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BASIC TELEVISION

1. GENERAL

1,01 This section 13 prepared to familiarize

service and maintenance personnel with
the principles of operation of television
station apparatus, Experience with similar
services has demonstrated the value of know-
ledge on the part of testroom personnel of
the principles of operation of the customer's
station apparatus., Such knowledge assists
greatly in the meking of quick and accurate
analyses of reported trouble conditions and
is reflected in improved plant results, better
service to the customer, and more cordial
customer relations,

1.02 It 1s expected that a wide variety of
apparatus designs wil)l be employed by
customers for television transmission service,
For this reason information in this section
is not based upon any specific manufacturerts
apparatus, The mechanics of image diasection
and scanning are the foundation of the de-
scriptive material, However, conaiderable
attention is given to the essential components
of a practical television system. The princi-
ples underlylng the operation of several
types of cathode-ray television tubes, scan-
ning generators, DC restorers, etc,, ars
presented in such fashion as to facilitate
the understanding of present and future de-
vices used in the television industry,

1.03 Televisinn principles are explained

largely through the medium of visual
devices, chiefly sketches, block diagrams
and simplified theory schematics, A good
practical knowledge of vacuum tubes and
vacuum tube equipment i1s assumed. Experlence
in televhone repeaters and telephone or tele-
graph carrier systems and equlipment 1is de-
sirable.

1.04 The material which follows is reproduced

in part from the Long Lines Plant De-
pertment Training Course D-28, entitled "Basic
Telavision". All drawings have been assemblad
on pagnss following the text material, The
nurber of the figure under discussion in the
text has been indicated on the margin to the
right of the applicable paragraph, for rapid
cross-reflerence,

I. Requirements for electrical transmission

of visual information.,

A. Conversaion of light energy into electrical

energy, Photoeslectric cells.
Figure
l. Photoconductive type. (Selenium cell), l/a)

One of the earliest forms of phntoelectric
cell consists of a double grid of metal
on which a thin layer of selenium is
deposited to form a conducting path be-
tween the grids, The resistance of the
selanium decreases with increase of the
intensity of 1llumination., If the selenium
cell 1s connected in series with a battery
and a large value of resistancs, the
voltage across the resistor 1s roughly
proportional to the intensity of the light
striking the selenium cell,

2. Photovoltaic type. The photoelectric
cell used 1n many photographic exposure
meters consists of a layer of red cuprous
oxlde on a copper base and a thin, trans-
parent £ilm of gold, silver, or platinum
over the cuprous oxide. Light transmitted
by the trunsparent metallic film ceuses
the oxlide to amit electrons, more copinusly
on the 1lluminated side, giving the
transparent film a negative charge with
respect to the copper base., A micro-
ameter connzcted between the transnarent
fiim and the copper bass will indlicate
current, in conventional sense, flowing
from the copper to the metallic film pro-
rortional to the illumination., The West-
inghouse Photox cell is an example of this
type ol cell, Effacts similar to these
occur in the Weston Photronlc cell, which
eriploys iron selenide on iron instead of
cuprous oxide on copper, Similar cells
employing different arrangements of these
and many other active materials are also
used,

3, Photoemissive type. The type of photo-
electric cell used in telephotography and
sound-on-film reproduction consists of
a thin layer of cesium-silver-oxide on
a semicylindrical silver plated support
and & coaxlally located cylindrical nickel
rod, all enclesed 1n a glass bulb, usually
evacuated, Upon incidence of 1light, the
cesivm-silver-oxide releases electrons
in somewhat the same manner that the
cathode in an amplifier vacuum tube
releases electrons when heated, Electrons
are released et each point in proportion
to the 1ntensity of the incident light
energy at that point. The slectrode
carrying the cesium-silver-oxide is
called the photocathode and the rod
electrnde is called the anode, 1If a
battery is comnectad through a resistor as
shown, and the voltage is high enough to
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Figure

draw all the electrons to the anode as they are released, the
voltage drop across the resistor 1s proportional to the intensity
of illumination on the photocathode as a whole. This type of
vacuum cell is relatively insensitive but may be employed at
practically any frequency, is very stable, and will give faith-
fully proportional conversion from light values to electrical
values when properly used.

Conversion of electrical energy into light,

Incandescent lamp. Will not follow very rapid variations in volt-
age because of thermal lag.

Gaseous discharge tube (neon lights), A critical voltage must be
exceeded for ionlzation of the gas; the tube does not have a
linear conversion characteristic, and will follow voltage varia-
tions up to only about 15,000 c.p.s., the frequency being limited
by the de-ionization time of the gas,

Fluorescent lamp, Employs screen of chemical substances (e.g.,
zinc sulphide) which emits light when bombarded by high-speed
electrons. The response of this lamp to rapid variations of volt-
age 1s limited only ty the persistence characteristic of the
luminous substance and can be adjusted by choice of material. No
critical voltage is involved, and the conversion characteristic
has no discontinuities and is approximately linear,

Elementary televiaion system.

Page 2

An image of the scene being televised is focussed on a photo- 2
electric cell by an optional lens. The photoelectric cell is
connected via an electrical transmission channel to a lamp.

An image of the lamp is focussed or a screen.

The system fails to work as desired,.

Observations: (a) The photoelectric cell delivers a voltage
proportional to the total cathode illumination at any instant.

(b) The electrical channel can deliver only
one kind of information at a time, in terms of voltage (or
current).

(c) The distribution of light from the lamp is
characteristic of the lamp alone, although the btrilliance of tho
lamp varies with the voltage received from the transmission
channel,
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(d) Net result: The brillianceof the lamp at the
receiving point is proportional to the integrated or average scene
brightness without regard to the distribution of light values in
the scene.

A flat (plane) black-and-white scene requires the specification
of at least four quantities, viz;

(a) The brightness at a point of interest in the
scene;

(b) and (c) The co-ordinates of this point (x and
Y, for example);

(d) Time, if the brightness of the point varies
from instent to instant, as in a living scene,

All three basic components (Fig. 2) of a television system are
limited to the transmission of only two of the above four
quantities at a time, whereas all four are necessary for the com-
plete reproduction of a picture.

Diasection,

For the television of a point in the scene, only two kinds of
information need be tranamitted and reproduced; 1.e., "how much"
(quantity or amplitude) and "when" (time), because the brightness
of the point is the same all over. All the basic components of
the elementary television system are capable of handling these
two items of information.

Therefore, a workable system may be established 1f the scene is 3(a).
dissected into minute areas or elements, each so small that the
brightness is sensibly the same in every part of it, and a

complete elementary television system is assigned to the exclusive
transmission of brightness information of each such element.

(E.g., the Schaefer Beer sign at Times Square, N,Y.) 4
Such a gystem, 1llustrated in Fig., 4, is known as a parallel
tranemiesion television system.

The optical system of the human body is'an example of a parallel
television system. The nerve endings, or rods and cones, of

the retina are connected individually to separate fibers (trans-
mission channels) of the optic nerve and each delivers to its
nerve fiber a stimulus proportional to its average illumination.
The image formed by the crystalline lens is thus broken up into
elements the size of the nerve endings. For this reason, the
smalleat object that can be seen by the naked eye (resolving
power) corresponds to the size of the rods gnd cones of the retina,
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The fibers terminate in the brain of a geometric order corres-
ponding to that of the nerve endings to which they are Jjoined.

The reproduction of a televised scene by such a system consists 3(v)
of an aggregation of minute areas, each of uniform brightness
but generally differing in brightness from one another.

The smaller the size of the elements and thus the greater the
number of elements into which the scene is dissected, the closer
will be the correspondence between the scene and the reproduction.
To meet modern standards, there must te about 288,000 elements.,
These in turn would require 288,000 complete elemental television
systems, Obviously, thls type of system is unsuitable for trans-
miasion over any but the very shortest distances,

Instead of having a separate television system for each scene 5
element, a single television system may be used if meoans are
provided for assigning it to the scanning, transmission and re-
production of all the elemental areas of the scene, taken one

at a time, in rapid succession. If the scanning and reproduction
of all the olements ie completed in 1/30 of a second and this
process is continually repeated, the eye of the observer at the
receiving end of the system will see the reproduction as a con-
tinuous presentation. Note that the instantaneous positions of
the scanning device and the reproducing device must correspond.
Means for synchronization must be provided. Such a systemn,
employing a single set of the three basic parts of a television
system, together with means for essigning them to the individual
scene elements in rapid succession, is known as a successive
transmissjion television system. All modern television systems
employ this principle.

Scanning.

It is difficult and unnecessary to make the scanning device Jjump 6(a)
from element to element. Approximately the same results are

obtained if the scenning device itself is made to have an area of
view, or aperture, corresponding to the size of a scene element

and passes smoothly over one elemental area after another until

the entire scene is scanned.

To simplify control of the motion of the scanning device, it is
made to move in pareallel lines across the scene, the width of the
lines corresponding to the height of the aperture. The entire
scene is thus scanned in a series of parallel lines,

!
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The instantaneous positions of the scanning aperture and the 6(b)
reproducing aperture must correspond. The instantaneous bright-

ness of the reproducing aperture corresponds to the instantancous
average illumination of scanning aperture.

Nipkow disc scanning system., An image of the scene is formed on 7
a rotating disc by an optical lens. The disc has holes arranged

in a spiral at approximately egqui-angular distances around the
periphery of the disc. The radial distance between the holes is
equal to the width of a hole. A limiting aperture is placed over
the disc so that the image is limited to a definite size corres-
ponding in width to a peripheral distance between holes in the diac
and in height to the width of the spiral. Behind the disc is a
Photoelectric cell connected to the electrical transmission channel,
At the receiving end of the channel is a neon lamp, covered by a
similar disc, limiting aperture, and optical leng (if reproduced
image is to be enlarged). The discs at both terminals rotate in
synchronism. Light from the scene i1s admitted to the photo-
electric cell only through the hole at a time. The holes act as
scanning apertures and serve to dissect the scene into elements,

At the receiving terminal, the observer seea light only through

£he hole in the disc which 1s in a position corresponding to that
of scaining aperture, Since light is admitted through only one
hole at a time, the rotation of the disc at the tranemitting
terminal is equivalent to making an aperture scan the entire area
of the scene in a series of parallel lines. The reproduction of
the scene at the receiving terminal is accomplished in a similar
manner, Among the many drawbacks of this system is the very low
optical efficiency. Since the holes must be small to provide
acceptable resolving power (reproduction of small details of the
scene), very little of the light reflected by the scene is re-
ceived by the photoelectric cell at any one time,

The Flying spot system was developed to provide greater optical 8
efficiency. This system uses rotating scanning discs as above,
the entire receiving terminal equipment being identical. At the
transmitting terminal, a bank of photoelectric cells views the
scene continuously. The scene is illuminated only by a sharply
defined beam of light which is transmitted through the aperture

of the scanning diac. The photoelectric cells receive light from
only the small area of the scene illuminated at any instant by

the "flying spot" of light. The spot of light on the scene serves
as the scanning aperture and scene dissector. Because all the
light reflected by the scene is received by the photoelectric
cells, the optical efficiency of this system is much greater.
However, the system is limited in use to indoor scenes only,

where i1llumination 18 under the complete control of the operator.
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Figure
6. All systems employing mechanical means of scene dissection and
scanning suffer from mechanical difficulties involved in high-
speed rotation and synchronization of bulky equipment.
7. Modern television systems use electron beams which, consisting 9

of minute particles, have so little inertia that they can be
moved back and forth at tremendously high speeds without difficulty.
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Television Tubes and Associated Circuits.

