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UHF AND COLOUR TELEVISION

by

Francis C. McLean, Director of Engineering,
British Broadcasting Corporation

A speech delivered at a Luncheon at the National
Association of Broedcasters Convention, Thicago
6th April 1964

Mr. Chairmen and Gentlemen,

It is a great honour to be invited to speak to you today,
especially as by so doing I am following in the footsteps of my
predecessor, Sir Harold Bishop, who spoke to you at this meeting
two years ago. At that time he gave you a very comprzhensive re-
view of the engineering side of the BBC. Today I do not propose
to cover anything like such a wide field, but to deal with only
two subjects but in greater detail. These subjects are UHF
television and colour. I would like to deal with them in the general
European context but particularly with regsrd to our operations in
the United Kingdom. In the U.K. they are inextricably mixed as
it has been decided that colour shall be carried only on the 625-
line standard which means that for very many years it will in our case
be only on UHF, as our 40O5-line transmissions completely f£ill the
VHF bands.

UHF television is not in general use in Europe but has been
in service use in Germany on an extensive scale for more than two
years. Initially, it was used to supplement the coversge of ex-
isting programmes carried on VHF but has fairly recently come into
service for an additional programme. In Italy, UHF has been used
for direct coverage of their service and also as & distribution
means for feeding relay stations which re-radiate on VHF. In other
countries in continental Europe, the transmissions so far on UHF
have been only of an experimental nature. In the Upited Kingdom
we have made experimental transmissions for some years and are about
to start in a few days' time the BBC second programme which will be
only on UHF, Initially it will carry black and white only but we
hope colour will not be long delayed. This new service on 625 lines
has already been on the air on an experimental basis carrying both
black-and-white and colour transmissions for some months past. The
existing services, both BBC and commercial, are on VBF and are carried
on the 4O5-line standard. It is intended that at some time in the future
and by some method still to be determined, these existing services will
be transferred to 625-line operation.
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We have followed with great interest over many years the fort-
unes of UHF in the United States and have followed the argument for
and against inter-mixture. Our position is however different, and
we cannot avoid inter-mixture and are going intc it in quite a big
way. Moreover we have no option but to make it work, and somehow or
other we have got to persuade the public to like UHF as well as they
like VHF, and to like it well enough to pay the extra cost. How
far we shall do this in the early years, I do not know. It is clear
however that it will be difficult, and we are doing everything pos-
sible in the planning stages to ensure that we shall achieve our
eim. The first stage in the programme of work was to carry out
propagation service trials. Initially, these were done on black
and white on a single channel in 1957/58. Then, because of the
vagaries of UHF transmission as established in these trials, we
repeated them in 1962/63, this time using two 125 kW transmitters
radiating in the London area from a common antenna system on two
channels spaced 80 Mc/s apart from a 650 £t tower on high ground
giving a height above the mean terrain of the order of 900 ft.
Gap-filling was used in the antennae. By this means we were
able to compare the variations in signal strength from one freguency
to another and to convince ourselves t hat it would be possible to
radiate up to four channels from a given site and achieve more or less
equal performance from all of the channels. Our plans cover that
we shall eventually be radiating four transmissions from each site.
From the work done, we think that in an area such as London the
signal strength variations between the two channels will, for about
92% locations in the area, be not greater than about 6 db, or not
greater than about 10 db for 99% of tke locations. These figures
we think are within the range of a normal receiver. We have ex-
perienced of course some very heavy shadow effects on UHF, but in
general it has turned out better than we feared in spite of the
fact that the London skyline includes a fair number of buildings
which, although not on the New York size, still in many areas give
conditions approaching those in that city. We think that some 99%
of the population within the / 73 db contour should receive a good
service. These transmissions were carried out on black and white
and on colour using all three of the proposed colour systems. In
all this we followed with keen interest the findings of the F.C.C.
on their transmissions in New York as they became available, and in
genersl we f£ind ourselves in agreement. A full report on all our
tests is due to be published shortly, although some of the inform-
ation obtained has already been submitted to the C.C.I.R. The results
of work done in Europe, in particular in the Moselle Valley in Germeny,
in mountainous areas in Stitzerland and in Italy, have not differed
to any great extent from the results we have obtained in our tests
in an area having only slight hills. The Moselle Valley results show
a difference of 10 db for 95% of the locations. The effects are
however accentuated in other respects and particularly in reception
of colour signals, as I will mention later.

A secondary purpose of the tests was to examine the design problems
involved in the transmitter, in the combining circuits, filters and antennae,
but the main emphasis was on the propagational aspects.
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The UHF plan for the wkole of the United Kingdom, which is al-
ready in hand, envisages that when completed we shall have 64 main
stations - that is, stations between 100 kW and 1000 kW e.r.p., using
towers of various heights up to 1250 feet - 250 relay stations having
e.r.ps from 2 to 10 kW and tower heights of the order of 250 feet, and
1,000 f£ill-in stations having e.r.ps of the order of 10 to 100 watts
with towers of the order of 50 feet. At each of these stations, trans-
mitters will be operating on four channels. The relay stations are
to serve the large area gaps within the contours of the main stations
and the £i111-in stations are to cover local blind spotls.

It is interesting to consider the capital cost of providing a
single-programme service as the coverage figures increase. The
first eighteen of the 64 main stations will give 62% coverage of the
52 million people in the United Kingdom at & cost per head of $1.15.
The relay stations corresponding to the eighteen main stations will
increase the coverage to 64% and the cost per head to $1.40. The
low-power f£ill-in stations will increase the total coverage by a
very small amount indeed and the cost per head will undoubtedly
be very high, but we are not yet sufficiently far abead to be able
to say what this will be. This heavy increase in cost to provide
a complete service is clear and the final small increase in cover-
age is uneconomical. Under our system however we have to do this.
We have a uniform license fee over the whole country and people
in all parts are entitled to demand, and do demand, a service. The
anticipated total cost of the transmitting stations for a single-
programme coverage of the United Kingdom, but with provision for ex-
tension to four programmes, is of the order of $85 M as compared
with the known cost of the VHF network giving 99.5% coverage of $17 M.
UHF is therefore for approximately equal coverage of the order of five
times more expensive than VHF. If a less than complete coverage
could be accepted, the UBF costs fall considersbly. The running
costs of UHF are higher but not proportionately so. The cost of
adding the second, third and fourth programmes to the above will
be much less, but I need hardly say that we would never have gone
to UHF had there been adequate space in VHF. The cost of operating
such a large number of transmitters and the virtual impossibility
of finding adequate manpower for attended operation is compelling
us to design these stations for unattended operation.

Part of the need to go to UHF is however imposed by our major
problem of somehow changing over from 405-line television to 625-
line television. One way of doing this would be to duplicate the
service in the UHF bands. To do this however, does mean that we
must be able to give a service in UHF which is as complete and as
satisfactory to all the viewers as the service that we give in VHF.
In fact of course, we have to make the UHF service so attractive
that the public will voluntarily choose UHF. The attractions we
have to offer are gless evident line structure, increased definition,
and low interference levels. We hope that we shall be able to
persuade the public to make this choice. Our test transmissions
in the london area are fairly promising, and the continuous fall in
the noise factor of receivers and improvements in the stability of
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receivers give us further hope. We feel however that we cannot be
sure of this until we have had some little time of direct operational
experience, so that this question of standards changeover is in
abeyance for the time being.

