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Patented Mar. 9, 1937 

UNITED STATES 

2,073,038 

PATENT OFFICE 
2,073,038 

RADIO RECEIVING SYSTEM 

Harold A. Wheeler, Great Neck, N. Y., assigmor 
to Hazeltine Corporation, a corporation of 
Delaware 

Application March 9, 1934, Serial No. 714,784 
20 Claims. 

This invention relates to automatic control of 
amplification in amplifiers and repeaters, and 
mOre particularly to the control of repeaters 
utilized in carrier-frequency signaling systems, 
to maintain the signal of such repeaters more 
uniform than the signal input, over a wide range 
of received signal voltage. 
This application is a continuation-in-part of 

my copending application Serial No. 691,927, filed 
October 3, 1933, Patent No. 2,050,679, August 11, 
1936, the arrangement shown in Fig. 1 of the 
present application being partly included in Fig. 
4 of my said copending application, and Fig. 2 of 
the present application being Substantially like 
Fig. 12 of my said copending application. 

In my United States Letters Patent NoS. 
1,879,861, 1,879,862 and 1,879,863, there are shown 
systems for automatically controlling the ampli 
fication in amplifiers. In the arrangements of 
these patents, the amplifier output is impressed 
on a rectifier which develops in response thereto 
a uni-directional voltage which varies with the 
signal input intensity. This uni-directional volt 
age is impressed on a control electrode of each of 
One or more of the amplifier tubes, to automati 
cally vary the amplification therein inversely with 
variations of the signal input voltage, thereby 
maintaining the amplified signal output voltage 
Variation much less than the received signal in 
pulit VOltage Variation. In the arrangements of 
these patents, means are provided for maintain 
ing an output electrode of the rectifier normally 
slightly negative relative to the cathode of the 
controlled amplifier, an increase in the signal 
input then causing the said output electrode, and 
therefore the amplifier control electrode, to be 
COIme mOre negative. Maintaining the rectifer 
output electrode normally slightly negative rela 
tive to the cathode of the controlled amplifier 
permits the use of a single common source of 
direct voltage for all tubes in the system, because 
it avoids the necessity for a bias voltage to be in 
serted in the connection between the said output 
electrode and the said control electrode. 

In my Said Copending application, Serial No. 
691,927, there is shown a system of “suspended” 
automatic volume control in which the control 
operates only when the received signal input 
exceeds a predetermined threshold intensity. 
This system also is arranged so that only a single 
COmmon SOLLrce of direct voltage need be used to 
Supply polarizing voltages to all vacuum tubes. 
In this System, the direct voltage Source is con 
nected across a high resistor, and normally causes 
a direct current to filow through the resistor. 

(Cl. 250-20) 
The expression “normally” as used in this specifi 
cation means in the absence of a signal. 
A connection is made to a control electrode of 

the controlled amplifier from a point on this 
resistor. In the absence of a signal, this point is 
slightly negative relative to the cathode of the 
controlled amplifier. The automatic control of 
amplification in this amplifier is effected by the 
connection of a rectifier, responsive to the output 

5 

of this amplifier, between an intermediate point 10 
on the voltage source and an intermediate point 
on the high resistor. The rectified current 
through the resistor causes a negative change of 
voltage at both said points thereon, as the signal 
input exceeds the threshold value. 
Sion “negative change of voltage” aS used in this 
Specification signifies that the voltage becomes 
more negative or less positive relative to ground. 
According to the present invention, there is 

employed an arrangement Similar in certain re 
spects to that of my said application, Serial No. 
691,927. The similarity resides largely in the 
provision of a high resistor normally carrying 
direct current from a direct voltage source, and 
in the provision of a rectifier responsive to the 
output of the controlled amplifier, connected be 
tween an intermediate point on the high re 
sistor and an intermediate point on the voltage 
source." Thë resistor may be arranged, if desired, 
so that the automatig. Volume.Control. operates.to. 
signe extent Qal-all. Valles of. received signal volt-. 
age, instead of being “suspended” as in the ar 
rangement of the said application, Serial No. 
691927. The rectifier is preferably of the diode 
type.althQUghadjifferent.type of rectifer, such 
as a triode, may beemployed, if desired. The ar 
Tangements according to this invention are such 
that the Space ?urrentandpolarizing voltages 
fQr all the vacuum tubes in the system cän be 
supplied from a single common source of operat 
ingVoltage. The direct-voltage source associated 
with the resistor may be a relatively low-resist 
ance voltage diVider Supplied with direct volt 
age fr?m a unitary SOUurce. 
According to one embodiment of the invention, 

the rectifier electrodes are normally maintained 
Substantially negative relative to the cathode of 
the controlled amplifier, more negative than in 
the case of my above-mentioned patents 1,879,861 
and 1,879,863. According to another embodi 
ment, the rectifier electrodes are normally main 
tained considerably positive relative to the cath- i 
ode of the controlled amplifier, as in the case of 
the said application, Serial No. 691,927. 
The above and other features of the invention 

- -my -nim *** 

The expres- l5 

20 

30 

35 

40 

45 

50 

55 



5 

0 

20 

30 

40 

45 

5 5 

60 

65 

5 

are apparent from the following detailed deScrip 
tion and from the accompanying drawings, of 
which: 

Fig. 1 shows an embodiment of the invention 
employing a “Suspender” diode, which provides 
“Sul.Spended” automatic voittime COintro aS ShoWin 
in Fig. 4 of the Said application, Serial No. 
691,927; 

Fig. 2 Shows graphically the change of auto 
matic-Volume-cOntrol bias Voltage With change 
Of carrier Output voltage, in the circuit of Fig. 1; 

Fig. 3 shows an “Avc rectifier” section which 
may be Substituted for the corresponding Section 
in Fig. 1; and 

Fig. 4 Shows another “Avc rectifier” section 
which may be Substituted for the corresponding 
Section in Fig. 1. 

