SHUNT PEAKING COIL BROADLY RESONANT WITH Cl &C2
TO EXTEND HIGH FREQUENCY RESPONSE
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Fig. 1. High frequency compensation. (A)
Shunt peaking. (B) Series peaking. (C)
Combination of shunt and series peaking.

REACTANGE OF CATHODE CAP-
ACITOR INCREASES AS FREQ-
UENCY DECREASES CAUSING
DEGENERATION AND LOSS OF
&UETSPUT AT LOW FREQUEN-
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Fig. 2. The effect of the cathode capacitor
on 'the output gain at low frequencies.
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Fig. 3. Loss of gain at low frequencies.
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VOLTAGE ON GRID APPROXIMATELY EQUAL TO 10 VOLTS AT
1000 CYCLES BUT DECREASES AS REACTANCE OF COUP—
LING CAPACITOR INCREASES

VIDEO AMPLIFIERY

By EDWARD M. NOLL

Television Tech Enterprises

Part 9. An analysis of the design of wide-band video

amplifiers.

Special tubes and circuit design are

necessary for high definition television receplion.

FI‘HE video amplifier is a resist-
ance-coupled amplifier with nec-
essary refinements to extend its
frequency range. Video amplifiers used
in critical television transmitter or
test equipments have a linear response
from almost zero cycles to as high as
five or ten megacycles. The ordinary
audio amplifier is lucky to have a
linear response from one hundred cy-
cles to six thousand cycles. A high-
definition television receiver will have
a linear response from 20 cycles to
four megacycles; the smaller televi-
sion receiver from 30 cycles to 2 or
21 megacycles. A set with a large
picture tube generally has a video am-
plifier with a broad response because
the tube can more fully utilize the
high-frequency components of the sig-
nal. In so doing, a sharp, well-defined
picture appears on the fluorescent
screen.

In the resistance-coupled amplifier
and in the video amplifier, capacity
limits both the high- and low-fre-
quency characteristics. Low-frequency
degeneration is caused by the increas-
ing reactance of the series coupling
capacitors and cathode by-pass capac-
itors; high-frequency degeneration, by
the decreasing reactance of distrib-
uted shunt capacity (tube input and
output capacities, wiring capacity, and
parts capacity to ground). The video
amplifier has the following features:

1. High mutual conductance tubes.

2. Tubes with low input and output
capacities.

3. Low value plate load resistors.

4, Large value by-pass and coupling
capacitors.

5. High-frequency compensating
circuits.

6. Low-frequency compensating cir-
cuits.

7. An occasional direct-coupled stage
(no interstage coupling capacitor).

8. Proper positioning of component
parts to reduce distributed capacity.

The effects of capacity on the high-
and low-frequency limits can best be
demonstrated with simple mathema-
tics. For example, the effects of shunt
capacity on 1000 cycles and 1 mega-
cycle can be clearly demonstrated by
calculating the output voltage of a
vacuum-tube circuit which has two
milliamperes of alternating plate cur-
rent. See Fig. 5. Output voltage, of
course, is equal to the alternating
component of plate current, times the
load impedance. Consequently, in a
plate circuit using a 100,000-ohm load
resistor and having a total distributed
capacity of 40 uufd., the output voltage
for a 1000-cycle, 2-ma., component of
plate current is:

e =1, X Z,

e, = 002 X% &Z'(;\_‘i
VR + X2

e = 002 % 106 X 4 X 109

V105 + (4 X 10%)

e, = 200 volts approx.
Qutput voltage for a l-megacycle,
2-ma., component of plate current is:

o = 1y X Zy
= 8 volts approx.

This represents a voltage differen-
tial of 192 volts, or the gain of the
stage drops 96% at one megacycle in
comparison with the gain at 1000 cy-
cles. It is clear how little the shunt
capacity affects the lower frequencies
(output determined primarily by the

Fig. 4. Low frequency compensation.
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Fig. 5. Loss of gain at high frequencies.
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Camera and boom at General Electric’s television station WRGB at Scheneciady. N. Y.

value of the resistor at these frequen-
cies), but how dominant it becomes at
the high frequencies.

