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- WITHIN

- MEGACYCLES

Band-Sharing Techniques Employed to

Enable Transmission of Color Information
Within the 6-Megacycle TV Channel

The color signal represents
the scene being televised according
to the brightness, the hue, and the
saturation of the colors which are
present. The brightness of each color
is removed and transmitted as a
separate pcrtion of the color picture
signal. This portion is referred to
as the luminance signal and is the
same as tae video signal in our
present-day monochrome transmis-
sion. Hue and saturation of the colors
make up another portion of the color
picture signal, and the combination
of the two is referred to as the chro-
minance signal. Hue is represented
by phase mcdulation of the color sub-
carrier, while saturation is repre-
sented by amplitude modulation of
that subcarrier. Brightness, hue, and
saturation are defined as follows:

BRIGHTNESS. That attribute which
makes an area appear to emit
more or less light.

HUE. The name of a color. Neither
black nor white nor any of the
values of gray are considered hues.

SATURATION. The degree to which
white light is absent in a particular
color.

Before entering the discussion
on the fundamentals of how brightness,
hue, and saturation of colors are
transmitted, let us investigate the
reasoning kehind the adoption of this
method.

The 1irst and most important

criterion for a color television system
is that it mast be compatible. One of
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the requirements for compatibility
is that the color signal must be
transmitted in the allotted band of
6 megacycles, which is standard for
monochrome transmission. From
this, it can be seen that the present
standards for transmission of black-
and-white pictures had to be retained
and at the same time color had to be
added. This had to be accomplished
in such a way that the monochrome
receivers would be able to receive
the color signal in black and white
w ithout necessary adjustments or
converters. It was realized that a
great deal of information had to be
transmitted within the limits of 6
megacycles. This meant that the
video portion of the composite signal
had to be within the limit of 4.25
megacycles.

From the very beginning of
color -television research, it was
known that to reproduce a color pic-
ture satisfactorily three separate
pieces of information had to be trans-
mitted. Whatever this information
might be, it had to represent in some
form or another the three chosen
color primaries red, green, and blue.
If aseparate signal representing each
primary color were used, three times
the normal bandwidth would be needed.
This would result in a bandwidth of
12.75 megacycles. In order to lower
the bandwidth, two considerations
were brought into use. The first was
that color information should be
transmitted with a minimum of
duplication, and the second was that
only information useful to the eye
need be transmitted.

éy e P. Olipﬁdnt

Since a signal representative
of the brightness of each color had
to be transmitted for the purpose of
proper operation of the monochrome
receiver, it would also be duplicatory
to transmit the brightness of each
color in the chrominance signal.
Therefore, it was decided to subtract
the brightness from each of the colors
and transmit the total brightness by
the normal amplitude-modulation
method. After subtraction of the
brightness from the three primary
colors, we have: the brightness signal,
red minus brightness, green minus
brightness, and blue minus brightness.
It would be needless to transmit
four pieces of information when
only three are needed. To over-
come this, it was discovered that the
signal representing green miaus
brightness could be recovered at the
receiver by the proper mixing of the
other signals. Therefore, only three
pieces of information were necessary.
The next problem was how to get all
this information intothe allotted video
bandwidth of 4.25 megacycles. This
would seem to be animpossibility;
but after considering the characteris-
tics of human vision, it was found
that a method could be devised which
would permit the transmission of the
necessary information in the moder -
ate bandwidth available.

The knowledge of the character -
istics of human vision was one of the
most important factors that governed
the development of color television.
Human vision is not fully understood;
however, it is known that the process
of seeing is very complicated. Many
facts have been determined about it
through experiments. The results
of these have been very useful in the
formation of the NTSC color tele-
vision system. Every person does
not see color in the same manner;

* * Please turn to page 55 * *
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A recent news release by CBS-
Hytron of Danvers, Mass., statesthat
they have under development a series
of tubes spzacifically designed for the

five areas in the receiver where
there is the greatest strain on the
tubes and where tubes might fail
premafurely. The nature of the trans-
mitted signel determines the circuitry
which must be employed in order to
reproduce tie image on the face of the
picture tube. Some circuits are re-
quired to produce more energy than
others and are referred to as the
stress points or "hot spots’ of a set.
These circuits are designated by
CBS-Hytron as the low- and high-
voltage rectifiers, the horizontal-
and vertical-deflection amplifiers,
and the damper diode.

Thusfar, two of these nzw tubes
have been puilt: the 5AW4, which is
designed to replace the 5U4G; and

the 6CU6, waich replaces the 6BQ6GT.

Others in the series are in the pro-
cess of devzlopment.

This news item is of interest
because it emphasizes a problem that
has been with us for as long as com-
merical television has; to wit, that
many of the components now in use
in television receivers were not
originally designed for television.
Rather, they were carry-overs from
radio with perhaps some modifications
to enable them to do the job until
something better was developed.
Graduzlly, new types of components
are being developed to provide us
with a set which will be less subject
to breakdown than the sets built
heretofore.

Consider, for example, the
horizontal-deflection system. The
deflection wave generated by the
horizontal oscillator is essentially
saw-tooth in form and combines a
relatively'slow rise with an extremely
rapid retrace. This wave is applied
first to the horizontal -output amplifier
and then to the high-voltage, damper,
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and deflection-yoke circuits via the
output transformer.

Let us start first with the
horizontal-amplifier tube. This is a
power amplifier and hence must be
capable of developing sizeable
amounts of current. Moreover,
because of the form of the applied
wave, the current fluctuates over a
wide range from cutoff to peak cur-
rent. This, in itself, places a severe
electrical stress on the insulating
structure of the tube. If we consider
the high operating temperature caused
by the large current and the high-peak
pulse voltages of 5,000 volts or more
which are present on the plate during
retrace time, we can begin to ap-
preciate why this tube becomesa
likely candidate for failure long before
the average lifetime of some of the
other tubes in the set.

In view of the rigorous demands
which this tube must satisfy, it
becomes particularly important that
the service technician adjust the drive
control carefully. For, if the drive
control is set so that the peak-to-

President, Television Communications Institute

peak value of the deflection wave is
too low, the negative grid-leak bias
developed between the grid and the
cathode of the power amplifier will
be lower than the recommended
value and the average current flowing
through the tube will rise. This
excessive current will eventually
lower the tube emission and cause the
tube to become useless. On the other
hand, when the driving voltage is too
great, the peak voltage developed at
the plate during each horizontal-
retrace interval (by the inductance of
the horizontal-output transformer)
may force the tube insulation to break
down.

Inthe vertical system, the output
amplifier is subject to essentially the
same conditions as the horizontal-~
output amplifier; and hence it, too, is
a likely candidate for a shortened life.
So are the high-voltage rectifier and
the damper diode, although for these
tubes current drain is not so much a
consideration as strong sharply

* * DPlease turn to page 37 * *

Fig. 1. Shortened
Life of High-Voltage
Rectifier Can Be Due
to Too High a Fila-
ment Voltage. An Ef-
fective Remedy Is to
Increase Value of
Series Filament Re-
sistor R1.
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An understanding of the differ-
ent elements of a television test
pattern and of their purposes provides
the service technician with an inex-
pensive and extremely useful tool.
The most obvious use of the pattern
is tohelp in judging and adjusting the
horizontal and vertical size and line-
arity of the picture. Actually, the
test pattern may alsobe usedto check
the frequency response of the video
sections of the receiver,to check for
proper interlace, to aid in proper
focusing, and to check for phase shift
inthe receiver circuits. Other appli-
cations may come to mind because,
like other servicing aids, its possi-
bilities are governed to some extent
by the knowledge and ingenuity of the
service technician.

A point not always considered is
the fact that the test pattern was not
designed solely for the benefit of
receiver adjustment or checking but
that itis just asuseful for the proper
adjustment of the transmitter. How-
ever, this article deals principally
with its usefulness in receiver
servicing.

Fig. 1. Reproduction
of Original Test Pat-
tern.

The test pattern shown in the
illustrations throughout this article
is known as the RCA Indian head, a
reproduction of which is shown in
Fig.1. Other test patterns are in use,
and their various elements serve a

purpose similar tothat of the elements
shown here.

In order to obtainthe best pos-
sible picture of the Indian-head
pattern from a signal applied to a
receiver, the output of a monoscope

Fig. 2. Test Pattern
Obtained by Apply-
ing Video Signal Di-
rectly to Video Am-
plifier of Receiver.

T Pl
v

was applied directly tothe video amp-
lifier feeding the picture tube. In
this manner the possible degrading
effect of bandpass limitations in an
RF and a video IF section was avoid-
ed. The resultant picture appears
in Fig. 2.

Linearity and Size

The large circles at the center
of the pattern and the smaller circles
at the corners can be used to check
and adjust the horizontal and vertical
size of a receiver. The resulting
circles should be as round as possible,
and the picture should fill the mask
properly. The fine-lined squares also
provide a good check for linearity.

Focusing

The horizontal and vertical
wedges can be used as an aid to pro-
per focusing. If the point of sharpest
focus is not the same for both hori-
zontal and vertical wedges, it is
generally preferable tofocus for best

PICTURE

by Paul C. Smith

resolution of the vertical wedge. An-
other point to remember is that the
contrast and brightness controls must
be properly set to avoid blooming or
enlargement of the spot.

The diagonal, stepped wedges
areuseful when adjusting the contrast
and brightness controls. When these
controls are correctly adjusted, each
step in the wedges will be separate
and distinct in tone from the others.

Frequencies Represented by
Test-Pattern Elements

The significance of each ele-
ment of the test pattern can be more
fully appreciated if we remember that
each variation in the pattern of light
and dark on the picture tube repre-
sents a corresponding variation of the
signal voltage applied to the picture
tube. The waveform of the signal
voltage across one horizontal line of
the test pattern is shown in Fig. 3.
It can be seen that the different ele-
ments of the test pattern are repre-

PF INDEX - March, 1954



sented by square waves of various
frequencies. Such square waves are
a severe test of the frequency re-
sponse of an amplifier, because they
contain not only their fundamental
frequency but many harmonics as
well. The sharp rise and fall of the
leading and trailing edges of the
square wave provide a good test for
transient response.

Another important point tocon—
sider is the speed of the beam trace
as it crosses the face of the picture
tube. The horizontal sweep occurs at
the rate of 15,750 cycles per second;
the reciprecal of this frequency shows
that the time required for one com-
plete cycle is 63.5 microseconds.
The sweep is blanked out for 10.2
micraseconds, leaving 53.3 micro-
seconds available for picture inform-
ation. Since a white line followed by
a black line can be considered as one
cycle (a positive half-cycle and a
negative half-cycle), it can be seen
that oaly 53 pairs of black and white
lines on one horizontal trace are

Fig. 3. Voltage
Waveform Repre-
sented by a Single
Horizantal Line of a
Test Pattern.

>
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a certain number of lines spaced
closely together at the center of the
pattern and further apart at the outer
portions of the wedges. The lines are
marked at regular intervals, and the
resolution at these marked points is
indicated by corresponding numbers.

Service Information Provided

by the Test Pattern and by the

Broadcast Program When a
Test Pattern Is Not Available

necessary to represent a frequency
of one megacycle. It is an easy matter
to accommodate several times this
number across the face of the picture
tube so that a irequency of several
megacycles will still produce a pat-
tern cf separate and distinguishable
lines or dcts, provided the spot size
is not a limiting factor. This fre-
quency must be passedby the receiver
amplifier system so that the maximum
number of resolvable vertical lines
in the test pattern gives a good indi-
cation of the receiver's response.

Resolution

The portion of the test pattern
used to indicate frequency response
and resolution are the horizontal and
vertical wedges. The horizontal
wedges incicate vertical resolution,
and the vertical wedges indicate
horizontal resolution.

Referring to Fig. 1, it can be
seen that the wedges are made up of

March, 1954 - PF INDEX

These numbers should be multiplied
by 10 to obtainthe resolution number.

The resolution anumber of any
given receiver is determined by the
smallest picture details that it can
reproduce as separate, distinct ele-

ments. It is the number of these
smallest reproducible elements that
can be contained in a distance equal
to the height of the test pattern. This
istrue regardless of whether vertical
or horizontal resolutionis being con-
sidered. The height of the pattern is
taken as a reference because of the
pattern aspect ratio which is four
wide to three high. If it is assumed
that the limit of resolution isthe same
horizontally and vertically (that is, if
we are just able to distinguish lines
of equal width in each direction), the
picture would then be able to contain
four-thirds as many lines horizontally
as it would vertically. Therefore,
when the width of a vertical wedge is
compared to the width of the picture
rather than tothe height and when the
resolution number is calculated as
before, the resultant number must be
multiplied by three-fourths in order
tocompare correctly with the vertical
resolution.

To check the resolution of a
receiver,the point nearest the center
of the circle where the individual lines
of the wedge are just distinguishable

* * Please turn to page 45 * *

Fig. 4. Vertical Line-
arity Misadjustment.
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ANALYZING

HORIZONTAL-DEFLECTION

An Explanation of Horizontal-Deflection Operation
With Accent Upon Instantaneous Voltage and

Current Relationships

A careful study of the following
material can be of benefit to any
service technician engaged in the
repair of television sets. The subject
covered is that of horizontal deflection
which is considered to be one of the
most corplicated operations per-
formed by a television receiver. We
know this to be true because of the
number of letters which come to us
requesting the solutions to problems
having todc with horizontal deflection.

In order to be most effective,
an explanat:on of horizontal deflection
should be presented with a minimum
of involved theory and without the
numerous mathematical equations
which very often accompany such
theory. It so happens that the wave-
forms which can be observed at
varicus poirts in a horizontal-
deflection system offer a basis upon
which to develop such an explanation,
and we have chosen to analyze these
wavefcrms to describe horizontal-
deflection cperation.

A typical deflection circuit was
selected; i:s schematic is shown in
Fig. 1. No:e that it is a conventional
systen: and conforms generally to
the design used in many present-day
televisionraceivers. Points at which
waveforms were studied are desig-
natedby W-aumbers onthe schematic.
Voltage waveforms were observed
with respect to chassis or common
ground; current waveforms were
secured by inserting small, nonin-
ductive resistors in series with the
current paths in question and by
viewing on the oscilloscope the
voltages dzveloped across these
resistors., At points having high peak
voltages exceeding the input rating of
the os:illoscope, the voltage wave-
forms were fed through a capacitance
voltage divider before they were
applied to the scope. In circuits
where loading effects had to be
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avoided, a high-impedance probe was
used in the process of obtaining the
desired waveforms.

