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GENERAL DESCRIPTION

ZENITH TELEVISION RECEIVERS

The 23G22/24G22 series of direct view television receivers have many outstanding
features. These include the new revolutionary Gated Beam Limiter-Detector tube, a
Turret Tuner with replaceable channel strips and a main chassis construction which
incorporates the use of inter-changeable sub-chassis.

In addition, provisions are made for reception, under present standards, of the new ultra
high frequencies by the simple addition of ultra high frequency channel strips as requir-
ed.

As is the case with all Zenith TV receivers in the past, this receiver is provided with
connectors for easy addition of phonevision.

For the convenience of the serviceman, a built-in oscillator adjustment wrench and easily
accessible test points are provided for use during alignment and test of the receiver.

Zenith television receivers are being manufactured with the new Glare-Ban “Black”
tubes. These tubes are constructed with a special glass containing certain metallic oxides
which reduce halations and provide much better contrast,

MODEL TV RADIO

NO. NAME SCREEN CHASSIS E_H.ASEIS_ TYPE OF SET

G2322 Claridge “B" 23G22 None Table-Brown Pyroxylin
G2340 Endear “B" 23G22 None Console-Walnut

G2340R Saratoga “B" 23G22 None Console-Mahogany
G2441 Endow el i 24G24 None Console-Walnut

G2441R Lexington “C” 24G22,/24 None Console-Mahogany
G2442E Waldorf g, ) 24G22/24 None Console-Blonde

G2442R Mayfair 4 24G22/24 None Console-Mahogany
G2846R Graemere “B" 23G22 None Console-Mahogany
G2448R Warwick “C” 24G22/24 None Console-Mahogany
G23503E Biltmore “B” 23G22 None Console-Blonde

G2957 Endue “B” 23G23 6G20 Radio-Phono TV-Walnut
G295TR Riviera “B" 23G23 6G20 Radio-Phono TV-Mahog.
G2958R Regent “B" 23G23 6G20 Radio-Phono TV-Mahog.
GIN59R Sheraton gl i 24G23/25 6G20 Radio-Phono TV-Mahog.
Ga062 Classic o 24G23/25 6G20 Radio-Phono TV-Walnut
‘Power Consumption - 275 Watts Power Supply - 110 V 60 Cycles AC
Antenna Impedance Audio Output - Undistorted 2.0 Watts

Balanced 300 Ohms Maximum 4 Watts
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GENERAL

With a few exceptions, the 23G22, 23G23, 24G22, 24G23, 24G24
and 24G25 chassis used in Zenith television receivers are
basically alike. Procedures followed in alignment and all major
adjustments are the same. However, some small differences
exist in minor adjustments such as focus and picture centering.
All “B” screen chassis use a mechanical means of centering and
focus, The “C" screen chassis, on the other hand, utilize elec-
trical controls to perform these functions,

The small differences in chassis are as follows:

23G22 — Basic “B" screen chassis with mechanical centering and
focus.

23G23 — Same as 23G22 with cable provided for the attachment of
6G20 radio chassis.

24G22 — Same as 23G22 except for the “C” screen picture tube,
electrical focus and centering and an additional horizontal sweep
output tube to provide for the wider deflection angle of the “C"
screen.

24G23 — Same as 24G22 with cable provided for the attachment of
6G20 radio chassis.

24G24 — Same as 24G22 except for the utilization of a separate
small chassis for the low voltage power supply and audio output
tube,

24G25 — Same as 24G24 with cable provided for the attachment of
6G20 radio chassis.

The suffix letter “Z" following the chassis number indicates that
a glass picture tube is used.

All chassis are constructed of a top plate and a wrap-around base,
The two sections are insulated from each other and are inter-
connected with only a 100 K resistor. All electrical circuils in-
cluding the AC line return to the top chassis plate only. DO NOT
CONNECT SHIELDED TRANSMISSION LINES, COAXIAL CABLES
OR ANY GROUNDS TO THE CHASSIS, Always use a 200 MMFD
800V AC test capacitor between the transmission line shield and
chassis,

The service man should bear in mind when testing the receiver
to use a 300 to 500 watt isolation transformer and to CONNECT
TEST EQUIPMENT COMMON LEADS TO THE TOP CHASSIS
PLATE AND NOT THE WRAP-AROUND BASE.

