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By JAY STANLEY

HEN black-and-white TV first be-
eame a reality, the whole thing was
something of a deep, dark mystery
to most radio service techniclans of the

ern. But a few brave souls took the
plunge, bullt their own sets, and had
the thrill of getting out ahead of most
of their competitors and In on the
ground floor of a tremendous industry.

Color TV is off to a better start,
Many manufacturers are offering
courses and a lot of articles have been
written about the subject so that the
studious can, in a fairly short time, nc-
quire some knowledge of color TV,
But, as in all things, there 18 no sub-
stitute for experience with actual
equipment on which you have no
qualms about experimenting. The cost
of present-day color TV sets is high
enough to discourage a lot of service
technicians (and most consumers)
from owning such & receiver.

This article is a practical answer to
that problem. Here is step-by-step
data for bullding a color television
system,  Actually, the original chassis
was designed and bullt by two Denver
service engineers; Larry Costa and
Paul Dontje.

The unit described in this article is
a color converter which can simply be
hooked onto a conventional (but care-
fully selected) black-and-white TV set,
It can be used to drive a three-unit
projection system, or with a bit more
circuitry, a threec-gun color picture
tube.

A look at the block diagram in Fig,
2 and the circuit diagram of the color
converter in Fig. 3 will reveal that it
Is surprisingly simple when compared
to many color TV sets, The secret
lies in the fact that the set uses a
narrow-band system, with 6 mega-
cycle bandpass limiting, This is possible
because demodulation is on the R-Y
and B-Y axes Instead of the alterna-
tive I and Q axes, The I and Q system
Is a wide-band one.

Thanks to the narrow-band system,
circuitry Is much simpler. Likewise,
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Part 1: This color TV converter can be used with

three projection units or a three-color picture

tube and a second-hand black-and-white chassis.

setup, adjustment, and servicing are
also much easier. Don't let the “nar-
row band" worry you. Color quality
Is impaired so little that it cdn only
be discerned when a narrow-band and
a wide-bund set are operated side-by-
glde—and even then it is difficult to
sce the difference.

Before covering actual construction
of the color chassis, let's trace a signal
through this circuit to get an over-
all idea of how it works. As a starting
point, we'll begin with the signal
which pormally drives the grid of the
picture tube in the TV set—a signal
which Is the composite video output,
carrying both the black-and-white and

the color information. This signal
can be supplied by any really good
black-and-white set which has an LI
bandpass of 4.1 megacycles or more—
and maintaing this bandpass right
through the video amplifier stages.
Many of the older TV chassis, built
from 1947 to 1949 (split-sound sets),
were capable of this bandpass when
carefully aligned. The set used here
was a Philco 1001 chassis, but an RCA
630 or an Admiral 30A1 (and some
others) will work Just as well. These
are obtainable second hand from many
TV dealers.

The composite signal goes to the
grid of Vy, the frst video amplifier on
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Ry==18,000 ohm, I w, res,

Ke—3.2 megohm, ¥y w. res.

Ra, Ra, Rae—1330 ohm, Yy w. res,

Re—=10,000 ohm, 2 w. ves,

Koy Riny Bay Rety Ron, Ryty Raa—15,000 ahwm. Vg
». res.

Ry, Rer, Res, Rus, Ron Ru, R, Rur. Ras—100
ok, Yy w. ores,

Ra—82 000 ohm, ! w. res

Re—12,000 ahm, I w, ves.

Row, Ris, Rus—220,000 ohm, Yy w, res

Ru=—=320 ohm, I w, res,

Kipee2200 whm, V3 w. ren.

R, Rie—100,000 ohm pot

Rury Ko, Rew, Ror—1000 ahom, Vi w, res.

Rie—=10,000 okm, I w, res,

Re—22,000 ahm, T w. res,

Ra==2200 ohm, I w. rev.

Ru—=130,000 ohm, Vi w, res,

Row—10,000 ohm, Y3 w. res

Row=18,000 ohm, 2 w, ves,

R 100,000 ohm, V3 w, res.

Ru==300 ohm pot

R, R, Ree—2000 ohm pen

Rat, Roa=—10,000 olim, 5 w, rer.

Rw, Roe—4700 ok, Y3 w. res.

Ra—22,000 ahm, V3 w, res,

Ru==19,000 ohwm, V3 w, res,

Ra—33.000 ohm, Yy w. res

Ru==300,000 ohm pot

Ra—13,000 ohm, ! w, res.

K, Ror—1 megahm, Yy w. res,

Ro=130 ohm, V3 w, 1es.

Roa—1500 ohm pot

Rar—8200 ohm, I w. res.

Kan, Rax—A700 ohm, I w. res.

R, Raw=8200 ahm, ¥3 w, res,

B350 ahm, 25 w. adj. ver. (Adjwrt do give
230 v, from power supply "B+ cutput)

Cu, Cay Cor—ud ufd., 400 v, cond.

Cu, Con—01 ufd. button cevamic cond,

Cy, Cu, Coa—20/20/80 nid., 330/150/430 w,

C O R L I

elec. comd. (Spregue TVL 1723)

Co—4.7 puld, ceramic cond.

Co=130 putd. coramic cond.

Co—22 ppjd. sitver mica cond.

Cy, Cuy Cat, €y Cir, Ciay €, Con Ca, Can,
Car=01 pfd. disc ceramic cond.

Co, Cor—47 puld. silver mica cond.

CoAda70 ppfd. wice cond,

Couw=001 plds, 1600 v. paper comid,

Cuy, Cia—=230 pufd. silver mica cond.