In order to facilitate compari-
sons between the various waveforms
observed, the oscilloscope was
synchronized externally with the
saw-tooth voltage at the grid of the
horizontal -output tube. By syn-
chronizing the scope in this manner
and by maintaining the frequency and
amplitude of its horizontal sweep at
a constant value, we endeavored to
show each waveform with reference
toapproximately the same time base.
Then by placing associated waveforms
one above the other, we made possible
a check onthe instantaneous conditions
in each.

To launch this discussion, let
us first consider the purpose of a
horizontal-deflection system in a
receiver using magnetic deflection.

if {0
T .
| s

A -

EFORMS

éy ¢/¢n 2 g[ut;

The function of such a system is to
move the electron beam across the
face of the picture tube from left to
right at a constant speed and then to
return it quickly to the left side of
the screen to start again. The first
action is called beam trace and the
second, beamretrace. The frequency
of this repetitive sequence of events
is 15,750 cycles per second. Control
of the beam is accomplished by a
magnetic field, the nature of which
is determined by a current through
the horizontal-deflection coils. At
any instant, the direction of current
flow governs whether the beam is on
the right or left side of the screen and
the amount of current determines the
distance the beam is away from mid-
screen. For proper scanning, the
current in the horizontal -deflection
coils must have a saw-tooth waveform
with a short edge which produces beam
retrace and a long edge which pro-
duces beam trace.

% (L 51u]
= 1HIGT

Fig. 1. Schematic of a Typical Horizontal-Deflection System.
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“Trouble-Free” Fuses

Handle BUSS FUSES

There is a reason manufacturers and service organiza-
tions have learned to rely on BUSS fuses to operate
properly under all service conditions. Every BUSS fuse
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constructed to prevent poor contact heating causing need-
less blows.
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The waveforms in Fig. 2 show
the relationship which exists between
the video signal W4 on the picture-
tube cathcde and the deflection-coil
current W5. Beam trace begins at
the end of the horizontal-blanking
pedestal and lasts until the leading
edge of the next horizontal sync pulse.
The slight curvature in the trace
portion of the saw-tooth wave would
seem to indicate that the linearity of
the pictur2 was not perfect in the
test receiver;the beam moves faster
midway in bean: trace than it does at
the begimning and end. However,
observation at the time these tests
were taken revealed that whatever
nonlinearity may have existed was
not apparent to the eye.

Baving established the purpose
of horizontal deflection, let us assume
that the horizontal oscillator in the
test receiver is functioning properly
and that a normal drive voltage is
present on the grid of the horizontal-
output tube. Fig. 3 is a group of
waveforms which are directly as-
sociated with the horizontal-output
amplifier. Waveform W1 in Fig. 3 is
the grid vcltage on the amplifier, W2
is the plate-voltage waveform, and
W10 is the cathode current through
the tube. The high-frequency ripples
which are noticeable in the waveform
of current should be disregarded,
since they are caused by stray
coupling of the high-amplitude voltage
oscillations present in the plate
circuit of the tube and are not truly
representacive of the current.

When the waveforms in Fig. 3
are compared, it can be seen that the

[ ZERO Iy

Fig. 2. Waveform WS35, the Deflection-Coil
Current, and Waveform W4, the Video Sig-
nal on the Picture-Tube Cathode.
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current through the tube does not
begin until after approximately 30
per cent of the trace period has
elapsed. The delay is caused by-the
tube-bias level which keeps the grid
beyond cut-off for the first part of the
trace period. Once current starts to
flow, it rises at a nearly linear rate
until the initiation of horizontal re-
trace. Atthisinstant,the grid voltage
W1 goes sharply negative and cuts off
the current through the tube. The
rapid cessation of current through
the inductive plate load of the tube
produces a rapidly collapsing mag-
netic field which in turn develops the
high peak of voltage that appears on
the plate of the output tube. See W2
in Fig. 3. A damped train of oscil-
lations follows this sharp peak on the
plate, because the distributed ca-
pacitance in the plate load together
with the inductive load itself com-
prises atunedcircuit which oscillates
at its natural resonant frequency to
produce these fluctuations. When we
refer to the plate load on the
horizontal -output tube, we are speak-
ing of components up to and including
the coils in the deflection yoke — not
just the primary of the output trans-
former. The fluctuations in waveform
W2 endure for several cycles,
because the output amplifier is cut
off and consequently places no load
on the oscillating circuit.

The next logical points for
investigation are in the damper -tube
and deflection-coil circuits connected
to the secondary of the output trans-
former. Fig. 4 showsfour waveforms:
the plate voltage waveform W3 on the
damper tube, the current W5 through
the deflection coils, the damper -tube
current W8, and the current W9
through the secondary. of the
horizontal-output transformer. In
addition, Fig. 5 is presented as a
simplified schematic of the circuits
under consideration.

Observe that the oscillatory
tendency mentioned in connection
with the plate voltage on the horizontal-
output tube is also present in two of
the waveforms in Fig. 4. Note also
that the fluctuations are confined
solely to the currents W9 and W8
through the transformer secondary
and through the damper tube re-
spectively; they do not appear in the
deflection-coil current W5. Thus we
have in these waveforms a good il-
lustration of damper action.

What happens is that the damper-
tube plate voltage W3 is positive
with respect to the cathode during
the period in which the oscillations
occur, and hence the damper tube
conducts. The impedance which the
conducting damper offers to the fluc-
tuations is much lower than that

Fig. 3. Waveforms Directly Associated With
the Horizontal-Output Amplifier. W1, Grid
Voltage; W2, Plate Voltage; W10, Cathode
Current.

offered by the deflection coils. Con-
sequently, the damper tube shunts
the oscillatory portion of the applied
signal around the deflection coils
and permits the current W5 through
the coils to follow a linear change in
accordance with the requirementsfor
proper scanning.

If one were to judge from the
square wave W3 on the plate of the
damper, one might suppose that the
damper tube conducts throughout the
period of beam trace. This is not the
case. Fig. 6 shows the voltage wave-
form W6 on the cathode of the damper
tube with respect to ground, and it
can be seen that the cathode voltage
rises in a positive direction during
the trace period. The rise is caused
by the charging of capacitance C showa
in the schematic of Fig. 5. (Capaci-
tance C in Fig. 5 corresponds to
capacitors C63 and C64 in Fig. 1.)

* * Please turn to page 82 * *
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still the most
powerful TV rotor,
enough power
to turn any array.

NOW. . . With Meter Cabinet
Using 4-Wire Cable

Model TR-4

the de-fuxe HEAVY DUTY
ROTOR complete with mod-
ern design meter control dial

cabinet, using 4 wire cable.

$53.95
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CORNELL-DUBILIER ¥l |/¥

PF INDEX - March, 1954



TEST EQUIPMENT

by PAUL C. SMITH

Presenting Information on Application,
Maintenance and Adaptability of
Service Instruments

CAPACITANCE CHECKING WITH
VOM’S AND VTVM'S

Every service technician may
not be the owner of a capacitor check-
er, yet it is probably safe to say that
along with his other test equipment he
does possess either a VOM or VTVM.
These latter instruments can be used
for making approximate checks of or
comparisons between the capacities
of paper capacitors. Capacity checks
of electrolytic capacitors willusually
require a different setup. In the in-
struction manuals accompanying their
equipment, several manufacturers
include detailed instructions for mak-
ing such tests. The method of opera-
tion usually depends upon the use of
an AC signal source, such as the line
voltage, applied across a voltage-
dividing network, with the meter
reading the AC voltage across a por-
tion of the network. The unknown
capacity is made a part of the net-
work, so that the voltage read on the
meter depends upon the capacity.
The reading obtained is compared
with a table in the instruction manual,
and the value of the unknown capacity
is found opposite this reading in the
table.

As stated before, this method
provides only approximate values
with the accuracy dépending upon
several conditions: (1) the accuracy
of the assumed value of the dividing
network components, (2) the imped-
ance of the applied voltage source,
(3) the accuracy of the measurements
of the applied voltage, and (4) the be -

March, 1954 - PF INDEX

havior of the AC meter under varying
load conditions.

Some of the more elaborate
VTVM's incorporate a complete cir -
cuit for checking capacity, and these
units are quite accurate.

STATIC CHARGES ON
METER WINDOWS

Many meters having glass or
plastic windows for protection of
the meter movement and scale accu -
mulate static charges on these win-
dows at the slightest opportunity.
These charges leak off very slowly
on some meters and on others give
every indication of staying for hours.
On an ultrasensitive meter having a
long lightweight pointer, the pointer
may be attracted to the window with
enoughforceto bind the meter move -
ment. This prevents any readings
from being obtained; or at best, the
reading will be of questionable
accuracy.

A light application of antistatic
liquid of the type sold in most music
stores for treating plastic LP records
was found to removethe static charge
immediately with no apparent harm
to the window surface. Two different
brands of liquid were tried with
identical results. In each case, the
effect was not permanent and the win-
dow would againaccept a charge after
a few minutes. However, if the op-
erator is careful not to recharge the
window by accidental contact or
brushing, he should be able to obtain
the desired readings.

CHECKING THE PERFORMANCE
OF YOUR SCOPE

It is good practice to check the
performance of your test instruments
from time to time. During constant
use, their efficiency may fall off in a
manner so gradual that it is not no-
ticeable unless special attention is
givento their condition. Even a major
defect may go unnoticed, if the re-
sulting effect on operation does not
depart too far from normal.

A good example of this latter
condition was found in our labora-
tory when checks of several scopes
were made. These scopes were se-
lected at random from the ones that
were at hand and not because any
particular one was thought to be in
poor operating condition. The first
one selected showed more than nor-
mal minimum hum with no signal
input. This could be the result of one
of several possibilities such as
cathode -to-filament leakage or short
in a tube, weak filter capacitors, or
other less obvious causes.

A tubetester wasused to check
all tubes (excepting the cathode-ray
tube), and they were indicated to be
normal. The cathode-ray tube was
not considered to be at fault since
its response to the focus, intensity,
and positioning controls seemed sat-
isfactory. Such an assumption need
not always be true, of course, since
some apparently obvious conditions
can be caused by the most unlikely
and obscure defects. However, in the
long run, time will be saved if more
common possibilities are checked
first. When a tube check failed to

* * Please turn to page 65 * *
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THE MOST

SPGCMCUIM

ANTENNA
DEVELOPMENT
IN YEARS...

Up to 10 DB singie and
13 DB two bay stacked

APPEARANCE:
Streamlined and sym-
metrical. Provides
neat installation

DIRECTIVITY:

Excellent pattern and
high front-to back ra-
tio for ghost-free per-
formance

COLOR TV:

Sharply directional, a
color TV requ rement

No larger than a smgle

channel five element
low band Yagi

PACKAGING:

No KING SIZE cartons
—easily transported &
stored

DURABILITY:
High tensile strength
aluminum and Fiber-
glas insulation assures
stability

PRICE:

Cat. No. 1880 Trapper.
List: $19.75 ea.

Cat. No. 1882 Stacking
lines. List: $1.75 pr.

All around, your BEST antenna buy!

/
AT LAST, A SINGLE MODEL PACKAGED TWO PER CARTON, TO FILL
EVERY VHF INSTALLATION NEED. REDUCES INVENTORY.

TECHNICAL APPLIANCE CORPORATION, SHERBURNE, N.} in Canada: Hackbusch Electronics, Ltd., Toronto 4, Ontario
/
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The

Transistor Story

WILLIAM E. BURKE

Part lll

New Developments
in Transistors

The production of transistors
has but recently reached a point
where they are fairly plentiful on the
commercial market. Their scarcity
in the past has been due mainly to the
high percentage of rejects during
manufacture, up to 98 percent in
some cases, and to the requirements
of the military services. This scar-
city of available units for experi-
mentation purposes has held back the
development of new circuits and
equipmert which could utilize
transistors.

The government has recognized
this lack of suitable circuits and has
taken at least one step to promote
their development. The Business and
Defense Services Administration has
amended a prior order concerning
transistors so that manufacturers
need not accept military orders for
more than 25 percent of their output
when more than one manufacturer
produces thLe same item. Where a
certain type of transistor is being
produced by only one manufacturer,
the military maytake only 50 percent
of the outpat. This order should
greatly increase the number and types
of transistcrs available to experi-
menters anc commercial users.

Many items of electronic equip-
ment incorporating transistors
should be appearing on the market in
the near futare. Eventually, much of

oL T o
Fe a0 Lef] 1 d
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Fig. 1. Circuit Utilizing Two Cross-Connected
Transistors Which Can Be Replaced by One
Symmetrical Unit.
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this equipment will be in need of
competent servicing. The progres-
sive service technician should start
now to provide himself with the
background of knowledge that will be
required in this new field. New types
of transistors are being announced
continually; and since the previous
articles have covered only the junc-
tion and point-contact transistors,
some mention should be made of these
newest types. The information con-
tained herein has been compiled from
numerous notices and articles which
have appeared in various trade pub-
lications over the past several months.
Some of the explanations may seem
rather sketchy and others unneces-
sarily involved, but they have been
gathered together to keep the service
technician up-to-date in transistor
development.

The theory of the junction tran-
sistor has been expanded to produce
several new types of transistors
which base their operation upon junc-
tions of N- and P-type germanium
layers. Perhaps the most notable of
these is the symmetrical junction
transistor.

During the first several years
after the initial announcement of the
transistor was made, most develop-
ment engineers endeavored to pro-
duce a junction unit in which the
emitter and collector electrodes
were entirely different in their elec-
trical properties. This difference
was needed in order to obtain the
most efficient junction transistor.
The symmetrical junction unit reverts
back to those early days in that it is
a P-N-P (or N-P-N) junction tran-
sistor in which the two P's (or N's)
are made as similar as possible; no
one can tell emitter fromcollector by
any means. This unit has been devel-
oped to replace a cross-connected
pair of junction transistors which
have been used in circuits similar to
that of Fig. 1.

In such a circuit the pair of
transistors provide a low-resistance
switch for currents flowing in either
direction. The switch is closed when
the common base lead is held nega-
tive and open when the base lead is

positive. Notice that the collector of
the first transistor is connected to
the emitter of the second and that the
emitter of the first is connected to
the collector of the second. In this
way, identical paths are presented to
currents flowing in either direction
when the switch is closed. The sym-
metrical junction transistor can re-
place the cross-connected pair
because of the exact similarity of
emitter and collector.

