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T0: Registrants at the NAB 20th Annual Broadcast Engineering
Conference

As you probably know, each speaker provides us with a specific
number of reprints of his particular paper, which is then
assembled into a single package which we call the Proceeding.
The number of reprints is based upon attendance at past meetings
and an estimation of the expected number who will attend the
current conference.

Due to the record-breaking attendance at the 1966 NAB Broadcast
Engineering Conference, we are unable to supply all registrants
with a complete copy of the Proceedings. We regret this happening
but I'm sure you will agree that such circumstances as the record-
breaking attendance are beyond our control.

May I suggest that those who have a specific interest in a
particular paper either contact the author or this office and
we will endeavor to obtain them. I hope that we can initiate
steps to avoid such happenings in the future.

--George W. Bartlett
Vice President for Fngineering
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GEORGES HANSEN

Director of the Technical Center
European Broadcasting Union

Monday, March 28, 1966

It is a great pleasure for me to take part in an N.A.B.
Broadcast Engineering Conference, to meet so many fellow
Broadcasters including quite a few old friends
friends who, according to the definition, know you well
and like you just the same.

I have been invited to talk to you of the European
Broadcasting Union (E.B.U. for short) and of its work
in the engineering field. The EB.U. is a non-govern-
mental international association of organisations which
exploit broadcasting services, in fact, just as you have in
NAB. The term “broadcasting services” is here quite
general; it includes sound-broadcasting services and tele-
vision services. The E.B.U. has twenty-eight full Members
in twenty-five countries of the European Broadcasting
Area (which, by the way, includes the countries in
Africa bordering the Mediterranean Sea). It has forty
Associate Members in other parts of the world: Africa,
Asia, Australia, North and South America. Eight of them
are in the US.A.: A.B.C, Broadcasting Foundation of
America, CB.S.,, N.AE.B, N.B.C, N.E.T., Time-Life
Broadcast, U.S. Information Agency. They are surely
also members of the NAB and are therefore a link
between NAB and EBU.

You may be surprised at first by the rather small
number of full Members, but all of them provide national
services, that is to say their programmes cover the whole
of the national territory, which implies that they are
normally rather large-scale organisations having main pro-
duction centres in the national capital with subsidiary
studios in other important towns, feeding a more or less
large number of broadcasting stations. The local station
comprising a studio and a transmitter is quite rare in
Europe.

In the countries of the European Broadcasting Area,
excluding the countries the other side of the “iron curtain”
where the E.B.U. has no Member, there were in Novem-
ber, 1965 just a thousand AM transmitters broadcasting,
with a few exceptions, the programmes of E.B.U. Mem-
bers. Their total power was nearly 25,000 kilowatts. In
the same area, on 1st January, 1966, there were over
2600 FM transmitters with a total ERP of just on 30,000
kilowatts. It might be of interest to you that 65 of
these transmitters already broadcast regular stereophonic
programmes.

On 1st January, 1966, there were more than 2400 VHF
television transmitters with a total ERP of 22,000 kilo-
watts and more than 400 UHF television transmitters with
a total ERP of 65,000 kilowatts.

In the same area, again, on 1st January, 1966 the
number of sound broadcesting licenses was about 91 mil-
lions, the number of receivers being appreciably greater,
as in most countries only one license is required for each
household, irrespective of the number of receivers used
n it.

The number of stereophonic receivers was about 900,-
000, 90% of them in Western Germany. There were 50
million television licenses and about the same number of
sets, as there are not yet in Europe many homes with
more than one television set.

These figures might give you a better idea of the
means at the disposal of the twenty-eight E.B.U. full
Members, and of their potential audience. But enough
of statistics—which are, as some of you may have heard,
like a bikini: what they reveal is important, but what
they hide is vital. So let us turn to the story behind the
figures.

The EB.U. is governed by a General Assembly com-
posed of representatives of all its Members, and by an
Administrative Council which consists of eleven “‘adminis-
trative” seats to which full Members are elected. To
handle its tasks and to coordinate the work it carries
out with the participation of its Members, the E.B.U. has
a permanent staff of over a hundred persons including
engineers, jurists and administration staff, of various na-
tionalities, who are usually recruited from the Members
of the EB.U. The non-engineering activities, that is, the
administrative, legal and programme work, are handled
at the Administrative Office at Geneva, Switzerland;
the engineering activities at the Technical Centre in
Brussels, Belgium. Four spedalized committees play a
consultative part, but a very important one, within the
Union; they are the Sound Broadcasting Programme
Committee, the Television Programme Committee, the
Legal Committee and last, but not least, the Technical
Committee. Let me hasten to say that none of them and
especially not the Technical Committee are of the type
of committee defined as a group of people who individ-
ually can do nothing and who collectively decide that noth-
ing can be done. Our Technical Committee meets once a
year in the Spring, but its meetings are nothing like this
Broadcast Engineering Conference. There may be about sixty
participants, mostly Technical Directors, that is to say, Vice-



Presidents in charge of Engineering, and Chief Engineers.
The purpose of our meeting is different from yours, but I
must admit frankly that there are many things which I
should like to copy from you. Our Technical Committee’s
main task is to review the work undertaken by its Sub-com-
mittees, which are called Working Parties, and by the
Technical Centre and to give them guidance for future
work. I believe that I can say that the really constructive
work of the EBU is done by the Working Parties. Here
are a few examples:

Working Party B deals with ionospheric propagation.
Since 1951, it has organized, with the aid of twenty-three
receiving stations in fifteen European countries, system-
atic measuring campaigns during which 45,000 hours of
field-strength recordings were made in the long and
medium wavebands. The results (which were also submit-
ted to the C.C.IR.) have been condensed into a series
of formulae and curves which make it possible to predict
the value of the field-strength under the most diverse
conditions. We are going on now with measurements, with
longer distances of 2,000 to 3,000 miles. We are doing
so with the help of our friends from Canada. Working
Party B has also undertaken in recent years—and it is
going on now—a measuring campaign to study the
ionospheric propagation (through sporadic-E notably) of
television signals in the low VHF band.

Working Party K deals with television and FM sound
broadcasting. It has developed frequency-planning meth-
ods based on rather sophisticated mathematics and re-
quiring the use of an electronic computer. These methods
were utilized at the European VHF/UHF Broadcasting
Conference held in Stockholm in 1961 as well as at the
African VHF/UHF Broadcasting Conference at Geneva
in 1963. One of the problems with which Working Party
K is now confronted is how to plan the introduction of
color television in the VHF band in Europe, where the
channels adopted in the various countries have different
bandwidths, and overlap. This is just one of the prob-
lems which we, unfortunately, have in Europe, due to
lack of standatdization.

Happily our Working Party S, dealing with stereophonic
broadcasting, was more successful. It managed to reduce
to one the number of systems in competition and we
could here doubly rejoice, as the system selected was the
one used in the United States: the pilot-tone system.

In the field of color-television, an Ad-hoc Group was
set up by the EB.U. in November, 1962, a kind of
LT.S.C,, comprising experts not only from the broad-

casting organizations, but also from the Administrations
and from the radio manufacturers. It worked extremely
hard, but was unable to reach an agreement on a unique
color-television system to be proposed for adoption in
Europe. Nevertheless, it did a great deal of useful work
in producing a report, which evaluates and compares the
NTSC, SECAM and PAL system in a most compre-
hensive, objective and fair way. The last edition of this
report has just been submitted to the C.C.LR. (the In-
ternational Radio Consultative Committee) in view of its
next Plenary Assembly in Oslo from 22nd June to 22nd
July, this year,

It is not possible here to describe—even to sum-
marize—the work of all our Working Parties; nine in all
are functioning at present. Let me just mention that
Working Party A deals with AM sound broadcasting and is
at present preparing for the next LF/MF frequency as-
signment Broadcasting Conference, just as Working Party
K did for the VHF/UHF Broadcasting Conferences. It
deals with questions such as the technical quality of serv-
ice of indirect-wave reception (in the secondary area),
protection-ratios and compatible single-sideband broad-
casting. Working Party G deals with the tape and film
recording of sound and pictures in which field international
standardization is of capital importance for the broadcasting
organizations. Working Parties L and M deal with different
aspects of international television transmission over radio re-
lays. One matter studied by Working Party M is that of
standards conversion for television. Great progress has been
made in this field by the introduction of all-electronic con-
verters, that is, converters which obviate the intermediate
optical stage. Work is going on on such converters for
conversion from American to European standards and vice
versa when not only the number of lines, but also the
number of fields differ. And conversion of color pic-
tures comes next. We hope that we will have converters
ready for that before 1968. Working Party P deals with
counter-measures against radio interference caused by in-
dustrial equipment, domestic appliances, fluorescent tubes
and the like. That is all for our Working Parties. If I
have taken some time dealing with them, it is not only
to boast about our achievements, but also because I believe
that there is room for collaboration or at least mutual in-
formation between the NAB and the EB.U. in this field.

With the same idea of cooperation in mind, I would
like to speak now of our publications. There again we
do not work exactly on the same lines. So far as I know,
you have nothing corresponding to our E.B.U, Review.



On the other hand, you were able to produce in 1960
the N.A.B. Engineering Handbook, which is quite a re-
markable achievement for which I should like to use this
opportunity to congratulate Mr. Prose Walker (I know
he is somewhere here) and Mr. Bartlett. The EB.U. Re-
view consists of two Parts published alternately each
month: Part A—Technical published by the E.B.U.
Technical Centre in Brussels and Part B—General and
Legal published by the E.B.U. Administrative Office at
Geneva. Our aim, in the technical Part, is to keep the
Members of the EB.U. and the other readers informed
of all significant developments and problems concern-
ing sound and television broadcasting engineering, not
only in Europe but throughout the world. We are thinking
of the poor harassed chief engineer our friend, our
brother who simply hasn’t the time to read a tenth of
the technical periodicals that arrive on his desk and we
try to give him, in a condensed and more or less predi-
gested form, what he needs—and nothing more—by
means of short articles, news-items and abstracts of the
more important articles published elsewhere. We try to
cover operational matters not dealt with, usually, by other
technical or scientific publications. We all know that the
professional life of a successful engineer consists suc-
cessively of fifteen years of engineering, fifteen years of
administration and fifteen years of diplomacy. Our job, as
we see it, is to provide up-to-date technical information for
engineers already engaged in their fifteen years of ad-
ministration, if not in their fifteen years of diplomacy.
The French moralist Montaigne had a quite pessimistic view
about such enterprises. He said, “Ignorance, which was in-
herent in us from the beginning, has only been confirmed
by our continuous studies.” But chief engineers and vice-
presidents of engineering need not despair; another thinker
said: “What counts is what remains when one has forgot-
ten everything”—and surely, what remains is probably really
“experience”, when the things which one learnt have passed
from the conscious into the subconscious.

Other Technical Centre publications are the Mono-
graphs prepared with the cooperation of experts from
various countries. The following Monographs have been
published recently, or will be published shortly:—

—Lighting for Television—using the image-orthicon

tube in the studio

—Receiving and Measuring Stations for broadcasting

purposes

—Towers and masts for VHF and UHF transmitting

antennas

—Site selection for VHF and UHF transmitting sta-
tions

—Safety regulations for broadcasting organizations

Specimen copies of EB.U. Technical Monographs can
be supplied to interested N.A.B. Members on request.
A descriptive brochure entitled “This is the EB.U.” is also
available. I should not omit to mention our periodical
reports describing the situation, channel by channel, in the
wavebands utilized for broadcasting in Europe. Some of
those publications are based on observations and measure-
ments made by our Receiving and Measuring Station at
Jurbise, in the south of Belgium.

I have not spoken up to now of one of the EB.U.s
most important activities, certainly the one that has made
the greatest direct impact on the public—namely “Euro-
vision”. I should like to tell you the story of Eurovision
from its modest start in 1954 to its present state of de-
velopment when on an average four multilateral exchanges
of television programmes take place every day between
countries of Europe, when every afternoon there is a
news exchange over the Eurovision radio-relay network
which enables the Members to pool their visual coverage
of the day's news, for utilization in their evening news
bulletins. 1 should like also to recall how, since July,
1962, satellites have made possible the exchange of live
television programmes and news across the Atlantic.

I should like to explain to you the work of the
“back-room boys” in out so-called CICT, that is to say,
our International Master-Control Centre in Brussels, work-
ing in conjunction with Sub-Centres in Copenhagen (Den-
mark) and Zurich (Switzerland), and also in direct con-
tact with National Centres in all the countries concerned.
But not today. There is no time. Maybe another year.
There is only one thing which needs to be explained now.
You may wonder why I make such a fuss about the
organization of programme exchanges over a radio-relay
network. Is it so difficult? The answer is: Yes, it is dif-
ficult in Europe because of the lack of standardization.
Differences of status, scale of operations and financial
resources of the various organizations concerned, differ-
ences in the television standards which make conversion
necessary, differences in the equipment and possibly the
methods of measurement and, last but by far not least, the
differences in language which make it necessary to dis-
tribute sometimes as many as fifteen or twenty sound
components in different languages with a single vision
component. Those are the inherent difficulties of Europe.
But precisely the struggle to overcome those difficulties, to



effect standardization and attain uniformity in the var-
ious technical fields and to continue to shape Eurovision
as a veritable European Television Community, is what
makes our job a wonderful, a fascinating one.

I must apologize for having spoken at length of the
EB.U. and not enough of yourselves and the N.A.B.
You may judge me severely for that, as it is well-known

that a talkative man is a man who talks about others and
a bore is a2 man who talks about himself. The man who
talks about you is, of course, a brillant conversationalist!

And so let me end by assuring you that this my first
visit to an N.A.B. Broadcast Engineering Conference is
both a pleasure and an inspiration. Thank you for asking
me to come.



JOHN CHANCELLOR
Director, Voice of America

Tuesday, March 29, 1966

It is more than a pleasure, it is an honor to be speaking
to you here today. I am honored because you have chosen
as your speaker someone who grew up on the news and
program side of broadcasting, not the engineering side.

And T am well aware of the distinction between these
two necessary sides. Program people sometimes grudgingly
admit that the terribly important things they say have
to get to the audience, which brings in the engineers;
and the engineers grudgingly admit that as long as
they've got such a good signal, maybe somebody ought
to say something on it.

(Remember the old story of the two clergymen of dif-
ferent faiths who had concluded a joint community pro-
ject? One turned to the other and said,—"Reverend, it’s
been a pleasure. We were both working in the way of the
Lord: you in your way, and I in His.”)

But I think I have perhaps more than the average
broadcaster's experience with engineers, since I have spent
much of my career in the field. I think back to the early
days of Wide Wide World, when, on a Sunday after-
noon, fifty or sixty live cameras at remote locations would
be fired up for a two hour technical performance. I always
seemed to have been at the remotest remote location, and
familiarity with engineers on those occasions bred in me
a great respect for the craft.

There is, moreover, an inter-relation between the pro-
cesses of broadcast engineering and the liveliness of the
programs. I was once asked by NBC to stand by at my
post in Moscow to participate in a closed-circuit show
for some affiliates gathered in New York. On a remark-
ably good circuit I was told by my colleagues in New
York that Chet Huntley would give me a clear introduc-
tion, and would I please stand by. Yes, I would. Later,
I heard Huntley, quite clearly, saying something on these
lines: “And finally, gentlemen, let me say that some day
soon, we will have color television on the moon, on the
planets, in outer space as easily as I say, now, ‘come in,
John Chancellor in Moscow . . . come in, John Chancellor
in Moscow . . . come IN John Chancellor in Moscow.””
Well, Moscow never came in. I have since learned to
say, in Russian, “It's all right leaving here, Chet.”

Well, these were humble beginnings, indeed, but I
don’t know how someone like me could have been at all
prepared for a job in the management of a planetary
broadcasting network, which I think, is a workable

description of the Voice of America. We are in the busi-
ness of broadcasting to this planet: and looking at only
some of the new technical facilities which the VOA has
recently constructed is a mind-stretching exercise.

We have a new VOA plant at Greenville, North
Carolina, which I recently visited: it consists of 18 high-
power short wave transmitters ranging in power between
50 and 500 kilowatts. The plant transmits a total of 260
hours a day to Western Europe, areas of Africa, and
the entire Western Hemisphere from the Texas border
to Cape Horn, off the southern coast of Chile. At times,
programs in as many as six different languages are
transmitted simultaneously from Greenville. The gross
cost of operating this plant amounts to approximately $3,-
000,000 a year. This includes all operating costs, salaries,
overhead and depreciation and amortization of equipment.

Focusing on just the Western Hemisphere, transmis-
sions start at 6 AM and end at midnight, local time.
At times, just to Latin America, four different languages
are broadcast simultaneously to this area. About 70 of the
total of 260 hours transmitted daily from Greenville
are beamed to the Western Hemisphere. This means the
pro-rated cost to USIA for reaching the entire Western
Hemisphere south of the USA amounts to less than
$1,000,000 a year.

As another example, in Africa the VOA has a new
short wave plant near Monrovia, Liberia, where eight
high-power short-wave transmitters, ranging in power be-
tween 50 to 250 kilowatts, reach at least 90 percent of
the African continent. This costs USIA approximately
$2,000,000 a year.

That is only part of what we do, and that will con-
clude the technical recitation at this luncheon; but it
strikes me as big-time broadcasting. Nevertheless, given
the signals we get and the areas we reach with all of
our transmissions from new and old plants, the unit cost
is stil] relatively inexpensive.

And short-wave as I can report to you remains the
basic tool of the international broadcaster. The number
of short-wave sets, thanks to the transistor, is rising
steadily and remarkably. In some parts of the world
these foreign-made sets are used almost as currency. They
are becoming part of the daily life of the poorer people
in the underdeveloped areas of the world. (A few weeks
ago, I was in south east Asia, on an inspection trip. Way
out in the country in central Thailand there were peasants
preparing the rice paddies for the rainy season which is
just about to begin. One of them had a long stick which
he kept stuck in the ground near him as he tilled his field.



When he would move, he would move the stick. Tied to
its top was a transistor radio.) and when you find it that
far from civilization, you begin to realize its importance
to us as broadcasters and its importance to us as Ameri-
cans. If the world audience is large now, soon it will be
huge. Some day it will be total.

As the audience grows, so does our ability to reach it.
What the future will bring in international broadasting,
what wonders are in store for us, you gentlemen know
better than I. What I have is the faith of a technical
innocent: I believe there will be major changes, because
of the accelleration of science in our time, and because
the latter half of this century has shown us the positive
results of intensified international communication. There is
now ample evidence and that communication has changed,
and will further change, our relationships with one another
as inhabitants of this planet.

Communication—and very particularly communication
through international broadcasting—is not just a pleasant,
informative and entertaining accessory to modern life.
International broadcasting is a weapon of profound im-
portance in a world of swirling ideological conflicts, surg-
ing populations, and a dangerous abyss between the rich
nations and the poor nations. The winds of change
blow steadily, and there is constant danger that they
will drown out the voices of civility and reason in the
world. The pressures will grow as the decades of this
century pass by, and no country which plays a major
role in this intensifying drama can afford to be silent, or
speak less clearly.

Seven months ago when I came to the Voice of America
I was astounded at its gigantic size. One hundred fifty-
two million dollars worth of equipment pouring out
strong signals to much of the world and more being built
to transmit 800-odd hours a week of programs in 38
languages. It is an immense undertaking.

But it nevertheless consists, I would submit for your
consideration, at its core, of one American talking to one
person in a foreign country. It is an instrument not so
much of giant size, but rather of extraordinary intimacy.
The words we speak into our microphones in Washington
travel thousands of miles, and are listened to in the quiet of
living rooms, bedrooms and dormitories of the world.

In the city of Timbuktu, recently, an officer of the
USIA spoke with a group of Taureg tribesmen, nomads
who roam the wastes of the central Sahara.  “What are
you?”, they asked him. And he replied, “An American.”
“Ah,” they said, “"Voice of America—7:30 p.m.”—for that
is the hour each night that these families tether their cam-

els, gather in their black tents, and turn to the transistor
radio. They listen. Students in schools where pupils are
taught to hate America listen, at night in their bunks
with earphones. Prime Ministers listen. Plain people
listen. And all of them are part of a simple human
relationship involving one American in a Washington
studio talking calmly, sanely, reasonably, to one other
human being somewhere else.

The magic of all this is enhanced when we realize that
in part of the world where the influence of the United
States is limited or denied, our radio signals can still
overcome restrictions and barriers. And we have recent
evidence of our effectiveness in one of most important
target areas: the Soviet Union.

Three years ago this June, the Soviet authorities
closed down their jamming transmitters and opened the
country to free international broadcasting. In the months
that followed, Soviet citizens were free to turn to their
short-wave radios—of which there are many in a country
the size of the Soviet Union—to learn about the outside
world. It is not easy for the VOA to run a rating
service in Russia, but we began to perceive an audience
there of great size, open to honest information from the
West. For decades, the authorities in the Soviet Union
had maintained an informational monopoly: they con-
trolled the news which went to the people. That monopoly
still exists in books and publications and films, but it has
been broken in radio broadcasting, and in a very short
time has produced a change in the attitude of the Soviet
government toward its own people.

I once lived in Moscow, reporting on Soviet affairs
for the National Broadcasting Company. There were then
about 214 million people in the Soviet Union, but on
some days, many days, nothing ever happened. There
were ten daily papers in Moscow, but often no news in
them. No planes crashed, no buildings burned, nobody
beat up his wife. To an American accustomed to the free
and aggressive coverage of news, this was rather remark-
able and was occasionally suffocating.

But, in June of 1963, the Russians, for a complex
series of reasons, stopped jamming, and the people began
listening. And, the authorities began listening, to our
broadcasts and the broadcasts of the BBC.

And only a year or so later evidence began to ac-
cumulate that the authorities felt the pressure to change
the old closed-mouth attitude toward news. An article
printed in Kommunist, the chief ideological journal of
the Soviet Party, argued that Communist newspapers should
be brighter, more responsive to news in their own com-



munities. Moscow radio, at least in its external broad-
casts, became a bit more flexible, reasonable.

This evidence of a new attitude continued to mount
last year. Only last week, a Moscow dispatch in the New
York Times, dated March 24, read in part:

“Communist party leaders across the Soviet Union are
expressing concern about the impact of Western short-
wave broadcasts among ordinary Soviet citizens.

“Young people and minority nationalities in particulat
have been singled out as susceptible to ‘hostile notions’
spread by foreign radio stations.

“A series of reports delivered at regional party con-
gresses this month suggests that ideological indoctrination
inside this country is being undermined by this exposure
to non-Communist ideas and news.

The Times then listed a number of examples including
young kids walking around listening to our jazz programs
on transistor radios on short-wave. The evidence now is
overwhelming from various parts of the Soviet Union
that we are having, and BBC is having, a definite liberaliz-
ing effect on young people of the Soviet Union.

If you want to go back to that 152 million dollars worth
of equipment we have mounted and the more equipment
that we are building now, it seems to me to be cheap at
twice the price if we could in this most extraordinarily
important country in the world, induce the waves of lib-
eralism within that society through our broadcasts. We
are extraordinarily proud of this. I will skip to only
other quote we had which we gathered ourselves from
the deliberations of the Kazakstan Communist Party within
the Soviet Union and it read this way: "We, Com-
munists, should not forget that in our country Com-
munism is being built in conditions of a sharp struggle
between two ideologies on the international scene, and
that it is practically impossible to close the channels
through which bourgeois ideology penetrates into our
socialist society.”

And I stand before you today, ladies and gentlemen, as
someone who sends a great deal of bourgeois ideology
every day. I underline that sentence, “it is practically im-
possible to close the channel.”

And he’s right. It 75 practically impossible to close the
channels of international communication if they are being
operated with vigor and skill. It is my belief that at-
titudes are being changed in many parts of the Soviet
Union because of these outside broadcasts: relationships
between students and teachers; between editors and read-
ers; between the people and government officialdom.
This is not to say that the Soviet Union is necessarily

becoming any less troublesome, any less dangerous. It is
to say that radio—the only new factor in this informa-
tional equation—has begun to influence an audience in
a country of extreme importance to us.

The point which should concern us here is, it seems to
me, that effective broadcasting can change, has changed,
attitudes even in a society as rigidly directed as the
Soviet Union.

What kind of an effect might it have were we able
to beam a significantly stronger signal to the USSR? It is
my belief that, one day, we’ll be able to do that, and do
it in many parts of the world. I am not sure I will be
around when you engineers think up how to do it. I may
be in the old VOA directors’ home, rocking on the porch.
But the fact is that I have a simple belief that the
signals we now ate able to get to target audiences, we
will be able to increase significantly over the coming
years.

And it is also vital that we keep in mind that other
technologically developed societies may be able to do it,
too.

And what is likely to happen then? Here in Chicago
this morning, thousands of motorists driving to work
listened to WMAQ, or WBBM, coming in loud and
clear on their car radios. What if they had the option
now—today—to turn the dial to the external service of
Moscow Radio. Suppose they heard soothing music, no
commercial interruptions, perhaps some weather informa-
tion, or a bit of news. And the voice of 2 Russian an-
nouncer describing in plain English the current Soviet
line on disarmament, or Viet-Nam, or the U.N.? (The
Russians are spending millions doing that right now,
in their short-wave North American service, but very, very
few Americans listen at all in short wave.) Would the Rus-
sians get an audience on then standard broadcast bands here
in the United States, here in Chicago during the rush
hour?

What if the Cubans, or the Chinese were also available
on the car radio? Would people listen?

I think it is possible to say that some pecple might
tune in, out of curiosity, boredom, or a desire to get away
commercials. I doubt, in the long run, whether these
broadcasters would gather a large audience: there is after
all, a fundamental difference between the regimes I have
mentioned and the American government. We are a free
society, and we do learn through our own open channels
what's going on elsewhere.

Nevertheless, it's interesting to speculate on our reac-
tion to an audible invasion of our broadcast band. We



have never jammed a foreign signal. The United States
has never created a government-operated radio facility
for broadcasting to Americans. I concur in that wise deci-
sion. But would there then be pressure to counter these
foreign broadcasters?

What I have been trying to do in this recitation is to
make you think for a moment what it might be like to
be a target audience for a skilled and persuasive foreign
broadcaster. The American people have been on the
sending side of this business for 24 years, through the
Voice of America, but we never have listened enough in
short wave to be on the receiving end.

My point is that 20th century technology may one day
make x5 a target audience, and it is not too eatly to begin
thinking about it.

There is every reason to believe that American audiences
would be bored by foreign propaganda: particularly given
the clumsy state of the art as practiced in most com-
munist countries today. There is also the fact that Ameri-
cans today have a rich fare of entertainment and in-
formation—and that local radio and television stations
will be able to meet I hope, more fully the specific needs
of local audiences as the years pass.

And even more fundamentally, free societies have very
low potential as targets for propaganda. The informa-
tional richness of an open society produces in its citizens
very little need to turn to foreign sources. The people
of the United States, of Great Britain, of Scandanavia,
to name only a few audiences, don't need Radio Moscow

to tell them what Soviet policies mean: these audiences
learn that, honestly, from their own news media.

On the other side, too many commissars make for in-
efficient propaganda. The rigidity of control of a closed
society almost always means dull programs, and it probably
always will.

But having said that, we must equally acknowledge the
great sums spent by Communist societies on propaganda.
There is, in every Communist country, a very high priority
given to propaganda (the Soviet Union now leads the
world in hours of international short-wave broadcast-
ing), so there is no basis for complacency. If these coun-
tries can improve their international signals with satel-
lites, some of them will undoubtedly do so. We can at
Voice of America and we are.

So it is surely not too early for sensible men in this
country to begin serious consideration of what our at-
titudes should be toward what in my view is the inevitabil-
ity of more international broadcasting to mass audiences
around the world.

If we allow our thinking to lag behind our technology,
then it will some day be a mighty crowded and confused
broadcast band.

If we handle ourselves properly, such broadcasting
could be the overture to what we all want: a world at
peace, a prosperous, educated world, given a sense of pur-
pose and communality through international broadcasting.

As 1 say, it's something to think about.



DR. JOSEPH V. CHARYK
President
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Distinguished Guests, Ladies and Gentlemen:

I guess that your program committee decided that after
several days of serious down-to-earth business and after
several nights of being regularly uplifted from the daily
routine, that on this last day you might as well be taken
completely out of this world into space.

In any event, it seems to be a rather popular place these
days with all kinds of new unidentified objects hovering
about. Some people, as you know, consider this whole
space business to be a tremendous boondoggle. Many
find difficulty in separating fact and fiction. And there are
even some who believe that flaunting the sacredness of
the heavens this way has religious overtones.

Well, despite all this, our corporation has been estab-
lished as the first to seek to explore the commercial po-
tentials of space for communication purposes. In this en-
deavor, we have sought and achieved the participation of
telecommunications entities from 47 other countries in the
goal of establishing a world-wide communication net-
work by satellite.

1962 was the year in which the dramatic potential of
communications satellites was first brought home to mil-
lions of people on this side of the Atlantic and in western
Europe when, through the medium of Telstar, the first
demonstration of live intercontinental television took place.
It was also in that year that after much debate the Con-
gress enacted the Communications Satellite Act. Early the
following year the Corporation authorized by that legisla-
tion began to take form. And about one year ago, the Early
Bird satellite, in a stationary orbit over the Atlantic,
heralded the commercial advent of a new communications
era.

Perhaps the most colorful description of this event
came from Frank Stanton, who said: “The mountains
have been leveled and the oceans dried up by an 85-
pound piece of scientific jewelry transmitting a six-watt
signal.”

This year regular commercial service by satellite will
be expanded in the Atlantic area and initiated for the
first time in the Pacific area through satellites having
about double the power of Early Bird. Beyond that we
see a rapidly growing potential for satellite service on a
global basis to handle all types of traffic internationally
and domestically.

Although in this first year of limited commercial
operations the focus has been on telephone traffic as the
regular user of satellite services, the impact of satellites on
the broadcasting business is an area of great promise and
interest. It is, therefore, a particular pleasure for me to be
with you here today and to tell you something of our
plans and programs and what the future may hold in store
in this exciting and glamorous new field.

As we stand on the threshold of the global application
of satellites for communication purposes, it is difficult
to foresee the full impact that this new capability may
produce. One hears from time to time that satellites af-
ford simply another supplementary or complementary
means of communication, In my opinion, this is akin to
describing the advent of airplanes as affording simply
another supplementary or complementary means of trans-
portation and completely missing the vast civil and military
implications attendant thereto.

I believe that an instantaneous communications capabil-
ity for oral, visual and electronic messages on a global
scale will, in due course, have a profound influence on the
political, economic and social relationships between the
countries of the world.

And as we move into the new age, we will have need
to cast aside historical and artificial concepts and organi-
ational frameworks which are being made obsolete
and impractical by the advances of technology. We must
learn to adjust and adapt to exploit most effectively the
fruits of these developments. The rate of progress in
my opinion will not be governed by technical factors
but by economic, social and political considerations and
the inertia of classical concepts and organization will be
great indeed. Historically, we can understand such things
as the artificial separation between telegraph or teletype,
voice, data or television transmissions. We can try to
separate computer circuits and switching circuits and com-
munication links. But in the last analysis we must realize
that we are dealing only with bits of information and we
are simply talking about infarmation storage, retrieval,
processing and transmission. We sometimes pretend that
somehow voice and record communications are different
and still organize that way, but the electronic signals that
go back and forth from our satellites are unconcerned as to
whether it is voice, teletype, facsimile, data or television.
Actually, today’s means for transmission of information
by voice could be considered to be very inefficient. Not-
mally, speech sound contains 32 phonemes. A normal
speaker speaks approximately 10 phonemes per second. As



a result, the rate of information transmission in speech is
approximately 50 bits per second. The channel capacity in
the information theory sense of a high fidelity voice chan-
nel with 5 kilocycles bandwidth and 30 decibels average
signal to noise ratio is 50,000 bits per second. Therefore,
one might say, normal speech transmission is 99.9% re-
dundant, or a theoretical gain in channel requirements of
up to a factor of 1,000 is possible. Basically, however, we
must preserve fidelity and naturalness of sound and this
means that the theoretical limit from information consid-
erations alone will be substantially reduced, probably by a
factor somewhere between 10 and 100 depending on the
standards one may seek to achieve in preserving natural
quality. Nevertheless, the gain of 10100 is a most
substantial one which in itself will have a significant
effect on the efficiency and cost of voice transmissions.
If we couple with this the attainment of security which
can now relatively easily be achieved, the potential be-
comes even more intriguing.

Satellite technology, of course, is only a piece of this
total picture but I think the advent of satellites will be-
come a catalyst to this information revolution that will
recast the nature of the world in which we live. And I
believe that we must seek to understand and appreciate
the direction and the impact of the developing technology
and to seek in an equally dynamic fashion to plan, organize
and manage the application of this technology to best
serve the needs of individuals and of business in the new
world of tomorrow.

It seems inevitable, for example, that we will continue
to move towards the effective establishment in metropoli-
tan centers of what will amount in fact to a communica-
tions utility. This would be a system which would link
homes, business offices and stores in 2 community through
wide-band high capacity transmission facilities to central
switching and computing centers to provide a wide variety
of services. These would include color television and
stereophonic FM radio, aural and visual telephone service,
high speed facsimile data and newspapers, library refer-
ence, theatre and transportation booking services, access
to computer facilities, shopping and banking services of
all types, centralized charging and billing. Communica-
tions destined beyond this metropolitan area would be
directed to a processing and transmission center which, in
turn, would be linked through a suitable terminal station
in that community to a worldwide satellite system. I be-
lieve that this is a far more likely course of development
than the one of a direct link between the satellite and
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the home. It is a more natural and logical development
more economical and more compatible with the efficient
utilization of the frequency spectrum.

In the interim, I expect we will see satellites being put
to use to provide better and more flexible communica-
tions services of the conventional type—telephone, tele-
type, telex, facsimile, etc, and to provide a means for
doing new and different jobs. We are now proposing, for
instance, a satellite over the Atlantic to be deployed next
year for the purpose of providing high quality voice com-
munications between commercial aircraft flying the heavy
North Atlantic routes and appropriate control centers on
both sides of the ocean. Some of the leading interna-
tional airlines agree that satellites appear to offer the
best prospects for solving their communication problems.
Pan-Amierican, for example, has installed test equipment
on some of its regular jet aircraft and has participated
in successful satellite communication tests. The Federal
Aviation Agency is evaulating this proposal to utilize
aeronautical communication by satellite rather than con-
sider an intermediate phase that would involve the use of
single side band radio. We estimate that, even initially,
service could be provided at a cost of about $150. per
flight. About a child’s economy fare. This would provide
two channels of communication which is deemed adequate
to supply the present needs of all the international air-
lines on that route.

Another potential application of satellite technology of
obvious direct interest to you is that of using a synchron-
ous satellite over the equator and at a longitude bisecting
the continental United States, to provide the basis for a
television network distribution system. Programs beamed
from transmitters on either coast, and from a limited
number of points in the interior, could be received by net-
work affiliated stations across the country through relatively
inexpensive receiving stations. Probably of the order of
$100,000 or $150,000. The three major networks report
that they spend on the order of $50 million per year for
microwave and cable facilities and it is contended in some
quarters that an even substantially larger number of stations
could be tied together by such a satellite system at a great
reduction in cost.

Here the problem, at least in the near term, is much
more complicated than the aeronautical service. Rather
difficult interference problems need to be resolved, costs
associated with ground communications between the pick-
up point and the transmitter need to be adequately as-
sessed. To keep the cost of receiving stations to a mini-



mum, maximum power in the satellite is desired but
there are limitations established by international agree-
ment on the energy flux density that can be produced
by a satellite. The frequencies available for use by satel-
lites are limited and they are shared by other services. I
am afraid that in this application many of the exotic
pronouncements have been on the glib side. But the
practical potential is there and the Corporation is en-
gaged in detailed studies on these matters and has been
in active discussion with the various television entities
as to their needs and requirements.

On another front, communication satellites appear to
have an attractive early application to meteorological purp-
oses. In the not too distant future it is easy to contem-
plate centralized computing facilities receiving through
the satellite system appropriate meterological satellites—
digesting and processing such data and providing high
quality weather forecasting services on a global basis.

In the educational field the influence of communica-
tions satellites can indeed be profound. They hold the
promise of meeting some of the most sophisticated educa-
tional demands as well as some of the most fundamental
and basic ones. Studies are underway aimed at evaluating
their use for medical application as well as education;
for tieing universities together for special courses and
programs. On the other extreme, the task of offering rudi-
mentary educational help to millions of underprivileged
people over vast continents appears capable of solution by
satellite at a relatively modest cost. And we recently com-
pleted a study of an educational system for the Continent
of India using satellite receiving stations and rebroad-
casting facilities. It turns out this is by far the most
economical route for the solution of that problem.

These then are but a few of the new and novel
possibilities that lie in the near future. Let me revert
now, however, to the basic application—that of providing
high quality communication links for telephone, record
and television traffic on a global basis.

When the Corporation came into being nearly three
years ago, we were faced with the question of what type
of satellite system would best serve the initial global needs.
The total experience at that time rested on the results
of the experimental satellites, Telstar and Relay, which
were both of the medium altitude variety with no provi-
sion for orbit adjustment. On the horizon was the program
for the initial orbital tests of satellites of the synchronous
variety. Satellites positioned so that their speed is
synchronized with the revolution of the earth. Original
analyses indicated that although it was likely that on
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economic grounds the synchronous approach would be
most attractive in the first phase, serious questions re-
mained. In the first place, it appeared that such satellites
were likely to be more complicated and, hence, probably
less reliable than satellites of the medium altitude variety.
The problem of launching and successfully emplacing
such satellites was obviously a much more complicated
one. Most importantly, serious questions existed as to the
suitability of a satellite of this type to meet high quality
commercial telephone needs. Sufficient data were simply
not available to determine whether the combination of time
delay and echo suppressor behavior would produce tele-
phone circuits of acceptable commercial quality. With a
satellite at a synchronous altitude it takes about half a
second for a message to go from one party to the other
and for the reply to come back. Accordingly, it was
decided in order to get answers to these cirtical questions
and to take the first step to gain operational experience
at the earliest practicable date, that a program should
be launched to place an experimental /operational synchron-
ous communications satellite in orbit as soon as possible.
This, then, was the genesis of Early Bird.

Early Bird, as I stated eatlier, was launched on April
6 of last year. Extensive tests of telephone, television
and data services were conducted. The success of this
experience led to the initiation of regular commercial serv-
ice in late June. Since that time, the satellite has been in
regular service for telephone purposes. Some 75 circuits
are being used daily between United States, Canada and
Europe. In addition to these telephone and data circuits,
which have been provided on a regular basis, special
service has been provided to meet special needs such as to
fulfill emergency requirements caused by cable failure.
Only last Friday, a failure in one of the trans-Atlantic
telephone cables resulted in the temporary loss of over 150
badly needed circuits to Europe. During the Christmas
holiday period, some 3,320 circuit hours of additional
telephone service were pravided between North America
and Europe to meet the holiday peak telephone load.

With respect to international television, more than 40
hours of television service have been provided via the
Early Bird satellite and associated ground stations, both
here and in Europe, since June 28, 1965. The pro-
grams involved embraced many subjects, including Pope
Paul’s visit to the United States, a track meet from Kiev,
Russia, the Gemini 6 and 7 splashdowns, the first in-
ternational version of “Meet the Press” which featured the
Secretary of State, with interviewers in England, France,
Germany and Italy, and a special “"Town Meeting of



the World” program last month. And this week the
British election results are scheduled to come to this
country via satellite. With the Early Bird satellite, tele-
vision and telephone and data service cannot be provided
simultaneously. This limitation, however, will not apply
to successor satellites. And this has led to some of the
difficulties we have experienced; namely, if a television
program is to be put on, all other traffic must be eliminated
from the system. Now this is a severe limitation but it
will not apply to the successor satellites, including those
that will be launched this fall.

Now I think it would be worthwhile to discuss some-
thing about the reliability of this system.

The reliability of the communications satellite system
has been exceptionally good. With the system consisting
of the four alternating European ground stations and
the one at Andover, Maine, plus, of course, the Early
Bird satellite, and the interconnecting lines on the
ground, the reliability of commercial service since June 28
has been 99.49%. This reliability figure compares most
favorably as a matter of fact it exceeds any other means
of international communications service.

The experience with Early Bird has been a material
factor in the determination of the characteristics of the
satellites which will be used in the developing global
commercial communications satellite system over the next
few years. Out of the Early Bird technology has evolved a
successor satellite, ‘with approximately twice the power of
Early Bird and with improved communications character-
istics, which will be launched this year. One is to be de-
ployed over the Atlantic Ocean, the other over the Pacific.
This early activation of an expended communications
satellite coverage is directly related to the interest of
NASA in commercial communications satellite capacity
to meet its communications requirements in connection
with the Apollo program—needs which can only be met
reliably by communication satellites. With the NASA re-
quirements being fully accommodated, substantial addi-
tional commercial capability will be available in the At-
lantic area and, for the first time, in the Pacific area.
This means that it will, as of this fall, be possible to simul-
taneously handle in both oceans both television and other
forms of traffic.

The combining of these government needs with other
commercial service will benefit economically all users of the
communications satellite system.

With the successful deployment of the two new satel-
lites this fall, potential satellite coverage will include all
areas of the world except for a narrow band which extends
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from approximately West Pakistan to Malaysia. The
coverage could of course, be made global by the deploy-
ment of a third satellite over the Indian Ocean. However,
the limitation now becomes a suitable deployment of
earth stations on a global basis. Planning is active in
many areas of the world but the implementation schedule
for such stations is the determining factor for global com-
munications satellite service.