Fig. i shows a complete Superheterodyne radio 
receiver including a system of automatic volume 
control according to this invention. The carrier 
amplifier, for amplifying the Signals at Carrier 
frequencies, is shown in detail. Signals are col 
lected by ain antenna || 0 connected to ground i 
through an antenna, primary coil i 2. A tunable 
radio-frequency Selecting circuit f3, comprising a 
secondary coil i 4, a variable condenser il 5, and a, 
fixed condenser f6, is coupled to the antenna 
ground circuit by muttual inductance between 
coils i 2 and 4. The lower side of variable con 
denser 5 is grounded. The control grid, or con 
trol electrode, 7 of a repeating, or amplifying, 
vacuum tube 8 is connected to the upper side Of 
coil t 4; and the input circuit of tube 8 is com 
pleted by the connection of a cathode bias resistOr 
95, shunted by a radio-frequency bypass con 
denser 36 between the cathode 97 and ground. 
The output circuit of tube i 8 is coupled to the 

control grid 9 of a pentode modulator tube 20 
through a radio-frequency coupling System com 
prising a transformer 2 and a variable condenser 
22 for tuning the secondary of the transformer. 
One Side of the Variable Condenser 22 is connected 
to the grid f 9, and the other Side Of the conden Ser 
is connected to ground. From ground, the input 
circuit of the modulator tube is completed to the 
cathode 23 through a, bias resistor 24. 
A locally generated radio-frequency voltage is 

applied to the modulator by means of a tunable 
oscillator comprising oscillator tube 25 and its as 
Sociated circuitS. The tunable Oscillator circuit 
comprises a coil 26, a fixed condenser 27 and a, 
variable condenser 28. Oscillations are caused 
by the feedback circuit between the anode 29 and 
the grid 30 of the tube, connected through con 
den Ser 3 and the tunable OSC:illatOr Circuit. The 
oscillator produces a radio-frequency Woltage 
across the resistor 24 which is in the cathode lead 
Of the Oscillator tube. Since this reSiStor is al SO 
in the cathode lead of the modulator tube 20, 
this voltage is impressed on the input circuit of 
the modulator and therefore Serves to modulate 
the signal. 

Modulation takes place in the manner of super 
heterCdyne receivers, well known in the art, 
Wherefore there appear in the output circuit of 
the modulator, signals of a frequency equal to 
the difference between the radio signal frequency 
and the local oscillator frequency. This differ 
ence frequency, which is known as the interme 
diate frequency, is selectively coupled from the 
circuit of the modulator anode 32 to the control 
grid 33 of a first intermediate-frequency amplifier 
tube 34, through a double-tuned intermediate 
frequency transformer 35, tuned to selectively 
parSS this intermediate frequency. 

To facilitate tuning the receiver to the fre 
quencies of the various transmitting stations, the 
variable tuning condensers i 5 and 22 associated 
With the radio-frequency transformers and the 
variable condenser 28 of the oscillator circuit are 
mechanically connected and operated by a Single 
unicontrol device U, as indicated by the dot-dash 
lines. Condenser 28 is so adjusted relative to 
condensers i 5 and 22 that the frequency differ 
ence remains Substantially constant over the 
tulining range Of frequency. 
The output of amplifier 34 is Selectively coupled 

from the circuit of anode 36 through a second 
double-tuned intermediate-frequency coupling 
System 37 to the input grid 33 of a second inter 
mediate-frequency amplifier tube 39. The out 
put of the second intermediate-frequency Stage 
is selectively coupled through a third double 
tuned intermediate-frequency coupling system 40 
to subsequent apparatus of the receiver, indicated 
generally by the rectangle labelled “Detector and 
audio amplifier, and loudspeaker”. This subse 
quent apparatus may be of any conventional type. 
No detailed description of this apparatus is re 
quired since it is well known in the art and con 
stitutes no part of this invention. 
The automatic volume control circuit, accord 

ing to this invention, is associated and connected 
with the receiver in the following manner: The 
input grid 4 of an intermediate-frequency am 
plifier tube 42 is connected to the terminal 43 
of the secondary coil of the tuned coupling Sys 
tem 37. By this connection, the intermediate 
frequency output of amplifier tube 34 is also cou 
pled to the tube 42. The anode circuit of tube 
42 is connected to a broad-band double-tuned 
intermediate-frequency coupling system 44 of 
which the primary circuit composed of coil 45 and 
condenser 46 is inductively coupled to the Sec 
ondary circuit composed of coil 47 and con 
denser 48. 
The anode 49 of a rectifier 67 of the diode or 

any other suitable two-electrode type is con 
nected at B to the upper terminal of coil 7. 
The circuit of the rectifier is completed between 
the output electrodes 43 and 56, through a bridge 
circuit, as follows: The bridge circuit is formed 
by arranging high resistors 68 and 69 in series 
with another diode 58 and with direct-Voltage 
sources 70 and T f the intermediate point 55 be 
tween these resistors being connected to the lower 
end of the secondary coil 47 (and thence to the 
output electrode 49), and the cathode 56 of diode 
67 being connected to the intermediate point 
which is the junction of voltage sources 70 and 

. The lower terminal 60 of resistor 69 is con 
nected to the anode 57 of diode 58, which is called 
a “suspender diode”. The cathode 59 of Sus 
pender diode 58 is connected to the lower end of 
voltage source 70 and to ground. The diode 58 
is a unidirectional conductor, but is not U.Sed as 
a rectifier. 