If the value of the plate resistor is
reduced to 4000 ohms, the effect of
the shunt capacity is minimized. Now,
under the same conditions, the output
for a 1000-cycle component is:

€a='ip><ZL

002 X 4000 X 4 X 10%
v 40002 + (4 x 10%)2

€ =

= 8 voits approx

The output for a one-megacycle
component is:

€ = ig X Z,[_
_ 002 X 4000 x 4 X 108
VA0 T (4 % 107

= 5.65 volts approx.

This represents a voltage differen-
tial of 2.4 volts, or 30.3% drop in out-
put voltage at one megacycle. Al-
though the response has been leveled
off, the gain is much less. Therefore,

a tube with a high mutual conductance
(measure of how effective a tube is in
converting a grid voltage variation to
a plate current variation) is used to
obtain the greatest possible variation
in plate current. The greater the plate
current variation, the greater will be
the output voltage developed across
the low plate resistor, which must be
used, of necessity, to prevent high-fre-
quency degeneration. Thus, response
can be improved by keeping shunt ca-
pacity to a minimum and reducing the
value of the load resistor. Gain can
be increased by keeping shunt capac-
ity to a minimum (permitting inser-
tion of a higher load resistor), and by
using a tube with a high mutual con-
ductance.

A similar example can be used to
demonstrate low-frequency degenera-
tion by series coupling capacitors. See
Fig. 3. In this circuit, the coupling
capacitor has a value of .1 xfd. and the
grid resistor a value of 100,000 ohms.
Now, at 1000 cycles, the reactance of
the coupling capacitor is approxi-
mately 1600 ohms, and there is only a
tiny voltage drop across the capacitor

Fig. 6. Schematic diagram of G.E. model 90 video amplifier. Frequency com-
pensation is obtained by properly utilizing various induciors and capacitors.
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of the series resistor-capacitor voltage
divider, consisting of the coupling ca-
pacitor and grid resistor. Thus, if 10
volts appears in the output, e,, of the
preceding stage, this voltage, almost
in its entirety, appears on the grid of
the next tube, However, if the fre-
quency of the 10-volt output signal is
thirty c.p.s., the reactance of the cou-
pling capacitor is approximately 53,000
ohms, which is more than one-half the
resistance of the grid resistor. Conse-
quently, a greater portion of the 10-
volt output signal appears across the
capacitor.

The low-frequency response can be
improved in two ways; by increasing
the value of the capacitor (increased
capacity reduces reactance at all fre-
quencies), or by increasing the value
of the grid resistor so that a greater
percentage of the total voltage ap-
plied to the series combination appears
across the resistor even at low fre-
quencies. These methods are subject
to a number of limitations. For in-
stance, the value of the grid resistor
may not be increased beyond a certain
safe value, set by the manufacturer,
to prevent faulty operation caused by
excessive gas currents. Another limi-
tation is the fact that certain tubes
in television circuits draw a limited
amount of grid current. The exces-
sively high grid resistor would develop
too large a negative bias. Capacitor
value can not be increased too much
for the d.c. leakage increases, and the
increased capacity to ground of the
physically larger capacitor reduces
the high-frequency response.

A second factor which causes low-
frequency degeneration is the increas-
ing reactance of the cathode by-pass
capacitor as the frequency decreases.
For example, if a 10ufd. by-pass ca-
pacitor shunts a 400-ohm cathode re-
sistor, Fig. 2, the capacitor’s reactance
is 16 ohms at 1000, cycles, but, at 30
cycles, it jumps to 530 ohms. The
cathode by-pass capacitor is actually
a filter capacitor, as it levels off and
fills in any audio frequency variations
appearing across the cathode bias re-
sistor. Now, to be an effective filter,
the reactance of the capacitor at the
prescribed frequency must not be
greater than 1/5 the value of the re-
sistor it shunts. In our example, this
reactance is only 16 ohms at 1000 cy-
cles and, consequently, it effectively
filters any 1000-cycle variation at-
tempting to appear across the cathode
resistor. However, at 30 cycles, this
reactance is even larger than the
value of the cathode resistor, seriously
reducing the effectiveness of the filter
action. Thus, at 30 cycles, there is a
considerable variation across the cath-
ode resistor. Since the effective signal
voltage appearing on the grid of the
tube is measured from grid to cathode,
this variation, e, across the cathode
resistor, subtracts from the grid sig-
nal, e, reducing the effective grid
signal to some value less than €.
Consequently, less output appears in
the plate circuit at 30 cycles than at
1000 cycles (ei. equal at both frequen-
cies) at which freq. ex is negligible.
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88.6 to 107.6 Mc .. 115 to 140 Mc
ACORN TUBES * SEPARATE TUNING UNIT

Ideal for Communications Work, Instruction, Training, etc.