Formation of Electron Beams, Electron Gun.

Electrons are released by an indirectly heated cathode 10
similar to that of & radio vacuum tube. The cathode con-

siats of a metal cylinder (of the order of 1/8" aiam.)

with a coating of active material (barium or strontium

oxide, etc.) on tho end and a heater filament inside.

If the cathode is placed in vacuum and heated and a battery
is connected between it and another electrode, the latter
being connected to positive pole, the electrons released
from the cathode are accelerated toward the other electrode
(anode).

If a baffle plate with a small aperture is placed in front
of the cathode in the attempt to form a fine beam of elec-
trons, it will be found that mutual repulsions among the
electrons wlll cause the beam to spread out away from the

cathode.

The motion of the electrons may be influenced by electric 11
fields, In the space surrounding a pair of bodies of
opposite electric charge is a field of force similar to

the magnetic field surrounding the opposite poles of a horse-
shoe magnet. The lines of electric force, or electric flux,
show the path which an individual electron would tend to

take if placed in the electric fileld. An electron approach-
ing the electric fleld at constant velocity would tend to
follow along & line of force and will be accelerated toward
the positive charge. Momentum due to initial velocity and

to acceleration will prevent its actually following any

line of force, but its path of motion will be deflected in
the direction of the lines of force toward the positive
charge. The amount of deflection will depend on the initial
velocity and the strength and direction of the electric field.

S. Electric flux may be arranged to direct electrons as 12

desired by proper choice of electrode shapes, spacings,

and potentials. Two coexial conducting cylinders connected
to opposite poles of battery will set up electric flux

lines as shown by the fine dotted lines in Fig. 1l2. Elec-
trons approaching from the left will be accelerated in the
direction of the flux. Electrons on the axis will continue
to move in straight line. Those not on the axis will be de-
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flected toward the axies as shown hy dashed lines. By
choice of battery voltage and initial electron velocity,
the electron paths may all be mede to intersect a speci-
fied point on the axis. Beceuse of this focussing action,
electrodes in this arrangement are called an "electric
electron lens",

6. The source of an electron beam is called an electron gun. 13
The olectric type of gun consists of & cathode and an
slectron lens with an additional baffle electrode in front
of the cathode which provides a means of control of the
electron density like the grid in an amplifier vacuum tube.
The electron gun shown in Fig. 13 hes baffle plates within
the lens cylinders toc help sharpen the beam and prevent
scme secondary emission effects.

7. An electron travelling in space is influenced by a magnet- 14
i1c field like a conductor carrying a current., By Fleming's
right-hand rule, en electron moving perpendicularly to
magnetic flux lines (equivalent to a current in the opposite
direction) will experience a force perpendicular both to
the direction of motion and the direction of magnetic flux.

This fact 1s used in the "magnetic electron lens", as shown
in Fiso 1s.

€., As shown, the elementary electron gun consists of a cathode 15
and accelerating anode in the form of a baffle with a cen-
tral hole. Acceleration due to the electric flux causes
the electrons near the axis to shoot through the hole, the
other electrons being stopped. Current through the coexiel
coil setes up magnetic flux parallel to the axis. Electrons
travelling perallel to the axis do not cut across flux lines
and so ere not affected. However, electrons tending to di-
verge from a parallel path have a component of velocity per-
pendicular to the flux lines. By Fleming's rule, these
electrons are urged to move in a direction perpendicular to
the figure (1in addition to forward direction), When an elec-
tron begins to move in this direction it again 1s urged to
move perpendicular to its normel direction, etc. As a result,
the electron path beccmes a spiral of helix tangent to the
axis. The helix touches the axis at points depending on the
initlal forward velocity and the strength of the magnetic
field, Vieved along the axis, the electron paths loock like
circles of different diemeters (depending on relative devi-
ations fran parallelism) all touching the axis at the same
point. Thus, a magnetic field may be usod to make all elec-
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trons leaving the gun come together at the desired point.

Beam diameters at the target plane are obdbtained of the
order of 0,005 inch and smaller. Modern television tubes
are all high vacuum types, dbut some low pressure gas filled
tubes are occasionally used in oscillograph work. The

gas assists in focussing the bean.

Electric Deflection of Flection Beams.

Electron beams formed as in II A may be bent or deflected 16
by similar applications or electric or magnetic lines of
force. If parallel conducting plates are connected to a
source of electric oharge, electric flux is set up perpen-
dicular to the plates. An slectron beam directed between
the charged plates will be deflected toward the positive
plate by an amount proportional to the strength of the elec-
tric field (1.e., voltage difference between the plates).
The amount of deflection is inversely proportional to the
velocity of the electrons, and, therefore, inversely pro-
portional to the accelerating voltage. The average deflec-
tion sensitivity is of the order of 1 inch on the target
Plane per 100 to 300 volts difference between the deflec-
tion plates,

(a) With deflection plates at the same potential (i.e., 17
zero voltage between plates), the beam i1s undeflected and
strikes target plano at a certain point,

(b) Application of voltage between the plates causes a de-
flection of the beam toward the left (for example).

(¢) Reversal of the voltage on the plates then ~auses a de-
deflection toward the right.

(4) The beam is made to traverse a target from left to 18
right at a uniform rate of speed by applying between the
deflection plates a voltage of polarity as in (b) above

and making this voltage decrease at a uniform rate (volts

per second) to zero and then increase, with reversed polar-

ity, at the same uniform rate. Having reached the extreme
position toward the right, the beam is returned to the start-
ing position at the left by a rapid change of voltage be- .
tween the deflecting plates to the starting value. The time ‘
taken to return the beam, or "fly-back" time, is equal to

the time required for the voltage to change. Ths name of
"sawtooth voltage" comes from the appearance of the curve
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of deflection voltage plotted versus time. The beam makes
one excursion from left to right (ar vice versa) and back
in eachcycle of the sawtooth wave,

One pair of deflection plates (fixed in verticel planes) is
provided to give horizontal deflection, or sweep, of the
beam. Another pair of deflection plates is set at right
angles to the first pair to give vertical sweep. Simul-
taneous application of sawtooth voltages, of frequency f to
the vertical deflection plates and frequency nf to the hori- 19
zontal deflection plates causes the beam to make n horizon-
tal sweeps for each verticel sweep. The beam, therefore,
traces n parallel lines on the target plane during each
cycle of the vertical sawtooth wave. In Fig. 19, the solid
lines are traced during the scanning time intervals tgs

and the dotted lines during the flyback intervals,

of the horizontal sweep voltage. The dashed line, ha, occurs
when the vertical flyback period, tvF coincides with the
horizontal flyback period.

Practical circuits for generating sawtooth waves use a 20
principle based on charging and discharging a condenser.

In Fig. 20, for example, when switch S is opened, condenser

C is charged by current flowing through the high resistance

R. The voltage, e, across the condenser rises from zero
expotentialkx as shown by the dotted curve OA., When S 1s
closed, the condenser discharges through the low resistance

r. (Battery E 18, in effect, short-circuited.) If S is
closed when e  is only a small fraction of E, the portion of the
curve OB 1s substantially straight. By removing the IC com-
ponent “of the voltage wave (by use of condenser or trans-
former coupling), & close approximation to the sawtooth waves
of Fig. 18 may be ottained. In practice, automatic devices
teke the place of switch S, the basic circuit remaining as

in Fig. 20,

(a). The high-vacuum triode in Fig. 21 is normaelly bilased to 21
cut-off so that no current flows from the plate to the cath-

ode, Steep positive driving pulses are applied at point x
periocdically to drive the grid positive and make the tube

act like a small resistance (equivalent to r in Fig. 20) be-

ing periodically switched across the condenser. Thus the

condenser is alternately charged through a high resistance

and discharged through a low resistance to produce voltage

wave as in Fig. 20, The driving pulses are often derived

from a "blocking oscillator" shown in Fig. 22. This is a 22
feedback oscillator with close coupling between the plate

and the grid through the transformer T. C is a large
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capacitance, R is a large resistance. The circuit starts
to oscillate when operating voltages are applied. Feed-
back voltage to the grid 1s so large as to drive grid posi-
tive, cause DC cwrrent to flow in the grid circuit, and
charge C as shown. R is so large thet the cond.enser C is
discharged only slowly. The accumulated charge on the
condenser biases the tube to cut~off and prevents further
activity until the charge leaks off through R, at which
time oscillation a@ein cammences and the cycle of events

is repeated. Condenser voltage eo is cbtained as shown.
The pulse repetition rate, or frequency, is determined by
- the time constant, RC. The sharpness of the pulses is
determined by the resonant frequency of the transformer,
the higher the resonant frequency the sharper the pulses.
The frequency may be synchronized by the insertiocn of a
small voltage of the desired frequency at y end the ad just-
ment of R and C bo malke the unsynchronized or natural fre-
quency slightly lower than desired. The synchronizing volt-
age then acts by speeding up the instant at which the grid
bias is reduced to a value which allows oscillation to re-

COMmMOnc,

The oscillator may be synchronized by a synchronizing volt-
age of two, three or any integral multiple of the natural
oscillatar frequency. In such cases, the positive half of
every second or third, etc. cycle of the synchronizing volt-
age occurs at the correct instant to hasten recommencement
of oscillation. The other cycles have no effect. Thus,

the ocscillator frequency may be "locked in" with the higher
synchronizing frequency.

Pulses obtained from blocking oscillator are fed to ter-
minals x of sawtooth generator of Fig. 21l.

(b). A self-excited sawtooth oscillator mey be cbtained 23
from Fig. 21 by replacing.the high-vacuum tube with a gas-
filled arc-discharge tube, a<« in Fig. 23.

Plate current does not flow in this tube until the plate-
cathode voltage, which 1s tho same &s the condenser voltage
in this case, exceeds a critical velue determined by the
grid bias. At this velue of vlate-cathode voltage, called
the "ignition" voltage, the gas becames lonized and the
tube acts like & short-circuit between plate and cathode.
Having become lonized, the gas remains ionized until the
plate-cathode voltage falls to a relatively low "extinc-
tion" voltage, at which time the tube returns to its origi-
nal non-conducting state.
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C.

Filgure

In the circuit of Fig. 23, the tube initially is non-con~
ducting., Condenser C is charged through the resistance R,
meking voltage o, and consequently the plate-cathode voltage,
rise expcnentially. VWhen e reaches the value ej the igni-
tion voltage determined by the grid bias, the Fas is ionized
and the tubo acts liko a short-circuit across C. The con-
denser voltage fells rapidly to the valuo ee, the extinc-
tion voltage (usually independent of grid Voltage -- de-
pends on tube design). The tube retwrns to the non-ionized
non-conducting state, and the cyclo repeats.

The repetition rate or frequency is governed by the RC time
constant, the grid diss, end tho platoe supply voltago, in

order of relative impsartance. Ignition occurs at lower 24
values of plate voltage for lower (less necative) values

of grid voltage. Therefore, if the natural frequency is

slightly below that desired, the insertion at x of a small

voltage of the dosired frequency or an integral multiple

of the desired frequency, will cause synchronization by

spoeding up the instant of ignition in each cycle.