When testing the 23G23, 24G23 and 24G25 chassis without the 6G20
radio chassis, pins 5 and 6 on the inter-connecting cable must be

temporarily connected together in order to apply AC power to the
TV receiver.

TUBE COMPLEMENT

23G22-23 Television Chassis

Szmhal Tube Function

vi 6BJ6 RF Amplifier

va BAGS Converter

vsa 6C4 RF Oscillator

Vi BAUS 1st Video IF Amplifier
V5 BAUG 2nd Video IF Amplifier

Ve GAUB 3rd Video IF Amplifier
v BAUS 4th Video IF Amplifier
vae 12AU07 Video Amplifier

vae 1/2 12ATT or BAB4  Sync Amplifier

{/2 Intercarrier Sound Amplifier
V1o 12ATT V 10A.
. /2 AGC Amplifier - V 10B.
Vil 6BN6G Sound Limiter & Detector
Vviz2 BAGT Audio Output
Vi3 6BNG ?;;c Separator
Vertical Oscillator - V 13A.

vid 128NTGT 1/2 Horizontal Discharge -V 13B
Y15 6VBGT or BAQ5S Vertical Output
Vis BALS Phase Detector

1/2 Horizontal Oscillator
V17 12SN7GT V 16A.

1/2 Horizontal Control Tube,

Vv 16B.
V18 19BGEG Horizontal Output
V19 25W4 Damper
Vv 20 1B3GT/B016 High Voltage Rectifier
val 5U4 Low Voltage Rectifier
Vv a2 25Z6GT Low Voltage Rectifier
v 23 12UP4A Picture Tube

The second detector is a IN64 germanium crystal diode.

TUBE COMPLEMENT

24G22-23-24-25 Television Chassis

Symbol Tube Function
Vi 6BJ8 RF Amplifier
va BAGS Converter
L' 6C4 RF Oscillator
V4 6AUB 1st Video IF Amplifier
vE BAUG 2nd Video IF Amplifier
Ve BAUG 3rd Video IF Amplifier
VT 6A UG 4th Video IF Amplifier
VB 12A07 Video Amplifier
Ve 8AB4 Sync Amplfier
{ /2 Intercarrier Sound Amplifier

v 1o 12ATT ~V 10A.

1/2 AGC Amplifier - V 10B.
Vil GBNG Sound Limiter & Detector.
V12 6AGT Audio Output
Vi3 SBN6 Sync Separator

/2 Vertical Oscillator - V 14A

V14 12SN1GT 1/2 Horizontal Discharge

V 14B.
V15 BVEGT Vertical Output
V 16 GALS Phase Detector

/2 Horizontal Oscillator -V 17A
V17 128NTGT 1/2 Horizontal Control Tube
17B.

V18 25BQEGT Horizontal Output
V18 25BQ6GT  Horizontal Output
v 20 25w4 Damper
Va1 1B3GT/B016 High Voltage Rectifier
Va2 sU4 Low Voltage Rectifier
V23 25Z8GT Low Voltage Rectifier
V24 16EP4A Picture Tube

The second detector is a 1N64 germanium crystal diode.
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CONTROLS AND FUNCTIONS

Location of the various receiver controls is shown in Fig. 2. Af-
ter the receiver has been properly adjusted, the serviceman
should remove the Horizontal Hold, Brightness, Fine Tuning, Ver-
tieal Hold, and Contrast Control knobs and re-pozition them so
that the white dot stamped on the outer edge of the knobs face up-
ward. (As in Fig. 2). This will aid the customer in resetting the
controls should they be accidentally moved out of position. A
brief deseription of each control follows:

CHANNEL SELECTOR SWITCH: Switches into operating position
the pre-tuned RF strip for reception of the particular channel de-
sired.

