| >5

COMMERCIAL
TRADES

\ INSTITUTE

jic

-

1w
KNOWLEDGE + AMBITION. = SUCCESS

\

Troining Your M/'o

o
O‘P h
#fecting Your Skill

“The heights by great men reached and kept
Were not attained in sudden flight,

But they, while their companions slept,
Were climbing upward in the night.”
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LESSON NO. 1
WHAT MAKES TELEVISION WORK?

At two and one-fifth seconds after quarter past four in the afternoon. at Wrigley ield in Chicago, the
batter connects with a fast one. In that same fraction of a second, although you may be hundreds of miles
away, it is possible to see the hit, hear the crack, and watch the ball travel out, up, and over the wall for
a homer. That’s television!

The television “‘signal’ which lets you see and hear that play may have come through hundreds of miles
of coaxial cable, and through amplifier after amplifier on the way. Always the signal hus originated in a
television camera and has passed through the vast complexities of a transmitter. From the transmitter antenna
that unbelievably minute force which is the signal flies through space to the antenna of your television
receiver.

At your receiver the signal starts a whole train of events, with power building up higher and higher in
paths which divide and subdivide. Finally,all butone of these paths come back together at the picture tube,
and there you see the swing of the bat and the flight of the ball. The one remaining path leads to the laud
speaker, from which you hear the “smack’ and the cheers of the crowd. The whole thing happens in little
more time than it takes for light to travel from this page to your eyes.

Nothing which ever came to pass in the world of science is more wonderful than television. A television
receiver utilizes more different electrical principles than any other device you can think of. The ordinary
television set contains four times as many tubes as an ordinary radio set. But it isn’t the number of tubes
which tellsthe real difference, forthe television receiver employs all the principles found in sound radio and
dozens of others which the radio man never has to think about.

When you look at the top of a television receiver which has been removed from its cabinet you see quite a
few tubes and a number of rather large parts, as pictured in [ig. 1-1. It is from underneath the chassis that
yousee most of the small parts, especially those which become familiar to every service technician. In Fig.
1-2 we are lookingat the underside of a 20-tube television set. This is a rather simple job, as receivers go,
but in it there are 283 principal parts — not counting such minor things as wires, lugs, clips, insulators,
mountings, screws, knobs, and all the other small parts. Fighty per cent of the principal parts are capacitors,
inductors, and resistors of one type or another.

The words capacitor, inductor, resistor, amplifier, signal, and all the other techrical terms are part of the
language of television. Soon this language will be yours. A little later one of your fellow technicians may
ask, ‘‘What was wrong with that job?”’ And you will answer, *“Well,the discriminator in the horizontal afc
was out of phase and put a blanking bar right down through the pattern. Not only that, there was a leaky
capacitor on the grid of the vertical sweep oscillator, and the picture wouldn’t stop rolling.”

This televisionreceiver, a scientific marvel whose working depends on the most delicate balances between
forces great and small, brings forth living pictures and the accompanying sound at the flick of a switch and
the turnof a dial — for anyone. Fven a child can operate a modern television set. Still more remarkable, this



Fig. 1-1. On top of a television receiver chassis we find many tubes and most of the larger parts.

(Courtesy Zenith Radio Corp.)
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precision instrument is surprisingly tough. There is nothing the child can do with any of the front panel
controls to put the receiver out of business. He can only throw it out of tune or out of synchronization.

Sad to relate, however, the forces which carry the ball game to your eyes and ears can be jostled about
in space until you see blurs, ghosts, flashes, herringbone patterns, and lots of other things which certainly
aren’t pictures. Even though the signal gets into the receiver without mishap it still has a long ways to go,
electrically speaking. The final picture, if one exists, may be out of focus, off center, full of “‘snow”’, all
twisted and torn, too dark, or, as the photographers say, nothing but soot and whitewash. This is where you,
the service technician, come in.

Now we don’t intend to belittle the abilities of the radio service man, for reasons you soon will discover.
A good radio service man has to know plenty. Servicing a radio is child’s play, however, compared with
servicing a television set. From the standpoint of the set owner this isn’t so good. For one thing, it will be
years before the supply of competent television technicians catches up with the need for them. If television
sets continue to sell at the present rate of thousands every day, the need never will be fully satisfied.

From the standpoint of your own self-interest this prospect is decidedly rosy. When a television set goes
haywire it may mean merely a burned out tube, which anyone can replace. This remark, about ““anyone’’ re-
placing a tube, would bring a smile from the man who knows television. Replacement in any one of at least
half the positions hastobe followed by a job of realignment before performance comes back to normal. A tube
which checks OK on any number of tube testers may or may not work in a television receiver. A tube which
fails in one position may be entirely satisfactory in another spot.

Just to illustrate how trouble shooting really is carried out, let’s assume that you are further along in your
studies and are called to fix a set from which the sound is fine, but on the face of the picture tube there
appears nothing but white, withsome diagonal lines evenwhiter. Being a trained technician, you know instant-
lythat the sound section and the sweep section are working. Doubtless you would put a test signal on the
antenna terminals or on the mixer tube, and check results at the video detector cutput. Were everything OK
there you would check for the test signal at the picture tube input. There you might find no signal at all. The
rest would be easy, for the fault is between the detector and the picture tube. Maybe it is a blown coupling
capacitor, maybe something else, but easily located with your electronic voltohmmeter.

The big point is that television servicing requires training of a very special kind, and familiarity with
highly specialized testing equipment. The result, naturally, is more money per job, or per hour or minute on
the job. Maybe you already know about the ‘“‘service insurance’’ offered for many high grade receivers. The
cost per year, for fixing whatever may happen, runs from forty to seventy-five dollars. It goes up as the re-
ceiver grows older. This means that the average yearly service expense on every receiver has been figured
by experts as forty to seventy-five dollars. The makers say that during the next twelve months at least two
million new television sets will go into the hands of owners. Multiply sets by dollars — and remember, this
is the increase for just one year.

How are we going to learn to give television service which makes the owners happy, and makes us pay
more income tax? What is the road to be traveled between here and real proficiency? Our *‘road map”’ will
appear in this and the following lesson.

We have a lot of ground to cover. To travel the route ina reasonable time we must get into the actual
practice of television without delay. Therefore, we shall not spend time just now on so-called theory and
fundamentals, but rather commence learning how television works. Don’t, however, get the wrong ideas about
theory and basic principles. Many times you will encounter troubles which do not yield to any ordinary serv-
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Fig. 1-2. Underneath the chassis are the smaller parts with which the service technician is most often
concerned. (Courtesy Motorola, Inc.)



Fig. 1-3. This is a rear view of a large screen television receiver using a vertical type receiver
chassis. (Courtesy Admiral Corp.)
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Fig. 1-4. One style of power supply which delivers a potential of 14,000 volts for the picture tube
visible at the left.

ice methods. Then an understanding of principles will save the day, for you can figure out what must be
wrong, and will know what must be done for correction — even though it is “not in the book™.

There is just one preliminary warning. If you slight any part of any lesson you surely will get off the main
road and have rough going. This may happen because you decide that some subjects are too easy, or.that you
already knowall about them. No one knows everything about anything in television. You may know a lot, es-
pecially if you already are a radio man, but don’t pass up the new information on new ways of doing things
in television.
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We are not going to learn to turn some certain adjustment to the left and another to the right by a turn and
a halftoaccomplish some result. If the result shouldn’t appear, as many times it won’t, vou must understand
what really is happening in that particular circuit. We shall proceed on the assumption that if vou know how
a thing should work you can fix it when it doesn’t work.

Now let’s get down to business.Fig. 1-5 is a photograph of one of the television receivers with which we
shall carrv out many investigations. The biggest and most important looking part is the picture tube. Why do
all the lights and shadows of an apparently living picture come and go on the fuce of that tube?

HOW PICTURES ARE FORMED

The answers to why pictures appear on the television tube will explain the basis of television itself. As
a preliminary we shall consider the problem which confronted the scientists who conceived the idea of send-
ingmovingpictures by radio. Thev were up against these hard facts. A radio signal can be varied in strength
onlv from one instant to another. Its strength cannot vary in two ways at the same time. During some partic-
ular millionth of a second the signal may be weak, in the following millionth of a second it mav be strong,
and at other instants may be of intermediate values. but the signal cannot be both strong and weak in the
same instant. This is all right for transmission of music and speech, because sounds consist of changes of
pitchand intensity which occur one after another. At any one instant there is only one kind of sound, and at
that instant the radio signal need represent only that sound.

But in a moving picture there are different changes of light and shadow occuring at the same instant in
many places onthe image. Some spots become lighter while others are getting darker, and still others remain
unchanged — all at the same time. How would you go about transmitting all these different but simultaneors
changes with a radio signal which cannot possibly vary in more than one wav at one time?

The only possible solution for this problem has been known for more than sixty years. The solution is to
divide the picture into parts so small that each consists of only a single shade or single degree of brightness.
These tiny parts of the picture must be viewed one after another. Signals corresponding to the brightness of
eachsmall areamust be transmitted one after another in time. Then, at the receiving end, all the parts, each
with its appropriate brightness,must be assembled in the same positions they occupied in the original scene.
This will reproduce the picture being viewed at the transmission end of the system. '

This first part of the solution gives us only one stationary picture. All the people and objects will be in
fixed positions. T'o have movement in television pictures we utilize the same method emploved in motion
pictures. You know that a motion picture consists of a rapid succession of still pictures. Fach still picture
shows the positions of people and objects at one instant of time. The next still picture shows the positions
during a following instant, and so on. These still pictures, in the movies, are projected onto the screen at
the rate of 24 each second. When we look at one of these pictures our eyes retain the impression for about
1715 second. Consequently, we see one picture until the next comes along. The slight changes of position
of the people and other objects which occur between one still picture and the next one all blend together,
and there is the illusion of movement.

The ability of our eyes to retain the impression of a picture for a fraction of a second, called persistence
of vision, is used in television just as in motion pictures. Complete pictures are formed on the television
screen at the rate of 30 per second. That is, all the small areas of light and shade which form one ““stili’”
picture are reproduced in their correct positions and degrees of brightness during 1/30 second. ¥e continue
to see that picture until another one is formed during the next 1/30 second. Then we see, or seem to see,
all the smooth and continual movements that are occurring in the televised scene.
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Fig. 1-5. The chassis and picture tube of a large screen television receiver.

g 9bp 4 - | ‘oN uossa)

JINLILSNI S3IAVYL TVIOIIWWOD



COMMERCIAL TRADES INSTITUTE

Lesson No. 1 - Page 9

Fig. 1-6. Television — vintage of 1928. The observer is looking through holes in a spinning Nipkow disc
which divides the picture into many small areas.

DIVIDING THE PICTURE

Now to apply these principles in practice. To begin with we shall split the scene or its image into many
small parts. The first step is to divide the picture into a great many horizontal lines. Fig. 1-7 shows this
division. The footballscene has been ruled off into 75 horizontal lines. In actual television reproduction the
picture would be divided into about 500 horizontal lines, each much narrower than shown here. We commence
with wide lines because it will be easier to see what happens.

To examine the makeup of a single horizontal line we shall look at part of one which cuts through the num-
eral ‘“30”" on the jersey of one of the players. This portion of a line is seen more easily in Fig. 1-8. By
following along this line from left to right we observe that it consists of a series of shades; some black,
some white, and a great many intermediate grays. Any other line or part of a line, is similarly made up of
lights and shadows.

Across the bottom of the picture is a horizontal scale whose divisions are each just as long from left to
right as the vertical distance between lines in the picture. Were each picture line divided into sections of
this horizontal length the areas would be squares. Fach square would be predominantly black, white, or of
some particular gray tone. At least, this would be the case were the lines of less height and the squares
smaller than shown here, or were the lines of the size actually found in television pictures. This division
of the picture brings us close to the final solution of our problems.

In the television camera there is a lens and optical system almost exactly like those in high quality cam-
eras used by the ordinary photographer. An image of the televised scene is focused by the television camera
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Fig. 1-7. Any picture or image may be divided into many narrow horizontal lines.

onto a light-sensitive surface, just as an image is focused onto the photographic film in any other camera.
The light-sensitive surface in the television camera is not a photographic film. Rather it consists of count-
less tiny photoelectric cells which produce electrical impulses proportional to the brightness of light in the
focused image.

The photocells in the camera tube deliver their electrical impulses only when they are affected first by a
stream of electric particles (electrons) which is directed against the cells. This stream of electric particles
is made to travel across the focused image along horizontal lines like those discussed in connection with
Figs. 1-7and 1-8. In effect, the television camera looks along each of the image lines from left to right, and
follows all the lines from top to bottom one after another. Thus the camera sees only rapid changes of bright-
ness. The television picture signal which originates at the sensitive surface in the camera then will vary
according to these successive changes of brightness. The camera looks at only one small area of the image
at any one instant, but it looks over the entire image during every 1/30 second of time.

'World Radio Histol
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Fig. 1-8. Every horizontal line, or part of a line, consists of areas in which there is predominantly a single

shade.

The picture signal will arrive at the picture tube in your television receiver as fast as it originates inthe
camera. Now, undoubtedly, there are two big questions in your mind. First, how does this signal cause all
the changes of light and shadow which make up the picture during each 1/30 second of time? Second, how
are the lights and shadows distributed over the screen of the picture tube to appear in precisely the same
positions they have in the original scene? To arrive at the answers to these questions it will be well to
commence with an examination of the picture tube, and how it works.

THE PICTURE TUBFE,

When removed from its mountings a picture tube of one type appears as in Fig. 1-9. Underneath is one of
the smallest tubes from the same receiver. The base of the picture tube is located at the left hand side in
this illustration. Protruding from the base are a number of metal pins which allow making electrical connec-
tions toparts inside the tube. Attached_to the base is a straight cylindrical glass section called the neck of
the tube. The neck ends at the beginning of the flare, just above the little tube. The flare ends at the flat-

'World Radio Histo
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Fig. 1-9. A picture tube and its smallest relative, the video detector tube.
tened front face of the tube. On the inner surface of the face is the screen where pictures appear.

The entire glass portion of the picture tube is called the envelope. The envelope is highly evacuated
and tightly sealed. That is, almost every last trace of air and other gasses have been pumped out of the
envelope. This leaves practically no pressure at all on the inside of the glass, while on the outside sur-
face there is the full pressure of atmospheric air, 14-7/10 pounds on every square inch of glass. The
total excess air pressure on the outside of a 21-inch television tube is about six and one half tons. Need-
less to say, we handle picture tubes with great respect. -

When we look intothe neck of our picture tube, as in Fig. 1-10, we see several metal cylinders end to end,
and numerous other small parts. Inside the cylinder which is nearest the base of the tube is a part called
the cathode. The cathode is heated red-hot while the tube operates, and the heat causes particles of elec-
tricity toboil out of the cathode surfuce. This action is much like that in which particles of water in the form
of vapor or steam come from the surface of any wet object which is heated. The particles of electricity are

'World Radio Histol
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Fig. 1-10. Inside the neck of the picture tube are the parts forming the electron gun.

electrons. We shall have a lot to do with the behavior of electrons, for they are all-important in television
and radio. For the present it is enough to know that electrons are electricity itself, and that they are forced
out of the cathode by heat.

As soon as an electron gets out of the cathode its natural inclination is to fall right back in again. But
many electrons, before they can drop back into the cathode, are caught by a very strong force. This force
results from electrical potential of the metal cylinders which are farther from the base of the tube. Poten-
tial commonly is called voltage, because its strength is measured in the unit called a volt. Potential in
house lighting circuits is usually between 110 and 120 volts. In the picture tube being examined there are
potentials as high as 5,000 volts. In other common types there are potentials of 9,000 to 16,000 volts, and
in a few picture tubes this electrical force exceeds 25,000 volts.

Many electrons whichhave boiled outof the cathode are pulled away by the strong potentials in the picture
tube. Not only are the electrons drawn away, they are accelerated to speeds which are beyond the imagina-
tion. By the time an electron gets through the parts in the neck of a picture tube it is traveling at more than
50 million miles an hour. The part of the tube in which electrons are liberated and accelerated to_such tre-
mendous velocities is, appropriately, called the electron gun.



Fig. 1-11. Inside the face of the picture tube is the screen with the phosphor material which emits light
when bombarded by flying electrons. (Courtesy Zenith Radio Corp.)
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Fig. 1-12. Successive lines of lights and shadows are formed as the electron beam moves gradually
downward on the screen.

Billions of electrons will be shot straight through the center of the picture tube 1o hit the center of the
screen. The screen, which is facing us in Fig. 1-11, consists chiefly of u coating called the phosphor on
the inside of the glass face of the tube. The phosphor material is similar to that used inside the long glass
tubes of flourescent lamps which are commonly used in hones and places of business. It is a substance
which glows brightly when struck by electrons.

The streamof high velocity electrons hitting the center of the screen causes a small bright spot to appear
there. During their travel through the tube these electrons have been drawn together or focused into a beam
which produces a light spot only about 1/100 inch in diameter. The light spot may be made of any desired
brightness by varying the quantity of electrons coming to the screen’ The greater the number of electrons
hittingthe screen persecondthe brighter is the spot, lleducing the rate of arrival makes the spot less bright.
Shutting off the electron beam leaves the screen dark. Thus it is possible to control a small spot to produce
any degree of brightness, or even darkness.

Now we have learned how brightnesr may be varied on the screen of the picture tube. To form a horizontal
line it is necessary only to vary the brightness while the spot being formed by the electron beam is made to
travel from left to right. Any line may be built up with changes of brightness or of light and shadow.

SWEEPING THE DEAV

To form one complete picture the electron beam is first directed toward the upper left-hand corner of the
screen. Then the beam is swept across the width of the picture space all the way to the right. During this
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Fig. 1-13. The electron beam is bent or deflected as it passes through a space between two metal plates.

travel the rate of flow of electrons in the beam is varied according to the picture signal coming to the tube.
This variation produces such changes in brightness of the spot as to place at each point along this one line
the same degree of light or shadow that exists at the corresponding point on the televised image. The hor-
izontal line consisting of lights and shadows may be called a trace.

Toforma second line or second tracethe beam must again start from the left-hand side of the picture space,
as may be seen from Fig. 1-12. But we don’t return the beam itself from right to left along one of the broken
lines in that figure. Such a return would cause a spot of light to move backward and form a faint white line
between each two adjacent traces composed of picture lights and shadows. During the time it would take to
bring the beam back to the starting point of another line the electron flow is shut off-'We say that the beam
is blanked during the horizontal retrace period. Then, when the forces which control the sweep of the beam
are all ready for the next line, the beam again is turned on and the light spot is formed.

It is apparent that, between each pair of horizontal lines, the beam must move downward by an amonnt
equal to the distance between luminous traces. When this is done, all the lines from top to bottom of the
picture will be reproduced.
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I'ig. 1-14. The plates for electrostatic deflection are within the neck of the picture tube.

Afterone picture has been completed, and the beam is at the lower right-hand corner of the picture space,
the beam again is blanked. Then the forces which control vertical travel of the beam get all set to start a
new picture in the upper left-hand corner, and there the beam is turned on. The time between shutting off the
beam at the end of one picture and turning it on again at the beginning of the next picture is called a vertical
retrace or a vertical blanking period. The actionof forming one picture after another continues as long as the
program lasts or until something happens which requires the help of a service technician.

3y the way,don’t try too hard to remember all the television words and terms which we are using in these
first few pages. As we proceed, you will meet these words so often that you can’t possibly forget them nor
hat they mean.

The light spot travels so fast that we do not see it as a spot, only as a line of light. Uinless we are too
close to the picture tube we don’t even see the separate lines. And no matter how close we get it never be-
comes possible to see the separate pictures completed in only 1/30 second each. ersistence of vision lets
us see only the complete scene with all its motion.




DEFLECTION YOKE

Fig. 1-15. The yoke, containing magnet coils for magnetic deflection, is around the outside of the picture tube neck
just back of the flare. (Courtesy Raytheon Mfg. Co.)
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The beam and the spot travel all the way from left to right in about 53 millionths of a second. The
period for horizontal blanking lasts about 10 millionths of a second. In forming one complete picture the
electron beam travels from top to bottom of the picture space in about 15 thousandths of a second, and
vertical blanking lasts for about 1% thousandths of a second.

No doubt you noticed that this last statement, about the beam traveling downward in 15 thousandths of a
second, hardly fits in with the formation of a complete picture in 1/30 second, for this time for a complete
picture would be about 33 thousandths, not 15 thousandths of a second. The apparent discrepancy comes
about in this way. Only every alternate horizontal line is formed during one downward travel of the elec-
tron beam. Then, on the next trip downward, the intervening lines are filled in. This is called interlaced
scanning, a matter for discussion later on. We cannot cover all the little details in this preliminary talk
about television - it isn’t quite so simple.

DEFLECTION METHODS

There are two methods of deflecting the electron beam in a picture tube. One method is to pass the
streams of electrons between two metallic plates arranged as in Fig. 1-13. These plates are inside the
neck of the picture tube, just beyond the electron gun. Were you to connect the two terminals of an electric
battery to the two deflecting plates the electron beam would be bent or deflected to one side in passing
between the plates. Reversing the connections between battery and deflecting plates would bend the beam
to the other side. The stronger the voltage from the battery the greater would be the degree of bending or
the greater the deflection,

Naturally, we don’t deflect the beam in a picture tube by means of battery connections, partly because
we need 15,750 horizontal deflections every second. This job requires various synchronizing tubes, sweep
oscillators, sweep amplifiers, and other parts, all of which will be examined .in due time. By varying the
deflection voltage at a suitable rate it is possible to make the beam travel across the screen at just the
right speed, and by suddenly reversing the voltage we accomplish the retrace between lines.

This method of sweeping the electron beam and light spot is called electro-static deflection. The picture
tube on the receiver of Fig. 1-14 employs electrostatic deflection. The deflectirg plates and their con-
nections are inside the neck of the tube.

The other method of deflecting the beam .is with magnets. In the space near a magnet is a force which
we recognize as attraction. It is this force that pulls a nail toward a magnet even while there is still an
air space between the two. This magnetic force will exert a pull on electrons in the picture tube beam,
and will bend or deflect the beam. Magnets used for deflection are electromagnets. They are made with
pieces of iron around which are coils of insulated wire in which electricity flows. You can see small
electromagnets in every door chime, bell, and buzzer.

The deflecting magnet is placed around the outside of the neck of the picture tube, with the two poles
of the magnet on opposite sides of, or above and below, the neck. Then the electron beam inside the tube
travels between the magnet poles. By varying the rate of flow of electricity in the magnet coils, and by
reversing the direction of flow, the electron beam and light spot are made to travel from left to right across
the screen while forming a trace, and to start over again for the following trace.

This method is called magnetic deflection or electromagnetic deflection. On the neck of the picture
tube of the receiver in Fig.1-15 is a set of deflecting coils. These coils are built into a deflecting “yoke”
which is supported around the tube neck just back of the flare,
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A single pair of electrostatic deflecting plates may be used for sweeping the beam either harizantally or
vertically. A second pair is required for the other direction of sweep. Similarly, a single deflecting magnet
will sweep the beam either horizontally or vertically, and a second magnet is required for sweep in the other

direction.

HOW FAR WE HAVE TRAVEILED

Near the beginning of this lesson the langnage of television was mentioned. We have been talking it ever
since. How many television words and terms do you suppose have been used up to this point? Count them in
the list which follows. Look through the list and check the words which you could explain, at least in a
very elementary way,to someone who knows nothing about this subject. If you check fifteen words you have

done exceedingly well.

We have talked about what might be called the beginning and the end of television, about the cam era and
the picture tube. It has been taken for granted that a television signal picked up by the antenna on your re-
ceiver has gotten through to the picture tube in some manner still not explained. It is between the antenna
andthe picture tube that we find a majority of the parts with which we are most concerned in television ser-
vicing. In the following lesson we shall look at many of these parts and discuss their pumposes.

Here is the list of technical words and terms which have already been used.

Antenna
Blanking i3ar

Capacitors
Cathode

Chassis

Deflecting magnet
Deflecting plates
Deflection
Discriminator

Flectromagnets
Ilectron flow

Electron gun

Flectronic

Flectrons

Flectrostatic deflectian

Flare
Ghosts

Horizontal afc
lHorizontal blanking

Inductors
Interlaced scanning

Magnetic deflection
Mixer tube

Neck

Phase
Phosphor
Picture tube
Potential

Realignment
Resistors
Retrace

Screen

Snow

Sweep

Sweep oscillators
Sync

Synchronizing tubes

Trace

Vertical blanking
Video detector
Voltage
Voltohmmeter
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FOLLOWING THE TELEVISION SIGNAL

We have learned how a moving picture is formed on the screen of the picture tube inatelevisionreceiver.
Now we shall learn what happens between the receiving antenna and the tube in order that a picture may
appear. This means following the signal through the receiver. First we must know a little bit about signals
in general. Then, to understand the peculiarities of the television signal, we must determine what it is sup-
posed to accomplish by the time it gets to the picture tube.

A television signal is only one of a great variety of radio signals which are being transmitted and re-
ceived everywhere at all times. Radio signals are employed for airplane control, for guidance of ships, for
radar detection of objects beyond our sight, for experimentation and development by the radio amateurs, for
communication with moving trains, trucks, and automobiles, and for other purposes almost too numerous to
mention. We are most familiar with signals used for entertainment and education by means of sound alone
instandard broadcast radio, in frequency-modulation or f-m radio, in international short-wave radio, and now
in television where sight is added to sound.

Any and every radio signal passing through space consists of forces called electromagnetic radiation.
All we needtoknow about this radiation, just now, is that it produces exceedingly weak voltages in receiv-
ing antennas. These weak signal voltages must be strengthened in the receiver. About half the tubes in a
television receiver are amplifiers, whose purpose is to step up the voltage of the signals.

An amplifier works something like a faucet or valve in a water system. You may apply a small force to
the handle of a faucet or valve and thereby control or regulate a flow of water capable of exerting much
greater force.This likeness is so real that the English don’t use the word tube, they call them valves. The
faucet doesn’t produce the force of the water, it merely controls the force. An amplifier tube doesn’t produce
voltage, but it does control the flow of electrons from other sources of voltage.

There are other tubes which take power from electric lighting circuits in buildings and deliver this power
in the kinds of electron flows and voltages needed for reception. It is these voltages which are controlled
by the amplifiers. The voltage controlled by one amplifier may be used by a second amplifier to control a
still stronger voltage. This process may be repeated a number of times, until :he final controlled voltage is
ample to operate the picture tube. Itall begins with the very weak voltage induced in the antenna by the re-
ceived signal.

The strong signal voltages delivered to the picture tube will be the final result of weak signals coming
to the antenna. Consequently, to determine what is needed in the received signal we may make a list of
things needed for control of the picture tube. You are well enough acquainted with the workings of a picture
tube to write this list for yourself. Here are the requirements..

1. The rate of electron flow in the beam must be varied in order to form lights and shadows for pictures.

2. The start of each horizontal sweep of the picture tube beam must occur at the exact instant of the start
of a horizontal sweep of the beam in the television camera. Otherwise the light and dark spots on the screen
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Fig. 2-1. Transmitting antennas of station WFMJ at Youngstown, Ohio. One of these Truscon self-supporting towers is 346
feet high. The other five are each 400 feet high.

World Radio Histor
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Fig. 2-2. Each twbe in the television chassis illustrated performs a function which is essen-
tial in the correct operation of a television receiver. Tubes 1, 2, and 3 are in the tuner which
selects and amplifies the desired sound and picture signals. Tubes 4, 5 and 6 further amplify
the picture and sound signals. Tube 7 amplifies only the picture signal, and tubes 8, 9 and 10
amplify only the sound signals. Tubes 11, 12, 13, 14, 15 and 16 develop and amplify the volt-
ages necessary to synchronize and sweep the beam in the picture tube. Tube 17, which is
under the shield can, provides the high voltage necessary to operate the picture tube, while
tube 18 provides the necessary low voltages.

of the picture tube would not be where similar light and dark spots exist in the televised scene or onits
image in the camera tube. The picture would be thoroughly scrambled.

3. The start of each downward travel of the electron beam in the picture tube must be precisely in time
with the start of a downward travel of the electron beam in the camera tube.If this were not done you might
see a man’s head below his feet, or his body might be sliced in two anywhere in its height.

4. There must be means for blanking the electron beam in the picture tube between horizontal traces, and
for blanking the beam during the time between the end of one downward sweep and the beginning of the next
one. Were there no blanking of the beam during retraces, the whole picture would be too light in shading,
and it would be decorated with sloping white lines which don’t belong there.
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Fig. 2.3. This is a Channel Master four-bay multiple-stacked antenna array
for long-distance television reception.
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Fig. 2-6. The portions of a composite television signal representing three horizontal
traces and four hotizontal blanking intervals.

brightness. This picture portion of the signal may have to vary at a rate of nearly four million times a sec-
ond in order to have good reproduction of small details.

2. Horizontal sync. In the television camera tube there is an electron beam which sweeps across the
light-sensitive surface to activate the tiny photo-cells. In the picture tube we have an electron beam which
sweeps across the screen to activate the phosphor and produce light. These two beams must remain pre-
cisely in time or in step with each other, always.

GAny two actions which are forced to occur at the same instant and in the same manner are said to be syn-
chronized. This is a long word, so we abbreviate it to “sync’’, and pronounce the abbreviation just like the
name of the sink you have in the kitchen. Sync, in the language of television, means synchronized, synchro-
nizing, synchronous, or any other word commencing with the letters s-y-n-c.

Now we may give a name to the voltages of the composite signal which time the horizontal sweep of the
beam. These voltages are the horizontal sync pulses. They arrive right along with the picture signals, in
between each two successive lines. Fach horizontal sync pulse lasts for about 5 millionths of a second.
That is enough to start the beam on its way.
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MAXIMUM VOLTAGE  HORIZONTAL SYNC PULSES
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Fig. 2-7. The composite signal with horizontal sync pulses added.

3. Vertical sync. The start of each downward travel of the picture tube beam must be precisely in time
with the start of the corresponding downward travel of the beam in the camera tube. What would you call
the composite signal voltages that control this starting? Naturally, you would call them the vertical sync

pulses. The entire pulse of signal voltage which starts the beam on its downward travel lasts for about 185
millionths of a second.

Were you a service technician to whom the sync section of a television receiver is being explained we
would use a diagram such as that of Fig. 2-5. This is just a preview of the manner in which tubes, con-
nections, and other parts are shown in the written language of television. It is a schematic circuit diagram
including the parts which take the sync pulses from the composite signal and deliver corresponding voltages
to other parts whichsweep the beam horizontally and vertically. Everything is shown by symbols. The circles
represent tubes, with small lines inside to show the working elements. Zig-zag lines represent resistors.
Pairs of short lines separated by an open space represent capacitors. A series of small horizontal lines
growingshorter and shorter from top to bottom means a connection to the main body of metal in the receiver
chassis; these are ground connections. The rest of the lines represent wires between the parts.

The sync separator tube takes both horizontal and vertical sync pulses and some of the picture signal
fromthe last of a string of amplifiers which have strengthened the entire composite signal. Then comes the
sync amplifier, which strengthens the signal delivered by the separator. Next, the sync stripper gets rid of
any portions of the picture signals which may have gotten through to this point. Finally, the sync limiter
trims all the pulses to uniform strength and sends them to the filters. The filters separate the vertical and
horizontal voltages which correspond to the original pulses.

4. Blanking the beam. A few paragraphs back we learned that signal voltage applied to the control grid
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of the picture tube will make the light spot brighter or dimmer. To shut off the beam entirely it is necessary
only that the voltage applied to the control grid exceed a certain strength. Then the electrons cannot get
throughthe grid at all, they cannot get away from around the cathode. Thus the beam is blanked. The period
of blanking between each pair of horizontal traces lasts a little more than 11 millionths of a second. The
blanking period between the end of one downward sweep and the beginning of the next one is alcut 1/800
second.

Intalkingabout the voltage of the con.posite television signal we don’t use the words voltage or potential.
We speak of various *‘levels’’. The value of voltage which is just sufficient to blank the bean: is the blank-
ing level. It may also be called the black lev el, because this and any greater voltage will keep the beam
shut off and leave the screen black. There is also a white level. When signal voltage reaches the white
level we have the brightest possible spot of light on the screen.

S, Interlacing. The subject of interlaced scanning is something with which we need not concern ourselves
yet. The portions of the composite signal which permit this action are ca lled equalizing pulses. They occur
during 185 millionths of a second preceding each vertical sync pulse, and again during an equal time period
following each vertical pulse.

In our discussion of the effect of signal voltages on the picture tube bear you may have wondered why a
strong signal voltage blanks the beam, and a weak voltage c auses the spot to become very bright. Well, this
isthe action we get with what is called pegative transmission. Negative transmission is used in the United
States and many other countries. Others employ positive transmission, with which a strong signal voltage
makes a bright picture, and a weak voltage makes a derk picture. Our wethod reduces the chance for out-
side electrical interference to upset synchronizing of the beam, for reasons which will appear in cue time.

THE COMPOSITE SIGNAL

Before starting the composite television signal through all the parts of a receiver it will be helpful to
Lave some simple way of representing on paper the changes of voltage which make up this signal. The
easiest way is the one universally used by television technicians and engineers. It shows variations of
voltage or signal strength by a line which rises to show increases and falls lower to show decreases.

Fig. 2-6 shows how picture signals are represented. Here we have the signal for three successive hori-
zontal lines. The image is practically the same in all the lives, indicating little or no movement. At the
left is marked the voltage level for blanking, which leaves the screen black, and also the level for the
whitest possible trace. Fven for this whitest trace there is some signal voltage, as is evident from the fact
that the level for zero voltage or no signal is quite a ways below the white level.

Time proceeds from left to right. That is, the left-hand end of this diagram represents a time earlier than
the right-hand end. We commence, at the extreme left, with the beam blanked — the signal voltage is at the
blanking level. Then begins a horizontal trace. During this trace the signal goes first away down to the
white level, making the spot very bright. Then the signal rises all the way to the black level. Next cones
a drop of signal voltage, which would produce a light gray part of the trace. This is féllowed by a rise of
signal voltage, for a dark gray portion. Finally, the signal goes almost to the white level just before the
beam again is blanked at the end of this first complete trace.

Forma tion of this first horizontal trace has taken up about 53 millionths of a second. The following blank-
ing interval lasts for about 11 millionths of a second. Then comes another trace line, another blanking in-
terval, and so on. Our entire diagram, including three picture lines and four blanking intervals, shows what
happens in about 200 millionths of one second. To show on the same scale what happens during only one
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Fig. 2-8. To this composite signal have been added the vertical sync pulses, equalizing
pulses, and horizontal pulses which appear in the two vertical blanking intervals
occuring during formation of one complete picture.

second of time would require a diagram five thousand tinies as wide as this one.

When we add horizontal sync pulses to the signal it may be represented as in Fig. 2-7. These pulses are
increases of signal voltage above the black level. During each sync pulse the signal voltage rises fromthe
black level to the maximum voltage of that signal, then drops back to the black level. The horizontal sync
pulses occur during the intervals of horizontal blanking.

For the present we shall not go on with an examination of vertical sync pulses, vertical blanking, and
equalizing pulses. We have learned enough about the general form of the composite signal to talk intelli-
gently about its adventures between the antenna and the picture tube.

FREQUENCIES

There is just one more thing which should be looked into before taking up the parts of the receiver. This
thing is the matter of frequency. It is almost impossible to talk about the performance of different parts of
atelevision receiver without understanding frequency, for it is the difference between operating frequencies
that is responsible for most of the differences in construction and electrical behavior.
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When we speak of the frequency of an electric current or an electron flow we tell how many tinies per
secondthe electrons move back and forth, or alternate. Probably you are able right now to look at some wire
which is carrying current for a lighted electric lamp. Quite likely you know that the lamp is operating on
what we call 60-cycle current, or, in some parts of the country, on 50-cycle or even on 25-cycle current. If
your electric supply current is of the €0-cycle variety, the electrons are moving lengthwise of the wire and
back again 60 times during every second. If you have 50-cycle current the electric particles (electrons) in
the wire are moving one direction and back again 50 times per second, and so on for any frequency.

Ifyouwatcha televisionreceiver which is tuned, for example, to channel 4, the electricity in the antenna
wires and in the first tubes of that receiver is moving back and forth about 70 million tinies a second. We
say thatthe frequency is about 70 million cycles per second. Usually, when speaking of frequency, we don’t
say “per second”. That part is understood. All frequencies are per second of time.

Should yourtelevision receiver be tuned to channel 11, as another example, the frequency in the antenna
and connected partsis around 200 million cycles. Television in the ultra-high frequency channels is carried
out with frequencies between 500 and 1,000 million cycles.

Possibly you have heard that electricity travelsatthe speed of light. This is a common misunderstanding.
It is not electricity or electrons in wires, but only the electromagnetic radiation of radio signals which
travels at nearly the speed of light. Electrons in wires move at speeds you could easily match with a fairly
brisk walking pace. If the electrons moved much faster they would generate so much heat that the metal of
the wire would disappear in a flash of fire and a puff of vapor.

Many a good electrician would doubt your statement that electricity merely walks through wires, but is
easilyproven. As yet you aren’t well enough acquainted with the behavior of electrons or electricity to fully
understand the proof, but you can read the next paragraph to any doubter.

First, the National Electrical Code prohibits a current of more than 15 amperes in rubber covered copper
wire of number 14 gage size, the size used in most house lighting circuits. An ampere is a measure of rate
of flow of electricity orelectrons, it is a rate of one coulomb per second. A coulomb is a measure of quantity
of electricity, just as quarts and gallons are measures for quantities of liquid. In one coulomb there are
about 6% millions of millions of millions of electrons. On the generally accepted assumption that for each
atom in a substance there is one electron capable of moving about, in one foot of number 14 wire there are
about 3 3/4 coulombs of such electrons. If all these electrons move along at only 4 feet per second, the
flow rate is 15 amperes. This isa speed considerablylessthan 3milesan hour, and you can easily walk 4
miles an hour.

How about the movement of electrons when the frequency is 70 million cycles? Were you an electron, and
couldn’t move at a speed of more than 4 feet per second, and had to move back and forth 70 million times
per second, how far would you move each time? You would merely stand there and vibrate. That’s what the
electrons do.

Frequencydescribesthe rate of back and forth movement not only of electrons in wires, but of many other
things associated with television. Television signals are distinguished from other radio signals largely by
differences in frequency. The frequency of a signal is the rate per second at which its forces change di-
rection.

In a radio signal as illustrated by Fig. 2-10 there are two forces. One is the same kind of force which
exists in the space around a magnet, it is magnetic force. The other is the same kind of force that allows
a piece of sealing wax to pick up a bit of paper after the wax has been rubbed on a woolen cloth, and is
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Fig. 2-9. Television channel frequencies in the low-band and high-band ranges, channels
numbered 2 through 13.
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Fig. 2-10. Magnetic and electrostatic forces in a television signal act at right angles to
each other and to the direction of signal travel.
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Fig. 2-11. This is one type of television generator such as used by service technicians
to supply all television frequencies during adjustment of receiver parts.

the kind of force that causes a tiny spark to jump from your fingertip to a radiator or water pipe after you
have dragged your feet across a carpet. This is electric force or electrostatic force. Because the radio sig-
nal consists of both electric and magnetic forces we call it electromagnetic radiation.

When the kind of radio signal used for television is traveling east, its electric force acts alternately
toward the north and the south, while its magnetic force acts alternately up and down: The number of times
per second at which these electromagnetic forces go through a complete change of direction, as from north
to south and back to north again, is the frequency of the signal.

It is the electric or electrostatic force in a television signal that acts on the receiving antenna. This
force induces voltages in the antenna. These voltages reverse, or alternate, in time with the signal force.
The frequency of the signal voltage induced in the antenna is exactly the same as the frequency of the
signal itself. Signal voltages induced in the antenna cause movements of electrons in the wires and other
metallic parts of the antenna. The electrons vibrate back and forth at exactly the frequency of the induced
voltage, and at exactly the same rate as the signal force. Then, in the antenna, we have cwrent or electron

flow at the signal frequency.