(c). Note that for the rise of voltage to be linear, the
maximum voltage attained must be small in camparison with
the battory voltage E. Since the deflection sensitivity

of a doflecticn plate system 1f comperatively small (100 to
300 volts per inch), the sawtooth waves obtained froam the

above sources may require amplification. Since a saw~

tooth wave is equivalent to the sum of an infinite serics
of harmonics of the fundamental sine wave, amplifiers for
this purpose must meet rigid requirements as to linearity
of amplitude and phase characteristics.

Linear rise of condonser voltaze may be obteined by replac-

ing R with a device which koeps the current flowing through

it constant. Then the increase of charge on C and the
corresponding increase of e will be linear. A pentode

vacuum tube is such a device. To facilitate its use, the 25
basic circuit of Fig. 21 or Fig. 23 is modified slightly

by changing R to the othor side of the plate battery, as

in Fig. 25 (a). Pig. 25(b) shows a pentodo vacuum tube re-

rlacing R.
Magnetic Deflection of Electron Beams.

1.

Moving electrons may be doflected from their normal paths

by magnotic fields as indicated in IT A 7. For linear de-

flaction of an clectron beem, maznetic doflection coils 26
may be arranged to produce & megnetic field (of limited

extent) perpendicular to the normal direction of the

Page 12



Srl TICH 318-Cl15-800 ST
Figure
electron beam. Then the deflection of the beam will be 27

perpendicular to the plane defined by the normal direc-
tion of the beam and the direction of the magnetic field
(and, therefore, parallel to the plans of the coll wind-

ings) .

The amount of deflection is proportional to the strength
of the magnetic field. Therefore, linear deilection of
the beam is cbtained by linsar variation of the magnetic
field strength, which in turn 1s obtained by linear or
sawtooth variation of the current through the deflection yA3]
coils. If the coils have considerable inductance as well
as resistance (as in the low-frequoncy verticel sweep
circuit) a camplex impreassed voltage is required to pro-
duce a sawtooth current. Thus, assume a sawtooth wave of
current through a resistance ard an Inductanco in serles.
The voltage across the resistance is in phase with and
proportional to the current. The voltage across the induc-
tance ia proportional to the rate of change of the current
and 1s constant whon the current is changing at a constant
rate. The direction of the voltage across the inductance
deponds on whether the current is increasing or decreasing.
The sum of the vcltages across the resistance and the in-
ductance is the impressed voltage required tc give the saw-
tooth current wave.

Circuits for generating the voltage wave required for 29
magnetic deflection systems are basically the same as those

for electric deflection. Note that the fundamental circuit

of Fig. 29 is same as Fig. 20 with the addition of the

"peaking" resistor, R'. As in Fig. 20, R is a high resis-

tance, r is a low resistance, repres:mting the minimum ob-

tainable resistance when an electronic device is used in

prlace of the switch, S.

Assume S closed and condenser C uncharged. Assume S opens
at time t=0. Since C 1is uncharged, it momentarily does

not oppose the flow of current through R and R', so that
the voltage e is the same as that across R' alone. However,
R and R' are " 1in series across E, so that the voltage across

R' at instant when S cpens is R! L, as shown. Sub-
R4R!

sequently, C beccmes charged, s~ that the voltage ¢ risss
exponentially. However, at time t31, S is closed agrin,
offectively shorting out E through R because of the low
resistance r. Meanwhile, C has been charged to a. voltago
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appraximately equal to eo. The closing of S places R'
and r in series across C so that the voltaga e is that
across r. Therefore, at the instant of closing S the

voltage changes frcm the value oo to approximately

r |ey as shown. S remains closed after t; allowing
r R!

€ to discharge oxponentially, as shown, until tz, at
which time S again opens and the process 1s repeated.

If the DC camponent is removed, the similarity of the volt-
age wave cf Fig. 29(b) to that of Fig. 28(d) is apparent.
In practice, a vacuum tube supplied with positive pulses

of the desired frequency tekes the place of the switch,

S, as in Fig. 30, or a solf excitod generator is obtained
by the use of a gas tube.

Tmage Dissector.

1.

Page 14

The image dissector is ane of the simpler types of tele-
vision camera tubes. It is characterized by low light
sensitivity and freedom fram spurious signal effects. It
is now used only for transmission from motion picture film,
where the light level can be maintained at a very high
value.

As shown in Fig. 31, an image of the scene is formed by an
optical lens on the surface of a photo-cathode inside an
ovacuated glass tube. The photo-cathode is a coating of
gilver-cesium-oxide on a conducting plate. The photo-
cathode releases electrons from various points on its sur-
face in proportion ‘to the strength of the incidont light.
An electric field set up by the battery E, between the photo-
cathode gnd ari accelerator anocde coated on the glass wall
causes the photo-electrons to be accelerated away from the
photo-cathode, Thse coating has a window for the pessage
of light. A focussing coil sets up a magnetic fileld which
prevents the electrons scattering from mutual ropulsions.
The result 1s a stream of electromns from the photo-cathode
in which the distribution of electrons over the cross-
section is proportional to distribution of light energy in
the optical image. This stream of electrons is known as
an "electron imsge".

Figure
30
31
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Figure

All the elctrons moving down the tube are collected by

the accelerator anode and prevented from further activity,
except those which enter the small aperture, A. These
electrons strike electrode 1, and in giving up their
kinetic energy cause the emission of several times as maiy
electrons (secondary emission). The latter electrons in
turn strike electrode 2 where again several electrons are
released by the energy given up by each incident electron.
This process of electron multiplication is repcated until
at the collector there are approximately 100,000 electrons
for each olectron entering at A. These elactrons passing
through R cause a voltage which constitutes the signal.

Sawtooth currents through the horizental deflecticn coils
Dyl and Dpp and the vertioal deflection coils (latter nct
showvn) cause the electron image to sweep horizontally and
vertically. The effect 18 the same as leaving the electron
image stationary and sweeping the aperture A, instead. In
this manner, the electron image is dissected and scanned.

A signal voltage is obtained which is proporticnal to the
brightness of the optical image at the point whoso elec~-
tronic counterpaft is being scanned. The smallest picture
element is the came size (apprax.) as the aperture, A. If
the illumination of the photo-tathcde is uniform, & constant
flow of electrons tekes place into the multiplier and a
constant (DC) voltage is obtained across R.

Iconoscope,

The Iconoscope 1s the prototype of mcdern camera tubes
using the charge storage principle. It has a higher light
gensitivity than the image dissector, but this, too, is

low by precsent standards. It requires illumination equiva-
lent to direct sunlight and a large aperture, long focus
optical lens. It is prone to spurious shading effects.

The Iconoscoﬁé employs a beam of electrons for image dis- 32
section and scanning. The beam is formed by an electron

gun of the electrically focussed type placed in the slde

arm of the evacuated glass tube. Magnetic deflection coils

are usually used for sweeping the beanm horizontally and

vertically. The beam scans the surface of an image plate,

as shown,

The image plate consists of a thin insulating support
(mica) with a conducting coating on the rear side, called
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Figure

the 'Bignal plate”, which 1s connected to the externsal
circuit, The front surface is covered with the "mosaic".
The mosaic consists of tiny particles (up to .0002 inch
diam.), of cesium-silver-oxide, close together but insulat-
ed frem one anctier. Thus, the trancverse resistance of
the mesaic is very high. Also, because the support is
thin, the capacitance between each particle of moseic and
the signal plate is coenoiderable (net capacitance = approx.
100 mmf/cm?) .,

The collector anode consists of a conducting coating on
the inside walls of the tube in front of the mosaic.

An external lens fams an optical image of the scene on
the mosaic.

Assume the scanning beem not present. The incidence of
light then causes the mosaic particles to emit electrons,
vhich are attracted to and removed by the collector ancde.
Since the electron emission by mosaic particles is pro-
portional to the incidant light intensity, the mosaic
acquires a distribution of positive charge over its sur-
face corresponding to the variation of brightness in the
optical image.

Electrcns continue to be emitted from the mosalc particles
as long as particles are illuminated (assuming collector

is maintained at sufficiently high potential to remove

the emitted electrons and prevent space charge effects).
Therefore, the charze on each illuminated particle con-
tinues to build up as long as the illumination persists.
The charge configuration of the mosaic surface 1s main-
tained bdceuse of the high transverse resistance of mosaic.

\'hen the scanning beam sweeps over a mosaic perticle which
hes acquired a positive cherge by photcemission, it would
seem that the beam functions as a comutator, discharging
the perticle ard causing a current to flow in the external
circuit of the signal plate by virtue of the capacitive

coupling.

However, the action is more complex, since there is evi-
denco  that the scanning beam cannot conduct current in the
usual serse (resistance of beam is practically infinite -
change c¢f 1000V. in potential of target produces no change
in the beam current at the electron gun). The impact of
the beam electrons causes secondary emission of electrons
frem the particle in an amount inversely proportional to
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Figgge

the initial charge. This change in charge of the particle
causes the current in tho signal plate circult by virtue
of the capacitive coupling.

Same of the secondary electrcns are attracted to and re-
moved by the collector ancde. The romainder are attracted
to and absorbed by poscitively charged areag of mosaic and
thus tend to neutralize the charges resulting from photo-
emission. Also, as the  scanning process is continued, elec-
trons roleased by secondary emissicn continue to shower down
on the mosaic surface. Tho distribution of this shower is
not uniform and it varies with the illumination. Therefore,
it gives rise to spurious signals end shadings in the tele~
vised picture which require special corrective measures.

In addition, the electric fiold is not sufficiently intense
to drav avay frcm the mosaic all the electrcps roleased by
light energy. Scmec of these slectrons return tc the mosaic,
so that the net charges developed are not as great as expect-
ed.

The efficlency of. the Iconoscope 1s, therefore, very much
less than the simple theory of paragraphs 7 and 8 would indi-
cate. Tho practical cfficicncy is only 5 to 10 percent.

Assume that the mosaic illumination 1s uniform. Assume,
also, that the scanning beam, while sweeping, is in contact
with any ono elemental area long enough to discharge it
ccmpletely (the‘charge on the area having increased at a
uniform rate since tho preceding discharge). Then there

is a transfer of electrons in the external circuit away
from signal plate. Hcwever, during the same interval, the
remining elecmental areas of mosaic are discharging electrons
and causing a transfer of electrons in external circuit to-
ward the signal plate. This action gees on continually
during the scanning process, the action of scanning beam
causing a transfer of electrons awey from the plate and the
action of the light causing a transfer of electrons towerd
the signal plate. Further analysis shows that tho rates of
trangfer of electrons in the two directions are equal. The
net result is that no signal current flows in the external
circuit when the mosaic is uniformly illuminated. Signal
current flows in the oxternal circuit only when the illumine-
tion of the mosaic differs from point to point. Hence, the
signal frcm the Iconoscope-type tubes is proportional to the
element-by-element variations in brightness from the average
or backpround brightness of the scene.

Page 17
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14, A simpler view of the mechanism by which the Iconoacope-
type tube is prevented from delivering a signal represent-
ing the average scene Lrightneas if the following: Since
every scene has some degree of average brightness, no matter
how amall, the external circuit would be called upon to con-
duct electrons continually toward the signal plate; however,
since the signal plate has no other connection, the charge
on the signal plate cannot increase indefinitely but must
stabilize at some average value about which instantanecus
variations may take place upward or downward.

P, Image Iconoscope.

1. Developed from the Iconoacope, the Image Iconoscope has a 33
higher light sensitivity and can be used succesafully with
moderate studio illumination.

