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Fig. 219. Effect of Plate Coupling Resistor on Gain and Bandwidth.

Three separate expedients are employed
to extend the range of a resistance and capac-
itance-coupled amplifier for video use. These
are:

1. The use of low values of plate load or
coupling resistance R¢ in conjunction with high
trans-conductance tubes.

2. Low frequency compensation for the
effects of the coupling network C¢ - Rg.

3. High frequency compensation for the
effects of total circuit capacitance Cgs.

EFFECT OF THE PLATE LOADRESISTOR ON
BANDWIDTH AND GAIN: Figure 219 shows
the effect of changing the value of the plate load
resistor Rc (see Figures 217 and 218) in a
resistance-coupled amplifier stage employing
a high trans-conductance pentode, such as the
6ACT, or 6AU6. It will be noted that the band
of video frequencies over which the output is
sensibly flat is extended greatly as the value
of the coupling resistance is decreased. The
choice of load resistor is determined as a
compromise between bandwidth and gain. The
voltage gain of a video stage is seldom more
than 20, whereas in the resistance-coupled
audio stages, gains of as high as 150 are poss-
ible. Load resistors of the order of two to
four thousand ochms are common in video
amplifiers. After determining the value of
load resistance, the stage is then compensated
to raise the gain at frequencies below approx-
imately one hundred cycles, and above several
hundred kilocycles.

LOW FREQUENCY COMPENSATION: At the
low frequency end of the video range (region 1
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of Figure 217B) the equivalent circuit of the
amplifier is that of Figure 218B. The circuit
consisting of the coupling capacitor C¢ in ser-
ies with the grid resistor Rg acts as a voltage
divider. As the frequency is decreased, the
reactance of the capacitor C¢ increases. Since
the voltage across the grid resistor Ry consti-
tutes the output voltage of the ampllfgler it is
seen that the output will drop as the capacitor
reactance increases.

T o compensate for this drop in voltage
a ‘““bass boost’’ type of circuit, R4-C4 of Fig-
ure 2204, is connected in series with the plate
load or coupling resistor R3. The effect of
this circuit is to increase the plate load as the
frequency decreases. The size of capacitor
C4, usually an electrolytic, is such that at all
frequencies above approximately 100 cycles
its reactance is low compared with resistor
R4, and it virtually short-circuits the resistor,
leaving the load resistor R3 effective for the
middle and high frequency range.

As the frequency decreases, the reac-
tance of C4 increases, thus .causing the total
plate load to increase. The stage gain follows
this increase in plate load as shown in Figure
219.

Figure 220C shows the effect on the low
frequency gain of changing the product of R4
times C4 (the time constant of the correction
network). In the circuit of Figure 220A the
time constant of R4 times C4 is one second.

The low frequency components of the
video signal are generated by scanning large
objects,or areas of uniform tone. The effect
of poor low frequency response is torender the
scene with improper contrast of those large



CATHODE-RAY - - BEAM MODULATION AND SYNCHRONIZATION

A. LOW FREQUENCY COMPENSATION FOR EFFECT
OF COUPLING NETWORK C3-RS5
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Fig. 220. Low Frequency Compensation for
Loss of Gain Due to Coupling Circuits.

areas with respect to the smaller objects,or
fine detail of the picture.

Other sources of attenuation or loss of
low frequency gain, in the resistance-coupled
amplifier of Figure 217A, are the screen and
cathode circuits. The effect of the screen
circuit is minimized by the use of a large
electrolytic bypass capacitor.

When negative grid bias voltage for the
video amplifying stage is obtained from a re-
sistor in the cathode circuit, the resistor can
introduce degeneration and cut the stage gain,
unless it is bypassed by a sufficiently large
capacitance. This capacitance increases in
reactance as the frequency is decreased and
can thus cause a loss of low frequency gain
with respect to the middle and high frequency

range. Compensation for low frequency loss
due to this source can be accomplished in the
same manner as just described for the coupling
network. To avoid this loss, many receivers
operate with the cathode grounded and the bias
voltage developed by grid current through a
high value of grid leak.

HIGH FREQUENCY COMPENSATION: The
high frequency region of video amplification
(region 3 of Figure 217B), is responsible for
the fine detail of the reproduced picture. If
the gain of the video amplifier is deficient at
high frequencies, fine lines or small picture
elements will be missing from the picture, or
blurred together. Lack of high frequency gain
can be detected by examining the center or
narrow portion of the vertical ‘‘wedges’’ of the
test pattern transmitted by the television
station. (See page 109.)

Loss of high frequency gain in a resis-
tance-coupled amplifier is caused by the
shunting effect of the capacitance of the various
circuit elements to ground. These include the
plate-to-cathode capacitance of the amplifying
tube, the capacitance of the various resistors
and the coupling capacitor, to the chassis, and
the input or grid-to-cathode capacitance of the
next tube. In the equivalent circuit of Figure
218D, the shunt capacitance, which is the sum
of these elements, has been shown in dotted
lines as Cg,

We have seen (Figure 219) that the high
frequency response can be extended by de-
creasing the value of the plate load resistor.
This is accomplished at the expense of stage
gain.

The gain of the stage at high frequencies
is proportional to the impedance of the par-
allel combination of the plate coupling resistor
Re, the grid resistor Rg, and the total shunt
capacitance Cg. At the frequency for which
the capacitive reactance of Cg (1/2 fCg) is
equal to the value of the resistors in parallel,
the gain is 70.7% of its flat, middle frequency
value. This frequency is usually chosen as the
point at which the gain is equalized, to the
uniform level, by corrective networks. These
networks employ inductances (known as peaking
coils) which increase in reactance with
increasing frequency, and thus compensate
for the loss of impedance due to the shunt
capacitance.
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A great variety of high frequency com-
pensating circuits have been proposed, but
commercial receivers have employed only two
basic circuits. These are known as shunt
and series compensation. A combination of
shunt and series compensation is frequently
employed.

HIGH FREQUENCY COMPENSATION BY
““SHUNT PEAKING’’. Figure 221 shows the
basic ‘‘shunt peaking’’ type of high frequency
compensation. Although the peaking coil (L)
is in series with the plate load resistor Rg, it
operates to raise the impedance of the shunt
circuit comprised of R¢ and Ct which in turn
is in parallel or shunt with the plate resistance
and the following grid resistor. (See Figure
221B.)

B+
AJSHUNT PEAKING” HIGH FREQUENCY
COMPENSATION

o -0
Rp Re
L
Cr
Re
i =
B. HIGH FREQUENCY EQUIVALENT OE CIRCUIT A
- 3 OVER compensaTion 1L/
o LU il
2 ICORRECT COMPENSATION N
9 I Il It

o LI [ L1 N

S
| CIRCUIT WITHOUT COMPENSATION-S

3]

RELATIVE RESPONSE

ok

IKC 10KC 100KC IMC
VIDEO FREQUENCY

C. EFFECT OF SHUNT PEAKING CHOKE

4MC  I0MC 20MC

Fig. 221. High Frequency Compensation by
Shunt Peaking.
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Curve 1 of Figure 221C shows the fre-
quency characteristic of the circuit of Figure
221A before correction is applied. It will be
noted that the point of 70% response occurs at
3.5 megacycles. At this point X¢ of Cg equals
the effective shunt resistance of R¢ and Rg in
parallel. The value of L is chosen so that at
this frequency, the parallel impedance of the
circuit comprised of Re, Rg, Cs and L is in-
creased to yield the same gain as is obtained
in the middle frequency range. This condition
is shown as curve 2 of Figure 221C.

The network of Figure 221B will be
recognized as a parallel tuned circuit with
series and shunt resistors. Under the condi-
tion for correct compensation (curve 2 of
Figure 221C), the resonant frequency of the
circuit is 1.41 times the frequency discussed
in the previous paragraph. If the value of
inductance is increased to reduce the resonant
frequency, a condition of over-correction will
be obtained. (See curve 3 of Figure 221C.)
The effect of such over-compensation is to
render fine detail in improper contrast with
respect to the rest of the picture, i. e., too
dark. The peaking coils of a television re-
ceiver are designed to operate with the partic-
ular type of tube and circuit capacitances, and
in the event it is necessary to replace them, an
exact duplicate must be used.

HIGH FREQUENCY COMPENSATION BY
‘‘SERIES PEAKING’’. Figure 222 shows an-
other method of raising the response curve at
the high frequency end by the use of a series
peaking coil. In this case,the coil is in series
with the circuit, producing an equivalent net-

L Cc

8
A."SERIES PEAKING" HIGH FREQUENCY COMPENSATION

e
C-PLATE _L l C-GRID
TO CATHODE T T TO CATHODE

Rc Re
B. EQUIVALENT CIRCUIT AT HIGH FREQUENCIES

Fig. 222. High Frequency Compensation by
Series Peaking.
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work as shown in Figure 222B. This will be
recognized as a filter network of the Pi type.
The inductance serves to isolate the plate-to-
cathode capacitance of the amplifier tube, from
the input capacitance of the following tube. It
is of advantage since it allows a higher coup-
ling resistor with consequent higher stage
gain. In practice, the gain of the stage with
series peaking can be made 50% greater than
that of one with shunt peaking alone, for the
same bandwidth. In the series peaking case,
the resonant frequency of the circuit L - C
is made higher than the upper limit of the
desired video range, and tends to counteract
the loss due to capacitance Cp-k across the
coupling resistor Re.

TI T2
6AUS c3 L2 6ACT

+2713 Vv

Fig. 223. Video Stage with Both High and Low
Frequency Compensation.

CCMBINATION SHUNT AND SERIES
PEAKING. From the foregoing discussion it
is evident that the operation of shunt peaking
and series peaking are independent,and can
complement one another. The majority of
modern television receivers employ a combi-
nation of both methods. A typical example is
shown in Figure 223, in which inductor L1
operates as a shunt peaking inductor and L2
as a series peaking inductor. It will be noted
that both of these coils have a resistor con-
nected across them. The purpose of the
shunting resistor is to reduce the Q of the
circuit to smooth out the gain versus fre-
quency curve, and also to damp the circuit and
thus prevent it from being shock-excited
into transient oscillation by sharp video im-
pulses or noise peaks. Such oscillation will
produce smearing and a negative image follow-
ing fine detail portions of the picture as shown
in the photographic example of Figure 230.

The circuit of Figure 223 also includes
the low frequency compensation network
R5 - C4 for compensation of the loss in the
coupling network C3 - R7. The screen is
adequately by-passed by electrolytic condenser
C2,and therefore does not reduce the low
frequency gain. The series coil is often placed
in the circuit between the plate and the coupling
resistor, rather than between the coupling
capacitor and the following grid. Examples of
circuits of this type are Figures 205, 206
and 207.

In the discussion of video detectors,
pages 174 through 176, mention has been made
of series and shunt peaking for correction of
high frequency losses occurring in the detector
output circuit. These are seen to be of the
same type as just discussed. The series in-
ductor of the detector circuit (see Figures 206
and 207) serves the additional purpose of
attenuating the 4.5 megacycle beat, between
the sound and video carriers, which, if not
suppressed, would cause sound bias to appear
on the picture.

Typical Video Peaking Coils. Figures
224 and 225 show typical video peaking coils.
Figure 224 is an interesting example of a
combination of the functions of the resistor
and inductor in a single unit. The plate-coup-
ling resistor (R¢ of Figures 221 and 222) is
of the wire wound type,and is connected be-
tween the center and right hand lugs. This
resistor is wound with a wire of such diameter
and so spaced as to automatically provide the
correct inductance for the shunt peaking

Fig. 224. Video Coupler - Combining Coupling
Resistor, Shunt and Series Peaking Coils in a
Single Unit. Photo from Sample Courtesy
P. R. Mallory & Co., Inc.
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element. The series peaking coil is seen at
the left and is of the universal type. This
provides the coupling and compensation
elements of a video stage in a single unit.

Figure 225 shows two video peaking
coils. The coil of Figure 225A is wound on
an insulated carbon resistor of the correct
value to provide the required damping, while
the coil of Figure 225B is wound on a bakelite
form.

