


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CIRCUITS 697 

29-11 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 

Parts List 
C" C.=40 p.F, electrolytic, R,., R14=1.3 megohms, R .. =0.27 megohm. 0.5 watt 

R..=10000 ohms, 1 watt 
Rso=Screen-grid voltage ad-

450 V 0.5 watt 
C3, C.=0.02 p.F, paper, 400 V R13=47 ohms, 0.5 watt 

justment, potentiometer, 
25000 ohms, 2 watts 

R,o=15000 ohms, 2 watts 
R,,,=12000 ohms, 2 watts 
R42=0.22 megohm, 2 watts 
R .. =22000 ohms, 2 watts 
SR,=Selenium rectifier, 20 

Cs, C.=l p.F, paper, 400 V R,., R,.=0.15 megohm, 
C.=0.002 p.F to 4-ohm tap ; 0.5 watt 

0.0016 p.F to 8-ohm tap; or, RlO, R,.=390 ohms, 0.5 watt 
0.001 p.F to 16-ohm tap; R17=AC balance control, po-
paper, 400 V tentiometer, 500 ohms 

C., C.=0.05 p.F, paper, 600 V R.,,=0.15 megohm. 1 watt 
C1O=20 p.F, electrolytic, R21, R •• =0.33 megohm, 

450 V 1 watt mAo 1H5 volts r",s 
C11=100 p.F, electrolytic, R... R .. =0.12 megohm, T,=Output transformer for 

matching impedance of 
voice coil to 5000-ohm 
plate-to-plate tube load; 50 
watts; frequency response, 
10 to 50000 Hz; United 
Transformer Corp. LS6L4 
or equiv. (see Note 1) 

150 V 2 watts 
C12=40 p.F, electrolytic, Roo, R •• =O.l megohm, 

450 V 0.5 watt 
F,=Fuse, I) amperes R2"I', R .. =4700 ohms, 
L,=Choke, 8 H, 250 mA, de 0.5 watt 

resistance 60 ohms, or less �R�~� .. =600 ohms to 4-ohm tap ; 
R,=Volume control, potenti- 820 ohms to 8-ohm tap; or, 

ometer, 0.5 megohm 1200 ohms to 16-ohm tap; T2=Power transformer, 
600-0-600 volts rms, 200 
mA, 6.3 V., 5 A; 6 V .• 

&=4700 ohms, 0.5 watt 0.5 watt 
R.=0.82 megohm, 0.5 watt Rsn=Hum balance adjust-
R.=0.22 megohm, 0.5 watt ment, potentiometer, 100 3 A ; Thor"" �~�"�"�- �n�~�R�3�6� or 

equiv. (see Note 2) Rs=820 ohms, 0.5 watt ohms 
Re=10 ohms, 0.5 watt R.,=0.12 megohm, I) watts Ta=Filament tl'anSLOrmer, 

6.3 volts, center tapped, 
1 ampere; Thordarson 
21F08 or equiv. 

R7 Re= 15000 ohms, 2 watts R .. , Ro<, R .. , R:n=33000 
RD, R,o=1.5 megohms, ohms. 2 watts 

0.5 watt R33=Bias adjustment, poten-
Rn=33000 ohms, 2 watts tiometer 50000 ohms, 
Notes: 1. In many applications, less expensive transformers, such as Stancor Type A8053 

or United Transformer Corporation Type S-17, which have a narrower frequency 
response, may be used for T, with satisfactory results. 

2. For stereo operation from a single power supply, the following changes are re­
quired: (a) The power transformer T. must be replaced by one that has a higher 
current rating; a Freed Transformer Corporation Type nC6A or equivalent (600-
0-600 volts rms, 300 mAl is recommended. (b) The 50000-ohm Bias Adj. potenti­
ometer R.B should be replaced by two 100000-ohm potentiometers (one for each 
channel) connected in parallel. (c) A second 5R4-GYB rectifier tube should be 
connected in parallel with the one used for monaural operation. (Connect the 
5R4-GYB tubes so that the two sections of each tube are in parallel with the 
corresponding sections of the other tube; do not use separate tubes for each 
section of the rectifier circuit.) 

3. If the amplifier oscillates or "motorboats," reverse ground and feedback connec­
tions in secondary of output transformer T,. 

Circuit Description 
This four-stage audio power 

amplifier can deliver 50 watts of rms 
power output with less than 0.1 per 
cent total harmonic distortion and 
less than 1 per cent intermodulation 
distortion. The frequency response 
of the amplifier is flat within ±0.5 
dB from 10 Hz to 50 kHz. Sensitivity 
is 0.4 volt rms input for 50 watts 
output. The total hum and noise is 
70 dB below 50 watts. 

The 50-watt amplifier, like the 
15-watt and 30-watt high-fidelity 
amplifiers (circuits 29-9 and 29-10), 
uses a 7199 low-noise triode-pentode 
as an input amplifier and phase­
splitter, but has a push-pull driver 
stage, which uses 6CB6 sharp-cutoff 
pentodes. The superior performance 
of this amplifier can also be attrib­
uted, in part, to the use of a 450-volt 
plate supply and a 400-volt electron­
ically regulated grid-No. 2 supply 

for the 7027 A beam power tubes in 
the output stage and to the use of 
inverse-feedback loops from the plates 
to the grids of the output tubes, from 
the plates of the output tubes to the 
cathodes of the driver tubes, and 
from the voice-coil winding of the 
output transformer to the cathode of 
the input amplifier. Additional fea­
tures are the operation of all heaters 
at a positive voltage with respect to 
ground and use of a balancing adjust­
ment (Roo) in the heater-supply cir­
cuit to minimize hum, a grid-No.2 
voltage adjustment (R.n), a grid-No. 
1 bias adjustment (R .. ) for the 7027A 
output tubes, and an ac-balance 
adjustment (R,.) which may be used 
to balance the outputs of the push­
pull stages. Operation of the 50-watt 
amplifier is essentially the same as 
that of the 15-and 30-watt amplifiers. 
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TWO-CHANNEL STEREOPHONIC AMPLIFIER 
Power Output, 1 Watt Each Channel 

/0 0---1' • ~~~f~"';:j,.41v-~--i.\:-~~tF-~I-C7-'._"'R"'II'\,-... 1 ~~~ 
INPUT ~ 

CRYSTAL OR 
CERAMIC t--t--II-~t-'--~-~-+--+--<~~>----, 

PHONOGRAPH 
PICKVP 

117 V 
AC 

~ 

o----------~ 

Parts List 

RS 

RS 

TO SPEAKER 
VOICE COIL 

C" C=0.22 p.F, paper, 
400 V 

0=0.1 p.F, paper, 400 V 
C., C.=50 p.F, electrolytic, 

25 V 

Rl, R" = Volume control po­
tentiometer, 1.5 megohms, 
ganged, audio taper 

R., Ru = 60 ohms, 1 watt 
R,O = 280 ohms, 2 watts 
Rn = 220 ohms, 2 watts 

C.=50 p.F, electrolytic, 150 V 
C., C0=50 p.F ,electrolytic, 

150 V 

R. = 0.22 megohm, 0.5 watt 
R" Rr. = 47000 ohms, 0.5 

watt 

8, = ON-OFF switch, single­
pole, single-throw 

T" To = Output transformer 
for matching impedance of 
voice coil to 3000-ohm tube 
load; Triad 8-16X or equiv. 

Ru = 12 ohms, 1 watt 

F,=Fuse, 3 amperes 
R7 = Balance control, po­

tentiometer, 2 megohms, 
audio taper 

Circuit Description 
This ac/dc two-channel (stereo) 

amplifier operates from either an ac 
power line or dc supply of 117 volts. 
AC power inputs are converted to dc 
power by the 1N1763 silicon-diode 
half-wave rectifier circuit. The 
heaters· of the 60FX5 power pentode's 
(one for each channel) used in the 
amplifier are connected in series 
directly across the input power line. 

In stereo units that use high­
output ceramic stereo cartridges, the 
/high power sensitivity of the 60FX5 
tubes at low supply voltage elimi­
nates the need for preamplifier 
stages. The 60FX5 provides a power 
output of 1.3 watts to a 3000-ohm 
transformer primary with only 3 
volts peak drive on grid No.1. With 
a transformer having a good imped­
ance match and 85-per-cent efficien­
cy, each channel of the stereo ampli­
fier supplies. 1.1 watts. of useful 
power output at the speaker. 

No' special mounting or layout 

precautions are necessary for this 
amplifier other than the value and 
placement of the isolating capacitor 
C. between B- and the chassis. This 
capacitor should be connected to the 
same point on the chassis at which 
the common cartridge lead is tied. 
A value of 0.1 microfarad for the 
isolating capacitor is suggested so 
that full output is obtained from the 
pickup. 

As with all single-ended ampli-
. fier circuits, especially acl dc units, 
adequate screen-grid bypassing is 
necessary to minimize hum. Screen· 
grid filtering is obtained through use 
of a 220-ohm dropping resistor R. and 
a 50-microfarad electrolytic capacitor 
Cu. Although, in the circuit shown, 
separate cathode-bias resistors are 
used for better dynamic balance, a 
single 30-ohm common cathode-bias 
resistor bypassed with a 50-micro­
farad electrolytic capacitor may also 
be used. 
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29-13 MICROPHONE AND PHONOGRAPH AMPLIFIER 

Parts List 
C1, C2=100 pF, disc-ceramic, 

300 V 
C3=0.05 p.F, paper, 200 V 
C.=8 p.F, electl·olytic, 450 V 
C=16 p.F, electrolytic, 450 V 
C.=25 p.F, electrolytic, 450 V 
0,=0.1 I£F, paper, 200 V 
C.=O.001 p.F, disc-ceramic, 

300 V 
C.=0.01 p.F, disc-ceramic, 

300 V 
C,0=470 pF, disc-ceramic, 

300 V 
C11=4700 pF, disc-ceramic, 

300 V 
C12=4 p.F, electrolytic, 450 V 
C13=0.05 p.F, paper, 600 V 
C14=25 p.F, electrolytic, 25 V 
C15, C18, C1'7=:20 p,FJ electro-

lytic, 450 V 
Fl=Fuse, 1 ampere 
J,=Jack fOl· high-impedance 

Circuit Description 

Power Output, 8 Watts 
RI2 

crystal microphone input; 
max. input: 2 millivolts 
peak 

J,=Jack for crystal phono­
pickup input 

Ll=Filter choke, 5 H, 
200 mA, United Trans­
former Corp. R20 or equiv. 

R" R,.=10000 ohms, 0.5 watt 
R,=Volume Control, potenti­

ometer, 1 megohm 
R:l=2.2 megohms, 0.5 watt 
R" Ro, R20=0.22 megohm, 

0.5 watt 
R5=27000 ohms, 0.5 watt 
R.=1200 ohms, 0.5 watt 
R7. R13=O.1 megohm, 

0.5 watt 
Ro, Rn=Tone control, po­

tentiometer, 0.5 megohm 
R,0=22000 ohms, 0.5 watt 
R12=12000 ohms, 0.5 watt 

c 

R,,=1800 ohms, 0.5 watt 
R15=0.47 megohm, 0.5 watt 
R,7=0.15 megohm, 0.5 watt 
RlB=180 ohms, 2 watts 
RlO=47000 ohms, 1 watt 
R21=50 ohms, 10 watts 
R",,=8200 ohms, 2 watts 
8,=Microphone-phonograph 

selector; wafer Bwitch ; 
single-pole, double-throw 

82=ON-OFF switch, single­
pole, single-throw 

Tl=PoWel' transformer, aoo-
0-300 V., 90 mAo ; 6.3 V., 
3.5 A.J center tapped; 5 V., 
2 A, Thordarson 22R04 or 
equiv. 

T2=OUtPUt transformer for 
matching impedance of 
voice coil to 4000-ohm tube 
load; 10 watts; United 
Transformer Corp. S14 01' 
equiv. 

This microphone and phonograph 
amplifier can deliver up to 8 watts of 
audio output power for an input of 
200 millivolts rms at J 2 (phonograph 
input) or an input of 6.8 millivolts 
rms at J, (microphone input). The 
amplifier uses a 6EU7 twin-triode 
input amplifier, a 6A V6 driver stage, 

and a 6L6GC single-ended output 
stage to increase the signal power 
from a high-impedance crystal micro­
phone or crystal phonograph pickup 
to the desired level. The transformer­
coupled ac input power is converted 
to dc operating power for these 
stages by a 5Y3GT full-wave recti-
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29-13 MICROPHONE A-NO PHONOGRAPH 
AMPLIFIER (Cont'd) 

Circuit Description (Cont'd) 

fier circuit. A 5-volt winding on 
power transformer T, provides the 
heater power for the rectifier tube, 
and a 6.3-volt winding provides 
heater power for the other tubes in 
the amplifier. The center tap on the 
6.3-volt winding is connected to the 
junction of a resistive voltage divider 
(R,,, and R",) across the output of the 
power supply. The resulting positive 
bias applied to the tube heaters sub­
stantially reduces heater-to-cathode 
leakage and, consequently, minimizes 
hum. 

The signals from a crystal micro­
phone are.usually much smaller than 
those from a crystal phonograph 
pickUp. Microphone signals, there­
fore, are amplified by both sections 
of' the 6EU7 twin-triode amplifier. 
The signals are coupled from J 1 to 
the pin 5 control grid of the 6EU7. 
The plate output from this triode 
section is then coupled through 
switch 8 , (microphone position) and 
volume-control potentiometer R. to 

the pin 8 control grid of the 6EU7. 
With selector switch 8, in the phono­
graph position, phonograph inputs 
are coupled directly from J. across 
volume-control potentiometer R. to 
the pin 8 control grid, and the first 
section of the 6EU7 is bypassed. 

The outputs from the pin 7 plate 
of the 6EU7 are coupled across the 
frequency-sensitive tone-control net­
work to the control grid of the 6A V6 
driver stage. The bass and treble 
controls R .. and Rll are adjusted to 
assure optimum low- and high-fre­
quency response characteristics for 
the amplifier. The two diode plate 
sections of the 6A V6 are shorted to 
the tube cathode and thereby are 
made inoperative. The output of the 
driver stage is applied to the 6L6GC 
output stage which develops the 
audio power required to drive a 
speaker. Transformer T. matches the 
4000-ohm plate impedance of the out­
put stage to the speaker voice';coil 
impedance. 

29-14 TWO-CHANNEL AUDIO MIXER 
Voltage Gain from Each Grid of 6EU7 ~o Output is Approximately 20 

OUTPUT TO 
~ GRIDOF 

+250V 

Parts List 
C,=10 p.F, electrolytic, 25 V 
C.=O.05 p.F, paper, 400 V 
R1. R5, R,,=l megohm, 

RI 

R2 RS 

0.5 watt 
R2 R.,=0;1 megohm, 

0.5 watt 

C2 f8 NEXT STAGE 

R:l, R7=Potentiometers, 0.1 
megohm, audio taper 

R,=1200 ohms, 0.5 watt 



CIRCUITS 701 

29-14 TWO-CHANNEL AUDIO MIXER (Cont'd) 
Circuit Description 

This high-fidelity mixer circuit 
can be used to combine audio-fre­
quency program material from two 
sources. Each signal channel consists 
of a one~stage voltage amplifier 
using one section of a 6EU7 low­
noise twin-triode. Each section of 
the mixer can provide a voltage gain 

of about 20, and can handle an input 
signal of about 0.2 volt rms without 
overloading. The dc plate supply of 
+250 volts (nominal value) for the 
mixer stages can usually be obtained 
from an auxiliary tap on the power 
supply for the audio powell amplifieI·s. 

29-15 PHONOGRAPH AMPLIFIER 
Power Output, 1 Watt 

R2 ::--"oIV\r'"1-:==1 

CHASSIS 

117 V 
AC 

o 
Parts List 

CI RI 

FI 

VOL. 
CONT. 

pickup 

y 

y 
RS 

R.=210 ohms, 10 watts C,=0.082 p.F, paper, 400 V 
C2=0.02 p.F, paper, 400 V 
C:J. C.,=40 p.F. electrolytic, 

150 V 

Rl=0.22 megohm, 0.5 watt 
R::=Volume control, potenti. 

ometel', 0.5 megohm, 

Ro, R7=56 ohms, 0.5 watt 
Rs=3300 ohms, 1 watt 
T,=Output transformer for 

F1=Fuse, 1 ampere audio taper 
J,=Input connector, shielded, 

for crystal phonograph 
Ra=10000 ohms, 0.5 watt 
R.=22 ohms, 0.5 watt 

matching impedance of 
voice coil to 3000-ohm 
tube load 

Circuit Description 
This single-stage phonograph 

amplifier operates directly from 
either an ac power line or adc supply 
of 117 volts. AC power inputs are 
converted to dc power by the 35W 4 

-- half-wave rectifier circuit. The heat­
ers of the amplifier and rectifier tube 
are connected in series, together with 
a 210-ohm voltage-dropping resistor, 
R., directly across the input power 
line. 

The amplifier uses a 50EH5 

power pentode to develop up to 1 
watt of audio output power from the 
input supplied from a crystal phono­
graph pickup. The input is applied at 
J , and coupled through a length of 
shielded cable to the input circuit of 
the pentode amplifier. Volume-control 
adjustment for the amplifier is pro­
vided by potentiometer R2• The out­
put coupling transformer T, matches 
the 3000-ohm plate load impedance 
of the 50EH5 to the voice-coil im­
pedance of the speaker. 
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29-16 PREAMPLIFIER FOR MAGNETIC PHONOGRAPH PICKUP 
With· RIAA Equalization 

Rg 
r-----~~V\~~----~--~~~-------o+250V 

J 

Sensitivity=3 millivolts rms input for output of 0.55 volt at frequency of 1000 Hz. 

Parts List 
Ct, C,:26 p,F, electrolytic, 

25 V 
C2, C.=20 p,F, electrolytic, 

450 V 

C.=180 pF±5 per cent, 
ceramic or mica, 500 V 
(includes capacitance of 
output cable) 

of magnetic pickup used. 
Follow pickup manufac­
turer's recommendations 

Ro, R.=2700 ohms, 0.5 watt 
R., R5=0.1 megohm, 0.5 watt 
R,=39000 ohms, 0.5 watt 
R.=0.47 megohm, 0.5 watt 
&=0.68 megohm, 0.5 watt 
R.=15000 ohms, 1 watt 
R,O=22000 ohms, 0.5 watt 

C=O.l p,F, paper, 600 V 
C=0.0033 p.F±5 per cent, 

paper, 600 V 
C=O.Ol p.F±5 per cent, 

paper, 600 V 

C.=0.22 p,F, ceramic, 600 V 
J=Input connector, shielded, 

for high-impedance mag­
netic phono pickup (10 mV 
output, approx.) 

Rt=Value depends on type 

Circuit Description 

This two-stage audio preamplifier 
is intended for use with high-fidelity 
magnetic phonograph pickups. The 
two amplifier stages provide an over­
all circuit gain of approximately 150. 
The 7025 twin triode used in the 
circuit features exceptionally low 
hum and noise and is designed es­
pecially for use in high-fidelity cir­
cuits that operate at low signal 
levels. The preamplifier is ideally 
suited for use as the low-level input 
stage for audio power amplifiers such 
as the 50-watt unit, circuit 29-11. For 
use. with audio power amplifiers such 
as the 15- and 30-watt units, circuits 
29-9 and 29-10, which require higher 
input signals, another low-level am­
plifier (e.g., the tone-control '.ampli­
fier, circuit 29-20) must be inserted 
between the preamplifier and· the· 

power amplifier to obtain the full 
rated output. The heater and dc 
operating power required for the pre­
amplifier can usually be obtained 
from the power-supply circuit for the 
power amplifier. 

The audio signal from .the phono­
graph pickup is applied to J and 
coupled through a length of shielded 
cable to the control grid of the input 
stage of the preamplifier. The inter­
stage coupling between the two am­
plifier sections of the preamplifier 
includes an RIAA equalization net· 
work (R,o and Co). This network com­
pensates for the Orthophonic record­
ing characteristic* introduced into a 
record disc by the manufacturer. The 
output from the preamplifier is 
coupled from the plate of the second 
stage by output coupling capacitor 



CIRCUITS 703 

2946 PREAMPLIFIER FOR MAGNETIC 
PHONOGRAPH PICKUP (Cont'd) 

Circuit Description (Cont'd) 

C. to the input of a tone-control 
amplifier (if used) or directly to the 
input of the power amplifier. Because 
of its relatively high output imped­
ance, the preamplifier is recom­
mended for use in systems in which 
the preamplifier is mounted on the 
same chassis as the power amplifier 
and/ or tone-control amplifier. The 
preamplifier may be used at distances 
up to 6 feet from the following am­
plifier provided that the capacitance 
of capacitor Co is reduced approxi­
mately 30 picofarads for each foot 
of shielded cable used for the audio­
frequency connection between the 
preamplifier and the following ampli­
fier. 

* To achieve wide frequency and dy­
namic ranges, manufacturers of com­
mercial recordings use equipment 
which introduces a non-uniform re­
lationship between amplitude and 
frequency. This relationship is known 
as a "recording characteristic." To 
assure proper reproduction of a high­
fidelity recording, therefore, some 
part of the reproducing system must 
have a frequency-response character­
istic which is the inverse of the re­
cording characteristic. Most manu­
facturers of high-fidelity recordings 
use the RCA "New Orthophonic" 
(RIAA) characteristic for discs and 
the N ARTB characteristic for mag-

. netic tape. 

