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INTRODUCTION

Television has come “around the corner.” It's here with
such a clatter that it will no doubt remain to become one of
our greatest entertainment mediums. In this book there is
enlightenment for station owner, performer, engineer, and
the miscellaneous curious souls—including the bulk of man-
kind—whose interest is in listening-viewing television.

Just as food cannot be digested without mastication, so
ideas cannot be assimilated without having been thought over
and understood. The author devoutly hopes that the reader
will find herein enough thought-provoking information to
give him the urge for further research and thought. Tele-
vision is a pretty complex affair when one considers it in
all facets. So, in these following pages, we have made an
effort to be lucid, brief, informative, and interesting. We
have tried to avoid technical terms that may be omitted with-
out damage to the real meanings. We have tried to give
enough to make ourselves clear, and, at the same time, not
to become boring with detail.

Television cannot become mastered by the reading of
this book. However, you will find sufficient information here
to equip yourself for a good start in this great new enter-
tainment medium. At least, you will have some conception
of “what-goes-on” and be rewarded by a clearer outlook into
the whole intriguing business.

History is repeating itself. Within this generation, we
have seen the rise of radio broadcasting as an entertainment
medium and as an industry. We have every reason to be-
lieve that television will follow its path. Everyone shares
a responsibility in the future; but this responsibility can
materialize into a constructive effort only if we understand
the basic facts.

The writer hopes that such an understanding will be the
reward for whatever effort is imposed on the reader.

M. B.






CHAPTER ]

IN THE BEGINNING

A diligent search of all available sources does not dis-
close the exact date that someone, or anyone, contributed
anything tangible to what we now call television. We do
know that for ages people dreamed and talked of seeing
things through the air from remote places. Quotations of
such thinkings may be found even in the Bible.

What this writer believes to be the first recorded de-
velopment that bears on television transmission and recep-
tion under the system as we do it today was contributed by
a scientist named Becquerel in the year 1839. His discovery
did not lead directly to television, nor was anything done
in the direction of television then; but he discovered the
electro-chemical effect of light. As nearly as we know,
Becquerel made no use of this discovery, or, if he did, its
use was not recorded for posterity.

In 1873 a telegraph operator named May observed an
electrical effect while using some resistors which were made
of the metal selenium. May noticed that, when the sun
shone on the resistors, a photo-electric effect could be ob-
served by the erratic and unstable behavior of his instru-
ments. This erratic effect was tracked down and found to
be caused by the fact that the resistors, when exposed to
the sun, measured an actual change in resistance value. It
was thus that an announcement was recorded that the min-
eral selenium, was surely electro-chemically active under light.

For several years to follow, numerous scientists put forth
assorted schemes that speculated with the idea of ttansmit-
ting distant scenes by electricity, using the electrical action
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of selenium as a basis for transmission. In 1877 Senlecq
proposed a rather crude scheme for television using what
we now call a “mosaic”, plus the selenium, as a basis. Too,
a German named Nipkow took out a patent in 1884 which
brought to light the “scanning disc” in conjunction with a
cell employing selenium. His scanning disc consisted of a
round metal disc with a series of holes so arranged that,
starting from the outside edge, they traveled in an eccentric
circle path until this path ended 48 holes later and an inch
nearer the center of the disc. His receiver, although ingenious,
was lacking in amplification. So no real results were ob-
tained.

The cathode-ray tube actually came into being as early
as 1859, when laboratory tests and experiments were made
by discharging an electrical charge in a vacuum. In that
year, a scientist gave the name “cathode-ray” to the dis-
charge from the cathode element of a vacuum tube when a
high value of electrical energy was applied to another ele-
ment also in the vacuum. It was later demonstrated that
this discharge produced fluorescence of the glass walls of
the tube upon impact. This fluorescence was due to bom-
bardment by particles of electricity, which by 1890 were
termed “electrons.” The original tube was developed by
Braun and Wehnelt, and in 1897 was revamped by Braun
alone and called, after him, the Braun tube. The revamp-
ing brought about some control of the electron stream and
made it visible at the point of impact if the stream was di-
rected up the tube and struck a mica screen which was
coated with fluorescent material.

In 1905 Wehnelt again contributed by adding a device
to the cathode element of the tube which focused the beam
to a narrower stream and increased the emission of electrons
even though much lower voltage was applied to the plate
element. This also gave greater brilliance to the fluorescent
spot and greatly increased the reflection sensitivity of the tube.
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In 1907 a patent was asked for and granted to one
Boris Rosing for a system of television. This system made
use of the fact that, due to some experiments made by Ryan,
an electron beam could be deflected and bent by the use of
magnetic coils placed around the neck of a cathode-ray tube.

Rosing’s system transmitted the pulses of the photocell
tube as others had done, and he used two mirrored drums,
revolving at right angles to one another, to “scan” the
image in place of the former scanning disc. When received,
these pulses were used to charge, electrically, two plates in
the cathode tube. These fluctuating charges caused the elec-
tron beam of the tube to be deflected away from an aperture
placed in front in more or less amounts. Thus, the effect to
the eye examining the aperture was a variation in light and
shade corresponding to the original scene.

Satisfactory results in the way of a good, readable pic-
ture were never attained with this apparatus; but it was the
first real ingenious application of the cathode tube to tele-
vision. It failed only because there was, as yet, no way of
amplifying signals.

Not long after this, in 1911, Campbell Swinton con-
ceived the idea of a system whereby a cathode tube was
used at each end—one to transmit the picture and the other
to receive it. His system was so basically like the one which
we use today that it deserves special mention when chronicling
events in television even though it was not made real use of
until years later.

Swinton conceived a mosaic screen made up of photo-
electric elements which were to be part of a specially con-
structed cathode ray tube. The image to be transmitted was
to be projected on the mosaic through a lens, and the back
of the mosaic was to be scanned by a beam of cathode-ray
electrons controlled by the currents from two alternating
current generators. The beam in the receiver tube was syn-
chronized, or kept in step with that in the transmitter, by
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means of deflecting coils connected to the same generators
as the transmitter, and a wire connector carried the photo-
electric currents for modulating the receiver beam.

Again, because there was no such thing as the present
amplifying vacuum tube later to be developed by Dr. Lee
DeForest, this great conception was never tried in practice.
At least, no results are recorded.

In all experiments thus far, no transmission had been
attempted through the air. Tests were all made with the
signal being transported by a direct connector or conductor.
In short, there was as yet no radio. So we must pause here
in picture development to record the other portion of tele-
vision as we know it today.

Experiments in wireless had been going on since 1887.
A German physicist, Heinrich Hertz, was finding out how
to propel an electromagnetic wave through the air by the
use of a spark gap and coils. Because of Hertz, Guglielmo
Marconi, a half-Italian, half-Irish youth, in 1896 took out
wireless patents in England, and, with British backing, he
formed the first great company for wireless signaling, and
by 1899 was really in business.

Meantime “ham” (amateur) operators were springing up
and signaling around the country by use of the spark gap
and Marconi principles. By 1904, we begin to hear from
Dr. Lee DeForest in this field, until by 1910, he was ex-
perimenting with voice transmission by wireless. Actually, in
1906, a more or less amateur operator, Reginald Fessenden,
a Canadian, startled hams and commercial operators by send-
ing out human voice and sounds of musical instruments over
the air.

The public paid very little, if any, attention to all this
until 1912. In that year the use of wireless failed to save
the passengers aboard the Titanic when it rammed an ice-
berg in the Atlantic. From that time, governments here and
abroad aided the development of intercommunication by wire-
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less although there was considerable big-business bickering
for routes and control.

By the end of World War I, the advent of the vacuum
tube was creating a change in the method of transmission
of wireless signaling. The tube was made to oscillate and,
thus, emit a “carrier” wave. When controlled by a key, this
wave could be broken into the dots and dashes of the
Morse code. This type, also, had sundry other important ad-
vantages over the spark and arc type wave. Emphasis must
be put upon the fact that Dr. Lee DeForest and others were,
at the same time, uncovering ways and means to “modulate”
the carrier generated by the vacuum tube with a signal or
pulse, including voice.

So it was that the Westinghouse experimental station
8XK started broadcasting test music and voice and in 1921-22
became KDKA, a commercial broadcasting station.

The carrier system of broadcasting provided a roadway
on which any signal could be imposed as modulation. So
here we have the other part of present day TV—the method
to transport the picture through the air.

The next developments in television considered chrono-
logically, take us to 1924 and back to the scanning disc and
other mechanical devices. In this year, two men, each work-
ing independently, succeeded in transmitting to a receiver a
crude picture that was at least viewable. These two men were
J. L. Baird of England and C. F. Jenkins of the U. S.
Neither one contributed anything startlingly new to the art,
but their experiments did cause a flurry of research, experi-
ments, and some progress for the next several years. Most
all experiments were improvements of the mechanical de-
vices mentioned earlier. The holes in the scanning discs were
replaced by lenses and mirrors. Variations in methods of
scanning were tried with rotating drums of mirrors and
lenses. All methods remained in the mechanical category
and stayed that way. By 1931, the best that could be had
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was a picture which consisted of only 60 lines and 20 pic-
tures per second. This made a “poor detail” picture with
lots of flicker present.

Meantime, Dr. Lee DeForest, along with his wireless
experiments, had come up with the vacuum tube triode
which could be used to strengthen electrical impulses and
build up the weak output of a received signal to a point
where it was much easier to make it perform. In short, it
was possible to amplify a signal electronically. This had a
tendency to turn the laboratory experimenters’ thoughts back
again to previous experiments with cathode-ray tube systems
which had failed for the lack of amplifiers.

By 1933, Philo Farnsworth working in San Francisco, and
Zworykin of RCA each came up with methods of transmit-
ting and receiving a TV picture by all electronic methods.
Actually in 1931, the Don Lee System in Hollywood went
on the air on a one hour-per-day, six-days-a-week basis em-
ploying all electronic systems. Their transmitter, engineered
by Harry L. Lubke a former associate of Farnsworth, put out
a picture of some 300 lines at 20 frames and claims the dis-
tinction of being the country’s first television station.

Meantime, such notables as Ives of AT&T, Alexander-
son of G.E., Goldsmith of RCA, and Goldmark of CBS
were making improvements in the laboratory. By 1935, a
standard for transmission was 441 lines—which figure was
raised in 1940 to 525 lines at 30 frames. This is the standard
today.

RCA and Farnsworth settled their differences in court,
and this left the receiving set manufacturers with something
definite in the way of a standard to go by. Finally in 1939,
TV emerged from the laboratory stage, and NBC went on
the air with a regular schedule of programming. The bulky
receiving disc and equipment had been discarded. Electronic-
principle receivers were manufactured and sold, and the gen-
eral public began to take an interest—even though receivers
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were quite expensive. Cartoon pictures, March of Time, and
an occasional live drama were the viewer’s fare. Lubke, in
California with W6XAO, the experimental Don Lee station,
used serial films interspersed with Easter services, Rose Parade,
and first wrestling and boxing pick-ups to maintain his schedule.

As Dumont and other stations got on the air, an occa-
sional sponsor, looking well into the future, put in a little
money to try TV as an advertising medium. Such far-sighted
people as Lever Brothers Company, for instance, released pro-
gram material with one of their soaps dramatized in a
“commercial” to the viewing public. It is very doubtful
that they received a commensurate amount of advertising for
their dollar—for receivers were few and far between. The
action was, then, mostly institutional on the sponsor’s part
and continued even through World War II, which intervened
to put further technical and commercial advancement at prac-
tically a standstill. Manufacturers put all their resources into
the development of radar and other electronic equipment for
war use. Considerable experimentation went on in all labora-
tories in the general field, however, and, as a result of this re-
search, we emerged from the war ready to develop television
broadcasting as we now know it at a rapid pace.

Manufacturers who had been making electronic war ma-
chines were rapidly geared to switch over to the manufacture
of receivers, cathode-ray tubes, sensitive circuits in special
amplifiers, and other television equipment. Receivers could
be put out on an assembly line basis, and through knowledge
gained in radar, guided missles, and ultra-high frequency ex-
perimentation during the war, transmitters were re-designed
for more efficient circuits and antennas.

Only one other development had to be settled to bring
us up to date. Dr. Peter Goldmark, of the Columbia
Broadcasting System, had been experimenting extensively with
television in color, and CBS applied to the Federal Commun-
ications Commission for permission to transmit TV in color.
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They further suggested that color transmission be made the
standard for all picture transmission. Obviously, this point
had to be settled; for adoption of color at this time meant
that, for the most part, receivers already existent would be-
come obsolete immediately. The situation was thoroughly
explored by a Radio Technical Planning Board in 1944, and
their findings were confirmed by the FCC in January of
1945, at which time they ruled that color TV would be
put on the shelf until such time as the knowledge of the
art indicated that the public was ready to absorb it. In
other words, they implied that we had better get completely
developed in black and white transmission before tackling
color. We will dwell more on this in the very last chapter
of this book as we take a squint “in the crystal ball”.



