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This invention relates to radio receivers and 
particularly to the design of circuits that deter 
mine the audio output or room level of repro 
duction of carrier wave signals and/or phono 
graph records when Such level is controlled from 
a point remote from the audio amplifier System of 
the receiver. 
The invention is also applicable in case the 

control Of Output level is not remote from the 
audio amplifier system. 

Prior known Systems for the remote control 
of the room level of reproduction have been com 
paratively expensive and complicated or have 
lowered the tone quality. When the receiver in 
cludes connections to a phonograph pick-up it 
has been the practice to provide a separate room 
level control for the phonograph attachment. 
The present practice of operating the audio de 
tector of radio receivers at high carrier levels 
has further complicated the design of radio 
phonograph combinations since the audio ampli 
fication provided for the reproduction of radio 
programs is usually insufficient for satisfactory 
phonograph reproduction. 
A distortionless control of the audio output 

level may be obtained by varying a direct cur 
rent bias on a radio frequency amplifier tube in 
a, inanual control Stage which follows a radio 
araplifier of the automatic gain control type. 
An object of the invention is to provide a radio 

receive including circuit arrangements for the 
reproduction of locally produced audio frequency 
Signals, such as delivered by a microphone or 
a phonograph pick-up, and in which higher audio 
amplification is provided for locally produced 
audio signals than is employed for radio recep 
tion. An object is to provide, in a radio receiv 
ing System adapted to reproduce local phono 
graph records, a simple and efficient control 
of room level output associated with a stage which 
ar:1plifies modulated carrier waves during radio 
reception and amplifies audio frequencies during 
phonograph reproduction. A further object is to 
provide a control of the type just stated which 
may be located at the receiver itself but which 
is particularly adapted for use with remote con 
trolled receivers. More specifically, an object is 
to provide a radio-phonograph combination in 
cluding a radio amplifier in which the gain is 
automatically controlled before demodulation of 
the radio signal and an amplifier or control stage 
at which the radio voltage level is held approxi 
mately constant by the radio amplifier, the con 
trol stage being operated as a radio amplifier 
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for radio reception and as an audio amplifier 
for phonograph operation. 
These and other objects and advantages of the 

invention will be apparent from the following 
Specification, when taken with the accompany 
ing drawing in which: 

Fig. is a Schematic view of an embodiment 
of the invention which graphically illustrates 
She method of operation contemplated by the 
invention; 

Fig. 2 is a fragmentary circuit diagram of an 
airbodiinent of the invention. 
In the schematic view, the reference character 

RF identifies the radio frequency amplifier of a. 
radio receiver, the amplifier including stages of 
carrier Wave amplification and, in the case of 
a Superheterodyne, one or more stages of inter 
in ediate frequency amplification. The last tube 
T of the amplifier RF works into the detector D, 
and the resulting audio frequency voltages are 
annplified in the audio ainplifier AF and repro 
duced by an appropriate device R. 
The path taken by a received radio signal is 

indicated by the unfeathered arrows a in Fig. 1, 
and it will be noted that the amplified radio fre 
quency voltages are impressed in parallel upon 
the last amplifier tube T and upon an automatic 
gain control unit AGC. The direct current bias 
voltage developed by the gain control unit is re 
turned to the preceding amplifier tubes (not 
shown) as a gain control bias to maintain an 
approximately constant radio Voltage level at 
the input to the tube T. The radio Voltage level 
at the detector D may be held substantially con 
Stant, So far aS COncerns the Operation of the 
automatic gain control, by impressing a frac 
tion of the available gain control voltage upon 
the control grid of the amplifier T. The path 
of the bias Voltage applied to the first amplifier 
tube or tubes is indicated by the longer single 
feathered arrows b, and the bias voltage applied 
to the tube T is shown by the similar but shorter 
aIIOWS b'. 
The room level of reproduction is not controlled 

by a regulation in the audio frequency system but 
by a regulation of the radio frequency or audio 
frequency gain in a stage subsequent to that point 
in the amplifier. Systein which feeds the auto 
matic gain control. As shown, the cathode cir 
cuit of the tube T includes a fixed bias resistor 
B and a resistance LC Which may be manually 
adjusted to regulate the room level of reproduc 
tion. The resistance IC may be located Within the 
receiver for local operation or may be connected 
between resistor B and ground by a cable extend 
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2 
ing to any convenient point. It is particularly to 
be noted that the cable leads are filtered for alter 
nating currents by the bypass condenser C, and 
that only a direct current voltage is impressed 
across the cable leads. This system of manual 
control has decided advantages over the custom 
ary manual control by a regulation in the audio 
frequency system. A bias control in the high 
level audio stages will result in Substantial dis 
tortion and a remote control including a voltage 
divider located between the detector and first 
audio amplifier will be comparatively expensive 
if good quality reproduction is to be obtained, 
When a phonograph attachment is included 