A -

B @§—

Fig. 225. Video Peaking Coils. Photo from
Samples Courtesy F. W. Sickles Co.

PHASE SHIFT IN THE VIDEO AMPLIFIER: In
our discussion of the video amplifier up to this
point we have considered only the requirements
of gain versus frequency. Another and equally
important consideration is the possible phase
shift or time-delay of the signal as it passes
through the amplifier.

In the amplification of audio voltages in
a broadcast receiver, phonograph amplifier or
sound system, phase shift or delay of one end
of the audio frequency spectrum with respect
to the other is seldom of consequence. The
ear is not sensitive to phase shift,and for this
reason,the radio technician is not required to
give it any consideration. In the case of the
television video amplifier, however, phase
shift and time delay are of great importance
and,if not corrected,can cause badly distorted
and smeared pictures.

In the reproduction of sound, wave forms
are, in the great majority of cases, sinusoidal;
and an understanding of the action of sine
waves of voltage in passing through an ampli-
fier is sufficient to cover the theory of opera-
tion of audio amplifiers. In television work,
the video signal in many cases is of square or
rectangular waveform. This can readily be
understood by considering the output obtained
from the camera tube as it scans across a
black bar in front of a white background. Dur-
ing the scanning process,the video signal is
near its zero amplitude while crossing the
background, and suddenly rises to maximum
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amplitude and remains there as the bar is
crossed, dropping back to zero amplitude again
as the background is reached. The length of
the bar determines the half wave of a low
frequency, which can be considered to be the
fundamental frequency for that particular
element of the picture. The square wave is
composed of this fundamental frequency and a
great number of harmonics of different ampli-
tudes, which, when added up, will produce the
rapid rise and rapid fall at the ends of the bar.
Thus, to reproduce a black bar, no matter what
its length, will require the ability to amplify
all of the harmonic frequencies which, as we
have seen, can extend to four megacycles.

We have seen, in our study of the action
of amplifier stages, that the wave, applied to
the grid, is shifted 180° in phase when it
appears across the plate load resistor.

As far as the tube itself is concerned, a
wave of any frequency in the video range is
shifted 180° in phase in the process of voltage
amplification through a single tube. The net-
work of resistors and capacitors, which con-
stitute the coupling elements between the tubes,
cause a shift of phase which is different both
in amount (number of degrees) and direction
for different frequencies in the video range.

For the middle range (region 2 of Figure
217B) the coupling network is sensibly resis-
tive (see Figure 218C), and a constant phase
shift of 180° occurs due to the tube action.

LOW FREQUENCY PHASE SHIFT. At
low frequencies (region 1 of Figure 217B), the
coupling network, Cc - Rg, whose effect on low
frequency gain was discussed on pages 184 and
185, and illustrated in Figure 217, produces a
leading phase shift which increases as the fre-
quency decreases. This phase shift is propor-
tional to the ratio of the reactance of the
coupling capacitor, to the resistance of the grid
resistor, and would cause the effects shown in
the table of Figure 226, if no correction were
applied. It is seen that a very small phase
shift, measured in degrees, can cause a large
time difference at the very low frequencies.
The effect on the reproduced picture is to
produce ‘‘smearing’’ of the edges of large
areas and an uneven tonal reproduction of these
areas. An excessive phase shift at the very
low frequencies (30 to 70 cycles) will also
cause a gradual shading of the picture from top
to bottom,since the effect of a single picture
element can exist for more than one horizontal
line.
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Since the phase shift is a leading effect,
it can be corrected by a shunt circuit consist-
ing of a parallel combination of capacitance
and resistance of the same type of network as
is required to compensate the low frequency
loss of gain (R4 - C4 of Figure 220, see pages
184 and 185). Thus both phase shift and gain
can be corrected by the same network of added
circuit elements.
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Phase Shift | Time | Displacement
of E2 Delay of Image
F W| in Degrees /IS (10 in. Tube)

500 1 4 .576 in.

200 1.8 25 3.7 in.

100 3.6 100 1 line + 8.6 in.
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50 7.2 400 7 lines + 3.3 in.
30 12 1110 | 20 lines + 3 in.

Fig. 226. Chart Showing Low Frequency
Phase Shift Due to Coupling Elements.

HIGH FREQUENCY PHASE SHIFT. At
high frequencies (region 3 of Figure 217B) we
find that the capacitance C¢ across the coupling
network can cause a lagging phase shift of the
high frequencies with respect to the middle
frequency portion of the video signal. Figure
227 shows the parts of the equivalent amplifier
circuit (see Figure 217 and 218) responsible
for high frequency phase shift. The chart
shows that while the phase shift increases in
degrees as the frequency increases, the time
delay drops and the image displacement be-
comes a smaller amount. Again as in the case
of low frequency phase shift, the same correc-
tive networks which are employed to compen-
sate for loss in gain are used to produce a
phase shift in the opposite direction to that of
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Fig. 227. Chart Showing High Frequency
Phase Shift Due to Shunt Tube and Circuit
Capacitances.

the network. The shunt and series peaking
coils and their combinations are used to pro-
duce an overall circuit phase shift which is
proportional to frequency.

THE IDEAL - PHASE SHIFT PROPOR-
TIONAL TO FREQUENCY OR UNIFORM TIME
DELAY. At the speed of horizontal scanning
(15,750 cycles per second), the spot moves
across a picture 8 inches in width, at approx-
imately 111,000 inches per second. This means
that a time delay of one micro-second,of any
part of the video signal,will produce a differ-
ence in position of almost an eighth of an inch.
If all frequencies in the video signal suffered
this time delay, the picture would be satisfact-
ory, but displaced an eighth of an inch to the
right. It could be moved back by adjustment of
the horizontal centering control. A uniform
time delay means a different phase shift at
each frequency (a phase shift proportional to
the frequency).

The relation between time delay and
frequency is expressed by the equation:

Phase Shift in Degrees
360Y Times Frequency in Cycles
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Time Delay =
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Fig. 228. Phase Shift Requirements of a Video
Amplifier for Perfect Reproduction.

Figure 228 shows the desired relationship of
phase shift proportional to frequency, or uni-
form time delay,as applied to the video ampli-
fier of a television receiver. It will be seen
that at the high frequencies, the phase shift of
the uncompensated amplifier drops below the
desired proportional curve which will produce
a picture without ““blurred’ or shifted
elements.

““SMEARING’> OF THE TELEVISION IMAGE
BY AMPLITUDE OR PHASE DISTORTION:
Figure 229 illustrates the effects on the square
wave of video modulation representing a black
bar, when various deficiencies exist in the
video amplifier.

Figure 229B shows the result after the
square waveform has passed through an ampli-
fier having insufficient high frequency gain.
The leading edge of the amplified wave has a
gradual slope rather than an abrupt rise. This
will cause shading from gray to black in the
reproduction. At the trailing edge, the expon-
ential decay of the wave will cause a gray to
white smear.
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RESPONSE RESPONSE

Fig. 229. Square Wave Video Signals Showing
the Effect of Amplifier Deficiencies.

Figure 229C shows the effect of over-
compensation or excessive low frequency
response. This effect is seen to be of the same
nature as that caused by insufficient high fre-
quency response, although not as pronounced.

Figure 229D illustrates the case of in-
sufficient low frequency response accompanied
by attendant phase shift. In this case, the front
edge of the bar is rendered black shading to
gray, while the smear which follows the bar
is white shading to gray. This type of a smear
is known in television slang as a ‘‘trailer”’.

Figure 230 shows the effect of insuffic-
ient damping of the peaking circuits used for
high frequency compensation. The oscillation
due to shock excitation of these circuits by the
short duration square wave picture elements,
can be seen as alternate white and gray ghosts
adjacent to the black circular rings of the test
pattern.

Fig. 230. A Station Test Pattern Showing the
Effect Due to either Transient Oscillation or a
Reversed Polarity Smear. (See Figure 229C.)
Photo Courtesy National Broadcasting Company
and the R. C. A. Service Company, Inc.
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CHAPTER 16. DC RESTORATION

In our study of the nature of video modu-
lation (Pages 121 - 132),we have seen that the
video signal is essentially unidirectional in
nature,with its AC component superimposed
on a varying direct current component. This
DC component represents the average shading
or background of the picture,and is lost when-
ever the video signal passes through a coupling
capacitor. The text and illustrations of Pages
130 through 132 explain the manner in which
the DC component is restored or re-inserted
at the television transmitter. At this time we
will consider the manner in which DC restor-
ation is accomplished in the receiver.

Figure 231 illustrates the necessity for
restoration of the DC component. We have
again selected, as an example, a black bar
against a white background (Figure 231A). The
video modulating signal of the transmitter for
two successive horizontal lines is shown in
Figure 231B.

When the video signal of Figure 231A
is passed through a capacitance-coupled video
amplifier, the DC component is lost and the
signal appears as an alternating voltage (Fig-
ure 231C) around an average value (the average
of the white and black areas or about 25% of
maximum signal in this example).

If a signal of this type is applied to the
picture tube grid, as in Figure 231D, all of the
picture components on the negative side of the
average signal,including the sync pulses,will
extend into the cut-off region. The white back-
ground will be rendered as a dark gray.

If the DC component is restored, the
operating point on the picture tube character-
istic is established at its proper gray value.
This places the black level (75% of maximum
signal) just at the cut-off grid bias as shown
in Figure 231E.

The problem of proper DC restoration
is thus resolved to a method of maintaining
the blanking, or black level, of the video signal,
at the voltage which corresponds to the light
cut-off bias value of the picture tube grid.

The blanking level which acts as the ref-
erence point for the DC component, and the DC
component itself, are present in the video
signal as it appears across the detector load
resistor. This level is a fixed value to which
the picture carrier returns at the end of each
horizontal line. If the entire video system,

from the detector load to the picture tube grid,
is direct coupled (without the use of coupling
capacitors) the DC component is established
automatically. While such a direct coupled
circuit is capable of good performance, it is
not always convenient in application.

DIRECTION
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Fig. 231. The Effect of the DC Component of
the Video Signal on Image Reproduction.
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THE DIODE DC RESTORER: The method of
DC re-insertion, most frequently employed, is
the use of a diode directly coupled to the pic-
ture tube control element or grid. Figure 232A
shows the essential circuit elements of the
diode restorer. A typical video output system
incorporating diode restoration is shown in
Figure 233.

The operation of the diode restoration
circuit is shown in the waveform diagrams of
Figure 232B and C. Figure 232B shows three
horizontal lines of a video signal which has
passed through a capacitance-coupled video
amplifier, and consequently has lost its DC
component. In this case,the DC to be restored
is the value from the AC axis to the tip of the
sync pulse, or 25 volts. Let us follow through
several cycles of operation of the restorer:

1. During the interval from ‘‘a’’ to ‘‘b”’
the polarity of the video signal is such that the
cathode of the diode is positive with respect
to its anode. The tube will not conduct. (Reg-
ion ‘“f’’ to ‘‘g’’ of Figure 232C.)

2. When the voltage reverses, during the
interval from ‘‘b”’ to ‘‘c’’ of Figure 232B, 25
volts will appear across the diode in the cor-
rect direction for conduction, quickly charging
capacitor C1. The change of voltage across

cl
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Fig. 232. DC Restoration by Diode Rectifica-
tion of the Video Signal.
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the capacitor during this interval is shown
in Figure 232C from ‘‘g’’ to ‘‘h’’.

3. Since the time constant of the diode
coupling network (C1 - R1) is .05 seconds, the
charge on capacitor Cl1 has decreased very
little during the horizontal line interval from
‘e’ to ‘“d”’. (Note: The voltage drop across
the capacitor has been exaggerated at ‘‘i’’ and
¢¢§>?, for illustration.)

4. Conduction occurs again due to the
sync pulse tip ‘‘d’’ which charges the capacitor
to the peak value of the signal.

Figure 233 shows the complete circuit
including the video output tube, the picture
tube input circuit, and the fixed bias adjustment
circuit (brightness control).