CHAPTER II

TRANSMITTING TELEVISION

The transmission of the television program is very closely
allied to radio. This is natural because, as we have seen in
Chapter I, the radio carrier wave is the means of transpor-
tation for an audible signal. It is, likewise, the method of
transportation for ‘video” or picture information, which is
broadcast in the form of a composite signal.

Under any such system, a signal originates by impreséing
the diaphram of a microphone with sound, or it originates
by creating a pulse signal. At any rate, the originated signal
is amplified by a series of vacuum-tube amplifiers and sent
over a good quality telephone line (“loop™), or other con-
ductor, to the transmitter. It is then further amplified to such
a strength that, when it is impinged upon the carrier wave
being generated by the transmitter, it is potent enough to
swing or otherwise change the character of the carrier so
that the carrier will be “modulated”.

Television transmission differs from radio transmission in-
as-much as it requires the use of not one but two transmitters
to transmit the complete television program. One transmitter
carries the audio (voice) portion of the program, and the
other carries the video (picture) portion. These two trans-
mitters work as a closely allied team, and the audio trans-
mitter functions very much the same as does our normal
radio broadcasting transmitter except that the modulation
principle employed in television sound is referred to as “FM”
—or frequency modulation.

The video transmitter functions exactly the way a normal
radio broadcast transmitter does even to employing “AM”—
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amplitude modulation—but presents a much more complex
problem than either radio transmission or television sound
transmission.

The complexities arise mainly from the fact that in picture
transmissions a very broad band of frequencies must be re-
leased, three to four MEGacycles for the picture as against a
mere 200 KILOcycles for the sound. Also, for picture trans-
mission, several elements or components must be added to the
picture information so that it can be unscrambled and re-
assembled at the receiver end to become a picture.

The camera, where the original pulse to be transmitted
originates, views the scene with a lens and a camera tube (to
be described later) and divides the scene or object viewed into
thousands of elements. The camera components convert the
amount of light in each element into an equivalent electrical
potential, or pulse. The sequence in which the elements are
selected, or scanned, is determined by an electronic timing
circuit which is associated with the camera controls. The re-
sulting video signal is then amplified and combined in the
video line amplifier with synchronizing pulses supplied by the
timing circuit. The combined signal now contains all com-
ponents necessary to reconstruct the original scene or picture
when it is picked up by the receiver, which makes use of some-
what analagous electronic circuits. This composite signal, which
now contains the camera information plus sync pulses and
blanking, is further amplified as with sound transmission to
such a strength that it can properly modulate the carrier wave
of the video transmitter. When impinged on the carrier, it is
ready for transmission, via a transmission line, to the antenna
where it is radiated for pick-up by receivers within range.

TRANSMISSION CHANNELS

The design of the transmitter’s antenna is of paramount
importance in every way. This is because of the frequency
spectrum (channels) in which TV transmitters must operate,
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and, secondarily, because of the properties of propagated
waves at these frequencies.

The principal property of a wave generated for transmission
in the television spectrum that presents a problem to the engi-
neer is that at these frequencies a wave will reflect, or bounce,
but it will not bend. This means one thing: that a transmission
antenna must be designed to propel its wave along a straight
line that is a “line-of-sight” to the receiver. Also, it must
propel this wave as far as possible in all directions.

Therefore to increase the range of a transmitter it is essen-
tial that the antenna be erected at a site where hills, build-
ings, and other intervening objects are not in line-of-sight and
at as great a height above electrical ground and surrounding
terrain as possible. Signals cannot be transmitted reliably be-
yond the horizon. A receiver which is somewhat beyond the
line-of-sight may receive a signal, but it is probable that it
will receive a reflected or bounced signal that will give a
“ghost,” or secondary image, to the receiver. This condition
will be covered further in Chapter VI on TV RECEIVERS.

The full design of a transmission antenna is a technical
matter for the consideration of engineers. Nevertheless, a
little of what is involved may be set down, since it will con-
cern everyone who is a receiver owner, layman, or professional.
Consider, for instance, the matter of dimension.

The dimension of the antenna depends on the channel
in which the transmitter will operate and can be computed by
anyone with simple algebra in one simple formula.

As of July 1945 the Federal Communications Commission
established thirteen TV bands, or channels, for the purpose of
commercial telecasting. A single one of these channels is six
times as wide as the entire band which appears on your regular
AM radio. Six of these channels, each six megacycles wide, fall
between 44 and 88 megacycles. Seven others, in another fre-
quency spectrum, fall between 172 and 216 megacycles. For
reference, here is a complete table of these channels:
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Channel Frequency in 14 wave antenna
Number megacycles length in inches

1 44-50 mc 60 in.

2 54-60 mc 49 in.

3 60-66 mc 44 in.

+ 66-72 mc 40 in.

5 76-82 mc 35 in.

6 82-88 mc 33 in.
Channel Frequency in 14 wave antenna
Number megacycles length in inches

HIGH SPECTRUM

7 174-180 1534 in.

8 180-186 151/ in.

9 186-192 1434 in.

10 192-198 141/ in,
11 198-204 133 in.
2 204-210 1314 in.
13 210-216 131/ in.

All antennae, for transmitting or for receiving, are de-
signed to use elements which are each a quarter-wave in
physical length. Engineers have found that an antenna as-
sembled in any one of several forms, but basicly made from
metal elements each of which are measured to be a quarter-
wave-length long, can be conveniently “fed” with co-axial
line. This makes for greater efficiency, and a maximum
transfer of energy from transmitter to antenna. In addition
such an antenna will give a greater “'gain,” i.e., more impetus,
to the propagated wave. Such antennae are called “arrays”
and are variously termed as stacked arrays, turnstile antennae,
etc. Most present day TV transmitters employ some such
array because the use of it is equivalent to raising the watt-
age power of the transmitter which feeds it. In other words,
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the user reaps the benefit of a stronger signal in a given area
without the expense of buying higher powered gear for the
transmitter itself. Furthermore, transmitter gear is very ex-
pensive.

Courtesy KCA

Television super turnstile antenna mounted on a steel tower is a dual purpose
transmitting antenna designed for simultaneous radiation of both sound and
pictare signals of a television transmitter in the 54-216 band. If a three section
antenna is used with a 5-kw transmitter, the equivalent radiated power will be
well over 20 kilowatts.
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As has been noted, the reliable coverage area of a TV
transmitter is governed by the line of sight. It is, therefore,
evident that the Federal Communications Commission may al-
locate several transmitters to operate on the same channel.
However, this may be done only when locations of transmitters
are sufficiently removed from each other so that their line-of-
sight paths, or reflected paths, do not over-lap or interfere.
To avoid this possibility in areas where cities are located
close together, alternate channels are assigned. Thus it is that
in the Philadelphia-New York area, for instance, New York
is allocated channels 2, 4, and 5 in the lower spectrum, while
Philadelphia has channels 3 and 6. The same is true in areas
such as Hollywood, San Diego, and Santa Barbara, California.

Besides, within each channel, there must be operated two
transmitters—one FM for voice and the other amplitude modu-
lated for picture. The allocated channel allows six megacycles
of spectrum in which to do this. The space, however, is not
divided up half and half. The sound transmitter actually oc-
cupies only .25 mc. of this width. This leaves the balance
for the transmission of the much more complex picture signal,
plus a little channel separation space.

The human ear can distinguish only a relatively small num-
ber of cycles per second. Probably never more than ten to fif-
teen thousand and rarely over eight or nine c.p.s. Therefore,
there is no need for the sound portion of a TV signal to trans-
mit more. So .25 mc. is ample space for the sound channel.
The video carrier occupies the balance, or 5.75 megacycles. For
a reader with engineering tendencies, the chart on page 15
diagrams the set-up for one channel six megacycles wide.

This figure also shows that the transmitted video signal
does not have equally wide side bands. The band width of the
lower side band and carrier is only 1.25 mc.; the band width
of the upper side band and carrier is 4.5 mc. The suppres-
sion of one side band is known as vestigial side-band trans-
mission, and this type of transmission permits the use of a
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video signal of wider frequency. Such transmission results in
a better defined picture without greatly increasing the total
required frequency band per channel.
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Some of the foregoing is a little technical, hence a sum-
mary of this discussion of television transmission is in order.

In referring to channels and transmission bands we have
used the terms cycle, kilocycle (kc), and megacycle (mc). A
cycle is a reversal of the direction current flows in a wire or
in space. Our normal 110 volt current is at 60 cycles. That is,
it reverses direction of flow 60 times per second (60 cps). For
radio transmission we amplify this basic 110 volts, but in the
process of power amplification frequency multiplication may
also take place. Accordingly, when we arrive at the operation
frequencies of an AM radio station, we are at a spectrum of
500,000 cps. to 1,500,000 cps. This is normally referred to
as 500 to 1,500 kilocycles. These same figures then are .5
megacycles to 1.5 megacycles. As stated, it requires six mega-
cycles of spectrum to transmit the complex video signal. Thus,
it takes six times as much spectrum space to transmit one TV
signal as is occupied by every AM broadcasting station in the
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United States collectively. That is why we must transmit TV
in a spectrum where more space (frequencies) is available.
That is why we are in the so-called ultra-high spectrum; we
need six million cycles to get each television picture, together
with its companion sound, from studio to home.

We have also referred to the bounce effect of our wave
at these frequencies. As a propagated wave is sent out by the
transmitter in a straight line, it may bounce, or be deflected,
by an object in its path—a building, a hill, a mountain, or
what is known to engineers as the Kennelly-heavy side layer,
or “E” layer. This last reflective object is a theoretical layer
that exists above the surface of the earth. It has accounted for
some assorted phenomena in the way of distant reception of
signals, including TV. The height of this layer varies from
day to day, in fact, from hour to hour. When a transmitted
wave encounters it, the wave may be reflected back to earth
and be received at a distance from the transmitter that depends
on the angle of incidence of the wave to the layer.

The layer may move with changes in temperature or for
any number of unknown reasons; but engineers have con-
cluded that it is responsible for a TV signal released in Lon-
don being received in New York City on occasion and, again, a
signal released in New York being picked up in Indianapolis.

Incidentally, it is worth noting that many radar principles
developed during World War II depend on this bounce-back
effect. Also, a signal has been successfully shot to the moon,
bounced back, and received here. It is quite possible that
we may soon make use of this characteristic more than we do
today. But that is in the realm of the future for this rapidly
expanding business, television. We will cover more about this
bounce effect in a Chapter on TV reception.



CHAPTER III

CREATING THE PICTURE

If you think we are attacking our project a little back-
wards, you are right. Thus far, we have dealt with the
transmission of a picture without having originated a pic-
ture to transmit. So now lets slide down the co-axial cable
or the relay link and get on the ground—more specifically,
to the control room from whence a picture, by one means
or another, is sent to the transmitter.

In Chapter II we simply indicated that a picture to be
transmitted in the form of energy was further amplified
at the transmitter and sent to the antenna riding on the
carrier. This dismissed a very important part of the over-
all operation very quickly indeed. How do we get the
picture from the studio or other pick-up point to the trans-
mitter? With this in mind, you will recall that the transmitter
site must be at as high an elevation as possible for best trans-
mission. This often dictates that the site is at a relatively in-
accessible spot, far removed from the point where the picture
originates. In AM radio broadcasting, this inaccessibility pre-
sents no difficulty because the telephone company will put in
a pair of wires (program loop) which will satisfactorily carry
the program between studio and transmitter. A telephone
wire as we know it is not capable of carrying the wide band
of frequencies we require for our picture except over rela-
tively short distances. It will however carry our sound por-
tion very nicely. The picture, on the other hand, is another
story.

In Los Angeles, California, for instance, all of the seven
television stations have their transmitters located atop Mt.
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Wilson. This mountain peak is some 5,000 feet high and
has the great advantage of looking down upon a great,
sprawling community. It is therefore in line-of-sight of com-
munities as far away as San Diego, 75 or more air-line miles
to the south, and Santa Barbara, 90 air-line miles away. The
only disadvantage to this fine location is that it is at least 30
airline miles from the heart of Los Angeles and Hollywood.
Since most program material originates in town, we get back
to our question: “How do we get the picture to the trans-
mitter ?”

