reason for this 
independence is that the expansion in the sys 
tem 46 is obtained by impedance reaction on the 
tuned grid circuit 54, which reaction dides not 
affect the amplification from the grid of the tube 

Another advantage over 
conventional systems of similar nature common 
to the two arrangements described resides in the 
use of the relatively broadly tuned "2p' circuits 
52 and 62 as terminal circuits of the intermediate 
frequency channel. This avoids the requirement 
of a critical value of coupling between the fre 
quency changer and the intermediate-frequency 
amplifier system 5, or between the system 46 
and the detector 47. Also, the input terminals of 
the auxiliary broadband amplifier 42 may be con 
nected directly across the first circuit 52, which 
connection would be impractical if this circuit 
were too sharply tuned. In addition, the de 
tector 4, which is ordinarily a diode rectifier 
having a Substantial damping effect on any circuit 
connected thereto, may be coupled to the broadly 
tuned circuit 62 without substantially affecting 
the response characteristic of the selector sys 
teas. 
The importance of using tubes of the sharp cut 

of type as the backward coupling tubes is ap 
parent from the above description wherein it is 
pointed out that there are desired large changes 
in the transconductance of these tubes relative to 
the accompanying changes in the forward ampli 
fying tubes transconductance. Also, the fact 
that these backward coupling tubes are operated 
in the cutoff region emphasizes the desirability of 
proportioning the couplings included in the sys 
tems 45 and 46, in the manner described above, to 
reduce to a negligible value distortion in the 
feed-back transconductance. 
While there have been described what are at 

present considered to be the preferred embodi 
ments of this invention, it will be obvious to those 
skilled in the art that various changes and modi 
fications may be made therein without departing 
from the invention, and it is, therefore, aimed in 
the appended claims to cover all such changes 
and modifications as fall within the true spirit 
and scope of the invention. 

9) 
What is claimed is: 
1. An amplifier system comprising input and 

output circuits of high impedance, coupling 
means coupled to each of said circuits and in 
cluding an amplifying device coupling said cir 
cuits in the forward direction, separate coupling 
means coupled to each of said circuits and in 
cluding a second device having admittance vari 
able with bias coupling said circuit in the back 
ward direction, and means for applying an ad 
justable bias to said second device to vary said 
admittance, said Second device having a sharp 
cut-off relation between its bias and admittance, 
said coupling means together providing a coul 
pling reaction between said circuits which is 
variable with said admittance to vary the am 
plification in said system, and the couplings be 
tween each of said coupling means and said out 
put circuit being proportioned to minimize dis 
tortion in said system when said bias is adjusted 
to values approaching the cut-off value. 

2. An amplifier system comprising input and 
output circuits of high impedance, coupling means 
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coupled to each of Said circuits, and including an . 
amplifying vacuum tube coupling said circuits in 
the forward direction, separate coupling means 
coupled to each of said circuits and including a 
second vacuum tube having transconductance 
variable with bias voltage coupling said circuits in 
the backward direction, and means for applying 
an adjustable bias voltage to said second vacuum 
tube to vary said transconductance, said seconds. 
vacuum tube having a sharp cut-off relation be 
tween its bias voltage and transconductance, 
Said coupling means together providing a cou 
pling reaction between said circuits which is vari 
able with said transconductance to vary the am 
plification in said system, and the couplings be 
tween each of said coupling means and said out 
put circuit being proportioned to minimize dis 
tortion in Said system when Said bias voltage is 
adjusted to values approaching the cut-off value. 

3. An amplifier system comprising input and 
output circuits of high impedance, coupling 
means coupled to each of said circuits and in 
cluding a vacuum tube amplifier coupling said 
circuits in the forward direction, separate cou 
pling means coupling Said circuits in the back 
Ward direction, Said backward coupling means 
including a vacuum tube having input electrodes 
coupled to Said output circuit and output elec 
trodes coupled to said input circuit, and means 
for applying an adjustable bias between said in 
put electrodes to vary the transconductance of 
said vacuum tube, said vacuum tube having a 
sharp cut-off relation between its bias voltage 
and transconductance, said coupling means to 
gether providing a coupling reaction between said 
circuits which is variable with said transconduct 
ance to vary the amplification of said system, and 
the couplings between said input electrodes and 
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said output circuit and between said forward . 
coupling means and said Output circuit being 
proportioned to minimize distortion in said sys 
tem when said bias is adjusted to values near the 
cut-off Valle. 