Another product of develop-
mental work is the P-N-P-N junction
transistor. The construction of this
unit is shown in Fig. 2 and can be
identified as a P-N-P junction tran-
sistor with a P-N junction replacing
the P-type collector. This P-N
junction is known as a ''hook'' col-
lector. Very little information has
been released concerning this unit,
and as yet it has not been produced
commercially. The most that can be
said about it now is that the hook -
collector has the effect of greatly
increasing the current gain; values
of alpha as high as 50 have been re-
corded. As brought forth in a
previous article, the alpha of the
ordinary junction transistor cannot
exceed unity.

The junction transistor has
often been likened to a triode vacuum
tube in that each has a controlling
input element, an output element, and
an emitting element. The resem-
blance ends there, however; for

* * Please turn to page 51 * *
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Fig. 2. Construction of P-N-P-N Junction
Transistor Having a Hook Collector.
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Permits mounting rofator
below chimney crown

Only

HAS BUILT-IN
Chimney Mount Design

No wonder TV servicemen and owners
alike are cheering this great new rotator! Not
s only is Superotor easier to service, and easier to
g tune — it's a breeze to installl No need for a stub

mast assembly, Superotor mounts directly on the

%7? ’ chimney, but below the chimney crown, away

from the soot and corrosive fumes that can dam-
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The preblem of deflection in a
color picture tube that employs three
electron guns is quite different from
that in a black-and-white picture tube.
Since three guns are employed in the
color tube, there are three electron
beams. This means that these three
beams must be acted upon in a pre-
cise manner in order to achieve
proper deflection, focus, and con-
vergence. Performing these opera-
tions simultaneously on three beams

(A}

resultsin a need for a larger number
of external components than are re-
quired for the monochrome tube.

There are three deflection
components in a monochrome re -
ceiver which have counterparts in the
color receiver. These components
are the deflection yoke, the hori-
zontal-output transformer, and the
vertical-output transformer. How -
ever, because of more requirements
by the color picture tube, the deflec-
tion components inthe color receiver
are designed with different specifi-
cations. Added to those components,
which perform the same function in
both receivers,are a number of other
new componeats that are necessary
for the proper operation of the beams
of the col picture tube. It is the
purpose of this discussion to intro-
duce to the service technician the
external components that are needed
for the operation of the color picture
tube having three electron beams
and employing the shadow-mask
principle.

For the purpose of presentation
in the following discussion, the com-
ponents of the color picture tube have
been classified into two categories,
dynamic and static. The dynamic
components irclude those that produce
a varying stress on the beams. The
components felling under the category
of static are the ones that, when once
adjusted, produce a fixed stress on
the beam. The dynamic components
include the deflection output trans-
formers, the deflection yoke, and the
vertical and horizontal transformers
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Fig. 1. Horizontal
Qufput and High
Voltage Transform-
ers.

(8}

for dynamic convergence and focus.
All others fall under the category of
static. The dynamic category will be
discussed first.

A horizontal-output and high-
voltage transformer designed for use
in a color receiveris shown inFig. 1.
The transformer A is the one used
in a color receiver. Compared with
A is transformer B whichis onethat
is used in a monochrome receiver.
Note the difference in physical size
of the two. Transformer B is used
in a monochrome receiver whichem -
ploys a 27-inch picture tube. It is for
deflection angles of 90 degrees and
provides an output of 16.7 kilovolts
at .140 microamperes. Transformer
A is used in a color receiver which
employs a picture tube that produces
a 12 1/2-inch picture. The color
picture tube has a deflection angle of
45 degrees. This transformer pro-

Fig. 2. Output Trans-
formers in the Verti-
cal-Deflection Sys-
tem.

(A)

DEFLECTION
COMPONENTS
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vides an output of 20 kilovolts at 750
microamperes.

The horizontal-output trans-
former for a color receiver serves a
larger number of functions than does
the one in a monochrome receiver.
This can be realized by noticing the
great number of terminals on trans -
former A of Fig. 1. It has an auto -
transformer winding and seven
isolated windings. Taps on the auto-
transformer winding provide deflec-
tion-yoke, damper -tube, driver -tube,
and width-control connections; addi-
tional taps on it supply voltage pulses
for keyed AGC and voltage for the
rectifier tube supplying the DC volt-
age to the focusing electrode of the
picture tube. The isolated windings
supply filament power to the high-
voltage and focusing -voltage rectifiers
as well as voltage pulses for the
color -synchronizing circuit. A
peaking -voltage pulse for the hori-
zontal-driver circuit is also supplied
by an isolated winding. There is a
total of 14 taps on transformer A of
Fig. 1 plus four sets of filament leads.

The output transformer of the
vertical-deflection system used in a

* * Please turn to page 88 * *

(B)
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CHANNEL MASTERS fabulous

CHAMPION:

the world’s most powerful
all-channel VHF antenna

—OUT-PERFORMS AND OUT-SELLS THEM ALL!
="
Never before in the history of television has an antenna

received such an overwhelming reception. Channel Master’s
CHAMPION — in a few short months — has rocketed to the
top as the nation’s most-wanted, best-selling, best-performing
VHF antenna!

CHAMPIONSHIP Performance: Only the CHAMPION
has the unique new “Tri-Pole”, a triple-powered dipole system
in which the Low Band dipole also functions as three dipoles
tied together, in phase, on the High Band.

All-aluminum. Assembles faster than a 5-element Yagi!

A L

model 325-4

model 325

model 325-2

Horlzontal Polar

Patters

(Relative Voltage)
10 o »

The CHAMPION is another great contribution of the

s
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Channel Master Antenna Development Laboratories.

——t
e

CHAMPIONSHIP Promotion: The CHAMPION is the antenna

Lnvrasaw

America knows best!

e Publicized in leading magazines! e Outstanding dealer
Cooperative Advertising Program! e Free newspaper mats,
window streamers and TV film commercials!

this...

THE : this .. .
STACKED : §

CHAMPION | OUT-PERFORMS

this . .. or this
.
e
‘\‘ssw"/o _/ g
by \
;@5 CHANNEL MASTER CORP.
/’v¢ ELLENVILLE, K. Y. WORLD'S LARGEST MANUFACTURER OF TELEVISION ANTENNAS

THE STACKED CHAMPION

PROVIDES:

11-13 DB High Band guin

6/2-7Y2 DB low Band gain

Model No. List Price
Single Bay $20.83
2-Bay $42.36
4.Bay $88.89

Separate Stacking Harness

$ 208
$ 417

2-Bay Harness
4-Bay Harness

*pat. pending



TIE SEPARATE ANTENNAS TO
ONLY ONE TRANSMISSION LINE

CRANNEL MASTER inter-action filters

Only Channel Master
filters are
permanently sealed
in a block of
moisture-proof,

high melting-point
electrical wax,

locked im an attractive

styrene case.

e Single lead
o No switching
@ No signal loss

e No inter-action,

VHF only
e"‘
TENNA-TIE

Use with
leads of any length!

New, specially designed
High and Llow Pass filters
entirely eliminate the need
for critical lead lengths! This
new, extremely effective cir-
cuit makes the TENNA-TIE
the most effective filter of

its type now available.

tive isolation.
effective isolation — only $3.50

THE ANTENNA IN

by Harold Harris, Vice President,Sales and Engineering

Mow that color telecasting is a reality, we will see
an 2ver-increasing flow of color sets to the consumer.
Although much is being said and written on the sub-
ject of color sets, many unanswered questions remain
abeut the role of the television receiving antenna in
colcr television.

Will present antennas work on color?
Will a special antenna be needed?

The results of thorough laboratory and field tests
made by engineers of the Channel Master Antenna
Development Laboratories show that practically all
present TV antenna types will perform satisfactorily on
color. Gain variations as high as 3 DB across one
channel can be tolerated. When this figure is exceeded
blurring or smearing of the picture may accur. Although
there are certain antennas on the market which do
have excessive gain variation, this is not the case of
the vast majority of present installations.

VHF-UHF

ULTRA-TIE

model
no.
9034

JOINS — separate VHF and
UHF antennas for use with
a single lead.

SEPARATES — VHF and UHF
signals at the set or con-
verter where separate ter-
minals are provided.
“Free-space’” terminals.

new dow price— $3.75

VHF-UHF

TRIPLE-TIE

Ties together all three TV
receptian bands:

1. Law Band VHF

2. High Band VHF

3. All UHF

High and Law Pass filters
enable the Triple-Tie to
adapt all Hi-la VHF instal-
lations ta UHF — quickly
and effectively. “Free-Space’’
terminals far perfect all-
weather UHF reception.

new low price— $4.86

TELEVISION

There are also indications
that fringe area color recep-
tion may be more critical.
This may necessitate the use of fringe area antennas
in areas closer to the TV station.

in the nation’s most advanced television research
laboratory, Channel Master antennas have always been
designed for full band width and minimum variation
in gain on any one channel.

For this reason, every Channel Master antenna which
you have installed in the past, as well as the ones you
install today, will provide reception of outstanding
quality when color TV comes to your area.

Channel Master antennas were the
antennas selected for the tests which
led to the F.C.C.’s approval of the
National Television Standards Com-
mittee color system.

Copyright 1954, Channel Master Corp.



The old saying that '* Experience
is the best teacher'' can certainly be
applied to UHF installation work. The
knowledge a person accumulates in
overcoming problems of specific in-
stallations is positive, regardless of
the degree of reception obtained in
each case. As far as the individual
effort is concerned, however,this can
frequently be expensive. Experimen-
tation is costly in terms of time or
materials.

It naturally follows then that if
collective experience is available,
experimentation necessary to solve
individual difficulties will be greatly
reduced, better results assured, and
greater benefit will accrue to both
installer and customer.

The UHF surveys which pre-
viously have appeared in PF INDEX
were efforts in that direction. It is
true that some results or experi-
ences may be peculiar to the indi-
vidual location, but the majority of
the material available from these
surveys may serve as a reference
basis for corresponding operations.
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~IMPROVING

Recently a similar survey was
conducted in the Anderson, Indiana
area. The institution of the planning
for this operation was a little differ-
ent and, we believe, worthy of re-
counting here along with the results
which were obtained from the survey.

The members of the Radio and
Television Service Engineers Asso-
ciation of Anderson, Indiana, re-
alizing that the UHF problems existing
in their city were of extreme im-
portancetotheir own welfare,decided
that some steps shouldbe taken in the
form of a cooperative movement to
alleviate the difficulties. This organi-
zation, which has been in existence
for many years, is quite active; and,
of course, individual association
meetings had treated many of the
views and techniques adaptable to the
problem. This interchange of infor-
mation was, naturally, helpful to a
certain extent; but it was felt that a
survey conducted in their area,
similar to surveys initiated in other
areas, would provide greater and
more accurate information for all.
Since the PF INDEX had published

~ | UHF INSTALLATIONS THROUGH

the results of similar surveys, our
field group was contacted by the
Anderson organization for any help
that it could provide. The PF INDEX
staff was most interested in the
undertaking because not only would
it furnish additional tests and infor-
mation but wouldalso make possible,
through working with the service
technician, a greater understanding
of his exact requirements.

jan of Operation

The first step planned was that
of compiling a list of locations in the
area where difficulties had been ex-
perienced in obtaining satisfactory
UHF reception. Association mem-
bers were asked to supply lists of
such locations resulting from their
individual experience or knowledge.
Relatively poor results had been en-
countered in a number of locations in
Anderson, so compilation of a list of
representative sites was not difficult.

The next step, using the final
listas a guide, was to make a prelim-
inary check of an many positions as

PF INDEX - March, 1954



possible within a reasonable length of
time. The purpose of this exploratory
work was to identify the sources of
trouble and classify them to some
extent to cover as many types of
failures as practicable in the event
to follow.

After completion of this phase,
a field day was to be held, with as
many association members attending
as possible. The field day would
furnish the opportunity of seeing how
the tests are conducted, the nature of
the troubles encountered with possible
solutions, and the cver-all results of
the survey. In other words -— to
secure for the individual technician,
the collective experience referred to
at the start of this article.

UHF reception desired in
Anderson is that of WLBC-TV, the
Muncie,Indiana transmitter operating
on channel 4¢. Anderson is located
approximately 20 miles from the
WLBC-TV transmitting tower. The
proximity of Anderson to the trans-
mitter would make it appear thatvery
little difficulty shounld be encountered
in reception of the Muncie signal;
however, experience available up to
survey time certainly did not bear
out this supposition.

and 41 respectively of the PF INDEX.
The following brief equipment list
may be of interest to those not
familiar with the previous reports.

Antenna tower trailer, telescoping
type, maximum height extended
38 ft. (without antenna mast).

Portable gasoline-driven gene -
rator.

Adjust-a-volt line-control trans-
former.

UHF converters (4 types).
Conventional TV receiver.

Field-strength meters, volt-watt
meter.

Transmission line (5 types).

Antenna rotator, antenna mast
(4 ft.) and mast sections.

Twenty-four types of receiving an-
tennas including bow ties, conicals,
corner reflectors, V's and V-
beams, colinears, parabolic re-
flectors and yagis.

Compass, miscellaneous hand
tools, antenna couplers, tape and
connector lugs.

Position 1

Our first tests were conducted
at the southwest edge of the city
identified as position 1 on the
map of Fig. 1. The complaint was
that the signal was weak. Directly
in line with the transmitter was a
manufacturing plant which mighthave
contributed to the signal loss. After
setting up our equipment, a test was
made using a single bow tie which
was used as a standard for making
comparisons of signal strength at the
various positions. When using this
antenna, it was found that an elevation
of 36 feet would be required to obtain
a snow-free picture. Although it
would be practical to mount the an-
tenna at this elevation, it was evident
from the results shown in Fig. 2 that
a higher -gain antenna should be em~-
ployed at this position. Note that the
rise in signal pickup increased in a
nearly linear fashion as the antenna
height was increased. The vertical
response pattern was essentially free
of any sharp dips or peaks even when
using a single antenna. This indicated
that the proper height for the perma-
nent installation was not so critical
as is experienced in some locations.
Thus, it was possible to determine

COOPERATIVE EFFORT

The gereral terrain inthe area
is essentially flat although there are
occasional rclling hills. The city of
Anderson lies in a small valley run-
ning at nearly a right angle with the
oncoming TV signal. Fig. 1 isa
layout of the city with direction of
the transmitter indicated. In study-
ing the layout of the selected test
positions and in checking reception
at some of these points, it was clearly
established that there is a distinct
rise of terrain in the direction of the
TV transmitter. (Fig. 22 appearing
later in connection with test results
illustrates th:is factor.)