29-17 HIGH-FIDELITY PREAMPLIFIER FOR TAPE-HEAD PICKUP 
With NARTB Equalization 

v Y 
v2=40 p.F, electrolytic, 

450 V 
C.=0.1 p.F. ceramic, 400 V 
C.=25 p.F, electrolytic, 25 V 
05=0.22 p.F, ceramic, 400 V 
0.=0.015 p.F, ceramic, 400 V 
0.=25 p.F, electrolytic, 25 V 

R6 

Cs 

+B 
AUXILIARY 

SUPPLY 

CIO 

t-+--t~UT 
(LOAD = 50000 

OHMS MIN.! 

.put for output of 0.55 volt at frequency of 1000 Hz. 

0.=0.22 p.F, ceramic. 400 V 
00=40 p.F, electrolytic, 450 V 
010=0.47 p.F, ceramic, 400 V 
R1=1 megohm, 0.5 watt 
R2=0.1 megohm, 0.5 watt 
R3=1000 ohms, 0.5 watt 
R.=0.47 megohm, 0.5 watt 
R5=0.22 megohm, 0.5 watt 
R.=22000 ohms, 0.5 watt 

R.=3300 ohms, 0.5 watt 
Ro=3.3 megohms, 0.5 watt 
R.=1500 ohms, 0.5 watt 
R,O=O.l megohm, 0.5 watt 
Rll=1500 ohms, 0.5 watt 
R12=15000 ohms, 0.5 watt 
R,3=0.47 megohm, 0.5 watt 
R14=4700 ohms, 0.5 watt 
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29-17 HIGH-FIDELITY PREAMPLIFIER FOR 
TAPE-HEAD PICKUP (Cont/d) 

Circuit Description 

This three-stage preamplifier 
provides the amplification necessary 
to increase the output from a tape­
head pickup to the level required to 
drive an audio power amplifier. The 
circuit uses a 5879 low-noise'sharp­
cutoff pentode in a high-gain input 
voltage amplifier, one section of a 
7025 twin triode in a second voltage 
amplifier, and the other section of the 
7025 in a cathode-follower output 
stage. Because of the low-impedance 
cathode-follower· output circuit, the 
preamplifier may be installed at dis­
tances up to 50 feet from the/follow­
ing stage (tone-control or power 
amplifier) without adverse effect 
upon its frequency-response charac­
teristics. The preamplifier is intended 
for use as the low-level input stages 
for an audio power amplifier, such as 
the 50-watt unit (circuit 29-11) or, 
when followed by another low-level 
amplifier (e.g., the tone-control am­
plifier, circuit 29-20) the 15- or 30-
watt unit (circuit 29-9 or 29-10). 

The heater and dc operating power 
for the preamplifier can usually be 
obtained from the power supply for 
the power amplifier. 

The preamplifier provides an 
over-all circuit gain of 180. An input 
of 3 millivolts rms at the input 
terminals, is amplified by the pentode 
and triode voltage amplifiers to de­
velop an output of approximately 
0.55 volt rms at the cathode of the 
cathode-follower output stage. The 
interstage coupling between the 
pentode and triode voltage amplifiers 
equalizes the playback frequency 
response of the preamplifier to com­
pensate for the NARTB recording 
characteristic introduced into the 
magnetic tape by the manufacturer. 
(See footnote for circuit 29-16.) The 
output of the preamplifier is coupled 
by capacitor ClO to the input of the 
audio power amplifier or to the input 
of an intermediate tone-control 
amplifier. 

29-18 PREAMPLIFIER FOR CERAMIC PHONOGRAPH PICKUP 
Cathode Follower (Low-Impedance) Output 

-=-

+230-300V 

AF OUTPUT 
(LOADs 
50000 

OHMS MIN) 



CIRCUITS 705 

29-18 PREAMPLIFIER FOR CERAMIC 
PHONOGRAPH PICKUP (Cant'd) 

Parts List 
C,=O.l p.F, paper, 400 V 
C.=O.Ol p.F, paper, 400 V 
C3=20 p.F, electrolytic, 

for high-impedance 
ceramic phono pickup 
(0.5-volt output) 

Ra=0.82 megohm, 0.5 watt 
R,=0.22 megohm, 0.5 watt 
Ro, R.=4.000 ohms, 0.5 watt 
R.=4700 ohms, 0.5 watt 
R.=lOOO ohms, 0.5 watt 
Ro=l megohm, 0.5 watt 
R,O=1800 ohms, 0.5 watt 

400 V 
C.=0.25 p.F, paper, 400 V 
C.=0.22 p.F, paper, 600 V 
Jl=Input connector, shielded, 

R,=1.8 megohms, 0.5 watt 
R,=Volume control, potenti­

ometer, 0.5 megohm, audio 
taper 

Circuit Description 

This two-stage preamplifier is 
intended for use with a high-imped­
ance ceramic phonograph pickup. The 
circuit features a cathode-follower 
(low-impedance) output which makes 
it possible to install the preamplifier 
at distances up to 50 feet from the 
succeeding stage (tone-control or 
power amplifier) . The preamplifier 
operates from a dc supply of 230 to 
300 volts and a heater supply of 6.3 
volts. These voltages can usually be 
obtained from the power supply for 
the power amplifier in the audio 
system. 

The preamplifier uses a 7199 
triode-pentode in a high-gain pentode 
input stage and a triode cathode­
follower output stage. These stages 
provide the amplification necessary 
to increase th~ output from a crystal 
phonograph pickup, applied at J" to 
the level required to drive an audio 
power amplifier. The output of the 
preamplifier, coupled from the cath­
ode of the 7199 triode section, may 
be applied directly to the power 
amplifier, or to an intermediate tone­
control amplifier. 

29-19 LOW-DISTORTION PREAMPLIFIER 
For Low-Output, High-Impedance Microphones 

4 5 

+ 

Sensitivity=3 millivolts rms input for output of 220 millivolts. 

Parts List 
C,=0.047 JJ.F, paper, 400 V Rl=2.2 megohms, 0.5 watt 
C.=25 p.F, electrolytic, 25 V R.=O.l megohm, 0.5 watt 
Ca=0.22 p.F, paper, 400 V 
C.=40 JJ.F, electrolytic, 450 V 

+250-300V 

OUTPUT 
(LOAD = 
220000 

OHMS MIN.) 

Ra=lOOO ohms, 0.5 watt 
Rl=0.47 megohm, 0.5 watt 
&=22000 ohms, 0.5 watt 
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29-19 LOW-DISTORTION PREAMPLIFIER (Cont'd) 

Circuit Description 

This single-stage preamplifier is 
intended for use with a high-fidelity, 
high-impedance crystal or dynamic 
microphone. The circuit uses a 5879 
low-noise sharp-cutoff pentode in a 
conventional amplifier circuit that 
has a high-impedance output, a volt­
age gain of approximately 70, and 
a fiat frequency response over the 

audio range. Because of its high out­
put impedance, the preamplifier 
should be mounted on the same 
chassis as the power amplifier and 
tone-control amplifier (if used). 
Heater and dc power for the circuit 
can be obtained from the power 
supply for the audio power amplifier. 

29-20 BASS AND TREBLE TONE-CONTROL AMPLIFIER 

CI 
o--I~---"T 

INPUT 

= 

+250-300 v 

Rit 

C1 
~--~--------~t(----O 

R7 

OUTPUT 
(LOAD = 
100000 
OHMS 
MIN.) 

R6 Re 
BASS ~~--~~~~~--~ 

CONTROL 

R9 

Sensitivity=0.5 volt rms input for output of 1.25 volts with controls set for flat loesponse. 

Parts List 
C,=0.047 /LF, paper, 400 V 
Ca, C.=20 /LF, electrolytic, 

450 V 

C.=0.0022 /LF, paper, 400 V 
R1=0.47 megohm, 0.5 watt 
R2=1500 ohms, 0.5 watt 

R.=1000 ohms, 005 watt 
Rs=Bass control, potenti­

ometer, 1 megohm, audio 
taper C.=O.l /LF, paper, 400 V 

C.=0.1)022 /LF, paper, 400 V 
C.=0.022 /LF, papelO, 400 V 
C.=0.22 /LF, paper, 400 V 
C8=220 pF. ceramic or mica, 

R., Ru=15000 ohms, 0.5 watt 
R.=22000 ohms, 0.5 watt R.=10000 ohms, 0.5 watt 

R12=Treble control, poten" 
tiometer, 1 megohm, 
audio taper 

R., R., R,.=O.l megohm, 
0.5 watt 

500 V 

Circuit Description 

This high-fidelity tone-control 
amplifier uses a 6EU7 low-noise twin 
triode in a two-stage amplifier cascade 
that consists of an input cathode 
follower connected to a triode voltage 
amplifier through a frequency-sensi­
tive (tone-control) interstage cou-

pling network. The bass and treble 
controls in the coupling network can 
be adjusted to provide up to 16 dB 
of boost or attenuation (cut) at 30 
Hz and at 15 kHz. With the bass and 
treble controls set at the mid-range 
positions, the amplifier provides an 
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29-20 BASS AND TREBLE TONE-CONTROL 
AMPLIFIER (Cont'd) 

Circuit Description (Cont'd) 

over-all voltage gain of approxi­
mately 2.5, and its frequency re­
sponse is flat within ±ldB from 30 
Hz to 15 kHz. 

The tone-control amplifier is de­
signed for use immediately ahead of 
an audio power amplifier, such as the 
15-, 30-, or 50-watt unit (circuit 29-
9, 29-10, or 29-11, respectively). 
Operating power for the tone-control 
circuit can usually be obtained from 
the power supply for the power am­
plifier. For operating convenience, 

the volume control on the power 
amplifier may be physically located 
on the tone-control chassis. In this 
case, it is advisable to insert a 
I-megohm resistor in place of 
the volume control on the power 
amplifier. If partial compensation for 
the reduced high- and low-frequency 
sensitivity of the ear at low volume 
levels is desired, the volume-control 
potentiometer may be replaced by a 
loudness-control potentiometer. 

29-21 ELECTRONIC VOLT-OHM METER 

Circuit Description 
This electronic volt-ohm meter 

can be used to measure rms values 
of ac sine-wave voltages from 0.1 to 
1500 volts, dc voltages from 0.2 to 
1500 volts, peak-to-peak voltages 
from 0.2 to 4000 volts, and resist­
ances from 0.2 ohms to 1000 meg­
ohms. Within these over-all limits, a 
Range Selector (S,) can be used to 
select seven different measurement 
ranges for each measurement func­
tion, as shown in the switch-position 
chart. The mode of operation of the 
volt-ohm meter is determined by the 
setting of the five-position (OFF, 
AC, -DC, +DC, and OHMS) Func­
tion Selector (S2). A section (S.n) of 
the Function Selector is also used to 
control the application of the 117-
volt, 60-Hz, input ac power. The ac 
input power is converted to dc power 
by the 1N1764 selenium rectifier and 
associated components. A 6.3-volt 
secondary winding of power trans­
former T, supplies power to the tube 
heaters. A neon lamp connected 
across the primary of power trans­
former Tl lights when ac power is 
applied to the circuit. 

A balanced push-pull dc ampli­
fier, which includes a dc microam­
meter M, connected as part of a dc 
bridge network between the two 
plate sections of the stage, is used 
as the basic measuring circuit for 
each measurement function of the 
volt-ohm meter. This circuit has a 
linear response, excellent stability, 
and a very high input impedance. 
Calibration adjustments are provided 
for each mode of operation to as­
sure that accurate measurements are 
obtained. If desired, the ZERO ADJ 
potentiometer R.. may be adjusted 
to provide a center-scale zero read­
ing on the meter, which is useful in 
discriminator and bias voltage 
measurements. 

For ac voltage measurements, 
Function Selector S. must be rotated 
to the AC position. The ac voltage to 
be measured, applied between the 
AC-OHMS and COMMON terminals, 
is coupled through contacts 10 and 9 
of Sa to the ac-voltmeter multipliers 
(R, through R.). The ac voltage from 
one of the taps on the multiplier, as 
determined by the setting of the 



SWITCH POSITIONS 

Position Range SeJedor. S, Fundlon SeJedor. S. 

1 1.SV Rxl 4V OFF 
2 SV Rxl0 14V AC VOLT 
3 ISV Rxl00 40V -DC VOLTS 
4 SOY Rxl000 140V +DC VOLTS 
5 lS0V RxIO.OOO 400V OHMS 
6 SOOV RxlOO,OOO 1400V 
7 lS00V RxlM 4000V 

Notes: 1. Switches are shown in their maximum counterclockwise position (81=1.5 V. 
R XI; S2="OFF"). 

2. The accuracy of the volt-ohm meter depends upon the accuracy of the multiplier 
resistors. 

Parts List 
B,=Battery, 1.6 V 
C,=470 pF. ceramic disc. 

1600 V 
C.=O.OOl p.F. ceramic disc. 

600 V 
Co=O.47 p.F. tubular. 400 V 
C •• C.=O.02 p.F. ceramic 

disc. 400 V 
Ca. C.=0.005 p.F. ceramic 

disc. 200 V 

Co=10 p,F. electrolytic. 
400 V 

F,=Fuse. 0.5 ampere 
MI=Meter, dc, 0-200 p,A 
NE2:;=Neon lamp 
RI=DC-voltsge probe 

isolating resistor. 1 meg­
ohm, 0.25 watt 

R2=138000 ohms. 0.26 watt 
Ro=320000 ohms. 0.5 watt 

R.=0.9 megohm. 1 watt 
R., RIa=1 megohm. 

0.25 watt 
R •• R,O. R ... R .. =10000 ohms. 

0.5 watt 
R.=20000 ohms. 0.25 watt 
R.=70000 ohms. 0.26 watt 
R.=0.2 megohm, 0.25 watt 
R,0=O.7 megohm. 0.25 watt 
Rll=2 megohms. 0.26 watt 
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29-21 ELECTRONIC VOLT-OHM METER (Cont'd) 

Parts List (Cont'd) 
0.5 watt 0.5 watt R,=7 megohms, 0.25 watt 

RlS=8.2 ohms, wire-wound, 
0.5 watt 

Rl<=100 ohms, 0.25 watt 
R,.=1000 ohms, 0.25 watt 
R17=O.l megohm, 0.25 watt 
R,.=10 megohms, 0.25 watt 
R20=20 megohms, 0.25 watt 
R21=91 megohms, 0.5 watt 
R22=10000 ohms, poten-

R2,=15000 ohms, poten­
tiometer, ohms adjustment. 
0.25 watt 

R •• =47000 ohms, 0.5 watt 
R:16=0.22 megohm, 0.5 watt 
Sl==Range selector switch, 

R26=10000 ohms, poten­
tiometer, zero adjustment, 
0.25 watt 

7 position, RCA stock No. 
217924 or equiv. 

S2==Function selector 
switch, 5 position, RCA 
stock No. 217923 or equiv. 

tiometer ae calibration. 
0.5 watt 

R23=10000 ohms, poten­
tiometer de calibration, 

R2R=3.3 megohms, 0.5 watt 
R:m=6.8 megohms, 0.5 watt 
R.o, R31=330 ohms, 0.5 watt 
R.2=15000 ohms, 0.5 watt 
R .. =27000 ohms, 0.5 watt 
R",=10000 ohms, poten-

Tl==Power transformer. 
105-125 volts rms. 50-60 
Hz, RCA stock No. 217921 
or equiv. 

tiometer. ae balance. 

Circuit Description (Cont'd) 

Range Selector (Sa section), is rec­
tified by the 6AL5 twin diode. The 
resultant dc voltage across the recti­
fier bleeder resistors R21 and R'4 is 
proportional to the ac voltage from 
the multiplier network. This voltage 
is then coupled through contacts 4 
and 5 of Sm, through one of the 
contacts 4 through 10 (as determined 
by setting of Range Selector) and 
contact 1 of S,c, and through contacts 
1 and 2 of S2A to the pin 2 control 
grid of the 12AU7A twin triode in 
the balanced dc amplifier. This input 
disturbs the balance of the amplifier 
and a current proportional to the ac 
input flows through the dc micro­
ammeter connected between the 
plates of the 12AU7. The pointer on 
the micro ammeter is then deflected 
to indicate the value of the voltage 
being measured. 

With the Function Selector ro­
tated to either -DC or +DC, a dc 
voltage being measured is coupled 
through the I-megohm probe R" the 
DC VOLTS terminal, and contacts 6 
and 5 of S2B to the dc-voltmeter mul­
tipliers (Ro through R,2). The I-meg­
ohm resistance of the dc probe 
together with the resistance of the 
multipliers results in an input re­
sistance of 11 megohms for dc volt­
age measurements. The dc voltage 
from the appropriate tap on the 
multiplier network selected by the 
SlO and Sm sections of the Range 
Selector is coupled through contact 1 
of these switch sections (or contact 

3 of SIC) and contacts 1 (or 3) and 
2 of S'A to the input of the balanced 
dc amplifier. The pointer of the mi­
croammeter in the balanced amplifier 
is then deflected to provide an indica­
tion of the value of the dc voltage 
being measured. The S.c section of 
the Function Selector reverses the 
connections of the microammeter 
when the Function Selector is rotated 
from -DC to +DC so that current 
will flow through the microammeter 
in the same direction regardless of 
whether a negative or positive dc 
voltage is being measured. 

For resistance measurements, 
the Function Selector is rotated to 
the OHMS position, and the external 
resistance to be measured is con­
nected between the AC-OHMS and 
COMMON terminals of the volt-ohm 
meter. A 1.5-volt dry cell then causes 
current to flow through the external 
resistance, through contacts 10 and 
11 of S'A, and through one of the 
ohmmeter-section multiplier resistors 
(R,• through RlO), as determined by 
the setting of the Range Selector 
(SIB section). Because the mUltiplier 
resistance is fixed for each range, the 
voltage developed across the external 
resistance provides an accurate indi­
cation of the value of this resistance. 
This voltage is coupled through con­
tacts 10 and 2 of S'A to the input 
of the balanced dc amplifier. The 
pointer of the microammeter is then 
deflected to indicate the value of the 
resistance being measured. 
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29-22 SERIES-TYPE STABILIZED VOLTAGE SUPPLY 
Circuit Description 

This series-type stabilized voltage 
supply uses type 5651A as a voltage 
reference tube, type 6080 as a series­
regulator tube, and type 5751 as a 
control tube. In this circuit, the 
5651A supplies a fixed reference 
voltage between the grid of the first 
unit of the 5751 and its cathode re­
turn. Changes in supply voltage to 
the load are amplified by the 5751 
which is connected as a two-stage 
dc amplifier to control the drop 

UNREGULATED 
FILTERED 

DC VOLTAGE.& 

Parts List 

through the 6080. The resulting out­
put voltage is essentially independ­
ent of change in load current. 

The voltage regulation of this 
supply operated at a fixed line volt­
age of 117 volts and an output 
voltage of 250 volts is less than 
0.2 volt over the current range of 
o to 225 milliamperes. At full cur­
rent, the regulation for a variation 
of ± 10 per cent in line voltage 
is less than 0.1 volt. 

TYPE TYPE 
5751 5651A 

REGOLATED 
SUPPLY 

VOLTAGE 
TO LOAD 

250 VOLTS 
0-225 mA E9 

C1 = 0.1 JIoF, 400 volts 
R1 = Plate current balanc­

ing potentiometer, 160 
ohms, 10 watts 

R" = 470000 ohms, ¥., watt 
14 = 470000 ohms, 'h watt 
R. = 12000 ohms, 2 watts 
Ru = 68000 ohms, 1 watt 

R7 = 1 megohm, If.. watt 
Rs = 16000 ohms, 2 watts 
R. = Output voltage-control 

potentiometer, 10000 ohms 
R. = 12000 ohms, 2 watts 

Notes: ... 375 volts approx. at zero load current; 325 volts approx. at 225 milliamperes load 
current. . 

$ Socket connections for the 5651A are made so that removal of the 5651A from Its 
soeket opens the load. 

• Pins 3 and 6, do not use. 
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29-23 ALL-PURPOSE DC POWER SUPPLIES 

TI 

~r-G-.3-V-: TO HEATERS 

TYPE 
5BC3 

9 
K"-_--TO FILTER 

I OR 2 

POWER SUPPLY I 

TO HEATERS 
\:.----=-'="'"-....-3---

~=-__ .. TO FILTER 
1,2, OR 3 

POWER SUPPLY 2 

POWER TRANS- CHOKE (L1) 
SUPPLY FORMER 

R1 

1 Stancor 140 mA, 7H, 33 ohms 
(5BC3) PO or PM 165 ohms 5W 

1 
(5BC3) 

2 
(6X4) 

2 
(6X4) 

8177 Stancor 01421 
(300-0-300) or equiv. 
or equiv. 

Stancor 
PO or PM 

8412 
(400-0-400 ) 
or equiv. 

Stancor 
P-6358 

(300-0-300 ) 
or equiv. 

Stancor 
PM or PC 

8419 
(240-0-240 ) 
or equiv. 

200mA,4H, 
145 ohms 

Thordarson 
20054 

or equiv. 

80 mA, 12H, 
375 ohms 

Thordarson 
20053 

or equiv. 

80 rnA. 12H, 
376 ohms 

Thordal'Son 
20053 

or equiv. 

56 ohms 
lOW 

500 ohms 500 ohms 
5W 3W 

500 ohms 500 ohms 
5W 3W 

01, O. 