A unique 10 tube Concord Kit for FM-AM and VHF reception with a
separate tuning unit employing the new acorn tubes. Circuit design is
straightforward and simple with no frills or unnecessary components.
Extremely compact, sturdy and easily assembled. Has only two con-
trols on the front panel—the tuning control and the volume control.
There’s a standard headphone jack for output, a switch for change-
over from FM to AM, and a power switch in the AC line.

Comes complete with all necessary parts including holes punched
and all tubes, wire, solder, hardware, and detailed instructions. Chassis
is 10" x 12" x 3" black finish. Dull black panel is 64 x 12" wide. Two
models—CRC-130—Range 88.6 to 107.6 Mc (for the new FM Band),
and CRC-140—Range 115 to 140 Mc. Quantity limited—while they last

—Use coupon below to order today or to ask for litera- $ 95
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Complete with Tubes
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A high-frequency compensating cir-
cuit, Fig. 1, inserted in the plate cir-
cuit of a video amplifier, can be used
to sustain stage gain at the same level
that it is over the middle range of
frequencies, in spite of the decreasing
reactance of distributed shunt capac-
ity. The presence of the inductor in
the plate cireuit, Fig. 1A, forms a low
@ resonant circuit with the total
distributed capacity and effectively
equalizes the stage gain up to the de-
sired top frequency for which the am-
plifier is desighed. Another way of
looking at the same so-called “shunt-
peaking coil” system is that the in-
creasing reactance of the inductor L,
as frequency rises, balances the effects
of the decreasing reactance of the to-
tal distributed capacity C, (=C,+ C.),
maintaining, through a broadly reso-
nant condition, the plate impedance
essentially constant. Series peaking
and combination series-shunt peaking,
which perform similar tasks, are
shown in Figs. 1B and 1C.

With series peaking, a greater gain
is obtainable because, in calculating
the value of the load resistor, only the
plate circuit distributed capacity must
be considered, the series inductor L.
effectively isolating the plate circuit
distributed capacity €, and the grid
circuit distributed capacity C. Conse-
quently, a higher value load resistor
can be used without impairing high-
frequency response, because the re-
actance of the distributed capacity
does not become appreciable as quick-
ly. The increase in load resistance
causes an increase in stage gain. Fur-
thermore, the inductor L, and grid
circuit distributed capacity C. form a
broadly resonant series circuit at the
high-frequency limits, developing an
appreciable voltage across C. and R.,
and therefore, on the grid of the tube.

In Fig. 1C, combination series-shunt
peaking is used, effectively combining

| the advantages of both series and

shunt peaking. A still larger value of
load resistor can be used, increasing
stage gain a bit more.

How to Improve
Low-Frequency Response

With low-frequency compensation,
the actual gain of the stage is in-
creased at lower frequencies to com-
pensate for the loss of signal across a
grid-coupling capacitor, or low-fre-
quency degeneration caused by insuf-
ficient cathode filtering. A typical low-
frequency compensated stage is shown
in Fig. 4. Capacitor C: has an increas-
ing reactance as the frequency de-
creases and, in combination with load
resistor R, causes the plate impe-
dance and stage gain to be greater

Fig. 7. Equivalent output circuit at high
frequencies. C; is the deciding factor.
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¢ MORE ADAPTABILITY
®* MORE ENGINEERING
® MORE BUILT-IN FEATURES
MORE YEARS OF SERVICE

ORE than 809 of all radio transformer replacement requirements are

met by the Stancor Uni-dapt Power Transformer line —*universally
adaptable.” The features wanted by radio service men, amateurs, and
electronic engineers have been expertly engineered into this transformer
line: (1) Ready interchangeability of mounting, assured by four auxiliary
mounting brackets permits adaptation to a variety of mounting positions;
(2) Heavy insulated leads, tinned for easy soldering; (3) Electrostatic
shielding for minimum line interference; (4) Efficient core and coil
design plus Stancor quality impregnation provide longer life and trouble-
free service.
For transformer replacements, think first of Stancor. Write for details.