The equipment used in the pre-
liminary tests and the field-day event
at Anderson duplicated, to a large
extent, that which had been available
for previous surveys at South Bend,
Indiana and Norfolk, Virginia. De-
tailed descriptions of such equipment
were provided inthe March-April and
Nov -Dec. 19853 issues numbers 37
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e Unitized construction of circuitry . . . HICKOK offers the
only commercial scopes that are unitized for the service-
man. This unitized construction makes possible the mini-
mum interaction between amplifiers and sweeps.

FEATURES...

o Truss construction . . . new light weight, however, provides
greater strength than conventional chassis construction.
Withstands shock, vibration and humidity.

e [ixternal connections to CR tube provided . . .

eNew 16” case depth . . . allows more freedom of place-
ment on vour service bench.

eImproved ventilation design . . . adequately improved
venting around the amplifiers permits these circuits to
operate “COOL” and thus decliver longer, more trouble-
free performance.

catnODs BAT

This new HICKOK 5” Scope has all
the needed characteristics for ac-
curate TV alignment and service
work. Designed, built and guaran-
teed by HICKOK, the Model 665
will perform every function requir-
ed of it and give long, trouble-free
service within the range of its tech-
nical characteristics.

ectinieal SPECIFICATIONS

Frequency Range: 0.5 cycles to 700KC, down
3 db.
Accelerating Potential: 1775 Volts (high intensity),
provides very sharp fecus.
Square Wave Response: Flat, 60 cps. to 100KC,
with less than 19 tilt, less than 2%, overshoot.
Dual Fuse: B is fused and the line is fused.
Fused B— provides protection against trans-
former damage. This is another HICKOK ex-
clusive feature.
Amplifier: Push-pull, vertical sensitivity 20 MV
RMS per inch.
Horizontal, 30 MV RMS per inch.
Vertical Input Impedance: 15 MMF, 2.2
Megohms.
Horizontal Input Impedance: 52 MMF,
0.1 Megohms.
Sweep Oscillator Range: 18 cps. to S50KC.
Withstands shock, vibration, and humidity. CRT is
shock-mounted, and external connections to CR
Tube are provided.
Blue hammertex steel case.

13" H, 17%"” D., 9% " W. 23 Ibs. net.

THE HICKOK ELECTRICAL INSTRUMENT CO.

10566 Dupont Avenue + Cleveland 8, Ohio

Qacilloscopes
"\ New Hickok Oscilloscope book. 24 pages deseribing and illustrating a scope’s best
’O\ ¢ee use in servicing work. Priced at $1 ... offered free to professional service techni-
< s [} [} cians and engineers in this special limited offer. Write for your free copy today!
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Fig. 2. Results Obtained at Position 1.

what height would be the most prac-
tical for this particular installation
and then select an antenna which
would provide sufficient gain at that
particular height. The measuring
equipment which was employed
during our tests was checked, and it
was found that a relative reading of
200 was required to produce a com-
pletely snow-free picture. Referring
again to the graph of Fig. 2, it can be
seen that several antennas would pro-
vide such a signal above the 31-foot
level. Flacement of the antenna below
this point was not recommended be-
cause of the low signal pickup.

In summarizing the results of
our tests at position1, it can be stated
that little cr no difficulty should have
been experienced in making a UHF
installation. The selection of a
medium-gain antenna; the placement
of the antenna at a reasonable height,
the use of the proper lead-in and its
proper plaécement; and the use of
UHF receiving equipment in good
operating condition should have pro-
duced satisfactory results.

Fig. 1. The graph of Fig.3 shows the
results of the tests made at this
location. Note that the maximum
reading obtained is 53 which is far
belowthe minimum requirement for a
snow -free picture. Also note the
abrupt changes in signal pickup as
the antenna height is changed. In such
a low signal area, proper positioning
of the antenna becomes increasingly
important since it is quite difficult to
get a satisfactory picture even under
the best conditions.

A high-gain antenna shoulddef-
initely be used in an area such as
position 2. It is also recommended
that an antenna having considerable
vertical height be employed to
lessen the effect of the sharp rise
and fall in signal strength at various
elevations. Vertical stacking of an-
tennas will accomplish this. At this
particular location, a stacked yagian-
tenna would be a wise choice.
Here is another example of the need
for selecting an antenna suited to the
particular situation at hand rather
than using the distance from thetrans-
mitting tower as the determining

L
28 30 32 34 36 38 40 42

Antenna Height (feet)

Fig. 3. Results Obtained at Position 2.

amples are the colinear, rhombic,
corner reflector, or stacked conical.
The selection of the type tobe used is
often a matter of preference with the
installer.

Position 3

After encountering the ex-
tremely low signal at position 2, it
was decided that some checks of the
signal on the northern and eastern
edges of the city would be in order.
This wouldgive us a better idea of the
signal strength available in areas
‘which were unobstructed by hills or
buildings. The first tests were made
in the northern section of the city in
the location identified on the map as
position 3. The elevation at this posi-
tion is approximately the same as the
average terrain between Anderson
and the transmitter tower. The re-
sults of some of the tests made at this
position are shown on the graph of
Fig. 4. The vertical pattern obtained
conformed to those which had been
obtained in previous field tests in
other sections of the country when at
comparable distances from the sta-

Position 2 factor. The mention of the yagi type tion. Note the rise and fall of the
of antenna is intended only to empha- )
Our next test position was size theneed for a high-gain antenna.
located in very low terrain. It is There are many other units which
identified as position 2 on the map of would provide adequate gain. Ex- * * Please turn to page 73 * *
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JFD JeT 454 S

JFD SUPER-JeT

Delivers Spectacular Deep fringe VHF performanze—plus
Packs Unprecedented gain of :

Single 10-Element VHF Yagi on each charne: Fron 2 to 13
Stacked UHF Bowtie - Reflector off side lobes an Channels

14 to 83.
Model JeT 213 Single $18.70 list
Model JeT 213 S* Stacked 38.35 list

* complete with stacking transformers
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. Buttdn browne advert,

g Company

CHANNELS
Competitor A

1” Square Completely
Mattress (4 Stack) 4.0 [5.0 | 7.0 |6.25 |s5. .25 16.0 |5.25]7.: 9. .5 |7. B Crossarm Preassembled LIST PRICE

Competitor B Competitor A NO YES
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i Competitor ¢ - —
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In the Interest of . ..

by HENRY A. CARTER

Trouble-Shooting Light

Flashlights have been used
extensively by almost every service
technician in the field. The flash-
light has long been recognized as a
handy source of light for temporary
use. However, the shortcomings of
the flashlight are numerous. Let us
list some examples:

1. A flashlight requires frequent
battery replacement.

2. The pulb works loose from
vibration of the truck.

3. Contzcts get corroded inside
the case where they cannot be cleaned.
This causes a poor connection and
results in a flickering light.

4. It lights only a small area of
the chassis of a receiver because of
its narrow beam; therefore, it must
be held in the hand and directed at
each spot where the light is needed.

A very good substitute for the
flashlight is shown in Fig. 1. It con-
sists of a small lamp with a large
clamp. This lamp is manufactured
for use on small machines and tools
such as sewing machines and drill
presses, and it may be purchased
through mcst any appliance whole-
salers. It has a plastic reflector
which can be revolved to direct the
light to various points and which can
be snapped off for easy replacement
of the bulb. A switch is provided at
the base of the lamp. Afew advantages
of this type of light source are:

Fig. 1. Trouble-Shooting Light With Clamp
and Test-Line Cord Attached.
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1. Light is spread evenly over a
broad area.

2. The lamp is small and will not
be in the way.

3. The lamp can be clamped to
almost anything, even to a tube if
necessary, because of the very light
weight of the lamp and the large clamp
which distributes the pressure.

4. There is no battery to need
replacing.

5. The hood can be rotated to
direct light away from the service
technician's eyes.

6. Thelamp is inexpensive to own
and operate.

The lamp cord may be tapped
into the test-line cord as was done to
the one shown in the photograph of
Fig. 1. With this arrangement, the
lamp is always handy and the service
technician is not so apt to leave either
the light or the cord in the home.
F‘urthermore, since many homes are
not overly well supplied with AC
outlets, the requirement of only one
outlet to power both the lamp and the
receiver is a convenience in this
respect.

Solderless Lugs

The ends of antenna transmis-
sion lines and test-equipment leads
are frequently terminated by lugs of
various kinds. Some require solder~
ing for a good electrical connection,
but the drawback to the requirement
is that a soldering iron or gun must
be plugged into an available AC outlet
and heated. If a service technician
is working on the roof of a house
installing an antenna, it is very
unlikely that he will be in a position
to do this. When caught in this situ-~
ation, the service technician may
choose to wrap the bare ends of the
lead-in around the terminal screws
and tighten them. This action places
agreat deal of pressure on the strands

of wire and weakens them so that
they may very soon break from the
weight of the lead-in and from the
action of the wind.

An answer to this problem is
the use of solderless terminal lugs
such as those shown in Fig. 2. These
may be purchased in kit form or as
separate items. The kit shown
includes tendifferent types and sizes.
Included among the many items in
this kit are butt connectors for splic -
ing and flag type connectors similar
to those used in automobile wiring.

There are a number of manu-
facturers making solderless lugs for
the service industry. These lugs are
available from your radio parts
dealer. The kit shown in Fig. 2 is
manufactured by Vaco Products
Company.

Standard Coil Replacement
Parts Kit No. 1011

Replacement parts for Standard
Coil TV tuners are now available in
kit form. The kit consists of a sturdy
carton 12 inches long, 8 1/2 inches
wide, and 3 1/2 inches deep; and it
contains 104 items of the most com~
monly used parts for servicing
Standard Coil TV tuners. This kit
may be seen in Fig. 3. A list of the
parts includedinitis given in Chart 1.

* * Please turn to page 61 * *

Fig. 2. Solderless Terminal-Lug Kit for Quick
Application.
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Hudio-Faits.

A Cabinet for a

Home Musie Syslom

The high-fidelity enthusiast
usually finds quite early that he must
do something about making his home
music system acceptable in appear-
ance if he is to be allowed to make it
a part of the rcom furnishings. A
suitable cabinet, such as the one to
be described, cam well be the answer
to the problem.

In our specific case a cabinet
to housethe audio system was needed
in order to clear up the clutter of
equipment being used. We wanted to
getthe amplifier and its power supply
off their perchon top of the bookcase;
clear the desk top of the preamplifier
and the FM tuner; remove the turn-
table from its plice beside the desk;
and in the process do away with all
of the cords, cables, and wires con-
necting them together.

An account of how this cabinet
was converted for use withour sound
system should be of interest to those
who may wish to modify a similar
cabinet for use with a particular in-
stallation. The cabinet is shown in
the photographs of Group 1 before any
changes were made. It may look
very familiar to many readers, be-
cause a largenumber of these Ortho -
phonic phonographs were manufactur -
ed by the Victor Talking Machine
Company and sold in the 19520's.
Acoustical in operationand driven by
a spring motor, it had seen a lot of
use in its day. For years it had
graced a corner of the second-floor
hall as a familiar landmark filled
with albums containing, among other
records, some single-sided ones re-
corded by Kreisler, Caruso, and
Paderewski and one of those flexible
brown ''Hit of the Week'' records of
"I Found a Million Dollar Baby,'" by
Don Vorhees and His Orchestra.

The dimensions of the cabinet
made it particularly suitable for this
conversion. The large exponential
horn in the center of the cabinet
(Figs. 1 and 2) required space as did
the curved tone arm and 12-inch

March, 1954 - PF INDEX

by
Robert B.
Dunham

Group 1.
Cabinet Before Modification.

turntakle in the top compartment.
The space used by these original
parts was adequate to accommodate
the amplifier, preamplifier, tuner,
and transcription type turntable and
arms,

Figs. 1 and 2 show the cabinet
after all demountable parts had been
removed. From this point on it was
necessary touse hammers, saws, and
chisels to remove the horn and other
unwantad parts. This part of the
operation required some effort, since
this well-constructed cabinet showed
no evidence of deterioration in any
way. All dismantling and remodel-
ing was done with care so that the
extericr construction would not be
damaged and the finish would not be
marred. Consequently, very little
work, other than some rubbing and
polishing of the varnished walnut sur-
faces, was needed on the finished
outside portions because of the ex-
cellent condition of the cabinet.

Most of the modifications are
evident in the illustrations. Probably

* * Please turn to page 84 * *

29



N

‘.4 .

FOR ULTRA-HI
GAIN ON UHFA
MODEL 84
"CONICAL-V-
BEAM"

A

R

A\
Ry

e Four bay
directiong

FOR THE UL
IN LONG DIST
RECEPTION

“Conical-V-Beams*
are produced
under Re-issue

Patent Number \::J:i 3

23,346 ond \

sold only thru /
The ultimate i authorized ; e/‘x INC.
distance a distributors )

Guafranteed ’ \ ’e
perform any 2 ’_ CONICAL'V‘BEAMS
“to- @

Y5, 2

h-Q

ASBURY PARK 10
NEW JERSEY

“BEAMED POWER" COMMUNICATION

PF INDEX - March, 1954

30



g o
DESIGN FEATURES

by DON R. HOWE

Sync Control of Westinghouse
Chassis V-2233-1, -2, -3, and -4

The Westinghouse Chassis V-
2233-1, -Z, -3, and -4 employ an
unusual system for controlling the
operation of the sync circuits. This
system is designed to provide better
synchronization under conditions of
varying signal strength. A schematic
of the Westinghouse sync control
system appears in Fig. 1.

The schematic shows that the
output of the video detector is directly
coupled to the grid of the sync am-
plifier. The DC level of this output
signal is nzgative by an amount pro-
portional to the strength of the in-
coming signal. Note that a small
positive DC voltage is also applied to
the grid of the sync amplifier through
the voltage-dividing network com-
posed of resistors R81, R80, R44,
R45, and inductance L26. The action
of the circuit is such that the two DC
voltages of opposite polarity vary
with change in signal strength so that
the voltage of the sync-pulse tips is
maintained at slightly above the cut-
off level of the sync amplifier.

