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HERE IT IS - YOUR

BIG ALL -TELEVISION

RADIO SERVICE NEWS

RSN Answers Big Demand for
the Latest in TV Information

Here's an extra special issue of
RADIO SERVICE NEWS, devoted
to the latest and most authoritative
TV information available. It's an
issue every serviceman will want to
file for future reference.

In order to devote as much space
as possible to this tremendous field,
most of the regular departments of
RSN have been omitted.
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RADIO SERVICE NEWS is
glad to be able to bring you their
contribution to the banner year of
Television. Following its policy of
the best service news possible, as
fast as possible, RSN will continue
to keep you abreast of, or ahead of
the times through its pages of au-
thoritative information-every issue
a Television Issue.

For the best in television compo-
nents and tubes-it's RCA. For the
best in Television Data-it's RCA
RADIO SERVICE NEWS.

FOR THE MODERN SERVICE SHOP

Fig. 1. Two -shelf rack assembly of TV/FM/AM test units affords easy access
to all facilities. Left to right (lower row); test oscillator, television sweep genera-
tor; (upper row); audio oscillator, oscilloscope, television calibrator.

NEW TV/FM/AM TEST EQUIPMENT
By ARTHUR LIEBSCHER

Merchandise Group, RCA Tube Department

This article first appeared in the July 1948 issue of
NEWS, and is reprinted herewith by their permission.

The expansion of the radio in-
dustry to include FM and television
receivers is having a marked effect
on servicing activities and require-
ments. Television receivers, particu-
larly, being more complex than AM
receivers, necessitate the use of addi-
tional and more elaborate test facili-
ties than those needed for servicing
AM receivers.

Recognizing the inevitability of
these new servicing requirements,
RCA engineers have developed a
group of new test instruments and
an assembly rack to provide service
technicians with equipment suitable
for servicing all classes of receivers
efficiently.

Customers expect their sets to be
serviced in accordance with original
design specifications. In the case of
television receivers, particularly, a
service technician must have, and
know how to most effectively use,
new test equipment that is capable
of measuring the performance of the
better receivers.

It is important that technicians
duplicate the intermediate -fre-
quency and video response curves
recommended by receiver manufac-

RADIO

turers, because these matters are as
important to good sound and good
picture reproduction as are all the
efforts of broadcasters in obtaining
high -quality signals. The measure-
ment of peak -to -peak voltages of
various waveforms, and of small cap-
acitance values,will become common
practice.

In anticipating and analyzing the
problems encountered in television
and frequency -modulation servic-
ing, RCA engineers decided that
complete servicing efficiency required
test equipment designed to meas-
ure current and voltage, including
peak -to -peak values; resistante, ca-
pacitance, and frequency, over wide
ranges; to provide signals, both vari-
able and fixed, up to and including
television channel 13, and to incor-
porate crystal -controlled frequencies
for calibrating purposes.

They also decided that problems
of minimizing the effects of circuit
intercoupling, and the requirements
of optimum flexibility and porta-
bility called for the use of a number
of separate units, each designed for
a specific application.

(Continued on Page 9)

TWO RCA TELEVISION

INSTRUCTION BOOKS

FOR THE SERVICEMAN

The Latest in TV Receiver
Servicing-Welcome Additions
To Every Servicing Library
Two RCA publications, recently

announced, provide a wealth of data
for the modern serviceman. One is
authored by one of the outstanding
Television authorities of the day-
John R. Meagher, an already well
known name to RADIO SERVICE
NEWS readers. The other publica-
tion is one of RCA's Service Data
series, the first on TV receivers.

Meagher's newest work, which
bears the title "Television Trouble
Shooting and Alignment, is a 40 -
page, paper bound book, 8 x 11
inches in size. The text is based on
the series of lectures delivered by
the author to the "Town Meeting
of Radio Technicians", in Phila-
delphia, Pennsylvania earlier this
year. The outstanding coverage
given TV servicing is unequalled in
the field. "Television Trouble Shoot-
ing and Alignment", by John R.
Meagher, is available through your
local RCA distributor-price $1.00.

The second publication, "RCA
Television Service Data", gives a
complete coverage of servicing on
two of the more popular models of
RCA TV receivers. Alignment proce-
dures, schematics, parts lists, wiring
diagrams, and chassis layouts are
provided for the RCA 630TS and
RCA 648PTK. RCA Television
Service Data, form number TV -
1003, is also available through RCA
distributors. The price-$1.60.

FIRST RESULTS ON

THE SAFETY CONTEST
The first trio of 1SOTA1' ,sin-

ners in the "Shock -of -the -Month
Club" have been selected. Be-
cause this is an all -television
issue of RADIO SERVICE
NEWS, publication of the first
set of winning letters has been
postponed to the next issue.

Meanwhile, the second contest
is in full swing so get your letters
in today. The full details on this
contest appeared on page 1 of
the July August RADIO SER-
VICE NEWS. Briefly-there's
an RCA Isotap Traniformer for
each of the writers of the three
best letters selected for each
issue, plus an RCA Battery
VoltOhmyst for the best letter of
them all by the end of the year.
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SOME NOTES ON

TELEVISION RECEIVING ANTENNAS

Reprinted from "Successful Servicing", a John Rider publication.

If there is one factor that makes
for a good television installation, it
is in the receiving antenna. Its im-
portance cannot be emphasized suf-
ficiently. It is impossible in the space
available to enter into all the various
factors that are involved in a tele-
vision antenna installation; only a
relatively few can be considered
here, but they should be of assist-
ance to men who are doing televi-
sion work now or who will be in the
near future.

One of the most important things
to bear in mind is that an antenna
for the reception of television signals
should be as high above the ground
as it is possible to have it. Due to the
nature of the high -frequency sig-
nals, the distance they can travel is
determined by line -of -sight paths,
which are indicated by AB and CD
in Fig. 1. Assume that the transmit-
ting antenna is at a height above the
ground and the receiving antenna is
at a height B. Signals radiating from
A will be received at B as each is
far enough above the ground as the
line -of -sight path is tangent to the
earth at X. If the height of the
transmitting antenna were increased
to C, the length of the path will also
be increased so that it is tangent to
the earth at Y and the signals can
be received at an antenna D of the
same height as B but at a greater
distance.

