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Lesson 7—Television Theory and Progress

AN, since time began, has wished
M to see what was taking place at a

distance—at the same instant in
the matgral  action and color,
ever, up to the present date television
is not perfected to even half this ideal. It
15 true that we are able to transmit images
to a distance but, at the time this lesson
is being written, television is not at the
stage where it may be used regularly as
home entertainment.

Yes, several quite successiul television
outfits are on the market. We have just
watched one of the first twenty-five of a
make that will be on the market in the
very near future, It is the best commer-
cial outfit we have seen, and we saw it
operated very close to the best television
being broadeast today ; in other words, un-
der sdeal conditions. Yet, it is only fair to

Figure 1—In the above picture of WCFL's
second television insmallation the entire process
of broadcasting and receiving images is graph-
ically present

From the “Source of Light" (near the center
l‘:‘ lhoj';l'cdhxmnd :!u povndll“bnm of

Pro; throug! holes
*“Transmit

How="

say that this excellent televisor, and the
really fine short-wave receiver with which
it was used, do not constitute a family en-
rertainment proposition.

To be entertamment for the family, tele-
vision must be something we can turn on
with the assurance of getting what we
want. It must be clearly visible to the
entire group of people in the vicinity of
the set in our living room, It must con-
tinue as our present-day radio programs
lo—without interruption and without the
necessity  for continual adjustments. It
must be accompanied by appropriate
sound projection from the loud speaker,
and, lastly, it must be of practical every-
day usefulness at a reasonable price.

Television today is almost none of these
things. The images are small, usually of
a reddish color, poorly-illuminated: near-
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is reflected from the subject into the “‘Photo-
electric Cells,” satting up an electric current
which is fed into the “Amplifier” shown in the
foreground. Whiter surfaces reflect more light

than darker this variations are caused in
the current flowing through the ““Photo-electric
Cells". From the “Amplifier” the current is fed
to the “Neon Tube," low of which chuE-
with each ht variation current. The “Re-
ceiving Scann Disc™ revolves in front of the
“Neon Tube" and must be synchronized with

and ia step with the “T itting

ly always blurred and possessing little de-
tail. The signals are of a nature that re-
quire careful tuning by an expert. Con-
stant adjustmient of theé scanning motor
speed is required if the image is to be seen
at all, and even then anyone watching for
the purpose of restful entertainment is
sure to be disappointed. The only way
we can project sound to accompany the
image is by using a separate broadcast
channel, meaning that you must have two
receivers, one for the picture and the other
for the sound

While all of this sounds discouraging at
the outzet, we want to impress upon the
minds of you who have come this far
with us that this is by no means the case
The history of television probably will be
like that of radio—the advance of an art
due mostly to the work of the tinkerer

Disc. The image of the subject being televised
seems (o appear on the "Roc-ivlnt Scanning
Disc” just under the “Magnifying Lens."
When the apparatus is in use a booth s
placed about the subject and a heavy cloth hood
s placed in front of the uaivuaﬁ ap&unm
The signals are broadcast by being fed into the
radio transmitter and can be picked up by ﬂ
aerial within range of station. In
installation 48-bole discs

at 900 rp.m.
were used, eiving 15 com-
plete images per second.
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are as much a result of

the pick up
‘e of the andio amplifier
of us have nsually Jaid
our television troubles.
ing equaul, we now know
class television receiver

. high gain (high amplification)
-frequency amplifier (Ideal is three
(s ’@m d radio-frequency.)
~ A power detector (No grid leaks or
_grid condenser.
3 A resistance-coupled or resistance
‘impedance-coupled first audio,
i A push-pull 245 second audio,

Now let us analyze this a hit. We know
that multi-stage radio-frequency amplifiers
‘are not availuble for receiving the short
waves under 100 meters, In fact they
‘would not be practical because of insula-

~ tion, capacity and other problems. Nor
would we care to juggle from 12 to 15
ag-in coils. Lastly, we would not care

to have a receiver with four tuning con-
trols; yet a single control for these four
circuits, with plug-in coils, is impractical.

x jowever, a_receiver covering the band
= from-100 to 200 meters, single dial con-
trol, mlnrm coils, is very practical in-
:e:d, such a receiver has actually been