T2 108P4
C2 .OSMFD  PICTURE TUBE

Box :>ll
H

c3
10K O5MF
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IMEG D> T3
OPTIONAL CIRCUIT 8ALS
USING CRYSTAL pC
DIODE DETECTOR RESTORER

.|||

B+
GERMANIUM R7
® DIODE A/
IN34 aachTNEssl
CONTROL

Fig. 233. A typical Video Output System with
Diode Restoration.

It will be seen that the load resistor of
the diode restorer (R6) is in series with the
grid-to-cathode circuit of the picture tube, and
thus any bias set up by the diode acts in series
with a fixed bias determined by the setting of
the brightness control (R7). The AC compon-
ent of the video signal is superimposed on
this combination bias through coupling capac-
itor C2, in such polarity that the blanking
signals and sync pulses drive the tube to
cut-off (black region).

The DC component is applied in positive
polarity to the grid and acts to reduce the
fixed negative bias (from RT), to a degree de-
termined by the average level of the alternat-
ing video signal (background illumination).

The diode restorer can be classified as
a peak rectifier of long time constant (affected
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by changes in video level which occur at a
rate lower than approximately 50 cycles).

The vacuum tube diode may be replaced
by the 1N34 germanium diode as shown in the
alternate circuit of Figure 233. Since the
crystal diode has a lower dynamic resistance
than the vacuum tube type, it produces a more
secure clamping action at the sync tip level,
and also tends to produce an even alignment of
sync tips, thus improving the scanning control
action.

DC RESTORATION BY GRID RECTIFICATION:
The video output tube can perform the dual
functions of providing the voltage swing for
picture tube operation,and the restoration of
the DC component. In this case, the grid and
cathode act as a diode, as in the familiar grid
leak detector. A circuit embodying this method
is showx in Figure 234. Its operation is as
follows:

1. The excursions of the video signal in
the positive direction, caused by the sync
pulses, produce a current flow into capacitor
C1 via the grid-to-cathode path. 2. A charge
of a value equal to the sync pulse tips accumu-
lates on the capacitor. 3. During the active
picture interval, the grid circuit is non-con-
ductive and the capacitor starts to discharge
through resistor R9. 4. The voltage thus es-
tablished across R9 acts as a DC component
which may be considered as adding to the AC
signal. The amplified signal, with its added
DC, is impressed on the picture tube input.

RESTORATION BY RECTIFICATION IN THE
PICTURE TUBE INPUT CIRCUIT: Figure 235
shows a method of using the picture tube grid-
to-cathode as a diode for restoration of the DC
component. This method has been called “AC
stabilized brightness control’’. A self-bias

T L2

]
TO viot b Spur ‘ I
VIDEO
DETECTOR ] I /
7GP4

| Fig. 234. DC Restoration by Grid Circuit

Rectification in the Video Output Stage.

(in the absence of signal) is established across
resistors R4 and R5 or a total picture tube
beam current. This bias tends to correct
automatically for changes in brilliance, due to
power line or high voltage variations. The
video signal is coupled to the cathode through
capacitor C2, and the DC bias, whose peak
value is established by the synchronizing pulse
tip, is set up across resistor R4 in the same
manner as that described in the preceding text
covering diode restoration.

DC RESTORATION EMPLOYING A TRIODE:
Figure 236 shows a circuit in which a triode is
employed for the dual purpose of DC restora-.
tion and sync separation. This circuit will be
recognized as similar to that of Figure 95C,
page 91. The cathode bias developed across

[} c2

SRR

8+

Fig. 235. DC Restoration by Self Bias in Pic-
ture Tube Grid Circuit.

circuit R2 - C3, due to plate rectification, is
determined by the peak value of the synchron-
izing pulses, and this bias constitutes the DC
component. A more detailed description of the

c2

{
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Fig. 236. Use of a Triode for DC Restoration
and Sync Separation.
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performance of this circuit was given on pages
90 and 91.

DC RESTORATION BY DIRECT COUPLING
FROM THE VIDEO DETECTOR TO THE PIC-
TURE TUBE: On page 191, in the general
discussion of DC restoration, mention was
made of the fact that the entire picture, includ-
ing the DC component, is present in the output
of the video detector. If this. signal is im-
pressed on the picture tube input through a
system which is entirely direct coupled, no
restoration is necessary. Figure 237 shows
such a direct coupled circuit. Several unusual
features will be noted: 1. In order to avoid
a great difference of potential between the
heater and cathode of the picture tube, the
entire ‘“B’’ supply system is below ground.
The plate and screen circuits of the video
amplifier tube (T1) return to ground and the
cathode is brought to a point 150 volts negative
with respect to ground. The picture tube grid
circuit is returned to potentiometer R6, which
acts as a brightness control, and establishes
the grid at the proper point so that the black
or pedestal level occurs at the beam cut-off or
black point. 2. The sync signals are taken off
at the junction of the plate load resistor and
one of a pair of shunt peaking coils. This is

T T2
vIDEO AMP Le PICTURE TUBE
N34 et oora
VIDEO DET. L2 L3
ct
- vioes 320 cs
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€4 e air i
I R3S Re
= = Imn 280K
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Fig. 237. DC Restoration by Direct Coupling
from the Video Detector to the Picture Tube.

~130v

done to reduce the capacitance loading of the
sync system on the video amplifier, and thus
extend its high frequency response. 3. Since
no capacitors exist in series with the signal
path, the time constant of operation is ex-
tremely low, and restoration action occurs
line by line rather than over a number of lines,
as in the other methods described in this sec-
tion. This means that a direct coupled system
is capable of very rapid accommodation of
changes in background illumination.

SECTION IT CATHODE RAY — BEAM MODULATION AND SYNCHRONIZATION

CHAPTER 17. CONTRAST CONTROL AND A. G. C. (AUTOMATIC GAIN CONTROL)

CONTRAST CONTROL: The contrast control
of a television receiver is similar in function
to the volume control of the broadcast or com-
munication receiver. By contrast is meant the
ratio of the light intensity of the brightest
highlight in the picture to that of the deepest
shadow. Due to scattering of light at the flour-
escent surface, the black of the shadow can
never be an absolute black, or absence of
light. Since this ratio, of maximum illumina-
tion to illumination at the cut-off point, is
directly proportional to the voltage swing of the
control grid of the picture tube, it is evident
that the contrast can be controlled by varying
the output of the video amplifier. Output con-
trol can be achieved also in the RF amplifier,
the first detector or the IF amplifier. A
combination of control at several points in the
system is frequently employed.

CONTRAST CONTROL BY CHANGE OF
VIDEO AMPLIFIER GAIN. Figure 238A and B
shows two methods of controlling the output of
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the video amplifier. At A the contrast control
is identical to the familiar audio volume con-
trol which is a potentiometer functioning as
the second detector load. Circuit elements C1
and L1 are employed for video high frequency
compensation.

At B, of Figure 238, a variable cathode
bias resistor of one of the video stages is
employed to change the operating point of the
tube and hence its transconductance or gain.
In this case, the control is left unbypassed so
that the degeneration introduced by the resistor
is the same at all frequencies and does not
affect the bandwidth of the amplifier.

CONTRAST CONTROL BY CHANGE OF
VIDEO IF AMPLIFIER BIAS. Figure 238C
shows a method of contrast control in which
the gain of three stages of the video amplifier
is adjusted by change of grid bias. This grid
bias is developed below ground potential. Sev-
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Fig. 238. Contrast Control by Change of Video
Gain.

eral methods of deriving a negative voltage for
this control purpose are employed: 1. The
power supply system has an intermediate point
in a voltage divider connected to ground rather
than the center tap of the supply transformer
tube. 2. A selenium rectifier is used to derive
approximately 8 voits DC from the 6.3 volt AC
filament supply. (The peak of the 6.3 volt AC
wave is 8.9 volts.) 3. The negative bias devel -
oped in the grid of the horizontal scanning
oscillator is filtered and used as a source of
contrast control voltage.

CONTRAST CONTROL BY DIVIDED
BIAS ON RF AND IF STAGES. An important
consideration in the design of gain control by
variation of bias in the RF and IF amplifiers

is to avoid grid overload of any of the stages
under control, by the signal. Since sharp cut-
off tubes such as the 6AG5 and 6AUG6 are fre-
quently employed in the video IF amplifier in
combination with tubes of a more extended cut-
off, such as the 6J6 in the RF amplifier, a
bias system which supplies more control
voltage to the 6J6 is required.

Figure 239 shows a system in which the
bias on the 6J6 RF tube varies from -1.1 volts
to -8 volts, while the bias on the 6AG5 video
IF tubes is controlled from -1.1 to 15 volts.
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Fig. 239. Contrast Control by Divided Bias -
Full Control on RF Stage - Partial Control on
IF Stages.

THE DIODE ‘“GATE’’ AND ITS FUNC-
TION IN A CONTRAST CONTROL SYSTEM.
Figure 240 shows a refinement of the divided
bias system of Figure 239. In this case a novel
arrangement of employing a diode is used in
conjunction with the control circuit. The pri-

T3 2ND VIDEO T4 3RD VIDEO
I'F BAGS IF 8AGS

+05V TO
-9.2v

+ 21V

Fig. 240. Use of a Diode Gate to Provide
Improved Contrast Control Action.
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mary function of the diode is to allow the RF
stage to run at full gain over a considerable
range of the contrast control. This assists in
maintaining a high signal-to-noise ratio. The
gain of the RF stage is reduced only when it
becomes necessary in order to prevent over-
load of the first IF stage. The operation of the
circuit is as follows:

When the contrast control (R15) is at
maximum gain position, ‘‘a’’, the bias on the
video IF amplifier is approximately -1 volt.
The RF bias, taken from the tap ‘“c’’ on the
divider network connected to +B would be
several volts positive if it were not for the
heavy conduction of the diode. (The diode re-
sistance when conducting is only a few hundred
ohms.) This holds the RF bias at approximate-
ly zero. As the contrast control is moved
away from its maximum position the RF and
IF biases fall as shown in Figure 241. The IF
bias immediately goes negative to produce the
major portion of the gain control. Diode con-
duction decreases and at approximately 75% of
maximum rotation the slope of the RF bias
changes more rapidly. As the contrast control
is reduced still further, the diode conduction
stops and the RF bias voltage proceeds at an
even more rapid rate and passes that of the IF
bias. Although triodes are normally not con-
sidered to be remote cut-off tubes, sufficient
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Fig. 241. Bias Characteristics of the Circuit
Shown in Figure 240.
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curvature of the grid bias versus transconduc-
tance curve exists in the case of the 6J6 to
permit approximately 10/1 gain reduction over
the range shown in Figure 241. This prevents
overload at any point in the control range.

Fig. 242. Station Test Pattern Showing the
Effect of Misadjustment of the Contrast Con-
trol. Photo Courtesy National Broadcasting
Company and the R.C. A. Service Company, Inc.

A. G. C. (AUTOMATIC GAIN CONTROL): The
television service technician is familiar with
automatic volume control in standard broad-
cast and short wave receivers. Its purpose is
to compensate automatically for fading, and
also to hold the gain of the receiver constant
as it is successively tuned to stations of vary-
ing carrier strength. Actually the A. V. C.
system of a broadcast receiver is an A. G. C.
system, because the function of volume control
is normally accomplished by variation of the
audio gain. In a television receiver, the A. G.
C. system functions to hold the overall gain or
contrast constant, as the receiver is tuned to
various channels representing stations of
various carrier strengths. It is not normally
called upon to compensate for fading because,
in the majority of cases, the receiver is being
operated ina region of fairly constant field
strength,(the primary service area). In fringe
reception, however, the additional function of
compensation for fading is present.

Another function of A. G. C. is to hold
the video voltage constant and thus line up the
tips of the sync pulses. This is of importance
in receivers of the triggered sync type which
do not have the advantage of automatic fre-
quency control sync system.
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Figure 243 shows a circuit in which an
A.G.C. diode (T4) is connected in parallel
with the video detector by means of the coup-
ling capacitor (C5). The diode rectifies the
video IF envelope and the capacitor C5 is
charged to a value determined by the tips of
the sync pulses. The combination of resistor
R8 and capacitor C5 represents a long time
constant (approximately .2 second). This tends
to average short time variations of the carrier.
Coupling network R7 - C4, filters the detector
output and provides a DC control voltage for
the grids of the RF and IF amplifier. In the
example shown, sync separation is accomplish-
ed by dividing the diode load and taking the
sync pulses from the cathode.

