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Tomorrow’s Television Set
W. R. Mitchell, E. E.,’32

FRVHERE is no doubt but that some time or
other we have all come in contact with the
word “television,” but this has been the ex-

tent of contact for most of us. We know it is the

art of transmitting vision, but the way this is
accomplished is a mystery to the average per-
son. There are two principal methods of scan-
wing: the scanning disk and the cathode ray
tube. The former method is the one in common
use at the present, so we will conline ourselves to
a disenssion of this type and the probléms in-

volved.
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In order to understand the operation of tele-
vision, it is first necessary to become acquainted
with some of the apparatus that is new to us.
Perhaps the first device that we should acquaint
ourselves with is the scanning disk (Ifig. 1). The
scanning disk can be made of any material that
will stand the centrifugal force and be fairly
rigid; it must not be transparcnt. As can he
seen in Fig. 1. a number of small holes are
drilled around the outer edge of the disk in the
form of a spiral; the central angles, formed by
the radii drawn through any two adjacent holes,
being equal. The spiral shown makes one coni-
plete turn; but this it not always the case, as
some make two turns around the disk, while
other disks have three spirals, each making one-
third of a revolution. The holes in the disk are
usually square instead of round, there being two
principal reasons for this: one, the intensity of
light; the other, the distribution of light. The
percentage of light through a ronnd hole com-
pared to that of a square hole of the same size,
is 78.54. A square hole, as stated, gives an evener
distribution of light, as can bhe scen from Fig, 2
This figure shows the distribution ot light
through round holes, square holes, and holes
bounded by arcs and radii. A hole of the latter
type would be ideal, as far as light distribution
is concerned, but such a hole is very difficult to
cut. There have been a few disks made utilizing
this type of hole which gave excellent resilts.
The number of holes in a disk and the speed of
a disk are arbitrary, but there are certain combi-

nations that are more or less standard. Some of
these combinutions are: 45 holes, 900 R. P M.
48 holes, 900 It. . M.: and 60 holes, 1200 R.
I, M. At the present time the 60 hole disk seems
to be the most popular.

Operation of the disk is as follows: (Referring
1o 19g, 2). A mask (A) is placed behind the disk,
so that only the portion of the disk opposite the
hole in the mask is exposed to the Lght source
(18). The width of the apenine in the mask is
(he distance between two adjacent disk holes;
the height ol the opening is Hhat ol the spiral
11 is obvions (hat the only light that can pass
through the disk is that light passing through
the disk hole opposite the mask opening. Now
lot us assume a counter clock-wise rotation of
the disk, as hole (1) moves aeross Che ma=k
opening. The light shining through the hole
forms a pencil of light which moves in an arce
across the object to be scanned. The hole (2) in
turn also causes a pencil of light to move in an
are aeross the object, but a little fower than 1hat
of hole (1). The other holes in succession scan
a path across the object, each a little lower thin
the preceding one, until every hole has passed
the mask opening; the process is then repeated.
The effect is that of a pencil ol light Moving
across the object from left to vight and from top
to bottom: thus, for a single spiral disk, the ob-
jeet is scanned onee every revolution. The effeci
of this process is to divide the object into paral-
lel strips, as shown in Fig. 4. This dividing of

the object into parallel strips is the object ol the
scanning disk. Just why this result is desived
will be explained later,

PIRIIAPS the next picee al apparatus 1o ac-
quaint ourselves with is the photo-electric
cell. The photo-electric cell is the device which
makes possible the transmission of television.
In construetng a photo-electric cell, a thin layer
ol potassium hydride or similar substance is de-
posited on the wall of a glass bulb. This laye
constitutes the cathode or the electron-emitting
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element. The other electrode, the anode, is usi-
ally a wire loop, mounted in the center of the
tube, directly between the sensitive wall or cath-
ode and a transparent window in the coating of
the bulb.

When light is caused to fall upon the cathode,
a stream of electrons is given off; this is aceel-
erated toward the anode because of the fact that
the anode is maintained at a high positive po-
tential with 1espect to the cathode, The path be-
tween the two electrodes becomes conduetive,
this conductivity depending on the value of the

(bl

cathode electron cmission.  The value ol Chis
cloctron emission from the eathode is dependent
on the light striking the cathode, and varies in
direct proporiion to the intensity of this light.
We therefore have a device that changes its re-
gistance with the intensity of light falling upon
it. The construction of two types of photo cells
is shown in Fig. 5 (a). As to why a device of this
type is necessary in television will be taken up
later in this discussion.

Let us turn for the present to the third and last
deviee that is unfamiliar to us; namely, the neon
lamp. In television, it is necessary to have a
light source that can be varied with great rapid-
ity. Frequencies of 50,000 cycles are used, mak-
ing it necessary to have some special form of
lamp. The neon lamp provides a solution of this
probleni.

rl‘lll') neon lamp consists of two electrodes: the
cathode, a flat metal plate about one and one-
fourth inches square; and the anode, which con-
sists of a turn of wire placed around the outer
edge of the cathode and three thirty-seconds
inch n back. These electrodes are sealed in a
glass bulb filled with low pressure neon gas.
When the tube is connected to a D. C. supply of
the proper voltage, the plate of the tube is seen
lo glow with a light orange light. If an A. C.
voltage is also impressed on the electrodes, the
glow will vary in intensity with the impressed
A. C. voltage. A tube of this type can be modu-
lated with frequencies as high as 100,000 eycles,
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The construction of one type of neon lamp is
shown in IFig, 5 (b).