In an earlier paragraph it was mentioned that frequency is measured in cycles per second. A cycle is any
series of actions which repeats over and over again. If it is your habit to get up in the morning, eat three
meals during the day, go to bed, and get up the next morning, that completes one cycle of eating and sleep-
ing. When the electric force in the television signal acts in one direction, then in the opposite direction,
and returns to the first direction, it has completed one signal cycle. When electrons in a wire start from
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Fig. 2-12. A tube which delivers radiation at frequencies of hundreds of billions of
megacycles. It is an X-ray tube for operation at 220,000 volts.

some certain position, move as far as they have time for in one direction, then in the opposite direction,
and return to the starting point, they have completed one cycle of electron flow or one cycle of alternating
current.

Most electric power and light systems carry voltages and currents which altemate at 60 cycles per second.
This is the most common power frequency. When a loud speaker or other vibrating object causes particles

of air to vibrate at frequencies between about 50 and 10,000 cycles per second the vibration affects our
ears as sound. Somepeople can hear sound frequencies as high as 15,000 cycles, and a few have ears which
respond at frequencies approaching 20,000 cycles. These frequencies between about 50 and 20,000 cycles
per second are called audio frequencies, because they are audible as sound.

Frequencies measured as thousands of cycles per second usually are specified in kilocycles. Ore kilo-
cycle is equal to 1,000 cycles. Kilo-, as a prefix, always means 1,000 times the unit. A frequency of 150,
000 cycles may be called a frequency of 150 kilocycles. Radio signals in the neighborhood of 125 to 400
kilocycles are used for guidance of ships and planes. Radio frequencies between 550 and 1,600 kilocycles
are used for standard broadcasting.

Still higher frequencies usually are specified in megacycles. One megacycle is equal to one million cycles
per second. Mega- is a prefix meaning one million times the unit. A frequency of 5 megacycles is one of
5,000,000 cycles per second. Short-wave radio communication and broadcasting are carried out at frequencies
between about 2 and 300 megacycles. Frequency-modulation or f-m radio uses signal frequencies from 88 to
108 megacycles. Television channels number 2 to number 6 carry signals at frequencies between 54 and 88
megacycles. (Channel 1 no longer is used for television broadcasting) Channels number 7 through 13 carry
television signals at frequencies between 174 and 216 megacycles.

At frequencies around 100 million megacycles we have radiant heat, the kind that comes from the sun to
the earth through 93 million miles of completely empty space. When the frequency of electromagnetic radia-
tion reaches the range around 500 million megacycles it affects our eyes as light. When such radiation is at
frequencies between 100 billion megacycles and 100,000 billion megacycles we have industrial and medical
X-rays. This last frequency means the astronomical number of 100, 000,000,000,000,000,000 cycles per
second, which is something to think about.
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Fig. 2-13. The principal parts of a typical television receiver in the form of a block
diagram, with arrows indicating the signal paths.



COMMERCIAL TRADES INSTITUTE

Lesson No. 2 - Page 16

- e

Fig. 2-14. One type of Tricraft television antenna for reception at all the channel
frequencies in the low-band and high-band ranges,

SIGNAL PATHS IN A RECEIVER

Fig. 2-13 shows the paths of television signals through the principal parts orsections of a typical tele-
vision receiver. The signal flying through space is picked up by the antenna and carried through wires to
the tuner of the receiver, The television antenna may be of the outdoor type, supported on the roof or a
chimney of the building in which is the receiver. One style of outdoor antenna is pictured in Fig. 2-14.
Outdoor antennas of many designs are familiar sights wherever television signals are available.

In the earlier days of television it was possible to spot the location of every receiver, for, extending
above the building housing the set would be an outdoor antenna. In England, where you pay a tax for the
privilege ofowninga radio or television set, the tax collector had an ea sy time. But as television receivers
became more highly perfected and more sensitive the signals could be picked up by indoor antennas pro-
vided the receiver were only a few miles from the transmitter, and if other conditions were suitable. One
type of indoor antenna is illustrated by Fig. 2-15. In some of the more recent television receivers the an-
tenna is built into the cabinet. Then, if conditions are favorable, the only external connection to the re-
ceiver is the one from the electric power line.

The type of antenna required depends on these three things: First, the distance between receiver and
transmitter. Second, the presence or absence of obstructions between receiver a nd transmitter. Third, the
sensitivity of the receiver or its ability to operate from weak incoming signals.
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Fig. 2-15. A Vidiette indoor television receiving antenna with a unit allowing
adjustment for different channels.

Signals at the high frequencies used for television and f-m radio transmission don’t bekave like those at
the much lower frequencies of standard broadcast and international short-wave radio. When the lower-
frequency radio signals leave a transmitting antenna they may be reflected back and forth between the
surface of the earth and a layer of electrified gases high above the earth, and they can change direction to
some extent when passing from one region to another in the atmosphere and when getting past the edges or
corners of obstructions. In this manner these signals may travel thousands of miles to a receiver.

Quite different is the behavior of the very high frequency television and f-m signals. They act like the
beam from a powerful searchlight, traveling only in perfectly straight lines, with only weak reflections from
solid objects, and with rapid loss of strength as they travel away from the transmitting antenna.

The farther apart are the television transmitter and receiver the higher must be the trapsmitting antenna,
thereceivingantenna, or both, in arder that the signal may pass from one to the other without meeting insur-
mountable obstructionsalongthe way. This fact has made Mount Wilson, near L.os Angeles in California, the
world’s greatest center for television transmission. Transmitting antennas on Mount Wilson are almost 6,000
feetabove the level of nearby towns and cities. Signals reach receivers 100 miles away with good strength,
and when everything is favorable the signals travel even farther.

The usual way of insuring good reception at distances greater than 20 to 25 miles between transmitter
and receiver is to put up a rather elaborate antenna, or to raise the antenna higher in the air, or do both.
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Fig. 2-16. A turret tuner of the kind used in a number of television receivers.

The limit of complexity in receiving antennas for the ordinary installation is on the order of the four-bay
stacked array pictured back in I'ig. 2-3. If you cannot get satisfactory signal strength from an antenna of
this general style, mounted as high as is practicable, you are beyond the range for good reception.

The tuner of the television receiver is the part operated by the dial or pointer which you turn when selec-
ting the channel on whick you wish to look and listen. A tuner, in radio and television, is the part of the
receiver which selects from all the signals reaching that receiver just the one in which you are interested,
and rejects all the others. The tuner of any television receiver, of any f-m radio receiver, and of every
superheterodyne radio receiver for any class of service does other things too. But let’s stick to the tuning
functions here in the beginning.

When talking about tuning for television and f-m radio we should consider the antenna, the tuner itself,
and the connection between them as a single electrical assembly. This is because a lot of tuning or a lot
of signal selection niay be accomplished by suitable design of the antenna.

For every signal frequency there is one particular length of the horizontal rods or metallic tubes of the
antenna which allows maximum pickup at that frequency. There are types of antennas which “peak’’ quite
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Fig. 2-17. The turret and two of the tuning strips.

sharply for one signal frequency. But we seldom employ these types because it is highly desirable to use
onlya single antenna, or at most two antennas mounted together, for all the signals to be received. We can,
bowever, make this single antenna or dual antenna of such design as to be responsive throughout the entire
television frequency band (of Fig. 2-9) and unresponsive to other transmissions at higherand lower frequencies.

If the antenna delivers to the tuner all the television signals which are reaching your locality at a given
time, and does not bring in too many other unwanted signals or electrical impulses, this is all we ask of the
antenna. Then it is the work of the tuner to make the final selection of the one signal or one program which
you wish to receive, and to get rid of everything else so far as possible.

The tuneris the most intricate single part of the television receiver, at least from the standpoint of mechan-
ical construction. The tuner is not so wonderful in its action as is the picture tube, but easily rates second
ininterest. Tuners are made in a great varicty of mechanical designs. Fig. 2-16 shows what is called a tur
ret construction. Inside the cylindrical metal *‘cans’ on top of this unit are two tubes. Inside the rectangular
can isa combination of capacitors, inductors, and resistors which handle part of the work of signal selection.

The part of this tuner which allows you to pick the desired channel is shown by itself in Fig. 2-17. This
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Fig. 2-18. Another type of television tuner. Here the tuning is by means of adjustable inductors.

is the turret. The tuning knob is placed on the outer end of the long shaft so that you may rotate the turret.
For each channel the inductors and capacitors on one lengthwise section of the turret are thus electrically
connected tothe tubes on top. Two of the strips which carry these inductors and capacitors are shown below
the turret.

Youmust have noticed that inductors, capacitors, and resistors have been mentioned many times. Yet their
purposes and actions have hardly been touched upon. This is because these subjects are too big and too
extensive to get into before you appreciate the rea! importance of these three kinds of units in every part of
every receiver. [f you knew all that a service technician needs to know about inductors, capacitors, and
resistors, you would have mastered a large percentage of the practice of servicing.

Fig.2-18 shows adifferenttype of tuner. The mechanical construction is wholly unlike that of the turer in
Fig. 2-16, and the electrical action is decidely different. Yet, were you to feed certain signals from an an-
tenna to one of these tuners you could have from the tuner output exactl y the same signals as produced in
the output of the other tuner with the same input signals.

We haven’t gotten very far in following the television signal through the diagram of Fig. 2-13, but maybe
far enough for one session. In the next lesson we shall continue along with the signal, and talk about some
of the things which happen to it, about some of the problems encountered, and how they are solved.
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LESSON NO. 3

PRODUCING PICTURES AND SOUND

To the tuner of the television receiver are delivered all the signals which are reaching the antenna. Then
the tuner goes to work.

First, the tuner selects the composite and sound signals for the one channel to which you have tuned the
receiver at that particular time.

Second, the tuner strengthens or amplifies these selected signals and weakens all others.

Third, the very high frequencies of the selected and amplified signals are changed to lower frequencies
at which further amplification may be more easily and efficieatly carried out in parts of the receiver whizh
follow the tuner.

To perform these three jobs the tuner may utilize two, three, or even more than three tubes in connection
withmany otherparts. However, the very first function of the tuner, that of signal selection, is not performed
by tubesatall. An amplifier tube has no power of selection, it amplifies whatever signal you give it. Signal
selection is accomplished by parts which are connected in between the tubes. These parts are couplers.

A coupleris a device for transferring signal voltages from the output side of one tube to the input side of
a following tube, or for transferring signal voltages from the antenna connections to the input of the first
tube. There are many possible ways of handling this signal transfer, there are accordingly many types of
couplers and many different designs for each type. At the left in Fig. 3-2 is one style of tuned transformer
coupler. At the center is one kind of tuned impedance coupler. The screws sticking out from the tops of
these two couplers are service adjustments which permit you to select the frequencies at which there is
most effective signal transfer. These screws move a part of the coupler called its core. A core, with its
adjusting screw, is pictured at the right.

When a coupler is adjusted or tnned for signals of some one frequency or a small range of frequencies it
allows signals at these frequencies to pass through with the greatest of ease. Signals at all other frequencies
meet with great opposition and are decidedly weakened. The signals for which couplers are adjusted or tuned
pass from one amplifier tube to another, becoming progressively stronger. The opposition of the couplers
to unwanted =iynals is so great that these other signals become weaker and weaker as they go through one
coupler after another, in spite of the amplification applied by the tubes.

With signal selection taken care of by couplers only two things remain to be done by tubes in the tuner.
These are, first, to strengthen or amplify the selected signals, and second, to change the signal frequency.

The wires which bring signals from the antenna to the tuner lead first to a coupler. The other side of this
antenna coupleris connected to the first tube in the tuner. This tube is a radio-frequency amplifier. Its pur-
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Fig. 3-1. This turret tuner employs three tubes. Two are exposed, one is inside a cylindrical shield at the left.

pose is to strengthen or amplify signal voltages coming to it from the antenna coupler. As a rule there is
only one radio-frequency amplifier tube, although some receivers have two.

Signal voltages from the output of the radio-frequency amplifier tube go through a second coupler and to
the input of another tube called the mixer. This is the tube in which the very high frequencies of the received
signals are changed to lower frequencies for additional amplification farther along in the receiver.

This cha nge of frequency is brought about by feeding into the mixer tube, right along with the signal volt-
ages, another voltage whose frequency is 20 to 40 megacycles higher than frequencies of the received signal.
When voltages at the two frequencies combine in the mixer tube the result is other voltages at frequencies
equal to the difference. For example, were the frequency of a received signal to be 70 megacycles, and were
the frequency of the additional voltage applied to the mixer to be 95 megacycles, the output of the mixer
tube would contain a new voltage having a frequency equal to the difference, or to 25 megacycles. This
difference frequency is called the intermediate frequency, because its value is in between the frequencies
of the received signal and the frequencies finally delivered to the picture tube and the loud speaker. Signal
voltages at the intermediate frequency are amplified in the following parts of the receiver.
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Fig. 3-2. Two types of couplers and an adjustable core used in these types.

Voltages at the intermediate frequency vary in precisely the same manner as voltages in the signal from
the antenna. Therefore, these intermediate-frequency voltages contain picture signals, a blanking level,
sync pulses, and all other characteristics of the original signal. There are also intermediate-frequency volt-
ages varying in the same manner as the television sound signal at the antenna.

The additional voltage applied to the mixer tube, the voltage whose frequency is 20 to 40 megacycles
higher than the original signal voltages, comes from a radio-frequency oscillatcr or a local oscillator as it
is sometimes called. An oscillator, of any kind whatever, is a tube or part cf a tube producing voltages
which rapidly change their direction. We would say that an oscillator produces alternating voltages and ac-
companying alternating currents. Analternating current is the kind which exists when electrons vibrate back
and forth in wires and other parts.

Although the tubes in the tuner have to perform three joks, we don’t have tc ha ve three separate tubes.
In order to save space, cut down the number of wiring connections, and provide manufacturing economies,
all the internal parts needed for doing two different things may be built into a single tube. In a single tube
there may be two radio-frequency amplifiers, with the output of one fed to the input of the other. In a single
tube we often have both the mixer and the oscillator for television.
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Fig. 3-3. The underside of the tube shelf of a television tuner.

If youare familiar with broadcast receivers for sound radio you will recognize that in the television tuner
we have tubes and couplers performing just like tubes and couplers in the ““front end’’ of any superheterodyne
receiver. In every superheterodyne receiver the voltage of the received sound signal is amplified by one or
more radio-frequency amplifier tubes. The oscillator of the superheterodyne produces voltages at a different
frequency. The signal and oscillator voltages are combined in u mixer or converter tube, and the result is
signal voltuges at an intermediate frequency suituble for further umplification.

The parts of a television receiver which handle the componite signal und the sound signal employ exactly
the same principles found in ordinary superheterodyne sound receivers. Although the principles are the same,
frequencies are so much higher in the television receiver that we find constructions and performance decid-
edly different than in sound receivers. After the television sync pulses ure meparated from the composite
signal, and we follow these pulses through the sync section and sweep section of the receiver, even the
principles are unlike anything found in sound receivers.

l.et's pause here for just a few moments to add more items to our television und radio vocabulary. First,
the term radio-frequency is so long that we abbreviate it to the letters r-f, Then, instead of speuking of a
radio-frequency amplifier or oscillator we talk wbout r-f umplifiers und r-f oscillutors. Intermedinte-frequency,
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Fig. 3-4. Where various frequencies are found in the tuner.

another long term, is abbreviated to the letters i-f. Later we shall have much to do with such things as if-
amplifiers.

Units of frequency greater than cycles nearly always are abbreviated. Kilocycles are abbreviated to ke.
Megacycles are abbreviated to mc. Instead of writing 20 megacycles we write 20 mc, and so on.

When the composite television signal and the televisicn sound signal leave the mixer tube of the tuner
these signals are at intermediate frequencies. To distinguish between these intermediate frequencies and
the original signal frequencies at the antenna it is common practice to speak of frequencies coming to the
antenna and existing in the antenna as carrier frequencies. They are the frequencies at which the signals
are carried through space.

In talking about the portion of the television signal which contains the picture variations, sync pulses,
equalizing pulses, and everything except the television sound, we have been using the term “‘composite
signal”. Itis more usual to call this the video signal. Then the remainder of the complete television signal
is called the sound signal.

By using these new words we may easily identify the frequencies of four signals which are highly important
in our work. Fig. 3-4 shows where these frequencies are found. Tubes are here represented by circles, coup-
lers by rectangles. We have the video carrier frequency, which is the frequency around which centers the
video (composite) signal formed at the antenna and going as far as the mixer tube in the tuner. There is also
the sound carrier frequency, the frequency around which ceaters the sound signal reaching the antenna, and
which goes as far as the mixer tube. Then, following the mixer tube, we have the video intermediate fre-
quency and the sound intermediate frequency, which are the frequencies around which center the video sig-
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Fig. 3-5. Separation of sound and video signals immediately following the mixer.
nals and the sound signals after they leave the mixer tube.

This talk about some signals being carried by others, and about some frequencies centering around others,
maybe a bit confusing. To make a complete explanation would take us deep into the subject of modulation,
for which we are not quite ready. By means of the process called modulation it becomes possible fora sig-
nal at some relatively low frequency toride along on another signal at higher frequency. The reason for employ-
ing modulation is that high frequency signals are easily transmitted through space, while low frequency
signals are not.

Youreally are quite familiar with the effects of modulation. When you tune the dial of a standard broadcast
receiver for some certain station you turn the pointer to a number which corresponds to kilocycles of carrier
frequency used by that station. These carrier frequencies range all the way from 550 to 1,600 kilocycles.
Yet you listen to voices and music at audio frequencies, which are between 50 and 5,000 cycles as they
come from the speaker of an ordinary set. These relatively low audio frequencies have been carried through
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Fig. 3-6. Both the sound and the video signals may go through several i-f amplifiers before the two signals
are separated.

space by the much higher carrier frequencies. The carrier frequencies originally were modulated with the
audio frequencies back at the radio transmitter. In your receiver the carrier is demodulated, which means to
separate the sound frequencies so that you may listen to them.

THE INTERMEDIATE-FREQUENCY AMPLIFIERS. In the output of the mixer tube we have the video
intermediate frequency and the sound intermediate frequency. In all early television receivers the signals
at these two frequencies were separated from each other as soon as they came from the mixer. This method
is represented in Fig. 3-5. Signals at the video intermediate frequency then pass through the video i-f am-
plifiers, and signals at the sound intermediate frequency pass through an entirely separate set of sound i-f
amplifiers. Many of the newest television receivers still employ this method.

You should note that in this diagram, and in others to follow, the output of one amplifier tube is not con-
nected directly to the input of the following tube. Rather the connection from one tube to the next is made
through a coupler in every case.

After the sound i-f signal has been amplified by as many sound i-f amplifier tubes as may be used in the
receiverthis signal goes to the sound detector or sound demodulator. The detector or demodulator separates
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Fig. 3-7. With intercarrier sound systems the sound and video signals pass together as far as the video
detector and sometimes beyond.

the actual sound signals, which are at audio frequencies, from the voltages at sound intermediate frequencies
which have served to carry the audio-frequency signals through to this point.

These sound i-f signals, whose frequencies are between 20 and 40 megacycles, have been modulated with
the audio-frequency sound signals whose frequencies are between 50 and 20,000 cycles. Now the detector
or demodulator gets rid of the intermediate-frequency voltages and passes the rema ining audio-frequency
signal voltages to onme or more audio-frequency amplifier tubes from which the strengthened sound signals
go to the loud speaker.

The video i-f signals go through a series of couplers and video i-f amplifier tubes to the video detector.
These video i-f signals, at frequencies of 20 to 40 megacycles, have been modulated in accordance with the
video signal voltages. These video signa | voltages correspond to picture variations, the blanking level, sync
pulses, and equalizing pulses.

The video detector gets rid of the intermediate-frequency voltages and passes the picture signals, sync
pulses, and all the rest of the modulation to one or more following video amplifier tubes. From the last of
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Fig. 3-8. An oscilloscope trace showing a vertical blanking interval and vertical sync pulse.

these amplifiers the video signal goes to the picture tube.

Still later in the development of television there appeared many receivers in which both the video and sound
i-f signals pass together through one or more i-f amplifier tubes, but not through all the i-f tubes. This is
shown by F'ig. 3-6. At some point along the string of i-f amplifiers the sound i-f signal is separated from the
videoi-f signal. The video i-f signal then goes on by itself through remaining video i-f amplifiers, while the
sound i-f signal passes through one or more separate sound i-f amplifier tubes. This method too still is fol-
lowed by many of the newest receivers.

In a great number of recently designed receivers both the video i-f and sound i-f signals passtogether
through all the i-f amplifier tubes, and both signals enter the video detector. Now, for the two frequencies
of these two signals, the video detector acts as a mixer tube. Just as the mixer tube back in the tuner pro-
ducesan output frequency equal to the difference between frequencies of the carriers and the r-f oscillator,
so the video detector now delivers in its output a signal frequency equal to the difference between video
and sound intermediate frequencies. The signal at this difference frequency from the detector still is mod-
ulated with the original sound signal, it carries the sound signal. This methnd is illustrated by Fig. 3-7.

In the output of the video detector of Fig. 3-7 there is also the complete video i-f signal which carries
the pictures, sync pulses, and so on. At some point following the video detector the sound signal is separated
fromthe video signal. The sound signal then goes through an additional sound amplifier to a sound detector
or demodulator, while the video signal goes to the picture tube. The separation of sound from video may be
immediately following the video detector, but more often this separation is made only after both the video
and sound signals have passed through one or more additional amplifier tubes.

This method last described is called the intercarrier sound system. The frequency of the sound signal,
as finally separated from the video signal, is the same as the difference between sound carrier and video
carrier frequencies coming to the antenna. This difference always is 4.5 megacycles, regardless of the chan-
nel to which the receiver is tuned.
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Fig. 3-9. Forms of signals in parts of the receiver following the video detector.

TELEVISION SOUND. As mentioned in an earlier lesson, the television sound signal is frequency modu-
lated. This signal fortelevision sound is of the same form as the frequency-modulated sound signals coming
to the antennas of f-m sound receivers which are in common use. This f-m sound signal goes through the
television tuner just as through the tuner of an f-m sound receiver, and comes from the mixer as a frequency-
modulated i-f signal. Then, in the television receiver, the f-m sound signal proceeds right along with the
video i-f signal until reaching the point of sound takeoff. The sound takeoff is merely another coupler, ad-
justedor tuned to the sound intermediate frequency so that this frequency passes easily through the takeoff
while video signals are opposed and are kept out of the sound amplifiers.

The sound i-f amplifiers of Figs. 3-5 and 3-6 are similar to the i-f amplifiers inan f-m soundreceiver, as is
alsothe single sound amplifier of Fig. 3-7. The sound detectors or demodulators are exactly like those used
in f-m sound receivers, and the audio-frequency amplifier section of the television set is like the audio-
frequency system in any sound receiver.

Because of this s imilarity between television sound systems and f-m sound receivers we shall defer further
examination of television sound for the time being. Just now we are interested in following the video signal,
for it is in what happens to this signal that we find the great differences between receivers for television
and those for sound alone.
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LOOKING AT SIGNAL VOLTAGES.%hile following the signal through remaining parts of the television
receiveritwill be convenient to show picture signals, sync pulses, and blanking levels by means of diagrams
somewhat similar to those used during explanations of signal voltages in an earlier lesson. Because changes
of signal voltage involve times of only a few millionths of a second you may have assumed that diagrams
showing such changes are merely theoretical. Actually you will watch such voltage changes during much of

your trouble shooting work, and will watch the effects on these voltages of whatever adjustments you may
make.

The instrument used to observe changes in signal voltages is called the oscilloscope. An oscilloscope
contains a cathode-ray tube, which is like a television picture tube employing electrostatic deflection.
The electron beam in the cathode-ray tube of the oscilloscope is deflected vertically by whatever signal
voltage you wish to observe. At the same time the beam is swept horizontally so that you may see how
the signal voltages change from one instant to another.

Were you to connect an oscilloscope to some part of a receiver in which the composite signal is acting,
and adjust the oscilloscope for observation of a vertical blanking interval, the “‘picture’ on the screen of
the cathode-ray tube would appear somewhat as shown by Fig. 3-8. Here you can plainly see the gap which
is the vertical blanking interval, also the vertical sync pulse near the beginning of this interval, and you
can see as a sort of haze on each side the effects of picture signals and horizontal sync pulses occuring
before and after the vertical blanking.

Inaha nd-drawn diagramthe details of the signal might be shown more distinctly than by the oscilloscope
trace, and the diagram might make it easier to understand wha't the signal is supposed to do. But the oscil.os-
cope trace is the signal itself, as it actually exists at the moment of observation. Because he already is
familiar with diagrams of signa ls, the service technician understands what the oscilloscope trace should look

like if everything-is working OK, and he can identify many kinds of trouble by the actual appearance of the
signal.

Keep this in mind. When we look at signal diagrams and other representations of voltages in the lessons
we are becoming acquainted with the meanings of voltages which you will see many times on the screen of
the oscilloscope during service work. Now we shall continue following the signal through the receiver.

SEPARATING THE PICTURE SIGNALS. At the output of the video detector we have the entire composite
signal as shown at the upper left in Fig. 3-9. This signal goes through the video amplifier tube, which in-
creases the voltages. Then the entire composite signal goes to the picture tube. The picture portion of the
signal will be used to produce lights and shadows on the screen, but the sync pulses of the signal must
not be allowed to effect the pictures.

S

To get rid of the sync pulses and retain the picture variations of the signal we make use of the fa ct that
all picture varia tions of voltage are on one side of the blanking level, with all sync pulses on the other side
of the blanking level. It is necessary only to operate the control grid of the picture tube in such a way that
the beam is blanked whenever the signal voltages go over onto the sync pulse side of the blanking level.
This effectively removes the sync pulses from the signal used in the picture tube.

THE SYNCSECTION. Although we don’t want sync pulses in the picture tube, we do want them for other
parts of the receiver where these pulses are needed for conirol of vertical and horizontal deflection of the
beam. In these other parts of the receiver we don’t want picture signals, because sweeps of the beam must
not be affected by picture signal voltages. So our problem becomes one of separating the sync pulses from
the composite signal, of saving the sync pulses, and getting rid of the picture signals. This is the function
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I"ig. 3-10. How the oscilloscope shows the output voltage from a sync clipper.

of the sync section of the receiver.

Goingback to the output of the video detector in Fig. 3-9 we find there the entire video signal; the picture
variations, sync pulses, and everything else. This signal goes through the video amplifier tube, which in-
creases the voltages. Here we should note that the video amplifier does something else of importance. It
turns the signal upside down or inverts the signal. All the changes of voltage which, in the output of the
video detector, acted upward with reference to the blanxing level now act downward in the output of the am-
plifier. All changes which at first acted downward now act upward.

Inversion of signal voltages occurs in every tube which is acting as an amplifier. When signal voltages
are amplified by a tube they always are inverted at the same time. To get the signal voltages right side up
again we put them through a second a mplifier. If this is followed by a third amplifier the voltages come out
of this lastamplifier upside down. Signal inversion comes in handy many times, for it allows obtaining volt-
age changes in whichever direction is more useful. But whether inversion is helpful or not, it always takes
place when signal voltages go through any amplifier tube.

There may be one or more video amplifier tubes, depending on how much the signals are to be strengthened.
From the last video amplifier the signal goes to the picture tube. As previously explained, the picture tube
discards the sync pulses and uses the picture signal to vary the intensity of illumination on the screen.

From the output of one of the video amplifier tubes, or sometimes from the output of the video detector,
we take the composite signal or entire video signal and carry it to the sync section of the receiver. In Fig.
3-9 this entire composite signal is applied to a sync amplifier tube, which here is the first tube in the sync
section.

This sync amplifier is operated in such a way as to amplify the sync pulses more than the picture vari-
ations of the signal, as you may observe from the relative heights of sync pulses and picture signal voltages
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Fig. 3-11. Vertical sync pulses occur 1/60 second apart, and last much longer than a horizontal sync pulse.

before and after this tube. Note also that the signal voltages are inverted in going through this amplifier.

The next tube in the sync section here illustrated is the sync clipper. This tube is operated in such manner
asto clip offthe remaining picture signal voltages while retaining the sync pulses. When using your oscillo-
scope to look at the output of the sync clipper in one particularreceiver youwould see the signal of Fig. 3-10.
This is another photograph of an oscilloscope screen.

It often happens that the sync pulses become of unequal strength, some pulses become stronger or weaker
than others. So, in Fig. 3-9, we apply these uneven sync pulses to a sync limiter tube. This tube is operated
to limit the voltage in its output and thus to bring all the sync pulses to uniform strength or uniform voltage.

The final result of all the operations which ha ve been described is complete separation of sync pulses
from picture signals. Sync sections of television receivers may be designed and constructed in many different
ways, butthe final result always is the same. Sync amplifiers, clippers, and limiters may follow one another
in an order different than illustrated. There may be two or more tubes performing the same kind of work.
Should the signal from the last of these tubes be wrong side up we may add an inverter tube for the sole
purpose of turning the signal back again.

There is no general agreement on the names applied to tubes performing different jobs in the sync section.
Various manufacturers use names such as clipper, stripper, limiter, separator, and others to mean different
things. The clipper of Fig. 3-9 might be called a separator or a stripper in some receivers. However, from
measurements of tube voltages or from observing theinput and cutput signals with the help of an oscilloscope
the service technician cantell what a tube really is doing and usually can tell what the tube is supposed to do.

In Fig. 3-9 only the horizontal sync pulses are shown. Vertical pulses and equalizing pulses come right
along with horizontal pulses and are treated in the same way throughout the sync section so far as we have
examined it. The signal issuing from the output of this sync section would consist of all kinds of pulses.

Horizontal and vertical pulses must be separated from each other. Then horizontal deflections of the pic-
ture tube beam may be controlled by the horizontal sync pulses, while vertical deflections are controlled
by vertical sync pulses.Fig. 3-11 will help show how the separation becomes possible. Here are represented
two time periods of 1/60 second each. During the total of 1/30 second one ccmplete picture is formed on
the screen.

Horizontal sync pulses occur at therate of 15,750 every second. These pulses never cease. They continue
all through the pictures, between successive lines, and they continue through all the vertical blanking in-
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Fig. 3-12. The manner in which deflection voltages or currents rise and fall.

tervals. At the end of each downward travel of the picture tube beam there is a vertical sync puise. These
vertical pulses occur at a rate of only 60 per second. The chief difference between horizontal and vertical
sync pulses is in how long each kind lasts. One horizontal sync pulse lasts for about 5 millionths of a
second. Each vertical sync pulse consists of six closely spaced sections which last for a total of 185
millionths of a second.

Connected to the output of the last tube in the sync section are two electrical filters. Each filter consists
of nothing more complicated than capacitors and resistors. One filter is so designed as to produce from each
and every horizontal sync pulse a sharp rise and fall of voltage. These voltage ‘pips’’ are used to control
the timing of all following actions which cause horizontal deflection of the picture tube beam.

The other filter is so designed that itisnotaffected by the exceedingly brief horizontal sync pulses. But
when arelatively long vertical pulse comes along, the voltage at the output of this vertical filter rises higher
and higher. Before the vertical pulse is completed the voltage at the filter output is strong enough to control
all following actions which cause vertical deflection of the beam.

Intechnical literature about television the filter which produces horizontal voltage pips usually is called
a differentiating network, and the one providing control for vertical deflection is called an integrating net-
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Fig. 3-13. A sawtooth voltage as seen on the screen of the oscilloscope.

work. The filters themselves are so simple that the parts in each would cover little more space crosswide
of this page than needed to write their technical names.

THE SWEEP SECTION. Horizontal and vertical synchronizing or timing voltages from the filters which
terminate the sync section are not strong enough, nor do they have the kind of voltage changes needed to
sweep the electron beam in the picture tube. Consequently, we need in &ur television receiver two additional
sections before it becomes possible to deflect the beam.

The first of these sections will produce voltages having the type of changes needed for deflection. The
other section will strengthen those voltages for tubes having electrostatic deflection, or will change the
voltages into strong currents or electron flows of the kind needed for tubes having magnetic deflection.

Let’s see what kind of voltage changes or current changes are needed for sweeping the electron beam.
For horizontal deflection the beam must move from left to right, during one horizontal trace, within a time
of about 53 millionths of a second. Then follows a horizontal blanking period of about 11 millionths of a
second. From these two time periods we may conclude, as shown at the left in Fig. 3-12, that a voltage for
deflecting the beam during a horizontal trace must increase steadily during 53 millionths of a second, then
must come back to the starting value in no more than 11 millionths of a second, and must continue such
changes.

Now what about vertical deflection? The beam must travel from top to bottom of the picture space in about
15 thousandths of a second, and voltages which control vertical travel must be ready for another downward
travel within the next 1% thousandths of a second. Increase and decrease of vertical deflecting voltage then
must be as shown at the right in Fig. 3-12.

Here againwe are dealing not with theoretical voltages, but with real ones as they exist in the television
receivers which you will be servicing later on. When you connect your oscilloscope to some part carrying
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Fig. 3-14. Synchronizing voltages and sawtooth voltages in the sweep section.

one of these deflecting voltages the trace on the screen of the cathode-ray tube will appear about as pictured
by Fig. 3-13. This is one more photograph of wliat youn really see.

Are you reminded of anything in particular by the shape of these lines which show changes of deflection
voltages? They look like the teeth of a saw. Such deflection voltages are called sawtooth voltages. If our
picture tube emp loys magnetic instead of electrostatic deflection we require magnet currents which go
through the same kind of changes, we require sawtooth currents.

No matter which kind of deflection is used, we always must have sawtooth voltages to begin with. For
electrostatic deflection the sawtooth voltages are amplified and applied to the deflecting plates in the pic-
ture tube. For magnetic deflection the sawtooth voltages are changed to corresponding sawtooth currents,
and these currents flow in the deflecting magnets.

Sawtooth voltages are produced by tubes called sweep oscillators. As represented by Fig. 3-14, the

synchronizing voltages from the two filters which terminate the sync section are applied to these sweep
oscillators, and sawtooth voltages which are in time with the sync pulses appear in the oscillator outputs.

Because of differences between shapes of the synchronizing voltages applied to the sweep oscillators
and of the sawtooth voltages obtained from these oscillators it is apparent that the sawtooth voltages are
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Fig. 3-15. Illumination of the picture tube screen when no pictures are present is called the raster.

not the result of amplifying the synchronizing voltages. Amplifying a voltage does not materially alter its
form. The synchronizing voltages do nothing except keep the sawtooth voltages precisely timed with the
original sync pulses. Even though you disconnect the sync filters from the sweep oscillators, the sawtooth
voltages will continue.

The electrical action of a sweep oscillator is a lot like the mechanical action of the pendulum on a clock.
The number of swings per second of an ordinary pendulum depends only on its length, or rather on the dis-
tance between the pivot and the center of weight in the bob. The number of times per second that the volt-
age from a sweep oscillator increases from zero to maximum and returns to zero depends on the electrical
size of capacitors, inductors, and resistors connected to the oscillator tube.

You could stand to one side of a clock pendulum and, just before it naturally would start each return
swing, you could give it a little push. Thus you could speed up the number of swings per second. You

would be doing for the pendulum just what the synchronizing voltages do for the sweep oscillators.

The aweep oacillators are constructed apd adjusted so that the number of sawtooth voltages produced
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Fig. 3-16. From left to right; the filter capacitors, the rectifier tube, and the transformer for a low-voltage
power supply.

naturally during each second is just a little less than the number of sync pulses per second. That 1s, the
oscillators are set to run a little too slow. Then the synchronizing voltages come along and speed up the
oscillators so that sawtooth voltages are produced at the correct rate per second, and at precisely the cor-

rect instants, to sweep the picture tube beam in time with the electron beam away back in the television
camera tube.

The sweep oscillators will deflect the electron beam of the picture tube horizontally and vertically even
though no television signal is being received, and there are no sync pulses. The clock pendulum will con-
tinue swinging even though you don’t push it. If the electron flow in the beam is sufficient to produce a spot
of light, the screen will be illuminated over the entire area which would be occupied by pictures were any
picture signals present. Such illumination of the picture tube screen is called the raster. A raster is shown

by Fig. 3-15.

We have considered only the simplest possible sweep section, because we are dealing with only the most
elementary principles of television reception. Later we shall take up all the interesting variations found in
the many makes and types of receivers. Merely as a hint of what is to come, there are more than a dozen
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Fig. 3-17. Principal parts of a high-voltage power supply. From left to right; the rectifier tube, the
transformer, and the oscillator tube.

ways of insuring that sweep voltages and currents remain precisely in time with the incoming sync pulses.
These are called automatic frequency controls for the horizontal and vertical sweep oscillators.

POWER SUPPLIES. Earlier it was mentioned that amplifier tubes control electric power furnished by
other tubes and other parts of the receiver. Not only the amplifier tubes, but all other tubes in every section
of the receiver require power for their operation. These operating powers must be supplied at potentials all
the way from five or six volts for parts which heat tube cathodes, through several hundred volts for tube
plates and screens, and to many thousands of volts for acceleration of beam electrons in the picture tube.
These voltages are furnished by sections called the power supplies.

Most television receivers have at least two separate power supply sections, a high-voltage power supply
for the electron-accelerating elements in the picture tube, and a low-voltage power supply for everything
else. The principal parts of a low-voltage power supply for one receiver are pictured by Fig. 3-16. At the
right is the power transformer. This transformer takes alternating-current electric power from the building
lighting circuits at whatever potential exists in these circuits, usually 110 to 120 volts. The transformer
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lowers the voltage to values suitable for heating tube cathodes, and raises the voltage to values suitable
for tube plates and screens.

In the center of Fig. 3-16 is a power rectifier tube. This tube changes the alternating voltages for tube
plates, screens, and some other parts into voltages which act always in the same direction. That is, the
rectifier tube changes the alternating voltages into direct voltages which are needed for operation of tubes
in the receiver.

Atthe left in Fig. 3-16 is a metal can containing a number of filter capacitors. These capacitors, in con-
junction with other parts of the power supply not shown, smooth out the direct voltages. As these voltages
come from the rectifier tube they always act in one direction, but they are not at all steady. Smoothing is
done by the filter capacitors in the metal can and by filter inductors which do not show in the picture.

Fig. 3-17 is a picture of the principal parts in one kind of high-voltage power supply, the supply which
provides electron-accelerating voltages for the picture tube. At the right is a high-frequency oscillator tube.
This tube takes direct voltage and current from the low-voltage supply section and produces alternating
voltages at frequencies of 200 kilocycles, and even higher in some designs.

These high-frequency voltages from the oscillator are put through the transformer which you can see at
the center of Fig.-3-17. This transformer increases the potential of the high-frequency voltage to about
5,000 volts. Then the high-frequency voltage at its high potential is applied to the high-voltage rectifier
tube which you see at the left. This rectifier changes the high-frequency voltage, which is an alternating
voltage, into a direct potential at equally high voltage. Finally the very high direct voltage goes through
a smoothing filter consisting of capacitors and resistors, not visible in the picture, and the steady high
voltage is delivered to the picture tube. This type of high-voltage supply is found in many television re-
ceivers, but also in common use are other types which will be examined later on.

Maybe it has struck you as rather strange that we enter the power supply with alternating voltage from
the building circuits, then change it to a direct voltage in the low-voltage power supply, next back to alter-
nating voltage in the oscillator of the high-voltage supply, and again back to direct voltage at the output
from this latter power supply.

The reason for all the changing back and forth is that the simplest and most economical way of either
raising or lowering any voltage is to have that voltage in alternating form and toput it through a trans-
former. Toraise or lower the value of direct voltage is either a complicated process or is very wasteful of
power. The best way is to use an oscillator when we wish to change direct voltage to alternating, to use a
rectifier when we wish to change alternating voltage to direct, and to use a transformer for either raising or
lowering the potential of an alternating voltage.

