A conventional monochrome
TV comera which has been
modilied for color cpera-
tion Is being adjusted
for a studio color shol.
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Modified conventional monochrome TV cameras, when combined

with a chromacoder, can produce standard NTSC color signals.

OLOR television delivers an impact
for the advertiser which is an order
of magnitude greator than that of
monochrome television. It provides the
viewer with greatly increased entertsin-
ment and edueational walues, It also
provides the engineers who must plan
the technical facilities for the origina-
tion of live color programs with many
opportunities to conguer new technical
probleme. To these engineers, it is a
challenge to select the equipment that
will produce and transmit the highest
quality color pictures—equipment that
will do g0 with proper regard for minj-
mum investment, mimimum operating
cost and maximum operating ease and
flexibility. It was with these thoughts
in mind that the chromacoder system
of colorcasting was developed.
Sequential color television, as once
approved by the FCC, posed n serious
tochnical and economic problem in that
it was not compatible, Existing mono-
chrome receivars were nmusable for this
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type of color and would have become
obsolete. Speaking more practically,
color broadeasting would not have been
auecessful because there would not be
the large number of viewors who conld
also see the programs in black and
white. This was unfortunate since se-
quential color i capable of producing
the highest quality of color pictures in
a relatively simple and straightforward
manner.

Consistent and beautiful results can
be obtained with & minimum of adjust.
ment difficulties. A sequential color
camera requires only the addition of &
rotating disc and some electronic modi-
fications, which result in a unit no
larger than a conventional mono-
chrome camera. As such, the camers is
both mancuverable and portable, and
still utilizez the same single cable.
Switching, fading, dissolving, and su-
perimposing can be accomplished in the
usual manner without extremely care-
ful adjustment of the camera and its

associated equipment. In shorf, sequen-
tial color appears to have all the
advantages of simplified technical opers
ation. It wonld not bo economically feas-
ible, however, if there were insufficient
receivers, both monochrome and color,
to view it. What was needed was a
means of translating the sequential
color signal at the studio to a signal
which could be transmitted in' accord.
ance with the FCC-approwved NTSC
color standards. This problem has been
solved by the Columbia Broadeasting
Syatem Laboratorics, under the capable
direction of Dr. Peter Goldmark, and
the equipment which is being manufac-
tured and whiel will be described here
follows their basic concept.

Color Cameras

The latest in portable monochrome
camers chains hag heen modified to pro-
vide sweep speeds of 180 flelds and 525
lines. This means 60 red, 60 blue, and
60 green felds per second, and 47.250
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Fig, 1, Modified camera showing nine-
seqmaent color wheel in lower [ron! cornor.

sounning lines per second, To facilitate
conversion to NTSC standards without
moird efféets (beat patterns), the sweep
yokes are rotated 90" so that the scan-
ning lines are yvertical and cross those
of the conversion cquipment st right
ungles instead of being parallel to thom,
The 3 by 4 aspect ratio is maintained,
which shortens the length of the ver-
tical lines and thereby lessens the high
speed swoep problem.

A nine-sepment color wheel about 8%
in diameter is mounted in a lower front
corner of the cumers, between the lens
turret and the image orthicon compart-
ment. The wheel is driven by & small
synchronous motor which is almost
completely contained within the original
camera dimensions, (See Fig, 1.) By
the addition of two video amplificr
stages, the camers is modified to have
a 12-mc. bandwidth. The image orthicon
yoke ‘is rotated 90* und driven with
new sweep circuits for the higher rates,
The view-finder is modified to accom-
modate the wider bandwidth and higher
sweep froquencies, requiring a now de-
flaction yoke and circuitry, Color tele-
casting imposes a reduced latitude on
the light values which may be used,

and this in turn makes exposure more

eritical. A remote irvis control has there
fore been added to permit the camera
control operator Lo adjust any camers
lens opening for optimum exposure at
any tinme without involving the camera-
man. The camersa control unit is #im-
ilarly modified, and clamping and shad-
ingr cirenits are alterod to suit the new
frequencies. Another color wheel is in-

stalled in front of the pieture monitor

80 that all camera control functions are
performed while viewing the full color
picture,

Packaged in a manner similar to the
rest of the equipment is & new unit—
the color mixer, 1t contains a gamma
correction amplifier, commutator or sig-
nal separator, individual gsin and set-
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Fig, 2.