STANDARD TRANSFORMER
CORPORATION
1500 NORTH HALSTED STREET CHICAGO 22,

~ STANGO

POWER TRANSFORMERS

ILLINOIS

UNI: IIAP'I

UNIVE!SALU’ ADAPTABLE‘
REG. U.'S. PAT. OFF, PNOG.

Fig. 8. Equivalent output circuit at low
frequencies. C. is the deciding factor.

at lower frequencies. Thus, the loss
in signal across C. at low frequencies
is compensated for by a greater plate
voltage signal, keeping an essentially
constant signal across the grid resistor
R, with a decrease in frequency. Like-
wise, the combination of R and C.
perform the same task with respect
to cathode degeneration by raising the
plate impedance of the stage in pro-
portion to the loss of signal through
degeneration at low frequencies.

G.E. Model 90 Video Amplifier

The first frequency compensation
encountered in the model 90 video am-
plifier (Fig. 6) is the diode peaking
coil, L;, which, in conjunction with the
i.f. by-pass capacitor C, plus distrib-
uted capacities, forms a broadly tuned
resonant circuit to keep the diode re-
sponse essentially linear up to the
high-frequency limit. Shunt peaking,
inductors L. and L., is uséd in the plate
circuits of the video amplifier and
video output stage. Capacitor C. and
resistor R, form a low-frequency com-
pensating combination in the plate
circuit of the video amplifier. Low-
frequency response is held up by the
large coupling capacitors; high-fre-
quency response, by the low-value
plate resistors. Since there are no
cathode bias resistor-capacitor combi-
nations to cause degeneration in the
video amplifier, no correction on this
count is necessary,

Phase Distortion

Phase distortion in the audio ampli-
fier is not noticeable unless it is se-
vere; the same amount of distortion in
a video amplifier seriously impairs its
picture sharpness. The reason it is so
noticeable is because the beam moves
at such a high velocity across the
screen that if one frequency compo-
nent of a signal is delayed a number
of microseconds with respect to an-
other, the beam has already sped on
an appreciable distance. Thus, if two
different frequency components of a
signal were originally transmitted
with their peak amplitudes occurring
at the same instant, phase distortion
(referred to as non-linear phase de-
lay) would cause one signal to reach
peak amplitude before the other on
the grid of the picture tube. There-
fore, peak amplitude of one frequency
component would be displaced with
respect to the other on the picture-
tube screen, causing the picture to
blur.

Phase distortion can also alter the
waveform of a rectangular pulse, for
the pulse is composed of a fundamen-

(Continued on page 148)
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IMPORTANT
RESISTOR
DATA

These 12 pages of valuable resistor in-
formation are important to you! Here is
complete data on Lectrohms wide selee-
tion of Vitreous Enameled Resistors: in-
cluding fixed, adjustable, "Rib-cn-edge’
and ferrule terminal types—power line
and R. F. chokes, brackets, bushings,
solder pots, etc., with illustrations and
complete description. If you do not have
a copy—write for itl

INCORPORAT D

5131 West 25th Street, Cicero, llinois

Division of the National Lock Washer Company,
i Newark, N, J.

li

TELEVISION TECH
CORRESPONDENCE
COURSE

WANTED: A limited number of radio-
men to enrcll in a specialized tele-
vision course. Instructions begin and
end with television. Course has been
written for the radio serviceman who
wishes to learn television repair, and
the radio commercial operator or
radic amateur who wishes to pre-
pare for this new field. A knowl
edge of basic radio is assumed.
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PERSONAL INSTRUCTOR: The in.
structor assigned 1o those who an-
swer this ad promptly (no obliga-
tion) will be Edward M. Noll or Q.
]. Jimersen. Mr. Nell is the author
of the present television series in
Radio News and a former member
of the television department of a
major radio corporation; Mr. Jimer-
son, a senior radar inspector and a
former member of the same tele-
vision staff.