40 p.F 
450 Vdc 

40 p.F 
600 Vdc 

40 p.F 
450 Vdc 

40 p.F 
460 Vdc 

FIL- . OUTPUT 
TER ·VOLTS MA 

1 

2 

2 

2 

3 

1 

2 

3 

360 
340 
320 

235 
230 
215 

450 
425 
410 

310 
300 
280 

350 
300 
260 

250 
230 
220 

345 
300 
250 

265 
225 
190 

200 
180 
170 

260 
220 
180 

60 
80 

120 

60 
80 

120 

120 
160 
200 

120 
160 
200 

20 
40 
60 

20 
40 
60 

20 
40 
60 

20 
40 
60 

20 
40 
60 

20 
40 
60 

• Bleeder RB can be omitted if an external load is permanently connected across the ouput 
terminals. Bleeder current should be approximatly 10 per cent of the load current. 
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29-23 ALL-PURPOSE DC POWER SUPPLIES (Cont/d) 

Circuit Description 
In these power-supply circuits, 

5BC3 and6X4 full-wave rectifier 
tubes are used to convert ac input 
power to dc output power in various 
combinations of output voltage and 
load current. The 5BC3 tube is a 
directly heated novar type intended 
for use in power supplies for radio 
equipment, television receivers, and 
other applications that have rela­
tively high dc requirements. The 6X4 
tube is an indirectly heated minia­
ture type used primarily in power 
supplies for automobile and ac-oper­
ated radio receivers and other equip­
ment that have moderate dc require­
ments. 

In each rectifier circuit, the 117-
volt ac input power is applied to the 
primary of a step-up power trans­
former T,. The two plate sections of 
the rectifier tube are connected to 
opposite ends of the center-tapped 
secondary winding of transformer 
T,. With respect to the grounded 
center tap, the voltage applied to 
each plate of the rectifier tube, there­
fore, is 180 degrees out of phase 
with that applied to the other plate. 
With an external load connected to 
the rectifier cathode, pulses of cur­
rent flow alternately to one plate 

and then to the other plate for each 
half cycle of the ac input power. 
This 120-Hzpulsating current de­
velops a positive dc voltage across 
the load circuit. 

Removal of virtually all the 
120-Hz ripple component from the 
dc output can be accomplished by 
connection of a suitable filter net­
work between the rectifier output 
(cathode) and the load circuit. Either 
Filter 1 or Filter 2 provides ade­
quate filtering for the 5BC3 circuit. 
Anyone of the three filter networks 
is satisfactory for use with the 6X4 
circuit. Filter 3 is not recommended 
for use with the 5BC3 circuit be­
cause the use of the two resistors 
R, and R. in series with the rela­
tively high output results in exces­
sive power loss. 

The chart shown with the recti­
fier circuits lists a wide range of dc 
output voltage obtainable for vari­
ous values of load current. Proper 
selection of power transformer T" 
of the type of filter network, and 
of the values of filter choke L, and 
resistors R, and R2 results in the 
desired combination of output volt­
age and current. 

BLACK-AND-WHITE TELEVISION RECEIVER 
Circuits 29-24 through 29-28 are 

essentially identical to the corre­
sponding circuits in the RCA-KCS-
152 Television Receiver. These cir­
cuits comprise a complete intercar­
rier television receiver with the 
f'xception of the deflection coils and 
the picture tube. Portions of any 
t.elevision receiver, however, are re­
quired to operate over an extremely 
wide range of very high frequencies. 
The construction of such circuits 
requires more than ordinary skill 
and experience and the use of so­
phisticated test equipment (see gen­
eral consideration for the construc­
tion of high-frequency and broad­
band circuits at the beginning of 

this section). Home construction of 
such circuits is not recommended un­
less the builder has had consider­
able experience in this type of work. 

The chassis of circuits 29-24 
through 29-28 are connected to one 
side of the ac line during operation. 
Servicing of these circuits should 
not be attempted by persons not 
familiar with the following precau­
tions necessary when working on this 
type of equipment: 

1. An isolation transformer 
should be inserted between 
the receiver and the ac line 
before any servicing is at­
tempted. 
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BlACK~AND-WHITf: TEL£VIS10NRECEfv£R {Cont'dr 

2. If the receiver must be op­
erated . directly from the 'ac 
supply,.the power plug should 
be inserted in the proper di­
rection to eonnect the chas­
sis to the ground side of the 
ac line. An ac voltmeter 
should be used to measure 

the 'Voltage··between the chas-. 
sis and the power-source 
·gro.und; 'no voltage reading 
should be obtained. If a read­
ing is obtained, the power 
plug should be reversed and 
another check made for a 
zero reading. 

29-24 VHF TUNER 
For Black-and-White Television Receiver 

Circuit Description 

This vhf tuner selects the de­
sired vhf frequency channel, ampli­
fies composite video signals in the 
frequency channel selected, and con­
verts the signal frequencies to the 
45.75-MHz picture intermediate fre­
quency and the 41.25-MHz sound in­
termediate frequency used in televi­
sion receivers. When used with a 
uhf tuner, the vhf tuner is operated 
as a two-stage broadband rf ampli­
fier tuned to 44 MHz (center fre­
quency of the if band) and is es­
sentially a pre-if amplifier for the 
television receiver. In each mode of 
operation, the tuner has a band pass 
that is broad enough to pass all the 
video information (including syn­
chronizing and equalizing pulses) 
and the sound information super­
imposed on the video and sound car­
rier frequencies and has sufficient 
selectivity to assure adequate ad­
jacent-channel and image-frequency 
rejection. The +140 volts used as 
the B + supply for the vhf tuner is 
obtained from the low-voltage power 
supply of the receiver. The heaters 
of the tubes in the circuit are con­
nected in series with those of other 
tubes in the receiver, and power for 
the series heater string is obtained 
directly from the input ac power 
line. 

The antenna used with the vhf 
tuner may be either a 75-ohm mono­
pole, as used with portable receivers, 
or a balanced 300-ohm antenna. A 
balanced 300-ohm antenna system 

can be matched to the unbalanced 
75-ohm tuner input by means of the 
antenna-matching balun T,. A 13-
position channel selector, which con­
sists of several wafer-switch sec­
tions (S, through S,) mounted on 
a common shaft, establishes the op­
erating frequency of the tuner for 
each of the vhf channels 2 through 
13 or adapts the vhf tuner for opera­
tion with a uhf tuner. With S, set 
to any of the channel positions 2 
through 13, the selected-channel sig­
nal from the vhf antenna is coupled 
through contacts U and 2 of Sm 
and input transformer T2 to the rf 
amplifier, and the input lead from 
the uhf tuner is not connected to 
the vhf circuit. 

The vhf input signals are am­
plified by the 3GK5 high-mu frame­
grid triode used in the rf amplifier 
stage. The S" section of the channel 
selector connects the appropriate 
combination of the inductors L5 
through L15 into the grid circuit of 
the rf amplifier to tune this stage to 
the desired frequency channel. The 
agc bias voltage applied to the con­
trol grid of the 3GK5 triode auto­
matically controls the gain of the 
rf stage. The bias voltage, which 
varies directly with the amplitude 
of the received signal, is derived by 
a keyed agc amplifier in the televi­
sion receiver. 

The output of the rf amplifier is 
coupled through a resonant imped­
ance network to the control grid of 
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VHF TUNER (Cont'd) 

TO MONOPOLE ANTENNA (75 OHMS) 

~~tr't-th= l r---P'7."::---- AGC 
,:;f.CIO 

Z~~ RF AMPL. 'I .r- - II24V-"l 
i I I TYPE I 

CONNECTION 

.J R3 5, 3GK5 

.-----t-'II-+-,.,f-F= I "6 I 
-' I FOR (O)-~-.., 

UHF TUNER 
(IF INPUT) 

T 
I 

+140V I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

MIXER 

7 I 
I 
I 
I 

CI21F OUTPUT 

LOC.OSC. T 
I 

I 
'_+--t-TYPE 

1/26KZEi 

Rg 

RS C,5 C'S J ------}( ... :!---
RO 
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29-24 
Parts List 
C" C.=82 pF, ±5%, dual 

disc, ceramic, 600 V, 
N750 

C.: C" C" C .. , Cl0=1000 pF, 
feed through, 500 V 

Co=12 pF, 5%, ceramic, 
500 V, N750 

C.=20 pF, ±5%, feed­
through, 500 V, N470 

C.=0.56 pF, ±5%, headed 
lead, 500 V 

C.=100 pF, ceramic, 500 V, 
N1500 

C,o=0.22 p.F, ceramic, 500 V 
C11=0.82 pF, headed lead, 

500 V 
C12=82 pF, ±5%, feed­

through, 500 V, N750 
C .. =8 pF, ceramic, 500 V 
C .. =10 pF, ±5%, radial 

leads, ceramic, 500 V, 
N330 

GIMMICK=Trimmer-capaci-
tor plate 

L" L., L.=RF coils; with 
two 82-picofarad eapaci­
tors, forms high-pass filter 
(antenna input network), 
RCA Stock No. 114458 
or equiVa 

L.=RF amplifier grid coil, 
part of S. assembly 

Ls through Lto=RF-amplifier 
tuning coils, part of S. 
assembly 

Ll0=Mixer grid coil, part 

VHF TUNER (Cont'd) 

of S. assembly 
L,.=Interstage coupling coil 

for rf amplifier and mixer, 
part of S. assembly 

L18 through L .. =Mixer tun­
ing coils, part of 82 
assembly 

L30=Variable rf coil; mixer 
plate tuning adjustment; 
RCA stock No. 112909 
or equive 

L.,=RF choke 
L .. =Variable rf coil; local­

oscillator tuning adjust­
ment for channel 13 

L .. through L,.=Local­
oscillator tuning coils 
(variable coil L .. is tun­
ing adjustment for channel 
6), part of S, assembly 

L .. =Variable rf coil; fine­
tuning control; RCA 
Stock No. 113323, or 
equiv. 

R,=4700 ohms, 1 watt 
R.=5600 ohms, 0.5 watt 
R.=47000 ohms, 0.5 watt 
R,=O.1 megohm, 0.5 watt 
R., R.=10000 ohms, 0.5 watt 
Ro, Rlo=1000 ohms, 0.5 watt 
Rs=:2200 ohms, 0.5 watt 
R.=6800 ohms, 0.5 watt 
S,=Local-oscillator section 

of channel-selector switch; 
stator assembly, RCA 
Stock No. 114462 or 

equiv., includes local­
oscillator tuning coils 
L .. through L .. 

715 

S.=Mixer section of chan­
nel-selector switch; stator 
assembly, RCA Stock No. 
114461 or equiv., includes 
mixer tuning coils Ls, 
LB, and LIS through L .. 

S.=RF amplifier section of 
channel-selector switch; 
stator assembly, RCA 
Stock No. 114460 or equiv., 
includes rf-amplifier tun­
ing coils L. and L. 
through LlT 

S,=VHF-UHF function se­
lector; two-section switch 
ganged with channel se­
lectors. St, 8.2, and Sa: 
RCA Stock No. 114185 
or equiv. 

T,=Antenna-matehing 
balun; matches 300-ohm 
balanced antenna-lead 
line to 75-ohm unbalanced 
receiver-input line: RCA 
Stock No. 111973 or equiv. 

T.=Antenna transformer; 
RCA Stock No. 113195 
or equiv. 

Zi, Z2=Resistance-eapaei .. 
tance network (capristor), 
RCA Stock No. 109956 
or equiv. 

Notes: 1. All switches are ganged together on same shaft and are shown with shaft in 
channel 13 position. 

2. Voltages shown are obtained with no signal input. 
3. For de voltage and heater supply, see circuit 29-28, page 725. 
4. See additional notes on page 712. 

Circuit Description (Cont'd) 

the 6KZ8 pentode section used in the 
mixer stage. Section S. of the ganged 
channel selector selects the proper 
combination of the inductors L,. 
through L .. to tune the mixer input 
circuit to the same operating fre­
quency as that of the rf amplifier. A 
signal from the plate of the 6KZ8 
triode section used in the local-oscil­
lator stage is also applied to the 
input circuit of the mixer. Section S, 
of the channel selector connects the 
right combination of the inductors L .. 
through L.. into the oscillator res­
onant circuit to maintain the operat­
ing frequency of the oscillator at 
45.75 MHz above the video carrier 
frequency (41.25 MHz above the 
sound carrier frequency) of the vhf 
channel selected by the tuner. Induc­
tor L .. in the series-resonant feedback 
circuit of the oscillator is the fine-

tuning adjustment for the vhf tuner. 
This adjustment assures that the 
oscillator frequency accurately tracks 
the input tuning in each channel. 

The signals from the rf am­
plifier and the local oscillator are 
heterodyned in the mixer stage to 
produce the 45.75-MHz amplitude­
modulated and 41.25-MHz frequen­
cy-modulated difference frequencies 
used as the picture and sound inter­
mediate frequencies, respectively, in 
the television receiver. The picture 
and sound if signals are coupled from 
the plate of the mixer to the if stages 
of the receiver. 

When the mUltiple-section chan­
nel selector is rotated to the U posi­
tion (for uhf operation), a connec­
tion from the B + line of the vhf 
tuner through a 5600-ohm dropping 
resistor R., contacts 4 and 10 of Su, 



716 RCA RECEMNG TUBE MANUAL 

29-24 VHF TUNER (Cont'd) 
Circuit Description (Cont'd) 

and a 4700-ohm dropping resistor Rt 
provides the B+ voltage for the uhf 
tuner. In addition, transformer T., 
which provides the input to the rf 
amplifier, is connected through con­
tacts 2 and 13 of S'B to the output 
of the uhf tuner, and the signal from 
the vhf antenna is shorted to ground 
through contacts U and 12 of Su. 
The input to the rf amplifier is then 
the amplitude-modulated 45.75-MHz 
picture if and frequency-modulated 
41.25-MHz sound if signals from the 
uhf tuner. 

In the U positions, switch sec-

tions S. and S. select the tuning in­
ductors required for operation of the 
rf amplifier and mixer stages as 
broadband 44-MHz amplifiers, and 
section S, disables the oscillator 
stage by connection of the oscillator 
control grid directly to ground 
through switch contacts 2 and U. 
With these changes, the vhf tuner 
essentially becomes a broadband 44-
MHz amplifier which provides two 
stages of amplification of the picture 
and sound if signals ahead of the re­
ceiver main if strip. 

29-25 VIDEO-IF AMPLIFIERS AND 
SOUND-CHANNEL CIRCUITS 

For Black-and-White Television Receiver 
Circuit Description 

These circuit stages are typical 
of those used in the if and audio 
channels of any intercarrier type of 
black-and-white television receiver. 
The over-all circuit operates from a 
dc supply of +150 volts obtained 
from the receiver low-voltage (B +) 
dc power supply. The heaters of the 
tubes in the circuit are connected in 
series with those of tubes in other 
sections of the receiver. Operating 
power for the series heater string 
is obtained directly from the 117 -volt 
ac power line. 

The input from the vhf tuner con­
sists of amplitude-modulated 45.75-
MHz picture if signals and frequen­
cy-modulated 41.25-MHz sound if 
signals. This composite input is cou­
pled by a broadly tuned bandpass 
filter network to the control grid of 
the 4JD6 remote-cutoff pentode used 
in the first picture if amplifier. A dc 
bias voltage proportional to the in­
put signal from the agc amplifier 
is also applied to the control-grid 
circuit to provide automatic gain 
control of this stage. The output of 
the first picture if amplifier is cou­
pled by the single-tuned transformer 
T. to the control grid of the 4JC6A 
pentode used in the second picture 
if amplifier. The double-tuned trans-

former T. couples the output of this 
stage to the video detector (CR. 
and associated components). The in­
put filter network and picture if 
transformers T, and T. are stagger 
tuned to obtain the broad response 
for the if amplifiers required to as­
sure adequate passage of both the 
45.75-MHz video and 41.25-MHz 
sound if signals. 

The video detector demodulates 
the 45.75-MHz picture if signal, and 
the resultant video signal is coupled 
through inductors L. and L. and the 
lower winding of transformer T. to 
the video amplifier (shown in cir­
cuit 29-27). The video detector also 
operates as a second mixer circuit. 
The 45.75-MHz picture if signal and 
the 41.25 sound if signal are hetero­
dyned to produce a second sound if 
carrier of 4.5 MHz. This 4.5-MHz 
second sound if carrier is still fre­
quency-modulated by the audio com­
ponents contained in the original rf 
signal input at the receiver antenna. 
The sound-takeoff transformer Ta, 
which forms a selective load imped­
ance for the detector circuit at 4.5 
MHz, couples the 4.5-MHz sound if 
signal to the control grid of the 
pentode section of a 6GH8A triode 
pentode used in the sound if ampli-



CIRCUITS 717 

29-25 VIDEO-IF AMPLIFIERS AND 
SOUND-CHANNEL CIRCUITS (Cont'd) 

IF INPUT 
FROM 

V~I 
= LI 

AGe 1IOLTAGE--"'::""---' 

VIDEO SIGNAL 

Parts List 
Cl. C.=470 pF. ceramic. 

500 V 
Co. 0,=0.001 pF. ceramic 

500 V 
C=7 pF. ceramic, 500 V. 

N150 
C.=2 pF. ceramic. 500 V. 

NPO 
C.=56 pF. ±5%. ceramic. 

500 V. N750 
C.=560 pF. ceramic. 500 V 
C=18 pF. 5%. ceramic. 

500 V. N220 
ClO=6 pF. ceramic. 500 V 
Cn=10 pF. ceramic. 500 V. 

NPO 
C12=39 pF. ceramic. 500 V. 

N150 
CllI=68 pF. ceramic. 500 V. 

N750 

1ST PIX 
IF AMPLIFIER 

~7r:) 
1:-----+: PM 

RI5 

+250V 
(+BVOLTAGE 

FROM 
HORIZ.OUTPUT 

STAGE I 

= SPEAKER 

Cl •• ClO=0.01 pF. ceramic. 
500 V 

Cu. Cl=12 pF. part of T. 
C18, C18=0.0022 pF. ceramic. 

500 V 
C .. =10 pF. part of T. 
C21=680 pF. ceramic. 500 V 
C .. =0.047 pF. paper. 200 V 
C .. =O.Ol pF. ceramic. 

500 V 
C .. =0.0068 pF. ceramic. 

500 V 
CR1=Video detector. crystal 

diode. RCA Stock No. 
112524 or equiv. 

M=RF coil. RCA Stock No. 
114815 or equiv. 

L.=RF coil. RCA Stock No. 
114314 or equiv. 

La=RF coil. 47.25-MHz trap 

RCA Stock No. 113097 
or equiv. 

L.=RF coil. RCA Stock No. 
113097 or equiv. 

Lo=Video-detector peaking 
coil. 86 pH. RCA Stock 
No. 109758 or equiv. 

In=Filter choke (reactor). 
2. 7 pH. RCA Stock No. 
107463 or equiv. 

Rl=3300 ohms. 0.5 watt 
&=1000 ohms. 0.5 watt 
R.=39 ohms. ±5%. 

0.5 watt 
R.=4700 ohms. ±5%. 

0.5 watt 
R.=1500 ohms. 1 watt 
&=100 ohms. 0.5 watt 
R.=470 ohms. 0.5 watt 
&=3000 ohms. ±5%. 

0.5 watt 
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29-25 VIDEO-IF AMPLIFIERS AND 
SOUND-CHANNEL CIRCUITS (Cont'd) 

Parts List (Cont'd) 
R.=820 ohms, 0.5 watt RCA Stock No. 109158 RCA Stock No. 104137 

or equiv. R10=82000 ohms, 0.5 watt or equiv. 
Rll=15000 ohms, 1 watt 'l'2=Second pix if trans- T5=Sound detector resonant 

circuit (includes 10-pF 
capacitor), RCA Stock 
No. 109948 or equiv. 

R12=560 ohms, 0.5 watt former, RCA Stock No. 
R13=470 ohms, 0.5 watt 114317 or equiv. 
R14=0.47 megohm, 0.5 watt 'l',=Sound take-off h'ans-
R15=0.39 megohm, 0.5 watt former, 4.5-MHz, RCA To=Audio output trans­

former, matches speaker 
voice-coil impedance to 
tube plate load, RCA 
Stock No. 114490 or equiv. 

R16=Volume control, poten- Stock No. 114489 or equiv. 
tiometel', 1 megohm T!=Sound if transformer 

R17=180 ohms, 0.5 watt (includes primary and 
Tl=First pix if transformer, secondary capacitors), 
Notes: 1. Voltages shown are obtained with no signal input. 

2. For dc voltage and heater supply, see circuit 29-28, page 725. 
3. See additional notes on page 712. 

Circuit Description (Cont'd) 
fieI'. The amplified if signal from 
this stage is coupled by the doubled­
tuned 4.5-MHz transformer T. to the 
6HZ6 audio detector-amplifier stage. 
This stage demodulates the 4.5-MHz 
sound if signal and amplifies the re­
sultant audio signal voltage. The 
+250 volts used as the plate supply 
for the 6HZ6 is obtained from the 
horizontal output stage (shown in 
circuit 29-27 of the receiver. 

The audio-signal power required 

to drive the speaker is developed by 
a 12FX5 pentode used in a single­
ended audio output stage. The audio­
signal voltage from the plate of the 
audio detector-amplifier is amplified 
by the 12FX5 and coupled by trans­
former To to the voice coil of the 
speaker. The volume-control poten­
tiometer R16 in the input circuit of the 
output stage provides manual ad­
justment of the sound level from the 
speaker. 

29-26 VIDEO, AGC, AND SYNC AMPLIFIERS 
For Black-and-White TV Receiver 

Circuit Description 
This circuit shows video, agc, 

and sync amplifiers for a black-and­
white television receiver. The video 
and sync amplifiers operate from a 
plate supply (B +) voltage of 150 
volts obtained from the receiver low­
voltage power supply. The plate sup­
ply voltage for the agc amplifier is 
a positive keying pulse from the 
high-voltage transformer in the re­
ceiver. The heaters of the three tubes 
are connected in series with those 
of tubes in other sections of the re­
ceiver. Operating power for the se­
ries heater string is obtained di­
rectly from the ac power line. 