FINE TUNING CONTROL: Provides a means of varying the fre-
guency of the local oscillator to compensate for any frequency de-
viation which may result [rom tube and circuit variations. In
operating this control it will be found that the range of clearest
sound is quite broad. Proper setting is the point where the best
picture is obtained within the range of clearest sound.

VERTICAL HOLD CONTROL: Provides a means of changing the
cathode resistance of the vertical oscillator to synchronize the
vertical sweep with the transmitted sync pulses. Improper adjust-
ment of this control will cause the picture to “roll” in a vertical
direetion.

BRIGHTNESS CONTROL: Controls the grid bias of the picture
tube to afford control of picture brilliance. Must be operated in
conjunction with the Contrast Control for maximum picture clar-
ity.

CONTRAST CONTROL: This control is in the cathode circuit of
the 12AU7T second video amplifier. By regulating the bias of the
tube it controls, the amplitude of the video signal going to the grid
of the picture tube,

PICTURE CONTROL SWITCH: The Picture Control Switch
changes the magnitude of the sweep voltage into the vertical de-
MNection coils thereby allowing the choice of either a Giant Circle
ar “conventional” picture.

HORIZONTAL HOLD CONTROL: The Horizontal Hold Contraol in
conjunction with C72 is used to pre-set the horizontal oscillator to
a frequency approaching that of the sync pulses from the trans-
mitter.

HEIGHT CONTROL: The Height or Vertical Size Control together
with R55 and R22 form the plate load of the vertical oscillator,
It is used in conjunction with the vertical linearity control to ad-
just the size of the picture vertically.

VERTICAL LINEARITY CONTROL: The Vertical Linearity Con-
trol is in the eathode circuit of the vertical output tube and is used
to shift the operating point of the tube so that the sweep is ampli-
fied along the portion of the plate current curve which results in
a linear output.

HORTZONTAL DRIVE CONTROL: Regulates the magnitude of the
horizontal sweep voltage applied to the grid of the horizontal out-
put tube,

WIDTH CONTROL: A variable inductance (L76) shunted across a
portion of the secondary winding of the horizontal output trans-
former T10. Varying this shunt inductance changes the magnitude
of the sweep voltage across the horizontal deflection coils thus
causing the picture to widen or narrow accordingly.

HORIZONTAL FREQUENCY ADJUSTMENT: Provides @ means
of regulating the horizontal oscillator so that it is in the proper
frequency relationship with the transmitted horizontal syne pulses,

FOCUS CONTROL: (23G22 & 23) A mechanical shunt which reg-
ulates the flux density of the ring type permanent magnet to ef-
fect proper focus,

FOCUS CONTROL: (24G22 & 23) A combination electro-perma-
nent magnet is used. Focus is accomplished electrically by ad-
justment of the Focus Control at the rear of the chassis,

CENTERING CONTROLS: (24G22 & 23) The vertical and hori-
zontal centering of the picture is adjusted individually by the use

of centering voltages applied to the horizontal and vertical deflec-
tion coils.
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CIRCUIT DESCRIPTION

THE RF SHELF

The RF shelf consists of a 8BJ8 RF amplifier V1, 8AG5S converter
V2 and a 6C4 oscillator ¥3. The oscillator frequency can be
changed approximately 1 Mc by the off-set tuning slugs which are
attached to the fine tuning shaft. The master oscillator tank 159
is a complete circuit in itself. It is shunted by the inductance on
each channel strip so that the proper frequency of oscillation for
the particular channel in use results. The oscillator operates
above the incoming frequency on the low channels (2-8) and below
on the high channels {7-13). The master oscillator is adjusted
at the factory and adjustments should not be attempted unless a
defective part is replaced or the unit has been tampered with. The
adjacent low channel sound trap L60 is used to eliminate sound
interference from the adjoining lower frequency channel.

THE TURRET TUNER

The design of the turret tuner provides an excellent method of
obtaining self guiding, self wiping positive grip contacts. The
stationary contacts are a part of the RF shelf, Guides are pro-
vided which properly position the strip contacts prior to their
entry into the stationary assembly. The design allows easy re-
placement of channel strips. When a strip is replaced it should
be mechanically aligned with the female contacts in the RF sheli.