THST SOUND IF

TI-RF AMP T2-ST VIDEOIF

BAKS S8AHS 6BAG

T4AGC.
R7 4AGC.OIODE  T5 VIDEODET. LAST VIDEO
GALS IF TRANSFORMER

Fig. 243. Basic Automatic Gain Control
Circuit.

A significant difference between the
operation of the A. V. C. of a sound receiver,
and the A. G. C. of a television set, is the fact
that A. V. C. establishes a bias voltage which
is proportional to average carrier strength,
while A. G. C. assures that the controlling bias
is proportional to maximum carrier strength
(i. e., the top of the video carrier envelope is
held constant, in transmission, at the sync
pulse maximum value).

In sound transmission, the carrier env-
elope constantly changes in accordance with
the modulation depth.

AMPLIFIED A, G. C.: A. G. C. systems can
employ triode amplification of the rectified
carrier voltage in a manner similar to ampli-
fied A. V. C. Figure 244 shows such a system.
In this case T1 acts as the A. G. C. diode. The
cathode-to-ground circuit is a double section
network in which R1 acts as a decoupler and
C2 as an RF bypass. The long time constant
circuit consisting of R2 (4.7 meg.) and C3 (.05
mfd.) develops a DC voltage since the capacitor
C3 is charged up to the peak value of the sync
pulses, and discharges very slowly through R2
during the picture intervals.

Voltage which is fed to the grid of the
triode amplifier tube T2 is in the positive di-
rection, but the net operating bias on the grid
is maintained in the negative region by the
cathode bias. The operating bias is developed
in the bleeder circuit from +B, consisting of
R4, R5 and the variable resistor R6. R6 is
employed to set the point of A, G. C. operation
(delay-bias). In addition to the controlling
voltage from the A. G. C. rectifier (T1), a pul-
sating voltage is supplied to the grid of T2 by
injecting some of the output of the horizontal
sweep generator through coupling capacitor C4.

The amplified plate current appearing
across resistor R7 in the plate of T2 is thus
seen to consist of pulses and amplified hor-
izontal sweep voltage controlled in strength by
a DC bias proportional to maximum carrier
value. This amplified pulsating voltage is
impressed on the diodes of T2 through coupling
capacitor C5 and is thus rectified to provide
the gain control of voltage across the output
network consisting of R8 and R9. Divided
control is again employed to produce a differ-
ent rate of change of the RF bias with respect
to the video IF bias.

NOISE CLIPPING IN A. G. C. CIRCUITS:
A refinement of amplified A. G. C., which

TO VIDEO

TO DET.
VIDEO ¥
PLATE

TI6ALS T2 786
AG.C DET. AG.C. AMP

TO HORIZONTAL
R2 SWEEP GEN.
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Fig. 244. An Amplified A. G. C. Circuit.
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Fig. 245. An A. G. C. Circuit Employing Clipping, Amplification and Gate Action.

improves the circuit performance, is the use
of diode clippers between the A. G, C. rectifier
and the A. G. C. amplifier tubes. Figure 245
shows a circuit which incorporates clipping,
amplification, and diode gating (or delay
action). The performance of this system is
shown in the graph of Figure 246. The use of
an elaborate system of this type is justified in
deluxe projection models.

In this instance, the time constant of the
load circuit of the A. G. C. diode (T1), has been
made much shorter than that of the systems
previously described (R2 times C2 = 82 micro-
seconds). The diode thus acts as a peak
reading voltmeter at the horizontal scanning
frequency (15,750 cps).

The fast time constant will allow the
system to follow the peak of noise pulses as
well as the sync pulse tips. To prevent this
from affecting the A, G. C. action, a two stage
noise clipping system is employed. It consists
of diodes T2 and T3, coupled by resistor R6.
In addition to the clipping action, further pro-
tection against noise is provided by feeding the
A. G. C. amplifier triode T4, through the in-
tegrating circuit consisting of R7 and C3. This
circuit removes the effect of random noise.

The delay bias on the clipping diodes T2
and T3, provided by the drop across R3 and
the contrast control potentiometer (R4), deter-
mines the level at which clipping action occurs.

This same variable bias is applied as an
operating bias for the A. G. C. amplifier tube
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T4, through series resistors R2, R6, and RY,
which constitute the grid return of T4. The
bias thus establishes the gain of the A, G, C.
amplifier, and control R4 can thus act to estab-
lish both the gain of the system, and the level
at which noise clipping occurs.

Amplifier tube T4 operates with its
cathode 110 volts negative with respect to
ground, and its plate at, or slightly below,
ground potential. Thus, as its grid goes pos-
itive with A. G. C. control voltage, the plate
goes negative with respect to ground, and the
drop across R8 and R9 can act as a control
bias for the RF and IF amlifiers. Diode gate
tube (T5) performs the same function as
described on pages 195 and 196 and illustrated
in Figure 241.

The overall performance of the system
is shown in Figure 246.
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Circuit of Figure 245.
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CHAPTER 18. INTERCARRIER SOUND SYSTEMS

The introduction of the intercarrier
sound (Parker System) of television reception,
which was described briefly on page 163 and
illustrated by the block diagram of Figure 185,
has resulted in a reduction of the number of
tubes required and has furthered the design of
table model TV sets.

In this system, the video and audio IF
carriers are amplified together in the inter-
mediate frequency amplifier. The gain versus
frequency characteristic of the IF system
differs from that of the dual IF system as
shown in Figure 247. In this case, sound IF
traps are not used and the end of the band is
allowed to slope gradually as shown at B of
Figure 247.

At the output of the second detector, a
beat between the video IF and audio IF carriers
_{4.8me)appears. This beat, which is frequency-
modulated by the sound signal and amplitude-
modulated (to some extent) by the video signal,
constitutes a new intermediate frequency. The
video amplifier which follows the second
detector can be considered as an IF amplifier
for this beat.

The intercarrier beat is separated from
the combination signal at the picture tube grid
and is passed through a frequency-modulation
detector which is not sensitive to the amplitude
(video) modulation of the beat. The sound
modulation is thus sorted from the picture and
subsequently amplified for operation of the
loud speaker.

Since the intercarrier sound system
represents an economical method of producing
a less complicated receiver, the television
service technician should become familiar
with the principles of operation and the re-
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Fig. 247. IF Response Characteristics of
Conventional Dual Channel and Intercarrier
Sound Systems.

quirements which it places on the character-
istics of the composite television signal.

TRANSMITTER PERFORMANCE CHARAC -
TERISTICS REQUIRED FOR SUCCESSFUL
INTERCHANNEL SOUND OPERATION: Since
the intercarrier sound system is made poss-
ible by the fact that separate modulation
methods are employed for the video and audio
carriers, it follows that the performance of
the system is dependent upon the exact com-
position of the transmitted television signal.
Characteristics of the signal which are of
importance are: 1. The frequency stability of
the video and audio carriers. 2. The accuracy
of the difference-frequency between the video
and audio carriers. 3. The depth of modulation
of the video carrier allowed for maximum
white signal. 4. The amount of phase or
frequency modulation present in the video
carrier.

Since the difference beat is produced
between the video and audio carriers, any
drift of frequency of either of them will cause
an off-tune condition in the FM detection cir-
cuit at the receiver. This will result in either
poor quality or loss of the sound portion of the
transmission. Nothing can be done by the user
to correct this since the alignment of the FM
system is a factory or service technician
operation. In the conventional dual channel
system this condition can be corrected by ad-
justment of fine tuning. With crystal control
at the transmitter, this requirement should
present no difficulty.

The minimum modulation of the video
carrier represents the white level (see page
127). If the modulation of the sound carrier
should be allowed to go to zero (100% video
modulation) the 4.5mc beat upon which the
operation of the system depends, would dis-
appear. No sound output could occur during
such periods of over-modulation. This would
cause disagreeable sound interference in the
form of a 60 cycle buzz (field repetition rate)
or a 15,750 cycle whistle (horizontal scanning
rate). The drop-out of audio IF would occur
at field and line scanning rates and would
appear as a modulation of the audio IF signal.

Any phase or frequency modulation of
the picture carrier would result in a corres-
ponding modulation of the 4.5mc beat. The
result would be the same type of 60 cycle or
15,750 cycle interference just described. Mis-
adjustment of transmitter tuning or neutraliza-
tion can cause such phase modulation.
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Fig. 248. Typical Intercarrier Sound Circuits.

TYPICAL INTERCARRIER SOUND SYSTEMS:
Figure 248 shows a typical intercarrier sound
system, while Figures 249 and 250 illustrate
variations of the method of take-off of the
4.5mc audio modulated beat. In Figure 248, the
circuit consisting of C2 and L3 acts as a ser-
ies-tuned trap to remove the 4.5mc beat from
the picture tube input, and at the same time,
develop a resonant voltage across the inductor
to feed the modulated IF to the amplifier tube
(T2) and the ratio detector (T3). The operating
voltages of T3, as well as the grid circuit
constants, are such that the stage acts as a
limiter for the suppression of amplitude
modulation.

TI-VIDEO C2
AMP. 6AUS S

TO
— AUDIO
IF GRID

Fig. 249. Audio IF Take-off Employing a
Shunt-Tuned Trap.

Figure 249 shows an absorption trap L3
- C4, coupled to the video output plate through
capacitor C3 (2.2 mmf.). The operation of the
circuit is similar to that of Figure 248.

The circuit of Figure 250 shows a war-
iation in which the trap circuit is in the screen
return. The screen acts as a triode plate for
amplification of the IF beat, and the 4.5mc
tuned circuit suppresses this frequency in the
video output or plate circuit.
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Fig. 250. Audio IF Take-off from the Screen
Circuit of the Video Output Tube.

The constant daily analysis of Television equipment in the laboratories of the Howard W.
Sams & Co., provides the continuing research and study necessary for the production of Photo-
fact Folders covering such equipment. By-products, of almost equal importance, include the
publication of practical educational information such as the Photofact Television Course.

To keep current on the latest developments in the TV art, and to become familiar with
specific design and operational data, it is suggested that reference be made to the Photofact

Folders issued for this equipment.
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83, 84
vertical output, 73, 74, 76, 77, 78, 79, 80, 82
sync, 94
video, 183 to 190
Amplitude characteristic, receiver, 125, 126
transmitter, 125, 126, 127
video detector, 164, 165
Amplitude-frequency response, high frequency
video, 184 to 188
low frequency video, 183 to 185
Amplitude modulation, 121
Amplitude separation of sync pulses, 85 to 101
Anode, accelerating, 6, 7, 8
Antenna, cage, 144
corner reflector, 146, 147
dipole, 139 to 145
dipole dimensions, 143
dipole director, 142, 143
dipole reflector, 142, 143
dipole reception pattern, 140, 141
fan type, 144
folded dipole, 141, 142
front-to-back ratio, 143
power gain, 143
receiving, 133 to 149
rotatable, 145, 146
stacked array, 145, 146
V type, 145
Yagi array, 143, 143
Aquadag, 9
Arrays, antenna, 145 to 149
Aspect ratio, 124
Assymmetrical square waves, 37
Automatic gain control, 196, 197, 198
Automatic pulse-width control, 83, 84, 101

B

Background, 130, 131, 191
Band pass circuits, audio IF, 177, 178, 179
RF, 149 to 162

video, 183 to 190
video IF, 164 to 174
Bandwidth, 136, 143, 164, 165, 166, 177, 183
Beam centering, electromagnetic, 61, 62
electrostatic, 10, 11
Beam control, electron, 4 to 7, 107, 108
Beam deflection, electrostatic, 8, 9, 10, 68-72
electromagnetic, 15, 16, 73 to 84
Beam focus, electromagnetic, 14, 15, 61, 115
electrostatic, 5, 6, 7, 115
Beam formation, electron, 4, 5
Beam relaxor, 82, 83
Blacker -than-black region, 127
Blanking oscillator, 47 to 50, 70, 80, 81, 82, 84
Bridged-T circuits, 172, 173, 178
Brightness control, 107, 108, 115, 193, 194
Brute force power supplies, 26, 27

