TRANSMITTER ADJUSTMENTS

By J. G. Sperling

(Repiinted through courtesy of ELECTRONICS)

FCC Rules, Regulations, and Standards of
Good Engineering Practice have required for many
years that the audio frequency and radio fre-
quency characteristics nf AM broadcast trans-
mitters shall be in accordance with certain
prescribed limits. It may ordinarily be assumed
that all stations operate within these limits.
However, the operator of a broadcast station is
quite often faced with the problem of diagnosing
transmitter fanlts or failures which prevent
operation in accordance with the standards set
by FCC. The possible faults and failures, if
listed, would fill many pages. Those which will
be discussed here are: (1) Limited Audio Fre-
quency Response; (2)High audio harmonic content;
(3) Excessive second and/or third RF harmonlc
content; (4) Improper neutralization of the RF
circuits; (5) Excessive hum on the carrier.

These difficulties or faults may be easily
remedied as follows:

1. The use of high fidelity pre-, program,
line, and modulator amplifiers will settle the
question of audio fidelity in the a-f end. It
should be noticed,; however, that the amount of
inductance of the modulation choke or other de-

vice connecting the modulator to the modulated

amplifier materially determines the amount of
low audio frequency response. For the response
at 30 cycles tobe equal to that at 1,000 cycles,
it is necessary that the value of the above in-
ductance be equal to the reflected load resis-
tance of the class C modulated amplifier divided
by at least 200, or L = E;/(I, X 200) where L
is in henries, E; is the plate voltage of the
modulated ampl1f1er and I_ is the plate current
of the modulated amplifief.

The capacity of the plate by-pass condenser
in the modulated amplifier and the following
¢lass B stages; if any, determines the amount of
high a-f response. If the response at 10,000
cycles is to be the same as that at 1,000 cycles
it 1s necessary that the capacity, in miero-
microfarads, be equal to the load resistance

divided by 100, or C = E;,/Ip X 100,

2. The audio harmonic content for a pro-
perly adjusted class A audio amplifier is neg-
ligible. The only precaution to watch is to see
that the amplifier is not overloaded and that
all the vacuum tubes are in good operating
condition.

If class B audio amplifiers are used, the
use of proper tubes in a correctly adJusted
eireuit will usually result in a third harmonic
content of not over 2 per cent.

The use of a suitable KVA. to KW. ratio
in the r-f amplifiers and proper adjustment of
all c¢ircuits will result in audio distortion of
not over 1 per cent. This is discussed more
thoroughly further on.

3. The r-f harmonics present canbe greatly
attenuated, usually to a value arcund .05 per
cent of the fundamental power, by the use of a
suitable KVA/KW ratio and harmonic suppressing
networks,

4, In spite of all that has been written
regarding proper neutralization procedure, many
transmitters can be found that are improperly
neutralized, The easiest check for improper
neutralization is as follows: Disconnect the
plate voltage on the stage to be checked and all
succeeding r-f stages. Note the d-c meter in
the grid circuit of the stage following the
stage to be checked. If there is any grid cur-
rent flowing, merely adjust the neutralizing
control of the preceding stage until the current
drops to zero.

5. Excessive hum on carrier may be re-
duced by increasing the amount of filter used
inall the power rectifiers, andby using properly
matehed r-f and rectifier tubes.

HOW THE R-F AMPLIF1ER WORKS

One of the greatest problems that one en-
counters in transmitter adjustment is the ques=
tion of how stuch L and C to use in the tuned
circuits, and the design and adjustment of a
proper coupllng system for the transmission line,
Before entering a discussion of the amount of L
and C to use, it is necessary to see how a r-f
amplifier tibe works.

In Fig. 1 is seen a plot of the various
voltage and current relations duringanelectrical
cycle. A sinewave voltage, e, from the oscil-
lator or r-f amplifier stage, is impressed on
the grid of the tube along with the d-¢ grid bias.
This bias in the case of a class C amplifier is
about two times cut-off bias. For a class B
stage it is Jjust cut- off. The a-c voltage on
the plate, e,, is superlmposed upon the d-c
plate voltage, E,. This e, is 180 deg. out of
phase with the voltage e Grid current i,,
is drawn when the grid voftage e, 1s positive.
The a-¢ plate current i, starts to flow when
the grid voltage e, is positive and above the
theoretical cut-off bias line. This a-c¢ plate
current is not sinusoidal, as is the grid volt-
age,; but unsymmetrical due to being operated on
or past the bend of the characteristic curve.
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Fig. 1, 1Instantaneous relations between plate and grid

voltages and currents in r-f amplifier

This simply means that the wave-form is replete
with hammonics of the fundamental frequency. To
reduce this harmoniec content to a minimum, it is
necessary to have a large circulating current
present in the tank circuit to smooth out the
wave form and transform it into somethlng re-
sembling a 51newave This effect is termed the
“flywheel effect.” The greater the capacitance
€ in the tuned tank cireuit, the greater the
circulating current,

The fly-wheel effect operates as follows:
When the a-c grid voltage €, goes positive, the
a-c¢ plate current pulse i ¥ flows through the
tank circuit, comprised of L and C in parallel,
It produces an r-f voltage across it, charging
the tank condenser €. At the moment e, starts
to go negat1ve the condenser C discharges to L
via the plate end of the tank circuit, and
charges the other set of plates of C, which is
the end connected to the plate supply. When the
grid voltage e, is negative no i, flows, but the
condenser € dlscharges in the opposlte direction
to which it did at first because the other set
of plates of C has been charged. This completes
the cycle of output r-f voltage; and explains
why only oune tube is necessary in a class B or C
r-f amplifier for correct operation.

The ratio of KVA/KW, the ratio of volt-
amperes in the tank-circuit to the d-c plate
input power, Ep X I
harmonics should beat least 12.6., It is
customary to use a value between 15-25, In the
preceding stages, those preceding the modulated
amplifier, it is not necessary to use such a
large ratio because the tank circuit is usually
shielded. A value of 5 or thereabouts will do
in these stages. The values of inductance and
capacitance in the tuned plate circuit can be
computed ,

If the stage is single ended, not push-pull,
the rms value of the peak plate voltage is:
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for maximum reduetion of‘

2 X E, X Eif

————— = 0.9 E, X £ff
3.14 X .707 V

eulrmin) =

As the efficiency of a class C stage is usually
taken as T2 per cent,

€y (r.ms):
If push-pull is used,

€p (r m.Se):l 3E
For a class B single stage at 63 per cent
efficiency.

65 E, .

2 X Es X 63

———— = 0.567.E,
3.14 3 707

&3 (rimenn) =
For a push-pull stage
ep(rms) = 113 B,

At resonance Xg = Xp and therefore the amount of
circulating current through these two branches

is equal.
kvd
— X Ey X Iy
KW
NI e I —
p (romens)
There fore:
ey (r.m.s.) 1
L 6 xXFX X,
Xy
and L = e
6.28 X F.

By the use of Fig. 2, all computations
necessary for the derivation of C and L, other
than those on the chart, are eliminated. This
chart 1§ not absolutely accurate but close
enough for all adjustment purposes.

In the modulated amplifier and the Class B
stages, if any, it is customary to use a KVA/KW
ratio of 15-25,



TRANSMISSION LINE TROUBLES

Fuch trouble is encountered in the design
and correct adjustment of & transmission line
coupling unit. Dietsch has shown the proper
method of designing such coupling devices.! If
we wish to terminate the transmission line into
a tank circuit, it is necessary to provide such
values of C and L' so as to provide a suitable
KVA/KW ratio and at the same time offer a unity
power factor or resistance load to the trans-
mission line so there will be no reflection
losses. Before proceeding with the design of
the coupling units it is necessary that the
characteristic impedance of the transmission
line and the antenna resistance be accurately
known. Any suitable measuring device may be
employed for these determinations.?®

The value of tank capacity may be derived
from the following formula:
KVA 1012
C T —
T X 6.8 X F X Zo
Where F = frequency in cycles and
Z, = ¢haracteristic impedance of trans-
mission line

1

I

Since Xy, = X¢ at resonance, L = X_/6.28 F.

Calculations have been made for the 500 and
600 ohm. transmission lines only, becauseof their
widespread use as compared to the low impedance
,conceyigric t,lransmi'fsscion dliLmaa .
- ‘Lhe values o and L versus freqiern or
the 500 and 600 ohm. transmission c_lline‘csy :rz
shown on Fig. 3.
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Charts for calculating capacity and

inductance of radio-frequency amplifier tank circuits
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The value of mutual inductance, #, between
the tank coil and the antenna coupling coil can
be derived from the followinmg formula:

108 . X¢
6.28 2TFN

Where:
M Mitual Inductance in u
X, = Beactance of tank capacity

fl

Re = Antenna resistance
Zs = Transmission line impedance
F = Frequency in cycles

When it is merely desired to use a termi-
nating capacity at the antenna end of the
transmission line and not a tank circuit, the
value of capacity necessary to provide a unity
power factor load is equal to:

]DG Z,r s Rn
C (uy = — - :
6.28 X F X Z, Re

Where F = frequency in cyeles
Zo = transmission line impedance
Ry = antenna resistance

The antenna will be properly coupled to the
transmission line, when using a tank circuit at
the antenna end of the transmission line, when
the antenna current, and the current in the
capacitive and inductive branches of the tank
circuit are the pre-calculated value.

The current in the antenna can be easily
calcilated.

P = Py X R;-wl or In =V1U/Ru
Where P = input to transmitter.

The current in the capacitive branch of the
tank eircuit may be determined as follows:

40
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Fig. 4. Correction ecurve
for applying Figure §
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E (rus) ':\/ZO x P

an& I;ca.p = W
Erms

Tt is usually customary to use a KVA/KW
ratio slightly higher than that in the final
amplifier tank circuit if the antenna impedance
is relatively high. This 1mpedance can be
determined fromany good r-f measuring set.? When
the antenna inmpedance is low, a lower KVA/KW
ratio may be used.

The value of current in the inductive
branch of the terminating tank circuit may be
derived as follows:

Z, . Zu 2«

A= RX—3Zs= R+ | = |&

X X
Eoms

S = .
X

Where X. = reactance of tank cond.

X1, = reactance of tank ind.

R = tank inductance resistance plus re=
flected resistance of antenna coil.

The antenna should be resonated at the
transmitter frequency by means of a driver
oscillator coupled to the antenna coupling coil,
with the tank circuit disconnected from the
transmission line. Then the tank circuit should
be connected across the transmission line and
the antenna coil opened. At this point tune the
tank circuit to resonance. The amount of
inductance in the antenna may be calculated from
any of the many formulas in Bulletin 74 of the
Bureau of Standards: Now reconnect the antenna
and ground or counterpoiseé to the antenna
coupfing coil and put the transmitter into
operation. The current readings in the antenna,
and the capacitive branches of the tank circuit
should indicate the values already calculated.
Wheii the antenna current and the capacitive
current are both low, there is insufficient
excitation from the transmitter. Increase the
r=f .drive. If the capacitive current is high
and the antenna current is low, there is insuf-
ficient inductance in the antenna coupling coil.
With the above readings reversed, the opposite
is true. Whenever the antenna c¢oil is touched
the antenna must be again tuned to resonance.

Tt will be noticed that the current in the
inductive branch is not its pre-calculated value
when the other two readings are correct. It is
merely necessary to vary the inductarice of the
tank circuit until the inductive current is
correct. At this point the tank cireuit offers
a unity power factor or resistance load to the
transmission line.
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between the tank and the antenna for two impedance
values of transmission line

It is recommended that the tank eircuit be
used to terminate the transmission line and not
merely the capacitor as in Fig. 6; for increased

harmonic reduction.

REFERENCES;
l-Antenna Termination, Carl G. Dietsch.
Electronics, September, 1935.

2-Antenna Measuring Set, W. B. Lodge, Radio
Engineering, April, 1934.

antenha resistance for 500-600
ohm lines
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ELIMINATING SPURIOUS RADIATIONS FROM BC TRANSMITTERS

By DR. VICIOR J. ANDREW
Andrew Coérp., Chicago

Reprinted Through Courtesy of Tele-Tech

PRACTICAL METHODS FOR DETERMINING EXISTENCE AND
EXTENT OF HARMON[C GENERATION AND OF DESIGNING
AND APPLYING CORRECTIVE FILTERS

Even though commercial design of radio
transmitters is such that most spurious sig-
nals are eliminated or greatly reduced, there
are many cases where such radiation does
not appear until the transmitter is in operation
and must be correscted by the station engineer.
Among the common cases of such are combination
frequen01es resulting from two different
transmitters, and cases where a harmonic is
particularly objectionable because it falls on
the frequency of another service nearby.

The first requisite isan accurate diagnosis
of their origin. Failure to find a successful
cure has usually resulted from a hasty conclu-
sion as to the nature of the trouble, and
consequent improper corrective measures. One
of the essential instruments needed is a simple
resonant wavemeter used as 4 wave trap, with a
wide, carefully calibrated frequency range.
This instrument does not contain harmonics or
respond to combination frequencies, as does a
transmitter, receiver, heterodyne frequency
meter, or any other instrument contalnlng a
vacuum tube. Any conceivably spurious response
from this wavemeter is likely to be several
octaves removed, and not in exact harmonic
relationship with:the;mlmary response frequency.

A spurious response in a receiver from a
spurious signal from the transmitter can be
distinguished quickly by 1nsert1ng the reson-
ance wavemeter as a wave trap in the antenna
lead of the receiver. The signal will drop ‘when
the wavemeter is tuned to the frequency at
which the slgnal enters the receiver: If the
fault lies in the receiver, this drop will be
the correct frequency of the transmitter. If
the fault lies in the transmitter; or at least
somewhere external to the receiver, the wave-
meter will indicate a spurious frequency
at whatever point the receiver is tuned.

A direction finder is another desirable
instrument for locating the source of an
undesired signal. Cases frequently occur where
a spurious frequency carries the program of
one radio transmitter, but is actually generated
in another transmitter, or in somethlng com-
pletely foreign to any transmitter. When
a direction finder is mot available, useful

results may be obtained with a portable radio

receiver which has a signal strength meter.

Location Radiating Source

Such a direction finder or a signal
strength indicator leads to the antenna ra-
diating the signal. The signal itself is
generdted in some non-linear (or rectifying)
device, and may be carried some distance by
wires which serve as a transmission line, before
it reaches the point of radiation. Before
correction is made, it is ordinarily necessary
to locate the non-linear device. The eorrection
usually consists of adding or modifying networks
adjacent to the non-linear device in such a
manner that the spurious signal cannot reach
the radiater; or else in such a manner that a
contrlbutlng frequency necessary to produce the
spurious radiation is prevented from reaching
the non-linear device.

With the recent rapid increase in the num-

" ber of broadcast stations, a new spurious fre-

quency is sometimes formed by a combination of
the frequencies of two (or more) stations. To
produce the new frequency, energy from both of
the base frequencies must flow through one non-
linear device. Common devices for production
of such interference are:

1 The final amplifier tube of one of the
stations.
2——Any vacuum tube in an 1ndlcat1ng instru-

ment connected to the final amplifier, such
as an inverse feedback rectifier, audio
monitor rectifier, remote anmeter rectifier,
or phase monitor.
3——The erystal osc1llator tube or other low
level rf or af tube in the transmitter or
ampllfler preceding the transmltter.
Rusty iron or corroded copper in the an-
tenna system.
5——Man-made structures which are not part of &
transmitter,; possibly at some distance (a
mile or more) from the transmitter. Poor
electrical connections, old plumbing, and
corroded metal roofs fall in this category.
6——The ionosphere (assuming that the debated
“Luxemberg Effect” is accepted as a reality).
A vacuum tube in the radio receiver in
which the interference is observed.

4

7

Combination frequencies usually are fre-
quencies which are defined by f = mf, 4 nfy,
where f is the spurious frequency, and f and fy
are the correct operating frequencles of two
radio ‘transmitters; m and n are any 1ntegers,
p051t1ve, negative, or zero. The entire range
of spurious frequencies expressed by all values
of m and n are ordinarily produced whén two
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frequencies are combined and passed through a
non- linear device, However, the only one which
ordinarily concerns us is the one which meets
three conditions:

It is initially strong, the associated net-
works, transmission llne, and radiator convert
a substantial part of it into radiation, and
finally it falls on a frequency which interferes
with some other service.

Harmonic Suppression

Good engineering requires suppression ofall
spurious radiations. This 1s not always attained
in the design, construction, and operation of
transmitters. Strong radiations of the kinds
most frequently occurring (such as harmonics)
are eliminated fairly well in the manufacture of
the transmitters. Other spurious radiation is
usually eliminated only if it is observed either
by a government mon1tor1ng station, or by some-
one who suffers 1nterference from it. Evenafter
an interfering radiation is observed, it is not
always p0531ble to identify the station respon-
sible for it and to persuade the owners or en-

gineers to eliminate it, A few specific cases
might be cited. -

The FCC ordered a broadeast station to
eliminate third harmonic interference at a com-
munications receiving station about two miles
distant. Field intensity measurements indicated
about 10 microvolts per meter at a mile, but
there was such a large fluctuation in the Tield
that no useful intensity measurements could be
made. The loop antenna of the field intensity
meter gave a bearing toward the broadcast station.

It was assumed that the harmonic (which is
always generated in the final amplifier of the
transmitter) was being radiated and a diagnosis
was first made todetermine whether the radiation
was from (1) the antenna, (2) power lines, audio
input, or other wires leaving the transmitter,
(3) direct radiation from the final tank circuit
(particularly likely because of poor shielding).
When the transmitter was operated into a dummy
antenna, the interference disappeared, establish-
ing the faet that the only radiation was along
the transmission line to the antenna. To our
surprise the normal cure (a trapcircuit resonant

®

e

Fig. 1l--Simple pi filter.
quency tuned outbvcl.
7~-A pi filter of resonant circuits.
station from registering on antenna meteér.

transmission line inputs
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TRANSMITTER
1000 WATTS
1,000 KILOCYCLES

2A--Simple wave-trap filters.
f 4--Filter with Fig. 3 characteristics.
at pass frequency tuned out by an added inductance.

5 Y

ANTENNA
HEIGHT 246 FT.

COAXIAL CABLE
LENGTH 221 FT.

IMPEDANCE 70 ohms RESISTANCE 40 ohms
VELOCITY OF PROP=

; =i=  REACTANCE + 20 »
AGATION S0% OF T
FREE SPACE. \

X= 8l

3--Type Afilter with reactance a pass fre-
5--Type B filter with reactance
6--Filter with Fig. 5 characteristics.

8~-L network prevents induced antenna current from wmearby
9--Typical filter for rejection of 1100 k¢ from



at the harmonic frequency, connected between the
transmitter output and the transmission line
input) was ineffective.

Trap Characteristics

The performance of the trap was proven to
be good. Supplying a signal at the harmonic
frequency from a signal generator established
that a signal at harmonic frequency was ade-
quately suppressed in the trap. But when the
main transmitter was fed into the line, the har-
monic was unaffected by tuning the trap near the
harmonic frequency, and was reduced only when
the trap was tuned to the fundamental frequency
of the transmitter. This paradox seemed un-
believable for a time. The implication, hewever,
was that the signal passed from the transmitter
to the antenna at fundamental freguency, and was
converted to third harmonic in the antenna.

The remote meter rectifier tube in the

antenna turning unit was removed, but the har-’

monic remained, Nothing else in the antenna
seemed to be capable of producing a harmonic.
- The field intensity meter was set up about two
hundred feet from the antenna, with a long cord
to the headphones, and various parts of the an-
tenna system were disturbed while listening for
any change in the harmonic.

~ Finally it was found that the harmonic
fluttered violently when the guy wires of the
antefina tower were jarred, The guys were risty
iron, apparently with poor contacts at splices
or other attachment points that became generators
of the harmonic. The obvious correction was
replacement of the guy wires. Such problems
from a little rust seem far-fetched. However,
it is a matter of piblic record in this case
that this harmonic interference on a communica-
tion frequency caused the death of an aviator.

Unusual Source

In another similar case a harmonic which
did not respond to the usual wave traps was
finally found to be generated in the vacuum tube
rectifier at the antenna which was used for a
remote antenna ammeter. This was a rectifer
which produced several milliamperes dc.

There have been numerous ¢ases recently of
spurious radiations in the broadcast band at a
frequency of f = 2f, - f;. For instance, vhere
there are stations in the same city on 1000 ke
and on 1100 kc, a signal is heard on 900 ke. It
carries modulation of both transmitters, butmuch
stronger modulation of the 1100 kc transmitter:
On investigation it is found to be radiated from
the 1000 kc station. It is produced in the final
amplifier tuble of the 1000 kc station, when the
1100 kc signal is received in this tube from the
other station.

10==Transmitting inductance well desigrned to
give high Q factor:

Fig.

Correction consists of inserting a filter
somewhere between the final amplifier tube and
the antenna of the 1000 k¢ station, and tuning
the filter to reject 1100 kec. When properly
tuned, the signal on 900 ke disappears. Final
tuning is most easily accomplished with Loth
transmitters in operation, and a receiver tuned
to 900 k¢ to indicate filter adjustment. In a
similar manner, the other station produces a
spurious radiation on 1200 ke; andmust have com-
parable corrective measures.

Particularly troublesome cases occur where
the frequency separation is small and the dis-
tance between antennas is small, In numerous
cities both 1450 and 1490 kc are assigned. The
frequency separation of 2.7% isvery difficult to
separate with resonant circuits. In one city,
stations on these frequencies have antennas only
500 ft. apart. flere an added difficultyeppears:
each antenna picks up so much current from the
other station that the antenna current indica-
tion is inaccurate by as much as 20% when the
other transmitter is operating, This trouble
also has been corrected by proper filter design,
but it is a severe complication to the design.

Spurious Modutation

It was found that a 250-watt broadcast sta-
tion (tested without modulation) actually had a
substantial modulation from the program of a
higher power station several miles away, end
widely different in frequency. Preliminary check
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shoved that this signal was not coming in on the
audio lines to the mew station. If this was a
case of picking up the spurious signal in the
aritenna and rectifyingit in the final amplifier,
a trap in the antenna lead to reject the carrier
frequency of the other station would be needed.
However before building the trap, the inverse
feedback rectifier tube was pulled out of its
socket. The spurious modulation d1sappeared
completely! This rectifier takes its input from
a small sampling line loosely coupled to the
final tank circuit of the transmitter. All that
was necessary was a small resonant trap in this
input circuit to the rectifier.

The trap was built out of miniature receiver
components, ‘and worked perfectly! A tank built
in the main transmission line from the transmit-
ter to the antenna would have done the job too,
but it would have required large and expensive
transmitter components, its adjustment would
have changed the loading on the transmltter, and
it would have caused some loss of transmitter
power.

In a similar cdse Spumous radiation ap-
peared as a hash 30 ke on"each side of the car-
rier frequency: When the tramnsmitter was not
modul ated, no spurious radiation was found.

Other Interference

Here again it was found that by removing
the inverse feedback rectifier tube, the spurious
signal disappeared. A squeal at 30 000 ke was
apparently set up in the inverse rectifier in
some manner, probably by feedback completely
around the circuit of this, rectlfler, and the
transmitter audio and radio eircuits, A slight
reduction in the amourit of feedback used was all
that was necessary to eliminate the trouble.

In a communications station, where. the same -

frequency was used for transmission and recep-
tion, when receiving, the plate voltage was
turned off the transmitter, but the filaments
were left on. Interferemnce was found on the
operating frequency, heavily modulated at 60
cycles. The tubes were obviously generating
oscillation due to plate and grid being grounded
to the center of the filament. ‘'The cure: leav-
ing the grid bias on the final amplifier when the
plate was turned off.

Police were using a frequency on the third
harmonic of a broadcast station. Theycomplalned
of hearing the broadcast station in their cars
when near the transmitter. While examining the
harmonic, we used a field intensity meter about
a thousand feet from the transmitter.

It was found that the field intensity meter
did not have sufficient ‘selectivity in the input
circuits, and therefore the fundamental frequency
reached a tube in the receiver with sufficient
amplitude toproduce the harmonic in the receiver,
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A communications receiver with anadditional wave
trap at the fundamental frequency in its antenna
lead disclosed the true third harmonic of the
transmitter. This permltted correct. tuning of
the third harmonic trap in the transmission line
input to reduce the interference.

The police car receivers apparently were
subject to the same defect, insufficient selec-
tivity in the input circuits, which lead toactual
production of the harmonic in receiver. Correc-
tion of such difficulty cannot be accomplished
at the transmitter, except by such drastic change
as moving to a distant location or changing
operating frequency.

We have mentioned earlier the necessity for
filters where two stations have antennas near
each other. In reality, where antennas must be
near, the engineering problems are often simpler
if only one antenna 1s used.- Both transmitters
are connected to the same antenna, with filters
at the points of connection which pass the proper
frequency and reject the other. There have been
several installations of this type in the past,
even including one where both stations used di-
rectional anternas. One tower was common to both
directional systems. Other towers were not.