in the receiver, the audio frequency Voltage de 
veloped by a suitable pick-up is not impressed 
upon the first stage of the audio amplifier AF, 
but upon the radio frequency amplifier tube T, 
and the amplified voltage is then transferred to 
the audio amplifier, as indicated by the double 
feathered arrows c. A circuit of this type has 
the double advantage of providing high ampli 
fication for phonographic reproduction, and of 
employing the radio room level control C for 
regulating the room level for phonographic re 
production. 
In the circuit diagram, Fig. 2, the detailed 

circuit connections of the radio frequency ampli 
fier are not Shown as the in Vention is not de 
pendent upon the exact form or method of opera 
tion of this section of the receiver. A plurality 
of tubes are illustrated and, if desired, one of 
these tubes may have its circuits so arranged 
that it constitutes a frequency changer for re 
ducing the incoming carrier Wave to an inter 
mediate frequency. The last tube T of the radio 
amplifier is coupled to the preceding tube by a 
transformer 2 which is tuned to the frequency 
of the desired carrier or to an intermediate fre 
quency in the case of a superheterodyne receiver. 
The plate circuit of tube T includes the primary 
of a tuned coupling transformer 3 which feeds 
the detector which preferably takes the form of 
the diode elements of a tube 4 of the commercial 
design known as type 55. As shown, the high 
potential terminal of the secondary of trans 
former 3 is connected to the joined anodes A 
and the low potential terminal is connected to 
the cathode K through the audio load resistance 
5. The audio voltage is transferred to the con 
trol grid G of tube A through a radio frequency 
filter comprising resistance 6 and condenser , 
the grid connection including a blocking con 
denser 8. The cathode circuit includes the bias 
resistance 9 and the direct current bias is im 
pressed on the grid G through the sections , 

of a high resistance, the junction of the sections 
being connected to the cathode through a bypass 
condenser 2. The amplified audio voltage de 
veloped in the plate circuit is transferred to the 
succeeding audio amplifier stage or stages, usually 
a push-pull audio amplifier, through a trans 
former 3. 
The automatic gain control System AGC con 

prises the combined radio frequency amplifier 
and detector tube 4 which may take the form of 
a pentode amplifier and diode rectifier. The con 
trol grid G1 is connected to the secondary of 
transformer 2 through a condenser 5 and the 
plate circuit includes the primary of a tuned 
transformer 6 which impresses the amplified 
radio Voltage upon the anode or anodes A of the 
diode rectifier. The secondary of the transformer 
f6 is connected to ground-through the resistance 
it across which the rectified direct current Voltage 
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is developed. The negative terminal of resistance 

is connected to the control grids of one or 
more of the radio amplifier tubes through the 
usual resistance-capacity filter 8, 9. A frac 
tion, which may be about one-fifth, of the total 
gain control voltage is applied to the control grid 
of tube T by a lead 2 which is tapped into an 
intermediate point on resistance 7 and which in 
cludes a resistance 2. Appropriate bias voltage 
for the control grid Gil of tube A is provided 
by connecting the grid G1 to an intermediate 
point on the bias resistor 22, through the usual 
resistance 23, while suppreSSOr grid G3 is ordi 
narily tied to the cathode. 
The manual control of the room level of re 

production is Substantially as shown in Fig. 1. 
The fixed bias resistor B is of such value that, 
When the adjustable resistance IC is set at 
Zero, the tube T will operate at its normal or 
naXinum gain. The bias voltage Eg on the tube 
T is thus made up of a component derived from 
the automatic gain control tube fá and of a com 
ponent which depends upon the adjustment of 
the manual control resistance L.C. The junction 
of resistances B, LC is connected to a point of 
positive direct current potential, --B, through a 
resistance B, providing an available potential 
drop across the adjustable resistance LC which 
is not dependent upon the Space current flow in 
tube T. 
The usual by-passing condensers are shown in 

the circuits of the tubes T, 4 and A, but will not 
be listed in detail as the necessity for and choice 
Of Values for Such elements is well known in the 
art. 
The phonograph pickup 24 is connected across 

