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Alout This Tooue
of BROADCAST NEWS

Most readers of Broabpcast NEews are
familiar with its motives and methods. But
this is a very special issue. And it will be
read, in all likelihood, by many who are
not so well-acquainted with us. Tt seems
fitting, therefore, that we begin with a brief
explanation of the reasons for this special
issue. Also, perhaps, a little about the scope
of the material included and some sugges-
tions for using it.

Why a Special Issue on Color

This is the first time (in twenty-two
vears) that a complete issue of BRoADCAST
NEws has been devoted to a single subject.
And it is the first time (except for one
minor reference) that color television has
been mentioned in its pages. These two
facts are somewhat related.

BroapcasT NEws, as its older readers
know, is devoted exclusively to broadcast
station engineering and operation. It is
primarily intended to help the station en-
gineer in his everyday job. Because of this
emphasis on practical operation BROADCAST
News has seldom delved into the future.
And, until now, color television has been
“in the future” for most broadcasters.

Overnight — although hardly without
warning—all of this is changed. The FCC
has approved Color television standards
based on the RCA compatible all-electronic
system. This action makes color television
an immediate reality. That changes our
viewpoint—and the viewpoint of every sta-
tion operator.

Certainly every present and prospective
TV station will at least pause to consider
the implications of C-day. Most stations
will want to make some plans, even though
they be long-range plans. To do so they
will need to know what equipment and
facilities are needed for color. And they
will need to know not in generalities, but
in specific terms. That’s where this issue
of Broapncast NEws fits in.

For some time the editorial staff has
been working with our television engineer-
ing group to prepare a series of articles on
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color television station equipment. Our
original intent was to publish these articles
one or two at a time over a period of
months (interleaving them with our regu-
lar material). However, it is now evident
that stations need all of this information,
immediately. That is why we have decided
to print it all in this one big exclusive color
issue.

This will pretty much catch us up on
color, and to some degree get it out of our
system. Moreover, it has the advantage
that those who are absolutely uninterested
in color (breathes there the man with soul
so dead?) can simply toss this whole issue
in the ash-can and look forward to the next
issue. And we promise that color, although
there will continue to be many articles on
it, will not again push out other things
completely. There will still be plenty of
articles on audio, AM, monochrome—yes,
even FM. So help us!

Who Is This Issue Written For

We know that station managers and
owners (as well as engineers) read Broap-
casT NEws. And we want to give them
some things they can enjoy without dust-
ing off their calculus. Therefore, in most
issues we purposely include a number of
relatively non-technical articles. And, wher-
ever possible, we use lots of pictures so
that even those who do not read the ar-
ticles will find ‘“the story in pictures”.

We would have preferred to follow that
policy in this issue. But to make the kind
of material we have in this issue even rela-
tively “non-technical” would have de-
stroyed much of its value for the station
engineer. Debating this dilemma we de-
cided that the station engineers’ need was
greatest. He is the first one in the station
who will come to grips with color. He is the
one who will have to answer the station
owner’s question, “What should we do
about color?” And, to answer, he needs to
know a lot about the equipment. To give
him maximum help we have had to go
strong on the technical side. We hope the
station managers will pardon us this once.
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Where Does It Start

We had a similar problem as to where to
start our writeup of color television equip-
ment. Television broadcasting, even in
monochrome, is rather complex. To start
from scratch and explain the whole TV
system would have required several times
as much space as we had available. Or,
alternatively, we would have had to dilute
the whole story. Faced with this situation
we decided, again, to keep the information
concentrated and thereby favor the men
who need it most. This meant, very simply,
starting with the assumption that the
reader is familiar with the technical opera-
tion of the present black and white tele-
vision system. Engineers and operators of
existing TV stations have such a back-
ground. So do most AM engineers who
have followed the development of TV to
date. Those readers who do not can find
the necessary background information in
several available books.*

What Subjects Does It Cover

With respect to the range of material to
be covered we also had a problem. The
advent of color television raises many
questions. To begin with there are the
basic questions such as “what is color?”
and “how do we perceive color?” After
these have been answered there are ques-
tions on programming, on production, on
operation, on transmission and on recep-
tion. All are of some interest to the station
engineer. But the one he is most interested
in, and will have to solve first, is that of
the transmission of color.

