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D�YED A.UTOl.iA TIC 9'0LUME CONTROL 

Although the automatic voluroe control systems considered thus far are 

quite effective in their perfoniance and are used in most present� receivers, 

a slight modification in the circuit constants further improves their applica 

tion. This modification is to delay the A.V.C. action on weak signals, and 

such systems are known as del�ed automatic volume control systems. 

In the conventional automatic volume control systems discussed previously, 

the control action of the A.V.C.  tube begins as soon as a station is tuned in 

and the tube is excited. This is very satisfactory on stron�r stations, but 

on weaker stations such immediate response is not so desirable, for it only 

further reduces the sensitivity of the set when the signals are not strong 

enough to be reproduced with maximum volume. To correct such a condition the 

A.V .C .  circuits must be designed so that the signal can be built up to a pre 

determined strength before the control tube begins to function. 

Such delayed action can be brought about in the case of a diode rectifier 

by biasing the plate negatively so that the signal must build up above this 

bias potential before the plate will be positive and pennit rectified current 

to flow. The expr-e as i on "delayed" then refers to a signal build up rather than 

to time, for the A.V.C .  action is delayed until the signal voltage has attained 

a definite predetermined value. 

The delay bias is figured so that as soon as a station comes in with 

sufficient strength to provide full vol\une output, the automatic volume control 

action at once comes into play. The delayed control action not only increases 

the volume from weaker stations ,  but also further reduces fading from weaken 

or distant stations. No control action occurs with weaker signals when it is 

not needed or wanted. Delayed automatic volume control can therefore be defined 
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as a system in which the autoxm.tic volume control action does not go into effect 

until the actuating signal voltage has built up to a predetermined value in 

order to permit weaker signals from distant stations to be received with the 

same volume as those from nearby strong stations. 

TYPICAL DELAYED AVC CIRCUITS 

Various circuit arrangements are used to bring about this delayed A.V.C. 

action; but they all employ the same general principle, and tl'at is to bias 

negatively the plate of the diode rectifier that developes the A.V.C.  potentiel 

so that the signal must build up and exceed this biasing potential betore A.V.C.  

action can take place. Two such systems are illustrated in Fig. l and Fig. 2. 

In Fig. 1 a type 6Q7G double-diode triode is used with the two diode plates 

connected to function separate� in two independent half-wave rectifier circuits, 

one as a detector-rectifier and the other as an A.V.C. potential rectifier. The 

upper terminal of the last I .F .  transformer secondary is connected direct� to 

one diode plate of the No. 6Q7G tube, and the rectifier circuit is closed to 

the lower terminal of the transformer secondary through a 500,000-obn load 

resistor shunted by a .0005-mfd. filter condenser. This system serves as a 

half-wave rectifier-detector, and the modulated audio potential built up across 

the load resistor is further impressed on the grid of the triode section through 

the l-megohm potentiometer grid leak which serves also as a manual volume control. 

The other diode plate is also connected to the upper terminal of the trans 

former secondary, but through a sJM.11 fixed condenser which isolates one plate 

from the other. As the signals come in, corresponding impulses pass through 

this small condenser to the lower diode plate, D-2, and make it alternately 

negative and positive. Further analysis of the circuit will reveal that the 

cathode is grounded through a 150-ohm resistor, which places it at approximately 

2.5 volts above ground potential. :But the lower diode is also grounded through 
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a 500,000-ohm resistor that closes thi� rectifier circuit throu�h the chassis.  
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�s long as no signals are coming inr no rectifier current flows, there 1• 

no drop across the load resistor, and the lower diode plate is at ground 

potential. :But the cathode 11 above ground potential by about 2.5 ?Olta. Thie 

means that the diode plate D-2 is biased 2.5 volts negative with respect to the 

cathode, and hence before an_v rectifier current can flow, the signal on the 

lower diode plate must reach 2.5 volts and go slightly beyond to make the plate 

positive. In other words, there is  a 2.5 volt delay on the diode plate. When 

a signal is tuned in and the potential on the lower plate exceeds 2.5 volts, 

rectifier current flows to the cathode and returns through the load resistor. 

Tnis sets up a voltage across the resistor which is impressed on the grid of 

the R.F. and I.F.  tubes as an A.V.C.  potential. 

By placing the cathode at 2.5 volts above ground, which is equivalent to 

biasing the lower diode plate 2.5 volts negative, no automatic volume control 

action can take place until the signal at the diode plate has been built up to 

2.5 volts and slightly beyond -- or, automatic volume control is dal�ed 2.5 

vol ts. 