the primary of an audio frequency transformer 
25 that has its secondary connected between 
ground and One contact 26 of a single pole dou 
ble throw Switch, the other contact 2 being 
grounded. The contact arm of the SWitch is 
connected through a condenser 28 to the low po 
tential (radio frequency) of the secondary of 
transformer 2, and the audio voltage Ea is thus 
impressed on the grid of the radio amplifier tube 
T. The amplified audio voltage developed by 
tube T is transferred to the first audio amplifier 
A by a resistance coupling which comprises the 
resistance 29 and the audio frequency condenser 
3, the resistance 29 being connected between : 
the plate coil of transformer 3 and the plate 
Current source indicated as --B. 

It is usually desirable to have an audio fre 
Cuency gain characteristic for phonographic re 
production which is different from the gain 
characteristic for radio reception. High fre 
Cuency SCratch noises maybe eliminated by con 
necting a condenser 3 across a section of the 
Coupling resistance 29, thus reducing the imped 
ance of resistance 29 for the higher audio fre 
quencies which may be present in output of the 
pickup device 24. A switch contact 32 is con 
nected to the high potential audio frequency ter 
minal of resistance 29 and is adjustable to a 
phonographic reproduction position, as indicated 
by the legend "Phonograph' to engage the con 
tact 33 of the lead to the control grid G of the 
first amplifier of the audio system, or to engage 
the contact 36 to short circuit the resistance 29, 
as indicated by the accompanying legend 
'''Radio.' 

Interference from radio signals during phono 
graphic reproduction may be avoided by adjust 
ing the Switch 35 to open the cathode circuits of 
the first tWO radio amplifier tubes . 
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Ode leads from the tubes include a resistance 36 
that develops an appropriate bias on the said 
tubes when the switch 35 is adjusted for radio 
reception. When the cathode circuit is opened 
to prepare the apparatus for phonographic re 
production, the transmission of radio signals is 
blocked in the first tubes of the radio amplifier. 
As indicated by the dotted line 3, the several 

SWitches of the phonographic reproduction sys 
tem are preferably connected mechanically for 
their simultaneous adjustment. 
When the several Switches are adjusted for 

radio reception, the control grid of the radio 
amplifier tube is grounded for audio frequen 
Cies through condenser 28 and contact 2, and 
the coupling resistance 29 is shorted by the en 
gagement of contacts 32, 34. At the same time, 
the Switch 35 is closed and the apparatus func 
tions as a radio receiver. The total bias on the 
tube T is determined by the adjustment of re 
sistance L.C, the direct current drop across this 
resistance being added to the biasing compo 
nents due to resistance B and to the automatic 
gain control unit AGC. The maximum value of 
LC and the direct current Voltage applied 
through resistance B to its high potential ter 
minal are so related that a desired OW level of 
audio reproduction, or a complete Suppression of 
all audio output, may be obtained by adjusting 
resistances LC towards higher values. This type 
of output level control will function without 
distortion of the received wave form since the 
radio voltage on the tube T is approximately 
constant and the range of adjustment of the 
bias voltage Eg, for full audio output Control, 
is never excessive. As the control Voltage is a 
pure direct current voltage, no difficulties are 
encountered when the control resistance is ar 
ranged at a distance from the receiver. 
When the switches are adjusted for phono 

graphic reproduction, an additional stage of re 
sistance coupled audio amplification is provided 
by the tube T. Furthermore, the same control 
unit, LC regulates the audio output level and 
the control unit and phonograph may be located 
at any desired distance from the radio receiver. 
As the transmission of radio signals is blocked 
by switch 35, the rectified output of the auto 
matic gain control unit AGC is zero and there 
fore the bias applied to tube T is controlled only 
by the automatic bias resistor B and the manual 
control I.C. With resistance I C Set at Zero, the 
voltage drop across resistor B biases the tube 
for maximum amplification. By increasing the 
effective value of the resistance L.C, the cathode 
of tube T is made more positive by the current 
flow through resistance LC from the Source of 
direct current, --B. 
While the full advantages of the invention are 

obtained when the apparatus takes the form of 
a combined phonograph-radio receiver of the 
remote control type, it will be apparent that the 
phonograph reproduction system may be applied 
to receivers including other forms of Output level 
control and not necessarily including an auto 
natic gain control. 
The invention is not restricted to the particu 

lar circuit arrangement herein illustrated and 
described, as various changes may be made in 
the circuit elements, and their relative locations 
in the reproducer system without departure from 
the spirit of my invention as set forth in the 
following claims, 
I claim: 