C

Camera tube, 19 to 23
iconoscope, 18, 19, 20
image dissector, 18, 19, 22
image orthicon, 18, 19, 20
monoscope, 18, 19, 23
Capacitance tuned input systems, 156 to 162
Capacitor charging, 34, 35, 38
Capacitor discharging, 35, 36, 38
Carrier frequencies employed in television, 126
Carrier relation, video and audio carriers,
125, 126
Carrier signal, modulated by video, 127 to 131
Carrier transmission of video signals, 121 to
132
Cathode, bias, effect on low frequency video
response, 185
follower, 86, 87, 88, 92, 93, 94, 193
input-grounded grid amplifier, 151, 152
traps, 172, 173, 178
Cathode-ray tube, 3 to 25
Centering, electromagnetic, 61, 62, 118, 119
electrostatic, 10, 11, 118, 119
Channel, adjacent, 126, 127
width, 126
Channels, television, 126
Chart, television image test, 109, 110
Checkerboard image, 124
Circuit, effect of plate load resistor on band-
width, 184
resistance coupled, equivalent at video
frequencies, 183
charging, RC, 34, 35
Clipping, 85 to 97
circuits, 85 to 97
Coaxial cable, 148
Co-channel rejection, 171, 172, 173
Compensated amplifier, high frequency re-
sponse, 185 to 188
low frequency response, 184, 185
series peaking, 186, 187
shunt peaking, 186
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Compensation, effect of improper, 186
Composite sync signal, 97, 98

Composite video signal, 121 to 132
Contrast control, 194 to 199

Contrast of picture, 194

Control grid, picture tube, 4, 5

Controls, summary and function, 110 to 114
Converters in input systems, 151 to 163
Crossover region, electron beam, 5
Crystal detector, germanium video, 176
Crystal restorer, germanium diode, 192, 193

D

Dc, amplifier, 78, 79, 194
component of video signal, 130 to 133, 191
to 195
coupled video amplifier, 194
restoration in reception, 191 to 195
restoration in transmission, 130 to 133
restorer, 131, 191 to 195
Damping, 62, 66, 75, 76, 79
Definitions of television terms, 201 to 207
Deflection, electromagnetic, 15, 16, 59, 60,
73 to 84 ‘
electrostatic, 8, 9, 10, 59, 68 to 72
Deflection yoke, adjustment, 115
Degenerative traps, 172, 173, 178
Delay, uniform time, 189, 190
Demodulation, audio IF, 179 to 183
video IF, 174, 175, 176
Detail, horizontal line, 124
Detection, audio IF, 179 to 183
RF, first, 149 to 163
video IF, 173 to 177
Differentiating circuit, 94, 95, 96
Differentiator voltage, 37, 76, 94, 95, 99
Diode clamp, 131, 192, 193
Diode detection, video IF, 174 to 177
Diode, germanium crystal, 176, 192, 193
sync separation, 89, 90
Dipole antennas, 139 to 145
Discharge tube, 49, 74
Distance of reception over flat earth, 135, 136
Drive, horizontal, 65, 120
Dynode, 20, 22
E

Electromagnetic deflection, 61 to 67, 73 to 84
Electron beam, deflection of, 34 to 85
electrostatic focusing of, 5, 6, 7

focusing of, 5 to 8, 14, 15

formation of, 2 to 35

magnetic focusing of, 14, 15
Electron,gun, 8

lens, 6

multiplier, 2 to 24

scanning, 24, 51 to 61
Electrostatic deflection, 8, 9
Equalizing pulses, 98, 99
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Field, 24, 52, 53
of half wave dipole, 139, 140, 141
of Yagi arrays, 142
repetition rate, 24, 52
scanning, 24, 52, 53
Filter, capacitance-resistance, 30 to 34
circuits, high voltage, 25 to 34
vestigial sideband, 125, 126
Fine tuning control, 110, 149 to 163
First anode, 5 to 13
Fluorescent screen, 3, 4, 9, 10
metal backed, 21
Flyback, horizontal, high voltage systems, 29,
30, 31
FM, discriminator, 179, 180, 181
limiter stage, 129
ratio detector, 181, 182
television sound channel, 126, 127, 162,
163, 177, 199, 200
Focus, control, 115
electromagnetic, 14, 15, 61, 114, 115
electrostatic, 5, 6, 7
Focus coil, adjustment, 114
Frame, 24, 52, 53
frequency, 24, 52, 53
number of lines, 24, 52, 53, 124
Free running, frequency of multivibrator, 53,
54, 55
Frequency, allocations, 126

G

Generator, sawtooth scanning, 38 to 51, 73 to
85
Germanium crystal diode, 176, 192
Ghost, images, 133, 136 to 139, 190
negative, 138
smear, 190, 191
Glossary of television terms, 206 to 210
Grid circuit, DC restoration, 193
Grid leak, bias limiting, 179
Grounded grid, RF amplifier, 151

H

Height control, 70, 73 to 85, 118
High frequency, phase shift, 189
video compensation, 186, 187, 188
video response, 183 to 189
High voltage power supply, types, 25 to 34
brute force type, 26, 27
horizontal flyback type, 29, 30 31
pulse type, 31, 32, 33
RF type, 27, 28
tripler rectifier circuits, 30 to 34
Hold adjustments, 116



Hold control, horizontal, 69, 76, 79, 116
vertical, 69, 70, 74, 77, 80, 116
Horizon, effect of, 135, 136
Horizon distance, relation to height of trans-
mitting and receiving antennas, 135
Horizontal, centering control, 11, 62, 110, 111,
118
centering, electromagnetic, 62, 110, 111,
118
centering, electrostatic, 10, 11, 110, 111,
118
discriminator phase adjustment, 117
drive control, 65, 81
hold control, 44, 45, 47, 61 to 85, 110, 111,
116 '
linearity control, 65, 67, 119
oscillator frequency adjustment, 117
sweep damping, 62 to 65
width control, 65, 67, 118
Horizontal flyback, high voltage supplies, 29,
30, 31

I

IF, amplification, 162 to 183

audio, 177, 178, 179

systems, 162 to 183

video, 164 to 169
Iconoscope, 18, 19, 20
Ideal sawtooth waveform, 51 to 54
Image dissector, 18, 19, 22

orthicon, 18 to 23
Inductive tuners, 151, 152, 153
Infra-black region, 127
Input systems, 149 to 163
Integrating circuit, 97, 98
Integrator voltage, 37, 70, 77, 82, 97, 98
Intercarrier sound, 163, 199, 200
Interference, 134, 136, 137, 138
Interlace, 24, 97 to 100
Intermediate frequencies, video and audio
165, 166
Ion trap, 16, 17, 61, 114

L

Linear displacement of image, 137, 138, 188,
189, 190
Linearity, horizontal, 65, 76, 119, 120
vertical, 67, 75, 78, 82, 120
Line-of -sight, distance, 135, 136
Lines, active horizontal, 51, 52, 124
antenna transmission, 147, 148
number per field, 24, 52, 53
number per frame, 24, 52, 53
Local RF oscillators, 149 to 163
Low-frequency, phase shift, 188, 189
video amplifier compensation, 185
video amplifier response, 183, 184
Low signal-to-noise ratio, 150, 151
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M

Magnetic deflection, 15, 16, 59, 60, 73 to 84
Magnetic focus, 14, 15, 61, 114, 115
Magnetic field, effect on electron beam, 13, 14
Maximum video frequency, 124
Metal -backed, picture tube screen, 17
Modulation, audio, 126
by video and audio, 121
video, 125 to 132
Monoscope, 18, 19, 23
Mosaic, 19, 20
Multivibrators, cathode-coupled, 45, 46, 68, 78
conventional, 40 to 44
unbalanced or asymmetrical, 44, 45, 76

N

Names of controls, 110, 111

Negative feedback, 171

Negative ghost, 138

Negative transmission, 127, 130, 174
Negative video detector output, 173, 174
Noise, 128

o

Odd line interlace, 24, 97 to 100

Ohm’s law, 34

Oscillator, horizontal scanning, 61 to 85
local RF, 149 to 163
pulse control of, 54, 55, 56
sawtooth scanning, 38 to 51
vertical scanning, 61 to 85

Output, of television transmitter, 125

Output amplifier, horizontal, 61 to 85
vertical, 61 to 85

Over-coupled IF systems, 166, 167

P

Pairing of interlaced fields, 98
Path, carrier wave, direct and reflected, 136
137, 138
Peaking, circuits, 60, 174, 175, 176
coil, 186, 187, 188
resistor, 80
Pedestal, 87, 127 to 133, 191
Pentode sync separation, 92
Phase, delay, 188, 189, 190
inversion, 69, 70
Phase shift, compensation for, 188, 189, 190
high frequency, 189
low frequency, 188, 189
Photocathode, 20
Photoelectric surface, 19 to 24
Picture element, 124
Picture polarity, 174, 175, 176
Picture signal, 127 to 133
Picture tube, 3 to 19
Power supplies, high voltage, 25 to 33
low voltage, 25
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Pre-emphasis of audio modulation, 181
Propagation of television waves, 133 to 136
Pulse shaping, 94 to 101

Pulse stripper, 85 to 101

Pulse type power supplies, 30, 32, 33

Q

Q of tuned circuits, 150, 151

Quarter wave line input tuning circuits, 153 to
157

Quasi-optical, 135

R

RC circuits, 34 to 39

RC differentiating circuits, 94, 95, 96

RC integrating circuits, 97 to 101

RF oscillators, input system, 149 to 163
power supply, 27, 28

RF power supplies, 27, 28

RF tuning systems, 149 to 163

R. M. A, standard television signal, 124 to 128

Radiation from local oscillator, 150

Raster, 24, 51 to 55, 124

Reactance tube, 75, 104

Receiving antennas, 133 to 150

Rectifiers, high voltage, 26 to 29

Reflected and direct carrier waves, 136, 137,

138

Reinsertion of DC component, 130 to 133, 191

to 195

Relaxation oscillators, 38, 39, 40

Resolution of image, 124

Retrace, horizontal, 51, 52
vertical, 52, 53, 98

S

Safety precautions, 26
Sawtooth, formation, 37 to 51
generation, 38 to 51
scanning raster, 24, 51 to 55, 124
Scanning, 24, 51 to 55, 124
electromagnetic, requirements for, 56 to 61
electrostatic, requirements for, 56
generator control, 53 to 57
wave, horizontal, 51, 52, 53
wave, vertical, 52 53
Second anode of picture tube, 6 to 10
Secondary emission, 19, 20, 22
Separation, amplitude, of sync pulses, 85 to 108
Series and shunt peaking, combination of, 187
Series peaking, 186, 187
coil, 186, 187, 188
Serrated vertical pulses, 97 to 101
integration of, 97 to 101
Shunt and series peaking, combination of, 187
Shunt peaking, 186
Signal, horizon effect on, 135, 136
R. M. A. standard, 121 to 133
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Sine wave generators, 49, 75
Size control, horizontal, 65, 67, 69, 76, 118
vertical, 69, 70, 75, 78, 82, 118
Sound, carrier, 126, 127
IF, 177 to 183
Square wave, 37, 38
generator, 40 to 46
Stagger -tuned IF systems, 167 to 171
Switch-type tuners, 153 to 161
Symmetrical square waves, 37
Sync pulse, amplifier, 75, 77, 78, 79, 82, 94
clipper, 76 to 80, 82, 84, 94
inverter, 76 to 80, 82, 84, 94
leveler, 76 to 80, 82, 84, 94
separation of, 85 to 108
separator, 79, 80
shaping, 56 to 61, 119
sorting of, 94 to 98
triggering by, 54, 55, 56, 67 to 85
use of, 53 to 57, 69, 74, 77, 79, 80, 84, 101