There are three ways that this may be done. One is to
link the transmitters to their studios with co-axial cable, and
another is to use a specially-tuned telephone loop, supplied by
the telephone company, which will pass a 3.5 mc. frequency
over the 30 mile length. A third is to link them by a
channel called a micro-wave link.

As to number one, the co-axial cables have not yet been
constructed from city to mountain for various reasons of en-
ginering practicability (and may never be). However several
Los Angeles area stations make use of the tuned telephone
company loop as an alternate for number three, the micro-
wave link. The links work very well, and retain an addi-
tional advantage in the way of mobility. Even though the
studio be linked to transmitter with co-ax or loop, it would
still be impossible for such a line to be available to every point
of origination such as skating rink and boxing arena. So,
since microwave equipment is necessary when a station wishes
to indulge in mobile or remote pick-ups, it is often used con-
tinuously as a studio-transmitter link.

CO-AXIAL CABLE

Plenty of material is available elsewhere on “co-ax”. For
our purposes we will not go into it too deeply. On the other
hand, it should be mentioned that it is exceedingly useful—
indeed indispensable for connecting together the studio units
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necessary for camera chains and can be made in either flex-
ible or non-flexible form.

Coaxial line is the subject of considerable publicity at
present due to the fact that, when the American Telephone
and Telegraph Company finish construction of such a cable
across the entire United States, it will then be possible to
originate programs at either extremity of it and to release
programs simultaneously from any station which is tapped
on to it. This is what is referred to as a network—a TV
network—and is in prospect in the immediate future.

It is an electrical engineering fact that a wire will offer
a resistance to the flow of current along it. This resistance
is in the form of inductance, a characteristic of an electrical
circuit that tends to resist any change in the value of current.
Counteracting this impeding force is an opposing characteristic
of alternating current circuits called capacity. When the capac-
itance of a circuit is of such a value that it exactly counteracts
the inductance of the circuit, a condition is attained whereby
we have a complete circuit for transmission that offers a
minimum opposition to current flow. This is what we are
after in transmitting a TV signal since the wide band of
frequencies are relatively hard to generate, and we do not
wish to dissipate any of them by putting them into a re-
sistive circuit.

In practice then, to make such a transmission line, two
conductors are arranged so that they are constantly in parallel
and are kept so for their entire length. Their distance apart,
and their physical dimension or proportion to one another, de-
termine the proper amounts of resistance and capacity that
will be present. “Co-ax” is then what the name implies—two
conductors with a common axis. They are therefore always
parallel. The inner conductor is supported rigidly and kept
insulated from the outer conductor by means of wafers which
look very much like the Life Saver candies. These insulators,
which are made of porcelain, copalene, or other insulating
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material, are spaced along the entire length of the line at
such a distance apart that the parallel of the two lines can-
not be disturbed. In this rigid type “co-ax,” the insulators are
normally three to five inches apart and both conductors, one
inside the other, are made of copper tubing, the diameters
of which maintain a ratio of approximately three-to-one to
each other.

PORCELAIN WAFFR

=

INNER CONDUCTOR T_ COPPER

Ricip Co-Ax

Another type of “co-ax” line, which we use in studios to
connect units together, is flexible. In this case the insulation
used to maintain the parallel of the two conductors is of
plastic derivation and solidly encases the inner conductor.
Over the plastic insulation is placed the outer conductor in
the form of copper braid. The whole is encased in a plastic
outer covering. This makes a durable, flexible transmission
line, which is only slightly less efficient than the rigid type.
The rigid type is generally slightly under an inch in dia-
meter and is used to connect transmitter to antenna. The
flexible type is normally less than a half inch in overall
diameter.

COPPER BRAID

COPPER WIRE

{
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FLEXIBLE Co-AX



22 FUNDAMENTALS OF TELEVISION

THE MICROWAVE LINK

Now let us consider the alternate to the coaxial trans-
mission line for “piping” our program picture to the trans-
mitter, the microwave link.

Basically, this is another transmitter-receiver circuit. The
FCC, in addition to allocating the thirteen commercial chan-
nels to television, has also allocated some additional spect-
rum, such as the 900 megacycle band and others, for the
servicing of the thirteen normal channels. In these spect-
rums, the operating stations may operate their relay stations,
mobile units, and microwave links. Hence, in Los Angeles,
programs are forwarded to Mt. Wilson through a small low-
powered transmitter, received at Wilson, amplified, and re-
transmitted to the public on the proper channel. The low-
powered transmitter is actually a television transmitter work-
ing on a frequency within one of the allocated service spect-
rums—the 900 megacycle band, or the ultra-high band near
7000 megacycles.

The picture pulse, or signal, comes from the camera over
flexible co-ax to the microwave transmitter which is hooked
to a parabolic antenna beamed toward Mt. Wilson. Obvi-
ously, this parabolic reflector must be in line-of-sight from
Mt. Wilson at all times, else the picture will not be properly
received there for retransmission. The receiver on the moun-
tain is hooked to a similar parabolic reflector focused on the
microwave transmitter below.

The main studio for each of the telecasting stations in the
Los Angeles area has this transmitter-receiver operating at all
times to carry studio-originated programs; and then when it is
necessary to pick up a program from a ball park, for instance,
operators at Mt. Wilson have only to focus a receiver para-
bola on the mobile transmitter antenna at the ball partk,
check the signal from it, and, at the proper time, switch the
output of this receiver into the transmitter. A program is, for
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instance, originating at the ball park. If the station wants to
change the locale and televise part of the program in a studio,
it may do so, on pre-arranged cue. The program may resume
by simply connecting to the output of the proper receiver at
Mt. Wilson.

Micro-wave receiver, located in the black hub behind the parabola, used in
relay links., y
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THE MOBILE UNIT

The remote pick-up is a very interesting and exciting
operation. As mentioned, the mobile unit may transmit pro-
grams at any time and from any location that will put its
parabolic antenna in line-of-sight of the receiving parabola.
This makes the remote pick-up a very facile operation, and
the public event pick-up a commonplace on TV. Of course,
a picture transmission must be accompanied by a sound
release. A telephone loop carries the sound to the sound
transmitter. Therefore, a mobile unit does not start trans-
mission of a picture where there is no termination of a tele-
phone loop. However under emergency conditions an addi-
tional microwave link can be utilized to carry audio to the
transmitter. The loop must be “ordered in,” and the tele-
phone company will install it on previous order.

Although practices vary in different localities, a typical
operation for a mobile unit may run about as follows:

A telecast, for example, is to originate at Wrigley Field, a
baseball park in Los Angeles. A telephone loop from the
park to studio master control is ordered installed. Master
control “patches” it in (connects it) to the Mt. Wilson-
studio loop.

Several hours before telecast time the mobile crew gets
busy. Taking their truck, which is equipped with a micro-
wave transmitter, amplifiers, power supplies, viewers, micro-
phones, cue circuits, at least two camera chains, a few hundred
feet of “co-ax” line and telephone line, as well as other
gadgets, the crew sets out for the park. A minimum crew
is five although this number is variable. Crewmen are two
camera men, a switcher (who may also double as technical
supervisor), a director (who may double as switcher), and
an announcer. Other assistants may do such jobs as hook-up
work.

The truck is parked in a court at the grandstand where
it is unobstructively alined with Mt. Wilson. The cameras
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are unloaded and taken to chosen spots in the grandstand.
Normally one location is at low level between first base and
home, and another is on an upper level just off third base.
Coaxial cables to carry the picture to the truck are strung
from cameras to truck, and, in addition to these, a telephone
line to carry instructions over a cue circuit is installed. Cables
which will carry the power to operate the cameras must be
strung, although often all wires are in the same main cable as
the “co-ax” line.

Meantime, the microphone is attached to the termination
of the telephone loop at the announcer’s position behind
home plate, and a “co-ax” line is run from the truck to carry
the picture to the announcer’s viewer-monitor beside him.
Telephone lines are also strung to connect the announcer’s
cue circuit head phones.

Back at the truck a cable is strung to a previously checked
110 volt AC source that is capable of carrying the “load”
to get the power to run the entire rig. The parabolic reflector
is set atop the truck or on the grandstand roof and focused
on Mt. Wilson. The switcher and the engineer now energize
the amplifiers and all connecting equipment with the AC
source. After a “warm-up” period they are ready for tests.
Instructions go out to the camermen over the cue circuit
to start picking up picture. If everything is working prop-
erly, a picture from camera one will show up on the switch-
er’s monitor screen, the picture having been piped along
the “co-ax” from the camera. Switching to camera two simply
by pushing a button, the test is repeated to see that camera two
is operating properly. All instructions are given to camera-
men through the cue circuit phones which each wears.

The microwave transmitter, having been energized mean-
time, starts transmitting picture to the receiver on Mt. Wil-
son. The operator in the truck may talk directly to the engineer
on Wilson by making use of the telephone loop later used
by the announcer. In some instances they may converse over
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an extra telephone line called an “order wire.” Switcher
now sends test signals from the cameras into the microwave
link, and, when Mt. Wilson reports that reception is of us-
able quality and strength, real program transmission is ready.
Perhaps some correction is necessary in the focusing of the
parabola at the ball park, for the beam which the transmitter
sends is not very wide.

Courtesy RCA

MICROWAVE “DisH”

This microwave antenna is the highly directional reflector type. The cylindrical
unit at the back of the parabola may house either link transmitter or receiver.
The hook shaped wave guide “"pours’ the video signal into the center of the
reflector amplifying the output 9000 times.

Incidentally, you cannot receive this microwave signal on
your ordinary TV receiver. Besides not being able to tune
it to the proper frequency, you are probably out of the beam.

If tests are satisfactory, and everyone is in his place,
the director listens in (monitors) on the order wire for the
“go ahead,” or “on the air,” verbal cue from the main studio.
When this order comes the director forwards it along the cue
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circuit to the announcer and the cameramen. The announcer
does his introductory, and both cameramen start roving their
cameras for presentable pictures.

It is well to point out here that the director or switcher
in the truck is operating “blind.” All he can see of the
baseball game is in the image in front of him—one picture
from each camera. A third picture which appears on a

ey
A

Courtesy C.B.S.

MEL ALLEN, famed sports announcer, covers a football game telecast with
his “spotter’ (right) and his No. 1 camera.
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viewer is whichever picture he has switched into the micro-
wave link for telecasting, the “on the air” picture.

The inside of our truck is not too roomy. The director,
the switcher, and the shader sit side by side, where each see
all the viewing screens. The switcher will press buttons
at the command of the director and put “‘on-the-air” whichever
picture is desired. He is wearing on one ear, an earphone-
microphone combination (headset) over which he can get
instructions from studio “Master Control”. In addition, he
wears on the other ear a headset which ties in to the cue cit-
cuit for communication with cameramen and others.

The switcher, then, besides manipulating controls to keep
the chosen picture on the air, gets a double ear-ful of chatter
from all sources during a telecast. He is a busy young man.

The shader must examine continuously the picture from
each camera and see to it that every picture has equal light
and shade. The viewing equipment for doing this is in a rack
immediately in front of the operating threesome. The port-
able units, which slip-fit into place in the truck, take up any
remaining room there may be available inside the truck.

Thus we have a completely equipped control room, with
all necessary apparatus and personnel, jammed into the mo-
bile unit.

N. B.—Although all the people working on this type of
telecast are important, each one working as a member of a
team, the cameraman is probably the key man in the whole
operation. The material which he sends to the truck picture-
wise must be what the viewer at home wants most to see.
He must not miss an important play. If the director misses
something important which may have been described by the
announcer, he asks one camera or the other to give it to him
and asks the announcer to clear up the point verbally.

If there is a commercial announcement or a sponsor’s
message to be inserted into this telecast, a lot more team-
work is involved—especially since the program material is
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coming from a remote point from the studio. At a verbal
cue over the order wire from the studio, the truck switcher
shuts off picture going into his transmitter. At the same
time, on Mt. Wilson, the engineer there makes a switch so
that he is feeding-the receiver which picks up the studio into
his transmitter. The studio then proceeds to send over its link
whatever picture and voice are necessary for the commercial
message. When finished the process goes in reverse. The Mt.
Wilson engineer switches back to the ballpark link receiver.
The truck switcher or director gives verbal “go ahead” to an-
nouncer and cameramen, and feeding program from the park
is resumed.

It must be emphasized that procedures vary at different sta-
tions and under other conditions. However, what is outlined
in the foregoing is basicly what happens under present day
televising procedures and practices. Obviously, it is all an
operation where perfect synchronization and cooperation are
absolutely mandatory. Teamwork is essential in all departments.