The distance or horizon range
from the transmitting antenna to X
or Y can be found from the formula,
Distance =1.23 Vh, where the dis-
tance is measured in miles; h, the
antenna height above the ground, in
feet; and 1.23 is a constant which
takes into account the curvature of
the earth. Assume that the trans-
mitting antenna is 1000 feet above
the ground; substitute this for h
in the above formula and we have
Distance = 1.23 V1000 = 1.23x10 V10

=1.23 x 31.62
=38.9 miles

Now if the receiver installation is
within this horizon range of the
transmitter, the antenna should be
as high as possible in order to avoid

local obstructions, but its height is
not of paramount importance as it is
when the antenna is beyond the
range, as B or D in Fig. 1. In this
case, the height above ground of
both antennas must be taken into
consideration and the following for-
mula is used.
H, height of receiving antenna

(Distance NI -11)2
1.23

Assume that you wish to know how
far above ground a receiving anten-
na should be installed at a location,
say 50 miles from the transmitter
with an antenna height of 1000 feet,
as in the above example. Substitute
50 for the distance and 1000 for h
in the above equation. Thus we have

1. 23
-\I1000)2= (40.6-31.6)2

II = (9)2=81 feet
You will find that this height H in-
creases quite rapidly with an increase
in the line -of -sight distance; for
example, at 55 miles, a receiving an-
tenna would have to be 171 feet
above ground with a 1000 -foot trans-
mitting antenna, and at 60 miles, H
would be 294 feet above ground.

It should be clear from the fore-
going that if you perform similar
calculations, you should know accu-
rately the line -of -sight distance of
the location where the receiving
antenna is to be installed, because
just a few miles means such a great
difference in the height.

Multiple Receiver
Connections

It may happen that you will want
to have more than one television
receiver connected to a single anten-
na; this might easily occur if the
installation is to be in an apartment
house, a store, a dealer's display
room, etc. This can be done if the
relative signal strength of the signals
is sufficient in the locality. It is nec-
essary to know this, because the
number of sets which can be con-
nected to one antenna is limited by
the signal strength available, the
maximum being four for two televi-

sion receivers, the available signal
voltage is cut 2 to 1; for three sets, it
is cut 3 to 1, and for four sets, 4 to 1.

Two methods of connections are
shown in Figs. 2 and 3, the former
being that employed with receivers
with a balanced input and the latter
with unbalanced -input sets. It goes
without saying that in order for the
signal to be a maximum at the
receiver input, the impedance match
between the antenna, the lead, and
the input should be as nearly per-
fect as possible. In Fig. 2 (A), a
folded dipole is indicated (this has
a 300 -ohm impedance) and it is con-
nected to the resistors and switches
by a twin lead with the same imped-
ance. In Fig. 3 (A) a half -wave
dipole is indicated, this having an
impedance of 75 ohms and a coaxial
line of the same impedance being
employed.

You will note that in Fig. 2 there
are two double pole -double throw
switches connected in parallel
through series resistors to the twin -
lead line from the antenna. The num-
ber of receivers connected to the
antenna determine the value of these
series resistors; for two receivers, the
value is 150 ohms; for three receiv-
ers, 300 ohms; and for four receivers,
450 ohms. It is important to use car-
bon and not wire -wound resistors, as
the latter may unbalance the system.
Of course, the dummy load in each
case remains 300 ohms, thus match-
ing the input of the set and pro-
viding a balance in the event the set
is removed from the system.

With receivers having an unbal-
anced input of 75 ohms, single pole -
double throw switches are used with
series resistors connected to the
center lead of the coaxial line from
the antenna. Here again the value
of these series resistors changes with

the number of sets connected in
the system. In the case of two
sets in the system, the value of each
series resistor is 75 ohms; if three
sets are used, the value becomes 150
ohms; and when four receivers are
used, the value becomes 225 ohms.
Carbon resistors must be used here
also. In the event that a set is dis-
connected, then the switch in that
circuit is thrown to the dummy load.

The equivalent circuits of each of
these methods of connection are
shown in Figs. 2 and 3 (B). In the
former, the two 150 -ohm resistors in
series with the 300 ohms of either
the set input or the dummy load,
give two parallel circuits of 600 ohms
each. Hence, the impedance of the
combination is 300 ohms, providing
the proper match for the twin -lead
line. In the event that three sets are
connected to the same folded dipole,
the 150 -ohm series resistors are
changed to 300 ohms each, making
each parallel branch circuit 900
ohms. The total resistance of three
900 -ohm circuits in parallel is again
300 ohms, providing the required
impedance match for the line.

The same reasoning can be applied
to Fig. 3 (B). Here but one resistor
is needed in series with the 75 -ohm
unbalanced input of the receiver to
provide the impedance match. The
total resistance of each series circuit
is 225 ohms and the total resistance
of the three parallel circuits is 75
ohms. If four 75 -ohm receivers are
to be connected to the one dipole,
the series resistances are changed
from 150 to 225 ohms, the total
resistance of each series circuit being
300 ohms. Therefore, the total resis-
tance of four 300 -ohm parallel cir-
cuits would again be 75 ohms, giving
the correct match.

FOLDED
DIPOLE

-1
300 - OHM

TWIN LEAD

°PDTI TV SET 300A
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75f1
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300E1
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15 0 fl

(B) EQUIVALENT CIRCUIT

TO
TV SETS
WITH 75E1
UNBLANCED
INPUT

75 -OHM
COAX
LINE 5

(B) EQUIVALENT CIRCUIT

Figtirf. I. Figures 2 and 3.
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TELEVISION SERVICE
By JOHN R. MEAGHER

Television Specialist, RCA Renewal Sales

A high percentage of television service calls, possibly 80%, are
due to troubles that can be located and corrected without requir-
ing a great amount of technical knowledge, providing the techni-
cian has been adequately informed of the common troubles and
their symptoms and remedies in the particular model of TV
receiver.

PART 3
The other 20% of service jobs

require capable and resourceful
technicians with thorough under-
standing of basic television princi-
ples and considerable practical ex-
perience. Serious techmcians realize
this fact and are continually striving
for clearer understanding of basic
principles.

In this series of articles, we will
cover many essential television
principles in the process of showing
how to diagnose troubles. Two
essential principles are included in
the present article.

We recommend that readers pur-
chase a copy of the author's booklet
"Television Trouble -Shooting and
Alignment" which has recently been
published by the RCA Service Co.,
Inc., Camden, N. J. This booklet
shows how to localize troubles, de-
scribes the requirements for TV
alignment equipment, and gives
illustrated step-by-step alignment

instructions for two popular makes
of TV receivers. (40 pages, 49 illus-
trations, price $1.00).