-l f JZ‘:J,.?"' high rad
reason for ing high radio-
frequency amplification is to supply the
televisor with as powerful a signal as pos-
sible  without rcquiring many stages of
audio- ency amplification.  This is
particolarly desirable in an electric re-
cd\-eg' where hum voltage results in the
amplification of the harmonics of the 60-
cle alternating current and thus adds

tortion to the signal. Also, a

adio-frequency amplifier supplies such a
high signal voltage to the detector that we
not require four stages of audio ampli-
fication as we have usually believed neces-
sary, This is a great advantage because
it i much casier to construct a two-stage
amplificr o respond to a wide range of
ueticies than to try to construct a

fonr-sta_ge amplifier to cover the range.
In this lesson we show (Figure 5) the
standard circuit of a resistance-coupled
amplifier ::r uu'di_h by v;? many ::lllevision
experimenters. e values are given
on the drawing. This may be used in con-
the tuner of the Federation
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.~ LESSON SEVEN—WCFL FREE RADIO AND TELEVISION COURSE

Figure 9—Scanning disc, Picture drawn near
upper edge abows where image seems to appear,
bnwemthnwp«ndlmvunneol&tn(ni
of holes. That's why the image is so small

reports the presence of television siguals
by giving vou a high-pitched ing noise.
However, the main trick in adjusting the
amplifier to proper operating condition is
to change the C bias and plate voltages of
the last tube until the neon lamp gives a
constant dull red without flicker. This
must be done with the set tuned in such
a way that no signal is being received.
When operating properly you may tune in
a television signal, turn on your scanning
disc motor, and get down to business.

Our recommendation is for you to use a
48-hole disc, but there are combination
discs on the market that are excellent for
the experimenter. A synchronous 1715
horsepower motor is the best, but any
“universal" (AC or DC) motor with a
variable speed control will give you re-
sults. However, a synchronous motor
saves vou a great deal of the adjusting
that makes television difficult for the be-
ginner.  In order to get your scanning disc
in step, eéven with a synchronous motor,
you may have to start and stop it scveui
times.

We cannot show in detail just how you
will mount your scanning disc, motor and
3 control becausze we do not specify

e make and type of these parts, due to
the present experimental stage of the tele-
vision art. However, the illustrations in
the lesson are sufficient for any clever ex-
perimenter to follow. One of the main
things is that you should be able to raise
or lower the neon tube until you find the

W
200,

best location in relation to the holes in the
disc.  (Sece Figures 7 amd 8)

Strange as it may seen, in spite of the
fact that an ideal television amplifier
should respond equally to all frequencies
from 15 to 18000, vet we have seen some
very fine pictures with only a good grade
of audio transformer u The point is
that this putfit was very well designed. In
order to get & well illuminated image you
must have a terrific signal output!

QUESTIONS ON LESSON SEVEN

¥ you desire Lesson Eight of this in-

teresting course, it will be necessary
for you to submit written answers to the
questions on Lesson Seven listed below.
1 ’\\"lm is the purpose of the scanning
sc?
2 How many impulses do we transmit
at otte time in modern television?

3 What does the photo-electric cell do?

4 How can we the voice of a
ainsger at the same time we see her picture?
-5 In lesson 8 we tell you many prac-
tical things about constructing electric re-
ceivers. Are you interested in making a
set or just the ?

Do you expect to experiment with

television ?
Does the light from the projector
direula;:ffect the photo-electric cell?

8 you hear a television signal?
What does it sound like?

9 What makes the neon lamp useful in
television?

10 Why must the receiving scanning
digc have a speed control?

Television Interestingly Explained
Television, the latest wonder of radio
waves, is interestingly explained in a ser-
ies of non-technical and liberally illu-
previous  issucs  of
ne.

strated articles in
WCFL Radioc Magazi

These articles describe in detail the ex-
tensive and costly experimentation con-
ducted by Station WCFL with television,
They also contain articles by many of the
best informed men on the ion of
pictures by electrical impulses.

While the supply lasts, we will send
;ogiu of four back (television) issues for

y 30c—just hali the price previously
asked. We must clear out of the
Ware room. 1

WCFL RADIO MAGAZINE

623 So. Wabash Ave. Chicago
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FIG, 11—SCHEMATIC OF TELEVISOR WITH LIST OF PARTS,
Li~—24 turns No. 32 4, ¢ ¢ wire on
1-lnch core.

Ci2 and CI3—R. 1. conden-

Cis uu.lo:fl;'—'ll. {, by-pass conden-
sers, 01, r. L screen-grids.

