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A 15 by 20-inch Projection Receiver for the RCA Color Television System

Introduction

This bulletin describes two of the color television receivers which
were demonstrated by RCA at the hearings before the FCC in Washington,
D. C. on QOctober 10, 1949. Some general information has been issued,
particularly a brochure entitled, "A Six-Megacycle Compatible High-Defini-
tion Color Television System"*. More specific information on the circuitry
and construction of receivers is given herewith

The present bulletin deals primarily with the description of a
projection receiver which produces a 15 x 20-inch picture. This unit is a
modification of the receiver described in "An Experimental Simultaneous

Color Television System"?:®

and produces pictures of equal size and detail
but with greater brightness. Modifications have consisted principally in
the addition of sampler circuitry to adapt it to the new system, and the
substitution of reflective optics for the refractive system previously
used. Of course, r—f and i-f circuits have also been simplified to make
use of a conventional black-and-white r—-f—i-f system in place of the

three channels necessary for wide-band simultaneous color reception.

In analyzing these receivers it should be borne in mind that they
are research models which were constructed for an evaluation of the poten-

tialities of a new system.

General Description

This receiver is one of the elements used the individual circuits and others will occur

by RCA Laboratories in research for a practical
compatible color television system. To one
familiar with product design of modern black-
2nd-white television receivers, it will be
obvious that no attempt has been made to econo-
mize in these models. The use of tubes, com-
poments and power in the electrical circuits
has been lavish and even a first production
design could result in major cost reductions.
Some of the most obvious possibilities will be
mentioned in connection with the discussion of

*ug s x—Megacycle Compatible High-Definition Color
TJelewision System", Radio Corporation of America, Sept.
26, !2£9, furnished to the FCC and widely distributed
to the indusiry.

to the design engineer. For example, the devel-
opment of a suitable sampler to operate at
higher levels would obviate the necessity for a
separate video amplifier for each kinescope and
thus permit the use of a single amplifier in
place of the three now required.

Fig. 1 is a block diagram of the receiver.
The r—f, i-f and sound circuits are those of an
RCA Model 9T240 television receiver. Because no
modifications have been made ahead of the pic-

“1an Exper imental Simultaneous Color~Television System",
Proc. IRE, vol. 35, No. 9, pp. col-&75, Sept. 1947.

®Simultaneous All-Electronic Color Television", RCA
REVIEW, Vol. VIlI, No. 4, pp. 459-468, December [946.



A 15 by 20-inch Projection Receiver for the RCA Color Television System

ture second detector and because any other such
receiver having a bandwidth of 3.8 Mc or more
might equally well have been used, no descrip-
tion of the r-f, i-f and sound circuits is
included here.

VIDEO AMP|
aMc.
j L PLANE
45° MIRROR
BLACK AND VIDEO AMP X
WHITE 4MC.
RECEIVER
GOMPOSITE
VIDEO [vioeo ame] e
SIGNAL 4MC. SCREEN
_:::::ﬁ—q
SYNC. :I;E 3‘.‘& vg LOW VOLTAGE | [ 20-24Kv
Y
[SEPARATOR CENERATO SUPPLY s‘h%
Fig. | — Block diagram of 3-color projection receiver.

As mentioned in the brochure® receiver ar-
rangements involving by—passed highs are pos-
sible. However, this particular receiver uses
the basic system without recourse to high-
frequency separation.

The composite video signal is fed to the
sampler and also to the sync separator chain to
key the sampling pulse generator and to syn-
chronize the deflection circuits as in a black-
and-white receiver. The sampler provides three
output voltages corresponding to the green, red
and blue signals, each of which is amplified by
a video amplifier and applied tothe appropriate
kinescope in the picture reproducer. It is the
function of the sampling pulse generator to
maintain order in the system and select the
right information at the right time for trans-
mission through theappropriate video amplifier.
The sampling pulse generator derives its timing
from the trailing edges of the horizontal sync
pulses. Each alternate horizontal sync pulse is
made slightly longer at the transmitter by the
amount necessary to produce picture dot inter-

lacing 0.5

E_E;::_IEE sec.)

(i.e.,
Figs. 2, 3 and 4 are photographs of the
completed receiver
Because it was desired to compare the per-
formance of the projection system with receivers
using direct-view 10-inch kinescopes, another
receiver was built to provide the same elec-
trical performance with the same projection

*0p. Cit., Footnote I.

kinescopes but with changes in the optical

system to give the appearance of a 7 x 9~inch

picture. Construction of this receiver permitted

direct comparisons between the two types with-
out the necessity for making allowances for
differences in picture size, viewing distance,

etcy

&

Fig. 3 — Front view of 15 x 20-inch projection receiver, |
with screen up and doors open to show the chassis.
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Fig. 4 — Rear view of 15 x 20~inch projection receiver.

