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Remove control knobs and panel.

from the chassis receptacle.

Remove the control knobs.
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ALIGNMENT INSTRUCTIONS

Remove cabinet interlock (receptacle) from cabinet.

HOLD TUNING

CONTROL CONTROL
VERTICAL )
08C. PREQ. ADJ

Remove the cover over the alignment adjustments just behind the
channel pushbuttoms end the receiver is ready for alignment.

They will pull straight off the shaft.

The control knobs pull straight off

The panel is fastened to the cabinet with two panel screws access=-
ible from the outside and two screws accessible from the inside of the cabinet.
Since the speaker is fastened to the front panel, its plug must be disconnected
Ieave the rubber escutcheon on the kinescope tube

This is held on

Release the chassis from the cabinet by removing the four rubber feet
at the bottom of the cabinet and pull the chassis from the cabinet.
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2. Remove the back cover. The line cord and half of the interlock are
attached to the back and are removed with th: back.

3. Detach the remaining half of the interlock fastened to the cabinet
with two wood screws.

4, Release the chassis by removing four mounting screws and pull the
chassis clear of the cabinet. Caution: The rubber escutcheon on the xine-
scope tube should be left on the tube for added protection.

5. Remove the cover over the alipmment edjustments just behind the
channel pushbuttons and the receiver is ready for eligmment,.

ALIGNIMENT PROCEDURE

Note - Use terminated signal generators only ana the shortest possible leads
to connect to the receiver circuits.

FM SCUND CHANNEL

1. Connect signal generator between grid of 6SH7 VIDEO AMP. tube (pin
##4) and chassis ground.

2. Connect an electronic voltmeter between pin 5 of the 6ALS FM DET.
tube and chassis ground.

3. With signal generator (unmodulated) set at 4.5 IC, set the 4.5 MC
LIMITER GRID ADJ. and FM DET. PRIMARY ADJ. for meximum d-c¢ voltage. Adjust the |
limiter grid coil before adjusting the FM detector primary.

4, Connect electronic voltmeter across 1000 mmf condenser at output of
FM detector and adjust SEC. ADJ. of FM DETECTOR TRANS. for the null.

5. Vary the frequency of the signal generator either side of 4.5 MC and
touch up the FM DET. PRIMARY ADJ. for equal peaks.

VIDEO I.F. ALIGNMENT

1. Connect the electroniec voltmeter across the 0.05 mfd condenser in the
automatic gain control (A.G.C.) filter circuit of the video emplifier.

2. Connect signal generator to grid of 6SH7 3RD VIDEO I.F. amplifier
tube (pin #4), set signal generator at 23.3 MC (no moduletion) and adjust 23.3
MC I.F. ADJ. for maximum d-c voltage.

3. Connect signal generator to grid of 6SH7 2ND VIDEO I.F. amplifier
tube (pin §4), set signal generator at 24.5 MC (no modulation) and adjust 24.5
MC I.F. ADJ. for maximum d-c voltage.

4, Co,nnect signal generator to grid of 6SH7 1ST VIDEQO I.F. amplifier
tube (pin #4), set signal generator at 22.5 MC (no modulation) and adjust 22.5
MC I.F. ADJ. for maximum d-c voltage.

5. Connect signal generator to grid of 6AG6 MIXER tube (pin #1), set
signal gemerator at 25.0 MC (no modulation) and adjust 25,0 MC I.F. ADJ. for
__meximum d-c voltage.

©John F. Rider
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6. Check the video I.F. amplifier response by tuning the signal generator
from 23 LC to 26 !C and observing the change in output voltege over this range.
A properly adjusted amplifier should irovide a relatively constart output
voltage which does not fall mors than 305% or 3 db below the peak voltage., If
the recponse does not meet this requirement, a slight readjustment of the I.F.
coils may be made to obtain the desired response. The rormal video I.F.
emplifier sensitivity will run approximately 200 microvolts at the generator
terminals for one volt as measured by the electronic voltmeter.

2t.75rmc 233mMc Z5.0 2615 M<.

L——- odh . —t— odb
./"f

/

/
S 12k X cdb
4

/ Video I.F. Ampnlifier Respouse (jd’c’t?/ c-;/ifvc‘)

CHANNEL ALIGNMENT

1. Due to the broad response of the video I.F. emplifier, it is necessary
4o use a 24 MC generator or oscillator (unmodulated) as a BFO oscillator is
used in conventional superheterodyne receivers in order to locate the center
frequency of the video I.F. amplifier for proper RF alignment. This "BFQO"
|
|
|

generator or oscillator should be loosely coupled by means of a wire irom the
generator output placed in close proximity to the 6H6 VIDEO DET. tube.

2. Connect the high frequency signal generator to the recelver's trans-
mission line through two 150-ohm carbon resistors, one connected in each side

of the line.

3. Connect the electronic voltmeter between the plate of the 6HE6 VIDKO
DET. tube (pin 35) and chassis yround.

4, Alignment of the individual channels is carried out as follows. Each
channel may be aligned independently without affecting the aligmment of the
others.

(a) Set FINE TUNING control condenser in the center of its
‘ captcity range.

(b) Press the channel button correspending to the channel
number to be aligned.

(¢) sSet the frequency of HF generator and "BFO" generator per
the eligmment chart.

OUTPUT tube and the high side of the VOLULE control and adjust the
0SC. ADJUST trimmer corresponding to the channel being aligned for
a rough audio beat note using the speaker output as a detesctor.