In Fig. 2 another type 6Q7G tube is used in a dual manner in the 2nd 

detector stage. Two independent secondary windings L-1 and L-2 are used on the 

last I.F.  transformer. One is connected. to the upper diode of the No. 6Q.7G 

tube and forms a half-wave rectifier-detector. The circuit is closed from the 

cathode thro-.igh 200,000-ol,m potentiometer (r-1) in series with an R.F. choke. 

This choke in connection with condenser C-4 keeps aey st� radio frequency 

currents out of the lower section of the rectifier circuit. 

When a signal is received, current flows through the detector-rectifier 

circuit and builds up an audio potential across the load resistor R-1. By 

means of the slider thie potential is  picked up and impressed through condenser 

0-1 on the grid of the triode eection which serves as a lat audio stage. The 
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cathode ie connected to R-3 on the voltage divider, while the triode grid return 

., is  brought through the leak R-2 to R-4 on the divider. Bence the voltage drop 

� across R-3 comprises the grid bias on t�e triode section of the No. 6Q7G tube. 

The other secondary L-2 is connected to the lower diode plate and also 

grounded through a 300,000-obm load resistor R-5. :But the cathode is grounded 

through resistors R-3 and R-4, which places it above ground potential by an 

amount equal to the drop across these resistors. This means that the diode 

plate i1 biased negatively in respect to cathode; and before rectifier current 

can flow in the A.V.C. circuit, the signal voltage mu.at build up. eutficiently 

to overcome this bias. Automatic volume control action is delayed until the 

signal has built up to a definite value as determined by the bias on the diode 

plate. 

These two circuits illustrate nicely the principles of delayed automatic 

volume control. Although the circuit arrangement used in different receivers 

� vary somewhat, the important idea in all is to bias the rectifier plate 

negaliive With respect to the cathode. Since current can flow only when the 

rectifier plate is positive with respect to the cathode, the signal must build 

up on this plate until this negative bias is overcome before automatic vol1lm8 

control action can set in. In other words, the amount of negative bias con 

stitutes the voltage de� imposed on the automatic volume control system. 

AMPLIFIED AUTOMA:rIC VOLUME CONTROL 

In amplified autol!latic volume control systems, as the name suggests, the 

signal actuating the A .V .C .  tuoe i s  first amplified so t��t a sufficiently 

strong conirol potential 1I8Y' be produced to excite the tuoes that are to be 

controlled. In other words, instead of feeding the signal directly to the 

control tube, it is fir1t sent through a suitable amplifier tube and then 
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supplied to the A.V.C.  tube. In all other respects the operation of the A.V.C.  

system is basically the same as the systems previously explained. Common 

practice is to take part of the I .F.  signal and ,send it through an amplifier 

before it is rectified for A .V .C .  control purposes, while the remainder of the 

I.F.  signal may also be further amplified or else rectified in the 2nd detector 

and supplied to the audio amplifier.in the usual manner. 
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.A typical amplified automatic volume control system is  illustrated in 

g. 3 .  This  scheme is  used in a m.unber of RCA-Victor receivers. Only the 

last portion of the intenned.iate-frequency amplifier channel iR shown and the 

manner in which it is associated with the automatic volume control aystera. .As 

can be seen, the last intenuediate-frequency stage employs a type 58 radio- 

frequency pentode t:tia·i; is coupled through a suitable I.F.  transformer to the 

second detector. 

From a point X at the input of the above mentioned I .F.  amplifier tube a 

tap is taken off that feeds through a 0.0001-m:fd condenser to the control grid 

of the pentode section of a type 2!37 tube, a duodiode pentode. Here the signal 

iA  amplified and reappears in the plate circuit, where through transformer T 

it  is  coupled to one of the diodes of the tube. The signal is  rectified and 

built up as a D.O.  potential across the diode load resistors RA and R:s· Part 

of this voltage is tapped off at point E and supplied as an automatic volume 

,.-----.�ntrol potential to the grid of the type 58 intermediate amplifier tube 

referred. to above; while the maximum voltage avad Iab Le at point F is supplied 

as an automatic volume control potential through filter resistors RJ and Rx 

to the control grids of the radio frequency amplifier and 1st detector tubes. 

The 0.001-mfd condenser in con.tunc t i on with resistors RJ and Rx: determines the 

time constant or response interval of the automatic volume control system. 