The transmitter side of the problem is of course only half of
the story. Appreciable improvements in UHF receivers have been
made and current designs have noise factors of the order of 11 -

16 db, while the tuner units have high stability, very good second
channel rejection and low oscillator radiation. In a very high
Proportion of the locations, and I would not at the moment like

to say how many, the UHF picture definitely looks better than the
VEF picture. Part of this is due to the change of line standard
but a larger part of the improvement is due to the low noise levels.

UHF receivers are also selling well. All designe of sets in
the U.K. are suitable for the inclusion of a UHF tuner, and some
25% of the deliveries of receiver are so fitted at an extra cost of
the order of 10%.

I would now like to turn to colour. We have taken an interest
in colour since the early 1950s, and our first experimental trans-
missions on colour on the NTSC system, adapted for 405-line oper-
ation, were made in 1955. Since then we have intensified our work,
and over the last two years have made a considerable effort both
in terms of men and money expended in this field. There has also
been a very appreciable amount of work done on colour both in
Western Europe and, although I cannot say the extent of it, in
Eastern Europe. Pressure to start a colour service exists in quite
a few countries in Europe, but I think it would be fair to say that,
Probably because we in the United Kingdom have the highest satur-
ation of black-and-white television receivers - we have TV sets
in 13 M of the 15M households in the U.K. - the pressure is greatest
with us. About a year-and-a-half ago, a coordinated programme of
work on investigations into the various colour proposals was put
in hend in Western Europe by the European Broadcasting Union, and
arrangements were made to keep Eastern European countries informed
of what we were doing and to receive from them any information which
they had available. This cooperation of the Western European countries
has been very profitable, anda most intensive survey of the various
Problems has been made. The work organised by a technical committee
which was divided into sub-committees dealt with general principles,
receivers, propagation, transmitters, distribution and origination.
The report on this work has been published by the E.B.U. and also
incorporated in the Proceedings of the C.C.I.R. meeting held in
London in February. Very considerable work botk in the form of
laboratory and field trials was carried out in France, Germany,
Ttaly, Switzerland, Holland the United Kingdom but as far as I
know very little elsewhere. I think it would be quite impossible
here to give anything like a comprehensive statement of the situation
but I will try to give some of the highlights as I see them.
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The natural starting point was the NISC system, and it was clear
that any other proposals must be judged by reference to that system,
and let me say what a wonderful achievement the formulation of the
NTSC system was. In spite of the fact that it was originated so
many years ago, that it was produced in a comparatively short time
and that it was of such a novel character at that time, it has stood
up remarkably well to the searching examinations which have been
carried out in Europe. While other proposals have advantages in
some respects, it is very much open to questlon as to whether their
advantages in specific directions are sufficient when counted against
their disadvantages.

In the opinion of a number of countries, amongst which is the
United Kingdom, NTSC is the most suitable system for adoption as a
European standard. The other two systems - SECAM and PAL - follow
of course the basic concept of the NISC system. Both send a full
definition luminance signal and use the bpasic principle of the NTSC
system, that it is unnecessary to send high definition in the chroms
signal. The PAL system is closest to NTSC in that its parameters
are the same, but the I signal is inverted in phase every alternate
line in the same field. The system uses a delay line and synchronised
switching in the receiver. The receiver then takes an average be-
tween the phase of the signal in the present line and the phase of
the signal in the preceding line. In this way phase errors of con-
siderable extent are corrected, and the loss of definition is minimal
but the complexity of the receiver and its cost are increased con-
siderably. The SECAM system also is basically similar to NTSC but,
instead of sending the I and Q signals simultaneously quadrature mod-
ulated on the same sub-carrier, it sends them in sequence and uses
a delay line to ensure that at the decodsr both the I and Q signals
are simultaneously obtainable to enable the three colours to be re-
solved from the luminance and chromas information. The SECAM gystem
uses frequency modulation of the colour sub-carrier, and by so doing
avoids the use of either the hue control or a saturation control on
the receiver. Whether this is an advantage or not is open to Judgment.
By avoiding the use of synchronous detection, the system is however
independent of errors due to phase distortion.

It is, I think, an umdoubted fact that, as far as the broad-
casting and programme distribution authorities are concermed, both
SECAM and PAL would represent a considersble casement as compared
with NTSC. They simplify appreciably the programme distribution
problem and particularly the problem of magnetic recording. When
looked at from the point of view of ‘the receiver, however, we find
that the NTSC receiver is definitely the cheapest, has the fewest
components and will give the best black-and-white compatible picture.
The NTSC system also has the advantage that it is most readily ap-
plicable to the single-gun tube whenver this arrives. In locations
where strong multi-path signals are evident, both SECAM and PAL
show advantages compared with NTSC, PAL being the better of the two.
On resistance to interference, NTSC is the better. The general
assessment could be that, except in very mountainous areas, NISC is
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somewhat the better signal, and the service area of an NTSC colour
signal is about the same as the black-asnd-white service area. On
the other systems, and particularly SECAM, the service areas is re-
duced. I should here, however, make it clear that the remarks I
have made refer to the SECAM system as its development stands today.
Whether the situation will change in the future I cannot say.

We believe that the brosdcaster must accept the greater care and
cost on his side, and that the interests of the viewer must predominate.

The balance we draw therefore is that, while all systems have
adventages in one way or another, the overall advantage, particularly
to the viewers, lies with the NTISC system. The principal reasons
leading to this view are:

(a) +the NTSC signal gives colour pictures that are marginally better
under conditions of no distortion or moderate distortion than the
other systems, and pictures which are acceptable under conditions
of appreciable distortion;

(b) the black-asnd-white compatible picture from the NISC system 1is
better than that from either of the other two systems and is
not appreciably worse than that obtained from monochrome trans-
wmissions. This we regard as particularly important because, for
a considerable period of time, it is probable that the great
majority of our thirteen million viewing households in the
United Kingdom will be equipped for monochrome only;

(¢) +the major problems associated with the NTSC system are in video
tape recording and long distance point-to-point transmission,
but the burden of these difficulties falls upon the broadcasting
and transmission authorities, and not the viewing public. Fur-
thermore if necessary until such time as the techniques are
perfected, the signals can be recorded and transmitted from
point-to-point on a different signal, the final broadcast signal
being of NTSC form;

(@) the receiver required for the NTSC system is the least expens-
ive and the most rugged;

(e) the NTSC system seems to have the greatest potential for further
development in the receiver and, in particular, could be applied
most easily to a single-gun tube when such a tube becomes avail-
able;

(£) +the fact that the NTSC system is esteblished in certein parts of
the world means that a considerasble amount of experience of this
system is already available to countries wishing to start a colour
service;

(g) the choice of the NISC system would bring us nearest to the achieve-
ment of a uniform standard of colour television throughout the
world.
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At the london meeting of the C.C.I.R., the Netherlands, Austria,
Denmark and the United Kingdom came out definitely in favour of the
adoption of the NTSC system in Europe. Sweden said it would accept
NTSC or PAL, while Norway said it would prefer the PAL system. The
remaining thirteen countries said they were unable to reach a con-
clusion on the basis of evidence available and that they would need
to do more work. Some countries said that they would be able to reach
a decision by the date of the next C.C.I.R. meeting due to be held
in Vienna in April/May 1965, but other countries said only that they
would be prepared to discuss the matter further at that meeting.

