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I am happy to have this opportunity to talk to you on the very important

subject of Color telsvision. Cclor television has such a major potential

impact on the entire industry and there seems to be such a welter of somewhat

confusing statements, that an objective statement of the situation may be
helpful.

You must understandUthat these remarks represent just one man®s con-
sidered opinion. It is based primarily on my work with the NTSC covering
a period of two years of fairly exhaustive deliberation and study.

The subject is complex and it is exceedingly difficult to cover it in
all aspects. Technically, Color television is highly involved, In terms
of production, Color television receivers offer new and complex problems
that will make our Black and White manufacturing problems look simple in
comparison. The problems of Marketing -- at all leveis, the factory, the
distributor, and the dealer will be complicated. We inject into the sales
picture, not only a new and highly technical product, but, at the same time,
we must handle its introduction in such a way that the ﬁrue merits of Color
versus Black and White are properly understood by the buying public ~--
particularly, in relation to the service the public may expect to get from

Color and what they would have to pay for it in comparison to a Black and

- White receiver.,



Before I discuss the direct effects which Color television will have on
our industry - particularly the distributor and the dealer, I think it essen-
tial to cover some of the basic elements in order that we may have an under-
standing of the problems,

First, we must understand that Color television, like Black and White
or monochrome, must be a system --- that is, that all elements and equipment
used in broadcasting and receiving must function together according to a basic
set of principles or specifications --- each must be tied in and work with the
other.

In order to protect the public investment in receivers and prevent com-
plete chaos in broadcasting, such a system must be legally approved by the
Government, This duty and responsibility has been delegated to the Federal
Communications Committee,

In 1950, the F.C.C. approved a field sequential system of Color telew
vision., The principal objection to this system lay in the fact that it was
not compatible to the system under which Black and White television was
operating, which meant that the 8,000,000 Black and White receivers then in
American homes could not receive color broadcasts either in Color or Black
and White, without extensive alterations and expense to the owner,

The importance of that major shortcoming is evidenced and magnified by
the fact that, today, the public has invested over seven billion dollars in
some 25-million Black and White receivers, that would not be able to receive
such Color broadcasts in Black and White without such expensive alterations.

Obviously, the solution of the problem lay in the possibility of deve-
loping an all electronic system that would be "compatibleW--~ that is, a |
system that would make it possible for any and every Black and White receiver
in the home to receive future Color broadcasts in Black and White, without

any alteration or expense.



THE NATTIONAL TELEVISION SYSTEM COMMITTEE

The development of this electronics system was the task undertaken by
the National Television System Committee, formed under the auspices of the
Radio - Television Manufactureps Association.

It should be appreciated that in the development of the standards for a
compatible color system the NTSC had the full and complete cooperation of the
companies comprising our industry. The source of an idea was completely dis-
regarded. The only question was --- Is this the best idea --- Is this the
best way to do the job?

Perhaps I can best explain this point by quoting from my letter to
Senator Johnson in 1950, wherein I was urging the recognition of the need
for an NTSC to undertake the work on a compatible system of Color television,
I wrote: -

‘We do not believe that a public hearing is the most
conducive place for an exchange of information and
technical opinion. Engineers and scientists tend

to forget their pride in their own idea or research
when they are joined in a conference with many others
whose technical competence they respect,¥

This committee was organized and functioned on the basis of the same
principles and procedures used by a similar committee in 1940~41 to determine
and recommend the monochrome system now in such successful use.

Ninety-one companies in the industry contributed the skill and services
of over 200 of its leading scientists and engineers toward the color assign-
ment. One of the first actions of the NTSC was the naﬁing of a five-man
4Ad Hoc Committee to determine whether a compatible Color television system
could be evolved within the standard 6 M.C., band. While RCA in 1950 proposed
and demonstrated a compatible system which would operate within the standard

band, it was thought desirable to initiate a comprehensive analysis of the
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entire field to review existing material and thoroughly explore new approaches
to the problem,

After considering all the developments to date and the possible new
solutions to the problems, the Ad Hoc Committee reported in the affirmative
and laid down the framework and philosophy for the proposed system. The
system was broken down into its major components and 10 Panels of the NTSC
were eétablished to undertake the solution of the many and complex problems.