Monkey Chatter

The modulation sidebands of a transmitter
often cause interference with reception on ad-
Jjacent channels. There are two common causes:
the audio frequency input to the transmitter may
contain sufficient power at frequencies above
5000 cycles to cduse fnoticeable interference on
a station on the next channel, This can easily
be eliminated by insertion of a 7500 cycle cutoff
filter in the audio input to the transmitter.

The other cause of monkey chatter (over-
modulation of the transmitter) is cured by keep-
ing modulation down. Limiter ampllflers now in
widespread use in broadcast stations have con-
tributed greatly to correcting this difficulty.

The first filter in a transmitter output is
the tank circuit. Tt is tuned to pas$ one fre-
quency with small loss, and to offer high atten-
uation to other frequencies. By decreasing the
ratio of inductance to capacity in the tank cir-
cuit, the attenuation of other frequencies can
be 1mproved but at the same time the loss of
power in the fundamental . frequency increases.

Pi Net Suppressors

The addition of a pior tee network in the
output of a transmitter is often used for har-
monic suppréssion. Such a network substantially

attenuates all frequenc1es from the second har-
monic upward, but is of little service where the
separation between the pass frequency and the
rejection frequency is small (under 30%).



Fig. 1 and Table I show design data for a
pi filter suitable for harmonic suppression, for
spec1flc frequencies and load impedances. Sat-
isfactory design for other frequencies and load
impedances may be obtained by interpolation.
The number of turns of inductance applies only
to an inductance 6 in, in diameter, with 4 turns
per 1nch

Capa01tances may be varied as much as 25% in
order. to use commercially available fixed
capacitors. The currents shown for the capaci=
torare actual unmodulated amperes for a 250 watt
transmitter: For other powers, the current varies
as the square root of the transmitter pewer. For
proper factor of safety, the capacitors should
have commercial rating of at least twice the in-
dicated values.

Filters of high selectivity such as are often
required in elimination of combination frequency
radiation are best constructed with one or more
resonant circuits at the rejection frequency.
This type of filter finds its best applications
where tﬁe frequency difference between the pass
and the rejection frEquency is in the range from
2% t»o 50%1-

When the frequency separation is greater than
50%, a pi filter is adequate unless an unusually
high degree of slepressmn is required. Where
the frequency separation is less than 2%, sepa-
ration usually is beyond the ability of Tesonant
circuits. Vhere the frequency separation is less
than 5%, it is ordinarily necessary to use a
filter cont:alnlng more than one resonant section.

Resonant Filters

'Ihere are two ways of connecting the resonant
circuits in this kind of filter. InTypeA (Fig. 2)
the resonant circuitisparallel resonant, and is
connected in series with the main circuit. This

TABLE T°
line or
Oper~ antennd Inductance Capaci- Capacitor
ating impedance, turns (6" tance, Current,
ke ohms Isph dial) wf Amps
600 20 5.3 4 .013 3.5
600 70 19 10 .0038 1.9
600 300 80 .31 . 00088 0.91
1000 20 3.2 3 0080 3.5
1000 70 11 7 . 0023 1.9
1000 300 48 20 . 00053 0.91
1500 20 2.1 2 . 0053 3.5
1500 70 74 - 5 . 0015 1.9
1500 300 32 15 00035 0.91

Values of components required for a pi filter
for harmoric suppression for a 250 watt broad-
cast station.

wave trap approx1mates an open circuit for the
rejection frequency. The other form (Fig. 2B),

a series resonant circuit connected across the
main circuit, approx1mates a short circuilt across
the line at the rejection frequency,

The following formulas are useful: (1) to
determine whether touse Type A or Type B filter,
to evaluate its components and to compute the
results which can be obtained. They contain
numerous assumptions and approximations, but have
sufficient acecuracy for practical use in filter
design. ‘

Here the term rejection ratio refers to the
ratioof the voltage passed at the rejection fre-
quency (f,) after insertion of the filter to
voltage passed without the fllter. The loss
ratio is the power dissipated in the filter at
the pass frequency (f;) compared to the power
delivered from the filter to the load.

D (f,-f,)/f the frequency separation.

X; = the reacta.nce of the induetance (or capac1tor)
} in Type A filter at f,.

Y, = the reactance of the inductance (or capacitor)
Q

I

in Type B filter at f

the figure of merit o% the inductance used
in the filter. For typical transmitting
inductarnees, Q may be assumed tobe 300; if
the Qof the capacitor is essentlally hlgh
In the diagrams the generator is assumed at
the left, and the load at the right.

1

11--Typical network incorporated in 4n
sntenna tuning umit

Fig.
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However, may be impressed on either left
or right side o? the filter, in various applica-
tions, and the filter is 1ntended to prevent it from
reachmg the other side.
side as “generator”
is therefore not always clear.

R, = the load impedance at f,.
R, = the load impedance at f
G, = the generator 1mpedance at £,.
‘ (G, is assumed to be small compared to R ).
G, = = the generator impedance at f,.

In choosing between Types A and B, the
former is more effective when the 1mpedance of
the circuit is lower at f, than at f, and vice-

versa. Definite formulas for selection of types
are:
When R, 2G, is less than H , use type A,

When R G is greater than R1 , use type B.

Any of the following methods may be used to
determine which case prevails.

(1) If all components in the circuit are
known, it is possible to make calculations of
the impedance at the filter point, for both f,
and f,. Usually the impedance at f, is found to
be so greatly different from that at f,, the
choice 1s obvious.

(2) The impedances may be measured with an
rf bridge.

(3) Types A and B may each be tried out, and
the preferable one determined fremthecomparatlve
performance of the two. If* this method is followed,
it is best to design the two for equal loss at f,
(according to the formulas given hereafter), an
then .observe the difference in performance at f,.

Methods (1)and (2) are applicable to deter-
mination of load impedance, and from this im-
pedance alone, the advantage of one type of filter
may be so great; or the needed performance so
easily obtained, that there isno need for further
analysis,
give the generator impedance. Method (3) for
this reason is sometimes the only satisfactory
method,

To design a type A filter, a value of X,
mist be selected which will give sat;sfactory
performance. Then Rejection Ratio = (R,4G,)/0X,
=R, /X, (when GLKLR,).

Loss Ratio = X,/ ‘AIDZQBl .
losses Must Be Lowered

Tt is seen that a larger X, makes the re-
jection ratio lower (an 1mprovement) but also
makes the loss ratio higher (a dlsadvantage)

Slnce performance in both respects is 1mproved
by in¢reasing Q, use the lowest loss inductance
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The designation of one
and the other side as ‘‘load”

These methods, however, donot readily

available, agood capacitor, make good connections
between them, and see that the housing and other
objects around them do not greatlg reduce the Q.
Also since the loss varies as D®, performance
deteriorates rapidly as the frequency separation
is decreased.

In practice, it is rarely necessary to ob-
tain either of these performance factors lower
than 0.001. Where frequency separation is small,
it is sometimes necessary to allow each factor to
be as high as 0.1. If either factor is higher
than 0.1, the filter usually is considered use-
less, and the project abandoned, or a wore com-
plex filter used. If we set 0. 1 as the maximum
limit of each factor, and assume that Q = 300
and R, = R,, we find that this type of filter is
useful only for frequency separations of 1.7% or
greater.

~ In resonant filters; high values of current
and voltage appear in both the inductance and the
capacitor. Components of suitable size must be
selected to prevent failure from overheating or
voltage breakdown,

In Type A filters the current is %D times
the current in the load., For example, if the
frequency separation is 3% the load current is 5
amperes, the current circulating in the filter
inductance and capacitor is 83 amperes. This
calls for rugged componénts and makes it clear
why severe losses may occur. The voltage across
these components is the current times the re-
actance, and is likely also to be so high that
precautions must be taken to prevent corona.

Component Selection

In selecting components, the current rating
of fixed capacitors should be 1.22 times that
shown to allow for rise in BMB current with 100%
modulation., The voltage rating of inductances
and air condensers should be 2.30 times that
shown in order to allow for maximum BMS voltage
with 130% positive peaks of modulation, To find
peak voltage, this RMS value must be multiplied
again by 1.41. Furthermore, for adequate factor
of safety in commercial equipment, it is well to
have actual current and voltage ratlngs about
double again the maximum values just computed.

These current and voltage calculations are
for the pass frequency (f ,)« Inmost appllcatlons,
the current and volbage at the rejection fre-
quency (f,) is so much smaller that it may be
neglected This is so however in some cases,
such as operation of two transmitters into one
antenna,

For the design of Type B resonant filters
the corresponding formulas are:

Rejection Batlo = (R +G )Y, /R,G,Q
Loss Ratio =R, /4D*Q ? areE



Here the voltage across each component in
the filter is %D times the voltage across the
load and the current is found by dividing the
voltage by the reactance,

The insertion of a Type A network in series
with a circuit introduces a new reactance in the
circuit atf . This may be tuned out by an equal
and opposite reactance, as shown in Fig, 3. If
£>f  the added reactance mustbe capacitive. If
f >f it must be inductive.

In a different arrangement of the three
components accomplishing the: same end (Fig. 4),
the two upper components are series resonant at
the pass frequency, and therefore form a zero
impedance. They have an inductive reactance at
the higher rejection frequency, and a parallel
capacitance of the same value of reactance forms
a parallel resonant circuit, which approximates
an infinite impedance at the rejection frequenecy.

The small difference in performance of these
two circuits permits choice from ease of adjust=
ment, and commercially available components. In
the form shown in Fig. 3, the parallel resonant
circuit must be tumed to (f,) first. Then the
series capacity C, may be tuned for (f,) without
disturbing the (fl) adjustment. In Fig. 4, the
circuit must be tuned first at {f.), and then the
(£, ) tuning does not affect the %f ) adjustments.

Since tuning adjustment must be made to
closer than 1%, construction must be used which
will be stable against mechanical shocks and
temperature changes. Ineach three-element group,
at least two elements (including the thirdele-
ment) must be continuously variable. It is
ordinarily necessary to have these variables so
constructed that they can be adjusted with full
power on the transmitter, and with all doors
closed and other electrostatlc shields in place.
In any ordinary cabinet c¢onstruction, opening a
door will detine the inductances several percent.

The Type B filter has similar possibilities
for adding a third component to neutralize the
effect of the filter at (f ) Figs. 5 and 6
correspond in principle to Flgs. 3 and 4.,

Where a simple resonant filter does net
offer good enough performance, resonant groups
may be used to replace single elements in a p1
or tee network, asshown in Fig. 7. This network
permlts complete tuning at (f,) first, and then
tuning at (f,) without disturbing the (f,) adjust-
ments. To attain this independence of aajus tment,
one of the things necessary is to see that stray
inductive and capacitive coupling between
comportents is kept small.

This nine-element filter is in use where
stations on 1450 and on 1490 kilocycles are lo-
cated within a quarter mile of each other.

In designing these filters consisting of
two or more Type A and Type B groups comnnected
in L, pi, or tee arrangement, the loss in each
group must be kept low-enough so the sum of these
losses will niot be objectionable. The rejection
ratio in each group may be kept quite low, but
the total rejection increases rapldly as the
number of groups is increased, and so is as high
as desired.

Where two antennas are so close together
that the antenna ammeter of one shows an ob-
jectionable amount of current picked up from the
other station, an L or tee arrangement of these
groups must be used so that a Type A groiup is
nearest the antenna and is designed to have a high
enough impedance at (f,) to reduce the antenna
current to a harmless value.

For a numerical exaniple of network design
assume the previous example of a station operating
on 1000 kc and another nearby on 1100 ke. A
spurious signalis heard on 900 k¢ with the program
of the 1100 ke station dominant. However, a
direction finder, field strength 1nd1cator, or
other means indicates that the spurious signal
is being radiated from the 1000 kc station. The
inverse feedback, audio monitor, Temote ammeter,
and any other s1m11ar rectlflers are disconnected
without 1mprov1ng the situation, The presumption
therefore is that the final amplifier of the 1000
ke station 1is the tube producing the spurious
frequency. The correction consists of inserting
a filter between this tube and the antenna which
will reject the 1100 ke signal.

‘The constants of the station at 1000 kc are
all known (Fig. 9). The antenna impedance is
known to be 40+j20 at 1000 kc, and 50+j50 at
1100 kc. The L network is correct for matching
the antenna impedance to the 70-chm line at 1000
ke. By recomputing the performance of the antenna
tuning network at 1100 ke, it is found that the
load at the end of the transmission line is 107-
j58 at 1100kc. Then by computing the transformer
effect through the transmission line, itis found
that the load at the input to the transmission
line (where the filter is to be inserted) is 35+
Jj19, or an impedance of 40 ohms.

On the generator side weé need not make an
exact calculation, but we know that the small
pickip ¢oil offers low impedance; and is little
affected by the tank cireuit at this frequency
which is not the resonant frequency of the tank
circuit, Therefore both R, and G, are smaller
than R,, so we may be sure that we have the con-
dition'R ,G, less than R %, and the Type A filter
will be most effective.

The formulaé for performance, after substi-
tutingD= 0.1, Q=300, R, =70, and R, = 40 are:
BeJectlonratlo—-O 13/X2 Loss Ratio = 0.0012X .
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We select a value of X_ = 10. Then the re-
jection ratio is 0,013,01'1¢§% of the objection=
able frequency is passed by the filter. The
loss factor is (.012, or apower loss of 12watts
in this. 1000 watt station, .
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Calculating shows the current in the in-
ductance and capacitor is 5 times the ¢urrent in
the load, or 25 amperes. The voltage across the
inductance is 250 volts. Any transmitting com-
ponents will handle this voltage, plus modulation

peaks.



FACS IMI LE

A Brief Theory of Present Day Facsimile Prepared by the NAB Departmént of
Enigineering with the Assistarice of Mr. John V. L. Bogan, President of Faximile, Inc.

Electrical transmission of pictures was
conceived more than a century ago by Alexander
Bain, an English Physicist, who proposed a system
so basically correct that the fundamentals
of the present day system of Facsimile transmis-
sion show a remarkable likeness.,

The work of many brilliant men has gone into
the development of Facsimile as we know it today,
It was first used only on wire line ¢ircuits and
many methods of transmission were tried. Finally
about the time radio broadcasting was bormn,
pletures were transmitted by radio. In fact en
July 6, 1924 the first picture, termed a photo-
radiogram; was successfully relayed fromNew York
to London and back to New York. Teday the trans-
mission of pictures is an accepted service, and
one needs only to refer to his daily newspaper
for this eviderice.

The broadcaster’ s use of Facsimile was first
authorized by the FCC in the late '20”s utilizing
freguencies in the range 1500 Ke to 2950 Ke.
As a matter of interest two bands of frequencies
were allocated to visual broadcasting which
included still pictures and moving pictures (Tele-
vision), In 1937 experimental use of facsimile
was permitted on frequencies in the standard
broadcast band from midnight to 6:00 a.m.
Systems with varying standards were used for this
service. In 1939 frequencies above 25 megacycles
were authorized for experimental facsimile, and
in 1940 the first facsimile rules were adopted
by the Commission which provided for operatien
with FM broadcast stations.

On July 9, 1948 the FCC adopted its present
Rules and Standards with respect to facsimile,
permitting simplex or multiplex transmission on
FM frequencies. (See Appendix I). A general
and brief theory of the operation of one system
operating in accordance with these rules is here
outlined.

Facsimile Transmitting Equipment

The facsimile terminal equipment, for
installation at the studies of an FM broadcasting
station (or elsewhere, -~ as for example in the
editorial rooms of a mewspaper) should comprise
two complete transmitting scamners and their
associated accessories including monitor
recorders; scanner amplifiers and limiter line
amplifiers. Two scanners are needed for the same
reason that two turntables are required in a
transcription studio. A single scanner neces-
sarily causes some waste space (as wellas delay)
between successive pages, while the scanner
is being reloaded and adjusted. The alternate

_portion of the original copy.

use of two scanners permits a continuous,
unbroken flow of facsimile copy.

A lamp, optical system, phototube and
amplifier tube are mounted in the movable scanner
head or carriage. The lamp illuminates a spot
on the copy. The phototube receives reflected
light from the illuminated spot through an
optical system. The phototube current or output
is controlled by the optical density of the desired
For each revolu-
tion of the copy drum, the carriage advances
along the drum, so that the copy is scanned in
a spiral. The scarnner produces electrical
signals representative of the optical density of
the copy scanned and feeds these signals to the
scanner amplifier. )

The scanner amplifier supplies power to the
scantier, dnd uses the signals from the scamner
to amplitude modulate a subcarrier which is
developed inthe scanner amplifier. The modulated
subcarrier is amplified and fed into the limiter
line amplifier which has two inputs. Signals
‘applied to one of these inputs are amplified
linearly. Signals applied to the other input
are fed through an adjustable preset limiting
stage whose output iseither zero {or no signal),
or equivalént to a full marking density. This
limiting channel is useful for transmitting
poorly prepared copy. The limiter line ampli-
fier has a common output which operates with
balanced circuits. . This output of the limiter
line amplifier may be fed directly into an FW
transmitter for simplex facsimile broadcasting,
or into the facsimile input channel of a trans-
mitting multiplexer wnit for multiplex operation.

Single scanner operation requires one of
each of the following units: Scamner, Scanner
Amplifier and Modulator, Limiter Line Amplifier,
and a Pulse and Page Separation Signal Generator.
(See Figure 1-A) ‘ '

Dual scanner operation requires two each of
the Scanner, Scanner Amplifier, and Limiter Line
Amplifier units; one Pulse and Page Separation
Signal Génerator; plus control and output switch-
ing equipment. (See Figure 1-B)

The output of the facsimile input equipment
may be fed directly into an EM transmitter, or

.relayed from the scanner location.

Synchronizing of broadcast facsimile trans-
mitting and receiving equipment is accomplished
by using identical or interconnected power
sources. In areas where power line synchroniza-
tion is not possible, automatic synchronizing

‘amplifiers may be provided for receiving sets,
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Figure l--Input equipment used in Simplex Fac-
simile Broadcast Operation

The service area of an FM transmitter is
affected in ne way by the change from sound
riodulation to facsimile modulation. A good FM
recelving antenna should be considered standard
practice in most receiver installations.

A simplex facsimile broadcast operation
can be advanced to a Aultlplex FM sound and
facsimile operation by feeding the two programs
into a Multiplexer unit located at the FM trans-
mitter. The mixed sound and facsimile output is
then used to modulate the FM transmitter. {(See
Figure 2)

When planninga Multiplex aural and facsimile

operation it should be noted that two program

transmission lines are usually required to feed
the two input chamels of the Multiplexer unit.
This may dictate the use of dual SIL systems,
dual telephone lines, or any acceptable combina-
tion, It is not necessary for the sound and
facsimile programs to originate at the same
place.

Various combinations of units may be used
to form a mobile or pertable facsimile input
equipment. Basically, a Scanner; Scanner Am-
plifier, and Limiter Line Amplifier, are needed
together with the Pulse and Page Separation
Signal Generator.

Power source for portable or mobile opera-
tion must be synchronous or interconnected with
that at the location of the broadcast station’s
fixed facsimile input equipment. It is suggested
that, whenever possible, operations comblnlng
flxed portable, and mobile facsimile input
equipments be consistent in using the same phase
of the normal three phase 115 volt 60 cycle AC
power.

Facsimile Receiving Equipment

The signals needed to operate the facsimile
recording eguipment are taken directly from the
output of the discriminator of an FM receiver.
If the receiver is limiting excellent copy can
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be expected. (See Fig. 3 for simplex reception;
Fig. 4 for multiplex.)

The discriminator output signal is ap-
plied to a recorder ampllfler which amplifies
the signal, rectifies it, and supplies current
corresponding ‘to the signal to mark the moist
electrolytic recording paper in the recorder.

The recorder amplifier supplies all power
to the facsimile recorder, including pewer to
the synchronous recorder motor. A relay in the
recorder amplifier interrupts the motor power
when necessary to phase or “ frame” the recorder.

The recorder has a humidor compartment
which stores the moist electrolytic recording
paper. Feed rollers advance the paper between
the marking electrodes which consist of a
printer blade and helix drum. After the paper
1s marked it passes over a heater which dries
the paper and completes the marking process.

Marking the recording paper is nominally a
constant current, low voltage process:. In
broadcast recording equipment 250 milliamperes
of direct current are needed for full density
marking. The voltage in recording may reach a
maximum of about 50 volts depending on the
amount of moisture in the paper. As the re-
cording current passes through the paper from
printer blade to helix, iron from the blade 1s
deposited in the paper in proportion to the
amount of current. The marking process gradu-
ally consumes the printer blade which is re-
placed along with the roll of recording paper.

Rotation speeds of recorder helix drum and
scanner copy drum are 360 rpm. Paper feed in
the recorder corresponds to scanner carriage
advance rate of 3.43 lineal inches per minute.
The recorder dellvers approximately 28 square
inches of copy in a minute. A fifteen minute
broadcast program interval will result in four
pages of recorded copy, 8.2 by 11.5 inches, in
size, together with the required page separation
signals, ’
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Discussion of FCC Standards

Standard (1) calls for straight line
scanning from left to right and progressing from the
toptothe bottom of the page. Thiswas selected,
of course, so that the received copy can be
comfortably read as it is being recorded.

Standard (2) states that the Index of Co-
operation shall be 984. This is the number
that defines the amount of intelligence that
can be carried by a single facsimile page. It
takes account of the lines per inch and the
length of the scanning line. Asusually applied,

an Index of 984 results in a scanner whose

effective line length, across the page, is 8.2
inches, whose line use ratio is 7/8 and whose
definition is 105 lines per inch. The copy may
be reproduced on recorders having the same
dimensions or the recorders may deliver reduced
or enlarged copy. The aspect ratio and the
amount of intelligence will be the same in all
cases, so long as the Index number remains
approximately 984.

Standard (3) states the number of scanning
lines per minute as 360. This standard is
essential for synchronization, and determines Fhe
speed of transmission of copy having any partic-
ular definition or number of lines per inch.

With the standard Index of 984 applied to an 8.2
inch scanning line, the standard drum speed of
360 r.p.m. results im a copy speed of 3-3/7
lineal inches; or 28.1 square inches, per min-
ute. This produces four pages, each about a
foot long, in each fifteen-minute period of
broadcastings.

The remaining standards from (4) to (10)
are principally important from the point of view
of providing inherent interchangeability or com-~
patibility between all transmitters and all re-
ceivers. They define the line use ratio as 7/8,
describe the phasing and synchronization pulse
which is to be transmitted during the 1/8 of the
scanfiing cycle not used for copy, and prescribe
a page separation interval, the use of sub-
carrier anplitude modulation (and the laws which
it is to follow) and finally specify sub-carrier
noise level as at least 30 d. b. below maximum
picture modulation. Noise levels may be higher
in facsimile broadcasting than in sournd broad-
casting without causing comparable interference
effects; with a 30 d. b.ratio, or even less, no
signs of noise can be detected on facsimile copy.

APPERDIX |
FCC Rules and Regulations

S 3.266 Facsimile Broadcasting and Multis
plex Transmission )

(a) FM broadcast stations may trans-
mit simplex facsimile in accordance with
transmis§ion standards set forth in the
Standards of Good Engineering Practice Con-
cerning FM Broadcast Stations during periods
not devoted to FM aural broadcasting. How-
ever, such transmissions may not exceed one
hour during the period between 7 A. M. and
midnight (no limit for the hours between
midnight and 7A. M.) and may mot be counted
toward the minimum operation required by
Section 3,261,

(b) FM broadcast stations may, upon
securing authorization from the Commission,
transmit multiplex facsimile and aural
broadcast programs for a maximum of three
hours between the hours of 7 A: M., and mid-
night (ne limit for the hours between mid«
night: and TA:. M.) in accordance with trans-
mission standards set forth in the Standards
of Good Engineering Practice Concerning FM
Broade¢ast Stations provided that the transs
mission of facsimile does not impair the
guality of the aural program below 10,000
cycles per second, and that a filter or
other additional equipment is not required
for receivers not equipped to receive
facsimile. ‘

FCC Standards

Sections 1 and 8 of the Standards of Good
Engineering Practice Concerning FM Broadcast
Stations are amended by adding the following:
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1 - DEFINITIONS

H.

0. Index of Cooperation. The index of
cooperatlon as applied to facsimile broad-
casting is the product of the number of
lines per inch, the available line length

in inches; and the reciprocal of the line-
use ratio. f{e.g.; 105 x 8.2 x 8/7 = 984)

P. Llne-Use Ratio. The term * line-use
ratio” as applled to facsimile broadcasting
1s the ratio of the avallable line to the
total length of scanning line.

Q. Available Line. The term “available
line” means the portion of the total length
of scanning lire that can be used specifi-
cally for picture signals:

R. Bectilinear Scanning The term‘‘recti-
linear scanning” means the process of scan-
ning an area in a predetermined sequence of
narrow straight parallel strips.

S. Optlcal Density. The term“ optical den-
sity” means the logarithm (to the base 10)
of the ratio of incident to transmitted or
reflected light.

- TRANSMITTERS AND ASSOCIATED EQUIPMENT

Facsimile=Engineering Standards.

The following standards apply to facsimile

broadcasting under Section 3. 266 of the Rules
and Regulations.