In the U.K. we are however very anxious that the Vienna meeting
shall reach a decision and will do everything possible to urge

this decision and in due course to start a colour service - we

hope on NTSC. However if we do not reach agreement on NISC, we
should hope to reach agreement with Eirope on another system. We
would like to have the best agreement possible on a worldwide basis
but the majority of our programme exchange is of course with the
50-field areas and only within these areas can we exchange with-
out a system of standards conversion. Agreement with these areas
is therefore of the greatest importance to us.

In the meantime we are carrying out the detailed equipment
planning involved in starting a colour service in all respects
which are not determined by the system used. We are actively con-
sidering the camera problem. Should we go shead on RGB cameras
or should we go to the constant luminance or separate luminance
type of equipment? We are of course aware of the investigations
and proposals made here, and we await with more than usual interest
an indication of the action you will take.

The EBU will continue to consider all these problems, and
further investigations will continue to be coordinated. We under-
stand that at their meeting in the summer the I.B.T.0O. - the Eastern
European Broadcasting Union - are also considering these problems,
and perhaps after this we shall get some indication of their view-
point. With all this work in hand, we hope we are justified in feel-
ing hopeful that the Vienna meeting in the spring of 1965 will reach
a decision.

I referred to the international exchange of programmes. This
must surely come in colour as it has in black and white. The satellite
transmissions first by Telster and later by Relay have been the out-
standing events of the last two years. The picture gquality has been
quite extraordinary, and the feeling of downright perticipation given
by instantaneous traensmissions across the Atlantic has been most mov-
ing. This was of course particularly so in the transmissions follow-
ing on the death of President Kennedy. To watch the funeral at the
time it was taking place was indeed a most moving experience. Perhaps
the time will come when we shall have direct exchange of progremmes
and perhaps even the time when 50 and 60 field transmissions will be
radiated in both continents.

Thank you very much for inviting me tc speak to you today and

for inviting me to take part in your discussions at this most in-
teresting Convention.

TChick (e
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"Where do we go from here, boys? Where do we go from here?"

It won't take long for my contemporaries in this audience to remember
vwhere that question comes from. The doughboys sang and marched to it
back in 1916-1918, and it's still a good question. It's a specially
good question for people like you and me to think about -- people whose
Jobs depend on how various sectors of the public exercise their free
choice of what they will do with their money and their time.

It's a good question because in our times we're seeing such extraordi-
nary technological progress, and so many new freedoms of choice linked
with that progress. Going back to 1918 for example, the soldiers came
home to another hit tune, asking a different question: "How are you
going to keep them down on the farm, after they've seen Paree?"

Well, we know the answer to that one. They didn't stay down on the
farm; and the farm changed almost beyond recognition. In fact, the
whole matter of farming and feeding people has taken on totally new
dimensions. Let me stress this point: Most of them were totally
unexpected dimensions.

It's this matter of unexpected dimensions that I'd like to explore with
you today. Every field of activity has them; and, if you don't mind a
small commercial, we've had a good bit of experience at General Electric
with both the new and the unexpected. This is the result, naturally, of
doing a good deal of work at the frontiers of engineering and research.
This is why we've been closely associated with the field of your inter-
ests and commitments from the days of the Alexanderson Alternator down
through sound recording on film, television, high fidelity phonograph
Pick-ups and FM Multiplex -- to mention a few milestones.

First, I'd like to unfold a rather famous example of what I mean by
"unexpected dimensions." The electric power industry as we know it
today began with one man and one idea. Thomas Edison was the man, and
the idea was -- illuminastion. To be sure, Edison faced many unfamiliar
ramifications in building a system based on distribution from central
generating stations -~ cables, wires, sockets, meters, switches to cite
a few. He also had hold of a very widespread customer demand for the
service he was going to offer. Both these dimensions were roomy -- a
great deal of expansion could teke place within them. Nevertheless,
those were the dimensions: Central stations and electric light.



5 B e

Actually the new industry was around for quite some time before these
dimensions changed. Many famous operating companies which date back to
the early days still carry in their corporate titles the words "illumi-
nating" or "lighting." The lighting industry did indeed grow and prosper
and extend its service to customers. But think, if you will for just a
moment, of the unexpected dimensions that were lurking in the woods all
the time.

In business and industry see what has been happening ever since the power
and flexibility of electric motors have become available to turn the
vheels. See the results of the speed and accuracy with which electric
devices can sense and control. Look at what electriclity can do in proc-
esses -- as a heat source or in electro-chemical reactions. Here, for
example, remember that the basic process -- and therefore the whole in-
dustry -- by which we now enjoy plentiful, low-cost aluminum is actually
a dimension of the electric power industry, and one which the pioneers
certainly didn't expect.

Obviously, too, we might remind ourselves of the new dimensions in living
-- and in our economy -- which began to open up when electric power offered
new comfort and convenience for the household. A good many of you younger
people here today mey not remember, for example, that a great many 1920
kitchens had just two appliances: A sink, and a range to cook on. A good
number of sinks boasted running water, but there were still a lot of hand
pumps around, too. Many ranges burned cosl or oil. Some kitchens had
"ice-boxes," but very few -- even in wealthy homes in big cities -- had

any form of mechanical refrigeration. Electric percolatcrs and toasters
were available, but were still luxuries to own and operate.

The home laundry was even more backward. Washing machines were around;
but they were a long, long way from sutomatic. A lot of them were still
hand-powered. In the great majority of households the mainstays of wash-
day were the washtubs, a clothes boiler, a washboard and a hand wringer.
An sutomatic supply of hot water was a relative rarity. Some people had
electric irons, which were considered marvelously convenient -- even
though they had no automatic controls and would get red hot if you forgot
to watch them.

Finally, in the early twenties, books and pericdicals were about the only
way information and entertainment came into the home. For education or
entertainment beyond your own library and taste in reading, you had to go
outside your home ~- often many miles. The ultimate in on-the-spot news
was the newspaper "extra."

