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Lesson 7
HOW TELEVISION GREW UP

The man who stepped out to buy the latest
in television sets during the early twenties
came home with what looked like a radio re-
ceiver the approximate size of an orange
crate. This receiver had no speaker, for it
was supposed to work with pictures, not
sounds. Instead of a speaker, the hopeful
television fan brought along the '"'scanner”
pictured by Fig. 1.

Fig. 1.

The latest thing in television, during
the early twenties.

The scanner was a simple contrivance.
A husky electric motor on one end of a shaft
drove a big disc at the other end. Near the
outer edge of the disc was a series of small
holes about an inch and a half apart, all at
slightly different distances from the center.
A "mask" supported in front of the disc con-
tained an opening about one and a half inches
square, through which the holes could be
seen. Behind the disc, directly in line with
the opening of the mask, was a neon glow
lamp.

The sole job of the receiver section of
this apparatus was to vary the brightness of
a plate inside the glow lamp. The brightness
varied in accordance with the received tele-
vision signal, in case there were such a sig-~
nal. Only rarely would there be experimental
transmission for the fans to pick up. When
this did happen, the would-be viewer turned
on the motor, peered through the little open-
ing in the mask, and adjusted the speed con-
trol. Then, were the actual televised scene
to be the picture below in Fig. 2, he might

The difference between an image and
how it was reproduced by old time
television sets.

see something roughly similar to the silhou-
ette, above, but probably not so clear.
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Inventors and experimenters, not to men-
tion the manufacturers, traveled a long and

Neon

Lamp, _Mask

thorny road between those sets of thé early
twenties and present television receivers like
the one of Fig. 3.

The driving motor disap-

The largest part on a modern televi-
sion receiver is the picture tube.

peared, and so did the whirling disc, and the
little square opening in the mask grew to
several hundreds of square inches on the
screen of our modern picture tubes. Yet the
fundamental principle that allowed seeing the
dim, jerky, fuzzy reproductions in the begin-
ning of television is still the basis for the
brilliant, smoothly moving, and sharply de-
tailed pictures of today.

The basic principle of television consists
of dividing the original scene or image into a
great many thin horizontal lines, and of re-
producing the same lines to form the finished
picture at the viewing end of the system.

What happens with the whirling disc is
illustrated by Fig. 4, As each hole in the
disc speeds rapidly from one side to the
other of the mask opening, the observer can
see through this hole a thin streak of light
extending from side to side across the glow-
ing plate of the neon lamp. Just as this first
hole passes beyond one side of the mask
opening and away from in front of the lamp,
a second hole located just a little lower down
allows seeing a second streak of light im-

Fig. 4.

The disc, mask, and neon glow tube
for one of the first television sets.

mediately below the first one. This contin-
ues until all the holes have passed the lamp
during one revolution of the disc, and until all
of the glowing plate has been seen as a suc-
cession of slightly curved but essentially
horizontal streaks of light. Then the whole
thing repeats, over and over again as the
disc continues to spin.

The motor spins the disc so fast that the
observer doesn't seem to see a succession of
separate lines. He seems to see the entire
illuminated plate of the neon lamp during all
the time the disc continues to whirl. This
comes about because everyone continues to
see a light for about 1/10 to 1/20 second
after the light no longer is there. The effect
is called persistence of vision. Persistence
of vision is just as necessary for viewing
television today as it was thirty or forty
years ago.

Of course, a mere succession of luminous
lines seen through the holes of the disc does
not constitute a picture, for there are none of
the lights and shadows of which all pictures
are formed. But the rest is easy. It remains
only to rapidly vary the brightness of the
neon lamp. At the instant in which one of the
little holes is in a position where the picture
image is to be bright, the television signal
coming through the receiver makes the neon
lamp glow brightly. When the hole reaches a
point where the picture is to be less bright,
the signal makes the lamp glow less brightly,
or may darken it entirely. Since light from
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only one tiny spot of the neon plate reaches
the eyes of the observer at any one instant,
the whole plate appears covered with the
lights and shadows which form a picture.

When all the holes which are around the
edge of the disc have passed across the glow
lamp and across the mask openings the ob-
server will have seen one complete picture.
This happens during each revolution of the
disc. During the following revolution the ob-
server will see another complete reproduc-
tion. In many of the old time television sys-
tems the disc completed one revolution every
1/15 second. This allowed the viewer to see
15 complete pictures per second. When tele-
vised persons or objects were in motion, the
changes of position between successive pic-
tures were only those occurring during 1/15
second intervals. If nothing moved too fast,
the observer seemed to see things progress
steadily from place to place.

This method of causing the illusion of
continual motionwith a succession of pictures
is even older than the earliest television. It
always has been used for the projection of
motion pictures in theatres. In the movies
the ''repetition rate'" is 24 per second, and
positions o in motion c er in
succeeding pictures only by the distances they
move during 1/24 second.

Persistence of vision merges each pic-
ture with those preceding and following, and
we seem to see only one continual picture
with objects in steady motion. The movie
rate of 24 pictures per second greatlylessens
the jerkiness or flicker as compared with the

early television rate of 15 per second. But
we do even better in modern television.
The principle of dividing pictures into

horizontal lines is fine, so good that it still
is with us. But the practice, when employing
a whirling disc, turned out to be something
sad to look at. After scientists, inventors,
and experimenters had struggled for years
with discs, drums, lenses, mirrors, and all
manner of optical and mechanical tricks they
had to give up. It became apparent that tele-
vision with moving mechanical parts never
could be satisfactory. It was physically im-
possible to divide the image into parts small

enough, and reproduce them fast enough to
show fine details in a picture much larger
than a postage stamp.

To have acceptable detail in large pic-
tures which appear rapidly enough to give the
illusion of motion, and to transmit those pic-
tures either by radio or by cable, each pic-
ture must be divided into hundreds of lines,
and the intensity of light must be varied at
the rate of millions of times per second. No
matter how little the weight of moving me-
chanical parts, the necessary fine division
and rapid reproduction of successive pic-
tures with rotary devices could not even be
approximated.

In 1933 and 1934 the science of elec-
tronics came to the rescue of television, and
since has overcome all the problems which
seemed insurmountable. A beam of electrons
inside a television camera tube changes the
lights and shadows of a televised scene or
image into varying electric currents. Forces
derived from the varying currents are transs
mitted by radio or wire line to distant re-
ceivers. Then another electron beam inside
the picture tube at the receiver changes the
varying electric forces back into the lights
and shadows of a reproduced picture.

There is no practical limit to the speed
at which a beam of electrons may move, nor
to the rate at which the intensity or force of
the beam may be varied. To travel from one
side to the other on the screen of the biggest
picture tube at a speed of 300 to 400 miles a
minute is nothing at all for the electron beam,
and during each such travel the intensity of
the beam and the resulting light or shadow
may be changed a thousand times if necessary.

THE TELEVISION PICTURE. Now let's
see how our present television pictures are
related to those of long ago. When you have
a good chance to look very closely at the pic-
ture being formed by any television receiver
it will appear as shown by Fig. 5, which is an
enlargement of a photograph of a real tele-
vision picture. Here we have the succession
of horizontal lines which vary in brightness
from one side to the other of the picture.

The portion of a picture which you see



Fig. 5.

Atelevision picture is not continuous,
but consists of many horizontal lines.

in Fig. 5 actually extended over a height of
less than 13 inches on the screen of the tele-
vision picture tube. (Incidentally, this screen
is a coating on the inside of the visible face
or front end of a picture tube.” When the
screen coating is made luminous by the elec-
tron beam you see the resulting picture
through the front of the glass face.)

Any television picture consists of hun-
dreds of horizontal lines, about 49Q to be
exact. Even on a large picture tube the indi-
vidual horizontal lines are too narrow and
too close together for easy examination of
just how they are formed. For convenience
in study we shall imagine that each line is
about five times its normal height, or that
the picture is divided into only 100 horizontal
lines, as in Fig. 6. By enlarging part of this
picture, in Fig. 7, it becomes possible to ex-
amine the makeup of any line and to note the
succession of blacks, whites, and intermediate
grays which form the line as it is reproduced
from left to right.

Fig. 6. The lines in this picture are about
five times as high as those formeu

on a television screen.

Every horizontal line consists of
small areas which are white, blackor

gray.

Let's examine, in Fig. 8, two lines which
pass through the numerals 17" and ''88" on
the jerseys of two players. If you look along
either line it is plain that there are different
degrees of illumination whichcontinue through
varying distances along the line, then change
to either greater or less intensity.

Any line which thus consists of varying
intensities of illumination might be formed on
the picture tube screen were we to have in-
side the tube a tiny searchlight shooting a
needle fine beam onto the back of the screen.
Shifting this light beam rapidly from left to
right would cause a horizontal streak of light
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Fig. 8.

to become visible from the front of the
screen. The traveling spot of light would ap-
pear as a streak because of persistence of
vision.

Now, if the intensity of the light beam
were varied from bright to dark and back
again at precisely the correct instants during
its horizontal travel, you would see from the
froni of the picture tube the shadings of
either line of Fig. 8, or any other imaginable
succession of whites, blacks, and grays.

There is no search light inside the tele-
vision picture tube, but there is something
far more wonderful. At the back of the small
end or neck of the picture tube, farthest from
the face, is an electron gun. This gun shoots
particles of electricity toward the screen at
an average speed of about 17,500 miles per
second. The coating which we call the screen
contains chemical compounds called '"phos-
phors'. Wherever the particles of electri-
city hit the phosphor it glows for a brief in-
stant, then becomes dark again as the stream
of electric particles moves away.

Fig.9 is a photograph of a television pic -
ture tube with the parts named. The face is

FLARE

ELECTRON
GUN)
./

Fig. 9.

Important parts of a television pic-
ture tube.

5

R

The degree of brightness undergoes many changes along every horizontal line.

made of glass about 5/16 to 3/8 inch thick.
You cannot see inside the tube through the
face because the inner screen coating is
translucent, not transparent. But when the
phosphor glows you can see the light. At the
other end of the tube is its base, to which
various electrical connections are made
through small metallic pins. Just ahead of
the base, in the small cylindrical neck of the
tube, is the electron gun. Between the neck
and the face is the flare, which spreads out
to allow shifting the stream of electric parti-
cles across the screen during formation of
the horizontal lines.

All that we need do in forming a hori-
zontal line of varying illumination is to vary
the quantity of electric particles being shot
out from the electron gun. We don't vary the
speed of the particles, but only their gquantity.
It is as though you were squirting water from
a hose while opening and closing the nozzle.
This would not change the speed of the water
stream, for that is determined by pressure
acting in the hose, but it would change the
quantity of water issuing from the nozzle. To
be correct we should speak of varying the
"rate of flow' of the water.

The greater the rate of flow of electric
particles from. the electron gun the brighter
becomes the phosphor where they strike.
Reducing the rate of flow lessens the bright-
ness, or causes grays to appear. Decreas-
ing the rate of flow to zero leaves the phos-
phor unexcited, and produces black. The
particles of electricity being shot toward the
picture tube screen are electrons. The
stream of electrons passing through the in-
side of the picture tube is called the electron
beam.

One electron is not very large, nor very
heavy. If 207 men could have commenced at
the beginning of the Christian Era to lay
electrons side by side in a straight line, and
if everyman had laid down one electronevery
second, and if they still were doing so, the
line of electrons today would be an inch long.

World Radio Histol
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The weight of all those electrons would
be too little to measure with any scale or

and child now in the United States could live
forever and continue adding an electron every
second to the line now an inch long, the whole
collection would weigh one ounce at the end
of another six millions of millions of years.
All this means simply that we cannot com-
prehend the dimensions or weight or an
electron.

To light an incandescent lamp rated at
100 watts and 115 volts, electrons must pass
into and out of its filament at the rate of about
6-1/4 billions of billions per second. Were
one ounce of electrons to divide equally be-
tween a million such lamps, and flow at this
rate through each filament, all the lamps
would remain at full brilliancy for 5,000 years,
unless they burned out.

To form any one line of a picture the
electron beam must be made to move all the
way across the screen of the picture tube.
This isn't difficult, for it is easy to bend a
stream of electrons. The electrons shooting
out of the electrongun in a straightline might
be compared with water squirting straight out
of a hose nozzle. If the stream of water en-
counters a strong wind the stream is blown
to one side. It will remain a stream of water
if the particles are traveling fast enough and
with enough original force.

The part of a television receiver which
bends the electron beam is around the neck
of the picture tube close to the beginning of
the flare. This part is marked deflecting
yoke in Fig. 10. In the yoke are produced
forces that bend the electron beam so that
its end striking the screen moves from side
to side. We don't often speak of bending the
electron beam, instead we say that the beam
is deflected. When the beam is forced to
move from side to side of the screen we call

the action horizontal deflectism./

———

As the electron beam moves across the
screen there appears a horizontal line of
light on the screen. This line may be called
a trace. The intensity of the light at various
points along the trace is altered by varying
the rate of electron flow in the beam.

As soon as one line has been traced all
the way to the right, the electron beam is

hand side of the picture, but just a fraction
of an inch lower down, and another line is
traced. This process continues, with the
electron beam tracing one horizontal line
after another until the picture is completed.
All the lines which form the complete picture
are traced within 1/30 second. You continue
seeing the lights and shadows of each hori-
zontal line while all of them are being formed,
for vision persists during about 1/20 second,
and the whole picture area is covered with
these lines in 1/30 second.

When the electron beam has traced the
last horizontal line at the bottom of the pic-
ture the beam is shut off. Then, after about
1/800 second, the electrons again are turned
on and a whole new picture is begun at the
top of the area. Like the first one, this new
picture is completed during’ 1/30 second. The
process continues so long as the television
receiver remains in operation and the station
continues its programs.

Succeeding television pictures are formed
much as a succession of pictures is formed
on a movie screen. But you don't see the
different pictures, you don't even notice a
flicker. You seem to see people and objects
in continual motion because their positions
change so little between pictures.

Accompanying the television picture we
have speech, music, and sound effects. The
signal that brings the sound program is en-
tirely separate from the one that brings the
picture, but the two signals are so arranged
and transmitted that when you select a pic-
ture in a given channel the sound from that
channel is received at the same time. The
portions of the television receiver that re-
produce sound are separate from those that
reproduce pictures. For the time being we
shall concentrate on the pictures, and talk
about television sound later on.

SCANNING. The production of good pic-
tures, or of any pictures at all, depends
wholly on what happens to the electron beam
within the picture tube, so let's see what must
happen in forming one complete picture.



LESSON 1 — HOW TELEVISION GREW UP

DEFLECTING
YOKE \

Fig. 10. Around the neck of the picture tube
tron beanm.
The electron beam commences its

travels at the upper left-hand corner of the
picture area on the screen, as you look to-
ward the wvisible front face of the picture
tube. Then, in traveling all the way to the
right, the beam traces the first horizontal
line of the picture. There the beam is shut
off. When talking the language of television
we shouldn't say that the electron beam is
shut off, we should say that it is blanked.
After a very brief fraction of a second the
beam 1is again turned on, back at the left-
hand side of the picture area, and another
line is traced below the first one.

It would be natural to expect that, after
tracing one line, the beam would be dropped

is the deflecting yoke which bends the elec-

just far enough to trace the adjacent horiz-
ontal line of the picture, but it isn't done that
way. After forming the first line at the top of
the picture the beam skips the second line,
and is dropped far enough to trace the third
line. Then the beam is dropped to the fifth
line, and thus traces alternate lines all the
way to the bottom of the picture.

In order to trace one line below another,
and keep this up all the way to the bottom of
the picture, the electron bearn must be moved
downward at the same time it is moved
horizontally. This is done by moving the
bteam steadily downward while all the horiz-
zontal lines are being traced. After tracing
each horizontal line the beam isn't jerked
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down to the position for the next line, it is
moving downward at all times. Although this
ward the right, you don't notice the slope be-
cause the deflecting yoke is tilted just enough
so that all the lines appear truly horizontal.

Fig. 11 illustrates the principle of trac-
ing alternate lines. Here the beam is as-

Fig.11.

Alternate picture lines are formed in
this manner during downward travel
of the electron bean.

sumed to have completed about half of the
first set of alternate lines which are part of
our football picture. Spaces between these
alternate lines still are dark, as is also the
entire lower part of the picture area which
has not yet been reached by the electron
beam.

As the beam completes its downward
travel, the remaining intervening lines will
be completed as in Fig. 12. This much of
the picture is called one field. Now the
electron beam is blanked (shut off) for another
fraction of a second. We call this fraction of
a second the vertical blanking period, be-
cause it follows vertical downward travel of
the beam.

At the completion of the vertical blanking
period the electron beam is once more start-
ed at the top of the picture area of the tube
screen and commences to trace the second
field. This second start is not at the left-
hand edge of the picture, rather it is just
half way across the width. After tracing the

- v—

Fig.12. The first field is completed when the

entire picture areu has been covereu
with alternate lines.

remaining half distance or half-line, and
reaching the right hand edge of the picture,
the beam is lowered by the space of two lines
and commences a full -line trace at the left-
hand edge.

The traced horizontal lines slope slightly
downward toward the right, as you can see in
Figs. 11l and 12, also, with more emphasis on
the sloping, in Fig. 13. This effect is due to

1 S we— —  —
Lines of BT
Fi i E
irst 5 -
Field E=
7
(s
9
E—— I
2
Second 4 ‘
Field 6 _ _
8
Fig.13. The force that moves the electron beam

downward acts continually throughout
the entire period of each field.

the continual action of the force which moves
the electron beam from top to bottom of the
picture. This downward force acts during the
whole time in which lines are being traced
and continues through the blanking between
lines. It is this force, moving the electron
beam steadilydownward, that brings the beam
into position for tracing each line lower than
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the preceding one. Only during vertical
b,l;—znking_-gloes this downward force cease to
act on the beam .

By starting the second field with a half
line, then letting the electron beam drop by
the distance between two lines, the first full
line of this second field falls midway between
the two lines traced at the top of the first
field. The action continues, with each line of
the second field falling between alternate
lines of the first field. When the second field
is about half completed, as in Fig. 14, the

Fig.14. As the second field is traced it fills
in the missing parts between lines of
the first field.

upper part of the picture will be all filled in,
while the lower part still consists of only al-
ternate lines.

Upon completion of the second field the
electron beamm will have traced another 244
horizontal lines. Since this second series of
lines commenced with a half line, and con-
sists of a whole number of lines, it must end
with a half line at the bottom. The beam is
blanked just as it gets half way across the
last line. Then follows another vertical
blanking period.

