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PREFACE

HE question, “When will we have television?” is heard more and more fre-

quently these days, particularly since television is again coming into the
newspaper headlines through demonstrations by Philco, Farnsworth, RCA, and
others. While it is emphasized by all these interests that television will not
be ready for the public for some time to come, still public interest has been
aroused and there appears to be a general desire among those who are well
based in radio but who have not kept abreast of television to learn more of
what will undoubtedly be a great future industry. It is quite possible to build
a television receiver which will intercept the present broadcasts, and while it
is beyond the scope of this book to detail such equipment, we have endeavored
to cover the principles as well as possible in the hope that the builder’s interest
will be stirred to such a degree that he will look for more detailed knowledge
on the subject and will seek to enter the field actively.
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THE ABC OF TELEVISION

TELEVISION FOR THE BEGINNER

CHAPTER 1

The following constitutes a simple review of the operation of the simplest
television equipment, and gives the analogy between television

e WHEN considering the subject of

television, we must remember that
not all television equipment is com-
plicated. The common telescope is
the simplest and most well known of
all television ‘“‘machines’”. Here we
have an apparatus which will pick
up a distant scene and bring it up
to the eyepiece with the utmost clar-
ity. No transmitter is required, the
object being viewed acting as the
transmitter.

But of course, the telescope has
its limitations. The conditions
between the ‘‘transmitter’” and the
“receiver’’ (telescope) must be per-
fect—there can be no objects or poor
atmospheric conditions to hinder the
passage of the light rays. And too,
the telescope only makes the distant
scene available to the human eye;
it does not reproduce the image, for
the eye must do this.

‘When the first serious idea of the
transmission of sight to a distance
was conceived, more than fifty years
ago, the human eye formed the nat-
ural basis of the design. Until now
it has been impossible to rival the
product of Nature, because of her
unlimited ability to disregard ex-
pense; but a consideration of her
methods may still afford useful hints
to the inventor.

When George Corey published the
first television design, he proposed a
lens, as in the eye, projecting an im-
age on a sensitive surface, also as in
the eye. The only light-responsive
means then known was selenium
connected to an external source of
current; but there has since been de-
vised the photoelectric cell, which,
like the eye itself, actually produces
a minute electric current.

The eye is merely a specialization
of the skin to obtain extremely great
response to light. Skin, unless cal-
loused, has greater sensitivity than
is popularly realized. In the lowest
forms of life, the whole surface is
light-sensitive, as well as capable of
absorbing food. In oysters or scal-
lops, there are rows of sensitive
spots, which advise the creature
when to close its shell. In lobsters,
ete., and insects, the sensitive spots
are collected together; so that their
separate sensations make up more or
less clear vision.

In still higher animals, and man,
the sensitive spots are collected un-
der a projecting lens, in a place

where they are protected by bone;

and equipped with muscular focusing

scanning and the eye.

and adjusting apparatus, to increase
their efficiency. The retina, or light-
sensitive rear wall of the eye, has
millions of spots, each connected to
the brain by a separate channel or
nerve fiber corresponding to a tele-
graph line.

There is more or less sensitivity
to light in the whole retina, except
at the ‘“blind spot’” where the optic
nerve enters. But the accurate de-
termination of form and color is con-
fined to the ‘‘yellow spot’” (Macula
Lutea), indicated in our illustration,
which receives the image of what-
ever we are examining most closely.

This spot, about 1/6” wide and half
as high, receives an image about as
large as two faces side by side at 20
feet; it contains somewhere in the
order of a hundred thousand separ-
ate sensitive spots; and sees about
1/5000 of the whole sphere around
us. The eyes, however, very quickly
and involuntarily change the direc-
tion of their attention; in fact, it is
almost impossible to hold their gaze
steady, upon the same point, for an

appreciable length of time (try it!)

We may imagine, therefore, that
a scanning system of 100,000 points
would be equal to steady vision on
the object of interest; but the in-
stant the eyes of the observer are
taken off it, the limitation of the im-
age must be perceived. A television
camera might be made to ‘‘wobble”
slightly, to relieve this staring effect.