3 
1. The method of increasing the audio ampli 

fication of a combined radio receiver-electrical 
SOUndi reprodUlcer SyStem including a radio ampli 
fier associated With an automatic gain control 
device arranged so as to maintain the amplifier 
Output Substantially constant, a detector and an 
audio amplifier which comprises converting a 
radio amplifier stage to an audio amplifier stage 
and at the same time rendering the automatic 
gain Control inoperative when the System is to 
be employed for the electrical reproduction of 
Sound, and transferring the amplified audio out 
put of said converted stage directly to the audio 
aplifier, 

2. The method as claimed in claim 1, in com 
bination. With the step of preventing amplification 
Of high frequency energy as produced, for in 
Stance, by Scratching in phonograph reproduc 
tion by said audio amplifier when the said radio 
amplifier stage is converted to an audio ampli 
fier Stage. 

3. An electrical System for the reproduction of 
Sound from modulated radio frequency waves 
and from audio frequency waves, said System 
comprising a radio frequency amplifier, a de 
tector for converting the amplified radio out 
put of said amplifier to electrical currents of 
audio frequency, an audio amplifier for amplify 
ing Said audio frequency currents, an automatic 
gain control Operating on the radio frequency 
amplifier and arranged So as to maintain the 
Output therefrom substantially constant, means 
adjustable to modify the characteristics of the 
radio frequency amplifier to adapt it to operate 
alternatively at audio frequencies and at the 
Sane time rendering the automatic gain control 
inoperative, and means operable simultaneously 
With such adjustment of said first means to render 
Said detector inoperative and to transfer the out 
put of the modified radio frequency amplifier to 
the Said audio frequency amplifier. 

4. The combination with a radio amplifier, a 
detector and an audio anplifier, a convertible 
stage provided with a manually operable volume 
control device adapted to amplify at radio fre 
quency and alternatively at audio frequency, 
an automatic gain control operating on the con 
Wertible stage to maintain the output therefrom 
Substantially constant at any setting of the manu 
ally operable volume control device, SWitch means 
operable to alternate positions to impress the 
radio output of said stage upon said detector when 
modulated radio signals are to be received and 
for impressing the audio output of said stage di 
rectly upon said audio amplifier when Sound waves 
are to be reproduced from said source, circuit 
connections controlled by Said SWitch means for 
impressing electrical WaVeS from Said Source upon 
said stage and means controlled by said Switch 
means for rendering the automatic gain control 
inoperative and for Suppressing the reproduction 
Of nodulated radio Signals When said SWitch 
means is positioned for the reproduction of Sound 
from said Source. 

5. in a radio receiver, the combination. With a 
detector and audio amplifier, of an amplifier stage 
having input and output circuits each including 
a, radio freqUency and an audio frequency im 
pedance, SWitch means operable to exclude said 
audio frequency impedances from the respective 
circuits, means for impressing an audio Voltage 
acroSS the audio impedance of the input circuit, 
means coupling the detector to the radio fre 
quency impedance of the Output circuit, and 
means operable to couple the audio impedance of 
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4 
the output circuit to the audio amplifier when 
the Switch means is positioned to include said 
audio impedances in the respective circuits. 
... 6. A radio receiver as claimed in claim 5, in 
combination with means adjustable manually to 
control the gain of said amplifier Stage. 
: 7. A radio receiver as claimed in claim, 5, in 
combination with a radio frequency amplifier for 
impressing modulated radio signals across the 
radio frequency impedance of the Said input cir 
cuit, and means automatically controlling the 
gain of said radio frequency amplifier to main 
tain the radio amplifier output approximately 
independent of variations in the strength of a 
received modulated Carrier Wave. 

8. In a radio receiver adapted to reproduce 
phonograph records, the combination. With a 
multi-stage radio amplifier working into a de 
tector, an audio amplifier and a reproducer, Of 
audio impedances and switch means for alter 
natively including said impedances in and eX 
cluding the same from the input and Output 
circuits of the last stage of Said radio amplifier, 
and means operable to couple the audio annplifier 
to the audio impedance in the output circuit 
of Said last stage when said SWitch means is 
positioned to include said impedances in the 
respective circuits. 