Let us assume that a strong
signal is being received. The negative
voltage developed across resistor
R45 in the videc detector is applied
as bias to the grid of the sync am-
plifier If if were not for the
positive DC voltage which is alsa
applied to the grid, the negative sync
pulses would tend to drive the tube
well beyond cutoff and the sync pulses
would be loast in the output ot the
sync amplifier. The contribution of
positive DC voltage from the voltage-
dividing network increases when a
strong signal is received, and this
action tends to oppose the increase
in negative bias from the detector.
The sync control tube in Fig. 1 causes
the increasein positive voltage. Note
that the gric voltage on the sync con-
trol tube is established by the voltage
on the AGC line. When a strong
signal is received, the AGC voltage
becomes increasingly negative; con-
duction in tne sync control tube de-
creases; and the voltage at the junction
of resistors R81 and R80 goes in a
positive direction. These operations
result in an increase in positive
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Fig. 1. A Schematic
Diagram of the Sync
Control System Used
in Westinghouse
Chassis V-2233-1,
-2, -3, and -4.

SYNC CONT
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H12AT7
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voltage applied to the sync-amplifier
grid.

Under weak signal conditions,
the events mentioned in the foregoing
paragraphoccur inthe same sequence;
but the voltage changes are in the
opposite direction. A decrease in
negative voltage from the video de-
tector is counteracted by a decrease
in positive voltage from the voltage-
divider network. Hence, grid con-
duction in the sync-amplifier tube
and an undesirable reduction in-the
input impedance of this tube are
prevented.

It may be seen from the fore-
going explanationthat the sync control
tube acts as a variable impedance in
the wvoltage-divider network. The
end effect is to regulate the amount
of bias applied to the sync-amplifier
tube in accordance with the strength
of the received signal. Suchregulation
insures that proper sync amplification
is maintained.

Douglas Model 327
Remote-Control TV Receiver

The Douglas Model 327, shown
in Fig. 2, features a chairside con~-
trol unit for remotely operating the
television receiver. The cabinet
housing the control unit also contains
a three-speed phonograph which may
be played through the audio system
of the receiver.

Two separate chassis are
utilized in this receiver. The tuner
chassis is contained in the chairside
unit, and the sweep chassis is in the
cabinet that houses the picture tube.
A six-wire cable is employed for
interconnecting the two chassis.

The tuner chassis consists of
the video detector, audio detector,
and all preceding stages. The controls
on this chassis permit turning the
set on or off, selecting the desired
TV channel, adjusting the volume and
contrast, and choosing either TV or
phonograph operation. The sweep
chassis incorporates all of the ad-
ditional stages necessary for
operation of the receiver. Each
chassis contains its own individual
power supply.

Fig. 2. The Douglas Model 327 With Chair-
side Control.
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Insulate tools the easy way!

Just dip tools in
insl-x tool dip
for maximum

protection

Insl-x Tool Dip, the same ma-
terial used by major utility
companies for insulating power
linemen’s tools, is now avail-
able in a handy six-ounce con-
tainer to the electrical trade.

Simply dip the tool into the
Insl-x container, withdraw, and you have
a smooth, tough coating that gives more
than adequate protection.

Any desired thickness for use of tools
on high voltage circuits may be built up
by dipping in INSL-X.

The Insl-x coating is bright red so you
can spot your insulated tools at a glance.
Also available in black.
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4 USE INSL-X INSULATING
SPRAYS FOR ELECTRICAL

AND TELEVISION INSULATION

Insl-x E-16 for the television serviceman and
Insl-x E-26 for the electrical trade are both
quality insulating sprays of extra high dielec-
L tric strength that are guaranteed to completely
List $1.79  insulate, rustproof and waterproof. List $1.79
12 oz.Packed Packaged in aerosol cortainers, Insl-x is 12o0z.Packed
12 to case  easy to apply. Just press the button and spray. 12 to case
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LIST
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6 oz. Packed
12 to case

See your -iobber or write for complete technical data, Dept. 203

INSL-X SALES COMPANY, 26 Rittenhouse Place, Ardmore, Pennsylvania

Insl-x Products are available in bulk for spray, dip, and brush application.
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Fig. 3. A Schematic Diagram Showing How AGC Keying Pulses Are Fed Over the Relay Control Line in the Douglas Model 327,

T he detecied video signal is
fed from a cathode followsr on the
tuner chassis to a video amplifier on
the sweep chassis by means of the
interconnecting cable. This cable
alsocarries the detected audio signal
to an audio amplifier in the sweep
chassis.

A 6-volt AC relay is used to
control the application of line voltage
to the sweep chassis. The voltage to
operate this relay is taken from the
filament string in the tuner chassis.

Since 2 keyed AGC system is
used, some method must be employed
to supply a horizontal pulse from the
sweep chassis to the AGC tube on the
tuner chassis. This pulse is carried
over the same line used to control
the 6-volt relay. The manner in
which this is accomplished is shown
in the schematic diagram of Fig. 3.

I - R S S - T © S o S

Note that many of the filaments in
the tuner chassis have individual by-
pass capacitors. These capacitors
prevent any portion of the AGC keying
pulse in the filament line from ap-
pearing across the heaters. Ca-
pacitor Cl in the sweep chassis
offers a high impedance to the 60-
cycle line frequency and low im-
pedance to the AGC keying pulse.
This condition insures that the 6-volt
relayreceives the current it requires
from the 6.3-volt supply in the tuner
chassis.

Mcintosh Model C-108
Construction and Chassis Layout

Chassis layout and construction
constitute important factors from
the standpoint of the service tech-
nician. The ease and rapidity of
servicing depends to a great extent

Fig. 4. A Top View of the Mcirtosh Model C-108 Chassis With

Cover Removed.
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upon the accessibility of components
for testing and replacement. The
MclIntosh Model C-108 audio com-
pensator is an excellent example of
a design which features components
readily available for servicing and
yet assembled in a comparatively
compact unit.

The removal of two plates from
the chassis exposes all components.
A top view of the unit with the cover
removed is shown in Fig. 4. It may
be seen from this view that most of
the resistors are mounted on a
terminal board providing many con-
venient test points. The controls
mounted on the front panel have their
terminals exposed in such a manner
that testing and soldering operations
can be readily performed.

* * Please turn to page 81 * *

Fig. 5. A Bottom View of the Mcintosh Model C-108 Chassis.
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OBSTACLE-GAIN.

Now they
admit, after all these years during
which service technicians knew it to
be a fact, that '' high mountain ridges .
canactually osecome powerful aids for
reducing both transmission loss and

tropospheric fading,” (U.S. Bureau
of Standards Technical Report No.
1805). The word for it is obstacle-
gain.

As anexample, tests were made
in Alaska with transmitting and re-
ceiving antennas 160 miles apart.
Both were 300 feet above sea level,
with a 9,000-foot mountain range in
between. Calculated transmission
loss for a smooth earth was 207 db at
38 mc, but actual loss was only about
134 db; this meant that the mountain
had an obstacle-gain of 73 db, way
more than the hest antenna known.
Over a 30-day period, signel strength
varied less than 2 db, which is pretty
good.

Here at last is a practical ex-
planation of extreme fringe-area re -
ception in mountainous terrain. To
service technicians it means that re -
ceiving antennas in valleys need not
necessarily be oa high masts. Give
a try to an crdinary installation first
if there are mountains in the airline
path to the transmitter.

Obstacle-gain also means that
you may be able to make set sales
and installations in remote valley
hamlets where TV hasn't even been
tried yet. Save this virgin territory
for the next business slump, but bet-
ter make tests first before promising
anyone good reception over the hills
and far away. The effect varies
greatly with frequency and other fac-
tors, some unpredictable.

D
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FOGHORNS. Out on the West
Coast where fog is fog till eleven
most nearly every day in some places,

March, 1954 - PF INDEX

=

B\ Gotin Miardes

Dollar and Sense
Servicing

Editor-in-Chief, McGraw-Hill Radio Servicing Library

engineers found a way to cut down on
the cost of foghorns on piers andother
land establishments. They buy one
mournfully toned horn, make a re-
cording of it on disc or tape, then use
the recording with an appropriately
powered amplifier and speaker at
each location. Now, when service
technicians out there get a govern-
ment questionnaire asking what they
do for a living, they can truthfully
answer, "I fix foghorns.'"

D
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WETBACKS. Big probleminthe
Southwest is getting enough labor
temporarily to meet seasonal agricul-
tural demands. Mexicans are willing
and welcome for this purpose and can
usually swim across the Rio Grande
without getting caught by immigration
officers, but the practice is frowned
upon by Federal authorities.

Where does radiocome in? Ac-
cording to an Associated Press story,
one Arizona farmer used it to alert
his Mexican ''wetback'' field hands
when Federal officers were approach-
ing. The farmer and his wife were
indicted by a Federal grand jury for
using radio to flash warnings to all
parts of their vast agricultural hold-
ings solaborers illegally in the coun-
try could head for cover temporarily
and make themselves scarce.

AUDIO-DIGEST. On the pre-
mise that doctors spend many hours
a day in their cars yet don't have
enough time to read all their techni-
cal literature, an Audio-Digest
service has been inaugurated by the
Los Angeles College of Medical
Evangelists. For $2.50 a week, a
doctor gets a one-hour tape-recorded
summary of medical news. This he
can play back on the magnetic tape

recorder installed in his car as
often as he likes while making his

rounds.
Y (\‘? 5 : <. B
\a%c; ¥

VIRUS. According to a Colo-
rado doctor, the viruses that bedevil
us each winter and spring carry
negative electric charges but have
to pick up little shocks of positive
electricity before they can cause
sickness. If some way can be found
to prevent viruses from getting their
positive charges, it is believed that
a new weapon may become available
for the fight against polio, flu, and
possibly even cancer. In any event,
it's always a good idea to keep your
fingers off B-plus terminals.
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DOLLARS. This year people
will pay out about $250,000,000 for
TV service compared to around
$150,000,000 last year, as estimated
by Frank J. Moch, president of the
National Alliance of TV and Electro-
nic Service Associations. With over
25,000,000 sets in use right now, this
averages out to around $10 a set,
which is quite conservative.

ey

POPCORN. When fire gutted a
California TV -receiver plantrecent-
ly, Associated Press reported that
picture tubes went off like popcorn.
Some 4,000 sets were destroyed by
the fire in this temporary plant of
Pacific Mercury, occupied temporar -
ily pending completion of its own
$750,000 .plant. The firm is a main
supplier of Silvertone sets for Sears
Roebuck, which is part owner.

)

7

* * Please turn to page 87 * *

35



CBS-COLUMBIA

- GENERAL ELECTRIC

/- PHILHARMONIC

- WESTINGHOUSE

~ ‘MOTOROLA
SYLVANIA - . .

Designed for quick, simple instal-
lation, these Stancor flybacks save
your time. There are no holes to

e HOFFMAN‘ v drill, no leads to splice. Terminal
P L board layouts duplicate the original
% !MEHQ..N 2 e units—even include choke coils, re-
e e s sistors, tube sockets and any other
PHILCO components that are on the original.

Stancor TV replacements are listed in
Sams’ Photofact Index, Counterfacts,
Rider Manuals and Tek-Files

CHICAGO STANDARD
TRANSFORMER CORPORATION
3594 ELSTON AVE,  CHICAGO 18, ILL.

[ J
EXPORT SALES: Roburn Agencies, inc.
39 Warren Street «+ New York 7, New York

PF INDEX - March, 1954



Shop Talk
(Continued from page 7)

peaked voltage pulses.* Inthe damper
diode, the relatively close spacing of
the base pins has frequently led to
arcing and insuiation breakdown
between tuke elements. There have
been developed only recently tubes
such as the 6V3, for example, which
separate the plate and the cathode
from each other. This separation’is
accomplished by bringing the lead of
one of these elements out the top of
the tube.

In the case of the low-voltage
rectifier, the principal cause of
reduced tube life is the large amount
of current which is drawn through
the tube. Eventually the emission
starts decreasing, resulting in a
reduced output DC voltage and lowered
operating efficiency of the set. In
the more economically built sets,
picture width is immediately affected
together with set sensitivity. It takes
no more than a 10 per cent reduction
of voltage to produce a 30 per cent
or more drop in sensitivity. In a
strong signal area, this may be of no
particular concern; in a weak signal
area, the effect can be marked.

Other tubes that ordinarily fail
before their normal life span are
those in which fairly high positive or
negative valtages are applied to the

* Shortened life of the 1B3GT high-
voltage rectifier can also stem from
too high a filament voltage. An ef-
fective remedy is to raise the value
of the series filament resistor. See
Fig. 1. Thus, if a 3.3-ohm resistor
is used, replace it with a 3.9-ohm
unit. If it contains a 3.9-ohm resis-
tor, substifute a 4.3-ohm resistor.
In other words, increase the value
one step at a time.
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cathodes while the heater elements
are held at essentially ground
potential. The author wellremembers
the large number of times a certain
receiver failed because of the insul-
ation breakdown between the cathode
andfilament of a 6AH6 video amplifier.
The cause of these repeated failures
was the application of -90 volts to
the cathode while the heater was held
at DC ground potential.

The recent practice by set
designers in using some of the
tubes in the receiver as voltage
dividers has also been responsible
for arash of burned-out, audio-output
tubes. The situation is this. The full
output voltage (say 350 volts) of the
DC power supply is applied to the
plate circuit of the audio-output
amplifier. Because of the voltage
drop in the tube, what appears at
the cathode is perhaps 125 to 150
volts. This then serves as the plate
voltage for a large number of low-
current video tubes which operate
in parallel off the 125-volt to 150-
volt line. The total current of these
smaller tubes passes through the
larger audio-output amplifier, which
is able to carry it successfully.

The chief cause of breakdown
of the audio-amplifier tube is the large
difference of potential between cathode
and heater. The break when it does
come usually reduces the cathode
voltage to a value not far from zero,
effectively inactivating all of those
tubes which operate off the 125-volt
to 150-volt line.

There are other tubes in the
set that may fail, but failure arises
more from deficiencies in the con-
struction of the tube than it does from
the nature of the currents and voltages
in the circuit. Into this category
would fall such troubles as gassy
tubes, leaky or sherted tubes, and
microphonic tubes. The latter defect
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is particularly interesting, since a
tube which is microphonic in one cir-
cuit may function satisfactorily in
another. While microphonism is in a
sense a defect that stems from the
tube, it also owes its origin to the
circuit as well. The RF oscillator is
especially sensitive to microphonics;
the sweep systems are practically
not at all. As a general rule, the
signal circuits in a receiver are the
ones most susceptible to this malady;
within this group, the lower the signal
level the more critical the stage.