1. Rectilinear scanning shallbeenmloyed
with scanning spot progressing from left to
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right and scanned lines progressing from
top to bottom of subject copy.

2. The standard index of cooperation shall
be 984.

3. The number of scanning lines per minute
shall be 360.

43H:T%e line-use ratio shall be 7/8, or
315° of the full scanning cycle.

5. The 1/8 cycle or 45° not included in the
available scanning line shall be divided into
3 equal parts, the first 15° being used for
transmission at approx1mately white level
the second 15° for transmission at approx1-
mately black level, and the third 15° for
transmission at approximately white level.

6. An interval of not more than 12 seconds
shall be available between two pages of sub-
ject copy, for the transmission of a page-
separation signal and/or other services.

7. Amplitude modulation of subcarrier

shall be used.

8. Subcarrier modulat1on shall normally
,vary approximately linearlywith the optical
density of the subject copy.

9, Negative modulation shall be used, i.e.,
maximum subcarrier amplitude and maximum-
radio frequency swing on black.

10, Subcarrier noise level shall be main-
tained at least 30 d.b. below maximum
(black) picture modulation level, at the
radio transmitter input.



THE ECONOMICAL OPERATION AND BMMNTE‘NANCE OF POWER TUBES*
‘ NAB

OPERATION

Longer tube life means lower tube costs.
Find a way to increase the useful life of tubes
in your equipment and the unit cost per hour of
operation drops accordingly.

Vacuum tube replacements constitute one of
the three major cost items of operating a broad-
cast transmlttlng station. DBecause of this, and
because of the importance of maintaining the best
possible continuity of service, proper mainte-
nance and operation of all tubes and in ‘parti-
cular of the water- cooled and air-cooled power
tubes used in the transmitter contribute to the
efficiency of station operation. This is a
subject deserving close attention on the part of
the station engineer.

Many factors enter into the life of tubes.
Of these-the following are the most apparent:

1. Filament Voltage

2. Plave Voltage

3. Operating Temperature

4. Amount and nature of residual gas in
tube

5« Number of times current is turned on and
off

6. Fatigue of metal parts

Bright Tungsten Filament Tubes

The first mentioned factor, that of fila-
ment voltage, if carefully controlled will pay
econotilc and operatlonal dividends. As 1llus-
trated in Fig. 1, an extremely small change in
“filament voltage results in a considerable changc
in filament life. The possibility of increasing
tube life by reducing filament voltage and con-
sequently filament temperature is the result of
the "fact that bright-tungsten-filaments (water-
cooled tubes) may be operated at complete sat-
uration. In other words peak currents amounting
in value to the total emission available may be
drawn continuously without damage to the fila-
ments. Obviously, Fig. 1 shows theoretical
filament life based on normal evaporation of
filaments and applies to bright tungsten fila-
ments such as are generally used in water c¢ooled

*Source Material: (1) Operation and Main-
tenance of Transmitter Power Tubes (from the
engineering notes of the Columbia Broadcasting
System), 2nd Edition of the NAB Engineering
Handbook; (2) FTR Handbook of Tube Operations
issued by Federal Telephone and Radio Corperation;
(3) A Simple Test for Defects or Damage to Vac-
uum Tubes, 2nd Edition of NAB Engineering Hand-
booky .(4) Engineering notices of the National
Broadcasting Comipany.

tubes. While they may not hold for every in-
stallation the ratios or relationships may be
considered an average for a large number of
tubes:

Note that the increase in life obtainable is
considerable even at slightly reduced filament
voltages. For the same reason a correspondingly
larger reduction in life results from even
slightly increased filament voltages.

Bright tungsten filament tubes used both in

- amplifiers and rectifiers, should be operated at

the lowest possible filament voltage consistent
with satisfactory operatlon, le€s, power output,
tolerable distortion, hum, and carrier shift.

All broadcast transmitters should be operated in

accordance with good englneerlng’practlce How-
ever; 1t i$ not necessarily good engineering or
good ‘economy to adjust the transmitter in such a
way as to reduce harmonic distertion from, let
us say, 3% to 1% if in so doing it becomesmnec-
essary to operate the water-cocled tubes at a
5% higher filament voltage. The application of
the cold eye of logic in arriving at a compro-
mise inthis regard will pay dividends and should
not résult in distortion of an objectionable na-
ture. Class B modulator stages should be watched
carefully in this connection.

Tubes are designed to provide a certain
amount of emission at certain 1nput voltages
Obv1ously, 1f the whole amount of emission de-
signed into the tube is not required it becomes
possible for the user to obtain more than the

life expectancy provided for in the design of
the filament.

For the same reason as shown in Fig. 1 an
increase in tube life resulting from 'a decrease
in filament voltage must be sccompanied by a de-
crease in the available emission. The relation-
ship of emission and theoretical filament life
appears in the curves. It is important to note
that reductions in filament voltages, therefore,
are recommended only in cenjunction with reli-
able distortion measurements because of the
possible flattening of positive peaks. :

Know1ng the operating condltlons of the
tube, it is readily possible to estimate in ad-
vance the approximate amount of filament voltage
reduction that can be made. The peak emission
current requirements for the usual types of oper-
ation will run approximately as follows:

TYPE OF OPERATION  REQUIRED PEAK EMISSION

Class B Audio 3-1/2 times d-c¢ plate current
Class B RadioFreq. 8 times d-¢ plate current
Class C Telephony 9 times d-c plate current

Curves of filament voltage versus emission
are published for many tubes, and are usually
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available from the supplier. In the absence of
these curves an approximation of normal emission
can be made by assuming 7.5 ma. emission per
watt of rated filament power. Knowing the peak
emission requirement and the total emission at
rated filament voltage, it is possible to esti-
mate from Fig. 1 a reduced voltage which will
satisfy the peak requirements.

That filament voltage which fully satisfies
the emission requirement can be applied with no
sacrifice in transmitter performance. It may be
advisable to determine if it is possible to re-
duce the filament voltage still further. Pro-
bably the best way to determine the proper volt-
age for a broadeast transmitter is to take a
curve of distortion versus filament voltage at a
high percentage of positive modulation. Limited
emission of a class C tube causes a limiting and
rounding off of the positive modulation peaks.
Limited emission of a class B medulator tubes
will cause a limiting and rounding off of both
positive and negative peaks. If the filaments
are heated by alternating current, some inerease
in hum level may result from a decrease in fila-
ment voltage. It is extremely important that
filament volt meters be accurate and indicate
the voltage at the tube and not at the source.

The following tabulation taken from Fig. 1
will indicate the relationship between filament
voltage, total hours of useful life and unit
cost per hour:

Filament Total Hours of Unit Cost
Voltage Useful Life per Hour
90% 400% 25%
95% 194% 52%
100% Normal 100% Normal 100%
105% 50% 200%
110% 26% 415

Let us take a typical example. Suppose a

tube has a rated filament voltage of 20 volts
and theoretical average life expectancy of 3000
hours. Letusassume further that the tube costs
the station $600.00, If the tube were operated
with 20 volts on the filament the life expectancy
would be 3000 hours and the cost of operation
would be twenty cents per hour, Now let us as-
sume that this same tube could be operated at
95% of the rated filament voltage. The theoret-
ical average life expectancy would be increased
to 5820 hours amd the unit cost of operation
would be reduced to about ten cents per hour.

Aside from the above discussion the follow-
ing suggestions will also aid in prolonging the
life of your tungsten-filament tubes:

1. Minimize anode dissipation by careful
tuning of the transmitter

2. Be sure there is plenty of water flow-

ing on the water-cooled anodes and

plenty of air on air cooled anodes to

‘ prevent hot-spotting and gassing.

3. Keep plenty of air on the glass bulb--
partlcularly on the seals where glass
joins metal or leads go through--to re-
duce electrolysis and gas evolution .
from glass.

4. Switch leads every 500 hours,
ably once a week,
operatée on d,c.

5. During starting cycle be sure the in-
stantaneous current does not exceed
150 percent of normal current.

6. Raise plate voltage in easy steps when

~ starting.

7. Prevent damage caused by overloading
the plate circuit. Use protective de-
vices such as a fuse or relay.

8. Hard water (over 10 grains per gallon)
should not be used for water cooling.
Distilled water will reduce scale for-
mation on anode.

prefer-
when filaments

Thoriated Tungsten And Oxide Coated Filaments

Thoriated tungsten and oxide-coated fila-
ments used in intermediate sized air-cooled am~
plifier tubes and mercury vapor rectifier tubes
must be operated within the rather eritical
filament voltage range specified by the manu-
facturer. Short life USually results and may be
expected from the operation of such tibes much
below or above (within approximately 5%) rated
filament voltage.

It is very important that the filament volt-
meters used be accurate and that the meters be
connected in the ecircuit to indicate the voltage
at the filament terminals--not, as is sometimes
done, at a point. beyond which there is an appre-
ciable voltage drop in the filament supply bus.
It is recommended that these instruments be cal-
ibrated periodically.

Thoriated tungsten filaments are operated
at temperatures of such degree that evaporation
is negligible. This means that the life of the
tube is not controlled by the reduction of the
tungsten ‘wire and can not be extended by o¢per-
ation at reduced voltage as in the case of the
water-cooled tubes.

- In thoriated tungsten filaments the source
of emission is a layer of thorium on the fila-
ment surface. During operation the thorium in
this layer is cotistantly belng removed by evap-
oration and bombardment and is constantly being
replenlshed from within the wire. In order to
maintain the balance between the loss and re-
placement of an active layer of thorium, there-
fore, an operation is required within a compara-
tlvely narrow range of temperature. This is

evidenced by the fact that a reduction of only

1% 4in filament voltage may cause a loss of ap-
proximately 5% in emission.
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Unlike bright-tungsten-filaments, dull
emitter thoriated tungsten type filaments should
never be operated at or fiear saturatiem. In
other words, the peak currents drawn should not
exceed more than one half of the maximum of
which the filament is capable of emitting. These
filaments are, therefore, designed to provide at
least double the emission that would be needed
in any normal class of operation.

Often thoriated filaments, due to momentary
ovetloads or operation at improper voltages,
provide low emission. A process generally
known, but whichk is worth repeating, can often
reactivate tubes subjected to the above strains.
This process is merely that of flashing the
filaments with 120% of normal filament voltage
for about one minute, followed by ten minutes
at normal voltage.. No grid or plate voltage
should be applied during these periods.

Concerning factors which enter into the
life of tubes, number 5 is that number of times
the current is turned on and off. It is always
preferable to avoid intermittent operation of
any filament. With tubes of 250 watt plate dis-
gipation rating, or higher, it is suggested that
filaments be turned off for standby periods of
more than about two hours. For periods of less
than two hours, the filaments may be reduced to
80% of the normal voltage. With tubes of-less
than 250 watt rating, the filament voltage
should be removed for standby periods of more
than 15 minutes.

~ Here are a few suggestions not discussed
above which will help iq'exténdingAthe life
of your thoriated tungsten filament tubes: .

1. Don’t overload the tubes. Use adequate
protective devices such as fuse or
relay. Heavy overloads are apt to
evaporate the thorium surface from the
filament, and permanently damage the
tube.

2. Normal .operating temperature for
thoriated-tungsten-filament tubes is
obtained by operating them at the rated
filament voltage. Care should be taken
to operate them at this voltage (except
for standbys and when reactivating),
Occasionally, under or over-loading
will give longer life, but such oper-
ation .should only be carried out after
first consulting the tube manufacturer,

3. Increase the filament voltage progres-
sively (only a small percentage at a
time) when a tube no longer responds to
reactivation.- New filament trans-
formers may be necessary for this
operation.

4. Keep tubes well ventilated--with fans

. or blowers, if necessary.

5. Bun at lowest possible anode current

and voltage.

6. Minimize plate dissipation by careful
tuning of the transmitter,

POWER TUBE MAINTENANCE

Inasmuch as broadcasting stations ‘are re-
quired by the FOC to maintain a specified stock
of spare tubes, some tubes may deteriorate on
the shelf before being placed in service. This
deterioration was at one time a serious problem
to the users of large vacuum tubes. However,
improvemerits in the methods of manufacturing
tubes in the past few years have greatly improved
this situation, For those users of large
water-cooled tubes who may wish to either check
new tubes upor, receipt or who may wish to improve
initial operation of tubes which have been kept
on the shelf for extended periods the following
checking on conditioning treatment is set forth
for consideration.

Tests for Defects or Damage _
Users of large vacuum tubes may save con-
siderable timé and money by utilizing a simple
H. F. coil to rough-check all tubes béfore
placing in service. The coil is a high-frequency
15 to 25 kilovolt source, operated from a 110
volt a.c. plug, and for this purpose may be
small or of the type suggested below for
conditioning. In use, the tip of the coil 1is
placed against the external bulb surface of the
tube far enough away from all external metal
parts so that no arc can be struck externally.
Any glow observed with the tube (glow may range
from light pink to deep purple) indicates a
poor vacuum and the tube should not be placed in
service. Ifthe tube is completely “down to air”
(i.e. the internal and external atmospheres are
alike), no color will be observed. However, to
test this possibility, the coil tip should be
placed against the bulb, completely clear of any
external metal surfaces, but within an inch or
less of wome internal metal part. If the tube
is nearly “down to air” an arc (usually a deep
purple line) will appear, within the tube, be-
tween the metal part and the point of contact of
the coil. A properly evacuated tube will show
no glow or arc of any kind. (In rare cases when
internal and external pressures are equal, no
arc glow will be apparent.) QOccasionally, how-
ever, thehigh frequency sourcewill cause certain
constituents of the glass or deposits théreon
to fluoresce, This condition ‘appears as a
surface effect on the bulb and 1s readily
distinguished from a glow within the tube,

This procedure, when used in conjunction
with a continuity meter to check for open fila-
ments or shorts between elements, provides a
simple and adequate test to check shipment
damage or manufacturing effects. Great care
should; of course, always be exercised in
handling vacuum tubes, since to damage one tube
beyond any further use may negate operational
savings built up over a period of months.



The above procedure to test the degree of
evacuation does mnot apply to mercury vapor tubes
since the results may be misleading with the
presence of mercury in vapor form.

Conditioning Large Water=cooled Tubes

Before a tube that has stood for several:
months in storage is put into operation, it may

be placed in an insulated mounting without the
filament being lighted. The output from a high
voltage, high impedance transformer, such as the
Thordarson Type 2479%, 1 kw, 110 - 25,000 volts,
should be connected directly across from the

ariode to the filament and grid terminals tied

together with the magnetic shunt adjusted for
minimom voltage. The primary voltage should be
applied until no arcing takes place over the
transformer protective gap. The magnetic shunt
is pradually pulled outuntil the maximum voltage
is applied. This voltage should be left on for
about ten minutes or longer if arcing takes
place over the transformer protective gap.

1f the tube envelope shows a hazy type of
discharge on the first application of voltage,
the tube may be gassy as a result of a small
leak. The ten-minute treatment recommended
above should clean up this haze condition unless
the tube has developed a leak sufficiently large
to cause trouble when put in service, .

A second treatment consists of filament
aging at the normal operating filament voltage
without plate voltage and under normal water-
cooling conditions, for several hours, This
tends to clean up residual gases and cleans off
both the filament and grid surfaces. It has
been found that the above treatments are
effective in cutting down initial flashing
during operation, even though the tube is
returned to the spare shelf for a week prior to
being installed for regular service.

Tubes held as spares may be conditioned
periodically to insure continuity of service when
the tubes are inserted for usé.

Ihis transformer is fairly large but may be
used on the work bench. It is currently avail-
able from Thordarson osn special order at ap-
proximately $165.00.

- High vacuum rectifier tubes may be condi-
tioned in the same manner as water-cooled tubes.

Mercury Vapor Rectifiers

Mercury vapor rectifiers should be pre-
heated and tested under standard operating
conditions as reconmended by the manufacturer to
determine that there is no vacuum leak and that
all the mércury splashed on the tube elements
during shipment and handling has been evaporated
to the lower and cooler part of the envelope.
After the initial aceeptance test the tubes
should always be handled and stored vertically
to insure that excess mercury dees not splash on
the electrodes.

, If a tube fails to rectify without arc
backs after the recommended preheating time,
another treatment has been found to be useful.
This treatment consists of inserting approxi-
mately 1 megohm, such as 20 - 20 watt resistance
units; connected in series with the anode of the:
tube which has shown arc-backs.

Using the maximum available voltage in the
transmitter, the inserted resistance prevents
excess currents from flowing through the tube
which tends to arc back. The voltage should be
left on for at least one hour, or until all
visible mercury is removed from the anode. Room
temperature air should be blown on the lower end
of the envelope during this treatment. Then the
tube may be operated under standard conditions
without the resistance and put back into the
spare tube cabinet for future use., Periodic
tests during off hours will insure that spare
tubes have not developed vacuum leaks.

Air Cooled Tubes

Air-cooled amplifier tubes should be placed
in service as soon as received and then used
alternately with other tubes of the same type.
This will keep all the tubes “conditioned’” and
tend to decrease the possibility of a tube
developing slow leaks. When placed in service
the filaments should be operated at normal rated
voltage for several hours in order to clean up
residual gas and to activate fully the filament.
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TELEVISION TRANSMITTER THEORY

Reprinted from the RCA Manual for Television Technical Training Program, through
courtesy of the Radio Corporation of America.

FCC REGULATIONS - Specifications of Performance:

a. TwelVe channels are provided, from 54 to
216 mc,

by The width of the standard television broad-
cast chignnel shall be 6 mcs

¢; It shall be standard to loeate the visual
carrier 4.5 m¢ lower in frequency than the
unmodul ated aural carrier.

d. "Westigial sideband" transmission shall be
used with the idealized amplitude character-
istic shown in Figure 5.1.

€, It shall be standard that a decrease in ini-
tial light intensity cause an increase in
radiated power (negative transmission).

f. It shallbe standard that the black level be
representedby a definite carrier level, in-
dependent of the light and shadein the pie-
ture; that is, the "d-c component" must be
transmitted,

g. It shall be standard to transmit the black
level at 75% +2.5% of the peak carrier am=
plitudes

h. It shall be standard to rate the transmitter
in terms ofitspeak power when transmitting
the standard television signal. This rep-
resents peak of Y"syne" power. "Carrier
power™ hgs no signifiicance when the d-c com-
ponent is transmitted.

i. Amplitude modulation shall be standard in

the visual transmitter, and the radio-fre-
guency amplitude shall be reduced to 157,
or less, of the peak amplitude for maximum
white.

FURTHER CRITERIA FOR TRAMSMITTER PERFORMANCE

have been specified by RuMA:

a: The carrier frequency of the Visual trans-
mitter shall be held to within $0.002%

b, The pealk-to-pedk variation of transmitter
output within one frame of the video signal
due to all causes, including hum, noise;
and low-frequency response, measiredat both
syne pealk dand pedestul level, shall not ex-
ceed 0% of the average overall sync pealk
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Figure 5-1 - Vesfigial Sideband Ampiitude
Chardcterfstic

signal amplitudes. Thus all effects of hum
and poor low-freguency response must be 23
db. dowil,

¢, The ®{A recommended that, for normal trans-
mission, the characteristic of transmitter
output voltage versus brightness of subjcct
be substantially logarithmic.

These regulations define; in general terms,
the performance specifications of the visual
transmitter. Ve see that we must operate in the

medium- to semi-high-frequency part of the

spectrum, radiating sidebands from de out to
4,5 me,; using vestizial sideband transmission
with aimplitude modulation. The minimum depth of

wodulation must be 13 percent, and black in the

picture must represent increased power, TIhe
carrier stability is defined; and the total of
hum, noise, and low-freguency rosponse ont the
carrier must beat least 26 db down. The speci-
fications on amplitude linearity, as it con-
cerns the transmitter only, are covered up by
the logarithmie character of the camera output,
and will be discussed laters

I DEALIZED TRANSMISSION CHARACTERISTIC
THE |DEALIZED TRANSMISSION CHARACTERISTIC of

the FCC poverns transmitter design in several
respects. First of all, this vestigial sideband
chisgracteristic lops off part of the lower side-
band, and ideally transmits out to 4.5 me for the
upper sideband and 1.25 m¢ for the lowers This
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is basically to save channel space, but it is
also a receiver problem, In any vestigial or
single-sideband transmission and reception
system, we deliberately throw away an amount of
Ainformation, guantitatively in direct relation
to the percent of one sideband which is attenu-
ated; since one sideband only yields 30 percent
modulation. As lohg as oneé sideband s unaltered,
the guality and resolution do ngt suffer. In

the receiver, the i-f systems can be built with

only half as much bandwidth, and the loss of
signal is regalned by adding a stage of video
without any net lncrease in receiver costs

BANDWI DTH

THE BANDWIDTH required to transmit a picture is
basically a function of the number of pileture
elements which must be reproduced, and the speed
at which an element must be scanned. In terms
of pidture constants, bandwidth is given by the
relation

_u o
Tnax. = 7 2

where w/h is the aspect ratio (4/3); % the
utilization ratio (0.75); fthe frame repetition
rate, and n the total number of lines. The ex-
pression is for equal vertical and horizontal
resolutions Thus for a 525-1ine, 30-frame pic-
ture, fm ~ eguals 4,15 mc. For double-side-
band transmission, a total bandwidth of 8.3 me¢
would be required,

There are several ways of thus sgueezing a
525-1ine picture into a 6-mc channels The most
important are known as the R4, or Receiver At-
tenuation system, and tha T4, or Transmitter
Attenuation system: The RA system Is the one
authorized by the FCC, and the frequency re-
sponse through such a system is shown in the
a¢companying graphs, Figure 5-2. These curves
are typical only of a high-level modulated-type
~f transmitter,

It is important to note the curtailment of
high-frequency response in the receiver output,
as compared to the responsé of the transmitter
input, Studio equipment (and also the trans-
mitter; to a lesser degree) is intentionally de-
signed for greater response in the high end, to
aveid any plcture degradation, other than that
actually imposed by the basic limitations of
channel width, Since the receiver must adhere
strictly to channel regulrements, its réproduced
picture will not contain as much detail as that
actually transmitted. This factor should be
taken into account when analyzing system per-
formance,
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The esseénce of proper vestigial sideband sys-
tem operation is the fact, that, in the region
of carrier out to i.25 me, the transmitter and
receiver must have complementary phase and am-
plitude characteristics, as shown in (d) and
{e); Figure 5-2. The transmitted signal has
double amplitude response in the low-fregquency
end, which poses a monitoring problem, since a
simple diode will not suffice.

fwo other rather important matters arise in
connection with sideband energy distribution.
Ine first relates to the points designated as
%g® in the FOC idealized characteristic. The
regulations state that, dat 1,25 mec below the
visual carrier and at 4.5 mc above the carrier,
the relatlve field strength shall not exceed
0.0005 to prevent adjacent .channel interference.
This value representa an attenuation of 60 db
with respectto the 0,3%~value of normal sideband
amplitude. This appears rather severe, partic-
ularly at the point .23 mc below the carrier.
However, Kell, Brown of RCA, and Keister and
assoclates of GE, have made Calculations and
measurements which show thaty, for an average
pleture, the voltage components of sidebands in
the vicinity of carrier #1.25 mc are at least
40 db down: The transmitting eguipment, then,
must furnishthe other 20 db. The RIP3 has taken
cognizance of this relationship, and has recom-
mended to the FCC that equipment performance be
judged on the basisof -20 db being satisfactory.

SIDEBAND ATTENUATION

STDEBAND ATTEMUATION may be obtained by two
basic methods, which, for want of better termi-
nology; may be referred to as the GE method and
RCA method: The GE method uses low-level modu-
lation followed by a multiplicity of broadband,
linear r-f amplifiers, with each stage care-
fully tuned off-eenter so that the overall re-
sponse gives the desired pass-band and attenua-
tion. The RCA system uses high-level modula-
tion,; though not necessarily in the last stage,
and then inserts a filter system between the PA
stage and the antenna. In medium-power trans-
mitters; i.e., around 5-%w peak outputy; it is
technically and economically feasible to build
a video system with good frequency character-
istic and a voltage output sufficient to modu-
late the grid of the final stage. If, however,
we consider modulating the grid of a 40- or 50—
%w output stage, we find that (i) the increased
requirements of voltage necessitates water-cooled
tubes; (2) water-cooled tubes with good modu-
lator characteristics are not available; (3)
overall cost is greater; and (4) we ‘can get
about the same power output by operating the
40-%kw stage as a class B linear amplifier,
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The RCA system, as used in the IT-5A trans-
mitter, modulates the final stage of a medium-
power transmitter and the next-to-the-final
stage of a high-power transmitter. In either
case, there are tuned tank circuits between the
points of modulation and the transmission line;
and the response characteristic, whichof course
must be brogdband, can be set with respect to
the carrier freguency in such a way as to aid
in the attenuation at the points "ahs, This not
only provides a safety factor for the vestigial
sideband filter, but; what is more pertinent,
such adjustment allows the PA to work into 4
higher impedance, since the pass band is smaller,
and hence to be capable of putting out more
power.

