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Fig. 1—New receiver looks
like standard set, has only
one more control. Wheel ©
is invisible and inaudible.
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Fig. 2—Video detector output response.

Sound carrier is maintained at a level
approximately 30 db below video carrier.
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Fig. 3—Response of the combined out-
puts of video detector and amplifier.
Half-power points are near 4 mc on the
highs and 30 cycles at the lower end.
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Fig. 4—Signal at video amplifier grid.
The amplification of each color must be
equal regardless of frequency or level.

COMPLETELY self-contained
television receiver which can re-
ceive both black-and-white trans-
mission and CBS color trans-
mission is an important advance in the
television field. The console unit shown
in Fig. 1 contains—within an exterior
no larger than most current black-and-
white television models—what the view-
ing public looks at as a somewhat magi-
ca' device which reproduces either color
or monochrome pictures with the flick
of one simple switch.
The dealer and service technician may
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Fig. 5—The vertical sweep circuit, in-
cluding color-monochrome switching.
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fear its supposed complexity and won-
der about its reliability and serviceabil-
ity. It should be made quite clear, there-
fore, that with the exception of the
scanning mechanism and its associated
3-tube disc control circuit, the funda-
mental circuitry in every section of this
receiver is already well known to the
television industry. Unlike rival color
television systems, the CBS color-mono-
chrome receiver uses circuits which
have been production- and field-tested
for many years. Special consideration
has been given in the design of the
various sections to bring out the full
potentialities of the CBS color system;
however, these special considerations
represent only refinements of currently
“known art.”

It might be suspected that the quality
of the monochrome picture produced
by this dual-type receiver would be
neglected in concentrating upon repro-
ducing a good color picture. As will be
shown later in this article, design re-
quirements for a good color picture are
more stringent than for a good mono-
chrome picture. Since the same basic
circuits are used for both color and
monochrome, however, the natural con-
sequence is not only good color, but also
very good black-and-white reproduction.

The design and operation of the com-
plete color-monochrome receiver will be
discussed under the following headings:

1. Tuner and i.f. amplifier.

2. Video amplifier, d.c. restorer, and

intercarrier sound system.

3. Synchronization, sweep, and high-

voltage circuits.

4. Disc-control circuit.

5. Scanning disc and motor assembly.
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Receives black-and-white at 525 lines or full
color at 405 lines. at the flick of a switch.,
and is completely self-contained. Its design
features are described in the article below.

Items 1 and 2 are the same in both the
color and monochrome positions; switch-
ing of circuit elements between color
and monochrome operation is necessary
only in 3; 4, and 5 operate only during
color reception.

Tuner and i.f. amplifier

Since the r.f. tuner or “front end”
is not called upon to perform any un-
usual function in the color-mouochrome
receiver, almost any well-designed tuner
is suitable. The usual conside-at.ons of
noise factor, gain, oscillator radiation,
spurious responses, etc., are applicable.

In the CBS color system, both the
vertical and horizontal scanning fre-
quencies are increased over current
standard mcnochrome scanning frequen-
cies. To retain as much picture informa-
tion as possible in the color position, a
minimum over-all r.f. and i.f. 6-db
bandwidth of 3.6 me is employed. A
high-Q accompanying sound trap is ca-
pacitively-coupled to the first i.f. ampli-
fier tube grid, so that at the output of the
video detector, the sound carrier is at-
tenuated 30 db relative to the pass-band.

video-detector output is shown in Fig, 2.
Two staggered pairs,’ with CCB6 ampli-
fier tubes, are used because of simplicity
and cost considerations. Almost any i.f.
amplifier interstage coupling arrange-
ment may be used as long as the re-
sponse obtained is as shown. Overload-
ing and departures from linearity must
be avoided.

Video amplifier

A combined video amplifier and video
detector response flat out to 3.6 me is
used to retain picture information. The
response is shown in Fig. 3. A good
low-frequency response, down to 30
cycles, is also desirable.