A/l'l the lines which are used to form one
complete picture, plus all the horizontal and
vertical blankings which occur during the
same time, make up what is called one frame.
One frame includes two fields, or we might
say that it requires two fields of alternate
lines to make up one complete frame. Each

frame or each complete picture commences
with the electron beam at the upper left-hand
corner of the picture area on the screen. At
the end of every frame, or picture, the beam
starts all over again at the same upper left-
hand corner and goes through the deflections
and blankings for another frame to form an-
other complete picture.

Formation of a complete picture by
tracing separate horizontal lines is called
scanning. Tracing of alternate lines, then
filling in the intervening lines, is called in-
terlaced scanning. The first field, with its
lines and following vertical blanking, is com-
pleted in just 1/60 second. The second field,
with vertical blanking, takes up another 1/60
second. Thus the entire picture, or one
frame, is completed in 1/30 second.

Interlaced scanning is employed for the
very good reason that it avoids the possibility
of noticeable flickering in the reproduced
pictures, even with high brightness and view-
ing from a short distance. Obviously, the
greater the number of pictures per second
the less is the chance for noticeable flicker.
With interlaced scanning we have the effect
of a complete picture every 1/60 second, or
every field. This is apparent from Fig. 12,
where you get the impression of the entire
picture with only alternate lines, and where
the impression would be vastly better with
the far greater number of alternate lines in a
real television picture. Although the pic-
tures actually are filled in at the rate of only
30 per second, the rate is 60 per second so
far as avoidance of flicker is concerned.

TELEVISION SIGNAL. We may obtain
some conception of the problems to be met
in forming each complete picture by consid-
ering what must be done with the electron
beam during every frame or during every
1/30 second. Here is a list.

1. During each active horizontal line or
trace, the rate of electron flow must be in-
creased, whenever brightness is to be in-
creased, decreased when brightness is to be
reduced, and stopped where the picture area
is ,to be black. Usually there are many
changes of brightness along each line. The
rate of electron flow may require changing
hundreds of times during one line.
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/2. The beam must be blanked at the end
jof every horizontal line.

instants at which they perform their func-
tions, is controlled by the television signal

coming irom the distant iransmitier. Asilde
from the picture tube there are ten smaller
tubes visible in Fig. 10. Six out of the ten
operate in one way or another to deflect or
sweep the electron beam in the picture tube.

)
™7

3. The beam must be re-established at
the beginning of every line.

\
2
3

4. At the completion of each field the

- \ beam must be blanked.
) If the beam is being deflected horizontally

5. The beam must be re-established at
the beginning of the following field.

6. Alternate fields must start at the left
side of the picture, and intervening fields
must start half way across.

Every one of these variations of the
electron beam must be preciselyin time with
similar changes occuring at the television
camera which is viewing the original scene
or which is scanning a motion picture film
whose pictures are being transmitted. A
timing error of one one-millionth of a second
between the distant camera and the controls
for the electron beam in your receiver would
throw parts of a picture a quarter-inch out of
place in relation to other parts on a l6-inch
picture tube.

The signal coming from the transmitter
must bring not only all the lights and shadows
for every line, but all the timing impulses as
well. The timing impulses control the func-
tions numbered 2 to 6 in the preceding list.
No one of the timing impulses may occur at
the same instant as any other, and none may
occur during formation of picture lines. How
would you like to devise such a signal, and
the parts which utilize it in your receiver?

THE RASTER. The electron beam is
shifted from left to right across the picture
area in forming the horizontal lines. We may
speak of this movement of the beam as "hori-
zontal deflection' or as '"horizontal sweep'.
Movement of the electron beam from top to
bottom of the picture area in forming the
fields and frames is called 'vertical deflec-
tion'' or 'vertical sweep'.

The electron beam is deflected or swept
both horizontally and vertically by the action
of tubes and other parts within the receiver.
The timing of these tubes and parts, or the

10

and vertically by the tubes and parts within
the receiver, but no picture signal is being
received from any transmitter, all the hori-
zontal lines will be white and of uniform
brightness all the way across. These lines
will fill the picture area on the screen of the
picture tube, for there will be the same num-
ber of lines and the same distribution of lines
as when viewing a picture.

The luminous pattern of horizontal lines
produced by horizontal and vertical deflection,
in the absence of picture signals, is called
the ''raster’. A raster, or the portion of it
which is visible on a certain television re-
ceiver, is pictured in Fig. 15. You can pro-

Fig.15.

This is a photograph of a raster.

duce a raster on the picture tube of any re-
ceiver by turning the channel selector to a
channel on which no station operates within
your reception range, and turning up the
brightness control until the screen becomes
bright.

PICTURE SIZE. In the camera tube
which is viewing a televised scene or a mo-
tion picture film the picture area always is
of certain proportions. It is as though you
were to take snapshots with a certain camera.
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Supposing your camera uses film of the
popular 3-1/4 by 4-1/4 inch size. No matter
what you photograph, the 'negative' from
which prints will be made always will mea-
sure 3-1/4 inches in one direction and 4-1/4
inches in the other direction. Furthermore,
your negatives always will have square or
slightly rounded corners, and the opposite
sides as well as the top and bottom always
will be parallel to each other.

You may make a print or finished photo-
graph from only part of the negative, and the
print may be of any proportions or of any
shape. But unless the print is of the same
proportions as the negative, or has a 'ratio"
proportional to 3-1/4 by 4-1/4, the print
cannot include everything that is on the nega-
tive unless some parts of the print remain
blank.

In a television camera tube the image
which is focused onto the light-sensitive
material through the camera lens always is
1-1/3 times as wide as it is high. To say
this the other way around, the height always
is 3/4 of the width. These are the propor-
tions of all the television picturestransmitted
and picked up by your receiving equipment.

If eyerything seen by the television
camera tube is to appear on the screen of
your picture tube, with no blank areas, the
reproduced picture must be 1 1/3 times as
wide as it is high, or the height must be 3/4
of the width. For example, if the picture re-
produced on the screen is 12 inches wide it
must be 9 inches high to include everything
in the televised image with no blank areas at
top, bottom or sides. This width of 12 inches
is 1-1/3 times the height of 9 inches. The
9-inch height is 3/4 of the 12-inch width.
The picture you see from the receiver may
be of other proportions, but then it cannot
take in all of the televised scene without leav-
ing some areas blank.

When the height of a television picture is
3/4 of the width, the width has to be 4/3 of
the height. This ratio of 4/3 or four-to-three
is called the standard television aspect ratio.
With a rectangular picture tube such as used
on the receiver of Fig. 16 the proportions of
the screen are very nearly those of the
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Width and height of the screen in a
rectangular picture tube are of nearly
the same proportions as the standard
aspect ratio.

standard aspect ratio, 4 units wide and 3
units high. Only the corners of the trans-
mitted picture are rounded off and removed
from view by the rounded corners of the
screen.

TIME AND TELEVISION PICTURES.
When you sit looking at television, and an ac-
tor saunters across the scene, it may not
seem as though anything were moving very
fast in that picture. But let's find out what
really is happening. The actor might take
several seconds to move across the scene,
and his image would take several seconds to
move across the screen of the picture tube.
Gut 30 times during every second the electron

eam is making 490 trips from left to right.
Were it not for the blanking periods the beam
would have time for 525 line traces 30 times
during every second;)

(To determine how many lines could be
formed per second, neglecting the vertical
blanking periods, we need only multiply 525
by 30. The answer shows that there are
15,750 line periods per second. This number,
15,750, will turn out to be one of the most
important numbers in the working life of a
television technician.)
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Fig. 17. How the rate of electron flow in the beam must vary during part of a horizontal

picture line.

Now let's see how many times the rate of
electron flow in the electron beam of the pic-
ture tube may have to change during any one
horizontal line, Look at Fig. 17. Here we
have the same portions of the same two
horizontal picture lines as in Fig. 8. During
travel of the electron beam from left to right
along one of these lines the rate of electron
flow must ingrease every time the shading
varies from darker to lighter. And the rate
of electron flow must decrease every time
the shading changes from lighter to darker.

Along the bottom of Fig. 17 are repre-
sented the changes in rate of electron flow
which form the lights and shadows of the
lower one of the two picture lines illustrated.
The jagged line representing electron flow
goes up when there is an increase, remains
level whenthere is no change, and drops when
there is a decrease in the flow. If you count
the ups and downs you will find 19 increases
and 18 decreases in this portion of line, which
is only about 30 per cent of the full line width
in the original picture. With the same rate
of change along a whole line there would be
about 60 each of the ups and downs.

Now look back at Fig. 6 and imagine that
we are scanning along one of the upper lines
which passes through the bank of spectators.
It is easy to realize that along one such line
there may be hundreds of changes between
light and dark, and hundreds of changes of
electron flow may be needed to reproduce
eévery such line in the reproduced picture.

Supposing that it takes only 220 ups and
downs of light and of electron flow during one
complete line period. There are 15,750 line
periods during every second. Then how many
times may the electron flow have to change
during one second? To find out we multiply
15,750 (line periods per second) by 220
(changes per line)to learn that there might be
as many as 3,500,000 changes, approximately,
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from light to dark and back again during one
single second.

All that has been said in the preceding
paragraph would be summed up by the tele-
vision technician this way. ""You need a video
response up to 33 megacycles." Maybe that
sounds technical, but quite likely you or any
of your friends will say, "It whistled over
first for a single, but then Bob rapped a slow
bounder which was scooped for a force out".
Television never gets so technical as that.

We have become acquainted with the
meanings of many words and terms which
are important in television. A list follows.
How many of the meanings could you explain
to someone else?

Aspect ratio Field Phosphor
Blanking Flare Raster
Deflection Frame Scanning
Electron Horizontal line Screen

Electron beam
Electron gun
Face

Interlaced scanning Sweep
Neck
Persistence of vision

There is one more technical word which
is used in all kinds of meanings by all kinds
of people. This word is video. When used
correctly, video refers to the television pic-
ture plus ever};thing which keeps the repro-
duced p1cture correctly in time with images
formed at and transmiffed from the televi-
sion camera.) The .video signal means the
portion of the transmitted television signal
that forms lights and shadows of pictures and
that also controls timing for both horizontal
and vertical deflections of the electron beam.
In other words, the video signal includes
everything except that portion of the trans-
mitted signal which brings the accompanying
speech, music, and assorted sound effects.

To learn television, radio, and the funda-
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mentals of electrons at the same time we
need study only television. Then a rather
small part of what you learn will make you a
first class radio service man, while all of it
together makes you a television technician.
Anyone who can service television receivers
can service broadcast radio receivers with
the greatest of ease. Asking a competent
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television technician to service a broadcast
radio receiver is much like asking an expert
automobile repair man to fix a bicycle. As
you learn to work with television receivers
you are learning to work with radio receivers
at the same time, and are learning also the
basic facts and principles of the whole broad
subject of electronics.
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Lesson 2
WHAT HAPPENS IN A TELEVISION RECEIVER

The features of a television receiver
which most often concern the technician are
underneath the chassis. The chassis, as you
probably know, is the large sheet-metal
housing or box-like structure which supports
all the other parts of a receiver. Fig. 1l isa
photograph of some of the wiring and parts
on the underside of the chassis of a certain
television receiver. Try turning this picture
upside down. Then turn it so that either side
is at the bottom. No matter how you look at
it, we seem to have merely a jumble of larger
and smaller parts and their wire connections.

The underside of any television chassis
looks to the novice like a disorganized collec~
tion of parts and random connections. The
trained technician doesn't see things that
way., He can look at even one portion of a
chassis, in our photograph, and identify with
practical certainty one end of the i-f ampli~-
fier system, the low-voltage power trans-
former, one of the deflection or sweep trans -
formers, and what undoubtedly are the ad-
justments for horizontal width and linearity.
The technician can recognize all the resistors
and capacitors, and by looking at their color
codes read the value of every one.

There may be 400 odd parts between the
antenna connections, where the video signal
goes in, and the connections to the picture
tube - not counting screws, nuts, clips, wires,
insulators, and other small items too numer-
ous to mention. As you progress in this
work you no longer will think about the 400
separate parts, but you will see certain dis-
tinct sections of the receiving apparatus.

You will see the tuner, the i-f amplifier,
the video amplifier, the sync section, the
sweep oscillators and controls, the deflection
amplifiers, the sound section, and other
smaller groups of parts. Every group or
every section will appear distinct from every
other. You will see, in your mind's eye, how
the video signal passes through one of these
sections after another until it gets to the pic-
ture tube.

In this lesson it is our purpose to get
acquainted with the principal sections by
looking at some television receivers. Every
receiver,no matter what its make and model,
must contain the same principal sections.
Take, for example, the tuner. Any tuner
must perform the same functions in the same
general way everytime. Doubtless, there are
in use and have been used at least forty dif-
ferent kinds of tuners, but the differences
are in details, not in basic operating prin-
ciples. There are and have been at least a
score of automatic controls for horizontal
deflection, but all must operate to hold the
picture steady on the screen.

To look at structural details of a re-
ceiver youfirst must take it out of the cabinet
or console. Ordinarily you will commence
by pulling off the front control knobs, then
you will take off the back cover with its at-
tached power cord, disconnect the speaker
from the chassis, disconnect the antenna lead,
take out the bolts or screws that hold the
chassis in the cabinet,and carefully withdraw
the chassis through the back of the cabinet.

Although this is the usual way of doing
it, don't try taking a chassis out of its cabinet
just yet. For one thing, you might bump and
crack the glass of the picture tube, with dis-
astrous results. On the outside of the pic~-
ture tube there is pressure of about 14.7
pounds per square inch in the air which is all
around us. Practically all air and other
gases have been pumped out of the inside of
the tube, leaving a nearly complete vacuum
and almost no pressure at all. Depending on
the size of the picture tube, the difference
between total outside and inside pressures is
something between two and one-half and four
tons. If cracked, the tube will implode,
meaning that particles of glass are driven
inward by this great pressure. Then the
particles rebound outward. You can suffer
serious injury unless protected with suitable
clothing and shatterproof goggles.

As a chassis comes out through the back
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Fig. 1. The underside of a television chassis appears to the novice as a jumble of small
parts and connections.
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Fig. 2.

of its cabinet it looks like Fig. 2. The biggest
thing in sight is the picture tube. This tube
is supported around the face or at the front
of the flare by suitable cushioned brackets
and clamps. Around the neck are coils of
wire which act as magnets to deflect the
electron beam horizontally and vertically.
There is another magnet which focuses the
stream of electrons so that they come to-
gether on a very small spot at the screen of
the tube. These coils or magnets are carried
by brackets, and thus the neck of the tube is
supported.

Many of these details may be seen more
clearly by looking at the side of the chassis,
in Fig. 3. Inside the deflecting yoke are four
coils of wire which, when carrying varying
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The television receiver as it is withdrawn from a cabinet or console.

electric currents, act as magnets to sweep
the beam horizontally and vertically. The
deflecting yoke is adjustably mounted so that
it may be rotated one way or the other around
the picture tube neck to correct any tilting or
"skew' of the picture as it appears withinthe
mask.

The magnet coil for focusing is adjust-~
ably mounted in a trunnion bracket which,
with another pivot not visible in the picture,
forms a gimbal support somewhat like that
for the compass of a ship. This arrangement
allows tilting the focus coil at various small
angles with reference to the neck of the pic-
ture tube. Although this is a focus coil, the
tilting does not alter the focus. It allows
centering the picture within the mask. Fo-
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Fig. 3.

cusing is accomplished by varying the elec-
tric current that flows in the coil.

Between the focus coil and the base of
the picture tube is a small magnet which
forms part of an "ion trap'. The purpose of
the ion trap is to prevent permanent darken-
ing near the center of the picture tube screen
by streams of ions. An ion of the kind that
affects the screen, is an atom of gas which
has taken on one or more extra electrons.

Don't be too much concerned because of
the fact that we merely mention so many
technicalities during this preliminary exam-
ination of television receivers. Later we
shall deal at length with each one, at least
with their significance in service operations.

Parts which are mounted around

lon Tra
Deflecting Mognee
Yoke

i B

tube.

the neck of the picture

As an example, the ion trap magnet is ad-
justable. Correct adjustment helps to form a
bright, clear picture. Incorrect adjustment
may darken the picture, blur the details,
cause deep shadows in the corners, "burn"
the screen, or ruin the electron gun.

As you well know, all the tubes in an
ordinary radio set are supported by their
bases, from which metallic pins extend into
sockets fastened to the chassis metal. But
the base of the picture tube takes no part in
supporting this tube. In fact, the base sup-
ports the socket. The wires which carry
electrons to and from the electron gun are
flexible. All of them are soldered to lugs of
the socket. The socket slips onto the base of
the picture tube.
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The smaller tubes of television receivers
are supported by their base pins in chassis-
mounted sockets, just as in radio sets. Many
of these smaller tubes may be seen in Figs.
2 and 3. The bottoms of many tube sockets
are visible in Fig. 1.

TUNERS. Now let's commence following
the video signal from antenna to picture tube.
Many television receivers are operated with
outdoor antennas, which you can see on the
rooftops of houses, apartments, and all man-
ner of buildings. Sometimes an antenna of
the same generalstyle is mounted in an attic.
Most of the more recent television receivers
are equipped with built-in antennas mounted
within the cabinets or consoles. A built-in
antenna can pick up a signal of satisfactory

strength if it is close enough to one or more
transmitters, otherwise you have to use an
outdoor type or one placed in a high attic.

Fig. 4 shows a tuner which is used and
has been used in many makes and models of
television receivers. This unit has been taken
out of the chassis. On top are two tubes,
and partly concealed by one tube is a coil of
wire wound on an insulating form. Down be-
low is a large cylindrical drum, part of which
extends below the housing. This drum is
turned by the shaft extending out to the left.
To the shaft is attached the channel selector
dial or pointer. When the drum is turned to
various positions it changes the tuner con-
nections or circuits to allow reception from
any television station that is within range.
This type is called a "turret tuner'.

Fig. 4.

A turret tuner for selecting the television channel in which reception is desired.
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The left~-hand tube on this tuner is a
twin type. It is the equivalent of two separate

into a single glass ''envelope'. The elements
of a tube include all the internal parts that
control the flow of electrons through the
tube. The envelope is the outer enclosure,
which is of glass for some tubes and of metal
for others. Practically all air and other
gases have been removed from inside the en-
velope, leaving a partial vacuum. We say that
the tubes are highly evaculated.

A tuner not only selects the desired pro-
gram or channel, it changes the frequency of
the received signals. To understand why this
is necessary we must know something about
the character of these signals.