T

Television, antennas, 133 to 139

camera tubes, 19 to 23

channels, 126

R. M. A. signal, 124 to 128

vestigial sideband, 125 to 128
Television receiver, typical block diagrams,
122, 123, 132, 162, 163
Test patterns, 109, 110
Time constants, 34 to 39
Time delay, 189, 190
Transients, effect of, 190, 191
Transmission lines, 147, 148, 149
Transmitter, output characteristic, 125, 126
Trap circuits, 171, 172, 173
Triggered sync, 101
Triode sync separation, 90, 91, 92
Triplers, high voltage, 31, 32, 33
Tuned line input systems, 153 to 157
Turret tuners, 157, 158
Typical commercial sync circuits, 105, 106,
107
Typical deflection circuits, 67 to 85

U

Uncompensated video amplifier, 190

v

Vacuum tube theory, review, 85 to 89

Variable capacitor tuners, 161, 162

Velocity of scanning spot, 51, 52

Vertical blanking, 53, 97, 98

Vertical centering, electromagnetic, 61, 119
electrostatic, 10, 11, 119

Vertical equalizing pulses, 97, 98, 99

Vertical hold control, 69, 73 to 85, 116, 117



Vertical linearity control, 67, 120
Vertical output amplifier, 67, 68, 70, 75, 77,
80, 82
Vertical resolution, 124
Vertical retrace, 52, 53, 98
Vertical serrated synchronizing signals, 97 to
101
Vertical size control, 69, 73 to 85, 118
Vertical synchronizing pulse separation, 97 to
101
Vertical synchronizing signals, 53, 97 to 101
Vestigial sideband modulation, 164, 165
Video amplification, 183 to 191
Video amplifier, 183 to 191
high frequency compensation, 185 to 189
high frequency phase shift correction, 189
high frequency response, 183 to 188
low frequency compensation, 184, 185
low frequency phase shift correction, 188,
189
low frequency response, 183 to 185
phase shift characteristic, 189 to 191
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Video detection, 87, 173 to 177
Video IF systems, 164 to 174
Video response characteristics, 164, 165, 166,
183, 184
Video signal, 121 to 132
DC component of, 130, 131, 132
R. M. A, standard, 124
Volume control, 110 to 115
Voltage doubler, 25

w
Wavelengths of television channels, 136
Waves, sawtooth scanning, 51 to 61
television carrier, polarization of, 133, 134
V. H. F., propagation characteristics of,

133 to 137
Width, horizontal, 65, 67, 69, 76, 118

Y

Yagi antenna arrays, 142, 143
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GLOSSARY OF TELEVISION TERMS

A

ABSORPTION TRAP - A parallel-tuned circuit coupled either
magnetically or capacitively, to absorb and attenuate interfering
signals.
ACCOMPANYING AUDIO (SOUND) CHANNEL. The RF carrier
frequency which supplies the sound to accompany the picture.
Also.known as Co-channel Sound Frequency.
ACTIVE LINES ~ The lines which produce the picture as dis-
tinguished from the lines occurring during blanking (horizontal
and vertical retrace lines).
ADJACENT AUDIO (SOUND) CHANNEL - The RF carrier fre-
quency which carries the sound modulation associated with the
next lower frequency television channel.
ALUMINIZED SCREEN PICTURE TUBE - A cathode-ray picture
tube in which a thin layer of aluminum has been deposited on the
back of the fluorescent surface to improve the brilliance of the
image and prevent ion spot formation.
AMPLITUDE MODULATION (AM) - A method of modulating an
RF carrier in which the instantaneous amplitude of the carrier
is proportional to the instantaneous value of the modulating
voltage.
AMPLITUDE SEPARATION - The method of sorting part of a
voltage wave (particularly the sync pulses of the video signal)
from the rest of the wave by differences in amplitude. This is
usually accomplished by employing a biased clipper.
AQUADAG - A colloidal solution of graphite in water, used to
produce a conductive coating on the surface of the glass envelope
of cathode-ray picture tubes. This is done internally to collect
secondary electrons emitted by the fluorescent screen and ex-
ternally (in some types) to utilize the tube as a final capacitor
of the high voltage filter circuit.
ARRAY - A combination or arrangement of antenna elements to
produce a desired directional pattern or increase in signal pick-
up as compared with a half wave dipole.
ASPECT RATIO - The numerical ratio of the picture width to
its height. The television and motion picture standard is 4/3.
ASSYMETRIC SIDE-BAND TRANSMISSION - (See Vestigial Side-
Band Transmission.)
AUDIO CHANNEL - (See Accompanying Audio Channel.)
AUTOMATIC GAIN CONTROL (A. G. C.) - A method of automat-
ically regulating the overall amplification (gain) of a television
receiver to produce constant output (contrast of the picture) for
varying- input signals.
AUTOMATIC CONTRAST CONTROL - (See Automatic Gain Con-
trol.)
AUTOMATIC PHASE CONTROL - A method of automatically
holding the frequency and phase of the horizontal scanning os-
cillator in step with the repetition rate and phase of the horizon-
tal sync pulses.

B

BACKGROUND - In television this refers to the average illumin-
ation of the scene and is represented by the DC component of the
video signal. (See DC Video Component.)

““BACK PORCH’’ - The portion of the synchronizing signal (at
blanking or black level) which follows the horizontal sync pulse
and precedes the start of the next horizontal active line. (3.81
microseconds in duration for the standard R. M. A. signal.)
BANDWIDTH - The difference in frequency between the highest
and lowest frequencies involved. A television channel has a
bandwidth of 6 megacycles.

BEAM - In television this refers to a stream of electrons moving
in a parallel path.

BEAM CURRENT - The electrical current comprised of a beam
of electrons.

BEAM RELAXOR - A type of sawtooth scanning oscillator cir-
cuit which generates the current wave required for magnetic
deflection in a single beam-power pentode without employing
subsequent amplification.

‘‘BI-DIRECTIONAL”’ - Refers to the shape of the reception pat-
tern of an antenna which responds equally well tq stations locat-
ed 1800 apart with respect to the receiver.
“BLACKER-THAN-BLACK’’ - Also‘“Infra-Black’’. That portion
of the video modulating voltage of the transmitter of greater am-
plitude than the black level (from 75% to 100% of maximum
signal). This region is occupied by the synchronizing pulses.
BLACK LEVEL - The amplitude of the video modulating wave at
which the heam of the picture tube is extinguished (becomes
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black), to blank retrace of the beam. This level is established
at 75% of the maximum of the signal.

BLANKING PULSES - The portion of the video modulating signal
during which the beam of the picture tube is extinguished (at
or above 75% of maximum signal.) (See Black Level.)
BLOCKING OSCILLATOR - A type of relaxation oscillator cir-
cuit, for the generation of sawtooth waves, employing an iron
core feedback transformer and a long time constant grid capac-
itor -resistor network.

BLOOMING - The phenomenon of defocusing of regions of the
picture due to excessive brilliance. The spot size is enlarged to
halation (spreading of light at the fluorescent screen).
“BOOSTER’’ - A separate radio frequency amplifier connected
between the antenna and the television receiver to amplify weak
signals.

BRIGHTNESS CONTROL - The adjustment means of a television
receiver whereby the operating point of the picture tube is set
to prevent the appearance of the beam retrace.

C

CAMERA TUBE - The device employed at the television trans-
mitter to change the light variations of the scene into a video
modulation. Examples: Iconoscope, Image Orthicon, Image
Dissector and Monoscope.

CATHODE FOLLOWER - A vacuum tube circuit in which the
input signal is applied between control grid and ground, while
the output is taken between cathode and ground. The plate is by-
passed to ground. A cathode follower exhibits high input imped-
ance and low output impedance.

CATHODE INPUT - (See Grounded Grid Amplifier.)

CENTERING CONTROL - Adjustment means for controlling the
position of the raster on the picture tube screen. (See Horizon-
tal Centering Control, and Vertical Centering Control.)
CHANNEL - The band of frequencies assigned for the trans-
mission of the television signal.

CHARACTERISTIC IMPEDANCE - The ratio of the voltage to the
current at every point on an RF transmission line. This holds
only when the line is properly terminated and no standing waves
are present.

CLAMPING CIRCUIT - See also DC Restoration. A circuit which
maintains one extreme of a voltage wave at a predetermined DC
level.

CLIPPING CIRCUIT - A vacuum tube circuit arranged to operate
under conditions which remove one or both extremities of an
impressed voltage wave. This produces a flat topped output.
Employed in sync pulse shaping.

COAXIAL CABLE (COAX) - A high frequency transmission cable
consisting of a central inner conductor and a cylindrical shaped
surrounding conductor, the conductors being separated by an
insulator. Often employed as a television antenna lead-in.
COMPOSITE SIGNAL - A television signal whose waveform is
composed of video modulation, blanking pedestal and synchron-
izing pulses. In the R. M. A. standard the blanking pedestal
occurs at 75% of maximum signal and the sync pulses occupy the
remaining 25%.

CONTRAST - The range of light to dark values of the image,
proportional to the voltage swing at the picture tube input.
CONTRAST CONTROL - The adjustment means of a television
receiver whereby the input voltage swing to the picture tube input
is set to produce the most acceptable image contrast.

CRITICAL VIEWING DISTANCE - The ratio of the distance of
the observer to the height of the picture, at which the line struc-
ture just disappears (about 5 to 1, with present standards).

D

DC REINSERTION - The combining of the DC component of the
video signal (lost in capacitance-coupled amplifiers) with the AC
component to re-establish the average light value of the repro-
duced picture.

DC VIDEO COMPONENT - The part of the video signal caused
by the average steady background illumination of the scene being
televised.

DAMPING TUBE - A vacuum tube (diode or triode) used to
momentarily short circuit the stored energy in a deflecting coil
system and prevent transient oscillation.

DEFINITION - The sharpness of fine detail in the reproduced
picture.



DEFLECTION - The process whereby the electron beam of a
picture tube is deviated from its axial path (either electrostat-
ically or electromagnetically) to produce the scanning raster.
DEFLECTION YOKE - An assembly consisting of the horizontal
and vertical deflection coils of a magnetically deflected TV set.
DETAIL - The least perceptible elements or areas of an image
which can be recognized as different from one another.
DIATHERMY - An interfering signal caused by certain types of
medical apparatus. Contains strong 60 cycle modulation and
produces a ‘“‘herring-bone’’ pattern on the picture.
DIFFERENTIATING CIRCUIT - A combination of circuit ele-
ments which produce an output pulse proportional to the rate of
change of the input signal.

DIPOLE - An antenna whose length is approximately one half of
the electromagnetic wavelength to which it is resonant. It is
usually divided in the middle for connection tosthe transmission
line.

DIRECTOR - A dipole placed in front of adipole antenna element
(toward the transmitter). Its function is to increase the pick-up
and obtain a directional pattern.

DISCHARGE TUBE - A vacuum tube (usually a triode, normally
biased to be non-conductive which is arranged to discharge a
condenser when triggered by a positive voltage pulse.
DISCRIMINATOR - An FM detector circuit using a pair of
diodes. The audio output is proportional to the frequency de-
viation.

DISSECTOR - A camera tube in which an electron image is mov-
ed across the aperture of an electron multiplier.

ECHO - A delayed signal due to reflection. This may refer
either to the television carrier (ghost signals) or to effects in
the video amplifier.
ELECTRON FOCUS - The reduction in size of the electron beam
in a picture tube by variation of the electrostatic field.
ELECTROMAGNETIC DEFLECTION COIL - A circular coil
placed around the neck of a picture tube to cause deflection of
the electron beam.
ELECTRON - The elementary electrical charge of negative sign
or polarity (1.6x10-19 coulombs).
ELECTRON GUN - An arrangement of cylindrical electrodes
and baffles with apertures which produce a small beam of elec-
trons.
ELECTRON MULTIPLIER - An electron tube in which a number
of electrodes are arranged in cascade. Each electrode delivers
to the next a greater number of electrons than it receives. The
increase is due to secondary emission.
ELECTRON SCANNING - The deflection of an electron beam to
form a regular pattern or raster.
ELECTROSTATIC FIELD - A strain in space which exerts a
force on an electrical charge (electron) within its region of in-
fluence.
ELECTROSTATIC SCANNING -The deflection of an electron
beam, to form a raster, by means of an electrostatic field.
EQUALIZING PULSES - A series of pulses (usually six in num-
ber), occurring at twice line frequency, which precede and follow
the serrated vertical synchronizing pulse. The purpose of these
pulses is to cause vertical retrace to occur at the correct
instant for proper interlace.