For its sensitivity, it is now
agreed, the eye depends on a sub-
stance called ‘‘visual purple,” which
it produces, which is decomposed by
light, to cause the sensation in the
cptic nerves we associate with ‘‘see-
ing”. It is always active, even in
the dark; a bright light on a spot
in the eye will temporarily exhaust
its seeing power until new ‘‘purple”
can be obtained.

So we may image a television cam-
era, built like the eye, with an elec-
trolyte flowing around numerous
photovoltaic couples each generating
a small current falling into an am-
plifier. The problem of scanning is
not essential to the pickup, but has

LINES OF
IMAGE PRO-

JECTED BY LENS

BACK WALL
OF EYE

-

YELLOW
SPOT OR

MACULA LUTEA

Fig. 1.

Here we have a rough presentation of a portion of the retina, or

back wall of the eye, on which the image is projected by the lens of the
eye. The image is always upside down, although our senses perceive it in
the proper position.
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Fig. 2. At the right is an enlarged
view of the retina of the eye, show-
ing the huge number of sensitive
spots (about 7,000 to the inch, each
way) upon which the light rays fall.
The composite sensation produced
by these is the ‘“mosaic of vision.”
This is comparable to the “half-
tone’” picture which, as shown, is
made up of light areas divided by
a screen. The television apparatus
shown was proposed in 1880, while
the apparatus below it is more like
the human eye.

THE ABC OF TELEVISION

FIRST PROPOSED TELEVISION CAMERA

LENS

ey

»/
FOCUSING TUBE

LENS ({CHAMBER

et )
SELENIUM RESISTORS

TELEVISION CAMERA MOULDED ON EYE
- TO PUMP RENEWING FLUID

PHOTO-VOLTAIC COUPLES

LINES TO SCANNING
MECHANISM OR AMP-

LIFIERS OF DISTRIBUTING OF RETINA V¢

CHANNELS

ENLARGED
"HALFTONE"
PICTURE

RECORDING
APPARATUS

CROSS- Y=
SECTION ¥

been forced on us by the problems
of transmitting—since a million tele-
graph wires, to correspond to the
fibers of the optic nerve, will cost
real money to string and operate.
This brings up also problems of
storing up light impressions for a
fraction of a second, as the eye does.
We all know that the scene which
the eye perceives does not disappear
the instant the eye shifts elsewhere,
or the instant the scene becomes in-
visible. The eye retains the image
for a short fraction of a second, and
this is called ‘“‘persistence of vision’’.
If it were not for this fact, common
movies would have to be worked in
some entirely different manner, for
it is this persistence of vision of the
eye that makes it possible for us to
perceive and enjoy movie scenes. It
is quite well known that the various
“frames’ or separate scenes of a
movie film do not run through the
camera in a smooth continuous flow.
Each frame is stopped for a frac-
tion of a second and projected upon
the screen. The eye notes the im-
age and retains it for an instant,
during which a shutter cuts off the
light in the movie projector, and
the film is jumped to the next scene,
when the light is again allowed to
pass through. By this time the prev-
ious image has faded from the re-
tina, and the new image takes its
place, this sequence of cycles en-
abling us to obtain the effect of
smooth continuous motion. It has
been found that the motion will be
satisfactory and without apparent
flicker if the film passes through the

projector at the rate of about 24
frames per second and this is the
standard speed of movie machines.
It is also the average speed of most
television systems, although some
may be faster and others slower,
since this industry has not as yet
been standardized as has the motion
picture industry.

‘We now come to another very im-
portant point in the phenomena of
sight. This is the subject of scan-
ning. A little reflection on the part
of the reader will show that the eye
does not view any complete scene all
at once, but that it travels over the
scene in irregular movements, build-
ing the image upon the retina in sec-
tions. To make our analogy between
the eye and television more easily
understood, let us consider reading,
since this is a more orderly proceed-
ure for the eye than the more or
less haphazard viewing of a scene.
In reading a printed page the eye
travels from left to right over a line
comparatively slowly while the mind
is digesting the subject matter. It
then snaps back to the left end of
the next line to repeat the process.
The return to the left side of the
page, however, is accomplished much
more rapidly than the original mo-
tion since there is no reading to do
and the only object is to get back
to the left side as quickly as pos-
sible. Also note that the eye auto-
matically drops to the beginning of
the next lower line rather than re-
turn to the beginning of the or-
iginal line, and it thus follows a
rather regular zigzag path. This is

the theory of television scanning and
every practical system now in use is
based upon this zigzag movement.