We have followed the television signal all the way from the receiving antenna to the picture tube and the
loud speaker. We commenced with electromagnetic radiation coming through space to the antenna. We finish-
ed with music, voice, and other sounds from the speaker, and with moving images on the screen of the pic-
ture tube. Dozens of parts have been shown and described. If you go back through these first lessons and
list all the parts of a television receiver you will realize that a service technician has to know a great
deal about a great many things in order to shoot trouble and handle servicing in general.

Although we already are better acquainted with the processes of television reception than are most people
not actively engaged in this business, we know but little about how all the parts really operate, or why
they operate, or why they might fail to operate. Learning all about the how and why of television won't be
so very difficult if we go about it in the right way. There is one key which will unlock most of the myster-
ies ab out normal and abnormal behavior of television and radio apparatus. This key is an understanding of
electrons and of how and why they act as they do. This will be our subject for the next lesson.
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LESSON NO. 4

ELECTRONS, THE FOUNDATION OF RADIO

When men learned to control the flow of electrons in wires we entered the age of electricity, which gave
us the telephone and telegraph, electric light, electric power, and everything these things do for us. When
men learned how to force electrons out into the open, and still controlthe flow, we entered the age of el-
ectronics. Electronics gave us radio in all its applications, including television and countess uses in com-
merce and industry.

Everything in radio and all its branches depends directly or indirectly on the controlled flow of electrons
through vacuums and through gases. Possibly we should have commenced our study of television by exam-
ining electrons and what they accomplish. Had we done so, many actions which could be mentioned in the
first lessons only as accomplished facts, with no apparent reasons for their existence, would have appeared
as the only things which possibly could happen under the circumstances.

The fact that we commenced studying the practice of television rather than its foundation may make it
even more interesting to examine the foundation, which consists of electrons. To get acquainted with elec-
trons we shall first consider a piece of aluminum. By various mechanical treatments the aluminum could be
divided into particles so small that a powerful microscope would be needed to see them. By chemical action
the aluminum could be divided into particles not visible even through the microscope. But none of these
divisions can break the aluminum down into any other substances. The smallest possible particle is an
atom of aluminum, still a particle of the original silvery white metal.

Atoms of all substances are of about the same size, and this size is small. Had every man, woman, and
child commenced at the beginning of the Christian era to drop one atom per second into a cup, and had all
whe have lived since then done the same thing, the cup today would contain one-third of a cubic inch of
atoms. If each man, woman and child in the United States and all the rest of the countries in North, Cen-
tral, and South America were to lay down one atom, with all the atoms close together and in a straight line,
that line would be somewhat less than one and one-quarter inches long.

Although we cannot conceive of anything so small as an atom, we now must accept the fact that every
atom is mostly empty space. An atom is made up in much the same way as our solar system. At the center
of the solar system is the sun, and in empty space around the sun are whirling the earth and all the other
planets. Were any microscope strongenough to make an atom visible you might see something such as shown
by Fig. 4-2. At the center of the atom is a part called the nucleus. Moving in orbits around the nucleus are
electrons. Were an atom to swell up to an overall diameter of 1,000 feet, the nucleus at the center would
be the size of a basketball, and each electron would be the size of a pea.

In each atom of aluminum there would be 13 electrons. Could you take away one electron, and could the
atom adjust itself to the permanent loss of one electron, it no longer would be an atom of aluminum but
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Fig. 4-1 The F-m signal generator, the oscilloscope, and the receiver being aligned all depend for their

operation on the flow of electrons through vacuums.

would have changed to an atom of the metal magnesium. With still another electron taken away,and another
readjustment, we should have an atom of the metal sodium. With electrons removed, and nine remaining,
there would be an atom of the gas neon. By the time only two electrons remained there would be an atom
of the gas called helium. Finally, with one solitary electron around a nucleus you would have an atom of
the gas hydrogen.

Electrons can be added to atoms as well as removed. Oursun shines and gives off heat because its atoms
of hydrogen are changing to atoms ofhelium and gaining one electron in the change. Matter of which thesun
is composed is disappearing in this process at the rate of about five million tons per second. But don’t let
this worry you. Less than one-tenth of the sun’s hydrogen has changed to helium in the last billion years.

Electrons move at tremendous speeds in the space around the center of an atom. But the atom holds to-
gether. It holds together for the same reason that our solar system holds together, with the earth and all
the other planets continuing to revolve around the sun instead of flying away into limitless space. It is the
force of attraction between sun and earth that holds the earth on its orbit around the immensely heavier
sun. It is the same kind of attractive force between you and the earth which holds you in place, so you
don’t shoot off into space as the earth’s surface spins around at about 1,000 miles an hour. This earthly
force is called gravity. The kind of force having similar effect in the atom is called electrostatic attraction
between the nucleus and the electrons.

With strong attractive forces at work why doesn’t our earth fall into the sun? And why don’t the electrons
fall into the nucleus of the atom? We stay out of the sun because of another kind of force, centrifugal force.
This is the kind of force which you feel as a pull when whirling a weight tied to the end of a string. Cen-
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Fig. 4-2 Electrons move in orbits around the central nucleus of an atoni.

trifugal force alone would carry the earth away into space. Attractive force alone would pull us into the
sun. But the effects of the two forces are exactly balanced, so we neither fall into the sun nor move farther
away. Electrons don’t fall into the nucleus of the atom because they are moving at speeds which would en-
able them to fly right out of the atom were they not held by the equal force of attraction.

The attractive force existing between bodies such as the sun and the planets is of the same kind in both
bodies. It is the result of the weight or the mass of the materials in these bodies. In the atom, however, the
kind of attractive force existing in the nucleus is not the same as the kind existing in the electrons. We
know these two forces are not of the same kind because, in some ways, they act differently. The nucleus
attracts electrons, and the electrons have attraction for the nucleus. But the nucleus of one atom does not
attract the nucleus of another atom, they repel each other. And one electron does not attract another elec-
tron, the two electrons repel each other. It is the repulsion of each electron for every other electron that
keeps them from colliding with one another inside the atoms.

Todistinguish between the two forces which act differently we call the kiad possessed by the nucleus
a positive force, and call the kind possessed by electrons a negative force.



COMMERCIAL TRADES INSTITUTE

Lesson No. 4 - Page 4

Fig. 1-3 With a signal generator and electronic voltmeter used for receiver alignment we still depend on

flow of electrons through vacuums for operation of all three instruments.
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Fig. 4-4 The dry cells force electrons to flow in themselves, the speaker transformer, and the meter — while

the meter measures and indicates the rate of flow.

By using the words positive and negative we may describe the forces in the atom as follows. When one
particle is negative and another is positive there is attraction, each for the other. When both particles are
negative they repel each other. When both particles are positive they repel each other.

While an atom has its normal number of electrons, as 13 electrons in the case of the aluminum atom, the
total negative force of all the electrons is exactly equalled by the total positive force in the nucleus. This
means simply that all the electrons are pulling just as hard on the nucleus as the nucleus is pulling on all
the electrons. The two kinds of forces are balanced in the normal atom. There is no excess of either kind
of force which might act on some other particle outside the atom. So far as the atom as a whole is con-
cerned it can exert neither positive nor negative force on anything outside its own beundaries. This, re-
member, is the condition of an atom which possesses its normal quota of electrons.

Although the electrons within an atom always are in violent motion, the nucleus of the atom does not
move unless the substance of which the atom is a part undergoes movement. If you move our piece of al-
uminum you move all the atoms which compose the piece, but the atoms remain in fixed positions within
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Fig. 4-5 How electrons are arranged in two orbits within atoms of carbon and of oxygen.

the piece of aluminum. While the nucleus of an atom is either stationary or moving, the attractive forces
within each atom hold the electrons with the nucleus, because even the lightest nucleus is nearly 2,000
times as heavy as one electron.

In diagrams it is convenienttoidentify positive forces with a plus sign (4) and to identify negative forces
with a minus sign (=). Using these signs we might represent atoms as in Fig. 4-5. Each electron is shown
by a small circle enclosing a minus or negative sign. The central nucleus is shown to have a total posi-
ttve force equal to the total negative force of all the electrons by placing within a central circle a number
of smaller circles enclosing positive or plus signs, with the number of these units of positive force equal
to the number of negative electrons. Incidentally, the atom with six electrons would be an atom of carbon,
and the one with eight electrons would be an atom of the gas oxygen.

FREE ELECTRONS. Now we shall leave the atoms for a few minutes and talk again aboutthe solar sys-
tem which on a grand scale, is so much like the atom on a submicroscopic scale. Consider what might
happen to a planet away out at the farthest limits of the solar system. The farthest planet we know of today
is called Pluto. The distance from the sun to Pluto is more than 3,500 million miles. Our earth is only
about 93 million miles from the sun. Naturally, the force of attraction acting through the great distance be-
tween the sun and Pluto cannot exert nearly so strong a pull as between the sun and the earth.

Supposing now that some other heavenly body of size comparable to that of the sun should come close to
our solar system. Pluto would be quite likely to feel the attraction of that other body so strongly as to
leave our solar system and join another one.

This is just what happens continually to one of the outermost electrons in an atom. Between the outcr-
most electron and the nucleus of the atom the attractive forces act much more weakly than between the nu-
cleus and electrons closer to it. All around are other atoms whose positive nucleuses might pull hard on
the electron which is flying around the outside of its own atom. Under certain conditions this outermost
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Fig. 4-6 One of the outermost electrons escapes from the aluminum atom and becomes a free electron.

electron may jump from the original atom to another nearby atom.

Let’s see what these certair conditions must be. A few paragraphs back it was stated that the positive
and negative forces in a normal atom are balanced. In a balanced atom the total positive force of the nu-
cleus is just equal to the total negative force of all the electrons, and thereis no force remaining to attract
any other electron which might have freed itself from some other atom.

Supposing, however, that this normal or balanced atom were to lose one of its own electrons. Then this
atom no longer would have balanced forces, it would possess a surplus of positive force. Thus surplus of
positive force would pull the wandering electron into the atom, and the balance would be re-established.

Now we’ll go back to Pluto. Supposing something were to happen which imparted much greater speed to
this distant planet in its path around the sun. The increase of centrifugal force might completely overcome
the weak attraction between Pluto and the sun, with the result that Pluto would start traveling outward
away from the sun. However, Pluto wouldn’t get very far, as interplanetary distances go, because the
universe is full of other big suns. One of these other suns soon would make a captive of the wandering
planet, and Pluto would join some other solar system.

We do not know of anything which might give Pluto additional speed, but we do know of several ways to
increase the speed of electrons which are near the outer limits of their atoms. One way is to heat the sub-
stance containing the atoms. When a substance is made very hot, all the electrons in its atoms gain energy.
Energy is the ability to do work. The electrons expend their extra working ability inincreasing their speed.
The added speed lets many of the electrons move farther from the central nucleus, and it lets one of the
outermost electrons jump clear out of the atom. ‘But, like Pluto, this electron whichhas become a free
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Fig. 4-7 Light entering this phototube gives cathode electrons extra energy, and the electrons emerge into

the vacuum.

electron won’t get very far. It immediately is pulled into some other nearby atom which has lost one of its
own electrons and is looking for a replacement. Fig. 4-6 represents one of the outermost electrons escap-
ing from an atom of aluminum.

Here we have discovered the real reason why heating the cathode of a picture tube forces electrons out
of the cathode material. It is the reason also why the cathodes of practicallyall other tubes in radio and
television receivers are heated, as you may see by looking at the red glow inside every tube which is work-
ing. Heat gives some electrons enough additional energy to enable them not only to leave their in dividual
atoms, but to jump entirely clear of all atoms and to emerge from the surface of a cathode material. These
electrons will exist for a moment in the surrounding space. If nothing else happens, these electrons almost
immediately are pulled back into the cathode material to join atoms which lack an electron.

Heat isn’t the only force which gives electrons the ability to jump free and clear of atoms. Light will do
it. Light, like heat, is a form of energy. When the energy which is light hits certain substances this energy
changes into the kind of energy which gives more speed to some electrons. This is the energy of motion,
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the kind of working ability which enables a baseball to break a window when aimed in the wrong direction.
It is light energy which gives us phototubes and photocells, and makes possible the television camera tube.
Electrons which have been speeded up by light will jump right out of the surface of some kinds of sub-
stances.

There is still another force which gives electrons jumping ability. This is the force we call electric volt-
age or electric potential. If you put two bodies close together in a vacuum, and make the potential of one
body very much greater than that of the other body, electrons will be pulled out of one and will pass through
the vacuum to the other body. This is the action employed in what are called cold-cathode rectifier tubes
and in tubes employing what is called ionic heating of their cathodes.

It doesn’t require much imagination to realize that, ifwe get electrons out of a cathode by means of heat,
a part which pulls the electrons to itself and clear away from the cathode needn’t be nearly so close to the
cathode as when voltage of this other part is the sole means for freeing the electrons from atoms. Ilere we
have the basis for all thermionic tubes, a classification which takes in just about every kind of tube used
in radio and television. By heating the cathode to get electrons into the clear, and by having a difference
of voltage or potential between the cathode and another part inside the tube, free electrons are pulled all
the way through the vacuum which is inside the tube. We wouldn’t have to follow this line of investigation
very far to be right in the middle of the whole subject of tubes for radio and television, but there are few
more of the elementary things to be talked about before we come to tubes.

Let’s finish first with the subject of free electrons. Each atom in any substance normally possesses just
the number of electrons which allows balance of positive and negative forces. For instance, in any piece
of aluminum there are normally 13 electrons per atom. Were there something like a billion, billion atoms
there would normally be 13 times a billion, billion electrons. Lots of these electrons are continually pop-
ping out of some atoms and right back into other atoms.

With all this movement of electrons into and out of atoms there is, in every substance at every instant,
about one free electron per atom. Unless we are applying some external force these free electrons don’t
really get anywhere, they simply jump about from one atom to another in all kinds of random directions.
This random motion of free electrons is somewhat as shown by Fig. 4-8.

[f we apply the right kind of force in the right way we can make all the free electrons move in the same
general direction as they progress from atom to atom. In a length of wire the free electrons may be made
to move either always to the right or always to the left. Then we have a direct electron flow or a direct
current. The free electrons may be made to move first to the right and then to the left, and made to keep
this up. Then we have an alternating electron flow or an altemating current. If the free electrons are made
to move right and left at very short intervals we have a high-frequency alternating current.

Even with a steady direct current or a one-way current in a length of wire no one electron need go very
far at a time. Rarely, if ever, would a particular electron travel all the way fromone end to the other of
the wire. But all the free electrons would move the same direction between the instant of escape from one
atom and the instant of entering another atom.

EXPERIMENTING WITH ELECTRONS. You may experiment with free electrons and move them from one
body to another at any time you choose. All that is needed in the way of equipment is a stick of sealing
wax from the stationery store, a piece of woolen cloth from anywhere, and a few bits of paper.

A
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Fig. 4-8 When not affected by some external force the free electrons move in random directions from atom

to atom.

First, rub the end of the wax with the woolen cloth. Then, as in Fig. 4-9, bring the end of the wax near
a few small pieces of paper. Even before the wax touches the paper, the paper will jump up and cling to
the wax. This is what happened. By rubbing the wax and wool together you actually rubbed many billions
of free electrons off the wool and onto the wax. Since all these electrons are negative the wax accumu-
lated a great excess of negative force. When you brought the wax near the bits of paper the strong nega-
tive force of the wax repelled free negative electrons which were in the side of the paper toward the wax,
and drove these electrons to the other side of the piece of paper. Moving these negative electrons away
from one part of the paper left that part with an excess of positive force. Then the paper was drawn to the
wax by attraction between the negative force of the wax and positive force on one side of the paper.

You may restore an equilibrium of forces in the wax by wiping it with your moist hand. The excess of
negative electrons on the wax then passes to your hand, and the wax no longer will pick up pieces of

paper.

In the atoms of substances from which paper is made the atoms hold onto their electrons very tenacious-
ly. The negative force transferred to the wax by rubbing it with the wool is a strong force, and it is cap-
able of forcing electrons from one side of the paper to the other in spite of all difficulties. Once the free
negative electrons are driven to the far side of the paper they stay there, because they are held tightly by
the atoms and would require a considerable force in the opposite direction to drive them back again.

In metals the atoms do not hold their outermost electrons at all securely. It is easy for electrons to es-
cape from atoms of metals and wander all around the place. If you use some force which drives free elec-
trons from one side to the other of a piece of metal, then take away that force, the electrons will come
right back again and distribute themselves uniformly throughout the metal.

We may check this latter statement by performing another experiment. This time a piece of aluminum foil
or any thin metal foil is hung from a thread, as in Fig. 4-10. Rubbing the sealing wax with the woolen cloth
and bringing the end of the wax near the foil allows just the same action as described for the wax and the
paper, and the foil comes over and touches the wax.

Recause it is so easy for electrons to pass all through any kind of metal, much of the excess of free
negative clectrons now leaves the wax and passes into the foil. Then the foil has more than its normal
conplement of negative electrons. If the foil is aluminum it now has more than 13 electrons per atom. This

cans that thewhole prece of foil possesses a surplus of negative force. The wax does not lose all its extra
ncpative electrons to the foil, and so now we have two bodies with each a surplus of negative force. The
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Fig. 4-9 When extra electrons are rubbed off the cloth onto the wax their attractive force allows picking up

the paper.
result is shown by Fig. 4-11, the wax and the foil repel each other.

Experimentssuchasthese are easy to carry out, and if you wish to see electrons at work the experiments
are well worth performing. [f you wipe the wax on your hand and touch the foil with your finger, to restore
the balance of forces, you may start over again. Iirst the foil will come over and touch the wax, and al-
most instantly will jump away from the wax. The foil must be supported by a thread becanse thread is com-
posed of substances generally similar to those in paper, and electrons cannot easily move from one part
to another in such substances. If the foil were supported by a piece of metal wire, in which electrons pass
from place to place very easily, all the excess negative electrons passing from the wax to the foil would
run up through the wire and the supports. Then the concentration of negative electrons would not be suf-
ficient to cause attraction and repulsion.

CONDUCTORS AND INSULATORS. Any substance in which free electrons get from place to place very
easily is called an electrical conductor. A conductor is composed of any substance whose atoms do not
hold very tenaciously to their electrons, and in which a great movement of free electrons may be caused
by a fairly weak external force of any kind which attracts or repels electrons. When voltages or differences
of electrical potential are applied to u conductor there are movements of immense quantities of free elec-
trons in the conductor.

Te metal foil of our last experiment is u conductor. All reasonably pure metals are excellent conductors.
Silver is the best of all conductors, because a greater rate nf electron flow or a greater cumrent is caused
in silver than in any other metal by a given voltage applied to this metal. Next in conductive excallence
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Fig. 4-10 The attractive force of electrons on the wax pulls a piece of metal foil against the wax.

comes copper,which is used for nearly all the wires between parts of radio and television apparatus. Alum-
inum, brass, bronze, iron, steel, zinc, lead and cadmium are good conductors. All are used in radio and
television as supports and fastenings through which electron flows are to take place.

Any substance whose atoms hang onto their electrons very tightly is an electrical insulator. In an insul-
ating material strong forces are needed to cause any appreciable rate of flow of free electrons. The paper
of our first experiment and the supporting thread of the second experiment are insulators. It was possible
to force free electrons from one part to another in the paper because we really had a very strong force in
the rubbed wax. It is easy, by means of rubbing, to build up a force which would be comparable in strength
to that in power wires for electric lighting when measured in volts. But you couldn’t feelthis force because
there isn’t enough of it. All the electrons you could rub onto a piece of wax wouldn’t furnish even enough
total energy to make a flash lamp blink, yet the potential or voltage of the relatively few electrons might
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Fig. 4-11 When electrons flow from the wax into the metal foil both bodies have excess quantities of electrons,
and there is repulsion.

be very high.

Among the insulating materials most generally used in radio and television are the many plastic com-
pounds, of which Bakelite was the first and still probably is the best known example. Well known among
newer plastic insulating materials are polystyrene and vinylite. In the old standbys for radio insulation we
find rubber, paper, linen, cotton, many ceramic materials, mica, fibre, and various waxes and varnishes,
The prime purpose of all insulation is to confine free electrons within the conductors where the electrons
are supposed to move. Of equal importance in many places is the ability of good insulation to protect us
from electric shocks which might be received from conductors in which electrons are being moved by high
potentials or voltages.




COMMERCIAL TRADES INSTITUTE

Lesson No. 4 - Page 14

; ’
=7
#
-
\
Y R
SR
P-—-..
S L o L &
"—,__
S . o}
¥ o v‘ .
" ‘-
N 7 ' \ L
- . ~ -
N -
. ¢

Fig. 4-12 A service technician knows how to trace electron flows in all these parts, and knows how to measure the

results of such flows.
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Fig. 4-13 The power supply unit up above is forcing free electrons to flow in one direction through all the other

parts while the meter measures the rate of flow in milliamperes.

ELECTRIC CHARGES. When any piece of material of any kind has more than a normal number of free
electrons that piece of material possesses an extra amount of negative force. The body which thus has an
excess of negative electrons is said to have a negative charge, or to be negatively charged. The sealing
wax in our first experiment became negatively charged.

Any body which has less than a rormal number of electrons possesses an extra amount of positive force
That body is said to have a positive charge, or to be positively charged. The woolen cloth which lost free
electrons to the wax was left with a positive charge.

When a body is neither negatively nor positively charged, but has its norm al number of free electrons,
that body is said to be neutral or may be said to be uncharged. If a body which originally is neutral
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Fig. 4-14 Once more the negatively charged wax attracts the metal foil.

receives extraelectrons thatbodyisgiven a negative charge. If the neutral body loses some of its negative
electrons it then has a positive charge.

You have just read the definitions of a negative charge, a positive charge, and a neutral body. The def-
initions are so exceedingly simple in the reading that you cannot possibly appreciate the importance of
these three conditions in all our future work. There is nothing we can do now to bring home a realization
of the importance of electric charges in radio and television, we shall just have to wait until their import-
ance becomes apparent in all practical work.

World Radio Histo
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Fig. 4-15 With a metal shield between the wax and the foil the force from the negatively charged wax cannot have

any effect on the foil.

As you might expect, there is a unit in which we measure the quantity of electric charges. This unit is
called the coulomb. A charge of one coulomb means a quantity of6,280,000,000,000,000,000 free electrons.
[f some certain body has 6,280,000,000,000,000,000 fewer free electrons thanit would have when neutral,
that body has a positive charge of one coulomb. If the body has this number of free electrons in excess of

what it would have when neutral, the body has a negative charge of one coulomb.

Just as there is attraction between a positive nucleus and a negative electron in a single atom, so there
isattraction between any body which is positively charged and any other which is negatively charged. And
just as there is repulsion between one negative electron and another negative electron, so there is repul-
sion between any two bodies when both are negatively charged. Naturally, there is repulsion also between
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any two bodies when both are positively charged.

Don’tspend any time on trying to memorize the definition of a coulomb, it may never be mentioned again.
The coulomb is important chiefly because it affords a sort of stepping stone to an understa ndingof another
unit in which we measure the rate of electron flow in conductors. When free electrons move past a point at
the rate of one coulomb per second this rate of flow is called one ampere.

The first thing to be noted about a rate of flow is that it is not a measure of electron speed. If enough
free electrons are moving in one direction, one coulomb of electrons can pass a certain point during one
second even though the speed is very slow. If you have a river wide enough and deep enough to carry great
quantities of water, the rate of flow past a given point might be millions of gallons per second with the
speed of the water only a few miles per hour. If the stream of water were a namrow, shallow brook, the
speed of the water would have to be very great to get millions of gallons past a given point during one
second. Similarly, if there are but few free electrons available, a rate of flow of one ampere (one coulomb
per second) might require an impossibly high speed.

The second thing to be noted about a rate of flow in amperes (coulombs per second) is that it is not a
measure of voltage or potential or force. A rate of flow of water, in gallons per minute or cubic feet per
second, does not tell about the force which is causing the water to flow. The force pulling a certain rate
of water flow down Niagara Falls is very great, but the force causing an equal rate of flow along some
quiet stretch of the river below the falls is relatively very small. Similarly with an electron flow rate
measured in amperes. In a poor conductor, where electrons are held by their atoms rather firmly, it might
take a considerable force or considerable voltage to cause some certain flow in amperes. In silver or
copper the same rate of flow could result from a relatively small voltage.

Rates of electron flow may be measured in amperes whether the flow is always in one direction (direct
current) or reverses in direction (alternating cwrrent). Even though the frequency of an alternating current
were so high that electrons moved only a small fraction of an inch in each direction, their rate of flow past
the middle of that fraction of an inch could be measured in amperes.

We have talked so much about amperes as a measure of the rate of flow of electrons or electricity that
we may as well get acquainted with two other units for measuring rates of flow. There are very few places
in radio and television receivers where the rate of electron flow is so great as one ampere. Most currents
are measured in milliamperes. One milliampere is equal to 1/1000 of an ampere. Currents in many parts of
the picture tube, and in some other places as well, are so small that we measure them in microamperes.
One microampere is equal to 1/1,000,000 (one millionth) of an ampere.

Inthis lesson we have covered more of the road to a complete understanding of radio and television than
you will realize until we commence putting all this information to use. Yet we hardly have begun to inves-
tigate all that electrons do. As an example, when parts of a receiver are being rapidly charged, first nega-
tively and then positively, forces radiated from these parts may completely upset the performance of other
parts around them. These forces may be confined to where they originate by using electric or electrostatic
shielding.

Shielding consists of metal partitions or enclosures. Its effect might be illustrated with our stick of seal-
ing wax to represent some part producing a force to be confined, and a piece of metal foil representing
another part to,be protected. In Fig. 4-14 the foil has been attracted, as usual, by the farce which extends
all around the charged wax. In Fig. 4-15 there has been interposed between wax and foil a thin sheet of
metal, a shield. No matter how hard you rub the wax with the woolen cloth, the force from the charged wax
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is stopped dead by the shield and there is not the slightest tendency to attract the foil. It will be some
time before we examine the practical applications of shielding in receivers and testing instruments, but
here we have seen it in action.

One of our subjects for the next lesson will be these forces which extend from all charged bodies, and
which a ccount for electric potential or voltage and all that it does in tubes and other parts of receivers.
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LESSON NO. 5
HOW ELECTRONS DO THEIR WORK

Men who once get into radio, and now television, seldom leave these fields. Whether or not they own up
to it, the real reason for sticking is the absorbing interest in watching seemingly impossible things happen
right before your eyes. Good technicians make good money, but they might make good money in other fields.
The difference isthis: Intelevision and radio we have fun while making money. Kvery case of trouble shoot-
ing is a puzzle to be solved. It is a challenge to your ability. And there is nothing more pleasant than the
feeling of having solved a difficult puzzle.

In earlier lessons we dealt with things so interesting that you didn’t have to study very hard in order to
learn. Also, we have been taking our time. Now some time must be saved. There is so much ground to be
covered on actual service operations in lessons to come that we cannot afford to take our time getting there.
Consequently, in this lesson, we are going to cover a lot of important ground — and do it fast.

First, read this lesson all the way through without trying to learn a thing. Some facts will stick anyway.
Thenreaditagain, and try to comprehend the meaning of each statement while you read it. Don’t try to mem-
orize; we are not learning rhymes to be recited in front of a class. If you understand a fact while reading
about it, you never can wholly forget it. When you need that fact later on it will come popping out of the
place in your mind where it has been stored all the while.

Finally, if you feel that you understand the general meanings of all the facts presented, you have done a
good job. Kverything mentioned here will come up so many times in actual service work that, eventually,
you will learn it anyway. The general understandings which you will gain from 1his lesson simply make the
rest of the road ea sier and quicker to travel.

Now let’s see whether you can take it, whether you can take a few straight facts without sugar coating.
HOW FILECTRONS DO THEIR WORK

InFig. 5-1 we are looking at a small fraction of the parts and their connections in a television transmitter.
This is a modulator power supply. Fig. 5-2 is a picture of all the wiring and a good share of the parts in a
simple radio receiver. Both the big transmitter and the small receiver operate because free electrons move
in all the conductors and all the circuit parts.

When a technician looks at parts and wiring he thinks in terms of electron flow. He sees, in his mind’s
eye, the electrons sometimes moving steadily in one direction, again moving back and forth at perhaps mil-
lions of times a second. He knows why the electrons should move in certain places and in certain ways, and
he knows what probably has gone wrong when tests and measurements show that electrons are failing to
flow in the right directions, in the right places, and at correct rates.
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Fig. 5-1. Heavy-duty rectifiers in the modulator power supply of a television transmitter.

Our next big subject is to be that of radio tubes; how they work and why, and how to use them to best ad-
vantage for certain jobs. We cannot talk intelligently about the behavior of tubes without knowing quite a
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Fig. 5-2. Parts and wiring underneath the chassis of a six-tube radio receiver.

bit about amperes, volts, and ohms. We do know the real meaning of an ampere of electron flow. We have
talked about volts, but never have said what a volt really means. And as for ohms, they haven’teven been
touched on.

To really understand volts and ohms we must commence with some very simple and elementary facts re-
latingtowork and energy. These facts will be understood easily enough by imagining that we do some work
on a single free electron, knowing that what happens to this one electron is happening at the same time to
billions of its fellows.

Tobegin with, what do we mean by work? Maybe you think you work when you hold a 50-pound weight above
your head for an hour, but that is not work. If, however, the weight originally were on the ground, and you
lifted it offthe ground, you would have done work during the time the lifting continued. You then worked be-
cause you employed your muscular force to overcome the force of gravity which tends to hold the weight
down, and you moved the weight to a higher position against this force of gravity. Work, in the technical
sense, is done only when one force acts against another force and causes motion or a change in the rate
of motion.
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Fig. 5-3. Work is done when electrons are driven contrary to the forces of attraction and repulsion.

Now about the free electron. We intend to follow it through a power supply and a conductor connected be-
tween the negative and positive ends or terminals of the power supply. The simplest of all power supplies
is a battery, so we shall talk about a battery for easy understanding. What happens inside and outside the
battery will happen in a generally similar fashion inside and outside any other power supply.

Abattery provides a direct voltage, a voltage which tends to drive free electrons always in the same direc-
tion. Itwill furnish a direct current, a current of electrons flowing always in the -same direction. This is true
also of all television and radio power supplies used in connection with all the parts of tubes except the
parts which heat the cathodes.

At one end of the battery or any other direct-current power supply is a terminal or connection which is
negative. At the other end is a terminal or connection which is positive. The first terminal is negative be-
cause here there is an excess of free electrons, or there is a negative charge. The second terminal is pos-
itive because here there is a deficiency of free electrons.

A battery, or any other direct-current power supply, is simply a device inside of which the free electrons
are pulled away from one terminal, which thus becomes positive or positively charged, and are driven over
to the other terminal, which thus becomes negative, or negatively charged.

The free electron whose travels we shall follow is first at the positive terminal of the power supply, as at
the left in Fig. 5-3. This electron wants to stay where it is, because the electron is negative, the terminal
orits charge is positive, and there is attraction. Furthermore, the electron is being repelled by the negative
charge over at the negative terminal.

Supposing that, by some means, we force the electron to move away from the positive terminal and toward
the negative terminal, as in the right-hand diagram. The electron is being moved against the forces of at-
traction and repulsion, and it takes work to overcome those forces. Moving the electron against the forces
of attraction and repulsion is like moving the weight off the ground against the force of gravity.

Itis easy tomeasure the amount of work done on any job. Work is measured in a unit called the foot-pound.
One foot-pound is the amount of work done in lifting one pound through one foot against the force of gravity.
The total number of foot pounds of work is found from multiplying the number of feet of distance by the num-
ber of pounds moved through this distance. If you lift the 50-pound weight upward through a distance of 6
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Fig. 5-4. Electrons lose their energy while traveling from negative to positive outside a power supply.

feetyoudo 6times 50 or 300 foot-pounds of work. In a few moments we shall come to an equally simple unit
of electrical work.

ENERGY.Here is a question. What does the weight possess when elevated that it does not possess when
on the ground? Answer: It possesses more energy. Energy means the ability to do work. With the weight el-
evated it is capable of doing more work than before it was lifted. The elevated weight will do work when it
falls. Maybe the work will be no more than knocking some object out of the way, but that is work because
there would be motion resulting from a force.

If the 50-pound weight falls back 6 feet to the ground it will do 300 foot-pounds of work (6 times 50), either
while it falls or when it lands. When again resting on the ground the weight will have lost its 300 foot-pounds
of energy or working ability.

Now back tothe electron. Assume that the electron has been forced all the way over to the negative term-
inal, as in Fig. 5-3. The electron now has been moved as far as possible from its original position inside
the power supply. In the original position, at the positive terminal, the electron is like the weight lying on
the ground; neither has any energy. But the electron at the negative terminal is like the weight when fully
elevated. Then both the electron and the weight have been given energy or working ability, because work
had to be done on the electron to get it from positive to negative, and on the weight to get it off the ground
and to its maximum elevation.

The electron is forced to travel from positive to negative inside the battery by energy which was stored
inthe chemical compounds inside the battery. This chemical energy is released as the compounds break down
intonew substances, just as heat energy is released when fuel gas breaks down into other gases and vapors
when buming. Energyreleased from the chemicals does work on the electron and moves it against the forces
of attraction and repulsion. Work done on the electron puts energy into the electron, just as work done by
yourmuscles in lifting the weight puts energy into the weight when it is elevated. The electron finds itself
atthe negative terminal in possession of the energy which resulted from the work of driving it from positive
to negative inside the battery.
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Fig. 5-5. Potential decreases from negative to positive charges or from negative to positive terminals
outside a power supply.

Now,asatthe leftin Fig. 5-4, we shall connect a wire conductor between negative and positive terminals
on the outside of the battery or power supply. When the electron, full of energy or working ability, is at the nega-
tive terminal it immediately starts through the conductor toward the positive terminal. This happens because the
negative electron is repelled by the negative charge at the negative terminal while being attracted by the
positive charge at the positive terminal. The electron cannot travel back through the battery, for there it
would encounter the chemically released force which acts oppositely. And so the electron travels through
the external wire.

That wire conductor is not easy to get through. For one thing it is full of stationary atoms with which the
electron collides no matter in what direction it moves. Lots of the atoms have temporarily lost one of their
own electrons, and they try to pull our struggling free electron into themselves. The task of the electron in
getting through the conductor is like your trying to rush through a hallway thickly studded with stationary
pillars, many of which have long, sharp hooks to catch you. You would have to do a lot of dodging, a lot of
pushing and pulling, a lot of work in getting through the hallway, and so does the electron have to do a lot
of work in getting through the conductor.

The store of energy (working ability) possessed by the electron when leaving the negative terminal enables
the electron to do the work of getting through the conductor. But, as the electron progresses, more and more
of its energy is used up in doing this work. By the time the electron gets to the positive terminal, at the
right in Fig. 5-4, all the acquired energy is gone.

It is natural to ask what happens to the energy lost by the electron in getting through the conductor. Well,
every timethe electron hits an atom, work is done on that atom at the expense of energy lost by the electron.
The moving electron, and billions of others traveling with it, strike the atoms as you might repeatedly strike
a piece of steel with a hammer. Try it, and the steel will become hot from the work done on it. Electric
energy lost by the electron is changed into heat energy in the atoms. Heat is another of the many forms in
which energy may exist.

If you think that tiny electrons cannot strike tiny atoms hard enough to produce heat, remember that there
are countless billions of collisions in every small fraction of an inch of conductar. For further proof, feel a
wire that is carmrying electricity, look at the filament in a lighted electric lamp, or at the heater inside an
electronic tube in a radio or television receiver.
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Fig. 5-6. The cathode, the control grid, and the plate of an electron tube.

POTENTIAL. Once more back to the elevated weight. When the weight is off the ground, at any height,
it possesses more energy than when lower down. Energy in a body which results from the position of that
body is called potential energy. The word potential, coming from ‘‘potent’’, means having ability to do things,
such as work.
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Fig. 5-7. The cathode of an electron tube, with the plate and grid removed.

The electron at the negative terminal of the battery possesses electric potential energy. The elevated
weight possesses mechanical potential energy. When the electron is at the negative terminal, Fig. 5-5, the
electron possesses maximum potential energy, just as the weight possesses its maximum potential energy
when fully elevated.
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Fig. 5-8. There is an electric field between cathode and plate inside the tube.

If it is just as hard for the electron to work its way through any particular inch of conductor as through
every other inch, the electron will have lost half its potential energy when it gets half way from negative
to positive. The weight will have lost half its potential energy when it gets half way through its fall back
to the ground, for at that point the weight will be capable of doing only bhalf the original number of foot-
pounds of work. When the electron arrives at the positive terminal its potential energy will be zero, as is
also the energy of the weight when it reaches the ground.

The quantity of potential energy remaining in the electron is strictly proportional to how far the electron
has traveled from negative to positive. The energy is proportional to the distance from the negative terminal
to where the electron might be, or to the distance remaining between that point and the positive terminal.
Now, even were no electrons traveling through the conductor, every point along that conductor still could
be described as having some certain potential. That potential would be the value which would have to be
in an electron at that point, were any electron present.

It really is this characteristic of points or positions between electric charges that is called potential.
The electric potential at any point will tell us how much energy must be possessed by whatever electrons
happen to be at the point where the potential is measured.

This thing called potential is not a property of the wire conductor between terminals of the power supply,
it exists in just the same manner with the wire removed. Potential relates to points or positions between
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negative and positive charges. Were an electron to travel through empty space from the negative terminal to
the positive terminal, the change of energy in the electron and the decrease of potential along the path would
be exactly the same as though the electron were traveling through a connecting wire.

Now let’s come up to catch our breath. Quite likely you were beginning to feel that we dove off the deep
end into a sea of theory. Not at all. We simply were talking about what happens inside all the tubes used
in television and radio. If you remove the glass or metal outer envelope from one of the simpler types of
tubes the internal parts will appear as in Fig. 5-6. At the center is the cathode which is heated to make it
emit free electrons. Around the outside is a hollow cylinder called the plate. In the space between cathode
and plate is a coil of fine wire with its turns widely spaced. This is the control grid for this type of tube.

Fig. 5-7 shows the tube base and internal supports with only the cathode left in place. The plate has been
setdown alongside the tube. The control grid is not in this picture. Inside the tube there are no conductors
of any kind between the cathode, grid, and plate. Each of these “‘elements’’ are separated from the others

by space which is practically empty, because inside the tube there is a nearly complete vacuum. Electrons
emitted from the cathode travel right past the grid wires and to the plate, through nothing but space.

Free electrons go from cathode to plate inside the tube because the cathode is negatively charged and
the plate is positively charged. The elements are kept charged by connecting them externally to a power
supply, through conductors which go down through the tube base and into the base pins. It is fairly easy for
the electrons to flow through the space inside the tube, for in the highly evacuated interior of the envelope
there are relatively few atoms of gases with which the electrons may collide.

ELECTRIC FIELDS. Even though there is a nearly complete vacuum inside the tube and between the
elements, there still is something of great importance in this space. This thing is an electric field whose
position is shown by broken lines in Fig. 5-8. The electric field is only a force, it is nothing which we can
see. To understand the meaning of an electric field, think away back to your experiments with the sealing
wax and the metal foil. The wax would pull the foil while the two were as much as three or four inches apart.
Were you to hang the foil from a very flexible thread, and give the wax a brisk rubbing, you would find that
the force of attraction extends for a long distance.

The space in which are acting the forces of attraction and repulsion is an electric field or electrostatic
field. The words electric and electrostatic, as used in television and radio, may mean the same thing.

Fven though you have an electric charge all by itself in space, nowhere near an opposite charge, there
still is an electric field all around the first charge. There is no particular point at which the field ends; it
just spreads out through more and more space and becomes weaker and weaker as we move away from the
charge that is maintaining the field. Although such spreading fields have important effects, we are more
interested for the present in electric fields which exist between negative and positive charges not so very
far apart.