Well, we needn't re-examine all the changes that have taken place in the
home or in activities that serve the home -- including, very prominently,
your own activities. Instead I'd like from this pcint on to concentrate
on your industry. I'd like to speculate with you on some possible new
dimensions ahead. It seems appropriate because, as we noted at the start,
we're living in the middle of a great technological ferment. History
would strongly suggest changes are very likely and very possibly imminent.
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Here are four samples of what I'd call at least mildly fantastic techno-
logical advances. They're drawn partly from what's happening on the
general engineering scene and partly from what we've done in General
Electric. They've also been picked with two other points in mind:

0] Each is real -- that is to say, it has moved off the drawing
board or out of the sketch-book and is operational somewhere.

0 Each is more lmportant as s general technique than as an individ-
ual device -- that is, each could eventually open up possibilities
for many specific kinds of equipment or operation bearing on your
interests and commitments.

To start as a spectacularly far out point, radio astronomy will show
basic radio technique has been refined since the days of the cat-whisker.
We hear of 1t mostly when the world's great radio telescopes join in the
tracking of satellites -~ either during manned flights, or for intercon-
tinental television relays.

The United States has a fixed radio telescope 1000 feet in diameter in
Puerto Rico. There is a "steerable" scope 140 feet in diameter at Green
Bank, West Virginia; one 210 feet in diameter in Australia; and the
largest steerable scope is the 250 footer at Jodrell Bank, Englend.
Their basic purpose is not tracking satellites but probing spece.

The impressive technical aspect is that radio signals are being received
-~ at Jodrell Bank for example -- from 5 billion light years away. In
other words, radio signals are linking points which are

5 billion x 365 x 24 x 3600 x 186,000 miles apart -- approximately.

Or, in another form:
5 billion x 5.9 trillion miles -- approximately.

I said "approximately" just now for a reason very much to the point of the
sort of technical advances we're thinking about. Radar equipment designed
and built by General Electric has been in use for quite some time now
tracking missiles on the TITAN program. The over-all accuracy of all the
equipment involved allows us to know at any instant of time the range
(that is, the straight-line distance) from a given point to, say a satel-
lite, for example, within 5 inches.

The “"approximstely" comes in this way: The present S5-inch accuracy is
not limited by the system itself. What does limit is the accuracy of our
knowledge of certain physical constants, such as the velocity of light in
free space. 186,000 miles a second just isn't a good enough answer any
more. Again, please note, this equipment represents essentially a further
refinement of the electronic techniques used in broadcasting.
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Moving now from radio into a different basic technology, another prominent
item in the news is the laser. Lasers have already performed a good many
eye-opening stunts, such as drilling diamonds with a light beam. The
interesting point, though, for this meeting is that in theory a single
laser system easily has the ability to replace all the present communica-
tions systems between the East and West Coasts of the United States.

How to put this particular theory into practice, no one knows yet. Actual-
ly, it's hard to see how laser devices might displace present systems, but
these developments do illustrate and point up the possibility that the

type of radio waves now used may not be the basis of systems of the future.

Now for the last sample. General Electric has built for the Signal Corps
very fast large-storage memory equipment. To illustrate, this equipment
is capable of recording every item of available Signal Corps equipment,
plus the information how to procure the item. To find any single item in
the catalog takes just one-thousandth of a second.

At the heart of the system is a new recording principle which was first
announced by the General Electric Research Laboratory a number of years
ago. Thermoplastic Recording, or TPR for short, records on plastic film
or tape using an electron beam. A later relative of TPR records by means
of a light heam and is known as PPR -- short for Photoplastic Recording.
Both systems record pictures, words, or binary data. Both can record
equally well in black and white or color. Both systems offer theoretical
storage density of information which was simply unimaginsble before. In
one square inch of recording surface, there is the possibility of storing,
for example, 100 books of 30,000 words each. Here again, theory isn't yet
ready to go into practice, but some seeds of change from present disc or
tape recordings are surely at hand.

No one knows what such general technologles as these samples may come to
mean specifically. The specifics lie ahead in the unsuspected dimensions.
I could, though, share with you some results cf a scouting expedition into
not-yet-but-maybe-land.

At the Seattle Viorld's Feair of 1962 the General Electric exhibit included
-- by a remarkable coincidence -- an all-electric home for modern living.
In it we showed not only available products, but also in a dramatized
presentation we suggested other products and services which might be
possible.

One of the main items was a hypothetical information processing center in
the home. This home computer and library equipment was to be useful in
ways like these:

- Subscription magazine and news service

- Subscription service for special shows and TV coverage of unusual
world events

- Recording of broadcest shows for audlo or video playback later

- Income tax and checking account banking service
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Tmmediate playback of home movies or still pictures taken by an
electronic camera on thermoplastic recording tape.

The people who put the show together had a lot of fun doing it; so did

the audiences who saw it. We provided a number of individual recording
booths at which people could speak their minds about the show. The
response was very strong -- in terms of the number of people who commented,
and their desire to have those hypothetical new products and services.

As you know, every one of those hypothetical products or services I
described is already feasible -- by one technical means or another. All
that has to heppen is for the possibility of providing something like them
to become so attractive that someone decides to take a business gamble on
it. Then, no matter how far out it was yesterday, it's here now.

In point of fact, that's very nearly what happened right vhile I was
thinking out these remarks to meke today. According to a report in TIME
a big new apartment complex in the Southwest has wired each apartment for
closed circuit TV. Housewives cen find on one channel news items, class-
ified ads, and "unclassified gossip." On another channel they can inspect
and order groceries; watch the weighing and checkout; then sit back with
only a short wait until the order is delivered.

It seems to me that developments along technical and service lines like
these are truly a portent for broadcasting as we've known it up to now.

I mede my first crystal set in 1919; and in the same year my friend up
the street got a deForest tube. It was the kind with two filaments, so
if you burned one out you could still use the other. The first broadcast
T remember was from the Del Monte Hotel - now gone. And what was that
broadcast? 5 watts of news and records.

This is no sudience for which I heave to describe the heights which radio
reached. What it brought to people in terms of unique entertainment,
eye-witness coverage of great events, and useful information is a matter
of historic record. But so is another fact: Today redio is -- largely
news and recordings.

Of course we cen simply say radio was affected when TV ceme along, and
color TV followed. But maybe we shouldn't stop there. As I see broad-
casting, it is rooted in two very basic fields -- entertainment and selling.
Only in a socialistic society do people try to get along without selling

-- and in no society do we find people who don't want news and entertain-
ment. But these two things are very different; and it may very well be
because of this very difference that change will come -- if technology is
in fact to have a profound effect on your industxry.

Let's go back to that information processing center in the home that is
now just a gleam in our eyes. Vhat might it do, for example? If -- and
it's perhaps a big "if" -- the home is to become a real information storage
and processing center: If -- again a big "{¢" -~ tremendous information
storasge snd recall capacity becomes inexpensive
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0 Will this capacity be used to store commercials?

0 Mightn't news and entertainment be piped in by some other
means than broadcasting?

If those questions look like a gloomy prospect, then how about this
bright one: Wouldn't there be a bonanza for whoever provided such
service -- even though selling and entertainment were no longer com-
bined? What would it feel like, as members of the audience, to be
cut off from the impact of selling and advertising? Would we miss it
g0 much we'd be willing to pay for information about what is for sale
and vhere to go for good values?