HEGATIYE TRANSMISSION

NEGATIVE TRANSMISSION means that the transmitter
power decreases as the light intensity into the
camerg increasess In Zngland and pre-war Europe,
positive transmission was used; t.e,, incressed
power with inecreased 1ight., The reasons for
standardizing on negative transmission in this
country are based on two facts: (1) Noise pro-
duces areas of lack of light, or black spots,
which are considered to be less bothersome to
the eye thanbright spots, and (2) amuch simpler
receiver AVC system can be built if the blaeks
go in the increased-power direction. Since the
blanking pedestsl must represent black, the com—
bined pedestal and sync pulse must modulate the
transmitter in the mup! direction. Herein lies
& disadvantage of negative transmission. To ob-
tain increased output from a PA during the syne
pulse interval, its grid mustbe driven into the
positive or grid-current region; and the ten-
dency is o saturate sync; or to reduce the am—
plitude of the sync pulses with respect to the
rest of the signal. This; of course, does not
happen with positive modulation; but & certain
percentage of saturation of the whites is prob-
ably preferable to loss of sync voltage at the
receiver, However, precautions can be taken to
minimize sync saturation, and these will be dis-
cussed later,
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There is another important advantage in using
negative transmission, which ties in with the
FCC specifications stating that the black level
shall be transmitted at 75 percent of the peak
cgrrier height. Since the blacks and the syne
signals modulatein upward direction, the trans-
mitter must hold peak power only for the dura-
tion of the syne pulse. Since the pulses are
relatively short, about 6 microsecondsfor hori-
zontal and 75 microseconds for vertical, they do
not contribute appreciably to PA anode dissipa-
tion, [Ihe Vvoltage and power relations are as
shown in Figure 5-3s

The voltage curve shows the relationships of
black level to syne tips as specified by the
FCC, on the basis of sync tip height equal to
unity., If we now re-plot this curve in terms
of power, still using the sync tips as unity,
it is seen that black level represents (0,73) %,
or v.,56, of peak power. Now, the sync pulses
corntribute additional power in proportion to
their total duration and repetition rate. If &
complete signal is analyzed, including both
horizontal and vertical syn¢ pulses, it is found
that their total duration is egual to 0.1 of the
repetitive time iIntervalj therefore, the power
they contribute is 0,1 (1.00 =0,53) = 0.04%4, or
a total of 0.86 + 0.044 = 0.604, or 60% of peak
of sync power. Anode dissipation is propor-
tional to power output (assuming constant plate
efficiency). fherefore, for a given tube com-
plément with agiven arode dissipation, the cut-
put can be increased 40% If positive modula-
tion were used, the output stage would have to
be capable of handling contintous power egual
to the peak power whenever a white picture came
along.

In additionto the stipulation that the black
level be 75% of the pealk r=f amplitude, it is
also specified that this black level represents
a definite power level independent of chariges
in the picture itself. This means that the
peaks of syne also represent a €ertain power
level, sinee the ratio betwéen blacle level and
sync peaks is fixed, IThe picture transmitter
could thus be :rated (in power output) in terms

Figure 5-3 - Voltage and Power Relstions for Negstive Transmission
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of eithier black level or gync peaks. The syne
peak levél was chosen because, at the time the
old NISC considered this matter, there was con-
siderable discussion on what percentage of the
signal should be devoted to synchronizing, and
hence what percentage of the signal would be
black level. Soto avoid any possible confusion
in the future, in case the percent of sync wis
changed, the peak of sync lével was ¢hosen,

To appreciate the significance of maintain-

ing the sync peak at a certain fixed power or

voltage level, 1t is necessary to look briefly
at the d-c component of the signaly how it is
obtained; and how it is handled, The discussion
must start with the studio camera; and end with
the reeceiver kinescope. It is in the output of
the camera tube itself that the composition of
the picture signal must be recognized and han-
dled properly. In any picture scene which is
to be transferred to electrical wave form, the
signal can be said to contain two generalized
components: One, the detailed information,
which is the a-c component; and the other, the
background, or d-¢ component., The background
is simply the average illumination of the whole
scene, taken over the interval of one complete
picture frame. The image orthicon and the
Farnsworth disseé¢tor tube are direct-coupled
devices and automatically supply both components
The iconoscope, depending as it does, on a
multiplicity of sensitized; capacity-doupled
cells, puts out onlythe a—c¢ component, referred
to some arbitrary axis. The scene must there-
fore be viewed withanauxiliary light-sensitive
device such as a photoeell, whose output, suit-
ably amplified; controls the bias of an appro-
priate tube in the unit in which the ecamera
signal 1s combined with the syne signals (see
Figure 5-4).

Thits, it is apparent that true d-¢ insertion
is accomplished at the camera, and that funda-
mentally this consists of properly locating the

Camera Signal

Axis locoted with respect Fo black)
as dictated by sverage brillonce of
scene from which line was réaken

Amp t.

camers a-¢ output voltagewave form with respect
to the blanking pedestal or black level. -

To preservée the background cgmponent;, each
amplifier between the camera aid the kiftescope
cotild be d-c coupled, Jowever, it is neither
desirable nor necessary togo to these extremes
When a video signal passes thirough a capacity-
coupled amplifier stage, the signal orients it
self around a reference axis which is the aver-
age of the entire wave form, Thus, in the out-
put of such a stage, black is no longer black
in the sense that it represents a given voltage
level, since that level will vary as the sym-
metry of the wdve form varies. However, the
relationship hetween the a-¢ wave form and the
Blanking pedestal has not. been lost, In fact,
the only tlhing that is lacking is the estdblish-
ment of the black level to represent & given
voltage or power output; as the case may be.
Through relatively simple circuits, the black
level wmay be re-established at any desired point
in the television system. Yot many years agc,
before the Vvalue of establishing the black level
in the transmitter was fecognized, re-insertion
#was not applied untll the signal reached the
grid of the kinesScope. At this point, a simple
diode was connected across the grid resistor,
and the Jesired reproduction was obtained.

LIMITING WAVE FORMS

BeTore pointing out the advantages of estab-
lishing the black level in the transmitter, let
us look briefly at the limiting watve forms en-
countered in video signalsy; as 1llustrated in
Figure 3-5.

The all-white and the all-black (with a
white 1ine) pictures representthe extreme cases,
and typify the natureof the departure from sym-
metry which we nearly always encounter in video
signalss

The significance of this phenomenon

Time

Figure 5-4 - Picture Signsl! Shewing D-C€ Componénit
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Figure 5-5 « Limiting Wave Forms inm Video Signal

is seen when we think of these unsymmetrical
wave forms in terms of voltage swings on the
tube ehargecteristic. The important faect; for
transmitter design, is that a gilven tube will
handle appreciably greater dutput with d-c re-
insertion, although the actuasl voltage gain re-
mains the same. Kell has shown, after analyzing
the areas absve and bcleow the axis for the two
extremé wave forms, that there 1s a ratic of
1.5 to 1 for the two cases.

D-C re-insertion allows 50 percent more in-
telligence to be transmitted in the sidebands,
without increasing the wcarrier power, and hence
without increasing the interference range of the
tvansmitter, From the foregoing, it is seen
that it is particularly advantageous to re-in-
sert the d-¢ component in high-level stages;both
video and r-f, where voltage-swing limitations
are éncountered. In present designs, this prac-
tice is followed, in that the d-c component is
re-inserted in the grid of the last video or
modulator stage, and preserved on the grid of
the modulated stage by d-c coupling.

ot

BIk  Warte

Camera

Transei #ter

MODULATION

The last point inour standard specifications
for television trdansmitter concerns niodulation.
Amplitude modulation for the video signal is
specified and grid modulatidn appears to be the
preferred method for the very-broad-band sys-
tems, and for systems requiring transmissiop of
the d-c¢ component. A similar analysis for nar-
row-band sound transmission will probably yield
the opposite answer;,; and one of the deciding
factors, in this comparison, would be distor-
tions High~-output grid-medulsited stages yield
such high distortion as to be intolerable for
high-fidelity transmission. In order to work
on the truly linear portion of an r-f amplifier
characteristic, it is necessary to stay almost
entirely in the negative grid region, and thus
a very considerable asount of power must be
sgerificed. 1In television signal transmission,
mu¢h greater distortion can be tolerated, and
as a matter of fact the right %ind of distor-
tion is inviteds

Referring to Figure 5-6, all camera tubes

g,
wm
Recéiveér

Figure 5-6 - Linesrity Characteristics of TV System El/éments
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have an amplitude-linearity characteristic which
flattens offin the white region and isvexpanded
in the black. Camera circults could be deésigned
to corréct this, but it so happens that the re-
teiver kinescope has an opposite, and nearly
complementary, characteristic. Thus, at the
reéceiver the response in the black region is
contracted, Because, with negdtive transmis-
sion, noise, and interference bursts are in the
black direction, this kinescope characteristic
is very desirable, since it tends to saturate
off noise peaks. It is very mueh akin to pre-
emphasis of high's in a sound transmitter, so
that the receivercan de-emphasize and attenuate
noise. [he RIPB recognized this feature, and
recommnended that the amplitude linearity of the

transmitted television signal bBe "logarithmic®,
and the receiver "exponential®. Furthermore;
the transmitter and receiver characteristics can
depart considerably from beéing complementary
without affecting anything except the relative
shades of black and white in the picture, the
optimum value of which chaliges from one scene to
another, It is epparent then, that the charac-
teristic of the transmitter proper can be al-
lowed to vary considerably from linearity, par-
ticularly in the white region; without appre-
¢iably changing the desired systems characteris-
tic., It is important, however, to wateh ¢losely
the linearity in the black region; since the
sync signal must be held to +#0, - 2 percent of
specified amplitudes
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TERMINAL EQUIPMENT THEORY
THE TELEVISION SYSTEM

Reprinted from the RCA Manual for Television Technical Training Program through
courtesy of the Radio Corporation of America

PART |

A REVIEW OF THE BASIC CONCEPTS OF THE SYSTEM AND
THEIR EFFECT ON THE DESIGN OF STUDIO EQUIPMERT

INTRODUCT | O

The problems which arise in the design of
telévision equipment involve a branch of elec-
tronics which is strange to many technicians
entering the field for the first time. This is
especially true of those who have long experi-
ence ‘in the field of sound broadcasting and re-
production, but whose education and experience
antedate the post-war television boom as well
as the wer-time period, during which were devel-
oped so many of the techniques of electronic
pulsing circuits. Basically the art involves
the generation and reproduction of high-speed
transient phenomena at both regular and irregu-~
lar intervals and the conseguent need for under-
standing circuits used for amplifying and trans-
mitting wide bands of frequencies. Not only
are the technlques new, but & whole new language
has been developed to aid in their expression.
It is hoped to provide here at least a brief
glimpse of this new field and its language, thus
helping the beginner to & firmer grasp of the
tools he- must now employ.

LIMITATIONS

No true appreclation of any system can be
realized without some understanding of its basic
.limitations, .and a discussion of the television
system -should therefore begin by reviewing
" these. The most serious limitation of & tele-
vision system, as in the case of an aural sys-
tem; is "noise.™ The same phenomena that cause
hum, crackle, and hiss in the background of a
sound broadecast, cause bar-like shadows, random

been carried over from aural terminology into

television terminology with the same connota-
tion; thus, any spurious elements in a televi~
sion picture are generally called noises In
reading the following discussions, it will be
helpful to remember that much of the reasoning
behind the methods used in the television sys-
teni'is based on the need to minimize the effects
of noise. 4

Spurious noise components in the signal arise
from thrée general sources, (a) shot noise and
thermal agitation invacuum tubes and other cir-
cuit elements, (b) plckup fromassociated or re-

mote electrical apparatus; and (¢) microphonics.
The best means for minimizing noise is to main-

tain & high signal-to-noise ratio in all parts
of the system; but where this s impossible,
special circuits aré adistinet ald in extending
the useful range of operation. '

Noise 1imits, among other things, the ability
of the system to resolve fine detall. However,
& more direct limitation on the resolving power
of the system is the frequency bandwidth avail-
eble in the transmission system. This limita-~
tionhas commercial aspects of more significance
than the technical aspects because of the limited
room available in the radio spectrum. As a re-
sulty the decisions of the Federal Communications
Commission effectively determine the limits of
resolution within the noise-free service area
of any station. Tong years of Tield testing
have shown that a six-megacycle ¢hannel will pro-
vide adequate resolution and at the same time
will yield a reasonable number of channels.

Other factorswhich limit overall performance’

blotehes, and "snow storms® in the baeckground
of a television picture.

are the fineness of scanning apertures*, the’

The word; noise, has degree of accuracy with which tonal gradations

¥ The use of the word aperture in television probadbly arose from the use of scenning diSks where the

light passed through small holes which traversed the projected drea of the scene. Smail holes
traversing closely spaced lines in the sreo were capable of greater resolution than larger holes
traversing more widely spaced lines. Though scaonming disks ure no longer used, the term apeérture
is still applied to the scarning device in o ,enerdal sense. In electronic televisivn, the diam-
eter of the "aperture” is simply the dzameter of the scanning beam of electrons in the plane of
the scanned images Similarly the term aperture correction is applied to means (usually the use

of special circuits) for compensating the picture signal for loss of resolution caused by finite

size of ‘the bedm and by non-uniform distridution of electrons over the cross- -sectional area of
the beam.
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are reproduced, and the brightness range of
which the reproducing device is capable, How-
ever, if it can be assumed that the transmission
system between the pickup and reproducing de-
vieces is reasonably linear, then the problems
arising from these particular limitations are
confined largely to the pickup and reproducing
devices themselves, and do not affect system
considerations to the same extent as limitations
desceribed in the preceding paragraphs, and as
certdain economic factors do.

Economic factors usually limit the degree to
which technologicdl development is used to im=
prove the quality of performance, Methods may
be known by which some of the physical limita-
tions of the system can be overcome, but some-
times §uch methods are not used for a long time
after their discovery because means for apply-
ing them economically are not developed simul-
taneously. In other words, their use increases
the cost of equipment excessively. This is
especially true in the case of recelving equip-
mént which must be produced in large quantities
at low unit cost.

Such methods often do find their way into
transmitting equipment; where low unit cost is
not so important and where quality of perform-
ance is paramount. Quality is stressed iu
transmitting equipment to provide reliability
and to reduce the need for including in the re-
ceivers complicated and expensive corrective
circuits. Examples are circuits for automatic
corréction of scanning linearity, and clamp
eirecuits for accurate re-establishment of black
level, or d-c restoration, as it 1s often called.

STANDARDS

During the decade preceding the entrance of
the United Stateés into World War II, Radio Cor-
poration of America carried on an extensive
program of research and development in televi-
sion which has been largely responsible for the
formulation of the standards goverrning our pres-
ent black-ami-white system. The earliest work
on standards was done through the medium of the
Radio Manufacturers' Association. Much more
extensive workon standards was carried on later
by the National Television System Committee and
the Radio Technical Planning Board; the former
body being set uptodeal exclusively with tele-
vision standardizing problems and tobring about
agreement among the several interested groups
on suitable standards for recommendation to the
FCC. With the approach of commercilal broadcast
service, the FCC adopted the recommendations of
these bodiés as the basis for tentative stand-
ards of good operating practice. Activity of
the RMA has continued on television and its
récommendations have been extended to cover
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muck of the detail of studio and transmitter

operation, and of receiver design. While & ¢on=
siderable portion of this material still exists
only in the form of recommendations to the FCC,
it will undoibtedly constitute the major part
of the final standards.

One of the most important standards recom-
mended 1s the one which describes the waveshape
of the picture signal. This standard is out-
lined in detail in a drawing which is repro-
duced in Figure 3-5. Reference will be made to
this drawing from time to time in discussing
the system, dand an attempt will be made to
clarify the reasoning involved in establishing
many of the specifications included in it.

SCANNING SYSTEM

The standard systemof scanning in television
is one in which the scene or image 1is traversed
by the apérture in lines which are essentially
horizontal, from left toright, and progressive-
1y from top to bottom. The aim is to have the
aperture move at constant velocity both hori=
zontally and vertleally during actual scanning
periods because this type of motion is simple
to duplicate in the reproducing aperture and be-
cause it provides g uniform light source in the
reproducer. At the end of edch line the aper-
ture, or scanning beam, moves back to the start
of the next line very rapidly. The time oc-
cupied by doing this is called the fly-back or
retrace period. In a similar way, the beam
moves from the bottom baeck to the top after the
end of each picture scan. Motion during retrace
periods need not be linear. The complete trav-
ersal of the scene 1s repeated at a rate high
enough to avoid the sensation of flicker. This
rate has been set at 60 times per second because
most of the power systems in the United States
dre 60-cycle systems, and.synchronism with the
power system minimizes the effects of hum and
simplifies the problem of synchronizing rotating
machinery in the television studio (film projec-
tors) with the scanning,

It has appeared rather recently that the
choice of 60 cycles for the vertical scanning
frequency was a fortunate one for another reason.
The progress of the art has included means for
obtaining brightness levels in the reproduced
pictures which are appreciably greater than
those used in motion picture theatres. It 1s
well known that the threshold of flicker in-
creases as the brightness increases. Thus, 48-
or 50-cycle flicker would be noticeasble to some
observers at modern brightness levels in tele-
vision receivers. Persistence of vision varies
in different people; and those whose persis-
tence characteristics are short are conscious
of the 60-cycle flicker in the bright pictures



on some present-day receivers. Therefore it ap-
pears that a still higher vertical fregquency
would be desirable if other factors would per-
mit. Needless to say, the interline flicker,
mentioned later in connection with interlacing,
is also less objectionable with the higher scan-
ing rate.

Another important factor affecting flicker
is the persistence characteristic of the sc¢reen
material in the receiver. This can be made long
enough to overcome any appearance of flicker,
even with scanning rates less than 50 cycles per
second, but, if carried too far, stich long per-
sistence ccduses ghost-like trailing after moving
objects in the scene. Judieious choice of
screen persistence is a great did in reducing
flicker.

Obviously the scanning apertires inthe pick-
up and reproducing parts of the system must be
in exact synchrorism with each other at every
instant. To accomplish this, $ynchronizing in-
formation is provided in the form of electrical
pulses in the retrace intervals between succes-
sive lines and between successive piectures. The
retrace intervals are useless in reprodicing
plcture information, hence are kept as short as
circuit considerations permit, but are useful
places in which to insert the synchrenizing
pulses. These pulses are generated at the studio
in the same equipment that controls the timing
of the scanning of the pickup tube, and they be-
come part of the caomplete composite signal which
is radisted to the receiver. Thus scanning
operations in both ends of the systerni are al-
ways in step with each other. Synchronizing is
discussed in more detail in a later section.

The number of scanning lines Is the principal
factor determining the ability of the system to
resolve fine detail in the vertical direction.
The nunber of scanning lines 1s also related to
the resolving power in the horizontal direction
because it 1s desirable to have the same resolu-
tion in both directions. Thus, as the number of
lines increases, the bandwidth of the system
must also increase to accommodate the gresater
resolution required in the horizontsl direction.
The present systei enploys 525 lines, a number
grrived at after thorough consideration of the
related questions of channel width and resolu-
tion by the N,T,S.C. and the R,T.P.B,

INTERLACING

One of the most interesting features of the
television scanning systemis the interlacing of
the scanning lines, a scheme which is used to
conserve bandwidth without secrificing freedom
from flicker. The sensation of flieker in a
televigion imsge is related to the frequency of
the illumination of the entire scene, It has

no relation to the number of scanning lines nor
to the frequency of the 1lines themselves. There-
fore & system which causes the entire area of
the scene to bé illuminated at a higher fre=
quency, even though the same lines are not scan-
ned during successive cycles of illumination,
results in greater freedom from flicker. Inter-
lacing does just this by scanning part of the
lines, uniformly distributed over the entire

Figure 3-1 - Odd-/ine lnterlaced Scapning Sys-
tem with 13 Lines. Consecufive Frelds are
Indicated by Solid and Dotted Lines, Respec-
tively.

remaining part or parts during succeeding scans.
Thus, without chénging the velocity of the
scanning beam in the horizontal direction, it
is possible to obtain the effect of increased
frequency of picture 1llumination.

In the standard two-to-one interlaced system,
alternate lines are scanned consecutively from
top to bottom, after which the remalning 1ines,
that fall inbetween those included in the first
operation, are likewise scanned consecutively
from top to bottom. (Figures 3-1 and 3-2 1l-

S S

Figure 3-2 - Even line Intérlsced Scanning Sys.
tem with 12 liaes.

3-1-03



lustrate this principle). In the 525-1line sys-
tem, each of these groups, called a field, con-
sists of 262-1/2 1ines, Two consecutive fields
constitute a frame, or complete picture, of 525
lines. Each field is compleéted in 1760 of a
second and each pairof fields or frame, in 1/30
of a second. The effect on the observer's eye,
from the standpoint of flicker, is that of
repetition of sereen illumination every 1/60 of
a second, yet the complete picture is spread
out over 1730 of a second.

The importarnt result of interlacing is a re-
duction in the bandwidth of the frequencies
generated in the ‘picture signal, for a given
value of 1imiting resolution, as compared to the
bandwidth produced in a system using sequential
scanning. This may be understood as follows.:
In either systeni, interlaced or sequential, the
vertieal scanning frequency wust be the same and
must be high enough to @void the sensation of
flicker. In the standard television system this
frequency is 60 cycles per secorid., In a seguen-
tial system; all of, the scanning lines must be
traversed in the basic vertical scanning period,
However, in the two-to-one interlaced system,
only half of the scanning lines are traversed
in the same period. Thus; obviously, the hori-
zontal velocityof motion of the aperture in the
interlaced system is only half of the velocity
in the sequential system, and likewise the sig-
nal frequeticies are reduced by the same factor:

Interlaced scanning has certain inhkerent
faults among which are dinterline flicker, and
horizontal break-up when objects in the scene
move in the horizontal direction.

Interline flicker results from the fact that
adjacent scanning lines are separated in time
by 1/60 of & second, and that each 1line is re-
peated only at intervals of 1/30 6f a second,
It is apparent in any part of 4 scene where some
detail of the scene is largely reproduced by a
few adjacent scanning lines, and where the con-
trast in the detail is high. For example, the
top edge of a wall which is orilented in the
scene so 8s to be nearly parallel to the scan-~
ning lines nmight be reproduced by only two or
three adjacent 1ines. The 30-=¢ycle flickering
of the line segments forming the edge of the
wall would be quite noticesble. In the limiting
condition, where the wall is exactly parallel to
the scanning lines, the edge would be reproduced
by only one line réepeated at intervals of 1/30
of a second. This is probably the worst possible
condition, but one which is encountered rather
infrequently. The top and battom edges of the
raster nearly always produce objectionable inter-
1ine flicker because they are nedrly parallég to
the seanning lines. Interline flicker, like any
other type of flicker, is most objectionable in
scenes where the highlights are very bright and
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the contrast. is high. When the brightness and
contrast are low, interline flicker becomes
negligible. -

Break-up exists when an object in the sceneé
moves in the horizontal direction rapidly enough
so that the total motion in 1/60 of & second is
equal to one or more picture elements. Then
vertical edges of the object becore jagged lines
instead of smooth lineés and there is apparent
loss in horizontél resolution: This is roughly
illustrated in Figure 3-3 where two rectangles

L

IN o SEC

Figure 3-3 - Effect of Horizontal Motion on
Resolution of Verticsel Edges in 2-to-| inters
laced System. Upper Object Stationary. Lower
Object Hoving to Right.

are shown, the upper ohne being stationary, and
the lower one moving toward the right. The mov-
ing rectangle is shown as though it started mov-
ing from & position directly below the others
In the moving reectangle, &ignal is generated,
in both fields, from the starting position of
the left edge because of the storage of informa-
tion in the pickup tube during the interval be-
tween Fields. Thus the storage effect causes
actual blurring of the trailing edge of & moving
object. This is illustrated by the thin exten-
sions of the scanning lines in the second field
at the left side. The leading edge of -the mov-
ing object may have a more definite jagged ap-
pearance because the storage effect in the pick-
up tube cannot f111 in the spaces., In non-
storage pickup devices, both edges will appear
Jagged.

The geometrical distortion, illustrated by
the tendency for the moving rectangle to become
rhombie, 1s characteristie of any scanning sys-
tem, whether interlaced or seguential. It is
similar to the effeet produced by & fﬁbal»plane

_ shutter in a photographic camers.



Further consideration makes 1t c¢lear that
higher ratios of interlacing would produce these
troubles in sggravated form, which would be in-
tolerable. Another objection to higher ratios
of interlgeing 1s an illusion of crawling of
the scanning lines either up or down, depending
on motion of the observer's eyes. The effect
is extremely annoying and temds to distract the
cbserver's attention from the scene.