There are many experts who be-
lieve that this scanning system is
all wrong and that some method
could be discovered and made prac-
tical whereby the whole scene could
be sent out at once. If this is
S0, a great deal of the present com-
plication of television could be re-
moved, since most of the trouble is
now had with the so-called syn-
chronization of the transmitter and
receiver. It will be easily seen by
the most uninitiated that if the
transmitter scanner is at the upper
left corner of a scene, while at the
same instant, the spot of light in
the receiving scanner is at the lower
left corner of the picture it is build-
ing on the screen, a conglomeration
will result which will be totally un-
like the original scene. The trans-
mitter and the receiver must be in
exact step all the time, or as the
engineers say, they must be syn-
chronized. The equipment needed to
bring about this result is highly com-
plicated, as will be seen from later
chapters.

The many various ‘systems” of
television now in development differ
most widely in the method of obtain-
ing the scanning, and while there
have been a large number of schemes
proposed to bring about the desired
result, only a few have been found
practical, although most any of the
systems can be successfully operated
in the laboratory by trained tech-
nicians.
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CHAPTER 2

A consideration of the Nipkow disc as related to television, as well as its
shortcomings and a brief description of some other mechanical systems.

o THE development of television, up

to the present time, is not far
enough advanced to permit the trans-
mission either by wire or by radio
of a complete ‘still picture’” at one
time. We have to divide the picture
up into many small areas and, by
means of an equivalent electrical
signal, transmit these small areas
one after the other. This process
of breaking up a picture or scene
into elementary areas is known as
scanning. We shall learn that the
speed with which we reproduce these
small areas determines whether we
shall have a still or a moving pic-
ture.

Of vital importance in the process
of scanning is the area or space to
which the television pick-up system
(the photo-cell) responds, and with-
in which the subject or scene to be
televised is confined. The area is
defined as the field of view. In the
present status of the art, the field
of view is very limited.

We have said that it is necessary
to transmit in rapid succession a
series of elementary areas; which
are then assembled at the receiving
end, to form an image of the scene
which is being televised. It is es-
sential therefore that the light re-
flected from these elementary areas
which are picked up by the photo-
cell, deliver to the cell the max-
imum amount of light possible. We
shall see that this is done by utiliz-
ing a series of square (or round)
holes in the form of a spiral at the
outer edge of a thin metal disc,
known as a scanning disc.

Let us consider for a moment Fig.
3, which represents a picture area
which has been broken up into many
horizontal strips. Let us go one step
further and choose a particular hori-
zontal strip, such as No. 3 for discus-
sion. You will notice that we have
divided this particular strip into 24
squares.

If we were to take a piece of card-
board and cut into it a small square
hole (slightly larger than the area

of square No. 1, for example) and
slide it over the picture horizontally
along one particular strip, we would
see through the hole a series of light
and dark portions, such as squares
Nos. 1, 7, 12 and 16. Square No. 1
is white, and its position is at the
left-hand side of the picture. As
we slide the strip along toward the
right we begin to notice various
shades of black and white, corres-
ponding to the shades of the photo-
graph. No. 7 is partly shaded, No.
12 is the darkest part of our picture
and is entirely black. Having passed
over the picture with our scanning
hole (if we may call it that), we find
the remainder of the photograph is
perfectly white.