A television or radio transmitter sends
through space neither electricity, electrons,
or any other material thing. The transmitter
sends out only a kind of radiation which is of
the same general nature as light and heat
which are radiated through 93 million miles
of empty space from the sun to the earth.
Television and radio signals, as well as ra-
diant light and heat, require no form of mat-
ter to take thertn from place to place. When
the announcer says, "We are on the air', he
should say, "We are on space'’, for air only
hinders the progress of all radiated waves.

Two kinds of forces move out and away
from the transmitter and come to the antenna
of your receiver. One is an electric force,
the other is a magnetic force. Every pulse
of electric force moves along between two
pulses of magnetic force, and each magnetic
pulse is in between two electric pulses. A
pair of pulses, one of each kind, make up
what is called an electromagnetic wave or a
radio wave in space. Television waves are
just one variety of radio waves.

The number of complete waves leaving
the transmitter during each second of time
is the frequency of the radiation. The waves
which bring signals from the transmitter to
your receiver are at very high frequencies.
In television channel 2 the frequencies are
between 54 and 60 megacycles per second.
They are higher in each succeeding channel,
until in channel 13 the frequencies are up be-

tween 210 and 216 megacycles per second.
The frequencies in the ultra high frequency

cycles.

At the transmitter the radiated waves
are varied in strength in accordance with the
video signal. Maximum strength is used for
timing the horizontal and vertical deflection
of the electron beam in the piciure tube.
Minimum strength is used when picture areas

“aTe to be made white. Intermediate strengths

are used whenpicture areas are to be gray or
black. When the radiated waves are thus
Varied in sfrength to conform to the video
signal we say that they are''modulated" by the
signal.

The radiated waves are called carrier
waves because, by means of the modulation,
they carry video signals from transmitter to
receiver. The frequencies of the radiated
waves are called carrier frequencies. As the
waves leave the transmitting antenna their
average force or average strength is very
great. The strength varies in accordance
with the video signals, but it remains at a
high average level. As the waves spread out
in all directions through space they become
weaker and weaker in average strength, al-
though still retaining the video-signal varia-
tions. The radiated waves are affected by
distance just like the rays radiated from a
light. The farther you are from the source
of light the weaker is the illumination re-
ceived. Your receiving antenna is so small,
and is so far from the transmitter, that it
picks up only a little of the weakened wave
forces. These small forces must be tre-
mendously strengthened in the receiver be-
fore they are able to control the intensity and
the deflection of the electron beam in a pic-
ture tube.

There are two reasons why the tuner is
designed to change the frequency of the re-
ceived signals. First, it is difficult to con-
struct a receiver which will build up the
strength of the signals to a sufficient degree
when all the parts operate at the very high
carrier frequencies. Any given number of
tubes and associated parts ina receiver will
be far more effective at lower frequencies.
Therefore, the tuner takes in signals at car-
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rier frequencies and turns out signals at
lower "intermediate frequencies'.

Intermediate frequencies in television
receivers are between 20 and 50 megacycles
per second, at which it is much easier to
build up the strength or to '"amplify'' the
signals than at carrier frequencies. The out-
put from the tuner, at intermediate fre-
quencies, still retains the modulation of the
video signal.

The second reason for changing the fre-
quency of received signals is that all the dif-
ferent carrier frequencies in all the different
television channels can then be made to pro-
duce the same intermediate frequencies in
any one receiver. When this is done, all the
parts which follow the tuner may be designed

to work at the same intermediate frequency
no matter what channel is being received.
Construction is greatly simplified, because,
so far as these following parts are concerned,
it is as though the receiver remained tuned
to the same channel all the time.

There are many varieties of tuners, just
as there are many varieties of nearly every
other part or section in television receivers.
Fig. 5 is a picture of a tuner mounted in a
chassis, as you can tell by the wires con-
nected to it on the right. The electrical de-
sign and construction of this unit are de —
cidedly different from those of the tuner in
Fig. 4. However, both tuners change the in-
coming carrier signals to signals at inter-
mediate frequencies while retaining the mod-
ulation that represents video signals.

Fig. 5.

7

This is one form of “incremental’’ tuner, a type used in many television receivers.
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INTERMEDIATE-FREQUENCY AMPLI-

FIERS, When the modulated signal at inter- on top of the chassis in Fig. 6 are numbered _

mediate -frequencies comes out of the tuner
it must be strengthened or amplified. The
section of the receiver in which this is done
is called the intermediate -frequency ampli-
fier. The words 'intermediate-frequency"
are so long, and are used so often, that
nearly always they are abbreviated to "i-f'
or sometimes to "if'".

In Fig. 6 we are looking at one side of
the chassis of a television receiver. At A,
B, and C are the three tubes of the tuner.
Earlier we looked at a tuner having only two
tubes, but one of them was a twin type. That
made the equivalent of three tubes. Here we
have three separate tubes performing the
same functions.

The parts of the i-f amplifier which are
from 1 through 7. Part number 1 is an i-f
transformer that ''couples'’ the signal output
of the last tube in the tuner to the first i-f
amplifier tube, numbered 2 in the picture.
In order that tubes may be forced to do use-
ful work of any kind, such as amplifying a
signal, we must connect them together
through some type of coupler or coupling. A
transformer is one kind of coupler. The first
tube of any pair does its work on the coupler,
and the results of this work are applied from
the coupler to the following tube.

Part number 3 is another transformer,
and number 4 is the second i-f amplifier
tube. Then comes still another transformer,
number 5, followed by the third i-f amplifier

Fig. 6.

above the chassis in one receiver.

Tubes and coupling transformers for the tuner and i-f amplifier as they appear
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tube, number 6. The output of this third and
last i-f amplifier tube goes to the trans-
former numbered 7.

You cannot see the actual internal con-
struction of the coupling transformers be-
cause they are enclosed within sheet metal
"shields''. These shields are used to prevent
undesirable effects of radiation within the
receiver itself. There may be both magnetic
and electric radiations from any parts which
are carrying electric currents. Usually these
radiations are not very strong, but they may
have considerable effect on other parts only
a few inches away. Such effects are reduced
or eliminated by the shielding enclosures
which are in direct contact with chassis
metal.

Note that there are cylindrical metal
shields around two of the tuner tubes, A and
C, also around the third i-f amplifier tube,
number 6. By looking closely you will see
that all the shields are held securely on the
chassis by spring clips. The technician often
calls a shield a "can'"

The amplified i-f signal which appears
on the output side of the last i-f transformer
is far stronger than the signal which enters
the i-f amplifier section from the tuner, but
the form of the signal is unchanged. That is,
at the output of the i-f amplifier section we
still have a signal at the intermediate fre-
quency, modulated with the variations of
strength that represent the video signal. The
video signal frequencies of 30 cycles to
something like 4 mc still are being carried
along, on an intermediate frequency.

One amplifying tube together with one
transformer or coupler of any kind connected
to the output of the tube make up what is
called one stage of amplification. How much
the signal is strengthened in each stage de-
pends on the type of tube and on how it is
operated, also on the design and construction
of the coupling device. The number of times
that signal strength is increased in one stage
may be called the amplification of that stage,
but more often we call it the 'gain'" or the
"stage gain'".

The total gain or overall gain of an am-

plifier section is the product of the several
stage gains. Supposing there are three
stages, each with a gain of 20. The original
signal strength will be multiplied by 20 at the
output of the first stage. This output of 20
will be multiplied by 20 more in the second
stage, whose output they will have a strength
of 400, or 20 times 20. The third stage will
multiply this 400 by another 20 times, and at
the output of the third stage we have a signal
8,000 times as strong as at the input to the
amplifier section.

VIDEO DETECTOR AND AMPLIFIER.
Now let's look at our receiver from a slightly
different angle, in Fig. 7. This view is from
the same side of the chassis, but we are now
looking from the rear toward the front. Tubes
A, B, and C, in the tuner, are the same as the
similarly lettered tubes in Fig. 6. The parts
of the i-f amplifier numbered from 1 through
7 are the same as the similarly numbered
parts in Fig. 6. At the output of i-f trans-
former number 7 we have the greatly
strengthened i-f signal carrying the modula-
tion which represents the video signal.

Now we shall get rid of the portion of the
signal which is at the relatively high inter-
mediate frequencies, between 20 and 50 mc,
and retain the video signal whose frequencies
range from 30 cps to about 4 mc. This is
done by the video detector tube, which is in-
side the shield numbered 8 in Fig. 7.

Away back at the transmitter the signal
radiated at carrier frequencies is modulated
by the video signal. The carriers deliver the
video signal to our receiving antenna, from
where it passes into the tuner. The tuner
takes in modulated carrier frequencies and
furnishes modulated intermediate frequencies
to the i-f amplifier. The i-f amplifier
strenghtens the modulated intermediate fre-
quencies and delivers them to the video de-
tector.

The video detector 'demodulates' the i-f
signal, to recover the video signal that was
put onto the carriers at the transmitter. In
the type of detector used for video demodula~
tion in television receivers there is no gain,
instead there is some loss of signal strength.
But the signal has been amplified sufficiently
to stand this loss.
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and tubes and transformers

one of the sync tubes,

Here appear also the video detector ana amplifier,
for the sound sect:ion.
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Through a coupling arrangement which
is underneath the chassis the video signal
from the video detector goes to the video
amplifier tube, number 9 in Fig. 7. This
video amplifier greatly strengthens the video
signal. Through another coupling device
which is underneath the chassis the strength-
ened or amplified video signal goes through
two of the wires at 10 to the socket which you
can see on the base of the picture tube, then
to the electron gun inside this tube. We have
followed the video signal all the way from the
transmitter through to the electron gun in the
picture tube of our television receiver.

You will recall that the video signal con-
sists of variations which represent lights and
shadows of reproduced pictures, also of the
impulses that time the deflection of the elec-
tron beam. To keep things straight it should
be mentioned that the entire video signalgoes
from the video amplifier tube to the electron
gun of the picture tube. But the picture tube
is operated in such manner that only the sig-
nal variations for lights and shadows are used
by the electron gun. The picture tube auto-
matically rejects the timing pulses, and al-
lows the rate of electron flow in the beam to
be varied only by the portion of the videosig-
nal that corresponds to picture shades and
tones.

The entire video signal, including the
timing pulses, goes from the video amplifier
tube also to another section of the receiver.
This is the sync section. The word ''sync" is
an abbreviation for "synchronizing'. To syn-
chronize means to maintain the operation or
action precisely in time with, or in step with
the operation or action of something else.
The purpose of the sync section of a televi-
sion receiver is to extract from the video
signal the timing pulses which eventually will
control deflection of the electron beam. The
first tube inthe sync section of this particular
receiver is numbered 11 in Fig. 7.

Just as the picture tube is operated in
such manner as to utilize only the picture
forming portions of the video signal, so the
first tube or tubes in the sync section are
operated to utilize only the timing pulses of
the video signal. Later we shall have much
more to say about the sync section and parts
which follow it.
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In Fig. 7 you will see another series of
coupling transformers and tubes lettered
from a through f. These are parts of the
sound reproduction system or parts of the
sound secticn of our receiver.

Up to this point we have followed the
television signal through the path shown in
simplified form by the block diagram of Fig.
8. Such block diagrams, but with all sections
included, often are found in the service man-
uals issued by manufacturers. They help to
indicate the relations between sections and
to show the paths followed by the video signal
through the receiver.

Before continuing the investigation of
what happens to the video signal, supposing
we turn the chassis of our receiver upside
down, as in Fig. 9. Later on, when you are
"trouble shooting', you will be working on the
parts shown here more than on those which
are accessible from on top. In the wupper
left-hand corner of the-photograph, which is
at the front of the receiver,we see the under-
side of the tuner.

The bottoms of the sockets of the three
i-f amplifier tubes are marked 2, 4, and 6 on
the bottom view of the chassis. The tubes are
marked with similar numbers on the top
views of Figs. 6 and 7. The bottoms of the
coupling transformers, on the view under-
neath the chassis, Fig. 9, are between the
tuner and first i-f amplifier, between the am-
plifiers, and between the last i-f amplifier
and the video detector.

The sockets for the video detector and
video amplifier tubes are numbered 8 and 9
on the bottom view, just as these tubes are
similarly numbered on the top views. The
first sync section tube, and its socket, are
marked 11 on all the views. In Fig. 9 the
tube sockets for the sound section are visible
at b, d, e, and f, corresponding to similarly
lettered tubes in the other views.

Now let's look at some of the important
sections of the receiver as the competent
technician sees them when looking at the
bottom of the chassis. You see Fig. 9, he
sees Fig. 10, The output tube of the tuner
happens to be the one at the center of that
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tube.

unit in this particular receiver. From the
output of the tuner the i-f signal goes to the
i-f amplifier, in which there are three tubes
numbered 2, 4 and 6. In some receivers this
amplifier might have only two tubes. Again
it might have four or even five tubes. Re-
gardless of the number of tubes, the i-f am-
plifier strengthens the modulated i-f signal
without changing its form.

From the i-f amplifier the strengthened
signal goes to the video detector, (tube #8)
where the i-f part disappears to leave only
the video signal. The video signal goes to
the video amplifier (tube #9) to be strength-
ened. The video amplifier might contain one,
two, or three tubes, or it might have a twin
tube with two sets of amplifying elements in
a single envelope.

From the video amplifier the video signal
goes two ways. It goes to the electron gun of
the picture tube, where the picture-forming
portion of the signal is utilized. The video
signal goes from the video amplifier also to
the sync section, where the timing or syn-
chronizing portions of the signal are sepa-
rated from the picture portions and treated
in various ways whose need will appear as
we progress in our work.

In the particular receiver being ex-
amined, the sound signal has come from the
antenna through the tuner, the i-f amplifier,
and the video amplifier. Although the tele-
vision sound signals are entirely separate

12

Picture

To Sync Tube

Section

This block diagram shows signal travel from antenna to electron gun in the picture

and of entirely different character than the
video signals, these sound signals may be
handled by the same tubes. Any tube can be
made to amplify and perform other operations
on two or more signals at the same time so
long as the signals are of different kinds.
The amplified sound signals here go from the
video amplifier (tube #9) to the sound section,
noted by b, d, e and f, from which they are
delivered to the speaker in the form of speech
and music.

In other receivers or other types of re-
ceivers the sound signals do not go through
the i-f amplifier, video detector, and video
amplifier. They do, however, go through the
same tuner as the video signals, and are
taken to the sound section from the output of
the tuner. In a few minutes we shall look at
an example of the other type of receiver or
at the other type of sound section.

Getting back to the sync,section of Fig.
10, the timing portions of the video signal are
delivered from the output of the sync section
to the vertical sweep section and to the
horizontal sweep section. By a very
genious arrangement of capacitors and re-
sistors the sync output is 'filtered" so that
the signal pulses for timing vertical deflec-
tion of the electron beam go to the vertical
sweep section, while the pulses which are to
time the horizontal deflection go to the hori-
zontal sweep section. The outputs of the
sweep sections go to the magnet coils in the
deflecting yoke, and cause the electron beam

in-
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9.
to deflect horizontally at the rate of 15,750

times per second, and vertically at the rate
of 60 times per second.

and connections pictured in Fig.

Now we may add to the block diagram
begun in Fig. 8 the sync and sweep sections
as shown in Fig. 11, and also may show the
sound section connected to the output of the
video amplifier. Signal paths are indicated
by arrows. Note especially how part of the
video signal goes to the electron gun of the
picture tube and how other parts, after much
modification, go to the deflecting yoke on the
picture tube.

Let's pause for a few moments to con-
sider what this''sectionalizing' of a television
receiver can mean when it comes to trouble

14

The trained technician sees these sections of the receiver when looking at the parts

shooting. The picture may suffer from any
of hundreds of faults, and sound reproduction
may be anything but good. If you were faced
with just one, out of the hundreds of possible
troubles, and had to stab blindly into the hun-
dreds of parts and connections of a receiver
in trying to locate the cause, the task would
be almost hopeless. At least the work would
take so long in ninety out of a hundred times
that all chance of a profitable service job
would disappear.

But after you have learned the principles
which govern the performance in each sec-
tion, and know exactly what each section is
designed to accomplish, you will be able to
say nearly every time that the trouble must
be in ONE certain section. No one section,
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The sync and sweep sections have been added to this block diagram, and the souna sec-

tion is connected to the output of the video amplifier.

by itself, is nearly as complicated as a small
radio set, and it will be easy to check the
tubes and other parts of the one suspected
section. If you are not sure that the trouble
is in a certain section it will be necessary
only to check the signal and other electrical
characteristics at the input and output of the
section. If input is good and output is bad,
your diagnosis was correct. If both input and
output are good, you look for the trouble in
some following section. This, in brief, des-
cribes the process of scientific trouble shoot-~
ing in television.

OTHER LAYOUTS. Although all televi-
sion receivers must consist of the same
major sections, the layouts or relative posi-
tions of parts are far from being alike in dif-
ferent makes and models.

As an illustration, compare Fig. 12 with
the pictures we have been looking at. Here
we are looking down on the top of a chassis
whose front end is at the left. This means
that we are looking at the left-hand side of
the chassis, with left and right considered as
you face the front of the receiver. Every-

thing that we found on the right-hand side of
the receiver back in Figs. 5 and 6 is on the
left-hand side of the one in Fig. 12.

The carrier signal enters the tuner of
the present receiver through a double wire
that comes from the antenna. The tuner
carries two tubes, A and B. One of them is
a twin type, so, as usual, we have the equiva-
lent of three tubes in the tuner. A little later
we shall learn why at least three tubes, or
their equivalent with a twin tube, are needed
in every tuner.

In Fig. 12 all the tubes have been re-
moved except those in the tuner, those in the
i-f amplifier, the video detector, and the
video amplifier. The first, second, and third
i-f amplifier tubes are numbered respectively
1, 2 and 3. The video detector tube is num-
ber 4. The video amplifier tube is number 5.
There are coupling transformers between the
tuner output and first i-f amplifier, between
the i-f amplifiers, and between the third
amplifier and the video detector, but you do
not see the transformers. They are under-
neath the chassis in this receiver.

15
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Fig.

12.

Although the layout is different,

amplifier.

we still have the same path of the videc signal from tuner to video
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The video signal follows the same path
as in all receivers. The long line with arrow-
heads shows how the signal goes through the
tuner, then through the i-f amplifier, the
video detector, and the video amplifier. The
tuner changes the frequencies from carrier
to intermediate, and puts out the same range
of intermediate frequencies no matter what
channel is being received. The i-f amplifier
tubes 1, 2, and 3 strengthens the signal with
out changing its form. The video detector
tube 4 demodulates the signal. The video
amplifier tube 5 strengthens the video signal
which remains after demodulation.