4. An amplifier System comprising input and 
output circuits of high impedance, coupling 
means coupled to each of said circuits and in 
cluding an amplifying device coupling said cir 
cuits in the forward direction, separate coupling 
means coupled to each of Said circuits and in 
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cluding a second device having admittance ad 
justable with bias coupling said circuits in the 
backward direction, and means for applying an is 
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O 
adjustable bias to said second device to vary said 
admittance, Said Second device having a sharp 
cut-off relation between its bias and admittance, 
Said, coupling means together providing a cou 
pling reaction between said circuits which is 
variable with said admittance to vary the ampli 
fication in said System, and the coupling between 
said second device and said output circuit being 
substantially less than the coupling between said 
amplifying device and said output circuit and 
being proportioned relative thereto to reduce to 
a negligible value the distortion in Said System 
When said bias is adjusted to values approaching 
the cut-off value and said system is operating at 
maximum normal output. 

5. An amplifier system comprising tuned input 
and output circuits, coupling means coupled to 
each of said circuits and including an amplify 
ing device coupling said circuits in the forward 
direction, separate coupling means coupled to 
each of said circuits and including a Second de 
vice having admittance adjustable with bias cou 
pling said circuits in the backward direction, and 
means for applying an adjustable bias to said 
second device to vary said admittance, said sec 
ond device having a sharp cut-off relation be 
tween bias and admittance, said coupling means 
being substantially less frequency-selective than 
said tuned circuits and providing a Coupling re 
action between said circuits which is variable 
with said admittance to vary the amplification 
in said system, and the couplings between said 
output circuit and said forward and backward 
coupling means being proportioned to minimize 
distortion in said system when said bias is ad 
justed to values near the cut-off value. 

6. An amplifier system comprising tuned in 
put and output circuits, coupling means coupled 
to each of said circuits and including an ampli 
fying device coupling said circuits in the forward 
direction, coupling means coupled to each of said 
circuits and including a second device having 
admittance adjustable with bias coupling said 
circuits in the backward direction, means for ap 
plying an adjustable bias to said second device to 
vary said admittance, said second device having. 
a sharp cut-off relation between its bias and ad 
mittance, said coupling means being Substan 
tially less frequency-selective than said circuits 
and together providing a coupling reaction be 
tween said circuits which is degenerative at fre 
quencies in the vicinity of the resonant frequen 
cles of said tuned circuits and regenerative at 
lower and higher frequencies and which is vari 
able with said admittance to vary the responsive 
ness and selectivity of said System, and the Cou 
plings between said output circuit and said for 
ward and backward coupling means being pro 
portioned to minimize distortion in said system 
when said bias is adjusted to values near the 
cut-off Value. 

7. An amplifier system comprising tuned input 
and output circuits, coupling means coupled to 
each of said tubes and including an amplifying 
vacuum tube coupling said circuits in the for 
ward direction, separate coupling means includ 
ing a second vacuum tube coupled with each of 
said circuits and having transconductance ad 
justable with bias voltage coupling said circuits 
in the backward direction, means for applying 
an adjustable bias voltage to said second vacuum 
tube to vary said transconductance, Said Second 
vacuum tube having a sharp cut-off relation be 
tween its bias voltage and transconductance, Said 
coupling means both being substantially less fre 

2,152,618 
quency-selective than said circuits and together 
providing a coupling reaction between said cir 
cuits which is degenerative at frequencies in the 
vicinity of the resonant frequencies of said cir 
cuits and regenerative at higher and lower fre 
quencies and which is variable with said trans 
conductance to vary the amplification and selec 
tivity in Said system, and the coupling between 
Said Second vacuum tube and said output circuit 
being substantially less than the coupling be 
tween said amplifying vacuum tube and said out 
put circuit and being proportioned relative there 
to to reduce to a negligible value the distortion in 
Said System when said bias voltage is adjusted 
to Valles approaching the Cut-Off Value and Said 
System is operating at maximum normal output. 