In order to supply sufficient space voltage for 
the tubes of the receiver, the voltage due to Sources 
70 and 7 is augmented by an additional direct 
voltage source 66 in series therewith. The posi 
tive side of source 66 is connected to the anodes 
of all the tubes, as shown, and may also be con 
nected to any or all of the tubes included in the 
“Detector and audio amplifier”. The individual 
sources 66, 7 , and 70 may be considered as a 
unitary source which is so connected that it can 
be used to Supply all the Space Voltages and 
space current required by the tubes in the re 
ceiver. The positive side of this unitary source 
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2,073,038 
is connected to the anodes of all the tubes shown, 
other than the diodes, and the negative side to 
the cathodes of the Same tubes, through the 
ground connection. The path of resistors 68 and 

is 55 and Garei IT By this arrange 
(substantially Zero in the absence 
is maintai -the-electrodes-49..and 5. 
Each of the diodes 67 and 58 has an internal 

resistance, when its anode is positive relative to 
its cathode, which is müchlower than the value 
of either of the resištõrš 68 änd 69. Each of these 
diõdes is a unidirectional conductor, because, 
when its anode becomes negative relative to its 
cathode, the space current is substantially zero. 
Therefore, the anode 57, which is connected to 
point 60, is effectively grounded to cathode- 59 
when the junction 55 has a positive voltage rela 
tive to ground. In the absence of a signal, point 
55 is maintai?ed at a positive voltage by voltage 

through resistors 68 and 69 and the diode 58. 
Thre-CurfeñÉthroügh these “resistors" in the ab 
sence of a ?ignal_is_an auxiliary. direct. current. 
Th?së resistors and voltage sources are so pro portiÕñ?d that thë open circuit voltageat, the 
intermediate point 55 is sub the Same.a.s.-- 
that at the intermediate point betweensources 
TO and 1 Consequently, the connection of the 

* Cattades and anode 49 of diode 6Li þetween 
these two intermediate points of the bridge pro 

35 duces sübstantially zero effect in the absence of 

40 

a signal, because then there is substantially Zero 
current through this diode. 
Since the output of the intermediate frequency 

amplifier, or repeater, 34 is coupled to the output 
electrodes 49 and 56 of the diode control device 67, through the t?ÞE.A2 and associated coupling sys 
t?ñs, the average output electrode current of 
diode 67 is changéd in response to a signal. This 
change is an increase, since the current is other 
wise substantially Zero. 
When a carrier-frequency voltage is impressed 

on diode 67 from coil 47, there is produced by a 
rectification a direct current which flows through 
the bridge and divides between resistors 68 and 
69, increasing the current in the former resistor 
and decreasing the current in the latter resistor 
and in diode 58. Therefore, there is Superim 
posed upon the initial voltage of the intermedi 
ate point 55 a unidirectional rectified voltage hav 
ing an average value approximately equal to the 
root-mean-square value of the carrier-frequency 
voltage impressed upon diode 67. The average 
rectified voltage is dependent on the carrier and 
independent of modulation, because this consti 
tutes a form of linear detection, and therefore the 
rectified voltage is an undistorted replica of the 
modulated-carrier envelope. To produce this re 
sult, condenser 6 ?i connected between cathode 56 
and the intermediate point 55, is so small that its 
charging current is negligible at audio frequen 
cies. Condenser 62 connected between point 60 
and ground is so large that its audio-frequency 
impedance is considerably less than that of re 
sistor 69, and therefore the audio-frequency volt 
age at point 60 is negligible at all times, regard 
less of the impedance of diode 58. Condenser 
62 is a means for preventing modulation-fre 
quency voltage fluctuations across the unidirec 
tional conductor, diode 58. 
A conductor 63, including ä resistor 64, leads 

3 
secondary winding 14 and of the secondary wind 
ings of transformers 2 and 35. This conductor 
63 applies an automatic volume control bias from 
point 60 to the control grid electrodes 7, 9 
and 33 of tubes 8, 20 and 34, respectively. Near- - 
mally, that is, in the absence of a signal, the 
point 60, and hence the grids il 9 and 33, are.-- 
maintained slightly negative relative to the cath 
odes of the respective tubes by reason of the lo?ã 
tion of the bias resistors 95, 24 and 65, respec 
tively, between these cathodes and ground, and 
the fact that point 60 is then substantially at 
ground potential. 

The connection points, A, B, C and D, have no 
particular significance in Fig. 1, other than being: 
connection terminals corresponding to those simi 
larly lettered in Figs. 3 and 4 which show arrange 
ments which may be substituted for the “Avc 
rectifier” in the dotted rectangle to the right 
of these four terminals of Fig. 1. 