Two views of this receiver are shown in
Figs. 5 and 6. Because the receivers are so
nearly the same, the description which follows,
while applying to both in most respects, will
refer specifically tothe one which produces the
15 x 20-inch picture.

Fig. 5 - Front view of 7 x 9-inch projection receiver.

E

Fig. 6 — Rear view of 7 x 9-inch projection receiver.

Picture Dot Interlace Principle

As may be seen from the block diagram of
Fig. 1, the composite video signal is applied
to the sync clipper to derive synchronizing
pulses. These are used to control the 3.8-Mc
oscillator as well as the deflection circuits.
The oscillator is made to start at the trailing
edge of each horizontal sync pulse. |t runs
continuously for the duration of the visible
portion of each scanned line, then stops briefly
and is quiescent just before the next starting
impulse. Since the oscillator will always start
in the same phase with respect to the trailing
edge of the sync pulse, it may be seen that
systematic variation in the length of the syn—
chronizing pulses can bemade to produce picture
dot interlacing. The system actually in use at
the present time consists in making each alter—
nate transmitted horizontal sync pulse longer
by a time equivalent to one-half cycle at 3.8
Mc. This delays the start of the oscillatar by
0.132 psec on alternate lines and thus develons
the interlaced scanning pattern illustrated ina
Fig. 7. The sequence of events may be under—
stood by referring to Fig. 8. In Fig. 8A the
3.8-Mc sine wave is shown starting with a cer—
tain phase with respect to the trailing edge of
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a regular sync pulse. Fig. 8B shows the same
phase relationship between the sine wave and
the trailing edge of the sync pulse, but the
pulse is longer by a time equivalent to a half
cycle at 3.8 Mc resulting in a 180-degree phase
delay (0.132 psec) between the two sine waves.
Fig. 8C shows the vector diagram corresponding
to the conditions prescribed in Fig. 8A for the
sampler used in this receiver. The oscillator
voltage is indicated as E,. The voltage for
keying the green keyer is obtained by advancing
the phase of the oscillator voltage by 60
degrees and is shown as Eg: Similarly, the
voltage for keying the red keyer shown as Eg is
obtained by retarding the oscillator voltage by
60 degrees. A 180-degree phase voltage for the
blue-signal keying is obtained from an addi-
tional winding on the transformer connected in
reverse polarity. |f the vector diagram of Fig.
8C is assumed to be the instantaneous phase
relationships resulting from the conditions
shown in Fig. 8A, which produce the scanning
and interlace pattern shown inline 1 of Fig. 7,
it is apparent that the vector diagram.of Fig.
8D, resulting from Fig. 8B is delayed in rela-
tive time by 180 degrees and will produce the
pattern shown in line 3 of Fig. 7, first field.
In Fig. 7 each letter represents the center of

FIRST LINES
FIELD NOS

T, FIGS.8: 88,

GRIERENBEEGIE RSB GER R BEEG S ERI B i

E 2
3
G 4
G R B S
BENGI RSB CG R B - G "R+ BLG) 6
THIRD SECOND

FIELD FIELD
BENGESRENBI G R SBENGE SR B G 1
RIESBEIG R B G IS R BN G SR, 2
3
4
BEEG EREEB GruR BT EG 5
GRITBIIGT R BEIGE R SBINGH SR EB; 6

FIFTH FIELD SAME AS FIRST ETC.
FOURTH
FIELD

Fig. 7 — Dot interlace pattern.

a color dot area on the screen. The color dot
areas, of course, overlap to a great extent.

<)

BACK EDGE OF
SYNC PULSE

(15T LINE-F16.7) 3.8 MC SINE WAVE

BACK EDGE OF

SYNC PULSE T
NEXT LINE
(3%° LINE-FI6.7 )

Fig. 8 — Time relationships between successive |ines to
obtain dot interlace.

During the first scanning field, illustrated
in the upper diagram of Fig. 7, the odd numbered
lines are scanned in order. Color dots are laid
down in order along line 1 as shown. Next, line
3 is scanned with the displacement for each
color dot as shown. The remaining odd lines are
scanned in order. This scanning of the first
field takes place in 1/60 of a second.