The NTSC has now been in operation the better part of two years., It
has produced a number of very significant contributions not only on a system
basis, but also in details,

Now, if you will bear with me, I want to get just a little bit technical.

‘First, let us ask the question -~ What does the NTSC system of compatible
color television system do and how does it do it?

First ~ it fulfills its primary function; the transmission of excellent
pictures in full color to color receivers, The detail of these images is
equal to that of monochrome telecasts. In chromatic quality, that is fidelity
of color reproduction, the color television images match or excel color movies,

Second - the NTSC system fulfills the compatibility requirements, It
reproduces the program on black and white receivers, producing images in
monochrome which are virtually indistinguishable from those provided by
standard monochrome broadcasts, No modification of the receivers is reqﬁired;
in fact - no adjustments whatever are needed except the normal operation of
the front panel controls used in monochrome reception.

Reception by the present-day audience has been checked, for example, by
transmissions over channel 4 in New York and channel 3 in Philadelphia.,
Reports from viewers are overwhelmingly favorable; many report that the Color
broadcasts, viewed in Black and White on present-day standard television
receivers are superior in pictorial quality to the regular broadcasts. _These

- latter reports are not imagination. The broadcaster?s equipment, having been
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“ispruced up' for color programs, actually can do a better job of rendering the
shades of the gray in the monochrome picture.

HOW NTSC COLOR TELEVISION WORKS

The standard Black and White television transmitter sends out two signals,
one carrying the picture; the other the sound. The picture signal, is pro-
duced in the television camera which views the scene in full color and trans-
forms it into a representation in shades of gray. In so doing, the camera
removes the "color” aspect of the image. In the monochrome television image,
it is not possible, for example, to tell whether an object is red or green,
nor to tell whether the colors are deep and intense or are displayed in
pastel shades, The monochrome system thus omits any reference to the spec~
tral. quality of the color itself (knowp to artists as "hue¥ or its visual
depth of color known as ¥saturationit),

In transmitting a full-color image, then, it is necessary to take into
account the missing elements of hue and saturation., In the NTSC system,
these are transmitted by a third signal, known as the color carrier, which
is fitted into the channel between the picture signal and the sound signal.

The NTS5C Color system is thus founded on the principle that a color
image may be reproduced from two signals, one of which carries a monochrome
version of the image in shades of gray, while the second superimposes on the
monochrome image the missing hues and saturations. This principle is well
suited to compatible operation of monochrome receivers. It is merely neces-
sary.. 8o to arrange the transmissions that monochrome receivers respond only
to the monochrome signal, ignoring the color signal, Color receivers, on
the other hand, are designed to accept and make use of both signals,

Simple as this principle appears, it was a major task to develop a system
based on it. The principal problems were twos

1) How to fit all the information, both monochrome
values and hue and saturation values, into the

standard television channel without overcrowding,

and



2) How to assure that monochrome receivers would ignore the color
information for which they have no use.

If such a distinction were not made, the surplus color information would
interfere with the monochrome reproduction and so degrade the image that the
system would not be fully compatible,

The first problem was solved by the NTSC, with the discovery that the
monochrome aspect carries the essential pictorial detail of a full-color
image. Once the monochrome portion is available in full detail, the hues
and saturation can be superimposed in relatively coarse manner, "painted with
a broad brush®, so to speak. Hence, the color carrier need not occupy as
much channel space as the picture carrier, aﬁd overcrowding of the channel
is avoided,

The second problem was solved by the NTSC when the color signal carrier
frequency was assigned a precise numerical value relative to the picture
signal carrier frequency. When this exact frequency relationship is
maintained, the monochrome receiver retains its full sensitivity for the
picture signal, but finds itself virtually blind to the color signal,

Mutual interference between the signals is thereby avoided.