Finally, do you suppose some day some successor of mine in General
Electric might speak to your successors about unexpected dimensions
in your industry the way I spoke today about those in the power indus-
try? Who knows; he might even point out to them that some of their
older operations still keep the words "radio" and "broadcasting" in
their titles!

I just don't know; but of this I am reasonably sure. Technology will
help and not harm you if you keep your eye on fundamentals. As a
reminder, I'll leave with you this illustration which an associate of
mine used some years ago to a group in our Company. "If," he said,
"You insist on thinking youlre in the buggy-whip business, you're in a
shrinking field, for sure, but try thinking you're in the accelerator
business --« and it's still go - go - go!"

XX
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It is indeed a great honor for me to appear on the same program with
Mr. John DeWitt. Astronomy has always benefited by the interest of (if
Mr. DeWitt will pardon the word) the gifted amateur. By that, I do not
mean a man who dabbles, but a man whose main interest in life is not
astronomy but whose side interest is astronomy; and Mr. DeWitt is at
present one of a long line of such men to whom astronomy, both optical
and radio, owes a very great deal.

I want to tell you something about radioastronomy because I understand
that although you are members of the broadcasting industry, many of you
don't know what it is. This is indeed astonishing, as it always is

when one finds that one's fellow human beings do not know sbout something
which is very familiar to oneself.

Grogrieber, in the town of Wheaton, Illinois, and Yansky in New Jersey,
discovered in the United States about 30 or 35 years ago, with the crude
radio-telescopes of their time, that certain of the astronomical objects
emitted radio waves; and since then we have of course found, with better
instruments, that most of the objects we are familiar with in the sky--
at least we would be familiar with them if we ever raised our eyes to the
heavens, which I don't suppose many of you do, if I can judge from the
questions that often come in from the public to the Observatory: "What
is that big light in the sky?" You tell them it is the planet Venus, and
they say, "Ch", as if it was really something very astonishing and unusual.

The sun, for example, sends out not only light and heat by which we live,
but it sends out radio waves, too. So do scme of the planets--Jupiter
and Venus. The moon even sends out radio waves, at least from the side
which is heated by the sunlight, and &ll the stars presumably send out
radio waves in various degrees of strength. The entire system of stars,
which is known as a galaxy--perhaps 2 billion stars like our Milky Way
system--each individual object in it sending out its contribution--the
entire galaxy in some cases can be a source of strong radio emission.
Even the gas that is found in great clouds here and there between the
stars of a galaxy does send out radio waves also.

These objects send out, so to spesk, continuous emitters of radiation.
Most of you, I imagine, attempt to make your radio stations send out one
frequency, or at any rate a frequency in a very narrow band. Nature is
more lavish. The sun, for example, and most of these natural sources of
radiation, send out at the same time, simultaneously and all the time,
radio waves in all frequencies, and the ones that have been mostly studied
run from what I believe you call super-high frequency band down to or up
to (whichever way you are looking at it) the high-frequency band.
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That is to sgy, observations have been made with wavelengths of 1 to 2
centimeters to many meters in length.

It is a bit galling to humanity to realize that something we have only
been able to do perhaps for 30 or 40 years, namely, to put up a trans-
mitting station which sends out radio waves--to realize that this trick
of which we are so proud is something that nature has been doing for
billions of years without turning a hair.

These natural objects emit radio waves in just the same way--not by the
same mechanism--but they do emit radio waves, just as the sun and the
stars, and so on, emit light. That is to sgy, if you like, radio waves
of extremely high frequency.

These astronomical objects, then, have been studied for a long time from
the point of view of the light that they emit, and for a comparatively
short time--in fact, really not more than since 19h5, barely 20 years--
systematically from the point of view of the radio waves that they emit.

As you perhaps know, the astronomer of course studies these objects. He
cannot go to them, of course, so he has to study them by means of these
electromegnetic waves, light or radio waves which they emit and which
eventually reach his telescopes, either the ordinary optical kind in the
case of light or the radio-telescope in the case of the radio wave. From
this radiation that reaches him he can draw an enormous number of
conclusions.

Astronomy, you realize, is rather like archeology--that is to say, you
have very little information coming to you, but you have got to draw an
awful lot of conclusions from very little. That is why so many astron-
omers are also avid readers of detective novels, because there again you
have to trace from very small clues to find out a great deal.

I am afraid in some cases colleagues of mine, who have very vivid imagina-
tions, supplement the information that they receive by drawing freely upon
their imagination. It is an occupational hazard in astronomy to keep
your head and to see what the evidence really is, and to separate that
from vhat you imagine might be the case.

From the information that comes to us by these light waves, and nowadays
radio waves as well, we can find out a great deal asbout remote objects--
the materials that are to be found in them, for instance--distances, sizes,
vhether the object in question is coming toward you or receding from you.

Those of you who were engaged with radar in the war recognize the famous
Doppler effect which is now a feature of trying to find out whether a mis-
sile that has been detected on the radar screen is coming toward you, in
vhich case you had better duck, or is going away from you, in which case
you can hope that some other character will receive it on his head. The
same technique essentially is applied in the astronomicel problem.
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Of course, we can find out a great deal about the physical properties of
stars and galaxies and whatnot from this informstion, from these radio
waves of all wavelengths and all frequencies which are coming to us from
each of these objects; but whether we can ever use them to find out whether
any of them is being emitted by intelligent beings--perhaps I ought to say
beings like ourselves, because it 1s a moot question as to whether or not
we are intelligent, I suppose; but let us not be too rash--so we will say
by beings like ourselves, able to produce artificially these radio waves.
T think the chance of such a spotty emission would be very slight indeed.
However, what we can find out by the physical properties of these objects
is extremely interesting at least for astronomers and, I hope, to the
general public as well.

Let me now just say vhat a radio-telescope is. It consists essentially of
three parts. First of all, a reflector which collects the radio waves that
are coming in from these remote objects to the earth. It collects them and
focuses them upon one or more antennas. For example, in the case of the
radio-telescope at the University of Illinois, our mirror, our reflector,
vhich gathers all the waves together and concentrates them on the antennas,
has an area of about 5 inches.

It soon became evident, when radio-telescopes were being built, that the
way to reckon the cost of a radio-telescope was "Megabuck per acre",
"megebuck" being slang for $1 million, so you could calculate the cost in
megabucks per acre.

Our telescope is a very cheap one because, although it has a mirror of 5
acres, it only cost altogether about $750,000. Those of you who are good
at aritbmetic might divide $750,000 by 5 and then by $1 million and tell us
at the end of my discourse what the answer is, but you can see that it is
certainly less than one megabuck per acre.

The second part of the telescope is the antenna--that is to say, the thing
that picks up the radlation that has been collected and reflected onto it,
and in it--well, you know more about these things than I do. I believe
what haeppens 1ls that very slight electrical currents form in the antenna,
and then by means of transmission lines and other devices these currents
are brought to the third part of the telescope, which is a radio receiver.