The foregoing discussion has
been concerned solely with tubes; but
there are other components, principal-
ly capacitors, which will cause more
trouble in certain circuits than they
will in others. As with tubes, the
sweep circuits appear to be the chief
offenders, again because of their
sharply changing voltage and high
peak -to-peak amplitudes. Of course,
when the trouble affects a capacitor,
it is not because suitable components
are not available. It may be that the
capacitor had some small defect in it
or because the manufacturer or set
designer did not provide as much
reserve protection as he should have.
The cost of a capacitor rises with its
operating voltage, and competition
today is such that not too much profit
is left to provide as much leeway as
many engineers would prefer. When-
ever you as a service technician have
occasiontoreplace a capacitor in one
of the sweep circuits, always use a
replacement that at least equals and
preferably exceeds the working volt-
age of the unit replaced. The cost of
capacitors is seldom a significant
item in a repair bill, and a few extra
cents spent ona more rugged replace-
ment will in the long run more than
repay itself in better customer re-
lations. Incidentally, whenever you
do anything like this, it may not hurt
to call it to the customer's attention.
You need not mention it directly or
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Fig. 2. The Encircled Capacitors All Lie Directly in the Path of Sharply Peaked, High-Amplitude Pulses and Are More Prone to Failure
Than Some of the Other Capacitors in the Circuit.
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Fig. 3. Appearance of “Spook” Interference With Weak Signal.

specifically single out one particular
component. Merely state that all
parts used in replacement are equal
to and in most cases exceed manu-
facturer's specifications.

The capacitors which are most
likely to give you trouble in the
horizontal-sweep system are those
whichare close fo or come in contact
with the final horizontal-output am-
plifier stage. This would include the
following units (see Fig. 2}:

1. The coupling capacitor between
the horizontal oscillator and the out-
put amplifier.

2. The small capaciter (usually
56 mmf) shunted across part of the
horizontal winding of the deflection
yoke.

3. The capacitor unit coupling the
retrace pulse to the plate of the keyed
AGC tube.

4. The capacitor which feeds a
pulse from the horizontal-output
transformer to the horizontal AFC
tube.

These are the principal units.
There may ke othersin special circuit
designs. Note that all of those just
mentioned lie directly in the path of
sharply peaked, high-amplitude
pulses. The recurrent electrical
stress which these voltages bring to
bear on the capacitors will aggravate
any mechanical flaws that may exist
andlead in time to a complete break-
down. In snort, the tolerance limits
are narrower.

In the vertical circuit, peak-
to-peak voltage requirements are
lower because screen height is only
three-fourths of screen width. Hence,
the operating requirements for the
vertical circuit are lower and the
tolerance limits are wider when com -
pared with the horizontal circuit.

March, 1954 - PF INDEX

Even so, the vertical circuit is subject
to frequent breakdown.

Keepthese receiver "hot spots”
in the back of your mind whenever
you do work on a high-voltage or a
high-current circuit. The components
discussed may not be the ones re-
sponsible for the breakdown of a
particular set, but their position
makes them likely offenders and
they will generally tend to cause more
trouble than other components in the
same section of the receiver.

REVIEW. The rather colorful
names of '"'spook'' and ''snivet'' are
for twokinds of interference described
by Mr. M. B. Knight in two articles
in Radio & Television News. They
are "The Spook" in the March 1953
issue and "Meet the Snivet' in the
November 1953 issue. The magazine
is published by the Ziff-Davis Publish-
ing Company, 366 Madison Ave., New
York17,N.Y. Theyearlysubscription
rate in the United States and its
possessions is $4.00, and the price
per single copy is 40 cents.

The Spook.

The spook, which was discussed
in the earlier article, originates in
the horizontal -deflection circuits of a
television receiver. The radiation
emanating from these circuits is
picked up by the RF or IF sections of
the set and amplified, detected, and
then applied to the grid or cathode of
the picture tube. In the picture, it
takes the form of a narrow vertical
line or band located very close to the
left~hand edge of the screen. See
Figs. 3 and 4. With weak incoming
signals, the spook line is quite black
and has ragged edges (Fig. 3). When
the signal is of normal strength, it is
not black but has within its margins
crawling diagonal lines. These are
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Fig. 4. “Spook” Interference With Signal of Normal Strength.

caused by the beating or heterodyning
between the spook interference and
the television signal.

Now, at first thought, it would
appear that this so-called spook is
simply another manifestation of the
familiar Barkhausen oscillations.
However, there are several char-
acteristics that distinguish the spook
from them. First, spook interference
is strongest on the low-frequency
channels, whereas the Barkhausen
may be more pronounced on either
the low- or high-frequency channels.
And second, spook interference does
not originate in the horizontal-output
tube from which the Barkhausen
oscillation comes, nor does the spook
disappear with any of the remedies
that normally eliminate the
Barkhausen lines.

An investigation of the
horizontal-deflection system of a
television receiver revealed that the
radiation was strongest from the
damper tube and its associated leads.
Furthermore, the spook line appears
at the same instance that the damper
tube begins conduction, and this action
commences approximately one
microsecond after retrace comple-
tion. The source of the radiation
fromthe damper tube stems from the
fact that the damper-tube current
rises from zero to its maximum value
of 300 to 400 milliamperes in one-
tenth microsecond or less. Any wave
having a rise time this fast is certain
to contain many harmonics. In the
present instance, the strong current
flow produces sizable harmonics
(of 15,750 cycles) within the tele -
vision channels. However, since the
energy in each higher harmonic
becomes progressively less, the spook
interference is most prominent on
the lower VHF channels.

Once the source of this inter-
ference was known, steps were devised
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Fig. 5. Several Examples of “Snivets’” on a Picture-Tube Screen.

to reduce its effect on the picture.
These steps took one or more of the
following forms:

1. See that the high-voltage en-
closures are grounded at as many
points as possible. If there are any
large holes in the cage, they may be
covered with ordinary copper-wire
screen to provide more effective
shielding.

2. Dress the antenna lead-in line
as far away from the d=flection
circuits as possible. Also carefully
dress the deflection leads that leave
the high-voltage enclosure.

3. Insert small RF chokes in the
plate and cathode circuits of the
damper tube. Chokes having induct-
ance  values between 1 microhenry
and 5 microhenrys are suitable and
can be bought commercially. If you
wish, you can make your own chokes
by winding approximately 30 turns of
AWG No. 28 enamel or Formex wire
on a one-watt resistor.

4. As additional protection,a
100-mmf capacitor should be added
between the chassis and the B+ side
of the choke that is placed in the
damper-plate lead.

The Snivet.

The second effect which Mr.,
Knight discusses is the snivet; and
before we determine its origin, it
might be best to take a look at it and
see what it is. Several examples of
snivets on a television screen are
shown in Fig. 5. They always appear
on the right-hand side of the screen
and are more likely to be seen when
no television signal is present. This
is because the snivet is seldom strong
enough to interfere with a usuable
television signal.

In common with the spook and
the Barkhausen oscillations, the
source of snivet interference lies in
the horizontal-deflection system.
The snivet interference stems from
the construction of the horizontal-
output tube and the manner in which
it operates. In a beam-power tube,
the elements are so shaped that a
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virtual suppressor grid is formed
betweenthe screen grid and the plate.
When operating at peak currents for
which the tube is designed, the proper
suppression characteristicis ob-
tained. At still higher currents, the
tube tends to become oversuppressed;
and it is because of this that the
snivets appear.

The oversuppression appears
on the characteristic charts of these
tubes as a break or discontinuity in
the knee region of the curves and
is evident generally at high current
values. See Fig. 6. What happens is
that as the plate voltage is increased,
the operating point of the tube moves
up along the curve to the knee and
beyond. However, when the plate
voltage starts decreasing, the curve
departs from the original in the re-
gion of the knee and tries to maintain
the high current. Obviously,this con-
dition cannot be long maintained; and
at some slightly lower voltage, the
plate current drops suddenly and re-
turns to the curve traced out when the
voltage was rising. It is this sudden
drop that produces the RF radiation
leading to the screen appearance of
the snivet. The RF radiation is pick-
ed up in the tuner or IF circuits,
amplified in the normal manner, and
then fed to the picture tube together
with the television signal.

Snivets always appear on the
right-hand side of the screen because
the output tube operates near the
knee of its plate characteristics
during that part of the scanning cycle.
The sharp drop in plate current con-

Fig. 6. Plate Characteristics of a 6BQ6GT.
Note Loop and Break in the Top Curve.

tains many harmonics of 15,750
cycles, and Mr. Knight expected the
interference to be more troublesome
at the lower frequencies. To date,
this has not been found to be true.
Snivets can be found as high up as the
UHF region, indicating that there
are some facets of this phenomenon
which are not yet fully known.

Steps to remove the effects of
this form of interference follow the
same general pattern indicated for the
suppression of spooks. That is, make
certain that the high-frequency com-
partment is well shielded and securely
grounded and keep the antenna lead-
in as far away from the deflection
circuits as possible. In many in-
stances, substitution of other
horizontal -output tubes of the same
type as that used in the set have been
found tobe helpful. Furthermore, the
production of snivets is very sensitive
to the operating conditions of the
horizontal-output tube. Slight adjust-
ment of the width, linearity, or drive
controls may cause the disturbance to
disappear.

The author is of the opinion
that small RF chokes in series with
the plate and screen of the output
tube would also be helpful in reducing
the visual effect of this form of in-
terference.

It is interesting to note that
radio receivers using beam power
tubes in the audio-output stage are
also subject to this trouble. When
heard, snivets appear as a rasping
noise in the speaker. The snivet is
heardonlyv when the tube is delivering
maximum output.

As a test to determine whether
a radio receiver is afflicted with this
trouble when a rasping noise is heard,
feed in an audio signal at the first
audio® amplifier (say from the phono-
graph, if used). Under these con-
ditions, no snivet raspy noise should
be heard because the RF radiation
which must be picked up by the RF
stage is missing. If a raspy noise is
still heard, it is not due to snivets.

Milton S. Kiver
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TV Picture Analysis

(Continued from page 9)

is compared with the number opposite
that point. Some test patterns may
not be numbered, but they may have
instead spme reference dots along-
side the wedges. In that case, the
station tramsmitting the test pattern
should be able to furnish the neces-
saryresolution numbers correspond-
ing to the dots. A rough approximation
to these numbers can be obtained by
a little measurement and computation.
Measure the width of the wedge at the
desired point and compare it to the
height of the test pattern. The width
of the wedge will be found to be some
fraction of the pattern height, such as
one-sixth or one-eighth. Invert this
fraction and multiply it by the number
of black and whitfe lines in the wedge
to give the resolution number for that
point. This method assumes that the
receiver is adjusted for correct
linearity, width, and height and that
the pattern does not extend past the
borders of the picture mask.

Vertical Resolution

The vertical resolution does
not depend upon the high-frequency
response of the receiver but upon the
size of the scanning spot and other
factors. The number of visible hori-
zontal scanning lines is 525 minus
those lost during vertical blanking,
which leaves approximately 490 lines.
Theoretically, if the size of the scan-
ning spot were small enough, the
maximum vertical resolution would
be 490 lines; actually, the effective
number is somewhat less, being ap-
proximately 71.5 per cent of that
number, or 350 lines.

Horizontal Resolution

Horizontal resolution does de-
pend on the frequency response or
bandwidth of the receiver and also,
to a certain extent, on the size of the

scanning spot. The fact that both
horizontal and vertical resolution are
affected by spot size indicates that
the spot should be properly focused
before checking resolution in either
direction.

It is becoming common practice
to- think of horizontal resolution in
terms of receiver frequency response
rather than in terms of resolution
lines. To convert horizontal resolu-
tion to receiver bandwidth in mega-
cycles, divide the number of lines by
80. This mathematical calculationis
based upon the following reasoning.
It requires 53.3 microseconds for the
spot to traverse one visible horizontal
trace; but resolution is based on
three-fourths of a line, as explained
previously. Thr ee-fourths of 53.3
microseconds is 40 microseconds.
During a 40-microsecond interval, a
one-megacycle signal will complete
40 cycles. Since each cycle can be
represented by a pair of black and
white dots, 80 dots would be produced
bythe one-megacycle signal, 160 dots
by two megacycles, and so on. These
dots, when repeated for severalhori-
zontal lines, make up the vertical
lines. Therefore the number of dots
(or resolution lines) divided by 80
gives the receiver bandwidth in
megacycles.

As stated previously in this
article, proper spot focus is important
inorder to avoid an incorrect resolu-
tion reading. A weak signal can also
give a faulty indication causing the
resolution to appear worse than it
actually is. Signal reflections, re-
sulting in ghosts, will also reduce
the apparent resolution.

To the right and left of the in-
ner circle, the test pattern contains
a vertical column of rectangles. The
rectangle at the top of the right-hand
column has 4 width corresponding to
a 50-line resolution. In other words,
its width is one-fiftieth of the test-
pattern height. The other rectangles

Fig. 5. Horizontal
Linearity Misadjust-
ment and Poor Inter-
lace.
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Fig. 6A. Normal Video IF Response Curve.

of this column extend to 300-line re-
solution, in steps of 25 lines each.
In a similar manner the left-hand
column covers a range from 325 to
575 lines. When the receiver suffers
from ringing,a succession of some of
these rectangles will appear displaced
to one side, usually to the right. The
square-wave signal associated with
the rectangle on the pattern causes
the shock excitation of a critical cir-
cuit in the receiver, and the result is
a train of damped oscillations which
give rise to the series of displaced
images on the pattern. Ringing is
usually the result of overpeaking in
the video amplifier.

The series of eleven horizontal
bars below the inner circle provide
a test for low-frequency response
and phase shift. The lengths of these
bars represent a signal range from
approximately 19 kc to 600 kc. If the
receiver has a poor low-frequency
response, the leading or trailing
edges of these bars will not be sharply
defined. The horizontal wedges in
the pattern also represent a signal of
comparatively long duration and
therefore may be used to judge the
low -frequency response.

A gray horizontal wedge in
comparison to a black vertical wedge
indicates poor low-frequency re-
sponse. On the other hand, the re-
verse of this condition indicates
excessive low-frequency response.