2. It donsists essentially of an Iconoscope plus an "electron
teleacope', as in the Immge Dissector, to convert the opti-
cal image to an electron image.

3. The photocathode 1s & semitransparent conducting layer of
photoemissive material (cesium-silver-oxide) on the glass
wall. An image of the scene is formed by an optical lens
on the photo-cathode. Since the light penetretes to the
inner surface of the photo-cathode, electrons are released
from the photo-cathode in proportion to the illumination at
esach point. These electrons are accelerated toward the
mosaic and the distridution of the electrons in the stream
is maintained by an electron lens consisting of Image Anode
#1 and a conducting coating on the glass wall. A magnetic
electron lens may be used instead.

4, The electron image is brought to focus on the mosaic.
This mosaic is not required to be photoemissive and is,
therefore, of different construction than in the Iconoscope.
It consists of a thin sheet of insulating material dbacked
by a single plate, such es thin mica sheet with a conduct-
ing coating, or a thin layer of china clay baked on a metal
plate. The insulating material must heve a high secondary
emission ratio. '

5. The impact of each photo~electron of the electron image
causes the release of several secondary electrons from the
mosaic surface. The secondary electrons are attracted to
the collector coating and are removed. A distribution of
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positive charge is thus built up on the mosaic surface
corresponding to the brightness distribution in the
optical image.

Scanning of the moseaic by the scanning beam causes gen-
eration of a signal in the signal plate circult as in the
Iconoscope. Intensity of charge on mosaic is increased

by the strong accelerating field directly in front of the
photo-cathode and by the high secondary emission ratio

of the mosaic, The signal current and voltage are, therefors,
much greater than in the Joonoscope. Placing the photo-
cathode at the end of the tube allows the use of a short-
focus optical lens, which is cheaper and provides greater
depth of focus in the telsvised image. The greater sensi-
tivity of the Iconoscope permits the use of a smaller aper-
ture optical lens.

Like the iconoscope, the imege iconoscope suffers from

spurious shadings and reduction of efficiency by secondary
emigsion caused by the impact of the scanning electrons.

Orthicon.

The orthicon resulted from the attempt to avoid the second- 34(a)
ary emission which causes spurious signals dby the use of

low velocity electron beams for scanning. It is character-

1zed by high signal-to-mask (noise, spurious signals) ratio

and theoretically 100% efficiency; has been used succeas-

fully at ordinary levels of illumination; does not give as

good definition of picture detall as other types of tubes.

Iow velocity electrons used for scanning must approach the
target at right angles. Then, if the target has a positive
charge, the electrons are absorbed; if the target has a
negative charge or is uncharged, electrons are not absorbed
but are accelerated in the direction from which they come.

However, i1f low velocity electrons approach the target
obliquely, they are accelerated toward or away from target
but not in the direction of approach. The result is a
blurring of detail and distortion. The orthicon is designed
to keep the scanning beam perpendicular to the target at all
times while scanning takes place.
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The scanning beam electrons are given velocitles corre-
sponding to an accelerating potential of about 25 volts
at the electron gun (as compared with 1000 volts in the
Iconoscopea). Focussing is magnetic, the entire tube
being immersed in a longitudinal magnetic field. Because
the electron velocity i1s low the electrons tend to move
in tight helicel paths whose axes are magnetic lines of’
force.

Megnetic deflection for sweeping the beam is accamplished 34(D)
by adding a transverse field due to current in the deflect-
ing coils. The lcngitudinal field 1s distorted, as a re-
sult, in the vicinity of the deflecting coils, as shown in
Fig. 34(b). Therefore, the electrons travel in paraxial
paths except in the vicinity of the deflecting coils. On
emeraing from the influence of the deflecting coils, the
electrens resumo their veraxial path and approach the target
perpendicularly. The forward velocity of the electrons is
unaffected. Note that the deflection of the bean in this
cagse is perpendicular to the plane of the deflecting coils,
(cf, 1T TI.)

Electric deflection of the beam is illustrated in Fig. 34(c).
When the voltage tetween the deflecting plates is zero, an
electron passes between A and B without deviation. When 34(c)
the upper plate i1s positive, the electron is first deflect-

ed upward; in moving upward, it mcves across magnetic fleld

and 1s, therefore, deflected to the side and scmewhat down-
ward. Thus, again moving across the maegnetic field, the
electron 1is agein accelerated at right angles to its intend-

od motion. This action and reactior ccntinue until the
influence of the electric field cverccries the tendency of

the electron to move downward, at which time the cycle 1s
repeacted. With each repeated cycls, the electron moves

further towerd the side of the deflection plates until it
emerges at C moving in a path parallsl to the criginal path

but displaced frcm it. The forward velocity of the electron

is uraffected and the electron approaches-the target perpen-
dicularly. Note that the deflection of electrons in this

case 1s parallel to the plane of deflecting pldates. (Cf. II B 1)
Note also that the plates must be as wide as the distance

over which the electron beam is tc he swept.

The Orthicon illustrated in Fig. 34(a) uses electric hori-
zontal and mAsnetic vertiecal deflection,
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Figure

The target is similar to the image plate of the Iconoscope,
except that the signal plate 1s a semi-trensparent conduct-
ing coating and the mosaic likewise 1s gemi-transparent.
The mosaic faces the gun, and the signal pvlate faces the
optical lens at the right end of the tube. An optical
image of the scene is Tormed on the mosaic by a lens, the
1light passing through the signal plate.

The mechanism of signel generation is similar to the elemen-
tary theory of the Iconcscope (II E 1 - 8). Electrons are
released frcm the mosaic by photocemission and are removed by
the collector electrodes, so that a charge distridbution is
developed on the mosaic surface corresponding to the bright-
ress distribution of the optical imege. The scanring beam
eclectrons are either repelled by the mosaic particles (and
removed by collector electrodes) cr are absorbed by these
particles. If absorbed, the charge on the particles is
neutralized and a ccrresponding displacement current flows
through the capacitance to the siggal plate.

Image Orthicon

I.

The image Orthicon comtines the image electron emplifier
features of image iconoscope and the secondary emission
electron multiplier of the image dissector with the low-
velocity-beam scanning cf the orthicon. This tube is still
in the developmental stage but gives promise of extreme
sensitivity and frecdom from spurious sigrals and mask
(noise). Adjustments are critical with regard to operat-
ing temperature and illumination level of scene. Also, the
“ube has non-uniform svectral resparse and signal fregquency
characteristics.

Miscellaneous

In both Image Dissector and Iconoscope-type tubes (i.e., tubes
using some type of mosaic or employing the storage principle),
the polaerity of signal voltage is the same when connected

as shown in the figures. Increase of brightness causes ine
creese of negative voltage on the ungmourded end of the load
resistor.

This 1s not true, however, in the case of the Image Orthicon.
Whern this tube is employed, the signal 1s not derived from
the reutralization of charge on the mosaic, but from the
scanning electrors that are not absorhed. Therefore, the
polerity of the simmal is the opposite of that in the earlier
tubes.
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Figure

The signal voltage derived from any of the camera tubes

is small, being of the order of several hundred microvolts
in the more sensitive tubes and less in the others. The
load resistance into which the tube works 13 of the order
of soveral tens to sevaral hundreds of thousands of nhms,
the higher values resulting in a larger signal voltage
but poorer high-frequency characteristics.

Picture Tubes (Kinescope, Teletron, etc.).

Tubes for the repro@ucticn of television images are varicusly 35
named by the manufacturers dbut employ identical principles.

The picture tube incarporates en eldctron gun using, usually,
electrostatic focussing (II A 5). Operating voltages, electron
velocities and scanning bdeem current are much higher than in
camere tubes because of the different obJectives.

The electron gun usually incorporates en addition electrcde
known as grid :'2, or accelerator grid. As in guns previous-
ly discussed, the cathede supplies electrons for the beanm,
grid '1 is used to control the beam current according to the-
signal voltage, and ancdes ;'l and ;2 constitute the electron
lens. Anode ;2 is often in the form of a graphite ccating
on glasd wall of tube and extends to a short distance from
the screen. Grid 72 is situated between Grid ;'l and anode :‘l
and is kept at a fixed voltage with respect to the cathcde
and serves to prevent interaction between the control grid
and the electron lens.

The flared end of the tube 1s coated with ona of many sub-
stances which become luminous when bcmbarded with high speed
electrons. This coating is called a "phosphor". Iumin-
escence during electron bombardment is called "fluorescence",
end the persistence cf luminescence after bcmbardment is
called "pliosphorescence”. All screen materials used in tele-
vision arc phosphorescent to some degree. Srectral charac-
teristics, luminous efficiency, and persistence character-
istics of phosphor vary with the substance employed, impuri-
tles used as activators, and treatment during manufacture.
The spectral characteristics of the phosphor mey be adjusted
also by a combination of substances in proper proportions.

In television tubes, persistance is generally chosen to be
short; that is, the luminosity decreases to 1> of the initial
value in less than .03 second after excitation ceases.
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The luminosity of the phosphor mcreases approximately

linearly with the vcltage of aenode ;2 ({.e., the veloc- 36
ity of the scanning beam electrons) above 1000V. In

practice, the voltages on the electron gun electrodes are

kept fixed after being adjusted for focus.

The luminosity of the phosphor increases approximately 37
linearly with the denaity of the beam current. The beam

current density is cemtrolled by grid ;'1, which is used

as the signal or contxrol grid.

Grid ;1 normally is diased by a negative voltage approxi- 38
mately to cut~off of the beam current. The beam current
increases approximately as the 3/2-pover of the control
grid voltage, as this voltage increases in a positive di-
rection. Ccnsequently, the screen brightness increases
approximately as the 3/2-power of the control grid voltage
as the control grid is made more positive. With acceler-
ating voltages of the order of 5000 volts, & voltage swing
of 20 to 40 volts on the signal grid of the picture tube
will vary the screen brightness between total darkness and
maximum brilliance.

There is no connection to the screen of the picture tube.
The impact of the beam electrons causes the screen material
to emit mecondary electrons. The secondary electrons are
attracted to and removed by the second eanode. The result
is that the screen acquires & positive charge with respect
to the cathcde and stabilizes at a potential within a few
hundred volts of anode /2.

Deflection of the scanning beam is accomplished by means
of deflection plates or coils. The deflection sensitivity
is much less than in camera tubes because of the higher
electron speeds and 1s of the order of .004 inch per volt
between deflecting plates.

In contrast to the cathode rey tubes used for oscillo-
graphic purposes, beam velocities and beam current densities
in television reproducing tubes are so great that, if the
beam remains at one spot on the screen for an appreclable
frection of a second, the phosphor is destroyed at that
spot.

In use, the signal voltage which originates at the camera 39

tube is amplified and applied to grid ;1. Normal grid bias
is obtained by inserting a biaa voltage In serles with the
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cathode whon arid ;1 is directly connocted to the plate
cf the vreceding video amplifier (Fig. 39a), or in the

grid leak vhen grid .1 is coupled to the signal through
a capacitor (Fig. 39b).