It is a radio receiver of extreme sensitivity, of course. All this
apparatus usually has to be made at the extreme 1imit of the state of the
art. For example, the radiometer we have on our radio-telescope is the
best that is to be found, by far and away the best that 1s to be found in
the whole State of Illinois. Therefore, if we have interference from some
unknown source we are unable to get another radio receiver even to detect
the interference, let alone tell us vhat it is.

Why is this? Why do you need these jmmense reflectors, this supergegetry,
these antennas which have to be developed especially in a laboratory, as
ours had to be, by two or three years of very hard work, plus a radio
receiver of such extreme excellence? The reason is that the objects one
wents to study are possibly so remote that although some of them are very
powerful emitters of radio waves, by the time this radiation reaches us
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the signal is extremely weak; in fact, it is so weak that we used to have
great difficulty in persuading you engineers who are concerned with the
broadcasting industry that we were not simply talking science fiction.
Many of you would not believe that signals of this degree of weskness
could be recorded and, even if they could be recorded, that any informa-
tion worthwhile could be got out of them.

Let me give you an example. This radio-telescope we have down near the
city of Danville operates at 610.5 megacycles and has a bandwidth of Just
under 5 megacycles. The objects we are trying to detect with this instru-
ment are so remote that the signals that come from them mean that by the
time they reach us they are so weak that their strength (if you can call
1t strength, and I would prefer the word "weskness") is such that it
amounts to 0.004 microvolt per meter. This is the kind of strength we

are trying to detect and record.

Looking up the reference data for radio engineers, I believe in ordinary
broadcasting you regard a tolerable level of interference as 100 micro-
volts per meter--that is to say, instead of 0.00k, which is what we are
vorrying sbout, you are interested in around 100 microvolts per meter.

To us, even 1 microvolt per meter is 250 times too strong. That is to say
such a radiation produced by the ignition system of the farmer's tractor
in the neighboring field, or by a distant television station of 1 micro-
volt per meter, would be sufficient to blot out, to jam out, the signals
we are trying to study.

This brings me to a touchy subject. I may say that this excellent lunch
which I have eaten, I have eaten with great trepidation. I carefully
watched the men on each side of me, and every time they took a mouthful
of something I thought, "This is safe; I can eat it, too", because I
thought to myself that I amreally in the lion's den, and after all, I am
the man who kept on for three years egging the FCC, egging on my astronom-
ical colleagues and everybody else who would listen to me, urging that
some protection for radioastronomy should be made in the United States.
And in particular, of course, by a curious accident I was more interested
in the band in which our radio-telescope was going to operate than I was
in other bands. It happened that this band coincides with television
Channel 37, 608-614 megacycles.

I have remarked that the emission of these objects we want to study is
continuous throughout the radio spectrum. What the radioastronomers
would like would be to have small bands here and there, about once every
octave, which would be clear of all man-made radio transmission--silence
bands, because we are only receivers of naturally-emitted radiation. We
do not put out any radio waves, of course, with our radio-telescopes.

One of these bands happened to be somewhere in the 600-700 megacycle
region, and it seemed that Channel 37, which was not being used by any-
body, was the best one to pick from the point of view of creating the
least amount of disturbance to people who are already using UHF televisions
channels.
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As a result of much activity and much lobbying in Washington--that,
incidentally, is an occupation I would not like to adopt permanently--
oh, dear! But I respect those men who make their living out of it, after
one week's personal experience. It is very, very hard work, ladies and
gentlemen,

As a result of very much lobbying, and of course eventually the help of
most physical scientists in the United States, the FCC agreed that for ten
years there should be a moratorium on the use of Channel 37 by you people
in your broadcasting. As radioastronomers, we are extremely grateful to
you that you did not put up more opposition than you did to this proposal.
I think probably vou felt that one channel out of seventy was probably no
very great loss (I think there are about seventy UHF channels, aren't
there? perhaps seventy-two), and that for the benefit of science ten years
out of the history of television was no great loss.

I would like to say something about what we as radioastronomers give the
industry in return. Since our object is to study these signals which are
so extremely weak, so difficult to detect, we are continually urging on the
research groups in the industry and elsewhere to improve their instrumenta-
tion. For example, we owe a great deal at the University of Illinois to
the Zenith Corporation, and Dr. Robert Adler, for his parametric amplifier.
The generosity of his company has given us this device which is a very
important feature of the instrument.

We are continually, therefore, using and testing out this particular kind
of parametric amplifier, and other radioastronomers in other parts of the
country are seeking to develop more and better instrumentation from the
point of view of more sensitive receivers, masers, parametric amplifiers
and what-have-you, each one of which will eventually, I am sure, be of
value to you in television and for other communication purposes.

So, it 1s a two-way operation. If you allow radiocastronomy to continue,
then radioastronomy, by the fact that it forces electronic engineers and
antenna engineers to develop better and better gadgetry, will profit you
in the long run just as much as it profits us.

Let me finish by telling you a little about one of the things (by no means
the only one) that radioastronomy has done, because it is very much in the
papers at the present moment. It is a development which has come about in
the last year or so. It is these peculiar and very remote objects--in
fact, the remotest objects--in the universe that have been detected,
called radiogalaxies with stellar-like images.

When the radioastronomers identified these objects, the optical astronomers,
particularly with the 200-inch telescope, took pictures of these radio
sources, and they said, "But these objects look exactly like stars, small
bodies like the sun, in our pictures.” But clearly these things could not
be individual stars because at the great distances they are they would

then not be visible at all, and they must be the equivalent of at least

100 million and perhaps 1,000 million objects like our sun. And yet, they
are in some way jammed so closely together that they look like a single
object to an optical astronomer.
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They are extremely powerful emitters of radio waves and also of light.

It is a clear blue light which indicates that they are in a great state
of commotion. Some of them flicker, which is even more incredible. If
an astronomer had been told this five years ago, that a body or a collec-
tion of bodies equal to 100 million suns could flicker together in unison,
he would have said, "Science fiction! Nonsense. Go away...you've had too
many beers.'" But here we see it happening, so to spesk, under our eyes.

What these objects are--that is, what the physical conditions in such things
are--is still an unsolved problem. It shows that for the first time in
forty or fifty years, ever since the 1920s, the interplay of radioastronomy
and optical astronomy has revealed something in the universe, the like of
which we have never seen before, and to which at the present moment we have
really no clue in the sense that we have no theory which will tell us how a
mass of material, such a large amount of material, could be jammed together
into so small a space and behave in this fashion--that is to say, throw out
light and radio waves in this extraordinarily intense fashion.

Furthermore, these objects have, I think, confirmed a hunch which many
people, including myself, had when we urged that radio-telescopes of large
size should be built. These have confirmed our hunch that radio-telescopes
enable you to look farther away to the remotest parts of the universe, not
because the optical telescopes cannot see there (because in fact they can),
but because the radio-telescopes enable you to identify those objects among
the multitudes that you can see with an optical telescope which are indeed
very, very far away.