From the video amplifier the video sig-
nal goes to the electron gun of the picture
tube and also to the first tube in the sync
section. But in this receiver the sound sec-
tion does not get its signal from the output of
the video amplifier, rather from the output of
the tuner.

In Fig. 13 we have removed the i-f am-
plifiers,

the video detector, and the video

Here are the tubes which are used
exclusively for the sound section.

Fig.13.

amplifier, and have put in the tubes that are
used exclusively for sound. These tubes of
the sound section are lettered from a through
e, indicating the order in which the sound
signals travel. The output of tube e, which is
an amplifier, goes to the speaker.

A block diagram for this method of hand-
ling sound signals would appear as in Fig. 14.
The method is variously named dual sound,
split sound, or divided sound. The system
shown by Fig.10 is called intercarrier sound.
With a dual sound system the i-f amplifier

17
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With a dual sound system the sound
section takes its signals directly
from the tuner.

leading from tuner to video detector carries
only the video signals, not the sound signals,
and it often is called the video i-f amplifier.
Dual sound was used in all of the earlier
television receivers. Intercarrier sound is a
more recent development and is being used
in most presently manufactured sets, although
dual sound still is employed by a number of
leading makers.

POWER SUPPLY. Our television re-
ceivers might contain all the parts and sec-
tions that have been discussed, and we might
have strong carrier signals from any number
of stations, yet the whole apparatus would be
useless - until you plugged in the power cord
to a live receptacle and turned on the swtich.

Signal power obtained through the antenna
must be multiplied hundreds of thousands of
times in order to control the electron beam
in the picture tube. Signal power is multi-
plied, in effect, by using the signals to con-
trol electric power taken from the lighting
circuits in the building where the receiver is
installed.

Signal power may be multiplied in
strength because all the amplifier tubes are
electric valves. This is so true that the
English and others call them valves, not
tubes. An amplifier tube acts much like the
faucet on a water line. To open and close the
faucet you may exert only a few ounces of
pressure on the handle or lever. This will
control the rate of flow of water which is at a
pressure of 30,40 or more pounds per square
inch, and which may pass through the faucet
in great quantity.

Voltage, in electricity, is the equivalent
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of pressure in hydraulic or water systems.
To one of the elements of an amplifier tube

we may apply a signal whose €léctri
sure is only a tiny fraction of a volt. Ina
coupling transformer that follows the tube
this weak signal will control electrical pres-
sures or voltages many times as great as in
the signal. This is the process of amplifica-
tion.

Voltage obtained from the building power
line usually is either too low or too high for
use in the receiver tubes. Also, the electri-
city in the power line in surging back and
forth many times per second, which means
that the line furnishes '"alternating'' current.
But the elements of the tubes require elec-
tricity that moves always in the same direc-
tion. This is '"direct'" current. To change the
power line voltage to more suitable values,
and to provide direct current, we need an-
other section in the receiver. This section is
the low -voltage power supply. What we call
low voltages, for television and radio re-
ceivers, range from 6 to 300 or 400 volts.

15.

Fig.

18

Fig. 15 is a picture of the resistors and
capacitors which appear below the chassis of
chassis will be one or two tubes and addi-
tional capacitors. The tall shiny cylinders
on top of the chassis and toward the rear in
Fig. 3 are capacitors for a low-voltage
power supply. At the lower left in Fig. 9 and
at the upper right in Figs. 12 and 13 you can
see the big transformers for the low-voltage
power supplies, which change voltage from
the building power line into any values that
may be required.

The low-voltage power supply serves
the needs of amplifiers and other small tubes,
and a portion of the needs of the picture tube.
But to pull electrons away from the inside of
the electron gun,and speed them to thousands
of miles per second at the screen, takes a lot
more than a few hundred volts it takes
thousands of volts. So, to 'accelerate' the
electrons in the beam, we must have a high-
voltage power supply.
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Parts which are under the chassis of a low-voltage power supply.
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Fig.16.

Here are the tubes and most of the
parts which enter into a “flyback”
type of high-voltage power supply.

One kind of high-voltage power supply is
pictured by Fig. 16. At the base of the tube
toward the left, the one that is elevated above
the chassis, the electrical pressure is about
11,000 volts. This is approximately 100 times
the voltage in the building power line. This
high voltage can give you quite a jolt, to put
it mildly. Consequently, the high-voltage
power supply is enclosed by its own sheet
metal housing, or may be underneath the
receiver chassis. The receiver connections
are such that the high-voltage power supply
is turned off when anyone removes the back
of the cabinet or console.

The electron-accelerating voltage from
the high-voltage power supply does not go to
the socket and base pins of picture tubes such
as found in most modern receivers. This
voltage is taken to a connection on the flare
of glass picture tubes. The high-voltage wire
or lead in Fig. 17 is white, and you may
plainly see where it connects to one side of
the picture tube. With picture tubes having
metal shells or metal cones the high-voltage
lead goes to the front edge of the shell or
cone, to the edge that is around the face of
the tube.

Now we may complete our block diagram
for a typical television receiver, as in Fig.
18. There are connections between the low-
voltage power supply and every other section
of the receiver. This power supply itself is

19

High voltage for electron accelera-
tion does not go to the picture tube
socket, but to a connection on the
flare of this glass tube.

connected to the building power line through
a cord and plug. Here it is that electric
power goes into the receiver while signal
power, what little there is of it, goes by way
of the antenna. The results come out at the
picture tube and the speaker.

Following is a list of some of the new
things with which we have become acquainted

in this lesson. Can you recall what each one

means ?
Built-in antenna Ion trap
Carrier waves and Low- voltage power
frequencies supply
Chassis Modulation
Dual sound Radiation
Electromagnetic wave Shields
Envelope Stage of amplifica-
Focus coil tion
Gain Sync section
High-voltage power Tuner
supply Turret tuner

I-f amplifier
Intercarrier sound
Intermediate frequency

Video amplifier
Video detector
Yoke

This is our second listing of television
words and terms, the first having appeared
at the end of the preceding lesson. Half of
all the words in this new list apply to stand-
ard broadcast and f-m radio as well as to
television. In every radio receiving system
we deal with carrier waves and frequencies,
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Fig. 18. The low-voltage power supply furnishes electric power in the form of voltage and

current to every other section of the receiver.

with electromagnetic waves, radiation, and
modulation, with intermediate frequencies
and i-f amplifiers, with gains and stages of
amplification, with chasses, shields, and tube
envelopes, and with low-voltage power sup-
plies exactly like those for television sets.
Furthermore, the detector for sound signals

20

in standard broadcast radio receivers is just
like the videodetector of television receivers.
Always it is true that in learning about tele-
vision we are learningalso about sound radio,
but with many things added, and always we
are learning the principles of electronics in
any and all of its many applications.
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Lesson 3
HOW TO MAKE WIRING CONNECTIONS

The particles of electricity that flow in
the electron beam of the television picture
tube and in all other parts and wiring con-
nections of the receiver are too small to be
seen, heard, felt, or weighed. Yet these
electrons or electric particles are just as
real as the particles of water in the piping of
a plumbing system or in the stream of water

TR

ejected from a hose nozzle. When once you
realize that electrons are not imaginary
things, but that they really do move about, it
isn't much harder to understand why things
happen in electrical systems than to under-~
stand the action of water in a piping system.

A piece of wire in which electricity can
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Fig. 1.

1

Electrons flow in all these parts and in the wiring connections between thenm.
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flow appears absolutely solid. It seems

strange that anything could move through that

ol rnio
v

wirTe—without—breakmeg—th
bits. But could you look at the wire througha
microscope far more powerful than the
strongest that ever has been made, the wire
would not appear solid. You would see that
the wire consists of very small atoms of
metal, about 250 million of them to the inch.
Moving from atom to atom and through the
minute spaces between atoms you would see
countless numbers of electrons, each only

about 1/50,000 the size of an atom.

solld

Within the metal of the wire all its atoms
remain fixed in relation to one another, un-
less, of course, the metal is bent, stretched,
or otherwise deformed. The atoms form the
body and substance of the metal, they are
what makes the metal seem so solid and
strong. The electrons can and do move, and
they are the only thing that does move. When
we speak of electricity and of the flow of
electricity we are referring to the electrons
which move in the spaces between atoms.

Electrons which move or are able to
move in spaces between atoms are called
free electrons. In addition to these free
electrons there are other electrons inside
each of the atoms. Every once in a while one
of the electrons which is inside an atom pops
out and becomes a free electron. Just as
often one of the free electrons enters an
atom, and no longer is a free electron.

When all of the electrons which are
momentarily free in a wire or other sub-
stance are caused to move in one direction
we speak of this movement as an electron
flow. A name more commonly given to
electron movementor flow is electric current
or simply current. An electron flow and an
electric current are one and the same thing.

In some substances there are more free
electrons than in others. The greatest
quantities are found in metals. When a force
which tends to move the electrons is applied
to a metal, to a copper wire for example,im-
mense quantities of free electrons move
through the metal, and we have a high rate of
electron flow or a large electric current. A
substance in which an electron-moving force

v .

Electrons flowing in the turns of
copper wire are prevented from es-
caping by a coating of enamel on the
wire, by air spaces between turns,
and by the insulating material of
which the coil form is made.

Fig. 2.

causes a high rate of electron flow or a large
current is called an electrical conductor or
simply a conductor.

Among the metals commonly used for
conductors in television and radio receivers

tuning

Fig. 3.

The metal plates of this
capacitor are supported by blocks of

ceramic insulation.
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are copper, silver, aluminum, brass, iron,
and steel. All metals are good conductors,
and any or all of them maybe used for carry-
irg electric currents.

In many substances there are very few
free electrons. When an electron-moving
force is applied to these substances there can
be only a small rate of electron flow or only
a small current, perhaps no current at all.
This is because there are so few free elec-
trons that hardly any can be kept in motion.
They tend to pass into the atoms and to re-
main there in spite of any applied force which
tends to move them. Such substances are
called non-conductors or, more commonly,
are called insulators.

Among the insulators or insulating ma-
terials generally employed in television and
radio are plastics such as Bakelite and poly-
styrene. Other common insulating materials
porcelain-like

include ceramics or sub-

Fig. 4.

stances such as Isolantite and steatite, also
glass, paper, fibre, mica, and various waxes
and oils. One of the most important of all
insulators is air. It is very difficult to force
free electrons to flow through an air space.

When we wish to make it possible for
free electrons or an electric current to pass
from one place to another we connect a con-
ductor or conductors between the two places.
This forms a conductive path from one point
to the other. In order to keep the moving
electrons within this particular path, and
prevent them from escaping to other conduc-
tors, the path must be surrounded with in-
sulation. Here we must remember that air
is an insulator. A bare wire or any other
bare metallic conductor surrounded by air is
insulated by the air, and electric current is
confined to the conductor

If we press the surfaces of two conduc-

The current meter shows that electrons are flowing from the power supply through all

the parts which are connected together by copper wires

3
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tors together so that there is close contact
between them, free electrons or an electric

cylindrical form of insulating material. The
ends of the coil wires are soldered to metal

current may flow from either conductor into
the other. If you ever wired a socket for an
electric lamp you commenced by removing
the insulating covering from the ends of the
wires that were to go into the socket. Then
you turned each wire end around a metal
screw and tightened the screw against a metal
terminal of the socket. This forced all the
metal surfaces together, and electric current
could flow through all the metal parts just as
though they were a continuous single conduc-
tor.

In television and radio receivers we sel-
dom make screw connections. They are not
good enough. We insure permanent and
practically perfect electrical contacts by
soldering the wires and terminal connections.
In Fig. 5 the coils of wire are supported on a

Fig. 5. All connections to the coils of wire

are made through soldered joints.

terminals, and lengths of wire leading aown-

ward are soldered to the same terminals.
These wires, in turn, are soldered to metal
lugs at the bottom of the form. To these lugs
will be soldered all wires which go to other
parts of the receiver.

Wherever we don't want electricity or
free electrons to escape from a wire, the
metal part of the wire must be surrounded
with some kind of insulating material. A
wire in air is surrounded by insulation, be-
cause air is an insulator. The atoms in air
are so far apart, comparedtothose in metals,
that there are very few of them to attract any
free electrons. Air isn't so good an insulator
as glass, but if a layer of air is 100 times as
thick as a sheet of glass, the air is just as
effective as the glass so far as flow of elec-
trons is concerned.

Free electrons must flow in all the
wires entering and leaving the power trans-
former of Fig. 6. These free electrons must
flow in parts to which these wires will be

Insulation on these wires confines
the free electrons to paths in which
they should move.

Fig. 6.

ya
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connected. To permit electron flow, the ends
of the wires are bared down to the metal.
These bared ends will be soldered to various
parts in a receiver. Electrons must not en-
ter or leave the transformer wires except at
the soldered ends, so the remainder of the
wires is covered by insulation of woven
fabric. This insulating covering allows all
the wires to pass through small openings in
the conductive metal housing of the trans-
former, and allows many wires to run close
to one another through each opening, all with-
out any electrons passing from one wire into
another or into the metal of the transformer
housing.

HOOKUP WIRE. Copper wire of various
types used for connecting together the parts
in television and radio chasses is called
hookup wire. Most hookup wire is covered
with flexible insulation of some kind, but
bare or uninsulated wire often is used. for
short, direct connections which have little
chance of coming on contact with any other
metals.

Usually we speak of the copper part of
an insulated wire as the conductor. The com-
bination of conductor and insulation is called
wire. Copper wire is used for receiver cir-
cuits, and most other electrical wiring, be-
cause copper conducts electrons more easily
than any other metal except silver, and is
much lower in cost than silver. The copper
conductor, or bare wire when used, is thinly
coated with tin or with alloys consisting
largely of tin. The tinned conductor does not
oxidize or corrode as does exposed copper,
and the tinning allows solder to bond readily
with the surface of the conductor.

Conductor diameter is commonly speci-
fied according to wire gage numbers. The
smaller the gage number the bigger is the
wire, as you may note from the following list
of sizes most often used for hookup wire.

Diameter, Cross Sectional Area
Gage Thousandths Square Circular
Number of an inch inch mils
14 64 0.00323 4,110
16 51 .00203 2,580

Diameter, Cross Sectional Area
Gage  Thousandths Square Circular
Number of an inch inch mils
18 40 .00128 1,620
20 32 .000802 1,020
22 25.3 .000505 642
24 20.1 .000317 404

The cross sectional area of a wire is the
area or size of the surface which would be
exposed on one end of the conductor when cut
straight across, at right angles to the length.
This cross sectional area most often is given
in circular mils rather than in fraction of all
square inch. One circular mil is the area of
a circle whose diameter is 1/1000 inch.

The bigger a wire or the greater its
cross sectional area the more free electrons
will exist in any given length of the conduc-
tor. Then the rate of electron flow will be
greater when applying any force which can
cause such flow Doubling the cross section
will double the quantity of metal and the
quantity of free electrons in any given length
of conductor, consequently will allow double
the rate of electron flow. Halving' the cross
section halves the quantity of free electrons,
and halves the rate of electron flow for any
particular applied force.

The conductor in hookup wire, or in any
other type of wire, may be either solid or
stranded. A solid conductor consists of a
single piece, as in the two samples at 1 and 2
of Fig. 7. Shown at 3 is a 7-strand wire with
the strands apread apart. Actually the
strands are twisted together, as in the wire
illustrated at 4 in this picture. The number
of strands in hookup wire most often is 7,
10, 16, 19, or 26.

The gage number of a stranded wire is
the gage number of a solid wire having the
same cross sectional area as the total of
cross sections of all the strands. Therefore,
a number 20 stranded wire, for example, has
the same ability to permit electron flow as
has a number 20 solid wire. Stranded wire
may be described by giving the number of
strands and the gage size of each strand. For
instance, a 10x30 wire has 10 strands of
number 30 gage size. This makes it almost
exactly the equivalent of a number 20 solid
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fabric. The two wires at 3 and 4 have plastic,
or possibly rubber, directly over the conduc-
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Fig. 7. Solid and stranded types of insulated

hookup wire.

wire so far as electrical conductivity is con-
cerned.

For any given size or gage number, the
greater the number of strands the smaller
each will be, and the greater will be the
flexibility of the wire. The highly flexible
lead wires for service testing instruments
often have 41 or 65 strands of very small
wire, and, of course, have very flexible in-
sulation.

The wire shown at 1 in Fig. 7 has a sin-
gle layer of plastic insulation, the piece
numbered 2 has a single layer of braided

tors—and-havean outer covering of braided

fabric. Some hookup wire has one or two
inner layers of spirally wound fabric with an
outer covering of braid.

The insulation of hookup wire often is of
different colors for different electron paths
or circuits, making it relatively easy for you
totrace any given wire or circuit as it passes
among many others. Colors most often used
include red, blue, green, yellow, and black.
Less often used are brown, orange, white,
and gray.

The braided coverings of the two wire
samples at 3 and 4 in Fig. 7 each are in two
colors. Most of the insulation surface is of
one color, with a tracer pattern of some other
color. Some one section of a receiver might
have connections of the same body color,
such as red. Then various smaller divisions
of the section could have red with green
tracer, red with yellow tracer, red with white
tracer, and so on.

Some wires may be shielded to prevent
radiation from them or pickup of radiation
by them, just as various parts are shielded
for the same reasons. At the top of Fig. 8 is
a stranded conductor covered with rubber,
plastic, or fabric insulation, and having
around the outside a metallic shield woven
from very small tinned copper strands. In
the center is a conductor having plastic in-
sulating around which is a spirally wound
shield of small tinned copper strands. The
shielding is protected by an outer covering of
rubber insulation.

At the bottom of Fig. 8 is a flat braided
conductor. The braid is formed from very
small tinned copper wire, like the shield in
the top picture, but contains no other wire or
conductor and is used where flexible connec -
tions are needed for carrying high rates of
electron flow.

Shielded wires often are called shielded
cables. Strictly speaking, the name cable
should be applied only to two or more separ-
ately insulated conductors which are enclosed
and held together by a common outer cover-
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Shielded wires,
as a conductor.

Fig. 8.

ing. In practice the name cable may be ap-
plied to any fairly large insulated wire.