I
|
|
l
! (d) Comnect e 0.0l mfd condenser between pin ;2 of the VIDKS
|
i

—
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(e) Disconnect the 0.0l mfd conderser, shut coff the "BFC" signal
generator, and adjust MIXER ADJ. and RF ADJ. trirmers for maximunm d-c
voltage as indicated on the electronic voltmeter. This campletes the
aligment of any one channel. All other channels are to be treeted

the same,
ALIGNMENT CHART
CHANNEL H.F. SIGNAL "BFO" SIGNAL
NQ. GENERATOR FREw. GENLZRATOR FREW.
1. 47 MC 24 1.C
2. 57 MC 24 MC
3. 63 MC 24 1C
4, 69 MC 24 NC
5. 79 MC 24 1C
6. 85 LT 24 C
7. 177 uC 24 1C
8. 183 1C 24 1C
9. 189 »C 24 1C
10. 195 1C 24 1C
11. 201 MC 24 1
12. 207 AMC 24 11C
13. 213 1 24 1IC

HIGH VOLTAGE OSCILLATOR ADJUSTMENT

1. Connect & 50 megohm resistor string in series with a 0~200 micro-
ampere meter across either of the 1000 nmf 6000 V. filter condensers in the
high voltege power supply. The resistor string should be made up of resis-
tors of 10 megohms cr less to provide a safety factor for voltage breakdcwn.
Connect the meter on the ground side of the string. Before connecting tnis
string and meter the power should be turned off and sufficient time be
given the capacitors to reach complete discharge.

2. A meter reading of 100 microamperes (5000 V.) should be obtaired
under normal conditions. To obtain the 100 microanpere (5000 V.) reading,
adjust the H.V. 0SC. TRIVMMER through the adjustment hole in the top cf the

H.V. power supply case. Note that increasing the trimmer capacity decreeses W
the voltage end vice verse., The brightness control must be set at minimum

or full counter-clockwise for this measurement. II

©John F. Rider
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CIKRCUIT DESCRIPTION =-- HALLICRAFTERS T-54 AND 505

INTHODUCTION

The principles underlying the design of & modern television receiver
are more complicated than those on which a simple a-m broadcast set is based.
Necessarily, therefore, the circuits of television receivers are more complex
than those of standard broadcast sets. The material presented here is offered
in the hope that it will be of assistance to the servicemen who may have to
repair either of the television receivers described. Of course, this intcrma-
tion cennot even approach the general coverage of a text on television, and
so it has been assumed in the writing that the reader is familiar with televi-
sion principles and the more commonly used circuits. Therefore, only the
unusual features of these sets cre described in esny detail; while those
characteristics which are commonly found are mentioned only to the extent
necessary to preserve the continuity of the description.

The only difference between the T-54 and 505 receivers is in the
cabinets used. The former has a metal cabinet, while the latter uses a
wooden one. !

BLOCK DTIAGRAM

The block diagram is a functional breakdown of the receiver circuits,
giving a bird's-eye view of their relationships to one another. (Since the
chassis used in the two receivers are identical, we shall use the singular --
receiver -- in the remainder cr this description, even though both are meant.) F
The following circuit description is based on this breakdown. In reading it, i
you should refer to the partial schematics end the associated chassis layouts,
showing the waveforms to be observed at various points in the circuit’. For most
of these waveforms an oscilloscope having an extended high~frequency response
(up to, say, 2.5 mec) is required. However, such a scope is not necessary to
observe the response curves found in alignment.

FRONT END

The basic characteristics of the front end are conventional. It includes
three stages, an r-f amplifier, a converter, and a local oscillator, perform-
ing the usual functions associated with each. However, there are several
unusual features.

Balanced Input

This receiver is intended to be fed from a balanced 300-ohm source. In
order to present a balanced 300-ohm load to the transmission line coming down
from the antenna, a combination of grid and cathode input to the r-f amplifier
is used. This is shown in Fig. 1. L32 is & balancing coil; its center tap is
grounded to r. f. by C3. A direct ground to the chassis cannot be used at this
point because one side of the a-c power line is connected to the chassis, and
since the antenna lead-in may not be heavily insulated, a direct connection at
this point would constitute a potential shock hazard. C1l and C2 perform the
same function as C3 in reducing shock hazard, and in addition function as d-c |
blocking capacitors. R1 and R3 are each 150 ohms, and, since R3 is directly

©John F. Rider
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ANTENNA
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TUNING IN FRONT END

grounded and Rl is grounded to r. f. through C4, they place & 300-ohm load,
balanced to ground, across the antenna input. Since, further, a signal applied
to the grid of a tube has the same effect as a similar signal 180° out of phuse
applied to the cathode, the push-pull signals from the antenna reinforce one
another in the input to the r-f amplifier. The output from this stage (not
shown in Fig. 1) is conventional in that it is single-ended, that is, not
balanced to ground. The plate tuning is, however, somewhat unusual,

Tuning

This receiver covers all 13 television channels allocated to commercial
service by the FCC. Mechanically, the particular channel desired is selected
by depressing the appronriate pushbutton on the front panel. Fine tuning is
accomplished by means of a small knob alongside of and resembling the push-
buttons. WNhen a pushbutton is depressed, it selects the appropriate components
to tune the three resonant circuits in the front end. For all 13 channels the
"appropriate components" consist of capacitors, and in the case of the six
low-frequency channels, coils are added to the circuits as well. Although it
is hardly unusual to use pushbuttons to select tuned circuits in the standard
broadcast band, it is anything but usual at the frequencies of television
broadcasting, and the tuned circuits used reflect this condition.