Although high-frequency peaking of-
ten is employed in monochrome televis-
ion receivers to “crispen up” the picture,
its desirability is questionable in color
reception. To obtain the proper color
balance, as transmitted, the detailed
color information in the red, blue, and
green fields should be amplified equally
regardless of frequency.

The output linearity of the video am-
plifier is particularly important. Con-
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shown in Fig. 4, arriving at the input
grid of the final video-amplifier tube.
The scene depicted is a solid color con-
sisting mainly of red, with some blue
and less green components. If the tube
characteristics are not linear, the rela-
tive amplification of the three fields may
be considerably different, resulting in
poor color reproduction. Furthermore,
this color distortion will be a function
of over-all signal level. To avoid this
difficulty, an output swing of approxi-
mately 100 volts with a maximum of
109% departure from linearity has been
designed into the receiver.

D.c. restorer

The theoretically desirable type of
d.c. restorer, from the point of view of
color fidelity, is highly efficient and has
a speed of response of the order of a
few lines. The instantaneous position
of the video amplitude on the kinescope
amplification characteristic will, of
course, determine the degree of faithful-
ness of reproduction of the color. Since
this position is determined, in great
part, by the value of d.c. component

The over-all relative response at the sider the highly simplified signal, present at that instant, one can ap-
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Fig. 6—The receiver's horizontal sweep circuits, with switching for color and
monochrome. Note that component values change in the same ratio as sweep rates.
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Fig. 7—Disc control circuit diagram.
Phase detector and magnetic amplifier
schematics appear in Figs. 8 and 9,
nd the motor photograph in Fig. 13.

Fig. 8—The magnetic control amplifier. Fig.
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Fig. 11—Some details of the discs and hubs, showing the pins and grooves which
reproduce color while in motion but permit black-and-white reception when still.

preciate the reasons for the d.c. restorer
requirements stated above.

To meet these requirements at the
present time would involve complex and
costly circuitry (the simple direct-
coupling arrangements employed in cur-
rent monochrome receivers do not meet
these requirements), and so a simple
diode d.c. restorer circuit has been used,
pending further developments.

Intercarrier sound system

The intercarrier sound system, al-
though not critical, requires more care
in its design. In the color position, 144-
cycle syne buzz is more readily ampli-
fied by the audio system and more ac-
curately reproduced by the loudspeaker
than is 60-cycle sync buzz in mono-
chrome reception. Application of well-
known principles, however, is sufficient
to eliminate any audible buzz.

Most important of these are:

1. The sound carrier should be at-
tenuated at least 26 db relative to the
pass-band at the video detector.

2. The video detector should operate
with as high a signal level as possible
without overloading the last i.f. ampli-
fier stage.

3. Operation of the video amplifier
with the composite video signal sync
tips close to the cutoff region must be
avoided.

4. Picture i.f. amplifier overloading
must be prevented.

5. Adequate amplitude modulation re-
jection must be provided by the ratio
detector or by whatever other FM de-
tector and limiting device is used.

Sync, sweep, and high-voltage
The synchronizing circuits require no
basic changes to accommodate the verti-
cal sweep at 144 cycles and the horizon-
tal sweep at 29,160 cycles. However, a

noteworthy improvement, the double
time constant input, is incorporated in
the syne circuit of this receiver. This
addition to the conventional syne circuit
improves the noise immunity of the sync
by providing a fast discharge path for
the undesirable noise energy stored up
in the grid-coupling capacitor, thus pre-
venting the effects of impulse noise
bursts from “hanging on.”

The problems of converting to color
sweep frequencies have been brought to
the attention of the public and the in-
dustry® and still remain a point of in-
terest. To produce the color sweep fre-
quencies of 144 and 29,160 cycles per
second, the time constants of the ver-
tical blocking oscillator and the hori-
zontal multivibrator must be switched.
The ratios by which the time constants
must be decreased are:

14
Vertical : 28 = 24
60
29,160 °
Horiz l: ——— = 1.85
orizonta 15,750 1.85

If the reader checks the circuits shown
in Figs. 5 and 6, he will see that the
values which are switched are approxi-
mately in the ratios of these numbers.
It is interesting to note that the higher
vertical sweep frequency requires a re-
trace time of about 40% of that for
monochrome, hence the large peaking
resistor.