There have already been numerous gen-
eral articles on color television, and there
will surely be many more, both in popular
and technical magazines. We may assume
that these will serve to answer the general
questions on color. It is also likely that
there will be many articles on color TV

* Two recent books on TV station operation
are:

1. “Television Broadcasting,” by Howard Chinn,
published by McGraw-Hill Book Co., 330 W,
42nd St., N. Y. C. 36.

. “Principles and Practices of Telecasting Op-
erations,” by Harold E. Ennes, published by
Howard W. Sams & Co., Inc., Indianapolis,
Indiana.
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reception. The fact that most segments of
the industry—set manufacturers, distrib-
utors, dealers and service men—are pri-
marily interested in receivers guarantees
this. We decided, therefore, that we would
not make any attempt to cover in Broap-
cast NEws either the basic concepts of
color TV, or those aspects of color which
concern reception, receiving antennas, re-
ceiver design or receiver operation. These
we will leave for others, while we concen-
trate on the problems of producing and
transmitting color pictures.

It is in this area of color transmission
that there is likely to be the least imme-
diately available information. And it is this
very information which the station engi-
neer is most interested in. Fortunately,
this is an area in which we speak with
authority. By far the greatest amount
of practical work (as distinguished from
paperwork) on compatible color transmis-
sion—almost all of it, reallyv—has been
done by RCA and NBC engineers. RCA
is the only company which has a full line
of color equipment designed and in pro-
duction. Thus it seems fairly certain that
most of the color broadcast equipment in-
stalled in the near future will be RCA.
And no one, but no one, can furnish better
information on that than we can.

What Type of Equipment Is Described

The color TV equipment which is de-
scribed in this issue of Broancast NEws
is the equipment which the Engineering
Products Department of RCA is presently
manufacturing in its plant at Camden, N. J.
(As of January 15, 1954, complete color
networking equipment had been shipped to
twenty-six stations of whom twenty carried
the color telecast of the Tournament of
Roses Parade on January 1, 1954. Some
fifty additional stations are scheduled to
receive this equipment within the next
three months. Shipments of color studio
cameras will start in February. 1954).
This equipment is patterned after, and is
quite similar to the equipment which was
used by RCA in the most recent demon-
strations for the FCC and which is the
equipment that is referred to in Par. 23 of
the FCC’s “Report and Order” on Color
Television (December 17. 1953). A full
four-camera setup of this equipment is in-
stalled in NBC’s Colonial Theatre Studio
where it has given very satisfactory opera-
tion for the past vear. Additional cameras
have been in use in RCA's laboratory stu-
dio at Camden. Their operation has been
witnessed by hundreds of engineers, includ-
ing those from consulting firms as well as

networks and stations. There is no ques-
tion, therefore, about the performance of
this equipment. Its satisfactory operation
has been proved over and over again.

1t should be noted that in the design of
this equipment the prime requirement was
that it provide the best possible color pic-
ture. No compromise of quality was al-
lowed either to reduce the size or the
cost. As a result this equipment is large—
and fairly expensive-—by black and white
standards. It is probable that when it is
redesigned various simplifications will be
introduced which will considerably reduce
the overall space requirements. Work along
these lines is already underway in our en-
gineering department. However, it is likely
to be two years or more before the fruits
of this work become available in the form
of finished equipment. In the meantime sta-
tions can install equipment of the present
design with full confidence in its proved
performance —and with full knowledge
that newer designs, when they come. will
not make this equipment obsolete from the
quality standpoint.

How Is the Material Arranged

The material in this issue is arranged in
the order it would be read by a cover-to-
cover reader. It starts with a short intro-
ductory, “Color TV-—What It Means to
the Broadcaster.” This short article is in-
tended to set the background for the tech-
nical articles which follow.

The specific equipment articles are pre-
ceded by two general articles. The first
describes the principles of the system and
in particular explains the “colorplexing™
idea. A basic understanding of this prin-
ciple is necessary in order to understand
the operation of much of the equipment.
Putting the material in a general article
saves repetition in the equipment articles.

The second general article is entitled
“How to Plan for Color TV.” It describes
in a general way (and gives a detailed list
of) the equipment needed for various types
of operation. In other words, it tells how
to put the equipment units together. The
“stages” of equipment installation outlined
are those referred to in Par. 23 of the FCC
decision on color television (December 17.
1953).