Of all the electric fields with which we shall be concerned in television and radio none is more interest-
ing in its effects, and in what we may do with it, than the field between charges on cathodes and plates of
tubes. At every point in this field there is a certain potential. If an electron is at some certain point in the
field, that electron possesses energy proportional to the potential at that point in the field.

THE VOLT. Potentials at points in an electric field, potentials at the charges which maintain the field,
and the potential energy of electrons at various points in the field or in the charges, all are measured by a
unit whose name is most familiar. This unit is the volt.
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Fig. 5-9. One coulomb of electrons does 0.7376 foot-pound of work while losing one volt
of potential energy.

The meaning of a potential energy of ome volt is shown by Fig. 5-9. If one coulomb of electrons would
have todo 0.7376 foot-pound of work in traveling from a negative charge to a positive charge, or from a neg-
ative to a positive terminal, the potential energy in the coulomb of electrons when leaving the negative
terminal would have to be one volt. That is, in order that one coulomb of electrons may have the ability to
do work equivalent to 0.7376 foot-pound of work, this quantity of electrons must have energy proportional

to one volt of potential.

Another way to define a volt is to say that it is the difference of potential through which one coulomb of
electrons will move when doing 0.7376 foot-pound of work. Still another way is to say that one volt is the
difference of potential through whichone coulomb of electrons will be moved when 0.7376 foot-pound of work
is done on the electrons. This latter definition would apply to the inside of a battery or other power supply,
in which work is done on electrons to move them from positive to negative.

In Fig. 5-10 is represented a potential difference of 6 volts between charges or terminals, also the de-
crease of potential from one charge to the other, and the fraction of the original maximum energy remaining
in electrons which have reached various potential points in between the charges or terminals.

Itis quite probable that, after finishing this lesson, you may never have to think about these precise def-
initions of a volt. You will become so familiar with what may be accomplished by potentials and potential
differences of certain numbers of volts that you won’t need to think about definitions. But here in the be-
ginning it is essential to realize that there really are definite relations between potentials and electron en-
ergy orworking ability. If you keep it in mind that there actually is such a relation, everything will be fine.

ELECTROMOTIVE FORCE. The force which gives energy to electrons as they go through the inside of a
battery or any other kind of power supply is called electromotive force. This is the force which makes the
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Fig. 5-10. Potential energy in electrons decreases as the volts of potential decrease.

electrons travel from positive to negative inside the battery or power supply. Electromotive force may come
from chemical energy in batteries, from light energy in photocells, from heat energy in thermocouples, and
from energy of motion in electric generators and in certain kinds of crystals. All these are devices for con-
verting their original form of energy into the potential energy imparted to electrons passing through them.
The name electromotive force is abbreviated to emf. When coming to this abbreviation in reading we hardly
ever say ‘‘electromotive force’’, we just pronounce the three letters, and say ‘‘ee-em-eff’’.

The unit of measurement for emf is the volt. If a power supply is capable of doing 0.7376 foot-pound of
work on each coulomb of electrons passing through it, that source is furnishing an emf of one volt. Thus we
learn that emf, in volts, is a measure of the energy imparted to electrons as they pass through a power supply.
A single dry cell furnishes an emf of slightly more than 1'% volts, anddoessoregardless of the size of the
cell. How much emf is furnished depends on the kinds of chemicals in a cell, not on how many ounces or
pounds may be used.

ELECTRICAL RESISTANCE. Probably you have noticed when using a flashlamp that the light finally
becomes quite dim as the cells or battery run down or become discharged. Yet when the battery is so far
gone as to make the flashlamp filament hardly red the battery is furnishing just as much emf as when brand
new and fresh. Then why doesn’t the lamp light brightly? The answer would be easy if we knew more about
opposition to electron flow, and before long we must know a lot more about this opposition or there will be
many service questions which cannot be answered.

We have talked about electrons and their flow through conductorsand through empty spaces. We have learned
about quantities of electrons measured in coulombs, and about rate of flow measured in amperes. We have
learned about work and energy, about potential and potential difference, about emf’s, and about measuring
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these things in volts. But knowing all about amperes und volts and what they measure isn’t going to help
solve very many problems in servicing until we know about the opposition to electron flow which exists in
all things.

Opposition to electron flow is called electrical resistance. Since everythinz we talk about is electrical,
we usually call this opposition just resistance.

When it comes to measurement of resistance the television-radio technician really has things easy, because
there is a unit of resistance which is as simple as the ampere for measurement of electron flow rate, and the
voltfor measurement of potentials and emf’s. In no branch of science other than electricity is there any simple
unit for opposition to flow.

Were you learning to be a heating and air conditioning engineer you could specify opposition to air flow
only by saying that a certain duct requires so many pounds per square inch of air pressure to maintain aflow
of so many cubic feet per minute. Were you learning to be a hydraulic engineer or a master plumber you would
deal with pounds per square inch per cubic foot per minute per foot of pipe. But the radio-television technic-
ian can say that some certain wire, resistor, or tube has resistance of so many ohms — just the word ohms
tells the whole story. Knowing the ohms of resistance the technician can tell in a jiffy how many amperes
or milliamperes will flow with any given potential differeace in volts, and what potential difference must
exist to cause any given flow rate.

Fig. 5-11. Resistors such as used in television and radio receivers.
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Fig. 5-12. When electron flow between two points is at the rate of one ampere, and potential difference
between the same two points is one volt, the resistance between these two points is one ohm.

Resistors, whose chief purpose is to provide resistance where we need it, are one of the ‘big fouwr’” in all
television and radio circuits. The other three are capacitors, inductors, and tubes. We have looked at many
pictures showing the wiring and small parts underneath the chassis of receivers. Dozens of resistors were
visible in those pictures. Fig. 5-11 shows a few resistors by themselves. At the center is a type whose re-
sistance may be adjusted to various values while a receiver is operating. All the others are fixed resistors,
whose resistance in ohms cannot be altered after they are manufactured.

The unit of electrical resistance is called the ohm. At the left in F'ig. 5-12 are represented two points
between which there is a potential difference of 1 volt. The rate of electron flow between these points is 1
ampere. The resistance to flow between these two points is 1 ohm. One ohm of resistance is the amount of
resistance which allows a flow rate of one ampere when the potential difference is one volt; this is the
definition for one ohm. At the right in Fig. 5-12 there is a potential of 4 volts at one place and of 3 volts
at another place. The potential difference is 1 volt. The flow rate is 1 ampere. Resistance between these
two places along the conductor must be 1 ohm.

Resistance is something which exists in a conductor whether or not there is any electron flow or any po-
tential difference in the conductor. Resistance is a property of the conductor itself. There are several fea-
tures of a conductor which affect its resistance. First of all, the resistance or opposition to electron flow
depends ou the kind of material in the conductor, on the extent to which free electrons get sangled up with
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Fig. 5-13. Resistance varies directly as the length of a conductor, but varies inversely as the square
of the diameter.

the stationary atoms and on how tightly the atoms hang onto their outermost electrons.

The atoms in mild steel hang to their electrons more than six times as hard as do the atoms in copper
used for hook-up wiring. You might cut off a piece of copper wire having a resistance of exactly 1 ohm,then
cutapiece of galvanized steel wire of the same length and same diameter. The resistance of the steel wire
would be about 6 1/3 ohms. The same length and same diameter of the kind of wire used in many resistors
would have resistance of about 60 ohms.

Two other factors which affect resistance are illustrated by Fig. 5-13. At the top are three conductors,
all of the same material and of the same diameter. Doubling the length doubles the resistance. Halving the
length halves the resistance. Resistance is directly proportional to length of a conductor when nothing else
is changed.

At the bottom are three more conductors, all of the same material and of the same length. The diameters
differ. The diameter of conductor B is twice that of conductor A, and the diameter of C is half that of A.
Cross sectional area varies as the square of diameter. This is the area, in square inches, exposed on the
end of a conductor which has been cut straight across.'When we multiply diameter by 2 the cross sectional
area is multiplied by the square of 2, which is 2 times 2, or 4. For 1/2 the original diameter the cross sec-
tional area is proportional to the square of 1/2, which is 1/2 times 1/2, or 1/4.

Resistance varies inversely as the cross sectional area of a conductor, all other things being unchanged.
That is, with twice the area there is half the resistance, with half the area there is twice the resistance,
and so on. Conductor B has 2 times the diameter of A, so has 4 times the cross sectional area. With 4 times
the original area we have 1/4 the resistance. Conductor C has 1/2 the original diameter, so has 1/4 the
original cross section. With 1/4 the cross section we have 4 times the original resistance.

It is easy to see why resistance must vary directly with length. It is twice as hard for electrons to get
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through 2 feet of a given conductor as through 1 foot of the same conductor, just as you would have to do
twice as much work in getting through twice the length of a hallway full of pillars to oppose your progress.

Itisnot difficult to see why resistance varies as it does with diameter or size of a conductor. With twice
the diameter, and four times the cross sectional area, there will be four times as much material and four
times as many atoms and four times as many free electrons. With four times as many electrons acted upon
by attraction and repulsion there will be four times the flow rate. Four times the flow rate, with the same
potential difference, must mean only one-fourth the original resistance.

We have used some numbers and fractions, and some arithmetic, to show in a definite way why certain
things are true. Don’t worry about remembering the arithmetic, but remember two facts. Resistance varies

directly with length of a conductor. Resistance increases as diameter gets smaller, and does so proportion-
ately to the squares of the diameters.

Fig. 5-14. Measuring the resistance of a filter choke by means of a voltmeter and a current meter.
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There is one more thing which alters the resistance of conductors. It is temperature. In all pure metals,
and in most alloys or mixtures of metals, resistance increases as temperature rises — and decreases as
temperature drops. We shall look into the relations between temperature and resistance a little later on.

It is possible to measure the actual resistance of any conductor by applying to the ends of the conductor
some certain difference of potential, which can be measured in volts, then mzasuring the current or rate of
electron flow caused by this potential difference. The number of volts potential difference divided by the
number of amperes of electron flow rate, equals the number of ohms of resistance.

This method of resistance measurement is being used in Fig. 5-14. The resistance of a filter choke (a
kind of inductor) is being measured by using two dry cells as the power supply or the source of potential
difference, by using a voltmeter to measure the actual potential difference, and by using a current meter
to measure the rate of electron flow in the unit being measured.

There are easier ways of measuring resistance. Service technicians make such measurements with an in-
strument called an ohmmeter. When you connect an ohmmeter across any conductor, the number of ohms re-
sistance is directly indicated on the scale of the meter. When you know a little more about relations between
volts, amperes, and ohms, you will know why an ohmmeter gives direct readings of resistance.
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A BAD MISTAKE

This is the story of one of the most unfortunate errors ever made in science. Long before there was radio
or television, and before men knew about free electrons, it was arbitrarily assumed by scientists of that
day that electricity flows from positive to negative in conductors outside a power supply or soarce.

Duringall the years in which production and distribution of electric power had their beginnings and much
of their industrial development, all text books, instructions, and wiring diagrams were based on the wrong
assumption that electricity flows from positive to negative in conductors outside a source of potential, whereas
we now know that the only actual flow of anything at all is that of electrons fram negative to positive.

By the time the truth became known it was too late to undo the damage; it was impossible to have every-
one agree that, at some certain day and hour, they would reverse their idea about the direction of electric
flow. Consequently, even to this day, a big partof the electrical world talks about flow from positive to
negative outside the sources.

Some peopletry to get around the contradiction by saying that electricity flows from positive to negative,
while electrons flow from negative to positive — but they cannot explain of what their kind of electricity
consists. Others say that ‘‘conventional’’ flow is from positive to negative, while actual flow is from neg-
ative to positive.

Only in radio, television, and some other electronic fields does everyone recognize that the only flow is
of electrons, and the only direction of their flow while outside a source is from negative to positive. In our
work with alternating potentials and currents the direction of flow need not be considered, for it is first one
way and then the other. But even then, the instantaneous flow always is from negative to positive, and when
the flow reverses it is because the negative and positive polarities of charges and potentials have reversed.

Listed below are various reference books dealing with the direction of electron flow'and current. You may
be able to secure one at your library if you wish to do some additional research on this interesting subject.

The exact page where our particular theme can be found is also noted.
Elements of Electricity, W. H. Timbie, 2nd Edition, page 539
Manual of Radio Telegraphy and Telephony, U. S. Naval Institute, 8th Edition, page 9
Radio Instruments and Measurements, U. S. Bureau of Standards, 2nd Edition, page 8
Van Nostrand’s Scientific Encyclopedia, 2nd Edition, under Electronics.

Standard Handbook for Electrical Engineers, Knowlton, 7th Edition, page 33.
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LESSON NO. 6

CIRCUITS FOR RADIO AND TELEVISION

PREFACE

As you work on television receivers, and radio receivers, with the help of service manuals issued by the
manufacturers, you will find detailed information on how to trace trouble to some one part of the set. Then,
time after time, you will read a statement something like this: ““The exact point of trouble now may be found
withroutine tests of continuity, resistance, and voltage.”” You are supposed to know how to make these all-
important tests, which really are ordinary routine procedure for the experienced technician.

A continuity test shows only whether conductors extend all the way between certain points, and whether
there may be electron flow in parts and connections between these points.

Resistance tests mean measurements of actual resistances between various points, in comparison with
values of resistance which should exist when the receiver is in good order.

Voltage tests mean measurements of actual potential differences, usually between chassis metal and cer-
tain specified points, in comparison with values of potential difference which should exist when the receiv-
er is in good condition.

As part of their service data, manufacturers usually furnish either tables, charts, or diagrams showing re-
sistances or voltages or both.

In this lesson we shall commence making tests of resistances and of potential differences in a simple
circuitof an actualreceiver. Then we may proceed to interpreting the results of these tests as they indicate
possible troubles. Continuity tests are so simple that we shall practice them later on. Our job won’t be
completed in this one lesson, but there will be a good start.

CIRCUITS FCR RADIO AND TELEVISION

If you ask a radio service technician what one instrument he uses more often than any other he is almost
certain to say it is his volt-ohm-milliammeter. Maybe he will call this instrument a set analyzer, but it
means the same thing. Fig. 6-1 is a picture of a volt-ochm-milliammeter. There are many other sizes, and
many special features in various makes and models. But all of them do what their name implies, they measure
volts of potential difference, ohms of resistance, and milliamperes of electron flow or current.

In the preceding lesson we learned enough about potential difference, resistance, and electron flow to
proceed with some practical measurements in a receiver. (f course, we are not yet very expert in these
matters, consequently it will be well to pick something simple to begin with. From the electrical standpoint
nothing in a receiver is simpler than the connections for the cathode heaters of the tubes, so that is where
we shall do some checking.
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Fig. 6-1. A volt-ohm-milliammeter used for service tests.

Ve already have looked at a tube with its envelope removed and with only the cathode left in place. Were
you to remove the cathode carefully the heater would be exposed. The heater is a length of wire having
considerable resistance. Spread out, this wire would appear as in Fig. 6-2. When we apply potential differ-
ence to the ends of the heater wire, by way of pins on the tube base, the resulting electron flow will raise
the temperature of the heater wire high enongh to make it bright red. Heat passes into the swrounding cath-
ode, which becomes dull red. Then the cathode emits electrons.
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Fig. €-2. The heater as it appears when the cathode is removed.

Our first measurements will be made on a radio set having a total of six tubes. The two ends of the heat-
erineachtube are connected to two of the pins on the tube base. When the tube is pushed into a socket the
base pins make contact with extended lugs on the bottom of the socket. To these lugs are connected the
wires which bring potential difference to the heater.

In Fig. 6-3 you can see how the six sockets for the six tubes appear from underneath the chassis. The
only wires which have been installed and connected are those for the tube heaters. In spite of the fact that
we have here the simplest of wiring it obviously is difficult to show the paths for electron flow and the paths
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Fig. 6-3. Wiring for the tube heaters, as seen from underneath the chassis.

in which there is change of potential energy by using a photograph.

Servicetechnicians have little use for photographs. They much prefer wiring diagrams. A technician would
rather have one good wiring diagram than a basket full of photographs. Fig. 6-4 is a wiring diagram for our
heater connections. In addition to the wires shown in the photo, this diagram includes connections to the
a-c (alternating-current) power line and to the on-eff switch of the receiver.

SOCKETS AND TUBE BASES. Each of the sockets in this receiver has eight lugs, they are called octal
sockets. As shown by Fig. 6-5, in the center of each socket is a hole into which fits a round extension on
the tube base. On this base extension is a lengthwise ridge or key, and in the socket hole there is a length-
wise groove orkeyway to take the key when the tube is pushed home. The key usually is called the locating
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Fig. 6-4. A wiring diagram of the heater circuit.

key, for it locates or determines the position of the tube in the socket.

When looking at the bottom of a socket, and the locating key is pointing towards you, the lugs
are numbered from 1 to 8, clockwise, starting at the left of the locating key. When looking at the
top of the socket, where the tube pushes in, the pin holes are given corresponding numbers. The
numbers go around counter-clockwise when looking at the top. Pins on the tube base are assigned
numbers to correspond with numbers of the socket lugs.

Some sockets have these numbers formed right on them, but whether or not the numbers appear you are
supposed to know their positions with reference to the locating key. There seldom are numbers on the tube

base, but again vou are supposed to know the number of each pin according to the diagram of Fig. 6-5.

A HEATER CIRCUIT. Now we may go back to Fig. 6-4 and trace the heater circuit. A circuit is a path

A
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I'ig. 6-5. Standard numbering for lugs or terminals, and pin holes, on an octal socket.

in which electrons may be made to flow, either in one direction or back and forth, when a potential difference
isappliedtothe ends of the path. The greater portion of a circuit or a flow path ordinarily consists of wires
and other metallic conductors. However, electrons may be made to flow in the evacuated space inside the
tubes, and they may be made to flow in liquids contained in some kinds of batteries and some photocells —
so a circuit need not consist wholly of metallic conductors.

All useful circuits contain one or more loads. A load is anything wherein the electrons may expend some
of theirenergy and do work that is useful or desired. The entire receiver is a load on the power line. Tubes,
resistors, inductors, capacitors, and other parts are loads on the receiver power supplies. Of course, all the
wires and other metallic current-carrying parts of the receiver have some resistance to electron flow, and
some energy is lost by electrons traveling in them. But in well designed apparatus the resistance of these
conductors is so very small that loss of energy in them is negligible in comparison with that lost in the
loads. As a consequence, when talking about resistances in a circuit we seldom need to pay any attention
to the slight resistance of wiring and other conductors whictk are not parts of any load.

The chassis of receivers are made of steel, aluminum, or other metals. All metals are good conductors,
so the chassis metal is used as a circuit conductor in nearly all cases. The total cross sectional area of
this metal is so great that, even with a metal such as steel, the resistance is exceedingly small.

As the word circuit is used in practice it may apply to only a few parts and connections. We may have a
heater circuit including only the tube heaters and their connections. We may have a plate circuit, or a grid
circuit, ora speaker circuit, and so on. Using the word in this manner, a receiver is made up of a great many
circuits.
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Fig. 6-6. A schematic diagram for the heater circuit.

Before tracing through our heater circuit we shall look at a kind of diagram which most experienced tech-
nicians prefer even over wiring diagrams. This other kind is called a schematic diagram. A wiring diagram,
as youmay see by comparing Figs. 6-3 and 6-4, shows the parts and the wiring connections in the positions
they actually occupy. A schematic diagram pays no attention to actual positions but shows parts and con-
nections in whatever way makes the electrical performance most clear. A schematic shows the ‘‘scheme of

things”’.

Fig. 6-6 is a schematic diagram of the heater circuit. First we note the simplicity of the diagram and the
ease with which connections may be followed. Then we note that this schematic diagram shows the electron
flow paths not only as far as the socket lugs, but right through the heaters in each tube. The tubes are rep-
resented by circles and the heaters by inverted V's. These are standard symbols for tube envelopes and for
heaters. The switch is represented by a simple symbol which makes plain the action of opening to break the
conductive path, and of closing to complete the path.

Terminal 8 of the combined detector and a-f (audio-frequency) amplifier tube, also one side of the a-c line,
are shown connected to ground. The symbol for a ground connection is a number of unequal horizontal lines,
Ground, in this particular case, is the metal of the receiver chassis.

GROUNDS. A ground originally referred to, and still may refer to, a connection into the great mass of the
earth. When the soil is moist, as usually it is after penetrating only a little way below the surface. the
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earth is a good electrical conductor. It contains the greatest imaginable quantity of free electrons. It is
assumed, correctly, that the quantity of free electrons in the earth is so great that no quantities which might
be added or withdrawn could have any measurable effect on the potential of the earth. For this reason, the
potential of the earth orground is considered as zero when no other reference value is specifically mentioned.

Ifwe speak of a potential of some certain number of volts, without stating or implying that the voltage is
withreference to some one point in a circuit, this potential is with reference to the earth or ground as zero.

When we wish to make a ground connection from a receiver to the earth it is usual practice to run a heavy
wire from chassis metal to a cold water pipe or to some other good conductor running deep into permanently
moist soil. Inthis ground wire there is so little electrical resistance and so little possible change of poten-
tial that the potential of the receiver chassis becomes practically the same as that of the earth, which is
zero potential.

In most modern receivers we do not use a wire connection from the chassis metal to a cold water pipe or
other earth ground, yet it is general practice to speak of the chassis metal as ground. More correctly it is
called the chassis ground. All conductors connected to the chassis ground are effectively connected together
through this path of low resistance. All are at the same potential so far as direct-current circuits and low-
frequency alternating current circuits are concerned. Other points in any connected circuit may be either
positive ornegative with reference to chassis ground, they may have either deficiencies or excesses of free
electrons with reference to the normal or neutral quantity in the chassis or ground.

ALTERNATING POTENTIALS. Asmentioned before, the potential difference applied to our heater circuit
comes from the a-c (alternating-current) power line. In any a-c power line the potential in each of the two
wires becomes alternately positive and negative. If, for example, the line frequency is 60 cycles per second
the potentials in both wires go through-one complete change during every time ‘period of 1/60 second.

The potential of each line wire varies as shown at the top of Fig. 6-7. Potential goes first from zero to
the maximum positive value, then back to zero and to the maximum negative value, and back to zero again
duringeach 1/60 second. In the lower diagram are represented the simultaneous changes of potential in the
two wires of the power line, with the alternating potential of one wire marked A and of the other wire marked
B. During each half-cycle in which wire A is positive, wire B is negative. During each half-cycle in which
wire A is negative, wire B is positive. The two potentials always are opposite except when there is no po-
tential at all, as both pass through their zero values.

The potential difference between the two wires of the power line is continually varying between zero and
maximum. Were this varying potential difference applied to a resistance the resulting electron flows would
produce heatin the resistance material. Were we to disconnect the a-c supply wires from the resistance and
apply instead a steady potential difference, it would be possible to adjust this steady potential difference
to a value producing just the same heating effect as produced by the alternating potential.

We might measure the steady potential difference and find it to be 100 volts. Then the ‘‘effective voltage”
of the alternating potential from the a-c line would be called 100 volts. To have an effective (heating) value
of 100 volts, the alternating potential difference would have to change between zero and 141.4 volts. All
ordinary service voltmeters for measurement of alternating potentials are designed to indicate effective
values of potential on their dials. This includes the volt-ohm-milliammeters.

Voltages of a-c power lines always are specified in effective volts. If your home supply is at 110 to 120
volts, this is the range of effective voltage. All television and radio receivers designed for operation on



COMMERCIAL TRADES INSTITUTE

Lesson No. 6 - Page 9

>
D
>

1/60 SEC —-:— 1/60 SEC ——:— 1/60 SEC ——:

S

—
MAXIMUM

POTENTIAL

\/ \/ \/ DIFFERENCE

Fig. 6-7. How potential varies at one wire (above) and how potentials vary at the two wires (below) of
an alternating-potential power supply.

110-120 volt a-c pawer lines are adjusted for normal operation at an effective alternating potential difference
of 117 volts.

POTENTIAL DROP. Now, with the help of the a-c volts scale of our volt-ohm-milliammeter or with any
suitable a-c voltmeter, we shall check the potential differences in the heater circuit. You have learned that
there is variation of potential from a negative to a positive charge, or from a positive to a negative charge,
or between positive and negative terminals of a power supply. The a-c line is our present power supply,
Neitherend is constantly positive or negative, they alternate continually. But our voltmeter will show what
happens, justas though one end were always negative and the other always positive. When we apply across
this heater circuit an alternating potential difference of 117 effective volts, meter indications will he the
same as though we were applying a steady one-way (direct) potential of 117 volts.

Our first measurements will be of the potential differences across the heaters of each of the tubes while
the effective potential difference across the line is 117 volts. Voltages across the individual heaters are
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Fig. 6-8. Potential differences as measured across the heaters of each of the six tnbes.

shown by Fig. 6-8. Add all these separate voltages together. Their sum is 117.0 volts. The total potential
difference from the line provides all the separate potential differences for the heater circuit. Incidentally,
these heater potential differences were measured on a real receiver with the applied a-c potential adjusted
to117.0 volts. Service shops often use voltage adjusting transformers to bring testing voltages to a desired
value when actual power line voltage is too low or too high.

Our next voltage check is illustrated by Fig. 6-9. One terminal of the testing meter is connected to one
side of the power line in the receiver and left there. The other terminal of the meter will be connected suc-
cessively to points marked a, b, ¢, and so on through to h. With the meter connected to point a the voltage
reading is zero.

This zero reading is the result of having both sides of the testing meter connccted to the same conductor
(chassis metal), which is of negligible resistance or of practically zero resistance. One side of the meter
connects to this chassis metal at grounding point a, the other side connects to chassis metal through the
power line connection to ground. If a conductor has no resistance the free electrons lose no energy as they
move in the conductor. Electron energy is measured by potential. If there is no change of electron energy
there can be no change of potential, no potential difference — and so the meter reads zero.

When the testing meter connection is taken away from point a and applied to point b of Fig. 6-9 the meter
is effectively connected across the resistance of the heater in the left-hand tube. Can you see why this is
true? Ifnot, look at the small sketch at the bottom left of Fig. 6-9. When the right-hand terminal of the meter
is connected to ground anywhere in the receiver the results are the same as with this terminal connected to -
ground anywhere else, because all the ground metal is at the same potential. A connection to the power line
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Fig. 6-9. The measured potential difference increases as the meter is connected across more and more
heaters.

ground, in the main diagram, is equivalent to a connection at the ground on one side of the heater in the
[eft-hand tube. With the meter connected to point b the reading is 12.2 volts, just as with the connection
across the left-hand tube in Fig. 6-8.

The next test connection is to point c. Points b and c are connected together by a wire of negligible
resistance. There is no difference of potential in a conductor of negligible resistance. Therefore, the con-
nection ut ¢ gives the same voltage reading as the connection at b.

Next we make a connection to point d. Now the testing meter is effectively connected across the heater
resistances of two tubes, the combined detector and a-f amplifier, and the converter. The reading is 23.7
volts. This is the sum of the potential differences across these two tubes as shown by Fig. 6-8.
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Fig. 6-10. Successive potentials are measured in the reverse order.

Here is a list of voltage readings with the meter connected to each successive point along the heater
circuit. The reading at ¢ is omitted because it is the same as at b.

a = 0.0 volts,
b 12.2 volts.
d 23.7 volts,
e — 35.8 volts.
f — 48.2 volts.
g — 84.7 volts.
h — 117.0 volts.

Each time the meter connection is changed we bring in the heater resistance of one more tube. Then the
voltage reading increases by the potential difference across the added heater resistance. When the meter
finally is connected to point h it is effectively connected to the right-hand side of the power line, because
in the wires and on-off switch between h and the line there is negligible resistance and negligible difference
of potential. We are then measuring power line voltage, just as though the meter were connected as in the
small sketch at the lower right.
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Fig. 6-11. The behavior of water particles in a closed water circuit is much like that of free electrons
in a closed electric circuit.

InFig. 6-10 the voltage tests are made in the reverse order. Gne terminal of the testing meter now is con-
nected to the “‘high’’ side of the power line instead of to the grounded side, and is left there. With the other
meter terminal connected to point a the voltage reading is zero, because between a and the high side of the
line there is negligible resistance in the wire connections and the on-off switch. Here are the successive
voltage readings from point a to point g.

a = 0.0 volts,
b = 32.3 volts.
¢ — 68.8 volts. .

d — 81.2 volts.
e — 93.3 volts.
f —104.8 volts.
g — 117.0 volts.

With the connection at point b the meter is effectively across the heaterresistance of the right-hand tube,
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Fig. 6-12. A current meter inserted anywhere in a series circuit will indicate the rate of electron flow
which exists everywhere in the circuit.

and we read the potential difference across this heater. This potential difference is the same as shown for
the same tube in Fig. 6-8. Then, with each following connection we bring in the heater resistance of one
additional tube, and have voltage readings corresponding to potential differences across the sum of all re-
sistances across which the meter is connected. At point gthe meter connection is through the wire conductor
to chassis ground, through ground to the grounded side of the power line, and through the grounding wire to
the line. Now the meter is effectively connected across the power line, and reads line voltage.

HEATER RATINGS. In manufacturer’s specifications of tubes are listed the potential differences in volts
and the cumrents or electron flows in amperes at which the heaters are supposed to be operated in order to
produce correct cathode temperatures. Here are the heater ratings for the six tubes with which we have been
working.

Detector and a-f amplifier 12.6 volts 0.15 ampere
Converter 12.6 volts 0.15 ampere

R-f amplifier 12.6 volts 0.15 ampere
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I-f amplifier 12.6 volts 0.15 ampere
A-f output tube 35.0 volts 0.15 ampere
Rectifier 35.0 volts 0.15 ampere

The rated operating voltages do not exactly match the measured voltages shown by Fig. 6-8. Voltage is
somewhat too high on the heater of the a-f output tube, and somewhat too low on the heaters of all the other
tubes. In spite of this, the receiver operates satisfactorily. Actual operating voltages need not be exactly
the same as voltage ratings, but the variation preferable is no more than 5 per cent and never should exceed
10 per cent in practice. On our rectifier the voltage is 7.7% low, on the converter it is|8-7% low, and on the
a-f output tube it is 4.3% high. Substituting other tubes of the same type numbers would doubtless alter the
actual voltages or potential differences.

CURRENT IN A SERIES CIRCUIT. Currentratings are identical for all the tubes, all are rated for opera-
tionwith heater current orelectron flow of 0.15 ampere. Our heaters are connected in what is called a series
circuit. Ina series circuit all the parts are connected end to end, one after another. Were we to apply a steady
one-way potential differencetoa series circuit, electrons starting their travel at one end of that circuit would
have to proceed through every other part until reaching the far end of the circuit. This assumes, of course,
thatall parts of the circuit are well insulated or are surrounded by materials through which it is practically
impossible for electrons to flow. Then electrons traveling through the circuit conductors and working parts
cannot escape, nor can other electrons enter except at the ends of the circuit.

The rate of electron flow must always be exactly the same in every part of a series circuit. That is, the

amperes, milliamperes, or microamperes of flow rate in any one part must be identically the same as in every
other part of the same series circuit.

The reason for the unitorm rate of electron flow ina series circuit may be understood with the help of
Fig. 6-11. Here we have a water circuit including pipes of various sizes and shapes, and a reciprocating
water pump. All the parts are connected end to end, so this is a series water circuit. This water system is
assumed to be completely filled with water. When the piston or plunger of the pump is moved back and forth,
water will be forced to move back and forth in every part of the water circuit.

Water must flow in every part of the water circuit because water is as nearly incompressible as anything
.we know of. With water confined in a closed system, no pressure which can be applied by any ordinary means
willreduce the water volume in the least. The pressure might burst the conductors, but it would not compress
the water. Consequently, the water flow rate, as measured in cubic feet per second, must be the same in
every part of the water system. Speed of the moving water may vary, it will be slow in the bigger pipes and
relatively fast in the smaller pipes. But the rate of flow (cubic feet per second) will be the same everywhere.
When you send water into one end of this closed water circuit at a rate of so many cubic feet per second,
water must come out at the other end at the same number of cubic feet per second. There is nowhere else
for the water to go unless it bursts the piping.

Free electrons in a series electric circuit composed wholly of conductors behave like water in the closed
water circuit. Every conductor in the electric circuit is as full of free electrons as it can be. The electrons
may be moving only in random directions between atoms, but they are there.

Free electrons in a conductor are as incompressible as are water particles in a pipe. To understand why,
we mustremember that a conductor is amaterial in which free electrons move very easily from place to place.
Were you to push more electrons into one end of a conductor in a series circuit the resulting extra negative
charge at that end would instantly repel negative electrons farther along, they would repel electrons still
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fartheralong, and so on until, from the far end would emerge the same quantity of free electrons you pushed
into the first end. Were you to pull electrons out of one end of a conductor the resulting positive charge at
thatend would instantly pull other electrons from farther along in the conductor. Into the farthest end would
be pulled the same quantity of free electrons you took out of the first end.

The insulation which confines free electrons in the conductors of the electric circuit is like the pipe which
confines water in the water circuit. The alternating poteutial difference which makes free electrons surge
back and forth in the conductors of the electric circuit is like the reciprocating pump which makes water
surge back and forth in the water circuit.

When the alternating potential difference at one end of the power line becomes something like 10 volts
negative it simultaneously becomes 10 volts positive at the other end. The 10-volt negative charge will push
electronsinto one end of the electric circuit at some certain rate of flow, measured in coulombs per second
oramperes. The 10-volt positive charge will pull electrons out of the other end at the same rate. Since free
electrons act as though completely incompressible, the flow rate everywhere in the series circuit will be
exactly the same as the flow rate at the two ends. Now we have the reason why all the heaters in our ser-
ies circuit must be rated to carry the same rate of electron flow, in amperes.

HEATER RESISTANCE. Inanearlier lesson it was stated that resistance in ohms may be computed when
we know the potential difference across the resistance and the rate of electron flow in amperes through the
resistance. The rule is exceedingly simple. All you need do is divide the number of volts potential differ-
ence by the number of amperes electron flow, and the answer is the number of ohms of resistance. The rule
may be shown this way:

Potential difference in volts
electron flow in amperes

Resistance in ohms —

The samerule may be shown in more compact form by using letter symbols for the electrical values. The
letter R is the universally recognized symbol for resistance in ohms. The letter E is the symbol for potential
difference in volts. The letter [ is the symbol for current or electron flow rate in amperes. By using the
symbols we may write the rule for resistance like this:

R I3
=1

Let’s use this rule to compute the resistance of the heater in the tube at the left in Fig. 6-8, where the
potential difference is 12.2 volts and the current may be taken as 0.15 ampere. The easy way to work with
decimal numbers is to add enough ciphers to any of them so that all have the same number of numerals at
the right of the decimal point, then take out the decimal point, and proceed as in the simplest arithmetic.
Here is our example worked out.

12.2

Putting in the values gives: R (ohms)— ===

E
W= ] 0.15

12.20 1220
or

Simplifying: R~ NN =5 = 81 5/15 or 81 1/3 ohms.

To check the accuracy of our computation we shall take the tube out of its socket, let it cool off, and
make a direct measurement of resistance with an ohmmeter. You may be astonished to find that the resist-
ance measures only 12 to 13 ohms. Which is wrong, the formula or the ohmmeter? Neither is wrong, both are
correct. The discrepancy comes about because you measured ‘‘cold resistance’ with the ohmmeter, while
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Fig. 6-13. A voltmeter and a current meter allow measurements for computing resistance at actual operating
conditions.

the potential difference and rate of electron flow used in the formula are measured while the tube is work-
ing and while the heater is very hot.

An ohmmeter furnishes its own potential difference used for measurement of resistance. Inside the ohm-
meter is a battery or a power supply. If an ohmmeter is connected across a resistance to which is being
applied some other potential difference at the same time, that other potential difference is being applied
also to the ohmmeter. The result will be a wholly incorrect resistance measurement. More important, in
nearly every case the ohmmeter will be seriously damaged. An ohmmeter should be used for resistance
measurements only on parts which are disconnected from their circuits.

If we wish to measure resistance of parts while they are connected into live circuits, and operating normally,
it is best done by measuring potential difference and electron flow rate, then using the resistance rule or
formula. This method is just as useful with parts operating on direct potentials and with direct currents as
with those, like the heaters, which are operating with alternating potentials and currents.

At the top of Fig. 6-12 is a direct-current power supply such as often used for testing in service shops



COMMERCIAL TRADES INSTITUTE

Lesson No. 6 - Page 18

and laboratories. Down below, in a series circuit, are a number of parts. From left to right these parts in-
clude a fixedresistor, a filter choke, a current meter, an adjustable resistor, the winding from a transformer,
and another fixed resistor. When the power supply is turned on, the meter will indicate the current which
flows in all the parts — because current is the same everywhere in a series circuit.

In Fig. 6-13 the voltmeter is connected across the end of the series circuit, which means this meter is
connected also across the terminals of the power supply. The power supply has been turned on. The volt-
meter indicates 48 volts. The current meter indicates 40 milliamperes, which is 40/1000 of one ampere or
0.040 ampere. To use our rule for resistance we add onto the right-hand end of 48 (volts) as many ciphers
as there are numerals at the right of the decimal point in 0.040 (ampere). This gives 48.000. Then we dis-
card the decimal points and divide 48000 by 40, to find that the combined resistance of all the parts in this
series circuit is 1200 ohms.

TEMPERATURE AND RESISTANCE. The increase of resistance in the tube heaters, from 12 or 13 ohms
when cold to more than 80 ohms when hot, is due entirely to change of temperature in the heater wire. The
high temperature of the heater while operating results from work done and energy expended by electrons as
they move against the opposition which is called resistance. Then the higher temperature increases the
resistance.

The reason why resistance increases with temperature is as follows: What we feel as temperature is due
to vibration of the atoms of the substance. In a cold substance the atoms are relatively quiet. When energy
in the form of heat is imparted to the atoms they commence to jump about. The more heat and the higher the
temperature the more violent becomes the atomic motion. The atoms actually push themselves apart. This
is why heated bodies expand. If you heat a piece of iron red hot it gets bigger. Raise the temperature high
enough and the atoms get so far apart that the iron becomes molten. At still higher temperature the iron will
vaporize.

About resistance. It becomes harder and harder for free electrons to get through a conductor in which the
atoms are vibrating more and more violently, just as it would be harder for you to push through a crowd of
people jumping in all directions than through a crowd standing still. Resistance increases with temperature
because higher temperature means more atomic vibration.

Tables which list resistance of various kinds and sizes of wire are based on a temperature of 68° Fahr-
. 0 . . .
enheit(20” centigrade) unless stated otherwise. Resistances at such temperatures usually are called “cold

resistances’’.

Radio and television apparatus always is designed on a basis of ‘“‘hot resistance’’, which is the resist-
ance of conductors, and of parts containing conductors, after they have reached normal operating temperatures.
In circuits composed wholly of metallic wires and chassis metal the increase of resistance with temperature
reduces the electron flow rate or current as the parts warm up.

For resistor wires, and for some other wiring, we may use mixtures or alloys of metals whose resistance
decreases slightly when their temperature rises. There are other alloy metals whose resistance remains al-
most constant with change of temperature either up or down through ordinary operating ranges. With all pure
metals, and with most alloys not specifically intended for certain resistance characteristics, resistance
increases when temperature rises.

Materials whose resistance decreases with rise of temperature are said to have a ‘“‘negative temperature

* " p . .
coefficient of resistance’. Resistors of such material may be used in a circuit consisting otherwise of cop-
per wires or other conductors whose resistance increases with temperature rise. Then the drop of resist-
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ance inthe ‘“‘compensating resistors’’ balances or nearly balances the rise of resistance in other parts, and
the overall resistance of the entire circuit remains nearly constant with change of temperature.