To check the over-all (rf, if,
video) frequency and phase response
of a television receiver, we would
ordinarily need three pieces of
laboratory equipment -
1. A square -wave video signal gen-

erator.
2. A high -frequency oscillator, am-

plitude modulated by the video
generator.

3. A wide -band cathode-ray oscil-
loscope.
When a test pattern is available,

however, the over-all frequency and
phase response of the television set
can be checked quickly and con-
veniently by observation and analy-
sis of the test pattern on the
kinescope.
1. The wedges in the test pattern

take the place of the square -
wave video signal generator.

2. The TV station provides the rf.

SQUARE -WAVE
RF TV WIDE -BAND

VIDEO
GENERATOR OSCILLATOR RECEIVER C RO

RECEIVED TEST 1 -
PATTERN IS RF
MODULATED WITH
SQUARE -WAVE
VIDEO SIGNALS.

TV RECEIVER

KINESCOPE SHOWS
OVERALL (RF, I F,VIDEO)
RESPONSE OF TV
RECEIVER.

FIGURE 1 - COMPARISON OF TWO METHODS OF CHECKING TV RESPONSE

I SECOND

5 CYCLES/SEC.

2 SEC h
'

10 CYCLES/SEC.

FIGURE 2 -ANALOGY TO VERTICAL WEDGE
IN TEST PATTERN

signal, which is amplitude -modu-
lated by the square -wave video
signals of the wedges.

3. The kinescope takes the place of
the wide -band oscilloscope.

Figure 1 shows both of these set-
ups. The test pattern and the kin-
escope provide a very convenient
and useful testing system for every-
day TV service. But we must fur-
nish the initiative, the persistence,
and the time to learn how to use
them.

Wedges are Video Signals
It is important to understand that

the wedges in the transmitted test
patterns are much more than a col-
lection of black and white lines.
They actually represent video sig-
nals ranging from about 30,000 to
4,000,000 cycles -per -second.

These video signals are generated
in the camera tube and are used to
amplitude -modulate the station's
carrier. The transmitted video sig-
nals are square -wave at the lower
frequencies, and esssentially sine -
wave at the higher frequencies.

The following simple analogy may
help in understanding how the
wedges are utilized at the transmit-
ter in producing this wide range of
video signals: When a boy runs a
stick across a picket fence, he
generates a noise, or an audible sig-
nal. The frequency of the signal
depends on the speed of the stick
and the number of pickets in a given
distance.

Suppose the boy had a V-shaped
trellis with 5 pickets, as shown in
Figure 2. As he draws the stick
across the pickets, the motion at the

tip of the stick resembles a series of
square waves. If the stick is drawn
across at the top in one second, it
traces 5 square waves in one second,
or a frequency of 5 cycles -per -
second.

If the stick is drawn at the same
speed across the bottom of the trellis,
which is half the width of the top, it
traces 5 square waves in 4 second.
This is a rate of 10 cycles -per -
second, double the previous fre-
quency.

In an analogous manner, as shown
in Figure 3, the camera tube at the
TV transmitter produces an electri-
cal square -wave signal as the
electron beam in the camera tube is
drawn across the image of the ver-
tical wedge. But in this case the
frequency is very high because the
beam crosses the wedge in a few
millionths of a second.

In this particular example, there
are 10 black and 10 white lines in the
wedge, equivalent to 10 cycles. (For
simplicity, there is assumed to be a
white line at the right-hand side of
the wedge.)

At the top of the wedge, the beam
crosses the 10 cycles in 5 millionths
of a second, or 5 microseconds: In
one microsecond, the beam crosses 2
cycles. This is equivalent to a rate
of 2 million cycles -per -second, or 2
Mc.

At the bottom of the wedge, which
in this example is half the width of
the top, the beam crosses the 10
cycles in the time, or in 2.5 micro-
seconds: In one microsecond, the
beam crosses 4 cycles. This is

(Continued on Page 4)
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TELEVISION SERVICE
(Continued from Page 3)

equivalent to a rate of 4 million
cycles in one second, or 4 Mc.

When the beam scans across other
points along the wedge, the gener-
ated frequency is between 2 and
4 Mc.

The horizontal wedge can be
analyzed in the same manner, but
for our purpose it is sufficient to
know that in test patterns where the
center line of the horizontal wedge
is about WI the length of a hori-
zontal scanning line, it represents a
half -cycle of a 30-kc square wave.
In the RCA Indian -head pattern
the horizontal lines (at bottom
center) represent half -cycles of

scanning line and immediately visu-
alize how the signal voltage must be
changing to produce the changes in
brightness that we see along the par-
ticular scanning line.

The following paragraphs briefly
cover this subject:

The intensity of the electron beam
in the kinescope, and consequently
the brightness of the spot, depends
on the voltage at any instant be-
tween the grid and cathode of the
kinescope.

If we connect an electronic volt-
meter between the grid and cathode
of the kinescope, and vary the grid
voltage, by means of the brightness
control, we can observe how the
brightness of the spot or raster
changes as the grid voltage is
changed. An arbitrary example of
this relation is listed below:

TV CAMERA TUBE

IMAGE OF
VERTICAL

ELECTRON BEAM

5 MICROSEC

2 MEGACYCLES

1
2.5 MICROSEC.-I

1111111111111111111f
4 MEGACYCLES

FIGURE 3 -VERTICAL WEDGE IS USED IN PROVIDING SQUARE -WAVE VIDEO SIGNALS
OF A WIDE FREQUENCY RANGE

square -wave signals ranging from
about 19 kc. to 0.6 Mc.

Signal -Wave Form vs
Brightness

Electrical signals are changes in
voltage during a period of time. Such
signals are shown in books and on
the screens of cathode-ray oscillo-
scopes as "waveshapes" or "wave-
forms".

In radio, if we want to see the
wave -form of audio -frequency sig-
nals, we must use an oscilloscope.

In television we have a tremen-
dous advantage because, without
using an oscilloscope, we actually see
each of the thousands of video sig-
nals that form the complete test
pattern or picture. We see these sig-
nals not as waveforms, but as changes
in brightness along each scanning line
on the kinescope: We see signals that
last for as little as one -tenth of one -
millionth of a second; we see other
signals that remain unchanged for
as long as 53 millionths of a second.