Ci6 and Ci17—R. f. by-pass con-

of L
)
L3, and turns No, 32 4 densers, .01, r. f. plates.
wir 1 core. condenser,
l.f.'i.l',r ¢, o snd LiO—Radio fre  fonminio by-pass ety )
L1 Choke. 20 t6_100 millbensy. AL st Ra—500 chen twsivptcny &6
Ci, C2, Co—t-gang 00015 o7 o0 rohm grid-leak, detector.
CS, C6, C7 and CS—Compensators R4—30,000-obm resistor, detector
condensers, 30-mmf,
. .or i ) wrd v b owl v Co—Liekd con . 0001, " Oh?' o e
glmmf;xg;_—acaluﬂc "OF A. C. TELEVISION AMPLIFIER. lﬂl‘.- 001, w d‘meﬂﬂ”_ -
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LESSON SEVEN—WCFL FREE RADIO AND TELEVISION COURSE

who cluttered up the dining-room table
with his “junk' and fussed with all the
latest “dope” at his wor

So we are here giving you the cream
of the television theary and practice of
today, with some data to help you in your
experimental work, together with the as-
surance that, to the best knowledge of the
greatest engineers, teleyision is still an w-
solyed problem.

PROBLEMS TO BE SOLVED,

The sense of sight is & wonderful thing.
Yet the human eye has limitations which
make it difficult for us to transmit ima(gm
to a distance for the eye to see ur
sense of lhearing i much less Timited
When you hear a quartet, or a or

an orchestra, your cars respond to the efi-
tire range of pulses available at any one
instant.

As you glance at this page for the first
time, you se¢ but a jumble of words,
Gr:aually some item will stand out—an
illustration, or a bold-face heading, or
perhaps some one word; even in some
simpler image—-rerhaps a single portrait,
or the picture of a small radio part. Even
here your eye must travel back and forth
across the image in order for you to re-
ceive a complete mental concept of what
is before you. Although you actually see
but a small area in the picture at onc
time, yet, due to the fact that the retina
of the eye retains the image for an in-
stant, the first spot you saw is still ap-
rarcmly visible when yon are actually
ooking at the last spot, so that you see
the whole picture at once,

Television as practiced today makes use
of this tendency of the eve. Both i the
transmitter and the receiver we are suc-
cessful merely because the human eye sees
just one small spot in an image at a time,
If it were not tor this trait which scems
to be almost a physical defect of our eyes
we could not transmit television images as
we now do, This same peculiarity of the
eve, which is called “sight retention” or
time lag” also makes possible our “mo-
tion pictures.” As everyone knows, the
pictures do not move—they are /merely
presented in such rapid swecession that
the eye is deceived into the impression o
motion.  Television, as we now have it,
is a far greater picce of sleight-of-hand.

The earlier attempts were along the line
of transmitting the entire image at once.
Of course that is the ideal way if we want
“ rcrfcct picture.

n order to change light into electrical

Figure $—Practical televishon amplifier,
. used

shown for leud spraker of ecarphotes,

Figure 2—This shows how the image

scemmn to be recomstructed on the receiv-

wcanning disc beams of light
ning through the spiral of holes.

impulses we must use something that cor-
respands to the microphone in the projec-
tion of sound.  For many years it has been
known that there arc substances that
change their electrical resistance under
varying conditions of lighl. just as the
carbon granules in a microphone change
their electrical resistance under the vary-
ing pressures set up in a microphone dia-
phragm by a sound wave. Because it
possesses this characteristic, selenfum wis
oxtensively used in the first television ex-

cell,

the reflections.

periments, This substance in the dark will
not conduct an electric current.  In the
light it will do s0. In a bright light it
will pass more current than in a dim light.
Our first television apparatus was made
of many seleninm cells, each very small,
all arranged in a frame upon which was
reflected the image we wished to transmit,

with connection
to “tune in"™

m siumh.h. All of the valn«"nr noted on the schematic
oSt followed M sauislactory resmits ato to -
be expected. This ampl tmbepue-dedhyan:x

detector ubit. A scxtinin
specd conmtrol complete the television

disc, a motor and the necestary
recely

é&?

F 3—(At Laft) Small to-elec-
° ) a ?M

conting of potassium hydride on in.
side the bulb, the negative terminal.
The wi t in the center of the

e wire elemen!
bulb is the positive terminal.

ning disc in order to cause vaciations in

o

IZach cell had its orair of wires and this
network of pairs of wires must extend to
the television receiver. As the different
Farts of the image were made up of
ighter or darker spots, the different cells
allowesd more or less current to pass over
their wires to the little glow lamps that
reproduced the picture at the receiving
e, These lamps were connected to the
proper pairs of wires so that the received
mige was a ceproduction of what the
selenium cells transmitted.