Since its formation, the Corporation has continuously
investigated in detail the available technical choices for a
satellite system. We have concluded that the initial de-
ployment of the so-called global satellite system in 1968
should be synchronous, and the Interim Communica-
tions Satellite Committee, representing the international
consortium, has unanimously endorsed this view.

I have indicated that the satellites that will be
launched this fall will have twice the power of Early
Bird. Actually, we also expect they will have twice the
lifetime, which means they will have four times the
number of circuit years which is an important term for
us because circuit years really means revenue potential.
But hard on the heels of the satellites which will be
launched this fall, are satellites which are in develop-
ment which will be launched in 1968, which will have
substantially greater capacity, actually capacity for some-
thing on the order of 1400 telephone circuits, or a com-
bination of television channels and telephone circuits
adding up to that number. Beyond that, we ate looking
at a high capacity multipurpose satellite which again will
increase the number of circuit years by a substantial
amount.

Now this later satellite we are envisioning would be
built on a modular basis and each module—and there
may be 10 to 12 modules in the satellite—but each
module will be capable of handling 600 to 700 tele-
phone circuits, one color television channel or one circuit
from an aircraft to the ground. And if we look at the
circuit years over this generation of satellites we find
in the relatively short time span of 4 to 5 years an in-
crease of about 100. And since this means revenue po-
tential this is a very substantial change in the economics
of satellites in an extremely short period of time.

Now if one compares the cost of providing satellite
services (even in this early time frame) with cables, one
finds that the tremendous improvement in the number of
circuit years the satellite system possesses, its flexibility
to provide a wide variety of services, provides a substantial
advantage even over the most modern cables.

As a matter of fact, something of the order of a



factor of three to one over the most modern transistorized
cables which have actually not yet been laid. Of course,
a cable connects only the two points on the end of the
cable. A satellite once it is deployed can be used by
any country which is visible to the satellite. And in the
case of the satellite deployed at synchronous altitudes,
this means approximately one-third of the earth’s surface
can be seeing one satellite. The problem, as I said
earlier, now becomes one of deployment of earth stations
around the globe in order to utilize the satellite potential
which will be there.

We have also sought to stimulate interest in the use of
satellites to meet all kinds of domestic communication
needs.

The growing needs for wide-band facilities for data,
record and television transmissions suggest a high promise
for the utlization of satellite capabilities. It is highly
gratifying to have the formal expressions last week from
the American Telephone and Telegraph Company and
from the Western Union Telegraph Company that they are
anxious to explore and make arrangements for the
early use of satellite circuits to meet their growing do-
mestic needs. We feel this represents a most important
milestone in the story of communications satellite de-
velopment.
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This, then, is a brief report on what we are, where
we have been and where our plans for tomorrow ate di-
rected.

For broadcasters, a new and decisively important com-
munications medium is at hand. It will profoundly
influence international television and radio communica-
tion. As the means expand so will the possibilities for in-
ternational television coverage and interchange. It may also
influence the means of distribution to local stations
throughout this country. It may establish new arrange-
ments and new patterns that will have a profound ef-
fect on the national television and radio picture. No one
can paint the picture in detail but I believe that the pace
and the impact will be faster and more significant than
most of us can visualize. On the total picture of satellite
communications, I am confident that what we might see
today is likely to be too modest and too conservative. A
good start has been made but the task is still in its
infancy. In any event, I am sure that the new com-
munications age which has now dawned with the advent
of satellites will impact directly on the way of life of
peoples throughout the world. It has, through its means
for bringing people together aurally and visually, a
tremendous potential to contribute to world peace and
understanding. Let us hope it will be so used.



PRESENTATION OF THE NAB
ENGINEERING ACHIEVEMENT AWARD
to
CARL J. MEYERS

by
GEORGE W. BARTLETT
Vice President for Engineering
National Association of Broadcasters

Ladies and 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 admired by our industry. A man who has
dedicated over 50 years of his life to the betterment of
broadcasting, and has contributed so heavily to the
electronic storehouse of knowledge in our common field
of endeavor.

Engineering has been the cornerstone of Carl J. Meyers’
life whose interest in radio began in 1913; who obtained
his first commercial license in 1919 and spent four years
operating land and ship stations; later to be followed by
a laboratory assignment where he worked on the develop-
ment of precision test equipment.

From 1923 to 1925, he was chief engineer of Station
WTAS, Elgin, I, at the time one of the most powerful
stations in the country.

In 1925, he joined the Chicago Tribune’s radio station
WGN and has been continually associated with them since
that time. Carl interrupted his association with that station
in 1942 to serve with the United States Navy as a com-
mander in the Bureau of Aeronautics where he played an
important role in the development and use of television
by the armed forces.

Upon his return from military service in 1945, Carl
was named director of engineering of WGN, Inc., with
the responsibility of the design and installation of their
ever-expanding studio and mobile facilities.

On May 16, 1961, he was elected vice president and
director of WGN to replace the late Chesser M. Campbell,
publisher of the Tribune. He was later elected a director
of KDAL, their sister station in Duluth, Minn.

On June 26, 1961, when WGN dedicated its new Mid-
America Broadcast Center, he was rightfully acclaimed
the “father” of the new facility ragarded by the industry
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as one of the finest broadcasting structures in the United
States.

On May 21, 1964, Carl was elected senior vice president
and director of engineering, a post which he rightfully
enjoys today.

He is the author of numerous engineering articles and
a world-wide authority on color television. He is a member
of countless technical societies and above all, undisputed
champion of our free system of broadcasting.

In recognition of his distinguished professional career;
for his outstanding leadership and untiring efforts to the
lasting benefit of the industry; for his many contributions
to our nation’s knowledge in the fields of radio and tele-
vision; and for his pioneering spirit which has so richly
enhanced the forward progress of broadcast engineering:

It is my great pleasure on behalf of the National Asso-
ciation of Broadcasters, its membership and staff, to be-
stow upon Carl J. Meyers, senior vice president and direc-
tor of engineering, WGN Continental Broadcasting Com-
pany, the 1966 NAB Engineering Achievement Award.

ACCEPTANCE

by
CARL J. MEYERS
Senior Vice President and Director of Engineering
WGN Continental Broadcasting Company

Thank you, George. It is an extreme honor and privilege
for me to accept the National Association of Broadcasters’
Engineering Achievement Award for 1966. I want to thank
the NAB and in particular, two good friends of mine for
many years, George Bartlett, vice president for engineer-
ing committee ,along with all other members of this great
NAB Engineering Committee.

In accepting this coveted award, I do so only if I can
express publicly my gratitude to my management and engi-
neering colleagues at WGN Continental Broadcasting Co.,
for their assistance and encouragement over the years in the
experimentation, for the advancement of color television.
To these fine folks and the NAB I extend my hearty
thanks for this day which I shall always remember and
cherish the rest of my life.

And further, my dear friends, 1 trust and hope that
the recipient of next year's engineering award has solved
the great problem that confronts us, namely, loud com-
mercials.
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RESEARCHES IN LOUDNESS MEASUREMENT x

Benjamin B. Bauer and Emil L. Torick

CBS Laboratories, Stamford, Conn.

Abstract

CBS Laboratories has performed a fundamental study of loudness

from which several results already have emerged. A new set of equal-loud-
ness contours has been obtained using octave bands of "pink" noise in a
simulated living room environment. The CBS Laboratories contours differ
radically from the Fletcher-Munson contours. Forward vs. backward
inhibition tests were performed, from which a new summation function

was deduced. A new duration vs. loudness level function was obtained

for octave bands ranging in frequency from 125 Hz to 8KHz. This data

is being incorporated in an instrument for measuring senscry loudness

level.

1. Introduction

This paper is a progress report of a study on the measurement and control
of loudness level conducted at CBS Laboratories under joint sponsorship
with CBS Radio and Television Broadcasting Divisions. The project was
started approximately a year ago and is still unfinished. Nonetheless, we
believe that sufficient new and significant information has been found to
deserve presentation at this time. If you ask us whether we are prepared to
offer a meter for the measurement and control of loudness level, at present

we must answer in the negative. However, we are prepared to advance a

*Presented at the Annual Conventicn of the National Association of Broad-
casters, in Chicago, March 28, 1966.
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cautious claim of being able to measure the level of sensory loudness
of sounds with randomly distributed frequencies. To extend the scope
of this claim to the ultimate objective of our research will require

considerable additional effort, but the goal seems to be within reach.

"What is so difficult about measuring loudness?' you ask. "Can't a
VU meter be used?"or,"how about using a sound level meter?". Unfor-
tunately, the solution is not that simple. For a given VU meter
reading, tones of different frequency may differ in loudness level by
as much as 20 to 30 dB; and the VU meter by itself does not respond prop-
erly +to the sensory loudness of combination tones. A sound level
meter has a microphone, an amplifier, three freguency-shaping net-
works, and a two-speed indicating instrument. Whereas the networks
are related to the characteristics of the ear, it is not always clear
as to which one should be used, and again, combination tones are not
properly measured. Also, the speed of the meter is not related to the
dynamics of the ear. Thus, the sound level meter is useful as a
yardstick for engineering specifications, and when used with care it
will measure quantities which can be related to loudness of steady-
state sounds. By itself, however, it is not to be relied upon for

measurement of loudness level of complex sounds.

To find a way to measure and control sensory loudness first we must
ascertain how people react to sounds of different character. This

is not a simple matter because no two people will agree in all cases
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on which of two sounds is the loudest. To obtain information about
sensory loudness a group of listeners must be used to obtain average
consensus. Therefore, valid loudness investigations are long, tedious,
and expensive. Work on this subject has been going on for many years,
and we will review some of the earlier studies to give you a good feel

of the subject.

2. Sensory vs. Perceptual Loudness

What do we mean by "sensory loudness'" and how is it different from

other aspects of loudness? We clarify this question with a few examples.

You are playing your HiFi set for company. Being considerate of neigh-
bors, you adjust the volume to a reasonable and proper value -- say

the minimum needed to reproduce the full dynamic range of the record.

The wife says, "Turn down the loud sound -- I can't hear the girls talk."

S0 you see, a sound may be considered soft or loud depending on our

interest in it.

Another example: Some years ago we were engaged in developing an instru-
ment for the automatic control of level in broadcasting -- the CBS
Laboratories AUDIMAX of today. We observed that a person shouting seemed
to sound louder than the same person speaking normally, even if the
measured levels in both cases were equal. Perhaps the difference in
perceived loudness was due to a change of frequency spectrum in the two
modes, but we don't think so. It appeared to us that the shcuting voice

seemed the louder because of the feeling of urgency which it communicated.
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And lastly -- Who has not been awakened in the middle of the night by the
sound of a whimpering child, which in the daytime might have gone unnoticed?
Why was this sound at night so compelling? We don't know, but evidently
psychological conditioning plays an important role in our assessment of

"loudness" of certain sounds.

Despite these psychological factors, there is an important body

of scientists who believe that loudness sensation can

be related directly to the neural activity of the inner ear, which, of
course, is a physiological or sensory phenomenon. One might think,
therefore, that if we could produce sounds free of semantic content,
and measure the sensation of loudness they cause in typical observers,
we should be in a position to construct a device to measure loudness.
Therefore, as a first step in an investigation of sensory loudness,

we must find means to produce sounds -- especially speech sounds --

which are as much as possible, devoid of semantic content.

There are several ways of approaching this problem: 1) The use of
thermal noise, which is devoid of meaning; 2) Scrambling speech by
electrical or mechanical means, such as by cutting the tape and
resplicing at random; 3) Using foreign languages; ) Using synthetic
English -- made-up words which have the syllabic content of English
but otherwise have no significance -- e.g. double talk; 5) Recording

ordinary English and playing the tape backwards so that the energy



% LABORATORIES

_5_

content remains unaltered. By the way, we experimentally determined
thet methods 4) and 5) produce guite equal loudness sensation, and
since then we have frequently used backward running tapes in the study

of loudness of words and phrases.

In summary, we believe that loudness has two aspects: 1) Sensory or
physiological aspect which can be ascribed to the activity of the
peripheral organ of hearing -~ the inner ear, and 2) Perceptual or
psychological aspect which involves the central function -- psychologi-
cal conditioning, memory, emotional factors, etc. We refer to these

two aspects of loudness as "sensory loudness" and "perceptual loudness",
respectively. The phase of work in which we are currently engaged is
limited to the study of the means of measuring and controlling the level

1
of "sensory loudness", and when we make reference to the term "loudness"

in this paper, we mean sensory loudness.

3. Loudness and Loudness Level

Until now we have not distinguished clearly between the terms, "Loud-
ness" and "Loudness Level", but at this point it becomes importent

to do so.

Forty years ago when Fletcher and Munson began a scientific study of
loudness, it became apparent that it was difficult to assign numbers

to the sensation of loudness of various sounds without comparing them
audibly against a standard sound. In acoustical engineering the pressure

level of sound, in dB, is referred to 0.0002 dynes per sq. cm.; this
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corresponding approximately to the lowest audible sound at 1000 Hz*
for normal human hearing. Fletcher and Munson chose to measure the
audible level of any sound by comparing it against a 1000 Hz tone.

The loudness of the comparison tone is adjusted until, on the average,
it is judged to be as loud as the sound being measured. Then the
1level of the 1000 Hz tone in dB is called the "loudness level" of

the sound being measured, in "phons" .

This procedure works well in practice, and is used to this day.
Furthermore, we have demonstrated that sounds having the same

loudness levels sound equally loud when compared with each other.

Thus, although loudness level determination involves human judgment,
it is a definite measurable quantity. However, from the point of view
of a Psychologist, loudness level is not a measure of loudness. For
example, it does not tell us "how many times louder" is an 80 phon
sound than a 60 phon sound. How then can an absolute scale of
loudness be established? Obviously, one has to ask people when a
given sound is "itwice as loud" as another sound. One way of doing
this is to use a headset with independently accessible earphones,
raising the signal level into a single earphone until it sounds as

loud as when two weaker but equal signals are fed into both earphones.

*Hz, abbreviation for Hertz, has been adopted as name for cycles per
second. KHz is 1000 cycles per second..
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The theory behind this approach is to say that, when both ears are
subjected to given equal sounds, twice as many nerve impulses are
produced than when one ear is actuated by the given sound. The
aforementioned procedure tells us how much it is necessary to in-

crease loudness level to one ear to double the sensation of loudness.

Another method is based on the hypothesis that when the ear is sub-
Jjected to two or more sounds of widely separated frequency, each of
the sounds acts on a different patch of nerve endings in the inner ear
and the impulses arising from these patches are independent. So that,
for example, if a 500 Hz tone and a 2000 Hz tone are equally loud when
sounded alone, they will produce twice the rate of nerve firings when
applied together, therefore, doubling the sensation of loudness. In-
creasing the level of either of these equally loud sounds until it
sounds as loud as both applied together will tell us how much must

the level be increased to obtain twice the loudness.

A third method is more direct than the previous two: The subject is
simply told to adjust the level of a sound until its loudness, in his
Judgment, doubles, trebles, etc. In this manner a "loudness" vs.

"loudness level" scale is constructed.

It is a matter of interest and comfort, that the above methods as well
as some others that had been devised, produce fairly consistent results
(although the variations for any one subject, of course, are rather

large). It is generally accepted today that the sensation of loudness



doubles with approximately a 10 dB increase of loudness level. The
unit of loudness, called a "sone', is defined as loudness correspond-
ing to a 1000 Hz tone 40 dB above the listener's threshold. Since,
for a typical observer, the threshold at 1000 Hz is at O dB, a sound
having a loudness level of 40 dB, to a person with normal hearing,

has approximately the loudness of 1 sone.

Fig. 1 shows the relationship between the loudness level of sound, in
"phons" and the sensation of loudness in "sones" as recommended by

I1.5.0. (International Standards Organization).

It will be noted that in the region between 20 and 120 phons the

relationship between phons and sones may be written:
o 5 (P-%0)/10 (1)

It

or P =540 +10log, S (1a)
where 8 is the loudness in sones

P is the loudness level in phons.

The consequence of this relationship, proven in the Appendix, is that

loudness(in sones)varies approximately as the 0.6 power of the ratios

of pressures (in dynes per sq. cm) of the comparison tones; i.e. the

relative loudness Sl and S2 of any two sounds, in terms of pressures

of their respective comparison tones P and P.o is

0.6
Sl/sg = (Pcl/ch) (2)

As in all psychological relationships, the expression in Eq. (2)
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is subject to variations from observer to Observer and from one

type of sound to another. From the point of view of a psychologist,
the sone is a preferable unit since it relates arithmetically to the
sensation of loudness. For the engineer the loudness level in phons is
more convenient, as it relates to the power level - a more familiar

engineering quantity.

L. TEqual Loudness Contours

Fundamental to the study of loudness is the measurement of levels of
sounds of equal loudness as a function of frequency and intensity.
The result of such measurements is portrayed as a set of "equal
loudness contours”. These contours are obtained, customarily, in

10-db steps to cover the desired range of sound pressure levels.

The classical equal loudness contours for pure tones presented by Fletcher

and Munson™ in 1933 are shown in Fig. 2. Despite the wide acceptance of these
contours, especially in the U.S.A., there is divergence of opinion

with regard to them. Thus, in 1937, Churcher and King2 published

another set of equal loudness contours, shown in Fig. 3, and a still

further set was presented by Robinson and Dadson3 in 1956, as shown

in Fig. 4. Actually the contours of Robinson and Dadson are contained

in the I.8.0. recommendation R 226. It should be noticed that from

60 dB up, the shapes of these contours is practically invariant. This

is dimportant in any projection for a loudness meter.

1. J. Acoust. Soc. Am. 5, 82 (1933).
2. J. Inst. Elec. Engrs. (London) 81, 57 (1937).
3. Brit. J. Appl. Phys. 7, 166-181 (1956).
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A1l of the above measurements are predicated on the use of pure tones
in free field, without reflections (as in an anechoic chamber ), with
the observer facing the source of sound. Under this circumstance the
tests prove to be very laborious since but one observer can be tested
at a time. In practice, therefore, earphones are used, usually after
suitable calibration against the free field. Either of these tests

are not representative of the typical conditions of listening. In

the course of daily life the listener is immersed in a diffused sound
field, and is subjected to rapidly changing sounds with continuously
varying frequency content. Therefore the aforementioned equal-loudness

contours may be suspected to be of limited utility.

The importance of ascertaining the equal loudness contours under condi-

tions more nearly representative of everyday sounds has been spparent

to several workers in the field. Thus, Stevensu, of Harvard University,

in describing his research on methods for calculating the loudness of

a complex noise, obtained equal loudness contours for octave bands

of white noise,5 using calibrated earphones, as shown in Fig. 5. They

are significantly different from pure-tones contours obtained by pre-

vious investigators. To overconme the shortcomings of earphone receivers,
Stevens also ran equal-loudness contour curves for octave bands of noise with
the listeners in a diffused sound field. His 73-phon contour, in comparison

with the T75-phon contours of Fletcher-Munson and Churcher-King, and the 84-phon

4. S. S. Stevens, J. Acoust. Soc. Am. 28, 5, 807-832 (1956).
White noise is characterized by having equal energy per cycle.
Thus, the 1-2 ke octave band has 1/2 the energy of the 2-4 ke
octave band, etc.

\N
.
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contour of Robinson-Dadson, is shown in Fig. 6. It is seen that the
free-field contour of Stevens (using octave bands of white noise)
differs substantially from the other contours, mainly by exkibiting
less rise at low frequency and an absence of high frequency rise.

In subsequent paper in 19616, Stevens published a proposed set of
equal Loudness Index contours which serve the role of Egual Loudness
contours in his method of loudness calculation, to be described later,
reproduced in our Fig. 7. These contours differ radically from those

he published previously.

After reviewing the data of previous investigators we decided that,
for the purpose of studying loudness in broadcasting, it was important
for us to determine a set of equal loudness contours under conditions
more applicable to everyday listening in the home. First , it seemed
to us that the room in which the tests would be conducted should be
representative of the type of room in which broadcasts are normally
heard. Second, the subjects should be in a position to hear the sound
arriving randomly from all directions, from a loudspeaker. Third ,
the quality of the sound system should be sufficiently high to ensure
a uniform response throughout the frequency range of interest. Fourth |,
the sounds would be presented in bands corresponding to the bandwidth
of the filter sections to be finally employed for loudness analysis.

We arbitrarily decided, after the early work of Stevens, to use

6S. S. Stevens, Jour. Acous. Soc. Am. 33, 11, 1577 - 1585, 1961.
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l-octave bands of noise, as wider bands did not appear to provide adequate
discrimination between different sounds, and narrower bands would make
any future "loudness level meter" prohibitively expensive. However,
unlike Stevens and others, we decided to use "pink" and not "white"

noise because of the favorable spectral distribution of the former*.

5. CBS Laboratories Equal Loudness Contours

CBS Laboratories measurements of equal-loudness contours were conducted
in the summer and fall of 1965. A special measuring set, shown in Fig.
8, was constructed for these tests. The block circuit diagram is shown
in Fig. 9. The input signal is divided into octave bands by means of

9 filters, covering a range of 32 hz to 16Khz. Two sets of output
attenuators are provided, in correspondence with these filters, so that
two different sets of response curves can be presented to the listener.
Switching between the two sets, or between one set and an external source
can be done by means of a motor-driven switch which actuates two vario-
losser elementsso as to avoid a click. This test set forms an extremely
flexible device which permits a large number of different tests to be

designed for loudness investigations and other psychoacoustic measurements.

The listening team used in our tests was usually composed of 10 women,
although one set of contours was obtained with a group of g men. The
median age of the groups was about 30 years. During the course of the

investigation, 3 separate groups were used. With each new group the

*White" noise has equal average energy per cycle, whereas the average energy
per cycle of "pink" noise is inversely proportional to frequency. Thus
"pink" noise has equal energy distribution per octave band.
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first session was a learning session. Tests were usually run in the CRS
Laboratories small studio, 16' x 14' x 8', which has carpeting, drapes,
and an acoustical-tile ceiling. Therefore, the reverberation time is
short, being of the order of 1/3 second. Under these conditions

equal-loudness contours were obtained at 50, 60, 7O and 80 phon levels.

Because of building noise in the small studio, the 50-phon contour was
suspect. Therefore, a second series of tests was conducted in a more
quiet enviromment of a suburban home. The room used, 25' x 24' x

7-1/2' high, had wood-panelled walls, vinyl-tile floor, and acoustic

tile ceiling, and no carpet or drapes. This room was noticeably more
live than the studio, exhibiting a reverberation time of the order of
3/4 second. Under these conditions, a set of equal loudness contours was
obtained at 40, 50, 60, 7O and 80 phons. The two sets of contours were
equal, within experimental error. The 70-dB contour was repeated each

time a new team was used.

During the tests, a loudspeaker system with uniform frequency response
and polar pattern was placed in the corner of the room, and the test
team was seated on an arc so that each member was subJjected to approxi-
mately equal sound energy. Octave bands of pink noise were used. The
sound-pressure level of each octave band and the proximity of the chairs
to the speaker were adjusted, using a calibrated sound level meter, so
that the sound pressure at the Listener location was uniform within
approximately 1 dB. In order to avoid small errors stemming from the

absorption by the clothing of the team, the sound pressure level was
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frequently remeasured with the team in place, by taking readings midway
between the ears of the listeners. The comparison tone was a l/3—octave

band of pink noise centered at 1000 Hz, to avoid standing waves.

The octave bands were presented in 1 dB step adjustments, for 1 second
periods, selected at random and alternating with the comparison tone.
Fach listener had a tally sheet on which the judgment of loudness of
the octave Laznd with respect to the comparison tone was entered as

"M or "S" (for Louder or Softer). No "equal" choice was provided.
After the session, the entries were tabulated and scored. Average

deviation from the mean judgment of equal loudness seldom exceeded 1 dB.

CBS Laboratories Equal Loudness Contours resulting from these tests are
shown in Fig. 10 for women, and in Fig. 11 for men. It is interesting
to note that the frequency of maximum sensitivity in women 1is 4500 Hz
and in men, 3000 Hz. (Perhaps this is why women are more bothered by
the Highs in HiFi!). A composite set of contours is shown in Fig. 12.
It should be noted that the sound-pressure-level for octave bands at
1000 Hz is asbout 2-1/2 dB lower than the SPL  of the 1/3-octave band
of the same loudness. This is explained by the fact that the octave
band acts on a wider patch of nerves in the inner ear than a l/3-octave

band and its effectiveness is greater.

6. Loudness Summation

One can provide a meter with a network which is the inverse of that of Fig.
12, and use it to measure the loudness level of steady-state octave bands

of noise, but what if there are several bands of noise heard simultaneously?

When the workers in psychoacoustics attempted to predict the loudness of
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multi-component sounds from measured sound spectrum they employed the
following line of reasoning:
1. Each component of the sound can be thought of as activating a
given patch of nerve endings to'fire,"producing a given
sensation of loudness, S.
2. This loudness is calculable from the loudness level of the
given component, (using Fig. 1).
3. If one were to determine the loudness S due to each component acting
alone and all these loudnesses were to be combined by means of some
arithmetical scheme, the combination would be related to the total

neural activity and, thus, should yield the resultant total loudness.

Among the first to offer the above approach were Fletcher and Munsonl,

however, their method is only applicable to pure tones. In 1951,

Beranek, Marshall, Cudworth and Peterson7 proposed a method for calculation
of loudness of distributed-frequency noise following the same general idea.
These authors divided the noise spectrum into bands approximately 1 octave
wide (actually, 300 "mel" wide. Mel is a psychological unit of pitch).
Following this, they determined the sound pressure level in decibels for
each band. DNext, using the relation between loudness level and loudness
(similar to the one in our Fig. 1) they found the loudness in sones con-
tributed by each band. And lastly, they added these individual values

of loudness to obtain the total loudness, in sones.

T3.A.8.A. 23, 3, p 261 May 1951



-16-

Other investigators, however, gquestioned the validity of direct addition
of partial loudnesses of the individual bands. For example, Stevensu
asserted that under direct testing, the sum of the loudnesses in the
separate bands of a broad spectrum could exceed the observed loudness

of the total noise by a factor greater than 2. Stevens attributed this
to "inhibition", that is, the interaction between bands, where a band
of noise acting on a patch of nerves diminishes the ability of the
adjacent patches to respond to a second band of noise as effectively

as they would have if the first band were not present. Stevens offered
the following refinement: Given N adjacent bands of equal loudness S,
assume that the first one produces the full measure of loudness, i.e. S;
but each added band contributes only a fraction F of S to the sum. Thus

the total loudness St of the N equally loud bands, according to Stevens is,

S¢ = 8 + F(N-1)s (3)
=S+ F(Zs - 8) (%)
=s[1+ (§-1)F (ka)

where S means the sum of the loudnesses of all the bands. If the bands
are of unequal loudness, Stevens reasons that the greatest contribution
to total loudness will be by the loudest band, Sm, all the others contribut-
ing the F fraction of their sum, and he rewrites equation (4) as follows:
S =S, +F (Zs - 8p) (5)

or, =(1-F) S, + FZ5 (6)
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Stevens conducted numerous experiments and concluded that, for octave
bands of noise the factor F was = 0.27, but he rounded this to 0.30
because of better fit with subsequent experimental data. If the bands
are 1/3 octave wide, instead of 1 octave, F turns out to be about 0.15.

The partial loudnesses S are shown as "Loudness Indexes" in Fig. 7.

Another method of loudness calculation has been proposed by Zwicker of
the Institut fur Nachrichtentechnik in Stuttgart8. Zwicker offers the
further refinement of taking into account assumed differences in inhi-
bition acting upward from lower to higher frequency bands as a function

of the relative level of the bands.

While the methods of Stevens and Zwicker reportedly have served well
for the calculation of the loudness of a variety of sounds, they have
not been universally successful. For example, recently E.L.R. Corlis
and G. E. Winzer of the National Bureau of Standard59 employed these
methods to calculate the loudness of footsteps, and pointed out a
substantial disagreement between the calculated loudness and subjective

loudness balance measurements.

A number of workers in the field of loudness measurement have suggested using
the principles described by Stevens and Zwicker to perform loudness calcula-
tions with electronic circuits which, by definition, would constitute a loud-
ness meter. We are not aware of the status of these developments, nor do we
feel that these principles are best adapted to an engineering solution of

the problem at hand.

8Acustica; 8, Akust Beih. 1, 237-258 (1958)

9Journal of A.S.A. Vol. 38 No. 3 p L2k-428, Sept. 1965.
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T. Hypothesis on Loudness Summation

One of the propositions examined in our work was the hypothesis that it
might be possible to do the summing of electrical signals, stemming from
any frequency division of the sound being measured, prior to conversion
into the loudness function. In other words, instead of converting sound
pressures to phons and then to sones prior to summation we preferred to
perform the summations on the sound pressure side of the equation.
Considerable simplification in the circuitry of the meter was expected:

from such an approach.

Let us clarify this by an example. Stevens maintains that if N adjacent equally
loud octave bands of sounds are present, then assuming that the first one
contributes a unit of loudness, the second one will contribute 0.3 units

of loudness, and so forth. Thus, beginning with the first band, and adding
successive bands, loudness grows in a progression of 1 : 1.3 : 1.6

1.9 ... But we know that loudness also varies approximately as the 0.6
power of sound pressure and sound pressure in an octave band can be
represented by a voltage. Suppose we normalize the voltages, as with an
appropriate frequency network, so that octave bands of unit loudness
produce unit voltage outputs from the octave band filters. These voltage
outputs are then rectified so that they can be added in a linear fashion.
Now suppose we take the voltage corresponding to the first octave band,

and raise it to 0.6 power. The output still is unity since one to any
power is one. Next, we add a fraction R of the outputs of the succeeding
voltages, and raise the sum to the 0.6 power. We select R so as to closely

approach the growth of loudness predicted by Stevens. For example, for
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octave bands assume that R is 0.64. The resulting "reading" obtained by
using the method of "Loudness Index" summation of Stevens, and of 0.6-power

"Voltage Summation" is shown in Table I.

TABLE I
to- o1 Goave b n|  Sepmindees | goon
1 + 0.3(N-1) (& + o.64(n-1)]O-
¥ 1 1
- 1.3 1.3k
3 ‘ 1.6 1.6k
b 1.9 1.90
p) 2.2 2013
6 2.5 | 2.36
T 2.8 2.58
8 3.1 4 2.78 |

It is seen that the six-tenth power voltage summation produces a growth func-
tion which is very close to that predicted by the Stevens method of addition
of loudness indexes. The tremendous advantage of the former method when
applied to an electrical circuit is that, a single power function device is
required (and this can be the calibration of a meter), whereas to obtain loudness
indexes each band has to be operated upon by its own non-linear function.
Since the Stevens equation, in itself, is only approximate, it is a matter
of experiment to determine which of the two methods is in better conformity
with actual experience. In the general case of unequal voltages, the

0.6

applicable expression would be in the form of[%m + O.6h@EE} - Emy , where
n

Ené are the normalized voltages and Em is the maximum normalized voltage.
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As & matter of fact, there is really no reason to assert that an R = 0.6k
and the exponent 0.6 are optimum in adding the normalized voltages. We
can experiment, for example, with R = 1 and the exponent = 0.5. The
predicted form of loudness growth using this method compared to that of

Stevens is shown in Table II. The similarity is worth noting.

TABLE IT
No. of Bands N Stevens Loudness Square-Root
Summation Voltage Summation
1 + 0.3(N-1) NO-5

1 1 S

2 1.3 1.4
3 1.6 1.73
L 1.9 2.00
p) BoB 2.2k
6 2.5 . 2.45
T 2.8 , 2.65
8 Sod i 2.82

T

From these tables one can hypothesize that a simple square-root voltage
summation can be in useable agreement with the more complex methods of loud-
ness summation at least for a limited range of loudness levels. A re-
lationship which suggests itself at once with respect to Loudness-Level
summation stems from the fact that the near-doubling of loudness as
calculated by Stevens for four egual-loudness bands should correspond to
about 10 dB increase in loudness level, whereas the increase of voltage
level by direct addition of the rectified voltages of the four bands is

20Loght = 12 dB. Furthermore, we had noted repeatedly that the level of
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four adjacent octave bands measured by loudness balance methods had to be
lowered not by 10 but by about 12-13 dB to balance against the sensation of
loudness of a single band. On basis of these considerations, we conducted
a number of experiments in which the loudness level of octave bands of noise
added in different combinations was compared with the electrical voltage

level . tained by simple addition of the normalized voltages.

In Fig. 13, shown ir solid line, is the attenuation required to balance the
loudness level of varying numbers of bands of noise against a TO-phon
1000-Hz 1/3-octave band of noise. The number N varies from 1 to 8. The
level of the arithmetic addition of the voltage bands, calculated on basis
of Level = 20 L.+ N %5 shown in dash line. The agreement is mostly within

l-l/Z dB whick 35 close to the limit of accuracy of our experiments.

The next question we asked ourselves, was: "How does this principle work
for summation of bands of unequal loudness levels?" We started out with
TO-phon octave bands of noise in groups of adjacent four bands. The lowest
frequency group spanned the range of 125 - 2,000 Hz. The middle-frequency
group extended from 250 - 4,000 Hz; the High-frequency group covered 500 -
8,000 Hz. We took this occasion to answer a question which has troubled

us for some time: Is the inhibition symmetrical or dissymmetrical? In
other words, if we compare the loudness of a group of bands with progres-
sively diminishing levels toward the high frequency end with a similar
group in which the band level diminishes progressively toward the low

frequency end, what will be their relative loudness level?

The results are shown in Fig. 14. The abscissa shows the incremental attenu-
ation per band. The ordinate is the attenuation of the group to match a

TO-phon band. It is seen that for the two upper-frequency sets of bands,
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the direction of attenuation does not matter. The overall attenuation
required to equalize the loudness of the sets against a TO-phon compari-
son tone follows the curve of 20 log the sum of normalized voltages,
within 1 - l—l/2 dB. With the set including the lowest frequency, the
direction of attenuation does make a difference. As expected, forward
inhibition (or masking of low level high frequency tones by high level
low frequency tones), is predominant. This is a factor to be considered

in future development work of a Loudness Level Meter.

It is interesting to note that all equally-loud four-octave band sets
employed in our tests required that their level be attenuated 13 dB to

be equally loud compared with a single octave band.

8. Projecting a Loudness Level Meter

We now have sufficient data at hand to project a sensory loudness-level
meter. Our immediate objective is to measure the relative loudness level in
the 60-80 phon range. The first step is to provide a set of octave-band
filters. Then, the TO dB equal loudness contour is selected as the design
objective for an input network to normalize the filter outputs, so that
bands of sound of equal loudness provide output voltages of equal voltage.
The filter outputs are rectified and operated on by a summing network to
carry out the appropriate mode of addition of the individual voltages.

The resultant is displayed on a meter quite similar to a VU meter, but

with suitable calibration and endowed with suitable ballistics. ¥

In block diagrem the meter is shown in Fig. 15.

%The term "suitable ballistics" is intended here to denote the ability of
the pointer of the meter to respond to short impulsive sounds, repetitive
impulsive sounds, etc. in a manner conforming to that of the humen ear.
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9. Meter Ballistics

The development of meter with suitable ballistics appears to be the
remaining key problem in the development of a meter suitable for

measurements of loudness levels of speech and music.

Data as to how the ear perceives short pulses of sound is avallable,
but scattered. We thought it best to obtain it with our psychoacoustic

team.

The increase in level necessary to maintain equal loudness of octave
bands as a function of time, is shown in Fig. 16. For s pulse as short
as 30 ms the level, compared with a 1 - sec. long tone, must be increased
some 7 dB. This is true regardless of frequency band being tested, in

the range 125 - 8,000 Hz.

We were curious to know how did this time constant compare with that of
a VU meter. The results are shown in Fig. 16 in dash line. It is seen
that the VU meter follows the ballistics of the ear pretty well above
150 ms. but for shorter durations it produces a substantial error, which
at 30 ms reaches 10 dB. Investigation of meter ballistics, to conform
with subjective measurement of sensory loudness level, is continuing at
CBS Laboratories.

Conclusion

The researches aimed at the measurement of loudness level, at CBS Laboratories,
have now reached the stage where loudness levels of continuous bands of
noise in the 60 - 80 phon range can be rapidly and reliably measured.

The adaptation of the method to speech and music and to other discontinuous
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and impulsive sounds must await further developments. Our present
efforts are directed to the measurement of loudness of speech sounds
and to the development of ballistics that will agree with the judgment
of loudness level of the psychoacoustic test team. Considerable addi-
tional testing and circuit adaptation work remains, but we look confi-
dently toward completion of this final phase in the not-too-distant
future.
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Loudness Level in phons, P, of any sound is given by the following

relation:

P = 20 log (p./p.) (1)
where, 18 is the sound pressure of the comparison tone, (1000 Hz),

in dynes per sq. cm. equal in loudness to the given sound, and

P, is the reference level, 0.0002 dynes per sq. cm.

Teking eny two sounds having loudness S, and 82’ we can write,

1
p (P,-40)/10 (P, - k0)/10
51/85 = 2 /2 (2)
_ (B - Bp)/10
Substituting Eq. 1, into Eq. 2
51/85 = 2 (20 log (p.3/pr) - 20 log (pcz/Pr)/lO
2 1
or 83/8, =2 o8 (Pc1/p.2) (3)
Taking logarithms of both sides of Eq. (3)
log (81/52) = 2 log (pe1/Pez) x log 2
= 0.6 log (pcl/pcz)
O.6
= log (Pc]_/Pcz) (Ll')
Consequently,
0.6
81/85 = (,/P.2) {5)

In the region where the equal-loudness contours curves are paraltel
to each other, in the decibel - frequency scale, the relationship in

eq.(5) may be considered to hold for sound pressures of any frequency.

It may be shown immediately that Eq.(5) signifies that loudness in sones

doubles for 10 db increase in sound-pressure level: If Sl/S2 = 2,

1/0.6
pcl/Pcz = 2 / = 3.16, corresponding to level difference of 10 db.



ERRATUM NOTICE

"Researches in Loudness Measurement"

by Benjamin B. Bauer and Emil L. Torick

Figure 16 of this paper appeared
incorrectly. The authors will appreci-
ate your replacing the original page
with the revised version supplied with
this notice. (The revised page is so
identified in the lower corner.)
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NAB ENGINEERING ADVISORY COMMITTEE REPORT

by

Clyde M. Hunt (Chairman, Engineering Advisory Committee)
Vice President for Engineering
Post-Newsweek Stations
Washington, D, C.
March 28, 1966

Good afternoon, gentlemen of the NAB Engineering Conference. As chairman
of the 1966 NAB Engineering Advisory Committee, I am pleased to bring you
this informal status report on the committee's activities during the past
year.

As you can see from the time limitations of our program this afternoon, it
must be very brief and sketchy. It is intended to cover just the high lights
of the more important aspects of the work of this committee for the past year.
I have, of necessity, had to cut out much interesting detail.

First, I would like to express my appreciation for the assistance which has
been given me by the members of this committee -~ a group of dedicated engie
neers, working quietly and efficiently behind the scenes acting as liaison
between you, the NAB, the industry, the FCC, and other governmental agencies.
Those serving on the committee this year are: William S. Duttera of the
National Broadcasting Company; James D. Parker of the CBS Television Network;
Leslie S, Learned of the Mutual Broadcasting System; Clure Owen of the American
Broadcasting Company; J. D. Bloom, WWL, New Orleans, La.; Virgil Duncan, WRAL,
Raleigh, N. C,3; John T. Wilner of the Hearst Corporation; and William B.
Honeycutt of KRID, Dallas Texas.

The year 1965 and to date in 1966, have been very busy periods for the advisory
committee. One of the outstanding problems which we still have not satisfac-
torily answered is this matter of objectionable loudness. No doubt you have
all heard of FCC's Docket #1u49ok,

This is an extremely complex subject. You have just heard Mr. Bauer present

his excellent scientific paper on "Researches in Loudness Measurements." My
remarks on the subject of loudness are related primarily to the loudness problem
viewed as an industry,

In addition to Mr., Bauer's "his and hers" meters, we need an "FCC" meter.
Loudness is a problem and we in broadcasting must come up with a practical
answer to it, whether it is scientifically good or bad. If it satisfies our
regulatory requirements for the time being, then that is good.

Briefly and rather specifically, this regulatory requirement relates to the
apparent loudness of some commercial material when compared to adjacent program
material,



It is recognized, that the standard VU meter which is widely used throughout

our industry as a level indicating device, does not always reflect the relative
loudness of material being broadcast, This is most frequently true of material
subjected to excessive volume compression or other electrical processing devices,
such as filters, attenuators, or reverberation units, and when voice commer01als
are presented in the FCC's terms of "a rapid fire, loud and strident manner,"”

In July of 1965, the Commission issued a report and order in this proceeding
which now permits the licensee to reduce the percentage of modulation below
the heretofore minimum of 85% in an effort to help stations in their efforts
to control commercial loudness.