Ci=t4.7 pufd., made wup of two condemers:
@ 10 pudd, end w 4.7 ppld. £ 3% coromie

cond.
c"—: "‘g 150 v, elec. vond.
Cowr—=1.3 10 20 ppfd. midgeitype varvable cond
( Phare control)
Cw10 pufd. silver mica cond, (I trans, can)
Cun, Cor==s01 phd, 400 v, cond.
Cat—10 ppfd, silver mica cond.
Cor==02 pid, peper cond.
Cor=22 ufd,, 400 v, pupar cund,
Cov—12.2 wald. ceremic NFO cond. 3%
Cor=3 putd, NPO cond, £3%
Con Car=100 pufd. silver mica cond,
Ca—47 ppfd. ceremic NPO cond. 3%
Coar=—=300 pafd. silver mice cond, ©10%
Ca—=27 wapdd. vilver mica cond. (In trans, can)
Co—.002 pld., 600 v, cond.
Cor=—=100 pujd, silver wice cond, L10%
Cowme100 ppfd. vilver mics cond, (In tram, can)
Cour—190 ppld. silver mica cond, (In ivams. can)
Coae Cormil uld,, 400 v, paper cond.
Con, Cor, Coa—40/10/80 pfds, 430 v, elec. cond.
(Sprague TVL 3702)
Xtal==3379.3 be, eryusal (Petersan PR Z.2)
Ly—See tent
La==20 uhvy, r.). choke
La¥0 1, # 36 en, clovewound on Millpr 19704

tovm ( Cromeo L-6)

Le=103 1, 336 en, closewound on Combridge
Thermionic Yy x 2" Jorm (Cromea L1)

La—4.3 me, trap, 73 1. 236 en, closevaund on
Millor 14704 form (Cromen L-5)

Lo Lie—120 phy. peaking conl

La, Lo—78 t. & 36 en. scramblewound 3/16
o dge Therwionic " « 1" form
{Cramen L-})

Las, Lis, Lie—1000 phy, pesking coud (Cromce
P2000)

Lu, Lis, Liv=300 phy. peaking coil {Cramee
P-300)

CHi==1 hy., 300 ma, flier choke

Tr—90 1, 240 dise wniversal wonund, Yo" wide
(pricdi 60 t, each, umiversal wound, W
wide (sece) wound on coil form from Milles
21466 it vans, (Cromes T-1)

Te—1I18 1. 210 en. cdlosewound (pri); 90 1
#1736 em, closewound (1ec.) wound on jorm
from Miller 1466 i), trans, (Cromeo T-3)

Te—00 1. £10 em, dosewound (pri.); 28 4
#26 dck, ond en, ddorewound (rec.) wound
;. form from Miller 1466 i.f, rame. (Cromco

)

To—lower vams, 1700370 v. @ 273 wmay
a3 v, @ 7 ampr 3w, @ Y ampy, (Stamcor
PE11S or equiv.)

Delay Line—See text

Vi Vo Vig, Vs, Via—6CLS tube

Vi, Ve o CB6 tube

Vit ALS tube

Vo Ve—aUX tube

V1, Vet AS6 tube

Vi—3YIG iube

Fla. 3, Camplele schematic diagram and parts lst for the TV color converter designed to be used with a black-and-while sel

the color chassis. See Flg. 3. The
Juminance or ¥ signal is picked up at
the plate of the first video amplifier
in the color chassis, passes through a
3.58 megacyele trap (L)), and is fed
to a 1.3 microsecond delay line, which
insures that the luminance informa-
tion and the color signals arrive at the
output at the same time. From the
delay line, the signal goes to the grid
of the ¥ output tube (V,). From the
plate of this tube, the signal goes
through the matrix resistors, Ee, R,
and R, where the ¥ signal and the
color-minus-Y signals are mixed to
provide green, red, and blue output.
The color-burst signal I8 also ob-
tained from the plate of V, and is fed
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to the grid of the burst amplifier, Vs
This tube is keyed on only during re-
trace, the keying being accomplished
by means of a 10-turn coil wound on
the flyback transformer In the black-
and-white TV set chassis, (See Fig. 4.)
By this means; the color burst, which
is on the back porch of the horizontal
sync pulse, s amplified—but no other
3.58 megncycle signals get through.
The output of the burst amplifier
goes to the phase discriminator trans-
former T, the secondary of which is
also supplied with a comparison signal
from the plate of the 90-degree ampli
fler, Vo, The output of the pbase de-
tector is a d.c. correction voltage which
is fed to the reactance tube, Ve this

tube, in turn, controls the frequency
and phase of the 3.58-megacyecle oscll-
lator, Vis. In this way, the local 3.58
me. oscillator is locked in exact phase
and frequency with the transmitted
color burst to supply the synchronous
demodulators with the missing color
subcarrier, the sidebands of which only
are transmitted--the carrier being
suppressed at the transmitter,

From the cathode of the 3.58 mega-
cycle oscillator, the signal takes two
paths. A signal directly from the
eathode goes to the 90-degree ampli-
fier which shifts its phase $0 degrees
for proper demodulation in the R-Y
demodulator, The secondary winding
of transformer 7% however. {eeds the
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B-Y+ demodulator directly with no
phase shift.

The B-Y demodulator and the R-Y
demodulator receive their color signals
from the bandpass amplifier (V,) and
filter, which has a bandpass of 1.2
megacycles (from 2.9 me, to 4.1 me.)
and passes only the color subcarrier
sidebands. This automatically drops
out the low-frequency Y signal

In the R-Y and B-Y demodulators,
the missing carrier is restored and de-
modulated to produce the B-Y and B-Y
signals. The B-Y signal, taken directly
from the plate of Vi, goes to the grid
of the B-Y output tube, Vi. The out-
put of this tube, in combination with
some of the Y signal, supplies blue.