Since the scanning beam strikos the screen on the inner 40
surface, the resulting light must pass through the phos-
phor to reach the cbserver's eyo. Because. of trensmission
loss through phosphor, refleotion loss at the glass surfaces
and the scattering of light by multiple reflections, tho
brightness and the contiast botwoen dark and light arcas

are thereby reduced. Scmo reproducing tubes, therefore,
suitable for optical projection of the imamge, have been
dosignod in shape simllar to the iconoscono to pexrmit the
chserver to sce the side of the phosphor vhere the lumin-
escence occurg.,

A more recont development places a smcoth film of aluminum 41
on top of tho phosphor, the aluminum layer beoing thin

onough not to hinder the passege of the beam to the phos-

phor but thick enough to causs all the light developed to

be reflected ~utward thrcugh the phosphor instoad of into

the tube. The luminocus efficiency is thus increassd about

50 per cent or more.

The deflection sensitivity decreases as the accelerating
voltage of the beam 18 increased because of the greater
olectron momentum. In ordor to obtain high beam velocity,
for good brilliance without loss of deflection sensitivity,
some tubes are designed for "post-defloction acceleratian”.
That 1s, the electron gun 1is oporatecd at relatively low
accoelerating voltage, but a ring shaped "intensifier"
elactrode formed on the glass walls a short distance in
front of the phosphorescent screen is operated at high volt-
age in order to accelerate the beam electrmons to the required
velocity mfter having been deflected.
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Figure

The normal human eye 1s Just able to distinguish as sepa- 42
rate objects 1/60-inch squares 1/60-inch apert at a dis-

tance of 4 to 5 feet, if the objects and the sye are per-

fectly stationery. This limit is due to the structure of

the roetina. (Resolving power of eye = 1 minute of angle.)

If the objects above are subject to & slight random motion
(as may be due to fortuitous variations in scanning opera-
tions), the distance at which they cannot be seen sepa-

At this distance, the angle of view of the normal eye 1is
such a8 to permit ccnstent viewing-of an area approaximately
8 inches high by 10 inches wlde. The proportions of 8 to
10 are generally considered to be a.desirable "aspect

Therefore, a television picture 8" x 10" for viewing at 43
2 to 3 feet (or a larger picture at proporticnally larger
distance), in order to appear sharp, must be made up of

at least 288,000 picture elements; that is, 480 lines with

It may appear that the scene to be televisea may be scanned
by an electron beam in 480 lines by making the horizontal
deflection or sweop frequency 480 times as great as the
vertical sweep frequency (II B 3). However, scme of these
lines would then occur during the interval typ, Fig. 18,
when the vertical deflecting voltage is returning to the
initial value for the beginning of the next vertical sweep
(flyback time). Therefore, the ratio of the horizontal
sweep frequency to the vertical sweep frequency mst be

IIT. Frequency Requirements.
A. Image Analysis.
1.
2.
rately reduces to 2 to 3 feet.
3.
ratio”,
4,
600 elements in each line ( I C 4).
B, Scanning.
1.
somevhat greater than 480.
2.

To facilitate synchronization, it is desirable to derive
one sweep frequency from the other sweep frequency by the
use of frequency multipliers or dividers ( harmonic gener-
ators, mltivibrators or blocking oscillators). This pro-
cess makes it desirable to choose for the ratio between
the frequencies an odd number which is the product of
small odd prime numbers. The nearest odd number which is
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a prcduct .of small odd rumbers and is scmewhat larger
than 480 is 525 (3xSx5x7 = 525). This number has been
adopted as standard fcr the ratio of horizental to
vertical swveep frequencies.

3. Of the 525 horizontal lines described during cne verti- 44
cal sweep, approximately 480 are used in the scanning
process and are known as active scanning lines. The re-
maining 45 lines ars known as inactive scanning lines
and occur dvring the time allowod for the vertfical sweep
vecltage to return to the initial value for the beginning
of the next vertical sweeop.

4, In motion picture work, a picture or frame is presented
to the eye 24 times per second to give the illusion of
contimuity. In television practice, the frame reretition
rate has been standardized at 30 per second in order to
ninimize effocts due to inadequate filtering of the 60
cycle rectified power supply at radio transmjitting sta-
tions.

5. A simple scanning sequence is the scanning of the hori- 45
zontal lines in ccnsecutive order until the entire scene
has been scanned, thus completing the scanning of one
frame in ane verticel sweep. This process is called
progressive or sequential scanning.

6. In motion picture practice, although a new frame is pre-
sented toc the eye at a rate of 24 frames per secocnd, the
presentation of each frame is divided in two equal parts
by a short interruption during the presentation. This is
done to reduce flicker to a negligible value.

For the seme reason, the scanning of cne frame in tele- 46
vision is done in two fields; first, the odd field, con-

sisting of all the.odd-numbered lines; second, the even

field, consisting of a1l the even numbered lines. One

frame, therefore, consists of two interlaced fields.

This process is called interlaced scanning.

In order to avoid the necessity of making altermate cycles
of the vertical sweep voltage of different duration or
amplitude, the two fields are each made to be 262-1/2
lines, including both active and inactive scanning lines.
Thus, the cdd field starts in the middle of a line and
erds at the end of a )ine; theo vven field starts at the

Page 26



C.

7.

SECTION 318-015-900 SW

Figure

beginning of a line and ends in the middle of a line.
Both the vertical and horizontal sweep frequencies being
derived from a ccomon source, the relative phases of
the sweep voltages, once adjustod, stay fixed.

In interlaced scanning, therefore, the vertical sweep
frequency is twice the frame repetition rete or frame
frequency. In the standard 30 fremes-per-second system,
the vertical sweep frequency (end the field scanning
rate) is, therefore, 6C cyoles per second.

Frequency Analysis.

1.

2.

3.

4,

S.

Each camplete frame of a televised picture consists cf
525 harizontal scanning lines, active plus inactive.

Since 30 frames are scanned per second, the herizontal
sweep frequency is 525x30 = 15,750 cycles per secand.
That is, in one second, the scanning beam mekes 15,750
harizontal sweeps.

Each hcrizontal line 1s equivalent to 600 picture ele-
ments (III A 4). Therefore the rate at which picture
elements ure scanned 1s 600x15,750,=9,450,000 elements
per secand. (Note: The 288,000 elements are scanned, not
in 1/30 second, but in 1/30 x %g% = ,N305 second.)

The finest picture detail which a televisicn system is 47
required to transmit is represented by alternate black
and white squares each 1/600 of a line in length. The
resulting signal from the camera tube, however, is seen
to consist of one square-wave cycle for each two such
successive elements. "The fundamental frequency of this
square wave is considered to appraximate the square wave
with sufficient accuracy, in consideration cf the distor-
tion due to finite aperture size. The signal resulting
fran the scanning of this fine detail is, therefore,
one-half the element scanning rate, or 4,725,000 cycles
per secand (roughly, 5 megacycles).

The coarsest picture detail consists of a scene cof uni-

form brightniess. The signal obtained in scanning such 48
& scene by the interlaced method, therefore, consists

of square waves at rate of the field scanning, or €0

waves per second. This wave consists of a fundamental

sine wave of 60 cycles per:second plus a long series of

harmonics,
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6. Thus, a television system must be able to accammodate

D.

signals of all frequencies fram 60 cycles per second
or less to S million cycles per second or higher.

Camera Signal.

2.

3.

Page 28

In traversing ons line of a scene, the scanning beam 49
scans elements of various degrees of brightness. Trans-
lated directly into terms of signal current or voltage,
this variation results in a signal like that in Fig. 49.
This signal contains frequencies derived directly from
the visual data of the scene, and visual intelligence

may be derived frcm it directly. It is, therefore, called
a video signal. In generel, the range of frequencies

(III C 6) is known as the video range. The signal de-
livered by the televisicn pick-up tube is modified in

the process of transmission. Therefore, to distinguish
this signal from the modified signal, it is called the

cemera signal.

The curve of Fig. 49 is equivalent to a constant DC volt- 50
age equal to the average height of the curve, represent-

ing the average brightness or background brightness of

the scene, plus an AC voltage representing the element-
by-element deviations from average trightness, as in

Fig., 50.

Correct reprcduction cf the scene requires transmissicn
of information concerning average brightness together
with information concerning deviations fram this average
brightness. For example, & glven scene superimposed on
a bright background gives impression of sunlight and
warmth; whereas the same detail superimposed on & daxrk
background conveys the idea of moonlight and cold.

As noted in II D 4 and II E 13, the Image Dissector de-
livers a signal which contains a DC component represent-
ing background brightnees, but Iconosccpe-type tubes do
not. Also, where video amplifiers are used with capaci-
tive coupling between stages, the DC component of the
signal is lost. In the latter cases, it is necessary to
provide other means of transmitting information concern-
ing average scene brightness., At the recelving point,
the information concerning average scerie brightness must
be translated in terms of DC and added to the video signal
in order that the picture tube (Kinescope, etc.) may re-
produce the scene with ita proper background brightness.
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Figure

The process by which this result i1s achieved iz known
as DC restoral or DC reinsertion.

S. When the video signal is to bo transmitted by means of
amplitude mcdulation of a high frequency cexrier, the
transmitting ecarrier terminal is designod for '"negative"
transmission. That is, the design is such that maximum
visual brightness of a scene element produces a minimum
of transmitting carrier power And decrease of scene
brightness produces increase of carrier power. Spurts
of extraneous pcwer, such as noise, entering such a sys-
tem cause dark spots in the received pizture. Since dark
spots are psychologicelly less objecticnable than white
spots, nogative transmission has besn adopted as standard
in the United States. WNote that the term does not refer
to the polarity of the video signal, although the modu-
lator in such a system usually does require that the
video signal be poled sn that increase of brightness
causes increase of negative voltage applied to the mcdu-
lator.

Page 29
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Transmitting Terminel.

A.

Average Scene Brightness.

1.

2.

3.

4,

S.

6.

Page 30

In preceding sections, means have been described for S1
translating visual information into electrical form

and vice versa. A simple schematic of a television

system based on principles thus far discussed is

shcewn in Fig. 51.

As previously stated, the signal voltage delivered by
the camera tube 1s minute, whereas the signal voltage
required for operating the picture tube is very large
by cemparison. It is apparent, then, that many ampli-
fier stagos are required between tho camora tube and
tho picture tube for transmission over even short
distances. ’

It is a matter of fact that amplifiers which properly
amplify DC voltages as well as AC voltages throughout
the video range are difficult to build and to maintain.
Consequently, video amplifiers used in practice employ
some form of capacitive coupling between stages and

do not recognize DC voltages. As & result, the DC
component of the camers signal is lost, even if 1t 1is
initially present (III D 3 et seq.). Othor means must
therefore be found for transmission of informaticn re-
¢arding average scene brightness. .

It has been shown (II B2, etc.) that during each cycle

of the sweep voltage a small portion of timo must be
allowed for fly-back. The fly-back interval 1is relative-
1y short and the sweep voltage during the interval is
difficult to control. Therefore, little is lost by dis-
carding the picture information which may be tranamitted
during fly-back. The fly-back interval may then be used
for the transmisasion of information concerning avereage
scene brightness.

Assume, then, that a ascene is being televised with an 52
Image Dissector as the camera tube. Then the camera sig-
nal voltage will apnear as in Fig. 52.

Suppose, during the fly-back period, the scene were 53
tlacked out, as by a smutter clesing over the lens. Then

the signal voltage will appear as in Fig. 53. The signal

is said to be "blanked ocut'" dwuring the fly-back pericd.
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Note that, as a consequence, the signal during the
blanking period becomes zero. Therefore the same
regult could have been achieved by turning off the
scanning beam or cutting off the camera tube during
fly-back. ‘

Note, also, that as a consequence of blanking thore is
a rectangular pulse of voltage during the blanking
pericd, relative to the rest of the signal. Since the
voltage during tho blanking pericd corresponds to total
darkness, or black, it follcws that the amplitude of the
rectangular voltage pulse - relativo to the rest of the
signal - is proportional to the average brightness of
the scene.