Now that we are acquiainted with the appa-
ratus, let us turn back to IMig. 3 and follow
through a complete television process. Disk (X)
is the transmitting disk and (Y) the receiving
disk. These two disks are so regulated that they
are in synchronism and in step. Light from (B)
passes through (A) and scans the man’s face,
ds explained earlier in this discussion. Refer-
ring to Fig. 4, it can be seen that the action of
the disk is to divide the face into parallel strips
that vary in light values along their length. The
width of the strips shown is greatly exaggerated
for clearness. As can be seen in Fig. 3, the photo-
electric cells are so placed as to catch the re-
flected Tight from the face. 1t is obvious that this
reflected light will vary in intensity, depending
on whether a light or dark portion of the face
is Dbeing illominated.  As the reflected  light
changes, the current through the photo cells
changes. The light reflected from the scanned
object is of low intensity, so that it is common
practice to use several photo cells wired in paral-
lel, The change in current through the cells, due
to the change in the reflected light, is amplified
by the amplifier (D) and sent on to the neon
Lamp (K). When the light shining through the
disk (X)) illuminates a light spot on the face, the
current through the photo cells is incereased and
this in turn inereases the brightness of the lamp
(1<), We in turn sce this light spot through the
hole, Tnodisk (Y, opposite the nmp, As the disk
(X)) turns, a dark spot may be next illuminated,
causing (he onp (1) to glow less brightly, We
will observe this dark spot at disk (Y) and in
its proper position, duoe to the fact that disks
(X) and (Y) are running in step, It is now ob-
vious that the disk (Y) will produce the strips
shown in Iig. 1, in their proper order and in
their proper light values, The object is scanned
once for every revolution ol the disk. As the disk
is revolving at a speed corresponding to 20 rev-
olutions per second. the individual strips are not
apparent, but the picture is secen as a whole,
Were it not for the inability of the human eye to
follow a quick motion, television and motion pic-
tures would not be possible.

rpY BELEVISION, like other new developments,
has its problems which must be solved, There
is no doubt that television must reach a higher
state of development than our first radios before
heing offered to the public. When the first ra-
dios appeared, we were content to listen to some-
thing that bore a suspicious likeness (o a com-
hined cat-fight and charvivari and call it music;
but we would not be content to look at a picture
that is blurred and lacking in detail. In the early
days of radio, we were thrilled—Dby wearing
head-phones. holding our breath, and keeping
everyone quiet—to hear the announecer give the
call of a station as far away as Chicago; but to-
day we would not experience nearly the thrill in
seeing a picture the size ol a postage stamp.
(Continued on puge 171
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installation of electrie elevators in the Kansas
City Power aud Light building and also in the
Ifidelity Trust building. While making a recent
visit here he talked to the K. K. seniinar on the
subject of electric elevators,

Irvin Peffley, C. 12, "25, and family were recent
visitors in Manhattan. During his stay here he
made a talk in C. K. seminar on an engineer's
chances in a public utility company. Mr. Peffley
is employed as a leakage engineer for the Colo-
rado Power and IFuel Company of Denver, Colo.
llis visit here was made while on a vacation,

IR, J. Smith, C. 18, °23, was recently in the oflice
of the civil department. Smith is chief of the
division of road plans for the Kansas state higli-
way conmmnission.

TOMORROW'S TELEVISION
(Continued from puage 0)

Let us now turn our attention to television re-
ceivers., A good television receiver must have a
reasonable degree of sensitivity, amplify all
frequencies up to 50,000 cycles, and be flexible
and easily controlled.

We have designed and built such a receiver
at the Kansas State College which is a new de-
parture from the usual television practice, The
principal dilference in this receiver is the radio
frequency (R. I7.) section. The usual television
receiver employs two stages of tuned R. F. de-
tector, and three stages of audio frequency (A.
1) amplification—a total of 6 tubes, less the
rectifier. The set used here at the college is a
super-heterodyne, employing one stage R. .
first detector, oscillator, two stages incoming
frequency (L. 1.), second detector, and three A,
I0. stages—or a total of 9 tubes, less rectifier.

Our first consideration was the sensitivity of
the receiver, No matter how excellent the re-
ceiver in other details, it is useless unless sufli-
ciently sensitive. It was for this reason we chose
the super-heterodyne. The super has a reputa-
tion for sensitivity on the broadcast band: but
at the higher frequencies this increase in sensi-
tivity is still more apparent.