Fig. 2 is a graph of average rectified voltage 
plotted against ??rrier-frequency voltage, and 
which Shows the approximate relations in the 
rectifier and suspender-diode circuit as a func 
tion of the carrier-frequency voltage applied to. 
diode 67. The straight line 50 shows the average 
voltage of the diõde añð 
t?On point 55 relative to, grQund, which voltage 
?hanges in the negative direction in proportion 
to th?? irripréŠŠëöi?ärrier voltage. The chart is 
based on an arrangement in which the total volt 
age of sources 70 and 7 i is 90 volts, source 70 
accounting for 30 volts and source 7 i for 60 volts. 
For this relationship of voltages, the magnitude of 
high resistor 68 should be double that of high 
resistor 69, to maintain point 55 at the same initial 
voltage as the junction between sources 70 and 
7 . In the absence of a signal, point 55 is 30 
volts positive relative to ground, as indicated by 
the upper left-hand end of line 50. When a car-, 
rier-frequency voltage is applied to the rectifier 
67, the voltage across resistor 68 varies according 
to dimension 5 f, and the voltage across resistor 
69 varies according to dimension 52. When the 
signal intensity increases to the point where the 
voltage of junction põlint 55 becomes negative, 

urrent 
in re?istgr 69 are reduced to zero, and the voltage. 
of point 60 thenbecomes equal to the average 

The voltage of point 60 rela 
is indicated by dimension 53, and is shown to change from zëro in the negative di 

rection, when the carrier-frequency voltage ex 
ceeds 30 volts. The voltage of point 60, which 
is proportional to the excess of the voltage at 
point 55 above the given fixed value of 30 volts. 
is applied by the cond?ctor 63 to the control elec 
trodes of the controlled tub?s, 18, 20 and 36. In the operation of the “suspended” automatic 
volume control, the connection 63 causes the con 
trol grids of the controlled tubes to become more 
negative only when the received signal voltage 
increases above a predetermined threshold value, 
thereby maintaining the amplified signaloutput 
level nearly uniform. * The modülation of the received signalis p?evented from affecting the 
automatic volume control bias, in the following 
manner: The rectified voltage at point 55 is an 
undistorted replica of the modulation envelope, 
and therefore the average rectified voltage is 
equal to the rectified carrier voltage, for any 
modulation not exceeding unity. Since the audio 
modulation-frequency components of rectification 
are bypassed by condenser 62, the automatic 

tive to ground is 

äè 49 and of the junc 
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pender diode 58 depends only on the carrier volt 
age. This type of “suspended” automatic volume 
control, utilizing the Suspender diode 58, which 
fails to exert any volume controlling influence 

5 until the carrier voltage exceeds a predetermined 
value, is a preferred method of performing this 
result. This advantage, including freedom from 
effects of modullation, is not obtained in the usual 
SyStemS nOW in tuse. 

l0 In the particular receiver under discussion, it 
is desired that the amplification be capable of 
100 decibels variation by the automatic volume 
control action, in Order that received signals 
varying in intensity from 10 micro-volts to 1 volt 

l5 may be amplified to a nearly uniform output. 
This requires that the bias represented by the 
dimension 53 in Fig. 2, applied to the control 
grids of the controlled tubes, shall vary from 
zero to about 30 volts negative relative to ground, 

20 corresponding to the above minimum and maxi 
mum received signal voltages. The production of 
this wide variation of control bias requires that 
the carrier-frequency voltage applied to diode 87 
Shall vary from about 30 to 60 volts over the Same 

25 range of received signal voltage, smaller signal 
voltages producing no volume control bias. These 
relationships are represented in Fig. 2. 

Fig. 3 Shows a Volume contro circuit which 
may be Substituted for that part of the receiver 

30 of Fig. 1 which is included in the dotted rectangle 
labelled “Avc rectifier” at the right of the con 
nection points A, B, C and D. The terminals 
A, B, C and D of Fig. 3 are intended to be con 
nected respectively to the connection points A, 

35 B, C and D of Fig. 1. The principal difference 
between the circuit in Fig. 3 and the correspond 
ing circuit in Fig. 1, is the substitution of a 
tapped-resistor voltage divider for the unitary 
tapped direct-voltage source of Fig. 1, and the 

40 replacement of the suspender diode by a resist0r. 
In the circuit of Fig. 3, current from a direct 
voltage source 72 is passed through the Series 
connected voltage divided resistors T 3, 4, 75 and 
76. A resistor 77 is connected between point 60 

45 and point 78, the latter point being the negative 
end of voltage source 72. The Series resistors 
68, 69 and 77 are collectively a hjgh resistor, or 
a high-resistance direct-current path, the endS 
of which are connected respectively to two differ 

50 ent points On the Voltage SOurce. 
In the circuit of Fig. 3, when an average Signal 

is applied to the rectifier 67, the rectified current 
divides, part flowing through resistor 68 in the 
direction to increase the auxiliary direct current 

55 normally flowing therein, and the other part flow 
ing through resistors 77 and 69 in the opposite 
direction, to decrease and even to reverse the 
current normally flowing in these latter resistors. 
In this respect, the operation of the bridge cir 

60 cuit is similar to that of the corresponding bridge 
circuit in Fig. 1. In the absence of a, signal, point 
60 is normally slightly negative relative to the 
cathodes of the controlled tubes; and to insure 
this relationship, the intermediate point 60 is 

65 maintained normally at substantially the same 
voltage as the intermediate point between re 
sistors 75 and 75 of the voltage source, this atter 
point being connected to ground, and through 
bias resistors to the Said cathodes. Hence, the 

70 bias voltage on the control grids of tubes 8, 20 
and 34 is maintained normally Slightly negative 
relative to the respective cathodes by the volume 
control bias connection 63. In the presence Of a 
signal at rectifier 67, point 60 becomes negative, 

75 relative to ground, because the rectified current 
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2,073,038 
redUI'Ces the Voltage across resistor 77. There 
fore the control grids of tubes 8, 20 and 34 be 
come more negative relative to the respective 
cathodes in the presence of a signal. 

Resistors 73, 74, 75 and 76 carry considerable 
direct current, so that the direct voltages across 
them are not appreciably affected by relative 
Small changes in current through these resistors, 
coresponding to -space current in the tubes con 
nected thereto. 