The fact that some materials have negative temperature coefficients hardly fits with our explanation of
why resistance increases when higher temperature makes atoms vibrate more strongly and impede electron
flow. It is thought that in these negative temperature materials many electrons are so loosely held by the
atoms that increase of electron energy due to heat causes immense quantities of these electrons to become
free electrons. The added quantities of free electrons more than make up for the greater opposition to flow
through the vibrating atoms, with the result that electron flow increases. More flow means less resistance.

Our measurements of voltages and resistances in the heater circuit have brought out many facts which
will be useful in all work to come. In the following lesson we shall move up to the plate circuit of the audio
output tube. This circuit includes not only the output tube but also the rectifier tube, part of the d-c power
supply, and part of the loud speaker. Needless to say, we shall run into many highly interesting and worth
while methods of service testing.



LESSON NO. 7 SERVICE TESTS IN A PLATE CIRCUIT

l

fecting Your Skill

o
”»

COMMERCIAL TRADES INSTITUTE

T

Chicago, lllinois



©
®©
»

fecting Your Skill

LESSON NO. 7

SERVICE TESTS IN A PLATE CIRCUIT

Now we are ready to follow electron flow in a path quite a bit more intricate than that for the tube heaters.
This new path is the plate circuit for an audio output tube, the tube which furnishes signal power to oper-
ate the loud speaker. When working with the heater circuit we dealt with only alternating potential differ-
encesand alternating current or electron flow. In the plate circuit we shall be dealing with direct or one-way
potential differences and with direct current or electron flow.

Thisdoes not mean that we have only direct potentials and currents in a plate circuit, for signal voltages
appear in plate circuits, and they alternate at various frequencies. It does mean that we require direct po-
tentials to keep free electrons traveling from cathode to plate inside the tube. Then signal voltages vary
therate of this electron flow in ways which we shall talk about when getting into the subject of signal am-
plification” in tubes. In this lesson we are going to make measurements of only the direct potentials. This
is one of the first things a competent technician does when commencing to look for elusive troubles in a
receiver.

The receiver on which our measurements will be made is pictured in Fig. 7-1. It will serve our present
purposes as well as the biggest television receiver, for the plate circuit of the output tube in this simple
radio set is just about as tricky as anything you will come across. The audic output tube is the one just
behind the speaker, the tube with a glass envelope. In the plate circuit of this tube is included part of the
speaker coupling transformer or ocutput transformer, which you can see on top of the speaker. Also in the
plate circuit is the rectifier tube located away over at the left-hand corner, aad the filter choke which is
immediately at the right of the rectifier tube. The power supply for this plate circuit is the a-c power line
which enters the chassis just below the filter choke. Finally, on the front of the receiver there is the on-off
switch that will get itself into our plate circuit.

Fig. 7-2shows all the larger parts of the plate circuit taken out of the receiver and connected together in
essentially the same way as when working, except that here the connections between parts are shorter.
Wereone electronto travel all the way through our plate circuit, this electron weuld go from one side of the
power line into chassis ground, and through ground to the free end of the resistor which is at the extreme
left in the picture. When mounted in the receiver this free end- of the resistor is connected to chassis ground.

Thenthe electron. would go into the output tube, from cathode to plate inside this tube, and from plate to
the speaker coupling transformer. After going through the transformer the electron would pass through the
filter choke to the rectifier tube, would go from cathode to plate inside the rectifier, and from there to the
ungrounded side of the power line. That's all there is to the plate circuit, so far as direct potentials and
currents are concerned. But it is astonishing how complicated a plate circuit can appear when it is inter-
connected with a lot of other circuits in a receiver.

Now to answer your question, for without a doubt you have noted that we connect the plate circuit across
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Fig. 7-1. Mary parts which carry plate current for the output tube are on top of the chassis,
the wirirg connections are underneath.

but
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Fig. 7-2. The principal parts of the plate circuit as they would appear when taken out of
the receiver.

a power line furnishing only alternating potential, yet talk about having direct potential and direct current
in the plate circuit.

THE RECTIFIER TUBE. It is the rectifier tube that delivers direct current or direct one-way electron
flow when alternating potential is applied to this tube. Later we shall have more to do with rectifiers and
their operation, but the elementary principle is so simple that we may as well examine it right here.

Atthe top of Fig. 7-3 a rectifier tube is shown by its symbol. Inside the rectifier are only a plate, a cath-
ode, and a heater to raise the cathode temperature so electrons may be emitted from the cathode. This is
the sole purpose of the heater, so we shall forget it from here on. The same explanation applies to the
heater in the audio output tube, so we won’t even show the heater in diagrams.

The rectifier plate is directly connected to one side of the power line. The other side of the power line
connects through the load to the rectifier cathode. Remember, a load is any conductive path in which elec-
trons may flow and do work.

Electrons emitted from the rectifier cathode are negative. If the plate is made more positive than the.
cathode, these emitted electrons will be attracted to the plate and will enter the plate. If the plate is made
more negative than the cathode, the negative electrons will be repelled by the negative plate and will neither
go to nor enter the plate. Electrons can flow through the space within a tube only while the plate is more
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Fig. 7-3. How a rectifier delivers direct current when alternating current is applied.

positive than the cathode. Be sure you get this straight, it is one of the most important facts in the whole
science of radio and television. With some of the rectifiers in television sets you could make the plate
30,000 volts more negative than the cathode with perfect safety (to the tube) and without getting a tra. e of
electron flow in the reverse direction.

Now look at the middle diagram of Fig. 7-3. Here are shown the variations of alternating potentials exist-
ing in the two sides of the power line. One side of the line is connected to the plate and the other side to
the cathode of the rectifier, as in the upper diagram. During the half-cycle marked"a“the rectifier plate is
made positive and the cathode negative. Will there be electron flow in the rectifier? Yes, of course there
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Fig. 7-4. The control grid is an open spiral of wire around the cathode.

will be. During the following half-cycle, marked'b, the plate is negative and the cathode positive. Will there
be electron flow? Notatrace. Then there will be electron flow during half-cycle“c,’no flow during half-cycle
"d,"and so on, and on, and on.

During every half-cycle in which the plate is positive and the cathode negative there will be electron
flow from one side of the power line through the load to the rectifier cathode, from cathode to plate inside
the tube, and from plate back to the line. During every intervening half-cycle there will be no flow at all.
Electron flow will occur in intermittent pulses, as shown at the bottom of Fig. 7-3. All the pulses will be
of flow in the same direction, because flow can occur in only one direction through the rectifier. Thus we
have direct electron flow or direct current from an alternating potential.

THE FILTER CHOKE. Itisbettertohave a steady, smooth flow of direct current rather than the pulsating
flow. The filter choke does a lot to smooth out the pulsations. A choke consists of nothing more than some
iron, called the core, around which are many turns of insulated copper wire. Free electrons may flow in this
copper wire when there is a potential difference across the choke.

Fromthe manner in which a choke affects electron flow we may think of the choke as a sort of electrical
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Fig. 7-5. Around the outside of the control grid is another spiral of wire, the screen.

weight. Imagine yourself holding a weight of maybe a couple of hundred pounds. You couldn’t start running
very suddenly, but once under way it would be hard to stop you. That’s what the choke does to the electron
flow. The rate of electron flow cannot become so great during a half-cycle, but at the end of that half-cycle
the electrons cannot stop very quickly and the flow carries on into the time of the following half-cycle
during which otherwise there would be no flow at all. Now we have talked about our first inductor, for the
filter choke is one of the many inductors used in all television and radio receivers.

There are other parts in the filter system. They are capacitors not shown in our pictures nor diagrams.
These capacitorshelp keep the electron flow going during half-cycles in which the potentials are reversed.
Theydon’t keep flow going through the rectifier, they store up electrons while there is a strong flow, then
send these electrons on through the circuit while the rectifier furnishes no flow. The capacitors are like
storage tanks for electrons. However interesting it might be to continue talking about filter systems, just
now we must get back to measuring potentials and currents in the plate circuit.

ELECTRON FLOW IN A TUBE. We have talked about a rectifier tube in which the only active elements
are a cathode and a plate. The heater is not counted as an active element, because it takes no part in car-
rying or controlling the electron flow that passes through the evacuated space within the tube envelope.
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Fig. 7-6. Cathode current divides within the tube into plate current and screen current.

We have talked also about amplifier tubes in which the active elements include a cathode to emit free
electrons, a control grid to regulate the rate of flow of these free electrons through the tube, and a plate
to receive the electrons and pass them on to the external circuit. But in the output amplifier tube on which
we are to make measurements, and in a great many other amplifiers, there is a fourth active element. It is
called the screen grid or,more commonly, just the screen. One purpose of the screen is to help pull free
electrons away from the cathode and speed them on their way to the plate. The only reason for mentioning
the screen just now is because we shall need to measure screen voltage, the potential at the screen lug on
the tube socket. How the screen does its work will appear a little later.

Were we building up a tube which is to have a screen we should begin, as in Fig. 74, by placing around
the cathode the spiral of wire which is the control grid. Next, as in Fig. 7-5, we should place around the
outside of the control grid another wire spiral of greater diameter, but otherwise quite similar. This is
the screen. Around the outside of the screen would later be placed the plate, which is an open-ended cyl-
inder of thin metal having no openings through its sides.

In Fig. 7-6 is a symbol for a tube containing a screen. The screen is between the control grid and the
plate inside the tube. The screen, like the plate, is maintained positive with reference to the cathode in
order that the screen may do its work of pulling negative electrons away from the cathode. Electron flow
inside this tube is shown by vertical arrows. All electrons drawn away from the cathode go through the
spaces between turns of the grid wire. Most of these electrons are then traveling so fast that they go right
on through the spaces between turns of the screen and reach the positive plate. There are no openings in
the plate sides, soallthe electrons stop there. A relatively small fraction of the flying electrons get caught
by the positive screen instead of going on through to the plate.
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Fig. 7-7. Paths of electron flow in the plate circuit.

Inthe external partsof the circuit leading away from the plate are flowing all the electrons which reached
the plate and entered it. This flow is the plate current. In the external circuit leading away from the screen
are flowing all the electrons caught by the screen. This flow is the screen current.

Now forsomething of importance. All free electrons which leave the cathode and go both to the plate and
the screen must be replaced by free electrons flowing into the cathode from the external circuits. Were the
emitted electrons not continually replaced, the loss of electrons quickly would leave the cathode so highly
positive that no more free negative electrons could be pulled away fromit. All the electrons which form
both the plate current and the screen current must come from the cathode. Therefore, enough electrons must
continually flow into the cathode to equal the sum of the plate current and the screen cumrent. This total
flow is the cathode current. Cathode current must equal the sum of plate current plus screen current, as
measured in amperes, milliamperes, or microamperes.

ELECTRON FLOW IN THE PLATE CIRCUIT. Let’s get acquainted with how electrons flow in the plate
circuit before commencing actual measurements of voltages. Fig. 7-7 is a schematic diagram of the plate
circuit. Directions of electron flow are shown by arrows. Starting from the side of the power line connected
to ground, the flow is through chassis metal to the ground connection below the output tube. Then electron
flow is upward through resistor R to pin 8 and the tube cathode.

Most of the electron flow now goes through the tube to the plate and to pin 3, then downward through one
winding of the output transformer. When there is a signal this transformer will transfer the signal variations
of voltage from the plate circuit to the loud speaker. Now, however, we are interested in only the unvarying
electron flow which exists without a signal. Part of the electron flow from the cathode inside the output
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tube goes into the screen and leaves the tube by way of pin 4, to join the flow that has come from the plate
through the transformer winding.

The total electron flow goes next to the left-hand side of the filter choke, through the winding of insul-
ated wire in the choke, and to pin 8 on the rectifier tube. This pin is connected to the rectifier cathode.
Electron flow is from cathode to plate inside the rectifier, from plate to pin 5, thence through the closed
on-off switch and to the ungrounded side of the power line.

MEASURING VOLTAGES. Fig. 7-8isa wiring diagram of our plate circuit. It is similar, as far as it goes,
toservice wiring diagrams available for many receivers. Connections are shown as they appear from under-
neath the chassis. We are looking at the bottoms of tube sockets. Parts which actually are mounted on top
of the chassis are here shown with broken lines. These parts include the speaker, the output transformer,
and the filter choke. Wires shown going to these parts pass up through holes in the chassis.

Voltages are marked at each of the socket lugs at which readings are taken. Voltages are shown at the
cathode, plate, and screen of the output tube, and at cathode and plate of the rectifier tube. Values are
givenin volts and tenths of volts. These are actual voltages measured on the real receiver. Service diagrams
do not always give voltages to tenths, for there may be some variation one way or the other in some cir-
cuits without materially affecting performance. Voltages on service diagrams are averages taken from many
receivers.

The path of electron flow for connections in the wiring diagram is exactly the same as on the earlier
schematic diagram. The schematic shows connections in the simplest manner, so circuits may be most
easilytraced. The wiring diagram shows connections as actually made in the receiver. Many points of con-
nection which appear on the wiring diagram and not on the schematic are used solely for ease of original
wiring, and to make possible a replacement of any one part with least disturbance to connections of other
parts.

Two of these convenience wiring connections appear in Fig. 7-8. One is the terminal strip to which a
wire is run from lug 4 on the socket for the output tube. Such a strip consists of a piece of insulation on
which are one or more soldering lugs or terminal screws, and some means for attaching the insulation to
chassis metal. The lugs or terminals are insulated from chassis metal unless they are wanted for ground
connections, then one of the lugs may make metallic contact with the mounting and with chassis metal.
The particular need for the terminal strip in this layout is to provide a point from which wires (not shown)
may be run to plate circuits and screen circuits of other tubes in the receiver.

Another convenience connection is at lug 4 on the rectifier socket. There is no connection from this lug
to any internal parts of the tube. If you look at the schematic diagram of Fig. 7-7 you will see that neither
the plate nor the cathode is connected to pin 4. Earlier we observed that the heater for this tube is con-
nected between pins 2 and 7. Any socket lugs from which there are no connections into the tube may be
used just like an insulated lug on a terminal strip.

The reason for using socket lug 4 in this layout is that the lead coming out of the filter choke is not
long enough to reach all the way to the terminal strip. But this lead easily reaches to socket lug 4. Then
run another wire from this lug to the terminal strip. The other lead from the filter choke is soldered to lug
8ontherectifier socket. By taking the choke leads off lugs 4 and 8 it would be easy to remove and replace
this unit without disturbing any other part.

All voltages shown on Fig. 7-8 are potential differences between chassis metal and the points indicated.
It is usual practice on service diagrams to give all voltages with chassis ground as the reference point.
Then all you need do is connect one lead from your testing meter to chassis metal and leave it there while
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Fig. 7-8. Voltages at test points in the plate circuit.

applying the other meter lead to each point where voltage is to be measured.

The same voltages are.shown on a diagram easier to follow in Fig. 7-9. Ground must be the most nega-
tive point in this circuit because, as we have seen from Fig. 7-7, all electron flow is away from ground,
and electrons can flow only from negative to positive. Then all other points in the circuit must be positive
with reference to ground. As we move away from ground, from left to right in Fig. 7-9, the positive poten-

tials become greater and greater. Positive voltage becomes maximum at the rectifier cathode, where it is
120.7 volts.

We make no measurements of direct potentials or potential differences beyond the rectifier cathode, even
though the plate circuit continues through the rectifier, the switch, and to one side of the power line. Were
we to make a test at the rectifier plate with a voltmeter designed for measuring direct potentials, the meter
would be connected across the alternating potential of the power line. This comes ‘about because the meter
lead which would be connected to the rectifierplate, at socket lug 5, would be connected through the switch
toone side of the line. The other lead from the meter would still be connected to ground, and through ground
to the other side of the power line.

Meters designed for measuring differences of direct potential will show a zero reading when connected to
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Fig. 7-9. Potential differences across various parts may be determined from voltages read at the
test points.
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altemating potential, or the pointer of the meter may vibrate. If the maximum alternating potential difference
is greater than the maximum direct potential which the meter will withstand, the instrument will be burned
out. Many voltmeters designed for measurement of alternating potential differences will give a reading when
connected to direct potential, but the reading will be incorrect. Other alternating potential meters or *“‘a-c
voltmeters”’will show one jump of the pointer and thereafter will read zero.

Probably you have noticed that our maximum positive direct voltage is greater than the effective alternat-
ingpotential, 117 volts, from the power line. In this connectioa we must remember that the maximum potential
difference of the alternating potential is greater than the effective potential. With 117 effective volts the
maximum will be 165.5 volts. Capacitors connected to the filter choke help bring the direct potential above
the effective alternating potential, closer to the maximum value of alternating potential. That is why the
maximum direct potential is higher than the effective alternating potential from our source.

Now to explain something which might be a little confusing. Note that the potentials shown by Fig. 7-9
become greater and greater as we progress from negative (ground) toward positive at the rectifier cathode.
Yet we have learned that electron energy is maximum at the negative end of a circuit outside the power
supply, andis zero at the positive end. The confusion is the result of a hangover from the days when every-
one thought that electricity flows from positive to negative. That’s when voltmeters were first designed
and used. Most voltmeters still are made to show potentials increasing in the wrong direction.
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Fig. 7-10. Potentials measured with reference to the rectifier cathode correspond to relative
values of electron energy.

It is just as easy to build a voltmeter which gives readings corresponding to electron energy as to build
it in reverse. There are some types of voltmeter which will read either way. Some of these meters have the
zero mark at the center of their dial scale, with voltages increasing both ways from zero. These are zero-
center meters. Many of our electronic voltmeters used for service work have a switch that allows reading
voltages either one way or the other. Meters which read increasingly positive from zero may be called pos-
itive reading voltmeters. Those which read increasingly negative from zero may be called negative reading
meters.

Were we to make measurements with anegative reading voltmeter, its positive terminal would be connected
to the rectifier cathode and left there. Then the lead from the negative terminal of the meter would be con-
nected successively to points extending through the circuit until reaching ground. The voltages would be
asshown by Fig. 7-10. Differences of potential across each individual part of the circuit are just the same
as differences when measuring the other way, but they add up from positive to negative instead of from
negative to positive.

No matter how correct may be the method of Fig. 7-10 from the electronic standpoint, there is no use of
learning to make routine measurements this way. It just isn’t done. All service literature shows voltages
increasing positive as we move away from chassis ground into the plate circuits and screen circuits.

At first glance it might appear from Fiig. 7-10 that we are trying to operate the output amplifier with its

plate negative. The plate is marked —21.5 volts. But the cathode is 112.7 volts negative. The cathode is
farmore negative than the plate. This amounts to the same thing as having the plate far more positive than

A
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the cathode, which it really is. It's all a matter of what reference point we select. In Fig. 7-10 the refer-
ence point called zero is the rectifier cathode, and everything else is negative with reference to this
point. In Fig. 7-9 the zero reference point is chassis ground, and everything else is positive (or less neg-
ative) than this point.

Don’t make the mistake of passing too lightly over this matter of negative plates and negative screens.
In television receivers you will find plenty of them. But always the cathode of the same tube will be still
more negative, which makes the plates and screens effectively positive with reference to the cathodes.

COMPUTING PLATE CURRENT AND SCREEN CURRENT. Fig. 7-11 is still another diagram of our
plate circuit. We have gone back to the usual method of marking voltages. To this diagram have been added
the values of resistance in ohms of resistor R, of the plate winding in the output transformer, and of the
filter choke winding. Resistances of the wire conductors between various parts are so small as to have no
effect on measurements, so we shall neglect these resistances.

The potential difference across any of the circuit units is easily determined by subtracting the lower
voltage shown for one end from the higher voltage shown for the other end of the same unit. Here are the
potential differences, also the resistances across which each potential difference is acting.

Resistor R 80 -~ 0.0 = 8.0 volts. 180 ohms.

Transformer 105.2 -~ 99.2 6.0 volts. 147 ohms.

Choke 120.7 -~ 105.2 — 15.5 volts. 210 ohms.

Knowing the difference of potential between any two points in a circuit, and the resistance between the
same two points, it is a matter of only the simplest arithmetic to compute the current which mustbe flow-
ing between the same two points. It is easily possible, with only the values in the preceding list, to com-
pute the plate current of the output tube, the screen current of this tube, the cathode current of this tube,
the current taken by all the other amplifier tubes connected to the terminal strip (Fig. 7-8), and the direct
cwrent through the rectifier tube.

To make the computations we need a rule or formula which gives current when we know potential differ-
ence and resistance — we must know the effect of potential difference on current, and the effect of re-
sistance on current. Consider first the effect of potential difference.

At A in Fig. 7-12 is a resistance connected between charges or terminals whose potential difference is
1volt. Electrons at the negative terminal possess energy proportional to 1 volt of potential. Let’s say that
this much energy lets the electrons get through the resistance to the positive terminal at such speed that
1 coulomb of them come through during every second. Then the flow rate is 1 ampere, which is a rate of 1
coulomb per second.

At B in the figure we have increased the potential difference to 2 volts. Electrons now leave the nega-
tive terminal with twice as much energy as before. With twice the energy the electrons can do work and
overcome opposition twice as fast, and it takes them only half as long to get through the resistance. Then
twice as many electrons will come through the resistance during each second. The flow rate will be 2
coulombs per second, or 2 amperes.

At C the potential difference has been reduced to 1/2 volt. With only half the earlier amount of energy it
takes the electrons twice as long to get through the resistance, so only half as many will come through
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Fig. 7-11. Potential differences and resistances allow computing currents in all parts of
the circuit.

during one second. The flow rate now will be 1/2 coulomb per second, or 1/2 ampere.

We have seenthat electron flow rate is directly proportional to potential difference. One volt causes flow
of 1 ampere, 2 volts cause flow of 2 amperes, 1/2 volt causes flow of 1/2 ampere. This direct relation be-
tween volts and amperes exists because resistance remained unchanged in all the examples. This resistance,
shown on diagram D of Fig. 7-12, must have been 1 ohm, because potential difference is 1 volt, current is
1 ampere, and R=E/I.

Indiagram E we still have the same potential difference as at D, but have changed the resistance from 1
ohm to 2 ohms. Electrons starting from the negative terminal still have only the energy corresponding to 1
volt of potential, but they have twice the opposition or resistance to overcome in going from negative to
positive. The electron speed will be only half as fast as before, only half as many will come through during
a second, the flow rate will be 1/2 coulomb per second, which is a rate of 1/2 ampere.

At F the resistance has been halved from its original value and the potential difference has been kept
at 1 volt. With only halfthe original opposition or resistance to be overcome, the electrons will come through
twice as fast. The flow rate will be doubled, it will become 2 coulombs per second, or 2 amperes.

Now we have seen that electron flow rate is inversely proportional to resistance. As resistance goes up,
flow rate comes down. As resistance comes down, flow rate goes up.

In diagrams at the left in Fig. 7-12 we changed the potential difference, and thereby altered the electron
flow rate. In diagrams at the right we changed the resistance, and again altered the flow rate. The effects

A
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Fig. 7-12. Current is affected by changes of both potential difference and resistance.

on electron flow rate of both potential difference and resistance may be combined. The resulting flow rate

in amperes always is equalto the quotient of the number of volts potential difference divided by the numb-
er or ohms of resistance, like this:

potential difference, volts

Current, amperes =——
resistance, ohms

This rule or formula looks simpler if we use the standard letter symbols; I for flow rate in amperes, E for
potential difference in volts, and R for resistance in ohms. Then we have,

I = E/R

Now look back at the list of potential differences and resistances in various parts of the plate circuit,
as shown by Fig. 7-11. By using these values in our new formula it becomes possible to determine the cur-
rent flowing in each part. This current value would be in amperes. Currents in plate circuits and screen
circuits of radio and television receivers never are so great as one ampere. Were these currents measured
in amperes all the values would be fractions — hard to work with. Consequently, plate currents and screen
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Fig. 7-13. Currents as computed from values of potential difference and resistance.

currents are measured in milliamperes. One milliampere is 1/1000 of one ampere. It is easy to change the
formula so that it gives currents in milliamperes instead of in amperes.. Here is the milliampere formula:

1000 x E
R

Milliamperes =

To determine current in milliamperes we first multiply the number of volts potential difference by 1,000,
then divide that result by the number of ohms resistance. Let’s try it on resistor R of Fig. 7-11, across
which there is a potential difference of 8.0 volts, and whose resistance is 180 ohms.

1000 x 8 _ 8000
180 - 180

If you divide 8,000 by 180 and carry out the answer to several decimal places it will be 44.4444... Then
why do we say the current is 44.4 milliamperes? Because your measurements of voltage won’t be accurate
to more than tenths of volts, and it is highly improbable that resistance values will be any more accurate
— and there is no object of having more decimal places in the answer than the decimal corresponding to
tenths.

44.4

Milliamperes —

To determine current in the transformer winding we use its potential difference and resistance this way:

. 1000 x 6 _ 6000 _
Milliamperes —=—7=— = 47 = 40.8
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Then we determine current in the filter choke.

_ 1000 x 15.5 _ 15500 _
=10 =30 - B8

Milliamperes

In Fig. 7-13 the values of computed currents have been written on a circuit diagram. Also, in paren-
theses, are values of current for the screen of the output tube and for all the other plate and screen circuits
connected to our power supply system at a point to the left of the filter choke. This point is the terminal
strip of Fig. 7-8. Currents are shown in milliamperes. The abbreviation for milliampere or milliamperes is
ma. Electron flow directions are shown by arrows.

We know that the screen current of the output tube must be 3.6 ma because the total cathode current in
this tube is 44.4 ma, the plate current is 40.8 ma, and the difference must be screen current. This becomes
clear if you look back at Fig. 7-6.

Current in the filter choke is 73.8 ma. By observing the arrows which show directions of electron flows
it is plain that 44.4 ma must be coming from the plate and screen of the output tube. The remainder of the
flow must be coming from the other tubes. Subtracting 44.4 ma from the choke current of 73.8 ma leaves
29.4 ma as the plate and screen currents for all the other tubes in the set.

PLATE RESISTANCE. Potential at the plate of the output tube is 99.2 volts and at the cathode is 8.0
volts, as shown by Fig. 7-11 and other diagrams. Plate current in this tube has been found to be 40.8 ma.
Can we use our earlier formula for resistance, R=E/I, to compute the plate resistance of this tube? The
answer is no. The characteristics of a tube which is called plate resistance is a measure of opposition
to signal voltages or currents. Plate resistance is related to the change of signal voltage required to cause
a certain change of signal current. This we shall discuss wken dealing with the performance of tubes.

The formula, R = E/I, wouldgive an apparent plate resistance of about 2,235 ohms. The actual plate re-
sistance with the voltages we are using on plate and screen is about 13,000 ohms. There is no direct re-
lation between the two values.

METER CONNECTIONS FOR TESTING. As a general rule it is easier to compute the approximate val-
ues of current in receiver circuits than to measure them with a meter; such as an ammeter for measuring
amperes, a milliammeter for milliamperes, or a microammeter for microamperes. To measure current with a
meter you have to open the circuit by disconnecting at least one wire, then connect the meter in series
with the circuit. There is no other way of making certain that all the circuit current flows in the meter.

To measure plate current of our output tube a milliammeter might be connected as in Fig. 7-14, or any-
where else between plate lug 3 of the tube socket and the point to which a transformer lead connects to

lug 4 and thence to the terminal strip. Only in this limited path is there no current other than that coming
from the plate of the tube.

The terminals of the meter are shown marked with a plus sign (+ ) for positive and a minus (—) sign for
negative. Not all meters for direct-current measurement have a marking for their negative terminal, but all
have one for the positive terminal — and the other terminal then must be negative. The meter must be con-
nected into the circuit so that electron flow through the meter is from its negative terminal to its positive
terminal. With this connection the meter pointer will move away from zero and toward higher numbers on its
scale when there is electron flow. If connections to the meter are reversed, its pointer will move *‘off scale”
below zero. Reversed current, or electron flow through a current-measuring meter, should cause no damage
provided the current is no greater than safely might be measured ““up scale’’.
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Fig. 7-14. The milliammeter connected for measuring plate current.

The internal resistance of current-measuring meters is very small. This is necessary in order that the
meter shall not add enough resistance in the circuit to appreciably effect the current flow. A meter having
a maximum range of 100 milliamperes usually has internal resistance of less than 2 ohms. Supposing you
should make the mistake of connecting such a meter across a difference of potential rather than in series
with the circuit. For example, a meter having 2 ohms internal resistance was accidentally connected be-
tween lugs 3 and 4 of the output tube socket, where the potential difference is 6 volts. Current through the
meter then would be as computed from our formula for current.

With 3,000 milliamperes in a meter designed for no more than 100 milliamperes what do you think will
happen to the meter? It will burn out in a fraction of a second after you make the wrong connection. Current-
measuring meters of all kinds must be considered as delicate measuring instruments, and handled accord-

ingly.
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Fig. 7-15. Dial scales of a combination voltmeter-ohmmeter.

Voltmeters are relatively tough, unless you make very bad mistakes. The internal resistance of a direct-
potential or d-c voltmeter used for service testing seldom is less than 1,000 ohms per volt. This means
that the total resistance of the meter is equal to 1,000 ohms multiplied by the highest voltage reading on
the dial scale. For example, such a ‘“thousand-ohm-per-volt’’ meter, when used with a scale extending to
a maximum of 100 volts, will have internal resistance of 100,009 ohms.

Service voltmeters may have resistances such as 5,000, 10,000, or even 20,000 ohms per volt. Fig. 7-15
is a picture of the scales on a combined voltmeter-ohmmeter having d-c voltage scales with maximums of
10,50, and 250 volts. This is a 20,000 ohms per volt instrument. When using terminals for the 10-volt scale
the internal resistance of the meter is 200,000 ohms, for the 50-volt scale the resistance is 1,000,000 ohms,
and for the 250-volt scale the resistance is 5,000,000 ohms or 5 megohms.

When using a multi-range voltmeter to measure an unknown potential difference always commence with
the highest range. Most meters will withstand a momentary over-voltage up to one and one-half times their
full-scale reading. Consequently, when beginning your test with a high range you are unlikely to harm the
voltmeter unless you get it across some of the circuits for a television picture tube. If the meter pointer
goes off scale at the high end, the potential difference is too high for the meter to measure. If the reading
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Fig. 7-16. The voltmeter connected for reading potential difference across the filter choke.

is too low for convenient reading on the high range scale, change to a lower range where you can make an
accurate reading.

A voltmeter always should be connected across the points between which potential difference is to be
measured, never in series. A series connection would insert the high resistance of the meter into the circuit.
No circuit wires are removed from the points to which the voltmeter is connected for test..That’s why it is
easy to use a voltmeter. For measuring potential difference across the filter choke in our plate circuit the
meter connections would be made as in Fig. 7-16. The choke is connected between lugs 4 and 8 on the rec-
tifier socket, so leads from the voltmeter are touched to these two lugs.

Terminals of voltmeters for direct potentials are marked positive and negative, or at least one.is marked
positive, just as are the terminals of current meters. To have the voltmeter read up scale from zero, the
negative terminal of the meter must be connected to the point at which electron flow enters the part whose -
potential difference is being measured. The positive terminal of the meter is connected to the point at which
electron flow leaves that part. If you think of electron flow as going through the voltmeter, the connections
are made in the same way as with a current meter. If a voltmeter is connected the wrong way around, the
pointer will move off scale below zero. No harm will result unless the meter is connected across a poten-
tial difference greater than it could safely measure in a forward direction.
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LESSON NO. 8

SERVICE TESTS FOR ALL CIRCUITS

HISTORY ALWAYS REPEATS

One of the oldest and best known manufacturers of television apparatus has this to say. “The nature, lo-
cation, andrepair of troubles must be analyzed by the serviceman. This necessitates a good working know-
ledge of circuits of the sets, as well as an understanding of television principles. It behooves the service-
man to study circuits.”

The man who wrote this piece of advice knew that, while nothing changes faster than the details of tel-
evision design, the basic circuits don’t change, they never change. These elementary circuits are combined
in new ways to do new things and to do old things better. But if you know your circuits nothing new will
stump you.

When Marconi transmitted the first radio signals in 1894 his apparatus was built with conductors, insul-
‘ators, resistors, inductors, and capacitors. Builders of the first broadcast receivers in 1920 worked out
their designs by using the rules which show relations between potential difference, current flow, and re-
sistance. They used detectors and amplifiers. We still have to use all these basic things today, in tel-
evisionas well as sound radio. Circuit elements are put together in different combinations, but when these
new combinations are broken down into their essential parts you are right back to conductors, resistors,
inductors, capacitors, and all the elementary principles which govern their performance.

We are learning principles while studying actual circuits. These particular circuit combinations may go
out of date. But whatever takes their place will employ the same old basic principles. Remember, *It be-
hooves the serviceman to study circuits.”’ Then he won’t care whether the set he works on was built in
1940, is built today, or will be built in 1975.

The old timer in radio gets many a smile when he enters this newest field of television. He finds crystal
diodes used for video detectors, restorers, and f-m discriminators. Back around 1918 all his detectors were
crystals, which then became obsolete. Qur new crystals are better mechanically, they contain better mater-
ials, but their working principles haven’t changed a bit.

Early set builders improved on their crude crystal detectors by connecting a grid leak and capacitor to a
tube. Now the same principle, called grid rectification, is used for many other purposes at a half dozen
places in television sets.

Around 1937 we all studied automatic frequency control, which then helped people tune their sets cor-
rectly and more easily. Later this control was almost forgotten. Now we use precisely the same principles,
even the same circuit arrangements, for automatic control of sweep oscillators in nearly all the new tel-
evision receivers.
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Fig. 8-1. A test setup for checking effects of different capacitors in an amplifying stage.

We could keep on telling how things long since obsolete, so we thought, have become the newest dis-
coveries for those who are new in the profession of radic. It would all point up to this. To the man who
knows his circuit principles, the new things are just new ways of combining those principles.

SERVICE TESTS FOR ALL CIRCUITS

This must be our last lesson, for the present, on fundamental principles of servicing. After this lesson
it will be time to learn about the behavior of the many kinds of tubes used in television and radio receiv-
ers. Possibly we should call this a reference lesson, for you, or no one else, going over this material for
the first time could remember it all. Even though you memorized every word, you still wouldn’t realize all
that they are going to mean. Many times in the future you will come back to the information given here, as
you find need for it in practice.

POTENTIALS, CURRENTS, AND RESISTANCES. In the preceding lesson we measured some potential
differences and computed the currents which flow with these potential differences acting across certain
resistances. Here are the values.
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POWER SUPPLY
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Fig. 8-2. The sum of the potential differences in a series circuit equals the potential difference from
the power supply.

Volts Milliamperes Ohms
Resistor on cathode of output tube. 8.0 44.4 180
Plate winding of output transformer. 6.0 40.8 147
Filter choke of power supply system. 15.5 73.8 210

Supposing you knew only the milliamperes and the ohms for each part, could you figure out the volts of
potential difference? There is a very simple relation. If you don’t quite see it, look at this next list of val-
ues, which also were used in the preceding lesson.

Volts  Amperes Ohms

1 1 1
2 2 1
1/2 1/2 1
1 1/2 2
1 2 1/2

Here the relation becomes plainer. Volts are equal to amperes times ohms, provided all three values are
in the same resistance or in the same part of a circuit.

When this new rule or formula for potential difference is written so it uses milliamperes instead of amp-
eres it appears like this.

current, milliamperes x resistance, ohms

1000

Try this formula on the combinations of values given first. It works every time. Much earlier we used a

Potential difference, volts —
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Fig. 8-3. The ohmmeter reads the sum of resistances in series.
formula for resistance, the one that says,
R =E/I

When the resistance formula is written this way it applies for currents measured in amperes. Most of our
currents must be measured in milliamperes. The same resistance formula, written to include milliamperes,

is this.
. 1000 x potential difference, volts
Resistance, ohms = —L__.n.__.n__.
current, milliamperes

Or, using letter symbols, we may write,

R - 1000 x E

— milliamperes

Now we are ready to do a little practicing with the three tools which are indispensable for servicing any
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Fig. 8-4. In this experimental setup the dry cells represent any power supply, the resistors
represent any loads.

kind ofreceiver. Flven when you are working with equipment like that of Fig. 81, you wouldn’t get far with-
out these three tools. Luckily, these indispensable tools cost nothing, they never wear out, they take up
no space, they never get lost, and they save time and headaches on at least half the problems you run into.
The three tools are:

R - 1000 x E mq_]()()()xF, F_maxR
S — -1 = 1000

The letter R stands for ohms of resistance. The letter F stands for volts of potential difference. The
symbol ma stands for milliamperes of current. Here we don’t use the letter I for current, because I should
be used to represent amperes, nothing else.

Simple as they are, these three formulas are not too easy to memorize. For the present don’t try to mem-
orize them. Copy the three formulas onto a small card, then keep that card handy while we work.

POTENTIAL DIFFERENCES ADD TOGETHER. In Fig. 8-2 a voltmeter connected across the terminals
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Fig. 8-5. Reducing the voltage reduces current through a given resistance.

of the power supply reads 100 volts. In the external circuit are three resistances, which might represent
loads inany series circuit. Other voltmeters connected across the three resistances read 20 volts, 50 volts,

and 30 volts. The sum ot 20450+ 30 = 100.

9/ The sum of all the separate potential differences in a series circuit is equal to the potential difference
across the entire circuit. We may say that voltage of the power supply must equal the sum of the voltages
across all the parts in the connected series circuit.

Ifyou subtract from the voltage of the power supply the voltage across any one part in the series circuit,
the remainder is the total of all the potential differences across all the other parts in that circuit.

These simple facts are easy to understand. Electrons leave the power supply with total energy propor-
tional to the voltage or potential difference of the power supply. The electrons lose all this energy in the
external circuit. Since the potential difference across each part in the circuit is proportional to electron
energy used up in this part, it is plain that the sum of all the energy losses and potential differences must
equal the original electron energy and the original potential difference of the power supply.
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Fig. 8-6. Current remains proportional to applied voltage when resistance is not changed.

RESISTANCES ADD TOGETHER. In Fig. 8-3 an ohmmeter is connected across two resistors which are
in series with each other. The resistance of one unit is 1,500 ohms, and of the other it is 500 ohms. The
ohmmeter reads a total resistance of 2,000 ohms.

The combined resistance of any number of separate resistances in series is equal to the sum of the sep-
arate resistances. The resistance of an entire series circuit is equal to the sum of the resistances of all
the parts in that circuit.

This is entirely reasonable. Resistance is a measure of how hard it is for electrons to get through. If
there is a certain opposition in 100 ohms, there must be twice as much opposition to the same rate of flow
in 200 ohms, three times as much in 300 ohms, and so on. If electrons are forced to flow at a certa:n rate
through a resistance of 10 ohms, then at the same rate through a second series resistance of 20 ohms, and
finally at the same rate through a third series resistance of 40 ohms, there is exactly the same total op-
position as in one resistance of 10+ 20+ 40, or 70 ohms.

CURRENTS DO NOT ADD TOGETHER. We have learned that the rate of electron flow or current must
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Fig. 87. Power supply voltage has been reduced.

be just the same in any one part of a series circuit as in every other part of the same series circuit. If the
flowrate is 40 milliamperes from the plate of a tube, and we have a transformer winding in series with this
plate, the current in the transformer winding must be 40 milliamperes.

We must not forget that potential differences add together, resistances add together, but current is the
same everywhere in a series circuit. Current in one part does not add to current in another part of a series
circuit to make a total current equal to the sum. The total current is just the same as the current in any
one part.

VOLTAGE OF POWER SUPPLY AND CURRENT IN CIRCUIT. To illustrate principles in the simplest
way we shall use some dry cells for our power supply. To represent any kinds of loads in the circuits we
shall use some precision resistors whose actual resistances are accurate to within one per cent of their
marked values. Then we shall measure potential differences with a voltmeter, and currents with a milliam-
meter. The setup is pictured by Fig. 8-4.

