The lconoscope and the l:tlulllc-f
tions to the first amplifier tube.

The inside of the tele.camera with
the iconoscope in its proper place.

The tele-camera is inoved around by
the cameraman by means of a dolly.
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The second part of the
maodern television stn-
dent’s conrse of six les~
sons. Folly deseribes
the iransmilling end.

N THE first article of this series,
l which appeared in the February
issue, I presented a general, semi-
technical view of modern television, as
it stands on the threshold of its intro-
duction to the public. Frequency chan-
nels for this new art were covered, the
reader was introduced to “scanning,”
then the method of minimizing flicker
and known as "“interlacing” was ex-
plained, and synchronization was
broken down into its blanking, ped-
eslals, pulses and serrations. You are
strongly urged, if you missed this first
installment, to secure the February
issue for the groundwork laid, upon
which future discussions will be built.
Continuing the investigation of tele-
vision, as it is unfolding today, it seems
only fitting that the first unit consid-
ered should be the magical tube that
most of us now call the Iconoscope. This
name is the copyrighted term of RCA
and it appears to have been developed
from the Greek words “eikon” mean-
ing image and “scopein” signifying ob-
servation. It is, of course, one form of
cathode ray tube; to many it is known
as Camera Tube, Mosaic Tube or Sig-
nal-Generating Tube. Farnsworth calls
his pick-up tube the Image Dissector
and its construction differs somewhat
from the more generally-used Icono-
scope.

In any parlor or schoolroom conver-
sation on television, the question is
asked “How do they get the picture
into electrical currents?” The Icon-
oscope is an amazing satisfactory an-
swer, open to improvement and devel-
opment during the next few years, but,
right now, a lascinating result of mas-
ter research and laboratory work. Fig-
ure 3 of the first article gave the
reader a very general idea of the con-
struction of cathode ray tubes, but
now, for the more detailed discussion,
Figure 6 is presented.

The Iconoscope's two main parts are,
first, an electron gun contained in a
long, thin tubular necl;, the throat of
which opens into a rounded square
bulb, and, second, the mosaic which is
a thin square plate within the bulb.
The tube containing the electron gun is
s0 placed that its axis is 30 degrees
below a line drawn straight out from
the center of the mosaic. This con-
struction makes it possible to [ocus an
image, through a lens, squarely on the
mosaic. The coils from which four
leads protrude, shown around the neck
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1E ICONOSCOR E

By M. W. THOMPSON

Television Engineer, Chicago, Illinois

There is not anything as unusual as the method used

to convert a picture into electrical impulses by the

Iconoscope. It has been rightly termed, modern magie.

of the Iconoscape, are the deflecting
yoke, by means of which the clectron
beam is made 10 scan the mosaic.

Figure T depicts the consiruction af
the electron gun, that part of the
calhode ray tube which handles the
generation, concentration, control and
focusing of the electron beam. At the
left end is a heater of the usual lype,
contained wilhin an eleetron-emitting,
flat-topped cathode. In the cenler of
the flat top is a spol of oxide prepara-
tion. While frequently termed a “grid”
the control electrode takes the form of
a short metal cylinder in which is a
flat dise with a small opening at its
center. This control element is lkept
at a negalive potential relative to the
cathode, which has the dual effect of
limiting eleciron emission around the
edges of Lhe {lat top of the cathode and
rending to concentrate emitted elec-
trons in the center.

The longer cylinder, identified as the
“Accelerating Electrode” (often
termed the 1st Anode), is made very
positive to both the cathode and grid.
The first action of this element is that
its electrostatic field “reaches into” the
opening in the grid disc and draws the
electrons into a beam. This electirode
may, apparently, have either one, two
or three dises; in the published papers
ol Messrs. Zworykin, Malofl and Ep-
stein, all three types may be found.
Its further action is to accelerate the
molion of the electrons, narrow the
diameter of the heam, and throw the
stream (at its further end) into an-
other electrostatic field.

While the Accelerating Elecirode
and Focusing Electrode No. 2 are con-
necled together, and are therelore at
the same potential, it should be noted
that Fecusing Electrode No. 1 is inter-
posed between them and is at a differ-
enl poiential. There thus will be an
eleetrostatic field alfecting the beam
as it progresses from the Accelerating
Electrode into IFocusing Electrode No.
1, and another acting upon it as it
passes from this latier electrode into
the zone of influence of Focusing Elec-
trode No. 2.