The type of interlacing adopted for commer-
cial television is known as odd-line interlacing.
The toteal number of lines is an odd integer.
Tius the number of lines in each of two egual
fields is a whole number plus a half. In this
system; the use of perfectly uniform vertical
scanning periods (equal to half the product of
the total number of lines and the period of one
1ipe) and constant vertical scanning amplitude,
results in consecutive fields which are dis-
placed in space with respect to each other by
half a line, thus producing interlacing of the
linesy as illustrated by the 13-1ine system in
Figure 3-1. Specifieally, as stated above; the
tot al number of lines in the standard system is
525; the number per field is 262-1/2; the verti-
c¢dl scanning freguency is 60 cycles per second;
the number of complete pictures (frames) per
second 1s 30; and the horizontal secanning fre-
queney is 60 x 262-1/2, or 15,750 cyéles per
second, ’

" Imterlacing may also be obtained when the
total number of lines is an even number, but
eten-line interlacing reguires that alternate
fields be displaced vertically one-half line
with respect to each other by the addition of a
30-cyele component to the amplitude of the ver-
tical scanning sawtooth wave (see Figure 3-2),
This frame freguency component must have a de-
grée of accuracy that is impractical eilther to
attain or maintain. Hence even=line interlac-
ing is not used for commercial television.

One other factor has influenced the choice
of the particular number of scanning -lines. This
i§ the need for an exact integral relationshlp
between horizontal and vertiesl scanning fre-
quencies. It has been the practice to attailn
this relationship by using a series of elec-
tronic counting c¢ireuits. To secure a high de-
gree of stability, the characteristic count of
egch circult was limited to a small integer less
than ten. Thus the h/v frequency ratio was re-
quired to be related to the combined product of
seyeral small integers. In the RCA syrchroniz-
ing generator eguipment; for exampley; there are
four such circuits counting the numbérs 7, 5, 5,
and 3 respectively, The combined product of
these four numbers is 525, the number of lines
per frame, The product of 525 and 60 is 31,500
which 1s the frequency of the master oscillator
in the sync generator. To obtain the correct

frequericy for the horizontal scanning system,
another counter circuit divides the master oscil-
lator frequency by two to yield the required
frequeney of 15,750 cycles.

SYNTHES!S OF THE P1CTURE SIGNAL

The basiec part of tne signal applied to the
reproducer is the serles of waves and pulses
generated during the actual scanning lines in
the pickup or camera tubes No matter what else
is doné in the equipment intervening between the
two ends o6f the systemy; this basic part of the
signal should be preserved in character with the
greatest possible accurdey. However, during
the retrace periods, the pickup tube may gener-
ate signals which are spuriéus or which &t
least do not contain valuable picture Informa-
tion. Furthermore, retrace lines in the repro-
ducing tube 1tself; especially during vertical
retrace, detract from the pleture. It is there-
fore desirable to include in the picture signal,
components ‘which will eliminate spurious signals
during retrace and the retrace lines themselves
in the reprodiucer. These results may be ob-
tained by adding synthetically some pulses known
as blanking pulses.

Blanking pulses are applied to the scanning
beams in both the camera vube and the kinescope
in the receiver. Camera blanking pilses are
used only in the pickup device and never appear -
directly inthe final signal radiated to the re-
celvers They serve to close the scanning aper—
ture in the camera tube during retrace periods.
In orthicon tubes, the plcture signal during
reétrace thus goes to reference black or to some
level constantly related to reference blacks
This is & useful result to be discussed later.
In iconoscopes, no such constant relationship. to
black exists during retrace, and the only funec-
tion of c¢amera blanking 1s to prevent spurilous
discharge of the mosaic during tlie retrace
periods.

Kinescope blanking or picture blanking pulses
are somewhat wider than corresponding camera
blanking pulses. They become integral parts of
the signal radiated to the receiver:

The functionof the kinescope blanking pulses
is to suppress the scanning beamin the kineseope
(reproducing tube), or in other words, to close
the aperture in the receiver during the retrace
periods, both horizontal and vertical. They are
simple rectangular pulses having duration
$1ightly lohger than the actual retrace perilods
in order to trim up the edges of the picture and
eliminate any ragged appearance. They are pro-
duced in the sync generator from the same basic
timing circuits that generate the scanning sig-
nals; hence they are accurately synchronized
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with the retrace periods. Typical waveshapes of
8 basic c¢amers signal and blanking pulses are
11lustrated in Figure 3-4, A and B respectively.
Only parts of two scanning line periods are
shown; and the pulse in B is therefore a single
horizontal blanking pulse. The result of adding
the signals in A and B is shown in C, where it

REFERENGE WHITE [T 1

DELAY IN-CAMERA
CABLE \“’ )

Figure 34 -~ Steps in Synthesis of Picture
Signal.

nay be seen that the unwanted spurious part of
the camera signal has been pushed downward -out
of the territory of the basic picture signal.
This unwanted part may now be clipped off and
discarded, leaving the signal illustrated in D.

The blanking signal, shown only in part in
Figure 3-4B, actuallycontains pulses for remov-
ing visible lines during both horizontal and
vertical retrace perlods. The horizontal pulses
recur &t intervals of 1/15,750 of a second and
are onlya small fraction of a line in duration;
but at times corresponding to the bottom of the
picture they are replaced by vertical blanking
pulses whichare just like the horizontal pulses,
exeept that they are of mueh longer duration,
approximately 15 scanning lines long, because
the vertical retrace is much slower than the
horizontal., The period of recurrence of the
vertical blanking pulses is of course 1/60 of &
second, Both horizontal and vertical blanking
pulses, and their approximste relationship, are
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shown in disgrams 1 and 2 of Figure 3-5.

The picture signal shown in D of Figure 3-4

‘may be consldered &s partly natural and partly

synthetic. It 4s important to point out here
that the natural part, or basic camersa signel,
may contaln certain noise components arising
from the fact that the output of the pickup tube
usually is not large compared to the noisé thres-
hold of the first picture emplifier stage or
sonie other part of the system, such as the scan-
rilng beam in an image orthicon. On the other
hand; the blanking pulses, or synthetie parts
of the signal, are added at a relatively high-
level part of the system and are therefore
noise-free (at least inthe transmitted signal).
The importance of noise-free blanking pulsés
will become apparent inthe discussions of other
functions which they perform.

Details of horizontal blanking pulse shape
are shownindiagram 5 of Figure 3-5, That part
of the diasgram below the point marked Blanking
Yevel is 4 synchronizing (sync) pulse which will
be considered later. The overall vertiecsl
dimension B is the maximum height of a blanking
pulse. Thus the top horizontal 1ine is Refer-
ence White Level, as indicated in diagram 3.
The duration, or width, of the pulse must be
sufficient to cover the horizontal retrace in
the most inefficient reeeiver. Thus, the cir-
cult limitations in such receivers set a minimum
1imit to the horizontal blanking width which was
the basis for the RAMA specification in Figure
8-5. This minimum is indicated by the width
near the peak {(lower end) of the pulse and is
préseribed by the sum of two dimensions x + 1,
the value of which is 16.5% of the horizontal
period, A, The impossibility of producing in-
finitely steep sides on the pulse is recognized
in the greater maximum width (i8% of ) allowed
at the upper end of the pulse and in the ob-
viously sloped sides.

Because of inevitable discrepanciles at the
extremes of the sides of the pulse, all measure-
ments of pulse widths are made at levels slightly
rémoved from the extremes of the sides. These
levels are shown by dotted horizontal lines in
diagram 5 of Figure 3-5, spaced 10% of g from
top and bottom of the pulse.

Details of the vertical blanking pulses are
showp An diagrams 1 and 8 of Figure 3-5, The
width of the pulses 1s not Iimited by c¢ircuit
considérations, as is the width of horizontal
blenking. The limitation here is the require-
ment of television film projectors of the inter-
mittent type; that the scenebe projected on the
pickup tube only during the vertical hlanking
period. The maximum period of §% is ample for
the operation of present-day film pickup sys-
tems, the criterion being that enough time must
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be allowed for projection so that there is ade~
guate storage of photoeleectric charges on the
sensitive surface of the pickup tube. The mini-
mum peried of 5% is an indication of expected
system improvemerits in the future; when it will
be possible to reduce waste of plcture trams-
mission time in verticsal blanking. The present
usefulness of the 5% minimum is to réguire re-
celver manufacturers to maintain vertical re-
trace periods &t less than 5% and thus avoid the
need for modifying old receivers when improve-
ments are made in the system. The problem of
£ilm projeetors 1s discussed in a later section.

The final step in synthesizing the complete
composite picture sigral which goes to the modu-
lator in the transmitter is to add the synchran-
izing pulses which are reguired for triggering
the scanning eircuits in the receiver. These
pulses, like blanking pulses, are essentially
rectangular in shape. The blenking pulses serve
as bases or pedestals (inverted) for the sync
pulses, &s shown in E of Figure 3-4. Here is
one of the most important reasons for having
noise-free blanking: The synchronizing function
in the receiver is & very c¢ritical one, and it
is important that nothing be allowed to distort
the syne pulses either in shape or timing, as
noise during the blanking intervals would do.
The nature of the vertical sync signal is rather
complicated; it is not illustrated in Figure 3-4,
but will be discussed later aleng with other de-
tails of synehronizing.

The sync signal 1s not added individually to
the output of each camera, but is added at the
studio output so that switching friom one camera
to another will not cause even momentary inter-
ruptions in the flow of synchronizing ihforma—
tion to the receivers:

THE D-C COMPONENT OF THE PIGTURE SIGKAL

The visual and aural senses differ in one
important respect which placés a requirement on
the television transmission system which has no
counterpart in the sound transmission system:
The response of the eéar to sound is actually a
response to variations in air pressure. While
the ear 1s very sensitive to rapid variations
in pressure, it is complétely unconscious of
dbsolute values of alr pressure, or of slow
variations in pressure, &as sound. In other
words, there is a'definite low 1imit to the fre-
quency of pressure variations which the ear ac-
cepts as sound. Therefore there Is no need; for
& sound transmission system, to pass frequencies
below theé sural 1limit whieh is somewhere in the
neighborhood of 15 ¢ycles per second. The c¢ir-
cults may be a-c coupled witliout loss of essen-
tial information. Even the best of practical
systems have a low-freguency cutoff &t about 30

3-1-08

cyeles, and most others cut off somewhere be-
tween 50 and 100 cycless

The eye, on the other hand; is sensitive to
absolute intensities of light and to slow varia-
tions of intensity. As the frequency of varia-
tion increases, the eye rapidly loses its abil-
ity to follow the changes and tends to produce
4 sensation which is an average of the varia-
tions, It is this aversging ability that en-
sébles the eye to interpret a rapid succession of
still pictures as & portrayal of smooth motion.
This phenomenon is the basis of both motion pie-
ture and television Systems.

The important point, in the present discus-
sion; 1s that the eye recognizes a slow change
in light intéansity. The period of the change
may be a fraction of a second or it may be a
minute, an hour, or &4 half-day in length. A
television system must be capable of conveying
these slow changes, no matter how long the
period, to the receiver. The rapid scanning of
the image of the scene in the camera produces &
signal eontaining thesé slow changes as well as
very rapid variations caused by the passage of
ttie scanning beam over small light and dark
areas of the image. The slow changes often have
periods so long that they may be considered as
d-c levels which simply charge value occasional-
1ly. Hence, the signal is said to contain a d-¢
component. The television system must either
pass the entire spectrum, ineluding the d-c com—
ponent; in edch of 'its stages, or the signal
must contain such information that it will be
possible to restore thé d-¢ component, which
would be lost in an a-c—coupled system, when it
finally arrives at the reproducer. Because of
the well-known difficulties in constructing
nultistage d-c¢ coupled amplifiers, it is desir-
able to use an a-c coupled system. It is Ffor-
tunate that relatively simple means are known
for d-¢ restoration, thus making possible the
use of an a-c coupled system.

(a) D-c ComPONENT
PrRESENT

6 D-c ComPONENT
LosST

Figure 3-6 - D-C Component

Figure 3-6(a) illustrates a signal which con-
tains a d<¢ component in the forn of a temporary



change in the amplitude of the pulses. The
period %; embracing the low-amplitude pulses
may be of any arbitrary length. The original
signal is characterized by the constant level of
the negative peaks of all the pulses, regardless
of amplitude. After passing through an a-¢
coupled system (in which the time constants of
the c¢oupling networks are short c¢ompdared to the
period %3), the signal becomes distorted approx-
imetely as shown in Figure 3-6(b)« Here the
negative pulse peaks no longer fall on a ¢con-
stant level, but the signal tends to adjust it-=
self’ ina consistent manneir about an axis ealled
an a-¢ axis.

The a-c¢ axis of a wave is 4 straight 1ine
through the wave,; positloned so that the area
enclosed by the wave above the axis is equal to
the area enclosed by the wave below the axis.
The broken. line marked a-c axis in Figure 3-6(b)
is actually the correct axis only for a wave
composed of large pulseslike the first four at
the left. During the transient ¢ondition fol-
lowing the first short pulse, the 1line shown is
not the true a-¢ axis, but represents the oper-
ating point of the amplifier in the a-¢ coupled
system. The actudl a-¢ axils of the short pulses
{shown by the dotted 1line) gradually adjusts
itself to-coincide with the operating point of
the amplifier. This adjustment is shown by the
exponential rise of the signal during the inter-
val t1, but 4t is interrupted before completion
by the resumption of the large pulses. Thence
a secondt transient condition takes place,; lead-
ing to a gradudl restoration of the signal to
its original form.

The departure of the pulse peaks from the
original constant level indicated by the Tine m,
is called loss of the d-¢ component or loss of
Alows"., It 1s interesting to note that this
loss causes an incredse in the peak-to-peak am-
plitude of the signal, a condition which is un-
desirable, especially in high-level amplifiiers.

BLACK LEVEL

An sbsolute system of measurement mist have
a fixed standard reference unit or level. This
rule applies to the problem of reproducing
absolute light intensities. The simplest and
most obvious reference for suchasystem is zero
light, or black level as it is often called.
This 18 & reference level which can bé repro-
duced arbitrarily at any poimrt in the system.
Now if the television signal can be synthesized
in such a way that frequent short intervals
have some fixed relationship to actual black in
the scene, then it becomes possible to restore
the d-¢ component by foreibly drawing the signal
to a fixed arbitrary level during these inter-
valss

D-C INSERTION AND D-C RESTORATION

Because the blanking .or retrace periods are
not useful for transmitting actual picture in-
formation, they offer convenient intervals for
performing special control functions such as d-c
restoration as mentioned in the previous para-
graph. If the pesks of the blanking pulses are
¢oineident with black level, or differ from
black level by a constant amount, then d-¢ re-
storation can be accomplished simply by restor-
ing these peaks to an arbitrary reference level.
Thus, in Figure 3-6(b), if the peak of each
pulse can be restored to the line my then the
signal will appear as in (a) and the d-¢ com-
ponent will have been restored. $Small érrors
will remain, corresponding to the displacements
in level between pulses, but these are usually
negligible and in any case do not become cumu-
latives« Hence the rTestoration 1s essentially
complete.

It now becomes &apparent that an extremely
important stepinthe synthesis of the television
signal is that of making the peaks of the added
blanking pulses bear some fixed relatlionship to
actual black level in the scene. It was polnted
out. previcusly that the peaks of these piilses
are produced by <¢lipping off unwanted portions
of the signal, as dllustrated in Figure 3-4, €
and D. A second, and most important, fiinction
is performed when the clipping is controlled in
such & way that the resultant peaks have the re-
quired Tixed relationship to black level. This
process of relating the blanking pedks to actual
black level is called d-c insertion, or insertion
of the d-c¢ component. A subsequent process,
later in the system, of bringing these peaks
back to an arbitrary reference level 1s called
d-c restoration. D-C restoration must be ac¢-
complished at the input of the final reproduc=
ing device (the kinescope) in order to repro-
duce the seene faithfully.

It 1is desirable.to restore the d-¢ component
at other points in the system also, because the
process rédiices the peak-to-peak excursions of
the signal to a minimum by removing increases
in amplitude caused by loss of the d-c compo=
nent. In a similar way, it is possible to re=
move switehing surges; humy; and other spurious
signal components which have been introduced by
puse addition to the signal. Maintaining mini-
mum excursion of the signal is important,
especlally at high-level points in the system,
in order to avoid saturation in amplifiers and
consequent distortion of the half-tones in the
scene. For a specific example, d-c restoration
helps to maintain constant sync amplitude in
high~1level amplifiers. 1In ether words, it
makes possible economies in the power capablli-
ties of amplifiers sucéh as the final stage in
the picture transmitters
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Diagram 3 in Figure 3-5 illustrates part of
& typlcal pictiure signal including two hori-
zontdl blanking pulses. It may bé seen that
there 18 a distinet difference between actual
black Tevel and blanking level which is pre-
seribed as 5% of maximum blanking pulse ampli-
tude. This difference 1s usually called setup
and its magnitude was set as & reasonable com-
promise between loss of signal amplitude range
end the need for a tolerance in operating ad-
Jjustment. Setup 1s desirable as an operating
tolerance in the initial manual adjustment of
the clipper in that part of the system where
the d-¢ 1is inserted. It simply insures that no
Bléck peaks in the gc¢tual picture signal are
clipped off.

The acecuracy with which setup 1s meintained
depends. on characteristics of the piekip or
camera tube. Some types of pickup tubes produce
signals during blanked retrace periods which are
the same as, or aré constantly related to, black
level. In systems where such tubes are used;
the magnitude of seétup may be held constant
automatically at whatever value is determined
in the initial manual adjustment of the clipper
c¢ireuits In general, pilckup tubes employing
low-velocity scanning, such ss the image orthi-
cor, provide this kind of basic black level in-
formation. The iconhoscope differs from orthi-
cons in this respect, because the secondary
emission resulting from the high-velocity scan-
ning produces a potentisl distribution on the
mosaie in which black level is far from the
level existing during the retrace perioeds when
the beam is cut off. In fact, the difference
between black lével and blanking level varies
continucusly as the scene brightness changes,
because the potential distribution caused by re-
settling of the secondaries likewise charnges.,
Automatic maintenance of setup, or pedestal
height, cannot therefore be obtained by refer-
ence to the signal during blanked retrace periocds
in the iconoscope, but may be obtained by refer-
ence to actual black peaks in the picture sig-
nal. Where such reference 1is rniot practical, a
manual control may be readjusted from time to
time to keep the setup at the required value,

SYNCHRON I ZING

The horizontal and vertical scanning circuits
in a recéeiver are two entirely independent sys-
tems; both of which require extremely accurate
information to keep them in step with the cor-
responding scanning systems inthe vamera, where
the signal originates. Because the duration of
syne pulses may be rather short, these pulses
may be added to the pilcture signal in suech a way
as to increase the overdall amplitude of the final
signal without increasing the average transmit-
ted. power level very much. Thus, simple ampli-
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tuwde disérimination can be used to¢ separabte the
synchronizing information fromthe inecoming com-
posite signal in the recéiver. It is; however,
desirable that & second increase in amplitude
should not be used to distinguish between hori-
zontal and vertical syné. The reason for this
is that a further increase 1in signal amplitude
would make necessary an increaseé in the peak
power rating of the transmitter or else would
unnecessarily reéstrict the power available for
the pieture and horizontal sync portlons of the
signals

A synchronizing system has therefore been
chosen in which both verticsl and horizontal
pulses have the same amplitude, but different
waveshapes. Frequency diserimination may then
be used to separate them in the receiver. The
shapes of these pulses and their relation to the
blanking pulses are illustrated in detail in
Figure 3-5. Filgure 8~-7 is a functiondl block
diagram showing the steps necessary to Tutilize®
the sync sighuals.

Pl TURE
T |AMPLIFIER

I.F SN D

DETECTOR KineSLOPE

—

Sync. Woriz O,
1e gy . e
|Separaror[TISSANEINS

InTeaRaTing | VERTOSC
NETWORK [ JSCANNING
OUTPUT

Figure 3-7 - Block Dragram of Picture-signal
Amp [ { Fier and Scarning Circults in Typicsl
Receivér.

Diagrams 1 and 2 of Figure 3-5 illustrate a
typlcal complete composite plcture signal in’ the
neighborhood of the vertical blanking pulse in
each of two successive fields. Interlscing of
the scanning lines is shown by the time dis-
placement of the horizontal blanking pulses in
one ddiagram with respect to those in the other
diasgram. This displacement is otrie~half of the
interval of & scanning line (#/2).

A1l sync pulses appear below black level in
an amplitude region which is sometimes called
dlacker~than-black; hence they ¢an have no ef-
fect on the tonal gradation of the picture.
Horizontal sync pulses are (except during the
f1irst portionof the vertical blanking interval)
simple rectangular pulses; suehas those appear-
ing at the negative peaks or bases of the hori-
zontal blanking pulses and during the last por-
tionof the vertieal blanking pulses. The dura-
tion of & horizontal sync pilse is c onsiderably



less than that of the blanking pulse, and the
leading edge of the syne pulse is delayed with
respect to the leading edge of blanking; form-
ing a §tep in the composite pulse whichk is called
the front porch., Correspondingly, the step
formed by the difference between the trailing
edges of sync and blanking is called the back
porck. The purpese in forming the front porch
is to insure that the horizontal retrace 1in the
receiver (initiated by the sync pulse) does not
start until after the blanking pulse has cut
of f the scanning besm. It also insures that any
discerepancies which may exist in the leading
edge of blanking do not effect either the timing
or the amplitude of sync.

The ¢holce of the nominal width of horizontal
sync (0.08 H, see diagram 5 in Figure 3-5 was
influenced by three factors. First, the width
should be as great as possible so that the energy
content of the pulses will be large compared to
the worst type of noise pulses which may be en-
countered in the transmission process, thus
providing maximum immunity to noise, Second,
the width should not be greater than is neces-
sary to meet the first condition, because aver-
age power regulrements of the transmitter may
thereby be minimized. Modulation of the piec=
ture transmitter is such that syne pulses rep-
resent maximum carrier power; herice it is de-
sirable to keep the duty cycle as small as pos-
sibles Third, the horizontal syn¢ pulses should
be kept as narrow as possible so as to maintain
a large difference between these pulses and the
segments of the vertilcal sync pulses described
in the following paragraph., Such a large dif-
ference makes it easier to separate the vertical
sync from the composite syne signales It has
also heen recognized that the back porch is use-
ful for a speclal type of e¢lamping for d-¢ re-
storation. Hence it should be as wide as pos-
gible.

Vertical sync pulses areée also basically
rectangitlar in shape, but are of much greater
duration than the horizontal pulses, thus pro-
viding the necessary means for frequency dis-
crimination to distinguish between them. How-
ever, each vertical syne pulse has six slots
cut in it, which make 1t appear to be a series
of six wide pulses at twice horizontal frequency,
i.¢., wide compared to horizontal syn¢ pulsess.
The slots contribute nothing to its value as a
vertical sync piulse but do provide means for
uninterrupted information to the horizontal
scanning circuit,

Before and after each vertical pulse interval
are groups of six narrow pulses called egualiz-
ing pulses. These also are for the purpose of
maintaining continuous hor3izontal syne¢ informa-
tion throughout the vertical syne and blanking

interval. The repetition freguency of the
equalizing pulses and the slots in the vertical
pulses 1s twice the frequency of the horizontal
syne pulses. This doubling of the frequency
does two things. First, it provides an arrange-
ment inwhich the c¢hoiee of the proper alternate
pulses makes available some kind of a’horizontal
sync pulse at the end of each scanning line in
either even or odd fields. Second, it makes the
vertical syne interval and both equalizing
pulse intervals exactly alike in both even and
odd fields. The importance of this latter re-

sult will becope evident in following paragraphs.

It is important to point out that the leading
edge (downward stroke) of each horizontal sync
pulse and of each equalizing pulse, and the
trailing edge (again the downward stroke) of
each slot inthe vertical pulses are responsible
for triggering the horizontal scanning circuit
in the receiver; hence the intervals of H or 4/2
apply to these edges.

Perhaps the most difficult problem in syn-
chronizing, and the one in which there is the
largest number of failures, is that of main-
taining accuraté interlacing. Discrepancies in
either timingor amplitude of the vertical scan-
ning of alternate fields will cause displace-
menit, in space, of the interlaced fields. The
result is non-uniform spacing of the scanning
lines, which reduces the vertical resdlution and
makes the line structure of the picture visible
at normal viewing distance: The effect is usu-
ally called pairing. The maximum allowable er-
ror in Iine spacing in the kinescope, to avoid
the appearance of pairing, is probably 10% or
Iesss This means that the allowable eriror in
timing of the vertical scanning is less than
one part in 5000. This small tolerance explains
why so much emphasis 1s placed on the accuracy
of vertical synchronizing.

The presence of & very minute 30-cycle com-
ponent in the wverticael scanning invariably
causes pairing. The fact that the rasters pro-
duced 1irn alternate filelds are displaced with
respect to each other by half a line means that
the horizontal syne signal has an inherent 30-
cycle coimponent. It is this situation, and the
need to prevent any transfer of the 30-cycle
component into the vertical deflection; whieh
account for the introduction of the double-fre-
quency €qualizing pulses before and after the
vertical syne pulses. The vertical sync pulses
are separated from the composite sync signal,
before being applied to the vertical scanning
oscillator, by suppressing the horizontal sync
pulses in an integrating network similar to that
illustrated in Figure 3-8.