I think during the next ten years we shall probably have quite a revolution
in our theories about how matter can behave in the universe, though at the
moment we are still in the stage of being completely baffled by what is
going on.

I would like to conclude with what I began with, namely, a reference to John
DeWitt. It is perhaps not generally known to you that Mr. DeVitt is one of
the few men who have bespattered the inside of the Kremlin in Moscow with
his own blood, and yet escaped to tell the tale. Some years ago, he and I
and about 1,000 other astronomers were meeting in Moscow and were given a
party in the Kremlin, in great St. George's Hall, which is extremely beauti-
ful and is entirely white. It is white marble...I don't think it's paint.
Anyway, the impression you have when you see it is that everything is white.

John, as you may or may not know, is an ardent amateur photographer, so at
the height of the party he decided to scramble up onto some eminence from
which he could take a photograph of the proceedings. He got up there, but
he came down rather more rapidly than he had anticipated, and split the
skin of his skull on some part of the Kremlin. You know, when you make a
small cut in your skin an immense, an incredible amount of blood comes out.
It is not that you are really injured, but it is just like the law of
nature--like Murphy's Law. Well, this is what heppened. We were very much
interested to see that the Kremlin possesses a first-class medical service
who came into action at once and John's head was sewn up. He was all right
the next dsy, I think, except for the loss of a bit of hair. We won't go
into the rest of the details. Above all, I request that John should not
proceed to spoil a good story by sticking too closely to the truth.

XX
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Ladies, Gentlemen, Honored Guests and Friends, it is Indeed a genuine
Pleasure for me to be standing before you today to honor a man who is
so well known, respected, and loved in our industry. A man who has
dedicated an entire lifetime to the betterment of broadcasting and has
contributed so heavily to the electronic storehouse of knowledge in our
common field of endeavor.

Broadcasting has been the all-consuming career of John Hibbett Dewitt,
a native of Nashville, born the son of Judge DeWitt of the Tennessee
Court of Appeals.

Jack became a wireless operator while still in short pants and at the
age of 16 built Nashville's first radio station at the Ward-Belmont
School. Three years later and at the tender age of 19, he was
instrumental in the installation of the original equipment for station
WSM, and a list of Jack's technical accomplishments is indeed s
bewlldering asrray for such a young fellow.

From 1929 to 1932, he was employed by the Bell Telephone Laboratories
where he developed the first crystal-controlled oscillator and the appli-
cation of synchronized motors to broadcasting - a principle widely used
in FM. At the conclusion of this assignment, he rejoined WSM as chief
engineer, and perfected such things as vertical radiators, feedback
systems, methods of determining station coverage, and directional antenna
performance.

During World War II, he returned to the Bell Laboratories for fulltime
work in developing radar equipment for the military. A Lieutenant-
Colonel in the Army Reserve, he is an expert consultant to the Signal
Corps on both ground and airborne radar and holds the Army's Legion of
Merit. He was indeed the first man to successfully bounce a radar
signal off the moon.

At the conclusion of World War II, he returned to WSM where, in 1947,
he was named President - a position he still holds.

A long-time consultant on engineering matters to some 50 broadcast
stations and the Clear Channel Broadcast Service, he is also a former
advisor to the Volce of America, a past chairman of the NAB Engineer-
ing Advisory Committee and a member of the NAB Board of Directors.
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Maybe it's a little hard to believe that a man who works so hard in
broadcasting has another interest - astronomy. From his early interest
in 1932, Mr. DeWitt is presently a research associate on the staff of
Vanderbilt University where he works with the Department of Astronomy

on the application of TV techniques to astronomy. He holds numerous
patents and has published many articles and books on the subject of
broadcasting and astronomy. He is a member of countless organizations,
among which are the American Astronomical Society, the American Physical
Society, and he is a Pellow in the Institute of Electrical and Electronic
Engineers.

In recognition of his continuing efforts to foster the advance of broad-
cast engineering over the past three decades...for his outstanding
leadership in directing a great station in a manner consistent with the
highest ideals of his profession...for his many contributions to our
nation's knowledge in the fields of Radar and Radio Astronomy...for his
generous assistance to those who have sought his guidance and council
in their search for knowledge and understanding...and for his pioneering
spirit which has so richly contributed to the forward progress of broad-
cast engineering...it gives me great pleasure on behalf of the National
Association of Broadcasters and the entire industry to present to

Mr. John H. DeWitt, Jr., the NAB Engineering Achievement Award for 1964,

XX

MR. JOHN H. DeWITT, JR.:

I am deeply touched and honored by this occasion and the fact that I
have been selected to receive this NAB Award. For it and your confi-
dence, I shall be forever grateful.

I am not unmindful that the spotlight is not necessarily a one-way
device. To paraphrase a favorite expression of my country music store
friend, Roy Acuff, "The higher you climb, the more your posterior shines."

Satchel Paige said, "Don't look back; somebody may be gaining on you,"
and I might add they usually are.

Having been in broadcasting since 1922, you would think that I might
have some words of wisdom to pass on to this assemblage. At the moment,
I can't think of anything that sounds sufficiently pontifical, and
engineers don't like this anyway. I have learned a few hometruths,

such as don't turn the knobs to get that last 1 per cent when the pro-
gram is going along well enough, for you may experience a demonstration
of what the physicist calls Murphy's Law. Murphy's Law states that the
worst thing that can happen will happen.

I have also learned that the surest way to have your management or
board of directors appreciate a magnificent engineering achievement is
to have a good profit and loss sheet at the end of the month.
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On the more serious side, it is most rewarding to see more and more
technical directors and engineers turning to a part of the management
team in radio and television stations. In the old days, the engineer
was a voodcoman to most owners and managers. Their languages were so
different, their outlooks so far apart, that there was little under-
standing between them.

Today the successful engineer is the one who is able to translate
his engineering talents and language so as to be not only a manager
of some very expensive equipment, and in many cases the leader of a
large number of highly skilled and specialized people, but also a
member of the advisory group in mansgement.

As for equipment, the emphasis is no longer on making something work by
the skin of its teeth, but in the selection of equipment and planning
layouts for reliability. We can't afford breakdowns when spots sell in
the thousands in large cities and in the hundreds in small ones.
Fortunately, the solid-state art which has interested me for the past
four years seems to be the answer to the reliability problem as well as
several others. When all things are considered, I believe radio and
television engineering can be the most rewarding, and at times exciting,
of occupations - but you have got to like it.

It is with deep humility and gratitude that I accept this Award. I
think there are many friends here who deserve it more, and others who
likewise have labored in the electronic vineyards.

Thank you very much.
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CBS BROADCAST CENTER

PART I. INTRODUCTION

A, BACKGROUND

CBS in New York is undertaking what many U.S. television broadcasting
stations have been doing; namely, replacing its original plant to provide a
modern, more efficient and flexible facility. The original CBS Television
plant, like many others built at the time, was installed quickly during the
early days of television broadcasting and expanded piecemeal to meet chang-
ing requirements. 1In this case, the oldest portions of the plant are over
15 years old.