In the video amplifier, the pen­
tode section of an llLQ8 triode-pen­
tode provides the required amplifica­
tion of the video signal. The video 
signal is coupled from the video 
detector to the control grid of the 
video amplifier. The output from 
the voltage divider in the plate cir-

cuit of this stage is applied to the 
cathode of the picture tube to in­
tensity-modulate the electron beam 
during its vertical and horizontal 
scanning of the picture-tube screen. 
The contrast control adjusts both 
the amplitude of the video output 
and the dc potential at the cathode 
of the picture tube to control picture 
contrast. The voltage-divider net­
work in the plate circuit of the video 
amplifier is interconnected with an­
other voltage-divider network. This 
second network includes the bright­
ness control and the width control 
in the screen-grid circuit of the re­
ceiver horizontal-output tube (shown 
in circuit 29-27. The brightness con­
trol adjusts the cathode bias on the 
picture tube to control the intensity 
of the screen display. 

An output from the video am­
plifier is also applied to the control 
grid of the llLQ8 triode section used 



CIRCUITS 

29-26 VIDEO, AGC, AND SYNC AMPLIFIERS (Cant'd) 

V IDEO OUTPU T 
(TO CATHODE OF 

+150V PICTURE TUBE) 

C2 

RI R3 

+ CI R4 R7 -IR2 CONTR. 
CONT. 

Rg 

FROM BOV 

T~~~F 
TRANS. 

VIDEO INPUT RIO 

R6 

C6 

AGC 
TOGRIDNO.2 GATINGVOLTAGE 

OF HORIZ. (FROM Hll 
OUTPUT TUBE TRANSFORW£R) 

AGC 
VOLTAGE 

RI3 C5 
r----.... BRIGHTNESS 

CONTROL 

AGC 
AMPLIFIER 

OV 
3 

125V 

=R16 RI5 

112 TYPE 
IILQB 

I 147V 

RIS 
Rig 

RI7 

+150V 

+150V 
AGC TO 

VHF TUNER 

R20 

SYNC pSJti~E 
~A~M;::P..:L;::IF .. IE:::R':"-_~.TO~g~Z. 

112TYPE B5V I= C7 R23 
6GHBA I 

~J~E 
9 TO VERT. 

OSc. R22 

Notes: 1. Voltages shown are obtained with no signal input. 
2. For dc voltage and heater supply, see circuit 29-28, page 725. 
3. See additional notes on page 712. 

Parts List 
C,=5 1iF, electrolytic, 150 V 
C.=0.15 p.F, paper, 200 V 
C.=0.033, paper, 200 V 
C.=0.0047, ceramic, 500 V 
C=O.l p.F, paper, 200 V 
C.=470 pF, ceramic, 500 V 
0,=100 pF, ceramic, 500 V, 

N1500 
In.=Video-amplifier peaking 

coil, 18 p.H, RCA Stock 
No. 109946 or equiv. 

Rl=18000 ohms, 0.5 watt 

Circuit Description (Cont'd) 

R.=330 ohms, 0.5 watt 
R.=1500 ohms, 0.5 watt 
R.=Contrast control, poten-

tiometer, 4000 ohms, 
3 watts 

R5=1 megohm, 0.5 watt 
Ro=10 ohms, ±5%, 0.5 watt 
R7=22000 ohms, 0.5 watt 
R8=0.27 megohm, 0.5 watt 
RD, RlO, R20=27000 ohms, 

0.5 watt 
Rn=27000 ohms, 1 watt 

RlI=18000 ohms, 0.5 watt 
R13=Bl'ightness control, 

potentiometer, 0.1 megohm 
Ru, RI7=0.82 megohm, 

0.5 watt 
R15=1 megohm, 0.5 watt 
RI6, R21=0.68 megohm, 

0.5 watt 
R18=3300 ohms, 0.5 watt 
Rl.==8.2 megohms, 0.5 watt 
R2!l=5.2 megohms, 0.5 watt 
R!!3=33000 ohms, 0.5 watt 
R2.=15000 ohms, 0.5 watt 

in a keyed-age amplifier stage. The 
operation of the age amplifier is 
gated (keyed) by a positive pulse 
from the high-voltage power trans­
former (shown in circuit 29-27). 

This 450-volt keying pulse, which is 
synchronized with the video signal, 
overcomes the bias provided by the 
150 volts applied to the cathode cir­
cuit and serves as the plate supply 
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VID,£O~ AG1:t _D 'SYtiC':AMPLW1£RS(COnt'd) 
: 'CirCuit Desctjpt.jon, (Co'nt'd) 
voltage for ,the age l1mplifiElr.Por­
tions of the video signa] that ocCUr 
coincident with the:keying' pulse are 
amplified by the agc stage. A 0.1-
microfarad capacitor C. and a 0.S2-
megohm resistor R,. in the plate 
circuit of this stage filter out the 
pulsating components to obtain a 
negative dc voltage proportional to 
the video signal and thus to the rf 
input at the receiver antenna. The 
negative voltage developed in the 
plate circuit of the stage is applied 
as agc bias to the first picture if 
amplifier and to the rf amplifier 
in the vhf tuner. 

Synchronizing pulses are in­
cluded in the video signals trans­
mitted by a television broadcast sta­
tion to provide timing information 
required for synchronization of the 
transmitter and receiver scanning 
systems. The sync amplifier, or sep­
arator, separates and amplifies the 

synchronizing pulses contained in 
the composite video signal it re­
ceivesfrom the plate circuit of the 
video amplifier. The circuit uses the 
triode section of a 6GHSA triode­
pentode to develop the synchronizing 
pulses for the vertical- and hori­
zontal-deflection circuits of the re­
ceiver. The sync amplifier is basi­
cally a class C limiter stage. With 
the video signal applied, the stage 
is biased beyond cutoff by the grid­
leak bias network formed by the 
470-picofarad capacitor CII and the 
0.6S-megohm resistor R2, in the con­
trol-grid circuit. Only the sync pulses 
in the composite video signal have 
sufficient amplitude to drive the sync 
amplifier into conduction. The result­
ant pulses developed across the out­
put voltage-divider network are used 
as the synchronizing inputs to the 
horizontal- and vertical - deflection 
circuits. 

29-27 VERTICAL- AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER 
For Black-and-White Television Receiver 

Circuit Description 
These circuits develop the ver­

tical and horizontal scanning signals 
and the dc operating potentials for 
the picture tube (RCA Type 16BGP4) 
used in the black-and-white televi­
sion receiver and the boosted B+ 
voltage (+250 volts) used in the au­
dio detector-amplifier (part of cir­
cuit 29-26. The circuits operate from 
a dc supply of 150 volts. With the 
exception of the lG3GT (or lB3GT) 
high-voltage rectifier tube, the heat­
ers of the various tubes are con­
nected in series with those of tubes 
in other sections of the receiver and 
are supplied by the input ac power 
line. Heater power for the IG3GT 
(or lB3GT) is provided by a 1.25-
volt winding of the high-voltage 
tarnsformer T,. 

The vertical- and horizontal­
deflection circuits are synchronized 
by negative signals from the sync 

amplifier (separator) which include 
horizontal sync pulses, equalizing 
pulses, and vertical sync pulses. 
When the composite video signal is 
generated at the television broadcast 
station, the leading edge of each 
horizontal sync pulse, of alternate 
equalizing pulses, and of alternate 
serrations of the vertical sync pulses 
are correctly timed to initiate the 
horizontal-retrace period. It is neces­
sary, therefore, to extract the lead­
ing-edge components from the com­
bined sync waveform prior to appli­
cation of the synchronizing input to 
the horizontal-deflection circuit. Sim­
ilarly, the vertical sync pulses must 
be separated from the combined 
waveform before they can be used to 
synchronize the vertical - deflection 
circuit. 

The combined sync waveform is 
differentiated at the input to the 
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29-27 VERTICAL- AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont'd) 
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Note.: 1. Voltages shown are obtained with no signal input. 
2. For dc voltage and heater supply. see circuit 29-28. page 725. 
3. See additional notes on page 712. 
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29-27 VERTICAL- AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont'd) 

Parts List 
C,=0.0039 pl<", ('ernmi,', 

600 V, N5600 
C2=0.01pF, cel'amic, 500 V 
Ca, C.=0.047 ILF, paper, 

200 V 
C,=0.033 pF, pape,·, 200 V 
C5=0.027 pF, paper, 600 V 
C6=0.016 pF, tubular paper, 

200 V 
Cr=0.022 pF, paper, 200 V 
Cs=0.0022 pF, paper, 1000 V 
ClO=0.0012 pF, ±6%, 

ceramic, 500 V, NaSOO 
Cn=180 pF, ±5'!<., ceramic, 

6000 V, N2200 
C12=47 pF, ceramic. 2500 V, 

N1500 
C,=0.0033 ILF, ceramic, 

500 V 
Cu=68 JlF, paper, 600 V, 

N1600 
C,,=470 pF, ceramic, 500 V 
C,o=0.00a9 pF, myla.·, 400 V 
CI7=O.OOl IfI'~, ceramic, 

500 V 
C1s=O.0033 J1.F. ceramic, 

600 V 
Cm=O.OOl pF, ceramic, 500 V 
C26=0.056 pF, paper, 200 V 
C",-=150 I,F, ceramic, 600 V 
C22=390 pF, mica, 500 
C",,=68 pF, ceramic, 600 V, 

NPO 
L.=Oscillator coil, RCA 

Stock No. 114486 01' equiv. 
L2, L::=RF chokes (reactors), 

8.2 pH, RCA Stock No. 
107385 or equiv. 

PC,=Printed circuit (in­
cludes O.OOl-pF and 
0.0024-pF capacitors and 
6ROOO-ohm resistor), RCA 
Stock No. 114506 or equiv. 

Rl=O.l megohm, 0.5 watt 
R.=47 ohms, 0.5 watt 
R" R,=0.82 megohm, 

0.6 watt 
&,=2.2 megohms, 0.5 watt 
R,,=47000 ohms, 0.5 watt 
R7=Height control, potenti-

ometer, 0.75 megohin 
R.=820 ohms, 1 watt 
R.=3300 ohms, 0.5 watt 
Rlf1=Width control, potenti-

ometer, 2000 ohms, 3 watts 
R1L=0.68 megohm, 0.5 watt 
R12=47000 ohms, 0.5 watt 
R",=22 megohms, 0.6 watt 
R,,=22000 ohms, 0.5 watt 
R,;;=Vertical-hold control, 

llotentiometel', 0.75 
megohm 

It ,,,=1. 8 megohms, 0.5 watt 
Rl'i=Vel'tical-lineal'ity 

control, ).lOtentiomcte1", 
0.2 megohm 

R .. =0.47 megohm, 0.6 watt 
Rm, R",,=27000 ohms, 0.5 watt 
R,,), R2t=1000 ohms, 0.5 watt 
R .. =68000 ohms, 0.5 watt 
R2.=10000 ohms, 0.5 watt 
&,=0.18 megohm, 0.6 watt 
R,,,=820 ohms, 0.6 watt 
R27=0.15 megohm, 0.5 watt 
R2_=0.a9 megohm, 0.5 watt 
&,,=12000 ohms, 0.6 watt 
R,,,=l megohm, 0.6 watt 
R.,,=15000 ohms, 0.5 watt 
R"2=68000 ohms, 0.5 watt 
R",=33000 ohms, 0.5 watt 
R:H=1500 ohms, ±5%, 

0.5 watt 
R~,=4700 ohms, 0.6 watt 
R,,=47000 ohms, 0.6 watt 
R.,=HOl·izontal-hold control, 

potentiometer, 70000 ohms. 
SRl=Selenium rectifier, RCA 

Stock No. 109474 or equiv. 
T,=High-voltage and hori­

zontal-output transfOl'mer, 
RCA Stock No. 114498 or 
equiv. 

T!!=Vertical-output trans­
former, RCA Stock No. 
114502 or eqniv. 

Circuit Description (Cont'd) 

horizontal-deflection circuit to obtain 
negative and positive voltage spikes 
which correspond to the leading and 
lagging edges, respectively, of the 
rectangular sync pulses. The ampli. 
tude of these voltage spikes is de­
pendent upon only the peak value of 
the sync pulses and is not affected 
by the time durations of these pulses. 
The differentiating circuit, therefore, 
does not respond to the flat portions 
of the vertical sync pulses, and, with 
the excentions of the serrations, the 
vertical ~ync pulses do not affect the 
operation of the horizontal-deflec­
tion circuits. The leading edge of al­
ternate serrations, however, corre­
sponds to the start of horizontal­
retrace periods and thus may be con­
sidered as merely another horizontal 
sync signal. 

portion is compared with a feedback 
signal from the horizontal oscillator 
to derive the synchronizing voltage. 
The frequency of the horizontal os­
cillator and the repetition rate of 
the horizontal sync pulses should 
both be 15,750 Hz, the desired hori­
zontal scanning rate for the picture 
tube. If the feedback signal from the 
oscillator does not occur coincident 
with the horizontal sync pulse, the 
phase discriminator develops a dc 
error voltage at the control grid of 
the input section of the 8FQ7 twin 
triode used in the oscillator stage. 
The resultant change in oscillator 
bias shifts the phase of the oscilla­
tor signal until it is locked in phase 
with the horizontal sync pulse. 

The differentiated sync wave­
form is applied to the junction of 
the twin silicon diodes SR, used in 
a phase-discriminator network. The 
positive portion of the differentiated 
waveform has no effect on the dis­
criminator network. The negative 

The horizontal oscillator is bas­
ically a cathode-coupled multivibra­
tor that free-runs, in asymmetrical 
half cycles, at a frequency of 15,750 
Hz. A parallel LC circuit connected 
in series with the plate of the input 
section resonates at 15,750 Hz to pro­
vide frequency stabilization for the 
horizontal osdIlatol', The HOLD con-
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Circuit Description (Cont'd) 
trol adjusts the basic multivibrator 
frequency to achieve an exact lock­
in with the horizontal sync pulses. 
In a cathode-coupled multivibrator, 
one amplifier section conducts at sat­
uration and the other section is cut 
off during one half-cycle of opera­
tion, and these states are automat­
ically reversed for the next half cy­
cle. Such circuits normally provide 
rectangular-wave outputs from each 
plate section that are 180 degrees 
out of phase and that switch be­
tween the saturation plate voltage 
and B+ (i.e., the cutoff plate volt­
age). 

In the horizontal oscillator a 
series RC network is connected in 
parallel with the output tube section. 
Because of this network, the plate 
voltage does not immediately rise 
to the B + value when the output 
tube section is cut off. Instead, there 
is a small immediate rise in plate 
voltage that results from the voltage 
drop across the resistor R:.. in the 
output RC network produced by the 
initial charging current to the ca­
pacitor COlo The plate voltage then 
rises gradually at a rate determined 
by the long-time-constant circuit 
through which the capacitor is 
charged. Before the capacitor can 
fully charge to the B+ voltage, the 
combination of the horizontal sync 
input and the feedback signal from 
the plate of the output section of the 
oscillator drives the grid of the in­
put section below cutoff. The instan­
taneous rise in the plate voltage of 
the input section is coupled to the 
grid of the output section and causes 
this section to conduct. The capaci­
tor C2l in the output RC network 
is then quickly discharged through 
the series resistor and the relatively 
low resistance of the output tube 
section. The output of the horizontal 
oscillator, therefore, is a trapezoidal 
voltage wave. The rising-slope por­
tions of this wave (obtained when 
the ouput tuhe section is ('ut off) 

corresponds to the horizontal-trace 
period on the picture tube; the dis­
charge portion of the trapezoidal 
wave corresponds to the retrace 
period. The time-constant coupling 
circuits between the input and out­
put sections of the oscillator are 
designed so that the retrace period 
represents only about 5 to 10 per 
cent of the over-all oscillator cycle. 

The trapezoidal voltage wave is 
coupled to the control grid of the 
22JU6 pentode horizontal - output 
stage and causes a sawtooth current 
to flow through the high-voltage 
(flyback) transformer T, and through 
the horizontal-deflection coils of the 
picture tube. The gradually rising 
portion of the sawtooth current 
causes the horizontal scanning of 
the picture tube; the more rapid 
negative-slope portion of the cur­
rent wave causes the retrace. During 
the retrace period, the picture-tube 
screen is blanked by a negative pulse 
applied to the control grid of the 
picture tube from the vertical-deflec­
tion circuits. The WIDTH control R,u 
in the screen grid of the horizontal­
output stage adjusts the gain of this 
stage to control the width of hori­
zontal scanning. 

The vertical oscillator employs 
a 15KY8A triode-pentode in a basic 
plate-coupled multivibrator configu­
ration. This free-running 60-Hz mul­
tivibrator is synchronized by the ver­
tical sync pulses. The vertical pulses 
are separated from the combined 
sync waveform by integration of the 
combined waveform across the 0.022-
microfarad capacitor C7 in the con­
trol-grid circuit of the pentode output 
section of the multivibrator. The in­
tegrating network has negligible 
response for the narrow horizontal 
sync and equalizing pulses, but re­
sponds to the greater energy in­
cluded in the much wider vertical 
sync pulses to develop a triangular 
voltage wave at the control grid of 
the pentode output section. The 
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VERT LIN potentiometer R17 adjusts 
the charging period of the integrat­
ing capacitor to control vertical 
liearity. The VERT HOLD potentiom­
eter R15 adjusts the frequency of the 
multivibrator to achieve an exact 
lock-in with the vertical sync pulses. 

The voltage waveform at the 
control grid of the pentode output 
section results in a triangular wave 
of current through the vertical-out­
put transformer T. and through the 
vertical-deflection coils of the picture 
tube. The rising portion of the tri­
angular current wave produces the 
vertical scanning, and the decreasing 
portion of the wave provides the 
retrace. Blanking pulses to cut off 
the picture tube during vertical and 
horizontal retrace periods are cou­
pled from the secondary of T. and 
from the VERT LIN potentiometer 
(combined sync waveform before in­
tegration) to the control grid of the 
picture tube. 

The 1G3GT (or 1B3GT) half­
wave rectifier circuit develops the 
dc operating voltages for the picture 
tube. The ac input power to the 
rectifier is supplied by the horizon­
tal-deflection circuits. The sudden 
cutoff of plate current in the hori­
zontal-output stage at the beginning 
of the retrace period causes a very 
large, positive-going voltage pulse 

to be generated across the high­
voltage transformer T,. The recti­
fier converts this voltage pulse to a 
dc output voltage of approximately 
18,000 volts, which is applied to the 
inner coating of the picture tube. 
Removal of negative overshoots that 
would be developed across the high­
voltage transformer because of a 
flywheel effect is accomplished by 
connection of a 17BS3A rectifier 
(damper) tube across the horizontal­
deflection coils which are in parallel 
with the lower tapped section of the 
high-voltage transformer. The polar­
ity of the damper tube is such that 
the positive pulse developed across 
the high-voltage transformer causes 
no current flow through it. For nega­
tive pulses, however, the damper 
tube provides a low-impedance path 
for the current, and energy stored 
in the horizontal-deflection coils dur­
ing the preceding half-cycle is dis­
sipated as heat at the damper-tube 
plate to prevent oscillation in the 
coils. The current through the damp­
er tube develops a dc voltage of 450 
volts across the 0.027-microfarad ca­
pacitor C. in the cathode circuit. The 
0.68-megohm dropping resistor Rn re­
duces this voltage to obtain the 
boosted B + of 250 volts required for 
operation of the audio detector-am­
plifier (part of circuit 29-25). 

29-28 LOW-VOLTAGE AND HEATER SUPPLY 
For Black-and-White TV Receiver 

Circuit Description 

This circuit includes the low­
voltage (+ 150-volt) dc power sup­
ply and the series heater connec­
tions for circuits 29-24 through 29-
27. As mentioned previously, the 
power supply and these four cir­
cuits comprise a complete black-and­
white television receiver, with the 
exception of the picture tube and 
the vertical- and horizontal-deflection 
yokes. 

The power supply is a half-wave 

type which uses a 1N3194 silicon 
rectifier. The 117-volt ac input is 
connected to the power supply 
through an interlock, S" which may 
be mounted on the back cover of 
the receiver. AC input power is then 
automatically disconnected from the 
receiver when the back cover is re­
moved. ON-OFF switch S. controls 
the application of ac power to the 
power-supply circuit and to the tube 
heaters. With S, and S. both closed, 
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16 
(COLD) 

RI 
RESISTOR-FUSE 

FlFF ON 

~LOCK S2 

SI 

::< r 
Parts List 

140V 
(B+ FOR 

VHF 
TUNER) 

!vHF TUNffi--------, 

I TYPE TYPE I 
I 3GK5 6KZ8 Ic 
I ..c10 

I T 
I I 
I I 
I I 
I I L _________ --' 

6.3V TO 
PICT. TUBE 

HEATER 

C,=0.22 JLF, paper, 600 V 
C2, C5=0.00l, ceramic, 500 V, 

part of assembly with L1 
C3=680 pF, ceramic, 1000 V 
C.=250 JLF, electrolytic, 200 V 
Co, C.=680 pF, ceramic, 

Fl=Fuse, chemical, 0.45 
ampere, RCA Stock No. 
114446 or equiv. 

equiv. 
L3=RF choke for VHF tuner 

filament circuit 
Rl=Resistor-fuse, 0.35 ohm, 

RCA Stock No. 114481 or 
equiv. 