When the hypothetical baseball game has finished, the an-
nouncer has given his summary, the cameramen have flashed
the viewer pictures of the departing fans and the scoreboard—
then the director-switcher informs the studio that everything
is wound up and that the studio can take it away. Mt. Wilson
then does the switch to the studio link and proceeds with
program material from the studio. Meantime, the whole set-up
at the ballpark is torn down. All equipment is stored away
in the truck. Everything is ready to return to the studio, and
activity resumes at that point.



CHAPTER IV

THE STUDIO AND ITS FACILITIES

As you see, we are still proceeding a bit backwards. So
far, we've transmitted a picture from several places of ori-
gination and piped it, by two methods, to the transmitter.
But we still haven't actually gone through the process of
picture origination. So here at home base, the studio, we go
one step nearer the camera which starts the whole business.

SIZE

We shall not attempt to give any formula for the de-
sign of a television studio. The art has not yet developed
sufficiently to be able to do so. Specifications are little more
than broadly standardized. We shall, however, dwell on the
specific problems which bear directly on how a studio shall
be laid out and the general trend of present day planning.

Most television stations start with studios donated by
radio; yet as production devices develop, programs become
more popular, and more and more equipment is needed, it
becomes increasingly evident that the limitations of a regular
radio studio are too confining. There isn’t enough space to
operate—much less to store all necessary flats, props, and
machinery. So the first step in graduating from the radio
studio start is tackling the problem of space. The trend is
toward movie studio proportions. The ABC network in Holly-
wood is revamping the old Vitagraph Picture Studio, with
all its big sound stages, dressing rooms, audience studios,
prop rooms, and lighting equipment. CBS, both in New
York and Hollywood, has plans that call for studios of large
size. One concern has a design which calls for a kind of re-
volving-stage, which, in their estimation, will cut down the
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space needed because their “sets” will not need to be end
to end along a wall space but will be instead in the center
of the work area where they may be “worked around.” In-
deed, there is no standardization.

Indications are that the ideal studio will have a space for
the production of a live show within it approximately one and
one-half times long as it is wide. Don Lee in Hollywood
(KTSL) has a very fine studio that is 60x100 feet. One of
CBS'" New York studios is 60x90 feet. In both cases other
smaller studios are also available; for all work cannot be done
in one studio, no matter how large. The entire space that is
necessary for operation is considerably more than 60x100—
since there must be room for the control room, a film pro-
jection room, an announcing booth, an effects room, a client’s
viewing booth, and storage space.

The ceiling height is important. The microphone boom
is about 20 feet long and requires height in order to be ma-
neuvered into a position where it will pick up sound and
still stay out of the picture on a long shot. It is often help-
ful to be able to “fly” stage set flats or even an entire set.
This requires height. Provision must be made for anchorage
of the numerous overhead lights that will be necessary to
light studio scenes in a position where they will be outside
the picture the camera will pick up. This requires height. The
Don Lee Hollywood station has solved this light problem
nicely by using movie sound stage technique. They anchor
light sources to a railing which runs along a catwalk anchored
to the studio walls.

An available ceiling height of approximately 35 feet
seems necessary in at least one portion of any large studio.
Small studios, in which only close shooting will be done on
an intimate set, can get along with a ceiling height of 14 feet
to 18 feet since this height will accommodate a normal size
stage flat.

It will suffice to say, in conclusion, that an ideal studio
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has a main floor 60x100 feet. Forty of the 100 foot length
shall have a ceiling at least 35 feet high. The area above this
40 feet shall have a catwalk around it for light anchorage
and handling and shall have the accoutrements necessary to fly
all or part of a set anchored to its ceiling.

ACOUSTICS

We must not lose sight of the fact that all this studio
lay-out must take care of sound transmission origination as
well as picture, nor can we dismiss sound problems in TV
by saying that they have been already solved in radio. In
TV problems arise which are very different from those in radio.

In radio much has been done to keep the sound of music
or voice within the limits of their actual characters. Acoustical
design of wall shapes and acoustical treatment of walls, ceil-
ings, and floors have done a great deal towards rejecting un-
wanted sounds, reflected or bounced sounds, and a tendency
of a studio room to become “over bright” if left to its own
devices.

However, such safeguards get all or partially destroyed
in the TV studio. This stems from the fact that, even though
the whole studio is acoustically treated by the best known
methods, we now introduce flats and other reflective sur-
faces into the area. Also, in TV, a microphone is normally
much farther removed from the source of the sound than
it is in radio. This causes engineers to raise the “gain”—
open up—a microphorie so that the unwanted characteristics
which have previously been overcome begin to be heard again.
In radio this condition is not so prominent because a performer,
when speaking, can be very close to a microphone. Thus, the
engineer can lower the gain of the mike and still get plenty
of voice from the speaker, yet the unwanted sound will not
be amplified so much. In TV, on the other hand, it is de-
sirable to keep the mike out of the picture in most instances.
Owing to that fact, the extent of intimacy between speaker
and mike is curtailed.
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The general tendency at this time is, accordingly, to
construct a studio that is so acoustically treated by basic de-
sign, wall and ceiling padding, and sound-deadening paint,
that it is as dead as possible. This borrows again from the
movie sound stage; for there the stages are designed with at-
tention given to ceiling padding and treatment in order to
reduce reverberations which would exist if the reflective ceil-
ing were bare. The introduction of flats into our TV studio
will make it “live” or “bright.” In addition, most studio floors
are covered with linoleum because of the necessity of wheeling
cameras, booms, and other equipment over them constantly.
Where the bounce effect of sound does not give too many
unwanted reflections from the floor, it may be used to bright-
en the effect. Where the reflection from floor surface is too
great, the area under the mike may be padded by the use of
a rug for the set as long as the rug prop is suited to the locale.

One other problem of acoustics exists in a modern studio.
This arises from the fact that the lights used to light a scene
generate a great deal of heat and make necessary ample air
conditioning apparatus. This means that ducts or channels must
open into the studio to carry the cooled air. These ducts, often
in addition to reverberating the sound, can pipe in additional
sounds from other places surrounding the studio, from an-
other studio, or from the machinery that runs the system.
Since this is true, it is essential that the air ducts be eithet
acoustically treated or constructed of non-sound-conducting
material and that fans or other mechanical parts be noiseless.

STUDIO AUDIENCE VIEWING

It is becoming increasingly evident that, whether the pro-
gram personnel likes it or not, more and more of the tele-
vision audience want to see the program performed in person
at the studio. It is a fact that this propensity of radio fans
to sit in a theatre studio and watch their favorites perform,
has led to many empty aspirin boxes among producers, di-
rectors, and other program people. It follows that some pro-



38 FUNDAMENTALS OF TELEVISION

vision need be made whereby the public may be admitted
to see first hand what goes on. It is impossible simply to seat
the audience in chairs on the studio floor space because people
would be trampling on the various camera cables, mike cables
and light wires that are part of the equipment. Sometimes,
when the audience is small it is admitted in the studio work-
ing area, but indications are that more and more people will
be beating down the doors to get in as they do at radio
studios. Under these circumstances, television studios are be-
ginning to build theatres that will accommodate a comfortably-
seated audience, and still have a working area comparable to
a theatre stage.

Where smaller studios are involved and it is still neces-
sary to handle a few people who wish to see “in the flesh”,
current practice is to construct, in one studio wall, a “viewing
room”. This can be as large as is convenient. This room may
have a glass window which is sound-proof to the scene of
action, or it may be open to the studio so that the performers
may make use of the audience as in a quiz show. It will
make necessary the installation of loud speakers so that the
sound gets a boost as in radio studios, and will also make
necessary the installation of a large viewer screen so that the
audience may see the live action in the studio as well as that
which is being transmitted.

There is an additional advantage to having such a view-
ing room as an adjunct to the studio. Most sponsors, especial-
ly at this stage of TV development, are anxious to see what
happens when their commercial message is produced for re-
lease. It is essential that the station owner take good care of
the sponsor, for his money is very necessary to the operation
of a station. The viewing room then, even when no audi-
ence is admitted, is useful as a “clients booth.” Besides giv-
ing the sponsor an excellent view of the production and the
picture, it keeps the sponsor from interfering with those who
are trying to do a good job for him. For these reasons the
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ideal studio has a good viewing room — either glassed or
open — completely equipped with comfortable seats, speak-
ers, and viewers.

FILM PROJECTION BOOTH

Furthermore, a complete studio set-up must include a
booth to house the equipment for the release of film pro-
grams. Ideally, this booth is located within sight, through a
window, of both the main studio and the control room. A
great percentage of the time it is in operation the film camera-
chain will be releasing the program directly to the transmitter.
The film projection booth has two rooms in it; it is sound-
proof; and it has a window through which one can see the
studio and the control room. The room which contains the
film and the projector-camera device (film chain) must, by
fire law regulation, be fire proof. The other room contains
viewing facilities, film shading control panels, and a tele-
phone connected with the control room and studio (inter-
phone). From these rooms many hours of program for any
TV station will emanate in the form of kinescoped programs
and straight motion picture entertainment film.

THE BRAIN

The nerve center of any TV station studio is the CON-
TROL ROOM. Tom Hutchinson, in his book on television,
says that a control room is “a combination of the control
room of a radio station, the shooting stage of a motion picture
lot, the film cutting room, the preview room, and the first
night of a Broadway opening.”

The bedlam of activity which takes place in the control
room, moreover, places it in the madhouse category. The
control booth is, in fact, a very busy center.

From here the director directs his show. From here
the switcher drops his cameras onto the program channel.
From here the sound channel is adjusted to the proper levels
and piped along to the sound transmitter. From here the
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cameraman gets his directions. From here the orders go out
for music, cue-ins, film-cut-ins. From here the show is gov-
erned and guided. :

At first sight the-control room has a crazy-house appear-
ance like the crazy-houses, which are full of mirrors, in cat-
nivals. This is because the viewing and previewing monitor
screens are placed side by side in front of the operating
positions; and each of these screens has a picture on it. In
any extensive operation, such as the production of a live show,
many such screens are necessary. Each screen is a kinescope
—a cathode ray tube the face of which is the viewing screen.
Each segment of the program is viewed and previewed sepa-
rately just as in the mobile truck, so the control booth has
a viewing screen for each camera at all times. Also, there
is a viewer for the picture that is on the air and a previewer
for any other element such as a film slide, a remote picture,
a monoscope pattern, or station identification slide. In the
control room are also the necessary amplifiers to operate the
kinescopes and to amplify the signal for transmission over
co-axial or microwave link to the transmitter. There is a
complete control panel for the sound monitor and loud speak-
ers and “pots” as in an AM radio station.

Even as the design of the whole studio is not yet standard-
ized, the control booth is not built on any certain pattern.
There is, to be sure, much more uniformity in the arrange-
ment of television control booths than in other departments.
The booth is, for instance, usually located several feet
above the floor so that the personnel may have a view of
the entire studio through the sound-proof window. The floor
is tiered in order that a director may be seated behind his
other working teammates and still have full view of all the
monitor screens. (See Page 40.) From this position he must
also be able to see all that is going on on the stage.

The physical dimensions of the control room will depend
on the studio that it must service. However, the average
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working crew in a booth is five persons. There must be all
equipment previously mentioned plus switching panels and
interphone and talkback apparatus inside it. So it seems ad-
. visable to design a control room large enough to hold the
equipment and still leave each technician an unobstructed
view of the studio performance.

Practices vary, but normally, a control room is set up so
that video engineer, audio engineer, picture shader, and
switcher sit facing the window and looking out into the
studio. Underneath the window, and facing them, are the
aforementioned viewing and previewing screens. Underneath
these are the controls with which each man will be concerned
during the program. All these are built in as a unit in present-
day installations. Seated behind and on a raised dais are the
director and producer and the assistant director.

The video engineer, director, and shader, watch each pic-
ture as it is “‘readied.” It is the shader’s duty to see that
each picture used is perfection in regard to shadings of light,
lack of highlights, or “blooms,” and that shading remains
constant from camera to camera and from scene to scene.

The switcher in the control room performs as the switcher
in the mobile truck at the ball game did. It is his duty to
switch from camera to camera at the direction of the director.
He must make other manipulations such as super-imposed
effects, fades, and lap-dissolves, also. He has the necessary
controls in front of him to perform these functions as re-
quired by the director. Incidentally, this switching fellow
is variously called a video engineer, a switching engineer, or
a technical director. As in most operations in TV, nomen-
clature for personnel is only approaching standardization.