In summary, the NTSC system achieves compatible color transmissions by
building on the existing monochrome system. No basic changes are required in
the existing FCC regulations governing Black and White eradcasting beyond
tightening of tolerances which has the effect of improving the performance
of receivers now in the hands of the public and making a minor addition to
the synchronizing pulse, To these regulations must be added a group of
supplementary standards, which set up the color signal, specify its frequency,
and outline the techniques by which the hue and saturation values are trans-
mitted,

On April 14, 1953, this NTSC system was formally demonstrated by RCA to
the Wolverton Committee and to the Industry on April 16, 1953, It was
acclaimed as highly successful. It is now undergoing final and extensive

field tests, preparatory to formal submission to FCC for consideration,
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A television transmitter broadcasting a monochrome signal will accomodate
the Color signal without change. Precautions necessary to insure satisfactory
monochrome transmission are, in general, the only precéutions necessary to
insure proper Color transmission, altho misadjustment will be more objection~
able in the picture when transmitting color,

Transmitters which will take Color signals from the network will probably
be required to.utilize an additional piece of equipment known as a f'synchlock®
to insure the adequacy of the received synchronizing pulse. This, fortunately,
is a rather simple and inexpensive piece of equipment and could be supplied
quickly to any station then on the air with Black and White,

THE NETWORKS .

Signals have been satisfactorily transmitted over the Telephone Company‘s
networks, The Telephone Companyf?s engineers have taken a very active part
in the affairs of the NTSC, and are thoroughly familiar with the NTSC proposal.
The development of the Telephone Company¥s facilities has kept pace with the
development of the system generally,

These two factors mean that a Color program originated at a network key
station and put on the network, could, for a minor capital investment and at
practically no extra operating expense, be taken off the network and rebroad-
cast by any local station.

Thus, Color programs on a national basis could be available a few months
after the system is approved. This could be of major importance and advantage
in our merchandising problem, as I will point out later in this talk,

\

STUDIO EQUIPMENT

It is in the Color television studio that the most extensive changes will
be required., A three-tube camera initisglly will be used, altho development
now intensively underway, may result in a single camera tube which, if success-

ful, will materially reduce the bulk and complexity of the Color camera.,



The signal from the camera is directed to a system of rack mounted
equipment, where the signal is dissected and each of the signal components is
then optimized and dealt with individually. At this point, also, the special
synchronizing pulse is generated, From this equipment then, there is deliv-
ered a complete signal which is ready to modulate a standard transmitter or
to be fed to the networks,.

Providing the necessary studio equipment for hundreds of stations across
the country is a very substantial technical and production job, But, this
need not necessarily preclude the possibility of originating a national Color
television signal quickly, as I outlined above.

Enough studio gear, much of it now only in prototype stages, is available
to equip at least several key network stations. This equipment, however,
could be used to put a small percentage of Color programs through the networks
in parallel with the standard Black and White programs. And, as I see the
situation, that is exactly what we may expect.

From every indication, I predict that actual Color transmission in the
great majority of television markets across the country is a lot closer than
many of you have been led to believe,

And, again, I repeat, that I believe this will be good for the industry
and, particularly, to the advantage of the distributor and the retail dealer,

THE MATTER OF COIOR TELEVISION RECEIVERS,

One of the three important elements of the NTSC Color television signal
is that it employs the same monochrome signal as used for present day Black
and White television., This, of course, is the feature of the system which
makes it fully compatible. This feature in the NTSC system does simplify to
some degree the design of Color television receivers. The fact remains,
however, that to incorporate in one chassis and in one picture tube, the
ability to receive either Color programs or Black and White, at the turn of

a switch, is a complex problem in engineering and costly in production.
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The first sets must be ¥good¥ if Color is to be given its proper chance
to prove its desirability and win the approval of the public., Nothing could
retard Color quicker than the advent of Vcompromise" Color receivers that
would offer less than the maximum performance., Cost reduction can come later
as a logical development, but the first units must be Wtops®™ and that means
that they will be expensive in comparison to present Black and White receivers.
Industry estimates indicate.they will be at least double the price and may run
three times the cost of comparable picture-size monochrome sets.

It has been estimated that somewhere in the neighborhood of 100 Color
receivers have been built to date, These have been kept "up to date™ with the
latest NTSC developments and, by and large, have been successful after the
expected Yprototype’ bugs have been eliminated.