Most receivers employ integrating networ ks
of three stages instead of the two: illustrateds
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nowever, the general character of the eircuit
action is clearly shown by the wave-form dia-
grams* in Figure 3-8. In simple terms, the

equalizing pulses before the vertical sync

pulses cause the integrating network to "forget®

the difference between alternate fields by the

time the vertical syne pulses begin. This is
illustratedby the gradudl convergence of eurves
f and ¢ during the equalizing pulse intervaly
&s the result of integration in the First stage
alone. The effect of further integration in the
second stage is shown by curve i, which is typi-
cal of the pulses applied tothe vertical oseil-
lator in a receiver., Thus, the 30-cycle com=
ponent 1is effectively eliminated, from the
standpoirnit of accurate timing of the start of
vertical retrace, by the addition of the first
set of equalizing pulses &nd the slots inm the
vertical pulse itself. The second set of equal-
izing pulses which follow the vertical pulse af-
fect to some extent the impedance of the circuit
to which the vertical scanning oscillator is
coupled; and thus affect the amplitude of its
output; hence these pulses help to provide more
nearly constant otutput of the oscillator. Both
sets of equalizing pulses contribute materially
to the necessary accuracy of vertical synchron-
izing.

The width of an equalizing pulse is half the
width of a horizontal synec pulse (see diagram 4
of Figure 3-5, and Figure 3-8). This width is
chosen so that the a-c axis of the sync signal
does not c¢hange at the transition from the line-
frequency horizéntal sync pulses to the double-
frequency equalizing pulses. The curves f» and
g9 in Figure 3-8 illustrate the undesirable ef-
fect of making the equalizing pulses the same
width as the horizontal sync pulses: There is
a slight rise in the integrated wave during the
equalizing pulse interval, which could cause
premature triggering of the vertical oscillator
in the recedver if the hold control were ad=
justed near one end of its range. This rise in
the integrated wave results from the change in
the a-c¢ axis.

The width of the slots in the vertical syne
pulses is approximately egual to the width of
the- hor izontal sync pulses. The slots are made
as wide as possible sothat noise pulses or other
discrepancies occurring just prior to the leading
edge of & slot (i.e., near the end of the pre-
ceding segment of a vertical pulse) do not trig-
ger the horizontal oscillator. Premature trig-
gering can happen if the noise pulse is high
enough aml if 1t occurs very close in time to
the normal triggering time. Inecreased time-

separation (a wider slot) reduces likelihood of
such premature action. Here sgain, the require-
ments of special clamping also are met more
easily if the slots are made as wide as pos-
sible.

A further important advantage of the RMA sys-
tem of separating the vertical sync by frequency
diserimination is that the integrating network
is & potent factor in reducing the effect of
noise on vertieal synchronmizing. Noise signals
contain mostly high-frequency componerts; hence
they are almost complétely suppressed by the
integrating circuits

Differentiation, or suppression of the low-
frequency components, of the syne signal before
it 1s applied to the horizontal scanning oscil-
lator is done sometimes, but it is not neces-
sarys and has not been indigated in Figure 3-7.

The methods just described for synchronizing
the scanning .circuits in a television receiver
are complicated by the need for transmitting the
complete information over & single channel. In
the case of the seanning eircuits in the cameras,
however, the situation is very differents The
cameras and the synchronizing generator are so
c¢lose to each other that there is no problem in
providing as many wire circults as may be de-
sired. Therefore 1t 1s customary to use whaf
are called driven scanning circuits in cameras
and sometimes in picture monitors used with the
cameras. Separate pulse signals, called driving
signals, are produced in the synchronizing
generator for exclusive iuse in the terminil
gquipment. Horizontal and vertical driving sig-
nals are ecompletely independent of each other
in the RCA system and are carried on separate
transmission lines to the points of application.
The driving signal pulses trigger directly the
sawtooth generators which produce the scanning
wave forms. This method reduées interlacing
errors in the terminal equipment to the errors
inherent in the driving signals.

Figure 3-9 illustrates a portion of the scan-
ning lines appearing on a kinescope as & result
of the application of a television signal com-
posed of RMA sync and blanking pulses. The
group of lines shown are those occurring in the
neighborhood of the vertical retrace period in-
cluding a few before and a few after the verti-
cal blanking pulses As noted on the diagram,
the triggering of the lines has been displaced
both vertically and horizontally so that the
shadows produced by the sync and blanking pulses
appear near the ¢enter of the rester rather than

* Diogram prepared by 4. V. Bedford, RCA Laboratories; for presentation to the ¥.7.5.6..
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Figurée 3-9 « Televisien Syrnchronizing Signal and Pulse Cross

in the normal positions &t the edges of the
raster. This displacement is brought ebout sim-
ply to c¢lapify the 1llustration of the effect
of the pulses on the rasters

The shadows produced thus are called a pulse
crosss When expanded vertically so that in-
dividual scanning lines become easily apparent,
the pulse cross beécomes a ready means of check-
ing the performance of the sync generator. The
shadows produced by each different kind of
pulses are indicated clearly on the disgram.
With llnear scanning, the horizontel dimensions
of the shadows sre measures of time or pulse
width; and; because of the expanded scale, they
provide a relatively accurate means of measur-
ing pulse width. Furthermore, by ¢ounting ap-
propriate lines,; the numbers of equalizing
pulsesy slots, vertical sync pulses, etc. can be
checked easily.

A useful plece of station test equipment can
be made by modifying the deflection eircults in
& picture monitor to provide the displacement of
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the lines and the extra large vertical expan
sion described.

AYUTOMATIC FREQUEMCY CONTROL OF SCANNING

The constant search for means of immuniza-
tion against the effects of nolse has brought
about the development of automatic frequency
control (af¢) of the scanning circults in tele~
vision réceivers. In triggered eircuits; each
scanning line (and each field) is initiated in-
dividually by a pulse in the incoming signal.:
In contrast to this, in an afc¢ system, scanning
generators are governed by stable oscillators
which, in turn, are controlled by voltages ob-
tained from phase comparison of the incoming
sync: pulses with the scanning signals themselves.
The time-constant of the comparison ecircult is
usuglly made long, compared to the period of the
scanning, so that random noise pulses have very
little effect on the resulting control voltage,
and correspondingly little effect on the scan-



ning frequency. The fact that such afe circuits
are keyed provides a further immunization factor
by eliminating the possible effect of all noise
pulses except those which eoincide with the
short keying intervals. The use of afe¢ scanning
circuits makes possible accurate synchronizing
of & recelver under Such bad conditions of noise
that the masking of the picture by the noise
renders it completely unusuable. Thus, fallure
to synchronize may be largely eliminated as a
limiting factor in picture reception.

AFC may be used with both vertical arnd hori-
zontal scanning circuits, dbut so far is being
used commercially for horizontal circuits only.
One reason for not using afe with the vertical
circults is that the time-constant must be very
long to provide a stable control voltage. As a
resulty the circuit will not recover from an
extended interruption of the incoming signal
until am intolerably long time has elapsed. The
frequency of the oscillator drifts during an
interruption, and may not recover for & large
number of seconds after the signalreturns, Jdur-
ing the pericd of recovery, the raster rolls
over continuously at a decreasing rate until
control is restored. The time-constant of the
horizontal circuit, on the other hand; may be
short enough so that recovery takes place in
less than one fileld. Triggered scanning c¢ir-
cuits, of .course, recover Trom signal interrup-
tions very rapidly, but they do not have the
same high dmmunity to noise that the afec eir-
c¢uits have.

. BEGINNING OF
,5@’;’9355/ / P/«uok ReTRACE
| BEGINNING DF
BLANKING
END -OF
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Figure 3:10 - Effect of Freguency Moduiation of
Hor izontal Syn¢ snd Blanking on Shape of Raster
in Recéiver with AFC oF Horizontal Scanning.

As a resgult of the use of afc c¢ircuits in re-
¢eivers, a high degree of frequency stability is
reguired in the horizontal sync and blanking
signals. Frequency modulation of the horilzortal
pulses 1is intolerable because it causes the
right- &nd left-hand edges of the blanked raster
in the receiver, as well as vertical lines in the
scene, to assume the same shape as the modulating
wave. As shown in Figure 8-10, the border of the
complete raster in the receiver is rectangular,
but freguency modulation of the horizontal synec
and blanking will distort the shape of the border
produced by blanking. Frequency modulation by a
60-cycle sine wave is illustrated.

Horizontal retrace begins along & straight
vertical line regardless of timing; and since
this retrace is controlled by a stsble oscilla-
tor in the receiver which is not responsible to
short-time chenges in sync timing, the presence
of variations in sync timing and of correspond-
ing changes in blanking pulse timing, will show

.as a displacement of the edges of the blanked

raster. The frequency stability of the sync
generator must therefore be at least equal to
the stability of the oscillators used in afe
receivers, The maximum rate of change of fre-
queney allowable in & sync genevator hds been
specified by RMA as 0.15% per second. This is
a rather striet tolerance; as indicated by the
fact that it allows a total displacement of only
i/82 of an ineh (approx.) in & period of one
field in a picture 10 inches wide.

FILM PROJECTION

The use of standard seund motion picture
film for television program material offers a
special problem which arises from the difference
in the picture repetition rates use., For rea-
sons explgined previously,  the rate used for
television is 80 frames and 60 fields per second.
The standard speed for sound film, both 16mm and
35mm, is 24 frames per second, and since egach
frame is projected twice, the pilctune rate is
48 per second. The basic problem of reconciling
the fregquency differénce has been met by using
special projectors for television, in which
alternate fraines of the film are projected twice
and the remainder are projected three times. In
this way, 60 pictures are obtained in place of
the usual 48, but the average speed of the film
through the projector is unchanged; hence the
sound take-off is entirely normal.

Another problem also presents itself im the
usé of intermittent film projectors for televi-
sion. The veértical scanning period occuples
from 92% to 95% of the total period. If the
projected imdge is to be thrown on the pickup
tube during the scanning period &t all, it must
be for the entire time so that all parts of the
area will be subject to the same lighting con-
2itions. Such an arrangement would leave only.
the vértical retrace period (5% to 8% of the
total, or #pproximately one thousandth of a sec-
ond) 4inwhich to pull down the film to the next
frame. 35mm £ilm will not stand up under accel-
erations produced by sprocket-hole pull-down in
such a short period; hence some other scheme must
‘be used. The method which has been adopted for use
with intermittent projectors makes use of the
storage property of certain kinds of ‘pickup
tubes, sueh as the iconoscope. The frame of
film is projected with very intense illumina-
tion during the vertical blanking period only,
while neither the pickup tube nor the receiver
is being scantied. Then the light is cut off and
the pickup tube is scanmed in the absence of any
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optical image from the film. The signal gener-
ated during this scan results from charges
stored on the sensitive surface during the pre-
¢eding flash of light. While the 1light is cut
off during the scan there is ample time to pull
the £ilm down before the next flash of light,
without, exerting destruc¢tive Porces. The pulses
of" 1ight may be obtained by chopping the output
of a continuous source with a rotating disk, or
(with da special type of arc lamp) by pulsing the
source itself by electroniec means. The storage
‘properties of pickup. tubes for this purpose must
be sufficiently good so that dissipation of the
stored charges is negligible between light
pulses, Appreciable dissipation causes loss of
contrast at the bottom of the picture.

Another solution to the problem of film pro-
jeetion in television is the use of & continu-
ous projec¢tor, a type which produces a station-~
ary image fromcontinuscusly moving film by means
of moving mirrors or lenses. This solution has
not been accepted commercially so far because
of practical difficulty in making the optical
system sufficiently accurate to stop motion of
the image completely.

The film problém in England, Europe, and
other areas where 50-cycle power systems are
standard, and where the television field fre-
quency is also 50 ¢ycles per second, is simpler
in one respect, namely that it is not necessary
to use the two-three rdatio for projection of
alternate frames of film. Instead, the film is
projected as it is in theaters where each frame
is projected twice. No attempt is made to com-
pensate for the difference between the 24 frame
taking speed and the 25 frame projection speed.
The results are an approximate 4% increase in
the apparent speed of motion of objects in the
scene (which is probably negligible) and a slight
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rise in the pitch of all sounds. This latter
effect 1s the more objectionable of the two,
though generally it is not noticeable in speech
and many other ordinary sounds. The change in
pitch is undoubtedly noticeable to the trained
musiclan in the ecase of musicdl sounds and must
produce dan unpleasant mental reuaction to the

music. However; no easy solution to the problem

is known, and the situation is accepted without
serious complaint. The other aspects of the
f1lm problem are not affected by the use of 50
fields instead of 60,
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PART 11

FUNDAMENTAL CIRCUITS

INTRODUCTION

The foregoing discussion of basic concepts
shows ‘that television circuits use vacuum tubes
and components in ways that differ significantly
from gudio~ or radio-frequency ¢ircuilt applice-
tions, Sinusoidal wave forms are the exdeption
rather than the rule. Usually the complex wave
forms observed in television circults are ree-
tangular pulses, sawtooth shapes; or combina-
tions of both. Vacuiim-tube grids may be driven
from a point well below cut-off potentisl into
the positive region where grid curreéent flows.
The vacuum ‘tube may operate as a switeh in
which total Voltage and current values are used
rather than small inéremental guantities. Also
time becornies an important factor since certain
circuits must function in a particular manner
with respect to time. The following notes are
concerned with some fundasiental television c¢ir-
cuits employing concépts outlined above.

OVERDRI VEN AMPLIFIER

An overdriven amplifier is one in which the
grid voltage is varied from a point below the
tube cut-off voltage to some value in the posi-
tive region where grid currént flowss This type
of amplifier may be tised as a limiting or c¢lip-
ping device or ds a pulse amplifier. A circuit
diagram is shown in Figure 3-11.

;$}+
Ebb'

Figure 3-t1 - Ovérdriven Amplifier

In the overdriven amplifier the following
symbols applys.
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‘*'r; = d-¢ plate resistance = e b/ i 5 For
i e = 0 assume 7, constant
g 2
= 10,000 ohms approximately for BSN7.
7} = d-¢ grid resistance = e /i . Assume
) rE-constant for given tube
= 1,000 ohms approximately for BSN7.
co - erid voltage for plate current cut-off
= Ebb[u for triodes only.
Rg =  grid 1imiting resistor which imits

grid veltage toa value siightly posi-
tive with respect to the ecathode.

Figure 3-12 shows an equivalent circuit and
the resultant wave forms when & sinusoidal vol-
tage e, is applied to the grid. In this egui=
valent cireuit, switehes §, und 5, areopen when
the grid voltage is below cut‘o%f. They are
closed when the grid voltage 1s positive with
respect to the cathode.

NAANAAA—

)
&
i
etl

Figure 3-12 - Oveérdriven Amplitier, Equivalent
Circuit and Wave Form.

When e; = 0, the grid voltage e¢_ 1is equal to
Ek‘ when e; - Ek‘= 0, grid current flows and
limits e to & slightly positive value. The
grid voltage remairis positive and constant; be-
cause of the drop across £ (note that R >>'F)9
until e; approaches the {SO—degree point of éhe

cyele. During the first half-cycle iﬁ rises



rapidly‘tojzvalue determined by if, Ry, Ek? and
Byp and then remains constant until ¢ becomes
negative. When ey + Eﬁ is equal to the cut-off
-Voltage, 1, Falls to zéro and no plate current
flows for the remainder of the cycle., UDuring
the time that eg is zéro or slightly positive,

Ry Loy, -8,
B, = ——/—————
Ty * &

When plate current is cut off (Szvqpen)y

EL = Ebb'

In this circuit the sinusoidal input voltage
has been clippeéd at both top and bottom to give
a rough sguare-wavé output voltage.

CATHODE FOLLOWER

A linear cathode-follower stage differs from
the ordinary amplifier circuit in five ways:
(1) the signal polarityis not inverted, (2) the
£Zain is less than 1, (3) the output impedance
is lowy (4) the input impedance is high, and
(B) the input capacitance is lowered. It may
be used (1) after a pulse-shaping circuit to
prevent loading of the tircuit, (2) to drive
tubes requiring grid power without altering the
waveshape, or (3) as a device to match high to
low impedances. 1t can deliver high currents
to a low-impedance load without altering the
waveshape, The basic cvirduit and equivalent
circuit are shownin Figure 3-13 for incremental
quantities.

Figure 3-13 - Cathode Follower Circuit

From Figure 38-13 1t may be seen that

eg = gi - ek; hence ie _becomes u(ei - ek)a Then

in the equivalent circuit

and the output voltage 2, is

from which the gain 4 is expressed

e, L
i = ,_fi = E Ry i
e; 7yt w+ 1) &,

If the amplification factor u 1s large, com-

pared to 1, the galn 4 becomes

In another form, the gain may be expressed

LI
fﬁ ks

1+ & Rk

The last egquation resembles the eguation far
the gain of &an ordinary amplifier stage reduced

by the factor The grid-to-cathode

1 ’
1+ gufy
input capacity is reduced by the same factor,
and the total input capacity becomes

Gy
K
¢g. = C + g
i # 1% g, B,

Similarly, the output impedance is reduced to

Ry

1+ gmﬁk
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MULTI VI BRATORS

A multivibrator is a circuit arrangement in
which two tubes operate as switching glements
to control the duration of current flow im the
two load resistances. It may be compared to an
osc¢illatory in that its action can bé self-sus-
taineds Such a multivibrator is called a "free-
ranning® multivibrater, It may be synchronized
to a desired freqliency by either a sine wave of
the given frequency or by a pulse whose repeti-
tient rate 1s equal to the desired freguency.
There is #lsoa type of multivibrator known as &
"flip=flop", Mone-kick", or "one-shot™ multi-
vibrator. This type of multivibrator performs
one cycle of operation only when triggered by
an external synchronizing signals

Figure 3-14 is a circuit diagram of an un-
biased frée-running multivibrator. Capacitor

Figure 3-14 - Unbjased Flee-running

Multivibrator
Cl couples the grid of T, to the plate of I,.
Similarly, ¢, couples the grid»of,12~to the
plate of 2.+ The circuit operates as follows:
Suppose Bpp 1s applied when both tubes tend to
Any small differencedn circuit values
or tube characteristies will result in one tube
carrying more current than the other. Suppose
more current flows in T,+ The greater voltage
drop in Ry, 1is impressed on the grid of P ,malk-
ing that grid more negative and decreasing the
current flow in,Tz. The plate potential of TZ
rises, and this drives the grid of r, toward
positive potential, causing Tl to draw a still
greater current, The effeet is cumulative and
results in fl carrying maximum current while I,
is cut off

2

conduct.

The cycle of operation following the cut-off
of F, is shown in Figure 3-15. The plate yol-
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Figure 3-15 - Operating Cycle of Free-rurning
Myl fivibrator

P
Ty

$

™"
Since the grid of Tz is coupled teo the plate of
kTi through Q?} the grid voltage of I, also drops
below zero by an amount egqual to eprq* Grid
voltage e_ tends to go positive becdise €h0
rises to £,, when z, is ¢ut off; however, C

¥

—

tageof I, drops toavalue equal to bh’

) 1
charges gulckly through B, and 7 . and ledves
€, &t epproximately zerp potential, Capacitor

e, begins to discharge exponentially through
R,; and R . and:Fl in paraliel. lhe equiva-
lent ¢ircuit, for 02 discharging, is shown in
Figure 3-16.

I

—_— bb

Figure 3-16 - Cépacitor Disé¢harge Circuit

The equation for the discharge of & capaci-
tor is

. - -t/REC
€. Eo €

where e, = voltage on capaciter at time t
Eo = total discharge voltage
RC = time constant of discharge circuit.



Since we are interested primarily in e we
shall consider the voltage across R, %t the
beginning of the discharge g " = geml, The
steady-state condition toward which e is tend-
ing is zerovolt; however, when e reaches cut-
off voltage, tube I2 will begin go conduct, and
tube I, will be cut off.

From Figure 3-10 it can be seen that the
total resistance in the discharge path is

Stray capacityis neglected in the calculations,
but tends to round the corners of the plate-vol-
tage wave form as shown in Figure 3-15. From
the foregoing we may write the eguation for the
voltage on the grid of Iy

; = =t/RC
e = e € i
g2 Ry
Tp1
- -t IR, + :
£, €, 2’4 g — i 5}
co RLJ, 7’1:1 ¥ ng 2

{specific equation to point of cut-off).

In the usual design problemall the constants
are known or can be determined, with the excep-
tion of %, and C,.. The value of R; 6 dis de-
termined iy the amplitude of plate-voltage
change desired, ¥ and ?fl depend upon the
tube type. The time interval t, is ¥nown for a
particular application and is the time that I,
is not eonducting. The product R may be
c¢alculated from the eguation for VOfkage across

Rgz.a

The operation of I, follows an identical
cycle when it is cut off, The sum tl + t, of
the ctut-off periods determines the total period
of the cyele. The frequencyof the multivibrator
may be varied by varying either or both grid
resistors,

It will be noted in Figure 3-15 that g, ap~
proaches £ at the angle d. Since this angle
is small, any variation in tube characteristics

or components causing a shift in Ec@ will alter
the cut-off period f because thepoint of inter-
section of e, with Eco will change. when it is
essential that + remain nearly constant over a
long period of operation, the grid may be re-
turned to ¥ Hb as shown in Figure 3-1i7

Froure 3-17 - Grid Return Circuit

The discharge wave form for e , is shown in
Eigure 3«13ﬁ‘ In this example, - is heading
for £,, instead of zero potential as in the
previous case; and the angle a is largé, Small

Figure 3-18 - Grid Vol tage Wave Forn

varidations in E willhotgfeatly alter the in-
tersection of €s1 and Eco’ and thus t will re-
nain very nearly constant.
the discharge of Gl becomes

The equation for

v g, ) e t/RC

B, % & = (e .
Ry, b

bb co

An example of the so-called "fIip-flop"
multivibrator 1§ shown in Figure 3-19 with the
associated wave forms, Tube I, is normally con-
ducting, and plate-current flow through R, keeps
Iy eut off. When the grid of 7, receives the
trigger pulse, eh decreases and drives the grid
of I, below cut off,
Cz discharges to the cut-off potential, at whieh

Tz remains ¢ut off until
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I |t

Figure 319 - "Flip=Flop™ Myl fivibrator

point T, resumes conduction until amother trig-
ger pulse is received,

CATHODE-COUPLED MULTIVIBRATORS

The multivibrators discussed thus far oper-
ate well up topulse repetition rates of several
thousand pulses per second. At higher repeti-
tion rates, stray capacity tends to cause un-
stable operation, To minimize stray-capaeity
effects and extend the stable range of opera-
tion, one can resort to cathode coupling between
stages.

A cathode-coupled multivibrator is shown
schematieally in Figure 8-20,

Frgure 3-20 - Cothode-coupled Multivibrator

When +8 voltage is dpplied to the circuit,
plate-ecurrent flow establishes across R, a bisas
voltage common to both tubes. At the same time
the voltage drop across R, is impressed on the
grid of 7,, reducing the plate current in T,
and lowering the bias voltage across Rkn With
lower bias voltage, I, carries a larger plate
current; and the resulting plate-voltage drop
drives the grid of T, more negative, The proé-
ess is cumulative and rapid; so that 7, is cut
off guickly.
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* Then I, begins to conduct.

Capacitor Cz discharges in normal manner
until the grid reaches cut-off potential. This
cycle 1is shown, during t,s in Figure 3-20s
The flow of I, plate
c¢urrent through erreduces the plate current in
I, betause of increased bias. The plate voltage
of I, rises as the plate current decreases, and
this voltage rise is coupled te the grid of 22
through Uy The grid of fé is driven positive
by this cumulative process. Heavy current in
T, cuts off 7.,

Now €, begins to charge through Ry, and the
parallel combination of 7 and R 5
quickly until the grid voltage is rediced to
cathode potential. Then I, grid current ceases,
and C, continues to charge through RLl and ha.
At the end of the time irnterval %2 plate current
in,,’l'2 has been redueced sufficiently to sllow 7
conduction.

It charges

1
From this point on; the eycle is

repeateds

This type of multivibrator is inherently un-
stable because neithier tube can keep the other
in cut-off condition. Also, the effect of stray
capacity is reduced by intersteage coupling to
one grid only, and the input capacity of that
grid is reduced by cathode-follower action., The
controlling signal is coupled betweéen stages by
a low-impedance clrcuit in the cathodes, in
which the effect of stray capacity is lessened.
A multivibrator of this type may be operated in
reliable manner at a pulse repetition rate of a
million pulses per second.

CLIPPING CIRCUITS

Clipping circuits are used to eliminate un-
desired portions of complex wave forms by limit-
ing the amplitude excursion in either the posi-
tive or negative direction, or in both diree-
tions. Clippersor limiters are usually applied
in circuits in which pulses are formed and
shaped to desired specifications.

Figure 3-21 illustrates a simple pealk-clip-
ping eircuit which may be used to form a square

T, CONGUCTING

Figuré 3-21 - Pesk Clipping Cfrecuit



wave from a sinusoid.
and sz are connected as shown.