At the same time, the Commission issued a "Statement of Policy Concerning

Ioud Commericals" in which it outlined six guidelines for broadcasters to follow
in order tc avoid loud commercials., The Commission also recognized that the

NAB is studying this problem at the engineering level to possibly effect a
solution,

To investigate the matter of loudness, we appointed a subcommittee under the -
chairmanship of Robert Morris of the American Broadcasting Company. The sub-
cormittee consists of the following members:

John T. Wilner, Hearst Broadcasting Company
William S. Duttera, National Broadcasting Company
James D, Parker, CBS Television Network

Carl Iee, Fetzer Broadcasting Company

Clyde Hunt, Post~Newsweek Stations

The subcommittee has explored several different aspects of the problem and
is now developing guidelines which will assist the licensee in implementing
the Commission's policy statement in the matter of pre~screening commercials,

The subcommittee has spent considerable time and effort looking into the pos=-
sibility of developing a new measuring device which will give a more accurate
indication of loudness, and of the development of automatic control systems
which would automatically control loudness.

As a second part of this project, we have established and are maintaining liaison
with the various production facilities which record commercials for advertising
agencies, in the hope that through such cooperative efforts additional steps

may be taken to control this problem.

The control of loudness is not going to be accomplished by any simple, single
development -~ certainly none that we know of today. It will require the
cooperation of all parties concerned, coupled with a step-by-step engineering
program working toward the development of new instrumentation and techniques.,
We all hope that the ultimate sclution will be forthcoming within the near
future.
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TV remote control -~ FCC Docket #16202 -~ is another big problem. We have
been working for the past several years on a project designed to test the
practicality of controlling a large VHF television transmitting installation
by remote control, The project was initiated in 1963 with the installation
of four remote control systems at four VHF television stations; two radio
controlled systems and two wire line systems. The tests were conducted at
station KKTIV, Colorado Springs, Colorado; WGEM-TV, Quincy, Illinois; KFMB-TV,
San Diego, Californiaj; and WABI-TV, Bangor Maine. As has been previously
reported and documented, these control systems were outstandingly successful.

After the filing of a petition by the NAB on February 1k, 1965, the FCC issued
a Notice of Proposed Rulemaking looking toward the amendment of its rules to
authorize the remote control of VHF television transmitters., Although the
Comission proposed basically the same changes in the rules which were sug-
gested by NAB, it did add a requirement that out~of~band radiation detecting
devices be installed and the observations be periodically mede by personnel
on duty at the remote control point.

Over 50 television stations and three television networks participated in this
proceeding and virtuslly all took exception to the out-of-band monitoring
requirement which the Commission proposed. The NAB in its Comments and Reply
Comments, opposed this provision and it is hoped that it will be deleted from
the rules when finalized., The record in this proceeding will be closed as

of Friday, April 1, and it is hoped that favorable and expeditious action
will be taken in this matter.

FCC Docket #15398 concerns the feasibility of sharing the VHF television channels
with the land mobile services. As we all know, the demand for spectrum space

is a continuing struggle. One of the latest proposals was made by the land
mobile services in FCC filings by the Joint Technical Advisory Committee, the
land mobile subcommittee of the Electronic Industries Association and the
National Association of Manufacturers.

This proposal is to share our VHF television channels! Quite simple they say!
The Joint Technical Advisory Committee and the land mobile subcommittee of
the Electronic Industries Association have both filed extensive engineering
documents with the Commission attesting to the feasibility of such sharing.
The NAB Engineering Advisory Committee appointed a land mobile subcommittee,
under the chairmanship of Mr. William S, Duttera of the National Broadcasting
Company, to investigate the JTAC and EIA filings. This subcommittee after
extensive investigation and study, concluded that the sharing of channels 2 -
13, by the land mobile services was not feasible, and indeed, would create
destructive interference,

The NAB filed comments in this matter, reflecting the subcarmittee's findings,
and further pointed out that more efficient use of the presently allocated
mobile frequencies could be made by those services. The subcommittee is con-
tinuing to study this matter.
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The antenna farm problem ~- FCC Docket #16030 ~~ has been with us for the

past ten years with first one proposal then another. The most recent is a |
proposal by the Commission to amend Part 17, of the rules which would estab-
lish antenna farms in each and every community in the United States, Adoption
of the proposal would require all new tall towers to be placed in a farm area.

For many years the NAB has consistently supported the antenna farm concept,
and has worked toward its adoption and implementation, However, this most
recent proposal would vest veto power in the Federal Aviation Agency over
the designation of a particular farm area., It has been the Association's
position that the authority to make the final determination concerning the
establishment of the antenna farm must rest with the FCC, and not with FAA,

After carefully studying this very involved and highly complicated proposal,
the Association filed comments supporting the farm concept but opposing the
veto power for the Federal Aviation Agency.

As Vince (Vincent T. Wasilewski, NAB President) mentioned in his welcoming
remarks, one of the most interesting and successful undertekings by this
Engineering Advisory Committee in 1965 was the establishment of an Engineering
Mansgement Seminar which was held at Purdue University, West lafayette, Indiana,
for one week last November,

A specialized course of instruction was attended by 48 engineers from 23 states
and one foreign country. This was the maximum number that could be accommodated.
The course was oversubscribed one week after it was announced, and enrollment
had to be closed three months before it was scheduled to start.

The course was designed to improve the engineers' understanding of management,
and was devoted solely to non-technical subjects, It was under the over-all
direction of the School for Continuing Education and Technology at Purdue
University, and was implemented by nearly a dcozen of the university's most
outstanding faculty members.

All students were housed at the University and were afforded all the privileges
of full-time students. Tt was truly a "back-to-school" venture,

The course will be repeated again in November of 1966, and I strongly recommend
that you attend if you can make it., It is the finest exercise in management
one could be exposed to. Complete details can be obtained from the NAB Engi-
neering Department later this year.

We have, of course, been involved in several other matters which I shall not
try to report to you in detail, because of the limited time we have, but only
mention by FCC titles.

You may recall new field strength curves for FM and TV stations; FM amd TV
overmodulation; changes in the NEOV concept; and our own new project -- revi=
sions for a new NAB Engineering Handbook,



In closing I would like to remind you that the Engineering Advisory Committee
is your engineering committee. It was established not only to advise the

NAB Board of Directors in all technical matters, but also to make your feelings
known to all areas of engineering.

If you have technical problems which affect the industry as a whole, make
it known to your NAB Engineering Advisory Committee., It will help us to be
an effective voice in representing you. Let us hear from you.

I hope that our past efforts here have met with your approval. Thank you,
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EMERGENCY BROADCASTING SYSTEM PANEL

NAB Broadcast Engineering Conference
Chicago, Illinois
Monday, March 28, 1966

MR. OWEN: We felt, this afternoon, that we should share with you the
problems and plans of the Emergency Broadcasting System. The National
Industry Advisory Committee (NIAC) was established by the Federal Communica-
tions Commission to prepare plans for the continuity of broadcasting during
a national emergency. NIAC was later expanded to include other forms of
communications. However, this afternoon we will deal primarily with the
broadcasting aspects.

The chairman of NIAC is Mr. Vincent T. Wasilewski, President of the National
Association of Broadcasters (NAB). The vice chairman is Mr. Elmer Fulton of
the American Telephone and Telegraph Company (AT&T).

The Honorable Lee Loevinger, Defense Commissioner of the Federal Communica-
tions Commission, was unable to be present this afternoon. However, he is
represented by Mr. Kenneth Miller, Chief, Office of Emergency Communications,
and Mr. Neal McNaughten, Director of Systems Planning, FCC.

While NIAC works through the Federal Communications Commission and is, of
course, supported by the FCC, it works with other branches of the government.
We have with us this afternoon representatives from some of the other branches
of the government: Major Jack Rubley of the White House; and Mr. K. J.
Christensen of the Office of Civilian Defense, Department of Defense.

Our first speaker this afternoon is Mr. Joseph F. Keating, Vice President of
Programs and Operations of the Mutual Broadcasting System.

MR. KEATING: You all remember Conelrad. It was confusing, it was of
questionable effectiveness in broadcasting. It was a military requirement.
I think that without exception, the broadcasting industry cheered when it was
laid to rest.

But like it or not, Conelrad had one advantage. It could be merchandised. It
could be promoted. Between the combined efforts of government, the broadcasters,
and the receiver manufacturers, the public got to know what those two little
spots on the dial meant.

Well, thanks to the sophistication of the guided missile and the ICBM, we got
rid of Conelrad. But we still have the problem of communicating with the public
under attack conditions. We had it during Conelrad, we have it now.



It's a 1little ironic that in removing the limitaticns of Conelrad, we seem
to have lost most of the public awareness of the rcle of broadcasting in an
attack and post-attack situation.

We got rid of the pure engineering problems inherent in the 640-1240 AM
operations, but we still have the problem of maintaining an Emergency Broad-
cast System. That has not changed. We had it then, we have it now.

And if you think only the public is in the dark about the EBS, move over --
a substantial segment of the industry is in the same boat.

The problem sounds simple. The answers are not.

The problem is spelled out in Subpart G, Section 73.902 of the FCC Rules -
"to fulfill national security requirements while at the same time providing
for transmission of vital information to the public."”

The answers? They're not easy. They're complicated. They're expensive.
They involve a complex set of relationships between local, state and federal
authority.

And the monkey, as usual, winds up on the back of the licensee, the individual
broadcasters. But he's used to that - he wouldn't have a license if he wasn't
ready not only to accept responsibility, but to seek out responsibility.

In case you doubt my veracity in msking that statement, let me quote from the
White House requirements: "The nongovernment communication industry will in
view of their expressed (and demonstrated) willingness to assist the Federal
government in the establishment of an Emergency Broadcast System, unreservedly
make their facilities available for emergency use, and provide personnel to
assist in the formulation of emergency communications plans."

You heard it - you volunteered. They said so. And incidentally, the White
House requirements continue: "This industry can also be expected to bear a
portion of the cost of any special arrangements required...."

...and there's more.

I'm sure no one questions that statement. But now let's get down to basics.

As we've said, the ultimate responsibility for making the system work falls

on the individual station. No matter what requirements have been set up at
the national or state or local level, the station is the direct link with the
people. Before we get into discussion of how the station does the job, we're
going to go over the problems of the national, and then the state requirements.

First of all, the job of preparing emergency plans and developing preparedness
programs for our industry has been assigned to the FCC, under Presidential
Executive Order 11092. To advise and assist in this mission, the Commission
established the National Industry Advisory Committee. This Committee does not
deal solely with broadcasting. In addition to broadcasting, which is the
province of the Broadcast Services Subcommittee, there are the additional



subcommittees such as Aeronautical Communication, Amateur Radio Services,
Citizen Radio Services, Domestic Common Carriers, Electronics Industry,
Public Safety Communication, and others.

The State Industry Advisory Committees (SIAC) and Regional Industry Advisory
Committees (RIAC), are also subcommittees of NIAC. So are the Operational
Area Industry Advisory Committees (formerly known as LIAC's)

The operation of the EBS involves a great deal more than the FCC however. The
EBS Plan had to satisfy the requirements of the White House, the Department of
Defense, and the Office of Emergency Planning.

Let's take a look at each of these.
First, the White House. The President - who has first priority in the EBS -

requires a capability to address the nation on short notice regardless of his
whereabouts. By short notice, they mean five minutes.

Next, the Department of Defense, Office of Civil Defense. They require, in
essence, the capability to disseminate civil defense information to the general
public and, at the same time, the flexibility to permit dissemination of sur-
vival information by State and local governments.

Both of the preceding requirements are covered in the EBS Plan and in the
facilities and procedures established by the four networks and the federal
government agencies involved. The Fresidential and National Programming and
News facilities, which are to deliver that programming to each EBS station,
are provided for to the best of industry and government's ability.

I should mention that the various parts of the EBS are, of necessity, independ-
dent of each other in terms of personnel and facilities. The Presidential and
National Program channels basically utilize the facilities of the four radic
networks, with a cadre of network personnel who are accredited and have emer-
gency assignments in EBS operations. The same separation of facilities and
program channels applies in state, regional and local operations.

The nation-wide system is tested on the first Monday of each month. This is

as real a test as possible on a closed circuit basis. On February 7, for
example, the operating crew of netwerk and government people were involved

for four days of travel and relocation in delivering this test from one of the
regional centers which might have to be a source of national programming. Next
Monday a different crew will go out to another location.

Our next panel member is very directly involved in these monthly test activities,
but that's only a small part of his job. He is the Washington representative of
the NIAC, and he serves the NAB and the networks - and all of you - as our
representative to the federal government on EBS matters. Art Barriault made one
mistake in his youth. He became a reporter for the writing press, covering
Capitol Hill. But when he matured, he did his penance for this transgression.



He left the writing press and went into broadcasting. It is Mutual 's misfor-
tune that when he did so, he went to work for NBC. But now, he works for all
of us, and we're going to ask Art Barriault to give you a Washington's-eye-view
of the EBS and the NIAC.

MR. BARRIAULT: Undoubtedly, you have heard about the man who wears two
hats. I wear thirteen. Six networks - including Yankee and Intermountain,
the National Association of Broadcasters - the White House, the Federal Com-
mnications Commission, the Office of Emergency Planning, the Office of Civil
Defense, the Defense Communications Agency and the Director of Telecommunica-
tions. If you are accustomed to Washington alphabeteese - I could add USAICA
- the U. S. Army Intercommunications Agency. Anyhow, as Washington represen-
tative of the National Industry Advisory Committee, I am the Red Riding Hood
playing with all these wolves.

But it is not as bad as it sounds because actually, despite all you may have
heard, it is not too difficult to cooperate with Government because Government
cooperates with us. We have our differences but none is beyond solution. In
our field we have a common aim - to establish an Emergency Broadcast System
that will work - beginning at the cimmunity and extending through the Federal
level. On a personal note, I took this position (not without some misgivings)
two years and eight months ago after eighteen years as a Washington newsman.
No one had ever held it before - no one knew exactly what it would involve.

It involves this - as a Washington radio-TV industry representative, one has
to do what he would do as a newsman - establish contacts. This, (I believe I
can say with modesty) has been done. When one government agency calls you to
ask if it can get something from another government agency, you feel you have
arrived. That has happened.

To compress the experiences of two years and eight months into six or seven
minutes is not easy. But let's try. Let's try - beginning with the monthly
closed circuit tests of the Emergency Broadcast System.

On these - one begins with the Whiti House. Once every three months we orig-
inate from the field at OEP/OCD Regqonal Headquarters in Harvard, Massachusetts;
Thomasville, Georgia; Battle Creek, Michigan; Denton, Texas; Denver, Colorado;
Santa Rosa, California or Everett, Washington. The White House asks you where
you want to go. So you name a location. Once named, the White House arranges
air transportation (as it does during the other two months when you remain nearer
home). Then you contact the other agencies to learn who will represent them.
Based on this, you write a message to all military and civilian officials in-
volved. And from the agencies you also receive information to write a script

to run four minutes and thirty seconds.

The monthly tests are but one part Jf the over-all. The NIAC Representative
finds himself faced with the knowledge that the National Committee, the Office
of Civil Defense and the FCC (more specifically, Defense Commissioner Lee
Loevinger) believe too many broadcasters do not know enough about the Emergency



Broadcast System. So being a one-man band or a one-man promotional agency,

he sits down to write a digest of the EBS Plan - wondering all the while what
the broadcasters have done with all the promotional material, the slides and
the discs, that have been distributed. Be that as it masy, he writes a digest
and then sends copies to the Broadcast Services Subcommittee of the National
Committee for comment. The comment is received so he sends out a revised
version and asks for more comment. He gets it and then tries in one writing
to incorporate the ideas of everyone and get a finished product. Finally,

the subcommittee meets in Washington - the Digest is approved - so the Wash-
ington representative sends it to the printer - with the assurance of the
Defense Commissioner, the Office of Civil Defense and the National Association
of Broadcasters it will be mailed to all licensees. Then come the phone calls
from Government agencies - "It is great but we have a couple of questions' -
"On page two we want to ask you about this.” You tell them with a smile,
"Fine, I'll answer the questions but the printer's got it and it's too late
for changes - you all had a 'whack' at it."

The digest has been distributed to you so we hope you also will have a '"whack"
at it, by reading it and making certain that any of your persomnnel who might
become involved in emergency broadcasting will "have a whack at it" also.

I assure you We are on a "first name" basis with Government officials - those
who are working with us to develop an efficient Emergency Broadcast System.
Whether we, as a National Industry Advisory Committee, meet in Washington in
annual sessions - whether we meet as subcommittees or working groups to tackle
such problems as what to do about claimancy, how to define an operational area,
how to revise the basic EBS plan, I can assure you there is always a close
relationship between industry and government. Beyond an occasional needle
(which breaks whatever tension might have been created) there is good will.

These meetings are frequent. They occur more often than you realize. You
would be surprised at the time, the effort, the money, spent by the NAB and

the networks to come to Washington, meet day after day throughout the year,

to make this plan work - not only at a national level but at yours as community
broadcasters. I cover these meetings - as I once reported on hearings on the
Hill - the Jimmy Hoffa and the Payola days. It is my duty to keep the National
Cormittee informed at all times about Government developments as they affect us
in the field of emergency communications.

There are a couple of points I wish to stress even though they sre covered in
the digest I have mentioned. Point one - the Emergency Broadcast System is not
classified - so please do not let the Plan or the Digest frighten you to the
point where you will hide it carefully in a safe and forget later where you put
it.

Point two - only the President of the United States can order activation cof the
Emergency Broadcast System. It is based on White House and Defense Department
requirements. On a national level, if the EBS were activated, you could expect
to receive Presidential messages, guidance from the Office of Civil Defense,
messages from members of the Cabinet or their public information officers -
broadcasts from newscasters who are members of the National Industry Advisory
Committee.



This is our goal at the national level. We are now trying to come up with
simple guidelines to help you work out programs at the operational area and
state levels. Because in the final analysis - and (we hope and pray the day
never comes) - it will be your responsibility to guide the listeners and
viewers in your areas. There are few of us to try to do it all. But this I

promise you - we will do all we can to try to help you by offering assistance
based on the experiences we have encountered.

To speak about broadcasting from a local or operational area basis, here is a
veteran in the field of emergency communications. It is a pleasure to intro-
duce a friend - the Vice-President in charge of Operations and Engineering of
the CBS Radio Division of CBS Incorporated - Mr. Davidson Vorhes.

MR. VORHES: We've already emphasized what may seem to be a truism - namely,
that broadcasters are aware of their public responsibility, and, that they dem-
onstrate this fact every day through their public service programming. We know
only too well that this involves more than putting on lots of "PSA'"s so your log
will look good. It requires that station management sit down and consider what
the station's function should be if an enemy attack damaged or destroyed large
areas of our country. And such an attack would not have to be nearby to put
your particular area into a grave state of emergency. When you consider the
problems of fall-out and the general chaos which an attack anywhere in the
United States would generate, you will agree that the problem is really right
in your own back yard.

We've already said that participation in the Emergency Broadcast System is
voluntary. And the first concrete step to take is to apply to the FCC for an
"NDEA" - National Defense Emergency Authorization - if you do not already have
one. There are certain criteria which a station must meet and maintain to
gsecure and keep an NDEA. They are essentially fundamental criteria; they range
from staff and facilities requirements to participation in public education
about the EBS.

What I'm saying about the NDEA criteria may be old hat to some of you, but from
the letters and comments received by the Commission and the NIAC, it is a hat
that some of us may feel does not fit exactly. The NDEA criteria are to be
found in the EBS Plan, as Amnex I, and I'm sure most of you know what they say.
And without reservation, most of us would probably agree that the toughest
criteria to meet is that one about the Local Industry Advisory Committee, or
LIAC, which is about to have a new name, "Operational Area Industry Advisory
Committee", or, for short, "OAIAC". And that's quite a mouthful.

The concept of "Operational Areas”, we recognize, is controversial with many
station operators. Why not let each station be assigned to serve the normal
ares it serves in day-to-day operation! Why define new areas and, in some cases,
1imit a station to serve some area not consistent with its normal operation?

First of all, you cannot assign a station for each community in the U.S. because
there are not enough stations. That rules out an EBS plan on the basis of one
radio voice for each locality.



Then, too, most radio stations normally serve a number of commmnities, or
certainly more than one municipality, in their normal operation.

To be sure, it would be ideal that each community should have its own station
to provide civil defense and emergency information addressed solely to that
commnity's residents.

But when you study the available stations - who can meet the criteria - and
plot their coverage, taking into account the nighttime interference problems,
the "one town - one station" concept just will not work. In some areas, one
station may be the only fairly reliable means of serving an entire state. In
others, you find that a station in a multi-station market may have to devote
its efforts to provide service for an area at some distance from its regular
area. And Radio Waves do not observe municipal, county, or state boundaries.

Because of facts like these, a purely local concept had to give way to a
broader concept of an "operational area'.

The Federal government, quite correctly, I believe, has left it to the broad-
casters to organize their own coverage, in cooperation with the local and
state authorities having responsibilities in the area. This is what the OAIAC
is all about. That's what it's for.

You probably have the beginnings of an OAIAC at hand, if you do not already
have one set up and functioning. Even if you do not now have an OAIAC in your
area, you probably have a local "News Pool" at city hall, or the county court
house. Or you have an emergency weather warning arrangement in which you and
your most bitter competitor may share a line.

And if you are wary of legal problems, we have been assured that if you organ-
ize in accordance with the EBS Plan, you will not be in violation of the anti-
trust laws.

And what should an OAJAC do? Well, try these for openers:
Meet with local police or civil defense authorities.

Meet with the local and county elected and appointed officials in your assigned
operational area.

If your area includes more than one such governmental unit, this means meeting
with all of them.

Get them together on their requirements, and show them how you can help them do
their jobs in terms of public information and emergency commnications.

Work with the competition and work out the procedures to originate the common
program for all stations assigned to the area, if there is more than one station
assigned. Perhaps you will select one station as the primary and others as
alternate origination points for the common area program. Or perhaps you will
all agree to locate an origination point to be manned by broadcasters at CD
headquarters, or the Police Headquarters.



From all of this, an OAIAC Plan must be developed, reduced to writing, and
submitted to the State Industry Advisory Committee.

Don't forget that the plan must provide for distributing the Presidential and
National program, as well as the State network program.

If you have already met these problems head on and solved them, we apologize
for being naive. If you have not, we assure you that as broadcasters our-
selves, we recognize the complexity of the problems.

And perhaps it will help to back you up if you can convince all the people
who need convincing that you have a track record for good commnity service.
And you can quote them the text on your assigned responsibility from the FCC,
and the other federal agencies. There's great authority in the DOD, FCC, and
OEP orders. They're all in the EBS Plan.

And who knows what town might become the originating point for a Presidential
message if they close Texas.

Now, for some additional aspects of the EBS, involving the SIAC's and some of
the program distribution problems to be faced, I'll turn this over to Tom
Phelan of NBC.

MR. PHELAN: Perhaps this is the time to reassure all of you that we -
as members of the NIAC - are not out to revolutionize the broadcasting business.
We all agree that the existing system of broadcasting - AM-FM-TV - 1s the best
way to reach the most people in the most efficient way. The EBS would only be
activated in case of a real national emergency, and no one in the industry side
of the EBS has ever seen it any other way.

We, in the NIAC, are trying to approach the job of EBS planning in the same way
I'm sure you are at the local level. We've had the local and federal areas
described to a certain extent, and now we're going to spend a few minutes on
the State level. SIAC's, or STATE INDUSTRY ADVISORY COMMITTEES, have been
formed, or are in the process of being formed, in all of the 50 states. Like
their counterparts at the national and operational areas, the SIAC's are com-
posed of broadcasters at the management, programming, and technical levels.

But the SIAC's must also include representation from other communication

groups within the state, such as Amateur, Citizens Band, Police, Fire, Indus-
trial, and, of course, Telephone Companies.

The SIAC has the programming responsibility of providing the Governor and his
responsible state officials with a means of commnicating with the public. The
SIAC must also plan for the full utilization of all communication facilities in
the state which may be of use in accomplishing its assigned mission.

A major function of the SIAC at the planning stages 1s to work with the State's
CD officials and the FCC regional liaison officer in determining the assignment



of "Operational Areas" for NDEA stations within the state. In some cases,
this problem may cross state lines. I think we all recognize that when an
operational area is assigned, the designation is a compromise between what
the Civil Defense authorities require, and the practicalities of station
coverage, plus the problem of technical program interconnections.

Each STAC has the prime problem of establishing and maintaining a State Defense
Network capability. And this is not just an engineering capability; it also
means a programming capability. The respective state systems must provide for
picking up state messages and governor's broadcasts at the State's Emergency
Operations Center, and, by means of an FM off-the-air relay system, the network
should interconnect with the operational areas. Where this won't work, a
telephone line network or some other form of radio linkage should be developed.
And, incidentally, whatever the system is, it must be separate from the channels
used for the Presidential and National programming distribution. This precludes
a state network riding "piggy back" on one of the four nation-wide network lines,
because these must be reserved for Presidential commnications.

While at the present time TV stations are not being utilized to any great extent
in the EBS public communication plan, they can be integrated into the State or
Operational Area plans, particularly as far as use of the TV Aural channels may
assist in program distribution or back-up.

SIAC's are the 50 spearhead points for over-all development of the EBS. They
should see that their Operational Area Industry Committees are organized,
function and fit into the over-all State Plan.

There is one other type of Industry Advisory Committee to cover. That is the
Regional Industry Advisory Committee, or RIAC. These confirm to the eight DOD-
OCD-OEP regions. Their function is to provide liaison between States for the
solving of mutual problems which arise because of the crossing of State borders
of radio signals. In some instances, radio stations physically located in one
state may be called upon to serve the people of an adjacent state. And in the
atomic age, it is also conceivable that what is now called a '"regional area"
could become the only voice of the national government. They (RIAC) should
provide for information flow and news from the OCD-OEP regional center into
their State Defense Networks.

The technical arrangements at National level for delivery of programming to

the NDEA stations utilize the combined facilities of ABC, CBS, MBS, NBC, Yankee
and Intermountain Radio Networks. Provisions are made in the FCC Rules which,
upon activation of the EBS, permit all non-network affiliated NDEA stations to
be added by the Telephone Company to one of the aforementioned networks. These
arrangements must be made with local Telephone Companies at the time the station
Jjoins the OIAC and receives an NDEA. Upon advice that an emergency action notice
has been transmitted over the UPI-AP Radio wire, the Telephone Company will add
these non-network affiliated stations to the EBA. But don’t wait until the
whistle blows - local procedures should be worked out now betwesen the station
and Telephone Company to expedite this connection upon receipt of an EAN. All
of this happens after an EAN has been received and NIAC Order #1 is in effect.
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When NIAC Orders #2 through #63 are put into effect, the Telephone Company
will, in addition to adding stations, be authorized to tie together all of
the Radio Networks and in addition the TV aural networks of ABC, CBS and NBC
as required to maintain a continuity of service on the National program
channel to the NDEA stations. The various NIAC Orders do not directly effect
the operation at the NDEA station level since they only change points of
origin and facilities used from the source of National programming. They
would not normally change the source at the station level.

And now it's time to change the source of programming for this panel discus-
sion. We switch you now to the Vice President and Director of News for ABC
Radio, Tom O'Brien.

MR. O'BRIEN: By now, you've probably come to the conclusion that the
NIAC and all the deep thinkers at the federal and state level have passed the
buck to the poor, overburdened, misunderstood licensee.

But before you decide to read us all out of the profession, let us make two
things crystal clear. Number one - The EBS Plan and the NIAC do not pretend
to give you all the answers. We don't have all the answers. Neither do you.
Nunber two - The EBS is a tough sell. It's not easy to merchandise the H-bomb
from the receiving end.

So let's take Number One and Number Two and put them under the masgnifying glass.
If you are a broadcaster, you've been through tough situations. You've had
hurricanes, if you're in the southeast. The Florida broadcasters can show you,
chapter and verse, how they've set up an emergency operation that can't be beat.

Or you're in the midwest, or south central USA, where you have a fast-moving
little phenomenon called a tornado. The record already shows how broadcasting
stations are the acknowledged answer to saving lives and property in tornados.

And, in terms of potential panic, we've never had a test like the Northeast
Power Failure last November. Here again, the laurels go to the radio stations
which were able to stay on the air - and to the transistor battery receiver.

Under the magnifying glass, what the EBS is all about is simply enlarging on,
and firming up your plans for local disaster coverage, and doing your best to
be sure they will work if "the Man" ever picks up that phone and says, "we need
the EBS-pass the Emergency Action Notificationm."

You can pick lint from any emergency plan, the EBS plan included. My fellow
panelists here and the rest of us involved in NIAC have been picking lint for
years, but we have to recognize one fact: we can't approach a nuclear holocaust
with planned chaos. We've got to plan against chaos.

That's all the EBS Plan means. That's all the NIAC and the SIAC's are trying
to do. Not to plan for, but to plan against the problem.
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How do you meet the problem?

Maybe you've already met it - maybe you've made arrangements with a local
fuel dealer to deliver you gasoline for your emergency generator if you give
him the word in a crisis.

Maybe you've trained your key personnel in their responsibilities if the sirens
start to blow. Maybe the EBS announcement and standby script are hanging on
your studio wall.

These are some of the obvious answers.

The less obvious answers elude generalization. Communities mgy be similar,
but no two are identical.

The EBS Plan tries to recognize this, and to recognize the fact that once you
have met the basic requirements of capability to air the Presidential, the
State, and the National programming, you must make your own way on what to air
the rest of the time.

To provide this common program for your assigned area, you obviously must plan
to have your most capable news, production, and engineering personnel available.
If you have competition in the same OAIAC, they've got to do the same thing
you've got to do. The bucket-brigade philosophy won't work - the Plans must be
made, procedures worked out, people assigned and trained, and facilities
established and kept ready.

You obviously must establish a relationship with the legally constituted
government in your operational area so they understand that you are the pipe-
line to the people.

We mentioned earlier that at the federal level, NIAC people are accredited and
assigned to make the National Programming service work. And we hope we have
enough people assigned so those who can still make it will be able to do the
Job. We recognize that all of those having standby assignments may not get
there if the whistle blows. But if a few do, it can work. And until they do,
the system will function without them, using the people who happen to be at
their posts at the time the emergency works.

The same kind of readiness applies at the station level, only more so. Remember
- the White House requirements are not satisfied unless the President can address
the people within five minutes after an Emergency Action Notification has been
given.

And once the EBS was invoked - who knows how long it would have to function.
Then comes public education.
Not for brownie points in the new FCC logging rules. Not to look good on the

record. But it is imperative that government and industry keep up and enlarge
on the information program to inform the public about the EBS.
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We don't expect to make it popular. We've just got to make it work.

It must! The Bomb might not give us a second chance.

MR. OWEN: I would like to thank the members of the panel and also the
representatives of government who have come out here to attend this meeting.
I would also like to mention that Mr. Barriault, who is the only fulltime
member, will be available for individual questions in Room 2259, the Hilton
Hotel.

Mr. Howard Shaffner of the AT&T is also here with forms for the independent
stations to make arrangements for the Loop Two of the local telephone
companies. He has a list of all the stations who have completed those
arrangements so you might want to check with him as to whether or not your
arrangements have been finalized.

This concludes our Emergency Broadcasting System panel and we hope we have
resolved some of the problems you have been faced with.
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A television station cameraman went out on a mcst unusual assignment.
In two days' time he took pictures of a new addition to the Aquarium - and
of another addition in the Zoo. He recorded the Mayor's weekly press
conference. He took pictures from a helicopter . . . from the top of
a "'skyscraper' . . . from an excursion boat in the harbor, and of surfers
riding the breakers.

He recorded a ride from the front seat of a rollercoaster - took pic-
tures from an open convertible . . . and from the glass elevator on the
outside of a hotel.

He traveled in a patrol car and took pictures of the police in action -
at night with no special lighting. A fashion show and a night club were
snaps.

He also managed to sandwich in coverage of the arrival of a celebrity
at the airport.

And if he had had a mind to, he could have recorded his jumping with
the local parachute club - but, somewhat cautious in nature, he chose
instead to follow several pros around a local golf course recording their
putting techniques.

This cameraman easily traveled by bus, cab, car, and on foot. He
was unassisted at all times. He had no movie camera, nor did he have
with him a TV recorder as you know them to be.

He required no line power connections at any time.

Yet 2ll of the pictures he took were broadcastable - complete with
sound - and they required no processing. Most were taken, as you
heard, in situations where only an essentially unencumbered person
could move and act.

This man was using the first self-contained, light-weight television
recording camera - a new development that quite literally makes it
possible to provide professional quality television coverage anywhere,
any time - and under the most adverse conditions.

As revolutionary as the camera is, it is, however, the bi-product
of a new studio record/playback machine, which in turn was made possible
by a remarkable new magnetic recording system and the technical descrip-
tion of this system, named '"Coniscan'', is the subject of this paper.

Let me start though by first briefly describing the recorder and the
recording camera since I think you'll find the engineering details will then
be more meaningful and you'll see how each development contributed to the
entire system.



The Westel* Television Recording Camera is a self-contained, self-
powered video recording system that can be carried and operated by one
man without assistance or additional equipment. Designed to produce
tapes that meet all broadcast standards, it permits a completely new
degree of freedom and flexibility in news coverage, documentary pro-
gramming, and on-location production of commercial spots. With it,

a cameraman quite literally becomes a self-contained, self-powered
video cruiser,

The unit consists of a record-only module that weighs 23 pounds com-
plete with tape and rechargeable nickel-cadmium batteries, and an
integrated, cable-connected vidicon camera head that weighs less than
7 pounds. With one loading of batteries and tape it will record 33 minutes
of video and sound. There is sufficient extra battery capacity to permit
an additional 30 minutes of preview operation, plus 60 minutes of standby
operation. It may also be powered by an external 12-volt DC source
such as automotive batteries.

The camera head includes an active CRT viewfinder that may be
switched to operate as an A-scope. All operating controls and indicators
are located on the back of the camera head for convenient operation. The
camera will acept any standard C-mount lens.

The Westel Television Recording Camera uses the same proprietary
Coniscan* recording system used in the Westel* Television Recorder,
including a sync generator, the same scanning assembly, drum servo
and signal processing electronics. Tapes made on the Recording Camera
can be played back on any Westel Recorder and meet essentially the same
performance standards as tapes made on the studio recorder.

In the interest of light weight and low power consumption, Rewind and
Fast Forward functions are not provided in the Recording Camera and
there is only one audio channel.

As noted earlier, this Recording Camera was actually made possible
by the development of the Westel Television Recorder, a professional
broadcasting quality machine that meets all standards of the t>levision
industry for picture quality and time base stability. This recorder will,
without auxiliary equipment, record and playback full-band monochrome
signals of the 525-line, 60 field standard U.S. broadcast system, and is
adaptable for use on other common line-standard systems. It can be
used with a variety of power sources. With the addition of the Westel*
Color Module, it will record and playback standard NTSC color signals.
Two high-quality audio tracks are provided. Electronic Editing capability
is also built-in.

The Recorder uses the unique proprietary Coniscan¥* video recording
system that permits the use of a single recording head with attendant

“TM



Simplification, compactness, low initial cost and operating economy - and
it is the Coniscan system that is the real subject of this paper.

There were three factors that contributed greatly to the success of the
development program. The first of these was the lack of commitment to
prior design. This put the engineers in the enviable position of not being
restricted by such things as investments in tooling, or established market
positions. The other two factors were the extensive general development
of electronics theory and technology in the last 10 years, sponsored to a
great extent by the military and aerospace programs - and finally, the
recent availability of advanced components.

The development program had as its objective a new video recording
system, which would in turn lead to the production of "hardware"
offering .

l. Broadcast quality and broadcast stability.
2. Mechanical and electronic simplicity.
3. Low initial price and operating economy.

The first objective, it goes without saying, is a requirement for any
professional video recorder.

Simplicity of design and construction, sought in Number 2, was, in fact,
the basis for achieving the 3rd objective of reliability and low operating
cost,

Given the three stated design objectives, it became immediately apparent
that a single rotating head would seem to yield the best opportunities for
basic mechanical and electrical simplicity. Thus, you might say we
started with a concept of the ultimate hardware, and worked '"backwards'
to develop the system that would make it possible. The single head
approach can yield great advantages, particularly in eliminating head
switching requirements and the electrical and mechanical problems of
matching multiple heads, and in general offers basic simplicity, and
hence reliability, which was one of the primary design objectives. And
we also realized that the single head approach would make color signal
processing far easier.

Although this scanning approach has obvious advantages, certain
mechanical difficulties have to be overcome if basic stability is to be

achieved, and the principal ones of these are:

1. Head dropout, caused when the head crosses over from one
edge of the tape to the other.

2. Signal degradation due to lack of support for the tape at its edges.

3. Need for an edge of the tape free of video signals to allow for con-
trol and audio track recording.



4. Irregular tape tension and stretch due to friction drag around the
scanning assembly.

5. Tape stiction - irregularity of moticn - due to varying co-efficients
of friction of the scanning surface and of the tape surface itself,
irregularities that vary also with environmental conditions.

Overcoming these difficulties therefore required the development of a
radically new scanning system, subsequently namecd Coniscan, which is
symbolically represented in Figure 1. As you will see, the geometry is
such as to eliminate the problems listed above.

The scanning method is really the 'key'' to the Coniscan system. But
in order to have a truly stable ''platform' it is also necessary to move
tape through the scanning assembly in a very precise manner. This re-
quires that tape be handled gently, so as not to introduce errors due to
tape stretch or deformation. It also requires that tape movement through
the scanning assembly be carefully controlled, not only in terms of
average motion, but also in terms of its position at any moment. This is,
of course, an extremely important consideration in a recorder where total
head/tape motion includes 2 substantial longitudinal component.

The relative merits of the so-called open-loop and closed-loop capstan
systems have long been argued by designers. In actuality, it must be
admitted that each tape drive system has both advantages and disadvantages.
The approach used in the Coniscan system is neither open nor closed-loop,
but offers the advantages of both, but without their shortcomings and
limitations. Two independent capstans are used, each having its own
servoed motor and motor driver. The average speed of both capstans
is referenced to vertical sync frequency to establish average tape speed.
In addition, the instantaneous relative speed of ecach capstan is separately
controlled, referenced to horizontal sync frequency, so that tape tension
within the scanning area can be varied as required. In this way each
pulse on the tape is controlled, not only as to its instantaneous position
and average motion, but also to the correct average time between pulses.

To round out the mechanical tape path, a word of description should be
added here on the reel system. In order to permit the capstan/scanning
system to accomplish its proper functions, the tape must be free to re-
spond to rapid changes in motion. A technique for reel control to accom-
plish this was developed, similar to that used in computer-type trans-
ports, which also require very rapid changes in tape motion without
introducing time base errors due to varying tape stretch., Both reels
in the Coniscan system are independently motor driven and are under
active control of position sensing servo systems. The tape passes over
spring loaded compliance arms which accommodate very rapid changes in
demand for tape, at the same time maintaining constant tape tension into
and out of the capstan/scanning area.



Figure 1.



The mechanical system, briefly described here, achieves the design
goal of simplicity associated with a single head approach. At the same
time a ''platform' is established which has inherent time base stability,
providing of course that the capstan and rotating head section can be
appropriately driven and rapidly controlled. This leads then to a descrip-
tion of the motors and associated servo systems.

Each of the driven parts - the two reels, the two capstans, and the
rotating head secticn - are driven by identical DC motors with identical
constant current drivers. The five motors used are of the printed
circuit type. These motors, when properly driven, exhibit very high
torque-to-inertia ratios, but ¢o not exhibit the cogging effect usually
associated with DC motors. The use of independent DC drive for the
various elements also eliminates the need for mechanical brakes, solenoids,
and other mechanical linkage, and is therefore a major step towards the
objective of simplicity and reliability.

The servo systems for both the capstan and rotating head section are
simply described as a "sample/hold" system. This approach yields the
advantages of a digital ''go - no-go' system. Again this is in compliance
with the objective of simplicity, permitting a very fast response system
with very low noise characteristics. Digital techniques, of course, are
by their nature inherently stable, being independent of fluctuating reference
sources, such as voltage, phase, etc. As was mentioned earlier, the
capstans are controlled by a two-loop servo system. This is also true
of the rotating head section, whose average speed is referenced to vertical
sync frequency, while instantaneous speed corrections are dictated by the
horizontal sync frequency.

The Coniscan recording system, so briefly described here, results
in an inherently stable, reliable '"platform', permitting very broad
corrective action in the playback mode. The transport servo electronics
are based on a digital approach which, when used with the printed circuit
type motors, permits very accurate and rapid control. The use of digital
type electronics eliminates the need for operator adjustment of transport
functions.

The objectives of designing for simplicity and inherent stability also
led to development of signal electronics.which are unique in that they
too require no operator acdjustment, while yielding bandpass and signal
to noise performance well within the range commonly accepted as
""broadcast quality'., The same basic attributes permit electronic editing,
which in turn adds to the usefulness of remote recording.

As you can now see, the principles of the Coniscan recording system
made possible the development of the recording camera, described in
the introduction of this paper.



So far the subject of color, one of great interest at this time in the
industry, has had only passing mention. However, I'm sure that you
are now aware that the Coniscan recording system has ccrtain inherent
qualities which are significant in any discussion of color capabilities,
The first of these is that the system is based on a single rotating head.
This obviously eliminates the prohlem of color banding, the result of
unmatched multiple video heads and/or associated electronics. Secondly,
the inherent electro-mechanical stability of the transport system has
resulted in a residual time base error well within the range of simple,
electronic correction. The basic machine, therefore, is inherently
color compatible and has permitted the development of a new and greatly
simplified approach to color recovery.

This paper has described a new system of magnetically recording
video information. The recording system is based on a number of
innovations, made possible to a great extent by recent developments
in circuit components and design techniques. The new recording system,
called Coniscan, has resulted in a very stable, reliable approach to video
recording, making improved and simplified color recording a reality, and
permitting highly mobile field operation.
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Television is said to be part of entertainment electronics in a slightly
deprecatory sense. Its technique, however, embraces nearly the entire
field of communication electronies together with optics, mechanics and

chemistry.