The tuned circuits employed in the front end of this receiver are
illustrated in Figs. 2 (A) and (B). Fig. 2 (A) shows the tuning of the plate
of the r-f amplifier and the grid of the converter; since they are so closely
connected together in actuality, they are shown together here. In drawing
this, R108 and R6 (the converter grid return) and some inductors, capacitors,
and resistors have been omitted for the sake of simplicity. R108 is simply
used as a coil form for L9 and, because of its high resistance, has negligible
electrical effect. The other omitted resistors, which are mechanically part
of the pushbutton assemply, are used similarly as coil forms. However, their
resistences are relatively low, and so they also serve the electrical purpose
of loading their associated coils. This is necessary because these coils are
used only for the low-frequency channels, and it is important that they have
broad band-pass characteristics. If the components enclosed in the dashed

| lines are temporarily ignored, it will be observed that the circuits on either

side of C6 are the same. C_,,t is the output capacitance of the r-f amplifier,
©Jonn F. Rider
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and Cj, is the input cepacitence of the converter. Tne unlebeled variable
capacitors are those selected by the pushbutton switches; on the six low-
frequency chennels there are also inductors in series with them. L31 and C77
form a decoupling filter; R5 and C5 perform the same function (the screen of

the r-f amplifier is connected to their junction), and R4 is & camping resistor.

The oscillator, which is shown in Fig. 2 (B), is & modified Colpitts.
The diagram has been drawn in such a way as to emphasize this, end the d-c
grid end plate connections have been omitted for the sake of simplicity. C, .
is the plate-cathode capacitance and C,, is the grid cathode capacitance.
The unlabeled variable capacitor which”is part of the tank represents C91 an
the tuning capacitor chosen by the push-button switch assembly for the channel J
in use. As in the case of the r-f and converter tuning, inductors are added
in series with the tuning capacitor on the low-freguency channels. These coils
ere elso wound on resistors, but, because this is an oscillator and &s such
should not have broad -band characteristics, l-megohm resistors are used in all
cases. (8 is a fixed capacitor in series with C9, which is the fine tuning
control. As is customary in television receivers, the oscillator is tuned teo
a frequency higher than the incoming signal.

|
]
|
The 39 (13 chaennels times 3 tuned circuits) tuning capucitors are :ounted l

in 3 rows above the push-obutton switches. BEach is a compression-type trimmer; ;
and, since only one set of 3 is in the circuit at a time, the alignment of ;
each channel is independent of the others. !
|

1

|

|

Ave voltage is applied to the r-f amplifier at the lows end of ;rid resistor
Rl. This effectively places the avc voltape in series with r-f zrid voltage.

In addition to the extra inductors addsd by the switch mechanism on the
six low-frequency channels, additional inter-stage coupling capacitors -are
introduced when reception of these channels is desired. Their additional cape-
citance is necessitated by the relatively low frequencies of channels ones to
six. Another point that should be observed is the use of capecitors C83 and C83.
Because of the inherent design of thes tuning assembly, some frequencies, at
which the oscillator must work, tend to become absorbed unless these capacitors
are used. These additionel cepacitors sufficiently detune these absorption
circuits to permit proper operation of the oscillator.

(Capacitors C83 and C93 are not illustrated in Fig. 2 (A) in order to
simplify this figure as much as possivle.

VIDEC SECTION

Included in the video section are the main (or video) i-f emplifier, the
video detector, and two stages of video-frequency (v-f) amplification.

lMain I-F Amplifier

Contrary to usual practice, & single channel is used in this receiver to
amplify both video and sound i-f signals. (In addition, there is a single staze
of audio i-f amplification which is discussed further on.) Ordinarily, separate
i-f amplifiers are used for video and sound to prevent interaction between the
two signals. In this receiver, however, this interaction is put to use; the
two carriers beal together in the video detector, giving & 4.5 mc signal. This
signal may be considered as & second (scund) i.f.; it is frequency modulated

Just as the first sound i. f. is, and may therefore bte demodulated by conven-

©Jonhn F. Rider
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tional techniques. A television receirver sound system of this type is known as
an intercarrier sound system, since it depends for its action upon intermodula-
tion of the sound and video carriers.

There are three stages of main i-f amplification, and four associated
tuned circuits. Each of these is single-tuned. The first three are arranged
identically. For example, L14, the plate load of the converter, is a variable
inductor having a movable core. It is tuned by the output capacitance of the
converter and the input capacitence of the following stage, the first i-f
amplifier. 1In order to lower its Q in the interest of attaining a broad pass
band in the i-{ amplifier, it is loaded by the 27,000-ohm grid resistor of the
following stage. L15, the plate load of the first i-f emplifier, and L16, the
plate load of the second i-f amplifier, are tuned anc loaded in the same manner.
127, the plate load of the third i-f amplifier is simply an untuned r-f choke.
However, the signal from this plate is fed to the cathode of the diode detector,
and in this cathode is & variable inductor, L17. This inductor is of the same
design as L17, L15, and L16, and is similarly tuned. It is loaded by the input
resistance of the diode. In addition to loading, stagger tuning of the four
coils is used to broaden the response of the i-f amplifier. They are tuned as

followss Ll4 - 25 mc, Llb - 22.5 mc, L16 ~ 24.5 mc, and L17 - 23.3 mc. The
band-pass characteristics obtained by this stagger tuning and loading are
illustrated by tracings of oscillograms included with the alignment instructions