The R-Y signal from the plate of
the B-Y demodulator goes to the grid
of Vi, which, In similar fasghion to that
of the B-Y output stage, supplies the
red output signal.

The output of the R-¥Y and B-Y de-
modulators Is fed to the grid of the
green adder, Vi, through a set of re-
sistors, This tube Is simply a phase
inverter at which the negative signals
from the demodulators combine n
proper proportion and Invert to form
the positive green-Y signal. This is
fed to the G-Y output for addition
with the luminance signal as described
previously for the other two colors.

The outputs terminate in jacks
along the end of the chassis, making
the three color signals and the Y sig-
nal readily available for different ex-
perimental hookups, Most of the con-
trols are inserted on the rear of the
chassis since many of them are setup
controls which are left alone once ad-
justed. Two controls, chroms and
phase, are used for minor adjustment
during reception, and it is desirable to
make them readily avallable, No “col-
or killer” controls or circuits are
needed—simply turning down the
chroma control puts the set in shape
to receive black-and-white,

In actual construction of the con-
verter, the first step is to round up the
needed parts. The careful builder can,

Fig. 7. Top view of the color convarter,
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Note where the crysial
Is mounted so as to minimize lemperature variation elects.
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by following the data given in the
parts list, “roll his own" coils. A real
help in doing this is the setup shown
In Fig. 5 which provides approximately
the same loading as the converter cir-
cults., This allows the coils to be wound
with considerable accuracy without
actually Inserting them in the cir-
cuit, The signal generator should
preferably be a 3.58-me. crystal oscil-
lator. A standurd d.c. veltmeter will
give a clear-cut Indication of reson-
ance. This circult, however, will in-
dicate when the signal generator is
tuned to one-quarter or one-half of
the resonant frequency, so if a varia.
ble frequency oscillator 18 used, always
switch to the next higher band to make
certain that you are actually on the
fundamental, The physical layout for
the windings of 7' is shown in Fig. 6.

For those who want to buy colls al-
ready wound, the designers of the color
converter, Costa and Dontje, will sup-
ply coils, and their part numbers are
given In the parts list under Cromoo.
Write to Oromco, In care of P. Dontje
at 7020 W, 38th Ave., Wheatridge, Colo,

The color chassis measures 10 x 14 x
3 Inches; The layout (s purposely
crowded in order to keep leads short
and polr-to-point. No trouble has
been experienced from stray capacity,
even though some of the signal carry-
ing leads are longer than were desired.

The chassis illustrated in Figs, 7 and
8 has a cut-out for a Norelco video
amplifier chassis, to allow use with a
single-projection unit and a color
wheel, The chassis will eventually be
used in this fashion although, at pres-
ent, three Norelco projection units are
utilized. There are n couple of other
extra holes on the chassis for parts
which cireuit development later proved
unnecessary,

In bullding, all transformers and
tube sockets were mounted first, also
terminal strips, filter condensers, and
controls. Following usual construc-
tion practice, heaters were wired In,
and then “B+" voltage leads complet-
ed. Finally, the r.f, wiring was put in

for the proper operation of the 3.58
megacycle color synchronization circults.

Fig. 5. A test wetup which is useful in
preparing the coils used In converter,
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Fig, 0, Bottom view ol the converter chassix.
munning around the cutoul Ix the delay lne In the Y clroull,

Fig. 6. The physical layout ol the phase
discriminator tronslormer windings
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Fig. 9, Details on the construction of the
time delay line used in the Y channel. The
line ls made lrom a plece ol coaxial cable
trom which the center conduciar has been
romoved and an external winding added.
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Fig. 10, Three TV projection units can be
#ol up as shown hers and used with the
converter 1o give colored TV pictures.

Important: All resistors carrying
fairly heavy loads were grouped on
terminal strips below the power sup-
ply section, as far from tuned circuits
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as possible, to avoid the possibility
of heat causing detuning of circuits,
This is a vital matter in a color set
because detuning and accompanying
shift will cause color contamination.

The crystal is mounted alongside the
chassis where it is out in the open and
“runs cool”—again to avold frequency
shift,

The heavy black lead which loops
around under the chassis is the delay
line. Fig. 9 shows how this component
is constructed from a 23-inch piece of
RG-59/U coaxlial cable. As shown, the
center wire lead, and its polyethylene
sheath, is pulled from the cable, leav-
ing only the metal braid and its plastic
cover, These two pieces serve as the
foundation of the delay line. Ficst,
they are slipped temporarily over a
metal rod to provide sufficient stiff-
ness for winding. This winding, which
should be put on accurately with a
lathe, Is made of No. 36 enameled
wire. It is wound for a length of 22
inches, 128 turns-per-inch. As shown
in the drawing, the leads connect to
opposite ends of this coil winding, The
winding (tself is covered with a layer
of very thin dielectric paper (pulled
from old condensers) and thig in turn,
is covered with a layer of aluminum
foill. The latter is grounded to the
inside brald as shown in the drawing,
being careful not to short the winding
to the grounding foil. Tape completely.,

Wiring a set as complicated as this
is a job in which even an expert can
go astray. One bit of insurance Is to
tape a piede of vellum (a kind of semi-
transparent drawing paper available
at any art store or engineering supply
house) over the diagram, and then
draw in each lead with a colored pencil
as it is done. This process is a little
tedious—but not as tedious as trouble-
shooting for built-in errors. Once the
set i3 wired, the chassis can be given
o rough check by comparing pin volt-
ages with those shown in the diagram
of Fig. 3