The activities of each member of this control room crew
will be reviewed in a subsequent chapter. The next discus-
sion develops the part the camera plays. So may we get
back into the studio, and take a look at the business that
sets everything in motion, the camera.



CHAPTER V
THE TELEVISION CAMERA

We have finally traveled backward enough to get to the
source of what we transmitted in Chapter II, the picture.
The creator of the picture is the camera. Let’s examine this
electronic device to see what makes it tick.

The basic job, as mentioned earlier, to be done in the
transmission of a TV picture, revolves about the use of some
instrument or instruments which are capable of breaking
a picture into individual elements, and transmiting them in
sequence, for reassembling at the receiver. The camera is
such an instrument.

Good examples of pictures reproduced by the assembling
of individual elements may be found on every page of this
book where a picture, or cut, appears. If you will examine
any one of them under a magnifying glass, you will find
that they are composed of thousands of evenly spaced dots.
The size of the individual dots determines the shading of
the picture. Large dots produce dark areas, and smaller dots
make light areas. If you view the assembled dots with the
naked eye, or from a distance, they cannot be seen individ-
ually but blend together and appear as a complete picture.
The detail of the picture improves in direct proportion to
the number of dots used.

Now when many pictures presenting a sequence of close-
ly related actions are rapidly presented to the eye, the illu-
sion of motion is obtained. So a picture in which motion
appears to take place can be constructed and presented to
the eye. Certainly this is a motion picture. The cartoon, or
drawn character, type of picture, such as those produced by



44 FUNDAMENTALS OF TELEVISION

Walt Disney and others in the motion picture field are
excellent examples. Any motion picture, in fact, is an ex-
ample, because it presents a series of “still” pictures in
“frames” which are presented to the eye at a rapid rate.

Television pictures are similar to motion pictures in that
they too are made up of elements and frames and they depend
on the retentiveness of the eye to give the illusion of mo-
tion. Unlike the motion picture, however, all the elements
of the TV picture cannot be transmitted simultaneously, but
they must be transmitted individually and in a definite se-
quence so that a receiver can reassemble them and give the
same relative light value as originally represented. The method
by which these elements are transmitted and received in
their correct sequence is called Scanning. Since the scanning
process will come up again when we look inside a receiver,
we will briefly explain the process here.

SCANNING

As we mentioned in Chapter I, an early method of
scanning a television picture was a mechanical one employing
a device called a scanning disc. This disc, generally, was
about a foot in diameter and had in it, arranged in an eccen-
tric. circle starting at the outside edge and working toward
center, a series of small holes—usually 48 in number—and
spaced approximately a half inch apart. Behind this disc,
which was revolved rapidly by motor, was a photocell—a
device capable of translating light variation into correspond-
ing electrical variations. Naturally, the revolving disc with
its eccentric circles of holes, when viewed from front, gave
the eye a series of dots which varied in shade many times
per second to give the illusion of a picture. This mechanical
device for scanning had many drawbacks not the least of
which was the difficulty of getting a disc at the receiving
end to revolve absolutely in perfect synchronization—or in
step with—the transmitting disc. But it did break the pic-
ture into many individual elements.
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Now this basic scheme as performed by the disc for break-
ing the picture into individual elements is still used, but the
method has been replaced by the electronic “gun” in the
camera tube contained in our television camera. This camera
tube is called the Iconoscope.

THE CAMERA TUBE

The iconoscope, a vacuum tube for use as the television
eye, was invented by Dr. V. K. Zworykin, an associate re-
search director for the RCA laboratories in Princeton, N. J.
It is the seeing eye of the entire television system as we
know it today.

For the purposes of our somewhat simplified discussion
of this rather complicated vacuum tube, we shall consider
that it consists of four main parts, all enclosed in the glass
envelope shaped as shown on page 46. These are: (1) a
filament (or heater, as in any radio tube); (2) the electron
gun, a metal sleeve built around the heater and located in
the neck of the tube; (3) the collector anode; and (4) the
mosaic. The last two are located in the larger part of the
envelope with the mosaic in front. Of these four elements
the greatest performers are the electron gun, which generates
a beam of moving electrons, and the mosaic, on which the
picture is focused.. The image falls on the front, and the
electron beam moves back and forth across its back surface
(scanning).

The mosaic acts as the photoelectric cell of the old disc
system. It is capable of transmuting the picture into 2
series of individual electrical charges which duplicate in
quantity and arrangement the lights and shadows of the
scene or picture focused on it by a lens. In construction
it is a sheet of mica, actually three thin sheets of mica,
3x4 inches in size and held in place inside the tube with
its surface parallel to the glass front of the tube itself. On
the front of one mica sheet are deposited in manufacture
millions of tiny globules of a silver salt called Caesium
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silver oxide. The back of the mica is coated with colloidal
graphite, a conductor which is directly connected to the out-
put of the tube externally.

The silver compound has the property of being sensitive
when exposed to light. In fact, the globules will give up a
negative electrical charge in exact proportion to the illumina-
tion falling upon them. Thus, we have a plate whereon the
electrical charge distribution is the same as that of the
light in the image focused upon it. It remains now to dis-
sect this electrical image in some orderly fashion. To do
this we will return to our scanning process and employ
the electron gun.

Scanning begins just as you read a page in this book.
The eye is focused to the upper left of the printing on the
page, and you read along toward the right until the end
of the line. Then the eye returns to page left and picks up
the next line down, and so on until the end of the page.

Just so do we guide the beam of electrons generated by
the electron gun across the surface of the mosaic, which now
contains an electrical image of our picture. We do the
guiding electronically and magnetically by the use of a coil
placed around the neck of the tube. Magnetic action causes
the beam to “sweep” across the mosaic in the left to right
manner outlined. Thus the beam examines each globule on
the mosaic for the “information” it contains.

_This electron beam is made up of a stream of particles
of negative electricity, and, as it sweeps across each silver
globule, each electron of the silver tends to choose one of
the negative electrons of the beam to replace the one which
it gave up when light from the image fell upon it. Thus
there is a constant change from balance to unbalance in the
electrical characteristic of the mosaic. Because of the con-
denser action between the silver on the one side, and the
graphite on the other, this change in electrical character-
istic becomes the pulse output of our camera tube. It is,
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then, the pulse that contains our picture information and as
such, progresses through the camera amplifier, through the
co-ax to the control room, over the link to the transmitter,
where it is further amplified, has a sync pulse and a blank-
ing pulse added to it, and is the modulation signal im-
pinged upon the cartier wave for transmission.

Many details of the foregoing process have been omitted
in this treatment. Also several terms such as syzc and
blanking pulse have been used without explanation. The
reader of engineering bent is referred to Principles of Tele-
vision Engineering by Donald G. Fink (McGraw-Hill) whete
the remaining details will be found such as interlace scanning,
timing and synchronizing pulses, blanking pulses, and a metic-
ulous description of the composite video signal and its pro-
duction.

One more thing before we leave the scanning business,
however, may prove interesting. That is the speed with
which scanning, or examination of the picture, takes place.
The process must necessarily proceed at a very rapid rate.
The eye must still retain the impression of the first element
scanned while the last element (right hand bottom) of the
picture is being scanned. This necessary time limit is 1/30th
of a second or less. If the scanning progresses from top to
bottom within this time, the viewer will see the picture “all
at once.” In actual practice, the picture is scanned twice
within this time. This results in interlace scanning. The
1/30th second time is chosen for engineering reasons that
originate in the fact that all normal alternating current is
at 60 cycles per second. Half of this value, 1/30th, is
very convenient timing.

It has been officially established and set up as a standard
that television in the United States shall scan 525 rows, or
“lines,” per frame. Each line contains four to five hundred
picture elements. So if a complete picture is transmitted in
1/30th of a second, then 30x525, or 15,750 lines, are sent
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each second. If a picture is seven inches wide, then 7x15,750,
or 110,250, inches are scanned per second. Simple arithmetic
tells us that this is a rate greater than a mile per second.
So you can realize the high velocity of the scanning process.

HORIZONTAL SCAN —m -

o1 s

o

HORIZONTAL SCANNING

PHYSICAL ASPECTS

The general appearance of a TV camera may be seen
in the photographs. The camera itself, without its tripod
pedestal, is a metal box approximately 18 inches high by
10 inches wide by two feet long. On its front is a turret
which contains lenses of varying focal lengths. The turret
nfy be rotated to choose the desired lens. This is done from
the rear, manually, by the cameraman. On the back is a
viewing finder through which the cameraman may view,
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electronically, the picture he is picking up. Also on the
back, arranged in rows along each side vertically, are nu-
merous controls and adjustments which control the electronic
focus of the ike, the gain of the line amplifier, and other
necessary adjustments. On most present day cameras, the
cameraman views his picture on the face of a kinescope
contained inside the box. This is normally a five inch cathode
ray tube which will give the operator a faithful electronic
picture of his scene on the face of the tube, approximately
3x4 inches in size. »

EARLIER StUDIO CAMERA & PEDESTAL
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REAR OF RCA IMAGE ORTHICON CAMERA

Other devices are usually incorporated on the outside of
the camera such as a gun-sight viewer or perhaps a frosted
glass viewer such as is used in the reflex type of still photo
camera. These are necessary at times to the cameraman be-
cause, when his face is buried in the electronic viewing pro-
tector, his entire vision is limited to the field of the lens in
use and, thus, he is unable to catch action which might be
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important but which is outside his field of vision on the
kinescope. This is especially important in the pick-up of
sporting events.

Inside the box is the iconoscope or orthicon, the viewing
kinescope, the low level amplifiers for amplifying the tube
output signal, and tubes concerned with the generation of
sweep voltages. Also inside, naturally, are the nether ends
of the assorted controls, potentiometers, and rheostats which
appear as knobs on the outside rear of the camera.

The camera is relatively heavy and is never carried
around during the pick-up of a picture. In the field, it is
supported on a tripod whose “head” is so designed that
the camera may be rotated in a horizontal plane (panned)
or pointed up and down at any desired angle. In the studio
the camera is mounted on a heavy “dolly”—an undercar-
riage designed with all studio movement problems in mind.

Some pedestals are motor, or hydraulic-operated; i.e., the
camera mounted on the head may be moved up and down
by pressing a button or pedal. Others may be moved either
manually or by motor from place to place in the studio.
The cameraman must still do all panning and other neces-
sary pointing of the camera manually. However, the oper-
ation of the modern pedestal dollies is so smooth that, with
care, the camera may pick up pictures while the whole busi-
ness is in motion. Some dolly type pedestals are more com-
plex than others. For instance one kind may have a crane
arrangement mounted on the base pedestal. This type is
used when it is desired to make a picture pick-up from an
elevated position. It has the advantage that it can quickly
be moved again to a normal position as in the picture on
Page 54. This last type dolly is rather expensive as we shall
learn later.

CABLES

No matter whether you are picking up pictures in the

field or in the studio, the camera is always limited as to
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Courtesy RCA

Stupio CAMERA PEDESTAL WITH FRICTION HEAD
where it may go by the length of the cables which must be
attached to it. We spoke of this cable when we were at
the baseball park. In the studio, each camera has a cable
which terminates in the control room. The cable contains,
as in the field, a transmission line of flexible co-ax, and the
necessary AC lines to energize the amplifiers, plus a line
for communication with the control room (cue circuit). In
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Courtesy CBS
Stupio DoLLy PEDESTAL IN USE AT KTTV HoLLywooD

Stacked objects low center are counter-balance weights to be varied with weight
of the cameraman.

all, the cable in the studio is about an inch in diameter.
This presents another problem in that no camera dolly must
be allowed to run over the cable of its own or any other
camera. Such an action could cut the cable or, by squashing,
impair the efficiency of the co-ax carrying the camera’s signal.
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So, in the studio, the necessary presence of cables limits the
mobility of the camera. Moreover, because of movement re-
strictions, more than one camera is necessary for any studio
program to be successfully carried out.

CAMERA LENSES

Most cameras have a turret in front that carries three
or four lenses of varying focal lengths. This is especially
true of cameras used for outside pick-ups, such as sporting
events. A camera is much more versatile, obviously, if it
is so equipped.

A normal lens component for a studio camera has the
turret contain a 50, a 90, a 135, and an 814. A field camera
turret is more likely to have a 135, an 814, a 13, and a 17.
The figures given are used as names for the lenses by all
personnel, and are derived from the physical dimensions of
the various lenses. 50, 90, and 135 are millimeters, and
denote the actual diameter of the lens in each case. After
that, 814, 13, and 17 (or larger), are in inches, and denote
the physical length of the lens assembly.