It will be observed from these oscillograms that the pass band of the
receiver is sufficiently narrow to exclude adjacent-channel interference without
the need of traps. This is possible because with a 7-inch picture tube adequate
definition is obtained even with a relatively restricted high-frequency video
response. In addition, since the 26.25 mc picture i-f carrier dignal and the
21.75 mc sound i-f carrier signal appear at or near the base line of the
response curve (see Fig. 12 in alignment section), they will not produce a very
strong beat. Therefore, one 4.5-mc trap (C58 and L29) is sufficient to prevent
this beat signal from interfering with proper signal reproduction. On the
other hand, a sufficiently strong beat signal is obtained in this manner so
that, after a single stage of audio i-f amplification, it will give proper
operation of the ratio detector.

Ave volteges are applied to the first and second i-f emplifiers, but not
to> the third. In this amplifier & small bias is produced by signal rectificatio
in the grid circuit. Because of this effect, the negative zrid bias here rises
from about 0.3 volt in the absence of a received signal (noise input) to about
0.8 volt when & weak but usable signal is received. A high degree of interstage
decoupling is found along the avc bus, and the same is true of the plate and
screen supplied of the i-f amplifiers. '

Detector

A single diode is used in a conventional rectifier circuit as the video
detector. It produces & video frequency (v-1, signal of such polarity that the
sync pulses sre n- _stive-poing. Its d-c output is used to yrovide an &ve
signal for tno r-f amplifier and the first and second video amplifiers., A
third function of the detector is inte.modulation ol the picture and sound
i-f carrier signals. As expleined previously, this beat signal is demodulated
to provide the audio output of the recsiver.

©Jonn F. Rider
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Video Amplifier

The v-f output of the detector is coupled through a high-frequency
compensating circuit employing both shunt and series-peaking coils to the
grid of the first video amplifier. This stage employs a high-trans-conductance
pentode, and gives a gain of 20-25 times. Since the contrast control is a
variable resistor in the cathode circuit of this stage, the gain can be given
only as an approximation. Variation of the contrast control variss the bias
developed across it, thereby controlling the gain of the stage.

The output of the first video amplifier is fed through & high-frequency
compensating circuit, to the grid of the second video emplifier. This
amplifier is one section of & dual triode connected as a cathode follower.

Its output is applizd to the cathode of the picture tube and to the grid of the
second section of the dusl triode. (This section functions as a d-c restorer
and sync separator.) The purpose of the cathode follower is to present a
constant, high inpedance to the compensating network in the plate circuit of
the first video amplifier. Without it, this network would be loaded by the
variable and relatively low impedance presented by the picture tube cathode and
combined d-c restorer and sync separator. The gain of the second video amplifier
(cathode follower) is approximately .65 times.

cs9
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\ FIG.3
COUPLING FROM 1ST VIDEO AMPLIFIER TO
AUDIO |-F AMPLIFIER.

A second output from the first video amplifier is obtained directly
from the plete, rather than through the compensating network. This is thg
4,5-mc beat, which goes to the audio section. The method of coupling is
illustrated in Fig. 3. C58 and L29 are series tuned, so that they present
a near short to the 4.,5-mc beat at this point. This prevents the beat
signal from continuing further to the picture tube, where it would interfere
with proper reproduction of the signal. Also by virtue of and series tuning,
a large 4.5-mc signal appears across the individual components of the series=-
tuned circuit. The signel appearing across the inductor provides the input to
the sudio i-f asmplifier. The first video amplifier hes still a third function,
that of a noise limiter. Since the output of the detector is such that the
sync pulses are negative-going, eny high-emplitude noise pulses will drive the
grid of the first video amplifier very negative. This will cut the amplifier
off, as a sharp-cutoff pentode is used here. Therefore, the noise will not
pass through to the plate circuit, and so the effective signal-to-noise ratio
is improved.

SYNC SEPARATOR AND D-C RESTORER

Usually the d-c restorer is treated as part of the video amplifier, and
the sync separator as part of the swesap system, However, in this recsiver
a single triode performs these two functions, and so it would be an artificial
and ill-advised procedure to consider them separately. The circuit is shown

©John F. Rider
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in Fig. 4. At the grid the sync pulses are positive-going, since the polurity
of the output of the detector is reversed in the first video amplifier, but
not in the second. The cathode resistor and capacitor are hoth very large;
R66 is 33,000 ohms and C50 is 5 microfarsds. This combination cuauses the
stage to act very much like an infinite-impedance detector. The peeks (sync
pulses) of the zrid signal are just high enough to cause conduction through
that tube; the charge developed on the cethode capacitor cannot leak off
juickly through the perallel resistor, so that tube is biased beyond cutoff
except at the peak of each cycle of input. Since this bies corresponds to

a value slightly below the input peaks, it corresponds to the black level of
the video signal, which is sli:htly below the sync pulses. Therefore, the
cathode voltage of this tube is applied to the grid of the picture tube, to set
the black level of the scene visible on its screen.