When the color chassis is completed,
the next step is to tie it to the Noreleo
projection units. These are the stand-
ard type, readily available from elec-
tronic parts jobbers. The hook-up re-
quires three,

As shown in Figs. 10 and 11, the
units are mounted side by side, as
close together as possible, with hinges
between them. Then the chassis are
spring-loaded, as shown In Fig. 10, and
adjustment screws provided so that
the outer two projection units can be
pointed in slightly--so that the images
from all three units fall on top of each
other on the screen. The fact that the
units are some distance from the
screen, and that the middle wonit
(green) carvies 59% of the Numina-
tion, makes the very slight “keyston-
ing” of the two outer units a theore-
tical rather than a practical worry,

Each of the units has a colored filter
in front of it. (Colored Plexiglas was
found to work the best—even better
than photo filters.) The vertical and
horizontal adjustments on the projec-
tion units, plus the mechanical posi-
tion of the projection housings them-
selves, are all utilized to got the best
possible registration of the projected
images,

Both vertical and horizontal sweep
voltages for the three projection units
are picked up from the black-and-
white chassls. The vertical sweep is
used to drive the vertical yokes on
the Noreleo units—and the yokes are
connected in series. The horizontal
yokes are driven in parallel. Doing
this will probably require substituting
a different output transformer for
that originally in the set. In the re-
celver described here, an RCA 23171
transformer Is used with the proper
tap to provide the correct impedance
match. The grids of the Norelco units
are driven by the color output signals
from the color converter chassis.

If everything checks out OK, we're
ready for the final step—tuning up the
chassis,

Fig, 11, Front view ol the thiee projection units set up for use with the color
canverter describod In this article. Color fillers made of Plexiglas are mounted
ditecily In lront ol each prolector. Touch-ups are provided for registration.
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Adjusting he color converng: does nol
require any specicl lest equipment
other than the standard TV 1ost fnstru.
ments, including a v..v.m, g shown,

Part 2. Complete step-by-step tune up instructions for
the TV color converter described last month, including
hints for using a 3-gun tube instead of projectors.

procedure which will enable you to

get the color eonverter described in
the preceding article appearing in
this book going. Essentially, it is &
procedure which will get adjustments
50 close to the Ideal that final, minor
adjustments can be made with a color
broadeast tuned In,

First, equipment. You'll need a good
signal generator, one capable of tuning
the 3.58 megacycle range with very
little drift after the Initial warmup,
Also needed are a v.tv.m, fitted with
an r.f. probe, a standard service-type
scope, and a sweep generator which
will sweep from 1 megacycle to §
megacycles,

To begin with, align the black-and.
white TV chassis as close ax possible
to the ideal L.f. curve shown in Fig. 1A,
Be certain to avoid sharp corners on
the Lf. response curve (Fig. 18) which
mn‘ introduce highly undesirable phase

L

Next, make certain that the set
receives  black - and - white  plctures
through the color tubes, This will en-
able you to determine that the Y chan.
nel Is working, and will allow you to
get brightness, focus, and convergence
of the three projection tubes in proper
adjustment,  Unless the brightness
controls, for example, are at some-
thing like the proper level, color align.
ment is virtually impossible.

Now, we're ready to start.

Connect the signal generator (with
a 10-pafd. capacitor in series with the
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THIS article covers a step-by-step

“hot" lead) to the first video ampli-
fler grid in the black-and-white set.
Tune in & black-and-white picture, and
make certain that the picture is in
proper horizontal syne. Then, pull out
an if. tube to keep uny stray signals
from renching the video detector. Set
the signal generator as close to 3.58
megacycles as possible, preferably with
erystal calibration. When you get it
reasonably close to the proper fre-
quency, you should sce some indica-
tion of color on the raster—in the form
of random streaks and shapes,

Now, pull out the 8US oscillator and
reactance tube on the color converter
chassls, and connect the v.ty.m. with
the r.f. probe to pin 5 of the color
burst amplifier, V,, 6CE6, and tune the
burst take-off coll, L, for maximum.
Remove the probe. (Note: All parts
aumbers refer to Fig, 3 In the Decem-
ber article.)

Next, ground ping 1 and 2 of the
6ALS phase detector, V, Set the
v.t.v.n, on the de. voltage scale {50-
volt scale or higher), connect it to pin
5 of the G6ALS, apnd tune 7T, the
phase discriminator transformer (both
glugs), for maximum d.e voltage.
When this is done, remove the ground
from the BALS pins 1 and 2.

Replace the 6US reactance tube, pull
out the burst amplifier, Vs and con-
nect the voltmeter with probe to pin 7
of the B-Y demodulatar (V. 6ASE).
Tune both alugs of the crystal output
transformer, Ty for maximum reading.
You will notice that as you tune the

primary of this coll (turning the slug
clockwise) you will start toward a
maximum reading, and then the oscil-
lator will overload and stop oscillating.
Back the slug out a few turns from
this point, and the oscillator will be
stable. The secondary of the crystal
output transformer will tune through
A noymal peak.

Now, connect the v.t.v.m, with probe
10 pin 7 of the B-Y demodulator (Vy,
6ASE) and tune the output trans-
former of the 90-degree amplifier, T
for maximum,

Replace the burst amplifier tube, and
once agaln pull the 6U8 oscillator-res
actance tube, Connect the sweep gen-
erator (sweeping from 1 me. to 5 me.)
to the grid of the first video amplifier
tube in the black-and-white TV chassis,
Turn the chroma control, Rw, to mini-
mum, and connect the scope through
a demodulator probe to the “hot" end
of the chroma control. Tune the band-
pasy amplifier (V4) plate coils for the
resopance curve shown in Fig. 1C,
Markers should be provided by the sig-
na) generator, sti)) connected to the
grid of the video amplifier in the
black-and-white set.