8. An amplifier System comprising input and 
output circuits of high impedance, untuned di 
rective coupling means including a vacuum tube 
amplifier coupled to each of said circuits and 
coupling said circuits in the forward direction, 
said coupling being primarily transconductive 
and incidentally capacitive, separate untuned 
coupling means coupled to each of said circuits 
and coupling said circuits in the backward di 
rection. With a polarity opposite to that of said 
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first-mentioned directive coupling means, Said 
backward coupling being primarily conductive 
and incidentally capacitive, the couplings be 
tween one of said means and said input and Outin 
put circuits being substantially less than the 
couplings between the other of Said means and 
said circuits, and the incidental capacitive coul 
pling included in said one of said coupling means 
being substantially larger than that included in 
the other of said coupling means and being effec 
tive at least partially to neutralize the coupling 
effect of the incidental capacitive coupling in 
said other coupling means. 

9. An amplifier system comprising input and 
output circuits of high impedance, directive cou 
pling means including a vacuum-tube amplifier 
coupling said circuits in the forward direction, 
said forward coupling being primarily transcon 
ductive and incidentally capacitive, separate co 
pling means coupling said circuits in the back 
ward direction, said backward coupling being 
primarily conductive and incidentally capacitive, 
one of Said incidental capacitive couplings being 
greater than the other, and means in said cou 
pling means having the lesser incidental capaci 
tive coupling, comprising the incidental capaci 
tive coupling thereof and additional means, for 
neutralizing the coupling effect of the incidental 
capacitive coupling of the other coupling means. 

10. An amplifying System comprising input and 
output circuits of high impedance, directive cou 
pling means coupled to each of Said circuits and 
including an amplifying vacuum tube coupling 
Said circuits in the forward direction, said for 
Ward coupling being primarily transconductive 
and incidentally capacitive, separate coupling 
means coupled to each of said circuits and cou 
pling said circuits in the backward direction, said 
backward coupling being primarily conductive 
and incidentally capacitive, the couplings be 
tween said backward coupling means and said 
input and output circuits being substantially less 
than the couplings between said forward coupling 
means and said circuits, and said incidental ca 
pacitive coupling included in said backward cou 
pling means being substantially greater than that 
included in said forward coupling and being ef 
fective at least partially to neutralize the capaci 
tive coupling between said circuits. 
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11. An amplifier system comprising input and 

output circuits of high impedance, directive coul 
pling means including a vacuum-tube amplifier 
coupling said circuits in the forward direction, 
said forward coupling being primarily transcon 
ductive and incidentally capacitive, separate coul 
pling means coupling said circuits in the back 
ward direction and including a vacuum tube hav 
ing input electrodes coupled to said Output circuit 
and output electrodes coupled to said input cir 
cuit, the capacitive coupling between said input 
and output electrodes being effective at least par 
tially to neutralize the incidental capacitive cou 
pling included in said forward coupling means, 
and additional capacitive means coupled between 
said input and output electrodes for neutralizing 
any remaining incidental capacitive coupling be 
tween said circuits. 

12. An amplifier system comprising input and 
output circuits of high impedance, and two sepa 
rate coupling means each including a vacuuma 
tube having transconductance and incidental ca 
pacitance individually coupling said circuits in 
the forward and backward directions, said inci 
dental capacitance in said backward coupling 
tube being substantially larger than that in Said 
forward coupling tube, and said coupling means 
providing a coupling reaction between said cir 
cuits which is primarily degenerative, whereby 
said incidental capacitive couplings are of oppo 
site polarity and the incidental capacitive cou 
pling of the backward coupling tube tends to neu 
tralize that of the forward tube. 