To take advantage of this graphic
display of the picture signals, we
must understand the relation be-
tween the changes in brightness and
the waveform of the signal that
produces these changes: We must
learn to look at any section of a

Kinescope Brightness of
grid voltage spot or raster

0 v Bright (-white-)
-10 v Light grey
-20 v Medium grey
-30 v Dark grey
-40 v Black
(For simplicity, we are using a

reference of zero volts for white.)
Assume that the receiver in this

example is tuned to a TV station,
and the brightness and contrast con-
trols are correctly adjusted:

When the electron beam in the
TV camera is scanning a white por-
tion of the picture, the rf output of
the transmitter is zero (for practical
purposes). This results in zero signal
voltage at the kinescope grid,
which, as shown in the table above,
is the condition that makes the spot
bright, producing "white" on the
kinescope.

When the camera is scanning a
black portion of the picture, the rf
voltage output of the transmitter is
maximum (for picture signals). This
produces maximum negative signal
voltage at the kinescope grid, or
-40 volts in the above example.
This is the condition that extin-
guishes the spot, producing "black"
on the kinescope.

When the camera is scanning a

257.
SIGNAL

VOLTAGE - 

ioo7. -
FIGURE 4 -WAVEFORM OF SIGNAL VOLTAGE ALONG ONE LINE OF WNBT TEST PATTERN.

-WHITE
-LIGHT GREY
-MED. GREY
-DARK GREY
-BLACK

grey portion of the picture, the rf
voltage output of the transmitter is
some percentage of the black signal
output. This produces the same per-
centage of the maximum negative
signal voltage at the kinescope grid,
and results in the same shade of
grey on the kinescope.

We are not particularly interested
in the actual values of signal voltage
at the kinescope grid, because it is
preferable to think in terms of per-
centage, or relative signal voltage,
as listed below:

Relative
Spot Signal
Brightness Voltage
Black 100%
Dark Grey 75%
Medium Grey 50%
Light Grey 25%
Bright (-white-) 0

(For simplicity in this discussion,
we are omitting reference to the
sync pulses, which are 33% higher
in voltage than the black signal
level.)

It should be pointed out that the
"blackness" of black portions on the
kinescope depends on how much

direct or stray light from lamps and
windows is illuminating the front
of the kinescope. In a pitch-dark
room, the black portions of the
picture are quite black, but in a
bright room, the blackrtions of
the picture can not be darker than
the front of the kinescope appears
when the TV set is turned off. This
may seem like an obvious fact, but
it is frequently overlooked. In visu-
alizing the waveform of the signal,
it is desirable to have the kinescope
screen reasonably well shaded so
that the blacks will be black.

Figure 4 shows how the signal
voltage changes along one scanning
line in the NBC test pattern. We
have shown the background of this
pattern as a medium grey, but the
printed illustration may appear as a
lighter or darker grey.

Figure 5 shows how the signal
voltage changes along one scanning
line in the RCA Indian -head pattern.

For practice, we recommend that
the reader sketch out the changes in
signal voltage across other lines in
those test patterns. There is no
better way to become acquainted
with this subject.

SIGNAL
SOxVOLTAGE}

too7.

WHITE

-LIGHT GREY
-MED. GREY

-DARN GREY
-BLACK

FIGURE 5 -WAVEFORM OF SIGNAL VOLTAGE ALONG ONE LINE IN RCA INDIAN -HEAD TEST PATTERN



TELEVISION TUBE COMPLEMENT
DATA SHEET

Mfgr. RCA VICTOR PHILCO

GENERAL

ELECTRIC EMERSON BELMONT

HALLI-

CRAFTERS MOTOROLA CROSLEY ADMIRAL

Model

621

TS

630

TSOITCS

8T530

641

TV

648

PTK

721

TV

730

TV

741

PCS

48-

1000

48-

2500 801

802

803 901 T54

VK-

101

VT-

71

307TA

9-408

30A14

15616

Picture

Tube

Size

7" 10" 10" 5"

Proj.

10" 10" 5"

Proj.

10" 4"

Proj.

10" 10" 5"

Proj.

10" 7" 7" 10" 7" 10" 10"

Tot. Tubes

Used
21 30 41 48 21 30 41 26 29 24 26 43 28 22 23 29 16 30 29

No. of

Miniatures
10 15 22 23 12 17 16 9 10 1 3 4 10 11 5 11 8 15 16

6AG5 3

6AH6

6AK5 2 12
6AL5 1

6AT6 1 1 1 2 1 1 2 li 1

6AU6 1 2 3 4 1 2 2 2

6BA6 1 2 5 5 1 2I
68E6

6C4

6J6 3

12AT7

12AU7

No. of

Metal
4 8 8 14 1

6AC7

6AC7 1 1

6H6 1 1 1 1 1 2 1 2 1

6J5

6SA7

6SC7 1 1

6SC7 1 1 2

6SH7

65.17

6SK7

6SQ7

6SV7

No. of

Glass
9 10 12 16 8 10 16 18 18 14 14 24 16 10 9 10 6 10 11

1B3GT/8016 1

5U4G 1 2 3 4 1 1 4 2 2 1 1 2 0 1 2 2 1

5V4G 1 1 1 1 1 1 1 1 1 1 1

5Y3GT

6AL7GT I I 1 I

6AQ7GT I 11 1 1
I

I6AS7G 1 1 I I 1
I I 1 1

I
I I

6 BG6G ,. 1 2 1 1 2 1 1 1 1 2 1 1 1 1

I6F6G 2 2 2

illi6K6GT 1 4 3 2 1 2 2 1 2
2

4 2

6L6G
,_

1 Rl6S8GTUI 1 1

6SL7GT 2 2 2 2 4 1 I I 1

6SN7GT 4 1 1 3 3 3 3 3 5 4 1 1 2

6V6GT 1 1 1 2 2 4 0 1 3 I

6X5GT 1

6X6G

7AD7 1

784 I 1 1

785 2 2

786

I

1 1

7C5 1

7F8

I

1 1 1 1 1

7W7 I.2 2

12SN7GT I
5

I
2

2516GT I
1 2

25Z6GT 5 I 1

:athode-Ray 1 1 1 1 1 1 1 1 1 11 1 1 1 1

5TP4

7DP4 1

7JP4

1081'4

TP400A 1

FORM 2F820

Published April 15, 1948

RCA TUBE DEPARTMENT-RENEWAL SALES SECTION

HARRISON, N.J.
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OVERLOAD PROTECTION FOR THE

HORIZONTAL DEFLECTION CIRCUIT
PROTECT YOUR TV RECEIVER WITH

THIS SIMPLE PRECAUTION

Television receivers using mag-
netic -deflection circuits occasionally
require replacement of a burned -out
horizontal -deflection transformer
due to a short circuit in the hori-
zontal deflection circuit.