F

FIELD - One complete scanning operation from top to bottom of
the picture including retrace to the top again. In the R. M. A.
standard this requires 1/60th of a second and occurs twice per
frame.

FIELD FREQUENCY - The number of fields transmitted per
second (60 in the standard R. M. A. system).

FIELD FREQUENCY SYNCHRONIZING IMPULSE - (See Vertical
Blanking Impulse.)

FIELD PERIOD - The time required to transmit one field (re-
ciprocal of the field frequency) or 1/60th of a second.
FLUORESCENT SCREEN - The coating on the inside surface of
the picture tube (a phosphor which emits light under the impact
of the electron beam).

FLYBACK - The return of the electron beam after tracing a
horizontal line. (See retrace.)

FLYWHEEL SYNC - A method of horizontal synchronization in
which the control of scanning is determined by the average tim-
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ing of the sync pulses rather than by each individual pulse as in
triggered sync.

FOCUSING CONTROL - The adjustment means of a television
receiver whereby the electron beam is brought to the smallest
possible spot size on the fluorescent screen.

FOLDED DIPOLE - A dipole antenna which consists of two half
wave dipoles arranged parallel to oune another and with their ex-
tremities connected together. One of the dipoles is open at its
center point for connection to the transmission line.

FRAME - The complete single picture contained in an image. In
the standard double interlace system, a fraine consists of two
fields and has a repetition rate of 30 per second.

FRAME FREQUENCY - The number of times per second the
picture is completely scanned - the standard is 30 per second.
“FRONT PORCH’’ - The portion of the synchronizing signal (at
blanking or black level) which precedes the horizontal sync pulse
and occurs at the end of each active horizontal line (1.27 micro-
seconds in duration for the standard R. M. A. signal).
FRONT-TO-BACK RATIO - The ratio of the sensitivity of an
antenna for signals arriving from the front (desired direction) to
the sensitivity for signals arriving from the back, 180 degrees
from the front.

GAMMA - The ratio of the contrast of any two elements of the
picture to the original contrast of these same elements in the
scene being televised.
GHOST IMAGE - A second or echo image superimposed on the
reproduced picture due to a reflected and delayed carrier wave.
GRID LIMITING - The use of grid current bias derived from the
signal through a large series grid resistor to cause plate cur-
rent cut-off and consequent leveling of the output wave for all
input signals above a critical value.
GROUNDED GRID AMPLIFIER - A vacuum tube circuit in which
the input signal is applied between a grounded grid and the cath-
ode. The.grid thus acts as a shield between the input circuit
(cathode-to-ground) and the output circuit (connected between
plate and ground).

H

HALATION - A halo immediately surrounding a point of high
brilliance on the fluorescent screen. This may be due to light
scattering in the phosphor or multiple reflections between front
and back surfaces of the glass.

HALF WAVE DIPOLE OR ‘‘DOUBLET’’ - (See Dipole.)

HEIGHT CONTROL - The adjustment means of a television re-
ceiver which controls the vertical scanning amplitude and hence
the height of the picture.

HOLD CONTROL - The adjustment means of a television receiv-
er which permits control of the frequency of a scanning oscillator
(horizontal or vertical) to produce coincidence with the syn-
chronizing rate of the transmitted signal.

HORIZONTAL BLANKING - The process of cutting off the elec-
tron beam during retrace between successive active horizontal
lines.

HORIZONTAL BLANKING IMPULSE - The rectangular shaped
pedestal of the composite television signal which occurs between
active horizontal lines. This causes the beam current of the
picture tube to be cut off during retrace.

HORIZONTAL CENTERING CONTROL - The adjustment means
of a television receiver whereby the image may be moved in the
horizontal direction.

HORIZONTAL DISCHARGE TUBE - A vacuum tube in the hor-
izontal deflection circuit which is used to discharge a capacitor
to form the sawtooth scanning wave. (See Discharge Tube.)
HORIZONTAL DRIVE CONTROL - The adjustment means of an
electromagnetically deflected television receiver which adjusts
the ratio of pulse to linear portion of the scanning current wave.
HORIZONTAL FLYBACK - (See Horizontal Retrace.)
HORIZONTAL HOLD CONTROL - (See Hold Control.)
HORIZONTAL REPETITION RATE - The number of horizontal
lines per second (15,750 cycles in the R. M. A. standard system).
HORIZONTAL RESOLUTION - The number of picture elements,
in the horizontal direction, which can be distinguished from each
other.

HORIZONTAL RETRACE - (See Retrace.)

HORIZONTAL SCANNING FREQUENCY - (See Horizontal Re-
petition Rate.)
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HORIZONTAL SYNC DISCRIMINATOR - A circuit employed in
the flywheel method of synchronization to compare the phase of
the horizontal sync pulses with that of the horizontal scanning
oscillator. The output of the discriminator controls the fre-
quency and phase of the oscillator by means of a reactance tube.
HORIZONTAL SYNC IMPULSE - The rectangular shaped pulses
which occur, above pedestal level, between each active horizontal
line. These pulses are employed to hold horizontal scanning of
the receiver in coincidence with that of the transmitter.
HUM-BAR - A dark band extending across the picture caused by
excessive 60 cycle hum (or harmonics thereof) in the signal
applied to the input of the picture tube.

ICONOSCOPE - A television camera tube in which an optical
image on a mosaic of photo-sensitive elements causes charges
proportional at each point to the image intensity. Ah electron
scanning beam releases these charges in the form of a video
signal.

IMAGE DISSECTOR - (See Dissector.)

IMAGE INTERFERENCE - A spurious response in a television
receiver due to signals of a frequency removed from the desired
signal by twice the intermediate frequency of the TV set. Usually
due to a local FM carrier, or another television carrier.

IMAGE ORTHICON - A camera tube combining the orthicon
principle with that of the electron multiplier. It possesses a very
high value of light sensitivity.

“IMPLODE”’ - The term applied to the bursting of a television
picture tube. Due to the high degree of vacuum the glass frag-
ments move inward with terrific force.

““INFRA-BLACK”’ - (See ‘“Blacker-than-Black’’.)
INTEGRATING CIRCUIT - A combination of circuit elements
which produce an output potential which is proportional to the
stored-up value of a number of pulses of input signal.
INTERCARRIER SOUND - A method of utilizing the 4.5mc beat
between video and sound carriers as an IF frequency for the
sound signal of the television receiver.

INTERLACE - A method of scanning an image in several succ-
essive fields, each of which contains only part of the horizontal
line structure, the fields being arranged to fit together so that
successive fields supply the lines missed by the preceding fields.
In the standard R. M. A. system double interlace is employed.
Half the lines (262.5) are scanned in one field and the other half
in the next field. The lines of the second field are arranged to
fall exactly between the lines of the first. This system over-
comes flicker of the picture.

-INTERLACED SCANNING - A method of scanning the television
image to reduce flicker. (See Scanning.)

ION - A charged atom. In the picture tube such ions interfere
with the operation by producing a dark spot at the center of the
fluorescent screen unless deflected away from the screen by an
ion trap.

ION SPOT - A dark spot on the fluorescent screen of a picture
tube caused by bombardment by ions.

ION TRAP - An arrangement of picture tube electrodes in com-
bination with an externally applied magnetic field which allows
electrons to pass but obstructs the passage of ions.

K

KEYSTONE - A trapezoid shape. A television picture with one
side shorter than the other is said to have keystone distortion.
May be encountered due to faulty adjustment of the optical sys-
tem of projection television receivers.

KEYSTONE DISTORTION - (See Keystone.)

L

LIMITER - An amplifier stage preceding an FM detector so
operated that all input signals above a predetermined minimum
drive the stage to cut-off and plate current saturation thus
limiting the output signal to a fixed value. Used to remove
amplitude modulation.

LINE FREQUENCY - (See Horizontal Repetition Rate.)-

LINE FREQUENCY BLANKING IMPULSE - (See Horizontal
Blanking Impulse.)

LINE SCANNING FREQUENCY - (See Horizontal Repetition
Rate.)

LINEARITY - The distribution of picture elements over the
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image field as determined by the shape of the horizontal and
vertical scanning waves. In a linear picture the elements are
uniformly and correctly distributed. Any departure from linear-
ity of scanning motion will result in distortion of the picture.
LINEARITY CONTROL - The adjustment means of a television
receiver employed to correct distortion of the sawtooth voltage
or current waves used for deflection. Linearity controls are
employed for both horizontal and vertical correction.

LINE DOUBLING - Another term applied to Horizontal Equaliz-

ing Pulses.
M

MAGNETIC DEFLECTION - The method of moving the electron
beam by means of a magnetic field produced by a coil external
to the picture tube. A linear sawtooth motion is produced when
the current through the coil has a sawtooth form.
MARKER PIP - A frequency index mark employed in cathode-ray
oscilloscope alignment of TV sets and used in conjunction with
a sweep driven signal generator. The marker pip is produced by
coupling a fixed frequency oscillator to the output of the signal
generator. )
MAGNETIC FIELD - The space near a magnet or electromagnet
in which a force is exerted upon a moving electron.
MONITOR - A cathode-ray picture tube, and its associated cir-
cuits, usually connected directly to the video system of the
transmitter and used to view the picture being transmitted.
MONOSCOPE - A cathode-ray tube used to produce a video
signal for testing purposes. A fixed internal test pattern is em-
ployed.
MOSAIC - The photo-sensitive surface of an iconoscope or
orthicon camera tube. It consists of an insulating surface cov-
ered with a multitude of photo-sensitive ‘‘islands’’. A collector
plate behind the insulator collects the charges on the wosaic
when scanned by an electron beam.
MULTI-PATH RECEPTION - The reception of a direct wave
from the television transmitter accompanied by one or more re-
flected and delayed waves. (See Ghost Image.)
MULTIPLIER - (See Electron Multiplier.)
MULTIVIBRATOR - A relaxation oscillator used for the produc-
tion of sawtooth scanning waves in a television receiver, em-
ploying two tubes with the output of each coupled to the input of
the other through C-R networks which determine the period of
oscillation.

N

N. T.S. C. - The abbreviation for National Television System
Committee. Disbanded since adoption of R. M. A. standards.
Now superceded by J. T. A. C. (Joint Technical Advisory Com-
mittee).

NEGATIVE TRANSMISSION - This refers to the polarity of
modulation of the R. M. A. standard television signal. The sync
pulses and signals corresponding to black, drive the carrier to
maximum modulation, while signals of highest brilliance (white)
drive the carrier toward zero modulation.

NOISE - In terms of television, noise (a term carried over from
sound broadcasting) produced by atmospherics, tube fluctuation
effects and man-made interference, causes a salt and pepper, or
‘‘snow’’ pattern on the picture.

NON-LINEARITY - The crowding of picture elements in the
horizontal direction or crowding of lines at top or bottom due to
departure of the scanning action from a linear form. (See

Linearity.)
O

ODD-LINE INTERLACE - Refers to the double interlace system
in which there are an odd number of lines per frame and in
which, therefore, each field contains a half line.

ORTHICON - A camera tube of similar design to the iconoscope
but employing a translucent mosaic with a ring collector and
using a lower velocity scanning beam. An improved form of
iconoscope.

P

PAIRING - A failure of proper interlace in which the lines of
alternate fields do not fall exactly between those of the preceding
field. When failure is most pronounced the lines of alternate



fields fall on one another and result in separated lines with half
of the possible vertical resolution.

PEAKING COIL - An inductance employed in a video amplifier
to resonate with the circuit capacitance beyond the upper limit
of the band and thus compensate for high frequency loss of gain
and also to correct the amplifier phase shift.

PEDESTAL - The level of the video signal at which blanking of
the beam of the picture tube occurs. (See Blanking Pulses and
Black Level.)

PERSISTENCE OF VISION - A characteristic of the eye and
brain whereby the sensation of an image remains after the light
causing it has vanished. This effect lasts for approximately an
eighth of a second and makes television as well as motion pic-
tures possible.