Since the tube conducts only on the peaks of the input sigznel, the plate
current flows in pulses, causing pulses of voltage to appear across the load
resistor, R93. Since, further, these input peaks are the sync pulses, the
voltage pulses across R93 will be the same sync pulses, but invarted so as to
be negative-going. Thus, the sync pulses are passed into the plate circuit of
the tube; but, because the tube is cut off at the video signal level, video
signals do not come through. In this manner the tube acts as & sync separator,
and the plate signal is fed to the sweep circuits. Since negative-going sync
pulses are needed to synchronize the sweep multivibrators, the plate pulses
are of the correct polarity.

SWEEP CIRCUITS

The function of the sweep circuits is to produce deflection voltages that
#ill cause the electron beam in the picture tube to sweep out a raster in

TOGRID OF
PICTURE TUuBE

CSO

' Fis. 4
L smc SEPARATOR £ D-C RESTORER

synchronism with thet in the cemeru tube where the program originates. The
horizontal and vertical sweep circuits are the same in all major respects,
but there ere certsin differences in detail which stem from the differences
in operating freguencies.

Horizontal and Verticael Sync Separation

Since both the horizontal rnd vertical sync pulses appear in the output
of the sync separator tube, some means must be provided to distinguish between
them before they are applied to the sweep oscillators. The distinction is
made cn the basis of sync pulse width. The horizontal sync pulses are narrow,
while the vurtical sync pulses ere wide. The networks which separate the two
types of sync signals are shown in Fig. 5. Pulses fed through the d-c¢ blocking
capacitor €22 to the lower nstwork, cherge capacitors Cl4 and Cl5 through
resistors R17 and R16. Between pulses the charge leaks off. Since the horizon-

©Jonn F. Rider
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tal pulses are narrow, the charge lesks of't' ulmost campletely between pulses.
The resultant voltage applied to thz prid of the vertical oscillator is
negligible. However, when s« wide vertical pulse is cpplied, a voltare sufficient
to trigper the wvertical oscilletor builds up. DPert of Ltne charge lesks off in
the serration intervals, but they are so narros that their effect on the operu-
tion of the network is very slight. Aftér the vertical pulse passes, the
cherge leals off'. detween vertical pulses, the voltsge drops back to the
nexlisivle value produced by the horizontal pulses. Kesistor 10 performs a
voltage-dividing function, as well es providing a d-c¢ path to ground for the
grid snd te discharze Cl4 and Cl5. The purpose of tris voltage-dividing is

to produce a sync signal of the proper amplitude for the vertical oscillzator.

FROM SYNC

SEPARATOR TUBE HGR[Z
SWEEP

osc,

R17
Rl&é IC"‘ ci15 I

VERT.
=g = = SWEEP
FIG.5 0sc.

NETWORKS FOR SEPARATION OF HORIZONTAL AND VERTICAL
SYNC. PULSES

Nhen sync pulses are applied to the upper network, the sudden epplication
of voltage causes a corresponding sudden flow of current. This sudden flow of
current through the inductor L22 produces o pulse of voltege ucross it, At the
end of & pulse, when the current through the network is cut off, enother pulse,
of opposite polarity, is produced across L22. Since the incoming sync pulses
ore negative-going  th» pulse scross L22 which is produced by the leading edge
of the incoming pulss is also negative-pgoing. The sweep oscillator used here
rejuires neg atlvo-501nv pulses for synchronizetion, so the leading-edge pulses
will trigger it, but the trailing-edge pulses have negligible effect. This
behavior is usad to maintain synchronization during th: vertical sync period,
because the sprcing of the egqualizing pulses and the serrations in the vertical
sync pulse is tlie sume as the spacing of the horizontal sync pulses. Although
the equalizing pulses end the serrations in the vertical pulse heve different
widths from the horizontal pulses, the negative-going pulses that they produce
across L22 ure spnced the same. (The positive-going pulses are spaced
differently, but that is of no_significance here.) Thus, the desired mainten-
ance of synchronization is obtained. Resistor k37 perf'orms the same function
of reducing sync pulse anplitude as R15 in the lower network.

Sweep Oscillators

The sweep oscillators are cof the type known as the Potter sweep circuit;
this circuit is named for its inventor. This circuit is basically a cathode-
coupled nultivibrator, used as sn elocctronic switch. During the forward trace
time, the switch is open, and a capacitor is charged throuzh a resistor. During
the retrace, tho switch closes, end discharges the capacitor through a resist-

ance much smuller then the resistor through which it is charged. Thus & slow
rise and rapid fall of voltage sre produced across the capacltor- this is the

rejquirsd saw-tooth wave. The natural fregquency of E§e\sweep circuit is

ad justed so that in the absence of sync, its period \cllahtly longer than
that required. When sync pulses asrs &appli=d, they initiate the retrace, so
that it occurs just before it would occur in their absence. In this manner,
synchronism is maintained betwesn camera and picture tube swesps.

©John F. Rider
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The vertical sweep amplitude (thet is, the height of the picture) is
controlled by means of & potentiometer, R23, connected across the output of the '
sweep oscillator. The position of the variable arm of the potentiometar
determines the amplitude of the swee; signal fed to the sweep ocmplifier and
thus to the picture tube. This arrangement makass the "HEIGHI" end "VERTICAL"
(hold) controls independent to each other, since the position of the arm
reflscts no significant effect into the sweep circuit. The "VERTICAL"™ control ||
adjusts the natural frequency of the vertical sweep oscilletor so that ;
optimum symc action takes place.)