In the arrangements of Figs. 1 and 3, the recti 
fier electrodes 49 and 56 are both maintained 
normally substantially positive relative to ground, 
the anode 49 becoming negative in the presence of 
a sufficiently large signal voltage. 

In Fig. 4, there is shown a circuit somewhat 
Similar to that in Fig. 3, which is also adapted 
to be Substituted for the “Avc rectifier” circuit 
in Fig. l. Terminals A, B, C and D are intended 
to be connected respectively to connection points 
A, B, C and D of Fig. 1. In the circuit of Fig. 4, 
the rectifier electrodes are maintained normally 
substantially negative, instead of substantially 
positive, relative to ground. The series-connected 
resistors 68, 69 and TT of Fig. 3 are replaced in 
Fig. 4 by three series resistors 79, 80 and 8 i, re 
Spectively, Which will in general be of valules 
Somewhat different from those of the correspond 
ing resistors of Fig. 3. The cathode of the recti 
fier 67 is connected to the intermediate point 
between voltage-divider resistors 75 and 76. The 
intermediate point between resistors 74 and T5 is 
grounded. The rectifier cathode 56 is thereby 
maintained substantially negative relative to 
ground. Cerminal C, which is intended to con 
nect with the lower end of coil 47, is connected 
at point 55 which, in this case, is the intermediate 
point between resistors 80 and 8. Point 55 is 
maintained at Substantially the Same voltage as 
the cathode 56, in the absence of a signal. Ter 
minal D, which is intended to connect with the 
automatic volume control lead 63, is taken from 
the point 60 which, in this case, is the intermedi 
ate point between resistors 79 and 80. 
In the operation of the System of Fig. 4, the 

rectified current, in the presence of a signal, 
divides as in the Systems of Figs. 1 and 3. Part of 
the irectified current flows through resistors 79 
and - 80 in the direction to increase the current 
therein, and the other part flows through re 
Sistor 8 in the opposite direction to decrease, 
or possibly reverse, the current normally flowing 
in the latter resistor. Point 60 is normally slightly 
negative relative to the cathodes of tubes i 8, 20 
and 34, but becomes more negative in the pres 
ence of a signal. 
The behavior of the automatic Volume control 

in Fig. 1 is described briefly in this application, 
as well as in my said application, Serial No. 691,- 
927, and in my said Letters Patent, Nos. 1,879,861, 
1,879,862 and 1,879,863. In all these arangements, 
the operation of the automatic volume control 
depends on a slight Variation of the Signal output 
voltage applied to the control device. When the 
received signal increases considerably, the signal 
output tends to increase in the same ratio. The 
control device then tends to excessively reduce 
the amplification of the signal. These two tend 
encies are counteractive in nature, and therefore 
must reach ar equilibrium in Which each tend 
ency plays a part. As a reSuit, the Signal output 
increases slightly and the amplification is simul 
taneously reduced by a considerable amount. 
The less the former effect, in general, the more 
nearly perfect is the automatic control. 
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The suspended automatic volume control is an 

improvement which permits a closer approach 
to perfection, because a relatively small ratio of 
variation of the signal output applied to the 

ý control device, produces a very large variation 
of amplification. Other expedients have been 
proposed to achieve a similar improvement, but 
these have not combined simplicity and freedom 
from effects of modulation. Both these qualities 

10 are combined in the present invention, as shown 
in Fig. 1. 
The invention has been described with ref 

erence to the complete receiver arrangement 
shoWn in Fig. 1. The automatic volume control 

15 in this receiver is classified as “regressive”, be 
cause the repeating device whose performance 
is regulated (tubes 8, 32 and 34) is electrically 
antecedent in the system, with respect to the 
point 43 from which the signal is coupled to the 

20 control device 67. It is also characteristic of 
regressive automatic volume control, as of the 
arrangement of Fig. 1, that the signal voltage 
coupled to the control device depends on the 
regreSSiWe control action. 
Another kind of automatic volume control is 

classified as “progressive”, and is in some re 
spects the opposite of “regressive.” This other 
kind of control is called “progressive” because 
the repeating device whose performance is regu 

30 lated is electrically subsequent in the system, with 
respect to the point from which the signal is 
coupled to the control device. It is also char 
acteristic of progressive automatic volume con 
trol, that the signal voltage coupled to the con 

*º trol device is independent of the progressive con 
trol action. · 

In SOIme cases it may be advantageous to com 
bine both regressive and progressive controls, 
Since they are well adapted to cooperating in 

40 combination. Regressive control, with or with 
out the cooperation of progressive control, is pre 
ferred where the received signal voltage is sub 
ject to a wide range of variation, as in radio 
broadca St receiverS. 

45 The present invention is not limited in its 
application to regressive automatic volume con 
trol, shown in Fig. 1, but is equally applicable to 
progressive control, or to both together. Pro 
gressive control in Fig. 1 is readily effected by 

50 applying the control bias from the lead 63 to the 
control electrode 38 in the repeater-amplifier 
vacuum tube 39, which is subsequent to the point 
43 from which the signal is coupled to the con 
trol device 67. Likewise, the modifications of 

55 Figs. 3 and 4 are equally applicable to progres 
Sive control. 
The Same elements in the several figures are 

designated by the same reference characters. 
Although the sources of operating voltage in the 

60 foregoing figures are symbolized as batteries, it 
is understood that any means for Supplying direct 
voltage may be used, preferably a rectified and 
filtered alternating-current p?Wer Supply. 