No changes are required in the verti-
cal amplifier stage. Since the vertical
output transformer is designed for 60-
cycle sweep, it will operate at least as
well at 144 cycles. The vertical winding
of the yoke will likewise perform well.

The horizontal output and high-volt-
age circuits merit some special attention
in connection with color. Because of the

light reduction, it is necessary to raise
the high voltage and average beam cur-
rent. The energy storage in the 53° de-
flection yoke for the 10RP4 picture tube
is insufficient to produce over 10 kv with
a single rectifier without excessive re-
trace time or excessive 6BG6 cathode
current. Therefore, a voltage doubler
is used to meet the 14 kv, 250 pa re-
quirements. The high voltage could have
been obtained with a single rectifier
only at the cost of excessive retrace
time, or with a high-current horizontal
deflection amplifier.

Obviously, the design of the horizon-
tal output transformer would be a funec-
tion of the sweep frequency. Neverthe-
less, the same transformer, in conjunc-
tion with a single yoke, is called upon
to operate satisfactorily in both color
and monochrome performance. This is
accomplished by a simple autotrans-
former design with an extra tap for
switching the horizontal yoke.

Since the losses go up as frequency
squared, a ferrite yoke must be used.
Ferrite yokes give increased width and
high voltage at 15,750 cycles, and at

Fig. 12—The black-and-white window.

29,160 cycles the advantages gained by
using a ferrite yoke are even more sig-
nificant.

Disc control circuit

In the CBS field-sequential system
the color information is transmitted in
the order red-blue-green. To reproduce
the color information on the viewer’s
screen, the color disc must be in exact
synchronism with the transmitter. Fur-
thermore, the red field and the red
filter on the disc must coincide. The
circuit which keeps the disc in step
with the transmitter is dubbed the ‘“disc-
control circuit.”

For the purpose of analysis, the cir-
cuit will be divided into several simple
circuits whose individual functions are
more readily apparent. A block diagram
is shown in Fig. 7.

The magnetic amplifier consists of a
high-gain pentode whose plate current
flows through the d.c. winding of a
saturable reactor. The a.c. winding of
this reactor is in series with the motor
which drives the disc. See Fig. 8. Op-
eration is as follows:

If the control bias becomes less nega-
tive, the plate current increases. The
increased plate current in the d.c. wind-
ing drives the reactor into saturation
and hence decreases the a.c. voltage
drop across the reactor a.c. winding,
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thus making a larger share of the line
voltage available for the motor. There-
fore, a reduction in negative bias at the
control tube grid speeds up the motor,
and an increase in the negative bias
slows down the motor. However, we are
not interested in varying the speed of
the dise; we are interested in keeping
its speed constant at 1,440 r.p.m. This
implies that the control bias must be
furnished by a circuit which will insure
that at every instant the proper control
bias is present to keep the motor speed
absolutely constant regardless of line
voltage or of any line frequency fluctua-
tions.

The phase detector is just such a cir-
cuit. Two signals are furnished to the
phase detector, one from the vertical
output of the receiver which is in syne
with the transmitter, and the other one
from the disc tone generator. After the
two signals are compared by the phase
detector, a d.c. output whose magnitude
is a function of the relative phase re-
sults. A schematic diagram is given in
Fig. 9.

By obtaining the proper polarity from
the sawtooth tone generator, the phase
detector can be made to produce a d.c.
correction bias which wiil keefi the
color dise exactly in step with the ver-
tical amplifier pulse. Thus the color
dise is held in dynamic synchronism by
a straightforward electronic control
circuit.

Scanning disc and motor

One of the advantages of the field-
sequential system for color transmission
anc reception is that the frequency of
color switching is low enough to render
it practical to use either electronic, elec-
tromechanical, or comparatively simple
mechanical devices. The simplest tech-
nique thus far used is that of the ro-
tating color dise. The disc is used in
the present production receiver. (Other
methods have been used or are now in
the laboratory stage). The color drum
is a mechanical means for obtaining a
larger color picture. The tricolor tube
is being investigated as a possibility for
an electronic field-sequential system.
Other mechanical means for converting
present 17- and 20-inch black-and-white
sets to receive color are under investiga-
tion.