Let us acquaint ourselves with the super-het-
erodyne. If we take a modulated wave of 500
kiloeyeles and mix with it a wave of GO0 kilo-
cycles, we will have a 100 kiloeyele wave coni-
ponent that is modulated the same as the incom-
ing wave, The same effect would be produced by
mixing with the 500 kilocycle wave a frequency
of 400 kiloeyeles. The wave in which we are in-
terested is the difference between the incoming
wave and the oscillator frequency. The fre-
quency of the oscillator is under control, so that
the frequency difference of the two waves is al-
ways under control. The frequency difference be-
tween these two waves is called the intermediate
frequency. We now take several vacuum tube
circuits which are fixed tuned to the intermedi-
ate frequency and couple these cirenits to the de-
tector tube plate circuit. The incoming wave is
impressed on the grid of the first detector, bul
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we also have introduced the oscillator frequency
into this same tube by some suitable coupling,.
If we now vary the oscillator frequency until the
difference between the oscillator frequency and
the incoming wave is the frequency of the in-
termediate stages, the wave is then aaplified and
detected by a second detector in the usual man-
ner. The principal difference between the ordi-
nary tuned R. F. set and the super is the chang-
ing of the incoming wave frequency. In the or-
dinary television set, all the radio frequency an-
plification is done at the incoming Irequency.
These circuits are (uned to dilferent fregquencies
to receive ditferent signals. Tuning is acconi-
plished by using a fixed inductance and a va-
riable capacity. This method gives a variable
LOC ratio; and as the gain ol o vacuum tube
circuit is dependent on the LC ratio, it can be

seen that the sensitivity would vary-—depend-
ing on the wave length being received. There

is still another more important factor alfecting
sensitivity. As has been before stated, in the
tuned R. F. set, the tubes are amplifying at the
incoming radio frequency. This is all right on
the broadcast band, but as we move to higher
frequencies, the amplification factor of the tubes
decreases. The ordinary three electrode vacunm
tube has a gain of eight at our broadcast fre-
quencies, but it loses all its gain around H0 me-
ters, and may even act as a loser. The screen
grid tube, with a voltage gain of perhaps 60 on
the broadcast band, has a doubtful gain of two
around 20 meters.

The super does not have these disadvantages,
as the intermediate frequency stages are lixed
tuned, making the LC ration a constant. Prac-
tically all the radio frequency gain in o super is
due to the 1. I7, stages; and as these stages can
be operated at a low (requency., regardless of the
inconming signal, the full gain of the tabes can
be realized. For example, it we use an inter-
niediate frequency ol 500 Kiloeyeles, we can tune
in a 10-meter station, or 30,000 Kilocyeles, by ad-
justing our oscillator frequency to 30,500 kilo-
cyeles. We would then realize practically the
same gain as if the incoming signal were 500
kilocyeles.

The andio amplifier of the K. 5. (. set is more
or less conventional, being three stages resis-
tance couples, employing one screcen grid, one
type 27, and one pentode tube in the last stage.
The televisor used is a standard commercial tele-
visor.

The average television receivers are equipped
with plug-in coils so as to cover the short wave
bands. They usually use a three gang condenser
whose capacity is around ,00025MIF., but the ca-
pacity of such a condenser is too high for eflicient
operation on the shorter waves.

I know of no receiver with the same fexibility
as the set used at K. S, 0 The set has o wave
length range ol 7.5 to 4,000 meters by means of
plug-in coils. The selectivity ol the sel is also
priable, as the | I, stages are plug-in.

It i obvious that the super-heterodyne oscil-

(Continued on page 20
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(Continued from page 17)
lator frequency should be as nearly constant as
possible; and due to the wide range of this set,
it must be very stable over a wide band ol fre-
quencies. The dynatron oscillator is noted for
its stability and wide range, but it was not be-
lieved that such an oscillator would operate be-
low 85 meters; it is therefore not used in short
wave super-heterodynes. The advantages of the
dynatron over other types of oscillators were ob-
vious, with this one exception. We therefore
experimented with the dynatron to see what
could be done. It was found to be a simple mat-
ter of the proper adjustment ol voltages and cir-
cuit coupling. The dynatron in the set at K. 8. C.
operates as smoothly at 15 meters as it does al
150 meters.

The set has six variable condensers in three
groups of two each; each group consisting ol a
O00ISNMIY, and a O00Z5NI1. condenser, fhe Tor-
mer tuning the short wave band, and the latter
the television band. The (wo condensers in par-
allel tune the broadeast band and long waves.
The condensers are connected into the cirenit
automatically, as the coils when plugaed in con-
nect to the proper condenser. The set is tuned
with two dials, one tuning the 1L EF and lirst de-
tector stage, the other the oscillator. The set is
completely shielded in 1-16th inch aluminum to
eliminate all circuit and external coupling.

As to the results, the author has for the past
five nights, at Manhattan, Kansus, received the
television stations Wi3XK at Washington, D. .,
W2XADB at New York City, and WINAV at DBos-
ton, as well as the closer Chicago stations. On
the short wave bands, the following stations
have been received: GBHSW  Chelmsford, Kn-
gland; GBS Rugby, Kngland; 12RO Rome, ltaly:
K10 Kahuhu, Hawaii; VK3MIC Melbourne, Aus-
tralia; FYA TPontoise, IFrance, and HKC Botoga,
Columbia, S, A, as well as the American sta-
tions.

1 believe it highly probable that the television
set of tomorrow will be the super-hyterodyne.