In the studio, a 50 will give the longest shot, a 90 or a
135 will give a medium closeup, and an 815 a real tight
closeup. In the field, a 135 is the longest shot, with the 815,
13, and 17 giving progressively closer shots in that order.
After 81/, the sizes are all actually what are known as tele-
photo lenses—depending on the camera’s distance from the
subject being televised.

All lenses in TV are considerably larger than those used
in motion picture work. This is necessary because the lens
must throw on the mosaic of the camera tube an image
big enough to cover it (3 x 4 inches). This brings up the
“Depth of Focus”—a question problem TV has in common
with motion pictures. The further away from an object or
scene any lens is, the greater the depth of focus will be. In
TV, however, we like the intimacy of being able to fill the
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viewer’s screen with a closeup. So we move in on an ob-
ject. What happens is, then, that the front edge of our ob-
ject is in focus, and the back edge is out of focus. This is
undesirable, for the out-of-focus distortion is more pronounced
in TV than in motion pictures due to the comparatively small
size of the viewer’s screen. As yet no one has come up with
a solution to this problem in television lenses.

One late development is a television lens called the
Zoomar lens. This expensive piece of equipment has proved
itself invaluable in the pick-up of such things as football
and baseball games. Its finest characteristic is that it is so
constructed that a camera operator does not have to move
his lens turret to go from a distant shot to a closeup. He
may follow a ball or a player continuously and still stay
in focus all the way. This is a big step in the right direction.

MR. CAMERAMAN

May we repeat what we said earlier when we were at
the ballpark? The most important cog in the teamwork
wheel for getting a good picture to the viewer's receiver, is
the cameraman. He probably contributes more to the suc-
cess or failure of a given picture than any other member
of the team. This is true because he is the man that guides
the examining eye of the camera over a scene and comes to
rest on a picture that has certain composition known to be
interesting, in focus, and well lighted. So he must have an
artistic sense and the sense of a showman. He must also
possess the skill to manipulate his camera mechanically. That
is no small order. Still, for all that, he has help. He is a
member of a team. In the studio, he has the constant voice
of either the director or the technical director in his ear-
phones to tell him what lens to use and where his next posi-
tion will be. He has a light man whose duty is to arrange
the lights until his scene is lighted to his satisfaction. When
production is extensive, he has the help of the director in
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rehearsal to help him take his positions so that the com-
position of his picture will bring out the best values. As
in other parts of the TV operation, however, he cannot
always have everything arranged just to his liking. He can-
not always have just the right amount of light or just the
right angles to shoot from. Then is the time his ability as
a showman and his general ingenuity will help him to ex-
hibit an alternate, a substitute, or to 44 /ib a picture that
will satisfy the desires of the director and bring about the
effect wanted.

Out in the field, of course, a cameraman may use his
natural capability to the utmost. When fast, unrehearsed ac-
tion is going on, he must be his own judge of what is
important to transmit, what the composition of his picture
shall be, and how he shall get it.

At any rate, it is his duty to deliver to the switcher or
director—and thus to the viewer at home—the best possible
picture of what the viewer wants to see most. To do this,
he must think fast and act fast at all times. He must be
constantly on his toes.



CHAPTER VI

THE RECEIVER

Perhaps we are still proceeding in reverse since the con-
tents of this chapter are closely tied to Chapter II on trans-
mission. However, because the receiver is the other end of
what goes out the transmitter’s antenna, it seems necessary
that we complete the cycle by describing the receiving end.

The receiver is the part of television with which any
reader of this book will be the most familiar since it is
the part that sits in your living room or den and brings
the outside world to you in the form of pictures and sound.
In order that this instrument will not be just a picture with
a bunch of knobs attached to it, we shall now try to ex-
plain the processes of video reception.

A television picture, when received, will be only as good
in quality as the amount of received signal will warrant.
There is no apparatus which will make up for a loss of
received energy in the receiving antenna. The amount of
energy that even the best antenna can possibly pick up to
energize the receiver circuits is very small indeed. It is so
small that normal measurement of it is in millionths of a
volt at the input of the receiver. The first thing a good
receiver must have then, is a good and efficient antenna.

Broadly, the receiving antenna may be said to have four
major properties: polarization, radiation angle, impedance,
and directivity. An additional property lies in the overall
design, but this property exists as the end result of the othe:
four.

Polarization is the position of the antenna with respect
to the earth or ground. The radiation angle is the angle
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above horizontal at which the antenna radiates, or receives
the most signal. As covered in Chapter II, TV transmission
is line-of-sight transmission. Therefore, radiation of signal
at low angles is necessary in order to avoid losses that would
result from high angle radiation, which would merely dissi-
pate our energy out into space. Just so, it is desirable to
use an antenna at the receiver end designed for reception
of low-angle signals. Also, this antenna shall be as high
from the ground and surrounding objects as conveniently
possible.

Impedance, as the word implies, is similar to the re-
sistance offered to current flow, which we spoke of in
Chapter V, when dealing with co-axial cable. Engineers
define impedance technically as the ratio of the current to
the voltage at any point along an antenna. An antenna then
is said to have a characteristic impedance—which value is
variable depending on design. An antenna one-half wave-
length long, entirely removed from the ground or surround-
ing objects, has been found to have a characteristic imped-
ance of 72 Ohms at its center—Ohms being the electrical
unit for measuring resistance. This becomes important as
we shall see in a moment.

Directivity is the inherent property of an antenna assem-
bly which governs its proclivity for receiving the most sig-
nal when its face is directed toward the energy source—in
television reception, the transmitter. It will receive less signal
“off the ends,” and a single half-wave antenna is naturally
bi-directional.

If reception from but one direction is desired, as it is
in most cases, an additional element is added to the an-
tenna assembly. This element is called a reflector and is
just what the name implies. It is another half-wave an-
tenna, cut to a dimension 5% longer than the values out-
lined in the table on page 12, and assembled parallel to
the antenna at a distance measured to be one-quarter wave-
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length behind -it. This element is not physically connected
to the antenna proper. It has two advantages: it will pick
up energy on its own and bounce or reflect it back to the
antenna itself, thus increasing the energy fed to the receiver;
it will reject energy coming into the antenna from the other
direction which might cause “ghost,” or secondary images.

GHOSTS

We may as well treat the troublesome “ghost” business
right now. It has to do with line-of-sight and with the prop-
erty of ultra-high frequencies to reflect or bounce. If your
receiver antenna is in the clear, in line-of-sight of the trans-
mitter, and properly oriented or directed, it is still possible
for you to be bothered with a ghost. In highly congested
areas such as New York City, where there are many high
buildings, it is perfectly possible to receive a very strong
direct signal, and at the same time to receive a reflected
signal that reaches your receiver over a path that takes it
from transmitter to tall building surface to receiving an-
tenna. Inasmuch as the direct signal and the reflected signal
travel over separate paths which differ in length, their ar-
rival at the receiving antenna has a slight time difference
—the reflected signal being slightly delayed in arrival. This
late arrival will give you another image on your receiver
screen. It may be as strong as the original, or it may be just
a shadowy outline, depending on the strengh of the signal.
It may be black or white, depending on its polarization,
and may be difficult to eliminate. This is up to your in-
stallation man. He will so orient your antenna and place
the necessary reflector as to sufficiently build up the direct
signal and, at the same time, tear down the reflected signal
to the point where “Mr. Ghost goes West” into oblivion.

The radio comic, Jack Paar, was bothered with “ghosts.”
Jack’s home is so located in the Hollywood Hills that he
is just on the “fringe” of being out of line-of-sight of Mt.
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Wilson, where all Los Angeles TV transmitters are located.
Also, directly behind his house in the opposite direction are
several rather high hills.

When the receiving antenna at his home was well ele-
vated atop his house and properly oriented toward Mt.
Wilson, he received a very strong signal indeed. However,
he also received three other signals of almost equal inten-
sity giving him four images on his screen. This made his
picture of no use for viewing.

After extensive experimenting with service men and
friends, he was able to get a satisfactory ghostless signal
by violating all normal rules for antenna installation. His
antenna actually ended five feet off the ground, and it
was ten degrees off the direction of Mt. Wilson. In this
position the antenna was found to be out of the reflection
paths. Moreover, it left enough line-of-sight signal so that
a booster, an extra amplifier installed in front of his receiver,
brought in enough energy to give him a picture. Whereupon,
he may be considered the exception that proves the rule.

SIGNAL TRANSMISSION TO THE RECEIVER

Just as we used co-axial cable to transfer energy from
the transmitter to the antenna in Chapter II, so we need
to transmit the energy from receiving antenna to receiver.
This is done, with a minimum of loss, by a transmission
line which commonly takes the form of so-called “open-
wire” line or of the co-axial line previously described. Which
type of line is used varies with the installation, the antenna,
and the design of receiving circuit contained in the input
terminals of the receiver.

As we said, a half-wave antenna has a characteristic im-
pedance in free space of 72 Ohms at center. There will be
a minimum loss in transfer from antenna to receiver if the
transmission line matches this antenna in impedance. There
is manufactured such a co-axial line—a co-ax with a char-
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acteristic impedance of 72 Ohms. However, it is essential
that the impedance of the receiver input match the others,
i.e., it shall also be 72 Ohms. Then the whole system will
offer a minimum of resistance to the incoming signal and
will give the receiver a good start with a maximum of energy
to go to work on.

Also in common use today is the 300 Ohm “‘ribbon”
transmission line. This open-wire line is so constructed by
spacing two wires parallel to one another that its charac-
teristic impedance is measured at 300 Ohms. Many present
day receivers are so built that their input also has this
300 Ohm characteristic. All that remains, then, to have a
perfectly matched system, is to have an antenna which offers
this impedance. Such an antenna is a variation of the plain
halfwave antenna and is called the “folded dipole.”

As may be seen on page 65, this folded dipole re-
sembles the slide of a trombone and, when the folding is
accomplished at a measured distance apart with a tubing
of measured size, the characteristic impedance has been
found to be 300 Ohms at the center.

There are ways and means of inserting “matching stubs”
into an antenna-line-receiver set-up so that impedance varia-
tions may be had that will match a 72 Ohm antenna to a
300 Ohm line or receiver, and vice versa. However, that
may be confusing things too much. More than this may as
well be left to the installation or service man.

Of the two types of transmission lines in current use,
each has certain other advantages—depending on the locale
of the receiver installation. If your receiver is situated in
such a locality that you are subject to man-made noise in-
terference, such as those generated by the ignition systems
of passing automobiles, it is advantageous to use co-axial
transmission line. The outer sheath of this line is normally
“grounded,” and such grounding will keep unwanted out-
side noises from being picked up by the transmission line
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and thus getting into your receiver to interfere with the
picture. The open wire line, in localities where it must be
used, may be helped in this respect by twisting it along its
route to the receiver. A twist of about one turn to each foot
of line length will minimize this stray pick-up of noise to the
antenna system.

In short, an ideal antenna is a dipole cut to accurate length,
as shown in the table on page 12, to be a “mean” length
for the channels we wish to receive. It has a reflector behind
it and is directed straight toward the transmitter site. It is
high enough to be clear of surrounding objects such as trees
and light and telephone wires and still in line-of-sight of the
transmitter. It is hooked to the receiver with a co-axial trans-
mission line that is as short as possible.

There is a final point to consider regarding the antenna,
namely, if you are located in an area where there are several
TV transmitters in operation, the chances are that some of
these will be in the lower spectrum (Channels 1-6) and some
in the upper spectrum (Channels 7-13). If so, you nat-
urally will want to be able to receive all these stations,
and you will need two antenna to do so satisfactorily. Further
consultation of the chart on page 12 will show you that an
antenna of the “mean” length for the lower spectrum is an
antenna constructed of two quarter wave elements 35 inches
long—a total of 70 inches. A mean length for the upper
spectrum is about 27 inches total. As outlined, it is es-
sential that an antenna, to give you greatest signal gain,
must be cut to accurate length. Since the length difference
between high and low spectrums is relatively great, you may
easily see the necessity for having fwo antenna systems. In
practice, however, the two systems are attached to the same
pole for elevation, and by use of a matching stub inserted
between the two systems, can be made to reach the receiver
via the same transmission line. So there is no real problem
in this matter. Your setvice man will know best how to treat it.
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THE RECEIVER ITSELF

Next, we consider the receiver and, for purposes of dis-
cussion, we divide this subject into three parts: the tuner, the
amplifier, and, finally, the picture tube.