The general purpose of developing better measuring instruments is to

improve the quality of television for several reasons:

1) in TV the same process as in audio-engineering is likely to occur:

2) successful color TV transmission requires a perfect technique

especially in the case of the NTSC-color TV system.

3) ET (educational TV) is only possible with very good equipment
because of the high definition and resolution necessary in trans-
mitting drawings, experiments, works of art and other information

to students and pupils,

The methods of measurement and the instruments presented here are not
suitable for service shops for TV sets but are primarily intended for
the following customers:

communication laboratories for radio links and transmission lines

including satellites;

manufacturers of TV transmitters;

scientific institutions;

authorities such as the Bureau of Standards or the Federal
Communication Commission;

central laboratories of broadcasting companies;

laboratories of TV home receiver industries.

The subject of this paper is not the generation of TV signals in cameras,
scanners, videotapes and their switching and distributing problems,
rather it is restricted to transmission systems. Their characteristics

are described by three typical quantities:

1. Linear distortions (transfer constant)

1.1 amplitude-frequency response

1.2 phase or group delay frequency response



1.3 +transient response

By WeneliegRy Gy imaslone

2.1 nonlinearity

2.2 harmonic distortion

2.3 1intermodulation distortion
2.4 differential gain

2.5 differential phase

3. Signal-to-noise ratio

3.1 peak-to-peak value of noise
3.2 rms value of noise

3.3 weighted noise

3.4 intercarrier interference

Additional quantities to be measured:

rf power up to 50 kW at 1000 MHz,
impedances, VSWR,
field strength,

gain and radiation patterns of antennas.

Remark. The main problem in TV measuring techniques consists in the
unwanted presence of blanking and synchronising components in a com-
posite video signal (pix). Their spectra, harmonics of the line
frequency accompanied by lower and upper slideband oscillations spaced
at multiples of field frequency, are the cause of serious errors in
precision measurements, especially within the vf range below one MHz
(Fig. 1). According to the theorem of Merz and Gray, the main in-
formation content of a TV signal is found in this frequency range.

On the other hand, sync and blanking intervals are necessary in most
transmission systems for stabilizing the operating conditions of
amplifier or modulator stages. Therefore it is necessary to eliminate

the energy of blanking and sync pulses from measuring signals by

frequency

amplitude selection.

Nt e A

or time



(B) Methods of measurement and equipment

A complete TV transmission system (Fig. 2) is simulated by:

a vestigial sideband transmitter with 0.5 W sync
power output and 0.1 W fm sound output, Type SBIF
and
a Nyquist demodulator of high precision with 2 vf outputs

and fm intercarrier demodulator output, Type AMF,

The two equipments are connected by an attenuator and a magic T for

correct VHF input levels.

A TV transmitter test assembly, Type UMVF, is used for all measure-
ments except envelope delay, which is carried out by the external
group-delay measuring equipment, Type LFM. A color bar generator

and a color and a monochrome monitor complete the system.

The vestigial sideband transmitter Type SBTF (Fig. 3) is of the if
modulated type both for picture and sound. The modulated if signal
is shaped by only one filter,

This signal may be converted by a common local oscillator in each TV

channel. Group-delay equallzation is accomplished within the vf
input circuit.

The Nyquist demodulator Type AMF (Fig. 4) 1s of highest possible
quality with very close tolerances specially in the Nyquist slope.

Its differential gain is better than 0.5 dB, including the demodulation
process and the differential phase of less than 110. For better
performance, group-delay equalization is located in the if section,
efficient on both sideband signals. An intercarrier fm demodulator
circuit with a separate demodulator diode is included for sound de-

modulation.

The TV transmitter test assembly, (Fig. 5) Type UMVF, consists of

the following instruments mounted in a castered rack:

video noise meter Type UMVF
video sweep generator Type SWOF
precision oscilloscope Type OMTF



sideband adapter BN 424103
control unit BN 19372
video test signal generator Type SPF

differential gain/phase
meter (space reserved) Type PVF

blower and power switch panel
with dust filter

General views of the test assembly are shown in Fig. 6 and Fig. 7.
The big plug unit at the bottom incorporates in one cable of 17 ft

all connections between the visual transmitter and test rack:

1 vhf/uhf tube
2 vf tubes
96 control wires
2 power supply wires

1 ground wire

The main cabling of the TV transmitter test assembly Type UMVF is
presented in Fig. 8. It may be remarked that the control unit BN
19%72 includes a vf cross-bar switching system, allowing the simul-
taneous connection of two of the four indicating instruments either

to the vf test-signal output of the assembly or to the vf signal coming
from the equipment under test. Every check point of the transmitter
in the vf, if, vhf or uhf range can be switched to the assembly by
push-button command in the control unit through the 96 control wires.
This saves a lot of time in the checking procedure because all test

cables may remain permanently installed.

1= Linear distortion measurements

1.1 Amplitude-frequency response

This is one of the most important procedures (Fig. 2) for quality
checking of TV transmitters, for example, according to FCC Rules &
Regulations with a double sideband demodulator (DSBED), Fig. 9. The
method is not quite satisfactory because one cannot separate the lower
and upper sideband characteristics. This has been done by calculating
according to Fig. 10, assuming that no phase shift between the lower

and upper sideband oscillations exists. A much more precise



specification is given by the EIA document RS 240, Fig. 11, which

is very similar to those of the ARD and of the West German Post Office.
The latter documents both have a very close overall tolerance with
respect to color TV. The reference point is not 0.2 MHz but 1.5 MHz

outside the range of vestigial sideband transmission.

The Videoskop, a novel swept-frequency visual display unit, block
diagram in Fig. 12, comprising a selective receiving section, permits
the measurement of video frequency responses between 50 kHz and

20 MHz in the gaps between the lines of the spectrum of sync and
blanking components regardless of the generation of any harmonics in
the test item or noise voltages. The sweep is proportional to time,
the sweep speed may be adjusted to suit the steepness of the amplitude

responses to be measured.

A sideband adapter, block diagram Fig. 13, in conjunction with the
Videoskop permits the sideband characteristic to be determined at
both sides of the carrier at a minimum spacing of 50 kHz. In spite
of high blanking-interval amplitudes the sideband characteristic is
very clearly visible (Fig. 14 to 16).

The amplitude-response measurement is also important in checking the
Nyquist slope of a television demodulator, which is mostly used for
monitoring television transmitters, Single-sideband modulation of
small depth is simulated by means of two signal generators. The
difference-frequency amplitude is measured with a selective level

meter in the video-frequency range.

As a makeshift solution, one signal generator may be replaced by the
television transmitter itself and the selective level meter by a
broadband instrument. This test method is also used for checking

domestic receivers.

The aim of the measurement is, in all cases, to know the delay time
differences in the transmitted frequency range. In Fig. 17 the FCC

tolerances of the envelope delay characteristic of a visual transmitter



for color TV are shown. The needed equipment is fairly elaborate;

for this reason phase characteristics or group delay times are not
normally covered by routine measurements or in monitoring but generally
in precise measurements on the transmission systems or in acceptance

tests, Fig. 2.

Incidentally, the group delay time measurement ylelds the differ-
ential quotient of the phase constant; 1n case of doubt it should be
checked by integration whether the phase tolerances are observed.

The group-delay measuring equipment Type LFM, block diagram Fig. 18,
is based on the gap-frequency (20 kHz) method, allowing measurements
in the presence of line sync and blanking pulses with an accuracy of
+1 nsec by using frequency selection. Another advantage of group

delay measuring methods 1s that they are possible in open loops.

1.3 Transient response with standardized test signals

In contrast with amplitude-response measurements, the phase and group
delay measurements, especially on programme lines, require rather
elaborate equipment since a reference phase signal must be made avail-
able. Standardized test signals, e.g. CCIR Rec. 421, signals nos. 1
and 2, in the form of time functions such as step and pulse have there-
fore been adopted in television measurements; they approach very
closely the actual conditions of operation and give information on
amplitude response via rise time and pulse width and on the delay

time characteristics via overshoot. Although the theoretical calcu-
lation of the transfer constant is very complicated on this basis,

the method is of great practical importance since it only requires a
test pattern generator and an oscilloscope and, on the other hand,
sync pulses and blanking intervals have no disturbing effect in the
oscilloscopic evaluation and the result is very instructive. For

this reason, this method is particularly suitable for monitoring.

A test signal generator Type SPF, whose block diagram is shown in

Fig. 19, is included in the test assembly. Internally it is driven
by an auxiliary sync signal generator only in line frequency, but it
can be switched to a standard sync signal generator. The test signals

are well known, interference and hum may be simulated, Furthermore



a module is prepared for the modified pulse and bar test signal. It
consists of a 2 T sine-squared pulse Fig. 20, combined with another
sine-squared pulse of ten times half-amplitude duration (20 T) but
modulating a color subcarrier signal. Fig. 21 shows the generation

of this special pulse and Fig. 22 the spectra of the

bar (step function),
2 T pulse and
20 T pulse.

The special advantage of this combined signal is its close simulation
of normal TV signals even in color as a consequence of its high energy
density at the upper limit of the vf range. This new signal is very
sensitive to slight deviations in frequency {1 dB) or group delay

(100 nsec) respense. A paper was recently published by P. Wolf of
IRT Munich in the "Journal of the SMPTE" 75/1966/1/15-19.

2. Non-linear distortions

The linearity of the modulation characteristic of amplifiers or trans-
mitters is mainly determined by measuring the relative slope with a
sawtooth and superimposed RF signal. (CCIR test signal no. 3). In
transmission systems for NTSC color signals the differential phase of the
color subcarrier must be measured additionally. One uses the same

test signals as for linearity measurement, only adding a reference phase,
for example, at the level of the blanking interval. A new equipment,
the differential phase/gain meter Type PVF, is being prepared; it will
be located in the test assembly Fig. 2 below the vf test signal gener-
ator. Its accuracy will be iO.QO, which is believed to be necessary

in the case of color TV systems sensitive to non-linearity in phase

transmission, e.g. the NTSC system.

i Signal-to-noise ratio measurements

3.1 Peak-to-peak value of noise

The peak-to-peak value method is said to give too uncertain a result
(approx. +2 dB or more) because of the differences in subjective obser-

vation. Moreover, only oscilloscopes which are immune to overdrive



and use DC coupling can be used with success. These conditions are
fulfilled by the new precision oscilloscope Type OMIF in the test

assembly.

3.2 rms value of noise

Measurements of spurious voltages in the picture signal range are
generally not possible with rms responsive meters since in contrast
with the oscilloscopic display the meter does not distinguish the un-
important sync signals and blanking interval amplitudes from the spu-
rious amplitudes to be measured, which are usually much smaller. By
means of horizontal and vertical blanking (Fig. 23) to the average
level of the spurious voltage in the time function of the signal and
by making use of the integration over time accomplished in the meter,
the measurement becomes possible if the absence of the spurious energy
in the intervals is taken into account for the calibration of the
meter. The blanking process must not produce any new spurious pulses
of appreciable energy, therefore it is carried out twice 1in series by
the video noise meter Type UPSF according to the block diagram Fig. 24.
As the two blanking stages of the instrument can be switched off, the
original input signal can be checked at the output of the instrument
with an oscilloscope, e.g. a videotape signal "black" with V-time base
in Fig. 25. Fig. 26 shows the same signal after processing. With
all unwanted signals suppressed, the residual noise voltage may be
measured objectively by a pointer meter. (Note the differences in
noise voltages generated by the four divisions of the magnetic head

wheel.)

3.5 Weighted noise

With the instrument Type UPSF it is also possible to measure weighted
noise in rms values according to CCIR Rec 421 with a special filter

inserted into the signal path within the noise meter.

Another example of noise measuring is the triangular noise in fm systems
with pre-emphasis. Here the highly selective receiver of the video
sweep generator Type SWOF is used. The result in investigating a

simulated satellite communication TV channel according to Fig. 27 is
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shown in Fig. 28, from which the triangular law is to be seen.

These spurious signals caused by an unwanted phase modulation of the
TV visual transmitter (differential phase), are measured in the audio
circuit of the demodulator with a 1f noise meter of suitable charac-

teristics.

Conclusion

The competition between communication and measuring equipment with
respect to tolerances extends alsc to the field of television. On
principle, a measuring instrument should be more accurate by at least

1/2 order of magnitude than the values to be measured.

R ——
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INTRODUCTION

Short duration recording and reproducing media are essential in radio broadcasting.
The 45's paved the way for the current top 40 format; similarly, a convenient, reliable, and

economical means of playing commercial messages has long been sought.

Broadcasters have tried various methods of improving quality and simplifying
operation in this area -- including ET's, reel-to-reel tape, and endless loop tape cartridges

of various designs.

ET's could be mailed by the advertiser and played directly on the air with reason-
able confidence that they would provide good quality. However, constant cueing resulted in
noisy lead-ins, and variable lead-in time. Cueing was inconvenient and quality suffered

with increasing number of plays.

In an effort to retain the quality, reel-to-reel tape was tried. An intermediate
transfer process from ET's to tape was generally required. Although quality was improved,

the inconvenience of threading and cueing was more than many could cope with.

The advent of cartridge recorders provided a more convenient method of cueing.
Several problems existed which are constantly being improved upon. Transfer from ET's to
cartridge is necessary. Despite the problems, a majority of broadcasters have switched to
cartridges. Several cartridge designs exist and interchangeability still poses problems. The

NAB has established a standard for cartridges in an attempt to correct the situation.
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Many broadcasters approached Ampex in search of an improved cartridge recorder
or a new system tailored to their requirements. Ampex felt that a significant contribution

could be made to the broadcasting industry in the area of short duration recording.

With this interest in mind, Ampex ventured into a development program which
resulted in the Cue-Matic* Recorder-Reproducer, whose concept and design will be discussed

in this paper.
DESIGN GOALS AND PHILOSOPHY

Before we embarked on this major development program, a survey was made to
establish the extent and the requirements of the proposed market. This survey showed the
need for a more reliable unit which would provide higher quality than the equipment then being
used. A set of basic criteria was then established. The design goals were general so as not
to restrict creative thinking, but reflected the needs of the user as determined by the market

survey.

After careful deliberation, the following objectives were established:
1) The recording media should have no moving part.
2) The media should be inexpensive and easy to mafl.
3) The equipment should provide simple operation, with only one start button
(if possible) and automatic cueing and stopping.
4) Minimum space should be required for media storage, and easy access

should be furnished.

* TM, Ampex Corporation
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BASIC APPROACH

At the start of the project, the first consideration was to determine the size and
shape of the recording media, because, obviously, this would in turn determine the design

of the transport.

There are many considerations in designing a medium acceptable to broadcasters,
advertisers, and to those in the master recording field. ldeally, we desired one which the
advertiser could record with his commercial spot and send to the broadcaster for direct replay.
This would avoid the re-recording or transferring processes necessary with cartridges. Among

other considerations were price, and ease of handling, mailing, and storing.

From a performance standpoint, it was felt that frequency response to 10 kHz, a
signal-to-noise ratio of 50 db (or better), and sufficient playing time to allow the recording

of pop tunes as well as commercial spots were necessary.

Many different configurations, each with advantages and disadvantages, were
considered -~ including conventional reel-to~reel, endless loop cartridges, belts, sleeves,
and sheets. In light of the considerations previously mentioned, it was felt that the sheet

offered the most acceptable medium.

It was decided that the sheet should be in a circular form, resembling the LP disc

familiar to broadcasters. Mailing would be simplified by using LP mailers currently existing.

The cost was dictated by the 3-mil thickness of the medium, which gives satis~
factory performance and acceptable handling. The cost would be less than for endless loop

cartridges, but more than for standard 1/4-inch tape, for a given length program.

To distinguish the circular sheets from records or discs, they have been trade-
named CUE-MATS.

Figure 1 shows the dimensions of the Cue-Mat. The following operational data

were established:



Rotational speed: 12 rpm
Track width: 43 mils

Center-to-center track spacing: 62 1/2 mils

The 12-rpm rotation results in a linear head-to-Cue-Mat speed of 7 ips on the
outside track and 3 1/2 ips on the inside track. A playing time of 3 minutes 45 second§,

which seems adequate for at least 95 percent of current pop tunes, is provided.

With the form factor for the medium established, the design of the machine for

proper Cue-Matic handling, and for signal processing, could continue.

DESIGN DETAILS

One of the first considerations in the actual design of the recorder was the magnetic

head. To meet the operating requirements previously stated, the following magnetic head

criteria were established.

1)
2)

3)
4)
5)
6)
7)

It must play back 1/3-mil wavelength with minimum gap loss.

It must record the medium to saturation without saturating the head (using a
100-kHz bias frequency at peak bias current).

Easy replacement was required.

Low hum pick up from extraneous fields was essential.

It must exhibit minimum head bumps.

It must have minimum cross talk between tracks.

Head wear must be minimum, to provide long head life.

To achieve high output with minimum gap loss for playback to 1/3-mil wavelength,

a 100-microinch gap was selected. This also gave satisfactory operation with the 100-kHz

bias frequency to be used. A 10-mil gap depth was chosen as optimum for long head life and

required bias power.

The shape of the head was designed for minimum head bumps, with a symmetrical

head structure to balance out stray hum fields. A metal shield can around the entire head
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further reduced hum pick up.

With this close shielding around the head gap, the cross talk from adjacent tracks
exhibits the familiar low frequency "fringe" effect. A graph of the measured cross talk is
provided in Figure 2. Since it occurs at low frequencies, where the ear is least sensitive,

it is practically inaudible when program material is played back.

To provide proper head-to-mat contact, the head must protrude from the shield can.
Since the gap depth was 10 mils, which represents the head life, the head was made to

protrude from the can by that amount.

A precise mounting surface is provided to facilitate changing the head assembly.
To remove the head it is necessary only to remove two finger-tight screws, and unplug the

head cable.

Transport. For the transport itself, the head placement and head movement
mechanism were of prime concern. The head must be mounted and moved with the head gap
on a line precisely on a Cue-Mat radius, in a similar manner to that used on disc recording
lathes. The requirement for consistently high sound quality makes the head placement most
critical. A slight displacement at the outside will cause the azimuth error to increase by an

order of magnitude at the inside of the mat. Figure 3 shows the geometry involved.

The method of moving the head accurately across the Cue-Mat is also critical.
Any thermal expansion or contraction of the media could cause a misalignment of the head in
relation to the recorded track. To compensate for the thermal coefficient of the media, the
head is moved across the Cue-Mat by a strip of the same material used for the mat. Any
expansion or contraction of the mat due to temperature will therefore be offset by a similar
change in the positioning strip. The unit can be operated with considerable latitude in regard

to temperature, with negligible loss due to head positioning.

Head-to-mat contact is also ctitical. This requirement is the same for any reel-to-
reel machine -- that is, high frequency losses and dropouts can occur due to spacing. The
3-mil thickness of the media is at least twice that of ordinary 1/4-inch tape. This reduces

the compliance of the media, and head-to~-mat contact becomes more difficult to maintain. To
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obtain satisfactory results , a force of 20 grams was found necessary (approximately 10 psi).
However, a fixed head position with respect to the medium would cause variations in pressure
with head wear. A spring loaded head mounting arrangement overcomes this problem, and

provides increased head life.

Positioning the mat in the unit was of next concern. In the final position of the mat,
the locating hole must be accurately centered around a spindle. When the mat is inserted into
the unit, a rough positioning is first necessary to assure that the center hole will not be de-
formed when the mat is later clamped around the spindle. This is achieved, as shown in

Figure 4, by two end stops, and by shaping the top of the spindle to allow for slight misalign-
ment.

Clamping the mat is accomplished in two stages. As the mat is inserted, a micro
switch is actuated. This brings the clamping disc down far enough to provide drag between
the mat and the turntable for cueing purposes. During this phase the mat is accurately
centered on the spindle. For the actual recording or playback mode, the clamping disc is
lowered still further, tightly clamping the mat to the turntable (see Figure 5). The mat then
is driven by the turntable, with the clamp driven by the frictional force between it and the mat.
In this manner any disturbance or stoppage of the mat due to external forces will not cause

misalignment between the head and mat.

At the instant the clamp is seated in its final clamped position, the cue bar is
released. Simultaneously, a clutch is engaged. The clutch drives a drum which in turn winds

in the polyester strip and starts to move the head.

The method for driving the turntable was next considered. Coupling a drive motor
to the turntable created a problem, because of the required high reduction in speed. To provide
the necessary speed reduction ratio an intermediate pulley, fitted with a heavy flywheel, was
provided. The rotational speed of this pulley is 480 rpm, compared with 12 rpm at the
turntable, and the resultant high effective inertia provided by the tightly coupled flywheel

reduces wow and flutter, and allows the use of a lighter turtable to achieve the necessary resuits.

Figure 6 shows the drive system. A capstan drive against the rim of the turntable

provides the 40:1 speed reduction from the intermediate pulley to the turntable. A rubber belt
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around the periphery of the turntable was first used as a frictional surface. However, trying
to drive against this surface alone caused errors in timing due to creep and wow and flutter due
to irregularity in the rubber. An endless polyester belt, cemented to the rubber, provided a

more consistent drive surface, as can be seen in Figure 7.

During the design phase it was decided that a mechanical cueing device would be
more reliable than an electrical system. The Cue-Mat has a rectangular hole which is used
for cueing purposes. This cueing slot is used to position the mat precisely with respect to
the head, so that all mats start at the same peint. This cueing is accomplished automatically

when the mat is inserted.

Because program material would vary in length, a tone sensing system is used for
stopping the equipment. A 30-Hz signal, which is used as a stop tone, is generated by a
simple magnetic pick-up located adjacent to the drive motor shaft. A two-pole, ferrite ring
magnet is mounted on this shaft, and the 30-Hz signal is generated by the magnetic flux
induced in the pick-up. A hysteresis synchronous drive motor is employed, so the stop tone is

as accurate and stable as the frequency of the power line.

Electronics. Since only one head is used, the electronics does not require
separate record and playback circuitry. Much of the circuit is combined, with switching to

select either the record or playback modes.

A block diagram of the record amplifier is shown in Figure 8. Provision is made for
microphone inputs, as well as for balanced and unbalanced line inputs. After suitable ampli-
fication, a sharp dip filter attenuates (aporoximately 50 db) any 30-Hz component in the
program material to eliminate false stopping caused by low frequency components in the

program material. The signal is further amplified and equalized prior to recording.

The vu meter is fed by a separate amplifier, which presents the proper impedance for
correct ballistics of the vu meter,

When the stop button is pressed in the record mode, the program source is dis-
connected and the 30-Hz stop signal is automatically recorded.

When the record/play switch is placed in the record position, a red warning light

next to the start button is illuminated. As a further precaution, a record cue interlock control
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must be actuated to initiate the cueing process. When the interlock is actuated, the vu meter
indicates the bias current through the head. When the stop button is pressed at the end of

the recording, the meter will indicate the record pilot tone level.

The maximum (clip) level of the record amplifier is 20 db minimum above
operating level, to provide adequate margin for transient peaks. The limitation in maximum
recording level is media saturation, which is defined as 14 db above opetating level at
mid-audio frequencies. The third harmonic distortion from the media at operating level is

just under 1 percent. The record amplifier distortion is shown in Figure 9.

A variable record equalization method was necessary to compensate for the
change with time in linear head-to-mat speed. Both continuous and step typé equalization
were tried. For ease of adjustment and repeatability, the step type was selected, using a
leaf switch with five leaves to provide the steps. The drum which winds in the polyester
strip (to which the head assembly is attached) has a direct relationship to the head position
on the Cue-Mat. Therefore the actuating cam for the equalizer switch could be designed as

an integral part of the drum.

Equalization is in approximately 3-db steps at 10 kHz (much less at lower
frequencies). Figure 10 shows a graph of 1 kHz, 3 kHz, and 10 kHz tones recorded
throughout the mat. Because very little change occurs in the mid-frequency band, where

the ear sensitivity is the greatest, the switching is practically inaudible on program material.

A block diagram of the playback amplifier is shown in Figure 11. An input trans-
former is used because of the low impedance of the head. The transformer is designed so its
losses (series copper loss and parallel eddy current losses) are low in comparison to the head,

so it does not add to the thermal noise of the head.

The signal is fed in two separate paths after going through an equalized preampli-
fier. One path is through a 30-Hz dip filter and a line amplifier to the output terminals. The
other path is provided for the automatic 30-Hz tone stopping feature. The signal is fed
through a diode clipper and a 30-Hz emphasis filter to the switching transistors. Actuation
of the relay places the transport in the stop mode and releases the mat. Shutoff sensitivity

versus frequency is shown in Figure 12.
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A muting switch, actuated by the head carrier movement, opens the output line to
prevent switching transients from appearing on the line. An additional contact on this switch
prevents accidental stop when cueing a mat with less than 5 seconds of message (such

stoppage could occur if the mat curled up enough to contact the head).
Playback amplifier distortion is shown in Figure 13.

Overall record/reproduce response is shown in Figure 14.
FIELD TEST

The object of the field test was three-fold -- to test the concept, reliability, and

acceptability of the unit.

Testing the concept was of major importance, because the equipment represented a
totally new method of operation. The concept had to be tested not only with broadcasters,
but also with advertising agencies and master recording studios. Both the large networks and

the small stations using combo men and engineer-announcers were to be considered.

The field test also had to provide information as to the reliability and maintain-

ability of the unit. Further information on mat life, handling, and mailing was felt necessary.

And finally, the acceptance of the machine by the proposed user had to be demonstrated.

It was originally felt that 10 machines, field tested for 3 to 4 months, would be
sufficient. As it turned out, 15 units were placed in the field to cover all facets of the test.
Six were placed with two networks, six with two top-40 stations (one combo and one
engineer-announcer operation), two in a duplicating facility for advertising agencies, and one

with a master recording studio to determine if duplicating problems existed.

The field test was conducted for as long as a year (in one instance) at station KYA
in San Francisco. At this station, it was felt that a total conversion of all records to Cue-
Mats would offer advantages. Three more units were provided to KYA, making a total of six,

and all but a few records were dubbed on Cue-Mats.
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The field test was limited to two areas, New York and San Francisco, because of

the lack of properly trained service personnel for wider coverage.

Results of the field test were encouraging. Several problem areas that developed

during the test resulted in design changes. The most significant of these changes were:

1) Playing time was increased from the original 3 minutes 5 seconds to
3 minutes 45 seconds.

2) The clutch was redesigned to provide greater reliability.

3) The head carrier and mounting mechanism were redesigned to assure

longer head life and more consistent head-to-mat contact.

The durability of the mat was well demonstrated. Tests in the lab had indicated
that mat life should be in excess of 30,000 plays. Under actual operating conditions, a

mat was played more than 27,000 times with little deterioration in quality.

One operating problem discovered was degaussing the mat so that a 30-Hz tone
was not introduced from the degausser. Introduction of such a tone, of course, caused the
machine to stop, when it was reproduced, and rendered the recording useless. Proper care
in the degaussing process quickly cured this problem. As a result of this problem, a simple

semi-automatic degausser is now on the way.

The final, production, model of the Cue-Matic recorder is shown in Figure 15.

APPLICATIONS

This unit was designed primarily for the broadcaster. Aside from classical music,
live news, and personality segments, the most repetitive portion of broadcasting is con-

cerned with:

1) Spot commercials.
2) News and program introductions.
3) News and program inserts.

4) Promo's.
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5) Jinglés.
6) Station ID's.
7) Top tunes.

The Cue-Matic can be used in all of these short-term program requirements, and
offers a more flexible and more consistently timed format. Once the cue time is set during
the recording process, it will not change ~- dead time will not vary with different engineers.
The mat is immediately released after play, ready for the next message with no need to wait
for an entire cycle as with cartridges. Instant recueing is possible to allow for repeated

messages ot for previewing.

Life of acetate discs is short and deterioration of quality is noticeable after
several plays. Cue-Mats can be recorded with greater ease, and handled and played, without

loss of quality.

If sufficient interest is manifested, advertising agencies may provide commercials
on Cue-Mats, thus avoiding the transfer process at the station. Another possible application
could be using Cue-Mats for record prereleases; these are currently sent to disc jockeys on

acetate discs.
CONCLUSION
The final design of the Cue-Matic unit has met the design goals established at the
start of the program. We feel that the equipment should provide a valuable tool for the broad-

caster in program or commercial material of short duration. The simplicity of operation and

precise timing should increase efficiency and profits.
REFERENCE

Skov and Vogel, AES Preprint Nr.354, October 1964. This paper gives further technical

details.
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UNITS OF MEASUREMENT IN EQUIPMENT PERFORMANCE

The Broadcasting Industry employs many technical terms in papers, reports, brochures, text books,
conversation and other communications to accurately convey information about components, circuits,
equipments and systems. Although the definition of most of these terms may be found in various publica-
tions, the exact interpretation and application may differ sufficiently in current usage to cause consider-
able confusion. Ironically, many of the most commonly used terms or units of measurement are those with
the most interpretations. An explanation of some of the units of measurement in equipment performance
may be helpful for those engaged in specifying new equipments and/or systems design.

= GAIN is considered to be the
600 OIS 150 OHMS 600 OHMS ' '
ouTPUT 2 INPUT & oUTPUT & power gain of the equipment or system
SOuRCE 2 LOAD z

at 1 KHz, unless otherwise qualified.

600 OUMS
INPUT 2

TYPICAL MATCHING ATTENUATOR TYPICAL MICROPHONE PREAMPLIF IER T‘VO CcOommon TatlngS are the maximum
VOLTAGE RATIO: 100: VOLTAGE RATIO: [:200 gain, where all attenuators are set for
CURRENT RATIO: 100:1 CURRENT RATIO: |: 50 o .

POWER RAT10: 10000: | POWER RATIO: 1:10000 mnimum attenuatlon; and the normal

ATTENUATOR LOSS: 40 db AMPLIFIER GAIN: 40 db Operating gain’ Whel‘e all attenuators

THE DECIBEL, ABBREVIATED db, IS A UNIT USED TO EXPRESS THE RATIO are set in their optimum operating po-

BETWELN TWO AMOUNTS OF POWER (Pz AND Py ) EXISTING AT TWO POINTS: sithn‘ With “VVO or more attenuators
NUMBER OF db = 10 LOG]O P2/P| FOR POWER RATI1O0S, . 3 . .

WHEN THE POINTS OF MEASUREMENT ARE OF IDENTICAL IMPEOANCE ONLY: in series in a system, the optimum
NUMBER OF db = 20 L0G|o E/E, FOR VOLTAGE RATIOS. Operating range of each of them must
NUMBER OF db = 20 LOGIO |z/|' FOR CURRENT RATI1QS .

be established and followed for the
VOLTAGE, CURRENT ANO POWER RATIOS best results over the dynamic range of
_] the system.

FIGURE 1 DECIBEL - Gain is normal-

ly expressed in db as the ratio of the input power to the output power of the equipment or system. A power
ratio of 2 gives 3 db power gain, of 4 gives 6 db power gain, of 10 gives 10 db of power gain, etc. The
impedance of the two points eompared is relatively unimportant for a measurement of power gain, if the
readings are converted to a common base such as RMS power, peak power, etc.

Since many power gain measurements areactually conversions from voltage measurements, consider-
able chance for error or misinterpretation exists. Voltage gain may be obtained from passive components
such as step-up transformers - where the power gain would be less than unity, due to circuit losses. Con-
versely, power gain may be obtained from active circuits such as emitter-followers - where, due to inherent
characteristics, the voltage gain would be less than unity. Thus, the power gain is directly related to volt-
age gain only when the impedances of the points of comparison are equal. Then, a voltage ratio of 2 will
give a power gain of 6 db, of 4 will give a power gain of 12 db, of 10 will give a power gain of 20 db, etc.

The term "db voltage gain" is sometimes used to specify the voltage ratio of two points of unequal
impedance. It would be more correct to use "the voltage equivalent of (blank) db gain" instead. Thus,
"the voltage equivalent of 20 db (power) gain" would specify that there was a voltage ratio of 10 times
between two points of presumably unequal impedance.
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DBM- A basic tool of the Broadcast Industry is the term dbm, which has a specific base of reference

of 0 dbm for one milliwatt across

600 OHMS /60K OHMS

-

TYPICAL {NPUT TRANSFORMER

IMPEDANCE RATIO: 1:100

TURNS RAT!IO: 1:10
POWER RATI10: 1:0.96
VOLTAGE RATI0: 1:9.8
CURRENT RAT!O: 10:0,98
POWER LOSS: 0.3 db WITH

A VOLIAGE GAIN OF 9.8X, OR
THE “VOLTAGE EQUIVALENT” OF
(APPROX IMATELY) 20 db GAIN

—
i
{
|

¥ 600
? ) oIS

i S
TYPICAL EMITTER-FOLLOWER

IMPEDANCE RATIO0: 10.25:!
TRANSISTOR BETA: 60
POWER RATI0: 1:9.93
VOLTAGE RAT!O: 1:0.985
CURRENT RATIO: 1:10.01
POWER GAIN: 9.97 db WITH

A VOLTAGE GAIN OF 0.985x,
THE “CURRENT EQUIVALENT” OF
{APPRONIMATELY) 20 db GAIN

FIGURE 2

600 ohms impedance. It can be ap-
plied only torecurrent or periodic
waves of a sinusoidal nature, to
make it a truly universal reference
level. It can be measured on any
accurate RMS voltmeter and/or a
properly calibrated volume indica-
tor (meter plus attenuator). Im-
pedance transformations or con-
versions allow the use of dbm on
impedances other than 600 ohms,
as long as thereis a direct power
ratio between the points of meas-
urement.

The term dbm is particular-

ly useful in specifying the absolute level or capability of any point in a system - such as the threshold of
noise, threshold of limiting, maximum input or output level, etc. Properly interpreted, it will give the ex-
perienced engineer an excellent indication of the potential behavior of a system or equipment under com-
plex wave conditions over the extreme dynamic range of programming.

SINUSOIDAL WAVE
UNIT OF MEASURE: DBM
MAY BE MEASURED ON VOLUME

INDICATORS AND VOLTMETERS.

300
OHMS

00
OHMS

3900/3900
OHMS

COMPLEX WAVE

UNIT OF MEASURE: vu
MAY BE MEASURED ON VOLUME
INDICATORS ONLY.

3900
OHMS

ydl,g_

LINE

LOAD V1 BRG.

ATTENUATOR

VOLUME INDICATOR

VU METER

FIGURE 3

YU - Although the volume unit has the
same specific base of reference as dbm - 0
vu for one milliwatt across 600 ohms imped-
ance - this is the end of the relationship.
While the term dbm can be applied only to
recurrent or periodic sinusoidal waves, the
term vu can be applied only to nonrecurrent
or nonperiodic waves of a complex nature,
such as found in speech and music. ASA
C16.5-1954, paragraph 3.9 defines: "The
reading is determined by the greatest de-
flections occurring in a period of about a
minute for program waves, or a shorter peri-
od (e.g., 5 to 10 seconds) for message tele-
phone speech waves, excluding not more
than one or two occasional deflections of
unusual amplitude."

The ballistic characteristic or dynamic behavior of a volume indicator under prescribed conditions
is clearly defined by the referenced ASA Standard. A volume indicator meeting these standards will give
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uniform readings for many types of programming. It can, however, give greatly different readings for two
dissimilar complex waves with the same peak amplitudes. Thus, the level in vu may be determined more
by the volume indicator characteristics than the peak amplitude of the signal being measured. This can be
readily observed by comparing the volume indicator readings with an oscilloscape display with different

types of programming.

HEAD ROOM - All amplifiers and components in audio systems should have a peak power rating
considerably greater than the normal operating power level, in order to prevent serious distortion on com-
plex programming peaks. The ratio of these complex wave peaks to the volume indicator reading is much
more than the peak to RMS power ratio of a sinusoidal wave (which is 2:1 or 3 db). The peak factor of a
complex wave is generally considered to range up to 10 db with much of the pre-recorded material - where
pre-processing has reduced excessive peaks. This peak factor can range up to 20 db or more with certain
microphone techniques on some "live" material.

Preamplifiers employed before the first fader in a system must be able to handle this excessive
head room, plus exceedingly high levels in dynamic range. Thus, microphone preamplifiers with a maximum
input level capability of —17 dbm and output capability of +25 dbm can be fully utilized in today’s broad-
casting and recording.

There is some preference among systems engineers to label systems block diagrams with the normal
complex wave levels in vu - expecting the equipment manufacturer to know the anticipated peak factor,
and to provide sufficient head room. It may be better to specify the normal levels and maximum levels in
dbm (since most testing is performed with sinusoidal waves), to specify the amount of head room desired.

The standard telephone line feed of +8 vu is generally considered to require a line amplifier with
an output capability of +24 dbm; which is reduced to +18 dbm by the 6 db line isolation pad. Although
there is no actual relation between +8 vu and +18 dbm (since vu applies to complex and dbm to sinusoidal
waves only), the head room is considered to be 10 db. For systems anticipating an appreciable amount of
"live" programming, it would be better to consider line amplifiers with a higher output capability.

Some systems are using line amplifiers with +32 dbm output capability. This is reduced to + 26 dbm
by the 6 dbisolation pad, for a program peak factor or head room of 18 db. Program peaks of greater ampli-
tude are nearly always narrow "spikes" that can be clipped off in the amplifiers without any discernible
degradation - since they will cause no base line shift, etc., in a properly designed amplifier.

INPUT IMPEDANCE is a term that is frequently confused with source impedance, but the two are
distinetly different. Input impedance refers to the loading that the input of an amplifier, or a passive cir-
cuit such as a filter, will place across a signal source. Many amplifiers, such as microphone preamplifi-
ers, have an input impedance of 10 times or more than their rated source impedance.

e




SOURCE IMPEDANCE refers to the im-
pedance of the signal source at the point under
consideration. When feeding an amplifier a test

= signal from an oscillator/attenuator panel - the
SouRce _ 1pur ot om0 output of the oscillator/attenuator unit would

!
present a certain source impedance to the input
@“O_D—O—o—;

of the amplifier. The output of a console mixing
e Loy e b,

TYPICAL MICROPHONE PREAMPLIFIER IMPEDANCES |

| OUTPUT IMPEDANCE is often confused

bus will present a constant source impedance
to the input of the booster or line amplifier.

with the load impedance of a device, especially

with an amplifier. A more descriptive term is

ireflected output impedance® - theé output im-

FIGURE 4 pedance is determined by the internal impedance

of the output section of the device being de-

scribed. Amplifiers with negative voltage feedback from the output stages normally have an output im-
pedance that is a fraction of the rated load impedance - generally one tenth or less.

The output impedance of a device is an important consideration in systems design. Attenuators and
most passive networks have an output impedance that approximates their load impedance. They generally
exhibit a difference of twice voltage or "the voltage equivalent of 6 db" on the output between the unload-
ed and loaded conditions. They are sensitive to bridging loads. For example, when the 7500 ohm bridging
impedance of a standard volume indicator is switched across a circuit with 600 ohms output impedance,
terminated with a 600 ohm load, the loading effect is approximately 0.4 db. However, if the volume indica-
tor is switched across the output of an amplifier with an output impedance that is 1/10th the rated load
impedance of 600 ohms, the loading effect is almost imperceptible.

LOAD IMPEDANCE is the proper term to use to specify the terminating impedance of an equipment
whetheritis an active or passive device. The load impedance of an amplifieris the impedance that should
be placed across the output terminals to obtain its rated characteristics. In systems employing the input
of amplifiers, or other devices with an inputimpedance that is higher than the source impedance (as loads
for preceding circuitry), it is common practice to parallel the amplifier input with a resistor that will give
a parallel combination that equals the desired impedance. Some components do not require termination or
should not be terminated with their rated impedance. Thus, the input of most microphone preamplifiers pre-
sent a bridging impedance to the output of the microphone -taking advantage of the double voltage output
of the unloaded microphone, for approximately 6 db better signal-to-noise ratio.

OUTPUT TO INPUT ISOLATION is an important consideration where the output of an amplifier
feeds a combining pad or network where different signals are mixed. In order to keep the signal pure on
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the input of the amplifier, it 1s necessary to have a high ratio of output to input isolation. Transistor am-
plifiers generally have lower isolation than tube amplifiers, especially those with negative feedback to
the base of the first stage.

CONSTANT INPUT VERSUS CONSTANT OUTPUT LEVEL - This has been the subject of many an
argument between customer inspectors and suppliers, etc., and an area that is seldom defined. Should the
input level be held constant at the various frequencies under test, or should the output level be held con-
stant? Of course, on many "hi-fi amplifiers" this is no problem, as they are rated "flat" from 3 Hz to 150
KHz or higher.

Unless otherwise qualified, it is good en-
gineering practice to test harmonic distortion with

a constant output level - in order to determine if

the maximum output can be obtained at all signal
Egsg{ANT QUTPUT

frequencies. This is especially true with units,

such as FM Transmitters, that have appreciable
-4
il ST preemphasis networks incorporated in them.
HH+ PRE-EMPHASIS

1
-16 ADJUSTED INPUT
LEVEL,

If the unit under test is kept below the over-
TESTING AN FM TRANSMITTER load point, there is little difference between using

constant input or constant eutput level in testing

frequency response. The decision is generally sub-

ject to the flexibility of the source and load meas-

uring equipment. With some itis easier to read imput

FIGURE 5 level adjustments. With others it is the opposite. A

rather common practice with audio equipment is to test the frequency response with a constant input at

the normal operating level; and to test the harmonic distortion with a constant output level at the maxi-
mum capability.