Since the horizontal sweep oscillator runs at a much hizher frequency than
the vertical oscillator (262.5 times as fast), a different method of sweep-anp- |
litude control is reguired. If the same method were used, the distributed
capacitance in the potentiometer, in conjunction with its resistance would dis-
tort the sweep waveform. In this cese, then, the sweep amplitude is controlled
by varying the charging voltage availablas to the capscitor across which the
|| sweep saw-tooth is generated. This causes a slizht dependence of the "HORIZONTAL"
(hold) control setting upon the setting of the ™7IDTH" control.

|| Sweep Amplifiers

The output of the vertical sweep oscillator is fed through the "“IEIGHT"
control to one section of a duasl triode, functioning as & conventional RC-
coupled amplifier. The entire ocutput of this section is applied to one of
the vertical deflection plates of the picture tube. In addition, part is
tapped off & resistive voltage divider and applied to the second section of
the tube. The loss in the voltage divider is just equel %o the jain in the
second section, so its output is equal to that of the tirst section, pbut of
opposite polarity. (In other words, the second section, in connection with
the voltage divider, forms a unity-gain phase inverter.) The output of the
second section is fed to the vertical deflection plate opposite to that fed by
the first section. The two sections have a common unbypassed cathode bieas
resistor. This tends to equalize the outputs of the two sections, since any
inequality in signal causes a signal to appear across this resistor, . (If the
signals are equal, they cancel out in this resistor, since they sre of opposite
phase.) The phase of such a cathode signal is sutomatically of the correct
phases to reinforce the grid signal of the section producing the lower output.
This effect increases the output of the weaker section.

A similar, but not identical, amplifier-phase inverter combination is
used to deliver the horizontal sweep signal to the picture tube. In this case
there is no variable resistor (sweep amplitude control) connected to the input
grid. It is, therefore, possible to obtain the bias by the use of the grid-
current voltage drop across large resistors, R29 and R30, and this eliminates
the need for a cathode bias resistor. The voltage divider between the plate
of the first section and the grid of the second section is capacitive. One
section of the divider is the coupling capacitor, C27, which is only 6 mmf.
The other section of the divider is the input capacitence of the tube. Because
of the Miller effect, this capascitance is of the order of 40 to 50 mmf, ziving
the proper division ratio. The input capacitance is shunted by the grid resistor
but this is so large as to have a negligible effect on the division ratio and
waveform.

-

©John F. Rider
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The picture tube is operated with its cathode in the neighborhood of
200 volts above ground. This permits the necessary direct connection to its
grid from the d-c restorer, since this d-c restorer operates from the common
low-voltage power supply. It also permits connection of the picture tube
heater to the heaters of the other tubss in the receiver,

AUDIO SECTION

The audio section is quite conventional. As shown in Fig. 3, the 4,5-mc
intercarrier beat signal is fed from the plate of the first video amplifier
to the grid of the audio i-f (or beat-frequency) amplifier. Grid bias is
developed by zrid rectification of the signal, in conjunction with C58 and RO4.
This rectifying sction loads the tuned inductor L29, giving the tuned circuit
the bandwidth necessary to handle an f-m signal without distortion. i

|
The audio i-f amplifier feeds & conventional ratio detector having a ‘
bandwidth of epproximately 200 kc between peaks. The output of the ratio ,
detector is fed through the volume control to the first a-f amplifier, a
pentode. The case of the volume control is grounded through a capacitor to
minimize noise pickup; being & panel control, it cannot be zrounded directly
because of the shock hazard. The output of the first a-f amplifier is RC-
coupled to the power amplifier, a beam-power tube. The speaker is an ovsal
p-m dynamic, with a 7" x 4 1/2" cone.

The ratio detector tube must not be removed from its socket when the
power is on, or the resistor in paralled with its heater will blow out. This
resistor is used to lower the heater current through the tube, thereby reducing
hum.

POTER SUPPLIERS

Thers cre three major power supply sections, the heater supply, the low-
voltage supply, and the high-voltage supply. The heater supply is simplicity
itself, consisting of the heaters snd a few appropriate resistors in a series-
perallel combination across the power line. There are also several r-f bypass
capacitors and two r-f chokes in the heater string.

Low-Voltage Supply

Two vacuum diodes and a selenium rectifier are used in the low-voltage
supply. One of the tubes is a duasl diode, one section of which is used in a
negative-voltage supply. The cathodes of the sweep amplifiers are returned to
this supply rather than to ground, thus increasing their effective plate-supply
voltages. The second section of the dual diode is used with the other tube and
the selenium rectifier in a positive voltage-tripling supply.

This supply is tapped &t three points, giving 120, 230, and 390 volts. The
‘nagative supply delivers 125 volts, Both supplies are transformerless, and one
side of the power line is grounded to the chessis. For this reason, numerous
precautions, such as insulation of the hold-down brackets from the chassis,

have besn taken to protect persons using this recaiver.

©John F. Rider
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HIGH-VOLTAGE SUPPLY

The high-voltage supply is of the r-f type. It incorporates a power osc-
illator operating in the range of 200 kc, and supplying both heater and plate
power to the high-voltage rectifier at this freguency. The rectifier is a
vacuum diode specially designed for this service. A supply of this kind has
several advantages over one designed to operate directly from the a-c power
line. The transformer has an air core, making it much lighter, and more compact,
and the insuletion problems of this component are much simpler. Also, the re-
quired filter capacitors are much smaller, saving space and weight, and being
less of a source of denger. The danger is less because they store less energy
then larger capacitors operating at the same voltage, so that a shock from them
is less likely to be lethal. Further, the regulation of such a supply is poorer
than that of a 60-cycle supply, so if accidental contact is made with it, the
voltage will drop considerably because of the added load.