If thon the DC ccmponont of the signal is removed, as in 54

" passing through a capecitively coupled amplifier, the

10.

signal will appear as in Fig. 54. It is apparent that
the amplitude of the rectangular voltage pulse which
was cauged by blanking - relative to the remaindor of
tho signal - s+ill is proportional to the average scene
brightness.

It is nocessery samewhere in the path between camera

and picture tube to invert the signal because, as shown
in II J 7, the scrcen of tho picture tube becames bright-
er when the applied signal voltage beccmes more positive,
vhoreas the signal of Fig. 54 has the opposite polarity.

‘Tho necessary invorsion may be accomplished by a conven=-

tional type of amplifioer, since such an amplifier causes
180 degroo shift in the phase of the amplified voltage.
An cdd number of such amplifiers will have a like effoct.
An evon number of such amplifiors will restore the ampli-
fied voltage to its original phase.

After inversion, the signal appears as in Fig. 55. It 55
is apparent that, whether the signal is amplified, in-

. verted, cr attenuated, the pulse of voltage resulting

from blanking will always represent the average scene
brightness in relation to other details of tho signal.
The fact that the height of this pulse of signal voltage
has special significance, together with other use of
this pulse which will be described later, has led to
the torm, "blanking pedestal”. In section V B 4, .etc.,
it will be shown how the blanking pedestal is put to use
to restore the DIC component of the signal.
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In practice, Iconoscope-type tubes are employed ‘most fre-
quently and, since the signal from these tubes does not
contain 2 DC cemponent, a more obtuse method must be used
for inserting the blanking pedestals and properly adjust-
ing their height. : '

In one practical system, tho signal from the Iconoscope
(DC component lacking) is amplified in an odd number of
stages and obtained in tho opposite phase to Fig. 54,

but the blanking pedestals are not yet added. This is
shown in Fig. 56. To this signal eie added large nega-
tive roctangular pulses of voltage, synchronized with the
fly-back intervals, fram two blanking pulse generators.
One of these genorators supplies blanxing pulses which
are synchrenized with the horizontal fly-back perjcds and
the other supplies blanking pulses synchronized with the
less frequont but longor vertical fly-back periods.

These are known as horizontal and vertical blenking gener-
ators, respectively. With theso pulses added, the signal
voltage has the appeeranco given in Fig. S7.

It should be noted that the amplitudes of the blanking
pulses have not beon adjusted and depend only on the
voltages fram the blanking generstors. All that has
hapvened thus far is that the lovel of signal voltage has
been greatly increased in a negative direction during the
blanking pericds. But during these periods there is still
scme picture information gathered during fly-back.

The signal wave of Fig. S7 is then amplified by a two stage
amplifier. The first stage functions simply to incroase
‘the signal voltage. The second stage is provided to cor-
rect the phase reversal introduced by the first stage. It
employs a power type of amplifier tube so as not to be
over-driven by the large signal voltages occurring during
the blanking periods. Except for increase in emplitudo,
the simnal wave emerging frcm the phase reversing ampli-
fier is identical with that of Fig. 57. It is shown again

in Fig. 58.

The signal thereafter goes to a "clipper" amplifier which
i1s a conventional amplifior operated with a large negativo
bias so that it cuts off at a value of negative input
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Figure

voltage indicated by the dashed line in Fig. 58. That is,
the clipver amplifier delivers an amplified version of
cnly that part of the signal which is more positive than
the cut-off value (bolow the dashed line, Fig. 58). The
picture information occurring during the blanking pulse
is, therefore, wiped out and the signal during this poriod
leveled off, At the ocutput of the clipper amplifier the
signal voltage 1s, of courso, inverted and appoars as in
Fig. 59. Note that the, blanking pedestals, 1.e., tho
black level, is positivo with respect tc the rest of the
signal., Informetion concorning average scone brightness
is now contained in the AC signal by virtue of the blank-
ing pedestal height relative to the rémaindor of tho

signal.

It is evident that the height of the blanking podestals,
vhich indicate the average scene brightness relative to
the rest of the video signal, is determined by the grid
bias of the clirped amplifier. Thercfore, this grid bias
is ad justed by an operator at the transmitting torminal

to give the correct average scene brightness on & monitor-
ing viewer. If the averagoe scene brightness 1s fixed or
changes alowiy, the operator can make the necessary adjust-
monts in bias as required.

Howover, if the average scene brightness varles rapldly
as in the television of motion pictures, the changes in
grid bias aroe affected automatically. For this purpose,
the ontire sceno is viewed continuously by a simple type
of photo-electric cell. The signal voltage from this
cell, which is a DC voltage proportional to the average
scene brightness, is amplified if nocessary and used as
the required variable grid bias for the clipper ampli-
fier. In this case, also, the operator must make the ini-
tial adjustment of the grid bias, dbut the photc-electric
coll takes care of subsequent changes.

The block schamatic of the transmitting terminal may now 60
be axpanded to take care of transmitting the average scene
brightness information. The axpanded blcck schematic is

shown in Fig. 60,

The pre-amplifier shown in Fig. 60 is & multi-stage ampli-
fier contained within the camera case. It functions: to
raise the minute signal from tho camera tuboc to a level
high enough to over-ride noise in the cable connecting the
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camera with the heavier stationary equipment; to compen-
sate for non-uniform frequency characteristic of the
camere tube; and to mateh the high impedance of the cam-
era tube to the low impedance of the connecting cable.
Other portions of Fig. 60 have been described in the pre-
ceding paragraphs. The numbers refer to the figures por-
traying the shape of the signal wave at different points
in the circuit,

Fig. 61 shows simplified achematics of the amplifiers 61
following the camera, It will be recalled that the AC

part of the camera signal represonts the variation of
brightness from one element of the scene to another. In
photography, this relationship among the elements is known
as "contrast". Therefore, a change in amplitude of the
camera signal relative to the blanking pedestal produces

a change in the contrast of the televised scene. For this
reason, a manual gain adjustment is provided in the first
video amplifier of Fig. 61 and is known as a contrast
control, Shown also are -a manual brightness control

(IV A 16) and an automatic brightness control which function
as described above. As stated in IV A 12, the transmitting
terminal described is only one of several possible designs.
However, although various means are employed in practice

to generate the camera signal, amplify it, and insert and
Properly adjust the blanking pedestals, the obJective and
the final result are the same as given above.

It should be emphasized that the wave of Fig. 59 is an AC
wvave. In any integral number of cycles, the areas includ-
ed betwoen the time axis and the lower, or "white", por-
tions will, therefore, always equal the areas included
betwoeen the time axis and the upper, or "black"”, portions
of the wave. Consequently, as the average scene bright--
ness changes and the amplitude of the blanking pedestals
changes, the height of the blanking pedestals will not re-
main conatant with respect to the zero axis but will vary
with the bdackground brightness of tho scene. However, in
later sectiona it will be shown that a variable DC compon-
ent of the coxrect amount is automeatically added to the
wave at the receiving terminal to restore the pedestals to
a constant voltage level corresponding to black. Thus
the remainder of the signal is autcmatically restered to
its proper level with respect to the black level and the
average scene brightness is correctly reprodiuced.
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Because succossive changes of wave shape are confusing,
the conventional representation of the composite video
signal usually cmits the zero voltage axis and shows the
blanking pedestals always at the black level. Tho reader
must dotermine from his knowledge of the functions of the
circuit whethor the signal existing at a point of Interest
is purely AC, so that successive blanking pedestals may

be at different voltage levels, or whether the signal con-
tains a DC compcnent placing all the blanking pedestals at
the same voltage level.

Synchronizing Signals

1.

As shown in the block diagram of Fig. 51, sweep voltages 51
are provided at the sending and receiving terminals for
scanning. The sweep frequencies at the two terminals, as
previously discussed, must be alike tc avoid distortion in
the televised picture. However, not only must the frequen-
cies be alike but the sweep voltage cycles must start at the
samo instant (allowing for propegation time) and keep in
phase thereaftor. Very little devietion from exact synchron-
iem 1s permissible. Therefors, it is necessary to tranamit,
together with the camera signal and the blanking pedestals,
information which will keep the sweep voltages at the recoliv-
ing torminal in step with those at the transmitting terminal.

2. It wao stated in II J 10 that the scanning beam in the

3.

picture tube is sufficiently powerful to destory the lumin-
escent screen if allowed to remain stationary for any length
of time. For this reason, self-excited swoep generators aro
provided at the receiving terminal, so that the scanning
beam will be kept in motion even in the evont of failure of
the synchronizing informationm.

The self-axcitod sweep generators whose principles were de-
scribed in II B, it was pointed out, may be synchronized
with an external source of voltage pulses if the un~forced
or free frequency of the generator is slightly lower than
that of the externmal voltage. Therefore, if pulses of tho
desired swoop frequencies can be mixed with the picture
signal at the transmitting terminal in such e way that they
cen be separated from it at the recelving terminal, the
pulsos may be employed to synchronize the self-excited sweep
goencratore at the receiving terminal.

Page 35
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Figure

It will be recalled that no plcture information is trans-
mitted dwring the blanking periods. Therefore, synchroniz-
ing voltage pulses may bo transmitted during the blanking
periods without interfering with the picture information
contained in the video signal. Furthermcre, if the
synchrenizing pulses are given the same polarity as the
blanking pedestals, they will be in the "blacker-than-
black" voltage region as regards the picture tube and will
not produce any visible effect on the fluorescont screen.

Howevor, if the synchrcnizing pulses are superimposed on
tho blanking pedestals, scme means must bo devised which
will permit separating the synchronizing pulses from the
romainder of the signal at the receiving terminal. The
nocessary moans are providod by an amplifier which is biased
to cut~off at the blanking pedestal lovel so that the out-
put current of tho amplifier contains only the synchroniz-
ing pulseg (VA 3 et gogq.). It is a relatively simple
matter to arrange that the bias voltage of tho amplifier
he made to fcllow the variations in the blanking redostal
lovel (IV A 21).

Because of its simplicity and econcmy of signal space, the
above method of transmitting synchronizing informaticn is
enployed in all mcdern teclevision systens.

It remains, however, to decide on the shape of the synchroniz-
ing pulses. Obviously, thore must be two kinds of pulses

so that they may be distinguished apart: one for synchroniz-
ing the vertical sweep gonorator, the other for synchroniz-
ing the horizontal sweep genorator. For the sake of brevity,
the term "sync" 1s usually employed instead of "synchroniz-
ing." The term "sync signal" refers to thoe ccmbination of
horizontal and vertical sync pulses,

The two kinds of sync pulses may be of the same geomstric 62
shape but of two different amplitudes. Then suitably biased
amplifiers may bo used to distinguish between them. The
sync signal would then appear scmewhat as ir Fig. 62(a).