PHASE - A point in the cycle of an alternating current or voltage
as compared to the time of zero value (expressed in degrees
out of 360, which represents the total cycle).
PHASE-DISTORTION - A condition of different phase delays for
different video frequencies. This causes distortion of the peak
values of the video signal and results in defective contrast and
resolution.

PHOTO-ELECTRIC - The phenomenon whereby electrons are
emitted from certain substances by absorption of light. Employ-~
ed in camera tube operation. The substance is said to be
photo-emissive.

PICKUP TUBE - Used synonymously with camera tube.
PICTURE ELEMENT - The smallest picture area which can be
defined in the process of scanning, transmitting and reproducing
the video signal.

PICTURE TUBE - A special version of the cathode-ray tube
used in television reception for the translation of the video sig-
nal to a picture.

““PIX”’ - Television slang abbreviation for picture.
POLARIZATION - The direction of the electric field of a radi-
ated wave. The magnetic field is perpendicular to the electric.
Television transmission is usually horizontally polarized.
PRE-EMPHASIS - The practice of amplifying the high frequency
end of the audio spectrum to a greater extent than the low fre-
quencies. Employed in FM transmission of the television sound
channel.

PULSE - Shortened expression for impulse.

PULSE WIDTH - The time duration of the narrow or peaked
portion of an impulse wave.

“Q’’ - The figure of merit of a capacitor, an inductor or a tuned
circuit. It is numerically equal to the ratio of the reactance to
the resistance.

“QUASI-OPTICAL’’ - Having properties similar to light waves.
Thus the propagation of waves in the television spectrum is said
to be ‘‘Quasi-optical’’, i. e., cut off by the horizon.
‘“QUASI-SINGLE SIDEBAND’’ - Same as Vestigial Sideband.

RC CIRCUIT - A time determining network of resistors and
capacitors in which the time constant is defined as the product
of the resistance times the capacitance.

R. M. A. - The Radio Manufacturers Association. The technical
committees of this association have been instrumental in estab-
lishing the television standards now accepted by the Federal
Communication Commission.

RASTER -~ The scanned area on the fluorescent screen of the
picture tube. The illuminated rectangle composed of all of the
horizontal scanning lines. (Visible when the brilliance control
is turned up with no signal.)

RATIO DETECTOR - An FM detector which inherently discrim-
inates against amplitude modulation. It uses a pair of diodes
connected in such a manner that the audio output is proportional
to the ratio of the FM voltages applied to the two diodes.
REACTANCE TUBE CIRCUIT - A vacuum tube circuit in which
a high transconductance tube is so connected that it appears as a
reactance (inductive or capacitive) to a circuit across which it is
connected. The value of the reactance can be controlled by
changing.the DC grid bias. Used for A, F. C.

REFLECTIONS - In television this refers to the reflected car-
rier wave from structures and also to the ‘‘Ghost Image’’ on the
picture caused by the reflected carrier.

REFLECTOR - A half wave dipole placed behind a dipole re-
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ceiving antenna, to intensify the received signal and improve the
shape of the directional antenna pattern.

REGISTRY - The superposition of one image on another, as in
the formation of an interlaced scanning raster.

REINSERTER - Same as DC Restorer. (See DC Reinsertion.)
RELAXATION OSCILLATOR - An oscillator which generates
periodic waves (usually of a sawtooth form for scanning pur-
poses) in which a sudden excursion of plate current from cut-off
to saturation is followed by a relatively long period of quies-
cence or relaxation.

RESOLUTION - This refers to the smallest element of the pic-
ture which can be distinguished. It is usually expressed as the
number of alternate black and white lines which can be seen in a
television test chart. The resolution in the horizontal and ver-
tical directions are expressed separately.

RESOLUTION PATTERN - (See Television Test Chart.)
RETRACE - The return of the electron beam after horizontal or
vertical scan to start a new line or field.

RETRACE TIME - The time which elapses during retrace. In
the R. M. A. signal this is approximately 7 microseconds for the
horizontal retrace and 500 to 750 microseconds for the vertical
retrace.

RHOMBIC ANTENNA - A diamond shaped arrangement of con-
ductors, each of the same length (rhombus). Joined at 3 corners
with a transmission line connected at the open corner. The
length of the conductors to be more than a wavelength. Used for
fringe or low signal reception.

SAWTOOTH - The descriptive term used for the waveform em-
ployed in television scanning.

SCANNING - The process of successively analyzing the light
values of the picture elements which constitute the entire scene
being televised according to a predetermined method.

SCANNING GENERATOR - A vacuum tube circuit used to pro-
duce the sawtooth wave of voltage or current required for trans-
mitter camera tube or receiver picture tube operation.
SCANNING LINE - A single active horizontal line of the picture.
SCANNING SPOT - The cross section of the electron beam at
the fluorescent screen of the picture tube.

SCHMIDT SYSTEM - An optical system employed to produce
large size projection images. A large hemispherical mirror is
employed to project the image formed on a small picture tube
onto a translucent screen. Optical distortion is compensated by
interposing an aspherical corrector lens in the projection path.
SCREEN PERSISTENCE - The property of the fluorescent screen
of a picture tube to continue the radiation of light for a short
time after the electron beam causing the light spot has passed.
SECONDARY ELECTRON - An electron which is knocked out of
a metal surface under the bombardment of another electron,
called the primary electron.

SECONDARY EMISSION - The phenomenon of the production of
secondary electrons. (See Secondary Electron.)

SEQUENTIAL INTERLACE - A system of interlace in which the
lines of one field fall directly alongside the lines of the preced-
ing field. (See Odd Line Interlace.)

SESQUI-SIDEBAND TRANSMISSION - The transmission of a
carrier modulated by a full sideband and half of the other. (See
Vestigial Sideband Transmission.)

SERIES PEAKING - The use of an inductance in series with the
plate of a video amplifier tube to compensate for loss of high
frequency gain and to correct high frequency phase shift.
SERRATED PULSES - ‘“‘Notches”’ in the long vertical sync pulse
which provide a means of Kkeeping the horizontal oscillator in
synchronism during the vertical retrace period.

SHADOWS - Used synonymously with ‘‘Ghost’’.

SHUNT PEAKING - The use of an inductance in a parallel circuit
branch of a video amplifier to compensate for the high frequency
loss due to the shunt circuit capacitance. It is also used to cor-
rect the high frequency phase shift.

SINGLE ENDED - This refers to input circuits of television
receivers in which one side of the transmission line is connected
to the chassis or ground.

SINGLE SIDEBAND - A method of radio transmission in which
the carrier and only one sideband are radiated.

‘‘SMEAR’’ GHOST - A spurious image caused by a number of
multiple reflections or by phase shift in the video amplifier.
““SNOW”’ - Television slang for the effect of random noise on the
reproduced picture. (See Noise.)
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SPURIOUS SIGNAL - Refers either to the effect of reflections v
the carrier wave or undesirable shading signals occurring in the
camera tube at the transmitter.

STACKED ARRAYS - This term is applied to antenna systems
in which two or more antenna arrangements are positioned above
one another at a critical spacing and connected together with
lengths of transmission line. Stacking increases the pickup and
improves the directional pattern.

STAGGERED CIRCUITS - Interstage coupling circuits of a video
IF amplifier are said to be staggered when they are tuned to
different frequencies. Staggered tuning is adopted to obtain
broadband response.

SURGE IMPEDANCE - Same as Characteristic Impedance.
SWEEP - Same as scan. Refers to motion of an electron beam
at right angles to its direction.

SWEEP VOLTAGE - The voltage applied to the deflection plates
of an electrostatically deflected picture tube.

‘SYNC - An abbreviation for synchronization.

SYNC CLIPPER - A vacuum tube circuit which is biased so as to
remove the sync signals from the composite video signal.

SYNC INVERTER - A vacuum tube circuit which produces a
phase shift of the sync pulses of 1800 to provide the necessary
polarity for control of the scanning oscillator.

SYNC LEVELER - (See Sync Limiter.)

SYNC LIMITER - A vacuum tube circuit which produces uniform
height sync pulses.

SYNC SEPARATOR - (See Sync Clipper.)

SYNCHROGUIDE - A type of control circuit for horizontal scan-
ning in which sync signal, oscillator voltage pulse and scanning
voltage are compared and kept in synchronism.
SYNCHRONIZING PULSES - The portions of the transmitted
signal which control horizontal and vertical scanning of the re-
ceiver. (See Horizontal and Vertical Sync Pulses.)

T

TEARING - A fault of the synchronizing system in which groups
of lines are displaced causing the appearance of a ‘‘torn”
picture.

TELEGENIC - The suitability of a subject or model for televis-
ing.

TELEVISE - The act of converting a scene or image field into a
television signal.

TELEVISION TEST CHART - A chart placed before the camera
of the transmitter, having geometric patterns which enable the
service technician or set user to determine the horizontal and
vertical resolution of the receiver.

TEST PATTERN - (See Television Test Chart.)

TIME CONSTANT - The time required for the voltage or cur-
rent of an electric circuit to rise to 63% of its final value or to
fall to 37% of its initial value.

TIME DELAY - The time which elapses between the start of a
modulation wave or impulse at the transmitter and the start of
its reproduction on the picture tube screen.

TRANSIENT RESPONSE - The manner in which an electrical
circuit responds to sudden changes in applied potential.
TRANSMISSION LINE - A two-conductor circuit, having uniform-
ly distributed electrical constants, used for transmitting radio
frequency signals.

TRIGGERING - Starting of action in a circuit, which then con-
tinues to function for a predetermined time under its own control.
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U. H. F. (ULTRA HIGH FREQUENCY) WAVES - The band of
frequencies from 300 to 3000 megacycles. Proposed for exten-
sion of the present black and white television and for experi-
mental transmission of color television.

Vv

V. H. F. (VERY HIGH FREQUENCY) WAVES - The portion of
the spectrum employed, at present, for television transmission.
The limits are 30 to 300 megacycles.
VERTICAL BLANKING - The blanking signals which occur at
the end of each vertical field and cause the picture tube to be-
come dark during vertical retrace.
VERTICAL BLANKING IMPULSE - (See Vertical Blanking.)
VERTICAL CENTERING CONTROL - The adjustment means of
a television receiver whereby the picture can be moved in a
vertical direction on the picture tube.
VERTICAL HOLD CONTROL - (See Hold Control.)
VERTICAL OSCILLATOR - The sawtooth scanning generator
which furnishes the required voltage or current wave for ver-
tical scanning.
VERTICAL RESOLUTION - The line-structure of the television
picture. The number of lines or picture elements which can be
resolved in the vertical direction.
VERTICAL RETRACE - The return path of the electron beam
(blanked out) across the raster from bottom to top at the end of
each field.
VERTICAL SCANNING - The movement of the beam on the pic-
ture tube in the vertical direction.
VERTICAL SCANNING GENERATOR - (See Vertical Oscillator.)
VERTICAL SYNC PULSES - A series of six pulses (longer in
time duration than the horizontal pulses) which occur between
each field and are used to synchronize the vertical scanning
oscillator. )
VESTIGIAL SIDEBAND TRANSMISSION - The system of video
modulation employed under R. M. A. standards. The carrier is
modulated by a complete upper sideband and a vestige (1.25mc)
of the lower sideband.
VIDEO (LATIN FOR ‘““ISEE”.) - Refers to the frequencies
employed for modulation of the carrier by the output of the
camera tube.

W

WEDGE - The convergent, fan shaped pattern of equidistant
black and white triangularly shaped lines used on a television
test pattern.

WIDTH - In television this term may refer to the horizontal
dimension of the picture or to the time duration of a pulse (pulse
width).

WIDTH CONTROL - The adjustment means of a television re-
ceiver whereby the horizontal dimension of the picture is adjust-
ed to fill the picture tube.

Y

““YAGI”’” ARRAY - An_ arrangement of dipole antenna elements
employed for television reception in which one element acts as
the antenna and the others as parasitic elements (directors
and/or a reflector) to improve gain and directional reception
pattern.
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