Here we have four resistances (loads) in series. From left to right the values are 100 ohms, 200 ohms,
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200 ohms, and 250 ohms. Total circuit resistance is 750 ohms, is it not? In series with this resistance and
the power supply is the milliammeter, at the left. Negative of the power supply goes to negative of the mil-
liammeter. Positive of the milliammeter goes to the left-hand resistor. From the right hand resistor a con-
nection goes to positive of the power supply. The meter reads a current of 8 milliamperes. Across the entire
string of resistors is connected the voltmeter, the instrument at the right. This meter reads 6 volts.

Assuming the resistance values to be actually as marked, are the meters telling the truth? Use your three
formulas to find out. Really do this: write the figures on a piece of paper. It is invaluable practice. Keep
in mind that you might be working with any kind of d-c power supply and with any kinds of loads.

In Fig. 8-4 the voltmeter is effectively connected across the power supply as well as across the loads.
From the positive, right-hand, terminal of the voltmeter there is a wire connection down to the right-hand
resistor and another wire connection up to the positive terminal of the power supply. From negative of the
voltmeter there is a wire connection to the left-hand resistor, another wire from here to the milliammeter,
and from the other side of this meter there is a connection to negative of the power supply. The resistance
of the milliammeter is approximately 3.5 ohms, entirely negligible in comparison with the total load resis-

Fig. 8-8. With three times as much resistance there is one-third as much current.
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Fig. 8-9. Current is inversely proportional to resistance when potential difference remains unchanged.

tance. Since the voltmeter is connected through negligible resistances to both ends of the power supply,
this meter is indicating power supply voltage. The four dry cells are furnishing a potential difference of
6 volts.

InFig. 8-5the wire connection from the negative side of the milliammeter has been moved over to a point
betweenthe middle dry cells. Now the voltmeter reads 3 volts, although this meter still is connected across
the entire circuit resistance. The milliammeter now reads 4 milliamperes. It will be good practice to check
this new combination of voltage, current, and resistance with your formulas. That, however, isn’t the most
important thing.

The important thing to be noted here is the relation between power supply voltage and circuit current.
First (Fig. 8-4) we had 6 volts and 8 milliamperes. Now we have 3 volts and 4 milliamperes. Half the volt-
age has resulted in half the current.

Let’s check this voltage-current relation a little further. In Fig. 8-6 the connection from the milliammeter
has been moved over tothe right-hand dry cell. Now the voltmeter reads only 1.5 volts, although still across
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the entire load circuit. The milliammeter now reads 2 milliamperes. We have one-fourth the original volt-
age (of Fig. 8-4) and the current now is one-fourth the original value.

Changes of current in any circuit are directly proportional to changes of voltage across that circuit,
when resistance of the circuit remains unchanged. Doubling the supply voltage doubles the current. Halv-
ing the supply voltage halves the current. When circuit current increases, there must be a proportional ins
crease of applied voltage provided the circuit resistance has not been changed. If circuit current decreases

there must be a proportional decrease of supply voltage.

CIRCUIT RESISTANCE AND CURRENT IN CIRCUIT. Now let’s see what happens when we do not change
the voltage from the power supply but do change the load resistance or circuit resistance What will happen
to current in the circuit. In Fig. 8-7 our power supply consists of only two of the dry cells. With two cells
we have 3 volts applied to the circuit load. The voltmeter reads 3 volts. The load, or the circuit resistance,
consists of one 500-ohm resistor. The milliammeter, in series with the load resistance, reads 6 milliam-
peres. Check this reading by means of your formula for current in milliamperes.

Fig. 8-10. The voltmeter is measuring potential difference across only part of the circuit load.
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Fig. 8-11. Here the voltmeter is measuring potential difference across the remainder of the circuit load.

In Fig. 8-8 the circuit resistance or load resistance has been changed to 1,500 ohms. We still have 3
volts potential difference from the power supply. Now the milliammeter reads only 2 milliamperes. Using
three times as much circuit resistance, with the same applied potential difference, has cut the current to
one-third. Should someone look first at this Fig. 8-8, then at preceding Fig. 8-7, they would say that using

one-third as much load resistance allows three times as much current. One statement is just as true as the
other.

Next we shall change the load resistance to 2,000 ohms, as in Fig. 8-9, while retaining the original ap-
plied potential difference of 3 volts. The voltmeter reads 3 volts. The current as read from the milliammeter
has dropped to 1.5 milliamperes.

Whenwe started this series of experiments, with load resistance of 500 ohms, the current was 6 milliam-
peres. Now, with 4 times as much resistance, we have 1/4 as much current.

Comparing Fig. 8-8 with Fig. 8-7 we observe that, with 3 times the resistance (1,500 ohms as against
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500 ohms), we have 1/3 the current (2 milliamperes as against 6 milliamperes).

More resistance drops the current. Less resistance allows an increase of current, always with the same
applied potential difference. There is an exact relation between resistance and current when there is no
change of voltage. Current varies inversely as resistance. With 4 times the resistance there is 1/4 the
current, with 3 times the resistance there is 1/3 the current. With 2 times the resistance there would be
1/2 the cwrent. With 1,000 times the resistance there would be 1/1000 of the current.

Resistors in an electric circuit reduce the rate of flow somewhat as valves in a water circuit reduce the
rate of water flow. Resistors are not so efficient as water valves, for resistors reduce the electron flew by
wastingthe electron energy, by changing that energy into heat which raises the temperature of the resistor.

RESISTANCE AND LOSS OF POTENTIAL. Resistance which is connected into a circuit reduces the
rate of electron flow in that circuit. The resistance causes a loss of electron energy. In Fig. 8-10 we have
gone back to the four-cell power supply and to the string of four resistors in series. In series with the re-
sistors and the power supply is the milliammeter. This meter shows the rate of electron flow to be 8 mil-
liamperes, the same flow as back in Fig. 8-4. The fact that we have the same current and the same total

Fig. 8-12. When current does not change, potential difference and resistance always are directly
proportional.
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LOAD RESISTANCES

100 200 200 250
0.8v 1.6v 1.6v 2.0v
8 mo
100 650 200 250
0.5v 3.25v 1.0v 1.25v

5 ma

Fig. 8-13. A change of resistance anywhere in a series circuit alters current and potential differences
everywhere in that circuit.

resistance asin Fig. 8-4 proves that there must be the same potential difference across the resistors. That
potential difference is 6 volts.

InFig. 8-10 the voltmeter is connected across only the right-hand 250-0hm resistor. The voltmeter shows
that the potential difference across this one resistor is 2 volts. In Fig. 8-11 the voltmeter connections
have been moved so that they are across the three resistors toward the left. These units have separate
resistances of 100 ohms, 200 ohms, and 200 ohms, for a total of 500 ohms. The potential difference across
these three resistors is shown by the voltmeter to be 4 volts.

In these last two pictures the voltmeter is connected first across one part of the load, then across all
the remainder of the load. The first potential difference is 2 volts, the second is 4 volts. The sum of these
two potential differences is 6 volis, which we know to be the potential difference across the entire load.
Here we have proof that potential differences in a series circuit add together, and that their sum is equal
to the total potential difference across the whole circuit.

Now here is something we should note with care. Potential difference across resistances is exactly pro-




COMMERCIAL TRADES INSTITUTE

Lesson No. 8 - Page 15

Fig. 8-14. Current measured at one point in a series circuit may be used for computations relating to
other parts of the same circuit.

portional to the values of resistance when the current is the same in all units. In Fig. 8-10 the voltmeter
reads 2 volts when across 250 ohms. In Fig. 8-11 the voltmeter reads 4 volts when across 500 ohms. The
current remains unchanged, as shown by the milliammeter. Across twice the resistance we get twice as
much potential difference. Or across half the resistance we get half as much potential difference.

Whether or not this direct proportion or direct ratio between resistance and potential difference always
holds true may be checked by one more experiment, in Fig. 8-12. Here the voltmeter is connected across
the two resistors toward the left. Their resistances are 100 ohms and 200 ohms, a total of 300 ohms. The
current still is 8 milliamperes, as shown by the milliammeter. The resistance of 300 ohms is 300/750 of
the total circuit resistance, or 2/5 of the total. The potential difference across the two resistors is shown
by the voltmeter to be 2.4 volts. This is 2.4/6.0 or 24/60 or 2/5 of the total resistance in the whole cir-
cuit. So we find that the fraction of total potential difference in the circuit is the same as the fraction of
the total resistance.

EFFECTS OF INCORRECT RESISTANCE. At the top of Fig. 8-13 is a diagram of the circuit whichwas
pictured by Fig. 8-4. We have the 6-volt power supply, the 8 ma current, and the total load resistance of
750 ohms. By using our formula for potential difference it is possible to compute the potential difference
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across each resistance in the load. These potential differences are written on the upper diagram.

In the lower diagram the resistance of the load unit second from the left has been increased from 200
ohms to 650 ohms. There might be many reasons why resistance in some part of a radio or television cir-
cuit should become abnormally high. The sum of the circuit resistances now is 1,200 ohms. With 6 volts

from the power supply acting on 1,200 ohms, the current (from your current formula) will be 5 milliamperes
instead of the former 8 milliamperes.

Now, using the formula for potential difference, we may compute the voltage across each of the resis-
tances. These voltages are written below the units in the lower diagram. Compared with “‘normal’’ voltages
up above, the voltage across the excessive resistance has increased from 1.6 to 3.25. But the voltages
across every other unit in the circuit has dropped at the same time.

Excessive resistance in some one part raises the voltag= while dropping the current for that part, and at
the same time drops both voltage and current for all other parts in the same series circuit. On the other
hand, too little resistance in some one part will drop the voltage while increasing the current for that part,
while increasing both voltage and current for all other parts.

Fig. 8-15. There is no potential difference anywhere in a series circuit which is open.



COMMERCIAL TRADES INSTITUTE

Lesson No. 8 - Page 17

Fig. 8-16. There is no current anywhere in a series circuit which is open.

Toprove this last statement, change the resistance of the right-hand unit to 100 ohms. Then your circuit
resistances will look like this:

100 ohms 200 ohms 200 ohms 100 ohms

Compute the total resistance.

Use your formula formilliamperes to compute current in the circuit. The power supply still applies 6 volts.

Use your formula for potential difference to compute the voltage across each unit, using in this formula
the circuit current and the resistance of each unit.

The voltages should come out like this:

1 volt 2 volts 2 volts 1 volt

WHERE TO MAKE MEASUREMENTS. Whenever you use our trouble shooting formulas the resistance and
the potential difference must be in the same part. If you use resistance of one part and potential difference
of another part in the same formula the answer will mean nothing at all. Current likewise must be in the
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same part, but in a series circuit the current is the same in all parts, so we may measure current anywhere
and know it is the same throughout the series circuit.

InFig. 8-14 the series circuit includes many parts. The voltmeter (the left-hand instrument) is connected
across the filter choke to measure potential difference on this one part. The milliammeter (at the right) is
connected in series between the adjustable resistor and the transformer winding. The current measured here
is flowingalso in the choke whose potential difference is being measured. We may use the measured poten-
tial difference and the measured current to compute resistance of the choke.

Not all circuits are series circuits. In the plate circuit which we examined in an earlier lesson the same
currentdoes not flow inthe plate and in the screen of the output tube. There we have one example of divided
circuits. Later we shall learn some trouble shooting formulas which apply especially to divided circuits.
Those formulas will be based on the principle of considering each branch of a divided circuit as though it
were a separate small series circuit.

EFFECTS OF AN OPEN CIRCUIT. In a series circuit it must be possible for electron flow to exist all

the way from one side of the power supply through every part of the circuit and back to the other side of
the power supply. If there is ary point where electrons cannot flow, that point is called an “‘open” or an

g |

) D

o)

Fig. 8-17. A voltmeter connected across an open point rzads nearly the full voltage furnished by the
power supply.
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open circuit.

In Fig. 8-15 we have disconnected the milliammeter from between the adjustable resistor and the trans-
former winding, where we had this meter in the preceding setup. Now there is an open between theadjust-
able resistor and the transformer winding. The voltmeter still is connected across the filter choke, but now
the voltmeter reads zero.

The voltmeter reads zero because there is no current in the filter choke. No current means no electron
flow, and with no electron flow there can be no loss of electron energy. Loss of electron energy must be
accompanied by change of potential. Then with no electron flow there can be no difference of potential.

There is no current in the filter choke because current must be the same everywhere in a series circuit.
There can be no curent across the open point. Therefore there can be no current anywhere else in this cir-
cuit. InFig. 8-16 the milliammeter has been connected between the filter choke and the adjustable resistor.
The open point still exists between the adjustable resistor and the transformer winding. The milliammeter
reads zero current. No matter where an open may be, it stops current everywhere in the series circuit.

In Figs. 8-15 and 8-16 the power supply has remained turned on, and has been applying a potential dif-
ference across the ends of the series circuit. This potential difference causes no electron flow or current
because of the open point. In Fig. 8-17 the voltmeter has been connected across the open point in the ser-
ies circuit. The voltmeter now reads practically the full potential difference of the power supply, whereas
in Fig. 8-15 the voltmeter read zero. Can you think of a good way to locate an open point in a series cir-
cuit by using your voltmeter as the testing instrument? With the meter bridging across parts which are not
open the readings will be zero. When you get the meter across the part which is open the meter will indi-
cate a voltage, a potential difference.

A voltmeter permits flow through it of some cwrent in spite of the high resistance of the instrument. A
voltmeter really measures potential difference across its own internal resistance. When you get the volt-
metér across an open point in a series circuit you have placed the meter resistance across the open and
have closed the circuit through this resistance. Then there will flow, in the entire circuit, the very small
current permitted by the high resistance of the meter. With this very small current there will be hardly any
loss of potential in other parts of the circuit, where resistance is very small in comparison with that of the
voltmeter. The negligible loss of potential in other parts of the circuit allows practically the whole poten-
tial difference of the power supply to act on the voltmeter. That’s why a voltmeter reads practically the
power supply voltage when the meter bridges an open point.

Every principle which has been illustrated in this lesson is used by competent technicians for trouble
shooting in every part of every receiver. We have only hinted at practical applications of these principles,
as in the method of locating an open with the help of a voltmeter, and the method of locating resistance
which is either abnormally low or abnormally high with principles explained in connection with Fig. 8-13.

In the main we have examined only the principles of trouble shooting, not their practical applications.
We must know our tools before trying to use them. Before using these tools to discover what is wrong when
parts don’t work, we must know much more about how the parts are supposed to'work. As we learn about
each part it will become apparent how our trouble shooting tools may be used on that part. We won’t be de-
layed by having to talk about the elementary principles of trouble shooting — we already know our tools.
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LESSON NO. 9

TUBES FOR TELEVISION AND RADIO

A fairly complete listing of television and radio tubes, according to type numbers assigned bytheir manu-
facturers, would include about 1,300 kinds. Fortunately, we won’t have to study 1,300 different types of
tubes, for the same tube may be given different type numbers by different makers. However, if we eliminate
all such duplication, also take out all tubes used exclusively for transmitting, and all such special kinds
as picture tubes, to leave only those ordinarily classed as radio and televisior receiving tubes, more than
400 kinds remain.

In this lesson we are not going to examine television picture tubes because they are entirely unlike any
other tubes in our receivers. For the present it will be enough to study amplifiers, detectors, rectifiers,
oscillators, and all the other tubes which are constructed quite similarly to one another, leaving picture
tubes for later.

Were each of the 400 receiving tubes to differ in principle from all the others we should be undertaking a
formidable job in studying them. But this number is considerably reduced because, while quite a few types
are identical so far as performance goes, they are given different numbers because of differences in mech-
anical construction, in voltages required by heaters, and in other relatively minor details.

The most obvious difference between tubes is in the material of the envelope, which may be glass or
metal. The largest metal envelope for a receiving tube is pictured at the left in Fig. 9-1, and alongside it
is the smallest. Next toward the right is a metal tube with ar insulated top cap from which an internal con-
nection goes to the control grid. All other elements are connected to base pins. At the right is a metal type
having all internal elements, including the control grid, connected to pins on tke base. ‘This latter may be
called a single-ended tube.

In Fig. 9-2 are illustrated three sizes of glass envelopes. The tube at the left is a heavy-duty rectifier.
The center tube is of a size commonly used almost anywhere in sound radio receivers, and quite often in
the sync and sweep sections of television receivers. The tube at the right has a top cap to which is con-
nected its control grid.

As an illustration of how differenttype numbers may apply to tubes of identical electrical characteristics
we may consider first the type 6J5. This is a triode, meaning that it has three active elements consisting
of cathode, control grid, and plate. The envelope is metal, as at the right in Fig. 9-1. The base is of the
octal type. The heater requires a potential difference of 6.3 volts.

If the same tube is built with a glass envelope such as pictured at the center of Fig. 9-2 it becomes type
6J5-GT. In the two added letters G’ stands for glass and *“T’’ stands for tubular. All ““GT’’ tubes have
glass envelopes of the shape and size shown at the center of Fig. 9-2.
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Fig. 9-1. Tubes with metal envelopes.

Now for a third type. If the same cathode, grid, and plate structure of the 6J5-GT are used with a heater
which requires 12.6 volts the tube becomes type 12J5-GT. In general, when the first digit of a type number
is 6 is means that the heater requires 6.3 volts for normal operation. [fthe firsttwo digits are 12 it indicates
a heater which requires 12.6 volts for normal operation.

So far all our variations of the original tube have had octal bases. Such bases, as you will recall, have
positions for eight pins although fewer than eight may be used. On the bottom of an octal base is an ex-
tended central pin with a locating key on one side. If we change the type of base while retaining the glass
envelope of GT size andshape we have a type 7A4. The type 7A4 has a lock-in base, illustrated in Fig. 9-3.
The contact pins are sealed into the glass bottom. Around the bottom is a metal shell and a central pin.
Down below the locating key on the pin is a groove which fits into a catch on the socket. Lock-in tubes
are pressed down into their sockets like any other type, but for removal you should give a slight off-side
pressure to release the socket lock. When the first digit of a type number is 7 it means that the heater will
operate with potential difference of either 7.0 or 6.3 volts.

Now for another change. If the lock-in 7A4 tube were built with a heater which will operate with either
14.00r 12.6 volts potential difference the tube becomes lock-in type 14A4. Remember, we still have exactly
the same operating characteristics with which we commenced in the type 6J5. A change of rated heater
voltage does not affect operating characteristics.

Next comes a change which adapts our tube for the many applications where a pair of 6J5’s would be
required. Instead of using two separate 6J5 tubes we may employ only one type 6SN7-GT. This type is pre-
cisely like two 6]5’s built into a single GT envelope. The 6SN7-GT has an octal base. The heater requires
6.3 volts. If the heater is changed to require 12.6 volts we then have a type 12SN7-GT. These two types of
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Fig. 9-2. Tubes with glass envelopes.

twin-triode tubes are widely used in television receivers of all kinds. We are not yet through. A tube built
like the 6SN7-GT except for having a lock-in base becomes a type 7N7. And one built like the 12SN7-GT
except for having a lock-in base becomes a type 14N7. Still, in either triode section by itself, we have the
same operating characteristics as in a single 6J5.

We have talked about tubes of nine different type numbers, all having the same operating characteristics.
The different numbers are required in order to identify the envelope material, the size and shape of the en-
velope, the type of base, the heater voltage, and the number of active elements. Different type numbers are
used also when . into a single envelope are built two or more sets of elements which may operate more or
less independently. An example of this is the two 6J5’s in a single envelope to form one 6SN7-GT.

In any multi-section tube or multi-purpose tube there will be two or more electron paths inside the en-
velope. At the left in Fig. 9-4 is a symbol for the 6SN7-GT tube. There are two cathodes, two grids, and
two plates, with entirely separate electron streams in the two sections. One section includes a cathode
connectedtopin3, agrid connected to pin 1, and a plate connected to pin 2. The other section has cathode,
grid and plate connected respectively to pins 6, 4, and 5. Pins 7 and 8, which are not shown on Figure 9-4,
are used for the heater. Although this 6SN7-GT tube has six active elements it really has only three kinds
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Fig. 9-3. This is a lock-in base.

of elements, with two sets of each.

Now we shall look at a tube in which there are more than two electron streams. At the right, in Fig. 9-4,
is a symbol for a 6T8 tube, atype used in the sound sections of many television receivers. This tube has
nine base pins. There are two cathodes, connected to pins 3 and 7. Electron flow from the cathode on pin
3 goes only to the plate on pin 2. The cathode connected to pin 7 carries electron flow which separates
into three streams; one forthe plate on pin 1, a second for the plate on pin 6, and a third which goes through
the grid connected to pin 8 and to the plate connected to pin 9. Pins 4 and 5, which are not shown on the
diagram, are used for the heater. This 6T8 tube has seven active elements, but consists really of three
cathode-plate pairs and of one three-element combination which includes the common cathode with a sep-

arate grid and separate plate.

Nearly all receivers employ some multi-section tubes. There are dozens of combinations, but all are made
up from a relatively few simple types. If we forget all the multi-section combinations and consider only the
basic groups of elements which might be used in a single tube, we may make a convenient classification
based on the elements which may act on a single electron stream. The accompanying table, “Tube Types
and Their Active Elements’’, shows this classification.
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Fig. 9-4. Symbols for multi-section tubes in which there are two or more separated electron streams.

TUBE TYPES AND THEIR ACTIVE ELEMENTS

TYPE NAME Total How Many of Each Kind of Element

Elements Cathode  Grid  Screen  Suppressor  Plate
Diode 2 1 5
Triode 3 1 1 1
Tetrode 4 1 1 1 5
Pentode 5 1 1 1 1 1
Beam power 5 1 1 1 2
Pentagrid and
Heptode
Converters 6 1 2 1 1 5
Octode Converter 7 1 3 1 1 1

The type name changes each time an active element is added. We commence on the top line with the
simplest possible tube, the diode. A diode has only a cathode and a plate. When we add a grid between
cathode and plate the tube becomes a triode. Adding a screen between the grid and the plate produces a
tetrode. Adding a suppressor gives us a pentode.
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Fig. 9-5. The outermost spiral of wire is the suppressor for this tube which would be a pentode if complete.

This is the first time we have met the name suppressor. This element is a spaced spiral of wire placed
PP P P P

between the screen and the plate. The outermost spiral which you see in Fig. 9-5 is a suppressor. The sup-

pressor is around the outside of the screen. The screen is around the outside of the grid. The grid is around

the cathode. The active elements for this tube would be completed by placing the plate around the outside
of the suppressor.

The purpose of the suppressor is to prevent electrons going backward from the plate to the screen. You
will recall that a screen, like a plate, is operated at a positive potential with reference to the cathode.
Were it not for the suppressor, a very strong signal might make it possible for electronsto go from the plate

to the screen as well as from the cathode to both plate and screen. This would lessen the plate current ‘and
reduce signal output.
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Fig. 9-6. Pin arrangements used for 4-, 5-, 6- and 7-pin tube bases.

Next below the pentode in the table is another 5-element type called a beam power tube. This type is a
modification of the pentode which provides smooth and uniform amplification while delivering sufficient
power to operate a large loud speaker or to do any other job calling for considerable power in the output
signal. The electron stream within this tube is concentrated b y extra elements called beam formingplates.

On the two bottom lines of the table are listed tubes called converters, which have six or seven active
elements. These tubes are used as combined mixers and oscillators in superheterodynereceivers for sound.
One of the two grids in the pentagrid converter serves the mixer function, the other serves the oscillator
function. In the octode converter two of the grids are used as mixer and oscillator grids, with the third grid
acting like a plate for the oscillator function. All these features will be investigated more fully in due time.
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Tubes may be classified in accordance with what they do as well as with respect to the number andkind
of elements. For instance, we may speak of amplifier tubes, oscillator tubes, detector tubes, and so on. The
next table, ““Tube Functions, and Types Employed”, lists the principal purposes for which tubes are used,
and shows the types most often employed for each purpose. This table is based on common practices of
today. ‘With any listing so general as this there will be exceptions. As one example, there is nothing to
prevent using frequency control tubes in sound radio receivers as well as in television receivers. Such

tubes have been used in sound receivers, but it is not now a general practice.

You will note that the tetrode, a 4-element tube, is not included in this table of functions. The tetrode,
once very popular, isnolonger used to any extent. This type turned out to be only a stepping stone between
triodes and pentodes. The tetrode overcame shortcomings of the triode in certain applications, but had

troubles of its own which were overcome by the pentode.

TUBE FUNCTIONS, AND TYPES EMPLOYED

NAMES ACCORDING WHERE USED Types Employed

TO FUNCTION Sound Tele-  Diode Triode Pentode
Radio  vision or Beam

R-f Oscillators and X X X

Mixers

Converters X

Amplifiers X X X X

Demodulators,

Detectors and

Discriminators X X X

Restorers X X X

Limiters,Clippers,

Separators X X X

Inverters X X X

Sweep Oscillators X X S

Frequency Control X X X X

Dampers X X X

Rectifiers X X X

Converter

TUBE BASES. Before taking up the manner in which the various elements enter into the operation of
tubes it may be well to look at the layouts of some tube bases, and get acquainted with arrangements of

the pins through which connections are made to the internal elements.

In an earlier lesson we talked about the octal base for tubes, on which are spaces for eight pins. Some-
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Fig. 9-7. A miniature tube alongside two of its bigger hrothers.

times all eight pins appear on the base of a tube. Againonlyasmany pins are used as needed for the active
elements and heater, or an extra pin or two may be added to give the tube more support in its socket. Octal

bases are used on all tubes having metal envelopes, and on a large percentage of those having glass en-
velopes.

Early types of radio receiving tubes were fitted with bases of which bottom views are shown in Fig, 9-6.
On the 4-pin base the two pins numbered 1 and 4 are 5/32 inch diameter, while pins numbered 2 and 3 are
1/8 inch diameter. Differencebetween pin diametersinsures getting the tube comrectly located in its socket.
On the 5-pin base all pins are 1/8 inch in diameter. Their unequal spacings insure correct positioning of
the tube in its socket. On the 6-pin base the two large-diameter pins are numbered 1 and 6, and on both
sizes of 7-pin bases the two large-diameter pins are numbered 1 and 7. When two pins are of larger diam-
eter than others the large ones connect to the heater or to the filament-cathodz of the tube.

None of the bases shown by Fig. 9-6 are used on recent types of tubes. However, the 4-, 5-, and 6-pin
bases quite often are used on such items as resistors, crystals for frequency control, and other parts which
are convenient to work with when provided with a plug-in mounting such as a tube base and socket.
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Fig. 9-8. Pin positions and numbering as used for miniature and sub-miniature tubes.

In most recently designed television receivers a great many of the tubes are miniature types. A miniature
tube is at the left in Fig. 9-7. In the center is a size often found on rectifiers and on some heavy-duty am-
plifiers. Over at the right is a GT type. Some miniature tubes are 3/4 inch in outside diameter, and have
7-pin bases. Other miniatures are 7/8 inch in diameter, and have 9-pin bases, A still smaller tube, called
a sub-miniature, is only 2/5 inch in diameter. It is fitted with an 8-pin base.

Pin positions on bases for miniature and sub-miniature tubes are shown in Fig. 9-8, as the bases appear
from the bottom. Base pins on miniature tubes are 1/25 inch in diameter, and on sub-miniatures are about
1/60 inch in diameter.Onall thesebasesthere is a gap at one place in the circle of pins — at a point where
another pin might be, but isn’t. When looking at the bottom of the tube, or at the bottom of its socket, num-
bering of the pins always starts with number 1 at the left of this gap,and proceeds clockwise, as shown on

all the diagrams.

It is important to remember this numbering system, for there are no visible numbers on the tubes. Even
when the small sockets have numbers they may be difficult to see when surrounded and partially covered
by wiring.

Now we have a general idea of where and how the principal kinds of tubes may be used, and we know
something about the structural features. It is next in order to learn how tubes actually operate. To begin
with we shall see whathappens when there is only a cathode and a plate. Tlen other elements will be added
in extending the usefulness of the tube.

CATHODES. We have learned that heating gives free electrons in the cathode enough extra energy to let
them get through the surface and into the space near the cathode. There are other ways of 1mpartmgthe
energy necessary for electron emission, as with light in the case of phototubes and photocells, but since
all tubes in modern radio and television receivers for homes and business places are operated with heated
cathodes, we shall confine our studies to this general type.

In most tubes whose construction has been examined the cathode is a small cylinder which surroundsthe
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Fig. 9-9. Symbols for diode tubes having heater-cathoces.

heater. The cathode and heater may be completely insulated from eachother inside the tube, with one base
pin for the cathode and two separate pins for the heater. This construction is represented at the left in
Fig. 9-0. In other tubes the cathode is internally connected tc one side of the heater, as shown at the right.
With either of these arrangements the cathode is said to be indirectly heated. It may be called a heater-
cathode.

InFig. 9-10we have an entirely different kind of cathode, the inverted V-shaped conductor which you can
see on the right—hand section of the tube where one of the two plates has been removed. The other plate
remains in place. There is no separate heater. Cathode temperature is raised by a heating current which
flows in the cathode itself. This is called a directly heated cathode, or a filament-cathode, or just a fila-
ment.

Circuit connections for a tube with filament-cathode are shown by Fig. 9-11.At the left is a power source
which furnishes heating current for the filament. At the right is a separate power supply furnishing the
potential difference which causes electron flow in the plate circuit of the tabe. The negative side of the
plate power supply may be connected to either side of the filament-cathode. The positive side of the plate
power supply is connected throughthe load to the plate of the tube. Thus the entire length of filament-cathode
inside the tube, and its heating circuit on the outside, are made negative with reference to the plate. Then
electron flow occurs between cathode and plate just as in a tube having a heater-cathode.

There may be any number of additional active elements in a tube having either a heater-cathode or a fil-
ament cathode. The kind of cathode has no bearing on the remainder of the design.

Filament-cathodes are used in many rectifier tubes operating with large currents at moderate voltages.
Fig. 9-10 is an example of such a rectifier. This type of cathode is used also ia rectifiers operating with
small currents at very high voltages, as in power supplies for picture tubes.

In all the great variety of tubes designed for operation with battery power in portable radios the cathodes
are of the filament variety. Nearly all recent types of battery operated tubes are designed for a nomal po-
tential difference of 1.4 volts across their filaments. These filament-cathodes may be operated with any
voltage not exceeding 1 6 volts, and will perform quite satisfactorily with filament potentials as low as
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Fig. 9-10. One plate has been removed from this rectifier tube to expose the filament-cathode.

1.25 volts. This range of useful voltages allows connecting the filaments directly across one dry cell, which
furnishes a nominal potential difference of 1 5 volts, or across a battery of such cells so connected as to
furnish 1.5 volts.

Type numbers of most 1.4 volt battery operated tubes commence with the numeral 1, followed by a letter.
Type 1LB4 is an example. Some battery types have a two-part filament which may be connected for opera-
tion either on 1.4 volts or else on 2.8 volts as would be furnished by two dry cells connected in series.
Type numbers of these tubes commence with the numeral 3, as type 3V4 for example.

There are other battery type tubes designed for operation with a nominal 32 volts on their filaments, as
furnished. by batteries in some farm-light plants. Still others are designed for 24-volt filament supply from
batteries in aircratft.
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Fig. 9-11. Current for cathode heating and current for the plate circuit both flow in a filament-cathode.

The supporting portion of either a heater-catlpde or a filament-cathode is of some metal which withstands
high temperature without deterioration. For receiving tubes this support is coated with the active cathode
material which contains oxides of barium, strontium, and maybe calcium. These substances have the ability
to emit great quantities of free electrons when heated to only a dull red temperature, on the order of 1,500°
to 1,700° Fahrenheit. Cathodes constructed in this manner are called coated cathodes.

In earlier types of receiving tubes the entire cathode was made of tungsten containing small quantities
of thorium and thorium oxide. This material has to be heated bright yellow, to about 3,000°F., to provide
satisfactory emission. The thoriated cathodes are now found in only some transmitting and special purpose
tubes. Cathodes of pure tungsten are used in high-voltage transmitting tubes, and were used in the very
earliest tubes of all kinds. Pure tungsten must be heated dazzling white, to around 4,000°F., to provide
satisfactory emission.

ALL TUBES ARE ONE-WAY ELECTRON VALVES. Examination of Fig. 9-11 shows that the tube would
act as a rectifier were the power supply for the plate to furnish alternating potential. We would have one-
way electron flow or rectifying action within the tube because onlythe cathode is made hot enough to emit
electrons. Electron flow will occur from cathode to plate orly while the plate is positive with reference to
the hot cathode, because electrons can flow only from negative to positive.

So far as the matter of element polarity is concerned, electrons could flow from a negative plate to a
positive cathode. But no matter what the relations of positive and negative, electrons cannot flow from a
cold plate to a hot cathode for the simple reason that no electrons will be emitted from the cold plate.

Direct potential is applied to amplifiers, and to all tubes other than rectifiers, in such polarity as to
make the plates positive with reference to the cathodes. However, even were the plates negative with ref-
erence to the cathodes there still could be no reverse electron flow, because the plates still would be cold
and would not emit electrons. Every tube with a hot cathode acts as a rectifier or a one-way electron valve
to the extent of allowing electron flow away from the cathode, and preventing electron flow toward the
cathode.

VACUUMS. Almost without exception the tubes in receivers are high vacuum types. Practically all water
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Fig. 9-12. How plate current increases with increase of plate voltage in one type of rectifier tube.
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vapor, air, and other gases have been pumped out of the envelope, which then is sealed to retain the nearly
perfect vacuum. Were any appreciable quantities of gas to remain, there might be corrosion and oxidation of
internal metal parts. ‘Even more important, in a highly evacuated tube there is little chance that atoms of
gases will get in the way of electrons speeding from cathode to plate. The chance of an electron colliding
with a gas atom isn’t pne in tens of thousands.

Gases which form air are so dense or so concentrated outdoors at sea level that they exert pressure of
14.7 pounds per square inch on everything exposed to them. The density of gases remaining inside a high-
vacuum tube is so little that average internal pressure is only 2% millionths of one ounce per square inch.

In some tubes there are intentionally small quantities of certain gases, admitted after the tube is first
thoroughly evacuated. The purpose of these gases is to permit ionization, an action during which additional
electrons are knocked off the atoms of contained gases when the atoms are struck by emitted electrons.
About the only purpose for which such gas-filled tubes are employed in home receivers is regulation of
voltage in power supplies.

ELECTRON FLOW AND PLATE VOLTAGE. Electron flow from cathode to plate varies inversely with
the square of the distance between these elements. This means simply that twice the separation will reduce
the flow rate to one-fourth, that three times the separation will reduce the flow to one-ninth, and so on.

For any given distance between cathode and plate the flow rate increases with increase of potential dif-
ference between these elements. Potential difference between plate and cathode is called plate voltage.
Electron flow or current increases with increase of plate voltage. Current increases somewhat faster than
the plate voltage increases throughout the normal range of working voltages for the tube. The relation
between plate current and plate voltage is typically as shown in Fig. 9-12, which applies to a heavy-duty
rectifier tube.

When electrons are emitted from the cathode surface they move rather slowly at first, but are acceler
ated to velocities of thousands of miles per second before reaching the plate. The energy of motion (kinetic
energy) in the electrons as they strike the plate is enough to raise the temperature of the plate. In large
transmitting tubes operating at high plate voltages with large currents this heating effect is so great that
the plates have to be cooled with motor driven fans or with circulating water.

ELECTRON FLOW AND CATHODE TEMPERATURE. Supposing we were to operate a cathode ata temp-
erature much below normal. The rate of electron emission from this cathode would be much less than the
normal rate. If applied plate voltage then were to be started from zero and gradually increased, the plate
current would change about as shown by the full-line curve of Fig. 9-13. At first the increasing plate volt-
age would draw more and more electrons from the cathode to and into the plate. Soon, however, we should
reach a point, A, where all electrons emitted at the low cathode temperature are being drawn away from the
cathode. Further increase of plate voltage could draw no more electrons that are being emitted, plate cur
rent would increase only slightly, and the current curve would level off as on the graph.

v e cathode temperature raised to some extent there would be a greater rate of electron emission. Were
plate voltage again started from zero and gradually increased, the additional emission would allow plate
current to increase up to point B. But again, at B, would come a condition wherein all emitted electrons
are drawn from the cathode as fast as emitted. Plate current could increase but little more with further
increase of plate voltage, and again the current curve would flatten out for all higher plate voltages.

A third rise of cathode temperature would cause a still greater emission rate, and plate current might
follow the curve up to point C before ceasing to increase with increase of plate voltage. When all emitted
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Fig. 9-13. Maximum possible plate current varies with change of cathode temperature.

electrons are drawn to the plate as fast as emitted the resulting value of plate current is called saturation
current.

In examplesillustratedby Fig. 9-13 the maximum plate current is limited by cathode temperature. This is
not a good way in which to operate a tube. There never is any excess of negative electrons at the cathode,
and plate potential acts so violently at the cathode surface in an attempt to drag out more electrons that
the surface is almost sure to be damaged.

THE SPACE CHARGE.Now let’s see what happens when plate voltage is held constant at some mcderate
value while cathode temperature and emission rate are gradually increased. The constant plate voltage
results in a constant positive charge on the plate. Strength of this positive charge, or its ability to attract
electrons, depends directly on plate voltage and will remain constant if plate voltage remains constant.

The positive charge of the plate exerts attraction at the cathode. Each atom at the plate surface which
lacks an electron is reaching across the tube space and pulling on any negative electron which may be
emitted from the cathode. With no emission, a cold cathode, we have the condition represented at A in
Fig. 9-14. All the attractive force of the plate is working on the cathode, but it finds no electrons.

At B the cathode has been heated to some low temperature, and there is some emission of negative elec-
trons from the cathode. This small emission furnishes enough electrons to satisfy part of the attractive

force (positive charge) of the plate, but the remainder of the attractive force finds no electrons.

At C the cathode temperature has been raised to a point where emission is just enough to satisfy all the
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Fig. 9-14. Increasing the emission rate while plate voltage remains constant results in formation ofa
space charge.

attractive force from the plate. We might think of the situation this way: Every positive atom on the plate
exerts one unit of attractive force. There are just enough electrons being emitted to furnish one negative
electron for each unit of positive force from the plate. There is no positive force left unsatisfied, but neither
are any extra free electrons left at the cathode.

AtD we have still greater emission, more than enough to satisfy the entire attractive force corresponding
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to the appiied plate voltage. But eveu with extra electrons available no more of them can be pulled to the
plate, for there is no unsatisfied positive charge. Plate cnrrent will be the same as with condition C. The
excess of emitted electrons remains in the space near the cathode. This excess is called the space charge.

The space charge is negative, being composed of negative electrons. This negative charge opposes or
repels any additional negative electrons which are trying to get out of the cathode because of heat energy.
There develops a balance between the emitting force of the heat and the repelling force of the negative
space charge. Emission proceeds only fast enough to maintain this balance df forces.

When electrons are drawn from the space charge to the plate there is a reduction of the negative space
charge. This means less repulsion for emitted electrons, and more electrons will come out of the cathode.
Quite plainly, emission can be at only the same rate as electron flow to the plate — emission and plate
current are equal. Plate current is being limited by the space charge, and we say that the tube is being
operated ‘‘space charge limited’’. This is the normal and usual method of operating radio and television
tubes. The space charge protects the cathode surface. It also forms a sort of *‘bank’ of reserve electrons
which may be drawn upon to meet momentary demands for extra plate current.

AMPLIFICATION. A diode does only one thing which is useful in television and radio receivers. ‘This
is to provide one-way conductivity. Although ‘a table in this lesson lists many nses for diodes, the action
in every case depends solely on the one-way conductivity of these tubes. Of course, all these uses for
diodes are important, for otherwise they wouldn’t be included in receivers. But of greater importance is
something a diode cannot do, it cannot amplify a signal. We have leamed that in all receivers there are
more amplifiers than any other one kind of tube. The biggest single job always is that of amplification, of
increasing the strength of the exceedingly weak signals coming to the antenna.