These elecirostatic fields have been
so developed that theyv focus the beam
to a spot of the desired size on the
mosaic, The lines of force of these
static fields will force the elecirons
toward the axis, overcoming the natu-
ral tendency of elecirons lo repel each
other. The action is very similar to

The Empire Stale Bldg. iransmitter P’res. David Surnofl {¢) of RCA opens A
conirol punel is very complicated. v the 1939 N. Y. Television Progrums.
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Early form of synchronizing panel used in New York.

Tatest form of the same synchro-
nizing generator developed by RCA.
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the focusing of light
rays with optical
lenses. The beam
can now be visual-
ized as an eXtreme-
ly fine, high pres-
sure stream, con-
trollable as to di-
rection, and with
its negatively-
charged particles
moving with veloc-
ity of the order of
30,000 miles per sec-
ond.

The mosaic upon
which the image is
directed by an opti-
cal lens, and over
which the beam is
moved in scanning,
is to me one of the
finest results of pa-
tient research and
development to be
found in either ra-
dio or television,

Toanalyze its
construction, let us
consider, first, a
sheet of very thin
mica, perhaps four
inches square. On
one side of this mica
we deposit millions of little globules
of silver, each one separate from the
others, a unit in itself. Just how this is
done at present its makers do not re-
veal, but comparatively recent models
were made by evaporation of silver ox-
ide in a vacuum, then heat-treating
to remove the oxygen content.

The material which makes the tiny
globules photo-sensitive is known as
cesium. It is introduced into the oper-
ation either while removing the oxide
or shortly thereafter. Each little bead
now possesses the property of emit-
ting electrons, the rate of emission
varying with the amount of light
reaching it. If now, on the reverse
side of the sheet of mica, we place
a conductive metallic film, we will
have millions of little condensers ex-
isting between this sheet, known as the

=R

Fig. 9. Keystoning effect.

signal plate, and the multitude of glob-
ules forming the mosaic.

While our silver was deposited so
finely that there will, very easily, be
something like 67,500,000 minute dots
of photosensitive material on the mo-
saic, we are going to consider these in
groups of 300, and each 300 will be a
picture spot, or unit. This number is
arrived at because we are going to
have 411 active lines vertically (of our

441-line scanning), and about 547 units

WEATIA  OremG,  MCCITRATMS FECTBODE  FOXUSAIS
Ghirrmg,  ((GHECTEDTOAOCWMNG ELECTEGDE
\ €l s 98T} [ X
[

CATHOM, FOCU g O

Fig. 7. Cutaway of an electron gun.
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Fig. 8. leonoscope mosaic, magnified.

horizontally in each line, which means
that our mosaic is to be considered as
225,000 scanning spots. If 67,500,000
be divided by 225,000 we have about
300 silver dots per unit.

The mosaic is now placed in the
evacuated glass bulb of the Iconoscope,
so that it is at right angles to the light
striking it from the lens through which
the image is secured. The sensitized
surface faces the image to be tele-
vised; on the reverse side of the mica
sheet a connection is made to the me-
tallic surface and brought out through
the glass bulb. Figure 8 is a cross see-
tion of a mosaic and signal plate,

Fig. 1. Telecaster block diagram.

highly magnified, and including a
height sufficient for five scanning lines.
As drawn, only seven or eight silver
beads are shown per horizontal line,
although this would actually be 17 or
18 for a 300-beads-per-unit mosaic.
While a long and very detailed tech-
nical treatise could be written on the
subject of cesiated silver under bom-
bardment, and the secondary emission
of electrons, it should be sufficient, for
a semi-popular outline on television, to
sum up the activity on the mosaic as
follows: The scanning beam from the
fTelevise further on page 64)

SCANNING BEAM

i
OEFLECTION COILS

Fig. uv. The lconoscope, explained.
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(Continued from page 8) | ot

electron gun is, at the mament on
scanning spot in line 4. Itis presumed
that the image being scanned is dark
on lines 1 and 4 (for that reason I
have made the beads black in those
lines) and light on lines 2, 3, and 5.
Due to the photosensitive character-
isties of our cesiated beads, the charge

on the beads in lines 1 and 4 will |

be greater than on those in lines 2,
3 and 5.

As the beam strikes each scanning
spot, the 300 little condensers con-
tained in the spot release their charge
into the conductive signal plate and

thence to the grid of the first amplifier. |

As the beam moves over the image on
the mosaic, there is generated at the
signal plate a voltage whose magni-
tude, at any instant, depends on the
image brightness at the point where
the beam is at that instant. Very dark
spots provide a stronger current, grays
produce a medium current, and whites
hardly any, comparatively. These cur-
rents are zll in the neighborhood of
only a few tenths of a microampere.