Disconnect the sweep generator,
leaving the signal generator attached,
and replace the U8 oscillator tube.
At this point, it is a good idea to re-
check for horizontal sync by tuning
the black-and-white chassis to a TV
broudcast.

For the next step, turn the chroma
control full open and the signal gen-
erator to maximum output (unmodu-
lated). Carefully tune the signal gen-
erator back and forth around 3.5
megacycles, and you will observe a
patiern of color bars shifting around
on the raster, You will notice that as
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you approach the erystal osciliator fre-
quency in the converter, this pattern
will become a definite series of color
bars, lying horizontally, As you get
sull closer to the exact frequency, you
will note that the bars will become
fower and fewer, and finally disappear.
The raster will assume an over-all
tone of one color, which may even be
simply an off-white. This Indicates that
the signal generator and the crystal
osclllator in the set are locked to-
gether. (If you cannot achieve this
effect, that fact is evidence that the
color sync section is not working
properly.) Carefully note the exact
dial reading on the signal generator
for future reference.

Now comes one of the most critical
of all the tuning adjustments, so be
very careful to do it exactly as de-
scribed, Stowly tune the signal genera-
tor to a lower frequency than that of
the crystal. “Slowly” cannot be em-
phasized too much, for there Is real
danger that you will pass right by the
proper {requency. As you do this tun-
ing, you will begin to see a series of
color bars which move diagonally into
a vertical pattern. If you tune slow-
ly and carefully about this point, the
gignal generator will lock to the dif-
ference frequency between the crystal
and the horizontal sweep frequencies,

Note carefully that as you tune be-
low the crystal frequency there are
quite a number of these “lock-in"
points, Also, that the lower the fre.
quency, the greater the number of
bars. (The signal generator locks in
at even multiples of the horizontal
sweep frequency away from the crys-
tal frequency.) Only the firat lock-in
point below the crystal frequency is
the proper adjustment, and the only
one which makes it possible to phase
and align the color demodulators.

Keeping the signal generator locked
to this point (as mentioned proviously,
the generator must be stable) the next
step Is to add the scope. Set the hori-
zontal sweep in the scope to approxi-
mately twice horizontal frequency and
switch it for external sync. The sync
is obtained by clipping a lead to the
“hot" deflection yoke wire (over the
insulation—no direct connection).

Next, establish horizontal sync
pulses by holding the lead to the input
of the scope’s vertical amplifier close
(ngain, no connection) to the horizon-
tal output plate lead In the black-and-
white TV set chassis. Set the horizon-
tal gain and herizontal centering of
the scope to put these “pips” on two
of the vertical calibrating marks on
the scope face, See Fig. 1D.

Now, clip the input of the scope's
vertical amplifier to the blue output.
By carefully tuning the phase control,
Cw and the secondary slug of trans-
former 7% you will be able to position
the sine wave as shown in Fig. 1E,
Note that the positive peak of the sine
wave should fall halfway between the
two previously established horizontal
sync points (180 degrees) shown In
Fig, 1D.

Changing no settings, connect the
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scope to the red output. Now tune the
output of the 90-degree amplifier plate
transformer, 7. Important, the posi-
tive peak of the red output must fall
exactly where the blue went through
the zero axis, as shown in Flg. 1F.
This establishes the all-important 90-
degree phase difference between the
R<Y and B.Y signals.

Still changing no scope settings, con-
nect the scope to the green output. Ad-
just the red, green, and blue add con-
trols (R, R, and R,) to position the
sine wave so that its zero axis crosses
through the point 29 degrees to the
right of the point where the blue was
maximum positive, (See Fig, 1G.)

Disconnect the scope, leaving the
signal generator attached, On the
screen you should have bands of color
running vertically. You should be able
to adjust the phase control to get a
pattern which Is orange on the far left,
blending into red, then blue, and final-
ly green. When you have reached this
point, you are ready to try a color
broadcast!

With the color signal tuned in, ad-
Just the plate coll, L, of the reactance
tube to lock in the color signal. At
this point, objects will become colored
—even though bananas may look blue!
Then adjust the phase control, and the
color gain controls, for the most na-
tural coloring in the picture. Once
the color gain controls are set proper-
ly, correct coloring can be obtained
by using the phase control only. This
I8 the external color control available
in some form on all color TV sets,

The chroma control affects the sat-
uration of color, and I8 set to the
taste of the individual viewer, One
caution: if this control is set too high,
the picture becomes garish and very
grainy,

Just one more thing, The delay line
may need some adjustment. This can
be done by observing the color picture.
If the color information seems to fall
to the right-hand side of the black-and-
white image, the delay line is too short,
However, if you have made it 22% long,
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during the various steps of the tune up
procedure as described in the text. (R)
is an lncorrect wavelorm 1o be avolded,

the color will probably fall very slight-
ly to the left of the black-and-white
image. Trim the line a few turns at a
time until the color picture and the
black-and-white picture are perfectly
superimposed.

3.Gun Tube

Either the 3-unit projection arrange-
ment or a single projection unit with
a color wheel provide the simplest
way to get going with your color con-
verter, However, if you desire to use
& 3-gun tube, the RCA tri-color kine-
scope is avallable at some parts dis-
tributors, and here Is the data you'll
need.