Following the general articles is a series
of equipment articles written by members
of our TV engineering groups (with a cer-
tain amount of assistance from the editors).
In general, each author has covered the
equipment, or subject, on which he per-
sonally has been working. Thus it is no

www americanradiohistorv com

exaggeration to say that every article is
written by the topmost authority on that
particular subject.

There are nine of these equipment ar-
ticles-—each describing an integrated equip-
ment grouping, such as a camera chain, or
a logical association of equipment units,
such as “test equipment”. These articles
are intended to be complete in themselves;
however, considerable cross referencirig has
been used in order not to repeat descrip-
tions of common functions. Those who read
frcm front to back of the issue will find
these cross references in reasonable order.

How to Use This Material

As previously noted, the material in this
issue is arranged in logical order for cover-
to-cover reading. In general, the several
types of equipment are considered in the
order that they might be added as the sta-
tion’s color facilities grow. Readers may
find the following suggestions helpful in
using this issue.

(a) Station Engineers should begin by
thoroughly- digesting the article on the
system. It is not necessary, at least at first,
to remember all the details. However, a
good comprehension of the colorplexing
idea and of the function of the chrom-
inance sub-carrier is absolutely necessary
in understanding the operation of the
equipment units. Next, the engineer should
study the ““How to Plan” series in order to
get the feel of a color equipment installa-
tion. [FFinally, he should study carefully
each of the equipment units (or, at least,
those which will be needed in his installa-
tion). After, and only after, he has done
all this he should carefully consider the
detailed lists of equipment to determine
exactly what he needs to fit his particular
operation.

(b) Station Managers and Owners who
do not have a technical background will
probably not be able to wade through all
of the above procedure. We suggest that
they start by reading one of the more
simplified introductions to color (such as
the brochure **RCA Color Television” pub-
lished by the RCA Department of Infor-
mation). Following this theyv should turn
to the “How to Plan” article and skim
through it to get the general idea of the
equipment involved. They may then wish
to “thumb through” the equipment articles
and study the pictures in order to have the
feel of the equipment. After they have
done this they will be in a position to sit
down with their station engineer and start
talking about a color installation.

B
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COLOR TEL

WHAT IT MEANS TO THE BROADCASTER

Co]or television will be a boon to broad-
casters. It will supply something the pub-
lic wants and demands. Rendering good
service or supplying a good product where
a ready market exists benefits both the
buyer and supplier, and that is good busi-
ness. If anything can increase the consum-
er’s desire for the product, such as an im-
provement in quality or an expansion of
service, that too benefits both parties. Ob-
viously success is dependent on being able
to make the product to sell at a price the
consumer is willing to pay, If the cost is
high, the product desirability must be high
in order to sell successfully. Where does
color television fit into this picture?

In the post-war development oi black-
and-white television broadcasting, 108
VHL stations were built before the author-
ization of additional stations was halted by
the “freeze.” Nearly all of these started in
the “red”, many deeply in the “red”, and
many stayed there for long periods of time.
Today, however, most of these stations are
still in existence, and there is very little
doubt that they are good, paving busi-
nesses. With the lifting of the “freeze”,
many more are getting started, and there
have been few failures. The reason is that
television has become a wonderful medium
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By
J. H. ROE

Manager, TV Camera Equipment Group

for communication. The public likes it be-
cause it brings a wealth of information and
entertainment. Advertisers like it because
a message without an equal in effectiveness
is delivered right into people’s homes.

Color television is a new dimension in
broadcasting. It adds the opportunity for
broad expansion in the amount of informa-
tion and entertainment sent to millions of
viewers. Color television likewise has a
great attraction for the advertiser who
sponsors the programs. Even with the little
experience he has had with color, he is
fairly drooling at the prospect of being
able to show his products just as they
really look. Color will cost more, but not
prohibitively more. It will provide increased
information which the public will buy.

How Does Color Telecasting Differ from
Black-and-White?

Basically it doesn’t differ at all. The
video signal generated in the cameras con-
tains more information than in the mono-
chrome system. It is sent out over the
same transmitter, with minor modifications
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and additions, as for black-and-white. It
can be received on any present black-and-
white receiver and produce a satisfactory
black-and-white picture. This is the beauty
oi the compatible color television system
developed by RCA. In a color receiver, a
color picture is produced. If a color re-
ceiver picks up a signal from a black-and-
white station, it reproduces that picture in
black-and-white.