A typical magnetic -deflection cir-
cuit is shown in Fig. 1, from which
it is seen that short-circuit failure of
the 6BG6-G tube can cause exces-
sive current flow through the deflec-
tion transformer T. Such failure
may result from a slow air leak, or

from an internal short between plate
and cathode of the 6BG6-G.

It is recommended, consequently,
that a fuse F be placed in series with
the primary of transformer T, as
indicated in Fig. 1. The current -
carrying capacity of the fuse should
be about twice the rated dc plate
current of the 6BG6-G in the given
circuit. This margin gives an ade-
quate safety factor against high line
voltage and against commercial
tolerances of circuit components
and tubes.

DIOS -43

TO W.I.
. LOADS

I - TYPICAL HORIZONTAL -DEFLECTION CIRCUIT AND PULSE -OPERATED HIGH VOLTAGE SUPPLY

Figure 1.

TELEVISION PICTURE MAGNIFIERS

GIVE LARGE, CLEAR PICTURES

Liquid -filled plastic lenses, designed and manufactured by
RCA, are the choice of thousands of TV receiver owners. Placed
in front of TV screen, the image is greatly enlarged, yet at no
sacrifice of clarity and brillance.

There are two models of the popu-
lar RCA Television Picture Magni-
fier. The one above is for use with
10 -inch kinescopes, giving a result-
ant picture equal in size to that
usually obtained from a 15 -inch
tube. This model, identified as the
203P2, sells for a suggested list
price of $36.95, complete with a
universal mounting bracket.

The other model lens, more
recently introduced, is the 205P1 for
use with 7 inch kinescopes. The pic-

ture thus obtained is equal in size to
10 or 12 inch tube pictures, greatly
increasing the utility of the 7 -inch
tube. This model also complete with
mounting as illustrated below, sells
at a suggested list price of $24.95.

Your customer will want one of
these lenses when he sees it in use.
Why not demonstrate both sizes of
these RCA TV Picture Magnifiers
in your window or showroom and
profit by the added business.

FREQUENCY
RANGE

Mc

54 -60

60-66

66-72

76-82

82-88

TELEVISION
CHANNEL

NO.

FREQUENCY CHANNELS
FOR

FM AND TELEVISION BROADCAST *

CARRIER
FREQUENCIES

Mc

V1DEO:55. 25

AUDIO:59.75

VIDEO: 61.25

AUDIO: 65.75

VIDEO: 67.25

AUDIO: 71.75

VIDEO:77.25

AUD10:81.75

VIDEO: 83.25

AUDIO:87.75

NOTE:
FREQUENCY RANGE 44-50 Mc,
FORMERLY TELEVISION CHANNEL
NO: 1, WAS REASSIGNED TO
MOBILE SERVICES IN MAY, I 948.

FREQUENCY
RANGE

Mc

174-180

180-186

186 -192

192-198 <

198 -204

204- 210

210-216

TELEVISION
CHANNEL

NO

10

12

13

CARRI ER
FREQUENCIES

Mc

VIDEO:175.25

AUDIO:179.75

VIDEO: 181.25

AUDIO:185.75

VIDEO: 187.25

AUDIO:191.75

VIDEO 193.25

AUDIO: 197.75

VIDEO :199.25

AUDIO: 203.75

VIDEO:205.25

AUDIO: 209.75

VIDEO: 211.25

AUDIO:215.75

FM
CHANN EL

NO

201 -0 -

CARRIER
FREQUENCY

Mc
-0- 88.1

220 91.9

221 92.1

250 97.9

275 102.9

.0-107.9

NOTES:
F M CHANNELS 201 -

220 INCLUSIVE ARE
ASSIGNED TO EDUCAT-
IONAL SERVICES.

FM CHANNELS 221-
300 INCLUSIVE ARE
ASSIGNED TO COMMER-
CIAL BROADCAST
SERVICES.

FM CARRIER FREQUEN-
CIES HAVE A UNIFORM
SEPARATION OF 0.2 Mc.

E BASED ON FCC RELEASE OF APRIL 13
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Fig. 2. (Left) Instant channel selection is a feature of this television sweep generator. (Center) Television calibrator for the precision alignment of wideband
amplifiers. (Right) The vacuum tube voltmeter is practically a universal test instrument applicable to all types of radio and electronic servicing.

NEW TEST EQUIPMENT
(Continued from Page 1)

The decision to utilize separate
units made it practical to design
them to a common size, suitable
either for assembly at the work
bench or for carrying them indi-
vidually to the job if the occasion
demanded.

It also makes possible the con-
struction of a rack for the work
bench in which the units can be
located to suit the individual re-
quirements of the service technician
and to provide extensive testing
facilities, all within easy arm's reach.
Fig. 1 illustrates the arrangement of
the units in the RCA WS -16A. In
this arrangement, all of the equip-
ment can easily be reached by the
technician whether he is sitting on a
bench stool or standing at the job.

Because of the importance of
making it as easy as possible to take
readings on the VoltOhmyst elec-
tronic meter WV -95A, it is suggested
that this instrument be located in
the center of the bottom row. This
brings the scale of theVoltohmmeter
into direct line -of -sight. For a simi-
lar reason, it is desirable to locate
the WO -55A oscilloscope in the
center of the second row.

Two instruments, namely the
WA -54A audio oscillator and the
WR-67A test oscillator, can be
grouped together on either side of
the rack. In addition to their usual
use in servicing AM receivers, these
instruments are important in signal -
tracing FM- and television -if cir-
cuits, and television -video circuits.

The two final instruments of those
described in this article are com-
panion units designed for the align-
ment of both television and FM
receivers. The television sweep gen-
erator WR-59A is conveniently
placed below the television calibra-
tor WR -39A.