I Claim: 
05 - 1. In a signaling system, a signal repeater hav 

ing a control electrode, a source of direct current 
for supplying space current in said repeater, a 
high-resistance direct-current path between two 
different points on said source, a connection be 

70 tween said control electrode and a first inter 
mediate point on said path, a diode rectifier hav-- 
ing one electrode connected to a second interme 
diate point on said path and its other electrode 
connected to a point on Said Source at a potential 

75 substantially the same as the normal potential 

5 
of said second intermediate point, and means 
for coupling the output of said repeater to said 
rectifier for controlling the average rectifier cur 
rent in response to a signal, the resistance of said 
direct-current path being so related to said aver- 5 
age Cutput-electrode current that the voltages of 
Said intermediate points are changed by said 
change of average output-electrode current by 
a.In amount at least on the order of the normal 
Voltages of said points, whereby the responsive- 10 
ness of Said repeater is regulated automatically. 

2. In a Signaling System, a signal repeater 
having a control electrode, a source of direct 
current for supplying space current in said re 
peater, a high-resistance direct-current path 15 
between two different points on said source, a 
Connection between said control electrode and 
a first intermediate point on said path, a diode 
rectifier having one electrode connected to a 
Second intermediate point on said path and its 
other electrode connected to a point on said 
Source at a potential substantially the same as 
the normal potential of said second intermediate 
point, and means for coupling said signal re 
peater to Said rectifier for increasing the aver 
age rectifier current, the resistance of said direct 
current path being so related to said average out 
put-electrode current that the voltages of Said 
intermediate points are changed by said change 
of average output-electrode current by an amount 30 
at least on the order of the normal voltages of 
Said points, whereby the responsiveness of said 
repeater is regulated automatically. 

3. In a signaling System, a vacuum-tube signal 
repeater having a direct-current source for sup- 35 
plying Space current therein, a high-resistance 
direct-current path connected between two differ 
ent points on said Source, a diode rectifier con 
nected respectively to a point on said source and 
a first intermediate point on said path normally 40 
at a potential substantially the same as said point 
on said Source, a control electrode in said repeater 
connected to a second intermediate point on sa1d 
path, and means for coupling the output of Said 
repeater to said rectifier for increasing the aver- 45 
age electrode current in response to a signal, the 
resistance of Said direct-current path being so 
related to said average output-electrode, current 
that the voltages of Said intermediate points are 
changed by Said change of average output-elec 
trode current by an amount at least on the 
order of the normal voltages of said points, where 
by the voltage on said control electrode is changed 
and the responsiveness of said repeater is thereby 
regulated automatically. 55 

4. In a Signaling System, a vacuum-tube signal 
repeater having a direct-current source for sup 
plying Space current therein, a high-resistance 
direct-current path connected between two dif 
ferent points on said source, a diode rectifier 60 
connected reSpectively to a point on Said Source 
and a first intermediate point on said path nor 
mally at a potential Substantially the same as 
Said point On Said SOUrce, a control electrode in 
said repeater connected to a second intermediate 65 
point on said path, and means for coupling Said 
signal repeater to said rectifier for increasing the 
a Verage electrode current, the resistance of Said 
direct-current path being So related to said aver 
age output-electrode current that the voltages 70 
of Said intermediate points are changed by Said 
change of average output-electrode current by 
an amount at least on the order of the normal 
voltages of said points, whereby the voltage on 
Said control electrode is changed and the respon- 75 
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Siveness of Said repeater is thereby regulated 
automatically. 

5. In a Signaling System, a Signal repeater 
having a Control electrode connected to an in 
termediate point on a high resistor, a source of 
direct current for Supplying Space current in Said 
repeater, a diode rectifier having One electrode 
connected to a Second intermediate point On Said 
resistor and its other electrode connected to a. 
point on said source at a potential Substantially 
the same as the normal potential of said second 
intermediate point, two connections from differ 
ent points on said Source to the ends of Said 
resistor for maintaining said electrodes at desired 
normal voltages in the absence of a signal, and 
means for coupling the output of Said repeater 
to Said rectifier for increa,Sing the a Verage elec - 
trode current in response to a Signal, the resist 
ance of Said resistor being So related to Said 
average output-electrode current that the volt 
ages of Said intermediate points are changed by 
Saidi change of average output-electrode current 
by an amount at least on the order of the normal 
voltages of Said points, whereby the responsive 
ness of said repeater is regulated automatically. 

6. In a signaling system, a signal repeater 
having a control electrode connected to an in 
termediate point on a high resistor, a Source of 
direct current for Supplying Space current in Said 
repeater, a dicde rectifier having one electrode 
connected to a second intermediate point on said 
resistor and its other electrode connected to a 
point on said source at a potential substantially 
the same as the normal potential of Said Second 
intermediate point, two connections from differ 
ent points on said source to the ends of Said 
resistor for maintaining said electrodes at desired 
normal voltages in the absence Of a Signal, andi 
means for coupling said signal repeater to said 
rectifier for increasing the average electrode cur 
rent, the resistance of said resistor being So re 
lated to Said average output-electrode Current 
that the voltages of said intermediate pointS are 
changed by said change of average output-elec 
trode current by an amount at least on the order 
of the normal voltages of Said points, Whereby 
the responsiveness of said repeater is regulated 
automatically. 

7. In a signaling system, a vacuum-tube signal 
amplifier having a direct-current source for Sup 
plying the space current thereof, a high resistor 
connected between two points of substantially 
different potential on said Source, a diode rec 
tifier having a cathode connected to a point On 
said source intermediate said two points and an 
anode connected to a first intermediate point 
on said resistor, saidi amplifier having a cathode 
connected to a different intermediate point on 
said source and a control electrode connected to 
a second intermediate point on said resistOr neg 
ative relative to Said amplifier cathode, and means 
for coupling the output of Said amplifier to said 
rectifier and thereby increasing the a Verage Cur 
rent of said rectifier in response to an amplified 
Signal, whereby the amplification in said amplifier 
is regulated automatically. 