9. A radio receiver as claimed in claim 8, in 
combination with means manually adjustable to 
control the gain of said last amplifier Stage. 

10. A radio receiver comprising, in combination 
with a radio frequency amplifier, means auto 
matically controlling the gain of Said amplifier to 
maintain an approximately constant output level, 
a detector, an audio amplifier, and means for 
locally producing an audio frequency Voltage, of 
an amplifier stage adapted alternatively to couple 
said radio amplifier to Said detector or to couple 
said voltage producing means to Said audio alm 
plifier, said Stage including a tube ha Wing an 
input circuit including a radio frequency circuit 
coupled to said radio aimplifier and an audio in 
pedance Coupled to Said Voltage producing means, 
an output circuit for said tube including a radio 
frequency in pedance coupled to said detector 
and an audio impedance, and Switch means op 
erable to One pOSition to eXclude Said aucio im 
pedance from the respective circuits of Said tube 
and to a Second position to include Said audio in 
pedances in the respective circuits and to couple 
the Second audio in pedance to said audio an 
plifier. 

11. In a radio receiver, the combination with 
a radio frequency amplifier comprising a plu 
rality of cascaded tubes, a detector, and an audio 
frequency amplifier Working out of said detec 
tor, of audio frequency impedances, Switch means 
for alternatively including said impedances ilin 
or removing the Sane from the respective input 
and output circuits of the last tube of said radio 
frequency amplifier, means for impressing an 
audio frequency Voltage across the first of said 
impedances, an audio frequency coupling be 
tWeen said Second impedance and said audio fre 
quency amplifier, and means for preventing the 
transmission of radio signals through said radio 
frequency amplifier When said switch means is 
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adjusted to include said impedances in the cir 
cults of said last tube. 

12. A radio receiver as claimed in claim 11, in 
combination with manually adjustable means for 
controlling the gain of said last tube of the radio 
frequency amplifier. 

13. In a radio receiver, the combination with 
a radio frequency amplifier comprising a plu 
rality of cascaded tubes, radio frequency input 
and output circuits for one of Said cascaded tubes 
a detector coupled to the said output circuit, and 
an audio amplifier Working out of said detector, 
of input and output audio frequency impedances, 
Switch means for returning the said input and 
Output circuits to the tube cathode alternatively 
through or to the exclusion of the respective im 
pedances, and a COUpling between the Said audio 
amplifier and the Said output impedance. 

14. A radio receiver as claimed in claim 13, 
Wherein said output impedance comprises a re 
sistance and a condenser shunting a portion of 
the impedance, whereby the impedance pre 
Sented by said resistance to audio frequency cur 
rentS Varies as a function of frequency. 

5. A radio receiver as claimed in claim 13, 
Wherein said detector and audio amplifier in 
clude a single Vacuum tube housing the electronic 
elements of a detector and of a first stage of audio 
amplification. 

16. In a radio receiver, the combination with 
a radio frequency amplifier comprising a plurality 
of cascaded tubes, a last amplifier tube and an 
automatic gain control tube having radio fre 
quency input circuits fed in parallel from Said 

- caScaded tubes, means for returning the rec 
tified output of said gain control tube to said 
Cascaded tubes to bias the same, an aldio fre 
quency impedance and SWitch neans for return 
ing the input circuit of Said last tube to ground 
alternatively through or to the exclusion of said 
impedance, means for impressing an audio fre 
culency Woltage a CrOSS Said impedance, a radio 
frequency Output circuit for said last tube, a re 
Sistance connected between said output circuit 
and a source of direct current potential, a de 
tector coupled to said output circuit, an audio 
amplifier including a control grid and Cathodie, a 
Switch contact arma connected to the junction of 
said output circuit and resistance, a pair of switch 
contacts alternatively engaged by said contact 
arin and connected respectively to the other ter 
rinal Of Said resistance and to the contro grid 
through an audio frequency condenser, and 
means for SUppressing transmission of radio sig 
nals by said radio frequency amplifier. 

17. A radio receiver as claimed in claim 16, 
Wherein Said last means includes a SWitch for 
opening the cathode circuit of at least one of 
the cascaded tubes of said radio frequency am 
plifier. 

18. A radio receiver as claimed in claim 16, 
in combination. With means adjustable to control 
the gain of Said last amplifier tube, whereby the 
room level of reproduction of radio signals and 
of audio frequency Voltages impressed across said 
impedance may be regulated by Said adjustable 
eaS. 
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