Oftentimes a wire is run bare for most
of its length, but requires insulation at cer-
tain points where there is danger of un-
wanted metallic contacts. Such insulation is
provided by slipping over the wire a short
length of "'spaghetti'’. Spaghetti, in television
and radio, is insulating tubing made of woven
fabric, of plastic, or of some combination.
Some spaghetti is very flexible, some is
nearly rigid, and there are all kinds in be-
tween. Some is shiny, other kinds are of dull
finish. Colors are any and all of those found
inhookup wire. Pieces of spaghetti are shown
in Fig. 9.

Spaghetti is purchased in lengths, usually
of 24 or 36 inches, and is cut off in pieces to
suit the job, by using your wire cutting pliers.
Specifications wusually include the kind of
material, the color, the maximum allowable
electrical pressure or voltage, and the dia-
meter. Diameter, in fractions of an inch, is
the size of the opening through the spaghetti,
or it may be given in accordance with the
gage number of bare wire that will easily
slide through the opening. The smallest
piece in Fig. 9 has inside diameter of 0.034
inch, and the largest measures 1/4 inch on
the inside.

SOLDERING. When you stop to think of
all the hundreds of parts in a television re-=
ceiver which are conductively connected into
their circuits through soldered joints in the
wiring, it isn't hard to realize that nothing in
service work is much more important than
good soldering. One poorly soldered joint
can wreck the performance of the whole re-
ceiver, and may take hours of work to locate.

First you need an electric soldering
iron, which usually will be similar to those
pictured by Fig. 10. At the business end of

Spaghetti is made of various insu-
lating materials and in many sizes.

Fig. 9.

Fig. 10. Electric soldering irons of sizes
commonly used for service work.

the iron is a copper or bronze tip which be-
comes hot enough to heat the joint and melt
the solder into the joint. The tip is inserted
into a heating element carried within the long
shank which extends from a handle of wood or
plastic. The power cord runs from this
heating element out through the handle.
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Soldering iron tips may be held by
screwing them into place, by pushing them

doesn't get too short. A very short tip is
difficult to use, and gets too hot.

in and locking securely with 6neé 0T mMOTE S&T
screws, or by some form of lock nut arrange-
ment. Tips always are replaceable, since
they gradually burn away and must be dressed
down to maintain the desired shape at the
point. In irons of good quality the heating
element may be replaceable in case of burn-
out.

Tips usually are 1/4, 5/16, or 3/8 inch

in diameter for general service work. Some
are bent at various angles, as in Fig. 11, to
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Fig. 11.

The tips of soldering irons may be
formed to more easily reach into
difficult places.

reach into difficult places. Tips at 1l and 4
have spade or chisel points. At 2 is a pyra-
mid point, and at 3 is a three-cornered point,
Any tip may be filed to any shape you prefer
or find most convenient, and the shape may
be changed at any time so long as the tip

Soldering irons are rated according to
their electric power consumption, all the way
from 20 to 200 watts. From top to bottom of
Fig 10 the sizes are respectively 100, 60,
and 50 watts, these being the ones most often
used in service shops. Fig. 12 shows a light

Q. e
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Fig. 19. A small soldering iron with heaters

and tips that can be screwed into
the handle.

weight 20-watt soldering iron which is con-
venient for small work of all kinds. The tip
and heating element are made as a single unit
that screws into the handle like a small
electric lamp bulb.

In addition to a soldering iron you will
need diagonal cutting pliers, as pictured at 1
in Fig. 13, for cutting off wires and spaghetti.
These pliers are called diagonal because the
sharp edges of the cutting blades are at an
angle with the handles. It is necessary also
to have pliers for holding wire ends, bending
them, and getting wires into and out of ter-
minal lugs or any tight places. Most tech-
nicians use long nose pliers, of which one
size is shown at 2. Of great usefulness in
among the intricate wiring of television
chassis are the needle nose pliers with extra
long jaws illustrated at 3.

Solder is a mixture of tin and lead in
various proportions, usually with a small
quantity of antimony added. Pure tin melts
at 450° F., pure lead at 621°F. Solder mix-
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Fig. 13. Types of pliers which are convenient
for soldering operations.

tures melt at various temperatures from
360° to 370°, and become completely liquid
between 360° and 485° F., depending on the
composition.

Heat and solder alone will not make a
good soldered joint, because when wires and
other parts are heated their surfaces almost
instantly become oxidized, and the oxide pre-
vents the solder from uniting closely with the
other metals. The oxide must be removed by
using some kind of soldering flux. For tele-
vision and radio, and for most other kinds of
electrical work as well, the most satisfac-
tory flux is rosin or some of the rosin com-
pounds sold for this class of work. Fluxes
made with acids of any kind work faster and
more energetically than rosin, but the acid
fluxes cause the joint to corrode sooner or
later. Then the electrons have a hard time
getting through.

Flux may be put onto a joint with any
convenient small tool before or while the heat
is applied, but a more convenient method is
to use rosin core solder. This consists of a
small tube of solder metal having the inner
opening or core filled with flux. The flux, in
suitable quantity, runs out of the core onto
the joint when you apply heat. Cored solder
1/16 inch in diameter is easy to use on small
joints, where a minimum quantity of solder
metal should be added. Larger diameters
may be used for heavy work.

For certain classes of work it will be

necessary, or at least desirable, to use a
non-corrosive soldering paste. Such pastes
come in cans or jars. They are put onto the
the joint, not onto the soldering iron, in very
small quantity just before the iron is used.
Paste is a great help when it is necessary to
solder to any untinned copper wires or
directly to the surfaces of chassis metal and
other parts which are coated with cadmium
or other non-rusting coverings which do not
take solder easily.

It is easy to solder onto copper, brass,
bronzes of most kinds, and metals coated
with zinc, tin, lead, or mixtures of these
things. You cannot solder directly to steel or
iron with any ordinary equipment. Soldering
to aluminum requires special flux and ahigh-
temperature iron.

Before an iron can be used the point of
the tip must be tinned, which means to coat it
with a thin layer of solder. New tips some-
times come with tinning applied. All tips
gradually oxidize and become pitted or rough,
which calls for retinning.

While the iron is cool use sandpaper to
clean the point down to bright metal. If the
tip is very rough or is burned out of shape it
will be necessary to use a fine file for
cleaning and shaping. Then connect the iron
to a live outlet, and while it is heating, oc-
casionally try rubbing the end of a piece of
cored solder onto the point, until tempera-
ture becomes high enough to melt the solder
and cause it to spread over the cleaned sur-
face. Some men prefer to clean and tin only
two opposite sides of a pyramid or chisel
shaped point, so that solder won't get where
they don't want it in case the uncoated sur-
faces touch other metal.

SOLDERING THE JOINTS. To prepare
an insulated wire for soldering, the end of the
conductor must be bared for a length of 1/4
to 1/2 inch, depending on how much will ex-
tend into the joint. Some hookup wire is of
the "push-back' type, with which the insula-
tion may simply be pushed back from the cut
end to expose the conductor. The wire which
is numbered 2 in Fig. 7 is a push-back
variety. Originally the insulation was as long
as the bared end. When pushed back, the in-
sulation bunches up, as you can see in that
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picture, and may be pushed forward again
after the joint has been completed.

may be scraped away with a knife blade, or
removed by rubbing if off with a small piece

Other kinds of insulation are cut with a
knife blade, then pulled off the end of the
wire: Do not make a square cut, as at the
top of Fig. 14. This is sure to nick the wire

IR

14. The ends of insulated wires should
be bared or "skinned" with tapering

cuts, not square cuts.

Fig.

and to weaken it out of all proportion to the
depth of nicking. If a nicked wire is held
securely by solder close to the nick, the
wire is almost certain to break off when it is
moved once or twice. Cut the insulation as
though you were trying to make a long taper,
as in the lower picture. Or small wires you
won't be able to see the taper so clearly, but
cut with the blade of the knife or other tool
almost flat against the length of the wire.

Plastic insulation, not combined with
fabric, can be removed by squeezing the end
of the wire between flat jaws of any pliers.
The plastic will break or crack through,
lengthwise of the conductor, after which the
insulation may be bent outward and snipped
off with the diagonal cutters.

With two or more layers of fabric insu-
lation it is advisable to draw the knife along
only one side of the wire, instead of trying to
make a cut all the way around. Then the in-
sulation may be pulled away from the con-
ductor and snipped off.

Wire used in coils and some other parts,
not for hookup purposes, may be insulated
with baked-on enamel. The enamel coating

10

of samdpaper folded over thewireemd— s

necessary to get down to clean, bright copper.

With shielded wire such as shown by
Fig. 8 the inner conductor will be used for
the principal circuit connections, but nearly
always the shield must be electrically con-
nected to chassis metal. Wire such as shown
by the upper picture is handled as follows:

Loosen the end of the shield from the in-
sulation with a small pick, then push the
back until it bunches where the conductor and
shield are to be separated. Bend the wire
double at the point where the shield is
bunched, and use the pick to make an opening
through the braid large enough to passthe in-
sulated wire. Break no more of the shield
strands than necessary. Push the pick
through under the insulated wire, and pull the
free end of the wire out through the shielding.
Bare the end of the inner conductor as usual,
leaving about 1/4 inch of insulation extending
beyond the shield. Twist the loose end of the
shielding so that it may be soldered like a
bare wire.

Any joint is supposed to be made me-
chanically secure against loosening before
solder is applied. This has been done at 1 in
Fig. 15, where the bared end of the wire has
been passed through the lug and bent around
on itself. Solder has very little mechanical
strength. Its purpose is only to make effec-
tive electrical contacts. At 2 the joint has
been completed with the minimum amount of
solder which fully covers the wire end and
the part of the lug through which the wire
passes.

When you are ready to apply solder, first
wipe the tip of the soldering iron on a piece
of coarse cloth in order to have the tip and
its tinning appear bright and clean. Do this
every time the iron is to be used. The clean
point of the iron tip should be held so that it
touches and heats both the wire and the part
to which the wire will be fastened. Both must
be made hot enough to cause solder to flow
into and through the joint. It may be neces-
sary to start the flow by momentarily touch-
ing the end of the solder to the tip of the iron,
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Fig. 15. The making of a good soldered joint
and two bad joints.

’

but then the solder should be applied to the
joint, not to the iron.

Although the solder should cover the
wire end and the part to which it connects,
avoid using any more solder than will do this,
Entirely too much solder has been applied to
the joint at 3 in Fig. 15. . This does no parti-
cular electrical harm, but it makes "sloppy"
looking work. Make certain that there is no
relative movement between the wire and the
part to which it fastens until after the solder
sets. The solder has set when its surface
changes from shiny bright to relatively dull.

It is essential that both elements in the
joint be made hot enough for solder to flow
freely. This calls for a hot iron. The joint
at 4 was made either with an iron not hot
enough or else with one whose tip had not
been wiped clean. The solder has been
merely pasted on. This usually causes a
"rosin joint" or a cold joint with little or no
electrical contact, since rosin is a very good
insulator. A bad joint could result also from
letting either the wire or the lug move before
the solder sets.

Not always realized is the fact that the
temperature of the tip should be high enough
to bring parts to soldering temperature in the
least possible time, that solder then should
be applied as quickly as possible, and the tip
taken off the joint. The reason is that heat
from the iron then won't have much time for
getting into parts to which the wire is con-
nected. Capacitors, small inductors, crystal

1k

diodes, and many other small parts can be
ruined by overheating them. Heat travels
rapidly through copper, and thus may reach
the delicate parts in damaging amount if you
have to wait unduly long for the sclder to
melt and flow.

High heat is especially necessary when
two or more wires are held in a single lug or
terminal. Solder must flow onto every wire,
and all through the joint. After each joint is
finished, and the solder is well set, make it
an invariable rule to pull on each wire with
your pliers. You will discover that many
wires still are loose, until you realize the
importance of sufficient heating. With an
iron of given power rating, in watts, a short
tip or a thin tip will run hotter than one that
is longer or thicker. High heat is necessary
also when soldering to untinned copper wires.
Such wires always require scraping clean
with a knife blade or sandpaper just before
the soldering is done.

Untinned wires or any leads which prove
difficult to solder often may be pre-tinned
to advantage. First scrape the wire or part
down to bright metal. Lay it over the edge of
the bench, held on the bench with some fairly
heavy tool, then apply to the lead a thin coat
of solder. Paste flux may be used in stub-
born cases.

When a lead or a "pigtail"’ on some small
part is not long enough to make a desired
connection we use the method illustrated at
the left in Fig. 16. The short pigtail and an

\

16. Two or more wires or leads may be
Joined together on a terminal strip.
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extension wire of any length are soldered to-
gether into the same lug of a terminal strip
numbers of lugs, will be found in almost
every chassis. A 4-lug terminal strip was
used to illustrate the joints in Fig. 15.

The lugs on a terminal strip are fastened
to and supported by a piece of insulation.
This insulation is, in turn, fastened to the
chassis by one or more screws or in any
suitable way. Note that in Fig. 15 and at the
left in Fig. 16 all the lugs to which wires are
fastened are completely insulated from
chassis metal. At the right in Fig. 16 is a
3 lug terminal with which the center lug is
part of the bracket attached to the chassis.
Any wires soldered to this center lug inen
electrical connection with chassis
metal, while those on the two outside lugs
are insulated from the chassis. The chassis,
being of metal, is used as an electrical con-
ductor in many circuits.

make

It is poor practice to extend a wire or
lead by soldering a piece of wire to it with
no other support. Should you have to do this,
twist the conductors together and make cer-
tain that each twists around the other. Do
not twist one conductor around another one
which remains straight. Solder the joint,
then cover it with a piece of spaghetti.

Some of the lugs on some tube sockets
may be used as tie points for wires. There
are quite a few tubes having more base pins
than internal elemients, or having base pins
in only part of the positions for which there

are openings and terminal lugs on standard
sockets. The socket lugs not needed for con-

convenient tie points for wires in other cir-
cuits.

Electrical connections to chassis metal
sometimes are made without the use of a
regular terminal strip as at the right in Fig.
16. One method is shown at 1 and 2 of Fig.
17. Using a hot iron, paste flux, and some
rubbing of the iron on the chassis, it is pos-
sible to deposit a small'blob' of solder where
the connection is to be made. Then the tip of
the iron is used again to melt this solder
sufficiently to take the end of a tinned con-
ductor. In many chasses there are numerous
small projecting nibs punched in the metal
for the express purpose of soldering wire
ends to them. Chassis metal is coated with
zinc, cadmium, or alloys which take solder.
Chassis connections may be made also as at
3, by holding a solder lug tightly to the metal
by means of a screw and nut, the nut always
being secured by a lock washer.

At 4 in Fig. 17 a small bracket has been
"sweated'' to chassis metal. First deposit on
the chassis a spot of solder at least as large
in area as the bracket surface to be attached.
Use the same method as described for illus-
trations 1 and 2. Then coat with solder the
bracket surface which is to go on the chassis.
Finally, hold the bracket firmly in place by
means of pliers, and hold the tip of the hot
iron on top of the bracket until the two layers
of solder melt and run together. It is ab-
solutely necessary that the bracket be held

Fig.

17. Left - How electrical connections
may be made to chassis metal.

Fig. 17. Right - How electrical connections
may be made to chassis metal.

12
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with no movement until the solder is well set.

When a defective part is to be removed
and replaced with a new one, or when a con-
nection must be opened for making certain
tests, it may be necessary to know how to
unsolder as well as to solder. This is neces-
sary only when the part removed is to be
replaced in the same position or, for any
reason at all, is to be removed without
shortening its leads. Otherwise it is far
more economical of time to cut the leads
free from terminal strips or lugs, using the
diagonal cutters. Even when a part is to be
used again, if its leads are reasonably long
they may be cut free. This will leave part of
the lead still soldered into the terminal or
lug. Often it may be pulled out by grasping
the exposed end with pliers and heating the
solder. Otherwise it is possible to make an
opening large enough for a new lead by heat-
ing the terminal or lug while poking through
it with a fine pointed tool.

To remove a lead intact from a terminal
or lug the end will have to be untwisted and
partially straightened out. Tools such as il-
lustrated by Fig. 18 are helpful. At the top

Tools which are handy when removing
wires or leads from soldered joints.

Fig. 18.

is a sharply pointed hook held in a fibre
handle. At the center is a tool having one end
forked and the other a pick which is flat on

one side and rounded on the other. The fork
can be slipped over the end of a twisted wire
and the wire unrolled or straightened quite
easily. At the bottom of the figure is a
tapered pick with a sharp point.

First it is necessary to determine the
direction in which the end of alead is twisted,
and usually this requires removing some of
the solder. If the chassis can be tilted, hold
it so that melted solder will run down onto
the tip of a hot iron, then shake the solder off
the tip before going after more. Otherwise,
place apiece of coarse cloth under and around
the joint, and use a small, stiff, bristle brush
to carefully remove solder immediately after
it is melted. If you accidentally brush parti-
cles of solder into other parts of the chassis
it may mean plenty of trouble later on.

Heat the joint for only a few moments at
a time, to avoid damaging the parts to which
the leads connect. Remove some of the
solder, or pick and turn the ends of the leads
as much as possible before the solder sets.
Then repeat the operation. You are quite
likely to spend a half hour of time saving a
ten cent part, so don't try to preserve the
leads unless it is really necessary.

It happens that all of the new words and
the many operations explained in this lesson
apply equally to service work in the fields of
television, sound radio, and commercial or
industrial electronics. Here is the list of
words and terms. Can you give a brief
definition or description of each one?

Conductor Rosin joint, or cold
Electricity joint

Electric current Shielded wire

Flux, soldering Solders

Free electrons Spaghetti
Enameled wire Sweating

Tie strips
Tracer colors
Wire gage

Hookup wire

Insulation and Insulators
Cross sectional area
Push -back wire
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Lesson ¢
THE PARTS OF WHICH RECEIVERS ARE MADE

Fig. 1. When pictures look this way the
deflection system.
Television servicing seems simple to

the trained technician, but to the novice it
appears immensely complicated. It's all in
the way they look at things. The technician
knows how all of the hundreds of individual
parts work together in small sections, each
section doing a certain job. If pictures on
the television screen appear like Fig. 1, the
technician looks first for trouble in the section
which deflects the electron beam from top to
bottom in the picture tube.

This vertical deflection section need not
be all in one place. Even though its parts are
spread through much of the chassis, they
still work together as a group. In Fig. 2
there are circles around everything under-

technician looks for trouble

in the vertical

neath a chassis which is directly concerned
with vertical deflection. The section doing
any other certain job may be picked out
similarly.

Servicing is immensely simplified by
having to deal with only one section at atime.
It is made even simpler by the fact that, no
matter which section you consider, it can
consist of only some combination of two or
more of these parts.