8. In a signaling System, a Vacuum-tube signal 
amplifier having a, direct-current source for sup 
plying the Space current thereof, a high resistor 
connected between two points of substantially 
different potential on said Source, a diode rec 
tifier having a cathode connected to a point On 
said source intermediate said two points and an 
anode connected to a first intermediate point 
on said resistor, said intermediate points being at 

Substantially the same voltage in the absence of 
Current in said rectifier, said amplifier having a 
cathode connected to a different intermediate 
point On said source and a control electrode con 
nected to a second intermediate point on said 
resistor negative relative to said amplifier cathode, 
and means for coupling the output of said am 
plifier to said rectifier and thereby increasing the 
aVerage CULrrent of Said rectifier in response to 
an amplified Signal, whereby the amplification in 
Said amplifier is regulated automatically. 

9. In a signaling System, a vacuum-tube signal 
amplifier having a cathode and a control elec 
trode, a diode rectifier coupled to the output of 
said amplifier, a high resistor connected across 
a direct-voltage Source, a connection between the 
anode of Said rectifier and a first intermediate 
point of Said resistor, a connection between said 
Control electrode and a second intermediate point 
of Said resistor Which is negative relative to said 
first point and to said amplifier cathode, and a 
Connection from the cathode of Said rectifier to 
a, point of said source which is at substantially the 
Same Voltage as said first intermediate point in 
the absence of a Signal, Whereby the Space current 
of Said rectifier is divided between the portions 
Of Said resistOr on either Side of Said first inter 
mediate point, thereby causing said control elec 
trode to become increasingly negative with in 
Crease of amplifier output, Whereby the amplifi 
cation in said amplifier is regulated automatically. 

10. In a signaling System, a vacuum-tube Signal 
amplifier having a cathode and a control elec 
trode, a diode rectifier coupled to the output of 
Said amplifier, a series circuit including a high 
reSistor and a direct-voltage Source, a Connection 
between a point on Said source and the cathode 
of said rectifier, a connection between the anode 
of said rectifier and a first intermediate point 
on said resistor at Substantially the same voltage 
as said point on said source in the absence of a 
Signal, a connection between a different point On 
Said Source and the amplifier cathode, and a 
Connection between Said control electrode and a 
Second intermediate point On Said resistOr nega 
tive relative to said different point On Said Source, 
whereby the Space current of said rectifier is 
caused to divide between the portions of Said re 
SistOr On either Side of Said first intermediate 
point, thereby causing said control electrode to 
become increasingly negative With increase of 
amplifier output, whereby the amplification in 
Said amplifier is regulated automatically. 

11. In a signaling System, a Vacuum-tube signal 
amplifier having a cathode and a control elec 
trode, a diode rectifier coupled to the output of 
said amplifier, a series circuit including a high 
resistor and a Source of direct Voltage for effect 
ing a SUbstantial direct current through Said cir 
cuit in the absence of a signal, means for caus 
ing the space current of said rectifier to divide 
between two portions of said resistor having a 
common junction point, the electrodes of Said 
rectifier being Connected respectively to Said junc 
tion point and to another point in said circuit 
having relative to said junction point Such a 
voltage as to cause no SUbstantial current in the 
rectifier in the absence of a Signal, a Connection 
between Said control electrode and a different 
point on said resistor, and a connection between 
said cathode and a point on said Source, Said 
points on said resistor and therefore said control - 
electrode being Subject to a change of average 
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of amplifier output, whereby the amplification 
in said amplifier is regulated automatically. 

12. In a signaling system, a vacuum-tube sig 
mal amplifier having a cathode and a control 

5*, electrode, a diode rectifier having an anode and 
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a cathode, a high resistor having a first inter 
mediate point connected to Said anode and a. 
Second intermediate point connected to Said con 
trol electrode, means for maintaining in the ab 
Sence of a signal a substantial value of average 
voltage between said points and a slightly nega 
tive voltage on said second point relative to said 
amplifier cathode, means for maintaining said 
rectifier cathode at a substantially constant volt 
age Substantially equal to the voltage of said rec 
tifier anode relative to Said amplifier cathode in 
the absence of a signal, and means for coupling 
the output of Said amplifier to Said rectifier and 
thereby negatively changing the average voltage 
on said anode and the voltage on said control 
electrode in responSe to an amplified Signal, 
whereby the amplification in Said amplifier is 
regulated automatically. 

13. In a modulated-carrier signal receiver, an 
arrangement responsive to carrier intensity and 
unresponsive to modulation for controlling the 
amplification in the system, said arrangement 
including: a carrier amplifier for producing an 
amplified carrier output; a series circuit includ 
ing a resistor and a unidirectional conductor haV 
ing relative to said resistor much less resistance 
to current in the more conductive direction and 
much more resistance to current in the other di 
rection; means for maintaining a Substantial uni 
directional current through said circuit in the 
absence of a signal; means for producing a uni 
directional reduction of voltage across said cir 
cuit directly proportional to the modulation en 
velope of said amplified carrier output and in the 
direction to reduce said unidirectional current; 
means for substantially attenuating the resulting 
modulation frequency voltage fluctuations acroSS 
said conductor; and means for utilizing the re 
sulting unidirectional voltage across said conduc 
tor for reducing the gain of said receiver With ina 
creasing output carrier amplitude when the out 
put carrier amplitude exceeds the value required 
to reduce said unidirectional current t0 Zero. 