The 600-ohm resistor in the cathode of the 2!37 tube provides the biasing 

potential, and is supplied through the 2-megohm resistor or leak to the grid 

of the pentode section. Also ,  this 600-ohm resistor in conjunction with the 

3000-ohm resistor in the cathode circuit build up a negative potentie.l that is 

impressed directly on the active diode of the tube. �nis biases the diode 

negatively, and hence functions as a delaying automatic volume control potential. 
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In other worda, before rectification can talce place, the diode 11\let have 

impressed upon it a po1itive potential tbat exceed.a this negative bia1. Thia 

means that both effects are present here delayed automatic vol'tlDle control 

and amplified automatic vol'llme control. 

In conjunction With the type 58 intermediate-frequency amplifier tube, 

one 15,000-ohm re1istor ser.t"es a1 a voltage dropping reaiator for the screen 

grid; while another 15,000-ohm reaiator functions as a bleeder resiator in 

series with a 10,000-obm potentiometer which serves aa a manual volume control 

by varying the cathode bias of the tube. The choke in the cathode line keep, 

the high frequency pulsations out of the vol'IJll1e control potentiometer and 

returns them to ground through the O.olf.-m:td condenser. 

Although various amplified automatic volume control 1ystema ma;y differ 

in the details of the circu.i t arrangement, they all operate. on the aame balic 

principle outlined above -- namely, a portion of the I.r. aignal is tapped ott 

and first ••nt throU&h a 11'111 table amplifier before it 1a rectified and made 

available as an automatic vol�e control potential. In most case, two inter 

mediate amplifier stages are used, one for the channel feeding the 2nd detector, 

and the other for the channel furnishing the excitation for the A.V.O. tube. 

THP: SILVERTONE MODEL 7021 SUPERID:l'ERODYNE RECEIVER 

The Silvertone Models 7021 and 7023 are modern 5-tube auperhetero�e 

receivers designed for operation from either A.C. or D.O.  110-volt lines. A1 

illustrated in Fig. 4, the receivers have a built-in loop; and if the pick-up 

•i th this loop is insufficient, an external antenna can be connected a1 indicated. 

In the power aupply a type 35Z5GT rectifier tube 1a used, and on D.O .  operation 

the plU& 11\lst be inserted into the outlet 10 that the pos1t1Te aide ot the 

line 11 connected to the plate of th11 tube. 

; 
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The first tube in the receiver is a type l2SA7GT pentagrid converter with 

the oscillator tank circuit connected to grid and 1 (terminal 5 on the socket), 

and feedback effected by returning the cathode circuit through a suitable 

tickler coil. The tank coil is labeled L-2 in the diagram. The incoming signa: 

is �upressed on grid #3 (socket terminal 8 ) .  Grids 2 and 4 are screen grids 

tied together within the tube and supplied with a positive potential through 

socket terminal 4, while grid #5 is the suppressor grid (socket ter:ninal 1) 

and is grounded. The intermediate frequency, which is the difference between 

the oscillator frequency and signal frequency (455 Kc),  then appears in the 

plate circuit, and is impressed through the I .F .  coupling transformer T-1 on 

the grid of the I .F .  amplifier, a type 12SK7GT high gain super-control pentode. 

Here the signal is greatly amplified and transferred through transformer T-2 to 

one of the diode plates of the 12SQ7GT tube, a double-diode triode. 

In the diode circuit the signal is rectified, and two voltages are built up 

across the load resistor R-1. One of these is a steady D .C .  potential pro 

portional to the strength of the carrier, and is used as an automatic volume 

control potential. It is impressed through filter resistor R-7 onto the signal 

grid of the 12SK7GT I.F.  amplifier and the 12SA7GT converter. The other voltage 

is an audio potential corresponding to the modulation signal superimposed on 

the carrier. This audio potential is picked off throueh condenser C-7 and 

impressed on the grid of the triode section of the 12SQ7GT tube. Resistor R-8 

(15 megohms) is the grid leak and serves to close the grid return circuit to 

the cathode. The triode section of the 12SQ7GT functions as a 1st audio 

amplifier stage, and is resistance coupled to a type 35L6GT beam power output 

tube. 

Tiiis receiver represents all -the latest design features as incorporated 
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The tubes are all of the latest type, 

while the circuit features repreAent all the present day practice in receivers 

of this type. 

THE G"SNERAL 'EJ,P.CTRI C MODEL L- 740 RECEIVER 

in modern A.C.-D.C .  universal receivers. 