&mlm«l block diagram of the chromacoder which  converts

the signal from Ihe modified camera to « standard NTSC color signal.

up controls, adder or niixer amplifier,
und muaster contrast, setup, blanking,
and clipping controls, 1t also containas
the drive amplifier and phasing controls
for the camcra color wheel, The video
bandwidth iz 12 me., and a feedhack
output stage provides two |-volt out-
puts, one of which is used to feed the
control monitor. An additional portahle
power supply is reguired with each
channel to power the color mixer.

Alterations are mude in the syno
generator o provide the proper line and
field rutes which are exactly triple the
original values. Two binary counters are
atdded to obtain the fl-cyele color drive
pulse which identifies the start of the
red field and keens the whole system in
color synchronism. The field sequential
sync generator may be oparated in any
of the conventional ways—locked to the
60-cycle line, sync-locked to a remote
genarator, or crystal-controlled, In any
event, it need not have any tie with the
NTSC ayne generator which is always
locked to the 3.58-me. crystal.

The portable monochrome switeher
cun be easily modified to perform all of
the same functions for four color chaing
that it now performs for four black-
und-white c¢hains.

Chromacoder Unit

Field sequentlal color pictures are
fed to the gean conversion unit which
CBS has named the “chromacoder.” The
primary function of the chromacoder
is to convert the sequential color signal
having 47-ke. top-to-bottom scan lines
into three simultaneous color signals,
red, blue and green, with 15-ke, side-
to-side scan lines. Operation of the
chromacader {8 hest deseribed with vef-
erence to a simplified block diagram,
Fig. 2. The conversion is accomplished
by three channels, each of which carries
the information on pne color. Each
channel consists of a display or picture
tube and a pickup or camara tube,

Sineéw informativn continuously flows
from cach of the throe mimultaneons
RB&G ontput ehannels while it is sup-
plied to the chromacoder sequentinlly—
first red, then blne. then green, the
equipment must. :nsrform A memory or
storage function, For example, the ved
video i3 on for only 1/180 second. and is
off far 17280 sucond, hut the output from
the red chnnnul is continuous. Thix
momory function i# achieved partly
in the pickup tube, which hus virtually
1009% storage, and partly in the fong-
persistence Pl phosphor of the display
or cathode-ray tube, The pickup tube
will be eovered in more detail later.

An aperture corrector amplifier re-
coives the incoming sequential color sig-
nal. This amplifier is a phase distortion-
1esa high peaker which compenzates for
the spot uize of the CRT'y (cathode-rny
tubes), maintaining the ultimate light
Jevel and spot size for best reproduction.
The amplitude-vs-frequoney charactor-
istic of the aperture corrector is adjust-
able from “fat’ <1 db up to 15 me. to
“pesked” =16 db at 16 me. From the
aperture corrector, the video signal
continues to the CRT video drive ampli-
fier—a high-gain, high-power amplifier
capabla of 60-70 volts grid drive for the
three CRT's. The drive amplifier also
has a 15-me. bandwidth.

Drive pulses from the field sequential
sync generstor key the gate generator,
principully the color drive pulse which
identifies the red field. It turns on and
off —or gates—the CRT': in their eath-
ode circuits in synchronism with the
filters 1n the color wheel. For example,
when one of the red filters is in front
of the picture tube in the camera, the
red CRT iy guted “on' to reproduce the
red information, and the blue and green
CRT's ave gated Yo"

A gpecial aluminized type 77 cathode-
ray tube ia uwaed which has sn extra
fine P1 green phosphor and a fine spot
gun strocture. Fireh tibe is operated st
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Fig, 3, The CPS Emitron with lis
associaled scaaning and field coils,
It usos o chargestorage mosalc.

27-kv, potential, Special uttention has
been devoted to the design of the deflec-
tion yokes and sweep eirenits used with
the CRT’s to achieve the ultimate in
Jinearity and stability.

Each of the three CRT's iz imaged
with n conventional enlarging lens onto
one of three pickup tubes which nre
CPS (cathode potentinl stabilized)
Emitrons.