What is the difference in the video sig-
nal necessitated by the addition of color
information? To begin with, a black-and-
white signal contains just one kind of in-
formation—Dbrightness. It provides a con-
tinuous story about variations in bright-
ness (lights and shadows) in various parts
of the scene. The color video signal must
contain exactly this same information, and,
in addition, it must contain information
ahout two other quantities, called hue and
saturation, which describe the character-
istics of color in the scene. Hue is another
word for color, such as red, blue, orange,
etc. Saturation describes the intensity of
the color; for example pastel blue is much
less saturated than a so-called dark bhue.
Yet, there may be differences in brightness
in either case. In a particular scene, there
may be a dark blue area in the shadow
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which lacks much brightness, while a pas-
tel blue area may be very bright indeed.

It happens that brightness information
in either a black-and-white or a color pic-
ture does not fill all the video spectrum of
about 4.5 megacycles. There are frequent
gaps which contain no essential informa-
tion in the case of the black-and-white
signal. It is in these gaps that information
about hue and saturation is added to form
the complete color signal. Thus it is not
necessary to expand the limits of the video
band to accommodate the extra color infor-
mation. An explanation of how color is in-
serted in these gaps is found in another
article in this issue.

Is Different Equipment Needed
to Handle Color Signals?

A modest amount of new equipment
(dependent upon the scope of operation)
will be required to handle Color TV pro-
gramming. For a complete discussion of
this subject see “How to Plan for Color”,
by L. E. Anderson. No large investment is
needed to enable you to handle color net-
work signals adequately.

Are Different Operating Techniques
Required?

Basically, no. The general arrangement
of operating positions and controls is much
the same as for black-and-white. Some spe-
cial features to which program people and
technicians have become accustomed will
be available for color. Some of the more
modern features for increasing flexibility

and special efiects will take time for more
extensive development before thev are
feasible for color. However, no serious
fundamental difficulties are evident which
would prevent the full utilization of mod-
ern programming techniques. In program-
ming, there is no doubt that more light is
required for color by a factor of about
two to one. Costuming and stage sets, how-
ever, will cost no more except in cases
where unusual color effects are required.

Is More Skill Required of Personnel?
Functions performed by camera men,
technical directors (switching), program
directors, and master control operators can
he performed in the color system by peo-
ple of the same occupational skill as for
black-and-white. The same is very largely
true for video control operators and trans-
mitter operators, but in these cases there
will be need for acquiring direct knowledge
in the additional functions to be performed.

The category of test and maintenance
people requires a higher level of skill.
Routine maintenance of equipment will re-
quire more knowledge, more skill, more
patience, and more time. In many cases
this may require only more extensive train-
ing of people already on the station staff,
but in others it may require new people of
better training.

The total number of people required may
be somewhat larger, but the increase will
be mostly in the maintenance staff and
probably not in the actual operating crew,
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General Comments

Is color mysterious or complex? Em-
phatically no! It is an outgrowth of the
black-and-white system, and while it does
more things and has more circuits and con-
trols, it is based on the same principles. To
many, the language and the symbols of
colorimetry and the multiplexing of video
signals with sub-carriers will be new, but
they are not fundamentally difficult, and
can be readily understood by the average
technician who is reasonablv skilled in his
job. It is more complex than the black-
and-white svstem since the system must
handle more information. Even in the pres-
ent early stage of development, it has been
found to be not too complex to operate suc-
cessfully on a day-in, day-out basis.

Does it have good quality? Definitely
ves! Recent broadcasts in New York re-
ceived good reactions from the public, the
press and the advertising people. Observa-
tion on monochrome receivers, in the ab-
sence of color, makes possible a critical
evaluation of many characteristics which
might be partially blanketed by the pres-
ence of color.