Interlace

The four diagonal lines within
the large circle can be used to check
receiver interlace. Perfect interlace
occurs when all the scanning lines of
one field fall midway between the
lines of the otherfield. Partial inter-
lacewillresultin a jagged appearance
of the diagonal lines. Another indi-
cation of imperfect interlace is the
presence of a moire or flickering
diamond patternnear the narrow ends
of the horizontal wedges. Complete
pairing of scanning lines will cause a
marked reduction in vertical
resolution.

Typical Symptoms

The illustrations which follow
will serve to show the effects of vari-
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Wha ean you
believe in
Antenna Cloims 7

Every claim for all-channel antenna perform-
ance should be supported by facts, and not
“sales talk!” With facts to follow, you guard
your reputation for integrity. Facts are what
you get from DAVIS...indisputable proof of
performance, furnished by an impartial
outside authority : Microwave Engineering
Company, of Los Angeles, who are recognized
experts on antenna research and testing.

Write for all the data which Microwave
Engineering has developed on the DAVIS an-
tenna. You’ll see performance characteristics
which are actually certified... data you can
count on!

Remember, it’s the picture on the TV set
that pays off in customer satisfaction. A DAVIS
picture must please you—our antenna is guar-
anteed to be the best all-channel unit you can
buy ... guaranteed to please or your money is
refunded by the factory.

Send the coupon for facts on the DAVIS
antenna. Sold through your electronic distrib-
utor... THE BACKBONE OF YOUR INDUSTRY.

vn-.\'lf)t\l

DAVISIELECTRUNICS

Send for technical data
on the new
SUPER-VISION ANTENNA

and name
of nearest dealer

DAVIS ELECTRONICS « P.0.BOX 1247 « BURBANK « CALIFORNIA

Factories in; BURBANK, CALIF., CHICAGO, ILL., SILVER SPRINGS, MD.

46 PF INDEX - March, 1954



”“”””".

Fig. 6B. Test Pattern, Receiver Aligned as for Fig. 6A.

ous misadjustments and improper
alignment upon the quality of the re-
ceived picture. Fig. 2 may be used
as a comparisonsince it was obtained
by applying the video signal directly
to a video amplifier. In this illustra-
tion the lines of the vertical wedge
are distinguishable well up to the
400-line mark, indicating good re-
sponse to 5 mc. Although a signal of
this type is not normally available in
the service shop, we have shown the
results of this test to illustrate the
ability of a properly operating video
amplifier to produce a picture of ex-
cellent resolution. The sections which
limit the ability of a receiver to pro-
duce a picture of this quality are the
RF and video IF circuits. Therefore
anything which can be done to improve
the operation of the RF and video IF
sections is desirable.

Figs. 4 and 5 represent misad-
justments causing poor vertical and
horizontal linearity, respectively.
Fig. 5 is also a good illustration of

poor interlace. A moire pattern is
very evident in both horizontal wedges
and inthe small concentric circles at
the center of the pattern in Fig. 5.

Fig. 6A shows the video IF re-
sponse curve of a receiver that is
normally aligned. The curve is 3.5
mc wide at 50 per cent response, and
the video marker is at the point of 50
per cent response.

Fig. 6B is the test pattern ob-
tained with the receiver aligned as
above, and Fig. 6C is a photograph of
a studio broadcast obtained with the
same alignment. An enlargement of
a small portion of the test pattern is
included in Fig. 6B, and examples of
ringing and slight phase shift can be
noticed. Ringing is usually more
apparent around small picture detail
where small succeeding details have
anextreme contrastrange from black
to white. Since the test-pattern ele-
ments are almost entirely black areas
upon a white background, a properly

Fig. 6C. Photograph of Transmitted Studio Program; Same
Alignment as for Fig. 6A.
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aligned receiver may show evidence
of ringing when receiving a test pat-
tern and very little or no ringing on
the average studio picture. Fig. 6C
contains very few areas of small and
contrasting detail and consequently
shows little evidence of ringing. Fig.
7is similar to Fig.6C inthat respect.
This picture of a painted background
in a studio set was taken with the re-
ceiver IF aligned to a 3-mc band-
width. Although some relatively fine
detail is present, it occurs at points
where the contrast range is not great,
and therefore no ringing is noticed.

Figs. 8A, B, and C were obtain-
ed with the receiver video IF section
realigned to place the video marker
at approximately 10 per cent on the
video IF response curve. The band-
width was approximately 2.5 mc wide
at 50 per cent response. With the
video carrier falling at 10 per cent,
the lower video frequencies will
receive less than normal amplifi-
cation. As a result a number of

Fig. 7. Studio Background Scene; Receiver Video IF Bandwidth
of 3 Megacycles.
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IN INDIANAPOLIS: B

Howard W. Sams & Co., Inc., regularly
checks the performance of current-
production G-E tubes in all popular TV
chassis, ot various line voltages.

AT GENERAL ELECTRIC:

the Howard Sams reports are studied,
and any case of unsatisfactory tube
performance receives detailed inves-
tigation. Corrective steps in manufac-
ture or testing follow at once. $

A General Electric executive micro-inspects a tube struc-
ture for proper assembly.

e l I '
A General Electric plant employee, using a comparator,
checks a greatly magnified tube grid.

-

TUBES

G-E TUBES ARE SERVICE-TESTED
FOR TV-SET INTERCHANGEABILITY'

'3

- W

Simplify your tube requirements, reduce
call-backs, with G-E interchangeable tubes!

SINCE September, 1953, the Howard Sams TV-
radio technical organization has checked G-E
receiving tubes for servicing interchangeability.
A number of tubes of each type—fully representa-
tive of normal production—are tested periodically
in TV chassis of different makes. Accurate instru-
mentation is employed.

Any unsatisfactory tube performance in any
chassis is reported to General Electric. There,
further tests are held to confirm the Howard Sams
finding, and establish the cause of the difficulty.
With the aid of laboratory study, corrective steps
are decided on by G-E tube management and
applied immediately. These may take the form of
an improvement in manufacture or inspection, or
revised test specifications.

Result: you are always installing tubes that are
more fully interchangeable and high-quality!
Your General Electric tube distributor is your
source for a product that is constantly being im-
proved! Tube Department, General Electric Com-
pany, Schenectady 5, New York.

GENERAL @ ELECTRIC

161-1A2
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fig. 8A. Videc IF Response Curve With Video
Marker at 10 Per Cent; Bandwidth Approx-
imately 2.5 Megacycles at 50 Per Cent
Response.

deviations from normal reception are
seen in the tesi pattern, Fig. 8B.
Vertical reirace lines are visible in
the upper half of the pattern. The

vertical-retrace blanking pulses are
of 60-cycle frequency and have been
attenuated ty the poor low-frequency

An improper alignment, as il-
lustrated in Fig. 8A, results in a
narrowing of the bandwidth. Along
with this undesirable condition we
have another, in that successive
stages of the stagger-tuned IF strip
have been tuned closer to the same
frequency. Thisresults in regenera -
tion and near oscillation, as evidenced
by the very dark portion atthe bottom
of the vertical step wedge. Some
ringing is shown by the faint image
displaced to the right of the test-
pattern elements.

The above faults are not readily
apparent in Fig. 8C because the fre-
quency and contrast ranges are much
less than that of the test pattern. A
little ringing is present in the areas
of greatest contrast near the tele-

Fig. 8B. Test Pattern;
Receiver Aligned as
for Fig. 8A.

response tc a pcint where vertical-
retrace blanking is not completely
effective. In receivers which employ
a vertical-retrace blanking circuit,
blanking dces not depend upon the
vertical-retrace blanking pulses and
will therefore not be affected by loss
of low frequencies.

phone hand set and near the man's
white collar and tie.

An extreme example of phase
shift and poor low-frequency response
is shown in Fig. 9. In this case the
.05-mfd coupling capacitor between
two video amplifier stages has been

replaced by a 5-mmf capacitor in
order to simulate an open capacitor.
Since the .05-mfd capacitor had been
coupled directly to a 1-megohm grid
resistor, replacement by the smaller
capacity of 5 mm{ did not greatly re-
duce the response to the higher video
frequencies. The lower frequencies
represented by the horizontal bars at
the bottom of the test pattern show
extreme phase shift, as evidenced by
the long white bars to the right of
each black bar. Note that these white
bars are less pronounced when follow-
ing the shorter black bars which re-
present a higher frequency. Vertical-
retrace lines are even more apparent
thanin Fig. 8B. Thesync and vertical
blanking pulses were attenuated tothe
point at whichincreased contrast was
required in order to keep the pattern
in synchronization. This resulted in
a blending of the two darkest steps of
the tone wedges.

When the video carrier falls
near the top of the videolIF response,
low frequencies are emphasized.
This is the case in Figs. 10A and B.
Horizontal elements of the test pat-
tern, Fig. 10A, are darker than
vertical ones. The video IF response
was 2.5 mc wide at 50 per cent on the
response curve. Since the video car-
rier is high on the curve, video fre-
quencies approximately 2 mc and
above are displaced to that part of
the response where amplification is
greatly reduced. Consequently, fre-
quencies above 2 mc receive little
or no amplification and the picture
suffers a loss of detail. This is evi-
denced in the test pattern by lack of
resolution in the vertical wedge. If
each horizontal trace could be seen
as a series of square-wave voltages
as in Fig. 3, we would see that the
corners of the square waves wouldnot
be sharp, as they should be, but
rounded. Consequently, leading and
trailing edges inthe pattern elements
have a blurred or smeared appearance

Fig. 8C. Photograph of Transmitted Studio Program, Same Alignment as for Fig. 8A.
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MAKE EXTRA PROFIT OF £240.00 AND UP ON °

JENSEN PHONOGRAPH NEEDLE SALES IN 1954!

There's a golden opportunity to earn fast, extra profit every
time you make a radio or TV Service Call. Here's how:

l'Simply say, "As long as I'm here, may |
check your phonograph needle? If it hasn’t been changed
for the last 60 hours of play, it will absolutely ruin your
records—every time it plays.”

2.Tell your customer you recommend a new
Jensen and take the proper needle out of your Jensen kit
and install it in just 2 or 3 minutes. Pocket the profit at not
one cent of extra sales cost to you because you're there in
the customer’s house anyway!

A service dealer in California just reported selling 50
needles per week by this method. Previously he sold only
1 or 2 needles a week!

93% of your customers
are using worn needles.
' It stands to reason that
you can easily sell at least 1-needle-a-day out of the 8
or 10 calls you make. Selling just 1 out of 8 customers a
new Jensen will average $240.00 extra profit in a single
year. And to net an extra $1000 profit a year from your
regular service call business, you only need to sell every
other customer.

GET READY TODAY for those extra profits tomor-

row. See your distributor for the Jensen Phono-Needle
Caddy No. 300 and One-A-Day folders for your service
men and join the money-making Jensen "One-A-Day”
Club now!

PHONO-NEEDLE CADDY

EECe s SERA. e TR 3D w07 CsladD (E s

T

PHONO NEEDLE CADDY NO. 300

... THE SALES TOOL THAT MAKES
FAST, EASY NEEDLE PROFITS FOR YOU ...
THE JENSEN PHONO-NEEDLE CADDY!

This sensational Jensen Phono-Needle Caddy holds 12
replacement needles—the right needles to meet record
player requirements in over 50% of your service calls.
The novel accordian type plastic case folds down to
only 5” by 2” and is only 1” thick. Slip it into your coat
pocket or kit—takes hardly any space!

ONLY $9.75 TO DEALERS (complete installation tools

included at no additional cost) RESALE VALUE OF
NEEDLES $19.50.

JENSEN INDUSTRIES - 329 SOUTH WOOD ST. - CHICAGO 10, ILLINOIS
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Fig. 9. Test Pattern,
Normal Video IF
Alignment but With
Open Coupling Ca-
pacitor in Video Am-
plifier Stage.
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somewhat similar to that obtained in
photography with a soft-focus lens.

This s probably the least ob-
jectionable of any of the misalignment

aligned to place the video carrier at
approximately 60 to 70 per cent of
maximum amplification, as indicated
by the response curve. Being higher
on the response curve, the video car-

Fig. 10A. Test Pa*
tern; Receiver
Aligned to Place Vi-
deo Marker at 90
Per Cent Response.
Bandwidth 2.5
Megacycles at 50
Per Cent Response.

faults dealt with in this article. In
fact, this type of alignment is often
used in weak-signal areas to increase
the video signal amplification. When
this is done, the receiver is usually

March, 1954 - PF INDEX

rier receives greater amplification
than it would with normal alignment;
and this sometimes means the differ-
ence between a very weak picture and
one that is acceptable. The fact that

Fig. 10B. Photograph
of Transmitted Stu-
dio Program With
Receiver Aligned as
for Fig. 10A.

the video IF stages usually have to be
more sharply peaked inorder toraise
the video carrier on the curve also
means additional gain in the IF strip.

These are a few of the applica-
tions to which the test pattern or
transmitted picture may be put in
judging receiver alignment and per-
formance.

The important thing to re-
member is that, in addition to its
usefulness for linearity and size ad-
justments, it represents a square-
wave signal of various frequencies
and duration. Knowing thetype of sig-
nal applied to the receiver, the
service technician can judge the con-
dition of the receiver by the visible
indications appearing on the screen
of the picture tube.

_ Figs. 6C, 7, 8C, and 10B were
taken from telecasts of programs
originated by WFBM-TV, Indian-
apolis, Indiana. The pictures do not
in any way reflect upon the quality of
the transmitted signal of WFBM-TV,
since some of the photographs were
taken to show the effects produced by
a poorly adjusted receiver. We wish
to express our thanks to WFBM-TV
for permitting us to use these photo-
graphs.

Paul C. Smith

The Transistor Story (Part lll)

(Continued from page 17)

physical structure and electrical
operation of the two are quite
different.

A new type of transistor has
been developed which is quite similar
to a vacuum tube in both structure
and operation. This unit is an ana-
logue junction transistor and can
have a structure (as shown in Fig. 3)
in which the electrodes functioning
as the cathode and plate are made of
N-type germanium, the electrode
functioning as the grid is made of
P-type germanium, and the area ser -
ving as the vacuum is made of pure
germanium. The electrical field
existing between the cathode and plate
electrodes will extract electrons
from, and form a space charge
around, the cathode electrode. The
grid electrode is negative with re-
spect to the cathode electrode and
will not attract electrons to itself. The
electrons will tend to flow between
the portions of the grid electrode
and continue on to the plate electrode
which is positive. This electron flow
canbe varied from saturation tocut-
off by controlling the negative bias
voltage applied tothe grid electrode.
It is evident that the operation of the
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$2000 - st prize

$500 - 2nd prize, $100 - 3rd prize
100 - $10 prizes, 400 - §5 prizes

HOW TO WIN

To win one of these 503 prizes all you
have to do is complete in 25 words or less
"I like Pyramid capacitors because. "
You fill in this statement on a Pyramid con-
test entry blank which can be obtained from
any electronic parts jobber selling Pyramid
capacitors. You have this entry blank coun-
tersigned by your jobber or one of his sales-
men and forward it to us attached to a
Pyramid Dry Electrolytic Capacitor box top

the top being the part which carries the
description of the item. There is no limit to
the number of entries which you may make
in this contest but each entry must be accom-
panied by a box top. Full rules for the con-
test appear on the entry blank.