HARMONIC DISTORTION is too often shortened to "distortion" although this is certainly not the
only kind of distortion encountered in broadcasting. When the reference does not gualify the type of dis-
tortion, it is generally considered to be harmonic distortion. It occurs because of circuit non-linearities
that create harmonically related signals in the output which were not present in the input of the equipment
or system. Single tone testing with the fundamental tone nulled out allows direct reading of the sum of the
harmonics on distortion tests.

IM DISTORTION is an accepted abbreviation for intermodulation distortion, created by mixing of
two or more signals due to circuit non-linearities. The most pronounced products of IM distortion are the
sum and difference frequencies of the fundamental frequencies. Two tone testing with a 4:1 ratio of tone
amplitudes yields a commonly accepted measurement.

FREQUENCY DISTORTION is a term sometimes used to signify that the frequency response is
other than "flat", or that it fails to faithfully follow some prescribed pre-emphasis or de-emphasis. Where
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it is used in lieu of the term frequency response; the upper and lower frequency limits, as well as the
maximum deviation, should be specified.

SIGNAL PLUS NOISE TO NO!SE RATIO, abbreviated S+N/N, is the noise measurement most fre-
quently taken on an equipment or system, although it is often converted to one of the other noise measure-
ment terms. In broadcast equipment, where the ratio of StN/N is generally higher than 40 db, just the term
signal-to-noise ratio is commonly used and is abbreviated S/N. It is normally measured down from a refer-
enced dbm output level.

— ABSOLUTE NOISE is the noise

Ho pemptitieroyt = level in an equipment that is referred to
0 dbm(§obm reference T : 0 dbm. With an amplifier having 42 db
=10 e IS gain (measured with an input level of
PO T ‘J P3¢ dbm
. — 1 1 T -34 dbm and an output level of +8 dbm)
T2 Lomplitier_inpur — 1 B — the noise is found to be 92 db below the
level —34 dbm
=40 = i T *I +8 dbm output reference. The same am-
92 db

)| [P e plifier would yield a noise measurement
-0 ; B of 84 db below a -42 dbm input and 0
-70 gyert S dbm output level - which is the absolute
L T — noise level. Or, the absolute noise can
50 ""1"' = ———b— ' be derived by subtracting the output
7YY S o2 above 0 dbm (8 db) from the 92 db meas-
-uo | S - == ured below the +8 dbm output reference
e N for a figure of -84 dbm.
O 1 R

TYPICAL PREAMPLIFIER NOISE RELATIONSHIP RELATIVE IN PUT NOI SE, alSO

- —

referred to as equivalent input noise,
FIGURE 6 is conveniently found by adding the in-
put level of the equipment under test to
the S/N measured on the output. Thus, the amplifier with —34 dbm input level and a signal-to-noise of
92 db can be converted by adding the two figures to obtain a relative input noise figure of -126 dbm.
This term is particularly useful in a complex system to calculate the S/N at each critical point (generally
at the amplifier input terminals). As long as the rated relative input noise of the amplifier allows a S/N

of 8 to 10 db better than the S/N of the incoming signal, no noise degradation results in most systems.

WIDE BAND NOISE VERSUS WEIGHTED NOISE - Wide band noise, usually given as "noise", is
normally considered to be that band between approximately 5 Hz and 50 KHz which is essentially flat in
a modern noise analyzer unit. Both frequency limits greatly exceed the accepted limits of human hearing —
which many rate from 30 Hz to 15 KHz maximum. Studies of the sensitivity of the human ear over the past
several decades agree that the upper and lower regions of the audible spectrum are considerably attenuat-
ed, compared to the 2500 Hz region.. Thus, many noise measurements are more meaningful with a weight-
ing curve that will partially compensate for the non-linearity of sensitivity versus frequency of the human
ear. In some instances this curve may be derived from a high-pass and low-pass filter to restrict the limits
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to a more narrow band. Or, it may be obtained by partially attenuating certain sections of the frequency
band compared to those considered more sensitive.

CROSSTALK 1is the result of signal (s) being fed into adjacent channels by capacitive, inductive
and/or resistive coupling. Just as any plant in the wrong spot is considered to be a weed- crosstalk may
be considered a form of noise. Since crosstalk is generally a verv low level signal - and the human ear
is very much more sensitive to mid-range frequencies than those in the upper or lower portion of the audio
spectrum - mid-range crosstalk is the critical area. An acceptable level is 15 db below noise (as measured
with an oscilloscope or narrow band-pass filter) in the mid-range; with no more than 10 db above the noise

level in the upper and lower parts of the audio spectrum.

RF NOISE is defined as the noise due to regeneration in a system employing some RF components,
where some of the output signal is induced into some section of the system (generatly the input section).
Considerable regeneration is possible before the point of instability (where oscillation occurs)is reached.
In most cases, RF noise resembles shot or tube noise as it does not exhibit any particular tone. In a sta-
tion proof-of-performance the difference in RF noise level can be quite large when feeding the antenna

system, compared to that obtained when feeding a dummy load.

TRANSIENT NOISE isthat noise generally fed into the equipment from the power lines orthe ground-
ing system. It is often the result of power systems with high impedance or with insufficient regulation.
The tower flasher will frequently show strongly in the noise measurements of the transmitter, where the
switching transient will be emphasized in all of the equipment in the circuit- including the test equipment.

FM AND AM NOISE in FM Broadcast Transmitters are specified by the FCC. FM noise is a meas-
urement resulting from a shift in carrier frequency, due to any cause. It is normally measured from a refer-
ence of 100% FM modulation with 400 Hz - which is considered to be +75 KHz carrier swing. AM noise on
an FM Transmitter is calculated below an equivalent level of 100% AM modulation of the FM carrier: The
carrier level is rectified and measured as a D.C. level at the test point - multiplied by 1.414 to give the
equivalent RMS level if the carrier were 100% AM modulated - and the AM noise measured and compared

to this simulated level.

TYPICAL SYSTEM - Figure 7 shows a typical system in a broadcasting station with the associated
signal levels and the corresponding noise levels. The system is all inclusive from the microphone input
to antenna output. The upper shaded area represents the signal range, the lower textured area shows the
noise level above -130 dbm, and the plain area in between shows the margin of noise between the relative
input level of each equipment and the signal-to-noise established by the first unit in the system.

In a properly designed and operating system, the signal-to-noise is established in the first unit —
generally the preamplifier, for a microphone input. Assume that the signal from the microphone is equiva-
lent to -60 dbm, and that the signal generator is delivering this level into the microphone input of the
console. The relative input noise of the console and its associated system is considered to be -120 dbm.
Thus, the signal-to-noise ratio between the - 60 dbm signal level and the equivalent input noise is 60 db.
Even though the signal-to-noise of the booster and/or line amplifier is at least 10 db better than the pre-
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telephone line. The line is assigned a residual noise level of -70 dbm; thus, it will not degrade the S/N
ratio of the original signal. This typical telephone line has a 10 db loss, delivering a signal level of -2
dbm into the line equalizer at the transmitter site. The equalizer has 18 db insertion loss, giving - 20
dbm signal level on its output terminals. It has a residual noise level of -105 dbm, however, and does not
degrade the S/N of the original signal either.

The input of a typical limiting amplifier has an attenuator to adjustthe incoming signal to the thresh-
old of limiting, generally around -50 dbm. The relative input noise of this point in the limiting amplifier
1s -120 dbm, which gives a S/N of 70 db to prevent degradation of the original signal. The output level of
a typical limiter is +30 dbm, which is attenuated to the transmitter input level of +10 dbm. The S/N ratio
of atypical AM transmitter is from 60 to 65 db. Assuming a S/N of 60 db, the transmitter noise will degrade
the original signal-to-noise (of 60 db) by as much as 6 db if there is a significant number of coincident
noise peaks. A transmitter with a S/N of 65 db would generally degrade the original 60 db S/N by approxi-
mately 1 db. A margin of 8 db between the S/N of the original signal or input equipment compared to the
following equipments - is considered to be the minimum to prevent any degradation of the original S/N.

SUMMARY - This is essentially a summary of parts of many publications to start with and any further
efforts would be redundant. Comments and criticism are invited, especially those with references to stan-
dard textbooks normally found in engineering libraries to permit further study. Also, if there is sufficient
interest, the NAB may consider some committee action to set up standard ways and means to measure
equipment and/or express terms that now have an appreciable degree of ambiguity. Please contact the proper
NAB representative and/or the author to show interest in this area.

W. J. Kabrick

Advance Development Engineer
Gates Radio Company

Quincy, Illinois
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MR. RANEY: As usual, we have assembled a rather formidable panel
representing both the manufacturer and the broadcaster. The subject of radio
automation has received a great deal of attention by each ancd every one of us,
especially management. I'm sure these distinguished gentlemen are in a position
to enlighten us concerning the many questions we may have on this subject.

First, to introduce the panel:

On my immediate left is Ross Beville, President, Broadcast Electronics, Silver
Spring. Maryland.

Next is James H. Butts, Director of Programing and Erigineering, Mullins Broad-
casting Company, Denver, Colorado.

Next is Don Clark, Continental Electronics, Dallas, Texas.
Next is Lee Pacto, International Good Music, Bellingham, Washington.
Next is Eldon Kanago, Chief Engineer, KICD, Spencer, Iowa.
Next is Allan T. Powley, WMAL-AM-FM-TV, Washington, D. C.

We will first hear from Mr. Beville.

MR. BEVILLE: Thank you. I am very happy to be here at the 1966 Engineering
Conference and have the opportunity to participate in this panel.

During the past several years, there has been much promotional activity on the
part of broadcasters and equipment manufacturers in behalf of automation. As
a manufacturer, I am greatly in favor of this. As a broadcaster, however, I
have a few thoughts which I would like to pass along to you.

At this point, I think I should say that I am not particularly eager to become
known as the Goldwater of the industry, but there are some things that need to
be said about this venture in progress. With the advent of the tape cartridge,
a degree of automation was accomplished. Tape cartridge systems automated the
time-consuming task of threading and cuing tape as it is required in the manual
machines. This was good automation. It was simple, straightforward and effec-
tive. Now with the addition of secondary and tertiary cuing tones, and with the
development of multiple cartridge reproducing systems, and by ccmbining all
these with good reel equipment or with disc equipment, a relatively simple and
direct approach to an expanding type of program automation is perfectly feasible.



But there is a little bit more to automation than just buying new equipment
and installing it. Much planning must be done, not only by the engineering
staff, which is the key department in developing the automation system in a
station, but by almost every other department. It affects sales, programing,
traffic, scheduling, and certainly news. It should be kept in mind that all
these other departments are to some degree affected.

And now let me say that automation is here. It is not something that is just
coming, but it is here. The equipment and systems have been designed, manu-
factured and installed. For those of you who have not yet gotten your feet
wet, automation of broadcasting stations should be undertaken with a degree
of care. Here are a few things to think about.

Point 1, before embarking into a fully automated operation, and there is a
difference between a fully automated station and a semi-automated or a push-
button automated station, study the actual requirements for it. There may be
a tendency on the part of some to go into automation because if has received
such publicity and endorsement. But the actual requirements on the part of
your station must be studied. The criteria to be applied in making the study
are: 1) is it economical and 2) will it actually improve my operation?

Point 2, if a decision is made to automate, it would seem advisable to initially
proceed in steps rather than to go all out. Operating techniques will change.
Personnel must be prepared for the change. This being a group of engineers, I
might draw a parallel.

Let's consider for a moment the theory of diminishing returns. All of us here
are familiar with a linear rise of a hypothetical curve which eventually reaches
the point of saturation. Beyond this point, no matter how much more energy or
effort is poured into the system, the curve refuses to rise at the same rate and,
in fact, it may even decline.

Automation is like that curve. If your system becomes more and more sophisticated,
you may reach a point whereby semiskilled personnel must be replaced with person-
nel of higher skills and, consequently, higher pay.

Point 3, automation, should not be undertaken with a view that there should be
an immediate reduction in staff. The system must be programed and material
prepared well in advance. This takes people. You will find that the require-
ment for "on-air" operations may decline, but you will also find an increase in
the man hours required for the advanced preparation and scheduling of program
material. Much of this material can be reused, such as bridges, beams, station
breaks, public service announcements and even many a commercial announcement
that is repeated from day-to-day.

Here, then, 1s the definite probability that the number of man hours required at
the start can be reduced with the result that your combined programing and on-air
operations may require fewer man hours than heretofore.



You may even find that automation will do a better job for you, once the program
is scheduled and properly maintained.

Point 4, it is essential that qualified engineering personnel be on hand. To
expect an automation system to perform satisfactorily without adequate engineering,
first to install it, but more importantly to maintain it, is wishful thinking.

The idea that a bare minimum engineering personnel can be used once a system has
been installed, is founded on sheer folly.

Point 5, in general you will find that more sophisticated maintenance repair
techniques will be required.

Point 6, the equipment supplied by manufacturers for the most part will meet all
advertised specifications. But any unusual requirements on the part of the user
may not be provided for. Most automated systems will require some customizing
to fulfill the requirements of your station. Station personnel must be prepared
to undertake this task.

Point 7, the time period between a failure and restoration of service in a fully
automated station may be considerably longer than that in a non-automated station.
There are several reasons for this, some of which are obvious. The greater
complexity of the equipment; personnel not usually on the spot at the time of the
failure; and unfamiliarity with the equipment. This is caused by the very newness
of it. Automated eguipment, or any equipment for that matter, hopefully has been
engineered for reliability. But the longer you operate without failure, the less
attention is paid to it, with the result that increasing confidence will breed
unfamiliarity with the equipment.

Thank you very much.

MR, BUTTS: Mullins Broadcasting Company operates KBTV and KBTR Radio in
Denver and KARK AM-FM and TV in Little Rock, Arkansas.

I think the key point is that any automation system or any system, for that
matter, is a personal thing. It has to be keyed, and built to fit your particular
operation. In our case, we have two vastly different radio stations. One, an old
line, punch the button, network operation still using studio engineering personnel,
the other, a top 40 station with no studio engineering personnel. These two
operations, of course, are much different. Neither one is automated. Of course,
many cartridge machines are used.

In Little Rock, we have a minimum of cartridge machines and are still using discs.
Incidentally, I might mention we acquired KARK only about a month and a half ago,
but it is a completely different operation and the markets are completely
different.

There are 21 radio stations, nine FM stations, and five television stations in
Denver. It is an extremely competitive market. Little Rock is not quite as
competitive. It is not susceptible to the same type of format we use in Denver.



Our Little Rock FM Station has been automated for a year or two, using the
Schafer system and it has performed as anticipated. The FM station has no
personnel and the television personnel program the automation system. We

use announcers in Little Rock for both television and radio. In Denver, in
television, we have no announcers. We use radio announcers who put 18 hours
worth of announcements on tape in about 45 minutes or less the preceding night.
We have tried by having 50 or 60 cartridges, to cover all failure situations,
but we have never covered one properly yet. The automation of the audio has
its drawbacks.

MR. CLARK: I think the importance has been stressed of one very important
phase of automation and that is the need for tailoring the system to the partic-
ular situation. I can't emphasize this too strongly since we know that no one
system will fit all situations. There are a great variety of needs and require-
ments that change considerably. The need is directly related to programing and
since programing is the final determining factor, this, to a large degree, dic-
tates the automation equipment.

You also have other considerations such as network tie-ins, news, and important
features. All these provisions must be considered and worked out with programing.

In our particular case, we offer both equipment and a program service, so we have
a very extensive combination of formats that cover quite a wide range of program-
ing. This starts with good music, not classical, and goes through the middle
range with the pop standard and into the variations of that with a million seller
format and from that we go into the specialized formats of country music for a
fulltime operation and even top 4O. When you speak of top 40, lots of people
throw up their hands and say that is impossible to automate. To a large degree
it is difficult and I am not recommending any one in the top 50 market to try to
automate the top LO.

There are situations, however, where people are interested in operating an M
station on top 40 and there are also very small markets where it is very difficult
to get the top personnel. This is equally true with the country format and some
of the other specialized formats.

One of the things that is particularly interesting is to establish some premises

in the beginning that will identify the problems and pinpoint them. And I think
with that you have to start with certain factors in dealing with equipment and
programing. One is that with proper equipment and programing, you can provide

a tool to management without sacrificing any of the live sound. Some people may
question this, but it actually can be carried a step further and say that most of
the formats can actually be improved since you have better control of the program
material and mistakes can be actually ironed out. With the smooth transitions that
are possible with good equipment today, you can actually get a smoother and better
operation.

Secondly, I think it is important to establish that you can cover a wide range of
formats. The first reaction many people have is that it is great for somebody
else, but it wouldn't work for me. Or it is good for good music, but it wouldn't
work with our format.



Well, the sophistication and the flexibility of today's equipment has gone
beyond this point and has brought about wide range variations. For example,
you can introduce today many types of intros and all these production aids and
everything in this type. You can add overrides over the top of the music; you
can have all these different variations and do them automatically. You can go
in and out of network smoothly and with minor exceptions.

At the present time, we switch in and out of network using time and, as we all
know, the networks are not perfect, so there are variations of a few seconds

in starting and terminating. If we can induce the networks to transmit a tone
at the beginning and end of their programs, then a smooth transition can be made
since the switching and transfer can be made with the tone.

I think these considerations are important when you are considering the wide
range of equipment that is feasible to perform these various demands. In our
own case, we cover a great range of equipment possibilities and combinations.
We have a small system which is readily adapted to FM and small market AM,
where there isn't too great a requirement for combination of live and automatic
intermix. It has a remote control unit that permits operating from the news
desk to take over and interrupt or make last-minute changes.

The most sophisticated system does have all the requirements for random selection
and visual logging and take-over in any degree of intermixing live and automatic.
You can actually operate a DJ right from it and intermix the two completely. This
gives you a capability for putting all of your commercials and production aids
onto cartridges as most of you do anyway. In this way you have the ability to
call them in on a random select basis.

So with these premises, you can see that combining this with these various pro-
duction program availabilities now, in produced programing that does permit a
high degree of relating it to your particular situation and doing it better.

The other thing, of course, that is important is the economics. But with the
equipment today, the system can be put together in a wide range of prices. I
think you in engineering are going to have to take a lot of responsibility in
advising management and correlating the system between the programing and other
affected departments.

There is one other point I would like to make and that is some of the station
applications...AM-FM, for example, which 1s operating simultaneously. With
automation, you have the opportunity to separate your programing now and, of
course, go into stereo at the same time. This can be done using a very economical
system for FM which incorporates automatic program logging freeing your personnel
from any direct operation, except, perhaps, attention once or twice a day. Those
stations who are daytimers who anticipate adding PM to round out their day's
programing can do this economically by operating the FM automatically.

This also opens the immediate possibility of using it part of the time for weekends
and things like this on the AM to complement it. Then there is the possibility

of carrying forward the same programing and using it with some overlap between

the AM and M as in the simulcasting.



™ also offers great possibilities in the background music area. In many cases
you may say, 'Well, there are already people operating it in our community and
perhaps more than one." Let me tell you from many years of experience in that
field, even though there may be somebody there, there is a great opportunity for
expansion. This field is in its infancy and it is expanding very rapidly.

There is also the field of storecasting which the more sophisticated equipment
makes feasible. There is the selected muting in which you can handle different
chains on a selected basis and localize the commercials and guarantee them only
those that are acceptable to each one. This field offers a great future.

Thank you very much.

MR, FACTO: I think I am in a little perhaps unusual position in that I can
speak to you today both as an operator and a supplier. Really, the reason that
International Good Music is in both the music syndication service and egquipment
service, if you can call it that, is because we have operated radioc stations for
a good many years. Much of what we now produce and sell was designed to solve a
particular problem which we were having about ten years ago, or eight years ago,
and which I think is affecting more and more broadcasters every year, particularly
AM broadcasters.

The markets involved here, as far as we are concerned, are what we call medium to
small markets. The experience we have developed in these markets we are now apply-
ing into larger ones. To give you an example, in 1948 our AM station was operating
about 18 hours a day with a staff of about 24 people. At the present time, the
station operates 24 hours a day with a separately programed FM 24 hours a day with
about 12 people.

Now this is a pretty fantastic savings in people. It has obviously resulted in a
pretty fantastic savings in overhead.

Today our gross is about $8000 less than it was ten years ago, primarily because
instead of being all alone we now have five AM competitors. So the techniques
which we developed then since 1958 to today were designed to solve our particular
problems. I think these problems are general in the industry and are becoming
more and more prevalent with stations of all sizes.

Now, of course, the major question in your mind is, does all this work, and if

so, for whom? I don't think you can answer that question one way or another
until you know what it is you are trying to accomplish by automation. Unfortu-
nately, too many people look at automation as a money-saver only. In some cases,
it will save money. In other cases, people get the idea they are going to decrease
their staff drastically with the result they eliminate the very people they need.
The system ends up as a stepchild; it is not maintained; it is not programed
properly, and it sounds like a background music operation.

Other people go into it with the idea that they want to get more management control.
They can't control their disc jockeys. They are always playing the wrong kind of
masic. Getting this kind of control is a very valuable thing and automation can

do this for you. But this is a separate goal.
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The third major factor I feel for getting into automation is that you make your
people more efficient. In many, many cases, we have seen stations go into auto-
mation with an idea of reducing their staff and finding instead a year later they
have more people than when they went into automation. But these people now are
doing different things and they have a great deal more time than they had before
they got the equipment in. This is a very, very large plus of making people more
efficient. But if the people are not the kind that can do the job in the first
Place, there is no point. Generally speaking, we find that the successful sta-
tions in this area make their people more efficient; sometimes they get along
with fewer people; if so, they end up paying the people remaining more money
because it takes better people to do a good job of automation then it does to do
a good job without it.

But the economics are that you actually end up spending about the same amount of
money, but increasing your gross because of your greater control or because of the
additional things you have time tc do which you did not have time to before.

As far as what is now available in equipment, I think you can boll the whole thing
down to two basic systems. One of these systems is used basically with a music
service from outside or from a locally produced music service where the entire
balance of programing is put on one reel. The control system then is designed

to insert into this music pre-programed commercials, news, station breaks and
other features.

The second system is basically designed to provide sequential control over music.
Mostly this is used for stations that categorize music and put them on two or
three or four different transports. Now they need to know absolutely where they
are going next. This type we call sequential control.

Now there are lots of little wrinkles but your major decision is how are we going to
handle music. This is a program decision, not basically an engineering decision.
And this is very true of automation that you camnot separate engineering and pro-
graming as you do in a live operation. In many cases, you will find stations

that leave the equipment decision to the engineers and when the program people are
presented with a piece of equipment, they find out it won't do what they want it

to do. These two features must be coordinated before a decision is made on
hardware.

Well how about this business of tape syndication? If you don't have enough people
you end up playing the same music over and over again. This job of recording music
for automation is a difficult one. Many people do not realize how difficult it is
until they get into it. Some people feel they can do their music themselves, no
one else can do it for them. In some cases this is true. In some cases at a
later date they find that the amount of work and time that goes into it, it is

not worth it. When you stop and figure we have been in the business of recording
tapes for seven years and it takes us four or five times as long to record a tape
for automation as it would to sit down and broadcast it live, if that is the
situation, you have to to reuse that music or the economic argument is completely
out the window. You are better off doing it live.

This is a problem which everybody should take a very close look at. The technical
standards of recording music for automation are somewhat different than doing it
for live radio because basically you don't have a man there to spin a pot when he
makes a mistake.



How about personality? Can you insert personality into an automated station?

I think this is a question which almost everybody asks and if you, as engineers,
don't ask this, certainly your program people are concerned with it. And I
think the answer is simply, "Yes, you can do so, if you want to devote the time
to it."

Some formats are simply not geared to an automated approach. A talk format on
automation would be rather ridiculous. To a degree, a top 4O operation, partic-
ularly in a large market, is likewise a very difficult thing to do. Basically,

the reason is that it takes a much better man to sit down at 8 o'clock in the
morning and record something to be played at 3 o'clock this afternoon and have

it sound live at 3 o'clock, then it does to do it live at 8 o'clock in the morning.
It takes a better man. He can't project that personality. He doesn't feel he is
getting that live feedback.

In other formats such as good music, classical music, it is much easier to inter-
ject personsality, whether you are doing your own taping or whether you are doing
it outside. But the important thing to remember here is, that it takes work. A
system which is regarded as a stepchild, sounds like one.

Most stations who go into automation find that after a while their personalities
end up doing a little different thing than they were when they went into automa-
tion. The personality will spend less time thinking up cute ways to introduce
his record and spend more time on how to sell the sponsor's product. They are
doing a better job on the news. They are doing a salesman's sell. This sort of
thing. This, again, is a matter of the efficiency of your personnel. If you
have got a real good man, you want to get the most possible out of him. Automa-
tion is the way to do it.

Now your station will not sound quite the same as before you automated, but the
question to answer in your mind is, does it sound gcod enough; can you sell it;
what is going to happen to your pocketbook, perhaps; what is going to happen to
your ratings? These are all complicated questions and can only be answered on
a market-to-market basis.

Nevertheless, there are enough stations around the country who have devoted the
proper effort and time to automation to prove that it does work. In short,
automation is here. I don't think there is any question about it. All of you
wouldn't be here if it were not here. It is here sooner for some types of sta-
tions than others. Some stations have already failed with it. More will fail
with it, if they go into it for the wrong reasons and not with the enthusiasm
necessary to make it work.

In short, automation like any other broadcast piece of equipment is a tool.
Well used, it produces good results. Poorly used, it gives you back exactly
what you put into it. Thank you.

MR. KANAGO: Four years ago this month, KICD purchased a very elaborate
automation system. The system was shipped in large cases, each being the size
of a speech rack. As the first case came through the door, two of our announcers
stood there and laid down a bouquet of stinkweed and dandelions and suggested
that we take it out.



It took us six months to convince them this was a production aid and was not
intended for the purpose of replacing announcers.

Now that we have finally got them convinced this is why we purchased it, they
are using it for just exactly that, a production aid.

We felt if we were to use automation around the clock, eighteen and a half hours

of our broadcast day on AM and now on FM, we would not be broadcasting, we would

Just be plain modulating. Since we are in the broadcast business, since we like

to go out on remotes, and since we like to use the telephone beeper, we are using
our automation system only to a limited degree.

The system initially was monaural, and was used strictly on AM during the after-
noon when there was not too much activity going on in the studio. It was also
then we found out it could be used in the morning. We found by rlacing music
on the system, we could press the button and one at a time the records would
come up whenever they were needed. This saved time, relaxed the announcer, and
as a result we had a better program on the air during the rather hectic early
morning hours.

When we went into FM last fall, we converted the entire unit to stereo and built
a second switcher. We now use the automation system from 9 to 12, and again from
1 to 5 for complete automation of stereo music and during the nighttime from
after 5 o'clock on, any music played comes off the system, even though there is

a live announcer present.

We have certainly saved a lot of wear and tear on our records because when the
record comes into the station it is put on tape and is not used again unless
something happens to the tape. So we have real, clean sound and the records do
not get scratched from being shuffled around.

The engineering department looked rather remorseful when the unit was purchased
since they could see nothing but trouble. But I will say sincerely, we have had
the bare minimum of trouble with this equipment.

Anyone who touches the switches must now be completely indoctrinated, completely
educated in not only what he is supposed to do, but what the piece of equipment
does for him. You cannot send the receptionist in on five minutes notice and
tell her to set up the automation system and expect the program to come out on
the air.

Last year, we kept a record in the engineering department of all of our problems.
Sixty-seven complaints came in to the engineering department. Sixty-five were
found to be program personnel error and two were, indeed, technical. We feel,
however, that preventive maintenance is perhaps the reason for this outstanding
record. The heads are checked each day and cleaned once a week. The unit is in
a separate room with the door shut in order to keep dust and dirt out. The air
going into the room of course is filtered.

Even though we very carefully watch the VU meters, we notice as tubes age, one
amplifier will be higher and one will be lower. Now, if you take a tape and put
it on one machine, you come out with maybe +3db. You put it on another, and you
may come out with -3db. Once a month we run a tape through the system with a
1000 cycle tone and adjust the levels so every amplifier has uniform output.
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Until we did this, we were receiving some complaints, particularly on FM where
we do not watch it as closely, of volume going up and down between tapes and
between numbers.

We have had a minimum of trouble with our system. If we had it to do over again,
we would purchase exactly what we did and we would do exactly what we are doing
with it; using it as a production aid, as a fill-in aid; not for full time. If
we used our automation system full time, we would not be broadcasting, we would
merely be modulating. We are in the broadcast business, not the modulation
business.

MR. POWLEY: Several months ago, it was decided that our M station go
stereo. We had a complete library of stereo records and our general manager
suggested that the engineering department create an automated turntable system.
Such a system was developed by our staff using solid state electronics as far as
possible.

The system was designed to reproduce high quality stereophonic material in
our monophonic operation. It was necessary, therefore, to employ a unigue sound-
producing system that would perform the following functions:

Automatic operation for three hours;

Twelve high-quality single record players;

. Reel-to-reel talk tape for musical introductions and recaps;

Cartridge tapes for commercials, public service announcements, ID's, etc.;
. Provision for network news;

Provision for local news; and

Random availability of any program source.

~N A\ Fw o

Consideration was given first to devising a simple turntable and switching device
at the "end of play" mode. It was also necessary to determine if pickups and
preamplifiers, capable of proper operation in high RF fields were available. A
General Electric, Type L, 911-U light-activated silicon controlled rectifier
(LASCR) was chosen as the turntable stop sensor. This type rectifier appeared
ideal for our application since it is small-sized and has reasonably good sensi-
tivity; also it is very positive and requires no complicated circuitry.

A small aluminum vane, which is attached to the bottom rear of the rotating
pickup arm post, prevents light from activating the LASCR until the desired
triggering time. An aluminum block, machined from bar stock, supports a 10,000-
hour miniature lamp. An aperture is provided for light to pass to the LASCR in
the lower portion of this block. A slot is positioned at a height that permits
the vane to block the light until trigger time. A 6-v relay, reset switch for
the LASCR, and a 6-vdc supply complete the turntable stop and switching sensor.

Several types of preamplifiers were subjected to tests of heavy rf and mercury
vapor hash. Of those tested, a combination of Fairchild 676A preamplifier and
Shure V 15 cartridge was considered most applicable. There may be other compar-
able combinations available, but our search was terminated when a noise figure
of -62 db was attained.



During the tests, it was also determined that an Empire turntable with the
Dyna 1ift arm - automatic 1lift at end of play - was most suited for our appli-
cation. The Empire turntable is therefore an integral part of our system.

Two ATC 55 cartridge racks are used for main cartridge sources and an ATC single
cartridge player is used for themes. This combination, all of which is stereo-
phonic, has a capacity of 111 cartridges for one loading.

To attain the 3-hour unattended operation, it was determined necessary to provide
a programer with 60 sequences and 19 program input sources. A stepping switch,
with its related circuitry, is therefore used to sequentially select each of the
60 Digitran thumb wheel switches. Since each Digitran has 20 positions, the
required 19 program sources are provided, together with a "skip" position.

An Automatic Electric, 10-pole, six-level stepping switch was chosen with home

and interrupter stacks and a 2L4-vdc coil. This switeh ig a continuous rotating
device. The contact stacks are arranged to cover 120 degrees; therefore, the
normal switch construction includeg three equally spaced wipers, on each level,
thus providing connection to each pole of each level three times for a 360-degree
rotation of the switch shaft. The switch is available with only one wiper arm
per level - the arm of No. 1 level leaves the contact assembly as the arm on No. 2
level enters its contacts, as the No. 2 arm leaves its No. 10 contact, the No. 3
arm enters its No. 1 contact. By paralleling the three wipers, we effected a
30-pole switch.

Fairchild Lumiten cells are used to control audio levelg in monitor, cue and
program circuits. This eliminates excessive wiring and gives a smooth noise-free
control.

Programing is scheduled and timed so that theme music precedes the hourly network
news. This is controlled by two push buttons that are positioned on the console
at the AM control room, which is located 8 miles from the FM automation. Three
seconds before news time, an engineer depresses the fade button which super-
imposes a momentary 5000-cycle beep on the news line. The theme fades automatic-
ally and switches to the news. A 3-second timing motor is actuated by a sharply
tuned 5-kc sensing detector that starts the cycle.

A digital clock was not used for joining and leaving the network, since it is
sometimes desirable to continue with local news following the network portion -
this decision could not be signaled to the clock.

The engineer can switch to the news only if the theme music is up - a feature
that was incorporated to prevent the fading of "long-hair" music or possibly a
commercial.

None of the devices or ideas incorporated are unfamiliar in the field of automated
programing.

Credit for the design and construction of the system should go to two members of
my staff, Harold Yates and Frank Wildeboor.
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In conclusion, I would like to say that nothing is simple in automation and
you had better have a good maintenance man on your staff. Thank you.

MR. RANEY: Thank you, each and every one. We have allocated a little
time for floor questions. Does anyone have a question?

QUESTION: There is a question I would like to direct to Mr. Facto. The
question concerns the advisability of actually using for classical music auto-
mation, inasmich as many stations don't run the same selection for maybe a
period of three or four months or maybe even six months. Is it really worth
the time and the space it takes to make the tapes to automate it when you can
do it easily on a record?

MR. FACTO: I think one approach to this problem is the one WMAL is using
where they have gone to turntables because of this very problem. If you are
asking, "would it be smart for you to sit down and record classical music
programs with a view towards spacing repetition of numbers far enough apart?”,

I would say "No". It would be so expensive and so difficult that it would be
pointless. This is one reason, incidentally, when we first got started in tape
business, it was in classical music because it has this unique problem of
spacing quite a ways apart. No one station can afford to do this for themselves.
So if you put it on tape and share the tapes around, it may not be exactly what
every station would do for themselves, but at least it comes 70 or 80 or 90 per
cent of the way, leaving the station to do locally those programs they feel they
must do for their own particular merit.

QUESTION: When you produce the classical music segments, do you have an
announcer who preannounces and back announces these numbers?

MR. FACTO: Yes, every selection is preannounced and back-announced and
the title, and the orchestra and the conductor, with everything that the classical
listener wants to know about it.

QUESTION: How do you use turntables? What do you do, just run right
through a full record?

MR. POWLEY: One of our large problems was timing, since the timing that
was indicated on the labels was not necessarily accurate. The record is timed
out, not only the musical portion, but the spacing has to be timed, whether it
is 2 seconds, 3 seconds or four seconds. Each record as a program is timed with
the musical selection and the space between it, and when it is in service on the
turntable, it has a label as to number and even a mark on the groove. Whatever
you do, you have to go through the last selection so the traller progresses to
the next number or the next sequence or event. But you can start out with the
second or the third one if the timing is right.
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QUESTION: Do you use LP records mostly?

MR. POWLEY: Yes, classical.

QUESTION: What happens when you get a long group?

MR. POWLEY: Then you have got a problem. There is nothing easy in
automation.

QUESTION: How long does it take to set up a sequence on your 12 turntables
for & 3-hour period?

MR. POWLEY: One hour.

QUESTION: You have to place them on 12 discs. Do you play the albums
all the way through?

MR. POWLEY: No, you can play selections. But you have to play the last.

MR. RANEY: Do you use a sound sensor besides the photoelectric equipment?

MR. POWLEY: Yes, it is all marked out on the program box, what groove and
what selection. It is all a numbering system which corresponds to the numbering
on the equipment. We have four turntables and three racks and they slide in and
out. When you are setting up a record, you have to pull the turntable out. So,
consequently, we found out when a record is playing, say number one and number
one rack, you can't pull out the number two turntable because you knock the
needle off the number one rack. This is something that wasn't figured in
entirely. You find these things out the hard way.

MR. RANEY: Are there any additional questions? We have & little more time.

If not, this concludes the Tuesday morning session of the radio engineering
papers and we will proceed to the luncheon at 12:30 o'clock.

XXX
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DESTGN PHILOSOPHY OF OPERATTONAL AND SETUP FACILITIES IN TV CAMERAS

The camera equipment of today must, of necessity, be more sophisticated
in design than that of a decade ar0 in order to prowvide the television
btroadcaster with the high performance he desires, To achieve and maintain
this improved performance level reauires a greater desree of circuit
cemolexity than previously existed in camera enuipment. It is important
that a high degree of stability be built into the esuipment, and that a
means be provided to readily determine whether the equipment is performing
as praviously adjusted,

4ith the television broadcasting industry presently expanding at a
high rate, there is a shorta;ze of experienced personnel to handle equipment
setup and operation, New techniques were required which would enable
less-skilled personnel to operate the new equi ment effectively,

The foremost objective during the design is the technical performance
of the equipment. Second, by a narrow margin, is the ease with which this
performance can be established and maintained. This paper deals specifically
with operatinnal and setup facilities,

Operational Considerations:

1. isconomy as well as greater consistency of picture performarnce will he
attained if a camera video operator can control several cameras. There=-
fore, the operating control pancls should be capable of being physically
placed so that an operstor can readily control several cameras.

2. The similarity of operating panels for monochrome or color, live
or film, should be as great as possible to minimize operator

confusion,
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3« The operator should have immediately available only those controls
which are required to adjust for normal scene variations or minor
equipment discrecancies,

L. Adjustments for equipment variations should be kept to a minimum
by incorporating stabilized circuitry wherever practical,

5. Jhere feasible, circuitry should be incorporated to permit the
equipment to operate in an automatic mode under as wide a set of
conditions as can reasonably be incorporated in the design,

6 Circuitry at the control position should be of the DC type to allow
ready movement or delegation to other operating positions that might
be at varied distances from the rack equipment, thus eliminating
any timing adjustment for pulses or video.

T A minimum of electronic equipment should be at the control position
to ease the servicing problem if an emergency arises,

8e where possible, rapid checks on the operation of portions, or all, of
the video channel should be available on a pushbutton basis,

To illustrate the consolidation and simplification of the operating
control position, the control panels will be briefly described., Figure 1
shows the primary control panel which is common to all new RCA cameras,
monochrome or color, live or film, Only three adjustable controls are
needed, Black Level and Sensitivity control knobs, which are the most
frequently adjusted, are located at the bottom for greatest convenience
in operation. The Black Level knob position establishes the level at
which video is clipped and clamped to reference black. In live cameras
the sensitivity knob controls the iris opening of the taking lens; for

film cameras it controls the target voltage.




The White Level control provides a means of establishing the reference
white level in a "gated Pulse" controlled a.g.c. amplifier that will
maintain the output white level constant and independent of adjustment of
the Black Level control., This control is intended to be supplemental and
subordinate to the Sensitivity control,

The three switches located at the top left of the panel are alternate
action, illuminated pushbutton types that select, where applicable, either
manual or automatic modes of operation for black level, white level and
sensitivity, The switch at the top right selects the video signal polarity.
The negative polarity mode is used for negative monochrome film or for
"special effects",

The switch in the second row labeled Cap, functions to put the
camera in a standby or operate condition. The adjacent switch labeled
Test causes test pulses to be inserted into the camera head at strategic points
for test or setup purposes, The remaining switch, which is labeled Monitor,
is available to use with an external video switcher which would select
this camera output signal from among several to be displayed on an external
monitor. This facilitates sharing a monitor among several camera chains,

For color cameras (either live or film), a supplementary control
panel is added which is shown in Figure 2, The twelve knobs on the lower
half of the panel are vernier adjustments in each of the chrominance channels
for Horizontal Centering, vertical Centering, White Balance and Black
Balance, The ranges of control are purposely limited to avoid inadvertently
introducing gross errors, but still permit a modest degree of "trimming"
adjustment,

The Chroma control, a new facility for color cameras is located on the
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right side beneath the Chroma pushbutton and permits the chrominance amplitude
to be adjusted to the color saturation desired. In the color film camera, the
Balance controls and the Chroma control may be adjusted to compensate for film
deficiencies, The Chroma pushbutton switch selects either the normal full
color mode of operation or a mode in which the subcarrier is absent during
active picture time but the subcarrier burst remains,

In the upper left corner is a pushbutton switch labeled Bars. This
switch selects either the normal operating mode or a mode where the signals from
the pickup tubes are replaced by electrically generated color bar signals within
the equipment. The color bar signals are very useful in gsetting up and sub-
sequently checking the performance of the encoding circuits.

Immediately below the Bars switch is a switch labeled Mono that allows
selecting the separate monochrome on the normal operating color output which
would be of value in continuing a program in monochrome if a malfunction
occurs in the color circuits,

The Monitor switch in the upper left area switches the picture monitor
video between Mono (separate monochrome line output), NAM (non-additive mix
black and white monitoring signals), BRGM (blue, red, green, and/or monochrome
outputs as selected by the BRGM switches) and Color (color line output),

The CRO switch in the upper right area switches the waveform monitor video
output between Mono, NAM, BRGM, and Color as described for the Monitor switch,

The B, R, G, and M Switches in the upper center area of the panel select
the channel or combination of channels displayed when the Monitor and/or CRO
switches are in the BRGM positions,.

The basic control panel and the supplementary color panel can be attached
to a frame which is 7 inches high and mounts in a standard 19-inch panel mounting

space, This combination is shown in Figure 3.