In order that a tube may amplify a signal, the tube must have a control grid. No matter what other kinds
of elements might be placed between the cathode and plate, the lack of a control grid would prohibit ampli-
fication. In the following lesson we shall see how a control grid makes amplification possible.
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LESSON No. 1)
AMPLIFYING A VOLTAGE

The three meters of Fig. 10-1 will show us how a triode tube amplifies a signal voltage. You are looking
directly at the top of the tube, which is mounted at the center of the small light-colored block below two of
the meters. Around the tube are terminal screws connected to the socket and arranged in the same order as
the base pins and socket connections.

Up above are the three meters. The one at the left measures grid voltage,which is the potential differen-
ce between grid and cathode. The meter at the center measures plate current in milliamperes. At the right
is a separate testing instrument which, in this picture, is connected by its flexible leads to measure plate
voltage. Plate voltage is the potential difference between plate and cathode of the tube.

Our testing circuit is shown in detail by the connection diagram at the top of Fig. 10-2 and by the simp-
lified schematic diagram at the bottom. The many connections and screw terminals as shown by the diag-
ram and photograph seem more intricate than necessary for this simple hookup, but they will be needed be-
fore we are through,

Concealed behind the panel is a power supply unit of the type used in television and radio receivers.
The positive side of the power supply section that furnishes plate voltage and current is connected to the
panel screw marked B+,and the negative side of this section is connected to the screw marked B-.The sec-
tion of the power supply that furnishes heater current is connected to the two heater terminals on the tube

block.

Broken lines on Fig. 10-2 show that the grid voltage meter is connected behind the panel to two terminal
screws marked METER. On the front of the panel the left-hand screw terminal is connected through a wire
to the tube grid. The right-hand METER screw is connected on the front of the panel to the cathode of the
tube. When later we produce potential differences between grid and cathode of the tube, they will be indi-
cated by this meter.

As shown also by broken lines in Fig. 10-2, the positive side of the plate current meter is connected be-
hind the panel to one of another pairof terminal screws marked METER and, on the front of the panel, to
the screw marked B+ and thereby to the power supply. The negative side of this plate current meter is con-
nected behind the panel to the second METER terminal screw and, through front connections, to the tube
plate. Therefore, all current flowing in the plate circuit of the tube must pass through and be measured by
this meter.

The separate testing instrument is a service type volt-ohmmeter, which will measure either volts of po-
tential difference or ohms of resistance. Throughout this lesson the instrument will be used as a voltmeter.
In Figs. 10-1 and 10-2 its positive lead is clipped to a terminal screw from which a wire goes directly to
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Fig. 10-1.  The test setup which will show how a tube amplifies a signal voltage.

the tube plate. The negative meter lead is clipped to the B- terminal screw, and thence through a wire con-

nection to the tube cathode. Therefore, this meter will indicate potential difference between plate and cath-
ode, which is plate voltage.

The dial figures and graduations on the meters for grid voltage and for plate current are large enough to
be read easily on a photograph. But the volt-ohmmeter scales have smaller graduations because there are
several scales on the one dial. Fig. 10-3 is an enlarged view of the volt-ohmmeter scales. For our present
purposes we shall measure nothing greater than 300 volts, with the connecting leads in appropriate jack
terminals of the instrument. Then all our readings will be on the bottom row of numbers, which are 0-100-

200-300 volts. In Fig. 10-1 you can see that plate voltage as measured on this scale of numbers is about
100.

All of our diagrams show that the grid of the tube is connected through wires on the front of the panel to
the cathode of the tube. With this connection, of practically zero resistance, the potential of the grid must
be the same as of the cathode. There can be no potential difference between them.
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Fig. 10-2.  Meter connections and other details of the testing circuit.

Potential of the cathode always is considered to be the reference potential for voltages of all other tube
elements; it is considered to be zero. Since we now have no potential difference between grid and cathode,
the grid is at zero voltage. Usually we would speak of this condition as ‘“‘zero grid”’.
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Fig. 10-3.  The dial scale markings of the volt-ohmmeter.

The plate is approximately 100 volts positive with reference to the cathode. It is this positive plate po-
tential that pulls electrons from the space charge around the cathode, through the grid, and into the plate.
The electrons come from B- of the power supply to the cathode. From the plate they return to B+ of the
power supply through the plate current meter. This meter, in Fig. 10-1, shows that the electron flow rate
or plate current is almost exactly 9.0 milliamperes.

From the simplified diagram at the bottom of Fig. 10-2 it is apparent that some electrons from the plate
could get back to the cathode through the plate voltmeter. Only a negligible quantity of electrons actually
take this path, because resistance of voltmeters is much greater than of current meters. The resistance of
our plate voltmeter is 6,000,000 ohms (6 megohms) and resistance of the plate current meter is only about
7 ohms.

PLATE CHARACTERISTICS. For.our first tests we shall keep the grid at zero with reference to the
cathode and determine the effect on plate current of varying the plate voltage.In Fig. 10-1 the plate voltage
is 100 and plate current is 9.0 ma. In Fig. 10-4 the plate voltage has been reduced to 70, and plate current
has dropped to 5.0 ma. In Fig. 10-5 the plate voltage has been further reduced to 40, and plate current has
gone down to 2.0 ma.

Similar measurements may be made with many different plate voltages. Results of a series of actual mea-
surements were as follows.

Volts Ma Volts Ma Volts Ma

100 9.00 60 4.00 20 0.80
90 7.60 50 3.00 10 0.30
80 6.35 40 2.15 0 0

70 5.10 30 1.40
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Fig. 10-4. Reducing the plate voltage reduces the plate current.

On a sheet of ruled ‘‘graph’’ paper we may draw a curve showing these relations between plate current
and plate voltage, as in Fig. 10-6. The vertical scale at the left is for milliamperes of plate current. The
bottom horizontal scale is for plate volts. All the corresponding pairs of values for volts and milliamperes
are marked on the graph, and through the marks is drawn a smoothly sloping curve. The curve is drawn with
a smooth slope, and if this causes the curve to miss some of the marks it indicates small errors in mea-
surements.

A curve of this kind is drawn with a full line in Fig. 10-6. Engineers would call it a plate characteristic.
This one characteristic curve applies only when the gridis zero, or at the same potential as the cathode.

EFFECTS OF GRID VOLTAGE. While it is necessary that we understand how a tube behaves with its
grid zero, tubes seldom are so operated. The reason will appear when we apply a signal voltage to the tube
being tested. In almost every application the grid remains negative with reference to the cathode.
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In Fig. 10-7 the grid has been made about 1.5 volts negative by inserting a dry cell between cathode and
grid, where formerly there was only a length of wire. The negative terminal of any dry cell in its outer me-
tallic ““can’’ and the positive terminal is a small insulated disc or button in the center of one end of the
cell. The dry cell is here mounted so that its negative terminal is connected through wires to the grid of the
tube, and its positive terminal to the cathode.

A dry cell of any size furnishes approximately 1.5 volts of potential difference;actually about 1.56 volts
when furnishing little or no current. This value of negative grid voltage is indicated by the left-hand grid
voltage meter.

The plate voltage meter in Fig. 10-7 shows that the plate of the tube is 100 volts positive with reference
to the cathode. But plate current now is only 5.1 ma with the grid 1.5 volts negative, whereas with zero grid
and 100 volts on the plate we had plate current of about 9.0 ma.

R*100 R'I000 @O0V

Fig. 10-5. The less we make the plate voltage, the smaller becomes the plate current.
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Fig. 10-6.  Plate characteristics for the grid at zero and at 1.5 volts negative.

Plate current has been reduced because the negative potential or charge on the grid is counteracting part
of the positive potential or charge on the plate. It is the positive charge on the plate that enables the plate
to pull to it the negative electrons from the space charge aad cathode. The grid is so much closer than the
plate to the cathode and space charge that a relatively small negative voltage on the grid will counteract
in large measure a much greater positive voltage on the plate.

Now, while keeping the grid at 1.5 volts negative, we again might measure the plate current with various
values of plate voltage, and make a second graph curve showing what happens with this grid voltage. Such
a curve is drawn with a broken line on Fig. 10-6.

With the grid 1.5 volts negative we can obtain a plate current of 9.0 ma only with an increased plate volt-
age. This has been done in Fig. 10-8, where the plate voltage meter reads 135 volts instead of the 100 volts
which caused this same current with a zero grid.

Fig. 10-6 shows that for any given plate current we require higher plate voltdge when the grid is negative
than when it is zero. Also, with any particular plate voltage, the plate current is less when the grid is ne-
gative than when it is zero.



COMMERCIAL TRADES INSTITUTE

Lesson No. 10 - Page 8

Down at the lower end of the broken-line curve of Fig. 10-6 we run into a rather peculiar condition, which
is shown also by the meters inFig. 10-9. Plate current has dropped to zero. But still there is 20 volts posi-
tive on the plate. This condition is called plate current cutoff. For any positive voltage which may be app-
lied to a plate of a tube there will be some negative grid voltage which will reduce the plate current to
zero or to cutoff. Our ability to thus cut off the plate current by means of a grid voltage sufficiently nega-
tive will prove to be of great usefulness in many television circuits.

Were we to make a complete checkup on the tube being tested it would be in order to change the negative
grid voltage in steps, and for each grid wltage draw a plate characteristic curve. Then we should have
what is called a family of plate characteristics.

Fig. 10-10 shows a family of plate characteristics for a 6C4 triode tube. The left-hand curve shows rela-

tions between plate milliamperes and volts when the grid is zero. Following curves are drawn with the grid
more and more negative, in steps of 2 volts, until reaching 30 volts negative. At the bottom of each curve,

L] RES.

A*00  RYI000 SO0V

Fig. 10-7.  When the gridis made negative there is a decrease of plate current.
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Fig. 10-8.  To increase the plate current while the grid is negative we must raise the plate voltage.

where it meets the line for zero plate current, you may read the plate voltages at which there is cutoff for
each of the grid voltages. For instance, on the curve for a 10-volt negative grid there is cutoff when the
plate still is 140 volts positive.

GRID BIAS. The grid voltage which is furnished by the dry cell added to our test setup in Fig. 10-7 is
called a grid bias voltage or simply a grid bias. Any voltage applied between grid and cathode in such man-
ner as tends to keep the grid at some certain potential with reference to the cathode is a bias voltage.

The bias voltage may be of any value that suits our purposes in various applicationsof tubes. The bias

voltage need not be fumished by a dry cell or a battery of dry cells. Bias may be obtained from the power
supply or in other ways which will be described in later lessons.

GRID VOLTAGE AND PLATE CURRENT. In all signals which we may wish to amplify, the voltages
are altemating. Signal voltages act first in one direction or polarity, then in the opposite direction, and
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continue to alternate. These alternating signal voltages come originally from the antenna, but farther along
in the receiver they may come to an amplifier tube from any preceding part or circuit. So far as a given tube
is concemed, any part from which the signal comes is the source of signal voltage. This voltage is applied
between grid and cathode of the tube, as at I in Fig. 10-11.

Now let’s see how an altemating signal voltage looks to the gridof the amplifier tube. To begin with we
shall assume that there is no signal, or that signal voltage is zero. This may be represented by the straight
horizontal line at 2 in Fig. 10-11. Were there no bias voltage, and were this zero signal voltage to be app-
lied between grid and cathode, there would be no potential difference between grid and cathode. We would
have the condition of zero grid at this instant.

During a following instant the signal voltage would swing in such direction or polarity as to make the
grid positive with reference to the cathode when there is no biasing voltage. This we represent by an up-
ward curve as at 3. Signal voltage increases from zero to its maximum positive value, then drops back to

Fig. 10-9. The negative grid causes plate current cutoff, even though a positive voltage is applied to the
plate.
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zero. Then the signal voltage reverses its polarity, as at 4, and makes the grid negative with reference to
the cathode. Here the signal goes from zero to its maximum negative value and back to zero.

The continuallyrecurring reversals or alternations of signal voltage actually would appear as at 5. There
are no pauses at zero. The voltage goes continually from positive to negative and back again, passing
through its zero value in between the two maximum values.

A real signal reverses its polarity at the rate of hundreds, thousands, or millions of times every second.
We could not see such rapid changes or the resulting currents on our meters. Consequently, we must reduce
this rapid rate of altemation to extremely slow motion, or to a standstill at maximum positive and negative
values

This has been done in Fig.10-12. To represent the signal voltage we use a second dry cell mounted ver-
tically on the left-hand side of the panel. The first dry cell,which furnishes 1.5 volts of negative grid bias,
hes not been disturbed. Our signal-voltage dry cell is mounted with its positive terminal toward the top,
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Fig. 10-10. A family of plate characteristics for a 6C4 triode tube.
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Fig. 10-12. The signal and biasing voltages combine to make the grid zero.
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from where it connects to the grid of the tube. The negative side of this cell connects through the biasing
dry cell to the cathode of the tube. This gives the effect of diagram 3 in Fig. 11, where the signal tends to
make the grid positive with reference to the cathode. The signal does not succeed in making the grid posi-
tive, because we have a negative grid bias.

The straight wire which formerly ran from the negative side of the biasing dry cell up to one of the meter
terminals and thence to the grid of the tube has been replaced with a resistor. The signal-voltage dry cell
is connected across this resistor, and thus is connected at the top to the grid of the tube, and at the bottom
is connected through the biasing cell to the cathode.

Had the wire been left in place it would have short circuited the signal voitage. That is, there could have
been no potential differences across the negligible resistance of the wire, and no signal voltages. Inciden-
tally, the dry cell which isacting as signal voltage would have been almost instantly discharged and ren-
dered useless by the short circuit. Signal voltage is applied across the inserted resistor. At the same time
this resistor maintains a path through which bias voltage would reach the grid whether or not there were a
signal circuit.

Fig. 10-13. Here the signal and bias combine to make the grid negative.
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SIGNAL SIGNAL
VOLTAGE AND BIAS PLATE CURRENT

Fig. 10-14. The altemating signal woltage, the combined signal and bias voltages on the grid, and the
resulting plate current.

Now let’s see what the meters tell us in Fig. 10-12. We note first that the grid voltage iszero. This is
because there are, between grid and cathode, two voltages which are equal and which are opposing each
other. The signal voltage is trying to make the grid 1.5 volts positive, and the bias voltage is trying to
make the grid 1.5 volts negative. Each counteracts the other, and the net difference of potential between
grid and cathode is zero. ’

Plate current is almost 9.0 ma and plate voltage is 100. Back in Fig. 10-1 we had the same plate current
with 100 volts on the plate and a zero grid. No matter how any certain grid voltage is obtained, it will allow
equal plate currents when there is some given plate woltage.

NOTE: Although plate current reads 8.8 ma in Fig. 10-12 and 9.0 ma in Fig. 10-1 we are justified in con-
sidering these currents as alike. They should have been alike, because in both cases we have the same
plate voltage and the same grid voltage. The greater plate current in Fig. 10-1 may have resulted from lon-
ger operation of the tube before taking the photograph, for there is maximum electron emission only after a
cathode reaches its final high temperature. Voltage from the building power line might have changed be-
tween times of the two photographs, resulting in a change of tube heater voltage and current. This would
not have affected the plate voltage, which was adjusted for each test, while no compensations were made
for changes of heater voltage.

You may notice small discrepancies between currents or voltages in other pictures. Similar varia-
tions will occur when making receiver tests during service operations. Because we are studying general
principles, not precision measurements, these slight differences should be ignored.

For our next test we shall reproduce the effect of a signal voltage such as at 4 in Fig. 10-11, where the
polarity of the signal would tend to make the grid negative. It is necessary only to turn the signal-voltage
dry cell upside down, as in Fig. 10-13, with the negative side of the signal dry cell toward the grid. Now
the signal voltage, by itself, would make the grid 1.5 volts negative. The biasing voltage also, by itself,
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would make the grid 1.5 volts negative. The two voltages are acting together, in the same polarity. Their
effects add together, and make the grid 3.0 volts negative as shown by the grid voltage meter.

Plate voltage still is 100. But plate current has dropped to about 2.2 ma. Between Figs. 10-12 and 10-13
the plate current has dropped from 8.8 to 2.2 ma, which is a change of 6.6 ma. This has resulted from vary-
ing the grid voltage from zero to 3.0 volts negative. Plate voltage has remained constant.

What has happened is illustrated by Fig. 10-14. At the left is the signal voltage, swinging to 1.5 volts
positive, then through zero to 1.5 volts negative and back to zero. At the same time there has been a bias-
ing voltage which constantly makes the grid 1.5 wolts more negative than any other voltage simultaneously
applied between grid and cathode. The signal and bias voltages combine, as at the center, to swing the
grid to zero, then through 1.5 volts negative to 3.0 volts negative and back to zero.

The result of all this, shown at the right, has been to itcrease the plate current to 8.8 ma, then decrease
this current through 4.9 ma to 2.2 ma, and let it come back to 4.9 ma. We know that plate current reaches

R*100 R™1000 8OOV

Fig. 10-15. One step during measurements for a wutual characteristic with 125 plate volts.
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8.8 ma when the grid is zero by looking at Fig. 10-12, and that current drops to 2.2 ma when the grid is 3.0
volts negative by looking at Fig. 10-13. We know that plate current should be 4.9 ma with the grid 1.5 volts
negative and 100 volts on the plate by looking at the broken line curve of Fig. 10-6.

% TRANSCONDUCTANCE. We have measured the effect on plate current of changes of grid voltage when
the plate voltage remains constant. Fig. 10-14 shows that a change of 1.5 volts on the grid, from zero to
1.5 volts negative, causes the plate current to change by 3.9 ma, from 8.8 ma down to 4.9 ma. What is the
change of plate current per volt change of grid voltage? We divide 3.9 (plate ma) by 1.5 (grid volts) to

find that there is a change of about 2.6 ma per volt. To avoid using this decimal fraction we may measure
the plate current change in microamperes. One milliampere equals 1000 microamperes, so 2.6 ma is the
same as 2600 microamperes.

The change of plate current per one-volt change of grid voltage is called grid-plate transconductance, or
more often is called simply transconductance. When the tube is a triode we may call this quantity mutual
conductance. In the case of a triode the terms mutual conductance and transconductance mean the same
thing. When talking about pentodes and beam power tubes we always use the term transconductance.

R*100 R*"000 SO0V

Fig. 10-16. Another step during determination of the mutual characteristic.
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Plate voltage is 125, and will be kept at this value. Measurements would commence with the grid zero.
Then the grid would be made more and more negative in small steps, while keeping the plate voltage con-
stant. Fig. 10-15 shows what happens when the grid has been made about 3.0 volts negative. Plate current
is 5.4 ma.

We would make notes of plate currents obtained at each step of grid voltage variation, always with the
plate at 125volts or at whatever plate voltage has been selected for the series of measurements. Fig. 10-16
shows what happens when the grid is made about 8.0 volts negative. Plate current is down to 2.2 ma, while
plate voltage still is 125.

After completing a series of measurements with some one plate voltage we should “plot’ the results in
the form of a graph curve such as the one of Fig. 10-17. This curve shows relations between plate current
and grid voltage with the grid varied from zero to 10 volts negative when plate voltage is 125. It would be
in order to make curves for several of the plate voltages in the range which normally would be used for the
particular tube being tested.Each such curve is called a mutual characteristic. Tube manufacturers publish
average mutual characteristics for many of the more commonly used tubes.

Fig. 10-18. A resistor has been inserted in the plate circuit of the tube.
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VOLTAGE AMPLIFICATION. Up to this point we have learned how a varying signal voltage on the grid
will cause variations or alternations of plate current. The plate current alternates just as does the grid volt-
age, and at the same instants. This plate current could be called a signal current. But we are not trying to
produce a signal current, what we are after is a signal voltage which is like the grid voltage but much

stronger.

The practical way to obtain a signal voltage in the plate circuit is to insert a resistor in this circuit,
and let the varying plate current flow in this resistor. Then, whenever there is a change of plate current
there will be a corresponding change of voltage between one end and the other of the resistor. From the
ends of such a resistor we can take a varying voltage which is like the varying voltage on the grid.

Fig. 10-18 shows how a resistor is put into the plate circuit. This resistor is at the right-hand side of
the main panel, connected between two terminal screws where formerly we had a piece of wire. Electron
flow in the plate circuit is from the B- side of the power supply to the tube cathode, through the tube from
cathode to plate, from the plate to the top of the new resistor, through this resistor and the plate current

meter back to the B+ side of the power supply.

Fig. 10-19. Part of the power supply voltage is used up in the piate resistor.
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The biasing dry cell and also the dry cell fumishing signal voltage have been replaced with wires. Thus
the grid is connected directly to the cathode, and we have a zero grid. The volt-chmmeter, used as a volt-
meter, is connected between the B- and B+ terminals of the power supply. This meter shows that the power
supply is fumishing a 200-volt potential difference for the plate circuit

Plate current is about 8.6 ma. This is less current than in other tests with zero grid voltage, in spite of
the fact that we are using in the plate circuit a voltage higher than ever before. We shall see why this hap-

pens.

In Fig. 10-19 the volt-ohmmeter, as a voltmeter, is connected across the plate resistor, and shows that
potential difference across this resistor is about 100 volts. This means that 100 volts out of the total 200
volts from the power supply is being used up in forcing electron flow or current through this resistor. Note
that plate current still is 8.6 ma.

With 100 volts being used up in the plate resistor, the remaining 100 volts of the total 200 volts from the
power supply should be found across the tube. In Fig 10-20 the volt-ohmmeter is connected between plate

Fig. 10-20. The remainder of the power supply voltage is being used in the tube.

/

\
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Fig. 10-21. We have no signal or zero signal, with only the biasing voltage acting on the grid.

and cathode of the tube. The positive side of the meter is connected to the plate through the wire running
from the top of the plate resistor to the tube plate terminal. The negative side of the meter is connected to
the B- screw terminal, from which a wire runs up to the tube cathode terminal. The meter reads about 100
volts, as it should.

It is important to know and remember, when working with any tube, that part of the plate supply voltage
will be used in forcing plate current to flow in any resistance in the plate circuit outside the tube. Only
the remainder of the total power supply voltage will be plate voltage for the tube. Plate voltage is the po-
tential difference between plate and cathode of the tube. Plate voltage will be less than supply voltage, or,
to say this the other way around, supply voltage must be greater than plate voltage.

SIGNAL AMPLIFICATION. A signal voltage is amplified by connecting the signal source into the grid
circuit, and taking the strengthened voltage from across a resistor in the plate circuit. We shall commence
with signal voltage at zero or with no signal, and with the grid biased 1.5 volts regative as in Fig. 10-21.
You can see the biasing dry cell and read the meters. Plate current, which is flowing in both the tube and
the plate resistor, is 6.9 ma. Across the plate resistor we measure a potential difference of about 77 volts.

(A
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In Fig. 10-22 the signal voltage has been applied, and swung to its positive peak by connecting the sig-
nal dry cell with its positive terminal toward the grid. The signal and bias voltages balance each other and
there is zero voltage on the grid, as shown by the left-hand meter. Grid voltage is less negative than in
Fig. 10-21, with the result that plate current rises to about 8.9 ma. The increased current in the plate re-
sistor causes a greater potential difference across this resistor, which is shown by the meter to be 100

volts. The supply voltage remains at 200.

Fig. 10-22. A positive signal voltage increases the plate current and also the voltage across the plate
resistor.

In Fig. 10-23 the signal voltage has been swung to its negative peak, by inverting the signal dry cell so
that its negative side is toward the grid. Now the signal and biasing voltages are in the same direction or
same polarity. They add together to make the grid 3.0 volts negative, as shown by the meter. The grid is
more negative than in either Figs. 10-21 or 10-22, and the effect is to drop the plate current to about 5.6
ma. Across the plate resistor we now measure about 62 volts.
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Fig. 10-23. A negative signal decreases the plate current and also the voltage across the plate resistor.

Here is a listing of what has just happened to ‘‘input signal voltage”, to grid voltage, and to *‘output
signal voltage’’ as measured across the plate resistor.

INPUT SIGNAL GRID VOLTAGE OUTPUT SIGNAL

+1.5 volts 0 volts 100 volts (See Fig. 10-22)
0 volts -1.5 volts 77 volts (See Fig. 10-21)

-1.5 volts +3.0 volts 62 volts (See Fig. 10-23)

The total change of input signal, from +1.5 volts to -1.5 volts, has been 3.0 volts. The total change of
grid voltage, from zero to -3.0 volts, has likewise been 3.0 volts. The total change of output signal, from
100 down to 62 volts, has been 38 volts.

A 3-volt change of input signal on the grid has caused a 38-volt change of output signal from the plate.
The output signal is about 12.7 times as strong as the input signal. The tube has amplified the signal volt-
age by 12.7 times.
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AMPLIFICATION FACTOR. To obtain amplification.of 12.7 times we have used 77 plate volts (while
there is no signal or zero signal). We have used a negative grid bias of 1.5 volts. We have used a plate re-
sistor which has measured resistance of about 11,000 ohms. Under these particular conditions the amplifi-
cation factor of the tube being tested is 12.7. Amplification factor means the number of times an input sig-
nal voltage is multiplied with certain specified operating conditions.

A symbol for amplification factor is the Greek letter called mu. The form of this Greek letter is p . Often
we speak of the mu of a tube when referring to its amplification factor.

PLATE RESISTANCE. As mentioned before, tube manufacturers publish lists of typical operating con-
ditions for certain types of tubes. Were such a listing to show conditions which we have been using, the
values might be these.

Plate voltage (with no signal) 125 volts

Grid voltage (grid bias) -1.5 volts
Plate current (with no signal) 6.9 ma
Transconductance (or mutual conductance) 1120 micromhos
Amplification factor 12.7

Plate resistance 11350 ohms

All of the values listed together must exist together. If any one of them is altered, the result will be to
alter all the others. Manufacturers’ listings give average values for all tubes of a given type. Individual
tubes may vary somewhat in their performance, but new tubes of good quality will not vary enough to affect
receiver operation except in a very few critical circuits, which will be discussed in due time.

The only one of the listed values not yet explained is plate resistance. This is the opposition to flow of
alternating plate current between cathode and plate. It would be natural to think that plate resistance of the
tube could be computed by putting the values of plate volts and plate current into our regular formula for
resistance. For the listed values we then would have,

Ohms = 1000 x 125 (volts) = 1000 = 18 120 ohms, approximate.

6.9 (milliamperes) 6.9

It doesn’t work out quite this way. To compute what is called plate resistance of a tube we take some
small change of plate voltage and the accompanying small change of plate current, with grid voltage con-
stant, and use these changes in our resistance formula.

Here is an example. If we change the plate voltage on our tube by 2.0 volts, as from 122 to 124 volts, the
plate current will change from 6.825 to 7.000 ma, which is a change of 0.175 ma. Then we use these chan-

ges in the formula, thus.

1000 x 2 (volts change) 2 000

0.175 (milliampere change) ~ 0.175 ~ IS R @it G e s

Ohms =

This plate resistance is practically the same as listed in the table of operating conditions.

A



COMMERCIAL TRADES INSTITUTE

Lesson No.10 — Page 25

POSITIVE GRID. In all of our work up to this point the grid of the tube has been either zero or negative,
never positive. Even when the signal voltage became 1.5 volts positive it was opposed by a bias voltage
1.5 volts negative, and the grid voltage was zero. As the alternating signal voltage changed from positive
through zero to negative, it combined with the negative bias voltage to make the grid more and more nega-
tive.

Except in a few types of amplifiers rarely used in home receivers the grid never is allowed to become
positive with reference to the cathode. The negative bias voltage is made great enough always to equal or
exceed the most positive peak of an applied signal voltage. Then the signal never can completely over-
balance the bias, and the grid never goes positive.

Fig. 10-24 shows what happens should the grid become positive. The grid circuit has been opened just
below the signal dry cell, and between the opened ends is connected a milliammeter which will indicate
any current flowing in the grid circuit. This meter is of the ‘“‘zero center’’ type. Its pointer stands at zer
in the center of the dial scale when there is no current. Current in one direction swings the pointer to the
left, and with current in the opposite direction the pointer swings to the right. The maximum range of this

meter is only one milliampere. From the center toward either end the scale is marked 0, then .5, and then
1 at the end.

Fig. 10-24. When the grid is positive there is cument in the grid and its circuit.
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Fig. 10-25. There is no grid current when the grid is negative.

We are using no biasing voltage; the biasing dry cell has been removed and in its place is a wire connec-
tion. The signal dry cell is mounted with its positive terminal toward the grid and its negative side toward
the cathode. Because there is no opposing bias voltage this makes the grid 1.5 volts positive. The regular
grid voltage meter has been disconnected, because it is arranged to read only negative grid voltages. The
zero center meter in the grid circuit shows that we have about 0.6 ma of grid current.

With the grid positive jt attracts electrons to itself from the space charge and cathode just as does the
positive plate. It is only because the positive grid voltage is here so much smaller than the positive plate
voltage that the grid current is so small. Were the grid as positive as the plate there would be more grid
current than plate current, because the grid is closer to the cathode and gets first chance at the space
charge electrons.

When the grid is positive it not only takes electron flow or current for itself, but it gives space charge
electrons such a good start toward the plate that great additional quantities go right through the grid to the
plate, and we have greater plate current for any given plate voltage. In Fig. 10-24 the plate current is 9.0
ma and plate voltage is ahout 70. Looking back at Fig. 10-6 you will see that it takes 100 plate volts to
get 9.0 ma of plate current with a zero grid. With the grid 1.5 volts negative it takes 135 plate volts to get
the 9.0 ma plate current which we now have with only 70 plate volts while the gridis positive.

A
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In Fig. 10-25 we have not replaced the biasing dry cell, but have swung the signal voltage negative by
inverting the signal dry cell. The pointer of the zero center meter has not swung to the opposite side of its
dial, as would have happened were there grid current in the opposite direction. This meter shows that there
is no grid current, even though we have the same 70 volts on the plate. Because of the negative grid, plate
current is down to about 2.2 ma,

A negative grid takes no grid current. A zero grid draws grid current so small as to be measured in micro-
amperes, and for practical purposes the zero grid takes no grid cumrent. A positive grid always takes grid
current. As we proceed with our work you will learn that grid current can cause plenty of trouble, principally
because the output signal voltage becomes decidedly different from the input signal.

Since there can be no grid current in the grid circuit with the grid zero or negative, the only current taken
from the signal source is that which flows in the resistor which is across the signal source and between
grid and cathode. By using high resistance at this point the current taken from & signal source maybe made
very small.

It is true also that any source of biasing voltage connected in the grid circuit as in Figs. 10-16, 10-22
and others is called upon to furnish no current when the grid is zero or negative. The bias source fumishes
only a voltage, no current.




[t—> 15

COMMERCIAL
TRADES

INSTITUTE

g;—’:

‘I Training Your M"'a

QF 4
“fecting Your Skill

“The heights by great men reached and kept
Were not attained in sudden flight,

But they, while their companions slept,
Were climbing upward in the night.”

COMMERCIAL TRADES INSTITUTE

" CHICAGO, ILLINOIS

World Radio History [




e

LESSON NO. 11 PENTODES AND BEAM POWER TUBES




COMMERCIAL
TRADES

As -
]L/m,m INSTITUTE

%fecting Your Skill Chicago, HI.

ining Your M

/s

LESSON No. 11

PENTODES AND BEAM POWER TUBES

In the early days of radio, long before television, only triodes and diodes were available. Since diodes
won’t amplify a signal, all the amplifier tubes were triodes. The triodes worked very well as audio or
sound frequency amplifiers, and performed acceptably at the low-frequency end of the standard broadcast
band. But at the high end of this band the triode amplifiers caused plenty of trouble.

The trouble came about because the plate and grid of a triode act like a small capacitor. These two
elements are the capacitor plates, and the vacuum between them is the dielectric. The relatively strong
signal voltages in the plate circuit can feed back through this grid-plate capacitance to the grid circuit,
and there they act in such polarities as to reinforce the received signal voltages.

This feedback would be welcome insofar as it strengthens the grid signals, but it doesn’t stop there.
The feedback voltage becomes progressively stronger as the receiver circuits are tuned to higher fre-
quencies. Feedback increases because opposition of any capacitance to altemating voltages and currents
becomes rapidly less as frequency rises. When the early radios were tuned 1o higher signal frequencies,
the altemating signal voltages in the grid circuit lost their control .

The tube and its grid and plate circuits commenced to “oscillate’’, and produce their own voltages at a
frequency determined by the values of feedback capacitance in the tube and of inductances in the grid and
plate circuits. The frequency of such oscillating voltages and currents is so far above the audible range
that, by themselves, the oscillations produce no sound from the speaker. But the oscillating voltages mix
with voltages at other frequencies, and in those old sets the combination caused the speaker to emit un-
controllable whistles and shrieks. Even worse, the receiver became a small transmitter and radiated sig-
nals which the neighbor’s sets reproduced as screeches and growls.

After trying dozens of trick circuits in their efforts to prevent oscillation, the engineers attacked the
real cause for the trouble, the grid-plate capacitance within the tube. Let’s see how they did it.

SCREEN GRID TUBES. To build a triode we would commence by placing a grid around the cathode, &s
in Fig. 11-1. This grid is a spiral of very fine wire closely spaced, for this is the way to give grid voltage
the greatest control over plate current. In the triode the plate would be placed around the outside of the
grid. Instead, we shall use another spiral of fine, closely spaced wire, as in Fig. 2. This element may be
called the screen grid, but usually is called the screen. Were a plate to be placed around the screen we
would have a tube with four active elements; cathode, grid, screen, and plate. A common name for a four-
element tube is tetrode.




COMMERCIAL TRADES INSTITUTE

Lesson No. 11 — Page 2

| b ( 1 ‘
] . ! - -

’ "'_::.1-* 3

f —— =383

- ———— . .
= p: - e ———N
b X wSs——
3 ¢SS m— S~

: F4——=g +

i 4 T—=8 +

; H—F
: T ——8 i

:; S E=:
T —
)
Pr——t

—
E‘ F
- I — “

3 .‘l » !

Fig. 11-2.  The screen, between grid and
Fig. 11-1.  The cathode is surrounded by the grid. plate, reduces grid-plate capacitance.

Fig. 11-3 shows how the screen is connected to the same d-c power supply as the plate, but to a point
of less- positive voltage. With the screen positive with reference to the cathode, emitted electrons are
pulled toward the screen. By the time the electrons reach the screen they are traveling so fast that most
of them go right through the openings between wire turns and go to the still more positive plate.

The real purpose of the screen is not to pull electrons from the cathode toward the plate; this could be
done as well or better without a screen, letting the plate exert its attraction directly on electrons emitted
from the cathode. The real purpose of the screen is to lessen the grid-plate capacitance. The screen is

made positive only in order that electrons shall pass from cathode to plate. How the screen reduces grid-
plate capacitance depends on the following facts.

Cathode potential remains constant, it does not become altemately positive and negative at the fre-
quency of received signals. Between connections of the d-c power supply to cathode and screen there is
very little opposition to altemating signal currents and voltages. Because of this small opposition, the
potential of the screen cannot vary with reference to cathode potential, but must remain at whatever posi-
tive potential is applied from the power supply.
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Fig. 11-3.  Connections of the plate and screen to the power supply.

The screen, held at constant potential, is located between grid and plate. In order that voltage feedback
might occur there would have to be variations of electric field strength in the space between these ele-
ments, at the signal frequency. There cannot be appreciable variations so long as screen potential does
not vary, and so the effect of grid-plate capacitance isreduced.

In early types of triode amplifiers the grid-plate capacitance was 3.5 to 8.0 mmf. Screen grid tubes or
tetrodes have grid-plate capacitance of about 0.007 mmf. This verysmall capacitance just about does away
with plate-to-grid feedback. With feedback so reduced, high amplification becomes practicable. Amplifica-
tion factors of early triodes were about 9; tetrodes have computed factors of 600 to 800.

SECONDARY EMISSION. The tetrodes worked fine on weak incoming signals, and provided large am-
plification for such signals. But when a fairly strong signal was applied to the control grid, the amplifi-
cation would fall off and the form of the output signal would not follow the form of the input signal. That
is to say, the tetrodes would distort strong signals.

The drop in amplification and the distortion are the results of secondary emission. Secondary emission
means emission of electrons from the plate. We have been proceeding on the assumption that there can be
no emission from a cold plate, and it is true that there is no useful emission from the plate. However,
there can be electron emission from any body provided some of its free electrons are given enough extra

energy to let them get through the surface of that body.

The extra energy which causes emission from the plate comes from electrons emitted from the cathode
in the usual way and which are hitting the plate at tremendous velocity. With a plate potential of 150 volts
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the electrons hit the plate at a speed of more than 16 million miles per hour, and at 300 plate volts the
speed is more than 23 million miles per hour. Such bombardment literally knocks electrons out of the cold
plate.

There is secondary emission in a triode as well as in a tetrode, but because the plate of the triode is
the only positive element, all the negative electrons freed by secondary emission are pulled back into the
plate. In the tetrode, however, there is also the positive screen which is willing and able to attract the
electrons. If electrons knocked out of the plate enter the screen and leave the tube by way of the screen
there will be a reduction of useful plate current.

Secondary electrons will enter the screen only when the screen becomes just as positive as the plate
or more positive than the plate. Now we may ask, if secondary emission is bothersome only when plate
voltage drops nearly as low or lower than screen voltage, why not keep plate voltage high enough and
screen voltage low enough to prevent trouble? There are two reasons. First, if plate resistance of the tube
is to be reasonably low, the screen voltage must be quite high — because it takes screen voltage to pull
electrons toward the plate. Second, if we are to make use of the high amplification factor the plate voltage
must go through wide swings. With wide swings of plate voltage and a fairly high screen voltage, plate
potential will come close to or even below screen potential during signal peaks.
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Fig. 11-4. The suppressor is wound around the outside of the screen.
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Fig. 11-5.  The suppressor is placed between the screen and the plate.

THE PENTODE. To prevent ill effects of secondary emission we shall add still another element to our
tube, as pictured by Fig. 4. This element consists of a spiral of wire between whose turns the spacing is
greater than for either the grid or the screen. This new element is called a suppressor grid, or simply a
suppressor.

When a plate is placed around the outside of the suppressor the completed tube will have five active
elements; cathode, grid, screen, suppressor, and plate. A five-element tube is called a pentode. The posi-
tion of the suppressor in relation to other elements is showa by Fig.11-5. In some pentodes the suppressor
is internally connected to the cathode. In others there is an extra base pin for the suppressor, which then
may be connected at the socket lugs to the cathode, to chassis ground, or to any other point required by
circuit design.

Whatever may be the connection of the suppressor, this element is maintained highly negative with ref-
erence to the plate. Secondary electrons emitted from the plate encounter the electric field around the ne-
gative suppressor before they can reach the screen, and these electrons are repelled back to the plate.
Some electrons emitted from the cathode will enter the screen to form screen current. But mostof them will
be traveling so fast as they reach the screen that they go right on through both screen and suppressor to
reach the plate. None of these electrons can get from the plate back to the screen because, on the side of
the screen which is toward the plate,the positive attractive force of the screen is nullified by the negative
charge of the suppressor. Even though the plate becomes less positive than the screen, the negative sup-
pressor still prevents secondary electrons from passing from plate to screen.

The tube to which we have added a screen and a suppressor is completed by putting on the plate,as in
Fig. 6. The plate of this particular tube consists of two sections, one of which is shown by the left-hand
picture. At the right both plates are in place and all elements are held in rigid alignment by side supports.

PENTODE PERFORMANCE. The tube whose structure has been shown by Figs. 1, 2, 4, and 6 is a
6AC7 voltage amplifier pentode designed especially for television reception. This tube formerly was used
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I'ig. 11-6. The pentode is completed by adding the plate and supports for the elements.

in tuners, i-f amplifiers, and video amplifiers, ‘but now is found most often in video amplifiers. Operating
characteristics of the miniature pentode type 6All6 are quite similar to those of the 6AC7.