Actual commercial designs, however, cannot be completely frozen until
final specifications have been determined and the system receives final approval
by FCC. Much design workhowever, can be anticipated, which will materially
reduce the time cycle required for final designing, tooling and getting Color
receivers into production. In spite of this, it may well develop that the
receivers will be the bottleneck and that Color programs will be on the air
months before any reasonable supply of receivers is available,

The Picture Tube

The major remaining problem in Color television lies in the picture tube.
One industry leader has made the statement *We do not have a picture tube',
This is not actually true, but the severity of this problem should not be
minimized.,

There have been a goodly number of proposals advanced for all electronic
tri-color picture tubes, but only one of these has produced fully satisfactory
pictures to date, This is not to say that such a condition will endure for
long. Various types of tubes are under intensive development in several

laboratories, and it is almost inevitable that results will be forthcoming

shortly.
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I want to devote a few minutes of this talk to this very important phase
of Color television and its current status, and must ask you to bear with me
again if I become somewhat technical, But, it is the only way in which I can
adequately present this involved problem to you.

All tri-color tubes have in common the requiremehts that the phosphor
surface utilize not a homogeneous deposit, as is ?he case in monochrome, but
three separate phosphors for red, green and blue, deposited as hundreds of
thousands of dots, or, as fine vertical or horizontal stripes., Here the
similarity ends and development is progressing in two general directions:

1) Using a single electron beam with a change in beam direction at
the front of the tube to provide color selection, Such ap-
proaches are exemplified b; the Lawrence tube of Chromatic

Laboratories, and by the Lafferty tube of General Electric,

Such tubes, in general, are simpler and cheaper than the ones
next to be described, but depend upon complicated chassis and
require greater circuit precision in order to insure color
fidelity., Furthermore, the bea@.bending operation requires an
appreciable amount of power at high frequency, which raises the

problem of interference radiation.

2) The second general category of tubes comprises those utilizing
three separate electron beams whose possible paths are restricted
physically so that the green gun, for instance, can only repro-
duce green, etc., These tubes are exemplified most familiarly

by the one introduced by RCA.

The use of these tubes permits a reduction in chassis and circuit
precision and complication, but the tube complexity and cost is
increased, The radiation problem, of course, does not exist.
Several laboratories are known to be working in this direction,
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In summary, then, as regards the picture tube, the Industry seems to have
two choices:

a) Build the precision in the tube, thus permitting simpler chassis
circuits with the assuranée that when a given color is called
for, only that color can be reproduced. The radiation problem
doés not exist,

b) Build the precision into the chassis. This alternative'possibly
will result in lower cost tubes, It involves the hazard of
radiation and probably puts more of the responsibility for re-
liable operation into the hands of the customer,

The picture tube holds, not only the key as to how the chassis is to be
designed, but also in a great measure, the cost of the finished end product ~--
the complete Color television receiver.

Let me approach this cost problem in this way.

If the three-gun type, such as this RCA tube is used; and if current price
estimates of $150 to $200 prevail, it is obvious that the picture tube component
alone in the receiver might add $325 to $350 to the list price. dJust adding
this difference in picture tube price to the price of an average good quality
21" console would bring the total cost to §750 or more. Further, a Color
receiver will probably use 45 to 50 receiving tubes, more than twice that of a
Black and White set. Add the cost of these tubes and necessary circuitry and
it becomes evident that a Color receiver will have to be priced at $300 or more,
There 1s no doubt that they will be expensive.

I am presuming in this projection that the Color picture size will be
equivalent to the 21" Black and White picture, Most demonstrations to date
have been shown smaller size pictures. This problem still lies ahead of the
tube industry, but must be resolved if Color is to compete successfully with

Black and White.
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Looking forward to picture sizes for Color television, it is obvious that
sizes must'be equal to Black and White, probably starting with a 21—inch'picture
and later including 24~inch and 27-inch pictures, if and when these sizes are
available in monochrome receivers.

Well, that about sums up the situation in its important factors,

Now, let me see what‘kind of a forecast I can make after coansidering these
facts: When will we have Cclor television? What will the receiver manufac—
turers probably do? /And how will the advent of color affect the business of
the distributor and dealer?

My time schedule will probebly be criticised by many in the industry,
particularly, thosc who are projecting Coleor into the distent future, But, I
am confident that Color television is here, technically equal to the Black and
White sets, when their gtandards were set.