500 V 
C,=400 JLF, electrolytic, 175 V 
C.=0.001 JLF, ceramic, 500 V 
C,0=1000 pF, feedthrough, 

L,=RF choke, part of heater 
printed-circuit board, RCA 
Stock No. 114499 or equiv­
alent (includes the two 
0.001-JLF capacitors C2 and 
Co) 

R2=330 ohms, 1 watt 
TH1=Surge protection re­

sistor (thermistor), 16 
ohms (cold), RCA Stock 
No. 114480. 5000 V 

L2=FiI ter choke (reactor), 
RCA Stock No. 114501 or 

Circuit Description (Cant'd) 
the 117-volt power from the ac pow­
er line is applied to the series heater 
network and to the lN3194 rectifier 
circuit. Two O.OOl-microfarad (C2 and 
Co) and two 6S0-picofarad (C. and 
C.) bypass capacitors and rf chokes 
L, and La are included in the heater 
circuit to filter out any stray high­
frequency signals that may be cou­
pled from the rf and if signal chan­
nels. 

The 117-volt ac input is con­
verted to pUlsating dc by the lN3194 
silicon rectifier. A capacitor-input, 
pi-type LC filter network filters the 

rectifier output to obtain a smooth 
dc voltage that approaches the peak 
value of the input ac voltage. The 
6S0-pioofarad capacitor C. in parallel 
with the lN3194 rectifier and the 
thermistor TH, in series with it pro­
vide surge-current protection for the 
rectifier. Initial surges of current that 
may result when power is first ap­
plied to the circuit (before a charge 
is developed across the input filter 
capacitor) are partially bypassed by 
the 6S0-picofarad capacitor and are 
limited in magnitude by the cold 
resistance of the thermistor. The 
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thermistor has a negative tempera­
ture coefficient of resistance, and by 
the time the charge of the input 
capacitor C. builds up sufficiently to 
limit the current through the recti­
fier to a safe value, the resistance 
of the heated thermistor is small 
enough so that circuit power losses 
across this device are negligible. The 
resistor-fuse element R, in series with 

the IN3194 rectifier provides pro­
tection against any continuous cir­
cuit overload. The +150-volt output 
from the power-supply filter network 
is used as the main B + voltage for 
the television receiver. The 330-ohm, 
I-watt dropping resistor R2 at the out­
put of the filter network reduces this 
voltage to the +140 volts required 
as the B+ voltage in the vhf tuner. 

COLOR TELEVISION RECEIVER 

Circuits 29-29 through 29-35 
comprise a complete portable color 
television receiver. The brief signal­
tracing analyses of these circuits as­
sume that the reader has a basic 
knowledge of the purpose and opera­
tion of the various circuit sections of 
a color receiver. (The analyses can be 
more easily understood if the reader 
reviews the general discussions on 
television circuits given in the section 
on Electron Tube Applications start­
ing on page 15). The receiver, which 
is essentially identical to the RCA 
Type CTC-22, features direct-line op-

eration; the chassis of circuits 29-29 
through 29-35, therefore, are con­
nected to one side of the ac line dur­
ing operation. Servicing of these 
circuits should not be attempted by 
persons not familiar with the precau­
tions necessary when working on this 
type of equipment. (See notes 1 and 
2 on page 712.) 
Note: Circuits 29-29 through 29-35 are in­
cluded in tnis manual primarily to illustrate 
applications of RCA electron tubes .. Because 
of the exceptionally high voltages (up to 
21,500 volts), high frequencies, and large 
bandwidths that are required and of the 
many special components that are used, 
home construction of these circuits is not 
recommended. 

29-29 LOW-VOLTAGE POWER SUPPLY, DEGAUSSING COIL, 
AND HEATER CONNECTIONS 

For Color Television Receiver 

Circuit Description 

This circuit includes the low­
voltage (+280-volt) dc power supply, 
degaussing circuitry, and heater con­
nections for a color television re­
ceiver. The tube heaters, with the 
exception of the color picture tube, 
are connected in series across the ac 
power line. Heater power for the 
picture tube is supplied by trans­
former Tlo With ON-OFF switch S, 
closed, the 117-volt power from the 
ac power line is applied to the series 
heater string and to the primary of 
transformer T,. The 117-volt ac in­
put power is stepped down by trans­
former T, to 6.3 volts at 1.0 ampere 
and applied to the heater of the 
15LP22 color picture tube. Bypass 

capacitors and rf chokes are in­
cluded in the series heater string 
to filter out any stray high-frequency 
signals that may be .coupled from 
the rf and if signal channels of the 
receiver. 

Two silicon rectifiers CR, and 
CR. are used in a voltage-doubler 
circuit to convert the 117-volt ac in­
put power to the +280-volt B+ sup­
ply voltage for the receiver. This 
doubler circuit also provides a 160-
volt output from the junction of re­
sistors R, and R5, a +140-volt output 
from the junction of resistor R. and 
capacitor C" and a 95-volt output 
from the junction of resistor R5 and 
capacitor C,5. The dc voltage outputs 
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Parts List 
C,=0.047 .uF. paper. 600 V 
C,=250 .uF. electrolytic. 175 V 
C3=50 .uF. electrolytic. 250 V 
C,=100 .uF. electrolytic. 300 V 
C5=150 .uF. electrolytic. 350 V 
Co=100 .uF. electrolytic. 350 V 
Ct through C14=1000 pF. 

ceramic. 500 V 
C15=2 .uF. electrolytic. 175 V 
CB,=Circuit breaker (in­

cludes R,), RCA Stock No. 
120784 or equiv. 

CR,. CR2=Silicon rectifiers. 
RCA Stock No. 113998 or 

95V 

280V 

140V 

THERMAL 
BREAKER 
ELEMENT 

TO CATH. HOR. 
OUTPUT TUBE 

equiv. 
Fl=Fuse. 7-ampere. 250-volt 
Ll. L2=Inductor. 60·Hz line 

filter 
La. L4=Degaussing coils. 

RCA Stock No. 120793 or 
equiv. 

L5=Filter choke. RCA Stock 
No. 120792 or equiv. 

L6. Lt. L8=RF choke 
Rl=2 ohms, wirewound. 

7 watts 
R2=1.3 ohms. part of CBl 
R3=3900 ohms, wire wound. 

3 4 

- --TYPE Ty"PEl 
4KE8 2EG4 I 

I 
I I 
I .I. CI4 TUNER I 
L=- _____ J 

10 watts 
R,=47000 ohms. 1 watt 
R5=10000 ohms. 7 watts 
Sl=ON-OFF switch, single-

pole. single-throw 
S,=Degaussing switch. RCA 

Stock No. 120829 or equiv. 
Tl=Filament transformer; 

primary. 117-volt: sec­
ondary. 6.3-volt, I-ampere 

THl=Thermistor; cold re­
sistance. 120 ohms 

S.e Note on page 726. 



728 RCA RECEIVING TUBE MANUAL 

29-29 LOW-VOLTAGE POWER SUPPLY, DEGAUSSING COIL, 
AND HEATER CONNECTIONS (Cont'd) 
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are filtered by the pi-section filter 
network formed by L., CG, and COl. 

The ac line is protected against 
any continuous circuit overload by a 
7-ampere fuse, F" connected in series 
with one side of the line to ground. 
Surge protection is provided by a 
thermistor THl connected in series 
with the B+ rectifiers (CR, and 
CR,). The B+ circuit is protected 
by a special thermal reset circuit 
breaker CB,. The cir<'Jit breaker 
opens the B+ line whenever the cur­
rent demand on the low voltage 
power supply or the current through 
the horizontal output stage becomes 
excessive. 

The circuit breaker has a resis­
tive winding (approximately 1.3 
ohms) that completes the ground re­
turn for the horizontal output tube. 
If the cathode current of the output 
tube becomes excessive, the resistive 
winding heats and causes the bi­
metal strip in the circuit breaker to 
expand unequally. The resultant 
flexing of the bi-metal strip discon­
nects the breaker switch contacts 
and thereby opens the B+ line. The 
same action occurs when the B+ cur­
rent demand becomes excessive. 

Degaussing of the color receiver 
is initiated by depression of the 
spring-loaded switch S2 to the DE­
GAUSS position. With S, in the 
NORMAL position, capacitors C, and 
C. are combined in parallel to pro­
vide the charging capacitance for the 

voltage-doubler circuit. For this con­
dition, the parallel capacitors C, 
and Ca are charged to approximately 
142 volts and capacitor C. is charged 
to 140 volts to pl·ovide the +280-volt 
B+ voltage. When S, is depressed to 
the DEGAUSS position, capacitor C, 
is disconnected from the circuit, and 
degaussing coils La and L.. are con­
nected in series with the power­
supply rectifiers and capacitor G,. 
When the line voltage swings posi­
tive, C. is charged through C" de­
gaussing coils L" and L., and CR,; 
when the line voltage is negative, 
G, is charged through CR. and the 
degaussing coils. This alternate 
cycling results in a symmetrical 
decaying wavetrain through the de­
gaussing coils. The degaussing coils 
physically are looped about the re­
ceiver chassis in proximity to the 
color picture tube. The alternating 
magnetic fields developed by the de­
caying cun-ent wavetrain through 
these coils effectively demagnetizes 
the picture tube and adjacent 
chassis areas. The wavetrain de­
creases to zero when C. is charged 
to twice the peak value of the line 
voltage (approximately 330 volts 
dc). The degaussing action is com­
pleted in less than 1 second. It is 
only necessary, therefore, to mo­
mentarily depress switch S, to the 
DEGAUSS position. When the switch 
is released, it automatically returns 
to the NORMAL position. 

29-30 VHF TUNER 
For Color Television Receiver 

Circuit Description 

This vhf tuner operates from a 
dc voltage of +280 volts obtained 
from the low-voltage power supply 
in the color television receiver. The 
tuner employs a 2EG4 nuvistor tri­
ode in the rf amplifier stage and uses 
a 4KE8 triode-pentode for the os-

cilIa tor and mixer stages. The 
heaters of these tubes are con­
nected in series with those of other 
tubes in the receiver; power for the 
series-heater string is obtained di­
rectly from the 117-volt ac power 
line. This tuner is very similar to 
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Parts List 
C.=0.033 p.F, paper, 200 V 
C., Coo, C •• , C .. =1000 pF, 

feedthrough, 500 V 
C.=47 pF ±5%, ceramic, 

600 V, N750 
C.=2 pF, feedthrough, RCA 

Stock No. 119695 or equiv. 
C.=Trimmer, 2 to 10 pF, 

RCA Stock No. 112038 or 
equiv. 

C.=27 pF ±5%, ceramic, 
600 V, N760 

C.=47 pF, feedthrough, 
600 V 

C., C., C1O, C11=27 pF 
±5%, ceramic, 600 V, N470 

C12=2.7 pF, headed lead, 
600 V 

Cu=SS pF, ceramic, 500 V, 
N750 

C .. =39 pF, feedthrough, 
500 V 

C .. =4.7 pF ±5%, headed 
lead, 600 V 

C •• =680 pF, ceramic, 600 V 
C .. =62 pF ±5%, ceramic, 

1000 V, N1600 
C .. =27 pF, ceramic, 500 V 
C .. =2 pF, ceramic, 600 V, 

NPO 
C .. =5.6 pF ±5%, ceramic, 

600 V, N150 
C .. =27 pF, ceramic, 600 V, 

NPO 
C=0.047 p.F, ceramic, 500 V 
L.=RF amplifier grid coil, 

part of S. assembly 
Ls=UHF trap 
L3=RF amplifier grid-circuit 

coil, part of S. assembly 
L., L., L.=Filter coils for 

high-pass filter network, 
part of T. assembly 

L.=RF amplifier plate coil, 

Circuit Description (Cont'd) 

RCA RECEIVING TUBE MANUAL 

VHF TUNER (Cont'd) 

part of S3 assembly 
Ls through L1B=RF amplifier 

plate-circuit tuning coils, 
part of S. assembly 

Lt. through L28=Antenna 
tuning coils, part of S. 
assembly 

L .. , L30=High-band coupling 
adjust coils 

L3.=Mixer grid coil, part of 
S. assembly 

L .. through L •• =Mixer 
tuning coils, part of S. 
assembly 

L .. , L..=Low-band coupling 
adjust 

L .. =RF amplifier grid-circuit 
coil, part of S. assembly 

L4G=IF input coil for signals 
from uhf tuner, RCA 
Stock No. 120782 or equiv. 

L .. =RF coil, part of input 
circuit for signals from 
uhf tuner 

L,s=Mixer plate coil, RCA 
Stock No. 112909 or equiv. 

L,.=RF filter coil 
Lso=Channel 13 range­

centering coil 
L .. through L .. =Local­

oscillator tuning coils, part 
of S. assembly 

Jl, J.=Single-contact female 
connector, RCA Stock No. 
104039 or equiv. 

R.=47000 ohms, 0.6 watt 
R.=16000 ohms, 3 watts 
R3=4700 ohms, 1 watt 
R.=82000 ohms, 0.5 watt 
&=1500 ohms, 0.5 watt 
R.=10000 ohms, 0.6 watt 
R.=2200 ohms, 0.6 watt 
Ro, R.o=10 ohms, 0.5 watt 
R., R13=1000 ohms, 0.5 watt 

Ru=27000 ohms, 0.0 watt 
R12=68000 ohms, 1 watt 
R,,=5600 ohms, 0.5 watt 
R .. =6800 ohms, 0.5 watt 
R.o=680 ohms, 1 watt 
S.=Local-oscillator section of 

channel-selector switch; 
stator assembly, RCA 
Stock No. 114837 or equiv., 
includes local-oscillator 
tuning coils Ls. through 
Los 

S2=Mixer section of channel­
selector switch; stator 
assembly, RCA Stock No. 
120084 or equiv., includes 
mixer tuning coils L31 
through L .. 

S.=RF amplifier section of 
channel-selector switch; 
stator assembly, RCA 
Stock No. 120086 or equiv., 
includes rf amplifier plate 
tuning coils L. through LlS 

S,=UHF function switch 
assembly; part of channel­
selector switch; stator 
assembly, RCA Stock No. 
114807 or equiv. 

S.=Antenna section of 
channel-selector Bwitch : 
stator assembly, RCA 
Stock No. 120087 or equiv., 
includes antenna tuning 
coils Lt, L45, and LtD 
through Las 

T,=Antenna matching trans­
former (includes coils Lt. 
L., and L. in high-pass 
filter network), RCA Stock 
No. 113968 

See Note on page 726. 

the tuner for a black-and-white tele­
vision receiver (shown in circuit 29-
24), and it operates equally well for 
either color or black-and-white trans­
missions. 

With the channel selector set to 
any of the channel positions 2 
through 13, telecast signals, either 
color or black-and-white, from the 
selected channel are coupled from the 
antenna circuit through sections S. 
and S. of the channel selector to the 
control grid of the 2EG4 rf amplifier. 
For channel positions 2 through 13, 
the input lead (IF INPUT) from the 
uhf tuner is not connected to the 
vhf tuner. 

The antenna used with the tuner 
is a balanced 300-ohm dipole type 
which is matched to the unbalanced 
tuner input circuit by the antenna 
matching transformer T,. The 
ganged 5-section, 13-position channel 
selector, S. through S" establishes 
the operating frequency of the tuner 
for each of the vhf channels 2 
through 13 or adapts the vhf tuner 
for operation with a uhf tuner. 
When used with a uhf tuner, the 
vhf tuner is operated as a two stage 
broadband rf amplifier and becomes 
essentially a pre-if amplifier for the 
color television receiver. 

The vhf input signals are ampli­
fied by the rf amplifier. The S. and 
S. sections of the channel selector 
connect the appropriate combinations 
of inductors into the grid and plate 
circuits of the rf amplifier to tune 
this stage to the desired frequency 
channel. An agc bias voltage, de­
rived from the keyed agc amplifier 
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in another section of the color re­
ceiver (circuit 29-32), is applied to 
the control grid of the 2EG4 to con­
trol the gain of the rf amplifier 
automatically. 

The output of the rf amplifier 
is coupled through sections S. and 
S. of the channel selector to the con­
trol grid of the 4KE8 pentode sec­
tion used in the mixer stage. Section 
S. of the ganged channel selector 
selects the proper combination of in­
ductors to tune the mixer input 
circuit to the same operating fre­
quency as that of the rf amplifier. 
A signal from the plate of the 
4KE8 triode section used in the local­
oscillator stage is also applied to 
the mixer. Section S, of the channel 
selector selects the required induc­
tance so that the oscillator operates 
at a frequency 45.75 MHz above the 
video carrier frequency of the vhf 
channel selected by the tuner. 

The signals from the rf ampli­
fier and local oscillator are hetero­
dyned in the mixer stage to produce 
the 45.75-MHz amplitude-modulated 
and 41.25-MHz frequency-modulated 
difference freqencies used as picture 
and sound intermediate frequencies, 
respectively. The composite color 
signal received at the antenna also 
includes a 3.58-MHz color subcarrier 
sideband. This subcarrier is also 

heterodyned with the local-oscillator 
frequency to produce a color-sub­
carrier intermediate frequency of 
42.17 MHz. The picture, color-sub­
carrier, and sound if signals are 
coupled from the plate of the mixer 
through J. to the if stages of the 
receiver. 

When the multiple-section chan­
nel selector is rotated to the UHF 
position, S. disconnects the vhf an­
tenna circuit from the rf amplifier, 
and section S. completes a connection 
to the 280-volt B+ line through sev­
eral voltage-dropping resistors to 
provide a dc voltage output of 18 
volts for use as the B+ voltage for 
a uhf tuner. The video, sound and 
color-subcarrier if signals from a 
uhf tuner can then be applied 
through the IF INPUT jack J, and 
contacts of S. and S. to the control 
grid of the 2EG4 rf amplifier. 

With the channel selector in the 
UHF position, switch section S, 
opens the B+ line to the local oscil­
lator to disable this stage. In addi­
tion, sections S" S" and S. select the 
proper combination of components 
so that the rf amplifier and mixer 
stages operate as broadband 44-MHz 
amplifiers to provide two stages of 
amplification of the picture and 
sound if signals ahead of the receiver 
main if strip. 

29-31 VIDEO-AND SOUND-CHANNEL CIRCUITS 
For Color Television Receiver 

These circuits form the video 
and sound channels for a color tele­
vision receiver. The circuits operate 
from a dc supply voltage of 280 
volts, obtained from the receiver 
low-voltage power supply. The tube 
heaters are included in the series­
heater string for the over-all re­
ceiver. Operating power for the 
series-heater string is obtained di­
rectly from the 117-volt ac power 
line. 

The picture if-amplifier circuit 

consists of two high-gain stages that 
use high-transconductance frame­
grid tubes and double-tuned inter­
stage coupling transformers. The 
composite if input from the vhf 
tuner which consists of amplitude­
modulated 45.75-MHz picture signals 
42.17-MHz color-subcarrier compo­
nents, and frequency-modulated 
41.25-MHz sound signals, are coupled 
by capacitor COl and transformer T. 
to the control grid of the 3KT6 
pentode used in the first picture if 
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 

TO HEATER 
(PIN6) OF 2nd 
VIDEO 

Parts List 
C,=5 pF, part of T1 
C.=1000 pF ±5%. ceramic. 

500 V 
C., C •• C •• C,,=O.OI JLF. 

ceramic, 500 V 
. C.=10 pF ±5%. ceramic. 

500 V. NPO 
Co=1.5 pF, ceramic, 500 V. 

NPO . 
C.=6 pF, part of T2 
C8=47 pF. ceramic, 500 V. 

N750 

C34C43 CONTRAST 
CONTROL 

= 

HORIZ. BLANKING 
PULSE 

C,0=150 pF, part of T. 
Cn=39 pF. ceramic, 500 V. 

N750 
C12=560 pF, ceramic. 500 V 
C13=10 pF. part of T. 
C,5=4 pF. ceramic. 500 V 
C,<I=10 pF, ceramic. 500 V. 

NPO 
C17=6800 pF, ceramic, 500 V 
C,.=47 pF, ceramic, 500 V, 

N750 
C,.=0.047 pF, ceramic, 500 V 

VERT. BLANKING 
PULSE 

BIAS 
REF. 
TO 

PICT. 
TUBE 

C20=0.0033 JLF, paper. 1600 V 
C21=Trimmer. 3 to 15 pF. 

RCA Stock No. 116502 or 
equiv. 

C •• =150 pF ±5%. mica. 
500 V 

C2., C2 •• C28. C3..=1000 pF. 
ceramic. 500 V 

C2.=330 pF, mica. 500 V 
C.,=24 pF, ceramic. 500 V, 

NPO 
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 

Parts List (Cant'd) 
C .. =4700 pF. ceramic. 500 V 
C .. =430 pF ±5%. mica. 

500 V 
C3O=150 pF. mica. 500 V 
C31=0.047 JLF. Mylar. 100 V 
C .. =0.047 JLF. ceramic. 100 V 
C .. =O.l /tF. Mylar. 100 V 
C .. =560 pF. ceramic. 500 V 
C.o=680 pF. ceramic. 500 V 
C37=220 pF. ceramic. 500 V 
C •• =50 /tF. electrolytic. 50 V 
CR,. CR •• CR.=IN60 diode 
CR.= Vertical-blanking diode. 

RCA Stock No. 116867 or 
equiv. 

DL1=Delay line. RCA Stock 
No. 120786 or equiv. 

Ll=RF choke. 3.9 /tH. RCA 
Stock No. 116507 or equiv. 

La. L,O=RF choke. 1.8 pH. 
RCA Stock No. 109248 or 
equiv. 

La=RF choke. 12 /tH. RCA 
Stock No. 120831 

L.=Inductor for 47.25-MHz 
trap. RCA Stock No. 
121447 or equiv. 