The oscillator is of the tuned-plate, tickler feedback type. The output
voltage of the rectifier cun be varied by changing the operating freyuency of
the oscillator by meens of tuning capacitor C32. The correct voltage is obtained
by tuning to the low-frequency (high-cepacity) side of the point of maximum
output. This tuning gives better operation under load than tuning to the high-
frequency side. Plate power for the oscillator is supplied from the 230-volt
tap on the low-voltage power supply.

The high-voltage power supply is mounted on & sub-chassis, which is com-
plet=sly shielded. This reduces radiation and dunger of accidentsl contact
with the high-voltage circuit. Radiation is further reduced by r-f chokes in
the low-voltage leads.

©John F. Rider
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ALIGNMENT PROCEDURE

TEST ZQUIPMENT

CATHODE RAY OSCILLOSCOPE = Any _ood scope will be satisfactory for elijnment.
Towever, for observing waveforms at the dii'ferent test points in the receivers,
en oscilloscope with a wide=band vertical amplifier response (about 2.5 me's)
should be used.

SVEEP GZILRATOR = Tho swecp signal pgeneretor should covor the following range
of center frecuencies with the indicated swecp widths: r

18 = 30 mc with a 10 me swesp - ‘

44 = 88 mc with o 10 me sweap

174 - 216 me with a 10 mec swae2p
4,5 me with & 2 mc swoep

The output of the sipgnal pgenerctor should be continuously variable with a max=-
inmwn output of at leest 0.1 volt, A horizontal sweop output from the sweep
signal gencerator to the oscilloscope is desirable,

VARKER SIGHAL GENERATOR = This signsl generator should cover the following fre=-
quency renges:

18 = 30 ne
44 - 88 mc
174 = 216 me
2 = 6 me

The output -1 this signal jensrator should be continuously varisble with a max-
imum output of at least 0.1 volt,

Any signal generator with an accurate frequency calabration may be used, to ob=-
tain the marker required for response patterns,

VACUUM TUBL VOLTMETER - A VIVH with e low de volt scale of approximately 3
volts nnd a2t least a lO=megolm input resistsnce is desirable. A VIVM with a
zoro-contur movement is useful,

IMETER AND OCCILLOSCOPE ALIGNLENT

For over=all aligsnment, the different sections of the receiver shoula be aligned
ir tho followin: order:

1 = Video I=I
2 = Audio I-T
3 = Iront End

sny one section may be aligned by itself it it is obvious that only that sec-
tion needs ali mment, lefore ali ning either of the i=f sections, ground the
AVC Ty placin; a jumper from the junction of R56 and C54 to ground. |

©John F. Rider
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VIDEO I~F = When obtaining the over-all video i=-f response pattern (step 4),

trouble may arise due to regeneration within the i=f amplifier,
the response pattern to become distorted and unsteble.

from the signal

which will approximate 1 to 2 mmf,

generator,

grid of the mixer tube,

The marker signel generator is also loosely coupled to the same point as the sig=
DO NOT tie the outputs of the two signal zenerators together.
when obteinin; markers on the response pattern, it will usually be sufficient®
to placc the output lead of the marker signal generator near the output lead of
Be careful of false responses due to overloading.

nal generator.,

the sweep generator.

use as low an output as possible.

Sweep
Step CGen.
1 ———
2 -

3 ———

4 ———

5 ——

lMarker Signal
Gen. Input
23.3 me pin #1
6A65=1
24,5 me same as 1
22.5 ne sare as 1
25,0 me same as 1
23.5 me A=21.,75 me
with 10 me D=23.3 mc
swecp C= 25.0 mc
D=26.25 me

Qutput

VTV
R56 and

sare as

same as

AUDIO ALIGNMENT = Set marker signal generator to

the 6SHT7=6 video

1-

D=

G

4-

©John F. Rider

ecplifier.,

RS7

This will ceuse

In most cases, regenera-
tion can be eliminated by reducing the coupling between the sweep generator and

the receiver by placing a very small capacitance in series with the output lead

This capacitance can be obtained Ly using a "gimmick"
Very often sufficient coupling will be ob=
tained by merely placing the output lead of the sweep si_nal generator near the

Ad just

L17 for
max output
on meter

L16 for
max on nater

L15 for
mnax on meter

1l 114 for
riex on meter

1 oscillos=-
cope pin 4
651 T=6

4,5 me, Comnect to

Always

Remarks

Use minimum
input signal

same as 1

same as 1

same as 1

Touch up
slugs to get
response
shovn in Mig)
12

pin 4 of

Connect VIVLI to pin 4 of 65H7=4 audio i=f and adjust L29 limiter
grid adjustment for maximum indicstion on meter,
Connect VIVL to junction of C64 end R99, which is also center

tap of secondary of f-m detector and adjust {-m detector primary

for maximun indication on meter,

Yith VIVH in same position as in step 2, adjust secondary of f-m

dotector for zero indica
this operstion.