Manifestly there were many difficulties
in this scheme, To begin with, even the
smallest selenium cell was too large to
reproduce close detail in a picture,  Look
at a photograph in a high-class magazine
printed on enamelled paper. Use a -
nifying glass and you will see that the
picture s made up of many small dots.
Compare this with a photograph in a
newspaper.  Youn can see the dots with
the miked eve in the news photo, but only
with a glass in the magazine photo,

Imagine an image made up of dots a
quarter of an inch or more i diameter !
That is alinost impossibly fine for the se-
lenium cell type of television projector,
yet is so coarse as to look very crude to
our eves.  Even this unsatis and
coarse image is too costly for use in any
practical way—hundreds of  small cells,
cach with its |'mir of wires: hundreds of
wires in a cable to the receiver from the

o =47 LIGHT AAY

transmitter.  You can readily see that this
i3 no amateur proposition, and was  dis-
carded as entirely. unsatistactory,

Modern television does ot attempt to
transmit the entire picture at one e
As the eye travels across the image, sce-
ing only a $pot at a time, so our trins-
mitting  scanning dise passes a shaft of
light rapidly over the object, illuminating
one snm“ spot at a time, and the reflection
from each spot o the picture s trans-
mitted—a signal of greater or lesser in-

cusity, acconding 1o shade o -
the spot then reflecting,  (See Figures 1,
2 and 9.) Thus but one electrical im-
pulse is being transmitted ot one time,
and this is of course a simple radio or
wire propasition.

With few exceptions, television signals
are transmitted as follows: A riul
light projector furnishes the illumination,
and i front of the projector lens is mount-
ed a metal disc about 20 inches in diameter,
This size varies with different stations
(See Figures 1, 2, 6, 7, 8 and 9.) In this
disc are punched holes located in a spiral.
(See Figures 1, 2 and 9.) This disc is
rotated by a motor at approximatcly 900
mmo!utk}m per m“"" result ‘is 1%t

¢ projector ws. a pencil of light
each hole in the disc 900 times
?urm e or 15 second.  (See Figure
.)  Since these holes are arranged m a
spiral, (Figure 9), this pencil of light
travels over the object or person wpon
which the projector is focused, only one



———— —————

LESSON SEVEN—WCFL FREE RADIO AND TELEVISION COURSE

spot being lighted at any one instant, but
the entire object being “scanned” with light
fifteen times per second. Due to the ten-
dency of the to retain images for an
instant after light has shifted, these
objects seen only in the light of the scan-
ning apparatus seem to be illuminated uni-
formly over the entire surface. However,
by stopping the motor and operating the
disc slowly by hand, you readily see that
there actually is a pencil of light touching
only part of the object at a time.

Since we rcallry light only one spot at a
time, we have fulfilled the main require-
ment for television transmission, for we
will now haye a simple or single impulse
to transmit instead of a complex one.
light is reflected from that one spot on the
object, not onto a selenimm cell as in the
past, but into a number of newer and more
wonderful light sensitive devices known as
photo-electric cells, (See Figures 1, 3
and 4.) These cells are glass globes filled
with an inert gas, and with two terminals,
the negative being connccted to a silvery
coating of potassium hydride which covers
the inside of the glass all but the window
or clear space left for the entrance of light,

(See_ Figures ..'»i.JrgL:h)w ¢ positive
t(crsfnsiml is o loop of wire !igl!‘hl’ to fila-
ment wire, but actually never heated
These two terminals are connected in ser-
ies with the battery and the input of an
ordinary vacuum tube amplifier. Now let
us see what happens. (Figures 1 and 4,)

As the pencil of light scans the object,
one spot at a time, the light is reflected
through the window of the photo-electric
cell.  (See Figure 1.) Here a wonderful
thing takes place. In the dark, almost no
current flows from the positive to the neg-
ative terminal of the cell, and the ampli-
fier would give very little tone to a head
phone comnected across the output.  But
when the light enters the window the cell
wakes tp at ence—current flows, and there
% an impulse to amplify.

Some of the spots on the object reflect
more light than others do. It is the light
and shade of the reflection that make up
an image in any picture. Similarly these
same hghter or darker spots affect the
photo-electric cell i varying degree. The

ighter ohies canse a greater flow of cur-
rent through the cell thun the darker ones
o,

The photo-electric cell is many times

more sensitive than is the human eye, and
it proportions the current passing through
it exactly to the intensity of the light en-
tering the window. The human eye re-
tains an impression for an instant.  The
Lvhoto-clccttic cell does pot.  There is no
lag”  Thus hundreds of light changes
per sccond would be accurately measured
by the cell in the amount of current it
would allow to E:s However, since tele-
viston must be Hmited by the eye after all,
and the eye is relatively slow, it is neces-
sary to scan the object only fiftcen times
per second in order to deceive the eve. The
variations of current resulting are ampli-
fied, and are then used to modulate the
carrier wave of a broadcasting station in
exactly the same way in which a micro-
phone current is u

HOW TELEVISION IS RECEIVED.,

So far so goo. Now for the television
receiver, which is what most of vou are
interested in. A battery-operated televi-
sion lificr and neon tube are presented
schemtically in Figure 5. In Figures 10
and 11 are rrcunted schematically a mod-
ern . ¢ television detector and amplifier.