And that, my readers, is how a visi-
ble scene is converted inte 225,000 lit-
tle impulses chasing each other along |
a wire so fast that they are all out of |
the way in 1/30-second, and our scan-
ning beam is ready to do it all over
again.

It might, perhaps, be appropriate, at
this point, to go into the circuits and
tubes that are used to deflect the beam
of electrons from top to bottom and
left to right (or vice versa, as is some-
times necessary) for scanning. The
subject is, however, so important, com-
plex and essential to construction of a
receiver that I believe it better to han-
dle it, fully and in detail, in another
article. There are several types of
Gscziiators used for this purpose, such
as "blocking" and ‘‘relaxation”; there
are gas discharge tubes and hlgh vac-
uum tube discharge circuits; impulse
wave forms and saw-tooth wave forms;
and amplifiers new and unique both as
to characteristics and purpose. For
the time being, take it for granted that
our mosaic can be scanned, as de-
scribed, and let the “how” wait.

While we are on the subject of the
mosaie and its seanning, let me point
out some interesting effects that tele-
vision camera operators will be able
to obtain, once they become familiar
with the device and its operation. Let
us say the camera is televising a scene
in a room in which a group of three
are talking at one side of the room
and a couple are standing at the other
side. At first, the image of the whole
room will be covered as the electron
beam scans the entire mosaic,

By decreasing the amount of swing

(amplitude) of the beam, both verti- |

cally and horizontally, and shifting
the centering current (thus scanning
but an off-center part of the mosaic)
the effect will be of moving the cam-
era “in"” for a close-up on the group
of three, although the camera itself is
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not moved. Shifting the position of
this "reduced area” scanning pattern
oh the mosaic, the effect will be that
of turning the camera around for a
close-up of the couple; then, by in-
creasing the amplitude of swing of the
beam to include the entire mosaic, it
will appear (to those with receivers)
that the Iconoscope was moved away
to again lake in the entire room, yet
the camera itself need not be shifted.

I am quite sure that, long before
this, quite a number of discerning read-
ers have said, in effect, “Wait a min-
ute here, Thompson. If that electron
beam scans the mosaic from a 30-de-
gree angle, it is not going to scan a
rectangular shape. The scanning pat-
tern will be a keystone-shaped area
(see Figure B9a) because of the greater
distance from the deflecting point to
the top of the mosaic.” Which is ab-
solutely right, and brings up the mat-
ter of “keystoning."”

What is actually done to correct this
is to so deflect the beam, by the scan-

ning action, that, if it were scanning |

a plate at right angles to the axis of
the electron gun, the result would be a
trapezoidal pattern such as is shown
by Figure 9b. The swing of the elec-
tron beam is made slightly shorter to-
ward the top of the mosaie, gradually
increasing in length as it moves down.
Thus, the result, at the receiver, is ex-
actly as it would be if both the axis
of our optical lens and the axis of our

electron gun were squarely perpen- |

dicular to the mosaic (see Figure 9c¢).

A block diagram of the more impor-
tant units necessary to a commercial |

television transmitter is presenied in
Figure 10, Because of the feebleness
of the initial currents from the Icon-

oscope it is practically essential that |

the unit termed “Iconoscope Pre-am-
plifier” be included in the camera.

This unit may consist of five stages
of amplification, using the compara-
tively new type 1851 tubes, which will
permit the signal voltage to be raised
to a level of about one-half volt (peak
to peak video signal). By doing this
immediately following the Iconoscope,
and before subsequent mixing, clipping
and transmission operations, the sig-
nal will be well above any "“noise” or
hum introduced while in transmission
lines or by control circuits, The diffi-
culties to be overcome in developing
such an amplifier can well be imagined
when one considers that eqgual re-
sponse is desired over a band width of
60 cycles to 5 megacycles.