Where does a broadcaster start with
color? RCA has engineered several station
plans for starting with color. A complete
description of these plans is given in a sub-
sequent article in this issue, “How to Plan
for Color TV.” This and more information
of value will be found in the group of
articles included in this issue of Broapcast
NEws.
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RCA COLOR TELEVISION

Requirements for Compatible
Color Television Systems

The word television literally means “vision
at a distance.” We like to think of a tele-
vision screen as a “window”” through which
a televiewer can watch a scene that may be
taking place many miles away. Let us
face the fact that television engineers and
broadcasters are in the business of creating
illusions. What we actually create on the
kinescope in a televiewer’s home is a con-
stantly changing pattern of light generated
by a tiny flying spot, but we can make this
pattern of light stimulate the eve and ner-
vous system of the televiewer in such a way
that he gets the /llusion of actually witness-
ing a scene taking place before the tele-
vision camera. Naturally, we would like to
make this illusion as convincing as possible
s0 as to put a minimum strain on the tele-
viewer's imagination.

Color television is more appealing than
black-and-white television mainly because
it is capable of producing more convincing
illusions. Normal vision for the vast major-
ity of human beings is color vision, so any
picture-producing process that does not in-
clude color puts more of a strain on the
observer’s imagination than does one that
includes color. Fortunately, the eve and the
brain are sometimes easy to satisiy in these
respects. We have built up a very impres-
sive television industry by producing pic-
tures in black-and-white only. While images
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By
JOHN W. WENTWORTH

Supervisor, TV Terminal Equipment
Engineering Group

that show green grass, blue skies, and red
lips all in the same monotonous shade of
gray usually succeed in giving the tele-
viewer the desired perceptions, they would
be much more effective if presented in full
color. In fact, there are many types of sub-
jects (notably outdoor scenic views) which
are very uninteresting in black-and-white
but which have real aesthetic value when
presented in color.

When we study the problem of develop-
ing a color television system suitable for a
broadcasting service, we quickly discover
that we cannot confine our attention to
technical factors alone. To determine the
suitability of any particular color television
system we must ¢onsider not only the tech-
nical requirements (Does it produce high
quality pictures?) but also the factors of
Government regulations (Does it satisfy
FCC requirements?), economics (Does it
permit mass produced receivers, and does
it permit the broadcaster to initiate a color
broadcasting service without great financial
risk?), public interest (Does it in any way
detract from the value of an existing broad-
cast service?), and conservation of re-
sources (Does it make the most effective
pussible use of the frequency spectrum?).
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SYSTEM

After examining all of the pertinent fac-
tors, we may establish a list of minimum
requirements for a broadcast color tele-
vision svstem. The writer feels that the
following list is supported by the wvast
majority of engineers in the industry.

(1) The Colorimeiric Requirement: The
system should be capable of producing
high-quality images with good color fidel-
itv. Performance with respect to flicker,
brightness, contrast, resolution and picture
texture should be substantially equal to
that provided by the present black-and-
white standards.

(2) The Compatibility Requirement:
The signal produced by the color television
system should be capable of producing
high-quality images on existing black-and-
white receivers without requiring receiver
modifications of any sort. Conversely, the
color receivers designed for the color sys-
tem should be capable of producing black-
and-white images from black-and-white
broadcast signals.

(3) The Channel Utilization Require-
ment: The system must be capable of op-
erating within a 6-megacycle broadcast
channel, in order to satisfy the FCC ruling
to this effect. In addition. the system should
make the most effective possible use of the
frequency spectrum by assigning the avail-
able spectrum space to the various com-
ponents of the color signal in proportion to
the eve's demand for the information con-
veved by those components.
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In 1949, the Radio Corporation of Amer-
ica announced the development of a color
television system which it felt provided a
satisfactory framework for a broadcast
service. Since 1950, RCA engineers have
collaborated with the engineers of many
other companies through the medium of
the National Television System Committee
to work out a set of signal specifications
which result in optimum performance
within the broad framework of the original
RCA system. These signal specifications,
in final form, were submitted to the FCC
for approval on July 23, 1953 and they
were approved on December 17, 1953. This
paper describes the principles of operation
of the RCA color system, and presents
explanations for the exact signal specifica-
tions approved by the FCC, under which
the system meets the basic requirements
listed earlier.

Elementary Colorimetric Principles

Color vision for the great majority of
human beings has three more or less inde-
pendent attributes—these are: brightness,
hue and saturation. Brightness is most
clearly explained to television engineers by
stating that it is the only characteristic of
colors that is transmitted by an ordinary
black-and-white television system; bright-
ness is that characteristic by means of
which colors may be located in a scale
ranging from black (darkness) to maxi-
mum white. Hue is that characteristic by
means of which colors may be placed in
categories such as red, green, yellow, blue,
etc. Saturation refers to the degree by
which a color departs from a gray or neu-
tral of the same brightness; pale or pastel
colors are much less saturated than those
that are “deep” or vivid.