First, I must make clear that any time table I may project depends, of
course, on one fundamental --- the official FCC approval of the NTSC Color
system and when this might come,

As a starting point, it now appears possible that the NISC can conclude
its technical work by September. We might then allow 45 to 60 days for the
complete organization of all data to be presented to the FCC,

If such a schedule is met we can assume that the NTSC would petition the
FCC for a Hearing in October or early November, This could mean that the
Hearing could be scheduled early in 1954 and the NTSC system could be approved
by March 1, 1954,

If this should happen, I think I can safely predict that some Color programs
would be available in key city markets shortly thiereafter and that Color pro-
érams, put on the networks, might actually be available in many local markets
certainly by the middle of 1954,

Also, by March 1, 1954, the color tube output could possibly attain a

monthly rate of 2,000 to 4,000 tubes, Assuming that this is accomplished, it
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may be anticipated that a model or two of Color receivers will be included in

the Fall line of many manufacturers, Available quantities will be limited,

but there should be enough receivers available to permit the public generally

to see Color television in comparison to Black and White in the Fall of 1954,

I mentioned previously that I was convinced that this would be a good

thing for the industry. This is an important point of my talk, so let me set

forth my reasoning and conclusions in orderly fashion:

1)

2)

3)

L)

5)

I believe that Color television will come as an evolution and
not a revolution,

Color will prove to be a supplementary service and will not
quickly, or, perhaps ever, completely replace the monochrome
service,

I am confident that the standard Black and White receiver will
continue to be the back-bone of television sales for at least
five years into the future,

But, there will be a very critical period in sales while the
public appraises the value of Color against Black and White ---
becomes educated to the true facts of the actual advantages of
Color television ~--- the programs that will be available--- just
how much Color adds to the programs and what they would have to

pay over and above the cost of a good Black and White receiver.

The quicker we can give the public the opportunity to make this
side by side comparison and appraisal, the shorter will be the
period of indecision and hesitancy to buy a Black and White
receiver,

If dealers in all areas are in a position to demonstrate Color
side by side with monochrome and actually show by direct com-

parison what each service offers, I am sure that a very high
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percentage of such prospects would reach the conclusion that a
Black and White receiver at its lower cost still represents
a good sound investment for the future, This would be parti-
cularly true if it is shown that such a receiver will, without
adjustment or additional cost, receive the Color signal in

Black and White —-~ complete compatibility,

Such a conclusion might be still more obvious by a price com-
parison, let us say, between well-performing 21% monochrome
receivers in the price bracket between $250 and $450, as
against 177 Color picture receivers, listing between $750 and

$900,

6) Therefore, actual demonstration of the relative value and price
of monochrome versus Color, would give the dealer a definitely

better chance to sell monochrome, than if he attempted to com-

bete with rumor, misunderstanding and public imagination, which

would tend to run toward the anticipation of perfection; a

general idea that the difference in price would soon be negli-

gible and that it might be smart to withhold purchase of a

monochrome set and wait for Color,

For this reason, I believe it would be to.the best interests of the
industry and its distribution to throw Color broadcasts quickly across the
nation and make sets available nationally and, as quickly as possible, estab-
lish the relation in performance and price of Color versus monochrome.

If this is done, the industry would shorten the time period for Color
television to establish its proper place as a supplementary service; available
first to a limited top market, due to price, afterbwhich would follow the nor-
mal industry evolutionary period of price reduction, which will eventually

bring Color down within the economic levels of the masses,
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What happens after this initial period and the rapidity with which Color
will be accepted by the public will depend on two major factors:

1) The matter of programs. After all, the “show is the thing'i,

People buy good entertainment. Color alone cannot make a good
program out of a poor one, This has beén proven in the motion
picture industry. It has been 31 years since full ¢olor movies
have been available, yet today monochrome movies are still the
back-bone of the business. Many black and white pictures con-
tinue to be the box office hits, while many “color"’films are

among the "flopsii,

Likewise, I beliseve that Black and White programs will prove to
be the bread and butteri of the television industry for many

years to come,

There is a serious matter of economics involved. The cost of
programming has already reached staggering proportions that
represent a real economic problem to television as an adver-
tising medium, Color will add to theée costs -- of this, there
can be little doubt. How many advertisers will consider that
Color will add enough ''sell®® to their programs to justify these

extra costs?