13. An amplifier system comprising input and 
output circuits of high impedance, directive cou 
pling means including a first vacuum tube with 
interellectrode shielding having input electrodes 
coupled to said input, circuit and Output elec 
trodes coupled to said output circuit, said for 
ward coupling being primarily transconductive 
and including the residual capacitive coupling 
between said input and output electrodes, sepa 
rate coupling means coupled to each of said cir 
cuits and coupling said circuits in the backward 
direction, said backward coupling means includ 
ing a second vacuum tube without interelectrode 
shielding having input electrodes coupled to Said 
output circuit and output electrodes coupled to 
said input circuit, said backward coupling being 
primarily transconductive and including the ca 
pacitive coupling between the input and output 
electrodes of said second tube, the couplings be 
tween said backward coupling means and said 
input and output circuits being substantially less 
than the couplings between said forward coupling 
means and said circuits, and means including the 
capacitive coupling between the input and output 
electrodes of said second tube for neutralizing 
said residiual capacitive coupling of said first 
tube. 

14. An amplifier system comprising tuned input 
and output circuits, coupling means including a 
first vacuum tube with interellectrode shielding 
having transconductance and residual input-out 
put electrode capacitance coupling said circuits in 
the forward direction, separate coupling means 
including a second vacuum tube without inter 
electrode shielding having transconductance and 
incidental input-output electrode capacitance 
coupling said circuits in the backward direction, 
the couplings between said circuits and said first 
tube being substantially greater than the co 
plinags between said circuits and said second tube. 
whereby substantial amplification is secured in 
said system, said coupling means providing a cou 

1. 
pling reaction between said circuits which is pri 
marily degenerative whereby said incidental and 
residual capacitive couplings are of opposite po 
larity, and capacitance between the input-output 
electrodes of said second tube and including the 
incidental capacitance thereof for substantially 
neutralizing the residual capacitance of said first 
tube. 

5. in a modulated-carrier signal receive, & 
amplifier system for amplifying a band of fre 
quencies comprising a signal-modulated carrier, 
said System comprising input and output circuits 
of high impedance, coupling means coupled to 
each of said circuits and including an amplifying 
device coupling said circuits in the forward direc 
tion, separate coupling means coupled to each 
of said circuits and including a second device 
having admittance variable with bias' coupling 
said circuits in the backward direction, said sec 
Ond device having a sharp cut-of relatio e 
tween its bias and admittance, said coupling 
means together providing a coupling reaction 
between said circuits which is variable with said 
adriittance to vary the a2nsification in said sys 
ten, and the couplings between esch of 83d 
coupling means and said output circuit being 
proportioned to Emirairize distortion a said sys 
ten when said bias is adjusted to values a 
proaching the CAt-off Waite, and Enears fox ap 
plying to said second device a bias Variable with 
the amplitude of a received carrier to v&ay the 
amplification in said systega in Versely in accordi 
ance with the angitude of said carrier. 

i6. In a modulated-carrier signal receives, an 
amplifier system for amplifying a band of fre 
quencies comprising a signal-modulated carrier, 
said system comprising input and output circuits 
of high impedance, coupling means coupled to 
each of said circuits and including an amplifying 
device coupling said circuits in the forward direc 
tion, separate coupling means coupled to each 
of said circuits and including a second device 
having admittance variable with bias coupling 
said circuits in the backward direction, said sec 
ond device having a sharp cut-off relation be 
tween its bias and admittance, said coupling 
means together providing a coupling reaction 
between said circuits which is variable with said 
admittance to vary the amplification in said sys 
tem, and the couplings between each of said 
coupling means and said output circuit being 
proportioned to minimize distortion in said sys 
ten when said bias is adjusted to values ap 
proaching the cut-off value, and means for ap 
plying to said second device a bias variable with 
the amplitude of a received carrier to vary the 
amplification in said system inversely in accord 
ance with the amplitude of said carrier, said last 
named means being effective to vary the ampli 
fication only when the amplitude of said carrier 
is above a predetermined value. 

17. In a modulated-carrier signal. receiver, an 
amplifier system for amplifying a band of fre 
quencies comprising a signal-modulated carrier, 
said system comprising input and output circuits 
of high impedance, coupling means coupled to 
each of Said circuits and including an amplifying 
device coupling said circuits in the forward direc 
tion, separate coupling means coupled to each 
of said circuits and including a second device 
having admittance variable with bias coupling 
said circuits, in the backward direction, said sec 
ond device having a sharp cut-off relation be 
tween its bias and admittance, said coupling 
means together providing a coupling reaction 
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12 
between said circuits which is variable with said 
admittance to vary the amplification in said sys 
tem, and the couplings between each of said 
coupling means and said output circuit being 
proportioned to minimize distortion in said sys 
tem when said bias, is adjusted to values ap 
proaching the cut-off value, and means includ 
ing means responsive to the amplitude of a re 
ceived carrier for applying a bias to said second 
device variable with the amplitude of said carrier 
Over a range including said cut-off value to vary 
the amplification in said system. 