Combination Advantages
In considering the individual func-

tions of each instrument mentioned,
it is also logical to think of the add-
ed advantage of their combined fa-
cilities. In television servicing, dual
uses for the six instruments are prac-
tical. For example, the audio oscill-
ator is handy for signal tracing by
the signal -injection method, in video
as well as in audio circuits.

The test oscillator, particularly
designed for high-speed servicing of
AM radios, can, with its signal -injec-
tion probe and step attenuator, do an
equally fast job of signal -tracing -pic-
ture -if and FM -if trouble. Picture -
if stages can be traced with a signal
from the test oscillator by viewing
horizontal modulation bars on the
picture tube, or by ingenious trick of
capacitance -coupling the output of
the picture detector to the television
set's audio input and listening to the
audio component of the interfering
signal. (See Fig. 5.)

Grouping instruments makes it
easy to use the vacuum -tube volt-
meter for calibrating the scope, thus
obtaining quick peak -to -peak volt-
age reading of any waveform visible
on the cathode-ray tube. When these
instruments are used in combination,
the peak -to -peak voltage of the saw -

tooth waveform of television deflect-
ion circuits can be measured on the
oscilloscope at the same time that
the associated de voltage is measured
on the VoltOhmyst meter.

Separate housing of the television
calibrator and the television sweep
generator serves to eliminate trouble-
some problems of leakage and inter -
coupling. In applying signals from
either or both units to a television
receiver, complete control of the
independent signals is possible. Since
sweep and marker frequencies can
heterodyne only in the detector of
the set being aligned, little or noth-
ing would be gained by trying to
mix the signals in one or the other
of the instruments.

In passing, one important fact
becomes obvious, and that is that
problems of troubleshooting should
be solved with signal tracing and
voltage indications, including obser-
vation of deflection and synchroniz-
ing waveforms, before time is spent
on alignment procedures. Analogous
to this is the application of a prime
coat of paint and its drying before a
finish coat is applied.

New Features Throughout
Starting with new streamline styl-

ing and taking advantage of develop.
ments of modern plastics for meter
cases and bezels, all six instruments
shown in the test rack of Fig. 1. have
been designed with many things in
common. As mentioned before, the
units are uniform in size and are
therefore interchangeable in the
rack. This feature provides a further
advantage in that any of the six

instruments can fit into the RCA
WG -274 standard -size luggage -type
carrying case. This case also has
space for test leads and a few tools.

All six instruments have standard
binding -jacks for unshielded test
leads, and employ standard micro-
phone connectors for shielded leads.
With few exceptions, this makes
interchange of test leads practical
and convenient, and helps solve the
problem of what to do with inactive
leads. Fig. 1 shows all instruments
less leads, the proper appearance
when the bench is not in use.

Since test leads have a habit of
getting in each other's way, it is
good practice to work with as few as
are needed for any one job, and to
store the rest where they can be con-
veniently located, and in a manner
that keeps them ready for instant
use. For their proper care and maxi-
mum life, test leads are best stored
in a straight hanging position along
a wall or beside a storage cabinet.
(See Fig. 4).

While on the subject of connec-
tors, it should be noted that the
binding jacks can be used with
either a removable binding post
RCA Stock No. 47062, or a locking -
pin plug, RCA Stock No. 47089. The
binding posts are essential in high -
current or low -capacitance measure-
ments. Having a straight shank, the
binding post can also be used as a
pin plug if desired.

A safety factor is provided in the
locking -pin plug, in that a single
turn will prevent the test lead from

(Continued on Page 10)

Fig. 3. (Left) The oscilloscope is a useful tool in visual alignment procedures and for observing waveforms. (Center) The r.f. test oscillator is a basicAM servicing
instrument. (Right) The audio oscillator is valuable in the service shop and may be used to locate performance difficulties in video amplifiers.
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NEW TEST EQUIPMENT
(Continued from Page 9)

pulling out of its panel connection.
This is rather important when it is
necessary to depend on a good
ground connection during high -volt-
age measurements.

Television Sweep Generator
The television sweep generator

shown in Fig. 2 incorporates many
new design features. While it em-
ploys the usual heterodyne system
for the video and all if sweeps, only
the fundamental of a single fre-
quency -modulated oscillator is used
on any of the rf channels. This
method avoids rf coupling between
the desired sweep and any other
signals present in the equipment.

The channel selector provides for
choice of any one of the pre -tuned 13
channel positions for choice of if or
video sweep voltages. Although a
sweep -width control is a part of the
equipment, the maximum sweep is
pre-set to approximately 30% over-
ride for each channel requirement.
In becoming accustomed to the
sweep -width control, it will be no-
ticed that the normal action is the
reverse of that of a scope gain con-
trol. In other words, increasing the
sweep width makes more of the
over-all curve visible, while decreas-
ing the sweep width enlarges a
portion of the curve.

The 60 -cycle sine -wave sweep rate
will produce two identical images on
the scope screen and so it is neces-
sary to have a phase control to posi-
tion these two images so that they
coincide. When blanking is chosen,
however, one of the images is
blanked out and the return trace
appears as a base line. This line
provides a convenient means for
measuring the amplitude of various
parts of the remaining trace. With
the help of the graph screen on the
scope it becomes an easy matter, for
example, to locate the 70 -per -cent
point on an if or rf curve.

Television Calibrator
The television calibrator illus-

trated in Fig. 2 produces cw signals
which show as heterodyne markers
on the scope screen when both its
signal and the sweep signal are
applied to a television receiver for
curve observation. The marker indi-
cates the definite frequency of any
one point on a curve. In the adjust-
ment of receiver rf oscillators and
trap circuits or in the alignment of
stagger -tuned if strips, the calibrator
can be used as a signal generator
with inherent crystal -controlled
accuracy.

The television calibrator itself
contains a tunable oscillator which
produces a dial -indicated signal from
19 Mc to 110 Mc and from 170 Mc
to 240 Mc. An internal crystal -con-
trolled oscillator is used to check the
accuracy of the dial. Heterodyning
signals are detected and amplified
within the instrument and repro-
duced audibly by a small built-in
speaker. Applying the crystal -con-
trolled oscillator harmonics in this
way facilitates checking and accu-
rately resetting the dial to any 2.5 -
Mc point within its range.

Figure 4. A popular gadget for the busy
test shop, this plug-in rack can be
easily constructed from standard jacks
and connectors.