If we are able, therefore, to pro-
duce varying amounts of electric cur-
rent, corresponding to the various
shades which we observe as we slide
along this horizontal strip, we will
be able to transmit our picture by

means of radio waves. The photo-
PHOTO-ELECTRIC ARC LAMP
CELL <
.
LENSES
v
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Fig. 4. Set-up of transmitter for
scanning human face with disc.

electric cell is the device which
changes varying light intensities into
corresponding electrical impulses.
Different objects reflect different
amounts of light; it is this fact
which has enabled engineers to de-
velop television successfully. Let us
look for a moment at Fig. 4, which
represents a light source behind a
lens for focusing the rays of light
from the lamp to a small point, as

CARDBOARD WITH SQUARE HOLE
34567890NRBKISKTIBN 2208
L1 L

+
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Fig. 3. A graphical reproduction of
Nipkow disc scanning.

shown in the diagram. At this par-
ticular moment the little spot of
light is focused on the man’s fore-
head, which will reflect a consider-
able amount of light. If we were to
focus a spot of light toward the top
of the man’s head, not so much
light would be reflected, because of
the color of the man’s hair., In the
same way, the white collar would
reflect a large amount of light, while
the coat would reflect hardly any.
Our problem, then, is to use a device
which will cause a spot of light to
pass back and forth, from left to
right and from top to bottom, in a
series of strips across the man’'s
face. The scanning disc projects the
light from the arc lamp upon the
subject being televised. It is inter-
esting to note that, in order to have
a clear image of the object which
we are scanning, we must divide up
the picture into from 2,500 to 3,500
spots to one square inch of picture.

Fig. 6 illustrates what we have
been talking about. (Naturally, our
spot of light is magnified for the
sake of illustration; for in actual
practice the scanning spot is only
about 1/32 of an inch in diameter.
You will see from Fig. 6 that the
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Fig. A

Fig. B

Fig. C

Fig. D

Fig. E

Fig. 5. A comparison of a picture as made up originally, as made up with lines similar to the way television pic-

tures are formed, and as made up of dots, formed by the screen used in all printed cuts.

At A we have the or-

iginal line cut illustration; B shows the same formed with 120 dots per inch; C, same with 120 lines per inch;

D, 60 lines per inch; E, 60 dots per inch.

The coarseness of D and E is apparent upon close examination.
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of light over the subject.

spot or square of light moves from
left to right, drops down a line, and
moves from left to right again; in
much the same way that we ‘‘scan”
or read pages of a book.

The photo-cell is the eye of the
television system, and scanning is
the method by which this eye picks
up and reproduces an image of the
action taking place before it. The
human eye observes a rather broad
field of view. Unfortunately, the eye
of television, the photo-cell, is lim-
ited to an extremely small field of
view. However, a television pick-up
device can render a distinctly useful
service if a well-chosen field of
view is selected. Furthermore, the
eye will make up for the minute de-
tails which present-day systems lack.

If a comparison is made between a
scene as depicted in a newspaper and
an actual photograph of that scene,
we can see that the latter has much
greater detail. The newspaper pic-
ture is an attempt to show a photo-
graph on the printed page. The
clarity of the newspaper print is
determined by the size of the screen
used in making it. Figs. 5, A, B and
E, represent, respectively, the orig-
inal; a newspaper print in which a
120-mesh screen was used; and a
print in which a 60-mesh screen
was used. Just what is the connec-
tion between Figs. 5B and 5E, and

Fig. 7.

Layout of a 48-line disc.
Note spiral line arrangement.
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scanning? Simply this: in Fig. 5B
we have divided one picture into
14,400 elementary areas, while in
Fig. 5E we have divided it into 3,600
elementary areas. It is customary
to consider the detail of a picture
such as Fig. A in terms of elements
per square inch. Figs. 5C and 5D
show relative appearance of same il-
lustration as seen in a television re-
ceiver,

Therefore our detail would be 14,-
400 elements or dots per square inch.
As an experiment, look at these pic-
tures: first one foot away; then three
feet away; and finally five feet away.
The farther away the picture is, the
less noticeable are the elementary
areas. This is an important factor
in television for, as we stated prev-
iously, television systems are capable
of reproducing a detail of at least
2,500 to 3,500 impressions per square
inch. For a square picture, there-
fore, we should have our scene to be
televised divided into 50 squares per
row and 50 rows.