First of all, because of the unequal
phosphor senaitivity of the 3-gun tubes,
it is necessary to make a slight change
In the ¥ signal adding matrix to sup-
ply the unequal video drive required
on the three grids, This ls shown in

*
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that must be
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+250N |
3
3

+24

COLOR TELEVISION



.-

Fig, 2. It ix also necessary to add In-
dividual background and master back-
ground controls, as well as red, blue,
and green screen controls, which con-
trol the transfer characteristics of
the three gung so that a black-and-
white picture may be maintained at
any brightness setting.

Set-up procedures for the matrixing
and background adjustments are ade-
quately described in instruetion bul-
leting available with the 3-gun tube.
Caution: before attempting to set up
the system for a black-and-white pic-
ture, it Is necessary to pull the two
color demodulators from their sockets
in order to avoid any confusion until
experience is gained with the various
adjustments,

The complications from using the 3-
gun tube arise from the need for reg-
ulated anode, focus, and dynamic con-
vergence voltages, A practical way to
build these stages is to use the stand-
ard RCA circuitry, specifically that
given In the service dala for the RCA
Model CT-100 color receiver. The eir-
cuits used include (refer to CT-100
diagram) Vie, the 8SN7GT horizontal
oscillator, Ve the 6CD6 horizontal
output (with modifications); Vin, the
3A3 high-voltage rectifier; Vi, the
1X28 focus rectifier; Vis, the BAUAGT
damper; Vi, the 6BD4 shunt regula-
tor: and Vi, the 12AUT vertical con-
vergence amplifier,

Of course, if you utilize RCA cir-
cuits, you must use the standard RCA
parts, including a tri-color yoke and
the matching horizontal flyback trans-
former. Also needed are a complete
set of dynamic convergence compo-
nents, & purity coll, and the shielding
recommended for the tube.

If you are building your system
around the black-and-white Philco
chassis described In the previous ar-
ticle, you will find that the horizontal
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oscillator has much too long a flyback
time to drive the RCA transformer
properly, It Is necessary, then, not
only to change the horizontal output
stage circuitry, but also, the horizontal
oscillator clreuit should be modified to
conform with the RCA circuit. The
sync to the horizontal oscillator can
still come {rom the same point in the
Phileo 1001 chassis, however,

When using the RCA horizontal out-
put transformer, the keying pulse for
the burst amplifice may be taken off
terminals “C"” and *D." Terminal "E"
supplies the horizontal dynamic con-
vergence voltage. Terminal “G" is
grounded, as in the original RCA cir-
cult. Terminal “F*" is left blank, and
the rest of the circuitry in the entire
dynamic convergence and high-voltage
sections should conform with the RCA
circuit. The 400 volts necessary to
drive this set-up may be obtained
quite readily from the black-and-white
chassis you are using,

The grid circult for*the horizontal
output tube (BCDE) is modified in
order to climinate the need for a
minus 30 volts. (Refer to CT-100 dia-
gram,) The modification consists of
simply changing the grid return resis-
tor, SR from 47,000 ohms to 470,000
ohms, and grounding the cold end. The
cathode resistor, JRws, Should be
changed from 12 ohms to 100 ohms, 2
watt, and bypassed with an 8-afd., 150~
volt ecapacitor, The screen grid can
be supplied from the 250-voit “B+"
supply in the converter chassis,

The next requirement will be to ob-
tain the current needed by the purity
coil. This can be supplied by parallel-
Ing the 20-ohm purity adjustment po-
tentiometer, 2Rus with the coil, and
putting it in series between the out-
put of the choke and the “B+" in the
converter chassis.

The vertical convergence voltage can
be supplied to the input of the vertical
convergence amplifier, V., without
making any changes In the vertical
output circuit that you alveady have
in your black-and-white chassis, Again
referring to the CT-100 diagram, con-
nect one end of the 47-pfd. capacitor,
1Cws, to the red wire on the existing
vertical transformer. The end of the
Jd-ptd. capacitor ICa (in the vertical
amplifier shape civcult of the RCA)
goes to the plate or blue lead of the
existing vertical output transformer,
The end of 104, 22-p1d. (also in the
vertical amplifier shape eclrcuit), goes
to bt.hc cathode of the vertical output
tube,

The remainder of the connections
in the vertical convergence circuits
should be hooked up exactly as shown
in the ROA schematic. The green-and-
yellow Jeads from the existing vertical
output transformer should be tied
directly to the vertical deflection wind-
Ings on the deflection yoke. This elimi-
nates any need for vertical centering
circuits,

Note: terminal 5 of the flyback is
not used,

The “B+" 400 volts from the black-
and-white chassis goes to the fuse,
3F.., which feeds the cathode of the
shunt regulator, 6BD4, the plus end of
3Cs, 20-pfd. capacitor, and one end
of the horizontal centering control.
This gets the "B+" voltage into the
rather involved circuit,

Two more things. Once the tube is
set up for proper black-and-white re-
ception, the color mixing circults oper-
ate exactly the same as for the 3-unit
projection system described previously,
Adjustments needed to converge the
tube are covered in the technical data
now widely available.

-3



rojection Color TV with a Color Wheel

Fig. 1. The complels projection color TV receiver showing the color con-
vortar described In the two previous articles in this book. in the up
per compartmen! and (he color wheel and awlich In the lower, The com.
plete Biube keyer chassls mounts in the culoul section of the convarier,

In response to requests from readers — here is how you
may use a color wheel and one projection unit with the

color TV converter described in the two previous issues.