A television receiver is exactly like any
radio receiver It ves the sipnale fm-
pressed on the acrial, amplifies them m
the radio-frequency amplifier, detects or
demodulates or rectifies them, amplifies
the now audible siguals in the audio-fre-
quency amplifier, and then real television
reception starts—in the televisor! (See

Figures 2, 6, 7 and &)

Figure 7—A compast

tolevision recelver, show-
luL
tube,

which in turn
is hooked up with
the detector unit.

The television signal obtained {rom lh.c
audio amplifier is andible—you can hear it
in the speaker—but no one cares to listen
o it very long, It is a high-pitched pur-
ring tone nude up of the dots transmitted
by the reflection of lght from the object
1o the photo-electric cells,

For television purpeses- we conpect o
meomn tube or o kino lamp in place of the
loud spesker,  (See Figures 5, 7 and 8.)
This type of lamp is flled with neon gus,
aml has the Im:uliar property of glowing
with light when a voltage is ressed
across the terminals.  The especially w
derful thing to remember about the glow
lamp is that the intensity of the glow va-
ries exactly in proportion to the current
variations supplied to it by the antlio ampli-
fier, In other words, it is the opposite of
the photo-electrie cell—the other half of a
maryelous combination.  You might call it
the television detector for it converts the
clectrical impulses mto light variations.

Even now you would sce no image, just
a variation m the light glowing in the
neon tube or kino lamp.  The televisor
must also unscramble these light varia-
tions and show them to your eye in the
right order so that the image will be re-
constructed from the signal received. You
remember that the transmitter divided the
image into hundreds of points of light.
The televisor reconstructs it for you by
allowing you to look at the glow lamp
only through the apertures of a scanning
disc which is rotating at the same speed as
and in step with the transmitter’s scanning
disc, so that you see the spots of light one

Figure 8—Rear view of one of the new.
st “home” telovikors, showing the
neon tube, When met in operation
hood is placed over the tube with the
amall aperture or “window’ facing disc.

after the other in the same order and in
the same position as the pencils of light
travels over the objeet in the tramsmit-
ting station. (See Figures 2 and 9,)

So simple? Yo, television is ridiculous-
ly simple to tell about. It is only the ac-
fual periormance that is so dil'h’;uh that
hundreds of thousands of dollars have heen
and must still be spent in developing it
Howeser, for you n= o student of televi-
sion a television receiver consists only of
u radio receiver capable of picking up the
siguals and amplifying them suificiently to
produce  the necessary  glow i a lamp
which yvou see througl a scanuing dise, the
speed of which can be controlled by a
rheostat inthe power ¢ircuit of the motor,

Yes, you who protest are right. There
are types of televisors other than those
using the scanning disc. But listen care-
fully—the drums, bands, and all the rest
do just what the scanning dise docs—no
more, 10 lesx.  The principle is the sume;
the method different,

The attempts to make the image larger
than the very small one seeming to appear
on the scantuing dise have heen many aml
disappointing. ~Seldom is the entargement
over four inches square Various
drums and other  deyices usually. are ine
enided {0 throw, the points of light against
A screen, magnifying the image greatly,
somewhat as the movie projector does. di
course the result is loss of light intensity,
or illumination; and the aceentuation of the
the already too noticeable lack of detail,
and the ever present blurring,

Some of you will ask, “ls not the
amplifier to blame?”  Yes, but only par-
tially. Watch the object under the light

penciled through the scanning dise at the
transmitting station and you will note that
the picture has a very poor start indeed.
It is wavy and blurr here seems to be
a_ succession of black lines projected on
to it. These lines pass across the picture,
moving from top to bottom.

While it has generally been considered
that almost any radio- requency and de-
tector system was good enough if it would
pick up .ﬁn tg!evision &oad‘;:stb .I‘l all, we
are now ing out that ril of
illumination, It‘ge amount of det:?ll:q and
the ease of speed control (synchronizing
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