Once the antenna has collected all the energy it can
from the transmission source, and this energy is piped to
the receiver input through the transmission line—the energy,
or signal, is ready for amplification. All the components
necessary to make a picture are present in the composite
signal received. It remains for them to be re-assembled in
the correct order to get the picture. Also it remains for the
components to be correctly divided up so that the receiver
gets both sound and picture. The tuner starts this process. ‘

In the tuner are three vacuum tubes functioning as a
radio-frequency amplifier, a detector, and a mixer. In this
respect it is similar to your ordinary superheterodyne radio
receiver. However, in the case of our TV tuner, remember that
we must be able to receive a wave band six megacycles wide
whereas in the plain radio receiver the tuner and other cir-
cuits need pass only ten kilocycles. So the tuner, as the name
indicates, “‘tunes” to the desired frequency by the process of
varying the amount of capacity in its circuits. It is broadly
tuned to correct frequency when you turn your channel se-
lector to the desired channel by number, and “trimmed” by
the auxiliary tuning control put there for the purpose. On
most receivers, these controls show up on the front panel
concentrically—the selector rotating outside and around the
trimmer control.

From the mixer (the output of the tuner) the signal
then proceeds to the first transformer in the line-up of the
intermediate frequency amplifiers. Here, the sound portion
of the signal is separated out and from there is amplified
and redetected and amplified again until it comes out the
loudspeaker at the end. This process is also analagous to
the operation of a normal “super-het” radio receiver.
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The picture portion of the signal also travels through
an I-F amplifier of its own and at the end, is redetected,
and amplified, and the resultant signal is impinged upon the
grid anode of the picture tube for resolution into a picture.
Remember that here, too, the I-F amplifier must be able to
pass a wide band of frequencies. However, the basic func-
tion is just the same as in the radio receiver or in the
sound channel of the TV receiver. During the process where-
by we have passed the signal along through the receiver
circuits, we have made use of the tuned circuits and the
successive stages of amplification to strengthen and build
up the original signal to thousands of times its originai
strength. No characteristic of the original composite signal
must be lost in this amplification process except that along
the line we have separated from it the transmitted syn-
chronizing pulses and sent them to their special circuit in
the receiver so that they can later “trigger” our receiver
scanning and keep things in step with the transmitted signal.
We are now ready to get a picture to come up on our
viewing screen.

THE KINESCOPE

The screen on which our picture will appear is the face
of a cathode-ray tube, variously called viewer, screen, or more
properly, kinescope. Certainly, it is by far the most interest-
ing part of a TV receiver.

It is very similar in construction to the iconoscope camera
tube. And well it should be, for it is its duty to reassemble,
by means similar to transmission, the picture that the ike
tore down into elements and sent to us. As a matter of fact,
the ike and the kinescope are so similar that, under proper
circumstances, and in the proper electrical circuit, a viewing
tube may be used to transmit a picture of sorts.

The inside face of the kinescope is coated with a de-
posit of willemite, or phosphor salts, which has the property
of fluorescing under the impact of an electronic beam. As






THE RECEIVER ThiT

with the iconoscope, an electron beam is generated by the
gun located in the neck of the tube and is the high velocity,
concentrated bombardment beam which sweeps back and
forth across the phosphor-coated front surface, or screen.
This scanning action, controlled by the transmitted sync pulse
to be in step with the analagous action we described in the
iconoscope, causes the screen to fluoresce in regular sequence,
starting at the upper left of the picture screen and pro-
ceeding to the bottom—only to return and do it all again at
a very high rate of speed. As before, the persistence of vision
of the eye lasts throughout the scanning so that the fluorescent
light so produced by a series of 525 lines of light makes us
delineate the overall effect as picture.

The separate elements of the picture that were trans-
mitted by the camera vary according to the light and dark
makeup of the picture. The resolution of these elements
at the receiver will then vary according to light and dark
components, for the signal controls the grid structure within
the kinescope which will allow only corresponding amounts
of the electron beam to hit the fluorescent screen. We can
control the amount of total energy that is going to the grid
by regulating the “gain” of the video amplifier in the re-
ceiver. This is called a “contrast” control and appears as
a knob on all receivers. Further, we can control the bright-
ness of the picture on the screen by holding down the over-
all flow of electrons through the gun. This is done by use
of a control which impinges on the kinescope grid a “bias,”
or restricting voltage. This control appears on the front of
all TV receivers and is called simply a “brightness” control.

In physical size the kinescope is manufactured in several
dimensions. There are cathode-ray tubes as small as one
inch in diameter. There are a two inch, a three, a five, a
seven, a ten, a twelve, a fifteen, a sixteen, and even a few
twenties. However, the manufacture of the tubes of larger
diameter presents a considerable problem. The cathode-ray



72 FUNDAMENTALS OF TELEVISION

tube must be at a high vacaum. When a glass envelope
gets larger, there is obviously more pressure from the out-
side. (The figure to go by is 14 pounds pressure per square
inch where the inside is vacuum). It is obvious then, that
as we go up in size, we very soon reach a limit where any-
thing larger becomes impractical. The tube would become
dangerous, for with  such pressure it would “implode” with
such force as to powder the glass. Then too, there must be
several glass-to-metal seals on a tube in order to bring the
inside electrodes to the outside for electrical connection.
These seals become more difficult at higher pressures. In-
deed, one manufacturer claims that under present current
processes often 60% of the glass envelopes must be re-
jected in the making of larger tubes for one reason or another.

So a practical limit has been more or less established
at this time to be approximately a 16 inch kinescope. The
16 inch set combines glass and metal so that the side
walls of the bulb portion are made of metal, and the face
and stem are glass. This cuts down the weight of the tube as
well as making it more rugged and less dangerous to handle.
It also allows for manufacture of a near flat screen surface.
This flat surface is a distinct advantage to the viewer.

The most popular-sized tubes now in use are the three
inch, the five, the seven, the ten, the twelve, and the sixteen.
The three and five inch are used in small “portable” re-
ceivers and also as the kinescope in the projection type re-
ceiver, which we will speak of in a moment. The ten inch
is probably the most popular of all since it is of convenient
size for any home, and a set containing one meets with
more popular demand because its cost is much less than
the twelve, fifteen, or sixteen inch sizes.

There is another limitation to the practicable size of a
viewing tube. There has been much discussion on this point,
but it is a fact that, when you blow up a photograph, after
a certain norm is reached, the “grain” or other imperfec-



THE RECEIVER 73

tions start to show up to a progressively greater degree. So
it is with the reproduced TV image. The more you blow it
up in size, the more visible become the imperfections.

Thus, as a rule of thumb, let us say that your receiver
should contain a tube which will give a picture with the
most detail and clarity when viewed from a distance which
is normal for the room that contains it. It follows that the
larger the picture the greater should be the distance from
which it is normally viewed. If you intend to view from a
distance from eight to ten feet, a ten or twelve inch tube
size will prove most satisfactory. If you view from ten to
fifteen feet away, you will find a twelve, fifteen, or sixteen
inch tube size the most satisfactory. Beyond that you go
into the projection type receiver which can give a picture
of varying size up to and including motion picture theatre
screen size.

PHYSICAL ASPECTS OF THE RECEIVER

Broadly then, television receivers break down into two
groups—the direct-vision, in which you view the picture di-
rectly from the face of the kinescope, and the projection
type, in which a relatively small picture on a tube is enlarged
by a magnification process and projected onto the front or
back side of a frosted glass or beaded screen for viewing.

The insides of the two types are analagous as to circuit
and general component. However, in the projection type,
the kinescope used is a special type tube, three or five
inches in diameter, built to stand a very high voltage so
that a very bright and intense picture can be made to ap-
pear on its screen. This picture must give enough light to
make it projectable.

The magnification apparatus may be of two types. In
one, a spherical, high reflection mirror, which reflects up-
ward the picture put in its optical center by the tube, is
used. Then the image passes through an aspherical correct-
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ing lens (made of plastic) which brings the reflected light
beam into sharp focus on an inclined mirror above. This
mirror reflects the image—this time outward onto a screen.

On page 74 you will find a detailed drawing of a pro-
jection type receiver with all the basic elements clearly labeled.

In another type of projection, the “hot” image which
appears on the special small kinescope, is projected directly
onto a translucent screen by an apparatus similar to motion
picture or sterioptican projection. The basic system is called
the modified Schmidt projector. The extremely large screen
projector works on this basic principle, and with modifica-
tions, has been used by those who have indulged in ex-
tensive experimentation with large-screen television for mo-
tion picture theatres.

For the home, however, the direct-view receiver is very
satisfactory if you choose a set that will give you a right
size picture for the viewing room. The smaller types, are
made in artistic cabinets to set on a table top. Others, more
elaborate and expensive, contain assorted combinations such
as a record player turn-table and an FM-AM radio besides
the television set you may choose. The cabinets are fine
pieces of furniture and may be had in practically any design
you wish. If you do not now own a TV receiver and are
intersted enough in TV to read this book, don’t delay. Get
one now. The receiver you buy today will be good for
several years and, in all probability, will not in the foresee-
able future become entirely obsolete.

CONTROLS

The front controls which are on modern receivers vary
in number with different makes. Some receivers bring all
necessary controls to the front panel, and others bring a
minimum number to the front to appear as knobs and put



76

FUNDAMENTALS OF TELEVISION

the remainder-on the rear of the chassis. Wherever they are,
they are all labeled.

Supposing that your installation man has put your ma-
chine in proper operation originally, here is a brief summary
of the proper method for tuning any receiver:

i

W

10.

jises

Turn the BRIGHTNESS and CONTRAST controls
fully counter clockwise.

Turn the OFF-ON-VOLUME control approximate-
ly half way clockwise.

Allow a warm-up period of twenty to thirty seconds.
Turn CHANNEL SELECTOR switch to the desired
channel by number.

Tune the SOUND TRIMMER for best quality of
sound.

Turn BRIGHTNESS control slowly clockwise un-
til screen is barely lighted.

Turn CONTRAST control clockwise until a picture
appears on the screen that has light and dark areas
that give pleasing contrast.

If picture is flipping past up and down, adjust VER-
TICAL HOLD until picture “locks in.” If picture
is shot across with a fancy, streaky figuration, ad-
just HORIZONTAL HOLD until picture locks.
Adjust FOCUS control for greatest picture clarity.
This control is more often than not on the chassis
rear and need be rarely moved.

Readjust BRIGHTNESS and CONTRAST controls
as seems necessary. They will need readjustment
after your set has been in operation for fifteen
minutes or so.

Readjust VOLUME control for most pleasant sound.

The foregoing may look like a formidable set of opera-
tions when set down as a list. However, you will find the
whole business extremely simple. Indeed, the author’s own
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six year old youngster, after being directed only once, tunes
the receiver alone with absolute perfection.

The monoscope pattern (see cut) appears on the screen
of your receiver for several hours each day. In most locali-
ties, where there are one or more TV stations, it is common
practice to transmit this pattern for test purposes. This is
of great benefit to the home viewer as well as to the engin-
eering staff of the station, for a careful examination of a
received pattern signal tells the engineer or service man
many things. In addition, even the average viewer may use
it as a check to verify the fact that his receiver is in proper
working adjustment.
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MONOSCOPE PATTERNS

The monoscope pattern itself originates on the face of
a specially constructed cathode ray tube. The design which
you see is accurately laid out so that it will always be
transmitted exactly the same. It is etched, or processed,
on the mosaic of the tube. The lines which fan out as
wedges from the center high are a mathematical distance
apart within the different wedges. The entire pattern is
petfectly symmetrical and should be so received if your
receiver is working properly. All circles should appear as
being perfectly round. If they do not, then the “linearity”
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(either vertical or horizontal) is out of adjustment. Con-
trols for these are on the rear of the receiver and under
normal conditions should not be tampered with by a layman.

Horizontal width control and vertical height contiols are
also located on the rear of the receiver. Their maladjust-
ment may be noted by careful scrutiny of the pattern. (See
cuts. )

To the right of the vertical wedge in the pattern, you
will see the figures 35 and 45. These figures refer to the
vertical wedge to their left and the horizontal wedge to
their right (3 o'clock). Corresponding to these figures, on
the same radius, you will notice a white dot within the
wedges. If you can clearly distinguish a separation of the
lines in the wedges toward the hub as far as the first dot,
it means that your receiver is “resolving” 350 lines (35
with zero added). If lines are clear to the next dot, 400;
and to the next, 450 (45 with zero added). In practice,
good resolution to 300 lines (to 30 dot in figures at 7
o'clock in the pattern) is ample to give you an excellent
picture. In fact, few commercial receivers will accurately
resolve above 350 lines even if the transmitter is transmit-
ting that many.