1. Effort should be applied to maximizing the interval of time between
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setups utilizing all known techniques for obtaining stability. Practices
well recognized by most engineers to achieve stability ares

(a) Use of precision low-temperature-drift components,

(b) Arrangement of circuitry to be self-compensating where possible,

(¢) Use of negative temherature coeflficient components where needed,

(d) Use of feedback where necessary to achieve adequate circuit stability,
2., Where practical, test circuitry should be built into the equipment to

minimize test time,

3. Null or balancing techniques which do not require precision measuring
devices should be utilized,

Examples of the new techniques used to ease the setup will te described,

One requirement for proper setup is to establish that the I and Q signals
are in quadrature, This involves adjustment of the relative phase of the two
signals to set the difference at exactly 90°. Phase measuring devices such as
a vectorscope can be utilized but a simple, rapid, and highly accurate
alternate method has been chosen for RCArcolor cameras, It involves only the
matching of amplitudes of two signals that can be displayed simultaneously on
a conventional waveform monitor. Figure L4 shows the modulated subcarrier
waves of color bars for two conditions that are commutated into the one
display. When the phase adjustment is proper, the two signals merge into one
as shown in Figure 5,

To understand how the adjustment can so simply be made, refer to Figure 6.
Assume that two sine waves A and B, which are shown vectorally in diagram (a),
are approximately equal in amplitude and that their phase difference is
approximately 90°., When added they will produce a new sine wave with amplitude
R and phase g.

If the polarity of signal B is reversed (6' = @ + 180°) the resultant (R')
assumes a new phase position and will change in direction as shown in diagram (v)

unless & = 90°, in which case R = R', Thus, if the phase between signals A and
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B is adjusted to make R = R', the phase between them is 90°, When R and R! are
within 1% of the same amplitudas, the deviation of @ from 9C° is less than 0.5,
Since only the matching of the signals is required, it is relatively simple
to adjust the difference in the two amplitudes to less than 1%, A similar technique
is used to adjust for proper phase of subcarrier burst relative to the chrominance
information,

Monitoring the composite color «ignal to insure that color receivers and
the color transmission channel will not be overloadsd due to excessive level
hae been handled, in the past, generally by monitoring the blue, red, and green
signals prior to emcoging,

It is important to monitor these three signals since they represent the
signals that the receiver grids would see after decoding., The presence of four
components in the composite szignal representing blue, red, and green chrominance
information, plus the luminance information increases the problem of monitoring
for optimum control. It is possible under certain signal conditions to have
overload of the receiver evern when the four channel signals do not show overload,
Thersfore, it is desirable that the simulated receiver signals are the ones used
for monitoring. Further, in RCA color cameras, these signals are combined
into the familiar single line or field display used'for monochrome cameras by a
non-additive mix technique called NAM that displays the highest instantaneous
white going signal and the lowest instantaneous black going signal.

The composite signal level can then be adjusted to keep the upper and
lower limits of this display within the proper reference levels, To better
understand the NAM color waveform display, consider first the formation of the
composite color bar signal waveform for 100% saturated color bars. Figure 7
{1lustrates the composition of the color bar signal by the presence of 100%
amplitude signals in the green, red, and blue chrominance channels in all

combinations of the three signals. The presence of all three signals at 100%
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level results in an output that is white and at 100% level., As you can ses,
other combinations result in yellow, cyan, green, magenta, red, blue, and a
black signal, which occurs in the absence of input to all thrse channels,

While it may not be difficult to ascertain that this colcr bar signal is at the
right level by observing the composite waveform, it becomes difficult to do

so when the composition of the televised sceme is a variable combination cof
color components,

Figure 8 shows also the three channel inputs that result in the conven-
tional color bar pattern, If the composite signal which results from encoding
were demodulated, the green, red, and blue waveforms shown would be recovered,
If these waveforms are now applied to the NAM white level and black level
detectors, the waveform at the bottom of the illustration will result. The
instantaneous white level is unity from at least one of the channels all of
the time except during the black bar. Also, the instantaneous black level
from one or more of the signals is at zero level all of the time except during
the white bar. Since these signals represent 100% saturation, the waveform
displayed at the output of the non-additive mixer should never exceed the
white level or black level limits as shown here, Thus a simple display is
available to insure that the level of the composite célor signal is optimum,

Still another technique has been developed to provide rapid sétup and
checking of the four video channels for gain, white balance and black balance,
This technique employes precisely generated test pulses that can be insertad
in the amplifier circuitry at appropriate points. Figure 9 shows the waveform
of the two test pulses that are inserted at different points in the video
channel, The pulse on the left is a signal generated with 0,7 volts amplitude,
It is inserted at the output of each of the video channels in the camera, The
second pulse, shown on the right is a calibrated pulse that is inserted at the

input of the channel video amplifier to simulate a standard output level from
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a pickup tube. This signal is used to make a photometric type of match of the
two pulses as seen on a picture monitor display, such as the viewfinder pattern
that is shown in Figure 10, The proper output level and video channel gain
is correct when the two vertical bars match in brightness., The gain adjustment,
which controls the amplitude of the pulse on the right, can be made with higher
accuracy by turning down the brightness control so that only the tips of the
pulses product light output. The pulse levels are the same when the two bars
extinguish together as the brightness control is turned down further. The
signal displayed in this figure is the one that is applied to the green channel,

A similar signal, which is shown in Figure 11, is applied to the monochrome
channel. It, however, has an additional pulse which is set at .59 amplitude
with respect to the other two., This pulse represents the lnminance value for
a green saturated signal. The adjustment for gain and level utilizes the
two full amplitude pulses in the same manner as described for the green channel
signal. The picture monitor display is shown in Figure 12. As before, the
monitor display can be used for making the adjustment by making a photometric
brightness match between the two vertical bars.

After having accomplished the foregoing two steps, black balance and
white balance among the color channels can be established. Earlier
in the di scussion, the technique of non-additive mix display was discussede
By feeding the signals representing the R, G, B receiver signals into the non-
additive mixer, a display, which appears in Figure 13, is visible on the
picture monitor. As can be noted, both the white bar on the left and the white
bar on the right appear to be segmented. This is because the non-additive
mix circuit switches rapidly between the NAM white and the NAM black signals,
Without going into a detailed description of the circuit action involved, which
is beyond the scope of this paper, it is sufficient to say that the black level

controls can be adjusted until the vertical bar at the left appears uniformly
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white, when this is accomplished, there is a balance of black level in all
channels, This condition is shown in Figure 1L. It can be observed here that
the bar on the right still contains segments of diffcrent brizhtness. By
adjusting the white level controls so that this bar becomes uniformly bright,
a balance is reached for white levels for all channels, as shown in Figure 15,

then the system is proverly set up with test pulses being present in all
channels, the color output waveform of the camera chain is shown in Figure 164,
The pulses on the left and the right are present in all channels, therefore,
they represent a white signal and thus no subcarrier is present on them. The
center pulse represents a full amplitude signal in the green channel, thus
the subcarrier is present as shown. Wwhen this signal is monitored at the
output of the non-additive mix circuit, the waveform in Figure 17 is ohserved,
In this case, the green pulse now appears as essentially a 100% level pulse,
since the signal as shown in the Figure 1% has been demodulated,

Other advancements that have been made to simplify the setup of the
equipment are:

The requirement for horizontal and vertical drive pulses has been
eliminated thereby reducing the auxiliary equipment and associated setup time.

An automatic pulse advance system is used which eliminates the need for
any adjustment as camera cable length is changed. In addition, this system
encloses the delay associated with the encoding function in color cameras,
By so doing, the timing of color and monochrome signals is the same, which
eliminates the need for delaying pulses to monochrome cameras as is presently
done,

Refinements have been made in power supply design, which eliminate any
need for adjustment to compensate for line voltage or cable length, thus

eliminating any missetting of controls.
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A few of the many techniaues which are representative of the new philsophy
of design of RCA television cameras have been described, Field acceptance
of these advances designed to sase the operation and setup of television

cancras has been most encourazinge
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AUTOMATICALLY CONTROLLING THE PERFORMANCE

OF A COLOR FILM CAMERA

Since there is closer control of the production of newer films for color
television tramsmission, much current program material requires relatively
little corrective action by the video operator, This is not always true,
however, of many films originally made for theater projection and of some
poorly controlled slides, Such material may suffer from varying highlight
and lowlight densities, which result in contrast variations, Obtaining
consistent color balance is also at times a problem, particularly when
interpersed commercials differ in quality from that of the main program
film because they have been printed in a different laboratory or on a dif=
ferent type of film,

This paper does not propose to offer a solution to the problem of
rapidly changing color balance, but is concerned with automatie compensa-
tion for density and contrast variations in the film chain., In the General
Electric PE-240=A Four-Vidicon Color Film Camera Channel, the highlight

standardizing function is called Automatic Exposure, and the combimation

of this and Auto Black Level is called Automatic Contrast,

The following are considerations that influence the choice of a
particular method of automatically obtaining compensation for density
and contrast variations in a color telecine chain:

1. Control Range

Highlight density variations of as much as 100 to 1 have been
reported with blackeand-white film, While it is unlikely that
color film representing these extremes will be encountered, or
would be useable if it were, a density variation of at least

30 to 1 should be provided for,



2, Cslor Tracking

Perfect color tracking or balance is achieved when identical signals
are ebiained frem all color video inputs to the enceder when using a
neutral slide or film as the program material, Once achieved, the

balance should not be disturbed by the level or contrast contrelling

process,

35, Countrel Characteristics

Ideally, when using automatic controls, picture quality should
duplicate or excel that achieved by a competent video operator
when televising the same material, Automatic controls can be
made to react faster than a human operator using manumal controls,
in fact; the reaction can be so fast that unpleasant transients
result, since automatic circuits are not able, as the operator is,

to anticipate scene changes or exercise judgment,

AUTOMATIC CONTROLLING MEDIUMS

Automatic features that have been available for some time in monochrome
film chains include some form of white level control and, in some cases,
black level control, It is net too surprising that automatic features were
incorporated in monochrome equipments before their use in color chains when
one considers the added technical requirements dictated by color,

Contrivances that have been used in monochrome vidicon film chains for
both manual and automatic control of peak white level include the following:

1, Target Volitage Control

[\

o Video Amplifier Gain Control

Projector Lamp Voltage Control

R
©

[
©

Optical Attenuation in the Projeector Light Path

5. Combinations of the above,



Correction signals for these level controlling mediums are usually
voltages which in the automatic mode are derived from the video signal at
a point in the chain beyond the controlled point, thus forming a clesed
loop,

Black level in a monochrome chain is adjusted by varying the black
clipping level, During automatic operation, a black level correctionm
voltage is formed by measuring the difference between the darkest part
of a scene and reference black, The automatic black level control point
is usually inside the automatic white level loop,

The controlling mediums that have been used in monochrome manual and
automatic level controls will be discussed particularly with respect to
their suitability for use in a color telecine chain,

Target Voltage Control, Varying the vidicon target-to-cathode potential

changes the sensitivity of the tube and therefore the video signal output,
Some undesirable effects are also produced by target voltage variations:
first, a change in dark current and shading and, second, a variaticn iu
Ygamma," or slope of the light tramsfer characteristic, Thesze effects are
usually insignificant in a monechrome system, In a color system, however,
if the effects are not exactly identical for all of the vidicons irn the
chain, imperfeet tracking results, Larger tracking errors may be caused
by differences in the intrinsic target voltage characteristic between
vidicons, Tube specifications indicate that for a given signal current,
the target voltage can vary as much as two to one between vidicoms, It

is obvious that no single variable target control voltage, simultapeously
applied to all vidicons, can give satisfactory gray scale matching between

color channels with a tolerable amount of tube selection.



Video Amplifier Gain Control,

In early monochreme vidicom film chains, video level control within the
signal processing system was sometimes used as the sole operating level cone-
trol, since the target voltage of the original vidicon tubes was fixed for
optimum shading characteristics,

Since the adjustable level conirol is located at an intermediat&tpoint
in the video path, film with low highlight densities may cause overleoading
of the vidicon signal current or of the video amplifier circuits ahead of the
control, At the other extreme, dense film will cause degradatiom in the
signal-to-noise ratio as the gain is increased to maintain a standard out-
put, When used for level irimming, video gain controls are indispensable,
but their value as wide-range operating controls, either manual or automatic,
is limited, In a color vidicon chain, it is difficult to achieve satisfaciory
performance with even a limited range of proportional gain controel in all
channels, By using feedback or AGC techniques, a close level match can be
achieved between channels of a color telecine, provided the gammas of the
vidicon tubes are identical in all channels, Since this is never precisely
the case, it is possible for some gray scale unbalance to result from simul-
taneous gain changes,

Projector Lamp Vblt@gg Control, Film density variatioms can be rathep

effectively compensated for in a monochrome film chain by controlling the
projector lamp filament voltage. Rheostats, adjustable transformers, reactance
dimmers, and silicon controlled rectifier (SCR) dimmers have all been suceess-
fully used for this purpose,

While a considerable variation in lamp color temperature is acceptable
for monochrome use, it is obvious that much less spectral variation can be
tolerated in a color chain, As the visible light is reduced by means of the
lamp voltage, the color temperature of the emitted light shifts to give a
relative increase in the intensity of the red wavelengths and a decrease in

4



the hlue, The range of level control that can be achieved with acceptahle
color shift is mot nearly enough for use as an operating control,

This does not mean that the nrojector lamp must be run ot exactly the
voltage marked on the bulb, Lamp life is greatly extended by reduction in
voltage, and the camera chain can be set up to give gray scale halance under
such conditious,

Optical Attenuation, Adjustable irises have been used as exposure

controls since the beginning of photography., Many television color and
monochrome live studio cameras now use the taking lens iris as a remotely
operzted level control, The iris is also used with these cameras to adjust
the depth oI focus, which is a function of the aperture, VWhile a useful
feature in a live camera, the change of depth-of-focus limits the use of the
iris as an operating level control for television projectors or film cameras,
since the projector lamp filecments 2nd other optics tend to bLe brought into
focus as the lens is stopped down.

A device utilizing colloidal graphite suspended in oil has been nsed as
an optical atlenuating mediwn in monochrome film chains, The solution 1is
sealed and coniinmad between two parallel glass plates, Changing the plate
spacing varies the light transmission over o large range with little ox no
chance in color temperature, In z color system, this device imposes a
limitation, since ii{ has 2 rather high minimum insertion loss,

Another optical method of controlling the film chein video level is
that of positicning a gradated ncutral density filter in the prejector light
path, The attenuation of the filter is linearly tapered to produce a maximnun
light transmission of nearly 100% and a minimam of about 1%, Although other
configurations have had limited use, the most common form consists of an
optically flat disk with & metallic filter material deposited in a mearly

closed arc in an area extending radially from the rim to almost the center,



The attenuation can be rapidly changed by varying the angular position of
the disk, using a syncro or servo-comtrolled motor,

The neutral demsity disk is positioned either immediately in front of
the projector lens or in the projector condenser lens system, Separate neu-
tral density disk attenuators are required with each projector in an optically
multiplexed color film system, Because of the large cross-seetional area of
the light bundle, a single disk in the output side of the multiplexer would
be impractically large, Since the disk coating remains neutral, varying only
in density, perfect color balance is maintained with level adjustment,

Combinations of Mediums, Various combinations of the previously des~

cribed controlling mediums have been used, For example, either target
voltage control or optical attenuation can be combined with video amplifier
gain control,

Some interesting color film chain level control possibilities involve
the color signal encoder, One scheme is to use a single video attenmator
in the encoder after the chrominance and luminance are combined but before
burst, setup, and sync are added, Another method is to combine the chroma
level feature now provided on the latest encoders with separate control of
luminance,

Incorporating the operating level control in the encoder is perhaps a
simpler way to achieve gain tracking than to simultaneously gain-adjust each
separate channel, but unless it is combined with another medium, the same
limitations of possible overload, inadequate signal-to-noise ratio, and

vidicon selection apply.

SENSING SIGNALS
The NTSC color system as originally constituted generated the luminance
signal in the color encoder by combining proper proportions of the three

gamma~corrected color video signals,



In the General Eleg¢tric Four-Vidicon Channel, the gamma-corrected mono-
chrome luminance signal is obtained entirely from the added channel, Among
other adventages, this technique gives sharper color and monechrome pictures
than ean be obtained from a three-tube camera, As explained by I, C, Abrahams

in his 1963 NAB Convention Paper, A New Approach to a Color Film Channel, use

of the separate luminance signal introduces some error in the luminance of
the receiver decoded wideo, This error is greatest for saturated colors
and diminishes to zero as the chromaticity approaches white, Forturately,
practical pictures do not contain high luminosity saturated colors, By
using a properly shaped opitical trizming filter on the luminance charmel,
an excellent brighitness mateh with three-vidicon operation can be achieved,

When compensating for film variations, the objective is to stendardize,
as neerly as possible, the positive and negative voltages corresponding to
the picture highlighis and lowlights, It is obvious that if the picture con-
tains some white and some black information, the positive and negative pealks
will be idemtical at the output of all channels if the chain is properly
adjusted,

With a three-tube color chain, the practice has been to adjust the highest
peaks of the three camera signzls to 100% and to set the most negative at
reference black, Considering the close match that can be achieved between
the three-vidicon and four=-vidicon output levels, it is not surprising that
similar level setting is satisfactory in a four-vidicon chain,

A single signal that is at any ziven insiant comprised of the highest
levels of all of the encoder video inputs is gemerated for uses as the control
video in the Automatic Exposure Control, Similarly, a signal that inelude
the lowest, or mosi negative, levels of the encoder inputs is produced for
the Automatic Black Control, Fig, 1 illustrates how these two signals are

produced, For simplicity, only two inputs are shown, but the principles



apply to any mumber, The input signals, A and B, are both clamped to ground
potential during the horizontal blanking interval, Let us first consider the
formation at ocutput ¥, At time tog current from input A passes through D1
and Ryy producing a duplicate signal, except for the diode drop, at output Y,
Input B initially does not appear at Y, because the level of B is such that

the cathode of D

5 is more positive than its anode, causing the diode to be

reverse-biased, Output Y continues to duplicaie input A until input B ex-
ceeds ithe amplitude of A, forcing Dl to cut off and D2 to conduct, The
waveform shovn at ¥ will be formed hy the assumed inputs,

It may be recoguized that this circnit is aetually a logic (R gate with
the characteristic that conforms te the rule that output ¥ represents either
A OR B, whichever is the greater, In like manner, output 2 is produced by

e . 5 @ AN e 7, o nyy e ~ 0
a negavive OR gete, which follows the rule that outjput Z represents 4 OR B,

(4]

wihichever is the smaller, The two signals corresponding to Y aud 7 are

>

called lozic wvideo~white end -black, respectively,

AUTOLATIC EXPOSURT
After analyzing the several alternative level controlling mediums, the
Iz was selected as the metliod

for anvomatically adjusting video pealr level in the General Llectric PE=240<A

Four-Vidicon Coler Film Camera Channmel, This metlod of compensation is called

T

[e]

ubomasic Hwposure Centrol, The advaniazes of t7is type of conirol}, including

o

to those previously merntionsd, can be swmmarized 2s follows:
ik of ?

1, The device

contributes no spectral errors with setting end cannot
cause drift of

the color balince,
2, It has more than suffiecient control range,

5, It assures constont signal-to-noise ratio and other operating
characterist | 1era chain,
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Lk, It does not appreciably degrade resolution,
5. The operating speed is satisfactory,

6, It has had a successful history when used as a manually operated
level control,

7. Existing light-control servos are easily adapted to automatic
control,

A simplified diagram of the automatic exposure control used in the
General Llectric PE-240=A Four-Vidicon Channel is shown in Fig, 2, The
circuit is completely transistorized,

The mamial settings of three neutral density disks are simultaneously
controlled by a three~ganged potentiometer, Turning this control temporarily
unhalances each disk servo amplifier, causing the disks to be driven in the
proper direction to restore balance, In the automatic mode, voltages from
the driver amplifiers in the automatic expesure control upit replace the
manual centrol potentiometers,

Referring to the upper row of hlocks in Fig, 2, the input video is ampli-
fied to increase the accuracy of the peak detector, which is, in essence, a
peak-reading voltmeter with its d-c reference set by the automatic exposure
level contrel, The detector cutput is direct coupled to the paralleled in-
puts of three d-c driver amplifiers, one for each servo disk, Adjustments
on each driver amplifier permit separate settings of the maximum and minimum
attenuation limits for each of the three disks when operated in the automatic
mode,

Fade-~to-black scenes in the film cause the neutral density disk to
rapidly assume its minimum attenuation position when operated in the auto-
matic mode, If the scene then fades back in, the disk attenuation decreases
to hold the peak video at 100%, The automatic control action dces not

seriously alter the effect of this transition. However, if the all-black



scene abruptly rewerts to a scene of normazl density, a momentary averload will
result regardlezs of the speed of the corrective device, since the attenuvation
was initially minimom, If the file does nect have teo wide a density gamut,
this effect san be lessened by restricting the minimum attenunation limit of
the disk,

The circuit represepted hy the lower row of blecks in Fig, 2 was develeped
te prevent these mementary overleads by sensing the presence of an all-black
picture and causing the projecter disk to change to a preset attenuation

position, an action called Bepositioniq&o‘ A peak detector similar to the one

in the main automatic exposure cireuit, but with a fixed d=c reference, is
also fed from the amplified wvideo signal., The detected voltage is compared
with the threshold veltage in the d-o differential amplifier, Proper adjust=

ment of the Bepesition Thresheold control preduces an outpuot from the differen-

tial emplifier cnly when the detected voltage indicates an all-black picture,
The eatput from the differential amplifier is coupled through the delay net-
work, RC, %o the base of the transistor, TR. The relay in the collector of

this trensistor operates to transfer control of the disk servo to the Repesition
adjustment on the corresponding driver smplifier, The neutral demsity disk
remains at this preset density uptil the scene again contains video informa-
tion at which time control immediately reverts to the automatic condition, If
desired, the initiation of the repesitioning action can be delayed as much as

a second by ivcreasing the wvalue of Reposition Delav resistanmce in the transis-

tor base eirenit, The diode D, across the delay adjiustment vovides fast
9 o8 |
return to anteo conlrol when the signal returns,
AUTOMATIC BLACK LEVEL
Manual adjustmeat of the black=level conirol in a coloxr film chain waries

the blanking pedestal to hold the negative pealks of the video signal at reference

10




black, When sefup is added in the cclor enceder, reference black is the samge

as blanking level at the video processors, With Auto Black Level control, it

is necessary to measure the difference between blanking level znd the nega=-
tive peaks ond to develop a correciive voltage proportional to this difference,

Fig, 3 illustrates how the input signal to the Auto Black lLewel control

.

is medified so that the required correction voltage can be datected, A pulse
resembling system blanking, but wiih an off interval si - longer thawv that
of the input signal and bracketing it in time, is added to the inwerted input
signal as shown in Figure %*{c¢), The dotted reference black level always differs
from blarking level by the amplitude of the added blanking, Measuring the
voltage difference hetween the new blanking level and the black pezks, which
are now positive, is thus equivalent to measuring the difference between
reference black and the video black peaks,

The Automatic Black Level comtrol is shown in simplified block form in
Fig, 4, The video inversion and blanking addition described above are per

formed in the differential amplifier, The output video from this stage is

clamped at the input o¢f the video amplifier and ithe peak is detected at its

output, DC amplification completes the formation of the Avto Biack Lewval

control voltage,

It is essentizl that adjustwents of the master black level nct disturd
the critical black lewsl balance which must be maintained between color
chamnels, Since the single control voltage is introduced into the nrocessors
at a point where the tracking characteristic is almost completely determined
by passive components, an excellent match of black level is achieved at the

encoded output,

AUTOMATIC CONTRAST CONTROL
The Automatic Contrast Control system used in the Gemeral Ilectric PE-240=A

is comprised of automatic exposure control and automatic black lewvel control,

11




As shown in the photograph of ithe Selector Panel, Fig, 5, illuminated
push battons permit the video operator to select either manual or automatic
eperating modez, The video polarity reversing switch is elecirically inter-
locked to assure that omly the luminance sigral is sensed when monochrome
negative film is televised, With positive film, the selection of the sensing
signal is optional, Controls are also provided for setting the black-level
and white=leval rveferences,

When manuelly riding levels, the operator does not always adjust the ex-
treme positive peaks te reference white or negative peaks to reference black
but correctly allows small arca peaks to extend beyond these limits, The fre-
quency response of the peak detectors in both automatic controls have been
shaped to closely duplicate this characteristic,

Oceasionally certain photographic effects tend to confuse a manual
operatoxr as well as an automatic control., Some shots, such as night, under-
water, shady and foggy day, and similar scenes with small dewsity extremes,
may be adjusted to raisc the contrast over what the film maker intended,
Other effects, typified by lightning storms, flashing signs, or flickering
firelight, make it advisablc te limit the attack time of the automatic con=
trols, If the ceorrective action is toe fast, excessive "nervousness" or
bounce is produced in the video sigrnal, The ineclusion of referemce white
and reference hlack in all scenes would greatly reduce the chances of getting

incorrect level adjustments,

SUMMARY

A simplified Jiagram of the Automatic Contrast Control msed in the
General Eleetric IE-240=A Four-Vidicon {haanel is shown in Fig, 6, The
separate functions of Autcmatie Exposure Coutrol and Automatic Black Lewvel

Control provide an effective answer to the problem of film density and con-

12




trast variations, While the reaction time of the automatic controls is some=-
what faster than that of a human operator, photographic effects limit the

maximum speed of operation,
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OPERATION OF THE 4-V FILM CAMERA

TO REDUCE LUMINANCE ERRORS

Frank J. Haney
American Broadcasting Company



Operation of the 4-V Film Camera

to Reduce Luminance Errors

Introduction: In 1953, the FCC authorized the present color

television signal specifications which were based upon the studies,
recommendations and conclusions of the NTSC, These specifications
included the use of a three primary color separation system. Each
color primary has a specified center wavelength and spectral
bandwidth. Also specified are proportions of each color primary
which constitute a neutral (luminance), the spectral response of

which is illuminant ''C".

With the installation of four 4-V film cameras at the Union City,
New Jersey network playback center, noticeable color differences
were experienced when running the same film (or slide) through a
properly adjusted 3-V camera. These differences were subsequently

traced to a substantial error in the luminance signal.

Special Response: In the 3-V type of film camera it is well

established that a neutral test slide or film yields equal video
levels in each of the R-B-G channels. Furthermore, the encoding

of these three channels (into NTSC) will produce a neutral (luminance)
signal (by means of a matrix) which is composed of the proper
proportions of each channel. As a matter of routine adjustment, the
electronic gain control of each channel is changed in order to
compensate for spectral response variations which may occur with

different vidicons and/or different lamps in the projector light source.



o3 o

In the 4-V type of film camera, the neutral (luminance) signal

is derived from the added {fourth) channel instead of a matrix
in the encoder. 1In this case, the luminance signal is determined
by the summation of the spectral respomses of (1) the projector
light source (2) luminance channel spectral response filter

(if any) and (3) the vidicon. Thus you can see the neutral
(luminance) signal is determined optically and is independent

of the settings of the electronic gain controls of the three
color channels, The equation for the luminance portion of a

properly encoded NTSC signal is given in Figure 1,

It is essential for correct and 'believable'" color response in the

4-V system that any necessary adjustments to the luminance spectral
response be made in the optical section of the luminance channel to
match the NTSC specifications (Fig.l). A suggested procedure for

this adjustment is as follows:

It is assumed the film chain is otherwise correctly aligned
particularly with respect to uniformity of illumination at the gate
of the projector both in intensity and color temperature (variation
of intensity and variation of difference in intensity between red
and blue portions of the spectrum should not exceed plus or minus

1 db across the gate). Gamma correction adjustments should be
normal (0.7). Using a neutral stairstep test slide of normal

density range, the signals from the four camera systems should be



ad justed to equal values of 100 IRE units. No setup should be
used for this test so that black or zero signal is at zero units

on the oscilloscope scale. White reference would be at 100

units.

A green filter (Wratten 58) is then placed in the light path from
the projector (all four vidicons). The main gain control (optical
not electronic) should now be adjusted until the signal in the
green channel is again 100 IRE units. The value of the luminance
signal under these conditions should be read and noted. The same
procedure should be followed using a red (Wratten 23A) and then a
blue (Wratten 47B) filter. These particular filters closely
approximate the respective spectral response specifications of the
NTSC for the three color primaries. Readings obtained in this
manner on a correctly aligned 3-V film camera would be 59 IRE units
for green, 30 IRE units for red and 11 IRE units for blue which is

in conformity with Figure 1.

In the case of the 4-V film camera, the luminance channel matrixing
is done optically and prior to gamma correction., Consequently, the
readings obtained in the aforementioned test will usually be higher
in value than those obtained on a 3-V film camera. Figure 2 shows a
comparison of 3-V and 4-V luminance channel readings. The calculated
4-V values are based on the luminance (fourth) channel having a
spectral response in conformity with NTSC (illuminant "C"). The
measured values indicate that on this particular camera the spectral

response of the luminance channel is excessive in the red primary.



St =

The effect of higher than NTSC specified luminance readings is to
produce a de-saturated color for those primaries out of specification,
If correct values of primary color signals are not obtained, color
correction filters of appropriate characteristic should be applied

to the light input to the luminance camera and the test above
repeated. Recommended color correction filters are given in Figure 3.
Figure 4 shows measured results obtained by operating the luminance
channel at values less than 100 IRE units for peak white. As a
result of subjective evaluation of these tests, present ABC operational
practice is to set luminance at 90 IRE units maximum corresponding to
simultaneous maximum readings of 100 IRE units on each of the three
color channels. The oversaturated blue obtained at the 80 IRE point
was more objectionable than the slightly de-saturated green and red

at the 90 IRE point. Level riding on program material is, of course,
made in the usual manner using 100 IRE units as the maximum value of
reference white for the luminance component of the signal. Care
should be taken to see that adjustment of the luminance vidicon is
such that its maximum capability of 100 IRE units is preserved, prior

to setting the 90/100 ratio.

Concluding Remarks: Although satisfactory subjective performance

has been achieved by the methods outlined, it is hoped that this
solution is only temporary, and that a simpler and more direct scheme
can be incorporated into the basic design of the 4 tube camera. The
author wishes to express his gratitude to R. M. Morris for his

guidance and assistance in the preparation of this paper.
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THE SMPTE COLOR TELEVISION SUBJECTIVE REFERENCE TEST FILMS - ISSUE #2
Report prepared for the Society of Motion Picture
and Television Engineers by the Society's joint

Subcommittee on Color Films for Color Television,
John M. Waner, Chairman

For those of you unfamiliar with the SMPTE -- the Society of
Motion Picture and Television Engineers founded in 1916 -- it is a non-
profit, scientific and educational organization of over 6,500 members
encompassing over sixty countries. Members are engineers, scientists,
technicians, and executives in motion pictures, television, instru-
mentation and high-speed photography, and educators and others in al-
lied fields.

Among its many goals and aims, the Society formally prepares
and sponsors industry recommended practices and American Standards as a
function of one or more of the various engineering committees with final
approval for submission voted by the officers and Board of Governors.

Today | would like to present to you the results of nearly
four years of work on the part of a joint Color and Television Engineer-
ing Subcommittee as a recommended industry practice for color film for
color television.

Briefly, the subcommittee was formed in July 1962 to determine
recommendations for the density and contrast range for color film in its
use for color television broadcasting and to prepare recommendations and
to give assistance in the procurement of a standard set of SMPTE color
test slides for use by the industry.

A subsequent assignment for the preparation of motion pictures



films are representative of that subjective balance which will give ac-
ceptable reproduction on color television and appear satisfactory in a
properly set-up review room, In this regard film laboratories can use
these films as a guide to a desirable color balance of prints intended
for color television transmission, Second, these films can be used for
subjective evaluation of color television film transmission systems after
the chain has been properly aligned.

Prints made available by the SMPTE are monitored densitometri-
cally and tolerances for acceptance are identical to or less than those
published in the paper, ''Considerations in Color Film Production for
Color Television,!"

Test slides consist of eight 2 x 2 glass mounted slides using
the identical scenes of the motion picture test films. The one addi-
tional slide (versus seven scenes in the motion picture reel) is included
to give one scene printed on two different types of color release print
material to make possible the test of the infrared transmission character-
istics of the film-system combination,

It should be emphasized that these films and slides are de-
signed for subjective reference and not as alignment tools to set up a
color television film reproduction system., For this latter procedure test
films and slides are either in existence or in preparation by the SMPTE.

Acknowledgments for contributions by individuals and companies
are too lengthy to mention at this time but appear in an article in the

February 1966 SMPTE Journal,



Seven Scenes from the Color Test Film and Slides




Scenes from the Color Test Film and Slides (cont.)
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CBS EXPERIENCE WITH PLUMBICON COLOR CAMERAS

INTRODUCTTION

In 1963 an experimental color television camera employing a new pickup tube,
called the Plumbicon, was shown publicly by N. V., Philips Gloeilampenfabrieken
of Holland. The demonstrated performance and the evident simplicity of the
tube and accompanying circuitry prompted CBS to undertake in the following
year an extensive evaluation of the Plumbicon tube for live television
broadcasting service. For these tests a pre-production Philips color camera
employing three Plumbicon tubes was used. The favorable results of the
investigation, as related to CBS requirements, led to the purchase of a number
of Philips cameras. These are currently in use in the CBS Television Network

color studio facilities in New York, Hollywood, and Washington.

This paper discusses the evaluation of the camera, and its integration into
the existing CBS plant, as well as the operating experience to date. Although
a specific camera is dealt with, the results obtained may be considered
representative of the performance of Plumbicon color cameras manufactured by

other companies.

BACKGROUND

The Plumbicon tube used in the camera, although comparable in size and similar
in construction to a vidicon, offers several important advantages over the
vidicon as well as over the image-orthicon. First, it has high sensitivity,
low lag, and negligible dark current. These are achieved by using a target
made up of tin oxide and semiconductive layers of photo-sensitive lead oxide,

rather than the single sulphide layer used in the vidicon.
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and substantially linear characteristics of the pickup tubes, Plumbicon color
cameras require relatively little adjustment in order to maintain proper

exposure and an acceptable match among several cameras.

The scope of the tests conducted included an evaluation of picture sharpness,
accuracy of colorimetry, affect of earth's magnetic field, camera stability,

and ease of setup and operation. Results indicated that from the standpoint

of picture quality and operational requirements, a color camera using three
Plumbicons is fully competitive with a color camera using three image-orthicons.
In addition, the Plumbicon camera offers the advantages of increased sensitivity

and stability, ease of adjustment, and small size.

OPERATIONATL, INSTALLATIONS

Based on the result of these evaluations, a decision was made to equip two
studios with Plumbicon cameras for use in 1965 Fall programming. Because
of the limited time available for installation, and the fact that the first
production design of the Philips color camera did not permit rack mounting
of the camera control unit, an interim rather than permanent installation

was undertaken.

The first CBS control room equipped with color cameras was in CBS Television
City, Hollywood. This color facility, working with an adjacent monochrome
studio, was first used on-air in August 1965 for the production of the

ED SULLIVAN and the RED SKELTON SHOWS.

Figure 1 shows the Hollywood installation of the camera control units and

the video operator console. Because of the difficulty of matching color
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monitors, it was decided to provide the video operator with only two color
monitors, rather than one for each camera as is the usual arrangement in a
monochrome studio. One of the two monitors is across the studio video output.
The other is a preview or match monitor, switchable across any of the live
cameras or other video inputs to the studio switcher such as video tape,

telecine, and remotes.

As shown in Figure 1, the camera control units are placed on each side of the
center console containing the monitors and associated selector push buttons.
Since it is impractical for one man to reach the controls of the five cameras,

two operators are used with this arrangement.

Figure 2 shows the encoders grouped in a terminal equipment rack located
adjacent to the control room. Subcarrier phase of the color cameras is checked
and adjusted for match at this rack by means of a vectorscope synchronized to
an external reference signal and switched across each of the video inputs to

the studioc video relay selector.

The second studio to be equipped with Plumbicon cameras is located in the
CBS Broadcast Center, New York. This installation includes five cameras

and was first used on-air in November for the STEVE LAWRENCE SHOW and for
the ED SULLIVAN SHOW upon its return to New York after the season opening

in Hollywood.

The New York installation is similar to the Hollywood layout in that the
camera control units are grouped on either side of the center racks. This is

shown in Figure 3. The equipment is located at one end of a centralized
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"Equipment Center" area, wherein all of the terminal rack equipment associated
with the nine studios and control rooms is housed. In this installation two
video operator positions were used, one in the Equipment Center to control

the five color cameras, and the second in the studio control room to control

the film, video tape, and remote inputs.

Soon after the installation was begun, modifications were developed which
permitted the color blanking and gain controls of the cameras to be remoted.
Therefore, these as well as the master gain, black level, and iris control
for each of the five cameras were extended to the center console., Fine iris
(¥ 1 lens stop) and master black level are controlled by the action of a joy
stick similar to the one which is used for the control of the 4 1/2-inch

monochrome image-orthicon cameras in Broadcast Center,

Although it would seem desirable initially to have remoted these controls to
the video operator's console in the studio control room as is done with
monochrome cameras, it was decided that actual on-air experience was needed
before a final decision could be made on what controls should be remoted and
what ranges of control should be provided. Nevertheless, the installation
in Equipment Center had the advantage of grouping the main operating controls
within the reach of a single operator, as well as allowing the other controls

available at the camera control units to be adjusted if necessary.

After several months of successful operation, the controls located in the
central console were moved to the video operator's console in the control
room, Figure 4 shows these control panels as well as the panels used to

control the other video inputs. As is the case in monochrome operation, it
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has been found that by consolidating the controls of all color signal sources
under a single competent operator and by using one set of monitoring facilities,
a marked improvement in the uniformity and quality of the video product has

been achieved.

OPERATIONAL, EXPERIENCE

The experience gained through daily use of the Plumbicon color cameras has
verified many of the preliminary conclusions reached during the evaluation of
the pre-production camera. At the present time, CBS has accumulated approx-
imately eight months of operation with Plumbicon cameras and, although operational
techniques are still being developed, a number of factors have become evident.
They are as follows:

LIGHTING

The effective sensitivity of the new cameras has proven to be greater than
previous image-orthicon designs by a factor of about two to one. Light levels
of 200-250 ft. candles are typical with Plumbicons, whereas LO0O-500 ft. candles
would be required by the image-orthicon color cameras in order to achieve a

comparable signal-to-noise ratio and depth-of-field.

Since the Plumbicon is a photo-conductive tube similar to the vidicon, it also
lacks the electron redistribution present in an image-orthicon which results

in enhancement of edges and fine detail. Extremely flat diffuse lighting is

to be avoided and instead, specular lighting methods have been used to add
emphasis to the edges of objects. It has also been found beneficial to include

small area specular highlights in scenes to give pictures an increased sparkle.
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Because of the linear transfer characteristic of the Plumbicon, highlights

can produce high signal levels. Nevertheless, contrast ratios in the order of
thirty-to-one can be handled satisfactorily if care is taken to avoid large
area highlights. Because of the stability and linearity of the Plumbicon
transfer curve, changes in the color temperature of the illuminating source
can be easily accommodated by adjusting the electrical gain controls, rather

than by the addition of optical trimming filters in the color channels.

PERSONNEL CONSIDERATIONS

No additional stage personnel over those normally employed in monochrome
operation, such as cable handlers and dolly pushers, are needed with the

cameras due to the small size and light weight. DPerformers have also been
aided by the new cameras, since the audience view is not blocked to any greater
extent than in monochrome operations and no uncomfortably high level of lighting
is required. In the CBS Hollywood studio the two video operators completely

align and operate the four cameras that are normally used.

At CBS Broadcast Center in New York the five or six cameras normally used with
the studio are initially set up by a single operator. Once this is accomplished
control is transferred to the video operator in the control room who completed
the adjustment of the cameras. No additional maintenance over that required

for monochrome operation has been found necessary in either location.

CAMERA SETUP

Present practice is to apply power to the studio one hour before use. Although
the cameras can be operated with considerably less warm up time, other equipment

in the color studio necessitates the one-hour requirement. No more than a
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half-hour is required to line up the cameras.

Camera controls are first checked using stairstep test signals to verify gamma
correction and the onset point for amplitude-dependent aperture compensation.
The latter is set to limit the compensation to the upper 65 percent of the
video signal in order to avoid an increase in the noise in the gray and black
portions of the picture. Since all controls are available to the operator at
the camera control unit, registration is accomplished very rapidly. In normal
operation, resolution of each color channel is checked with a line strobe
oscilloscope and aperture compensation is adjusted for 100 percent response at
400 lines. After registration, the cameras are color balanced using a 30:1
logarithmic gray-scale. The 30:1 range is obtained by placing an additional

black step on the standard EIA chart.

Color balance and gray-scale tracking adjustments are accomplished easily
because of the essentially linear transfer characteristics of the Plumbicon.
Usually, all that is required to achieve balance is to set the red, blue and
green blanking levels to reference black and then adjust the video gains for
equal amplitudes on white peaks. Beam current is adjusted to discharge
highlights one stop above the operating level. This avoids any imbalance and

accompanying color smearing which may occur on moving highlishts.

Once the cameras have teen individually aligned, a check of color balance is
then made using a common gray-scale for all cameras. The latter is rlaced in
the center of the operation area to insure that it is illuminated with the
average value and color temperature of light. Final camera balance and camera

match is made using a live model and adjusting for the proper reproduction of
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skin tones. It has been CBS's experience that satisfactory color match among

Plumbicon cameras can be accomplished quite rapidly.

Normally, for network use, the cameras are aligned twice a day. The initial
alignment is made before rehearsal and a second check is made just prior to

on-air use or taping.