Ls=Video-detector filter coil. 
5.6 JLH. RCA Stock No. 
109171 or equiv. 

Le. Ls=Part of 4.5-MHz 
,trap. RCA Stock No. 

121446 or equiv. 
Lo=Video-detector filter coil. 

36 /tH. RCA Stock No. 
16056 or equiv. 

Ls=RF choke. 100 /tH. RCA 
Stock No. 117380 or equiv. 

Lll=Filter coil. 27 /tH. 
RCA Stock No. 116511 
or equiv. 

L12=Filter network (in­
cludes resistor R",) ; RCA 
Stock No. 116499 or equiv. 

L18=Second-video plate coil. 

Circuit Description (Cant'd) 

330 /tH. RCA Stock No. 
118710 or equiv. 

Lu=First-video plate coil, 
1.8 /tH. RCA Stock No. 
78466 or equiv. 

Rt, R6. R3.'i, R.m=270 ohms. 
0.5 watt 

R •• R:m=10000 ohms. 0.5 watt 
R,,=8200 ohms. 0.5 watt 
R,=0.15 megohm. may be part 

of T. 
R.=3300 ohms. 0.5 watt 
Ro=0.68 megohm. 0.5 watt 
R.=0.47 megohm. 0.5 watt 
R.=68000 ohms. may be part 

of T. 
Rlo=Potentiometer. volume 

control. 1 megohm, 
0.5 watt 

Ru=Potentiometer. sound­
rejection adjustment, 
7500 ohms. 0.5 watt 

Rl.=0.33 megohm. 0.5 watt 
R,a. R'IO=O.l megohm. 

0.5 watt 
Ru=3900 ohms. ±5%. 

0.5 watt 
R15=56 ohms. ±5%. 

0.5 watt 
R1B=1000 ohms. 0.5 watt 
Rl1=22000 ohms. 4 watts 
R,8=6800 ohms. ±6%. 

0.5 watt 
R,o=150 ohms. ±5%. 

0.5 watt 
R20=470 ohms. 0.5 watt 
R21=1200 ohms. 0.5 watt 
R .. =4700 ohms. 0.5 watt 
R .. =0.18 megohm. 0.6 watt 
R •• =5.6 megohms. 0.6 watt 
R2B=22 megohms. 0.5 watt 
R27=2.7 megohms. 0.6 watt 
llis=Potentiometer, bright-

ness control. 0.25 megohm. 
RCA Stock No. 120775 

or equiv. 
R •• =680 ohms ±5%. 

0.5 watt 
R.,=0.22 megohm. 0.6 watt 
R .. =2200 ohms. part of 

assembly with L12 
R •• =0.39 megohm. 0.5 watt 
R.,=0.12 megohm. 0.5 watt 
R.o=lOO ohms. 0.5 watt 
R.o=5600 ohms. 0.5 watt 
R .. =560 ohms. 0.5 watt 
R"o=22000 ohms. 3 watts 
R,o=6800 ohms. 4 watts 
R,,=10000 ohms. 3 watts 
R'2=33000 ohms. 4 watts 
Tl=Sound-takeotf trans-

former (includes C,). RCA 
Stock No. 120824 or equiv. 

T2=4.6-MHz sound if trans­
former (includes Co and 
may include R,). RCA 
Stock No. 120828 or equiv. 

T:I=Pix if output trans­
former and 41.25-MHz 
trap. RCA Stock No. 
120827 or equiv. 

T<=Sound-demodulator 
quadrature network (in­
cludes C13 and may include 
R.). RCA Stock No. 120825 
or equiv. 

T.=Audio output trans­
former. matches 5000-ohm 
tube-plate impedance to 
3.2-ohm speaker voice coil. 
RCA Stock No. 120822 or 
equiv. 

TfI=IF input transformer 
and 4L25-MHz trap. 
RCA Stock No. 116560 
or equiv. 

T7=Pix if transformer. 
RCA Stock No. 120826 
or eouiv. 

See Note on page 726. 

amplifier. The 3KT6 tube has good 
remote-cutoff characteristics, and 
the automatic-gajn-control (agc) 
bias voltage from the receiver agc 
amplifier (shown in circuit 29-32) is 
also applied to the control-grid cir­
cuit of this tube. The output of the 
first picture if amplifier is coupled 
by transformer To to the control grid 
of the 3JC6A pentode used in the 
second picture if amplifier. Capacitor 
C.. couples the output of the second 
picture if amplifier to the sound de­
tector, and transformer T. couples 
the output to the video (pix) de­
tector. Transformers To, To, and T. 
are stagger-tuned to obtain the wide 
band pass required for the if ampli­
fiers to pass both the 45.75-MHz 
video AM signals and the 41.25-MHz 

sound FM signals, as well as the in­
termediate 42.17 color subcarrier. 

The sound detector (CR, and as­
sociated components) is essentially 
a second mixer circuit. The 45.75-
MHz picture if signal and the 41.25 
sound if signal are heterodyned to 
produce a second sound if carrier of 
4.5 MHz. This 4.5-MHz sound if car­
rier is still frequency-modulated by 
the audio components contained in 
the original rf signal input at the 
receiver antenna. The sound-takeoff 
transformer T, forms a selective load 
impedance for the 4.5-MHz if signal 
derived in the sound detector circuit. 

The 4.5 MHz signal developed 
across sound-takeoff transformer T, 
is applied to the control grid of the 
3JC6A sound if amplifier. The ampli-
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 
Circuit Description (Cont'd) 
fied 4.5 MHz FM if signal from this 
stage is then coupled by the double­
tuned transformer T. to the control 
grid of the 5HZ6 sound demodulator. 
This stage demodulates the 4.5-
MHz sound if signal and amplifies 
the resultant audio signal voltage. 
The +490 volts used as the plate 
supply for the 5HZ6 demodulator 
tube is derived from the 700-volt 
B Boost supply in the horizontal­
output stage (shown in circuit 29-
33) of the receiver. 

The tuned secondary circuit of 
transformer T. selects the 45.75-
MHz amplitude-modulated picture 
and 42.17-MHz color sideband signals 
from the composite if signal and 
applies this picture signal to the 
video detector (CR. and associated 
components). The detected video sig­
nal developed across the detector­
circuit filter network (Lo, Lo, LT, LB, 

and C,o) is then coupled through C'l 
and R.. to the control grid of the 
5GHSA triode section used in the 
first video amplifier (the pentode 
section of the 5GHSA tube is used 
in the sync-agc-and-chroma driver, 
shown in circuit 29-32). The first 
video amplifier supplies the input 
signals to the sync-agc-and-chroma 
driver and to the second video ampli­
fier. 

The second video stage performs 
many functions. The input circuit of 
the llHM7 pentode used in this 
stage is the insertion point for hori­
zontal blanking pulses (for eventual 
application to the cathodes of the 
color picture tube). The horizontal 
blanking diode CR. is placed in the 
conducting mode by a small positive 
voltage applied to its anode through 
the dropping resistor R.. from the 
2S0-volt B+ source. During active 
video scanning time, diode CR. is 
forward-biased (conducting), and 
the video signal is coupled by capaci­
tor C .. " to the control grid of the 
video amplifier. During horizontal 
blanking time, a negative pulse from 
the horizontal-output transformer 

(Tl in circuit 29-33)· is applied 
through C" and R" to the diode. 
This negative pulse is sufficient to 
cut off the diode during horizontal 
retrace time. The pulse is applied 
to the control grid of the second 
video amplifier and drives the grid 
more negative (than would the nor­
mal horizontal sync pulse). The neg­
ative signal at the grid is inverted 
at the plate; the added positive level 
coupled to the cathodes of the color 
picture tube is sufficient to provide 
blanking of horizontal retrace lines. 

The brightness control for the 
color receiver is also located in the 
control-grid circuit of the second 
video amplifier. Negative dc grid 
bias for the llHM7 second video 
tube is derived from the ac voltage 
obtained from the heater, pin 6, of 
the second video tube. The llHM7 
heater is in the approximate center 
of the series heater string (refer to 
circuit 29-29); at this point, approx­
imately 60 volts of ac voltage is 
available. The negative dc voltage 
(about -75 volts) is developed across 

Ca:, by the IN3194 rectifier circuit. Ad­
justment of the brightness control, 
R28 alters the grid bias by "tapping" 
the positive voltage applied to the 
top of the control. This unique 
circuit arrangement provides auto­
matic brightness compensation with 
changes in power-line voltage. If 
line voltage increases, the negative 
voltage across C32 increases; the in­
creased bias that is then applied to 
the llHM7 decreases the conduction 
of this tube. The opposite action oc­
curs with a decrease in line volt­
age. 

The cathode of the second video 
amplifier is returned to the contrast 
control R". Brightness stability is 
obtained by use of a fixed 150-ohm, 
5-per cent resistor, R .. , for dc cath­
ode bias. Adjustment of the contrast 
control does not change the dc char­
acteristics of the cathode; only the 
ac signal gain of the stage is altered 
when the control is adjusted. 



CIRCUITS 735 

29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 

Circuit Description (Cont'd) 

Vertical-retrace blanking is ac­
complished in the plate circuit of the 
second video amplifier. During ac­
tive scan periods, the vertical-blank­
ing diode CR. is forward-biased 
(conducts); during vertical retrace 
periods, however, a positive (blank­
ing) pulse from the vertical-output 
transformer (T2 in circuit 29-33) is 
applied through R .. to the cathode 
of the diode. This 60-volt positive 

pulse is large enough to bias the 
diode into cutoff. During the blank­
ing interval, the positive voltage 
pulse is added to the plate voltage 
of the llHM7 second-video tube and 
applied to the cathode circuits of the 
color picture tube. As a result of the 
increased positive potential at the 
cathode, the picture tube is cut off 
during vertical retrace periods. 

29-32 SYNC, AGC, AND VERTICAL-DEFLECTION CIRCUITS 
For Color Television Receiver 

9 V 

TO CONTROL 
TO 

CHROMA 
CIRCUITS 1 GRID OF 

lsi VIDEO 

1/2T~G~8A r 
SYNC AGe a 

CHROMA DRIVER RI7 

Parts List 
C,=0.18 /LF, Mylar, 200 V 
C2=24 pF, ceramic, 500 V, 

NPO 
C3, C1'1=0.01 p,F, ceramic, 

500 V 
C.=1000 pF, cel·amlc, 500 V 
C5=3300 pF, cel·arnic, 500 V 
C.=470 pF, ceramic, 500 V 
C.=0.1 /LF, paper, 600 V 

280V 

C.=0.0056 /LF, Mylar, 
400 V 

C.=0.01 /LF, Mylar, 600 V 
ClO, C13=680 pF, ceramic, 

500 V 
Cn=0.047 /LF, Mylar, 100 V 
C,2=1500 pF, ceramic, 500 V 
C,3=50 /LF, electl·olytic, 

75 V 

TO GRID No.3 
OF HaRtZ. 

OUTPUT TUBE 

ClI=0.0082 /LF, paper, 
1000 V 

TO 01-2 
IN 

OEFL. 
CIRCUIT 

C16=0.033 /LF, Mylar, 600 V 
C18=0.001 /LF, ceramic, 

3000 V 
C,o=25 /LF, electrolytic, 25 V 
L,=RF choke, 120 /LH, part 

of assembly with Ro, RCA 
Stock No. 120795 or equiv. 
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29-32 SYNC, AGC, AND VERTICAL-DEFLECTION 
CIRCUITS (Cont'd) 

Parts List (Cont'd) 
0.5 watt 0.5 watt R., R18=0.15 megohm, 

0.6 watt R13=10 megohms, 0.5 watt R .. =0.22 megohm, 0.6 watt 
R32=3300 ohms, 1 watt R2=Potentiometer, age 

adjustment, 60000 ohms, 
0.6 watt. RCA Stock No. 
120804 or equiv. 

R .. =22000 ohms, 0.5 watt 
Ru=IOOOO ohms, 3 watts 
R.0=22 megohms, 0.5 watt 

R .. =1500 ohms, wirewound, 
3 watts 

R3=27000 ohms, 0.5 watt 
14=3300 ohms. 0.6. watt 
Ro. R •• , b=10000 ohms. 

R •• =3.3 megohms, 0.5 watt 
R20=1.6 megohms, 0.5 watt 
Rn=Potentiometer, vertical-

Ra..=Potentiometer. vertical ... 
height control, 1 megohm, 
0.5 watt, RCA Stock No. 
120805 or equiv. 

0.6 watt 
R.=6800 ohms, 0.5 watt 
R.=27000 ohms. 1 watt 
&=1600 ohms, 0.5 watt 
R.=68000 ohms, 0.6 watt. 

linearity control, 3.4 meg­
ohms, 0.5 watt, RCA 
Stock No. 120807 or equiv. 

Rao=O.l megohm, 1 watt 
Ra7=Potentiometer, vertical­

hold control, 0.75 meg­
ohm, 0.6 watt 

part of assembly with L, 
RlD=0.56 ohms, 0.5 watt 
Rll=1800 ohms, 0.5 watt 
RH, R .. , Ra.=0.12 megohm. 

k=56000 ohms, 0.6 watt 
R .. =47000 ohms, 0.5 watt 
R .. =4.7 megohms, 0.5 watt 
&=1000 ohms. 0.5 watt 
Roo=1.5 megohms, 0.5 watt 
&.=0.47 megohm, 0.5 watt 
R20=33000 ohms ±5%. 

VDR.=Voltage-dependent 
resistor (varistor) ; 870 
volts at 1 mA; RCA 
Stock No. 112876 or equiv. 

See Note on pap 726. 

Circuit Description 
This circuit shows the. sync-agc­

and-chroma driver, agc amplifier, 
sync separator, and vertical deflec­
tion circuit for a color television re­
ceiver. The sync-agc-and-chroma 
driver, the sync separator, and the 
vertical output tube operate from 
a plate supply (B+) voltage of 280-
volts obtained from the receiver low­
voltage power supply. The plate 
supply voltage for the agc amplifier 
is a positive keying pulse from the 
horizontal-output transformer, and 
the plate voltage for the vertical os­
cillator is obtained from the 700-
volt B Boost supply in the horizontal 
output circuit. The tube heaters are 
connected into the series-heater 
string for the over-all color receiver; 
operating power for the heater 
string is obtained directly from the 
ac power line. 

The drive signal for the sync 
and agc circuits is obtained from the 
cathode of the first video amplifier 
(shown in circuit 29-31). This signal 
is coupled by capacitor C. and the 
parallel LR network L. and R. to 
the control grid of the 5GH8A pen­
tode section used in the sync-agc­
and-chroma driver. (The triode sec­
tion of the 5GH8A tube is used in 
the first video amplifier). The screen­
grid and control-grid bias voltages 
for the driver pentode are also ob­
tained from the first video amplifier. 
The output of the driver stage is ap­
plied to the control grids of the agc 

amplifier and the sync separator and 
to the chroma circuits (shown in 
circuit 29-34). 

The agc amplifier uses the pen­
tode section of a 5GH8A triode­
pentode; the triode section of this 
tube is used in the sync separator. 
The operation of the agc amplifier 
is gated by a positive keying pulse 
from the horizontal-output trans­
former (shown in circuit 29-33). This 
pulse, which is synchronized with 
the video signal, overcomes the bias 
provided by the 95 volts (obtained 
from the receiver low-voltage power 
supply, circuit 29-29) applied to 
the cathode circuit of the agc ampli­
fier. Portions of the video signal that 
occur coincident with the keYing 
pulse (i.e. during the horizontal 
blanking interval) are amplified by 
the agc stage. Resistor R. and capac­
itor C., together with other filtering 
elements in the control-grid circuit 
of the first picture if amplifier, filter 
out the pulsating components in the 
video signal to obtain a negative dc 
voltage proportional the video sig­
nal and thus to the rf input at the 
receiver antenna. Similarly, an agc 
bias voltage for the vhf tuner is de­
veloped across the filter capacitor Ca. 

Synchronizing pulses are in­
cluded in the composite rf signals 
transmitted by a television broadcast 
station to provide timing informa­
tion required for synchronization of 
the transmitter and receiver scan· 
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29-32 SYNC, AGC, AND VERTICAL-DEFLECTION 
CIRCUITS (Cont'd) 

Circuit Description (Cont'd) 

ning systems. The sync separator 
separates and amplifies the synchro­
nizing pulses contained in the com­
posite video signal it receives from 
the sync-agc-and-chroma driver. 
,The 5GH8A triode section used in 
this stage is operated basically as a 
class C limiter. When the video sig­
nal is applied, the stage is biased 
beyond cutoff by the negative volt­
age developed by the grid-leak bias 
network formed by c.. and Rts. Only 
the sync pulses in the composite 
video signal have sufficient amplitude 
to drive the sync amplifier into con­
duction. The resultant negative 
pulses developed in the plate circuit 
of the 5GH8A triode section are ap­
plied as the synchronizing inputs to 
the vertical and horizontal deflection 
circuits. 

The vertical-deflection circuit 
employs one section of a 10GF7A 
dual triode in a vertical oscillator 
stage and a vertical output stage. 
These two stages form a basic plate­
coupled 60-Hz free-running multi­
vibrator that is synchronized by 
negative vertical sync pulses from 
the sync separator stage. The nega­
tive-pulse output from the zync sep-

,arator, however, includes horizontal 
sync pulses and equalizing pulses in 
addition to the vertical sync pulses. 
rhe vertical sync pulses must be 

separated from the composite sync­
separator output prior to the appli­
cation of the synchronizing input to 
the vertical-deflection circuits. This 
separation is accomplished by in­
tegration of the composite sync­
separator output across capacitor 
C,2. The integrating network (R .. 
and C12) has negligible response for 
the narrow horizontal-sync and 
equalizing pulses, but responds to 
the greater energy contained in the 
much wider vertical-sync pulses to 
develop a triangular voltage wave­
form, coupled by ClO, CD, and R"" to 
the control grid of the vertical-out­
put triode section, that synchronizes 
the operation of the multivibrator. 
The combination of the triangular 
wave input to the grid of the output 
section and the square-wave multi­
vibrator signal results in a trape­
zoidal voltage waveform at the plate 
of the output section. This trape­
zoidal voltage wave produces a tri­
angular wave of current through the 
vertical-output transformer (T. in 
circuit 29-33) an.d through the ver­
tical deflection coils of the picture 
tube (shown in circuit 29-35). The 
rising portion of the triangular cur­
rent waveform produces the vertical 
scanning, and the decreasing portion 
of the waveform provides the re­
trace. 

29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
HIGH VOLTAGE POWER SUPPLY 

For Color Television Receiver 

Circuit Description 

These circuits develop the hori­
zontal scanning signals and the dc 
operating voltage (21,500 volts) for 
the color picture tube (RCA Type 
15LP22) and the receiver B Boost 
voltage (700 volts). The circuits op­
erate from the receiver low-voltage 
(280-volt) supply. The heaters of the 
5GH8A, 24JE6A, and 17KV6A tubes 
used in these circuits are included 
in the series-heater string for the 

over-all receiver; operating power 
for these heaters is obtained directly 
from the 117-volt ac power line. 
Heater power for the 3A3A high­
voltage rectifier tube is obtained 
from a 3-volt secondary winding on 
the high-voltage transformer. 

A blocking oscillator in which 
the transformer coil is located in the 
cathode circuit is used to obtain 
a large-amplitude horizontal-drive 
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29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
HIGH-VOLTAGE POWER SUPPLY (Cont'd) 

BURST GATE AND 
KILLER PULSE 

TO CIRCUITL------, 
BREAKER IN 

L.v. RECT. 

21500V 
TO 2nd ANODE 
OF PICT. TUBE 

r-;--""Nv-~{) 

HORIZ. 
KEYING 
PULSE 

VERT. 
BLANKING 

PULSE 

HORIZ. 
R31 Lvv~==========~===============r---------~HOLD 

Parts List 
Cl=82 pF:t1 pF. ceramic. 

600 V. NPO 

RII 

C,=1200 pF. ceramic. 500 V 
C=0.0018 p,F. paper. 

1000 V 
C.=150 pF. ceramic. 600 V. 

NPO 
C.=0.16 p,F. Mylar. 75 V 
C.=0.01 p,F. Mylar. 600 V 
C7=0.01 p,F. Mylar. 75 V 
Cs, C15=1200 pF, ceramic, 

500 V 
CD. C .. =0.1 p.F. Mylar. 

400 V 
ClO=15 pF. ceramic. 6000 V. 

N750 
Cn. Cl3=1000 pF. ceramic. 

500 V 
C ... C14=0.01 p,F. Mylar. 

400 V 
Cl6=270 pF :t5%. mica. 

600 V 

C17=100 pF. ceramic. 5000 V. 
N1500 

C18=22 pF. ceramic. 1000 V. 
N750 

C2o=0.1. Mylar. 200 V 
C,"=0.033 p,F. Mylar. 600 V 
C,,=0.01 p,F. Mylar. 600 V 
C23=40 p,F. electrolytic. 

350 V 
C2,=0.047 p,F. Mylar. 

600 V 
C:,m=150 pF, ceramic, 

2000 V. N1500 
026=270 pF, ceramic, 

2500 V. N1500 
C27=150 pF, ceramic, 

2000 V. N1600 
CR,=AFC diodes. RCA 

Stock No. 109474 or equiv. 
CR,=Damper diode. RCA 

Stock No. 120818 or equiv. 
J l=Octal socket. conver­

gence-circuit input jack, 

RCA Stock No. 77645 or 
equiv. (mates with Pl on 
circuit 26-36) 

J 2=Octal socket. deflection­
yoke input jack. RCA 
Stock No. 102787 or equiv. 
(mates with P2 on circuit 
26-36) 

Lt, L2=Horizontal-oscillator 
dual-coil assembly. RCA 
Stock No. 109947 or equiv. 