The unit identified as “Shading
Panel” may cause some lifting of eye-
brows. An Iconoscope has the inher-
ent characteristic of having appear in
its output a variety of undesirable
spurious signals along with the video
currents. What is known as “dark
spot signal” appears (if not corrected)
in the received picture as shading over
portions of the picture. This can be
almost completely eliminated by the
introduction of "shading” signals at
the grid of the first tube in the Pre-
amplifier. Because this “dark spot sig-
nal” varies for different operating con-
ditions, and for different Iconoscopes,
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| it is useful to have available, from the
| shading panel, saw-tooth, sine and
parabolic waves at both horizontal
l (13,230) and vertical (60) frequencies.
| Following the Pre-amplifier in Fig-
ure 10, it will be seen that the signals
| now go into the “Video Mixing Ampli-
fier.” The formation of a complete set
of television transmission signals, such
| as were shown in the first article, re-
quires that the video signals be com-
bined with suitable blanking (blackest
black) voltages, and that synchroniz-
ing pulses be superimposed upon the
blanking signals.
| The mixing unit wherein this is
| done may very properly ccnsist of
seven tubes, the first two of which are
straight amplifiers. Into the plate cir-
cuit of the second, however, g third
tube (acting as an amplifier only) in-
jects blanking signals supplied to it
from the unit called “Blanking Cir-
cuits,” The fourth and fifth tubes
merely amplify the combination of
video and blanking signals. An opera-
tion known as '‘clipping” is performed
by the sixth tube. As used here, it is
(for the benefit of advanced amateurs)
a plate current cut-off type circuit, the
linearity of which has been improved
by degeneration, introduced by cathode
loading.

Clipping removes transients and

spurious peaks caused by both the
| Teconoscope return trace and the shad-
ing signals. It is necessary also, first,
so that the top of the blanking period
pulse will be perfeetly flat; second,
that the height of the blanking period
pedestal be set at a definite level, as it
is this height which ultimately deter-
mines “blackest black”; third, it pre-
vents high peaks of the video signal
from extending up above the black
level where they might interfere with
the synchronizing operation.

Having now so arranged our contin-
uous stream of signal that we have a
flat-topped pedestal inserted 13,230
times per second, between which there
are periods of video signal, we can now,
in the plate circuit of the sixth tube,
superimpose  synchronizing signals
upon the pedestals (see Figure 5, first
article). Our seventh tube (used as
amplifier only) is connected with its
plate in parallel with that of tube
six, its grid being fed with properly-
timed synchronizing pulses from the
unit termed “Synchronizing Pulse Cir-
cuits” in Figure 10. The output of the
mixing unit is then amplified in a
Video Line Amplifier properly designed
to pass our 60-cycle to 5-megacycle
video band width.

It is far beyond the scope of these
articles to go into the circuits of the
Synchronizing and Blanking Impulse
Generator. It is an awsome array of
tubes and the necessary coupling and
control adjuncts, which includes all
three units in my block diagram la-

' belled “Blanking Circuits,” “Synchro-

nizing Pulse Circuits’ and “Timing
Unit”" An illustration of such a panel,
as used in one of RCA’s transmitters,
is shown. Sixty-two may be seen, of
which about one-fourth are for timing
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and three-fourths for blanking and
sync impulse generation. One begins
to understand why the investment in
a commercial television transmitter
runs into box-car figures.

The timing part of a transmitter is
interesting in many ways. There is,
of course, an oscillator (6A8) which
starts everything going, this being tun-
able and adjusted for 13,230 cycles.
A lead from this oscillator can be
taken out at this point for horizontal
timing. The tetrode section of the
BAB, acting as a frequency doubler,
then raises the frequency to 26,460;
the next tube is a 6F8 multi-vibrator,
synchrenized with the frequency which
is one-seventh of 26460, or 3,780.
Again, the frequency is divided by
seven, reducing it to 540; the next two
stages each divide by three, bringing
it down to 180 and, finally, 60. Here
a tap is taken off to provide our field
(vertical) frequency; another lead
takes part of the 60 pulse-per-second
output into a unique arrangement
whereby the whole array is locked into
synchronization with the 60-cycle city
power lines.

One may wonder why all this seem-
ingly unnecessary doubling and divid-
ing. It is a condition imposed by 441-
line interlacing that the horizontal
frequency of 13,230 p.p.s. contain no
even harmonic of the field frequency
of 60 p.p.s. The field frequency is ob-
tained by dividing the second harmonic
of 13.230 (26.460) in steps of 7, 7, 3
and 3. These four numbers. multiplied,
equal 441, the lines per frame.

The amplified video current, com-
plete with blanking and synchronizing
pulses, may now be used to modulate
an r.f. output created by any of the
usual combinations of r.f. exciter,
power amplifiers and output stage.
So much for pick-up, amplification and
transmission; having high-spotted
some of the more interesting phases
of these operations, we can now, in
future issues, get into receiver essen-
tials and design.
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[Next month the author continues
this revealing, interesting television
course by laying the groundwork for
a discussion of the television re-
ceiver.—ED.]
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