3. Resistors
4. Insulators 6.

5. Capacitors
Inductors.

1. Tubes
2. Conductors

These are the six things which make it
possible to receive all television and radio



Fig.

2.The parts in which trouble may exist can be widely separated,
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programs. Were you to remove from a re-
ceiver everything which may be classed as
one of these basic units, the remainder
would consist of the cabinet and enough small
parts to fill a cigar box. Not even the chassis
would remain, for it is among the most im-
portant of the parts which we class as con-
ductors.

Each of our six basis parts does a parti-
cular job which is necessary for reception.
Here are the jobs.

1. Tubes regulate or control the flow of
electrons.

2. Conductors, which may be wires or
other metallic parts, provide paths for flow
of electrons.

3. Resistors really are a special variety
of conductor. They are conductors because
they allow electrons to flow in them, but they
make it difficult for the electrons to flow.
Resistors retard or limit the flow of elec-
trons when this is necessary.

4. Insulators prevent escape of electrons
from paths in which the electrons should flow.
It is practically impossible for electrons to
flow in an insulator.

5. Capacitors, so far as electrons are
concerned, are like tanks for water or for
compressed air. You can put greater or less
quantities of electrons into a capacitor, just
as you can put greater or less quantities of
water or air into a tank. The capacitor will
retain the electrons, and later discharge
them

6. Inductors usually are coils of wire.
They affect the flow of electrons in much the
same way that weight affects the movement
of more familiar things. If you have a heavy
ball of iron, concrete, or anything else, the
weight makes it hard to get the ball rolling.
Once the heavy ball is in motion, the weight
makes it hard to stop. An inductor acts that
way for electron flow. When the flow tries to
increase, the inductor tries to prevent the
increase. But when flow of electrons in the
inductor tends to decrease, the inductor tries
to continue the original flow rate.

Although we deal with only six basic
kinds of parts, there appears to be an almost
endless variety because each kind may be
constructed in many different ways to suit
many particular applications. Several types
of resistors are illustrated by Fig. 3. No
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Fig. 3.
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Resistors may be of various types
and shapes.

matter what the form, all are resistors and
all oppose the flow of electrons.

We have this situation in every field of
work. For example, carpenters and cabinet
makers use a great variety of wood screws.
There are long screws and short ones, there
are round, flat, and oval heads, some screws
are made of steel and others of brass. Each
kind is just right for some particular appli-
cation, but the primary purpose always is to
hold parts together.

Capacitors may be made in many dif-
ferent ways, but all of them are 'electron
tanks' for receiving, holding, and discharging
electrons. Fig. 4A&B show a few styles. When

Fig. 4A. No matter how capacitors are con-
structed, their fundamental prin-

ciples are the same.
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It is the same with inductors or coils.
There are big ones and little ones, long ones

Fig. 4B. Another type of capacitor

you know the operating principles of capaci-
tors in general, the type of construction
makes no great difference in understanding
what must happen.
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the left in Fig. 5 are inductors of a style
commonly used in television receivers, and
at the right is a type found in many radio re-
ceivers. No matter how the wire is coiled or
how it is supported, we still have an inductor
which opposes every change of electron flow.
The inductor tries to keep the flow from
either increasing or decreasing.

It is hardly necessary to illustrate con-
ductors, for every piece of metal is a con-
ductor in which it is easy for electrons to
flow. A piece of metal such as a bracket or
stud might be used solely for supporting
some part, and not for carrying electrons
from place to place. Although that particular
metal is not being used as a conductor, it
could act as a conductor if necessary. It
could remain as a support and be used also
as a conductor if that were convenient in de-
signing a receiver.

There is one substance commonly used
in television and radio apparatus which is not
This substance

a metal, yet is a conductor.

Inductors or coils of kinds used in television and radio receivers.
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is carbon. Although carbon will allow elec-
trons to flow in it, the carbon has a lot of
opposition to such flow. Depending on the
grade and hardness of the carbon, it is from
500 times to maybe 3,000 times as difficult
for electrons to flow in the carbon as in a
piece of copper wire having the same dimen-
sions.

Because of its great opposition to elec-
tron flow, while still allowing the flow to con-
tinue, carbon of one variety or another is
found in many resistors. All of the resistors
in Fig. 3 contain carbon to oppose flow of
electrons.

Conductors are of great interest in tele-
vision and radio apparatus for the reason that
every part which is doing or can do any ac-
tive work contains conductors. All resistors
contain a conductor, either carbon or else
some mixture (alloy) of metals which has
more than ordinary opposition to electron
flow. All capacitors contain conductors. In
the capacitors in Fig. 4B the conductors are
thin sheets of metal rolled up inside where
you cannot see them. You can see plainly
that the capacitors on page 3 consist chiefly
of thin plates of metal separated by air
spaces,

All inductors are made with conductors,
because the metal wire of which the coils are
made is a conductor. The parts which are
inside a tube are made of metal and are
conductors. You can see these metal parts
and their metal supports in Fig. 6, where the
outer bulb or envelope has been removed
from a tube.

When it comes to insulators we may say,
in a broad sense, that everything which is not
a conductor is an insulator. This would be
the same as saying that everything not made
of metal or carbon is an insulator. Of course,
there are differences in the effectiveness of
various materials as insulators. For in-
stance, ordinary fibre does not confine elec-
trons nearly so well as glass and some other
materials in damp localities. However, both
fibre and glass are classed as insulators, for
itis verynearly impossible for free electrons
to move in either of them under ordinary
conditions.

The elements inside a tube are
conductors because they are made of
metal.

Fig. 6.

Just as conductive metals may be used
for supports rather than as conductors, so
insulating materials often are used as sup-
ports instead of for their ability to confine
electrons. Also, there are many solid in~
sulators which support metallic parts and at
the same time prevent electrons from es-
caping from those parts.

The white material which you can see in
Fig. 4 is ceramic insulation which both sup-
ports and insulates the capacitor plates. The
coils or inductors of Fig. 5 are supported by
solid insulation, while the wire of which the
coils are made is covered with flexible in-
sulation. Glass insulation is used in the tube
of Fig. 6 to support the wires on which are
mounted the metallic elements.

QUANTITIES OF ELECTRONS. By this
time you must have noticed that no matter
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Fig. 7.
like to flow from where there are a

which of our six basic elements we talk about,
the discussion always relates to flow of
electrons. If you pick up a loose piece of
wire or any other metal, or anything of which
metal forms a part, the metal contains great
quantities of free electrons.

These free electrons are moving from
atom to atom, not going anywhere in parti-
cular, but just milling around within the
metal. There is none of what we call electron
flow, for that means movement of all the free
electrons in one direction. There is no elec-
tron flow because the piece of metal is not
connected to anything or influenced by any-
thing which can cause electron flow. Now we
intend to find out what will cause all the free
electrons to move together in the same di-
rection.

In our piece of metal within which the
free electrons are merely milling about in
random directions there must be some cer-
tain quantity of these electrons, a quantity
which depends on the kind of metal and its
size. We aren't interested in how many free
electrons there are, but only in the fact that
the quantity must be that which naturally
exists in the kind and size of metal con-
sidered. This we shall call the normal quan-
tity of free electrons. When a conductor
contains its normal quantity of free electrons,
neither more nor less, we say that the con-
ductor is neutral.

It is possible to put into the metal more
than its normal quantity of free electrons,
just as more people can be crowded into a
railway car than the car is supposed to hold.
When a car is jam packed with people, as at
the left in Fig. 7, all the people would like to
get farther apart. If the doors are opened to
another nearly empty car, as at the right,
enough people will leave the first car and
move into the other one to have nearly equal
numbers in both cars.

Just as people like to move from an overcrowded car to one nearly empty, so electrons
reat many to wherever there are fewer.

When a conductor contains more than its
normal quantity of free electrons, the elec-
trons try to get farther apart. They actually
repel one another. If another conductor which
is not overcrowded with electrons is touched
to the first one, many free electrons will
pass into the second conductor, and the
quantities will become equalized in both con-
ductors.

ELECTRIC CHARGES. There is a name
for the condition of too many electrons. We
say that the overcrowded conductor has a
negative charge. It seems rather strange
that a condition of too much of anything is
called negative, you would think it should be
called positive. The reason for calling an
excess of negative electrons a negative
charge is that electrons themselves are con-~
sidered to be particles of negative electricity.

This brings up the question as to why
electrons are considered to be negative. Why
aren't they positive, which is the opposite of
negative? The answer to this is that there is
no good reason. It just started out that way,
and at this late date it would be too confusing
to try changing the name.

When you come to think about it, the.
name of anything is only the word which you
have learned to associate with that thing.
Supposing you had been taught, from infancy,
that a teacup should be called a bathtub, and
that a bathtub should be called a teacup. Then
today you would be drinking from a bathtub
and taking baths in a teacup. It is this way
with the words negative and positive. They
were assigned to certain conditions and
things long years ago, and there is nothing
we can do about it.

If too many free electrons are called a
negative charge, what should we call too few
free electrons or fewer than the normal
quantity of free electrons? The sub-normal
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quantity must be called a positive charge.
Just as we may crowd too many free elec-
trons into a conductor and have a negative
charge, so we may take out part of the
normal quantity and leave a positive charge.

Imagine two conductors, one having a
normal quantity of free electrons (neutral)
and the other having too few electrons (a
positive charge). When these two conductors
are touched together what will happen? What
happened in Fig. 7 when the doors were
opened between the car having only a few
passengers and the one having a great many
passengers? A lot of people left the full car
and moved into the other one, until both cars
had about the same number of passengers.

It is exactly the same with the two con-
ductors. Enough free electrons leave the
normally charged (neutral) conductor and go
into the positively charged conductor to make
the quantities equalize in both conductors.
Now give this some careful thought: To be-
gin with, one conductor had too few electrons
and the other had only its normal quantity.
When you average these two quantities the
result is fewer than a normal quantity of
electrons in both conductors. Only one had a
positive charge in the beginning. Now both
are positively charged.

As we have just seen, one way of causing
a flow of electrons from one conductor to
another is to have unequal charges in the two
conductors. Electrons then will flow out of
the conductor having the greater quantity and
will pass into the one having the lesser quan-
tity. The flow will continue until the quanti-
ties'become equalized in both conductors.

CAPACITORS. The action and use-
fulness of capacitors depend on electric
charges. A capacitor, which acts like an
electrical tank, consists of two conductors or
of two groups of conductors separated by in-
sulation. One such construction is illustrated
by Fig. 8, where picture A shows a complete
capacitor as made with two groups of metal
conductors. The several conductors in each
group consist of thin plates of metal with
rather wide air spaces between adjacent
plates. All the plates of each group are

Fig. 8A.

joined together to make what amounts to a
single larger conductor.

One group of plates is shown by itself at
B. All these plates are attached to the metal
shaft that supports them, making one con-

N
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plates with their equal and normal quantities
of free electrons are represented by the two

parts of a tank each pa;t half full of water

Fig. 8C.

tinuous conductor. In the part of the capaci-
tor that remains, pictured at C, is another
group of plates all joined together by small
strips of metal along their edges. This
second plate group is supported by pieces of
solid insulation. There are rather wide air
spaces between adjacent plates of this group.
When the capacitor is completely assembled,
as at A, the plates of one group fit in between
those of the other group, but the two sets do
not touch each other. They are separated by
the air spaces.

After the capacitor has been inactive for
some time both groups of plates will be neu-
tral, they will have normal quantities of free
electrons. This condition might be illustrated
as at A in Fig. 9, where the two groups of

A B

We might put additional water into one
side of the tank, as at B. This is equivalent,
to putting extra electrons into one group of
plates of the capacitor, giving that group a
negative charge.

If the two sides of the tank now are con-
nected through an external pipe, as at C,
water will flow through this pipe from the
high-level side to the low-level side, and will
continue to flow until the levels are equal in
both sides as at D. Similarly, if the two
groups of capacitor plates are connected to-
gether through an external conductor, such
as a copper wire, electrons will flow through
this conductor from the negative plates to the
neutral plates until the charges become equal
in both groups.

Now both groups of capacitor plates will
have more than their normal quantities of
free electrons, or both will be negative
charged. As soon as the two charges become
equalized there will be nofurther flow through
the external conductor, any more than there
would be flow through the external pipe after
water levels in the two sides of the tank be-
come equal.

Next, as at E in Fig. 9, we might take
water out of one side of the tank while leav-
ing a normal quantity in the other side. This
would be comparable to taking some electrons
out of one side of the capacitor, making that
side positive, while leaving the other side
neutral.

When the two sides of the water tank now

Flow

Fig. 9.

No Flow

No Flow

Flow

Electrons flow from a higher to a lLower potential or from a greater to a lesser

charge, just as water flows from a higher to a lower level.

8
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are connected through an external pipe, as
at F, water will flow from the side having a
higher level into the side having a lower
level. Similarly, connecting the two groups
of capacitor plates through an external con-
ductor would allow electrons to flow from the
neutral (higher level) side into the positive
(lower level) side through the conductor.

As soon as the water levels become
equal, in diagram G, the flow of water through
the external pipe will cease. It was only the
difference between levels that caused a flow
in the first place. In the case of the capaci-
tor, as soon as the two charges become equal
the electron flow through the external con-
ductor will cease, for it was only the dif-
ference between electron quantities or
charges that caused the flow. Water levels
in both sides of the tank now are below
normal. Electron quantities in both groups
of capacitor plates likewise are below normal,
and both groups are posilively charged.

It is only in diagrams B, C, E and F of
Fig. 9 that water in one side of the tank has
the ability to flow through the external pipe
to the other side. The only reason why the
water has 'flow-ability'' is because there is
a difference between the levels. The greater
height of water in the high-level side exerts
a greater downward pressure than does the
lesser height in the low-level side. Instead
of saying that the flow -ability results from a
difference in levels, we might say that it re-
sults from a difference in pressures, and
mean the same thing.

The ability of electrons to flow from one
conductor to another results from adifference
between quantities of electrons inthe two con-
ductors. Electrons always tend to flow from
where there are more of them to some other
place where there are relatively fewer. The
correct name for electron flow=-ability is po-
tential. Electric potential is comparable to
height of water in a tank or to the level of
water in a tank. Electrical potential is com~
parable also to water pressure. Electrons
always try to flow from a greater to a lesser
potential.

ELECTRON PUMPS. In order to vary
the quantities of electrons, and produce elec-

tric potentials, we must have some way of
putting more than the normal quantity of
electrons into a conductor. Also, we must
have some way of taking electrons outof acon-
ductor to leave less than the normal quantity.
In other words, there must be some means of
charging conductors negatively and positively.

The most common way of moving elec-
trons and p'roducing potentials in television
and radio receivers is to use a power supply
section. A power supply unit constructed on
its own separate chassis is pictured by Fig.10.

Fig.10. The chief purpose of a power supply

unit, such as this one, is to move
electrons and produce desired poten-
tials.

The simplest means for moving electrons
from one place to another and of producing
negative and positive charges is a dry cell of
the kind commonly used in electric flash
lamps. A dry cell is a sort of electron pump.
It pumps electrons away from its positive
terminal and toward its negative terminal.
The negative terminal of the cell is its outer
can or metal container. The positive terminal
is the smallmetal disc or button at the center
of one end.

At the left in Fig. 11 the two terminals
of a dry cellare connected to two conductors,
which are metal plates. When we connect the
terminals of the cell through the two wires to
the plates, the cell pumps enough electrons
into the plate connected to its negative ter-
minal to give this plate a negative charge.
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Fig. 11.

electric charges.

At the same time the cell is pumping enough
electrons out of the plate attached to the
positive terminal to leave that plate with a
positive charge.

No electrons are furnished by the dry
cell any more than water is furnished by the
water pump. The pump can send out of one
side only the same quantity of water that it
takes in on the other side, no more and no
less. The dry cell can pump out of its nega-
tive terminal only the same quantity of elec-
trons that it takes in at the positive terminal,
no more and no less.

The two conductors appear no different
when charged than when neutral. Then how
do we know that the conductors are charged?
We can prove it by connecting a voltmeter to
the plates, as at the right. The instrument
called a voltmeter doesn't indicate and mea-
sure electric charges directly, it indicates
differences of potential. But where there are
differences of potential there must be dif-
ferences between electron quantities and
there must be charges.

Electric potential is measured in the unit
called a volt, hence the name voltmeter. As
you can see in the picture, the voltmeter in-
dicates a potential difference of 11 volts.
Probably you know that this is the voltage of
a single dry cell. It is the maximum voltage
or maximum potential difference that can be
produced by a single cell, and is a measure
of the maximum strength of charges that can
be produced by one cell. Although the dry

Because it measures differences of potential, a voltmeter indicates the presence of

cell and other devices for producing potential
differences are electron pumps, we call them
voltage sources or simply sources.

To get acquainted with potential dif-
ferences between conductors when a voltage
source is involved, we again may compare
electron quantities or charges with quantities
of water in the two sides of a tank. As at the
left in Fig. 12 we must add a water pump to
represent the voltage source that charges the
two conductors connected to the source ter-
minals.

Pump

Pressure
Gage

Fig.12.

A pump in a water system is equiva-
lent to a voltage source in an elec-
trical system, and a water pressure
gage is equivalent to a voltmeter.

The pump has drawn water out of one
side of the tank and has forced this water into
the other side, until the level in the second
side has been raised as high as the ability of
the pump can drive it. Now we have too much
water in one side and too little in the other
side of the tank.

10
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A comparable situation exists in the
electrical system when the dry cell has
pumped electrons out of one conductor and
into the other to the limit of the ability of the
cell. Then we have a positive charge in one
conductor and a negative charge in the other
one. To measure the differences between
water pressures in the two sides of the tank
we may use a pressure gage, as at the right
in Fig. 12. This pressure gage in the water
system is the counterpart of the voltmeter in
the electrical system.

There is enough difference between
pressures in the high-and low-level sides of
the water tank of Fig. 12 to make the water
flow back into the low-level side. But this
backward flow cannot take place because the
pump still is working, and is maintaining the
difference between levels. Similarly, in the
electrical system there is enough potential
difference between the two conductors to
make electrons flow backward from the nega-
tive to the positive conductor. This flow can-
not take place because the dry cell is holding
the charges where they are.

Should we wish to cause a greater dif-
ference between electron quantities, or
greater charges in the two conductors, it
would be necessary only to use more dry
cells as the voltage source. In Fig. 13 the

the voltage of the
source will increase the difference

Increasing

between charges and will increase

potential difference.

source has been changed to three dry cells
and the potential difference is 4% volts, which
is 11 volts per cell. Now there are more

electrons than ever inthe negative conductor,
and fewer in the positive conductor. Elec-
trons in the negative charge are trying even
harder than before to get back to the positive
charge, but the stronger source prevents
such flow and maintains the charges.