Emitron Tube

The CPS Emitron, developad in Eng-
land by the Electrical-Musical Indis-
tries Loboratories, 1= a television cam-
era pickup tube using a charge-storage
mosaic. Figure 3 shows the Emitron
with its associated seanning and fleld
coils. The signal plate i3 separated from
the mozaic by an insulating medium,
The wall unode ¢xtends practically the
whole length of the tube, but is made in
two sections to eliminate the undesir-
able clectrostatic counling between the
scanning coils and the signal plate, At
the rear of the tube is thoe clectron gun,
comprising an indirectly heated cath-
ode, & modulator or grid, and a limiter
or first anode, The first Anode has an
aperture which limits the electron emis-
sion of the cathode to a mnarrow
beum, The decelerator supplies a cor-
rective field to overcome geometric dis-
tortion. Foeus coils supply a uniform
axial field, while deflection coils provide
the line and frame sweep fields, Align-
ment coils apply a corrective field which
adjusts the axis of the electron beam
to coincide with the lines of force cre-
ated by the focus eoils,

Light striking the photozengitive mo-
saic (antimony caesinm surface) causes
photoelectrons to be emitted, and these
are attracted to the wall anode. Having
lost electrons proportional to the
amount of light, the individusl elements
of the mosaic aré charged positively.
In scanning the mosaic, the electron
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REMOTE
PICKUP

beam successively discharges these ele-
ments through thelr capacity to the
common signal plate. The ecircuit for
signal current is completed through the
fond resistor, the cathode, and the heam,
and the signal voltage developed across
the load resistor is fed directly to the
first grid of the preamplifier.

By virtue of the low velocity eleetron
beam, the mosaic may be stabilized at a
potential equal to the eathode; hence the
name “cathode potential stabilized Emi-
tron.' The low velocity beam liberates
practically no secondary electrons from
the target so that there is no spurions
shading in the picture signal. Freedom
from secondary emission, together with
the removal of all photoelectrons from
the mosaie, rvesults in high sensitivity
and establishes u reliable black refor-
ence in the picture signal, While not
as sensitive as an image orthicon, in
this application where light levels are
high and fully controlled, CPS Emi.
trons have other distinet advantages.
The major ones are: unity and linexr

gamma {(gray scale rosponse), abrence

of sticking: or burning in. longer life
{approximately 1000 hours), minimum
(Continwed on page 34)
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Fig. 4. Block diagram of the chroma-
codar system used wilh a number of
dilforent studio ond remole cameran.

Fig, 5. Ch d der, and
lated equipment | Pl for sync
genorators) housed Ia stondard rocks.




Chromacoder
(Continwed from page 9)

noise in the blacks, and stahle operating
characteristics,

Signals emanating from the CPS
Emitrons go through low noise, high
gain preamplifiers of feedback design
to individual channel amplifiers. The
channel amplifiers provide sepurate con-
trol of gain, setup, gamma, and clipping.

Emitrons are supplied with & com-
posite blanking signal applied to the
cathodes to extinguish the beam during
retrace. This signal is formed from H
and V drive pulses in the CPS Emitron
blanking generator. The widths of both
components of the signal are independ-
ently variable. Focus and deflection
vokes specially designed to work with
the Emitron are used in the chroma-
coder. As with the CRT sweep circuits,
special consideration has been given to
the circuitry of the Emitron sweep gen-
erator, linearity and stability being the
prime design factors. In the chroma-
coder system of color television, the
problem of registration appears only
once, here in the rack-mounted convert-
er,-and an all-out effort has been made
to simplify and stabilize the problem,

Related Equipment

The encoder receives the separate red,
blue, and green signals from the chan-
nel amplifiers, and from these forms the
Y, [, and @ signals specified by the
NTSC/FCC standards. Y i= the lumi-
nance or brightness component of the
color signal, the one that is viewed on
a monochrome receiver. / and @ are the
“in phase” and “‘quadrature” signals re-
spectively, which modulate the 3.58-mec.
subcarrier in both amplitude and phase.
The modulated subearrier supplies the
“chrominance’” or color information. In
order to detect the phase modulation of
the subecarrier, a reference phase must
be transmitted, and this is supplied by
the “color burst” applied to the “back

!

porch’ of the composite signal by the
encoder. The encoder has been carefully
designed to be stable and easy to set up,
with self-contained phase checking cir-
cuits,

A monochrome calibration monitor,
combined with a unique switching unit,
permits the observation of picture and
waveform in any of the following com-
binations, without adjustment, at the
touch of a button: R, B, G, RB, RG,
BG, RBG, G-R, G-B, NTSC video, and
sequential video (waveform only). Its
prime function is in setting up the
CRT’s and CPS Emitrons for registra-
tion, linearity, level, ete.