During the second field, the even lines are
scanned, first line 2 with the colors laid down
as indicated, then line 4, and so on. The dot
pattern laid down during the third field is
given by the lower diagram, where the odd lines
are scanned in succession. During the fourth
field, the even lines are again scanned in suc—
cession with the color dot pattern shown.

Video Amplifier, Sync Separator and Sampler Circuit Chassis

Fig. 9 is a complete schematic diagram of
the video amplifiers, sync separators and
sampling circuits. Video output from the second
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detectior of the black-and-white television re-
ceiver is fed to the input of this unit. The
output voltages provide green, red and blue
video information to the kinescopes and sync
signals for the deflection unit.

The second detector video signal is applied
<o one—half of a 12AU7 (V1A) for amplification.
Two output voltages are taken from this tube,
one for the sync separator chain via V1B, the
other for the sampler circuits via the video
amplifier V6.

Sync Separators

Tracing first thesynchronizing-signal chain
it may be seen that the composite video signal
is applied to V1B with sync signal positive.
The sync peaks set at zero bias and the video
information is beyond cutoff on this tube which
is operated at low plate voltage. In the suc-
ceeding stage the base of the sync pulses sets
at zero bias and the peaks are clipped. In the
third stage the sync pulses are again positive
in polarity to remove any video information re-
maining from the first clipper V1B. The inputs
of circuits V3A and V3B are connected in paral-
lel. These tubes again clip to remove any re—
maining irregularities in the top of the syn-
chronizing pulses. The trap composed of the in-
ductance CTC5Mc and the 5 to 50-uuf capacitor
is tuned for series resonance at 3.8 Mc to re-
move from the sync any energy at that frequency.
The output of V3B is fed to the deflection
chassis for deflection synchronization. To this
point the system is identical to that of a
black-and-white receiver except that more
stages are employed than are normally used when
cost is a primary consideration. The output of
V3A is coupled to the grid of V4 through a
small coupling condenser and the grid leak is
returned to an adjustable positive voltage
through the potentiometer, marked "phase con-
trel ™.

The sync pulses, which are positive in
polarity at the plate of V3A, are differentiated
by the network in the grid of V4. The phase
control varies the amount of differentiation
resulting in a change in the length of the
output pulses from V4. The only pulse appearing
in the output of V4 comes from the trailing
edge of the sync pulse. The pulse resulting
from the leading edge is lost because it is
positive inpolarity and tends to drive the grid

of V4 into grid current. However, the grid of
V4 is already positive since its grid leak is
returned to a positive voltage and therefore
has low impedance compared to that of the
coupling capacitor. This results in little
change in the grid potential or the plate cur-
rent. On the other hand the differential of the
trailing edge of the pulse is negative. This
causes V4 to be cut off, resulting in a maximum
change in plate current and a positive output
pulse immediately following the trailing edge
of each sync pulse. The resultant pulse is
applied to V5 (a phase splitter) to obtain both
polarities at low impedance for driving the
clamp tubes, V26, V18 and V34. These clamp
tubes, which are a source of considerable and
perhaps unnecessary complexity, will be dis-
cussed later, but itmay be seen that since they
are connected to the video output, a tube hav-
ing low impedances had to be used for V5 to
reduce video feedback into the sampler syn-—
chronizing circuits at this point. Use of other
types of clamps or d-c restorers would permit a
smaller tube drawing less plate current for V5,
or perhaps its elimination.

Sampling Oscillator

A positive output pulse is taken from the
cathode of V5 and fed to the grid of V8A, which
has its cathode circuit shunted across the
tuned circuit of V8B (the 3.8-Mc oscillator)
Thus, when the positive pulse, with anamplitude
of approximately 35 volts, is present on the
grid of VBA the tuned circuit is loaded by the
cathode impedance of V8A. This momentarily
stops the oscillation of V8B. At the conclusion
of the pulse V8B again begins to oscillate and
the grid-leak bias developed in the grid cir-
cuit of V8A keeps that tube cut off between
pulses. Oscillation is stopped for only a rela—
tively short time. In one receiver it was found
that the 3.8-Mc oscillator was stopped for 1
cycle, (of 3.8 Mc) at one end of the phase con-
trol and for 4 cycles at the other end of the
control.

The 25,000-ohm variable resistor in the
cathode of the oscillator tube marked "Q con-
trol" determines the amplitude of the oscilla-
tions and influences their starting and stop-
ping characteristics. In a commercial design it
might not need to be variable.

V9 is a buffer to isolate the oscillator
from its load circuit. The need for it is