ELECTRIC FIELDS. Electrons in the
negatively charged conductor don't care how
they get back to the positive conductor, just
so they get there. Since the electrons cannot
get back through the source, they try to pass
through the air space between the two con-
ductors.

Although the electrons try, they cannot
pass through the air space for two reasons.
First, the air is an insulator. Second, the
electrons cannot escape through the surface
of the negative conductor to get into the air
space. We shall help the electrons overcome
both difficulties, and the result will be a
radio tube.

A radio tube or television tube, as you
well know, has on the outside either a glass
or a metal bulb or cylinder called the en-
velope. Almost every bit of air has been re-
moved from inside the envelope to leave a
nearly perfect vacuum. This is why we
sometimes use the name 'vacuum tubes''. If
our two conductors are inside a tube from
which the air has been removed, there is no
longer the insulation of air between them and
the first difficulty has been removed.

In order to let electrons out through the
surface of the negative conductor we must
raise the temperature of this conductor to a
dull red heat. In addition we must make the
conductor surface of some material from
which it is easy for electrons to escape when
this material is hot.

To see how this is accomplished let's
look at the parts of a tube pictured by Fig.
14. The envelope of this tube has been
broken away to more clearly expose the in-
ternal elements. The outermost element is a
cylinder of thin metal. This is the conductor
which always is given a positive charge. It
is called the plate of the tube.

At the very center of the tube is a small
metal cylinder coated on its outside with a
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Fig.14. One of the elements of the tube is

a cylindricel metal plate, and an-
other is a cathode from which elec-
trons are emitted.

white substance. This central cylinder is
given a negative charge. The white substance
is that from which electrons easily escape
when it is hot. This part of the tube is called
the cathode.

Between the cathode and plate are spirals
of small wire which, as we shall learn later,
help to control the flow of electrons in the
tube. Inside the cathode cylinder is a heater
wire through which electricity is passeéd to
make the heater, the surrounding cylinder,
and the cathode material red hot. When the
envelope of the tube is in place and evacuated
we have within the envelope a negative con=
ductor, the cathode, from which electrons
may escape and flow through a space to a
positive conductor, the plate.

When a source of voltage is connected to
the tube in such a way as to make the plate

positive with reference to the cathode, there
will be electron flow from the cathode to the
niate oup p—evacuated 2 - ¥
heat that causes electrons to boil out of the
cathode surface, much as steam or water
vapor boils out of the surface of heated water.
This boiling of the electrons out of the
cathode surface is called electron emission.
We say that the electrons are emitted.

It isn't the heat or the boiling that drives
the emitted electrons from near the surface
of the cathode through the space to the plate.
This is caused by an invisible force that is
acting in the space between plate and cathode.
With the plate positive with reference to the
cathode, the plate exerts strong attraction on
the emitted electrons and pulls them through
the space. This attraction extends all the
way through the evacuated space and acts on
the electrons emitted from the cathode.

In the space wherein we have the force of
attraction between positive and negative con-
ductors there is said to be an electric field.
An electric field means simply a space in
which there is a force which will cause elec-
trons to move when conditions make such
movement possible. The electric field is
there whether or not there can be electron
flow through it. We may represent an elec-
tric field as in Fig. 15. There are electric

Negative Charge

Electrons Try
To Flow Thus

] Positive Chorge

Fig.15. Electrons try to flow through an

electric field from the negative
charge in the positive charge.

fields between the positive and negative con-
ductors of Fig.11 and 13, even though there is
no electron flow throughthe fields. The force
in a field always acts in a direction which
should cause electrons to move through the
field toward the positive conductor.

12
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[

Positive

V4
-

Negative

Fig.16.

Directions of electron flow in a
source, the elements of a tube,
and the connecting wires.

ELECTRIC CIRCUITS. In Fig. 16 are
represented the plate and cathode of a tube,
also a source in which are a number of dry
cells working together, and wire conductors
between the battery and the tube elements.
The direction of electron flow is shown by
arrows. From the negative terminal of the
battery the flow is to the cathode of the tube.
Electrons flow inside the tube from cathode
to plate, and from the plate they return to the
positive terminal of the battery. Inside the
battery the electron flow is from its positive
terminal to its negative terminal. We have
here an electric circuit.

A circuit is any path in which electrons
flow or may flow. The parts shown by Fig.16
might be called a plate circuit, because they
include the plate of the tube. Strictly speak-
ing, a circuit should include a source of volt-
age which causes electron flow. In common
practice, however, we usually call any con-
ductive path a circuit whether or not a source
is included. The parts in the diagram still
might be called a plate circuit even were the
battery removed.

AN AMPLIFIER CIRCUIT. As we
learned earlier, one of the principal uses of
tubes in television and radio receivers is to
strengthen or amplify the signals. To am-
plify means to increase the voltage. A sig-
nal going into one end of an amplifier may
have a potential difference of one volt, and
may come out the other end with a potential
difference of ten volts. To see how some of
our recently acquired information applies to
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the process of amplification we shall examine
a real voltage amplifier.

Fig. 17 is a picture of the amplifier
system. The tube at the left is the amplifier
tube. Over at the right is a power supply
unit which is the voltage source for the am-
plifier circuits. Near the amplifier tube are
a large resistor and a smaller one. The
voltage to be strengthened is applied across
the smaller resistor, and the amplified volt-
age appears across the larger one.

In the center of the amplifier setup is a
meter. This is not a voltmeter for measuring
voltage, it is a meter for measuring rates of
electrcn flow. It is important to understand
that a rate of flow is not the same as a rate
of speed. Here is an example. Supposing
that the rate of water flow in a pipe is ten
gallons per minute. This tells nothing about
the speed of the water. Were the pipe a big
one we could have a flow rate of ten gallons
per minute with the water moving at slow
speed through the big pipe. But were the pipe
a small one, the speed of the water would
have to be much faster to have the same rate
of flow.

When talking about movements of free
electrons through conductors or spaces we
have been using the term 'electron flow'".
This is strictly correct, but it is far more
common practice to apply the name ''current"
to such movements of free electrons. In the
future we shall use either or both of these
names. Just remember that current and
electron flow are merely two names for the
same thing.

The rate of electron flow or the current
may be measuredin a unit called the ampere.
When electrons move past some point in a
circuit at the rate of a certain quantity per
second, the current or the rate of electron
flow at that point is one ampere.

A current of one ampere in the circuits
of television and radio receivers would be
considered very great. Most receiver cur-
rents are so small as tobe measured in thou~
sandths of an ampere. One one-thousandth of
an ampere is called amilliampere. The meter
of Fig. 17 is a milliammeter, because its
scale is marked in numbers of milliamperes
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Fig. 17. From left to right this setup includes a voltage amplifier tube, a current measuring
meter, and a power supply uhit.

and itis designed to measure only small cur- max. range of 50 microamperes, which is
rents. 50/1000000 of an ampere,

In some television and radio receiver Electrons flowing at a rate of one ampere
circuits the current is so small as to be in wire of the smallest size used for electric
conveniently measured in millionths of an lighting lines in homes (number 14 gage size)
ampere, One one-millionth of an ampere is move at a speed somewhat less than 3-1/4
calleda microampere. A meterfor measure- inches per second. In larger wire the speed
ment of microamperes of current is called a would be still slower for the flow rate of one
microammeter. Fig. 18 shows the dial scale ampere, and in a smaller wire the speed
of an instrument having a maximum range or would be faster in order to have the same

rate of flow.

People often mistakenly say that electri-
city travels through wires with the speed of
light. They confuse electricity (electrons)
with electromagnetic waves such as carry
television and radio signals through space.
These radiant waves do travel at the speed of
light, but electricity barely crawls through
wires.

20 30

0 € MICROAMPERLES
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Since electrons move so slowly, you may
question why an electric lamp in one room of
a building lights at the same instant a switch
is closed in another room, or some place
Fig.18. A current meter which will indicate ¢€ven farther away. This happens for the

flow rates in millionths of an am- same reason that water in the entire length
pere or in microamperes. of a pipe leading away from a valve com-

_____
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mences to move at the same instant the valve
is opened.

Any particular particle of water may
take a long time to go all the way from the
valve to the far end of the pipe, but water al-
ready at the far end commences to move as
soon as the valve is opened. Wires in a light-
ing circuit or any other circuit always are
full of free electrons, just as a pipe may be
full of water. The instant you close a switch
anywhere in an electric circuit containing a
voltage source, all the free electrons in the
circuit commence to move at the same time.
The effect of the electron movement appears
far from the switch. But this effect is not
due to electrons flying at the speed of light
from the switch to a lamp.

Electrons moving through a vacuum, as
between the elements inside a radio tube, may
reach tremendous speeds. In the tube whose
internal elements are exposed in Fig. 6 the
distance from the central cathode to the
outer cylindrical plate is about 3/8 inch.
Were there to be 200 volts between cathode
and plate, with the tube operating normally, a
free electron starting from the cathode
would reach the plate in much less than one
500-millionth of a second. This is an average
speed of about 2,600 miles per second, yet it
is only about 1/70 the speed of light or of
electromagnetic waves in space.

The power supply unit at the right-hand
side of Fig. 17 does not create electric
power, it takes such power from the electric
lighting lines of the building and uses it to
furnish whatever voltages and currents are
needed by the amplifier tube and other parts
of the amplifier circuit.

As doubtless you know, in the electric
lighting lines of the building there is al-
ternating voltage and alternating current.
This means simply that electrons in these
lines are moving in one direction for a brief
fraction of a second, then in the opposite
direction for an equal time before again re-
versing, they are alternating. Were the
electrons to move always in the same direc-
tion, as they do in some power lines, we
would have what is called direct voltage and
direct current.
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Our power supply unit for the amplifier
system, and also the power supply sections
of television and radio receivers, perform a
number of functions. For one thing, the pre-
sent power supply unit "steps down'' the line
voltage from 110 or 120 volts to 6.3 volts and
supplies for the heater of the amplifier tube
an alternating current at this lower voltage.

The two wires for the heater extend
from the right-hand side of the power-unit
terminal strip across in front of the meter
case to two terminals on the small shelf that
supports the amplifier tube. From these
latter terminals other conductors go to the
tube socket, thence to the base pins of the
tube and to the heater within the tube.

Although the wires and parts of the am-
plifier system in Fig. 17 have intentionally
been arranged to show their connections as
clearly as possible in a photograph, you will
observe that the circuits or paths for electron
flow could not be followed by looking at this
picture. Too many portions of the circuits
are out of sight. In order to trace any cir-
cuit in television and radio apparatus it is
desirable to have a circuit diagram. Fig. 19
is a greatly simplified diagram applying to
the amplifier system being examined.

The heater connections for the amplifier
tube are not included in the circuit diagram.
The only purpose served by the heater in any
tube is to raise the temperature of the cath-
ode so that free electrons may more easily
escape i{rom the cathode and pass into the
evacuated space within the tube. Current in
the heater circuit takes no direct part in am-
plification or in any other jobs performed by
electron tubes. Consequently, heater circuits
often are omitted from diagrams intended to
illustrate the performance of tubes and as-
sociated parts.

The tube which you can see mounted on
the power supply unit of Fig. 17, and which is
shown in the circuit diagram, is a rectifier.
When alternating or back-and-forth voltage
is applied to a rectifier, the current through
the rectifier can flow in only one direction.
This one-way current or one-way electron
flow is called a direct current. A rectifier
produces direct current from alternating
voltage.
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19. A simplified circuit diagram showing directions of electron flows and voltages at

various points in the amplifier systenm.

Oftentimes we use the term 'alternating-
current” to describe some part or some ac-
tion which utilizes alternating currents.
When the term is thus used, as an adjective,
it usually is abbreviated to a-c. Similarly,
the term 'direct-current' used as an adjective
may be abbreviated to d-c. These two ab-
breviations are used to describe anything and
everything operated by or in any way associ-
ated with alternating current or with direct
current, respectively.

Using these abbreviations lead to some
rather peculiar results. For instance, it is
common to speak of an '"a-c voltage'. Were
you to pronounce the abbreviated words it
would be necessary to say 'alternating cur-
rent voltage', which sounds rather foolish.
The real meaning is alternating voltage, or a
voltage associated with alternating current.
Similarly, we often speak of 'd-c voltage"
when referring to a direct or one-way volt-
age, or to a voltage associated with direct
current. When reading or otherwise using
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the abbreviation a-c, do not say ''alternating-
current'" but say 'ay-cee', and when reading
the abbreviation d-c say 'dee -cee'".

Another function of the power supply unit
is to "step up'' the a-c line voltage to about
330 alternating volts for application to the
rectifier. This step~up action occurs in the
transformer which is part of the power unit.
Quite a bit of this stepped-up voltage is used
in forcing electrons to flow through the rec-
tifier tube and through other parts in the
power supply, with the results that only about
275 volts of potential difference remains
available at the output of the power unit.

We must keep in mind that voltage refers
to a difference of potential, or refers to the
force which causes electrons to flow. It is
not easy for electrons to flow through the
evacuated space within the rectifier tube, nor
to flow in other parts of the power unit, and
some of the total voltage from the trans-
former must be used to cause this flow. An-
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other thing to keep in kind is that the values
of voltage being mentioned hold good only for
the particular amplifier and power supply
system being illustrated and described. They
might be quite different for some other sys-
tem.

The heavy lines of Fig. 19 represent the
conductors and the entire current path in-
cluded in the ''plate circuit' of the amplifier
tube. Directions of electron flow are shown
by arrows. The negative terminal of the
power supply is marked B - or B-minus,
and its positive terminal is marked B + or
B-plus. All voltages for plate circuits of
tubes in television and radio apparatus are
designated by the letter B. In the present
case we have 275 volts of B-voltage at the
output of the power unit. This is a direct or
one-way voltage, or it is a d-c voliage, be-
cause it is obtained from one-way electron
flow through the rectifier.

Electrons flow from the B -terminal of
the power supply through a wire to the cath-
ode of the amplifier tube. It is so easy for
electrons to flow in this copper wire that in
it there is no appreciable loss of voltage or
potential. The electrons then flow from
cathode to plate inside the amplifier tube. It
is difficult for electrons to get through the
internal vacuum of this tube, and about 200
volts of our total force from the power unit
is used up in this portion of the circuit.

On the way from cathode to plate inside
the amplifier tube the electrons pass through
a third element which is called the grid. It
is the action of this grid that results in volt-
age amplification. The how and why of such
action will be the subject of future lessons.
It is a rather long story, but an exceedingly
interesting one. The grid, as actually con-
structed, is a spiral of very small wire sur-
rounding the cathode. Fig. 20 shows a tube
cathode, the small white cylinder, around
which is the grid wire. Outside the grid
would be the plate when the element structure
is complete.

The electrons which leave the plate of

the amplifier tube go to and through the
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Fig.20 This is the cathode of a tube, sur-

rounded by the grid. The plate has
been removed.

"plate load resistor'. This is the larger re-
sistor of Fig. 17, the one across which ap-
pears the amplified voltage. You will recall
that a resistor is a unit which opposes flow
of free electrons. Consequently, we find that
about 75 volts of our total B-voltage from the
power unit is wused in forcing electrons
through this load resistor. How and why the
voltage is amplified or strengthened will
come out when we learn how the grid per-
forms.

Finally, the electrons which leave the
plate load resistor flow through the current
meter or milliammeter and go to the B +
terminal of the power supply unit. In the
current meter and in wires connected to it
there is so little opposition to electron flow
that negligible potential difference or force
is used in getting electrons through this por-
tion of the circuit.
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Here is a list of some of the new words
and terms whose meanings have been ex-

we abbreviate it to emf, and ¢all it "ee~em-
eff'". Emf is produced inside of voltage

— rpIEmed m thts Tessom.
A-c Microampere
Ampere Milliammeter
B~minus Milliampere
B-plus Negative charge
B-voltage Negative potential
Capacitor Neutral
Cathode Plate, of tube
Charges, electric Positive charge -
Circuit Positive potential
Current Potential
Current meter Potential difference
D-c Rectifier
Electron flow Resistor
Fields, electric Volt
Inductor Voltage
Microammeter Voltmeter

There are several other things of a
somewhat more technical nature in which you
will be interested either now or later. Keep
in mind where the following explanations may
be found when you want the information.

Coulomb: Electric charges and any other
quantities of electricity are measured in a
unit called the coulomb. One coulumb con-
sists of about 6,280,000,000,000,000,000 free
electrons. A rate of electron flow of one
coulomb per second is a rate of one ampere.

Electromotive force: Any force which
can move electrons and thus produce charges
and potential' differences is called an elec-
tromotive force. The name electromotive
force is such a long one that nearly always

other kind of energy into electric energy.
For example, in a dry cell there is a change
of chemical energy into electric energy.

Electrostatic: This word has the same
meaning as the word 'electric'' as used in
this lesson. We might speak of electrostatic
charges, elestrostatic fields, and electrosta-
tic potentials ~ and means the same as when
saying electric charges, fields and potentials.

Polarity: Any point in a circuit which is
positive with reference to other points may
be said to have positive polarity, and any
point which is negative may be said to have
negative polarity. The word polarity means
much the same as positive or negative poten-
tial.

Potentials: Wherever there is a normal
quantity of electrons, and the electrical con-
dition may be called neutral, we may say that
there is zero potential. The earth is as-
sumed to be at zero potential, because the
quantity of free electrons in the earth is so
vast that no possible additions or subtrac-
tions could make any appreciable change.
Earth potential, considered as zero, often is
called ground potential.

In television and radio apparatus we
often consider the chassis metal tobe at zero
potential. The chassis may be called chassis
ground, or simply ground. Anything directly
connected to the chassis through good con-
ductors is normally at chassis ground poten-
tial.

18
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ZLesson S

HOW RESISTORS ARE USED

Fig. 1.

Inside the chassis of the power supply
unit used in the preceding lesson for operat-
ing a voltage amplifier are the parts pictured
by Fig. 1. Those parts with which you would
be most concerned in case of serious trouble
include five resistors and five capacitors. In
all television and radio apparatus it is re-
sistors and capacitors which largely deter-
mine the values of voltage and current in the
various circuits, and it is in these parts that
we look for causes of trouble which cannot be
remedied by such easy methods as tube re-
placements.