14. In a signaling system, an amplifier having 
cathode and control electrode, a direct voltage 
source having its negative end connected to Said 
cathode, a high resistance having one end con 
nected to the positive end of said source, a diode 
rectifier responsive to the output of said ampli 
fier, said rectifier having an anode connected to 
a tap on said resistance and a cathode connected 
to a. tap on said source, said taps dividing the re 
sistance and the source in about the same ratio, 
a second diode having an anode connected to 
the other end of said resistor and a cathode con 
nected to the amplifier cathode, and a connection 
from said second diode anode to said control elec 
trode, whereby the amplification is regulated 
automatically only when the signal exceeds the 
value required to carry said output electrode more 
negative than said amplifier cathode. 

15. In a modulated-carrier signal receiver, a 
carrier amplifier for producing an amplified car 
rier output, means responsive to Said carrier out 
put for producing across a resistance a unidirec 
tional voltage having a variation of its average 
value proportional to the amplitude of said car 
rier output and independent of the modulation 
of said carrier, means including a unilaterally 

conductive device connected in circuit with said 
resistance for deriving therefrom a unidirectional 
Voltage proportional to the excess of Said aver 
age Variation over a predetermined substantial 
value only when said average variation exceeds 
Said predetermined value, low-pass filtering 
means interposed between Said resistance and 
said device for preventing modulation-frequency 
currents in Said device, and means for utilizing 
Said derived voltage for varying the amplification 
in said receiver inversely with the amplitude of 
said carrier output. 

16. In a modulated-carrier signal receiver, a 
resistance network, means for producing a direct 
current in said network, a unilaterally conductive 
de Vice Connected between points of Said net 
work normally effective to produce a current 
therethrough, means for producing in at least a 
portion of Said netWork a unidirectional current 
in opposition to the first said current and varying 
in accordance with the amplitude of Said carrier, 
and voltage utilization means for controlling the 
gain Of Said receiver effectively connected for 
carrier amplitlides below a predetermined value, 
through said device to a predetermined point of 
fiXed poteintial, Said OppoSing current being ef 
fective at Said value to interrupt the current 
through said device, and Said utilization means 
being effectively connected for carrier amplitudes 
above said value, to a point of said network the 
potential of which varies substantially in accord 
ance with said carrier amplitude. 

17. In a modulated-carrier Signal receiver, a 
resistance network, means for producing a direct 
current in said network, a unilaterally conductive 
device connected between points of Said network 
normally effective to produce a current there 
through for maintaining Saidi pointS at Substan 
tially the same potential, means for producing in 
at least a portion of said network a unidirection 
al current in opposition to the first said current 
and varying substantially in accol'dance with the 
amplitude of said carrier, said opposing current 
being effective at a predetermined value to in 
terrupt the current through said device and at 
greater values to effect a difference in potential 
between said points varying in accordance with 
its amplitude, and voltage utilization means con 
nected across said points for controlling the gain 
Of Said receiWer. 

18. In a modulated-carrier Signal receiver, a 
bridge circuit the arms of which comprise a 
source of direct voltage and a high resistor 
through which current normally flows, a diode 
rectifier connected between intermediate points 
of said arms normally at substantially the same 
potential, said rectifier being actuated by a re 
ceived signal to produce in at least a part of the 
resistance arm of Said bridge a current in oppo 
sition to the first said current and of average 
value proportional to the carrier amplitude and 
independent of the modulation Of Said carrier, 
and voltage utilization means for controlling the 
gain of said receiver connected to points on said 
arms the potential difference of which is varied 
by said opposing current in accordance with the 
amplitude thereof at least for opposing currents 
above a predetermined amplitude. 

19. In a modulated-carrier signal receiver, a 
bridge circuit the arms of which comprise a 
Source of direct Voltage and a high resistor 
through which current normally flows, a unilat 
erally conductive device connected in the re 
sistance arm of said bridge, one terminal of said 
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device being at fixed potential, á diode rectifier 
connected between intermediate points of said 
arms normally at Substantially the same poten 
tial, said rectifier being energized by a received 
Signal to produce in at least the part of Said re 
Sistanee arm including said device a current in 
opposition to the first said current and of aver 
age value proportional to the carrier amplitude, 
said opposing current being effective for carrier 
amplitudes above a predetermined value to in 
terrupt the current through said device, and volt 
age utilization means connected across said de 
vice for controlling the gain of said receiver, 
thereby to provide a predetermined fixed con 
trol potential for carrier amplitudes below Said 
predetermined value and a control potential 
which Varies in accordance with the carrier am 
plitude for carrier amplitudes above said value. 

20. In a modulated-carrier signal receiver, a 
resistance network, means for producing a flow 
of unidirectional current in said network, a uni 
laterally conductive device connected between 

2,073,038 
points of saíd network normally effective to 
cause a current therethrough, a diode rectifier 
for deriving from the modulated carrier a uni 
directional voltage of average value varying in 
accordance with the carrier amplitude and in 
dependent of the modulation thereof and effec 
tive to produce in at least a portion of said net 
Work a direct current in opposition tO Said first 
current, and voltage utilization means for con 
trolling the gain of said receiver effectively con 
nected, for carrier amplitudes below a prede 
termined value, through said device to a prede 
termined point of fixed potential, Said opposing 
current being effective at said value to interrupt 
the current through said device and said utiliza 
tion means being effectively connected, for car 
rier amplitudes above Saidi value, to a point of 
Said network the potential of which Varies Sub 
stantially in accordance with said carrier am 
plitude. 

HAROLD A. WHEELER. 
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