A second crystal can be switched
in to add its 0.25 -Mc signal fre-
quency by modulating the 2.5 -Mc
oscillator. This in turn makes it pos-
sible to divide the 2.5 -Mc harmonic
points on the dial into 0.25 -Mc cali-
brations. Once a 2.5 Mc point is
established, it is easy to count the
added 0.25 -Mc in-between steps and
thus arrive at a precise calibration
for television receiver requirements.

Having such facilities available,
plus the signal from one television
station, makes a truly scientific
alignment job a reality, for with
crystal accuracy and properly repro-
duced curves, a receiver can be
adjusted for maximum dependable
service on all 13 television channels.

Vacuum Tube Voltmeter
The new vacuum -tube voltmeter

seen in Fig. 2, designated commer-
cially as the "RCA Master Volt-
Ohmyst VTVM" is quite a univer-
sal testing instrument in itself. As
normally found on electronic meters,
dc ranges up to 1000 volts, resistance
ranges up to 1000 megohms, and ac
ranges flat to 20 kc and reading to
1000 volts, are provided with in-
creased sensitivity. For rf voltages,
an accessory crystal probe can be

used to read RMS values to 100
Mc, or an accessory diode probe will
read RMS voltages to 150 Mc, or
values proportional to peak -to -peak
voltages of complex waves. This
makes the instrument useful for
checking vhf oscillator voltages and
peak values of deflection voltages
regardless of waveform.

Six capacitance ranges enable the
meter to indicate directly on one
scale, any value between 5 micro-
microfarads and 1000 microfarads.
With this new feature, tuning ca-
pacitors, rf- and if -bypass capaci-
tors, audio-, video-, power -supply,
and deflection -circuit capacitors can
all be accurately tested.

Oscilloscope
The oscilloscope shown in Fig. 3,

besides taking its rightful place in
the test rack, is small and light
enough to carry to the job when the
job can't come to the bench. This
instrument has the new feature of
calibrated vertical deflection which
enables direct reading of peak -to -
peak voltages regardless of wave-
form. A removable graph screen,
once calibrated on a 10 -division
basis, reads voltages throughout the
deflection range.

When the sweep selector is set to
"line" position, a small sine -wave
voltage at power -line frequency is
applied to the horizontal amplifier.
This feature provides a time -base
deflection for sweep alignment, since
it eliminates the need for connecting
the sweep generator to the scope.
Both instruments can be synchron-
ized to the power line and thus to
each other.

While wide -band response is es-
sential for the observation of
synchronizing and blanking -pulse
shapes, it is well to point out here
that a scope, such as described,
having a response of ± 10 per cent
to 40 kc is ample for all sweep
alignment work on television or FM

This new portable carrying case is custom built to hold any one of the RCA
matched TY/FM/AM teat instruments. The case (WG-274) resembles a piece of
smart business luggage and is especially designed for transporting the RCA teat
equipment to the job. The dimensions are approximately 16 inches long by 11
inches high by 9 inches deep.

.01 MC

VIDEO

TEMPORARY
JUMPER

REMOVE SOUND IF TUBE

1ST
AUDIO

MD.

Figure 5. Here is an ingenious dodge
in checking picture-rf stages. When
the output of the picture detector is
capacitance -coupled to the audio out-
put of a television set, the operator
can listen to interference on the pic-
ture channel. Frequently the nature of
the interference can be immediately
identified.

sets. The sweep curve observed is
not rf, but is derived from the
frequency -modulated rf or if signal
by detection, and so it is actually
well within the audio range. When it
is desired to check a video curve, an
additional detector such as the RCA
WG -263 crystal probe is required
to demodulate the video sweep.

Test Oscillator
The test oscillator illustrated in

Fig. 3 can be considered an old
friend, since most users are familiar
with its basic function of providing
a tunable cw signal from 100 kc. to
30 Mc. Troubleshooting if circuits
in FM and TV sets now adds to its
usefulness. Due to vastly improved
rf waveshape, harmonic content of
the test oscillator is considerably
lower than heretofore, so no claims
are made for second -harmonic sig-
nals above the fundamental maxi-
mum of 30 Mc. Supplying higher -
frequency signals is a job that be-
longs to the television calibrator.

Audio Oscillator
With the audio oscillator seen in

Fig. 3, video signal tracing can be
accomplished in the same manner as
audio signal tracing, for only one
frequency is needed at a time to run
down normal failures in video cir-
cuits. After a video circuit has been
repaired, it can be tested for charac-
teristic response with the television
sweep generator and oscilloscope,
but as the low -frequency end of the
curve is difficult to interpret, it is
often advantageous to refer to audio
oscillator signals for low -frequency
determinations.

The audio oscillator can also be
used advantageously to produce bar -
like patterns on the screen of a tele-
vision picture tube, and thus furnish
a means of testing television re-
ceiver sweep circuits for linearity.

BACK TALK
In the last issue of RADIO

SERVICE NEWS, the article
describing the RCA Isotap
Transformer gave a suggested
list price of $8.95. The correct
price, which should have been
quoted, is $8.95 suggested user
price. Sorry if this oversight has
caused anyone an inconvenience.
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Image Section
The image section contains a

semi -transparent photocathode on
the inside of the face plate, a grid to
provide an electrostatic accelerating
field, and a target which consists of
a thin glass disc with a fine mesh
screen very closely spaced to it on
the photocathode side. Focusing is
accomplished by means of a mag-
netic field produced by an external
coil, and by varying the photoca-
thode voltage.

Light from the scene being tele-
vised is picked up by an optical
lens system and focused on the
photocathode which emits electrons
from each illuminated area in pro-
portion to the intensity of the light
striking the area. The streams of
electrons are focused on the target
by the magnetic and accelerating
fields.

On striking the target, the elec-
trons cause secondary electrons to
be emitted by the glass. The sec-
ondaries thus emitted are collected
by the adjacent mesh screen which
is held at a definite potential of
about one volt. Therefore, the po-
tential of the glass disc is limited for
all values of light and stable opera-
tion is achieved. Emission of the
secondaries leaves on the photo-
cathode side of the glass a pattern
of positive charges which corre-
sponds with the pattern of light
from the scene being televised. The
charges set up a corresponding po-
tential pattern on the opposite or
scanned side of the glass.

Scanning Section
The opposite side of the glass is

scanned by a low -velocity electron
beam produced by the electron gun
in the scanning section. This gun
contains a thermionic cathode, a
control grid (grid No. 1), and an
accelerating grid (grid No. 2). The
beam is focused at the target by the
magnetic field of an external focus-
ing coil and the electrostatic field of
grid No. 4.