Plece a 50 mrf capacitor
tor and pin 4 of B5I7=6,
65H7=6 and set at 4,5 me
to Jjunction of R99, C65,

responze and synriebrical

tion.

A zero=center VTVL is useful for

betreen output of merker signal jjonera-
Connect svicep generator to pin 4 of

with o

2 me sweap.

and 0660
should correspond to fMg. 11,
Lor Ly reopeating steps 2 and 3 to securs suraight center-clope

peaks,

Conneel oscilloscops
Hesponsa natbtera obtained
If necossary, touch up f~m detoc-
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4.6

Pl c- S. c.

4.1 4.9 < 0 83.25 87.75

4.5 21.75 26.25
A D
4.4
FIGS. 11, 12, and 13 86.25
left to right 23'3 zcs 84.75

PRONT 28D ALIGHMENT = idach chennel is alisned in the following nmanner:

he sweep sipgnal gencrator is connected to the antenna terminals, and is
sct at the center frejuency of the channel with a 10=mc sweep width., The
oscilloscope is connected to tho input of tne video amplifier (pin muber
4 of the 65l7-8), The marker senerator is looscly coupled to the antenna
terminals and set in turn to the picture=-carrisr cnd sowd=carrier fre=
queneios ol the particular chenncl Leoing aligned,

fefarring to tho Lypical over=all responsce showa in iz, 13, the followin; ad=
Justments arc mede for each chanuel., (The particular adjustments discussod
hers are for channel 6 but they arc similar for «ll other channels,

set {ine tuning controls so that condenser is half meshed.
Adjust oscillator trimuor (ClO5C) so thalt bthe picturs an
sound carriers fall on either side of ths response curve as
shown in Fig. 13. The oscillator adjustment and the rmriers
set for either picture or sound, will apparently move along
the curve, Proper adjustmzsnt of the oscillator trimmer will
result in the positionings of the marker as shown in Fij, 13,
Adjust the mixer trirmer (Cl058) snd the r=f trimmsr (ClO54)
so that the peaks of the response curve are as necrly symmet-
rical as possibles as showm in IFigz. 13.

RADIC FREQUENCY RARNGES

Channsl
Number

-
H O W10 iGN

=
@

©John F. Rider

Picture sound
Channel Cerrior Cerrier lecaiver
Freq. I1C Freg. 'C Freg. M Osce. Freg.
%4=30 45,25 49,75 71.5
54=60 55,25 59,75 315
B60=G6 81.25 65,75 87,5
56=72 B7.25 71.75 93,5
TG=32 T7.25 81.75 103.5
82=38 83.25 87.75 109,5
174=180 175,25 179,75 2C1.5
130=186 181.25 185,75 20Te5
186-192 187.25 191,75 212.5
192-198 193.25 197,75 219,5
198=204 199,25 203,79 225,56
204=210 205,25 209.75 2%1.5
210=216 211,25 215,75 237.5
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The weveforms showm werc talen with en RCA 7i0-79A Oscilloscope. This
oscilloscope has a wide-band vortical amplifier which is desirable when ob-
servicing waveforms., An antenna was conmected to the receiver, and the re-
ceiver was tuned to a station on the air at the time.

The woltages ziven for the different waveforms are those obtained when the
input signal is sufficient to produco a 3 volt signal at the output of the
video detector. All voltages ;iven with reference to waveforms are peak-to=
peak voltages. [For several test-points, two waveforms are shown, one marked
a | horizontal and the other vertical, These are the same signal, but the oscil=-
(OJ:I"gP oF '| loscope is adjusted so that either the horizontal or the vertical sync pulses

CHASSIS) can be obsarved. For the horizontal pattern, the oscilloscope sweep is set at

half the freguency of the horizental sync pulses (15,750 cpsg and for the ver=
tical pattern, the oscilloscope sweep is set at half the frequency of the ver=-
ticel sync pulses (60 cps). This will produce two cycles of each pulse on the
oscilloscope screen.

The background pattern observed on same of the waveforms is due to the
picture conteat of the siimal. This will change with the picture being trans-
mitted et the tine, and is not especially significent. As & rule, the sync
pulses and sweep signals at the various points in the circuit will be more help-
ful in the servicing of a television receiver, than the picture signal,
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NORMAL OPERATION OF THE TELEVISION RECEIVER INSIDE ITS HOUSING IS PERFECTLY KINESCOPE TUEE IN ANY WAY W PERS LE iy
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KINESCOPE HANDLING PRECAUTIONS
THE KINESCOPE HOUSING FROVIDES ADEQUATE PROTECTION AGAINST POSSIBLE TUBE The kinsscope envelope encloses a high vecuum and with the large surfuce
OCE HAZARD. IMPLOSURE WHILE IN THE CABINET. DO NOT OPEN THE KINESCOPE HOUSING OR HANDLE area of glass involved, the stresses set up, particularly at the front rim of
§ PERFEOTLY THE KINESCOPE TUBE IN ANY WAY WITHOUT PROVIDING PERSONAL PROTECTION IN THE the tube, mre considerable. An abnormal handling stress, acoidental blow at a
R WITE THEIR FCRM OF SHATTERPROOF GOGGLES AND HEAVY GLOVES. THE KINESCOPE TUBE SHOUL) BE highly stressed surface, or even a scratch on the surface of the tubs could
HANDLED FY QUALIFIED PERSONMEL ONLY. cause it to implode or collapse with destructive violence.
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