In replacement and modernization, the objective is to bring about a more
efficient operation and one which is capable of producing a higher quality
product. This may be achieved in part by taking advantage of current tech-
nology, particularly in the utilization of more stable and reliable equip-
ment. It may be achieved by designing a plant to meet the known operating
and production patterns which have evolved through years of experience and
by building in the flexibility needed to meet unknown future requirements.

The concepts which have been followed in the design of this plant to
meet operating requirements, although influenced by the sheer magnitude of
a network headquarters operation, are consistent with those currently being
applied in new television broadcasting plants of all sizes. The approach
is more evolutionary than it is radical in concept.

In the case of CBS, New York, an important additional gain in efficiency

is afforded through further consolidation of what had become a far-flung,



city-wide, plant. The extent of the CBS television plant at its most dis-
persed, in the mid-1950's, is indicated in Figure lA. Changes in the pro-
gram schedule, production techniques, management methods, and above all,
the advent of video tape, have made possible a considerable reduction from
this extreme. Given the existing program schedule in the final consolida-
tion, after completion of Broadcast Center, CBS Television will occupy only
five locations in New York, as illustrated in Figure 1B.

Most production studios and all central support facilities and ser-
vices will be consolidated in Broadcast Center on West 57th Street. Off-
premise studios will be retained to accommodate audience shows and to pro-

vide supplementary production space, as required to handle the inevitable

peaks in the production schedule.

B. BROADCAST CENTER

Broadcast Center has been created by conversion of a building, owned
by CBS since 1952, but originally built in sections between 1906 and 1939.
For many years, designated "Production Center," it has housed CBS television
functions such as scenery and property construction and storage; film edit-
ing and storage; field, construction and technical maintenance shops, and
Operations management. The building was acquired with the thought of ulti-
mate conversion to a centralized broadcasting plant. Studies were under-
taken as early as 1955, and in 1961 approval was given for the project now
nearing completion,

Upon completion, Broadcast Center will house the CBS Television Network

and WCBS-TV local station New York operatioms, most of the Radio Network



operation, the entire CBS News Division, and many related functions. In its
500,000 square feet of floor space, it will contain six television studios,
with all related back-up facilities, such as dressing rooms, viewing rooms,
and rehearsal halls; the local and network Newsrooms, inecluding two small
television origination facilities; five radio studios; show production units;
scenery shops and storage space; central technical equipment; services rang-
ing from a cafeteria to corporate data processing; and related administrative
and management functions. The plant will provide a fully integrated, bal-
anced production complex, equipped to deal with all phases of television pro-
gram production, from script to output signal.

In this paper, only the television portions of the plant are described,
with emphasis on the technical facilities and the areas in which they are
housed. As indicated in Figure 2, these facilities and areas are located on
two floors of the building.

1., Studio Floor of Broadcast Center

The six larger television studios occupy what was formerly the
top floor of the western portion of the building. Headroom was
created by literally ''raising the roof'". As shown in Figure 3, new
structure was placed, a new roof was finished, and then the old roof
and its structure were removed to form the studio blocks. The photo-
graph of Figure 4 shows the interior of one of the studios thus
formed (Studio 42) which, with over 6,000 square feet of floor space,
has a lighting-grid height of 19 feet. The smallest studio has 3,300
square feet of floor space; the largest, 8,500 square feet, with a

grid height of 25 feet.
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Because of the fact that the studios are elevated and thus sus-
ceptible to sound conduction through the building structure, the
floor of each studio is an isolated, spring-supported, reenforced
concrete slab. The inside walls of the double-wall construction
are supported on the floor slabs. Also, as shown in Figure 5, buf-
fer space is provided around each studio further to insure acoustic
isolation. Some of the space between studio blocks on two floor
levels was utilized for dressing rooms, conference rooms, offices,
scenery ready areas, and, on an upper level, a central area housing
the magnetic-amplifier, dimmer units for all six studios, A truck
ramp in the original building was retained for scenery handling.

Associated with each of the six studios is a control room.

Each control room is on the same floor level and is located im-
mediately adjacent to its studio, providing direct access. Studio-
to-control room windows are not provided. To the greatest possible
extent, each studio and its control room has been made a self-
sufficient production unit. Operational control of all program
sources assigned to a studio has been delegated to the control room,
but, on the other hand, equipment requiring only set-up adjustment
has been placed in a central equipment area.

2. Central Technical Area

As indicated in Figure 2, the Central Technical Area is located
on the floor below the studios. This area, shown in more detail in
Figure 6, is divided into two principal sections, designated Equip-

ment Center (or rack room) and Operating Center (or ''machine' room) .,



On the periphery are the Telephone Company terminal room, the tele-
vision maintenance shop, closely-related technical operations offices,
and three Program Control rooms.

a. The Equipment Center, occupying 4,500 square feet,

houses 265 racks containing studio and telecine camera
channel equipment, relay-type studio switcher matrices,
the sync pulse system, central intercom and audio facili-
ties, and multiple-function computer control equipment.
Included is a Transmission Center, which provides for
overall technical surveillance of incoming and outgoing
programs and serves as a technical communications center.
In the Switching Center, a multiple-channel switching
system, with 109 inputs and 197 outputs, provides a com-
puter-controlled interconnection among program sources
and control rooms, and remote-controlled selection for

monitor and cue channels.

b. The Operating Center initially houses, in its 12,000

square feet of space, 27 film playback channels, six film
recording channels, and 24 video tape machines. Related
supervisory, assignment control, closed circuit (audition)
control, and first echelon maintenance functions are central-
ly located in the area. Both film and tape material are sup-

plied from a common ready area.



3. Program Control Rooms

Program Control rooms are of two types. One, patterned after a
studio control room, will be used to produce News shows originating
in the adjacent News area.

The other two Program Control rooms are functionally designed
to handle the transmission of a continuous sequence of programs to
network circuits and to the local station. In each of these, a two-
man team, with the aid of computer memory, can select and control re-

lated program continuity for two different destinations.

This has provided a brief orientation as to the location of the Broad-
cast Center television technical areas. In the next section, attention will
be directed to the functional layout of some of the more important operating

areas, with emphasis on the underlying operational philosophy.



PART TI. TELEVISION OPERATING AREAS

A. PLANT DESIGN

From an operating philosophy viewpoint, the general design targets for
the new plant were to increase its efficiency and flexibility through con-
solidation and modern design, improve the technical quality of the product
through improved equipment and operating conditions, and reduce the oper-
ating costs through the efficiencies effected. 1In short, the objective was
the goal of any business -- to produce a better product at a lower cost.

At the same time, the new plant is designed to open logical avenues to ac-
commodate tomorrow's expansion and change.

The specific plant design was developed by relating these general design
targets to individual operating areas and fitting the ''design' to the oper-
ating '"job-to-be-done". Broadly speaking, television broadcasting activity
can be divided into two operations: (a) production cf programs (recorded or
live), and (b) broadcasting of programs in an integrated co