Let us consider the action of a
scanning disc when rotated slowly.
Fig. 7 represents the disc and we
shall rotate it in a clockwise direc-
tion. Since the disc consists of 48
holes, one revolution of the disc will
divide our picture or scene into 48
strips. Hole No. 1 would produce a
strip across the top of Fig. 3. Hole
No. 2 would produce a picture strip
one row lower. It is evident, there-
fore, that with one revolution of the
disc we have completely covered the
man’s face with one little spot of
light. As the disc rotates, this pro-
cess is repeated again.

It is interesting to note that, for
television of moving objects, fifteen
complete pictures are required per
second. Our scanning disc must
cover the man’s face fifteen times
per second, if we are to have what
is called a continuous picture. With
a 48-hole disc, therefore, we would
have 48 x 48 x 15, or 34,560 impres-
sions per second to be picked up by
the photo-cell. Since the number of
lines into which the scene is divided
is determined by the number of holes
in the dise, television systems are
classified as 24-, 48-, 50-, and higher-
line systems. It is evident that,
the larger the number of lines, the
clearer the picture will be. It is
also true that the greater the detail,
the higher the picture frequency, and
the more difficult, therefore, it be-
comes to construct apparatus which
will pass this wide band of fre-
quencies.

In a 48-line system, the highest
frequency which we must pass is
48 x 48 x 15,

——————or 17,280 cycles per sec-
2
ond; this is for a square picture of
2,304 picture elements. It might be
well to consider the picture frequen-
cy of the 72-line system, since the
picture detail in a T72-line system
shows considerable improvement over
the other three mentioned systems.

As before, the maximum frequency

72 x 72 x 15,
would be or 38,880 cy-
cles per second.

Let us study for a moment persis-
tence of vision. Imagine that the
eye is substituted for the photo-cell,
and that we observe a scene through
the aperture, or hole in the scanning
disc. If the disc is slowly revolved
and we confine our observation en-
tirely to what we perceive through
the small aperture, it will be difficult
to piece together the scene before us.
As the speed of rotation of the disc
is increased, the number of our ele-
mentary impressions is increased;
and it becomes easier to see the
scene before us. Apparently the eye
has the power to store up these ele-
mentary scenes, or areas, and build
up the composite scene. This prop-
erty of the eye is known as persist-
encé of vision.

Before we enter into the study of
television we must become ac-
quainted with certain apparatus and
certain effects peculiar to the art.
The photo-tube, in particular, is of
interest because of its remarkable
possibilities and because of its rom-

antic past. Heinrich Rudolph Hertz
o
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(who gave his name to the waves
which later became known as Radio)
was one of the first physicists to
note the effect which light had upon
certain substances and phenomena.
Hertz, although his name is not con-
nected with the subsequent develop-
ment of the photo-tube, discovered
the fact that certain substances
when subjected to the influence of
light rays gave off electricity. The
degree of this electron emission is
proportional to the intensity of the
light falling upon the surface, and
also upon the character of that light.
That is to say, certain substances are
more sensitive to one color range of
light than another—light being de-
fined as to wavelength in much the
same manner as radio waves, except
for the fact that the light waves are
much shorter. The meter would be
an unwieldy unit in this case and we
measure the wavelength of light in
‘“Angstroms’”. The Angstrom is a
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unit one ten-billionth of a meter in
length (taking ‘billion” in the Am-
erican sense of one thousand million,
and not one million million as it is
defined in Europe).

The color-sensitivity curves of
photo-tubes are not unlike the curves
of audio-frequency transformers, as
you may see from Fig. 8, where the
relative sensitivity of a particular
photo-tube is plotted against wave-
length of light. In constructing
photo-tubes, a thin layer of caesium
oxide is deposited on the wall of a
glass bulb. This layeér constitutes
the cathode or electron emitting ele-
ment. The other electrode—the an-
ode—is usually a piece of mesh-wire
mounted in the center of the tube,
directly between the sensitive wall
or cathode and a transparent win-
dow in the coating of the bulb.

‘When light is caused to fall upon
the cathode, a stream of electrons is
given off; this is accelerated toward
the anode because of the fact that
the latter is maintained at a high
positive voltage with respect to the
cathode. (The electrons are acceler-
ated toward a positively-biased point
in all electronic devices.) The path
between the two electrodes becomes
conductive, in a degree depending
upon the number of electrons leaving
the cathode; this factor is, in turn,
aependent upon the intensity of the
light flux incident upon the sensi-
tive surface. This light flux is meas-
ured in “lumens’; the lumen is—
simply stated—the amount of light
falling upon a surface of one square
foot from a one-candle power source
at a distance of one foot.