= Fliq. 2. Schematic diagram and
paris list ol one of the keyer sections
used for selecting the right color signal
to go with the color Kller In front of the
projoctor. Three koyers are required.
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structor should
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CONON = » Riema,

Ri—100,000 ohm, Y3 w, res
Re. Ree=2700 ohm, I w, ves,
Ry Ri2.2 wmegohm, V5 w, ves.
Ke, Kyed700 ohm, 1 w. res,

Cr, Corn23 pld. capacitor
Cor—.1 pid. copucitor
REC—1000 phy. v.4. choke
VY3 120H7 tube

Vs b ARN tube

use his Ingenulty to de

By JAY STANLEY

verter described In the previous

articles in this chapter in this
eolor televislonbookwas designed for
use with a 3-unit projection system.
This is by far the simplest way to get a
solor set going—but of course it is a
somewhat cumbersome way to do the
job. For this reason, many readers
have asked for data on using one
projection unit and obtaining the color
with a color wheel,

This article outlines such a system,
as shown in Fig. L It is not intended
as n step-by-step construction article
but, rather, will present a method that
has been developed from experimental
work with a color wheel system 8o
that the experienced technicinn can, in
working out his own layout, avoid
many of the pitfalls which may other-
wise plague him,

In theory, a color-wheel system is
quite simple. First, there needs to be
a switching system between the red,
green, and blue outputs and the plcture
tube, so that the proper output can be
switched to the picture tube at the
proper time. This must coincide with
the time when that section of the color
wheel is in front of the tube, For ex-
ample, when the color converter is de-
livering a red signal to the projection
tube the red segment of the color
wheel should be In front of the tube
s0 that a red image I8 projected,

Of course, this switching actlon can
start with a rotary switching device on
the shaft of the color wheel, as shown
in Fig. 3. But the difficult part of the
job comes from the need to sync the
color wheel s0 that it stays exactly in
step with the vertical sync frequency
of the set. This Is necessary to make
certain that the “erossover™ point
(when changing from one color to the
other) occurs during retrace, and not

THE original mode! of the color con-

Fig. 3, Commulatortype swilkch on the shalt of the color wheel used for break-
ing the color signal Into a fleld sequential ane lo operale properly with the color
wheel. The awiich shown here ls an example of what may be used, the con.
vise one that Is precise and practicable,
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during the regular scanning time. If
the latter happens, & bar works up and
down on the gereen, much like a ver-
tical blanking bar.

In an early model of the color-wheel
system, It was decided to let the wheel
run at random speed, switching the
output with commutator contacts on
the shaft of the color wheel, But trou-
ble with “crossover” points and noise
difficulties led to abandoning the sys-
tem, However, {f the bugs could be
worked out, the system would be won-
derfully simple in both circuitry and
parts.,

Subsequent work has been based on
the use of a saturable reactor. The
vertical sync signal is plcked up from
the grid of the vertical output stage
(or any other convenlent point in the
vertical system) and applied to a phase
detector, driving a de. amplifier
which, in turn, varies the d.c. potential
on a saturable reactor. The reactor
controls the speed of the color-wheel
motor, with the result that it keeps in
syne with the vertical sweep of the TV
set, 8o that the “crossover” occurs dur-
ing the retrace when it is not visible on
the screen.

As shown in Fig. 2, the switching
starts with a commutator, the rotary
shaft of which Is grounded. The “rotat-
ing” ground is applied to the grids of
three keyer amplifier tubes in turn,
Each of the keyer amplifiers feeds the
deflector elements of a 6ARS tube—a
wonderful new type developed eapecial-
ly for color work. In effect, this tube
is a voltage-controlled single-pole,
double-throw switech, and at the same
time an amplifier,

Here is how the switching takes
place. The commutator segment, as it
grounds the grid of the keyer amplifier,
removes the blas voltage and allows a
pulse of plate current to flow. The out-
put is taken off across R.: in the cath-
ode circuit and Is positive with respect
to ground. This positive voltage is used
1o switch the 6ARS from one plate,
which is idling (no output), to the
plate which is driving the CRT cath-
ode,

The color minus ¥ signal Is fed to
the control grid of each of the three
6ARS's, one for each color, As the
commutator rotates, It will switch the
output to the live plate of each tube in
turn., The net result is a sequential
color signal applled to the CRT that
is in step with the segments of the
color wheel. The commutator cannot
be used directly for switching the in-
puts to the CRT as the noise level
from the sliding contacts is prohibitive,
and of course, with a 1 megacycle
video signal present at this point, [t
cannot be bypassed. However, the in-
direct switching method outlined,
makes it possible to bypass the commu-
tator segments with a4 small capacitor
(001 pfd.) and get rid of the high-
frequency nolse, the only nolse present.
Even this small capacity will round
the edges of the switching signals
somewhat, but these are hidden in re-
trace Anyway.

The symmetrical output from one of
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R, Re—100,000 ohm, Vi w.
res.
Ri, Ryd70,000 obim, V3w,

e

Ri=—1 megohm, V3 w. res.
R 10 megolim, Yy w, tes
Re—48,000 ohm, V3 w, res,
Ci, Co01 pid. capaciion
Cr—=23 ufd. copacitor
Cr=—=002 uid. capacitor
Co= 04 uid. copacitor
Cod ufd., 430 v. vlec. o
pecilor
Vit ALT tube
Vel 2AUT tube
VerrdCUS tube
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ig. 4. Schematic dla-
gram and pazts list for
the color wheel molor
speed control clreull,
The Inpul Is derived

from one of the keyer
soctions, salect the one
that moves the bar be-

twoen color wheel Hl
ters ol of the picture,

-~ R T

Flg. 5. The four vertical outpul type
transformors are counected ax shown
here o form o saturable meactor which
controls the speed of the color wheel
motor in conformity with the sigaal from
the motor control circult shown o Fig. 4.