Other observed effects are mostly for the engineer or
service man, with the exception of the Indian head which
appears at the top. A good receiver check is to notice the
clarity with which you can distinguish the feathers in the
Indian’s headdress. Indeed, you may adjust your FOCUS
control until you see the feathers with the greatest clarity
and then know that your receiver is in the best possible
focal adjustment.

The trailing black or white tails following the small
wedges which appear in a vertical line at either side of
the inner circle, tells the service man how your receiver
is handling the wide band of frequencies of the signal. The
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same is true for tails or whiskers on the wider horizontal
black lines near the bottom center of the pattern.

That’s about all for the receiver at this session. As a
parting suggestion, if you do not have any technical know-
ledge, it is best that you confine your “tinkering” tenden-
cies to the adjustments that are on the front of the receiver
only. Do not continually vary even these adjustments, for
more than often the transmitting station is having a little
trouble—there is some irregularity in signal transmission, or
you have some temporary local interference. So if you wait
a minute or so before you pounce on your receiver and
start twisting control knobs, the chances are that the picture
will straighten out. Fading conditions sometimes make a
difference to the illumination of the screen tube, too. So a
little patience is indicated.

Anyway, it's about time we arrived at the part of TV
that will give the viewer many hours of wonderful enjoy-
ment in front of his set—the program. Everything we've
covered before bears on that objective.
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THE PROGRAM

CHAPTER VII

STUDIO PRACTICE

In this second part of our look at television, we shall go
through the motions of getting together the program ma-
terial for live televising and work on the net end—the job
of getting to the viewer’s screen the best possible entertain-
ment. We shall go about this by looking at all the problems
from several angles and through the eyes of several of the
participants.

Anyone who attempts to diagram all the activity that
takes place or all the problems that must be overcome in
the successful production of a live television show “‘sticks
his neck 'way out.” This is because the problems vary with
every live presentation, and the methods used to overcome
these problems vary within the working parts of every
station.

Bearing this in mind, we shall try to keep within the
average procedures and follow through only those activi-
ties and problems that are the most basic which are en-
countered under present day practices. To do this with
the greatest facility, let us first set down a few of the col-
loquialisms which so far have become the language of tele-
vision around the studio. This list is in no wise complete,
and some of the terms have been used and defined in pre-
vious chapters. More of them appear in the glossary. How-
ever these will serve to acquaint the uninitiated with general
studio parlance.
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STUDIO TERMINOLOGY
“TV”"—(TEEVEE)
the broad term for the television industry generally.
“TELECAST ’—
a program that is broadcast by sight and sound.

“PICTURE CHANNEL"—
the chain of apparatus which feeds the picture to the
transmitter. (Also used by engineers to designate the
the transmitter’s actual wave-length—six megacycles re-
moved from the “audio channel.”)

“AUpi0 CHANNEL"—
apparatus used to provide the voice portion of a tele-
cast to the transmitter. (Again, engineers use the term
to designate the wave-length of the voice transmitter,
which is six megacycles removed from the “picture
channel.”)

“VIDEO"—
the picture portion of the telecast generally. Roughly
video means picture. The terms are used interchange-
ably. Thus “video channel”’—picture channel. “Video
amplifier”—picture amplifier.

“SCREEN"—
the face of the vacuum tube on which a picture is re-
ceived and viewed.

“VIEWER”—
one of a television audience, or, technically in the
studio, the vacuum tube or screen on which the en-
gineering personnel watch and monitor the picture.

“CAMERA"—
the instrument which picks up the picture and trans-
mutes it to radio pulse energy. At present cameras
are of two types: Iconoscope and Image Orthicon.
“ICONOSCOPE” OR “IKE”—
the picture-making tube contained in the camera. ke
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has become a TV colloquialism used when referring
to cameras generally.
“ORTHICON"—
another type of picture-making tube contained in cer-
tain cameras.
Note: The Iconoscope type is the older type of the
two camera tubes and much more light is necessary
when working in front of one of these than when
working in front of the newer Image Orthicon. The
latter is capable of picking up the necessary “infor-
mation” when the subject is under only “cold light.”
“INFORMATION"'—
the composite make-up of a picture after transmuta-
tion by the camera.
“CoLp LIGHT ’—
stage or subject light often produced by the use of
so-called “daylite lamps.” In other words, much less
light than that produced by the banks of incandescent
lights which are necessary when a camera is of the
Iconoscope type.
Note: The big difference lies in the heat generated by
the two systems. The incandescent lamp banks gen-
erate a great deal of heat. Cold light cuts this heat
down to a much more comfortable working tempera-
ture. See “studio lighting.”
It is also well to know that the older type Ike,
which demands the greater amount of light, actually
produces the smoother, better defined picture to the
viewer than does the newer Orthicon.
“KINESCOPED"'—

(From “kinescope,” which is the engineering term for
a TV viewing tube.) The process involved when a TV show
is filmed for re-televising—a TV electrical transcription.
The process consists of doing a live show as normally for
TV, and at the time of presentation it is photographed by
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movie camera off the face of the viewing tube. Program

is then on film.

“FiLM CHAIN"—
the apparatus used for the televising of motion pic-
ture film. Apparatus consists of a motion picture pro-
jector which is closely linked to an Iconoscope camera
so that the projector throws the movie film image di-
rectly on the mosaic of the camera Ike.

“SLIDE”—
a still picture on film projected on the Ike much as
movie film is projected.

“FiLm CLIp”—
a small portion of movie film used as part of any
live program.

“Boom”’—
crane-like apparatus used to move the microphone to
its proper position for sound pick-up during a telecast.

“CUE-CIRCUIT"—
a telephone hook-up on which several members of a
TV crew may hear directions given to them during
the telecast.

“SWITCHER"—
control room man who changes from camera to camera
at the behest of the director. His choice of “‘shot”
determines which picture will be released on the air
when more than one camera is being used.

“MIXER"—
sound engineer who monitors the sound channel the
same as in normal radio.

“SHOT"—
one continuous sequence or segment of action on the
same camera with the same lens. (i.e., “close shot”
. . . "long shot™).

“Focus’—
means the same as it does with any photo camera.
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Studio camera bears down on singing group as mike boom,

10p, left, picks up sound.

However, in TV focus is accomplished electrically with-
in the camera as well as with the lens, which is in
front of the camera tube.

“DUBBING”—
the process by which sound is recorded on a sound
track so that a film, when televised, releases sound and
picture in perfect synchronization.

“SYNC'—
abbreviation for synchronization used above. “In step
with.” (Thus “sync the sound” . . . keep it in step
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with the picture.) Also used as an engineering term
as explained in Chapter IIL

“BLIND”—
process involved when a show is controlled, described,
or switched while personnel other than the cameraman
watch it only on their viewers.

“FLOOR MANAGER”—
a man who, during live telecasts, is in charge of all
operations on the stage.

“VIDEO ENGINEER”—
control room man who, under some set-ups, gives all
directions to the cameraman over the cue circuit dut-
ing a telecast.

“Live”—
refers to a telecast performed in person. (As opposed
to kinescoped or transcribed.)

“PROPS”—
the necessary articles used to set a complete stage for
a live telecast. Tables, chairs, divans, lamps, etc.

“SET"—
prop arrangements made to simulate a given locale on
the stage.

“BLock OuT”’—
to diagram for each and all participants in a telecast
each position, camera movement, actor movement and
placement necessary to the presentation of a live tele-
vision show.

“AM RADIO"—
actual translation, “Amplitude Modulation Radio.” Gen-
eral usage of the term, however, has come simply to
refer to standard radio broadcasting as it now exists.
actual translation, “Frequency Modulation.” An engi-
neering term which describes the type of radio wave
emission from a transmitter. Its general use, however,
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connotes the broad group of radio stations whose trans-
mitters can be heard only at a distance which is in
line-of-sight, and whose wave-lengths lie in a higher

_ broadcasting spectrum than our standard AM radio.
The audio transmitter in TV uses AM. The video uses
FM transmission.

Note: For other terminology refer to the glossary.

It is easy to see from the foregoing that TV has garnered
its terms from the other entertainment mediums and has
added some of its own that originate from engineering
terms. Thus, it is a combination “slanguage,” composed of
terms from AM radio, motion pictures, the legitimate stage,
and the engineer. A thorough knowledge of these terms
will enable even the most uninitiated to understand a TV
conversation and to follow a studio direction or instruction.

FACILITIES FOR A SHOW

To get a live show of any portent on the air it is neces-
sary to assemble within the studio a great variety of im-
plements. First, a technical crew (NBC has set as a basic
operating crew nine men) is necessary. There must be a
script, and there must be an acting and supervisory personnel
in accordance with the show’s scope and complications. There
must be art work, stage sets, and props, perhaps film clips
and slides. There must be microphones, cameras, and ade-
quate lighting facilities. Of these, we have not yet touched
upon two which are very important: art work and lighting.

ART

The most rudimentary type of art work necessary for
any television presentation is the “title card.” To the viewer
this is a simple screen full of words which may contain the
call letters of the station, a telephone number of a sponsor,
or the names of the players in a drama. However, the prep-
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aration of such cards is not as simple as might be imagined.
Several methods are in cutrent use.

In one method an artist paints or draws the necessary
lettering on a card in plain, legible letters. The card may
be any size larger than 7x10 inches, but in that proportion.
It is preferably a flat gray in color because gray has been found
to give off the least refractive spurious light to which the
camera is most susceptible.

The artist will confine his total lettering space to 7x10
inches, and he will artistically space his letters so that the
overall effect will be attractive to the viewer as he sees it fill
his screen at home. The wording on the card shall be as
readable and interesting as the ingenuity of the director and
writer will allow. The artist will “bleed off” to the edges
to allow the cameraman to frame the title without bother-
some edges.

Once prepared, the card is put in front of a camera lens
by one of several means. It may be hung in sequence with
other title cards on a title board which will allow the
cards to flip, one at a time, down into perfect position for
a camera moved close upon it and in fixed focus; or, as a
variation, it may be placed in sequence with others on a
rolling drum which, when rotated ecither maaually or by
motor, brings each title card into camera view.

A variation of this method of title preparation is to use
a large, flat area which is covered with a cloth similar to
pool table covering. The letters are pinned into position on
this surface in proper sequence by making use of a short
pin which is molded into the back of each letter. Letters
must be arranged to stay within a proper area for coverage
by a camera. They are made of clay or plastic and are
plain yet artistic in design. They may be white or black
in color, depending on the color of the background cloth.

Once the title so displayed has been shown to the audi-
ence via the camera, it may be quickly disassembled and be
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replaced by letters and words for the next necessary title.
If time is limited while the show is on, the various titles
may be set up one at a time long before the show, photo-
graphed on a 35 mm camera film, developed, and at pro-
gram time be projected into the film camera chain as slides.
Obviously, care must be taken when they are photographed
so that they will be properly lighted and will appear in a
perspective that will fill the viewer’s screen when they are
shown.

Variations of these methods will suggest themselves to
the reader. A great deal of experimentation is constantly
going on to find new and ingenious methods for displaying
titles of all kinds. Moving titles are used extensively.

In this procedure, the wordage is lettered on a translu-
cent sheet which is rolled in front of the camera lens by
a mechanical means, much like the ordinary camera rolls
its film from spool to spool across the lens area. The titles
may be read by the viewer as they pass through a framing
structure which has been superimposed betwen the camera
and the translucent roll. The roll may be lighted from the
rear or from the front—depending on the overall effect the
director wishes. There are as many variations as there are
people with ideas and ingenuity.

One of the later devices so far developed is a gadget
which operates as a robot. In the use of this clever mech-
anical device, program narration is recorded on an ocrdinary
electrical transcription, so common in radio. At the time of
recording, there is also recorded a “pulse,” or tone pip
which is inaudible to the ear—but which has sufficient
strength and composition to energize, upon being piped to
it, a motor-driven film slide projector. Thus, in presentation,
it is necessary only to play the recording into the sound
channel, and to have the projector working into the film
camera chain. Wire from the sound amplifier transports the
pulse pip to a relay which, when tripped by the pulse, turns
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on the power to the electric motor. The motor will revolve
just enough to throw the next slide or picture into position
and then shut off automatically. It will stay so until the
next pulse comes through and then will, of course, repeat
the operation.

This device has several advantages: First, it makes it
possible for a program to be prepared well ahead of air
time. Next, it makes sure once and for all that the re-
leased picture or title is in absolute sync with the voice
narration. Also, it may be prepared outside and thus not
tie up scarce studio facilities. In actual presentation the
program will require only 2 minimum of studio personnel.

Other clever gadgets are constantly being added to the
mechanics of television, and such a device as just described
may, in a short time, be<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>