18. In a modulated-carrier signal receiver, an 
amplifier System for amplifying a band of fre 
quencies comprising a signal-modulated carrier, 
Said System comprising input and output circuits 
of high impedance, coupling means coupled to 
each of Said circuits and including an amplifying 
device coupling said circuits in the forward direc 
tion, separate coupling means coupled to each 
of said circuits and including a second device 
having admittance variable with bias coupling 
Said circuits in the backward direction, said sec 
Ond device having a sharp cut-off relation be 
tween its bias and admittance, said coupling 
means together providing a coupling reaction 
between said circuits which is variable with said 
admittance to vary the amplification in said sys 
tem, and the couplings between each of said 
coupling means and said output circuit being 
proportioned to minimize distortion in said sys 
ten when said bias is adjusted to values ap 
proaching the cut-off value, means for biasing 
Said second device beyond the cut-off value in 
the absence of a received carrier, and means re 
Sponsive to the amplitude of a received carrier for 
applying to said second device a bias opposing 
the bias of said first-named biasing means and 
variable with the amplitude of said carrier to 
vary the resultant bias applied to said second de 
vice through the cut-off value thereby to vary 
the amplification in said system. 

19. In a modulated-carrier signal receiver, a 
variable band-pass selector system for controlling 
the Selectivity and responsiveness of the receiver 
comprising a pair of circuits resonant at fre 
quencies within said band, directive coupling 
means including a vacuum-tube amplifier cou 
pling said circuits in the forward direction, sepa 
rate coupling means coupling said circuits in the 
backward direction, said coupling means being 
Substantially less frequency-selective than said 
circuits and providing a coupling reaction be 
tween said circuits which is degenerative at fre 
quencies in the vicinity of said resonant frequen 
cies and regenerative at higher and lower fre 
quencies, and means for adjusting both of said 
coupling means in accordance with the intensity 
of a received carrier simultaneously to vary the 
amplification in said system and the Width of the 
frequency band passed by said system in opposite 
Senses, said last-named means being effective to 
cause, for a predetermined change in said carrier 
intensity, a change in the adjustment of said 
baskward coupling means much greater than the 
attendant change in the adjustment of Said for 
Ward Coupling means. 

20. In a modulated-carrier signal receiver, a 
variable band-pass selector System for control 
ling the selectivity and responsiveness of the re 
ceiver comprising input and output circuits res 
onant at frequencies within said band, directive 
Coupling means including a vacuum-tube ampli 
fier coupling said circuits in the forward direc 
tion, Separate coupling means including a vac 
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uum tube having transconductance variable 
with bias voltage coupling said circuits in the 
backward direction, said last-named vacuum tube 
having a sharp cutoff relation between its bias 
voltage and transconductance, said coupling 
means together providing a coupling reaction be 
tween said circuits which is degenerative at fre 
quencies in the vicinity of said resonant fre 
quencies and regenerative at lower and higher 
frequencies and which is variable with said bias 
voltage to vary the selectivity and responsiveness 
of said receiver, and the couplings between each 
of said coupling means and said output circuit 
being proportioned to minimize distortion in said 
System when the value of Said bias voltage is 
near the cutoff value, means for biasing said vac 
uum tube beyond the cutoff value in the absence 
of a received carrier, and means responsive to 
the amplitude of a received carrier for ap 
plying to said tube a bias opposing the bias 
of said first-named biasing means and variable 
With the amplitude of said carrier to vary through 
the cutoff value the resultant bias applied to said 
tube and thereby to vary the amplification in said 
System. ' 