Two diode elements, I,
Bias battery
£ keeps tibe 7, cut off until input voltage ey
increases in the positive direction to a value
equal to Fy.
duction of ﬂl and results in a voltage drop
across R. As e; inereases; both the current in

Further increase in e, causes con-

I, and the voltage drop across £ increase so
that the output voltage 24 is fairly constant
after e; becomes slightly greater than El. A
simiiar condition holds for the negative half:
cycle of the input voltages In this, the out-
put voltage increases in the negative direction
until bias E2 is overcome., Then conduction in
fz Iimits the output voltage to & fairly con-
stant value,
tion are shown in Figure 3-21,

To produce; from a sine wave, a square wave
with & short rise time by using a clipper of
this type, it is necessary to connect several
stages in cascade, inserting amplifiers between
stages.

The overdriven amplifier discussed on previ-
ous pages may also be used for performing a
¢lipping operation. Figure 3-22 is a practical

Figure 3-22 - Trivde Clippeér Cireuit

triode clipper c¢ircuit utilizing a type BSL7Y
tube. It may be desirable, for example, to re-
move gvershoots or distortion in the tops of a
square wave such as e; in Figure 3-22. If ey
is symmetrical about the a-c axis, the grid of
7 will assume a blas Voltage, due to grid cur-
rent, which will permit just the tip of the
piulse to reach zero potential with respect to
the cathode. If the pulsée amplitude is suffi-
ciently large, the negative excursionswill drive
the tube beyond cut off and eliminate the over-
shoot on the negative half-cycle.

Wave forms for the cyecle of opera- -

The signal on the plate of fl consists of a
‘sgquare wave with overshoots eliminated in the
positive half-¢yele. By passing this signal
through I,y the overshoot is eliminated in the
negative half-cycle, and a clean square wave is
obtained in the output: k

In the foregoing examples of clipping cir-
cuits, the action was symmetrical about the a-c
axiss In some cases it may be desirable to clip
only the tips of positive pulses, retain the
tips, and eliminate the remainder of the wave
form, Such a circuit and. the dppropriate wave
forms are shown in Figure 3-23, Suppose the
input voltage consists of alternate positive and

e o ‘k hﬁ —
v

. 4
O
Figure 3-23 - Clipper Circuit

negative pulses obtained by differentiating a
square wave. It 15 desiredto clip the positive
pulses midway between the axis and the tips.
Voltage relationships are shown in Figure 3-23.

The clipping level 1is set by adjusting the
Bias in the cathode circuit so that, without
signal, the tube is biased beyond cut-off, Only
the positive tips of the input pulses cause
plate current to flow.

In the clipping ¢ifeuits described thus far,
no attempt has been made to compensate for the
inherent curvature near.cut-off in the plate-
current-cut-off type of clipper. Where the
¢lipper is used to ¢lip the blanking pulse and
establish black level,; as in Figure 9-4C, it is
imperative that the slope of the grid character-
istic curve remain constant to the elipping
point; for this will prevent squashing of the
video signal near black level and aveid change
in the transfer characteristic. The 1linear
¢lipper shown in Figure 3-24 accomplishes the
desired result.

The linear clippercircuit includes a pentode

V.5 a load resistor RZ in series with a diode

1° .
section Vzg and ari additional load resistor By
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Figure 3-24 - Lingsr Clipper Cirecui?

in parallel with R, and 7,. The value of R, 1is
approximately 20 to 30 times that of'Rz. Both
plate and screen supplies arfe regulated.

Figure 9-25 shows the characteristic curve
for the linear clipper.

CLIPPING LEVEL
(BLACK LEVED) —>Jl

Figure 3-25 - Linear Clipper Chéracteristic

When 7, is operating on the linear portion
B-C, the plate current i, is iy * izy and the
plate voltage is less than Eb/E; hence 7_ con-
ducts and causes signal current £2 to flow in
R,. At point B the plate voltage of 7, is equal
to la’.b-/.?., Between B and 4 the cathode voltage
of 7, is greater than Eb/Q; therefore 1, is
zeroy arnd there is no change in signal output
Voltage. Thus the blanking pulse is clipped at
black level. Only the linear portion of the
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curve between B and C is used for the picture
signal.

Cut-off in this clipper is abrupt, The use
of & pentode tube permits an abrupt change in
external load resistance without affecting
plate current. As £2 approaches zero, the ratio
i;/i, changes rapidly, resulting in a rapid
change of 7, cathode voltage in the cut-off
region,

By adjusting the egulvalent bias on Vl,'point
B can be made to coincide with black level.

A serious drawback of the linear clipper is
capacity feed-through of transients. This
trouble can be cured by connecting a second
diode element, gs shown by the dotted 1lines in
Figure 3-24. By proper blas adjustment the
seccond diode can be made to conduct at a poten-
tial just above cut-off of the limiter so that
unwanted signals are shunted to ground when the
1imiter is inoperative,

BLOCKING 0SCILLATORS

A blocking oscillator is a form of self-
pulsed oscillator thatis used as a simple means
for obtaining a short pulse at some desired
repetition rate. Figure 3-26 is a schematic
diagram of a simplified blocking oscillator cir-
cuit. The coupling coefficient of the iron-core
transformer T 1s very nearly unity. The con-
nection polarities of the transformer must be as

Figure 3-26 - Blocking Osciilstor Circuit

shown. Wave forms for the operating cycle are
given in Figure 8-27.

When B+ is applied and piate current starts
to flow, a voltage devélops in the primary wind-
ing, due to the inductance drop I di/dt. This
voltage is coupled to the secondary so as to
cause the grid voltage to rise in the positive
direction. Thus, the plate current is further
increased. The effect is cumulative and causes
the grid to go positive gquickly. 4s the grid



Figure 3-27 - Blocking Oscillator
Operating Cycle

is driven positive; two actions oecur: Grid
current Tlows and charges 045 and plate vol-
tage is reducedto such a low value that further
increase in grid voltage will not increase the
plate current. The secondary voltdge then
ceases to increase, and (4 begins to discharge.
The diseharge of ¢, lowers ‘the grid voltage,
causing & decrease in plate eurrent. The in-
duced voltage in the secondary is in the nega-
tive direction, due to the change in dfkldi,
and the grid is driven guickly below cut-off,
ThEn ¢, is discharged through Rl and the trans-
former secondary until the grid voltage is less
than cut-off, When plate current starts to
Tlow, the cycle is repeated, The unbiased bloelk—
ing time is roughly 2 or 3 times CyBys depending
upon the transformer turns ratio, inductance
values, and self-resonant frequency, The bloclk-
ing oscillator frequency may be controlled by
varying the blas on the grid or on the cathode,
or by varyilng Rl.

The blocking oscillator may be synechronized
by &applying either a sine-wave or a pulse Vol-
tage across & resistor in the ground lead of the
transformer secondarys

STEP-CHARGING CIRCUITS

A step-charging c¢ircuit is one in which the
potential aeéross a capacitor is built up in a
series of stepss Its fundamental use 1§ in a
frequency-dividing system in which a blocking
oscillator is triggered after & number of steps
have been completed. Figure 3-28 shows & simple

step-charging ecirecuit and the resultant wave
forms.

Figure 3:28 - Step-charging Circuit

Assume that the plate voltage gbrisequipkly
at time t, and that ¢, = 0. Diode section I,
will conduct and charge &y and 02. The voltage
across 02 is given by the eguation.

When eb’returns todts minimum value, diocde sec-
tion Zz‘will conduct and discharge Ci. At time
t, diode I conducts again, charging,dl and C,.
This time; however,; the total change in ey 1s
tiot divided between ¢, and Cz since C, has on 1t
the voltage developed at time t, . Let ¢, denote
voltage to which 02 was charged during the in-

itial pulse. Then
ley - e) 0
B = e e ————
g o, + ¢

1 2

Bach succeeding step may be calculated in the
manner shown above. The voltage on 02 during
the preceding step must be subiracted from the
peak-to-peak plate voltage in determining the
amplitude of the next step.

At the end of a given number of steps, a
blocking oscillater is triggered, 02 is dis-
charged, and the cycle is repeated.

NON-LINEAR MIXERS

Insome television applications, specifically
in the synchronizing generator, 1t 1s necessary
to mix two pulses in such a manner that the re-
sultant signal is not the algebraic sum. of the
two pulses:. In effect; a third pulse is created
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which differs in character from the original
pulses. Consider the éircuit in Figure 3-29.
The 6L7 tubels biased at such a high value that
both grids must receive positive pulses before
plate current can flow. During the time that a
positive pulse exists on both grids, plate cur-
rent flows and gives an output voltage as shown.

Figure 3-29 - Non-1inear Mixer

Figure $-30 is a curve taken on a type 6L7
tube for the electrode voltages shown. If the
bias voltage is set at -14.5 volts as indi-
cated, either grid potential may be reduced to

* Zero without plate current flow.
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Figure 3-30 - Characteristics of Type 6L7 Tube
A-F-C DISCRIMINATOR CIRCUIT

To improve reteiver performance, certain
limitations have been recommended by the BMA
Committee on Standards for the maximum accelera-
tion of the synchronizing-signal freguency.
Also; it is desirable to loeck the frequency of
the symnc generator to a local 60-cycle power
supply s08s to simplify studioand rémote opera-
tion. Since the local power-supply freguency
may change by an amount exceeding RMA standards
during sudden load cHanges, a means of delayed
frequency control must be devised; in which the
acceleration of frequency, in eycles per second
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per second; does not exceed the retommended
standard, Such & ¢ircuit is the lock-in cir-
cuit shown in Figure 3-31.

‘S B0APULSE INPUT

D-C GUTPUT
VOLTAGE

N7 |
}4—- A —-—*4<——n,Q e
{ )

i
!

17
Lo
/1
3 /1
¥
PULSE INPUT 4

Figure 3-31 -« Freguency Control Circuit

The circuit consists of four diode elements
in & balanced bridge network. The sine wave of
the local 60-cycle supplyis elipped and applied
across the bridge. A 60-cycle pulse voltage,
derived from the synmchronizing signal oscilla-
tor, is applied to the center leg of the bridge
through & transformer. The phase of the local
power supply Voltsage is adjusted so that the
pulses occur at the zero-voltage point.

With reference to Figure 3-31 it may be seen
that, normally, Z’l and T, would donduct during
the negative half-cycle; however, a bilas vol-
tage, builtup across R,C,, prevents conduction,
Similarly, 7., and Iy would normally conduct dur-
ing the positive half-cycle; except for the
bias voltage. The pulse voltage overcomes the
bias voltage when the c¢lipped sine wave is
passing through zero, and T, and I, conduct
briefly during a smuall portion of the negative
half-cycle;, while Iy and I, conduct momentarily
during a small portion of the positive half-
cyele, If the pulse voltage is in phase with
the power 1ine voltage andof the samé frequency, .
the net charge on ¢, will remain the same,

ILf, however, the freguenéy relationship be-
tween cl and the pulse voltage should change,
the charge on ¢, will change because the diodes
will ponduet more during one of the half-cycles
than during the other. The time constant of
RQG may be adjustedboprovide for slow changes.
in the d-c putput voltage, thus preventing er-
ratic changes in power-line frequency from ap-
pearing in the control voltage.

The d-c¢ output voltage 1s used to control a
reactance tube for changing the frequency of the
pulse voltage.



REACTANCE TUBE CIRCUIT

A reactance tube is used for contrglling the
frequency of an oscillator by varying the effec-
tive tank eircuit in the plate of the oscillator.
Figure 3-32 shows a typieal reactance tube cir-
cuit.

il

= e ‘ g @ - ©
G= = a8 A

Figure 3-32 - Resctance Tube Circuit

In this circuit, Rl > l/jaxa. Let the im-
pedance between points "CY and "D" be &, =Ry
The impedance from "D" to "G¢" is 1/ jwC,, which
Wwe shall call ZQ.
lent eircuit shown in Figure 3-83.

Then we¢ may draw the'equiVaf

A
~t—
5 1]
_,-;r_v ZO o E e -1F~Co
] © #
- - !
B
Figure 3-33 - Resdcrance Tube Equivalent
Cireuit
- Bz, o &1z,
1P z, 2> 1, e = — Lo
’ i,k Z,

If oz, <+ B, P o«

but ib = g,e'.» =

IThe admittance, logking into the reactdnce
tube plate is

€

Z‘l

&

,Y’AB = ?

or
. 7 gm
48 jwe, R
Thus, the admittance of the recactancedis
equivalent to an inductance which would vary
with g . The vector didgramof current and vols=
tage relationships is shown in Figure 3-34.

- E

Figure 3-34 - Reactance Tube Circult Vector

Diagram

ilutual conductanece of the rcactance tube is
varied by changing the d-¢ grid bias. This eir-
cuit, in conjunction with the loek-in eircuit
previously described, may be used ta keep ‘the
fregquency of an oscillator syneironized to a
local power source.

SAWTOOTH GENERATORS

A sawtooth generator is a device whase out-—
put voltage lias a repeating triangular wave
shape of which the positive slope is constant.
Thus

e
®

= Constant

&,
i

I'his type of voltage is used as a time base for
the scanning of cathode-ray or kinescope tubes,
In view of the present television standards, we
shiall be concerned with sawtoothwave forms whose
frequencies are 80 cycles and 15,750 cycles per
secands

Figure 8-33 is a circuit diagram of a saw-
tooth generator commonly used in television
equipments

Assume that € is charged at the heginning
of a cycle, Pulse e, 1s applied to the grid
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In the ordinary sawtooth generator cirecuit, the
charging current is rniot constant;, but varies ex-
ponentially so that the voltage on ¢ at the time
I, 1is less than the voltage for the ideal case
by a factor X, or

The linearity factor A is thus expressed as the
percentage of ideal voltage to whieh ¢ charges

Figure 335 - Siwtooth Generator Circuit in a simple cireult

with sufficient amplitude to drive the grid

positive. The triode conducts heavily, dis- From the simple circuit we know that
charging €. oDuring the positive pulse intervaly

the flowof grid current produces a bias voltage

across the grid resistor, of sufficient ampli- . ’ 7 (1 - E'TS/RGL

tude to cut the tube off when the pulse goes ¢ &
negative. Capacitor ¢ charges exponentially

through resistor 2 whilé the tube is cut off

«©
n

between pulses. hitite

In the analysis of the sawtooth generator; o 20
certain assumptilons will Ve madé. First, we . A= (1 _‘e“TS/RC)jr*
shall assume complete discharge of ¢ during the s

pulse. Usually 7, << R and 7
to permit the vnitaze across ¢ to discharge to

Eé?b/f?é + R). Withﬁ?} << R, we have eljt 0o If we expand the exponential term about zero

is long enovugh

‘ by means of a icLaurin's series we obtain
Now we shall define a linearity factor A.
Consider Figure 3-36 in which we have a Iinearly

increasing voltaze of constant slope de/dt. o Iy ‘Ts‘g 1 I 31 Tow i RO

Such a voltage may be obtained by making the A={1-1 1-35 )+ (}‘EJ 7" (R’_O) Tt (?C) 74 LA ] T

charging current constant, or - s
. (Té) l’ (Ts)z 1 (Ts)iy 1 ]
it ee v ot

Let us take the first two terms and rearrange

r. 1

2 s
N T2 % R N

If we restrict the value of A to the limits

2c = i dt 0475 to 1, we may write

1

= = ¢
¢ " o

S ~r =

7.t o < 2

= ) ke A .
RC
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Substituting, we obtain
e, N B,y -2 A
v o2g (1-A)

The preceding equatioris are useful for de-
termining the charging time constant and output
voltage for agiven sipply voltage and linearity
requirement, The linearity factor usually
varies from 0.90 to 0.95.

BLOCKING OSCILLATOR SAWTOOTH GENERATOR

The sawtooth generator described above re-
quires a pulse driving signal of fairly good
rectangular wave shapes If the driving pulse
fails, no sawtooth output is obtained. A block-
ing osc¢illator canbe used as a sawtooth gencra-
tor to provide output voltage éven though the
synchronizing source may fail. Figure 3-387 is
a circuit diagram of such a generator

1 R
I° AN

Flgure 3-37 - Blocking Oscillator Sswtooth
Generator

In this eircuit, £ and ¢ form the sawtooth
throngh the charging and discharging action of
the tube, Assume that C is charging through .
Then the blocking oscillator conducts heavily,
discharging (. When the grid is driven below
cut-off, the tube ceases conduction, and ¢
charges through ?. The blocking oscillator is
synchronized by a pulse signal whose wave form
need not be rectdngular. Frequency is adjusted
to the synchronizing signal by the "hold" ¢on-
trol. Amplitude of the sawtooth is adjusted by
the "height® control.

LINEARLTY

The linearity of the sutput voltage from the
conventional sawbooth generators described above
varies with the time cohstants'used; and the

Voltage always is an exponential,; instead of a
linear, function of time. Special methods may
be applied to improve the linearity of the saw-
tosth, Onc means by which linearity may be
corrected is shown in Figure 3-33. '

T

-
i

Figure 3-38 - Sawtooth Linearity Circuit

In this cirecuit C is charged during the in-
put pulse and dischargedthrough i constant-cur-
rent pentode I,» since the disc¢harge current
is very nearly constant, the voltage on the ca-
pacitor beeomes,

:

The plate resistance of the pentode can be in-
creased by using a large cathode resistor PQ’
thus increasing the effective plate resistance
by /(1 - gR)

It will be tioted that the outpiut is inverted
from the conventienal sawtooth generator.

By the uge of feedbask to the pentode of
Figure 3-93, a perfect sawtooth may be obtained.
In Figure 3-3% a portion of the sawtooth output

Figure 3-39 - Linearity Feedback Crircult
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is fed back to tne cathode of the constant-cur-
rent pentode. Thé effective plate resistance
is high as ¢ bBegins to discharge, and decreases
as the discharge proceceds. Not onlymay a linear
sawtooth be gbtained, but a strong overcorrec-
tion may be attained,

These, and other methods of linearity correc-
tion, are described in the December 1946 issue
of" ®"Electronics" inthe paper "Linear Sweep Cir-
cuits® by Robert P, Owen.
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MAGNET! C DEFLECTION

deflection of the €lectron beam in kinescope
and camera tubes is accomplished by a uniform
magnetie field at right angles to the tube axis.
When it travels through the magnetic field, the
electron is subjected to a transverse force
which causes 1t to move along an are of & gir-
¢les On leaving the magnetic fleld, the elec-
tron continues along a straight line which is
tangent to the are at the field boundary, as
shown in Figure 3-40, The electron emerges from

FIELD BOUNDARIES

ELECTRON

PATH N

Figure 3«40 - Electron Path 3t Field Boundsry

A 5]

the field at an angle & with respect to the
original direction of motion. The total angle
of deflection is 20. In present-day 'inescope
tubes, the maximum angle of deflection is 30°
and is limited by inside neck diameter and
length of field A,

The magnetic field required for deflecting
the electron beam in a television kinescope or
pick-up tube is produced by passing a sawtooth
current thfough a pairof series-connected coils
on opposite sides of the tube nec¢k. Formerly,
the coils whieh make up the yoke were wound on
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a flat rectangular templsate, and then formed
around a cylinder of a diasmeter equal to, or
gireater than, the tube neck. Present coils are
machine-wound, and the cylindrical forming oc-
curs during the winding process. Figure 3-41
is a rough sketch of a modern yoke winding.

D
|I
ll”

JH,

K

Figure 3-41 - Deflection Yoke Winding
The number of ampere-turns required to pro-

duce a given angle of deflection is calculated
from

2.68 Zd sin & { Ea

¥ =
A
where NI = ampere-turns of winding
I, = length of air gap, inches
A = length of magnetic field, inches
e = 1/2 total deflection dngle
Ea =  accelerating potential, volts.

Note that the above wvalue NI is for half the
total deflection angle. To obtain ¥I for the
total deflection angle, multiply by 2.

For a standard 4: 3 daspect-ratio television

rasteér, the value 6f the horizontal-winding
ampere-turns 1is

(WI,IH = 0.8 ¥I

while for the vertical winding it is

(WI,)‘V. = 0.6 ¥7.

YERTICAL DEFLECTION CIRCUIT

Figure 3-42 shows a Vertical deflection cir—
cult in its simplest form. The vertical yoke
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Figure 3-42 - Vertical Deflection Circuif

winding is transformer-coupled to a 83N7 triode,
l'z, with both sections parallel-connected. The
driving sawtooth is generated in a conventional
sawtooth generator; T, .

Practical values for the vertical winding of
the yoke are L= 43 millihenrys and £ = 70 ohms.
At the vertieal scanning frequeney the load im-
pedance becomes :

g 70. + j18.1

In the design of the transformer and driving
eircuit, the inductive component of the load 1s
neglected. The problem then becomes one of de-
signing a transformer which will match the yoke
resistanece to the driver tube and present suf-
ficient primary inductance for good low-fre-
quency response. A type 63N7 triode provides
sufficient output to deflect a 9-kv beam, The
plate resistanceof the 6SN7, parallel-connected,
is approximately 3500 ohms. For maximum power
output, the load should be 273 therefore the
reflected load of the yoke should appear as
7000 ohms on the primary side. The transformer
turns-ratio becomes

arg = A 1,/8, = { 7000/70 = 10/1.

Good low-frequency response is obtained by mak-
ing the primary inductance large., In the RADIO-
TRON DESIGNER'3S HAND30OK the ratioc of low-fre-
quency gain to mid-band gain is glven as

1

1’ + (@/I%)z

If the response at 60 cyclesis to be 1 db down.
4, becomes 0,89, from which "

L»p/‘rﬁ = 1,94.

For the circuit of Figure 3-42 the primary in-
ductance should be 18 henrys. Actually, for
standard vertical-deflection transformers, I 5
varies from 40 to 60 henrys. V

Some control of linearity may be cbtained by
varying the bias voltage of T,. Usually, the
sawtooth amplitude andbias are adjusted togeth-
er to place the operating point in the most
linear portion of the tube curves.

The picture is centered by adj usting the cen-
tering potentiometer so that a steady d-¢ cur-
rent flows in the yoke. Current may be caused
to flow inm either directidn to-move the plecture
in either direction.

So external damping of the yoke winding is
required, in the majority of cases, since the
plate resistance of the tube is reflected to the
transformer secondary. If external damping is
required, a resistor of proper value may be
placed across the yoke winding.

AUTOMATIC LINEARITY CONTROL

Picture linearity may be corrected by the
linearity correction devices previously dis-
cussed, Additional tubes and circuit components
are required, however, and if the expense is
justified, anm automatic control may be used.

Figure 3-43 shows an automatie linearity con-
trol eircuit recently developed by the Advanced
Development Section, Home Instruments Uepart-
ment, V

6KB OR 6V6G

Figure 3-43 - Automatic Linearity Control
Circult '

The circult operates as follows. A pllot
voltage 18 developed across RqV in the yoke ecir=
cuit, which is proportional to the current in
the yoke. This voltage contains the distortion
of the current sawtooth and is shown in Figure
3-44(a) .
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Figure 3-44 - Sawtooith Linearity Control
a« Current Sewtooth Containing Distortion
‘be Plate 6SH7Z Sawteoth Plus Distortion

¢. Jnput Sewfooth

de  Grid 6AG7 Distortion Oniy.

The distorted sawtooth is amplified in a
high-gain pentode and fed to the top of Rs A
sawtooth of good linearity is fed into” the
driver tube; -6K60r 6V6,; and dlso to R . In ‘the
resistance network RIRZ the linear sawtooth is
compared to the distorted sawtooth, and the ex—
isting distortion is placed on the grid of the
B6AG7. The distortion signhal causes the plate
of the 6AG7 to draw a current which cancels the
original distortion.

In this system, picture size may be changed
over wide limits with negligible vertical dis-
tortions The values of R and~R2 should be less
than one-half megohm to prevent integration of
the linear sawtooth,

HORIZONTAL DEFLECTION CIRCUITS

Cireuit design for magnetic deflection of the
electron beamdt liorizontal-line frequencies re-
quires a different approach than for vertical
deflection. At 15,750 eycles per second; the
yokeé presents a load which is almost entirely
reactives Unless means are devised to recover
a portion of the power fed into the yoke during
trace time, a relagtively high amount of power
must be expended in. deflecting the beam, An
ideal cyclic system such as that discussed by
Otto Schade in RCA AEVIEW for September, 1947,
requires wattless power. This system will form
the basis for study of the horizontal-deflec-
tion problem.

Consider the simple c¢ircuit of Figure 3-45,
The yoke is represented by % _, ¢ _, R . Suppose
that switches Sl and Sz are«open»at the time
t = 0. At the beginning of the deflection
cyele, 51 is closed, applying voltage £ across
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L,, R, and ¢, . If it were not for R, , the cur-
rent through L, would incresse linearly with
time, as expressed by the relation

4 . B
at L
4 :
b . el -

)

Figure 3-45 - Equivalént Horjzontal
Deflection Circuit

Since ®, 1s presenty the current rises -expo-
nentialfy until switeh §; is opemed. At this
point, the beam has been deflected to the right-
hiand side of the picture. The magnetie field
must be reversed guickly in order to return the
beam to the left-hand side of the picture, to
begin another trace.