TELEVISION TECH
ENTERPRISES
Box 94, Dept. B, Hatboro, Pa.
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Video Amplifiers
(Continued from page 62)

tal frequency and a series of harmon-
ics. Now, if phase distortion is present,
the higher harmonic components may
lead or lag the fundamental and lower
harmonics, which rounds off or dis-
torts the pulse, causing delay in trig-
gering or instability. Fortunately, if
a linear frequency response is main-
tained stage by stage, the phase dis-
tortion or non-linear time delay is not
serious; however, in systems in which
there is lumped frequency compensa-
tion, there can be serious phase dis-
tortion which must be corrected by a
phase network or some form of phase
compensation in each stage.

In a parallel resistor-capacitor com-
bination, a prescribed length of time
is required for the voltage to build up
across the combination after the plate
current variation has passed through
it. The actual delay time is propor-
tional to the decreasing reactance-re-
sistance ratio. When the reactance
decreases, with an increase in fre-
quency, to a value approaching the
value of the resistance, the delay time
or lagging angle increases. If the re-
sistance is very small in comparison
to the reactance of the distributed ca-
pacity (Fig. 7) over the middle range
of frequencies, there is no appreciable
lag, plate current variations and out-
put voltage e, being essentially in
phase. However, at the high frequen-
cies, where the reactance of the dis-
tributed capacity approaches the value
of the resistor, the time delay is con-
stant for all frequencies (equal angles
of lag); there is no phase distortion.
This example is comparable to the
usual 180-degree phase shift in a vac-
uum tube. However, if some frequen-
cies, in this case the high frequencies,
are delayed with respect to other fre-
quencies as far as phase angle is con-
cerned, it means that they are also
delayed with respect to each other as
far as time is concerned. Thus, it will
take a higher frequency longer to
build up across the combination than
a lower frequency, producing phase
distortion.

Likewise, the interstage coupling
capacitor introduces phase distortion
because it causes the lower frequen-
cies, as they appear across the grid
resistor, to lead the middle range fre-
quencies. At frequencies where the
reactance of the coupling capacitor is
negligible in comparison with the grid
resistance, the grid voltage is essen-
tially in phase (no phase lag) with the
signal current flowing through the se-
ries coupling-capacitor and grid-re-
sistor combination. However, at low
frequencies where the reactance of the
coupling capacitor has increased to a
value approaching the value of the
grid resistor, the signal current begins
to lead the voltage e, applied to the
series combination. Since the voltage
across the grid resistor is in phase with
this current, it effectively leads simi-
lar voltages of the middle range of

frequencies, which also appear across
the grid resistor and which, suppos-
edly, are to reach peak amplitude at
the same instant,

Next month's installment treats the
video amplifier in detail, demonstrat-
ing how it fits into the over-all theory
of operation. It explains, among other
things, signal polarity, necessity for
direct coupling, d.c. reinsertion, con-
trast control, picture-tube bias, etc.
In preparation for this article, the
reader should review installments 2,
3, and 4, to refresh and reinforce his
knowledge of the general over-all op-
eration of the television system.

(To be continued)

Spot Radio News
(Continued from page 16)

Personals

Arie Vernes has been appointed ex-
ecutive vice president and generai
manager of Philips Export Corpora-
tion. He will also continue his post as
Secretary of the organization. . ..
William E. Snodgrass, formerly ex-
ecutive v. p, of the Dictograph Prod-
ucts Company has joined Western
Electric as general manager of the
hearing aid division. . . . Haraden
Pratt has been elected Chairman of
the Radio Technical Planning Board,
succeeding Dr. W. R. G. Baker. Mr.
Pratt is vice president and chief en-
gineer of American Cable and Radio
Corporation, an I. T. & T, subsidiary.
. . . In preparation for a postwar ex-
pansion of the phonograph record
business, RCA Victor has announced
the return of Eli Oberstein, to the
Popular Artists Relations and Reper-
toire post he left in 1939. . . . Lloyd
L. Spencer, vice president in charge

One of the first o announce a television
receiver out of the luxury class, the
Viewtone Co of New York City. recently
demonstrated its new set which they
claim is designed for low cost mass pro-
duction. The set retailing for about $100
is a small table-model. It uses a 7-inch
viewing tube which affords sharp. clear-
cut images and surprisingly comfortable
viewing with @ minimum of eye-strain.
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