La. L.=RF choke. 4.7 p,H. 
RCA Stock No. 120839 
or equiv. 

L5=Variable induetor, hori­
zontal efficiency adjust­
ment. RCA Stock No. 
120794 or equiv. 

R1. R22=0.22 megohm. 
0.5 watt 

R •• &00=0.39 megohm. 
0.5 watt 
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&=0.27 megohm, 0.5 watt 
R.=100 ohms, 0.5 watt 
R5=15000 ohms, 0.5 watt 
R.=1200 ohms, 0.5 watt 
R7=47 ohms, 0.5 watt 
R., &.=0.12 megohm, 

0.5 watt 
Ro=0.15 megohm, 0.5 watt 
RlO=82000 ohms, 0.5 watt 
Rll=8.2 megohms, 0.5 watt 
R,,=680 ohms, 2 watts 
R,3=820QO ohms ±2%, 

R15=100 ohms, 0.5 watt 
R,0=68000 ohms, 1 watt 
R,7=33000 ohms, 0.5 watt 
R,8=1000 ohms, 2 watts 
R,.=10000 ohms, 0.5 watt 
R21=27000 ohms, 0.5 watt 
R .. =10 megohms, 0.5 watt 
&4=Potentiometer, high .. 

R31=Potentiometer, horizon­
tal-hold control, 50000 
ohms, 0.5 watt 

SG1=Spark-gap capacitor, 
0.5 pF, 1000 V, RCA 
Stock No. 120819 or equiv. 

T1=Horizontal-output (f!y­
back) transformer, RCA 
Stock No. 120820 or equiv. 

0.5 watt 
R,,=82000 ohms ±5%, 

4 watts 

voltage adjustment, 0.5 
megohm, 0.5 watt 

R.5=33000 ohms, 0.5 watt 
R!l1=0.56 megohm, 0.5 watt 
&8=0.27 megohm, 1 watt 
R .. =120 ohms, 0.5 watt 
R30=2.2 megohms, 0.5 watt 

T2= Vertical-output trans­
former, RCA Stock No. 
120821 or equiv. 

See Note on page 726. 

Circuit Description (Cont'd) 

waveform. A control stage es­
tablishes the bias for the oscillator 
and, in this way, controls the firing 
of the oscillator stage. The 5GH8A 
triode-pentode is used in these 
stages. The triode section is used as 
the oscillator tube; the pentode sec­
tion is used as a high-gain, low-drift 
control tube. 

When the composite video signal 
is generated at the television broad­
cast station, the leading edge of each 
horizontal sync pulse, of alternate 
equalizing pulses, and of alternate 
serrations of the vertical sync pulses 
are correctly timed to initiate the 
horizontal retrace period. These 
leading-edge components are ex­
tracted from the composite output 
from the sync separator (shown in 
circuit 29-31) and are used to syn­
chronize the operation of the hori­
zontal oscillator. 

The sync waveform is dif­
ferentiated by the RC network (C, 
and R.) at the input to the horizontal 
deflection circuit to obtain negative 
and positive voltage spikes that cor­
respond to the leading and lagging 
edges, respectively, of the rec­
tangular sync pulses. The ampli­
tude of these voltage spikes is de­
pendent upon only the peak value of 
the sync pulses and is not affected 
by the time durations of these pulses. 
The differentiating circuit, therefore, 
does not respond to the flat portions 
of the vertical sync pulses; as a re­
sult, with the exception of the serra-

tions, the vertical sync pulses do not 
affect the operation of the hori­
zontal-deflection circuits. The leading 
edge of alternate serrations, how­
ever, correspond to the start of 
horizontal-retrace periods and thus 
may be considered as merely another 
horizontal sync signal. 

The differentiated sync wave­
form is applied to the junction of 
the twin silicon diode CR, used in a 
phase-discriminator type of afc net­
work. The positive voltage spikes in 
the differentiated waveform have no 
effect on the discriminator network. 
The negative-voltage spikes are com­
pared with pulses fedback from the 
horizontal oscillator to derive the 
synchronizing voltage. The frequency 
of the horizontal oscillator and the 
repetition rate of the horizontal sync 
pulses should both be 15,750 Hz, the 
desired horizontal scanning rate for 
the picture tube. If the pulses from 
the oscillator are not coincident with 
the horizontal sync pulses, the phase 
discriminator develops an error volt­
age at the control grid of the control 
tube. The control tube then varies 
the bias and, thus, the firing point of 
the oscillator until it is locked in 
phase with the horizontal sync 
pulses. 

The parallel LC network (L, 
and C,.) in the cathode circuit of the 
oscillator resonates at 15,750 Hz to 
provide frequency stabilization for 
the oscillator. The HOLD control 
R31 adusts the frequency of the oscil-
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lator to achieve an exact lock-in with 
the horizontal sync pulses. The out­
put of the blocking oscillator is 
coupled through Cu and It. to the 
control grid of the 24JE6A power 
pentode used in the horizontal-out­
put stage. This tube drives the high­
voltage flyback transformer T. that 
develops the scanning voltage for 
the horizontal deflection coils (shown 
in circuit 29-35. 

The sudden cutoff of plate cur­
rent in the horizontal output stage 
at the end of the trace period causes 
a very large, positive-going voltage 
pulse to' be generated across the 
high-voltage transformer T.. The 
3A3A half-wave rectifier circuit con­
verts this pulse to a positive dc of 
21,500 volts which is applied to the 
second anode of the color picture 
tube. 

Regulation of the high voltage 
is achieved by use of a 17KV6A 
pulse-regulator stage connected in 
shunt with a section of the primary 
of the high-voltage flyback trans­
former. The regulator stage acts as 
a variable load on the flyback pulse 
source and, in this way, maintains 
an essentially constant pulse ampli­
tude in the primary winding of 
the high-voltage transformer with 
changing loads on the high-voltage 
supply. This action assures that a 
constant-amplitude, stepped-Up pulse 
is applied to the 3A3A rectifier. The 
rectifier output delivered to the pic­
ture tube, therefore, is maintained 
at a constant value of 21,500 volts. 

Removal of negative overshoots 
that would be developed across the 
high-voltage transformer because of 
a flywheel effect is accomplished by 
the damper diode CR •. This diode is 
shaped like a fuse and snaps into 
clips that can be mounted on the 
same circuit board with the hori­
zontal deflection circuits and is 
readily. replaced during servicing. 

The polarity of the damper diode is 
such that the positive pulse de­
veloped across the high-voltage 
transformer causes no current flow 
through it. For negative pulses, how­
ever, the damper diode provides a 
low impedance path for the current, 
and energy stored in the horizontal 
output transformer (and the hori­
zontal deflection coils) is dissipated 
in the damper circuit. The rectified 
current through the damper diode 
develops the boosted B+ voltage of 
+700 volts across capacitor C~'1 in 
the damper anode circuit. 

The two auxiliary windings on 
the high-voltage transformer supply 
supplementary pulse voltages. The 
upper winding supplies gating pulses 
to the burst-gate and the color-killer 
amplifiers (shown in circuit 29-34). 
The convergence pulse is developed 
across the lower auxiliary winding. 
Keying pulses for the agc amplifier 
and the horizontal blanking diode 
are derived from the capacitor net­
work (junction of C". and C'7) in the 
primary circuit of the high-voltage 
transformer. 

Transformer T. shown in the 
circuit diagram is the vertical output 
transformer. The drive signal from 
the vertical output stage (shown in 
circuit 29-32) is developed across the 
primary of this transformer and 
coupled by the secondary winding 
through jack J. to the vertical deflec­
tion coils (shown in circuit 29-35). 
An auxiliary winding on transformer 
T 2 develops the keying pulse for the 
vertical blanking diode. The hori­
zontal scanning signal from the high­
voltage (horizontal-output) trans­
former are also coupled through 
jack J. to the horizontal deflection 
coils. The horizontal and vertical 
signals to the convergence board are 
routed through jack J •. (Jacks J. and 
J2 mate with plugs P. and P" re­
spectively, on circuit 29-35.) 
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CHROMA CIRCUITS (Cont'd) 

C,=27 pF, ceramic, 500 V, 
NPO 

C2=68 pF, ceramic, 500 V, 
N750 

Cs, C., C., Cs, C., C22, C"3, 
C29 through C .. =0.01 pF, 
ceramic, 500 V 

C.=390 pF, ceramic. 500 V 
C.=0.047 p,F. Mylar. 

100 V 
CI0, 018=1000 pF, eel"amie, 

500 V 
Cll=Trimmer,2 to 10 pF. 

RCA Stock No. 116501 
or equiv. 

C12=220 pF, ceramic. 500 V 
C .. =10 pF, ceramic. 500 V. 

N150 
C", C,.=0.82 pF ±5%. 

headed lead. 500 V 
C15=820 pF. ceramic. 500 V 
C17=390 pF ±5%. Mylar. 

500 V 
C19, C26, 027=33 pF, ceramic, 

500 V, N150 
C21=10 pF ±5%. ceramic. 

500 V. NPO 
C",=0.027 pF. Mylar. 100 V 
C25=430 pF ±5%. mica. 

500 V 
C .. =150 pF, ceramic. 500 V 
C .. =1.2 pF. ceramic. 500 V 
CRt. CR •• CR •• CR.=Silicon 

diode. RCA Stock No. 
119596 or equiv. 

CR2=Diode, pulse clippeJ', 
RCA Stock No. 113998 

CR3=Diode. type 1N60 
L,=Variable inductor, 

Circuit Description 

chroma-takeoff coil. RCA 
Stock No. 120797 or equiv. 

L.=Variable inductor. os­
cillator strength adjust­
ment. RCA Stock No. 
120798 or equiv. 

L,,=Phase-shift coil, 3.9 
p,H, part of quadrature 
assembly (RCA Stock No. 
120830 or equiv.) with R..~ 

LI=RF coil. 3.9 p,H, RCA . 
Stock No. 116510 or equiv. 

L •• Lo=RF choke. 620 p,H, 
RCA Stock No. 109257 
or equiv. 

R,=3.9 megohms. 0.5 watt 
R.=0.15 megohm. 0.5 watt 
R •• R., R7=47000 ohms. 

0.5 watt 
R.=82000 ohms. 0.5 watt 
Ra, RI0=10 megohms, 

0.5 watt 
Rs=Potentiometer. color­

killer adjustment, 1 meg­
ohm. 0.5 watt. RCA 
Stock No. 120805 or equiv. 

R.=82 ohms, 0.5 watt 
Rll=2.7 megohms. 0.5 watt 
R12=2.2 megohms, 0.5 watt 
R,,,=3900 ohms. 0.5 watt 
RH. R,,=390 ohms. 0.5 watt 
R,.=82000 ohms. 0.5 watt 
R17=47000 ohms. 1 watt 
R,.=560 ohms. 0.5 watt 
R,o=1500 ohms. 0.5 watt 
R!.'O=Potentiometer, tint 

control. 10000 ohms. 
0.5 watt. RCA Stock No. 
120774 or equiv. 

R.,=6800 ohms. 1 watt 
R""=120 ohms ±5%, 1 watt. 

part of quadrature assem­
bly with La 

R.", R:ro=470 ohms. 0.5 watt 
R21=1500 ohms. 0.5 watt 
R:!;)=Potentiometer, color 

control. 500 ohms. 0.5 
watt. RCA Stock No. 
120776 or equiv. 

R''7=O.l megohm. 0.5 watt 
R2S, Rao=6800 ohms ±5%, 

fixed film, 0.5 watt 
R",,=4700 ohms ±5%. 

1 watt 
R:",=0.22 megohm. 0.5 watt 
R:a=8200 ohms. 0.5 watt 
Ra.=68000 ohms, 0.5 watt 
R:J:J=8200 ohms ±5%, fixed 

film. 0.5 watt 
R.I. Roo. R37=l megohm. 

0.5 watt 
R: ... R.o=0.18 megohm. 

0.5 watt 
R".=0.33 megohm. 0.5 watt 
RIl. R.I". R ... =39000 ohms 

±50/0. 1 watt 
R",=0.56 megohm. 0.5 watt 
R.'5. R.16. R4'1=2.2 megohms. 

0.5 watt 
R..=0.39 megohm. 0.5 watt 
RIO, Roo. R.,=1000 ohms. 

0.5 watt 
T,=Burst transformer. RCA 

Stock No. 120816 or equiv. 
T.=3.58-MHz oscillator 

transformer. RCA Stock 
No. 120815 or equiv. 

YJ=3.58-MHz oscillator 
erystal 

These circuits extract the COIOI' 

information from the 3.58-MHz 
chrominance sidebands included in 
the composite color video signal. The 
color information is included in the 
chrominance sidebands in the form 
of two difference-frequency com­
ponents that have a phase difference 
of 90 degrees and that are derived 
in the color television transmitter by 
subtraction of the luminance (Y) 
signal from the red (R) and blue 
(B) color signals. [The green color­
difference (G - Y) components are 
not transmitted, but instead, are de­
rived in the color receiver by addi­
tion of complements (negative 
values) of the R - Y and B - Y 
signals.] To accomplish the demodu­
lation function, the chroma circuits 
are required to develop two con­
tinuous-wave 3.58-MHz signals that 
have a phase difference of 90 de­
grees, each of which much be added 

vectorially to the chrominance side­
bands. In other words, the 3.58MHz 
color subcarrier suppressed during 
transmission must be reinserted by 
the chroma circuits before the R - Y 
and B - Y color-difference informa­
tion contained in the chrominance 
sidebands can be detected. 

The chroma circuits operate 
from the color receiver low-voltage 
(280-volt) power supply. Five 
5GH8A triode-pentodes fulfill the 
electron-tube requirements for the 
ten chroma stages. The heaters of 
these tubes are connected in series 
with those of other tubes in the 
receiver; operating power for the 
series-heater string is obtained di­
rectly from the 117-volt ac power 
line. 

The input to the chroma circuits 
is the composite video signal after 
it has been amplified by the first 
video amplifier and the sync-agc-
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and-chroma driver (shown on circuits 
29-32 and 29-33, respectively). -'in 
addition to the chrominance side­
bands, this composite signal includes 
the luminance signal (equivalent to 
the monochrome picture signal in 
black-and-white transmissions), the 
conventional horizontal and vertical 
sync pulses, and the color burst syn­
chronizing signal. The color "burst" 
is a 3.58 MHz reference signal of ap­
proximately 8 cycles that occurs dur­
ing the horizontal retrace blanking 
interval immediately following the 
horizontal sync pulse (refer to Fig. 
96, page 73). 

The chroma input is applied 
simultaneously to the chroma band­
pass and burst amplifiers. When no 
burst signal is included in the chroma 
input (i.e., for black-and-white 
transmissions), the color-killer stage 
develops, by means of the current 
through diode CR" a negative dc 
voltage across capacitor C, that 
biases the chroma bandpass amplifier 
beyond cutoff; as a result the chroma 
input is not applied to the color 
demodulators. 

The operation of the burst 
amplifier is controlled by a gating 
signal (burst-gate and killer pulse) 
from an auxiliary winding on the 
horizontal-output transformer (T, in 
circuit 29-33). This gating pulse is 
generated at the same time and has 
the same time duration as the hori­
zontal blanking pulse used to blank 
out the horizontal retrace on the 
color picture tube. This interval cor­
responds to the period of the hori­
zontal sync pulse and the 3.58MHz 
burst synchronizing signal that im­
mediately follows the sync pulse. The 
burst amplifier, therefore, only 
amplifies this portion of the chroma 
input. The primary of transformer 
T, in the plate circuit of the burst 
amplifier, however, is tuned to 3.58 
MHz so that only the 3.58-MHz burst 
signal is coupled from the plate of 
the burst amplifier. 

The separated burst is coupled 
by transformer T, to the control­
grid circuit of a 3.58-MHz injection­
locked oscillator circuit. The oscil­
lator, therefore, is forced to operate 
in step (with respect to both fre­
quency and phase) with the incom­
ing burst signal. The 3.58-MHz 
crystal Yl is used to assure excellent 
frequency stability in the oscillator 
circuit. The oscillator develops the 
continuous-wave 3.58-MHz reference 
signal applied to the control grids 
of the Z and X demodulators. The 
quadrature network (La and R,a) 
causes a 90-degree phase shift in the 
3.58-MHz signal applied to the con­
trol grid of the X demodulator. The 
3.58-MHz chrominance sidebands 
must also be applied to the X and Z 
demodulators before these stages 
can derive the color difference 
signals. These sideband signals are 
obtained from the chroma bandpass 
amplifier. 

The dc bias voltage developed in 
the grid circuit of the oscillator 
stage is used to control color-killer 
action and to derive an agc voltage 
for the chroma bandpass amplifier. 
The cathode-to-grid section of the os­
cillator triode, diode CRa, and as­
sociated components from a two­
diode voltage-doubler circuit. Any dc 
voltage developed in the oscillator 
grid circuit is approximately doubled 
at the voltage-doubler output (anode 
circuit of diode CR,). When no color 
signal is received (i.e., no burst sig­
nal applied to the oscillator), the dc 
voltage at the grid of the oscillator 
is approximately -5 volts. The -10 
volts developed across C'" and R ... in 
the anode circuit of voltage-doubler 
diode CR, is reduced to approxi­
mately -1.4 volts at the control 
grid of the color-killer stage. For 
this low level of bias, the color killer 
stage conducts and develops a cutoff 
bias for the chroma bandpass 
amplifier. 

When color signals are being 
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received, the burst signals applied to 
the oscillator causes the oscillator 
grid bias voltage to increase to ap­
proximately -8 volts, depending on 
the amplitude of the burst signal. 
'The dc voltage at the anode of the 
voltage-doubler diode then rises to 
approximately -16 volts, and the 
bias on the color-killer stage is in­
creased to about -4 volts. For this 
bias level, no current flows through 
the color-killer stage, and the cut­
off bias for the chroma bandpass 
amplifier provided b the color-killer 
stage is removed. The grid bias for 
the bandpass amplifier is then de­
rived from the dc voltage at the grid 
of the 3.58-MHz oscillator. Because 
this voltage varies with the ampli­
tude of the burst signal, it provides 
automatic-gain control for the band­
pass amplifier. 

With the removal of the cutoff 
bias provided by the color killer, the 
bandpass amplifier is allowed to am­
plify and and pass the 3.58-MHz 
chrominance sidebands contained in 
the chroma input (video signal). The 
single-tuned transformer T2 in the 
plate circuit of the bandpass ampli­
fier forms a selective load to the 
3.58-MHz chrominance sidebands. 
The output of the bandpass ampli­
fier, therefore, is a 3.58-MHz signal 
that contains the R- Y and B - Y 
color-difference information. The in­
stantaneous phase difference of the 
3.58-MHz color-difference compo­
nents with respect to the burst 
synchronizing signal defines the 
color information being transmitted, 
as indicated by the chart on page 73 
in the section Electron Tube Appli­
cations. 

The 3.58-MHz color-difference 
signals from the bandpass amplifier 
are coupled by transformer T. to 
the screen grids of the X and Z 
color demodulators where they are 
mixe'!. with the continuous-wave 3.58-
MHz signal from the oscillator. The 

~':OloT demodulators are essentially 

synchronous detectors. These types 
of detectors are phase sensitive, and 
their output is determined not only 
by the amplitudes of the two input 
signals, but also by the phase re­
lationship of these inputs. If the 
amplitudes of the chrominance and 
continuous wave inputs to the de­
modulators are considered to be con­
stant, the input of the demodulators 
is affected by the phase relationship 
of the two input signals as follows: 
When the chrominance and the con­
tinuous signals are in phase, the 
output of the demodulators is maxi­
mum in the negative direction. When 
the two signals are 180 degrees out 
of phase, the output is maximum in 
the positive direction. A phase differ­
ence of 90 or 270 degrees results in 
a zero output from the demodulators. 

The X and Z color demodulators 
are biased so that the plate current 
of each demodulator tube is small 
during the zero-signal condition. The 
continuous-wave signal applied to 
the control grid gates the tube into 
conduction for the full positive half 
cycle. During most of the negative 
half cycle, the tube is cut off. With 
no chrominance signal applied to the 
screen grid, the plate current of the 
demodulator tube consists essentially 
of 3.58-MHz pulses. A low-pass filter 
in the plate circuit of the demodu­
lator removes the 3.58-MHz compo­
nent so that the dc plate voltage 
decreases below the level obtained 
when there is no input to either the 
control or screen grid. The dc level 
obtained when only the continuous­
wave reference signal is applied rep­
resents the zero output of the color 
demodulators; only changes in the 
average plate voltage above and be­
low this level will be passed by the 
output coupling capacitor to the suc­
ceeding stages. 

When the chrominance signal 
applied to the screen grid is in phase 
with the continuous-wave reference 
signal applied to the control grid, 
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the demodulator tube conducts more 
heavily during the periods that the 
reference signal permits conduction. 
The plate voltage of the demodulator 
then decreases below the zero level, 
and the output coupling capacitor 
couples the negative change to the 
next stage. Conversely, if the two 
signals are 180 degrees out of phase, 
the average plate current decreases. 
The attendant rise in average plate 
voltage causes a positive change to 
be coupled to the next stage. For 
90- or 270-degree phase differences, 
the two signals tend to add together 
at certain times and to cancel each 
other times so that the average plate 
current is essentially unchanged. 