In designing a photo-tube, the
choice of the elements depends upon
the service in which the tube is to
be used. In those cells used for
photo-metric work in motion-picture
studios, the cells have the same
color-response characteristic as the
film employed in making the pic-
tures. Owing to the inability of or-
dinary glass to transmit the ultra-
violet rays, the tubes used to make
measurements in this range are of-
ten constructed from fused quartz.

After the sensitive surface has
been formed on the wall of the tube

LIGHT PULSATIONS —

Fig. 10. Here
is a simple re-
presentation of a
complete  televi-

sion system. The
wires on  the
right take the
place of the us-
ual radio trans-
mission channel.
The two dises
must, of course,
be exactly syn-
chronized to en-
able transmis-
sion.

it must be “pumped’” or exhausted
to a high degree of vacuum. Cells
requiring a high output are filled
with some inert gas such as argon,
neon, or helium. A secondary effect,
due to the ionization of the gas dur-
ing the electron flow, gives rise to a
high current through the tube. It
is an unfortunate fact that, although
the electron emission is instantan-
eous, the ionization of the gas is sub-
ject to some lag. For this reason,
high-sensitivity gaseous tubes can-
not be used in services where great
rapidity of action is required. Some
gas-filled cells will operate at the
frequencies required in talking mo-
tion-picture work, but so far none
have been developed for television.

This peculiar effect of producing
variations in electrical impulses for

* corresponding variations in light and

shade, was observed many years ago,
with the advent of selenium cells.
Quite by accident, it was discovered
that the resistance of selenium
changed with variations in light.
Immediately the questions arose,
“How can we utilize this phenomen-
on?”’ Unfortunately, the selenium
cell is too slow in its response for
present television requirements, and
the problem was unsolved for many
yvears. It remained for the advent
of the photo-cell to give us the be-
ginning of television as we know it
today.

The process of producing this cell
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is rather interesting.

One method is
to release the caesium (an element
of the ‘“‘alkaline’ group) which is in-
troduced into the tube as a pellet, by
heating the tube after it is sealed.
The photo-sensitive substance con-
denses on a silver cathode plate

which has been oxidized. Baking
the cell causes a reaction between
the alkaline metal and the oxygen
which, ultimately, results in the
formation of caesium oxide with a
monatomic layer of caesium over all.
The use of the photo-tube which is
most interesting to us is as a gener-
ator of alternating current; this is
the mode in which the tube is op-
erated in television and in sound
motion picture work. An amplifier
suitable for use in this case is shown
in Fig. 9; it was intended primarily
for television service, but is excep-
tionally good for use in any experi-
mental set-up where the cell is op-
erated by rapid changes in light in-
tensity.

An interesting feature of the photo-
cell, and that which makes it valu-
able to us for television, is that
““photo-emission” takes place almost
instantaneously. With the countless
experiments which have been per-
formed on the photo-cell, none have
shown a lag between the incidence
of the light and the issuance of the
photo-electrons. In the ordinary
high-vacuum cell, a fluctuating light
causes the number of emitted elec-
irons to vary in exact correspondence
to its instantaneous intensity.

The neon tube consists of two
electrodes in an atmosphere of gas.
This gas ionizes and glows when an
electrical current is passed through
it. Over a certain range, this glow



Fig. 10A. New Westinghouse mer-
cury lamp which produces as much
light as conventional 200 W. lamp.

varies in its intensity in direct pro-
portion to the current flowing
through it. This is the exact coun-
terpart of the operation of the photo-
tube, where the emitted current
varies in proportion to the intensity
of the light.

If we place in the output of a tele-
vision receiver a neon tube with its
elements designed so that one is in
the shape of a flat plate, of the same
size as the image to be formed on
our 1eceiving scanner or disc, we will
upon looking through the disc, see a
square fleld of light of even inten-
sity. The light visible to the eye at
any one instant is that passing
through one of the apertures in the
scanning disec.