PHOTOCATHODE

TELEVISED CAMERA
SCENE LENS

I. -

HOW THE IMAGE ORTHICON WORKS
The 2P23 image orthicon 0soone e most universally usedis

television camera tubes. Its performitece no doubt has been some-
what of a mystery Ao many readei.s, and for that reason the follow-
ing excerpt from tda4141iinaffthe RCA 2P23 is reproduced.

4/Pb
The 2P23 has three set

-
-.0.441PhkNti7S- serves to adjust the

image section, a scanning section, shape of the decelerating field be -
and a multiplier section, as shown in tween grid No. 4 and the target in
Fig. 1. order to obtain uniform landing of

electrons over the entire target
area. The electrons stop their for-
ward motion at the surface of the
glass and are turned back and fo-
cused into a five -stage signal multi-
plier, except when they approach
the glass. When this condition oc-
curs, they are deposited from the
scanning beam in quantities suffi-
cient to neutralize the potential
pattern on the glass. Such deposition
leaves the glass with a negative
charge on the scanned side and a
positive charge on the photocathode
side. These charges will neutralize
each other by conductivity through
the glass in less than the time of one
frame.

Alignment of the beam from the
gun is accomplished by a transverse
magnetic field produced by an exter-
nal coil located at the gun end of the
focusing coil.

Deflection of the beam is accom-
plished by transverse magnetic
fields produced by external deflect-
ing coils.

The electrons turned back at the
target form the return beam which
has been amplitude modulated by
absorption of electrons at the target
in accord with the charge pattern
whose more positive areas corre-
spond to the highlights of the
televised scene.

Multiplier Section
The return beam is directed to

the first dynode of a five -stage elec-
trostatically focused multiplier. This
utilizes the phenomenon of second-
ary emission to amplify signals com-
posed of electron beams. The elec-
trons in the beam impinging on the
first dynode surface produce many
other electrons, the number depend-
ing on the energy of the impinging
electrons. These secondary electrons
are then directed to the second
dynode and knock out more new
electrons. Grid No. 3 facilitates a
more complete collection by dynode
No. 2 of the secondaries from
dynode No. 1. The multiplying
process is repeated in each sue -

HORIZONTAL
& VERTICAL FOCUSING ALIGNMENT ELECTRON
DEFLECTING COIL COIL GUN

COILS

ACCELERATOR DECELERATOR GRID N14
GRID N* 6 GRID N* 5

TARGET

SCANNING
RETURN

BEAM

GRID ND3

CAM

GRID N92
AND

DYNODE FIVE -STAGE
N. I MULTIPLIER

J
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THE NEW RCA STACKED ARRAY FOR TV

33"

203AI ANTENNA

IL

\12' LINE

225AI ANTENNA

IrIMIMILINE TO 41-111 ic TACK
RECEIVER I 12 1/2"OPEN STUB

TERMINAL STR'R

37 1/2"L I NE

92CS -7041

Shown above is the new RCA 203A1 television antenna and reflector mounted
above the standard RCA 225A1 antenna. This array provides a high gain tweire
channel receiving system for television signals.

RCA 203A1 TELEVISION ANTENNA
FOR HIGH GAIN ON CHANNELS 7-13

The RCA -203A1 is a "high -frequency" antenna utilizing a folded
dipole for both the receptor and reflector. It may be mounted on
the same mast with the RCA -225A1 or other similar television an-
tennas to provide a high -gain, 12 -channel receiving system. This
combination requires only one transmission line and when used
with television receivers having a 300 -ohm input impedance
requires no external transformers or matching stubs.

The 203A1 may be mounted
either above or below the RCA -
225A1 antenna. For mechanical
stability, especially in high winds,
the 203A1 should preferably be
mounted above the large antenna.
Installation is then made as outlined
on the instruction sheet.

In cases where the array is to be
used for increasing the signal on the
high channels, and no reflections are
present, each antenna should be
oriented toward the station desired.
The lines should be connected in
phase at the junction (i.e.-the
left-hand element of one antenna
tied to the left-hand element of the
other), if the orientation is not more
than 45 degrees apart. If the orien-
tation is greater than this, the con-
nections should be tried both ways
to determine the better condition.

In cases where reflections are en-
countered, mount both antennas on
the mast, as above, but connect the
transmission line to only one an-
tenna at a time. By rotating the
mast, determine the best orientation
for each antenna separately, using a
station having a suitable frequency.
When the antennas are properly
oriented, tighten them on the mast
so that they will both point in the
proper direction when the mast is in
place. Then connect the antennas
together as described above. If any
increase in reflections is noticed, try
reversing the connections of the
transmission line at the terminal
strip. This should be done for both
the in -phase and the out -of -phase
connection of the antennas to deter-
mine the better condition.

cessive stage, with an ever-increas-
ing stream of electrons until those
emitted from dynode No. 5 are
collected by the anode and consti-
tute the current utilized in the out-
put circuit.

The multiplier section amplifies
the modulated beam about 500
times. The multiplication so ob-
tained increases the signal-to-noise
ratio of the tube and also permits
the use of an amplifier with fewer
stages. The gain of the multiplier is
sufficiently high so that the limiting
noise in the use of the tube is the

random noise of the electron beam
multiplied by the multiplier stages.
This noise is larger than the input
noise of the video amplifier.

It can be seen that when the beam
moves from a less positive portion
on the target to a more positive
portion, the signal output voltage
across the load resistor (R30 in
Fig. 2) changes in the positive direc-
tion. Hence, highlights in the scene
produce an output signal voltage of
positive polarity across the load
resistor. As a result, the grid of the
first video -amplifier stage swings in
the positive direction.
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 RCA and only RCA, brings you this preferred
line of related products for greater sales vol-
ume throughout the year.

You benefit by handling RCA Tubes, Bat-
teries, Test Equipment, Parts and Accessories
. . . because you can concentrate your require-
ments with one dependable source of supply .

Push RCA Tubes, Batteries, Parts and Test Equipment
-and watch your business grow!

because the RCA monogram on any product
gives it immediate customer acceptance.

What's more, you'll save time and give greater
customer satisfaction using the outstanding new
line of laboratory -engineered RCA Test Equip-
ment in your service shop.
See your RCA Distributor today for full details.