Since L , € , and R, Form a resonant cireuit,
the fastest means fﬁr‘ieversing the field is to
permit the winding to oscillate for approximately
one-hdlf c¢ycle at its natural resonant freguency.

when §, is opened, the magnetic energy stored
in the field of I, is converted inte potential
energy by the flow of +§ into €, , and back inte
magnetic energy by the flow of -4, resulting in
an almost complete reversal of the field, Losses
in the resonant cireult 1imit the completeness
of reversal to -

Figure 8-46 indicates the current aiid voltage
waveshapes in the yoke for a complete deflec~
tion eyele,

When the current in the yoke has reached the
value ’«}2 in the negative direction, switch §, is
closed, which places damping resistor B, across
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Figure 3-46 - Deflection-cy¢te Waveshapes

the oscillating ¢irecuit. If §, were not closed,
the yoke would continne to oscillate, as shown
by the dotted lines in Figure 38-46. Closing of
S, causes the oscillatory ¢ircuit tobe slightly
overdamped, so that -i decays exponentially.
When -4 redches zero, &. is closed again to be-
gin another <cycle.

i

1

Because of the presence of the iR drop in the
inductanee, the resultant currenﬁ-wave form in
the yoke is exporiential instead of being linear
with time, as desired. It the 4R drog can be
canceled,; the total veltage Z may be applied to
I , resulting in & Ilinear eurrent. in the yoke.
Sﬁppose*wé insert a generator in series with #;
whose characteristic is

Ae
Ay

Then & 1linear rise of current in I may be ob-
tained., Reference to the plate-family of curves
for a vacuum tube reveals that a tube may serve
as such & generator and as an electronic switch
to replace S, . Also, we may use a Vacuum tube
to replace §, and add -R for the oscillatory
phase. Sich a cireuit is shown in Figure 3-47.

The operation of the tube maybe plotted from
its family of curves, Refer to Figure 8-43.
The Ioad line -F is so drawn that it imtersects
the plate-voltage, or zero-current, axis at the
point F - L di/dt. A plot of current-versus-
time is obtained from the intersection of the
-k 1ine with the grid-voltage lines. The grid;
voltage waVeshape eg 1s obtained for the tube

jlil]]illl}
E

Figure 3-47 - Efectronic Switch dnd
Generator Circult

by plotting £, against time for corresponding
values of current 1.

The diode characteristic is plotted in a
similar manner:; The voltage causing dilode con-
duction, however, becomes I di/dt and is equal

Figure 3-48 - Tube Operating Curves

to the drop across the induetance during trace
time. The load line for the diode must be
drawn for 7, *+ R, where Ty is the diode resis-
tanee, Schade states that linearity in the
diode c¢ircult occurs when

Ry = [z (1,112+Ed)1/¢2.

The circult operation may be improved by re-
placing the diode with a controlled triodes For
simplification, a transformer is added, and the
¢ircuit becomes the one shown in Figure 38-49.

s —— =T
B R
i R,f“" : |

‘ 8 | P

Figure 3-49 - Imoroved Switching Circuit
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The combined characteristics of the béam
tétrode and the triode are shown in Figure 3-50:
Note that the chdracteristics resemble those of
the ordinary push-pull arrangemert,

Figure 3-50 - Combined Chsracteristics of
Besmn Tetrode and Triode

In the ideal casé, in which there are no
losses, the 6BG6 driver tube supplies half the
deflection current, and the 6AS7 triode damper
supplies the remainder from the stored energy.
Such utilization of current is shown in Figure
3-51. Because of losses in the actual eircuit,
the driver tube must supply about 60% of the
total deflection current.

ACTUAL

Figire 3-51 - Deflection Circuit Operation

The control-grid Voltage for the triode
damper is generated by differentiation of the
pulse Vvoltage across the yoke. The values.of
RC are determined by the eguation

s R S
X

c

where A =linearityof voltage rise = 0.3 to 0,8,

Usually R is made variable for adjusting 1lin-
earity.

The combination Rlél has a long time-¢onstant
and 1s placedin the grid circuit for establish-
ing grid bias for the triodeby the flow of grid
current on the peaks of the grid voltage.
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VIDEO AMPLIFLERS

REQUIREMENTS ~ The nature of the picture sig-
nal imposes certain reguirements upon the video
amplifier, which must be met 1if fine picture
detail 1s to be resolved. First, the bandwidth
must satisfy the relation

106
I

where f, = fundamental frequency for n linés
.4;’; = gspect ratio = 473

n = number of lines to be résolved

pif

' = active trace time, microseconds.

Since horizontal blanking occupies 16% of the
tiorizontal period, the active trace time, B, 1s
0.84 x 63,5 = 53.3 microseconds, To Tesolve
400 lines; the bandwidth must be

4 400 x 10° ] )
[ = =X e = 5 megacycles
n 3 53,8 x 2 d ‘

In practice, the output of the video trans-
mitter is specified by standards to include all
frequencies between 30 cps and 4 megacycles per
second. Hence; thevideo amplifier must amplify,
without discrimination, at least those frequen-
cles between 30 cps and 4 megacycles per second.
Usudlly, the video amplifier is designed with a
bandwidth exceeding these 1imits.

Also, the video amplifier must have a minimum
time-delay discrimination. This reguirement is
fulfilled whenthe phase angle between input and
output voltages is proportional to frequency.

Finally, there are regiuirements for the video
amplifier which are setby standardsor practice,
some of which are output-veltage levels, termi-
nal impedances, permissible signal-to-noise
ratio, etc,



FREQUENCY RESPONSE - T.ow-frequency response of
an RC-coupled amplifier is determined by the
timeé~constant of the coupling capacitor and
grid-leak resistor. In practice, good low-fre-
quency response is obtained by making the time-
¢onstant ldrge or by using clamp circuits.

fligh-frequency response is limited by shunt
capacity across the plate-load resistor. This
shunt capacity includes the tube imput and out-
put capacity, wiring capacity, and stray capac-
1ty of circuit components. Good high-frequency
resporise is obtained by utilizing the various
shunt capac¢ities as elements of a l1ow-pass
coupling filter. '

Figure 38-52 is & diagramof & constant-K low-

pass filter consisting of one full section and
one half-section terminated in its character-

T
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Figure 3-52 . Constent-K Low-pass Fiiter

istic impedance. The terminating half-section
is added for impedance matching purposes. When
the low-pass filter is properly designed and
termingted, the characteristie impedance is con-
stant to almost the cut-off frequency. Connec-
tion of the coupling filter to the amplifier
tubes is shown in Figure 8-53. 1n Figure 3-53

’ G
$
SRy j-7
+ i

k?gure 3-53 - Coupling FVlfef-cannécfian

T L

YT

B | I

¢, and C, are output and input capacities of the
tubes, For this particular type of low-pass
filter; the following equations apply:

fo = cut-0ff frequency
) 1
R, = ‘

w»fc Ot

= 2
L = Ry 0O
¢,
— _ 1’ .
T
Ry = {5 to 10) R,
4 = ngO

The resistor R, is added to lower the (-factor
of the series inducbance. A peakin the response
curve will result prior to cut-off if the 0-
factor is not optimum,

The c¢haracteristics of the constant-K low-
pass filter depend upon the components being
pure inductances and piure capacitances. 1t has
been shown that distributed coil capacity con-
verts ‘the constant-£ type into &n M-derived
fiiter, as shown in Figure 8-54.

= 1 Lo I
I [

‘Ll

Figure 3-54 - Effect of Coil Copacity on
Constant-K Filter

Equetions for the M-derived fitter are as fol-
lows:

¢ -

, | dy 2 d

¥ o= Il L
g C,.
o o

k= f

° g fcci

P 2

Ly RS Ci

L, = 0.8 Ll approx.
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=
j(

{5 - 10} R,

4 = gRr

f

Practical video amplifiers use the M-derived
low-pass Tilter as a means of coupling amplifier
stages.

Dildagnosis curves are given in Figures 3-535
and 3-56 to aid in the alignment of video am-
plifiers using low-pass filter coupling.

t
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Figure 3-56 - Disgnosis Sh'_ee*r‘ #2
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CLAMP CIRCUITS

The ¢lamp circuit is often used as a "D-©
Restorer®; however, it can also be used to re-
store low frequencies in a video amplifier. Its
operation in the latter application will be de-
sceribed firsts

Consider the video signal for a half-black,
half-white pieturé applied to the input of 4
video amplifier whose freguency reésponse is very

~ poor below the horizontal-seanning freguency,
 Assume that horizontal blanking pulses are also

introduced at the amplifier input; and that they
are of greater amplitude than any other part of
the video signal. A sketch of the picture and
the corresponding video signal with horizontal
blanking is shown in Figure 3-57.

77

Figure 3-57 - Half-black, Half-white P/cfure
and Video Signal

After this signal has passed through the am-
plifier, the low-freguency componernts will be
missing, and the signal will distribute itself
abont an a-c¢ ax1s as sShown in Figure 8<53, Low-
frequency components are, in this ¢ase, con-
sidered to be any components of less than the
horizontal scanning frequenecy. The transitory
periods immediately following the c¢hange from
black to white are not shown in Figure 3-38..

IR I

XIS HMVJ”LW“J L\WMJ

Figure 3-58 « Video Amplifier Outvut Signal

Note that,; if we could bring the peaks of
the horizontal blaunking pulses that ececur dur-
ing the "black® portion of the picture to the
same level as the peaks of those that occur dur-
ing the M"white" portion, the signal would again
be identical to that in Figure 8-60. In other
words, the low-fregueney components would then
be restored because the output signal would be
similar in shape to the imput signal.

Figure 3-59 sliows a hypotheticsl circuit for
bringing all of the blanking pulses to the same
levels The time-constant of R and ¢ must be



sufficiently small so that ¢ is discharged be-
fore the blanking pulse is overs The switeh is
so ¢ontrolled that it ¢loses at the start of
the blanking pulse and opens before the end of
the pulse., Because of these conditions (grid
of the tube floating during the time the switech
is open, grid-side of { being always brought to
ground potential during the pulse, and switch
opening before the pulse is over); the remain-
ing portion of the pulse always falls at the
same point on the tube's operating character-
istic. As explained in the preceding paragraph,
this is equivalent te restoring the low-fre-
quency components,

-

Figure 3-59 - Simplified Clamp Cireuit

A c¢lanp eircuit, shown in Figure 8-60, is
electrically equivalent to the arrangement of
Figure 3-59. The diodes replace the switeh of
Figure 3-59, and the swiltch control is supplied
by the diode keying pulses. The eircuft 7"¢lamps®
on the periodic pulses in the video signal,
which in the given exampleare horizontal blank-
ing pulses; hence its name.

Figure 3-60 - Clemp Cireuit

The keying pulses (which should not be con-
fused withthe ¢lamp pulses) are i80 degrees out
of phase, so that both diodes become conducting
simultaneously., By using this balanced arrange-
ment, the keying pulses cancel out at the grid
of the amplifier tube; and are therefore not
added to the desired signal. It is essentdal
that the keying pulses end before the clamp
pulses, as explained above. Horizontal syn-
chronizing signal makes ideal keying pulses,

The amplitude of the keying pulses must also be
greater than the clamp pulseés;, so that the
diodes can be made conducting during keying
times Practice has shown that the keying pulses
should be one-and-a-half to two times as large
as the clamp pulses.

It is important to note that pulses other
than horizontal blanking can be used to clamp
ons The only requirements are that they be
greater in amplitude than any other part of the
video signal, that their peaks represent con-
stant amplitude in the input signal, and that
their frequency be sufficiently high for the
amplifier to pass them without freguency or
phase distortion. Of course, theéy must not
interfere with the desired signal. Hence, for
television work, they must occur at horizontal
scanning frequency, and during horizental blank-
ing time. Their polarity, with respect to-the
video signal, is unimportant.

The coupling capacitor ( and the resistance
between grid and ground during keying time must
have a sufficiently small time-constant for ¢
to discharge during keying time. For 15-ke
clamp pulses, the value of ( can be between 100
and 500 wpf. The coupling capacitors, Gy and
¢,, are also somewhat critical because the
diodes are self-biased by them and their asso-
ciated "leak" resistors. The bias developed is
proportional to the amplitude of the keying
pulses, in a manner similar to that of a con-
ventional diode detector, Values for C; and c,
are best determined by experiment. Values
which have been used in the past lie between
0.003 »f and 0«1 pf for the leak resistances
showns

In some cases it may be desirable to return
the grid of the amplifier tube to & fixed-bias
source instead of to ground. The bias source
is then introduced in series with the ground
lead shown in Figure 3-60.

The source of the keying pulses is of impor-
tance. A center—tapped transformer is desirable
beeause it provides balanced pulses easily, and
the source-impedance is low. A tube with load
resisters in both plate and c¢athode circuits
(cathode~follower type of phase inverter) ecan
be used to provide keying pulses. This tube
should preferably operate with a hegative-
polarity pulse on dits grid, so that the tube is
cut off during keying time. Otherwise, the
source-impedance will be different for the posi-
tive and negative output pulses, due to cathode-
follower action. An unbalance in the source-
impedance may adversely affect the operation of
the clamp circuit,

The elanp circuit can be modified to advan-
tage when only single-polarity keying pulses
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Figute 3-61 - Clemp Circuit for Single-
polarity Keying Pulses

are available. This is shown in Figure 3-61.

In this eircult, a single keying pulse makes
both diodes conducting because they are in
series; as far as the keylng pulse is concerneds
The disadvantage of this eircuit is that a small
amount of the keying pulse 1s super-imposed on
the video signal because of the-unbalance. When
horizontal syne pulses are usedas keying pulses,
this circuit will add a small amourit of syne to
the video signal; this will some timesbe an ad-
vantage rather than a disadvantages If vertis
cal sync is unavoidably present along with the
horizontal, the coupling capacitors C and C

should be increased to 0.5 uf.

Another version of the ¢lamp circuit is
shown in Figure 3-62, Only sing le-polarity key-
ing pulses are required. The sourée-impedance
of the keying pulses can be high; but the cir-
cuit provides a low-impedance path between grid
and ground during keying time.

Figure 3-62 - Clamp Ciréuit Ffor Single-
polarity Keying Pulses

THE CLAMP CIRCUIT AS A D-C RESTORER

Since, &s was just shown, the clamp ¢ircuit
effectively restoree low frequencies, the same

reasoning ¢an be extended to say that the ¢lamp

circuit will also restore the d-c¢ component of
the video signal. Without d-c¢ restoration, the
a~¢ axis of any signal will pass through the
operating point of the tube characteristic to
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which that signalis applied. However, when the
clamp circuit is used on the grid of an ampli-
fier tube (or kinescope), the clamp pulses in
the signal are always referredto the same point
on the characteristic, regardless of signal am=
plitude or wave form. In other words, the a-c
axis is shifted asthe signal amplitude and wave
form vary, anda shift in the a-c¢ axis of a wave
is equivalent to adding a d-c componernt., The
clamp cireuit has the advantage over the simple,
single-diode typeof d-c¢ restorer in that 1t re-
sponds very gqulcldy to signal changes, whether
they.be inereasing or decreasing; whereas the
simpler type has appreciable time lag when the
signal suddenly decreases.

P1CK-UP TUBES

TYPES - Two types of pick-up tubes are in gen-
eral use today, namely, the iconoscope and the
image orthicon. The iconoscope dates baclk to
about 1923, when it was developed by Br, V. &
Zworykin. It is still being used for motion-
pilcture pick-up. The imagé orthicon has re-
placed the iconoscope For live-talent pick-iip.
Image-orthicon development was hastened by war-
time reguirements, and progress on the stabili-
zation and improvement of this tube has been
rapid.

ICONOSCOPE - The iconoscope pick-up tube may be
used where the scene is illuminated by incident
light of approximately 1500 foot-candles. Under
ideal lighting conditions, the pictures obtained
have excellent resolution and low noise-level.
The intensity of illumination, however, limdits
the use of the iconoscope for outdoor évents.
#When incandescént lighting is used in studios,
the problem of removing the heat arises, At
present; the iconoscope is used im film cameras
only where the motion-picture projector provides
ample illumination on the icoroscope mossaic.

The iconoscope contains & photo-sensitive
mosalc; a eollector ring, and an €léctron gun.
A sketch of the tube is shown in Figure 8-63.
The eleetron gun is set at an angle with the
mosaic in order to clear the front of the tube;
$o that an optical image may be focused on the
mosaic.

A uniform mica plate, 0.001 inch thick, is
the basic structure upon which the mosaic is
constructed. A fine coating of silver oxide is
sifted tpon the mica. Then, the structure is
baked in an oven. The heat prodiices pure silver
from the silver oxide. The pure silver congeals
into thousandsof small droplets. Then the mica
plate 1s placed in the presence of cesium Vapor
and oxygen, &nd a glow discharge is passed
through the tube. Silver oxide, cesium cxide,
and pure cesium are formed. By this process,



small photo-sensitive islands are formed on the
mica. The mosaic 1s completed by coating the
back side of the mica with c¢olloidal graphite
to form the signal plate which is capacity-
coupled to the photo-sensitive surface. Better
color response is obtained by the process of
silver sensitizing, in which a small particle
of pure silveris heated in a filament while the
tube is on the pumps. Silver vapor settles on
the photo-sensitive islandsand gives the iosaic
better response toward the blue end of the vis-
ible spectrum.
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Figure 3-63 - lc¢onoscope Pick~up Tube

The iconoscope is a storage-type device in

which the varying illumination of an optical
image on the mosaic c¢auses emission from the
photo-sensitive islands. The charge on each
picture element represented by the photo-sensi-
tive element remains constant until released by
the scanning beam. The operation of the icono-
scope is best understood by considering first
the action resulting from scanning the mosaic
in darknessy; 4.e., with no optical image or
light on the mosaic.

With the colleetor ring grounded and the
cathode potential fixed at -1000 Volts,. the beam
acquires & kinetiec energy of 1000 electron volts
by the time it reaches the mosaic. On striking
the mosaic, the beam causes secondary emission
of electrons from the photosensitive islands,
i.e., eachbeam electron knocks several secondary
electrons off the photosensitive islend. The
ratio of secondaries to beam electrons is 6:1
under dark c¢onditions. The secondary elesétrons,
for the most part, rain back on the mosaic.
Enough secoridaries travel to the collector ring
for the collector=ring current to be egual to
the beam.current (since the mosaic is completely
insulated, the current leaving it must equal the
¢urrent arriving in the scanning beam)

Figuratively spealking, the scanning beam
plows along the mosaic, causing an eruption of
secondary electrons from the photo-sensitive
sufface. The element under the scanning beam
charges up to about 2 volts, due to loss of
electrons: This walue represents the maximum

charge whichthe element can attain by secondary
emission and is lmown @s the white level., As
the scanning beam moves across the mosaic, part
of the electron shower can fall back on the
scanned area -and reduce the positive charge on
pieture elements just scanned. At the right-
hand edge of the mosalec, however, the scanning
beam Is turned off for retrace, and no more
secondaries are generated to discharge the last
part of the trace. Similarly, the beam is cut
off at the bottom of the mosaic for vertiecal
retrace; therefore; the last few scanning lines
do not receive a proportionate share of the
electron rain and remain partially charged.
Remember that this action is occurring in com-
plete darimess.

As the electron beam starts scanning the
second frame, it encounters elements of the
mosgle on the right-hand side and on the bottom
that are partially charged, due to the loss of
electrons. These elements appear as though they
had been exposed to white light. When the beam
scans them, fewer secondariesare emitted, and a
signal voltage 1s impressed on the signal plate.
This Vvoltage has the waveshape shown in Figure
3-54 vertieal and horizontal scanse Itis an un-
wanted signal, that is due towuneven redistribu-
tion of secondary electrons, and it is called &
shading signal. For eliminating shading signals,
equal-amplitude opposite-phase signals are fed

Figure 3-64 - Shsding Signal Waveshape

inte an amplifier stage following the pick-up
tube. The unwanted signal may, fortunately, be
effected by a combination of parabolic and saw-
tooth signals which ¢an be generated guite
easily.

Now ‘we may consider the action of the scan—
ning beam when the mosaic is illuminated by &
scene. Bright areds in the scene cause the is-
lands to emit electrons. These electrons travel
to the collector ringor redistribute themselves
over the mosaics Suppose a grday tore causes a
photo-sensitive disland to charge up to +1.5
voltss Then, wheén the scanning beam comes
along, this partlcular element can only be
charged by a differential o¢f 0.5 volt to the
white level. On the other hand, a black area
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leaves the element discharged until 1t is scan-
ned, at which time the element con charge to the
full 2-volt white level. The video signal cur-
rent in the load resistor is shown in Fig-
ure 3-65.

[ | BLACK
SIGNAL

Figure 3-65 - Video Signal for
I Huminated Sceneé

In Figure 38-63 the electron gun for the
iconoscope is shownat an angle with the mosaic.
This geometrical arrangement produces an effect,
known as kKeystoning. For a given angle of de-
flection of the scanning beam, more of the
mosaic top is scanned than the bottom. If no
correction were applied to the horizontal scan-
ning generator, the resultant pattern on a moni-
tor would appear as shown in Figure 3-66.

Figure 3-66 = Keystone Pattern

To correct for keystoning, the horizontal

scanning generator is modulated by a 60-cycle

sawtooth that increases the horizontal scanning
current peak-to-peakvalue linearlyat a 60-cycle
rate, so that the angle of deflection becomes
larger as the beam is deflected vertically.

IMAGE ORTHICOR PICK~UP TUBE - The image orthi-
ton is at least 100 times more sensitive than
the dlconoscope. Also; it is free from the an-
noying shading and edge-flare effiects of the
iconoscope. It will deliver a satisfactory pie-
ture, without readjustment, when the scene

brightness changes by a factor of 100 to 1. A

satisfactory picture may be obtained when the
incident light on the seene is only 10 foot-
candles, The sensitivity of the image orthicon
makes it an ildeal tube for piek-up of outdoor
events.
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Figure 3-67 - Image Orthicon Pick-up Tube

A stetch of the image orthicon tube con-
struction is shown in Figure 3-67. The tube
contains an electron gun with a grid for con-
trolling the current in the scanning beam. The
#3 grid, sometimes talled the "persuader”,
causes electrons from the first dynode to go to
the second dynodes The #4 grid, which is the
coating on the tube wall, together with the
magnetic focusing field, focuses the electron
beam on the targets The decelerating ring,
grid #5; produces an electrie field which im-
proves corner focuss

The target 1s a special glass membrane
stretched in a metal ring. The thickness of the
glass is approximately 0.0001 inchs On the
image side of the target, and at a distance of
0:001 inc¢h, is a mesh screen having 250,000
holes per square .inchs

Grid #6 is a ring placed,bgﬁween the target
and photocathode. It aids the focusing of elec-
‘trons from the photocathode on the target.

The photocathode is a transparent layer of
cesium in type 2P23 tubes, antimony in type
5769 tubes, and bismuth in type (73150 tubes.
The cesium tubes have high infra-red response,
while the antimony and bismuth tubes heve a more
uniform color résponse in the blue regions.

IMAGE ORTHICON OPERATION= When an optical image
is focused on the photocathode, electrons are
emitted in proportion to the 1ight and dark
areas of the scene. Since thée photocathode is
at a potential of about -300 volts with respect
to the ground snd the target screen, the elec-
trons are accelerated toward the targets The
action of the focusing coil and the #6 grid
focuses the electrons on the target. Thus the
optical image is converted into an electron
image which bombards the target,

Bombardment of the target causes an emission
of the electrons from the glass. Secondary
electrons released by the target are collected
by the séreen. Secondary emission leaves a
positive charge pattern on the front of the
target, corresponding to the electron image.



Because of the thinness of the glass target,
it does not matter; for the electron beam, on
which side of the glass the positive charge
lies., Upon its arrival near the target rear
surface, the beam deposits enough electrons to
neutralize the charge. The remainder of the
beam turns around and heads toward the rear of
the tube, During frame time, the deposited
electrons flow through the glass and unite with
the positive charge,

The returning electron beam is equal to the
eleétrons emitted by the cathode (néarly a con-
stant number) minus those electrons deposited
on the target. The returning beam, therefore,
is the original beam modulated by the video
signal.

An eléctron multiplier is located at the rear
of the tube. The construction of this multi-
plier is shown in Figure 3-68.

It is such as to offer an almost opague sur-
face to the electrons entering from the front.
Electrons leaving each dynode, however, find
negligible resistancée to their travel.

The return beam containing the video informs-
tion strikes the first dynode, causing secondary
emission. The sSecondary electrons are persuaded
to the second dynéde by the aetion of the "per-
suader, " or multiplier focus electrode. As the
beam travels from dynode to dynode, the original
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Figure 3-68 - Eflectron Multiplier for
Image Orthicon

return beam is multiplied by secondary emission.
The final signgdl is removed from the signal
plate. The overall gain in the electron multi-
plier ¢an be as high as 2000.

In tube manufacture, the electron gun mey be-
come tilted with respec¢t to the tube axis.

Electrons emitted from such a giun would enter

the focus field with a transverse component of
velocity. A force would be developed, which
would catise the beamto travel in a radius about
the tube axis. The net effect is a spiraling
of the beam down the tube., To correct for mis-—
alignment of the electron gun, an alignment coil
is placed just in frontof the gun. It produces
a transverse field which cancels the deflection
of the beam due to gun tilt. o