In diagrams designed to help you trace
circuits during service operations all the
parts and their connections are represented
by symbols. The great majority of circuits
can be shown by the few simple symbols of
Fig. 2. Wire conductors are represented by
lines. Where two wires are to be shown
crossing each other without any electrical or
conductive connection between them, or with
the wires insulated from each other, the two
lines may be simply crossed or else one
wire may be shown looped over the other.

resistance.

Many resistors and capacitors are needed in the power supply unit.

| L]

Conductor I

l Connection

(wire) Wires Crossing  Wires fo Chossis
Without Connected Ground
Connection
e e {>
Resistor Capacitor Inductor Tube
Fig. 2. The symbols which represent princi-

pal circuit elements and connections.

If wires are electrically connected, as at
a soldered joint or a tie point, this fact is in-
dicated by a small black dot or sometimes by
a small circle at the junction point. Connec-
tions to chassis metal or to chassis ground
are shown by several little horizontal lines
close together and of decreasing lengths.

A resistor of any type is represented by
a zig-zag line. The number of zigs and zags
has no particular relation to the amount of
Capacitors of any kind or size
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most often are shown by a straight line and a
curved line close together, although two short
straight lines sometimes represent a capaci-

and tubes. In this diagram are symbols for
17 resistors, 9 capacitors, 5 inductors, and 4
tubes.

tor. Inductors are shown by several loops,
because an inductor ordinarily consists of a
coiled wire.

A tube, other than a television picture
tube, most often is shown by a circle, which
represents the glass or metal envelope of the
tube. Inside the circle will be various small
symbols indicating the internal elements
found in each particular type of tube. Ex-
tending out from these internal elements will
be lines which represent the conductors
going to other parts of the circuits. A tube
sometimes is shown by an oval or oblong
outline instead of by a circle.

Fig. 3 is part of a manufacturer's ser-
vice diagram showing the video amplifier
section of a television receiver. All the parts
and all their connections are represented by
symbols for wire conductors, for chassis
grounds, for resistors, capacitors, inductors,

We shall take resistors as our first point
of attack in servicing and trouble shooting,
partly because there always are so many re-
sistors, and also because everything else
possesses in greater or less degree the pro-
perty of resistance - which is concentrated
in resistors.

A resistor is a unit in which is concen-~
trated within small space a considerable op-
position or resistance to electron flow. Re-
sistors are used wherever we wish to hold
back or lessen the rate of electron flow. This
property of resistance exists also to some
extent in every wire or other kind of conduc-
tor, in every capacitor, every inductor, and
every tube.

Resistance is one of the three things
which are of supreme importance in all cir-
cuits. The other two are voltage and current.

470K
ooNn
10N
22K
B+ B+
Fig. 3. Various parts and their connections are clearly shown by service diagrams made up

from symbols.
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It would be difficult to say which of these
three is most important, but there is nodoubt
that a big percentage of all our difficulties
with voltages and currents can be traced to
wrong resistances.

There is enough difference between the
atoms of different substances to make it
much more difficult to force free electrons
from atom to atom in some materials than in
others. Supposing that you have samples of
the following substances, all of exactly the
same size and shape. The relative difficul-
ties of getting free electrons through these
materials, or their relative resistances,
would be as listed. We are taking copper as
a standard, and giving it a resistance rating
of 1.00.

Silver ...... 0.94 Steel wire ............ 6.44
Copper..... 1.00 Nichrome IV wire.. 60.00
Aluminum . 1.63 Soft graphite ...... 462.00
Brass... ... 4.71 Hard carbon ...... 2290.00

When making tests to determine the exact
location of a fault it becomes necessary to
make measurements of voltage, of resistance,
and sometimes of current. To specify the
values of these factors we must have units of
measurement. For measuring voltage the
unit is the volt. For measuring current or
rate of electron flow the unit is the ampere.
For measuring the resistance or opposition
to electron flow we employ a unit based on
the number of volts required to maintain
some certain current, or on the ratio of volt-
age to current. The greater the potential
difference or electric force required to main~
tain any given current, the greater must be
the resistance or opposition to electron flow.

In Fig. 4 are illustrated some relations
between voltage, current, and resistance. To
simplify the examples, all of the resistance
is considered to be in the heavy line conduc-
tor at the tops of the diagrams, and none in
other parts and connections. We might ima-
gine this conductor to be a pencil 'lead",
which really is mostly graphite. In an ordin-
ary pencil of number 2 or 3 grade there is as
much resistance in two inches of the graphite
core as in about 10,000 inches of copper wire
such as employed for house lighting circuits.
Therefore, when using only a few inches of

Current = twice
Resistance halved

Current = half
Resistance daubled

Current Limited
Resistance

©

4
amperes

volts

How changes of resistance affect the
current when the poiential differ-
ence remains unchanged.

Fig. 4.

copper wire to make circuit connections, we
are justified in assuming that all resistance
is concentrated in the heavy-line conductors
of the diagrams.

Supposing, as at A in Fig. 4, that 4 volts
is applied across the heavy-~line conductor,
and that current measures 2 amperes. If, as
at B, the same 4 volts applied across another
similar but longer conductor causes current
of only 1 ampere, this second conductor must
possess more resistance to electron flow
than the first conductor - because the current
is reduced. If we shift the 4 volts to a third
conductor, as in diagramn C, and find that
current increases to 4 amperes, there can
be no question but what this third conductor
offers less resistance to electron flow than
either of the others =~ for it allows current to
increase.

Resistances of the three conductors
might be specified as so many 'volts per
ampere'. At A, with 4 volts and 2 amperes,
the resistance would be 2 volts per ampere.
At B, where the 4-volts causes current of
only one ampere, the resistance would be 4
volts per ampere, which is an increase of
resistance. At C, with 4 volis and 4 amperes,
the resistance would be 1 volt per ampere,
which is less than either of the other re-
sistances. It is the differences between re-
sistances shown in these diagrams that
changes the currents with the same voltage
applied in all cases.

Take careful note of these facts, which
are illustrated by Fig.4. When current
drops to half its original value, as from 2
amperes to 1| ampere, it means that the re-
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sistance has doubled. Should the current
double, as from 2 amperes to 4 amperes, it

In Fig. 5 the currents are being held
constant at 2 amperes in the three different
resistances. This requires changing the
voltages applied to the different conductors.
At A we have 4 volts causing the 2-ampere
current, which indicates resistance of 2 volts
per ampere. At B it is taking 8 wvolts to
maintain the 2 ampere current. This figures
out to a resistance of 4 volts per ampere. At
C a potential difference of only 2 volts is
maintaining the 2-ampere current, and the
resistance must be | volt per ampere.

Original Resistance Resistance
Resistance Doubled Halved
2 2
amperes amperes

volts

Some relations between resistance
and potential difference when cur-
rent remains constant.

Fig. 5.

Now make careful note of two more
facts, illustrated by Fig. 5. When the voltage
must be doubled, as from 4 to 8 volts, in
maintaining the same current it means that
the resistance has doubled. When the voltage
may be halved, as from 4 to 2 volts, while
maintaining the same current it means that
the resistance has been halved.

The lengths of the three conductors in
Figs. 4 and 5 are shown as proportional to
their resistances. The conductor having
twice the original resistance is represented
as of twice the length, and the one of half the
original resistance is shown as of half the
original length. These are correct repre-
sentations of lengths in relation to
sistances. When conductors are of the same
material and of the same size or diameter,
their resistances are directly proportional to
their lengths.

re-

This direct relation between resistance
and conductor length is entirely logical. If

— means that the resistance has heen halved  some certain wvoltage or force is needed to

drive a given rate of electron flow through
one foot of a wire, it must take twice as much
force to drive electrons at the same rate
through two feet of the same wire. And it
must take only half as much force or voltage
to cause the same flow rate in a half-foot of
the same wire.

Instead of changing the length of conduc-
tor or wire, supposing we change its diameter
or size, or, in more general terms, change
its cross sectional area. Then what will
happen to resistance? Look at Fig. 6.

Original Doubled Halved
Size Cross Section Cross Section
® Half © Double
Resistance Resistance
2 4 1
amperes amperes ampere
E 4

volts

How the cross sectional area of a
conductor affects its resistance
and the current which may flow.

Fig. 6.

With double the cross section, as at B,
and no change in length or kind of material,
there must be twice as many free electrons
on which the potential difference or the force
in the electric field may act. Then twice as
many electrons will be moved by the same
force or voltage, and current will be doubled,
Doubling the current with the same applied
voltage means that resistance has been
halved, so doubling the cross section of the
conductor has halved its resistance.

Similar reasoning shows that in a cross
section only half as great, at C, there must
be twice the original resistance. In half the
original cross section there can be only half
as many free electrons on which the field
force may act. With half as many free elec-
trons flowing, the flow rate will be cut in
half. With half the flow rate or current, and
the same applied voltage, we know that the
original resistance has doubled.
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The unit of resistance which we have
called a 'volt per ampere' is universally em-
ployed, but under another name. The other
name is ohm. One ohm is the resistance in
which a potential difference of one volt will
cause a current of one ampere. Therefore,
any resistance expressed as some number of
ohms could be specified as that same number
of volts per ampere.

The unit of resistance is called an ohm
in honor of Georg Simon Ohm, a German
physicist who lived during the early part of
the nineteenth century. The ampere, our
unit of current, is named after Andre Marie
Ampere, a French scientist and writer. The
volt, our unit of potential difference, is named

after Count Volta, a famous Italian physicist
and experimenter. Nearly all electrical units
are given the names of famous scientists.

Many resistances in television and radio
circuits are so great as to be measured in
millions of ohms. Resistance of one million
ohms is called one megohm. In a few cases
we encounter resistances so small as to be
measured in millionths of one ohm. Re-
sistance of one one-millionth ohm is called a
microhm. Electrical units which are either
multiples or fractions of some fundamental
unit are named by placing certain prefixes
before the name of the fundamental unit.
Here is a list of the prefixes, their meanings,
and some examples of their uses.

PREFIX MEANING EXAMPLES
Resistance Voltage Current

Meg- or Multiply by
mega- 1,000,000  Megohm
Kilo - Multiply b

1 ,ogoy / Kilovolt
Milli - Divide by - 11

1,000 Millivolt  Milliampere
Mi - Divide b

wero 1,1(‘),80?003 Microhm Microvolt Microampere

Where no examples are listed we do not
find such multiples or fractions in common
use. We do not encounter either thousands
or millions of amperes, nor millions of volts.
We often deal with thousands of ohms, but do
not use a unit of one kilo-ohm, and we often
deal with thousandths of ohms, yet do not
speak of milliohms.

The first letter of the prefix kilo- is,
however, used for specifying resistances in
thousands of ohms. Any number of thousands
of ohms of resistance may be followed by the
capital letter K. For instance, a resistance,
of 56,000 ohms may be marked 56K, a re-
sistance of 220,000 ohms may be marked
220K, and one of 8,800 ohms might be shown
as 8.8K

When the capital letter M follows a num-
ber written near a resistance symbol it

means megohms or millions of ohms. For
instance, 2.2ZM means 2.2 megohms or
2,200,000 ohms. Megohms also may be in-
dicated by the abbreviation MEG after a num-
ber showing resistance in megohms. A fairly
common symbol for resistance in ohms is the
Greek letter omega, which appears like this
e Should you see 250 /- it means 250
ohms.

Any resistor shown on a service diagram
may be identified by a part number preceded
by the capital letter R. As an example, a re-
sistor marked R-37 is resistor number 37 in
the particular diagram where it appears.
Parts numbers of capacitors usually are pre-
ceded by the capital letter C. The number
C-37 would identify capacitor number 37 on a
diagram. It is common practice to precede
the parts numbers of inductors by the capital
letter L, which would mean that a part marked
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22K
- c134
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Fig. 7.
are shown on service diagrams.

L-37 is inductor number 37 in that piece of

apparatus.

Fig.7 shows a portion of a manufacturer's
service diagram with resistors, capacitors,
and inductors identified by parts numbers,
and on which resistance values are shown by
letter symbols just mentioned.

FIXED RESISTORS. A fixed resistor is
one whose resistance in ohms is determined
at the time of manufacture, and which cannot
be altered after the unit is in use. Fig. 8 is
a picture of several fixed resistors of the
style most often used. Extending from each
end of a fixed resistor are pigtails, which are
pieces of copper or bronze wire, usually tin-
ned for easy soldering. These pigtails are
used for conductively connecting the resistor
into its circuit, while at the same time sup-
porting the unit in position.

The portion of a fixed resistor which
provides the electrical resistance, or the re-
sistance element itself, is enclosed within an

Parts numbers for resistors (R), for capacitors (C), and for inductors (L) usually

outer covering made of hard-molded insulat-
ing material. Usually this insulation will
withstand an alternating voltage of 350 volts
or more without breakdown. Consequently,
the body of a resistor which has axial pigtails
(extending in line with the axis) may come in

| .
E

Some fixed resistors of the style

J |
l
| | ’
|

commonly used in television and

radio receivers.

&35

Fig. 8.
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contact with exposed or bare conductors
without danger of current leakage through the
insulating shell or cover provided the allow-
able voltage is not exceeded. The pigtail
leads are not coated with insulation. Where
there is possibility of these leads making
contact with some other conductor, the pigtail
should be protected by a length of spaghetti
insulation tubing.

The resistance element may be either
of two general kinds, it may be commposition
or wire wound. In a composition resistor the
element may be of carbon or graphite mixed
with other less conductive substances in such
proportions as to provide the desired resis-

tance. This element is molded into cylindri-
cal form. Such a construction is illustrated
by Fig. 9. The inner ends of the pigtails are

molded into the carbon core. A unil of this
kind may be called a carbon resistor.

A carbon type composition resistor
cut open to show the internal re-
sistance element and the outer pro-
tective insulation.

Fig. 9.

With another type of composition re-
sistor the element consists of a small tube
or rod of glass or other insulating material,
on the inside or outside of which is deposited
a metallic coating so thin as to have great
resistance, or any required value of re-
sistance. The pigtail leads are fused into the
ends of the insulation which carries the me-
tallic film. This entire element is molded
within a body of hard insulating material.

A wire wound resistor, as the name im-
plies, is one in which the resistance element
consists of wire wound onto an insulating
form. Several common styles are pictured
by Fig. 10. At A is a complete wire-wound
resistor, while at B is a similar unit from
which part of the insulating coating has been
removed to expose the turns of resistance
wire. This wire is of small diameter and of
a material, such as Nichrome, which has a
great deal of resistance in every inch of

Fig. 10.

Types of wire-wound fixed resistors.
The units at B and D have been cut
open to show their internal con-
struction.

length. This resistance wire is wound on an
insulating form or tube and connected to end
ferrules and soldering lugs. The entire unit
is coated with some kind of hard insulating
material.

At C in Fig. 10 is a vitreous enameled
wire-wound resistor. Vitreous enamel is a
coating of glass-like material which is fused
at red heat onto the resistance wire and the
supporting form. Such resistors are capable
of withstanding moisture, acids, and high
temperatures.

The unit at D in the picture is a wire-
wound resistor which appears, from the out-
side, identically like composition or carbon
resistors having axial leads. The wire wind-
ing is on a small inner insulating cylinder,
and this element is embedded within a larger
cylinder of hard insulating material, part of
which has been removed to show the inner
core on which is the resistance wire. The
wire on many such elements is no more than
14 thousandths of an inch in diameter. In
Fig. 8 some of the resistors are composition
types and others are wire-wound.
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PREFERRED NUMBERS. By looking at
Figs. 3 and 7, and at other service diagrams,

values for which the first two figures are 10,
22, 33, 47, or 68. There are, for example,
resistors of 470 ohms, 4,700 ohms, and 470K
(470,000 ohms). This does not mean that when
replacing these units you always must pro-
vide a number of ohms exactly equal to the
rather odd values shown. It means that these
values are given in "preferred numbers'' ac-
cording to a practice which in recent years
has greatly reduced the variety of resistance
values carried in stock by service organiza-
tions.

To explain how this object has been at-
tained we first must consider the matter of
"tolerances'" in resistances. Tolerance re=
fers to the percentage by which actual re-
sistance may vary from a 'nominal" marked
value while still allowing satisfactory per-
formance in a given circuit. Probably the
most commonly employed tolerance is one of
10 per cent. In some circuits the tolerance
may not exceed 5 per cent. Many resistances
are satisfactory when the tolerances is 20
per cent.

Consider a resistor rated at 20 per cent
tolerance and marked 470 ohms. This means
a nominal value of 470 ohms. The actual re-
sistance may be as low as 376 ohms, which is
20 per cent under 470, or it maybe asgreatas
564 ohms, which is 20 per cent high, or it
may be anywhere in between these limits.
Similarly, in a resistor having a nominal or
marked value of 330 ohms, and 20 per cent
tolerance, the actual resistance may be any-
thing between 264 ohms (20 per cent low) and
396 ohms (20 per cent high).

Now note this. The high limit of the
nominal 330 ohm unit is 396 ohms. The low
limit of the nominal 470 ohm unit is 376
ohms. These limits overlap by 20 ohms.
Then, if tolerance of 20 per cent is satisfac-
tory or allows satisfactory performance in
circuits considered, there would be no object
in having on hand any nominal values between
330 ohms and 470 ohms. These two would
cover all your needs from 264 ohms up to
564 ohms.

Only six nominal values of resistors
having 20 per cent tolerance will cover all

—ymrwm—ﬂmmWhtvmﬁwﬂﬁlﬂﬁﬂW. tikethise

RANGE COVERED

NOMINAL
OHMS 20% Low 20% High
100 From 80 ohms to 120 ohms
150 From 120 ohms to 180 ohms
220 From 176 ohms to 264 ohms
330 From 264 ohms to 396 ohms
470 From 376 ohms to 564 ohms
680 From 544 ohms to 816 ohms

By adding one cipher to each nominal
value it becomes possible to cover all re-
sistances between 800 and 8,160 ohms, when
tolerance is 20 per cent. This would call for
only six additional nominal values, of 1,000
ohms, of 1,500 ohms, and so on. With two
ciphers added, requiring six more nominal
values, the range would extend from 8,000 to
81,600 ohms. By adding ciphers, and six ad-
ditional nominal values each time, we may
reach any desired ranges of resistance.

Dividing the original nominal values by
10 will give a range from a high of 81.6 ohms
down to a low of 8.0 ohms. Continuing to di-
vide by 10's would bring the low limit any-
where required. Here are the first two sig-
nificant figures for all resistors of 20 per
cent tolerance: 10, 15, 22, 33, 47, and 68. If
the tolerance is to be 10 per cent we would
need twelve pairs of significant figures, and
f