Color will add little to the entertainment value of most of the
highly popular shows on television today --- the situation
comedies; the prize fights and wrestling matches; the newscasts
and most of the popular plays. True, some programs, like the
variety shows, will be greatly enhanced, but will the public pay
a big premium in the price of the receiver for this advantage,
particularly, when he can get all such programs in excellent
Black and White on his present set?
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2) Another factor also is undeniable - that the cost of the complete
Color receiver will always Be higher than a standard monochrome
set, It will always require, not only a more expensive picture
tube, but also more receiving tubes and circuitry. I have heard
optimistic indications that this difference in price may be as
low as 25%, I am inclined to believe that it may be nearer 50%.
In any event, even 25% wiil prove an important economic factor
in the mass markets, which leads me to predict that good standard
Black and White receivers will represent a comparative value that
will attract the major portion of the market for many years to
come, perhaps, for all time,

These are the two main reasons that convince me that Color television
will not be revolutionary but, rather, go through an evolutionary process

until it finds its proper level as a supplementary service.
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I have previously mentioned that there are many, many technical problems
in terms of broadcast equipment that must be solved and interpreted into com-
plex studio equipment before Color can be programmed nationally and locally
to equal the facilities now available for monochrome,

These problems will be solved, but time will be wequired, perhaps years,
before local stations across the country can originate Color programs and
equal the service they are now providing in Black and White,
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Meantime, where does the industry - and you, in particular, stand in the
immediate future, Let me sum up the situation quickly, as I see it and make
these predictions:

l). I am convinced that Color television ﬁill be a factor in your

merchandising in the Fall of next year -- 1954,
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2) Limited Color programs will be on the air generally on a national

basis.

3) Color receivers will be available, perhaps only on a sample basis -
a relatively few to each dealer. The total of Color television
recelvers in 1954 will be a very small percentage (less than 1%)

of total television receiver production for the year.

4) The industry will be in the market with the best Black and White
receilvers they have ever built; offering superb performance,
ease of operation, and prices that will represent outstanding
values. I‘believe that properly presented and actively promoted,
Black and White receivers will be sold in quantities, sub~ -
stantially equal to past volume, But, to repeat a statement I
have already made, -the public must be properly educated and
informed of the relative merits between Color and Black and
White --- and made fully familiar with the advantages of com-
plete compatibility, which is made possible by the NTISC Color

system,

During 1955, the number of hours of Color programs will gradually in~
crease, At the same time, perhaps by the Fall of 1955, the price of Color
receivers will come down somewhat in price as the volume of production in-
creases, ‘We will then be entering the real period of evolution, with Color
gradually bettering its service and lowering its cost to the consumer., The
ratio of Color sales to Black and White will increase, but I predict that
standard sets will still outsell Color receivers four to one in 1955,

By that time, the industry will be oriented into a péttern where they
will be offering the public both types of receivers as a matter of course,
and the public will be making their individual chéice purely on the basis of
what each service offers to them at the price they have to pay., And, I am
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convinced that under such circumstances and realistic comparison, a high per-
centage of purchasers will continue to favor the standard Black and White re-
ceiver, Plain economics will dictate this choice for millions of families,
particularly when they know that such a receiver will bring them all the pro-
grams on the air in excellent Black and White,

That is the great asset that the NTSC sysfem contributes to future mer-
chandising --~ every Black and White set you have ever sold -- every such set
you sell this year, next year; or five years from now, will continue to give
its full measure of service for every dollar of cost, without added expense
or any degradation of performance. »

That, gentlemen, is my considered opinion of what will happen in our
future television merchandising. In my opinion, the fine standard, well-
performing Black and White receiver will never be obsolete, if the industry,
you distributors, and your dealers present the story fairly and permit the
public to make its choice, |

Some of you may think that I have sold Color television short in these
remarks., That was not my intention, I believe that Color television is one
of the greatest technical achievements of our age. It represents outstanding
progress and another important contribution of the Electronics industry to
better our American way of living.,

But, in our enthusiasm, letlus also remain realistic and objective in our
appraisal of the service which I strongly believe monochrome television will
continue to provide in the years ahead.

That, in fact, has been the main purpose of this talk. Thank you.