21. In a modulated-carrier signal receiver, a 
Variable band-paSS Selector System for control 
ling the selectivity and responsiveness of the re 
ceiver comprising a pair of circuits resonant at 
frequencies within said band, directive coupling 
means including a Vacuum-tube amplifier cou 
pling said circuits in the forward direction, sep 
arate coupling means coupling said circuits in the 
backward direction, said coupling means being 
Substantially less frequency-Selective than said 
circuits and providing a coupling reaction be 
tween said circuits which is degenerative at fre 
quencies in the vicinity of said resonant fre 
quencies and regenerative at lower and higher 
frequencies, means for adjusting said backward 
coupling. means directly with the intensity of a 
received carrier to vary the amplification in said 
System and the width of the frequency band 
paSSed by Said System, and means for adjusting 
said forward coupling means inversely with the 
intensity, of said carrier further to vary the am 
plification in said System and the width of the 
frequency band passed by said System, said two 
last-named means being so proportioned that 
the change in the adjustment of said forward 
coupling means caused by a predetermined 
change in carrier intensity is much less than that 
of said backWard coupling means. 

22. In a modulated-carrier signal receiver, a 
variable band-pass selector System for controlling. 
the selectivity and responsiveness of the receiver 
cCmprising a pair of circuits resonant at fre 
quencies Within Said band, directive coupling 
means including a vacuum-tube repeater cou 
pling said circuits in the forward direction, sep 
arate coupling means coupling said circuits in 
the backward direction, said coupling means be 
ing substantially less frequency-selective than . 
Said circuits and providing a coupling reaction 
between said circuits which is degenerative at 
frequencies in the vicinity of said resonant fre 
quencies and regenerative at lower and higher 
frequencies, means for Varying the backward cou 
pling between said circuits in accordance with 
the intensity of a received carrier directly to vary 
the width of the frequency band transmitted 
through said System and inversely to vary the 
responsiveness of said system, means for varying 
the forward coupling inversely in accordance with 
the intensity of said carrier further to vary 
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justment of said forward coupling means for ad said responsiveness in the same sense, and means 

affecting said two last-named means directly to 
vary the ratio of said backward coupling and 
inversely to vary the ratio of said forward coul 
pling to the amplified carrier output from said 
System in accordance With variations of the car 
rier input to said system, whereby a substantially 
constant carrier intensity output is secured from 
said System irrespective of the intensity of said 
received carrier. 

23. In a modulated-carrier signal receiver, a 
variable band-pass Selector system for control 
ling the selectivity and responsiveness of the re 
ceiver comprising a pair of circuits resonant at 
frequencies within said band, directive coupling 
means including a vacuum-tube repeater cou 
pling said circuits in the forward direction, sep 
arate coupling means coupling Said circuits in 
the backward direction, said coupling means be 
ing Substantially less frequency-selective than 
Said circuits and providing a coupling reaction 
between said circuits which is degenerative at 
frequencies in the vicinity of said resonant fre 
quencies and regenerative at lower and higher 
frequencies, and means for adjusting both of said 
Coupling means in accordance with the intensity 
of a received carrier, one of said coupling means 
being adjusted inversely to the other, simultane 
ously to vary the amplification in said system and 
the width of the frequency band passed by said 
system, said last-named means being effective to 
adjust said backward coupling means only when 
the intensity of the received carrier exceeds a 
predetermined value. 

24. In a modulated-carrier signal receiver, 8. 
variable band-pass selector system for controlling 
the selectivity and responsiveness of the receiver 
comprising a pair of circuits resonant at fre 
quencies within said band, directive coupling 
means including a vacuum-tube repeater coupling 
said circuits in the forward direction, Separate 
coupling means coupling said circuits in the back 
ward direction, said coupling means being sub 
stantially less frequency-selective than said cir 
cuits and providing a coupling reaction between 
said circuits which is degenerative at frequencies 
in the vicinity of said resonant frequencies and 
regenerative at lower and higher frequencies, 
means for adjusting both of said coupling means 
with the intensity of a received carrier, one of 
said coupling means being adjusted inversely to 
the other, simultaneously to vary the amplifica 
tion in said system and the width of the frequency 
band passed by said system, and means for pre 
venting said last-named means from adjusting 
said backward coupling means until the intensity 
of the received carrier exceeds a predetermined 
value. M 