—_—

the keyer amplifier tubes (points 1 and
2 in Fig. 2) is applied to a shaping
network to form a narrow pulse which
is fed to the phase detector and com-
pured with the vertical saw-tooth
present on the grid of the vertical out-
put tube (see Fig. 4). The resulting
correction voltage is then applied to a

Fig. 6. View ol the color wheel and associated circultry. Note the saturable re-
actor and motor control chaasls In the loreground, The reqular deflection chauals

fumished In the original Narelco prolection telovision receiver s on the righl



d.c. amplifier system that runs nega-
tive with respect to ground in order
to have a negative-going bias that will
vary between zero and minus 25 volts
on the grid of the 6BQ6 (or 6CUG), a
husky tube type needed to handle the
relatively heavy current required for
control of a saturable reactor,

A saturable reactor is a device in
which one winding will control the in-
ductance of a second winding. The re-
actar is placed in series with the motor
which drives the color wheel. 1f the
de. In the primary incrcases, the In-
ductance of the secondary decreases,
allowing more current to fiow, and the
motor to speed up, and vice versa. The
motor (tself i fed from an sutotrans-
former which steps up the line voltage
25 volts or so, because even with the
minimum inductance of the type reac-
tor to be described in this article, there
will still be considerable voltage drop.
The circuit used for this portion of the
converter is shown in Fig. 5,

The saturable reactor shown in Figs,
5 and 6 uses readily-available trans.
formers. Four TV type (six would be
even better) vertical output trans-
formers of the kind which have indi-
vidual primary and spcondary wind-
ings work very well, The autotrans-
former types are not satisfactory, Itis
of the utmost importance that the
transformers used be matched, i.e.. of
the same manufacturer's part number,
The reason is that the a.c. which will
be induced in the primary winding (the
de. control winding in this case) in
each transformer must be canceled out
by its mate, Connect all of the sec-
ondaries In parallel and pay close at-
tention to the winding directions to
make certain that all are the same,
{For example, for RETMA coded units,
connect all green leads to green, and
yellow to yellow.) The primaries are all
connected 5o that the pairs are series.
opposed to a.c,, ie, connect the red
lead ol transformer 7 to its mate's
(Ts) red lead, and connect the two

Color Television — 1957 Edition

blue leads to the next pair of trans-
former's blue lends, After the parals
leled secondaries are connected in
series with the motor and ac. is ap-
plied, no, or very little a.c voltage
should appear between the ends of the
combined primaries.

Caution: If an a.c. voltage of any
magnitude does appear, recheck con-
nections. The direction of de to the
primaries makes no difference as they
are merely connected between “B+"
and the plate of the 6CUS control am-
plifier.

Incidentally, when using the 6ARS's
in the color switching system, it is ad-
visable to do away with the individual
coler amplifiers in the color chassis
described in the color converter article
starting on page 123 and extending to
page 128 in this book, as the guin of
the 6ARS's is rather high and makes
the amplifier unnecessary. Too much
gain may cause instabllity,

The output from the ¥ amplifier
should be disconnected from the matrix
resistors and fed directly to the grid of
the CRT. The color signals go 1o the
cathodes and are matrixed within the
picture tube,

The color wheel itself should have
any multiple of 3 sections (6, 9, ete.)
However, for projection use in front of
the corrector lens, a 3-section wheel
about 16" In diameter is best. Such a
wheel gives longer useful projection
time for each color without overlap
of individual colors, The speed of the
wheel is easily determined as a single
section should cover the lens during
one vertical field time, fe., a three-
section wheel should run 1200 rpm, a
six-section wheel 600 rpm, ete. These
speeds are a close approximation to
those actually required because during
a color broadeast, the field frequency
is not quite 60 cycles. It may be de-
sirable to drive the color wheel by
means of a small V-belt drive, prefer-
ably fitted with one wvarinble piteh
pulley in arder to bring the wheel close

enough to the proper speed so that the
automatic control system takes gver,

It may be necessary to try different
keyer amplifier outputs for the phase
detector so0 as to get the “crossover’’
point Into retrace. Try first one and
then the other, and settle for the one
which moves the “crossover” bar out
of the visible portion of the raster.

It is strongly urged that fully satu-
rated color fllters not be used on this
projection system. Doing so may re-
duce brillinney. Instead, use ordinary-
colored red, green, and blue Cellophane.
Fasten these filters to a disc of clear
plastic. Also, keep the weight of the
wheel as low as possible in order to re-
duce any tendency for the automatic
control system to “hunt,” This Is a dif-
ficult problem to correct and the
heavier the wheel the more inertia
there is to overcome, with the result
that the wheel will overshoot the con-
trol, then slow down, then undershoot,
then repeat the cyele,

Fortunately, there is an electronie
circuit that may be used to correct for
this defect. The suggested circuit is
shown dotted In Fig. 4 The trans-
former is a vertical outpul type. It is
importunt, of course, that the second-
ary be connected so as to give nega-
tive feedback. If it should be hooked
up Incorrectly, the de. amplifier will
probably motorboat at a very slow
rite that may be varied by turing
the “anti-hunt” control (500,000 ohm
pot), This circuit works on the idea
that the rate of change of the correc-
tion voltage must agree with all the
variables in the system, Including
weight of wheel, ete. The teansformer
only has an output when the current to
the reactor is changing, and this output
is directly proportional to the rate of
change. The 500,000 ohm control taps
off the amount of voltage necessary 1o
properly control this change rate, In
short, “anti-hunt” {8 time-controlled
inverse feedback.
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