CAMERA OPERATION

A hands-off attitude is maintained during the rehearsal periods, with the
cameras pre-set to the reference exposure level. This procedure permits
lighting to be adjusted more rapidly since undesirable lighting changes are
immediately apparent. During actual broadcast, however, camera adjustments
are trimmed for exposure and color balance to achieve the optimum picture
quality and the desired artistic effects. It has been CBS's experience that
final color camera balance must be adjusted in practical situations to correct
for unavoidable variations which are encountered because of variations in

shooting angles, lenses and scene content.

REMOTE BROADCASTS

As of this date, only a few outside broadcasts have been made with Plumbicon
cameras. So far, CBS has found the cameras to handle very well in bright
sunlight with no serious problems being caused by the lack of a knee in the
transfer characteristic of the Plumbicon. It should be mentioned that the
cameras have a soft limiter at the input of the processing amplifier and a
hard clipper at the output to limit the maximum video excursions. Thus,

excessive levels due to overexposure are compressed first and then any
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remaining spikes are clipped at the reference white level.

In the summer of 1965, a test was made in the Mojave desert of California
to determine if any problems would be encountered due to high temperature.
No significant variations in performance were observed with = measured
temperature of 130°F in the camera head. To date, tests under extremely

cold conditions have not been conducted by CBS,

MAINTENANCE

CBS has found the Plumbicon cameras to be relatively trouble-free in actual
use, The high reliability of the equipment is undoubtedly due to stability

of the transistorized circuits and the accompanying reduction of heat.

Since the sensitivity of the camera is directly related to signal-to-noise
ratio, investigations are under way to develop means to check this
characteristic on a routine operating basis, It is hoped that this will
provide the means for maintaining peak signal-to-noise ratios and thus assuring

uniform performance among several cameras.

No definite figures on tube life are available yet, since only a limited
number of tubes are in service. However, indications are that a typical

life of over 1000 hours is to be expected,
CONCLUSION

This paper is intended to provide the broadcaster with a sumnary of operating
experiences and performance to be expected when using a Plumbicon color

camera. No attempt has been made to provide a set of specific operating
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instructions nor is it intended to be a tabulation of precise measurements.
Undoubtedly, equipment and operating techniques will be refined as additional
experience is gained. However, it is felt that the information contained
herewith should be of interest to those who are contemplating the purchase of

color cameras.
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COLOR CAMERA PANEL

Moderator: Benjamin Wolfe, Vice President for Engineering,
Westinghouse Broadcasting Company, Inc.

Dale Buzan, Manager, TV Studio Equipment Design,
Sarkes Tarzian, Inc.

R. T. Cavanagh, North American Philips Company

H. N. Kozanowski, Manager, TV Advanced Development,
Radio Corporation of America

Norman N. Parker-Smith, Studio Development Manager,
The Marconi Company

R. E. Putman, Manager, Audio/Video Development Engineering,
General Electric Company

(Taken from the official transcript)
20th NAB BROADCAST ENGINEERING CONFERENCE
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COLOR CAMERA PANEL

NAB Broadcast Engineering Conference
Chicago, Illinois
Tuesday, March 29, 1966

MR. WOLFE: Good morning gentlemen. We have had color panels before and
I am certain we are going to have them again. However, there are sc many
questions within our industry relative to color cameras that we thought a
panel this year might be most appropriate.

The five panelists gathered here today, which many of you I am sure already
know, represent the leading experts in this field, which is the design and
manufacture of all presently known live color cameras. I would like each
panelist to rise momentarily in case some of you have not met them as I intro-
duce these distinguished gentlemen to you.

Mr. Dale Buzan, Sarkes Tarzian Company; Mr. R. T. Cavanaugh, North American
Philips Company; Mr. R. E. Putman, manager of audio-video development engi-
neering, General Electric Company; Mr. Norman N. Parker-Smith, audio develcp-
ment manager, Marconi Company, Limited; and Dr. Hank Kozanowski, Radio
Corporation of America.

We are indeed fortunate to have this group of color experts available to
describe the philosophy of their live color camera design. Without further
ado, let's begin with Mr. Dale Buzan of the Sarkes Tarzian Company.

MR. BUZAN: Thank you. We chose the four Plumbicon configuration because
we had been producing Plumbicon monochrome cameras for over a year and recognized
the advantages of the tube. However, we also recognized the fact that Plumbicon
tubes are very difficult to obtain and to think of delivering color cameras in
the immediate future in any quantity was out of the question. Therefore, we
decided to investigate other routes and we chose the three-inch Image Orthicon
for the monochrome channel, and three one-inch electrostatic vidicons for the
color channels.

The results were much better than we had anticipated. The dissimilar tubes
presented no problems since by controlling the gamma of the color channels we
could not only match them but accurately achieve the characteristic settings

of light level without a problem. Thus, we ended up with a camera in which we
could utilize four Plumbicons or a three-inch Image Orthicon and three one-inch
vidicons.

The camera, less viewfinder, weighs 85 pounds. With the viewfinder attached,
it weighs 118 pounds. The camera is highly stable and has automatic black
level, automatic gain and automatic sensitivity.



The automatic sensitivity is strictly an iris function and a light control
device.

Fourteen inches of rack space are required for the camera making up three

units. The color coder, five and a quarter inches; the processor, five and

a quarter inches; and a three-inch power supply. The circuitry is all modular
construction and has built-in testing generators and facilities for both the
color coder and the video processing. Calibration signals are included through-
out the video and the color channels.

The color film chain is also a four-tube configuration using an inch-and-a-half
tube in the monochrome channel and three one-inch tubes in the color channel.

The rack equipment for the live and film are identical.

The four-tube system was chosen not because more operational errors could be
tolerated, but strictly because it produced the best results.

I feel that regardless of how many channels are in the system you need to have
excellent stability for any color camera and excellent registration.

MR. WOLFE: Thank you Mr. Buzan.

Our next speaker will be Mr. R. T. Cavanagh of North American Philips Company.

MR. CAVANAGH: Well, gentlemen, we are all one year older this year and,
hopefully, we are one year wiser compared to our panel discussions of last year.

I think it should be especially pleasing to all members of the broadcasting
industry to see that now it is not just one but several outstanding camera
mamufacturers who are starting to use Plumbicons. The advantages of the tube
are obviously well recognized at this time.

Last year, we stated a Philips policy, which was, "that as RND progressed, the
future availability of YRGB cameras would be determined." This is still our
policy.

Our color camera research and development has progressed surprisingly well over
the past year. I say "surprisingly"” because some of us who are very closely
involved in it were a little surprised ourselves at some of the results.

We have conducted side-by-side studio evaluations under all conditions of differ-
ent versions of four-tube cameras using various signal processing techniques. By
"signal processing techniques" I refer to the Livingstone Process developed in
England as well as the Cohn Process developed in Germany.



These evaluations were made against production three-tube Plumbicon cameras
but adding to those cameras vertical and horizontal aperture correction derived
from the green channel, and then used simultaneously on red, green and blue.

The results show that the best quality image was obtained with three-tube camera
with the combined aperture correction. That is what we term our "eontour out of
green" signal processing.

In a way, you could say that it appears that four-tube cameras will require the
same type of correction. There are several ways of considering how this can be
done, but I think it's becoming obvious that this type of correction is a desir-
able one. We must now ask ourselves, "If we can achieve the kind of results that
we are achieving and are demonstrating here with three-tube cameras with the
contour out of green, vertical and horizontal aperture compensation, what will a
fourth tube do for us above and beyond that?" There must be some economic
reason that we can be justified for adding another tube to each camera system.

We have been taking a very open view to it and will continue to take a very open
view to it. But we also insist that any additional complexity in a camera such
as a fourth tube must be justified. There must be some demonstrable difference
to justify the economic requirements associated with it.

An interesting point of this contour out of green and the vertical and horizontal
aperture compensation is that since it's derived from the green channel and used

simultaneously on red, green and blue the tolerance for misregistration in terms

of monochrome image is relieved considerably.

In our own subjective tests for monochrome reception from such cameras we find
that it's approximately the same as a four-tube camera. For color reception
it's virtually the same. There is a slight difference in monochrome, but for
color the registration requirements are obviously the same.

In conclusion, I would say that we are very pleased that the continuing logical
research and development has allowed major improvements in the operational
qualities of three-tube Plumbicon cameras and, I must say, a much better under-
standing of four-tube Plumbicon cameras.

All indications are that improvements will continue in the future, and we will
introduce them as they are operationally improved over the next few years.

MR. WOLFE: Thank you, Mr. Cavanagh. Our next speaker is Mr. R. E. Putman
of the General Electric Company.

MR. PUTMAN: Thank you. In designing a camera you lock at many things.
They may be called the four abilities - reliasbility, stability, flexibility
and fidelity.



In reliability, what we are talking about is operational ease here in this
broad category, and I believe that the separate components gives us an opera-
tional advantage. I would like to point out, however, that separate luminance
does not allow for sloppy operation, that the color fidelity is a function of
the tracking of the three colors. If the tracking is off in the three colors
you just do not get good color nor do you get balance from camera to camera.
And that, I am sure you all realize, is one of the nastier problems.

In-service time is also important. By this, we mean the maintenance and
adjustment time that the camera has to go through. This is, in essence, a
direct function of manpower.

Over the years, we have talked about stability. It can be summarized by saying
stability is a function of engineering design. There is nothing today that
prevents you from designing equipment that is extremely stable over many
environmental conditions. It's a case of design philosophy.

As a user, you are interested in flexibility. You would like to use the
cameras in Studio A or Studio B or outside or at the ballpark and you immedi-
ately find yourself listing things that you would like to have.

Weight is important. How are you going to handle the camera? How are you
going to move it from one place to another? Lense range is another factor.
You require one type of lense range in a studio, but a ballpark requires a
completely different set of lense ranges.

Sensitivity - in a studio you operate under controlled conditions - outdoors
you do not.

Fidelity is the real key to a subject that is difficult to put a finger on.
Signal-to-noise plays an important part in fidelity. With a four-tube Plumbicon
camera, you can compromise - I guess I should say with a three-tube Plumbicon
camera you can compromise between sensitivity and signal-to-noise. It's a
designer's choice to start with but I am sure you as operator are going to end
up dictating to us, "this is the sensitivity and signal-to-noise that I want."
However, I will point out that signal-to-noise is important in color for two
particular reasons.

One is in taping color the lower the noise the better the second and third
generation tape.

And, two, the lower the noise on the home receiver, the quieter the picture
appears and, to some extent, sharper. We are bothered in both mediums with
beat-down nocise. In other words, high frequency noise is a strong influence
when it goes through detection and comes out as low frequency noise, which is
a type of noise that we are most bothered with.

Colorimetry is in the same category. We do not have any figures on colorimetry.
We have all tried to put a figure on it and what color do you see. Red is red
and I know what red is, but I am sure it's not the same red that you are seeing.



Resolution is another important factor. In the early days of black and white
TV, we had 250, 275 lines coming off the networks. We have increased that
considerably.

We have a color set that has a trap-in at three and a half megacycles, which
means that the maximum resolution we have is approximately 275 lines again.

It is important, however, that we fill them. So, I think the type of things
that we are talking about is what is the effective response in the frequencies
we are going to transmit.

Another concern is spurious signals. I am talking about the fading along with
signal-to-noise. How uniform is it filled, and how flat can you make it so that
you can stand a uniform color? These are the things that I believe that you as
broadcasters have to look at in this growing business of color.

I do not pretend to say that we know all the answers, and, to some extent, you
are going to dictate the answers by telling us what you want. But it is not
going to be easy.

MR. WOLFE: Thank you, Mr. Putman. Our next speasker is Mr. Norman N.
Parker-Smith of the Marconi Company.

MR. PARKER-SMITH: Thank you. As a camera manufacturer, we are now in our
fifth generation of black and white studio cameras and our second generation of
color cameras, and we have learned very many lessons over the years. Perhaps
the most important is that the broadcaster wants not only perfect picture quality
but also a camera he can use. We do not want to burden the operators with a
camera with a tolerance of plus or minus so much on this light, and so we make a
tilting viewfinder and it's a lot easier to operate a camera that way.

Camera cables...It's very important the way you design them, to come away from
the center of gravity, to have the maximum flexibility. These things all go
without saying as far as we are concerned.

As far as the color performance goes, the picture quality, I think the aim must
be to design the camera that will get the maximum possible that there is to get
out of the TV color system. To do thils, we have no doubt at all that why not
use four tubes since the whole of the NSTSC color philosophy is based on the
transmission of the luminance signal at the highest possible resolution. There
are many advantages that accrue from the use of four tubes and most importantly
the benefit derived in normal day-to-day operation where the setting up of a
four-tube camera is considerably easier and more routine than with a three-tube
camera in our experience.

The color picture should have as genuine a gamma as possible. In black and white
operation, one can vary the gamma to produce different effects, but in color, one
ought to have the correct gamma because without this one cannot have correct
color.



To obtain good gamma tracking between the four channels, it is highly desirable
to use four tubes of a similar type, and this is one of the reasons why we selected
the Plumbicon for the luminance channel.

People may ask, "What about the red response in a color camera?" Fortunately,
in the four-tube configuration it is very practical to design out almost completely
this deficiency in the red by shaping the response, going to the luminance channel.

In our recent camera designs we have been trying to meet the modern requirement
for hands-off operation, and when one comes to do this for color one finds the
situation very different to that which exists in black and white. And it is
almost impossible to buy components for any economic price that have sufficient
stability to enable true hands-off operation to be achieved in color. And for
this reason, we have ourselves developed thin-film circuit techniques in which we
can get temperature coefficients of better than plus or minus ten percent per
million degrees centigrade. And it is only by use of these techniques in all
critical parts of the circuitry that an adequate hands-off operation can be
achieved.

Again, I have given you an outline and, as with the other speakers, I think I

would rather leave it for you to ask questions which I am sure we will all do
our best to answer. Thank you.

MR. WOLFE: Thank you Mr. Parker-Smith. Our next speaker is Dr. Hank
Kozanowski of Radio Corporation of America.

DR. KOZANOWSKI: Thank you, Ben.

We have now had several years of experience with luminance channel cameras.

We like them. Furthermore, the people that we are building them for who have
used them like them. And one of the tendencies is to say, "Would you go back
to what you had?", and the answers I have are, "I like what we have got better."

Other people are now joining this same trend, which is certainly gratifying
because again we are starting to be on the same side of the fence. We make
Pleasing pictures and our camera works at reasonable light levels.

The German Institute, IRT, has done a beautiful job of analyzing the three-tube
I0 camera and the three-tube Plumbicon camera. It reports both of them are
wrong from the standpoint of the color picture. In other words, with respect
to luminance and chrominance. But the odd part is both of them have been
accepted as current in the art. It's an old, old story that when you come out
with something that you say is perfect, the broadcaster can say, "It's perfect
but I don't like it." So you go back to the imperfect and he says, "I like it."

One more thing that we are quite proud of is the fact that the Image Orthicon
will inherently, and because you all know this from practical experience, handle
a wide variety of light levels. It is not particularly critical to overlighting.



My particular theory of operation from a broadcaster's point of view is not
what are you going to get when the camera crew is completely on the ball,
because they never are. The System needs all the tolerance you can build in
for misadjustment and still produce good pictures. I think our feeling on
that has been that this is true.

Now, the camera that we provide is not particularly difficult to set up. 1In
fact, all the instrumentation is in the camera itself.

The other thing that I might mention just in passing is this; I think this
discussion will go on for seven or eight more years, perhaps, in color camera
groups or panels. If you want Plumbicon-type pictures, you will obviously use
Plumbicons in the luminance channels. If you want Image Orthicon-type pictures,
you will use IOs.

The purists say they don't belong there and the fellows that look at the pictures
say they make them better. So, again, you have to decide for yourselves as to
which camera is most appealing to you. Outdoor broadcasting that we have done

so far indicates that the IO handles like a charm. I have not had any particular
experience with Plumbicons so I cannot be an expert in that field. Any one of us
can think up tests that no color camera can pass.

MR, WOLFE: Thank you all.

QUESTION: Can we lock the doors and before you leave today can you all
agree on the same camera cable?

MR. PARKER-SMITH: All the knobs setting up controls on the camera, controls
that affect color stability or registration, can be locked after setting, and I
would love all the gentlemen with me up here to use our camera cable. It's the
most modern one in the industry.

MR. CAVANAGH: We recognize, from the standpoint of all broadcasters, that
there should be a very serious attempt made to standardize camera cables.

DR. KOZANOWSKI: This is a product design question which I do not care to
respond to.

MR. PUTMAN: I think, except for minor differences, the cable that GE is
using is the same as the cable that RCA is using.

MR. BUZAN: The Sarkes Tarzian cable will be the same as what RCA and GE
are using.



QUESTION: We have been hearing a great deal of talk about the light
supply of Plumbicon tubes. One of our esteemed manufacturers has shied away
from Plumbicons because of this problem. I would be interested in having
some knowledgeable person give us a projection of the supply situation on
Plumbicons.

MR. CAVANAGH: I would like to read the following statement: "The wide-
spread introduction of Plumbicon cameras is made possible by an extensive
expansion program in our Plumbicon facility which enables us to meet very
large demands," in the future.

"Bvery tube sold to an equipment manufacturer is backed by a guaranteed inven-
tory of replacement tubes for that socket. All OFM production schedules have
been accepted by Amperex with this policy as our guide." Amperex is a wholly
owned subsidiary of North American Philips, and you can be assured that the
Plumbicon color cameras that you purchase are sold to you with a guaranty of
immediate and future supplies of replacement tubes which will be available
through your local Amperex dealer, and a partial list of distributors are
available if you are interested.

A further point of importance is the near completion of a second facility for
the production of Plumbicons and the breaking of ground for a third factory to
be located in Rhode Island. This last facility is planned to be in operation
by the 1967 NAB Show and will augment the supplies of tubes from our other two
factories.

QUESTION: What is the average life you are achieving now?

MR. CAVANAGH: This is a question that we would like to have a more precise
answer to ourselves.

We have a number of studios now operating with Plumbicon tubes. Some of the
comments from our friends at CBS this morning I think were quite pertinent.

There are a number of tubes that have a life span of well over a thousand hours.
Some, like Image Orthicon tubes, generate problems within the first four hours
so you decide that this isn't really the tube you want to keep. The thousand
hours you are talking about, looks realistic, as a matter of fact the whole tube
production program is settling down in terms of quality level to a point where
we are quite pleased with it.

QUESTION: Would you please discuss the cable length capability of various
manufacturers' design parameters?

MR. BUZAN: We designed around 1,200 feet. This was the peaking necessary
for the video.



Now, as far as pulse, it's an advance technique. It's sampled at the output
and automatically advanced and this will go up to 2,000 feet. However, we
have never tried the camera over 500 feet. But we know that the pulse tech-
nique, as far as simulating this in the lab, would go up much over 1,200.

MR. CAVANAGH: The first stop, so far as we are concerned, is 1,200 feet.
The second stop is 2,000 feet.

MR. PUTMAN: Two thousand feet for specifications.

MR. PARKER-SMITH: This is a very important question and is one of the
reasons why we introduced the new camera cable we have here today.

For hands-off stability, the impedance of the conductors in the cable must be
considerably lower than is required in a black and white camera in order to

get the equivalent distance. It is not at all easy or desirable to attempt to
design for the 2,000 feet length and at the same time have a highly flexible
cable ideally suited to studios. For this reason, we have two weights of camera
cables, the standard cable and the light cable.

We can work with 2,000 feet of camera cable using the standard cable, but they
are perfectly compatible and you can always make the last fifty feet of a
lighter cable immediately on the camera.

You may be interested to know that 100 feet of the lighter cable is equivalent
to 40O feet of the heavier one, and one can always work out up to a maximum of
2,000 feet of heavy cable.

DR. KOZANOWSKI: I believe our facilities are one thousand now; 2,000 in
the near future.

QUESTION: The cameras on the floor are operating with approximately the
same light level, I am told. How about their depth of field?

DR. KOZANOWSKI: F-8 normally.

QUESTION: How much depth of field are you in focus of with your camera at
F-8?

DR. KOZANOWSKI: I think this is a universal optical problem. In other
words, if you set a lense at f-8, this gives you a designation which you should
expect. All lenses at an f-8 aperture opening take in 1.6 diagonal and suitably
designed will have the same field.
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QUESTION: But do they all have 1.6 diagonal?

DR. KOZANOWSKI: .8 corresponds to f-3 for the same depth of field.

MR. CAVANAGH: For the Plumbicon tube, the diagonal is one-half your
linear dimension at f-4, at f-8 to a larger format.

QUESTION: With 250 foot candles, what are you running on the Plumbicon?
MR. CAVANAGH: We are running f-k.

DR. KOZANOWSKI: The other one f-8. This is the same rule.

MR. PARKER-SMITH: Our camera is a Plumbicon camera which uses a standard
Image Orthicon lense and we, therefore, quote f-8, 220 foot candles and the
depth of focus will be the same as one is accustomed to on a four-and-a-half
inch Image Orthicon at that aperture.

QUESTION: Are there any comparative figures on hourly cost for each camera?

MR. PARKER-SMITH: Our experience with the Plumbicon tube is very good on
life. A thousand hours has been mentioned by Mr. Cavanagh, and I am sure this
is very realistic, if not pessimistic. We will probably get 2,000 hours and one
can work it out from there.

The four tube configuration has an advantage in thils respect in that the three
coloring tubes need not be of the same quality as the luminance tube, and if
tubes do begin to deteriorate in performance one can always move them from the
luminance channel into the coloring channel, and this would be quite a consider-
able saving.

DR, KOZANOWSKI: The thing that is most interesting is that while Plumbicons
are improving, Image Orthicons are also improving. When we talk about Image
Orthicons that formerly had 400 hours' life, now they have a thousand hours' life
or 1,500. We now have Alcon Targets which is non-burn, and since most Image
Orths are rejected for burn, we will have Image Orthicon tubes with Alcon Targets
which no longer require orbiting and will not suffer from this break-up. I'd
say better than 1,500-2,000 hours should be perfectly normal which goes across
the board for black and white as well as color.




QUESTION: What is the need, if any, for matched tubes?

MR. PARKER-SMITH: We have never found the need for matched tubes in the
Marconi Camera.

MR. CAVANAGH: The experience with Plumbicons is that we do not have to
match sets. If a green tube has to be replaced, another green tube can be
used without changing the red and blue.

MR. PARKER-SMITH: We have not found it necessary to differentiate between
red, green and blue tubes in the four-tube configuration.

DR. KOZANOWSKI: As far as we are concerned, we start out making sure that
everything will work as it's intended to do SO, and we specify that we have red,
green and blue tubes in the separate individual vidicon sockets. But I do not
think there is a great amount of difference in the tubes themselves because we
have interchanged them and the results are negligibly different. You might say,
this is going to pass, too. This is a standard way of starting.

You remember, this is what we did with 3-V. We matched them and then after a
vwhile we forgot to match them and things got better.

MR. PUTMAN: The spectral characteristics of the tubes are critical to the
correct characteristics of the camera. I will say that we found very little
variation in the Plumbicons, but if the spectral characteristics of the tubes do
shift, there is a real problem. And I am not too sure but what many of the
problems are not in vidicons, thinking now of film rather than live.

I think that this is a problem that we may have in the industry as we get into
color that we are going to find ourselves far more conscious of what the over-
all characteristics of the cameras are.

MR. PARKER-SMITH: We have tried to overcome this disadvantage. In fact,
we have done it by making the spectral response the three locks, the red, the
green and the blue, taking responses rather narrower than had been used in the
Past, and this gives both better color fidelity and also isolates the camera
from changes in tube response to a far greater degree.

DR. KOZANOWSKI: I think I would just like to make a comment on that. I
think Parker-Smith has mentioned the narrower filter effect that you can do very
well.

In the case of the vidicon, we actually throw away reds because you would get
excess spots, so we split it and cut if off with an infra-red filter at 650 to
TOO millimicrons.
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MR. CAVANAGH: TFor our cameras, the trimming of the filters is always
related to sensitivity, colorimetry and signal-to-noise. I actually think
each camera manufacturer will arrive at a stated optimum for their own partic-
ular configuration.

MR. BUZAN: I agree that probably each manufacturer will have their own
set of specifications and own methods of adjusting and balancing out, but there
is still a need for a better tube and more uniform tubes throughout.

QUESTION: Has Philips licensed other manufacturers to make the Plumbicon
or do they intend to in order that we might benefit from another viewpoint?

MR. CAVANAGH: Well, from a standpoint of being deeply involved in Image
tubes, broadcast, and industrial equipment, it's obviously to our advantage,
in the long run, for other manufacturers to be producing Plumbicon tubes as well.

I think any such statements of this type are not appropriate for us to comment
on. We have taken the first step ourselves, that is setting up a U. S. plant
as a second source of Plumbicons.

QUESTION: I would like to ask the panel about the warm-up time of the
various types of cameras under typical conditions, say, studio ambient temper-
ature and say a winter remote show at 20 above zero. Assuming the camera has
been perfectly aligned from the previous show and left off for some hours, how
soon could we get a usable picture and at what time later would we have ideal
operation again?

MR. CAVANAGH: From the standpoint of just normal ambient, within fifteen
minutes we have seen operators have a fully broadcastable picture. This is
assuming we set the camera up previously, the camera is just turned off, went
cold and was just turned on again.

From our standpoint, we would like to see them spend a little more time trimming
up than that. But I have seen pictures put on under those conditions.

From the standpoint of very cold temperatures, some of the experiences in Canada,
I think, are pertinent. With so many lenses, they have found it desirable to
use a heat blanket. I think this might be the best way to approach it.

We see no real breaking point in temperature insofar as the rest of the system
is concerned. We would be concerned about the zoom lenses, though, under those
temperature conditions.

MR. PARKER-SMITH: The quick answer for the Marconi Camera is ten minutes
rehearsal quality, twenty-five minutes on-air quality; no adjustments over any
20 degree range within the operating range of the camera. And if my memory
serves me, I think this is minus 20 to plus 45.
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DR. KOZANOWSKI: I think that is a pretty good statement.

MR. PUTMAN: Because of the wide use of transistors, many of the earlier
problems of drift due to thermal action or what have you is no longer there.

From an electronic point of view, you end up with....How good is good? How
good is a usable picture and when are you going to start using it? You have a
preriod of time that is involved here. I think it is more operaticmal than it
is circuit stability design.

MR. BUZAN: It would appear that each manufacturer apparently has a differ-
ent standard of what we call operational quality. I believe that during these
extreme conditions - and this is not turning off the camera, as has been men-
tioned, and turning it back on after it's cooled off slightly. If you leave it
out all night I am sure that most cameras, including ours, in order to be what
we in our corporation term "broadcast quality" are going to take forty-five
minutes under those extreme low conditions. And even with the stable circuitry
that we have and even with the techniques we have and unless you have an auxil-
iary blower I think we have to face those facts.

QUESTION: What is maximum storage temperature for the Plumbicons?

MR. CAVANAGH: I do not recall a spec on that.

QUESTION: What is the initial philosophy about built-in zooms? What are
we supposed to do with all our other lenses?

DR. KOZANOWSKI: We can do a much cleaner, more satisfactory job with a
single lense which does not have all the problems that are connected with turret-
type lenses. We have lived through this problem with NBC and I think it will
come to a head as soon as you get started getting into color quality problems.

I would just like to cite an example. Let's assume that you have a representative
set of lenses and you work on a particular scene and you say, "This is pleasing
skin tone"”, and then you decide you want to go from this two-inch lense to an
eight-inch lense and lo and behold, the skin tone becomes plus ten percent blue.
And then you go back and you want to know what happened. Nothing happened. The
lense changed because of the difference in reflection of the coating. By going
to a single lense, you have eliminated one of the really tough problems.

MR. PARKER-SMITH: I agree with Dr. Kozanowski on the use of a single lense.
Modern zoom lenses do not change their color characteristics with the zoom, and
this is most important. I think we feel that zoom lenses, although they are now

in very wide use, are still at an early stage in their development.
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We now have ten-to-one zooms, but higher zoom ranges are just around the corner.
We know of twelve-to-one and sixteen-to-one lenses which are on the way.

Now, we would not wish to restrict the design of a camera so that these new
lenses could not be adopted when they arrive on the scene. So, we have designed
it this way.

MR. CAVANAGH: I would agree with the past statements. The zoom lenses are
still in the stage of development. I think all camera manufacturers are making
a distinct attempt to try and minimize the different number of zoom lenses, but
I do expect over the next couple of years that there will be a leveling out of
the number of different varieties of zoom lenses.

QUESTION: On the subject of zoom lenses, what provisions have been made
for optimum in and out focusing from a very short distance to, say, across a
ballpark?

MR. PARKER-SMITH: The zoom lenses which are in use today will maintain
their focus track. That is, as you operate the zoom the focus remains correct
provided that facilities are provided for setting up the back or the rear con-
Jugate to the correct dimension, and it is important that this facility is
provided.

In our particular case, the entire optical system can be racked to-and-fro in
an exactly similar way in which the Image Orthicon, for instance, is moved to-
and-fro in a black and white camers.

QUESTION: Can that be accomplished in the Norelco camera?

MR. CAVANAGH: There are differences between the zoom lense designs of
different zoom lense manufacturers. One of them has this built in as a feature
of the design. On the other one, it is not built in as a feature of the design.
The capability for back focus adjustment is in one of the zoom lenses which is
now becoming available as a standard item. It is not in the other one, as yet.

QUESTION: Dr. Kozanowski, is the vidicon still an interim pick-up device
for the color reception on four tubes?

DR. KOZANOWSKI: That is a delicate question. I would say that it is interim
as long as it is competitive. As soon as it isn't it won't be interim.

MR. WOLFE: Well, gentlemen, since we have run out of time, this closes the
second Technical Color Panel Session of Engineering. We want to thank the panel-
ists as well as our guests for their questions and participation.

Thank you very nmmuch.
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REMOTE OPERATION OF A HIGH POWER TELEVISION TRANSMITTING STATION

INTRODUCTION

After many years of successful operation of remote controlled AM and FM broadcast
stations, the FCC, on May 6, 1963, put into effect rules permitting remote control of UHF
TV stations. While remote operation of VHF TV stations is not presently permitted, it is
being given serious consideration by the FCC.

The most obvious reason for remote control is, of course, the improvement of opera-
tional efficiency. Remote control is of special importance to a new UHF station starting up
in an established VHF market with low UHF receiver penetration, where operating costs
must be held to a minimum. '

SYSTEM RELIABILITY

Extremely high reliability and stability of the equipment are of utmost importance in the
successful remote controlled station because a minor fault resulting in a power shutdown
can cause a considerable loss of expensive air time. The highest grade components and
conservative design with adequate safety factors must be used throughout. Simplicity of
circuits, wherever practical, must be stressed to reduce the possibility of failure and to
shorten trouble shooting time, when it becomes necessary.

Of even greater importance, than in the locally controlled station, is regularly scheduled
routine preventative maintenance, the main purpose of which is to anticipate a potential
failure and take corrective action before losing air time. A carefully planned maintenance
schedule, based on the manufacturer's recommendations, will result in a significant re-
duction in off air time. In many cases, reliability can be improved through the use of
duplicate facilities; such as, parallel transmitters which provide, in effect, an operating
standby transmitter.

In the event of complete failure of one unit, the remaining unit continues to operate with
a radiated power one-quarter of normal. By the addition of automatic or remote controlled
switching, the radiated power can be maintained at one-half of normal until repair of the
defective unit can be accomplished. Loss of air time, due to power failure, can be mini-
mized by the use of a standby generator with automatic change-over. Redundancy in the
remote control system is seldom required for normal system application, due to the reli-
ability of the equipment.

UHF-TV REMOTE CONTROL

The FCC Rules for remote control of UHF-TV transmitters are quite similar to those for
AM and FM transmitters, and basically are intended to ensure the complete control of the
transmitter by the operator at the remote point, and that the radiated signal meets the tech-
nical requirements of the Rules. In fact, the remote control system to be discussed is
considerably simpler; and, in some respect, more stable than the typical directional AM
station with its critical ground system, multiple towers, common point and base currents,
and tower lighting currents.



In December, 1965, Station WKBS in Philadelphia operating on Channel 48, with a trans-
mitter power of 30 KW became one of the first high power UHF television stations to operate
by remote control, and since the latter part of January, the transmitter has been operating
completely unattended. This system will be discussed as a typical remote controlled TV
station. Variation may be found from station to station, due to unique requirements. How-
ever, most of the equipment and circuits used at WKBS will be required at all stations to
meet the requirements of the FCC.

CONTROL EQUIPMENT

Control of the transmitter is by means of the RCA BTR-20C Remote Control Equipment.
Twenty control and metering functions are provided by means of two d-c telephone lines
between a studio and transmitter, with a loop resistance up to 5000 ohms. Satisfactory per-
formance can be obtained at distances greater than twenty miles.

Simplified schematic diagram of the remote control equipment is shown in Figure 1. Five
basic signals are required to perform the control functions; a high level positive signal used
to actuate the studio and transmitter stepping switches controlled by a pulse generator, a
high level negative signal used to home or synchronize the two stepping switches, low level
positive and negative signals to perform the "ON'" and "OFF" operations respectively, after
the desired function has been selected, and finally an AC fail-safe signal used to shut down
the transmitter in the event of loss of control of the transmitter due to failure of the control
telephone line, or loss of remote control power.

The studio is located near the business center of the city, and all programming and oper-
ating controls are centered in the master control room. In addition to the usual control
room equipment, there is a single rack containing the remote control equipment. The
transmitter is located at a distance of about 11 airline miles from the studio in the highest
part of the city with an antenna approximately 1100 feet high. The transmitter is a TTU30A,
30 KW transmitter operated at rated output. The remote control equipment at the transmit-
ter consists of three rack mounted units, and occupies only a small portion of a rack.
Programming is transmitted from studio to transmitter by means of an STL microwave link,
and remote control functions are carried on two dc land lines.

CONTROL EQUIPMENT OPERATION

Figure 2 is a block diagram of the remote control system. The BTR-20C remote control
studio unit is the master unit, and is located in the master control room. All transmitter
controls originate at this point and all transmitter metering signals are read on the remote
control multimeter or the associated monitor meter panel. At the transmitter, the BTR-20C
remote control transmitter unit selects the desired function and, on command, performs one
of the eight transmitter control or tower lighting functions. Simultaneously, the selected
metering function is displayed on the appropriate studio meter. Ten metering signals are
provided, six originating in the transmitter, three in the TV monitor and the tower lighting
current.

For maximum accuracy and freedom from extraneous telephone line noise, all metering
functions have been standardized at 200 microamperes dc corresponding to a full scale
meter reading. In several of the metering functions to be monitored remotely, such as
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Figure 1—Remote Control Equipment, Simplified Schematic Diagram
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frequency deviation, power output and aural modulation, the available current is as low as
20 microamperes. To permit remote metering of such low currents, plug in solid state
operational amplifiers connected as current amplifiers are used for these circuits. Very
heavy feedback is used which results in extremely stable operation. Five amplifiers are
used for the five signals and at the studio, a separate meter, suitably calibrated for the
signal to be monitored is provided for each function.

The requirement for observing the waveform of the visual signal is met by an off air
receiver at the studio, and a waveform monitor with an electronic chopper which chops only
during the vertical blanking interval. Chopping may be continuous since it is synchronized
with the video signal and does not affect the display on the picture monitor. Thus, the
radiated picture may be viewed on the picture monitor without distortion, while the base-
line appears on the waveform monitor. The operator at the studio, therefore, has all of the
necessary information with which to adjust the video gain, blanking level and visual excita-
tion by remote operation of the motorized controls in the transmitter.

Control of the tower lights is by means of a remote operated latching contactor in the
lighting circuit, and metering is accomplished by rectifying the output of a current trans-
former connected in series with the lighting line, and adjusted to give an arbitrary reading
on the remote meter.

In addition to the control and metering functions, a tone alarm system permits the auto-
matic display of five abnormal alarm conditions by means of lights and a buzzer. The alarm
tones are in the low audio frequency range and are superimposed on the metering telephone
line, so that a separate line is not required. Additional alarm functions may be obtained by
the addition of a second tone alarm system to the control line.

CONTROL AND READ OUT FUNCTIONS

The remote control functions are listed in Figure 3. The normal start up sequence of
operations is first to home the system by pressing the HOME switch. This ensures the
synchronization of the studio and transmitter stepping switches. Next, the telephone line
resistance is calibrated by means of a front panel control and the panel meter. Pressing
function 2 switch selects the TRANSMITTER ON/OFF AND FILAMENT VOLTAGE circuits,
and operation of the ON-RAISE switch starts the transmitter and the remote control multi-
meter reads the filament voltage to indicate that the desired switching function has been
accomplished. After the necessary time delay, the next function may be selected and the
high voltage turned on, and the collector voltage read and recorded. The next two functions
are for visual and aural collector currents. In the event of an overload, the circuit may be
reset by using function 4. The visual excitation, blanking level and video gain may now be
adjusted using functions 6, 9 and 10, while viewing the visual output meter and the chopped
waveform. Aural output power is adjusted by function 7 by varying the aural excitation while
observing the output meter. Functions 11 and 12 are used to read frequency deviation and
function 13 is used to control the tower lights and read the tower light current. Finally, the
aural modulation level is read on function 14.

Whenever the remote control equipment is not otherwise used, the aural modulation should
be monitored. Whenever practical, control functions are associated with the most meaning-
ful meter reading, so as to be most useful in making adjustments or to indicate that the de-
sired control function has been accomplished.
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Figure 3—Remote Control Functions



The alarm functions shown in Figure 4 are intended to call attention to an emergency
condition which demands immediate attention. In addition to the individual lights, a buzzer
can be made to operate as desired when any, or all, of the alarms are actuated. The
alarmed functions are Klystron Body Overload, VSWR overload, Power Supply Overload,
Water Overtemperature and Loss of AC Power. It may be desirable, in some stations, to
add fire, forced entry, building overtemperature, and standby generator status alarms by
the addition of a second alarm system.

RACK LAYOUT

The studio remote control rack contains the monitor meter panel at the top, then the
BTR-20C remote control studio unit, picture and waveform monitor, tone alarm unit, and
off air receiver. See Figure 5.

The transmitter remote control rack is shown in Figure 6. At the top is the remote con-
trol unit, below it the monitor amplifier assembly and then the tone alarm unit. The monitor
amplifier assembly contains the five solid state plug-in amplifiers, and two plug-in power
supplies.

INTEGRATION OF CONTROL EQUIPMENT AND TRANSMITTER

This remote station installation has proven that remote control of a UHF television trans-
mitter is not only possible, but also highly practical. Now that the WKBS-TV remote system
has been outlined, it is important to analyze the philosophy behind the remote operation of
this UHF transmitter. The success of a remote operation stems largely from the proper
integration of the control system and the transmitter. Each transmitter type has its own
compatible control level, based on the design and operating concept.

Fundamentally, a television transmitter is more complex than an AM and FM trans-
mitter. To avoid a cumbersome control system, maximum use must be made of a minimum
number of control functions. Two methods are employed to simplify the control problems.
First, the transmitter is called upon by circuit logic to provide self control. As an example,
during start up a sub-system must be in complete normal operation before a succeeding
system is automatically commanded to start. Secondly, a single function is designed to per-
form several operations simultaneously; thus eliminating duplicated effort, even though it is
pecessary to maintain individual control over one function of the group. For example, it is
desirable to control aural and visual amplifier on and off functions simultaneously, and have
a separate control to mute aural carrier for EBS operation. The start up sequence is sim-
plified in this manner, but the aural carrier can still be controlled independently. Starting
of all systems by serially sequencing them automatically on,in preparation for plate voltage
application, is another control system simplification. Additional readout can be provided for
status indicators in the subsystems; such as the cooling system, for example, but seldom
do these provide additional information which would save an emergency trip to the trans-
mitter. A transmitter ready light can be remoted, but is not mandatory.

On the WKBS installation, the basic group of functions; transmitter start, high voltage
on and overload reset, provide all the essential operator control. Some might suggest that
time delay bypass is desirable. In this installation, the transmitter contains a hold in relay
which prevents filament circuit drop out for the time required for power station breakers
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to recycle on power outages; this requirement, therefore, is less binding.

SUPERVISORY CONTROL DURING OPERATION

The second set of functions, fulfilling an integrated remote control plan are the necessary
supervisories, and monitors for maintenance of an optimum television picture and sound
transmission. Less obvious, yet more compelling reasons exist for careful appraisal of
these control functions. More constraints are placed on the modulation system in the tele-
vision transmitter, than those of the AM and FM remote control predecessors. Therefore,
care must be taken to integrate the transmitter and its supervisory system to assure simple
and effective control.

Two principles are used to simplify the video and r.f. control. Both have already been
discussed as a part of the control circuit philosophy. First, place as much as possible of
the burden of control on the transmitter itself. Secondly, make each control serve a multi-
tude of functions. Some examples of self control can be taken from the means used to gain
output power stability in the UHF klystron transmitter. The klystron amplifier saturates at
a steady and predictable power output level as long as input DC power parameters are held
constant. Hence, by regulating the overall power supplied to the transmitter, and driving
the klystron to approximate saturation, the peak power output is greatly stabilized, requiring
little, if any, supervision. A second example is stabilization of gain of the klystron ampli-
fier. Slight changes in structural dimensions on the klystron amplifier results more as a
change of gain than a change of response in the amplifier. By stabilizing the cavity and
drift tube cooling water temperature using a temperature controlled mixing valve on the inlet,
the cavity dimensions are made virtually independent of surrounding ambient temperature,
and temperature of the air passing through the heat exchanger. This temperature control
also minimizes start up drift.