25. In a modulated-carrier signal receiver, a 
variable band-pass selector system for controlling 
the selectivity and responsiveness of the receiver 
comprising a pair of circuits resonant at fre 
quencies within said band, directive coupling 
means including a vacuum-tube repeater cou 
pling said circuits in the forward direction, sep 
arate coupling means coupling said circuits in 
the backward direction, said coupling means 
being Substantially less frequency-selective than 
Said circuits and providing a coupling reaction 
between said circuits which is adjustable to vary 
the responsiveness and selectivity of said system, 
means for adjusting said forward coupling means 
inversely in accordance with the intensity of a 
received carrier to vary the amplification in said 
system, and additional means responsive to ad 
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justing in a greater ratio said backward coupling 
means directly in accordance with the intensity 
of said received carrier to vary the width of the 
frequency band passed by Said system. 

26. In a modulated-carrier signal receiver, a 
variable band-pass selector system for controlling 
the selectivity and responsiveness of the receiver 
comprising a pair of circuits, resonant at free 
quencies within said band, directive coupling 
means including a vacuum tube coupling said 
circuits in the forward direction, separate cou 
pling means including a second vacuum tube cola 
pling said circuits in the backward direction, said 
coupling means being substantially less frequency 
Selective than said circuits and providing a cours 
pling reaction between said circuits which is ad 
justable to vary the responsiveness and selectivity 
of said system, means for adjusting said forward 
coupling means inversely in accordance with the 
intensity of a received carrier to vary the 'an 
plification in said system, and additional means 
comprising a biasing resistance element, for said 
backward coupling tube connected in the space 
current paths of both of said tubes for adjusting 
in a greater ratio said backward coupling means 
to vary the width of the frequency band passed 
by said system directly in accordance with the 
intensity of said carrier. 

27. In a modulated-carrier signal receiver, a 
variable band-pass selector system comprising 
terminal circuits resonant at frequencies within 
said band, directive coupling means coupling said 
circuits in one direction, separate coupling means 
coupling said circuits in the other direction, 
means for adjusting one of said coupling means 
directly in response to the intensity of a received 
carrier to vary the amplification in said system, 
and additional means responsive to a variable 
effect of adjustments of said one of said coupling 
means for adjusting the other of said coupling 
means indirectly in response to the intensity of 
said received carrier to vary the width of the fre 
quency band passed by Said system. 

28. In a modulated-carrier signal receiver, a 
variable band-pass selector system comprising 
terminal circuits resonant at frequencies within 
said band, directive coupling means coupling said 
circuits in the forward direction, separate coul 
pling means coupling said circuits in the back 
ward direction, means responsive to the intensity 
of a received carrier for adjusting said forward 
coupling means to vary the response of Said Sys 
tem inversely in accordance with Said received 
carrier intensity, and additional means respon 
sive to the adjustment of said forward coupling 
means for adjusting said backward coupling 
means directly in accordance With said received 
carrier intensity to vary the width of the fre 
quency band passed by said system. 

29. In a modulated-carrier signal receiver, a 
variable band-pass selector comprising terminal 
circuits resonant at frequencies within said band, 
directive coupling means including a vacuum 
tube repeater coupling said circuits in the forward 
direction, Separate coupling means coupling said 
circuits in the backward direction, means respon 
sive to the intensity of a received carrier for ad 
justing the transconductance of said vacuum tube, 
and means controlled by the space current of said 
vacuum tube for varying the effect of said back 
Ward coupling means. 

30. In a modulated-carrier signal receiver, a 
variable band-pass selector system comprising 
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: terminal circuits resonant at frequencies within 
said band, directive coupling means including a 
vacuum-tube repeater coupling said circuits in a 
forward direction, separate coupling means in 
cluding a vacuum-tube repeater coupling said cir 
cuits in a backward direction, means responsive 
to the intensity of a received carrier for adjusting 

the transconductance of said forward tube, and 
a common cathode-biasing resistor for said tubes 
whereby variations in the space current of said 
forward tube cause inverse variations in the trans 
conductance of said backward tube. 

HAROLD A. WHEELER. 