Symbol Description Symbol 

C23 

6SC1 
MOOaPHASE IN't't:RTUI 

C24 

Description 

.... r 
AUOIO OUTPUT 

S2 

C-1 

C-2a, C-2b 
C-3a, b, c, 

and d 
C-4 
C-5 

C-6, 7, 8 

C-9 
C-10 
C-11 

C-12 
C-15 
C-18 
C-20 
C-21 
C-22 
C-23 

l 
��:!: 
C-25c 

C-26 
C-27 
C-28 

C-29, 30, 31 
C-32 
C-33 
C-34 
C-35 

R-1 
R-2 
R-5 
R-6 
R-7 
R-8 
R-10 

CAPACITOR-l.8-20 mmf., "D" bano 
�mmu , . .  

CONDENSER-2 l(ang condenser . 
TRIMMER STRIP-Push button trim- 

CAPAcY¥'oil:..:....ci°i ·,,:,ici. 600 ��it i,���:. 
CAPACITOR-.05 mfd. 200 volt paper . .  
C�.P��ITOR STRIP-"B," "C" and 

D osc. tnmmers . 
CAPACITOR-4700 mmf., mica. 
CAPACITOR-2000 mm!., mica . 
CAPACITOR-"B" padder (part of C-4, 

-5. -6) . 
CAPACITOR-100 mm!., mica . 
CAPACITOR--600 mm!., silvered mica 
CAPACLTOR-200 mm!., mica. 
CAPACITOR-100 mm!., mica . 
CAPACITOR-.004 mfd., 600 V, paper . .  
CAPACITOR-.005 mfd., 600 V, paper. 
CAPACITOR-220 mm!., mica, 500 V . .  
CAPACITOR-.02 mfd., 600 V, paper . . .  
CAPACITOR-IO mfd., 250 V, dry elec- 

trolytic 
CAPACITOR-15 mfd., 300 V, dry elec- 

trolytic . 
CAPACITOR-30 mfd., 350 V, dry elec- 

trolytic 
CAPACITOR-.02 mfd. 600 V, paper . 
CAPACITOR-.002 mfd. 600 V, paper . 
CAPACITOR-47 mmf .• mica . 
CAPACITOR-.01 mfd. 600 V, paper . 
CAPACITOR-.005 mfd. 600 V, paper . .  
CAPACITOR---0 .1 mfd. 600 V, paper. 
CAPACITOR-47 mmf .• mica . 
CAPACITOR-150 mm{, compensating 

cap . 
RESISTOR-470 ohm, J.i· W. carbon . 
RESISTOR-220 ohm, �- W. carbon . 
RESISTOR-4700ohm, �-W.carbon . 
RESISTOR-47,000 ohm, J.i· W. carbon. 
RESISTOR-22,000"ohm, �-W. carbon. 
RESISTOR-2.2 megohm, �- W. carbon 
RESJSTOR-47,000 ohm, J.i· W. carbon 

R-11 
R-12 

R-14 
R-15 
R-16 
R-17 
R-18 

R-19 
R-20 
R-21 
R-22 
R-25 
R-26 

R-27 
R-28, S-2 

R-29 
L-1 

L-2 
L-3 

L-4 
L-5, -6 

L-12a, b, c, 
and d 

S-1 
S-3a, b 

T-1 
T-2 
T-3 

T-4 

T-5 

SPKR 

RESISTOR-100,000 ohm, �-W. carbon 
VOLUME CONTROL-2 meg. volume 

control . 
RESISTOR-470,000 ohm, J.i-W. carbon 
RESISTOR-3900 ohm, �-W. carbon . .  
RESISTOR-I megohm, �-W. carbon . .  
RESISTOR-10,000 ohm 2-W. carbon . . .  
RESJSTOR-12,000 .ohm, 7.4 watt, W. 

w . 

RESISTOR-27,000ohm, J.i-W. carbon. 
RESISTOR-330,000ohm, �-W. carbon 
RESISTOR-100,000 ohm, �- W. carbon 
RESJSTOR-330,000 ohm, J.i· W. carbon 
RESISTOR-470 ohm, 1-W. carbon . . . . .  
RESISTOR-470,000 ohm, �-Watt car· 

bon . 
RESISTOR-2600 ohm, J.i-Watt carbon 
TONE CONTROL-2 megohm tone con- 

trol and power switch . 
RESISTOR-100,000 ohm, �-W. carbon 
BEAM-A-SCOPE-"B" band loop and 

cabinet back assembly. . . . . 
COIL-"C" band R.F. coil. . 
BEAM-A-SCOPE-"D" band loop as- 

sembly . 
COIL-" D" band oscillator coil . 
COJL--"B" and "C" band osc. coil. 
COIL-Push button coil assembly . 