Absolute stability is not practically attainable in a UHF-TV transmitter, but a great deal
of the burden of stabilization can be placed on the transmitter itself. Those controls re-
maining, must necessarily be planned so as to provide maximum control, and be adjustable
from a simple indicator. Since r.f gain stability is one of the more difficult long term
characteristics to stabilize in a high power transmitter, particularly at UHF, some super-
vision is desirable over periods of time. To adjust for variation of gain in the linear am-
plifier circuits, an excitation control is desirable. This can be used to correct for gain
differences in the amplifier chain and should idealy not affect the overall performance of the
system. A motorized attenuator following the modulated amplifier is used for r.f. gain or
excitation control in the WKBS transmitter. It has virtually no effect on differential phase
or gain of the system, and little effect on the frequency response with 10 db of control,
hence is used to correct for gain changes from many sources. The video modulation monitor
and power output meter provide the necessary indication. Video gain control is provided
to maintain proper modulation levels and to compensate for all varfations of video levels;
although these are usually only experienced ahead of the transmitter. If this control is in-
cluded in a remote control system, it should be located ahead of gain and phase pre-
emphasis. The system linearity is then not a function of the setting of this control.

There are also parameters which must be observed to assure minimum operating costs.
Included here is the careful management of heater power in the power amplifier tubes.
Operation just above the knee of the emission curve for the UHF klystron cathode can pay
great dividends in life expectancy for the tube. Of first importance is regulating the input
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power to the heater. Secondly, practical management requires a reading accurate enough
at the remote location to indicate when an increase of heater power is dictated on an aging
filament, without first suffering loss in emission. With regulated voltage, the desirable
remote indication is heater current to establish a given threshold heater power. With this
current indication accurately available at the remote location, judicious management is
practical.

In addition to the individually metered circuits, several warning devices are typically
included in any high power transmitter remote system. They are generally not unique to
television transmission, but warrant mention in a typical system. Physical security, fire
detection, and building overtemperature are often included. When the transmitter includes
a major air system, it is desirable to detect restricted flow. On the WKBS system, a water
overtemperature warning alarm circuit in the transmitter performs this function at a tem-
perature low enough to allow travel time to the site to remove the air blockage. This type
of system can anticipate a problem due to buildup of foreign matter deposited from the air
stream, and prevent lost air time.

In general, any detection warning system should be planned to anticipate a major problem
and allow time to act before air time is lost. Double locked doors, with the indicator on the
outer door, might allow time for police to investigate a forced entry before transmission is
jeopardized.

REVIEW OF WKBS-TV SYSTEM

Several of the principles for remote control of high power television transmitters are
applied in the WKBS-TV installation. The station's objective was to provide adequate con-
trol and metering which could be expanded as desired. Refer to Figure 3. As seen by con-
trol functions 2, 3 and 4, the two step control sequence is used with the third overload reset
operation included to augment a three shot reclosure system in the transmitter. Functions
6 and 7 control excitation to the final amplifiers for maintenance of optimum drive levels.
The video modulation monitor assists in adjustment of visual drive. Functions 9 and 10
allow control of video modulation. Elanking level adjustment, though seldom required, can
be used effectively when vertical interval test signals are available. The remaining meter-
ing completes the readings required. Warning functfions have been applied to selected
transmitter overloads, loss of primary power, and water overtemperature.

The WKBS-TV system represents a practical application of a remote control system to a
high power UHF-TV transmitter. Although basic functions were made available in this
system, many additional ones could have been included to provide more detailed information
at the studio. Each transmitter station will have unique requirements, but those outlined in
the WKBS-TV system are typically required.

We would like to thank Kaiser Broadcasting for the opportunity to describe the remote
control system at WKBS-TV Channel 48, Philadelphia, Pennsylvania.
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CBS STOP-ACTION MAGNETIC VIDEO DISC RECORDER

By Adrian B. Ettlinger and Price E. Fish
(For Presentation at the 1966 NAB Convention)

The past few years in television ccverage of sports events have been marked by
a number of advances in technique to give the home viewer a better understanding
and enjoyment of the action. Football coverage, because of its commanding
importance in network sports broadcasting, has been a major focal point for
technical innovation. One important example is the isolated camera with
immediate video tape replay, which was introduced by CBS on its broadcast of

the 1963 Army-Navy game.

In early 1965, the CBS Sports Department, planning for the National Football
League season of that year, wished to introduce a new element inte the
recorded replay technique to aid the viewer in comprehending the often complex
and fast action of a football play. At this time, there recently had been
introduced by MVR Corporation (Machtronics), a video disc recorder whose basic
characteristics offered the opportunity of an equipment design which could be

tailored almost precisely to the demands of the football replay operation.

A common technique long used in film presentations of football action has been
the "freeze frame" by which a film sequence is interrupted to highlight a
crucial instant of action by "freezing" the picture for a few seconds, after
which the action resumes., The goal was established to accomplish this effect
electronically so that it could be used on the immediate recorded replays of

football telecasting.
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There is a capability for an electronic "freeze-frame" effect in most helical-
scan video tape recorders. This capability, although useful for industrial
applications, has some serious disadvantages for broadcasting. When the tape
is stationary, most helical-scan recorders will produce a readable still frame.
However, the signal is characterized by a large horizontal noise bar. The
position of this bar can be phased manually into vertical blanking, but in
broadcasting operations, if the attempt is made to freeze the action of the
replay while on the air, the noise bar can appear unpredictably in any part of
the picture. Thus, for a "clean" operation, any freeze frame to be broadcast
first must be previewed so that the noise bar can be phased out of the picture.
The second disadvantage is that the helical-scan recorder freeze frame signal
output is non-standard as to synchronizing signal format. The ratio of
horizontal to vertical frequency is altered, such that the signal becomes
non-interlaced, and the horizontal frequency is shifted slightly, usually
downward, by one-half to one per cent. To standardize the signal requires a

standards conversion process, with its attendant quality degradation.

The recording technique employed in the video disc recorder is one that has

been used successfully for several years in digital recording applications
associated with computer technology. The recording medium is a polished magnetic
alloy plating on an aluminum disc. The recording head rides in direct but low-
pressure contact with this disc. In the unit under consideration, the disc is

twelve inches in diameter and rotates at 1,800 rpm.

Computer applications of this type of disc unit generally employ a number of

fixed heads to record multiple continuous tracks. In the first demonstrated



video application, recording was also on continuous circular tracks, but with
a single movable head. With such a device, it is possible to store a number
of fixed video frames, which may be selected by radially positioning the

record/playback head.

CONTINUOUS RECORDING

The first key development leading to the final stop-action unit was a
mechanism to provide the required head motion to creste continuous recording
cgpability. This mechanism takes the form of a lead screw drive to transport
the head carriage assembly in the radial direction. The lead screw is driven
by a worm drive directly from the disc drive shaft. This arrangement
establishes a positive relationship between disc and head position, which
insures accurate tracking. There are two control features in this

mechanism (1) a pin-type clutch for disengaging the lead screw drive and

(2) a method for disengaging the head carriage from the lead screw.

The worm drive ratio is 10:1, so that the lead screw rotates at 3 rps, or

10 television frames per revolution. With a track width of .004" and a guard

band of .001", sufficient head travel is provided to permit a continuous recording
of 20 seconds duration. This requires a total head travel of 3". These parameters
result in writing speeds ranging from a maximum of approximately 1,100 inches per
second at the outer periphery of the disc to a minimum of 565 inches per second.
The direction of head travel was selected as "outside-in", based on the

assumption that few recordings in practice would be of full duration, so that

any deterioration in signal quality is preferred to be at the end, rather than

the beginning, of the recording interval.
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The head carriage disengagement feature is used to allow the recording head to
move quickly back to the starting position after a partial or full recording
is made. This feature, of itself, is of considerable value in football
telecasting, since it is a solution to the operating problem of the time delay
normally involved in recueing tape for an immediate replay. Any recording
operation can be interrupted and a playback started with a delay only on the

order of one second.

The lead screw drive disengagement feature is used to stop the motion of the
head carriage assembly while a stop-action frozen frame is being transmitted.
Stoppage of the head carriage permits continuous replay to be started again with
the appearance of a resumption of the action from the point at which it was

frozen by the stop-action effect.

STOP-ACTION CHANNEL

To achieve the stop-action effect, an additional record/playback channel is
used with a continuous circular track. This track is on the underside of the

disc, located near the outer edge for maximum writing speed.

For a satisfactory stop-action picture, it does not suffice merely to record and
then repeatedly replay a single complete frame of the video signal. Particularly
on fast-moving sports material, there can easily be sufficient displacement of
portions of the image between the two fields of a complete frame to cause an
objectionable degree of flicker in areas of motion. Tt is essential, therefore,
that the video signal of one field only be used for the played-back stop-action

frame. This can be accomplished by using two playback heads on the circular



stop-action track, at opposite sides of the disc, and switching between them
at the field rate. The angular displacement between the heads cannot, however,
be exactly 180 degrees. Since the number of lines in a frame, or the number

of lines on a complete track, is an odd number, if the heads were 180 degrees
apart, when one head was reading a sync pulse, the other would be reading the
center of a scanning line, so that there would be a half-line time displacement
when a switch was made from one head to the other. The displacement between
the heads, therefore, is made 180 degrees minus the angle corresponding to
one~half of a line interval. When the displacement is set to precisely this
value, it is possible to switch playback instantaneously from cne head to the
other with no time base discontinuity. The switching points are arranged so
that both the even and odd vertical synchronizing intervals are played back

by one head while the other plays back the video interval only. This switching

pattern is essential to recreate the vertical synchronizing signal properly.

The angular displacement of the two heads is quite critical to permit switching
without a time base discontinuity (.001l" difference in position corresponds to
approximately one micro-second in time). One of the stop-action heads, hence,
is mounted on a micrometer screw positioning assembly permitting minute
adjustments in its position in the angular direction. Both heads can also be
positioned in the radial direction to permit some choice in the location on the

disc of the stop-action track.

CONTROL SYSTEM

A marriage is required of the two recording chamnnels thus far described into a

system permitting the required operational control to alternate between continuous




replay and the stop-action still frame. A series of events must take place to
achieve the transition from continuous replay te stop frame, and vice versa.
In going to stop frame, the actions are as follows and are illustrated in
Figure 2:
1. A transfer recording is made on the stop-action track of a
frame currently being replayed.
2. A switch is made to play back alternately from the two
heads of the stop-action channel.

3. The lead screw drive is disengaged.

At this point, the continuous channel's playback is halted close to the point
where it played back the selected stop-action frame. To revert to continuous
play, the sequence is as follows:
1. The lead screw drive is engaged.
2. After a short delay to permit mechanical tracking stabilization,
playback is switched back to the continuous channel.

Figure 3 illustrates this sequence.

In this system, the transition to the stop-action frame is ideal, in the sense
that the picture motion halts precisely on the frame being transmitted at the
instant of the halt. In resuming continuous motion, however, there is a slight
gap in the action since the switch back to the continuous head must be made
after it has traveled slightly beyond the point where it played back the

stop-action frame. The gap, however, is held to less than three video frames.
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OPERATING FEATURES

The control panel of the unit includes, as operating controls, push-buttons
designated "Record", "Play", "Freeze", and "Reset". 1In the "Reset” state,

the record-playback head is at the starting position and the electronic
circuits are in the "E-E" mode (or electronic-to-electronic), providing a check
on the operation of the video signal path through the recorder. The "Reset"
button can be operated while a recording is in progress. If a full 20-second
recording is made, reset occurs automatically at the end. The "Play" button
initiates playback of the continuous recording. The "Freeze'" button may be
operated at any time during a playback, and "Play', can, of course, be resumed

while in the "Freeze" mode.

The control logic also permits use of the Stop-Action channel independently

of the continuous recording channel. If the "Freeze" button is operated while

in the "Reset” state, the Stop-Action channel will capture a frozen frame
directly from the incoming signal. One useful aspect of this feature is that

it permits the best possible quality of a played-back Stop-Action video signal,
since the Stop-Action channel is in this mode making a first-generation recording,
as against the usual second-generation resulting from "Freezing" the output of

the continuous channel.

A block diagram of the major elements in the signal system is given in Figure 4,
Signal routing is accomplished by relays for those functions, such as Record

vs. Play, where precision timing is not required. For switching functions
related to the "Play-to-Freeze" and "Freeze-to-Play" transitions, plus the

head switching in the Stop-Action mode, electronic switching must, of course,

be applied.



Electronic circuitry is completely solid state. The unit weighs approximately
40 pounds and measures 17" x 19" x 11". Power consumption is approximately

100 watts. Provisions are made for remote control operation.

APPLICATIONS

The stop-action recorder was initially used by CBS on the first pre-season

NFL exhibition game broadcast of the 1965 seasor., a Baltimore Colts intra-squad
game on August 6. Units were used subsequently on two or three games each
weekend throughout the remainder of the NFL season. Other sports applications
have been for basketball, skiing, and track meet coverage. The Stop-Action

unit has alsc been used by the CBS News Division in its coverage of both Gemini
and Saturn rocket launches from Cape Kennedy. Despite the difficult circumstances
of the early periocd of application, involving coenstant shipment of the units to
various locations around the country, the equipment has proven to be quite
serviceable and adequately reliable in its opere-ion, and its use has beccome a

common feature of CBS sports broadcasting.
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FCC TECHNICAL PANEL

NAB Broadcast Engineering Conference
Chicago, Iilinois
Wednesday, March 30, 1966

MR. LEARNED: Good morning, ladies and gentlemen, and a happy welcome to
you as I start as moderator of this star-studded list of panelists.

The panel has proved to be very successful in the past, and there is no reascn
for me to believe that it will not continue to be so in the future. As a mat-
ter of fact,we are about to embark upon a rather unusual experience, a kind of
man bites dog operation. Where else will you have the opportunity in open
meeting to directly put your questions to the FCC? I am told that they some-
times ask you very direct questions, and I believe they come in numerous forms
and some of them even on different colored paper. So now is your opportunity
to at least meet some of these people face to face, and it is my sincere hope
that in so doing, you will come to the general conclusion that these people are
not quite the ogres that you have often thought them to be.

As a matter of fact, I hope that they, too, will come to the similar conclusion
that you people, perhaps, are not always juvenile delinguents.

Inasmuch as this is a very large hall, we have four microphones cn the floor for
your questions from the floor. ©Now if it makes you feel any better, I might say
that it is not absolutely necessary that you identify yourself.

As you know, I am Les Learned of Mutual and our distinguished panelists are as
follows:

Hart S. Cowperthwait, chief, Rules & Standards Division;

Otis T. Hanson, chief, Existing Aural Facilities Branch;

Wallace E. Johnson, assistant chief, Broadcast Bureau;

Harold L. Kassens, assistant chief, Broadcast Facilities Division;
Harold G. Kelley, supervisory engineer, TV Applications Branch; and
Curtis B. Plummer, chief, Field Engineering Bureau.

Due to illness, Ralph Garrett, chief, New and Changed Facilities Branch, is
unable to be with us.

Our first question deals with the go-no-go rules. What are they and how are they
working?

MR. JOHNSON: I'm sure you are all acquainted with the go-no-go rules. It
is a new method we have devised for processing new stations or major changes in
existing stations. It went into effect in August of 196Lk. You remember under the
previous allocation rules, for AM, we went through a procedure whereby we first
determined whether a new application would cause interference to an existing



station and if it did cause interference to an existing station, how much
interference it would cause. We went through a calculation whereby we deter-
mined the extent of the interference as far as miles are involved. Finally,

we determined how much interference was caused to existing operations, how

much service was lost, and we weighed the gain in service against the loss in
service to the existing stations and finally came to the conclusion that in

AM, the service had pretty well matured. We had over 4,000 stations and they
wanted to come up with some device whereby it would be simpler to process these
applications and come to a final conclusion. So the go-no-go rules were devised.

This is a system where we take the pertinent contours, that is the protecting
contours of an existing service, then determine where the interference and the
interference contour would fall, and if there is an overlap of those contours,
we say "no-go".

As one broadcaster downstairs said to me yesterday, griping, "Go-no-go, I sure
found out what that means. I wanted to go and all you kept telling me was ‘'no-
go'."

Then we added another thing for nighttime where you have to serve a 25% wide
area. As far as actual operation is concerned, we don't think it has really
saved us much time in processing the application. The engineers processing the
application, since it is a very specific determination they make, you are either
in or you are out, it is probably a little more difficult to come to a conclusion
and it takes a little more time to come to that specific conclusion on these real
close ones. So it is probably taking a little longer to process the applications
initially. But we are saving a lot of time, especially in the hearing areas. Ve
don't go through hearings any longer on the new applications, coming up with
involved studies and testimony on services in the area that are lost and services
that are gained.

So, on an over-all basis, we think it has saved us time, but it has increased
the processing time somewhat in the initial processing.

MR. LEARNED: Thank you.

This question, I believe, is a kind of double-pronged one and perhaps Mr. Kelley
might be the logical one to answer it.

QUESTION: When we were required to reduce our aural power recently, we
were able to bypass the aural amplifier and feed the antenna system directly from
our aural driver stage in order to attain 20% aural power. Would it be possible
to obtain authority to use the surplus aural amplifier as either an auxiliary or
alternate final amplifier for the visual transmitter?

MR. KELLEY: Yes, assuming that the surplus aural final amplifier can be
adapted to the visual side, it could be used as either an auxiliary or alternate
transmitter. This would require an application on Form 301 for CP to make the
change. As a matter of fact, a number of stations have already done this.



MR. LEARNED: The second part of that question is, "What is the difference
between alternate and auxiliary transmitting equipment insofar as their use is
concerned?”

MR. KELLEY: By alternate we mean just that, that you may use the alternate
equipment without any specific purpose. In other words, you may use the alternate
one day and your regular equipment the other day without any purpose at all.

On the auxiliary equipment, we usually limit that to use during an emergency,

for maintenance, and for test purposes. And the requirements are slightly dif-
ferent on the two in that an application for a license for the alternate equip-
ment requires the full proof just the same as if it were the main, and it must
be type-accepted equipment. And on the auxiliary, we don't stick to the require-
ment that it must be type accepted, nor do we normally require complete proof of
performance on the auxiliary equipment.

MR. LEARNED: What should an FM or TV engineer do to his modulation monitor
to keep from being cited for over-modulation?

MR. KASSENS: Wally says, "Get out of the business." Well, I don't think
it is quite as complicated as we have tried to make it. I mean, the industry
as a whole. The simple answer is to read the instruction book.

Now, we are all engineers, we know how this thing works. The first thing you do
when you get a piece of equipment is unpack it. The last thing you ever do is
read the book. If there are any equipment manufacturers here who are thinking

in terms of next year's show, I have a suggestion: if you can somehow figure

out how to get the pages of the instruction book into the latest Playboy Magazine,
you might get somebody to read it, especially if you put it in the center fold.

We have found, in cooperation with the NAB Engineering Advisory Committee, that
the modulation monitors work acceptably if you calibrate them properly. Now a
little over a year ago, we went down to Raleigh, North Carolina, representatives
of the Advisory Committee, representatives from the Commission, and we brought
our truck along to see how bad this thing really was. Virgil Duncan had set the
thing up for us.

Now we recognized the fact that we were using specific types of programing. He
had taped various programs. We recognized that you can get different answers
with different types of programs. But we tried several different kinds of
modulation monitors and we compared the readings we got from the modulation
monitor with what we got in our truck and we found we could get agreement if we
didn't try to set the flasher at 100% and if we didn't try to set the meter at
100%.

This is why I make the statement about the instruction book. If you look in most
instruction books, it tells you not to try to run the meter over 50, 60 or even 70
percent. If you do that, I don't think you are going to have any problem with us.



The fellows we run into are the fellows who are modulating as much as 100% on
the meter which means that quite often we are getting readings of 200%
modulation.

Now the statement has been made that you are required to use the modulation
monitor of the type we approve, which implies that it is approved for this use.
But we approve it with the statement in the instruction book and I suggest you
would find it very helpful to go back and calibrate this thing and I think your
readings and ours will be much closer together.

MR. PLUMMER: I have one comment. Ever since we started issuing citations
in my department, I have disliked the word "citation". A citation to me is
something good.

The policy at the moment is that we are not closely adhering to something over
100%. I am not going to give you any magic figure, but we have to use some
discretion, so unless you are pretty bad, we are not going to hand out the
citations.

QUESTION: Having been cited for undermodulating an FM station, the question
comes up, when an inspector is on the premises and stands around and watches the
station monitor for a while and says, "0.K., when are you going to hit 95%?" Now
I know, on voice particularly, if we are more than about 40%, we are really 100%.
Does he know?

MR. PLUMMER: As I understand it, the instructions to the inspector are to
watch this for a long period of time. He is not going to walk in and say it is
40% and here is the citation. He is going to watch it for a long time. Sure,
if you are playing symphonic music you are going to have low passages which is
all right for a period of time, but he can judge that. If the announcer comes
in with a spot, the normal practice is to run it up as high as you can and he
will be watching for that too.

MR. LEARNED: The next question I have here is, "Has the draft and the
Viet Nam conflict caused a shortage of operators in the broadcast field?"

MR. PLUMMER: I would say over-all, no, but there are some spot situations
here and there that pop up where people have difficulty getting operators. Now
to be very frank with you, I want to tell you about one of our indicators of
the situation.

We give out short-time waivers to allow you to find operators. And the request
for waivers has actually been going down. I will give you a few figures here.
Teke the second quarter of the year which has just finished. In 1964, we handed
out 46 waivers and in 1965, 28 and in 1966, 31. Now it has come down considerebly
from the first year.



The first quarter figures are 62 in 196k4; 50 in 1965 and 34 in 1966. And we
consider that that situation is fairly significant. If I may be a little bit
catty, I also think economics comes into this.

MR. LEARNED: In the new UHF television table of assignments, the FCC
stated that the individual channels were picked by a computer. Question: Our
city has not been assigned a station - do we need to buy a computer to find one
or will the FCC accept our petition for a channel that we know will work here?

MR. COWPERTHWAIT: No, as unreasonable as we appear to be at times, it won't
be necessary for you to buy a computer or even rent one. Any computations that
are done with computers can also be done manually. It just takes a little longer.
So, therefore, I would suggest that in conducting your search for a channel that
you do it by manual method, using the priorities that we set forth in our Fourth
Report.

After you have found the channel, you can petition us. Upon receipt of the
petition, we will interrogate the computer to see if that is the most efficient
channel. If it turns out it is not, we will substitute the channel that the
computer selected, but we will still put out your petition for rule-making,
other matters being satisfactory.

Now the question may come up, why go to all this trouble when the Commission is
going to select the channel anyway? Well, the answer is, you don't have to, if
you trust us. You can merely submit your petition, giving the reasons why you
think a channel should be assigned to your particular city and we will go ahead
and find the best channel for you and issue the rule-msking.

MR. LEARNED: If the operator cannot see the transmitter, can extension
meters be installed?

MR. HANSON: Unfortunately, the rules do not provide for extension meters.
They provide for either remote control or direct control by the operator of the
transmitter. We have the rule, if you want to call it that, if you can see the
meters on the transmitter, not necessarily read them, but can see the indica-
tions, to know the meter is reading within the ball park, shall we say, by means
of a mirror up on the wall or through a window, this is fine. But you still have
to go and read the meters every half hour as you are required. We do not, at
present, permit extension meters as such.

MR. LEARNED: I am a daytime only operator. During the Northeastern power
failure, the local Civil Defense Director called and requested that we operate
beyond our assigned time. Just what are our responsibilities in this type of
situation?



MR. JOHNSON: That is a good one. We get a lot of questions raised by
operators; we get long-distance telephone calls from operators during emergen-
cies and sometimes the Civil Defense Director is standing next to him and
sometimes he takes the phone. And every time they call, we are sure that the
operator has a lot of hesitancy about complying with the request of the Civil
Defense Director or some other authority in the area. Sometimes, some of the
other authorities in the area, of course, are pretty eager. They want one
particular station to operate for some reason even though some others are
providing the service.

And I think it is Commissioner Lee who keeps saying the best experts we have
in broadcasting in the field are the operators of stations. They should be in
a position of determining when an emergency justifies their operating beyond
their normal hours of operation. They are the ones who are going to be respon-
sible if any questions are raised. And in our emergency rules, we have made
the determination; the determination that is put on the operator; the operator
determines whether the emergency justifies his extended hours.

So we considered the request of the other officials, Civil Defense and others,
as some need in the community for additional operation, which the operator
should respond to. This is one bit of information he uses to help him determine
whether the emergency justifies his continuing operations. We want the operator
to make the determination.

MR. PLUMMER: Do we second-guess whether it is a good determination in the
end?

MR. JOHNSON: Very seldom do we ever have kick-backs, if you want to use
that word, on an operation of a station past its normal hours. Most of the
stations are really good about it. They will operate in areas where there 1is
no other station. They will have a real emergency situation which justifies
their continued operation and offhand I can't think of anyone whom we have gone
back to and really tried to question him about his judgement in the particular
situation.

QUESTION: As state chairman of SIAC, I would like to clarify a point here.
Is it not true that under EBS that a daytime only station can only operate in
its licensed hours in the daytime only but that the emergencies you are referring
to are where there are tornadoes and things of that sort?

MR. JOHNSON: Yes, I think we should straighten that out. A lot of guestions
were raised during the Northeast power failure, what happened to EBS?

SAME QUESTIONER: EBS can only operate daytime?




MR. JOHNSON: In some of the state plans, daytimers are included. However,
you say "daytime"...it depends on the state plan you have. The problem that
we have is differentiating between EBS which is a national emergency evoked by
the President and the localized emergency. One of the things that is being
worked on is trying to fragment the emergency operation to fit the local opera-
tion and I think there is a subcommittee of NIAC who is working on that where
we will take the facilities that are provided and set up in EBS and fragment
them and make them available for local operations.

QUESTION: I think the point that needs qualifying here, you are going to
get a lot of requests. This is under the EBS plan only, on the stateside. We
have been discouraging the specified hours for daytime only stations from apply-
ing for hours beyond that. We have been discouraging their area Civil Defense
Commander asking for their operation beyond that. Now this is under the EBS
plan only, not under any other type of emergency. They were limited. The theory
being for maximum service by other stations, if the daytime only stations operate
they are cutting down the service area perhaps of other stations.

MR. LEARNED: As far as I know, and I think you can probably back me up on
this, Wally, there is no current plan afoot to permit daytimers to operate beyond
their operational areas.

MR, JOHNSON: I know in some of these state plans, some of the daytimers
have submitted their request.

MR. LEARNED: None have been granted?
MR. JOHNSON: No.

QUESTION: I would like to refer back to a previous question regarding
remote control. Some manufacturers can supply you with meter reading to add
to your transmitter, to remotely meter and control it for distamnces, we will
say, of 50 to 100 feet where it is not practical to knock out walls and use
mirrors and so forth.

My question is: What about "Fail-Safe?" Can we get by without absolute
"Fail-Safe", because I don't know the exact definition as to your rules, as to
what "Fail-Safe" constitutes.

MR. HANSON: The transmitter then is on the same premises where it is
being controlled, on the same flcor or maybe the floor above.



I think that we have, well I can't say, it has not actually come up before, but

I think we would probably look askance at it. I hate to be arbitrary on it, but
I think the rules are, it is remote control or not remote control, so if you have
remote control, you have to comply with the rules.

I will go back and say that if somebody doesn't particularly like the remote
control rules, they are perfectly welcome to come up and convince us that they
should be changed, I am sure Mr. Cowperthwait would be willing to do it. Maybe
this is something that was not contemplated when the Commission adopted the
remote control rules. It was actually thinking about the transmitter being at a
distance somewhere and not in the same building. It is something that could be
very well taken care of.

QUESTION: From a technical standpoint, almost all of the aspects of "Fail-
Safe" would be caused by it. That is, we would comply in almost every respect
but in order to be specific you would have to define what constitutes "Fail-Safe"
that is whether the grounding of the circuit or opening of the circuit or closing
of the circuit would constitute "Fail-Safe," and there are no definitions I can
find in the rules regarding it.

MR. HANSON: The main thing in remote control is being able to do at the
remote point what can be done at the control point itself. And if it is only a
short distance away, you can get to the transmitter and you know it is happening
and you can do something about it.

MR. KASSENS: Let me go just a little bit further. If you are talking
"Fail-Safe" and you have a provision for shutting off a transmitter from the
control board, this would be acceptable. We have to be sticky on this point.

The rule says it is either remote control or it is not remote control. Unfortu-
nately, you have to draw a line somewhere. We can look at these on a case-by-case
basis, but it gets a little bit difficult if the transmitter is in the next room
and you say, "Let's be reasonable and you walk around the corner." And the next
guy comes in and says, "Well, the transmitter is only one floor below." It gets
confusing to us to try to distinguish one from the other. So we either say you
are in or you are out.

It may sound unreasonable, but we do try to look at these things on a case-by-case
basis.

MR. LEARNED: Because of the program schedule problems, we sometimes find it
necessary to video tape certain color programs directly off the network for broad-
cast at a later time. However, our particular video tape machine is not designed
for color pleyback. Consequently, the chrominous information is transmitted, but
the 3.5 Mc/s reference burst is wiped out. Is there any FCC rule governing this
or what is the policy of transmitting color programs in monochrome in such cases?



MR. KELLEY: Well, being facetious, I would suggest you get a tape recorder
that transmits color. But other than that, there is no requirement that a station
transmit programs in color received from a network or any other source. So the
transmission of color is purely voluntary by the station.

In this particular case, I can foresee there might be some problem -~ some of the
chrominous information may get through and trigger the color killer on the

receiver. It might give flashes of color on the receiver. That, perhaps, might
be undesirable. But so far, we have had no complaints on this particular point.

MR. LEARNED: The Commission’s Rules were recently revised to make each
licensee using a single antenna structure requiring obstruction lighting, respon-
sible for checking the condition of the tower lighting and entering the informa-
tion in the station's log (now the operating log, per Docket #16005). In the case
where a single licensee uses the msin station antenna tower as supporting structure
for his own associated auxiliary station, such as remote pickup base station, or
STL station, does this tower lighting information also have to appear on the log
for the auxiliary station?

MR. KASSENS: No, it does not, not in the same fashion that you indicate on
the log. You can cross-reference it, for instance, just to put a note in the log
saying, "see main log," and this will be acceptable.

The same question comes up where you have multiple licensees where one man, by
contract, assumes the responsibility for checking the lights and the other
licensee has referenced his log to the licensee with whom they had the contract.

MR. LEARNED: The next question I have here is directed to Mr. Plummer.

"I am the owner of an AM broadcasting station and my modulation or frequency
monitor has become defective. A period of 30 or more days may pass before I can
have the meter repaired. What procedure do I follow?"

MR. PLUMMER: This is one that is always coming up and there is always a
misunderstanding. We get telegrams in Washington requesting permission to
operate without monitors. All I can say is, save yourself the price of two
telegrams and just notify our inspector in charge that you are operating without
a monitor and put in an oscilloscope to check it during that time.

MR. KASSENS: I think the rules are rather specific on this point. It is
permissive and you may operate without the monitors as long as you notify us and
do certain things.

MR. KELLEY: In TV, I think, this is missed completely by a lot of people.
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In view of the change in our rules about a year ago, on the frequency measuring
and checks for television, a frequency monitor per se is no longer required for
television.

MR. LEARNED: Next question, "I plan to change my studio location. This
will change my remote control point. Can I just report this change when I report
the studio change?"

MR. HANSON: Unfortunately, no. I get frantic telephone calls and telegrams
saying, I am going to move my studio out of my remote control. Must I file an
application if I notify you?"

Under existing rules, every time you move or change your remote control point,
you have to file 301-A. We act fairly fast on them. But you have to file it.

We are working now on some simplifications of that rule and I hope we can get
agreement on it and put it up for rule-making very shortly. I hope that it will
let you move the remote control point when you move your studio. If you have
authorization to move your studio from X Street to Y Street, since you already
have it, you would just pick up the pieces of gear and move them. We think maybe
we may go along with it.

MR. LEARNED: What is the status of the U.S.-Mexican AM Treaty?

MR, JOHNSON: That is something that has been asked me many times at the
convention here, of course, and I guess my answer should be "gracias."

There is quite a history. I don't know how far you want to go into this thing,
but we have been so deeply involved in this for some time. But basically, we
have two basic AM agreements. One, the North American Regional Broadcasting
Agreement which has not expired, has an automatic extension clause and continues
on that basis until the parties decide they need another agreement. But the
Mexican Agreement does not have automatic extension clauses and it expires by
its terms in June of this year. We have had some difficulty making contact, of
course, with the Mexicans on what happens at the end of this present agreement.
We have had contact with them within the last two months. We have discussed the
problem with them and there is a desire on both sides to negotiate various points
of the agreement. But there is also a desire on both sides to continue the
present agreement in force until a new one can be renegotiated.

On March 15, we had an industry-govermment meeting where representatives of their
State Department and ours and interested parties in our industry who were concerned,
came to Washington, and we told them what the situation was at that time. We told
them we were working with the Mexican Government trying to come up with an exten-
sion. And as it now stands, the extension that has been worked on is to continue
the present agreement through December of 1967, during which time we will go
through a renegotiation period.
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MR. LEARNED: The second part of that question is, "I am a daytime only
operator, on a Mexican clear channel. What are the possibilities that the new
agreement will permit me to operate additional hours?”

MR. JOHNSON: That is the question I am getting at. There are only approx-
imately 270 daytimers on the Mexican clears, but I think they are the more vocal
of the other groups at the present time as far as the Agreement is concerned.
There are presently six Mexican clear channels that we permit daytime operation
by the Agreement with no nighttime operation. Mexico, in turn, cannot operate
on our 25 1-A channels nighttime.

The main problem that developed during the last negotiation which ended up cover-
ing some seven-year period, was operation on clear channels. The Mexicans Just
don't want any other operations on their channels at night. We are not sure at
this particular point whether they have relented any. If there is any way that
we can try to get extended hours for our daytime - we are assuring everyone who
has a daytime license that we are going to try our best to get some extended
hours for daytimers, not only on the Mexican clears but on some of our other
clears, either unlimited time or some additional time in the morning or possibly
some additional time in the evening.

So, I think, both the State Department and the Commission are committed to try
to get an Agreement which will permit extended hours in some form.

MR. LEARNED: Do the Commission's rules require that the aural-to-visual
power ratio for auxiliary transmitters be changed to comply with the 10-20%
standard or may the auxiliary transmitter contimue to be operated at higher ratios
provided the authorized power of the main transmitter is not exceeded?

MR. KELLEY: Well, the latter part of that statement is generally true. In
other words, if you have an auxiliary facility and during an emergency when your
main aural transmitter is out, you may go up to the main authorized aural power
but not exceed that authorized for the main.

As for the first part of the question - generally speaking, the auxiliary trans-
mitter licenses are of two different types. There is one type where we do not
specify the operating parameters or the ERP on the authorization, and the other
type we do. The thing that determines whether we do specify these operating
parameters is dependent on two things. One is when it is possible to obtain an
aural or visual ERP equal to or greater than that authorized for the main. And
the other is where the auxiliary facility is located at some remote location from
the main facility. 1In those cases, where the operating parameters have been
specified on the authorization for a license, it would be proper to file appli-
cation to reduce the aural power for the auxiliary transmitting equipment.

MR. LEARNED: Thank you. Does that generate any further questions?
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MR. JOHNSON: Most of the questions that have been raised in the Mexican
agreements have been from the daytimers. But there are several other points
I want to touch on before we leave this and give you the wrong impression. We
also have several other problems we have been attempting to negotiate with
Mexico. One of them is the problem we have with the local stations on the Border.
There is a strip along the Border, 62 miles from it, each side, where we cannot
permit local stations to increase power of kilowatts. In that particular case,
there are approximately 20 stations on each side of the Border, so we feel some-
what optimistic on that score; at least we can trade same numbers of stations on
each side.

For someone more optimistic, we may be able to get some more power for the sta-
tions in that particular zone.

And then another problem is the clear channels. We don't know whether the
Mexicans have relented on their previous position of just trying to protect
our clear channels on their contour protection of 50%, but that is something
we will find out very soon in the negotiations. So it is not just the daytime
station problems you have, but several other problems.

MR, LEARNED: When an FM station is in stereo, how does the engineer do his
annual proof of performance?

MR. KASSENS: Well, at the present time, he has no choice but to run two
monoproofs, one through the left channel and one through the right channel.

We have had this proceeding going on now for several years on stereo monitors
and it should be finalized quite soon. We tried to make it for this convention,
but didn't quite do it. It will be out in a matter of weeks.

At the time when we have type-approved stereo monitors, we will be able to
require a complete stereo proof which will include the separation measurement.
But there is no way now to measure and be sure you get the correct separation,
at least an official value of separation. But when we have the stereo monitor
rules adopted, then they can run it with the stereo monitor.

MR. LEARNED: Is it necessary that the tower be climbed in order to make
the required inspection?

MR. PLUMMER: The answer is no. It all depends on where you put your
apparatus for switching.

This gives me a good chance to get in a commercial. Two or three people have
asked me if we were going to have little handouts like we did last year as to
what we inspect at stations. We have these little packets here and we will hand
them down at the end of the meeting. We have a list here of what we inspect in
television stations also.
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MR. LEARNED: I believe Mr. Hanson might be interested in this next
question - "Have there been any requests for substitutes of some other material

than copper for use in the ground system of broadcast stations?"

MR. HANSON: I have had only one request. This was because they couldn't
get copper. They wanted to know if they could use aluminum. So temporarily
they are operating with an aluminum ground system. We have not licensed and
probably will not license this station until the ground system is replaced by
copper.

Copper is scarce, apparently. Whether it is because it is actually scarce or
moneywise, I don't know, but we know it is. They are not selling it for ground
systems, or transmission lines. But temporarily we have authorized the aluminum
ground system but not for too long.

MR. PLUMMER: Could I add a little something here? On the priorities we have
made some effort to see if we could find some source of, we will say, scrap copper.
Some of you may remember during the Korean situation, Western Union had available
hard drawn No. 10 they had taken down from open wire lines. There were thousands
and thousands of miles of it available. We checked with Western Union and they
said they were still taking lines down, but in very small quantities and, therefore,
they couldn't come up with any organized national basis to make this scrap copper
available.

I am not sure whether any of you involved in this problem could do anything on a
local basis or not. Western Union did say they are still taking down open line
wiring in certain parts of the country, so this is a hint for a local contact who
might be able to do something.

By the way, scrap copper, you perhaps noticed, is bringing something like T0¢ a
pound against a fixed price of 36¢ a pound for new copper. There lies part of
our trouble. The World Market is also up around 75¢ a pound.

MR. LEARNED: What is the engineering situation at the Commission? Are you
actively recruiting engineers in competition with industry and what success are
you having?

MR. JOHNSON: Well, Mr. Plummer will probably want to get into this. He
was executive director of the program instituted in the Commission to really do
some active recruiting. We engineers are facing & crisis where the number of
engineers has been decreasing steadily in the Commission. For instance, I see
there are undoubtedly lawyers in here, so this is not for their ears, but one of
the things that has concerned us, to give you an illustration of the problem we
have in the broadcast area, we have been fairly stable as tc total number. But,
within about the last 1k years, the percentage of engineers out of the total has
completely reversed. For instance, we have 35 engineers out of approximately
250 total people in the Bureau right now, which represents about 14% of the total,
whereas we have about 28% lawyers. Fourteen years ago, that was just reversed.
We had 28% engineers and 14% lawyers.
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There 1s another problem that we are facing also, because you notice year by
year we are all getting older and within about five years a good percentage of
our present engineers will be eligible for retirement. So we think a good
number of our engineers will be gone within the next five years. And, actually,
after this program today, we may have some forced retirements. Some of us may
be retiring earlier. But anyway, we have had a very active recruiting program.

We have visited universities during the last year. We have actually tried
desparately to get new students interested in working for the Commission. One
of the things we are pointing out to them, of course, is that the jobs at the
top will be vacant within the near future so that their prospects of advancing
in the Commission are very good. And in our active recruiting program where we
have discussed promise vs. performance, we can just about promise an engineer
better advancement at the Commission right now over a five- or ten-year period
than any members of the industry we have run into. So we will actually, in the
broadcast area, have five engineers come to work for us when they graduate in
June. That is the first time for many years we have actually had graduate
engineers we have successfuly recruited. And some of you who appear dissatis-
fied with your work - we will be glad to talk to you later about it, also.

MR. PLUMMER: I would like to add a little bit there. We are also starting
a program of recruiting technicians in the Commission, and even that has its
difficulties. One of the basic problems we are running into is we are no longer,
in the scheme of things, a very glamorous agency. The average fellow coming out
of college can generally get a little bit more per year by going to industry, in
terms of dollars. A great many fellows want to work in research laboratories.
As a matter of fact, we have certain industry people come to us and say, "What do
you pay a starting engineer?"

We tell them, and they say, "Fine, we will pay them $1000 a year more." That is
tough competition.

W=211 then, within the government, we have lost our glamor as compared with NASA,
the space effort, the Department of Defense. $So what we have to do is get some
fellows with a little twist who like to come to work for the FCC for some
personal reason. So, as Wally said, we must make a lot of calls to get a few
persons.

MR. LEARNED: Gentlemen, our time has run out. I wish to thank you very
much, on behalf of the audience, the NAB, and the Engineering Conference Committee,
for your kind efforts and a most enlightening presentation.