It should be apparent at this point that
one of the problems involved in converting
a monochrome television system to a color
television system is the problem of handling
additional information. Instead of control-
ling the single variable, brightness, we
must control three independent variables—
brightness, hue, and saturation. To do this,
we must provide no fewer than three inde-
pendent signals, and they must be of such
a nature that they can be produced by
physically-realizable pick-up tubes and
utilized by physically-realizable reproduc-
ing devices. To show how these colori-
metric requirements can be met by a prac-
tical color television system, let us consider
briefly the relationships between color sen-
sations and the light energy that constitutes
the physical stimulus.

It is a matter of common knowledge that
there is a strong similarity between light
and radio waves. We designate as light
those electromagnetic waves to which the

human eye is sensitive, extending over a
wavelength range of roughly 400 to 700
millimicrons (a millimicron is one-billionth
of a meter). The response of the eye is not
uniform over this region, but follows a re-
sponse curve shaped very much like a prob-
ability function and peaked at 555 milli-
microns, as shown in Fig. 1. This curve de-
scribes the spectral characteristics of the
brightness sensation only, and indicates
that a given amount of energy may appear
much brighter at some wavelengths than
at others. Response curves vary somewhat
from person to person, but Fig. 1 shows
the specific curve representing the average
response of a great many observers and
adopted by the International Commission
on Illumination in 1931 as the standard
luminosity function or visibility curve.

The other two variables of color—hue
and saturation—are controlled by the rela-
tive spectral distribution of light energy.
To a first degree of approximation, hue is
determined by dominant wavelength. In
fact, the various wavelength regions of the
visible spectrum are commonly designated
by specific hue names, ranging from violet
and blue for the very shortest wavelengths
through cyan (or blue-green), green, yel-
low, and orange to red for the longest
wavelengths. These major hue regions are
designated roughly on Fig. 1. Saturation is
determined by radiant purity, or the extent
to which the light energy is confined to a
single wavelength or a very narrow band of
wavelengths.

Fig. 2 should serve to illustrate how hue
and saturation are controlled by the spec-
tral distribution of light energy. If the
radiant energy from a color is spread out
more or less uniformly over the visible spec-
trum, as shown at A, it is generally per-
ceived as white (or gray, depending upon
the relative brightness). If the distribution
curve has a slight hump or peak, the color
is perceived as a pale or pastel shade of
the hue corresponding approximately to the
dominant wavelength. For example, a color
with a distribution curve corresponding to
curve B would be perceived as a pale yel-
low. If the distribution curve consists of a
fairly sharp peak around the same dom-
inant wavelength, as shown in curve C, the
color generally has the same hue but is
more highly saturated. Maximum satura-
tion occurs when the spectral distribution
curve is a single line, corresponding to
single-wavelength radiation.

Psychologists and physiologists are still
searching for a completely satisfactory ex-
planation as to kow human beings are able
to perceive colors. The most promising
theory of color vision is based on the as-
sumption that there must be three kinds of
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cone cells in the human retina with over-
lapping spectral sensitivity curves but with
peaks occurring in roughly the red, green,
and blue portions of the spectrum. Accord-
ing to this theory, the brightness sensation
is controlled by the sum of the responses
of the three types of cells, while hue and
saturation are determined by the ratios of
stimulation. Fortunately, we do not need
a complete understanding of all the intri-
cate processes involved in human vision
in order to develop a color-reproducing
process, because we may employ the pri-
mary color concept, which has been verified
(though not completely explained) by a
great body of experimental data.

It is an experimentally proved charac-
teristic of human vision that nearly all of
the colors encountered in everyday life can
be matched by mixtures of no more than
three primary colors. Consequently, it is
possible to produce full-color images of
complete scenes by superimposing three
primary color images; this basic process is
used by nearly all modern color-reproduc-
ing systems, including color photography
and color television. Contrary to popular
belief, there is no one set of colors with
“sacred” properties that make them the
primary colors—any set of three will do,
provided only that no combination of any
two is capable of matching the third. It so
happens that the most useful set for color
television purposes (i.e., the set with which
it is possible to 