THE 6BN6 GATED BEAM FM SOUND LIMITER-DETECTOR

In order to understand the operation of the new Zenith develop-
ment, the Gated Beam FM Limiter-Detector, a few fundamentals
should be reviewed.

It has long been known that an ordinary converter tube may be
used as a detector for frequency modulated signals if the re-
ceived signal is applied to both control grids in a manner so that
the two grids are substantially in quadrature and that their rela-
tive phase varies with frequency. It was also known that a signal
applied to the first grid of a converter tube automatically produces
a quadrature voltage on the second grid, through space charge
coupling, if the second grid is also tuned to the frequency of the
input signal.

FM detectors based on this principle, using converter tubes, are
not satisfactory because the first grid of a converter tube has no
limiter properties of its own. On the other hand, the new Gated
Beam Limiter-Detector not only serves as an FM detector, but
has excellent limiting characteristics as well.

Study of Fig.16shows that the new tube is highly unconventional in
structural design as its operation is based on electron-optical
principles,

The rectangular cathode is surrounded on three sides by a ground-
ed focusing electrode and faces a positive accelerator plate on its
only open side. Electrons emerging from the cathode are shaped
into a compact sheet-like beam which is projected against the lim-
iter grid through the narrow slot in the accelerator.

The limiter grid acts like a gate. With zero or a positive potential
applied, it passes the beam; with a negative potential of a few volts
or more on the grid, the beam is stopped, the electrons turn
around, diverge like a fountain falling back on the accelerator.

If & sine-wave signal of 1 volt REMS or more is applied to the limi-
ter grid, the beam is alternately passed and stopped, so that the
beam current hehil..'ld the input grid has the form of a square wave,
As long as the input signal remains over | volt RMS, variations in
its strength does not affect the intensity of this square wave; in
other words, limiting takes place right at the first grid.

— = AUDIO QUTPUT

ANODE
QUADRATURE GRID
LIMITER GRID

QUAD.
GoIL

=

H*‘

Fig. 16 6BN6 Gated Beam Limiter-Detector.

In normal operation, the limiter grid is biased two or three volts
negative with respect to the cathode. Input signals may easily be
five or ten volts, so that the limiter grid is strongly positive dur-
ing part of each cycle. The grid current, however, is limited to a
few tenths of a milliampere by the design of the tube, so that this
type of operation does not produce objectionable damping of the in-
put circuit. Leaving the limiter grid, the beam passes through the
second accelerator — a somewhat wider slot covered with a
sereen — and is projected against the quadrature grid. The quad-
rature grid is tuned to the signal frequency and driven by space
charge coupling. The ancde is placed behind the quadrature grid
and a positive potential is applied to it.

Fig. 16 shows the circuit of the new Gated Beam Limiter-Detector,
A 4.5 Mc IF signal, between one and perhaps fifty volts, is applied
to the limiter grid and for one-half of each cycle the electron
beam is passed and projected upon the gquadrature grid. The
periodic variations of the space charge in front of this grid (space
charge coupling) produce about five volts across its tuned circuit.
The quadrature grid clips the leading portion from each half-cycle
pulse and passes on to the anode periodic pulses of current about
one-quarter cycle in length. Modulation of the signal frequency
affects the phase displacement between the half-eycle electron
stream and the voltage produced on the quadrature grid causing
corresponding variations in the length of the anode current pulses,
The plate load resistor is by-passed for IF; but the DC voltage
drop across this resistor is proportional to the pulse length and
is, therefore, a direct function of the original modulation,

IF AMPLIFIER

The 40 Mc IF amplifier uses four 6AUB tubes and a 1N64 ger-
manium diode crystal detector. The transformers consist of bi-
filer windings with a single slug which tunes both primary and
secondary inductances, Because intercarrier sound is used, both
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Fig. 18 Converter Coupling Into The IF.

the video and sound carriers pass through the IF amplifier, The
video IF carrier is placed 2ZX down on the response curve and the
sound carrier 20X down, Fig. 18 shows the method of coupling
the converter into the 1st IF. It can be seen that the cable cap-
acity is common to the converter plate and the 1st IF grid by vir-
tue of the inherent inter-electrode and stray capacities.