Any existing sync generator may be
used for NTSC color, but it must be
locked to the color subcarrier of
$3.579545 me. rather than its own crystal
or the power line. Sync generator
adapters are available which provide
the subcarrier frequency and a sub-
divided frequency of approximately
31.6 ke. to drive the existing sync gen-
erator.

For the sake of clarity, power sup-
plies have been omitted from the block
diagram. Seven regulated power sup-
plies furnishing 4-285 volts at 8900 ma.
each are required. While most of the
chassis have self-contained bias sup-
plies, a regulated —150 volt supply is
‘incorporated for the CRT and CPS
Emitron controls. All filament trans-
formers are supplied through an elec-
tronic 115-volt a.w. line regulator for
greater operating stability, A separate,
highly regulated, 12-volt d.c. source is
added to provide yoke centering cur-
rents which are independent of other
loads. A regulated high voltage supply
of the r.f, type furnishes up to 30 kv,
for the CRT's. All a.c. power required
by the chromacoder, approximately 7-
kva., 115-volt, 1- or 8-phase, is fed
through cirenit breakers for protection
and ease of control,

The chromacoder, the encoder, and
all the necessary related equipment,
with the exception of the sync genera-
tors, are housed in seven standard
racks. (See Fig. 5.) These may be lo-
cated in the studio control room, or
centrally in the station, remote from
camera equipment,

When sequential color camera equip-
ment g taken out on remote, only the
color mixer suiteases and associated
power supplies are added to the equip-
ment required for a monochrome pick-
up. The extra equipment necessary to
telecast parades, football games, ete.,
in color remairs in the studio and is the
same chromacoder used for studio orig-
ination. Figure 4 shows such an over-
all system from the remote cameras
through a microwave link to the chrom-
acoder and from studio cameras to the
chromacoder. The studio syne¢ generatoy
is locked to the remote syne generator
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so that there will be no problems in
swit¢hing from studio to remote or vice
versa. Commercially available micro-
wave equipment has been successfully
modified to carry the wider bandwidth

necessary with the sequential eolor
signals.
Advantages

Some advantages of chromacoder
colorcasting are as follows:

1. Because the cameras so closely re-
semble their monochrome counter-
parts and because the additional
ecquipment necessary for color is
housed in racks and mnot repeated
for each camera chain, the initial
investment required in a chromacod-
er system with two cameras is less
than that for other presently used
systems. As the number of cameras
to be used increases, this advantage
becomes even more apparent.

2, There are fewer expensive camera
tubes used than in other systems,
and for those which are used, cooling
to give long life 1s no problem. Very
satisfactory life has been obtained
from the Emitrons in studio service
in Engiand, and longer life ¢an be
expected when they are used in rack
equipment. With a two-camera sys-
tem, the tube cost per hour is only
669 of that of other systems; and
as the number of cameras is in-
creased, the saving is even greater.

3. In preparation for a color show, it
is necessary to sct up only one piece
of equipment where linearity, regis-
tration, and phase must be carefully
adjusted, rather than having to go
through all these steps for each cam-
era to be used. As a result, the setup
time is considerably reduced. The
adjustments for strikingly beautiful
color pictures are made on the se-
quential color camera chains where
such adjustments are relatively sim-
ple, Only in 'the chromacoder must
careful adjustments be made for col-
or, and these are simplified becauso
the equipment has more than ample
control for all the variables encoun-
tered; the equipment has excellent
stability once adjustments are made.
Consistent results from camera to
camera are obtained with very little
effort.

There is no doubt that colorcasting
rcqn‘ites more money, more space, and
more effort than monochrome telecast-
ing. The General Electric chromacoder
colorcasting system, utilizing straight-
forward engineering design principles,

-allows the broadcaster to achieve the

best color pictures while at the same

time causing the least additional strain

on his pocketbook and operating staf.
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