In the development of the color­
difference signals at the transmitter, 
the phase of the R - Y signal is 
shifted 90 degrees with respect to 
the burst reference signal and the 
B - Y signal is in phase with the 
reference signal. The B - Y compo­
nent of the chrominance sidebands, 
therefore, is in phase with the refer­
ence signal applied to the Z demod­
ulator, and the R - Y component is 
in phase with the phase-shifted refer­
ence signal applied to the X demod­
ulator. The output of the Z demod­
ulator then is the detected G - Y 
signal, and the output of the X de­
modulator is the detected R - Y 
signal. These signals are coupled to 
the B Y and R - Y difference-

signal amplifiers, respectively. 
If strict consideration is given 

to sigilal phase relationships, the 
outputs of the X and Z demodulators 
are - (R - Y) and - (B - Y) 
signals. The positive versions of 
these color-diffrence signals results 
from the inversions provided by the 
R - Y and B - Y color-difference 
amplifiers. The G - Y color-differ­
ence signal is synthesized by addi­
tion of portions of the R - Y and 
B - Y signals from the plates of the 
R - Y and B - Y difference ampli­
fiers in the resistor matrix network 
at the input to the G - Y color­
difference amplifier. The vector sum 
of these quantities results in a 
-(G - Y) signal. This signal is 
amplified and inverted by the G - Y 
amplifier to obtain the G - Y 
signal. 

The color difference amplifiers 
all operate in the grounded-cathode 
mode with the grid bias taken from 
the blanker circuit, and only capaci­
tance coupling is used from the out­
puts of these amplifiers to the picture 
tube. The dc reference level for the 
three color grids of the picture tube 
are established by a clamp diode 
circuit in the output of each differ­
ence amplifier. The outputs of the 
R - Y, G - Y, and B - Y color­
difference amplifier are coupled to 
the red, green, and blue grids, re­
spectively, of the color picture tube. 

29-35 PICTURE TUBE AND ASSOCIATED CIRCUITS 
For Color Television Receiver 

Circuit Description 

These circuits include the picture 
tube and associated input-coupling 
and biasing networks, the converg­
enceboard, and the horizontal and 
vertical deflection coils for a color 
television receiver. The dc operating 
potentials for the picture tube are 
derived from the receiver low-volt­
age (280-volt) power supply, the B 
Boost (700-volt) voltage developed 
by the horizontal-output circuit, and 

the high-voltage (21,500-volt) recti­
fier circuit. The 6.3 volt heater power 
for the picture tube is obtained from 
a transformer (T, in circuit 29-29) 
connected across the 117 -volt ac 
power line. 

The 15LP22 color picture tube 
has a number of unique features. 
The phosphor-dot screen uses a rare­
earth, red-emitting phosphor and 
improved blue and green phosphors. 
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PICTURE TUBE CIRCUITRY 

TO G-Y AMP. 0-_...,.. ___ -:1;:;40H.V,......_~GR?;N:_-., 
140V 

TO B-YAMP.0--~~~-~1~4~O~V,......-~~-, 

TO R-YAMP.o--:t~~~~~~~;:==::~~~ __ / 

lTT 
6.3 VAC o---=--""-'=---"'=-7"'+-

FROM L. V. p(N{. SU~'·C )-"""1' ____ -..!B2!R!!]N--7..!:;t' 

TO AGC TO VERT. 
CONTROL OUTPUT 

~
CIRCUIT 

NORMAL ~ RASTER 
G 6-"7-;;&1 

SI I t1> I 
L 4 __ L ,J 

VIDEO 
INPUT 

BIAS 
REF. 

GRN 

WHT 

R5 

LI 

VI 

CONVERGENCE BOAR D RI4 

....... "",...--=--==::-7-====+-'V\IIr---, ~~Utp~~:N 

LU 

BRN 

GRAY 

LF 
BLU 
R26 

R27 

R29 
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Parts List 
C,=O.1 JLF. Mylar. 400 V 
C=47 pF. ceramic. 500 V. 

N750 
C., C •• Co=1000 pF. 

ceramic. 600 V 
C., C.=0.16 JLF. Mylar, 

76 V (part of con vergence­
board assembly) 

C.=0.082 JLF. Mylar, 100 V 
(part of convergence­
board assembly) 

C.=0.27 JLF, Mylar, 75 V 
(part of convergence­
board assembly) 

C1O=180 pF, 260 V. part 
of deflection-yoke assembly 

Cu=3900 pF, part of de­
flection-yoke assembly 

CllI=82 pF. 3000 V. part of 
deflection-yoke assembly 

CR1, CRo, CRa, CR.=Se­
lenium rectifier assembly, 
RCA Stock No. 120058 
or equiv. 

Convergence board=RCA 
Stock No. 120052 or equiv. 

Deflection yoke=RCA Stock 
No. 120890 or equiv. 

L,=820 JLH. part of net­
work assembly (RCA 
Stock No. 120796 or equiv.) 
with Rl 

(Lst-L., La-L.) (Lr--L •• 
Lst-LlO) (L.a-L.., L.a­
LlO)=Convergence-coi! 
assembly. RCA Stock No. 
121343 or equiv., part of 
convergence-board 
assembly 

L.=Variable inductor, right 
red-green vertical lines 
adjustment, RCA Stock 
No. 120069 or equiv., part 
of convergence-board 
assembly 

L.l=Variable inductor, right 
red/green vertical lines 
adjustment, RCA Stock 
No. 121443 or equiv., part 
of convergence-board 
assembly 

L..=Variable inductor, right 
blue horizontal lines ad­
justment. RCA Stock No. 
120060 or equiv., part of 
convergence-board 
assembly 

L17=120 JLH, RCA Stock No. 
118245 or equiv., part of 
convergence-board 
assembly 

L.., Loo=Vertical-deflection 
coils, part of deflection­
yoke assembly 

L,., Ln=Horizontal-deflec­
tion coils, part of deflec­
tion-yoke assembly 

P,=Connector for conver-

Circuit Description (Cont'd) 

gence board, 8-pin male 
type, RCA Stock No. 
112728 or equiv. (mates 
with J, on circuit 26-34) 

P2=Connector for yoke as­
sembly, 8-pin male type. 
RCA Stock No. 114767 
or equiv. (mates with J. 
on circuit 26-34) 

Rl=4700 ohms, 0.5 watt, 
part of network assem­
bly with Ll 

R2=0.18 megohm, 0.5 watt 
R.=0.15 megohm, 0.5 watt 
R.=Potentiometer. video 

peak adjustment. 0.1 meg­
ohm, 0.5 watt, part of 
assembly with R. and Ra 
(RCA Stock No. 120811 
or equiv.) 

Rs=5600 ohms, 0.6 watt 
&=12000 ohms, 0.5 watt 
R.=Potentiometer, red drive 

adjustment, 6000 ohms, 
0.5 watt, part of assem­
bly with & and Ra (RCA 
Stock No. 120811 or equiv.) 

Rs=Potentiometer, green 
drive adjustment, 6000 
ohms, 0.5 watt, part of 
assembly with R. and R. 
(RCA Stock No. 120811 
or equiv.) 

R.=33000 ohms ±5%, 
0.5 watt 

RIO, Ru, R12==Three-section 
potentiometer: screen-grid 
adjustments for blue, 
green, and red electron 
guns, respectively; each 
section: 1.5 megohms, 
0.5 watt; RCA Stock No. 
120812 or equiv. 

R13=47000 ohms, 0.5 watt 
R14=1000 ohms, 0.5 watt 
Rl.=Potentiometer, top 

red/green horizontal lines 
adjustment, 120 ohms, 
0.5 watt, RCA Stock No. 
106320 or equiv. (part of 
convergence-board 
assembly) 

R,.=Potentiometer, bottom 
red/green horizon tal lines 
adjustment, 350 ohms, 
0.5 watt, RCA Stock No. 
116635 or equiv. (part of 
convergence-board 
assembly) 

Rl.=Potentiometer, bottom 
red/green vertical lines 
adjustment, 60 ohms, 
0.5 watt, RCA Stock No. 
105059 or equiv. (part of 
convergence-board 
assembly) 

R18=Potentiometer, bottom 
blue horizontal lines ad-

justment, 60 ohms, 
0.5 watt, RCA Stock No. 
105059 or equiv. (part of 
convergence-board 
assembly) 

RlO, &=100 ohms, 1 watt, 
part of convergence-board 
assembly 

R..,=Potentiometer, left 
red/green horizontal lines 
adjustment, 100 ohms, 
0.5 watt, RCA Stock No. 
120949 or equiv. (part of 
convergence-board 
assembly 

R21=Potentiometer, left 
red/green vertical lines 
adjustment, 100 ohms, 
0.5 watt, RCA Stock No. 
120949 or equiv. (part of 
convergence-board 
assembly 

Ro.=270 ohms, 0.5 watt 
(part of convergence­
board assembly) 

R •• =180 ohms, 1 watt (part 
of convergence-board 
assembly) 

&.=270 ohms, 1 watt (part 
of convergence-board 
assembly) 

b=Potentiometer, left blue 
adjustment, 60 ohm., 3 
watts, RCA Stock No. 
114627 or equiv. (part of 
convergence-board 
assembly) 

&7=Potentiometer, top 
red/green vertical lines 
adjustment, 350 ohms, 
0.5 watt, RCA Stock No. 
116635 or equiv. (part of 
convergence-board 
assembly) 

R .. =Potentiometer, top blue 
horizontal lines adjust­
ment, 350 ohms, 0.5 watt, 
RCA Stock No. 116635 or 
equiv. (part of con­
vergence-board assembly) 

R..=82 ohms, 0.5 watt 
(part of convergence­
board assembly) 

R30=4700 ohms, 2 watts 
(part of deflection-yoke 
assembly) 

R31, R •• =220 ohms, 0.5 watt 
S=Service switch, RCA 

Stock No. 120838 or equiv. 
Sa. through SG.=Capacitor, 

spark-gap, 0.5 pF, 1000 
V, RCA Stock No. 120819 
or equiv~ 

TH1=Thermistor; cold re­
sistance, 1.3 ohms; RCA 
Stock No. 120891 

See Note on pap 726. 

The new phosphors are more efficient 
and are capable of producing 38 per 
cent brighter highlights than pre­
vious color picture tubes, The di­
rectly viewed shadow-mask picture 

tube incorporates a 
nearly straight sides 
rounded corners. 

screen with 
and sharply 

The 15LP22 is designed for op­
eration with the blue gun down. The 
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Circuit Description (Cont'd) 
anode bulb contact for high voltage 
connection is still located in the top 
section of the tube. Operation in the 
blue-down orientation, with respect 
to the viewing screen, provides op­
timum compromise of pincushion dis­
tortion at the top and bottom of the 
screen. The tube is equipped with an 
integral filter glass protective win­
dow, sealed to the base plate of the 
tube with a clear resin. An external 
magnetic shield is not required on 
the 15LP22. Another main feature 
of the color picture tube is an 
einzel-Iens focus system. This sys­
tem is relatively insensitive to varia­
tions of the high voltage so that the 
tube maintains good focus even with 
variations in picture brightness. 

The focus system for the color 
picture tube is very similar to that 
used in instruments equipped with 
a black-and-white picture tube. Nor­
mally, the 15LP22 will have opti­
mum focus when connected to 
ground potential. However, provi­
sions to change the focus potential 
are facilitated by a pin connector 
from pin 9 of the picture tube. The 
focus selected jumper can be con­
nected to 620 volts, 320 volts, or 
ground merely by relocating the 
slip-on connector to the proper stake 
extending from the circuit board. 

A three-position service switch 
S1 is incorporated into the picture­
tube circuitry to facilitate receiver 
setup and adjustment. The NORMAL 
position of the switch, of course, per­
mits normal receiver operation. With 
the switch in the SETUP or RAS­
TER position, the video input is 
disconnected from the picture tube, 
and the ground return for the agc 
circuit is opened. Raster height and 
width and color and background 
levels can then be more easily ad­
justed. 

The output ·of the color differ­
ence amplifiers are applied to the re­
s pective grids of the tricolor picture 
tube. The luminance signal from the 

second video amplifier is applied to 
the three cathodes of the color pic­
ture tube. These signals combine to 
intensity modulate the three electron 
beams to produce the color image on 
the picture-tube screen. 

The horizontal and vertical de­
flection coils in a yoke on the neck 
of the picture tube deflect the elec­
tron beams, in response to signals 
received from the horizontal and 
vertical output stages, to produce 
the horizontal and vertical scanning 
required to trace the image on the 
picture-tube screen. (These coils are 
connected in shunt with the respec­
tive horizontal and vertical output 
transformer.) 

The horizontal output circuit 
provides a sawtooth current wave­
form at a frequecy of 15,750 Hz to 
the horizontal-deflection coils, and 
the vertical output circuit provides a 
60-Hz sawtooth current wave to the 
vertical-deflection coils. The picture 
tube electron beams are simultane­
ously deflected horizontally across 
the screen at a rate of 15,750 Hz and 
vertically at a rate of 60 Hz. 

At the completion of each hori­
zontal trace (end of rising portion 
of sawtooth current wave), the beam 
is deflected back to the left side of 
the screen (retrace) to start another 
trace period. A positive blanking 
pulse (included in the video signal) 
applied to the cathodes of the pic­
ture tubes cuts off the picture tube 
during this period so that the re­
trace lines do not appear on the tube 
screen. The picture tube is similarly 
blanked at the end of each vertical­
trace period. 

Correct color reproduction re­
quires that the three beams of the 
color picture tubes meet, or con­
verge, at the shadow mask and ex­
cite color dots of the same trios. The 
three electron guns of the color pic­
ture tube are mechanically tilted 
toward the center axis of the tube 
so that virtual convergence is ob-
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tained with no external converging 
force applied. Slight bending of one 
or more of the beams may be re­
quired for exact convergence. The 
convergence circuit performs this 
function. 

The components on the converg­
ence board shown in the circuit dia­
gram are mounted on a disk-shaped 
circuit board with a center hole that 
permits it to be fitted directly on 
the neck of the color picture tube. 
These components are interconnected 
in a dynamic type of convergence 
system. In this system, sine wave 
currents are used to provide hori­
zontal convergence, and parabolic 
current waves are used to provide 
vertical convergence. 

The sine waves of current used 
to provide horizontal convergence 
are derived from a voltage pulse de­
veloped across an auxiliary winding 
of the high-voltage transformer 
(T, in circuit 29-33) and applied 
through pin 8 of the convergence­
board input connector P,. The cur­
rent through each of the three sets 
of horizontal convergence coils (L, 
and L" L, and L lO, and L,a and L,.) 
is individually adjustable in both 
amplitude and phase. The phase of 
the convergence current is adjusted 
b the Horizontal Shape control L", 
which resonates with the two 0.15-
microfarad capacitors Co and C7 at 
the line frequency (15,750 Hz). The 
sine-wave convergence current is 
produced by ringing this resonant 

circuit with the pulse obtained from 
the high-voltage transformer. Po 
tentiometers R'5, RlO , R,B, R,o, and 
Res adjust the amplitude of the sine­
wave convergence current. 

Vertical-frequency (60-Hz) saw­
tooth voltages obtained from sec­
ondary windings of the vertical· 
output transformer (T2 in circuit 
29-33), applied through pins 4 and 
5 and pins 6 and 7 of connector P" 
are used to derive the vertical con­
vergence-current waveform. Because 
of the integrating action of the con­
vergence coils, this sawtooth voltage 
results in a parabolic current wave 
through the convergence coils. Po­
tentiometer R21 adjusts the amplitude 
of the vertical voltage parabola ap­
plied to the three sets of vertical 
convergence coils (La and L5, L7 and 
Ln, and L" and L,,). 

A vertical-frequency sawtooth 
voltage from a secondary winding 
of the vertical-output transformer, is 
applied across potentiometer R17• The 
sawtooth voltage is obtained from 
center tapped transformers; the 
voltage at the center of potentiom­
eter R'7 therefore, is approximately 
zero with respect to circuit ground. 
Adjustment of this potentiometer 
mixes either positive or negative 
sawtooth voltages with the para­
bolic convergence voltage and, in 
this way, controls the shape of the 
convergence signal applied to the 
convergence coils. 
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Other RCA 
Technical Publications 

Field Service Guides for RCA Color­
TV Receivers 

ERT-200 Volume - 1 (1955-1966) $2.00* 
ERT-201 Volume - 2 (1967-1968) $1.60* 
ERT-202 Volume - 3 (1969-1970) $1.90* 
ERT-203 Volume - 4 (1971-1972) $2.90* 
ERT-204 Volume - 5 (1973-1974) $3.95* 

These guides provide up-to-date service information on RCA color-TV 
chassis. All of the guides are compact enough to fit into your service 
caddy; however, they open to a full 11 ,. x 17" for clear, easy reference. 

Sections include: 

• Comprehensive Indexes by 
Model Number and Model 
Name 

• Step-By-Step Setup Procedures 

• Top and Rear Chassis Views 
• Easy to Read Schematic 

Diagrams 
• Procedures for Picture Tube 

Removal and Replacement 

Color-TV Service Handbooks 
Major Manufacturers 

For 

1A1759 (1967-1968) 
1A1848 (1969-1970) 
1 A1973 (1971-1972) 
1A2092 (1973-1974) 

$2.00* 
$2.25* 
$2.95* 
$3.75* 

These handbooks permit you to service color-TV receivers of most 
major manufacturers in the customer's home. D.ata in these handbooks 
are based on the original manufacturer's service notes, 

The handbooks include manufacturers such as: 

Admiral, Airline, Dumont, Curtis Mathes, Emerson, General Electric, 
Hitachi, Hoffman, Magnavox, Motorola, Olympic, Packard Bell, 
Panasonic, Philco, RCA, Sony, Sylvania, and Zenith 

Sections include: 

• Comprehensive Index 
• Top Chassis View Showing all 

Major Components 

• Simplified Setup Procedures For 
Purity, Black-and-White Setup 
Convergence, and AFPC. 

• Prices are net and are subject to change without notice at our discretion. 
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Solid State Servicing TSG-1673A $3.95* 

Practical bench-oriented service manual covering 
the application and servicing of solid-state devices 
(d i odes: rectifiers-zeners-varactors; transistors: 
bipolar-FET's; thyristors: SCR's-triacs; IC's) in 
Power Supplies, Hi-Fi and Tape-Recorder Ampli­
fiers; AM and FM Receivers (mono and stereo); 
and Television Receivers (color and black-and­
white). 

Text sections include: 

- Solid-State Operating Principles - Radio Receivers (AM and FM -
Mono and Stereo) - Basic Amplifier Considerations 

- Power Supplies 
- Hi-Fi and Tape-Recorder 

- Television Receivers (Color and 
Black-and-White) 

- Servicing Solid-State Circuits Amplifiers 

Solid-State Hobby Circuits HM-92 $2.95* 

408 pages containing 68 circuits of general int­
erest to all experimenters. Circuits use diodes, 
transistors, SCR's, triacs,MOS transistors, inte­
grated circuits, and light and heat detectors. Circuit 
operation is described in detail; construction lay­
outs, photographs, schematic diagrams, and parts 
lists are given; and full-size drilling or printed­
circuit templates are included for most circuits to 
simplify construction. 

Circuits you can build, use, and enjoy. 
_ Audio - Communications 
_ Automobile - Games & Recreation 
_ Home & Hobby - DC Power Supplies 
_ Musician - How to Build Electronic 
_ Photographer Circuits 
_ Amateur Radio - How to Test & Troubleshoot 

Solid-State Devices 

• Prices are net and are subject to change without notice at our discretion. 
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Electro-Optics Handbook EOH-11 

256-page Handbook, a carefully edited collection 
of technical information from many different 
widely scattered sources, provides general extensive 
reference material in the rapidly expanding electro­
optics field. Dozens of tables, charts, graphs as well 
as descriptive text. A fully indexed valuable time­
saving reference. 

Sections include: 

$4.95* 
Electro-Optics 
Handbook 

• Radiometric Quantities and 
Units 

• Sources of Radiation 

• Photometric Quantities, Units, 
and Standards 

• Physical Constants, Angle 
Conversion Factors, and 
Commonly Used Units 

• Blackbody Radiation 

• Eye Response and Luminous 
Efficacy 

Photomultiplier Manual 

• Atmospheric Transmittance 
• Detection, Resolution, and 

Recognition 
• Lasers 
• Detector Characteristics 

• Image and Camera Tubes 

• Optics 
• Photographing E-O Displays 

PT-61 $2.50* 
192 pages of technical data and information on 
photomultiplier construction, operation, and 
applications for designers and users of electro­
optical equipment. Data on sources, spectra, noise, 
and RCA photomultipliers are included. Well 
illustrated and well written for easy reading, this 
manual is valuable to students, engineers, and 
service technicians. 

Sections include: 

• Photoemission 
• Secondary Emission 
• Principles of Photomultiplier 

Design 

• Statistical Fluctations and 
Noise 

• Applications of Photomultipliers 

• Voltage-Divider Considerations 

• Photometry 
• Radiant Energy and Sources 

• Spectrum Response 
• Source - Detector Matching 

• Prices are net and are subject to change without notice at our discretion. 
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·RCA· Products for the 
Technical Service Industry 

Receiving tut)es 
Receiving-type industrial tubes 
Color picture tubes 
Black-and-white picture tubes 
Power tubes 
Electro-optic devices 
Replacement semiconductor devices 
Batteries 
Test equipment 
Antennas 
Antenna rotators 
Antenna installation hardware 
Reception aids . 
Spray chemicals for electronic equipment 
Servicing aids 
Industry compatible test jigs 
Exact replacement parts for RCA products 
Film resistors (flameproof) 
Car radios and tape players 
Speakers 
Scanning radios 

See your RCAJ)istributor - or, lor more inlormation contact 

RCA I Distributor and Special-Products Division 
I . 

Cherrj Hill Offices I Camden, N.J. 08101 