It's so easy. Here is the kind of statement
that might win:

“I like Pyramid capacitors because the line
is so complete that I can always get what
I need and don't have to worry about an
off-brand capacitor.”

“I like Pyramid capacitors because they
always check out perfectly and don't deteri-
orate .and so I know I won't have to call
back at my expense.”
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PYRAMID FEATURES:

Only one quality—the best at no pre-
mium. All Pyramid capacitors are made
of materials commanded by rigid military
specifications.
All Pyramid capacitors are non-hygro-
scopic.
Highest quality insulator material used
in all production results in low leakage
factor.
Exclusive non-contamination technique
guarantees close tolerances and no de-
terioration. Peak performances for life.
e Pyramid capacitors operate unchanged
at ambient temperature of 85° centi-
grade.
@ Designed by service technicians across
the country for their requirements.
e Individually packaged for protection.
@ Permanently legible, high visibility rat-
ings on each item.
e 100% absolute electronic inspection be-
fore shipment.
Pyramid is in its 10th year as a leading
manufacturer of high-quality capacitors.

PYRAMID ELECTRIC COMPANY
1445 HUDSON BOULEVARD
NORTH BERGEN, N. J.



analogue transistor closely follows
the basic theory of the vacuum tube.

Another field-controlled device
is the field-effect transistor shown
in Fig. 4. This is essentially a tri-
ode transistor which depends on the
controlling action of electricalfields
for its operation. It consists of a
block of P-type germanium sand-
wiched between two layers of N-type
germanium. Thesetwo N-type layers
have a very large amount of added
impurity, and they are identified in
Fig. 4 as N+. The output current is
carried by holes moving from the
so-called ' source'' at the left to the
so-called ' drain'' at the right. The
source anddrain electrodesarecom-
posed of highly impure P+ germanium.
The P-N junctions at the top and bot-
tom are biased in reverse and thus
do not contribute any significant
amount of current. The reverse bias
results from the factthat the N+ lay-
ers are grounded, and the P-region
receives a negative potential from
the source and the drain. This re-
verse bias produces the space
charges, shown in Fig. 4, which are
areas lacking incarriers; therefore,
all the output current will be re-
stricted to the center channel. Acon-
trolling action upon the current will
depend upon a change in size of this
channel. This can be done by varying
the bias on the P-N junctions; the
current can be controlled from
saturation to cutoff.

The theory of the field-effect
transistor gives promise of future
production of units having high gain
and efficiercy at higher frequencies
than are pcssible with the ordinary
junction transistor.

Transistors having more than
three electrodes have been developed,
and they are expected to give results
comparable to those of tetrode and
pentode vacuum tubes. The first of
these more complex units to be an-
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Fig. 3. Cross-Sectional View of Analogue
Transistor.
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nounced was a four -electrode N-P-N
junction transistor in which an addi-
tional connection was made to the
base. This lead was added on the
opposite side of the base from the
conventional base lead. This extra
lead, a very thin base layer, and a
very small collector area all contri-
bute to the excellent high-frequency
response provided by this type of
transistor. Fig. 5 illustrates the
construction of the unit.

The theory of operation of this
four -electrode transistor should be -
gin with the statement that the bet-
ter transistor is the one having the
lower internal base resistance! This
low base resistance couldbe achieved
by using germanium of low resistivity
or by using an extremely small base

e e
- - : s

Fig. 4. Construction and Operation of Field-
Effect Junction Transistor. (Nomenclature of
ElectrodesIs That Proposed for Acceptance.)

layer. The first method is impracti-
calbecause manufacturing technigues
cannot control the resistivity of a
germanium sample to close toler-
ances, and the second method is ruled
out because of the difficulty in con-
trolling the diffusion process which
is used to make the junctions.

The four-electrode transistor
achieves a very low internal base
resistance by purely electrical
means. When the emitter, collector,
and base 1 leads have their normal
voltages applied, the internal base
resistance is that of the entire P-
layer. A negative bias of about 6 volts
is then applied to the base 2 lead. A
potential gradient is thus established
between the base 2 and base 1 leads.
Because of the external circuit con-
ditions, the emitter is normally
biased at -0.1 volt with respect to the
base 1 lead. The connection of the
base 2 lead puts the majority of the
emitter -base junction at a reverse
bias; with respect to the emitter, the
base bias varies from -6 volts at the
base 2 lead to +0.1 volt at the base 1
lead. Only a small portion of the
base near the base 1 lead has the

EMITTER e

Fig. 5. Construction of Tetrode Junction
Transistor.

proper bias for conduction; this por-
tion will be about one-fiftieth of the
entire base. Effectively, this opera-
tion simulates a base layer with the
top forty-nine fiftieths removed. It
can be seen that the base resistance
under these conditions willbe greatly
reduced.

One disadvantage of this unit
is that the current gain or alpha is
reduced slightly, but the increased
efficiency at high frequencies more
than makes up for the loss in alpha.

Another four-electrode tran-
sistor which has been announced is
the tetrode point-contact transistor.
This unit consists of two emitters and
a single collector touching the base
layer. It can be likened totwo triodes
with the grids connected in push~pull
and the anodes connected in parallel.
Circuits utilizing this unit could in-
clude mixers, demodulators, a push-
pull detector having amplification, and
others. One manufacturer has
promised a pentode point-contact
transistor consisting of three emit-
ters, one collector, and a base.

There are probably many more
new transistors undergoing develop-
ment than have been announced. We
know that quite a few manufacturers
are working to produce transistors
having power -output ratings greater
than the 200-milliwatt maximum
which now exists. One manufacturer
is producing units rated at 20 watts,
but these have not as yet been avail-
able for commercial sales.

The ordinary junction and point-
contact transistors comprise the
bulk of the transistors commercially
available today, and they are con-
stantly being improved. Such tech-
niques as hermetic sealing, vacuum
sealing, and welding of connections
in place of soldering them have all
contributed to a reduction in the
number of transistors that fail after
being put into service.

William E. Burke
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Color Within 6 Megacycles

{Continued from page 5)

however, an average of the over-all
results may be used as a standard
for the study of human vision.

Color is perceived in terms of
the three major attributes: bright-
ness, hue, and saturation, It has also
been determined that fine detail in
color is not seen and that objects of
medium detail are better resolved in
certain colors than in others.

In order to illusfrate this
phenomenor, tests were conducted
using sheets of colored paper cut in
various sizes. A number of things
were discovered when these pieces
were greatly decreased in size and
viewed at a distance. Listed below
are the findings:

1. Blues become indistinguishable
from grays with equivalent brightness.

2. Yellows also become indistin-
guishable from grays. In the same
size range wherethis happens, browns
are confused with crimson, and blues
with greens; reds remain clearly
distinct from blue-greens; colors
with pronounced blue lose blueness,
while colors lacking in blue gain
blueness.

3. A further decreasez in size
results in reds merging with grays
of equivalent brightness; also, blue-
greens become indistinguishable
from gray.

When viewing extremely small
objects, the ability to identify color
is lost and only response to brightness
remains.

From the foregoing data re-
ceived frorm experiments on human
vision, the following choice of band-
widths were made.

1. Full-band transmission of the
luminance cr brightness signal.

2. Moderately wide-band, partly
single -sideband transmission of a
single color-mixture signal distin-
guishing, for example, orange-red
from blue-green. This represents
the area in which medium detail is
seen.

3. Narrow-band, doublz-sideband
transmissicn of an additional color-
mixture signal distinguishing, for
example, green from purple. Less
detail is seen in this area.

A widely used standard method
for representing colors diagram-
matically is the CIE (International
Committee on Tlumination) chro-
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Fig. 1. CIE Chromaticity Diagram for the
Visible Spectrum.

maticity diagram. This 1is a
diagram on which are plotted
all colors visible to the eye. Shown
in Fig. 1 is a CIE diagram of the
visible spectrum. 1 It is a plot of
the super -green on the y-axis against
the super-crimson on the x-axis.
The most saturated colors plot asan
inverted horseshoe curve with its
open end closed by the nonspectral
purples. Any particular color plots
as one point on the chromaticity
diagram. The point where the color
is located specifies the chromaticity
of that color, but nothing is stated
about its brightness.

Any set of primaries can be
plotted on the chromaticity diagram.
The rule which governs the choice of
primary colors is that no two
primaries should be the same and
that the combination of any twoshould
not be capable of matching the third.
The three primaries chosen by the
NTSC are shown plotted in Fig. 2.
They form a triangle with its three
points at red (R), green (G), and blue
(B). This is known as the color
triangle for this particular set of
primaries. Any color which falls
within the area of the triangle can be

1D. W. Epstein, "Colorimetric
Analysis of RCA Color Television
System,” RCA Review, Vol. XIV,
pp. 227-258, June 1953.
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Fig. 3. Bandwidth Limitations of Y-, Q-, and
I-Signals Prior to Modulation.
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Fig. 2. Color Triangle of the Three Primaries
Chosen by the NTSC.

reproduced by proportionately mixing
the primary colors.

Alinedrawn from yellow-green
to purple represents the colors in
which less detail-can be seen (see
Fig. 2). The line shown from orange
to cyan indicates the colors in which
medium detail can be seen. These
lines represent the two axes of the
color signal under linear transmis-
sion. The line from yellow-green to
purple is the Q-axis, while the line
from orange to cyan is the I-axis.
Q and I are two components which
make up the chrominance portion of
the color picture signal. Colors
along the Q-axis are depicted when
only the Q-component is active.
During this time the I-component is
inactive (I = 0). Conversely, when
only the I-component is active, colors
along the I-axis are depicted. The
Q-component is inactive at this time
(Q = 0). During the time both the I-
signal and Q-signal are active, de-
pending on their relative amplitudes,
any point in the color triangle can be
represented by a resultant chromi-
nance signal. There are three con-
ditions which result from the
foregoing. When all three signals
(Y, Q,and I) are active, the color
system reproduces in the three-
primary method. This is when re-
production is accomplished in full
color. When the Q-signal isinactive
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Fig. 4. Bandwidths of Y-, Q-, and I-Signals
As They Are Radiated.
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and the Y- and I-signal active, the
system reproduces in a two-primary
( orange-cyan ) fashion. During the
time that only the Y-signal is active
(Q and 1 inactive), the system re-
produces in monochrome.

The bandwidth limitations prior
to modulation of the three signals
(Y, Q, and I' are shown in Fig. 3.
The Y-signal has a full bandwidth of
4.2 megacycies. The I-signal has a
band limit of 1.3 megacycles, and the
Q-signal is limited to 0.5 megacycle.
Associated with these band limitations
are the sets of colors reproduced by
the frequencies in each band. TFine
detail is contained in frequencies
above 1.3 megacycles and is repro-
duced in monochrome. ILarger areas
are represented by frequencies
between G.5 and 1.3 megacycles.
These are reproduced in a two-color
orange-cyan system. Frequencies
below 0.5 megacycle are represent-
ative of still larger areas and are
reproduced in a three-color (red,
green, and blue) system.

The Y-signal is transmitted by
the vestigial sideband method the
same as is done with the present
monochrome signal. The I-signal is
also transmitted with vestigial side-
bands. The Q-signal is transmitted
double sideband. Fig. 4 shows the
bandwidths of the three signals as
they are rad:ated.

In the foregoing discussion, we
have attempted to show how three
pieces of color information can be
transmitted in the allotted band of 4.25
megacycles. If color information is
limited to that which is only useful to
the eye, and no duplicate information
is transmitted, the color television

CYAN

Fig- 5. Color Triangle With the Vector Rep-
resenting Hue and Saturation.

signal can be contained in the allotted
band.

As was stated in the opening of
this discussion, the color information
is contained in the color signal in the
form of brightness, hue, and satu-
ration. Brightness represents the
amplitude modulation of the picture
carrier, hue is the phase modulation
of the subcarrier, and saturation is
the amplitude modulation of the
subcarrier. One way of illustrating
this is through the use of the color
triangle. Fig. 5 shows the color
triangle with a vector representing
the two quantities (hue and saturation)
of the color signal. The three primary
colors are shown at the corners of
the triangle. The colors in between
these are the secondary colors which
are formed by the proper mixing of
the primaries. Pure white is in the
center where all the colors are mixed.
This is where the color vector origi-
nates. Hue is designated by the
angle of the vector, while saturation

is the relative length of the vector or
its distance away from pure white.
Although the vector is not shown,
brightness is represented by another
vector which is perpendicular to the
plane of the illustration and which
passes through the center of the white
area. The length of this vector de-
termines the degree of brightness.
Present along this vector are the
different shades from gray to black
which are representative of the lumi-
nance or monochrome signal.

During the time of transmission
of the color signal, the vector of Fig.
5is always changing in respect to the
televised scene. The vector rotates
in accordance with the hue, and
lengthens and shortens with changes
in the saturation. At the same time,
the brightness vector which is perpen-
dicular to the plane is changing in
length according to the brightness of
the colors. It is obvious that at the
time there is no color being transmit-
ted, the color vector would not be
present. The brightness vector is
the only one that is in use; therefore,
the picture is being transmitted in
monochrome.

Now letus investigate the make-
up of the video modulation waveform
produced from the scanning of a
color-bar chart. This chart is shown
in Fig. 6A. It is comprised of
four vertical bars with the first bar
being blue, the second red, the third
green, and the fourth a reference-
white bar. Each color is assumed to
be fully saturated.

Shown in Fig. 6B is the com-
posite waveform for the scanning of
a single line of the bar pattern. The
horizontal sync pulse is followed by
the color burst on the back porch of
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Fig. 6. Scanning of a Single Line of a Color-Bar Chart. (A) Color-
Bar Chart. (B) Composite Color Signal Showing One Scanning
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Fig. 7. Scope Pattern of a Compasite Color Signal.
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