SWITCH-Band change switch . 
SWITCH-Push button switch . 
TRANSFORMER-1st I�F. transformer 
TRANSFORMER-2nd I.F. transformer 
TRANSFORMER-Speaker  output 

transformer. 
TRANSFORMER-50/60 cycle power 

transformer. . . . . . . . . . . . . .  
TRANSFORMER-25 -cyc le  power 

trans 'ormer , . . . . . . . . .  
SPEAKER-6�in. P .M .  speaker . . . . .  

The General Electric Model L-740 illustrated in Fig. 5 ,  is  a 7-tube A.C. 
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operated superheterodyne receiver that has incorporated in it all the latest 

design features of receivers of this type. Manual as well as automatic push. 

button tuning is employed, and these tuning systems will be •%.Plained in detail 

in a later lesson. What we are particularly interested at this time is the 2nd 

detector, lat audio, and automatic Tolume control (A.V.O.) systems empl07ed. 

The ciroui t employs a preliminary radio frequency amplifier stage equipped 

with a type 6SG7 pentode tube, which feeds into a type 6SA.7 pentagrid converter. 

Here the difference or intermediate frequency of 455 Xe. is produced and impressed 

on the 6ST7, another high gain B.F. pentode. T"his 6SF7 tube also baa incor 

porated in it a diode rectifier. It is onto this diode that the output of the 

second I.F. transformer is impressed for rectification, and the rectified D.o. 

potential is then built 'Up acroH the load resistor R-10 and used as an A. v.o. 

potential for the grids of R.7. amplifier, converter, and I.1.  amplifier tubes. 

The audio signal voltage is taken off through the filter composed of 

condenser 0-22 and resistor R-12 and ie impreesed on the grid of one of the 

triode sections of a type 6sc7 tube. The other triode section of this tube 

functions as a phase inverter, and thp two triodee thus develope two signal 

Toltages eq11al in intensity' and differing in phase by 180 degrees, the necessary 

input 1ignal requirement for a resistance-coupled puah-pull amplifier stage. 

The push-pull output stage here emplo7s two type bXbGT tubes. These tube1 

resemble the familiar type 41 output pentodes. T"ne phase inverter, it will be 

observed, takes the place of the conventional pusb.-pull input transformer in 

the secondary ot which the two signal input voltages are developed 180 degrees 

out of pha1e. 

THE G:mNJIRAL ELECTRIC MODELS J-llOb .A.ND J-1108 

The1e two General :llectric Radio Receivers bave all the latest design 

features incorporated in them. The complete circuit diagram of these receivers, 

a• well as the parts apecificaiiona, are illustrated in J'ig. 6. 
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These are 11-'Lube receivers, and tune over three frequency ranges, ·with both 

manual and automatic push-button tuning on the broadcast b�d�. These auto 

matic push-button tuners, however, are covered in a later lesson which is de 

voted exclusively to t'Ql'lers of this type. At the.present tim� we are interested 

primarily in the 2nd detector, 1st. audio, and A.V.C. sy:stems. 

In the 2nd detector. stage, it will be seen, a type 6J5GT tube is used that 

is caused to function as a diode by employing only the grid and cathode, and 

grounding the plate. The cathode of the tube is grounded, and the return diode 

current is picked up through the 470,000-ohm load resistor R-26. The rectified 

current builds up across th.is load resistor a D.C.  potential proportional to 

the intensity of the carrier. This D.C.  voltage is used as an A.V.c. potential, 

and is impressed as a biasing potential on the grids of the R.F. and I.F. ampli 

fiers as well as the converter. 

Also built up across the load resistor R-26 is the audio voltage t�at 

accords with the modulation signal voltage .brought in by .the carrier. .This. 

audio voltage is taken off.through the filter consisting of condenser C-22 and 

resistor R..:12., the latter being in the fom of a potentiometer with the slider 

connected to the grid of the triode section of the 6SQ7 tube. The two diodes 

of this tube are rendered inoperative by being tied together and grounded. The 

triode of. this tube thus_functions as ·a 1st audio amplifier stage. 

Another 6J5GT tube is used as a phase-sllifter or inverter. In the output 

stage four type 6K6GT tubes are ·used in  parallel push-pull. Tubes arranged in 

.this manner yield an undistorted power output .of about 6 watts, The second 

6J5GT tube does not contribute anything toward amplifying the signal., it serves 

merely as a phase shifter or inverter. iVhile it is more common practice to 

employ a type 6SC7.as an audio amplifier. and phase inverter, the use of two 

type 6J5GT tubes is perhaps more satis.tactory in that these tubes have a lower 

inte1"ll8.l resistance and a greater output handling capacity. 
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