INTERCARRIER SOUND

The video and sound carrier frequencies are 4,5 Mc apart. When
these carrier Irequencies beat, a 4.5 Mc difference frequency is
produced which contains the original sound modulation. This
4.5 Mc IF is taken from the plate of the 12AUT 1st video amplifier
V8A by the take-off coil L78, amplified by the 12ATT intercarrier
sound amplifier V10A and applied to the grid of the 6BN6 Gated
Beam Limiter-Detector tube where limiting and detection oceurs.
‘The output from the detector is fed to the grid of the 8AGT power
amplifier tube and reproduced by the speaker.

GATED AGC

The purpose of the automatic gain control is to feed back a nega-
tive voltage, proportional to the strength of the received signal, to
the grids of the RF-IF amplifier tubes in order to automatically
control their amplification. It is for this reasoen that strong sig-
nals do not overload the recelver because they cause the develop-
ment of a considerable feedback voltage which reduces the sensi-
tivity of the recelver. On the contrary, very little feedback volt-
age is developed by weak signals and as a result the receiver
operates at its maximum sensitivity.

With ordinary AVC circuits, such as used in broadeast receivers,
the average of the rectified signal voltage is taken from the de-
tector and fed back to the RF-IF grids., With a television receiver
it is impossible to use the average signal because the amplitude
s constantly changing with picture content. However, the com-
ponents in a composite video signal which do have a relatively
constant amplitude are the sync pulses, These are maintained
at a level approximately 20 to 25% above the blanking and video

level (See fig. 19) Therefore, it is the sync pulses which are used
to control the gain of television recelvers.

Ordinary methods of AGC have certain disadvantages which have
been overcome by using the gated system, [ the automatic gain
control is not gated, it remains open to noise impulses which can
have an amplitude as great, and in some cases, greater than the
sync pulses. The average voltage developed by these nolse pulses
creates a false AGC vollage where the noise rather than the sig-
nal ean be the controlling factor. Another disadvantage in conven-
tional circuits is the long time constant which must be used. The
long time constant prevents the AGC from following rapid changes
in the amplitude of the received signal and undesirable effects
such as picture “breathing” result,

An IF signal (before detection) is applied to the grid of the AGC
amplifier V10B through a 200 MMFD capacitor C26. The intensity
of this alternating woltage is proportional to the strength of the re-
ceived signal and causes plate current conduction of V10B during
its positive half cycles,

The plate voltage for the AGC amplifier is a 15.75 Kc pulse taken
from the horizontal oscillator V1TA. Since the frequency of the
plate voltage is the same as the horizontal sync pulses (15.75 Ke)
V10B can only conduct (open gate condition) during the time of the
sync pulses and is non-conductive (gate closed) during the rel-
atively long period of time between pulses when noise could dev-
elop a false AGC voltage.

Fig. 18 Composite Video Signal.

During plate current conduction of V10B, a DC voltage is develop-
ed across the plate load resistor R53, in a manner similar to a
half wave rectifier. The magnitude of this voltage depends on the
IF input voltage which is applied to the grid of the AGC amplifier
VI10B. The period of conduction and delay is determined by the
setting of the AGC delay control R25. The developed AGC volt-
age, is filtered by the RC filter R28, C33, C58 and fed back to the
RF-IF grids.

The primary advantages of the gated AGC system is the relative
immunity to noise, and the fact that short time constants are used
which enable the AGC to follow much faster changes in amplitude
such as those developed by airplane reflections, ete.

SYNC SEPARATOR CIRCUIT

The purpose of the sync separator circuit is to strip the vertical
and horizontal sync pulses from the composite video signal.
These pulses are then applied to their respective sweep circuits
for triggering.

































































