The composite videc signal, consisting of camera signal,
blanking pedestals, vertical and horizontal synchronizing
pulses, then appears as in Fig. 62(b). This variable-~
amplitude type of synchronizing signal is simple and re-
liable and has been successfully used in Europe. Hcwever,
somo of the pweir-handling capacity of the transmission
chammel mmnt be set aside to allow for the extra amplitude
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Figure

of the verticel synchronizing pulse. Consequently, the
picture information cannot be transmitted at as high a
level as desired and so the signal-to-noise retia of the
overall system is reduced,

In the United States, standard practice is to make the 63
vertical and the horizontal sync pulses aprroximately

rectangular and cf equal amplitude but of very different

durations, as shown in Ftg. 63. The duration of a herizen-

tal sync pulse is not more than 85 of a scanning line

(8% of 1 second ax 5 micro-seconds). The duration
15,750

of a vertical synchromizing pulse is equivalent tc 3 scanw
ring lines (3 x 1 second or 190 micro-seconds). Since
15,750

the vertical and horizontal sync pulses are c¢f the same
amplitude, separation between the two kinds of pulses carnot
be effected by biased smplifiars. Instead, use 1s made of
the properties of resistance-capacitance networks.

Thus, if the synchronizing signal of Fig. 64(b) is applied 64
to terminals 1 and 2 of the circult of Fig. 64(a), the
voltage obtained across terminals 3 and 4 will be as shown
in Fig. 64(c). In the circuit, R is a large value of
resistance and C 1s & large value of capacitence such that
the time constant RC (seconds) 1is somewhat greater than
the duration of the long pulses and therefore much longer
than the duration of the short pulses. The condenser C
can receive a charge only through the large resistor R.
Hence, when a pulse arrives, the condenser charges slcwly,
because the resistor limits the flow of current. Conse-
quently, the voltage across the condenser, which is pro-
portional to the charge, doces not have sufficient time

to build up to more than a small fraction of the full
vulse voltage when the pulse is short. When the pulse is
lorig, the voltage across the condenser has sufficient time
to bulld up almost to the full pulse voltage. Because the
useful voltage obtained is proportioral to the time-
integral of the applied voltage, this circuit 1s known as
an "integrator" circuit. Several such circuits may be
connected in tandem to reduce the small voltage waves due
to the short pulses to a relatively neglitible value.
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Figure

The larger waves due to the long pulses are applied to the
vertical sweep oscillater for synchronization, as deascribed
in II B 4. It should be observed that the shape of the
vertical pulse after paseing through the integrating cir-
cuit appears to be broad only because of the time scale
chosen for Fig. 64, Actually, this selected pulse is very
steep and short in relation to one cycle of the vertical
sweep voltage.

The short horizontal aync pulses ere selected by the scme-

vhat similar resistance-capacitance circuit shown in 65
Fig. 65(a). Here the cepacitance C and the resistance R

are chosen so that the time ccnstent RC (seccnds) is of

the crder of only 1% of the hcrizentel. sweep period. The
synchronizing signal shown in Fig. 65(b) 1s arplied to the

input terminels 1 and 2, and the selected .synchrcnizing

voltage pulses are obtained across the resistcr R. The

selected pulses are shovn in Fig. 65(c).

Voltege appears across R only when current in flowing
through the condonser. When a sudden change of voltage
occurs in the applied sync signal, the condenser mcmwen-
tarily behaves like & short circult so thet the full volt-
age of the applied pulse is reprcduced across the resistar.
However, because the time constant is small, the ccndenser
is quickly charged to the full voltage, with the result
that the current, end, therefore, the vcltage across the
resistor, rapidly falls to zero. Likewise, when the
applied pulse veltage suddenly changes tc zero, the con-
denser quickly discharges, producing a current, and a
corresponding pulse of voltage across the resistance, in
the opposite direction. The selected vcltage pulses are
applied to the horizontel sweep generatcr for synchroniza-
tion. Because the useful vcltage obtained across the
resistor is proporticnal to the time-derivative of thre
applied voltage, this oircuit is known as g "differenti-
ator" circuit. The synchronizing signal applied to the
differentiatér is arranged to have the polarity shcvn in
Fig. 65(b) so that the output pulse cccurring-n the
leading edge of each synchronizing pulse will be positive.
Then, when the output voltege is applied to the sweep
oscillator, the oscillator will "fire," or discharge will
occur, on the positive pulses end will be synchronized
with the leading edges of the syunchronizing pulses.
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Raving fired on a positive pulse, the oscillator is in-
sensitive to the negative pulse immediately following.
Therefore, no measures need be taken to eliminate the
negative pulses derived from the differentiator cir-
cuit.

Tt will be recalled (III B 6) that in interlaced scan- 66
ning the odd field starts et the middle of a line and
ends at the end of a line and that the even field starts
at the beginning of a line and ends at the middle of &
line. Therefore, following the odd field, the vertical
aynchronizing pulse will be preceded by e& horizontal
synchronizing pulge at an interval of one scenning line;
whereas, following the even field, the vertical pulse

1s preceded by & horizontal pulse at an interval of only
ocne-half scanning line. Ccnsequently, in the latter
cage the pulse derived from the integrator circuit will
build up scmewhat earlier in the cycle because of the
small voltage remaining from the preceding horizontal
pulse. The effect is illustrated in Fig. 66. As a
result, the vertical sweep oscillator fires slightly
gsooner than it should and causes the scanning lines of
the following field to be slightly higher on the re-
producing screen. The net effect is a pairing of scan-
ning lines which gives the appearance of streaks in the
reproduced picture. To avoid pairing of lines, the
timing of the vertical sweep oscillator must be kept with-
in extremely close limits (1 part in 5000).

The above difficulty is avoided by inserting between 67
the end of a field and the vertical sync pulse following

it a number of short pulses of double the line frequency.
These additional pulses are known as equalizing pulses

and serve to "condition" the intergrator for the arrival

of the vertical sync pulse, Thus, following either the
even or the odd field, the residual voltage in the integra-
tor circuit is the same when the vertical sync pulse
arrives, and the selected output pulse has the same timing
and shape in both cases. The equalizing pulses are of the
same amplitude as the horizontal and vertical sync pulses
but have one-half the duration and twice the frequency of
the horizontal sync pulses. A group of six equalizing
pulses is superimposed on the vertical blanking pedestal
immediately preceding and also immediately following the
vertical sync pulse, as in Fig. 67.
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The differentiater sircuit will, of course, deliver
selocted synclronizing pulses as a consequonce of the
equalizing pulses, Just as it does for the horizontal
synchronizing pulses. However, they will be of double
the frequency. Therefore, since the horizontal oscilla-
tor has a natural frequency approximately ono-half aa
groat, it will fire on those equalizing pulses occur=
ring at line scanning intervals and bo insensitivo to
those in-between (II B 4). The effect on the horizon-
tal swoop generator of the equalizing pulses is the same
as when horizontal sync pulses are recoived.

No mention has been made up to this peint about the 68
behavior of the receiving horizentel sweep generator
during transmissicn of the vertical sync pulse. It is
clear that, since the maturel frequoncy of the horizon-
tal oscillator is somewhat below the dosired froquency,
this ocscillatcr 1s quite liabloe to drift so far off
frequency that 1t will not fall into step when trans-
mission of the herizontal sync pulses i1s resumed. In
order to maintnin contrcl of the horizontel sweep
oscillator, the vertical sync pulse is periodically
intorrupted, or serratod, so as to cause the differ-
entlator circuit to deliver selected synchronizing
pulses to the horizontal sweep generator. As a matter
of convenience, tho serrations in the transmitted verti-
cal synchronizing pulses aro made at twice the horizontal
sweep frequoncy, so that the differentiator circuit
delivers double-frequency pulses to the hcrizontal sweep
generatcr, as in tho case of the equalizing pulses

(IV B 14), The serratod vertical sync pulse and the
corraesponding selected pulses declivered by the differen-
tiator and integrator circuits are shown in rig. 6€8.

The not result of adding together the horizontal sync
pulses, the serrated vortical sync pulses, and the
equalizing pulses, which ultimately are superimposed on
the blanking pedostals, is the composite synchronizing
signal, shown at (a) end (b) in Fig. 68.

Block Diagram of Transmitting Torminal.
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The horizontal sync pulses, the serrated vertical sync 69
pulses, and the equalizing pulses are generated in
complex vacuum tube circuits which are shown as separate
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blocks in Fig. 69. Actually, however, because of the
necessity for absolute synchronism, the pulse generators
are closely interrelated with ocne ancther and with the
generators of the camera sweep voltages and the blanking
pulsea.

The various gonerators operate oontinmunously even when 70
not in use in order to minimize temperaturc effectes on

the frequanciocs and shapes of the pulses. Each kind of

pulse is produced in a steady succession of such pulses

without irterruption.

Each kind of pulse is fed to its own so-called "keying"
amplifier. The outputs of the three keying amplifiers
are connected in rarallel with oech other and, tlrough
a sync phasing emplifier, with the cutput of tho clipper
amplifiier, whore the pulses are added to the AC portion
of the camora signal and the blanking pedestals,

The keying amplifiers are normally blocked by high
negative grid bias so that the synchronizing pulses areo
not transmitted.

The keying amplifiers are periodically un-blocked, 70
however, by appropriate keying impulses from still

another group of pulse generators, so that each of the

different synchronizing pulses is transmitted at its 71
proper time., The keying.impulses act to overccue the

high blocking grid bies. Fig. 70 illustrates tae menner

in which the keying signals operates to produce the com-

posite synchronizing signal, end Fig. 71 shows parts of

the dlock diagram in @reater detail.

By proper choice of initial polarity and the nuitber of
conventional-type amplifiers in the chain, the phase of
the composite synchronizing signal, where it 1s added to
the video signal, is made the same as that of the blank-
ing pedestals. The effect of the synchronizing pulses

is then to increaso the instantanecus signal level in tho
direction of black.

Of course, the superposition of the synchronizing pulses
in their correct positions on the blanking pedestals ro-
quires caroful design and ad justment of the soveral pulse
generatoras. However, all the required frequoncles are
derived from e common source, 8o that once the adjust-
mente for pulse emplitude, duretion, and pliase have been
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Figure
correctly meake, the various pulses keep thelr relative
positions exactly.
The ccamplete composite video signal has the appearance 72

given in Fig. 72. The signal now contains all the infor-
mation required at the receiving terminal to reproduce

the brightness variations and the average brightness of

the televised scene and to synchronize the sweep voltages
with those at the transmitting terminal. It will be noted
that in Fig. 72 durations of various porticns of the signal
are indicated. Those durations, together with such other
details as the steepneas of the sides of the sync pulses,
must correspond with the design of the receiving equip-
ment, the frequency width of the transmission channol, etc.,
and have, therefore, been standardized by the foderal
Communications Ccomissien. The allcwadle deviations are
very smell, indeod,

Miscellaneous.

A number of controls, beside the contrast and brightness
controls, are cmittod from the block schematic of the
trangmitting terminal for the sake of clearnesa. This
number is considerable and would include adjustments for
the operating voltages for the camera tube, adjustments
of the average (IC) deflecting voltages tc conter the
scanning beam on the target of the tube, adjustments for
regulating the amplitude of the deflecting voltages, etc,
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Figure

V. Receiving Terminal.

A. _Synchronization.

1, It was pointed ocut (IV A 21) that, althcugh usual repre-
sentations of the wave do not emphasize the fact, the
video signel is a pure AC wave and that the height of the
blanking pedestals, relative to any arbitrary axis, will
vary according to the average brightness of the televised
scene. The composite video signal received at the receiv-

ing terminal is such & wave,

2, In order that the synchronizing pulses may be used for
synchronizing the sweep circuits associated with the picture
tube, it is nocessary first to separate them from the re-

mainder of the signal.