Now, if the transmitting equipment
consisting of scanning disc, photo-
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tube and amplifier is set in operation,
the light emitted by the neon lamp
will at all times be proportional to
that falling on the surface of the
photo-tube. If, then, we rotate the
two discs in exact relation to one
‘“‘syn-
chronous’’—the light variations in
the neon tube will construct a replica
of the scene scanned by the disc at
the transmitter. That is, if the
transmitting disc is traversing a
bright spot in the scene, the bright-
ness of the neon lamp will increase.
In the same manner the neon tube
will lose in brilliancy when the light
at the transmitting disc is at a min-
imum, corresponding to the current
through the photo-tube.

One of the greatest disadvantages
of the earlier television systems op-
erating on the principles just covered
was the dimness of the image and
also its small size. The latter diffi-
culty was first partially remedied
by the use of a large optical lens
placed in front of the spinning disc
so that the original received image
of an inch square or so was in-
creased to 3 or 4 inches in size.
However, the lens had to be optical-
ly perfect, or the enlarged image
would be badly distorted, and a
large lens of high quality is expen-
sive. Therefore various means were
tried to produce a more intense neon
light source, the so-called crater
lamp, which provides an intense
small area source of light being one
of the best produced. This enabled
the image to be projected upon a
screen in front of the disc so that
it could be readily viewed.

Most promising in its division now
appears to be the high-intensity,
high-pressure quartz capillary mer-
cury vapor lamp on which Philips
Company of Holland has been at
work for some years. In this coun-
try the General Electric and West-
inghouse Cos. are each developing
this type of high-pressure mercury
vapor lamp with every promise that
this source shortly will be available
for television purposes.

In the air-cooled variety the in-
tensity of the capillary vapor stream
is approximately that of the electric
arc crater or 85,000 candlepower per
sq. in. But where the capillary is
water-cooled by being encased in an
outer glass tube through which a
rapid stream of cold water is main-
tained flowing, high mercury press-
ures (20 atmospheres) are obtained;
and a light intensity value equal to
that of the sun’s disc, or some
250,000 candlepower per sq. in.!

The lamp (Fig. 10A) measures
about 5%x114 ins. overall, the actual
light element being only 1% x %-in.
in dia.. It is operated from a trans-
former which delivers around 250 V.
at the secondary, and the mercury
arc is approximately %-ins. long, a
striking contrast with the usual
mercury- (or Hg-) vapor lamps in
which the arc is of varying lengths
from 5 ins.,, up. Thus the ideal
“point source’” is approached more

closely than ever before in this type
which fact makes its use in tele-
vision of the greatest interest. As
with other lamps of the mercury-
vapor type, the starting time is 3 to
4 minutes, before full brilliance is
attained. Many other, larger sizes
are made, that shown being the
smallest at present.

‘While the most obvious use of
this new mercury vapor lamp would
be as a fixed source with light valve
modulation, it is not at all uncertain
that the brilliancy of this source can
not be directly modulated at tele-
vision frequencies by means of a
suitable power amplifier. If so, this
latter arrangement will afford many
advantages over the fixed source
with Kerr cell and polarizing devices.

There seem to be as yet untried
possibilities in the future develop-
ment of the so-called crater lamp
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source. The ultimate in a high-in-
tensity, long-life crater lamp, either
with a hot or a cold cathode, has
not yet been reached at this writing.
Although several investigators and
manufacturers are still at work on
the problem, it is doubtful whether
any crater lamp will equal in in-
trinsic brilliancy that of the capil-
lary quartz mercury- (Hg-) vapor
source above described. \
- Akin to the crater lamp is the
fixed-beam cathode of a source using
a long, cylindrical, cathode beam
tube containing sufficient gas to aid
in focusing the beam to a very small
spot and directing this fixed beam
either upon a fluorescent coating
upor a quartz window at the end of
the tube which will successfully with-
stand the highly intense -bombard-
ment, or directing the beam at a 45
deg. angle upon a fluorescent, coated
metal plate and viewing the spot
through the side of the tube. In
either construction it is obvious that