To date, the most faithful color re-
producticn has been obtained with the
dise. The dises used in the current re-
ceiver are shown in Figs. 10, 11, and 12.
The shape of the color segments is de-
termined by:

1. The requirement that the color seg-
ment follow thke scanning lines vertical-
ly down the raster.

2. The position of the center of the
disc relative to the raster.

The color-monochrome receiver uses
two dises. Each of the disecs have three
color segments and a 50% clear section.
When the selector switch is in color po-
sition, the color segments of the rotat-
ing dises are 180° opposite each other,
and the effect is that of a conventional
6-segment disc. When the switch is in
monochrome position, the dises are in-
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Fig. 13—The motor and motor control.

dexed (as explained later) so that the
clear area of each disc is stationary in
front of the raster (Fig. 12).

The filters used in these discs may
be the red, green, and blue Monsanto
“E” filters or the following Eastman
Kodak television filters:

Blue—#451, Green—#610,
# 260

To avoid flicker, the two discs are
paired so that the comnarative filters
for similar color segment areas do not
vary more than 1% for green, =2.5%
for red, and #3.5% for blue in their
color transmission. The discs are static-
ally balanced to within 0.1 inch-ounce.

The rotating disc and motor are gen-
erally not discernible by the viewing
audience. It has been the experience of
the writers, while demonstrating the
receiver to various groups, that invari-
ably the question is raised, “Is there a
dise in the cabinet?” The audience (in-
cluding engineers and service techni-
cians) could neither see nor hear the
disc about which they had been hearing
and reading.

With the proper motor and shock
mounting (Figs. 13 and 14), the opera-
tion is essentially noiseless. The motor
used in this receiver is a split-phase
capacitor type which has a torque of 21
inch-ounces. Its speed is 1,748 r.p.m.
and it is geared down with belt and
sprockets (Fig. 13) to 1,440 r.p.m. The
operating voltage of the motor is ap-
proximately 85.

The dise shaft is rigidly connected
to the front disc. When this disc rotates
it pulls the other, or free, disc along
with the indexing pins (Fig. 11) which
are engaged in the grooves of the “free”
disc hub. It takes the dises approxi-
mately 20 seconds to reach the operat-
ing speed from the off position.

Mounted on the rear of the disc shaft
(Fig. 13) is a tone-generator disc. As
each pair of arms of this disc passes
under the ends of the horseshoe magnet,
a sawtooth voltage is generated in the
coils. The spacing, the shapz of the
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arms, and the ends of the horseshoe
magnet determine the generated wave-
shape. The sawtooth voltage is then ap-
plied to the dise control circuit for com-
parison with the vertical sweep pulses
as explained previously in the section on
dise control.

When the selector switch is thrown
to monochrome position, a mechanical
brake (Fig. 13) is applied. This slows
down the forward motion of the discs.
At the same time, the current through
one of the motor windings is reversed.
As the driven disc slows down with re-
spect to the free dise, its relative po-
sition with respect to the free disc is
allowed to change by 120°, where the
free disc is again held in position by
the indexing pins which ride in the
grooves of the free dise hub (Fig. 11).
In this position there is 120° of clear
area (Fig. 12). When the reverse. cur-
rent in one of the motor windings re-

Fig. 14—Rear view, complete receiver.

verses the direction of rotation of the
disc, a stop latch on the hub of the free
disc moves up against a stop on the
mounting assembly and both discs are
stopped in the correct position (clear
sections in front of raster). When the
discs are in the correct position, a micro-
switch behind the stop latch turns the
motor current off. This changeover from
color to monochrome takes less than 8
seconds.

A magnifying lens enlarges the 10-
inch tube image to the equivalent of a
12%%-inch tube.
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development of this receiver.
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