3. Although there are several methods of effecting this separa-
tion, all of them consist, in principle, of applying the
composite video signal to an amplifier vacuum tube,.or
equivalent device, whose grid dlas is autamatically ad justed
80 that it cuts off always at the blanking level, Then the
amplifier will deliver a signal which eonsists only of the
synchronizing pulses. A biased rectifier tube may be usod
in place of an amplifier. The several methods of producing
the variadble bilae are alsoc basically alike and may employ
amplifier or rectifier tubes. One of tho most ccmmon methods
combining the production of the bias and the clipping action
in the same vacuum tube, is described below.

4. A simplified schematic of a common sync separator is shown 73

in Fig. 73. The amplifiers which perform the separating

function are indicated as SYNC SEP 1 and SYNC SEP ;'2, The

SYNC AMP, also shown, corrects for the phase reversal

caused by SYNC SEP ;1 and increases the amplitude of the

signal to aid SYNC SEP /2 in performing its function. The

input composite video signal is poled so that the synchroniz-

ing pulges are positive.

S. It will be observed that SYNC SEP ;1 is operated with no
grid battery and with low plate voltage, Consequently, the
grid of this amplifier tube is driven positive by the
"black" portions of tho input signal, i.e., the blanking

pedestals and sync pulses.
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Figure

6. Whon the grid of an amplifier tube becames positive with

respoct to its cathode, scme of the electrons that
ordinarily travel to the plato are attracted to end lodge
on the grid. The condenser C prevents the flow of direct
current and the resistor R has a large value of resistance.
Therefore, the electrons which are attracted to the grid
of SYNC SEP ;1 cannot quickly leak off., As a result, in
the first few cycles of the applied signal, a considerable
negative charge builds up on the grid. Since the charge
13 able to leek off, although slcwly, the amcunt of the
chargo adjusts itself in the course of a fow cyclea to
ccrrespond with the pmeveiling height of the sync pulses
atove the zerqg voltage exis of the signel. Consequently,
since the hoight of the sync pulses relative to the hdank-
ing podestals is d.xod. the charge on the grid beccmes
nroportional to the naniml height of the blanking pedestals
and follcws the variations in the latter,

The charge which thus accumulates on the grid has the same
effect on the operation of the amplifier as a grid tattery;
but, whoreas the grid battery would provide a fixed bias,
the bias provided by the abovo condonser eand grid lsek
methcd varies in proportion to the amplitude of the epplied
signal. Moreover, the plate supply voltage is mado amall,
so that the tube cuts off sharply at a value of input signal
voltage not much more negative than the grid bias which 1is
developed. Therefore, the plate current of the amplifier
conteins little more than the amplified vorasion of the sync
pulses.

The coperations described above are illustrated grephically 74
in Fig. 74, Fig. 74(a) shows how the negative charge is

built up on the grid and Fig. 74(b) shows how this developed

grid bvies causes separation of the sync pulses.

The video signal voltage applied to LYNC SEP ;1 may not be
sufficient to develop the necossary grid bias for completed
separation of the sync pulses. The process is, therefore,
repeated by SYNC SEP ;'2. However, the voltage output of
SYNC SEP ;1 is reversed in phase and must be corrected.

The SYNC AMP effects the necessary phase correction and
also amplifies the pertially separated signal. The SYNC- AMP
is operated without fixed grid bias because it is a high-mu
triode and dces not require such biaas whon the input signal
is small and the plate voltage is large. It should be noted
that, in the arrangement illustrated, & single vacuum tube
conteining two triodes acts as sync separator and as amplifier.
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Figure

10, SYNC SEP i2 ccmpletes the operation of separating the sync

B,

pulses from the composite video signal. This tube 1s a
pover amplifier and is operated with a small amount of
fixed bias in addition to the developed bias so that the
plate current will not be excessive when there is no sig-
nal, Here again the plate and screen voltages are made
smell so that cut-off occurs sharply at a low value of
negative signal voltages.

The separetod synchronizing signal derived fram SYNC 75
SEP ;2 1s again reversed in phase end must be corrected.

For this purpcse, the signal is divided between two ampli-

fiers. One of these amplifiers foeds into & differentia-

tor circuit to select the pulses for synchronizing the

horizontal sweep generator. - The other feeds into an

inte@grator circuit to select the pulses for synchronizing

the vertical sweep generator. A block schomatic of the
arrangement is shown in Fig. 75.

Reprecduction and DC Reinsertion.

1.

2.

As indicated in Fig. 75, the camposite video signal is 75
applied to the synchronizing circuits and also, indirectly
to the control grid of the picture tube. In the example
here assumed, it will bo recalled that the output of the
transmitting terminal has such polarity that the blanking
pedestals, 1.e., the black level, are positive (IV A 15). ,
Consequently, incroasing voltage in a negative direction
corresponds to increasing brightness. However, as shown
in ITI J 7 and IV A 9, the picture tube respense is in the
opposite direction. Thorefore, an amplifier cr an cdd
number of amplifiers must be interposed before the picture
tube to effect the necessary phase correction.

If the phase of the input video signal were the opposite
of that assumed, amplifiers would not be necessary for
phase correction for the picture tube, but such correction
would then be necessary in the synchronizing amplifier
chain. However, one or moro amplifiers are always uged

in the picture tube circuit because of the gain or con-
trast control thus provided (IV A 20).

With the sweep voltages properly synchronized, a video
signal of the proper phase applied to the control grid of
the plcture tube, and the necessary static operating volt-
ages applied to the picturo tube, it still remains to re-
store the DC comporient of the picture signal so that the
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background brightness of the scene is correctly repro-
duced, Correct reinsertion of the DC component will

mako the blanking pedestals correspond to zero volts and
produce the least brightness, or black, on the picture
tube screen. Also, the sync pulses will then be negative
in polarity and consequently the scanning beam will de cut
off during the fly-back intervals. The lines scannod dur-
ing these intervals, or "scanning raster", as they are
called, will, therefare, not be visible.

Basically, the problem of reinserting the DC camponent of the
vidoo signal is essentially the same as the seperation of the
synchronizing signal, and several types of circuits may be
employed. The simplest and most ccmmon DC restorer circuit
is almost identical with that of the sync separator pre-
viously described (V A 5).

The circuit of a ccmbined video amplifier and IC restorer 76
is shown in Fig. 76. As in the sync separator, the com-
posite video signal is applied with such polarity that the
blanking podestals aml sync pulses are positives This, of
course, is the wrong polarity for operating tho picture
tube, but the video amplifier makes the necessary phase
correction. Also, as in the sync separatcr, the gird of
the amplifier is coupled to the signal through the conden-
ser C and grid leak resistor R, and the grid, being driven
positive by the blanking ped.osta.ls and sync pulses, acquires
a negative charge or bias that varies with the height of the
blanking pedestals. -However, -in this case the grid leesk
resistance is smaller in value, so the developed grid bias
is not so groat. Furthermore, the cperating plate voltage
is very much larger, so that the developed grid blas can
never cause cut-off of the plate current and consequent

clipping of the signal.

The AC video signal and the developed grid bias add to- 77
gether to eonstitute the total voltage acting on the grid

of the amplifier tube. This total voltage is shown in

Fig. 77(a). In the rrocess of being amplified, the voltage

is reversed in phase and appears across the load resistor

Ry, as shown in Fig. 77(c). Fig 77(b) shows the inter-

mediate action occurring within the video amplifier tube.
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The signal voltage across Ry, ia, of course, an AC volt- 77
age due to the AC video signal plus a varying amcunt of

DC voltage due to the developed grid bilas. It will be

observed that the AC camponent is in the correct phase

for reproducing the contrast information and that the

DC camponent is in the correct phase for reproducing the

average brightness of the televised scene. Thus, the de-

sired DC component is restored to the picture tube signal

as a consequence of the blanking pedestals.

Tho total signal voltage across Ry, is applied to the
picture tube, since the coupling is direct. The potenti-
cmeter marked "Brightness Control" affords a means of
setting the black lovel of the reproduced picture by its
control of the net grid bias of the picture tube itself.

The DC restorer described above has two obJectionable
features; if the amplifier tube or its plate supply should
fail, the picture tube control grid bias becames very small
or slightly positive, and the scanning beam current may,
therefore, become so great as to cause damagoe to the
fluorescent screon; and, in the absence of a vidoo signal,
no grid bias is developed for the amplifier tube, so that
the amplifier plate current may be excessive.

A IC restorer which avoilds these drawbacks is shcwn in 78
Fig. 78. Here, the amplifier tube acts simply as an

amplifier, and a separate diode rectifier develops the

DC component as required.

The polarity of the input video signal 1s the same as 79
in the precoding type of circuit, namely, inverse to

that required for operation of the picture tube. If tho

dicde were not present, cnly the amplified AC video

signal would exist between picture tube grid and ground,

because coupling is through the condenser C;. The nolar=-

ity of the amplified signal would be correct, its phase

having beeu inverted in pessing through the amplifier.

The amplified AC video signel is shown in Fig. 79(a). The
condenser C2 receives that portion of the AC voltage which

appears across R2.

When the diode 1s present, however, it conducts curront and
acts a8 a short circuit across Cz when the instantaneous AC
voltage is negative. Consequently, Cp acquires a charge
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only when the instantaneocus AC voltage is positive. Cg2
can discharge cnly through R2, which is a large value of
rosistance, so that the discharge is camperatively slow.
As a result, the voltege across Ry is a DC voltage.which
varies witii and approximates the positive peaks of the
AC video signal, as shown ir Fig. 79(a).

The total signal voltage acting on the grid of the picture
tube is therefare the sum of the AC video signal and the

DC voltage developed by the dicde, ms in Fig. 79(b). Thus
tho DC ccmponent proportional to the blanking pedestals is
rostcrod to the picture signal. The "Brightness" control,
as before, permits adjusting the black level on the picture
tubeo

Block Diagram of Receiving Terminal.

The block diagram of Fig. 75 may now be completed to in- 80
clude the IC restorer, es shovn in Fig. 80.

It will be observed that sevoral controls are shown, in
addition to the contrest and drightness controls, as

follows:

a. Gain Control: Pormits adjustment of recoived
signal level.

b. Vertical and Horizontal Hold: Regulate the amount
of synchronizing voltage applied to the respective
sweep oscillators (II B 4 etc.). If tho amplitude
of the synchronizing voltage is too great, the
sweop voltage delivered by the oscillator may be
distorted. If too small, the oscillator will not
synchronize. The controls permit necessary adjust-

ments.

c. Vertical and Horizontal Linearity: Where the sweep
circuits employ magnotic deflection coils and a
serrated saw-tooth voltage wave is generated by
means of a peaking resistor in series with the
charging capacitor, the peaking resistor is made
variable to pormit adjustment to the best velus for
linear deflection.
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d. Height, Width: The amplitude of the sweep
voltage determines the distance of scanning
beam travel on the screen and thme determines
the corresponding dimonsion of the reproduced
picture. These controls regulato the amcunts
of sweep voltage in their respective circuits.

3. In practical cases, other contrcls may be provided, such
as a contrecl for the synchronizing cirecuit input voltage,
ad justments for centering the scanning beam, etc., and
scmo of the controls shcwn may be cmitted. Vhen electro-
agtatlic doflection is used in the picturo tube, for example,
linearity controls are generally omitted.
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