To watch the performance of our pentode we shall measure voltages and currents for all elements simul-
taneously, using eight meters connected as shown by Fig. 7. Regular circuit connections to tube elements
are in heavy lines, while added meter connections are in light lines, indicating that they would not be
present for normal operation,

To allow making pictures of the performance it is necessary to use direct voltages. D-C input voltage
will be varied from positive to negative through zero. An altemating signal voltage would vary in the same
way, but would change too fast for the meters to indicate or for the camera to catch.

The 6AC7 tube isin one of three tube sockets at the top of the test panel shown by Fig. 8. Two other

sockets accomodate 7-pin and 9-pin miniature tubes. Back of the panel are terminals which allow connect-
ing the socket lugs to circuits for plate, screen, grid, and cathode, also to the power supply.

World Radio Histol
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How the meters are connected to the tube circuits for measuring performance of the pentode,

Fig. 11-7,
shown by its symbol at the center.,
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One of the signal input terminals, at the upper left, connects directly to the grid of the tube, while the
other connects through the bias source and a meter to the cathode. Input voltage is measured by the zero-
center /nput meter, reading from 1 volt negative through zero to 1 volt positive.

Bias voltage is measured by the Bias Volts meter, connected across the source of negative bias. Since
bias always is negative, this meter reads from zero at the right-hand end of its scale to 10 volts negative
at the left. The positive or negative signal input voltage combines with the negative bias voltage to make
the actual grid voltage. This grid voltage is measured by the Grid Volts meter connected between grid and
cathode of the tube. This meter reads from zero at the right to 10 volts negative at the left-hand end of its

acale.

Bias Vol | Cathode Current

@
[ e e s o Lt Ceetiee e

Fig. 11-8.  The first siep in measuring the effect of grid voltage on tube currents.



COMMERCIAL TRADES INSTITUTE

Lesson No. 11 — Page 9

Plate current is measured by the 0-15 milliampere P late Current meter in series with the tube plate. In
series between the plate and d-c voltage supply is provision for a load resistance between the two termi-
nals immediately above the Output meter. This meter, reading 0-150 volts, indicates whatever voltage is
across the load.

Plate voltage is measured by a 0-150 volt Plate Volts meter connected between plate and cathode of
the tube. Screen voltage is measured by the 0-150 volt Screen VVolts meter connected between screen and

cathode of the tube.

Total cathode current is measured by the 0-15 milliampere Cathode Current meter in series with the tube
cathode. Cathode current is the sum of plate and screen currents, so to determine screen current we need

only subtract plate current readiugs from those of total cathode current.

Screen Volts

‘
R

s,
@ -

Fig. 11-9. Making the grid negative decreases electron emission and all tube currents.
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GRID VOLTAGE EFFECTS. For the first test, Fig. 8, there is zero input or zero signal voltage and
there is zero grid bias,as indicated by the respective meters. Consequently the grid is at zero voltage with
respect to the cathode, as indicated by the Grid Volts meter. There is no load resistance in the plate cir-
cuit. The signal output terminals, where such a resistance would be connected, are joined together by a
piece of wire. The Output meter is short circuited by this wire, and reads zero volts.

Now, still with no signal voltage and without altering the voltages on plate and screen, we make the
bias 1 volt negative, then 2 volts negative, as in Figs. 9 and 10. With no signal, the grid voltage is the
same as the bias voltage. Observe how the tube currents are changed by altering the grid voltage with
everything else unchanged. In the following summary and in others for later tests the voltages and currents
are designated by these letter symbols.

Signal input volts Esig Output volts Eo Plate current Ip
Grid voltage Eg Plate voltage Ep Cathode current Ik
Bias voltage Ec Screen voltage Escr Screen current Iser

Grid Voltage Effect On Plate And Screen Currents

Figure Esig Ec Eg Ep Escr Tk Ip Iscr Load
8 0 0 0 100 50 10.1 7.9 2.2 0
0 -1.0 -1.0 100 50 16 1.1 05 0
0 -2.0 -2.0 100 50 0 0 0 0

Making the grid more negative decreases the plate current, and making the grid less negative increases
the plate current, just as in the case of a triode. Grid voltage controls total electron emission. Consequent-
ly, with the grid more negative there is less cathode current andless screen current, as well as less plate
current.

If the grid is made sufficiently negative it stops all cathode current, as in Fig. 10. Then there is zero
plate current, or there is the condition of plate current cutoff. With 100 volts on the plate and 50 volts on
the screen of the particular tube being tested, plate current cutoff occurs with the grid 1.8 volts negative
and, of course, with any grid voltages still more negative.

PLATE VOLTAGE EFFECTS. To observe the effects of plate voltage on currents in a pentode we
shall go back to Fig. 8, where there is 100 volts on the plate and 50 volts on the screen, then alter the
plate voltage with no change of screen voltage.
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With the grid still more negative there is further reduction of all currents.

Plate Voltage Effect On Plate And Screen Currents

Fig. 11-10.
Figure Esig Ec Eg Ep
8 0 0 0 100
11 0 0 0 50
12 0 0 0 150

Escr
50
50
50

Ik
10.1
10.2
10.2

Ip
7.9
7.1
8.0

Iscr Load
2.2 0
3.1 0

2.2 0
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The tests illustrated by Figs. 8, 11, and 12 bring out this rather peculiar property of pentodes; changes
of plate voltage in excess of some certain value have almost negligible effect on plate cumrent. ‘When we
reduce the plate voltage to half its earlier value, to 50 volts in Fig. 11, there is some reduction of plate
current, but not nearly so much as in a triode when its plate voltage is similarly reduced. When we in-
crease the plate voltage on the pentode by 50 per cent, or to 150 volts in Fig. 12, the plate current in-
creases by only 0.1 ina.

When plate voltage is dropped to the same value as screen voltage, Fig. 11, there is a decided increase
of screen current, from 2.2 to 3.1 ma, while there is a drop of plate current. Increasing the plate voltage,
Fig. 12, has no noticeable effect on screen current.

b T
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Fig. 11-11. Making the plate less positive causes only a slight reduction of plate current.
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SCREEN VOLTAGE EFFECTS. Once again we shall go back to the conditions of Fig. 8 as a starting
point, then change the screen voltage while holding everythingelse constant. The results are shown by

Figs. 13 and 14, as follows.

Screen Voltage Effect On Plate And Screen Currents

Figure Esig Ee Eg
8 0 0 0
13 0 0
14 0 0

-
1
5
B

b
s

&

R, I RN

Fig. 11-12.

Ep Escr
100 50
100 30
100 70

Cathode Current

¥

Ik Ip
10.1 7.9

60 4.6
14.8 113

Plate Volts

Iscr
282
14
3.5

A more positive plate causes hardly any increase of plate current.

LLoad
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Plare Voles

-

Fig. 11-13. Lowering the screen voltage drops the plate current.

In these tests we discover the factor which has real control over plate current in a pentode, it is screen
voltage. Dropping the screen voltage by only 20 volts, from 50 volts in Fig. 8 to 30 volts in Fig. 13, brings
plate current down to little more than half its former value. When we increase the screen voltage from 50
in Fig. 8 to 70 in Fig. 14, plate current goes up by almost 50 per cent. This is something’you should not
forget when working on service jobs; pentode plate current is determined almost entirely bys creen voltage,
and is little affected by plate voltage.

As we should expect, varying the screen voltage has a decided effect on screen current. ‘For low values
of screen voltage the screen current is just about proportional to screen voltage,but for higher screen volt-
ages the screen current increases at a greater rate than screen voltage.
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Fig. 11-14  Plate current is controlled almost wholly by screen voltage.

PENTODE PLATE CHARACTERISTICS. Everything which we uave seen happen in Figs. 8 through 14
may be shown more completely and for wider ranges of operating conditions by a family of plate character-
istics for whatever tube is under consideration. Pentode plate characteristics appear generally similar in
form for all types of tubes. We have been working with a voltage amplifier pentode. Characteristics for a
power amplifier pentode are shown by Fig. 15. Except that the power tube will safely carry greater cur-

rents, and possibly may be worked at higher voltages, the characteristics for our 6AC7 would look much
the same.

Fig. 15 has curves for various grid voltages, from zero to 6 volts negative. You can see how plate cur-
rent decreases from one curve to another as the grid is made more negative. It is also apparent, that above
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;ome certain plate voltage on. each curve, plate voltage changes have very little effect on plate current.
Any family of plate characteristics, such as the one illustrated, applies for only one certain screen volt-
age, usually for a screen voltage commonly employed in practice. Screen voltage has such great effect on
pentode performance that a different family of plate characteristics is needed for each screen voltage. ‘On
some graphs of plate characteristics there are additional curves showing screen currents.

MUTUAL CHARACTERISTICS. Another way of showing relations between grid voltage and plate cur-
rent for some particular voltages on plate and screen is illustrated by Fig. 16. Here we have three curves
cailed mutual characteristics. The upper curve applies with no load resistance in the plate circuit. The
middle curve shows performance with a 7500-0hm load, and the lower one with a 10,000-ohm plate load.
The mutual characteristics of Fig. 16 are not drawn for the 6AC7 pentode with which we have been work-
ing, but they illustrate in a general way the form of such curves for any pentode working at certain plate
and screen voltages.
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Fig. 11-15.  Plate characteristics for a pentode power amplifier.
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PLATF MmIt LIAMPERES

Mutual characteristics of a pentode operated with different loads.

A mutual characteristic sometimes is used to illustrate relations between signal voltage on the grid and
current in the plate circuit. Fig. 17 is an example. Alternating signal voltage applied to the grid is shown
below the graph. Zero signal voliage is on the line corresponding to the negative grid bias, here 3 volts.
The signal swings positive and negative from the bias value, making the grid less negative and more nega-

tive during each cycle.

Plate current for each value of grid voltage is spotted along the characteristic curve and lines are car
ried out toward the right for drawing a representation of the alternating plate current which results from the
alternating grid voltage. Although positive and negative swings of grid voltage are equal, the plate current
swings to a greater positive value than negative value. This is because negative grid swings bring opera-
tion down onto the more sharply curved portion of the characteristic. This could be avoided by using a less
negative bias to bring the entire operation onto a nearly straight portion of the curve.

World Radio Histo
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Fig. 11-17.  Using a mutual characteristic to show the transfer of a signal from the grid to . te
circuit.

PENTODE AMPLIFICATION. Now we shall go back to the 6AC7 pentode and watch it amplify a sign.’
voltage. In Fig. 18 the /nput meter shows a signal voltage 0.2 volt positive. Bias is about 1.0 volt nega-
tive, and grid voltage is the difference between bias and signal, about 0.8 volt negative. For amplification
we must have a plate load resistance, so a resistor of 40,000 ohms has been connected between the ter-
minals above the Ouzput meter. In Fig. 19 the input signal has swung to 02 volt negative, bias is 1.0 volt
negative, and grid voltage is the sum of negative bias and signal voltages, or is 1.2 volts negative. Here
are the comparative readings.

Amplification With 40,000-0hm L oad

Figure Esig Ec Eg Ep Eo Escre Ip
18 +0.2 -1.0 -0.8 90 150 75 4.0
19 -0.2 -1.0 -1.2 135 105 75 2.4

Change 0.4 0.4 45 45

Voltage gain. 45(Eo) + 0.4 (Esig) = 1125



COMMERCIAL TRADES INSTITUTE

Lesson No. 11 — Page 19

Total change of signal voltage is 0.4 volt, from 0.2 volt positive to 0.2 volt negative. Total change of
output voltage (Eo) across the load resistor is shown by the Output meter to be 45 volts, from 150 volts
down to 105 volts. Dividing the change of output voltage by the change of input voltage shows the voltage
gain to be 112.5 times for the particular operating conditions here used.

Voltage from the d-c power supply must equal the sum of voltage drop in the tube, which is plate volt-
age, and voltage drop in the load resistor, which is output voltage. Power supply voltage was held at 240
volts, as you will find by adding the plate and output voltages during eachtest.

Plate Current

Fig. 11-18. The first step in amplifying a signal of 0.2 volt at the grid.

World Radio Histor
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Fig. 11-19.  Here the signal voltage has swung to 0.2 volt negative.

When the grid is made more negative the plate voltage increases or becomes more positive, changing
from 90 to 135 volts. This illustrates the inversion of voltage changes between grid and plate of any tube;
the plate goes positive when the grid goes negative, and vice versa.

With constant voltage from the d-c power supply, load voltage must increase when plate voltage drops,
and load voltage must drop when plate voltage rises.

Doubtless you have noticed that the listed values of plate current flowing in a 40,000-0hm load resistor
would not cause the voltage drops indicated by the Output meter. This is because the meters in the plate
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Fig. 11-20.  With less load resistance there is less voltage across the load.

circuit are taking small currents to move their pointers, in addition to the true tube cuicent. This effect
would not exist were the meters removed, as for normal operation, and, anyway, it is too slight to affect
the truth of conclusions being drawn from the various tests.

Now let’s check the effect on amplification of changing the load resistance. In Figs. 20 and 21 the load
resistor has been changed to one of about 7700 ohms. The input, bias, and grid voltages are the same as

in Figs. 18 and 19, and screen voltage is still 75 volts. Caeck these comparative readings against the
previous ones.
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Amplification With 7,700-ohm Load

Figure Esig Ec Eg Ep Eo Escr Ip
20 +0.2  -1.0 -0.8 144 27 75 4.0
21 02 -1.0 -1.2 151 20 75 2.3

Change 0.4 0.4 7 7

Voltage gain. 7 (Ep) = 04 (Esig) = 175

- L 18
Biis V&Ie8 Cathode Current SIS { Screen Volts |

Fig. 11-21. The change of output voltage is small with the small load resistance.
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This brings out the all-important fact that voltage gain depends to a large extent on load resistance in
the plate circuit. Reducing the load to about 20 per cent of its former value has dropped the gain to about
15 per cent of its former value. Plate current has changed by approximately the same amount with both
load resistances. This shows that transconductance of the tube has undergone little change, since trans-
conductance is measured as microamperes of plate current change per volt of grid voltage change.

With any given transconductance, the greater gain is always realized with a greater plate load resis-
tance. An optimum value of resistance is reached when the plate voltage for a given tube is correct, and
the plate supply has not been increased above normal for the particular receiver.

It would not be possible economically to obtain the calculated or the theoretical gain of a pentode tube,
because of the excessive voltage drop across the plate load resistance. The internal tube resistance of a
6AC7,is 1 megohm when its plate voltage is 300 volts. To obtain the theoretical gain, the plate load resis-
tance must be greater than the internal tube resistance. With a plate load resistance larger than 1 megohm,
the plate supply voltage required would be comparable to that of a small transmitter.

The decreased working gain is not a serious loss in obiaining the required overall gain of a receiver.
Two stages of amplification using type 6AC7 tubes, and with constants as shown in Figs. 20 and 21 would
give an overall gain of 17.5 multiplied by 17.5 or a total gain of approximately 306.

If two tubes having different transconductances are operated with equal plate load resistances, there
will be greater gain from the tube of greater transconductance. Neither high transconductance nor high load
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Fig. 11-22.  Mutual characteristics for a remote cutoff pentode (broken line) and for a sharp cutoff pentode
(full line).
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resistance will, by themselves, give high voltage gain. There must be both high transconductance and high
load resistance; gain is approximately proportional to their product.

SHARP AND REMOTE CUTOFFS. Pentodes designed for voltage amplification are of two general types,
sharp cutoff and remote cutoff. The difference is illustrated by the two mutual characteristic curves of
Fig. 11-22. The solid line curve is a mutual characteristic for a sharp cutoff pentode, and the broken line
curve is a mutual characteristic for a remote cutoff pentode. Both curves were taken with 250 plate volts

and 100 screen volts.

As grid voltage is made more negative the plate current of the sharp cutoff pentode drops rapidly toward
zero and, for the tube illustrated, there is plate current cutoff when the grid becomes about 4 volts nega-
tive. Plate current of the remote cutoff tube drops rapidly as the grid is made negative through the first
few volts, but then drops more and more slowly. Plate current cutoff does not occur until the grid is about

27 volts negative.

The remote cutoff feature is obtained, as shown in Fig. 11-23, by spacing the wires of the grid farther
apart at the middle than toward top and bottom. When the grid is only a few volts negative the negative
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Fig. 11-23.  Turns of the remote cutoff grid are widely spaced near the center.
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field around the grid wires can shut off all electron flow ornly where these wires are closetogether, at top
and bottom. The negative field cannot extend all the way between the widely spaced center turns until the
grid is made highly negative, and some electron flow will continue through the center of the grid until this
condition is reached. Electron flow or plate current drops rapidly as the top and bottom parts of the grid
cut off the flow through them, but only slowly as increasing negative field strength gradually cuts off flow
through the widely spaced center turns.

BEAM POVER TUBES. In a modification of the pentode which is called a beam power tube there is no
suppressor, yet secondary electrons are forced back to the plate and kept from reaching the screen. Before
explaining the action of such a tube, let’s look at its construction. The elements are shown by Fig. 11-24.
Inside there is the cathode, and around the cathode are first the grid and then the screen, both formed of
the usual spiral wires. Around the outside is the plate, but between screen and plate, where a pentode
suppressor would be located,are two ““beam forming electrodes’”. These electrodes are not spirals of wire,
they are of continuous metal sheets.

At the left in Fig. 11-25 is a beam power tube from which the plate has been removed. You can see the

BEAM
FORMING ~&
ELECTRODES ¥

Fig. 11-24.  The elements of & beam power tube.
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Fig. 11-25.  Both beam forming electrodes are shown at the left. One has been removed in the picture at
the right.

screen, grid, and cathode through the center opening between the two beam forming electrodes on either
side. In the picture at the right one of the beam electrodes has been removed, showing that the screen and
grid, with their supports, are much the same as in other tubes. The cathode is large, because all beam
tubes are power types capable of handling large plate currents and large swings of plate current.

The beam electrodes are internally connected to the cathode, which places thein at a potential highly
negative with reference to the plate and screen. Negative electrons are repelled by the negative beam elec-
trodes, forcing the electron flow between cathode and plate to travel in two concentrated or confined beams
through the spaces between the opposite electrodes.

Screen voltage is made about the same as plate voltage, when there is no signal. ®hen electrons which
have been drawn from the cathode through the screen reach the space between screen and plate the elec-
trons slow down because there isn’t enough difference between plate and screen voltages to maintain the
speed of these electrons. These slower traveling electrons accumulate in great density at a point be-

tween the screen and the plate, just as people who have been racing along would jam together if they all
had to slow down at one spot.
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The accumulation of negative electrons is a negative charge at the same place where a suppressor would
be in an ordinary pentode. This charge repels secondary electrons trying to go back from plate to screen,
and we have suppression of secondary emission effect.

Confining the entire electron flow fromn cathode to plate into two beams makes this flow quite dense all
the way. The tendency would be for many electrons to enter the highly positive screen and form an unduly
large screen current. This is prevented in a manner clearly evident from the right-hand picture of Fig. 25.
The negative grid and the positive screen have the same number of turns, equally spaced, and with each
screen tum directly outside of a grid tumn. Electrons from the cathode are repelled by the turns of the nega-
tive grid, and thus are diverted away from the turns of the screen. Each negative grid wire forms a sort of
electron shadow, within which is the adjacent screen wire.

PENTODES OPERATED AS TRIODLS. A pentode tube may be operated as a triode type by connecting
the screen and plate of the pentode together at the socket terminals. This is done with all types of pen-
todes; with sharp or remote cutoff voltage amplifiers, also with power amplifiers. With the triode connec-
tion the plate resistance is much less than with the pentode connection. Plate voltage and grid bias
usually are chosen to allow about the same plate current with either connection. Transconductance ordina-
rily is about the same with the tube working either way. When a pentode is connected as a triode its plate
characteristics are of the same general form as those for any other triode.

WHERE TUBE TYPES ARE USED. We have examined the performance of diodes, triodes, tetrodes, pen-
todes, and beam power tubes. All except the tetrode are to be found in almost any television receiver. The
tetrode long ago was replaced by the pentode.

In Fig. 11-26 are shown symbols for eighteen tubes, exclusive of the picture tube, as found in a fairly
typical television receiver. Beginning at the antenna we have the following types. First is the r-f ampli-
fier, a twin triode. Undesirable feedback that could occur in R. F. amplifier triodes working at high fre-
quencies is avoided here by special circuit design.

Next comes another twin triode, with one section used as the r-f oscillator and the other section used
as the mixer tube. Note that here we have two separate cathodes, because the two sections perform func-
tions which must be kept distinct. In the r-f amplifier there is only a single cathode for the two sections,
with only the grids and plates separate in each section.

Following the mixer come three voltage amplifying pentodes acting as i-f amplifiers for video and sound
signals. Following the third i-f amplifier is a twin diode with one section used as a video detector. In this
particular receiver the other section is unused, although it might be used for an automatic gain control
tube, for a restorer, or for some other purpose. Following the video detector is a pentode vide o amplifier.

In the sound section we have first a pentode i-f amplifier. Then comes a single tube containing two
separate diodes which are used as the sound detector or sound demodulator, and also a triode which is
used as a voltage amplifier for audio frequencies. Next we have a beam power tube delivering its audio
signal to the speaker.

Between the video amplifier and the sweep section of the receiver is a pentode used as a sync separator.
Signals from this separator go to the horizontal and vertical sweep oscillators, both of which are twin
triodes with separate cathodes. The horizontal sweep oscillator operates into a beam power tube which
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Fig. 11-26. The various types of tubes used in the circuits of a typical televisiou receiver.

is the horizontal sweep amplifier. The vertical sweep oscillator operates into another twin triode used as
the vertical sweep amplifier.

At the lower left in Fig. 11-26 are the power supplies. In the low-voltage supply we have a rectifier
consisting of a twin diode with two plates and a single filament-cathode. In the high-voltage power supply
there is a beam power tube used as a high-frequency oscillator, also a single diode with filament-heater
which is the high-voltage rectifier.
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LESSON NO. 12

CAPACITORS FOR TELEVISION AND RADIO

IT IS TIME TO STUDY CAPACITORS

We have just finished learning a good deal about electronic tubes. Among other things we have learned
how a tube operates as an amplifier, how a signal voltage applied to the grid reappears in the plate circuit
much strengthened. Now it is in order to learn how signals are brought to the grid, and how amplified sig-
nals are taken from the plate circuit and carried along toward the picture tube or speaker,

Were we to trace the paths through which signal voltages come to grid circuits and leave plate circuits,
most of these paths would be found to include resistors. Many would include inductors or coils. But every
" single tube circuit would include capacitors — with which we are not yet familiar. Capacitors do an astonish-
ing variety of jobs in modern television and radio receivers. It is difficult to explain the workings of prac-
tical circuits without having to talk about capacitors and how they contribute to performance.

Capacitors help select the channel in which reception is desired. Capacitors carry signals from one tube
to another. Capacitors prevent waste of signal strength. Capacitors keep signal voltages from going where
they should not go. Capacitors maintain correct grid biases. We might go much further with this recitation
of what capacitors do, but would only add to the reasons why the time has come to get acquainted with
these remarkable devices.

CAPACITORS FOR TELEVISION AND RADIO

A count of the number of parts of each principal kind in a popular model of television set shows seven-
teen tubes, forty-three inductors or coils, eighty-five resistors, and seventy-six capacitors. From this it is
easy to see why we cannot progress much further without an understanding of capacitors. Inductors and
coils may come later, for there are many circuits without these parts, but we must learn about capacitors
right now.

Fig.12-1 is a circuit diagram for the tuner of a television receiver. There is a pentode r-f amplifier tube,
a twin triode used as r-f oscillator and mixer, and all the connections from the antenna terminals at the
upper left through to the mixer output line at the upper right. In this tuner section are two tubes, seven in-
ductors or coils, seven resistors, and twelve capacitors.

The capacitors are shown by their usual symbol, a straight line and a curved line with a space between
them. These are the symbols marked with letters in the diagram. When an arrow is drawn across the two
lines of the symbol it indicates that the capacitor is adjustable, that its value or electrical size may be
altered by turning a shaft or screw. A symbol with no arrow indicates a fixed capacitcs, one whose value
cannot be altered.




COMMERCIAL TRADES INSTITUTE

Lesson No. 12 - Page 2

RE AMPLIFIER

0SC. & MIXER

1] H
\ )
NN s’

FaY
ikl
Ui w

Fig. 12-1. The parts of a television tuner, as shown by symbols.

Fig. 12-2isa picture of an adjustable capacitor such as used for tuning of superheterodyne sound receiv-
ers. In this unit there really are two capacitors adjusted simultaneously by the one shaft. One capacitor is
for the r-f amplifier, the other is for the r-f oscillator. Fig. 12-3 shows several fixed capacitors of different
sizes. Circuit connections are made to the wire ‘‘pigtails’’ which extend out from opposite ends of the
capacitors.

The capacitor symbols are appropriate, because a capacitor consists of nothing more than two conductors,
or two sets of conductors, separated by insulation. The conductors of a capacitor are called its plates.
The insulation used to separate the plates is called the dielectric of the capacitor. Dielectrics of capac-
itors used in radio and television may be air, paper, mica, ceramic compounds, or thin films of oxides.

As we shall learn shortly, the usefulness of a capacitor is due to the fact that its plates may be charged
and discharged. To one plate of a capacitor we may add electrons and give this plate a negative charge, at
the same time taking away from the other plate an equal quantity of electrons to give the other plate a pos-
itive charge. The dielectric between the plates prevents electrons from flowing from plate to plate within
the capacitor, and thus keeps the charges separated. The plates may be charged and discharged only through
external connections.
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Insulating materials used for dielectrics are no different from the same materials when used as insulation
for confining electron flow to certain paths. The materials are called dielectrics when used between the
plates of a capacitor, or when we are considering the materials as to their behavior when subjected to
electrostatic fields such as exist between opposite charges in a capacitor and also at many other places
in radio apparatus. The name dielectric merely tells us how or where the insulating material is used, or
indicates what properties of the material are important in a particular application.

The devices which we call capacitors formerly were called condensers, and still are called condensers
by many people. The name condenser was originally adopted because two plates separated by a dielectric
seem to condense or collect electricity within the device. But there are many other kinds of condensers;
some for steam and some for other vapors, including condensers used in refrigerators, and there are syn-
chronous electric condensers which are a type of electric motor. If we use the name condenser as meaning
a capacitor we really should say electrostatic condenser to distinguish it from all the other kinds. It is
easier to use the name capacitor, which has only one meaning.

KINDS OF CAPACITORS. Capacitors may be classified or described in any of several ways. One class-

ification is based on whether the capacitor is fixed or adjustable. Another classification is based on the
kind of dielectric in the capacitor. Fig. 12-2 shows an adjustable air-dielectric capacitor. Fig. 12-3 shows

STATOR

Fig. 12-2. A dual or tandem tuning capacitor for a superheterodyne sound receiver.
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Fig. 12-3. Fixed capacitors made with paper dielectric.

fixed paper capacitors, in which the dielectric is thin sheets of paper. We may have also mica capacitors

withmica dielectric, ceramic capacitors with ceramic compositions as dielectric, and electrolytic capacitors
with oxide films as their dielectric.

Still another method of classification is based on the particular purposes served by the capacitors. Accord-
ing to their uses, the capacitors of Fig. 12-1 would be described as follows.

A, E and G.
I, K and L.
B.

H.

F.

D

Adjustable trimmer capacitors which tune the r-f amplifier grid and plate circuits, also the

mixer grid circuit, for frequencies of the channel to be received. All these tuning capac-
itors are service adjustments.

These tune the r-f oscillator circuit to produce the correct intermediate frequency for the
i-f amplifier which follows the tuner. Unit I is a fixed capacitor, K is a service adjustment,
and L is a *‘“fine tuning’’ adjustment used by the operator of the receiver.

A bypass capacitorto complete a path for high-frequency signal voltages from grid to cath-

ode of the r-f amplifier without forcing these voltages to act through other parts of the
receiver.

A blocking capacitor to prevent the high positive voltage in the oscillator plate circuit
from reaching the oscillator grid.

A coupling and blocking capacitor to carry signal voltage from the plate of the r-f amplifier

to the grid of the mixer while preventing the positive voltage at the plate from reaching
the grid.

A decoupling capacitor which lessens signal feedback through connections running from
the same power supply to more than one tube.
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C and J. Decoupling capacitors which prevent signal transfer from tube to tube through heater con-
nections.

Evidently a capacitor is capable of doing many different things. In the preceding list are capacitors for
tuning (A-E-G-I-K-L), others for bypassing a signal around parts in which it should not flow (B), for block-
inga positive voltage so that it does not reach a negative grid (F-H), for coupling a signal from one circuit
into another (F), and for decoupling to prevent signal feedback from one circuit to another (C-D-J). Even
this imposing list does not include all the uses for capacitors in radio and television. Later we shall in-
vestigate highly important filter capacitors which help separate one frequency from others, and other capac-
itors for such special purposes as padding and peaking.

The capacitors shown ina wiring diagram may be represented by any of a wide variety of symbols. Across
the top of Fig. 12-4 are symbols for fixed capacitors. The one most often used in radio and television
circuit diagrams is at the left. If a capacitor is of such construction that one side is best adapted for con-
nection to ground, and if this capacitor actually is connected to ground, the curved line is supposed to in-
dicate the grounded side. Over at the right in the top row of symbols are represented multiple capacitors
having a single plate for a charge of one polarity and more than one plate for cpposite charges.

Tke lower row of symbols represent adjustable capacitors. Always there is an arrow. If the arrow is
centered on one of the plates, that is the movable plate of the capacitor. At the right-hand end of the lower
row of symbols is one for a capacitor with a single movable plate and two fixed plates.

Thetwo plates ofa capacitor may be of various shapes and sizes. In the adjustable capacitor of Fig. 12-2
there are sets or groups of movable plates which are called rotor plates because they rotate with the shaft
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Fig. 12-4. Symbols for fixed capacitors (top row) and for adjustable capacitors (bottom row).
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Fig. 12-5. The foil plates and paper dielectric of one kind of fixed capacitor.

through part of a turn. There are sets of stationary plates which are called stator plates. All the rotor plates
are joined together to form one electrically continuous conductor, and all the stator plates are joined together
to form the other continuous conductor. In the construction pictured, the rotors and stators alternate; first a
rotor, then a stator, another rotor, and so on. Between each rotor or stator and plates of the opposite kind
on both sides is air which acts as the dielectric in this capacitor.

Fig. 12-5 shows the internal construction of a fixed capacitor which has thin aluminum foil for plates and
oiled or waxed paper for the dielectric. The capacitor has been unrolled to show how it is built. Extending
out toward the extreme left is one sheet of paper dielectric. Then comes one of the metal foil plates, fol-
lowed by two more layers of dielectric paper, and finally the second metal foil plate. When the foil and
paper are rolled tightly together the foil plates are everywhere separated by the dielectric paper. A terminal,
orpigtail connection, is provided for each foil plate, and the whole arrangement is protected with some form
of insulating cover which often is a wrapping of heavy paper.

Later we shall look into still other kinds of capacitor construction, but always there will be two electric-
ally continuous conductors, the plates, separated everywhere by the dielectric. Consequently, for discussing
the behavior of capacitors we may represent any and all of them by two conductor plates separated by a di-
electric.

CHARGING AND DISCHARGING. At the leftinFig. 12-6 a capacitor is represented by two plates with a
space between them. In series with the capacitor are a battery, a switch, and a meter of the zero-center
type. With the switch open, as shown by full lines, the meter pointer stands at zero because there is no
electron flow. In the instant during which you close the switch, to its broken-line position, the pointer of
the meter will swing momentarily away from zero and then immediately return to its zero position. There has
been a momentary electron flow, in spite of the fact that the capacitor plates are separated by insulation
(the dielectric) through which no electrons can flow.
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What happens is this: As soon as the switch was closed, free electrons left the negative terminal of the
battery, passed through the switch and meter, and entered the left-hand plate of the capacitor. During the
same time an equal number of free electrons flowed out of the right-hand plate of the capacitor and entered
the positive terminal of the battery.

The left-hand plate of the capacitor acquired a surplus of electrons and became negatively charged. The
right-hand plate of the capacitor lost electrons and became positively charged. Electrons flowed into and
out of the capacitor plates, but no electrons flowed through the insulating dielectric between the plates
and no electrons flowed all the way through the capacitor.

We know that there is a difference of potential between positive and negative electric charges. In only
the smallest fraction of asecond after closing of the switch, the charges on the two capacitor plates became
large enough to have a potential difference equal to that of the battery. As you can see by the positive and
negative signs on the capacitor and battery, the potential of the capacitor opposes that of the battery — the
two are connected positive to positive and negative to negative. With the two equal potential differences
opposing each other there remains no force to continue the flow of electrons, the flow stops, and the pointer
of the meter returns to zero.

By connecting the battery to the plates of the capacitar we charged the capacitor. The plate connected
to the negative terminal of the battery acquired a negative charge, and the one connected to the positive
terminal of the battery acquired a positive charge. Potential difference due to charges on the capacitor
plates became equal to the potential difference or the terminal voltage of the battery.

If the switch is opened after the capacitor is charged, the charge must remain in the capacitor or the two
charges must remain on the two plates. The charges have to remain because electrons cannot flow through
the insulatingdielectric, and they cannot flow through the circuit connections which are open at the switch.

While the switch is opened, and the capacitor charged, we shall remove the battery and make a direct
connection as at the right in Fig. 12-6. Upon again closing the switch there is a momentary swing of the
meter pointer. But now the pointer moves away from zero in a direction the opposite to that in which it
moved during charging of the capacitor. Surplus electrons from the negatively charged plate of the capacitor
have flowed through the meter and the closed switch over irto the positively charged plate. The plate which
was negative loses its surplus of electrons, while the one which was positive regains its lost electrons.
Both plates become neutral, and the capacitor is discharged.

- I+ -| |+

CHARGE

DISCHARGE

BATTERY

Iig. 12-6. Directions of electron flow are opposite during charge and discharge.
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Fig. 12-7. Charges strain the dielectric to cause displacement of electrons and nucleus in atoms.

WHAT HAPPENS IN THE DIELECTRIC. While the capacitor plates retain their charges there are lines
of electric force or electrostatic force extending in all directions around the plates, but being most intense
in the space between the plates. In this space is a relatively strong electric field. The space between the
plates contains whatever substance is acting as dielectric, and so the electric field produced by charges
on the plates is acting in the dielectric,

In Fig. 12-7 a few of the atoms in the dielectric are represented by circles with positive signs for the
central positive nucleus and negative signs for a few of the electrons in each atom. All the negative elec-
trons in all the atoms of the dielectric are repelled by the negative charge of one capacitor plate while
being attracted by the positive charge of the opposite plate. Free electrons will shift away from the neg-
ative plate and toward the positive plate, But in addition to this easy movement of the free electrons all
the other electrons will undergo some slight displacement in their atoms. These latter are the bound elec-
trons, which do not leave their atoms but do move within the atoms. When the polarity of the capacitor plates
is reversed, as between left and right in Fig. 12-7, all the electrons will shift in a reversed direction —
always trying to follow the plate attraction and repulsion.

The positive nucleus of every atom is repelled by the positive plate and attracted by the negative plate.
Consequently, there is a slight shifting of all the nucleuses in a direction opposite to that of electron shift
withinthe atoms. The atoms become strained and distorted, although they do not move away from their orig-
inalrelative positions in a solid dielectric material. The slight movement of electrons within the dielectric
may be called a displacement current, because there is movement of electrons even though they are not free
electrons such as cause ordinary conduction currents.

It takes work to shift the electrons and nucleuses within their atoms. If a capacitor is connected into a
circuit having an alternating potential, the shifting back and forth will occur during every cycle. At high
frequencies the shifting occurs so often that the necessary work produces heat in the dielectric as the
electrical energy changes into heat energy. Incidentally, this is the principle utilized in one of the important
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processes of industrial electronics, the process which is called dielectric heating. By means of this method
heat is produced at the same time and uniformly throughout the whole body of any non-conducting substance.

ANOTHER HYDRAULIC ANALOGY. In one of the earlier lessons we used a water circuit to show why

electron flow must be the same everywhere in a series circuit, even when the flow is alternating. In that
water circuit we had a reciprocating water pump and some piping. Now, in another closed water circuit
completely filled with water and containing a reciprocating pump we shall insert a hydraulic arrangement
which well illustrates the behavior of a capacitor in an electric circuit. This new water circuit is shown

by Fig. 12-8.

At the top are two water chambers separated by a sheet or a diaphragm of thin, flexible rubber. The two
water chambers correspond to the two plates of a capacitor. Water which flows into and out of the two
chambers corresponds to electrons which flow into and out of the capacitor plates. The rubber diaphragm
which may be stretched or strained or deformed corresponcs to the dielectric of the capacitor. Down below
is the reciprocating water pump which corresponds to a source of alternating potential and current.

When the pump piston is pushed toward the left, at A, water is forced into the left-hand chamber. Compar-
ing the water particles with electrons, we would say that the left-hand chamber becomes negatively charged,

for it has an excess of water particles (electrons). An equal quantity of water particles (electrons) must
leave the opposite chamber (plate) and go to the pump (source).

It is quite necessary to realize and remember that, so long as the water circuit is completely filled with
water, it is impossible for water to enter one chamber without having an exactly equal quantity leave the
opposite chamber, and no water can leave one chamber unless an equal quantity enters the opposite chamber.
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Fig. 12-8. A capacitor acts much like two water chambers with a flexible diaphragm between them.
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CHARGING VOLTAGE

Fig. 12-9. Increasing the plate area increases the charge.

The real importance comes in remembering that charge and discharge must be equal in the two plates of a
capacitor. When electrons flow into one plate from a circuit connected to the other plate through external
conductors, just as many electrons must flow out of that other plate and into the circuit conductors.

When the pump piston is moved toward the right, as at B, all the actions are reversed. An excess of water
particles (electrons) is forced into the right-hand chamber (plate) which now is given a “negative”’ charge.
Anequal quantity of water particles (electrons) must flow out of the left-hand chamber (plate), leaving here
a deficiency which, for electrons, is a positive charge.

Were the pump piston moved to either end of its stroke and then released, the stretched diaphragm would
return to its central position as water left one chamber and entered the other. Thus our water “‘capacitor’’
would discharge. Similarly, if a potential difference which has been maintaining charges in capacitor plates
is removed, the capacitor will discharge through any complete conductive circuit which is between the two
plates.

Were the pump piston moved rapidly back and forth there would be an alternating flow of water into and
out of the two chambers, and the diaphragm would be flexed one way and then the opposite way as the flow
reversed. But no water would flow all the way through the water ““capacitor’’, because that would require
puncturing the rubber diaphragm.

Similarly, in an electrical capacitor carrying alternating current, no current or no electrons flow all the
way through the capacitor. Only were the potential difference applied across the plates and dielectric so
great'as to cause actual puncture of the insulating dielectric could there be electron flow right through the
capacitor. With all potential differences less than that which will puncture the dielectric, the electron flow
canbe only into and out of the capacitor plates as the dielectric is strained first one way and then the other.

From what has just been said it becomes quite plain that alternating current may flow in a circuit which
contains a capacitor or capacitors in series. The electrons surge back and forth in all parts of the circuit,
including the capacitor plates, and we have alternating current. It is equally plain that a capacitor will not
permit flow of direct current through a circuit with which the capacitor is in series. Direct current means
electron flow always in the same direction. A flow in one"direction might continue until the series capac-
itor became charged to a potential difference equal to that causing the flow, but then the flow would stop.
It is absolutely essential that you learn to look on capacitors as permitting flow of alternating current, and
as preventing flow of direct current other than during the instant of charging the capacitor.

If we wish to have a greater alternating flow of water in the water circuit, and if on the pump piston there
can be exerted only some limited amount of pressure, there are several things which may be done. For one
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thing we might use larger water chambers. Then more water could leave and enter without distending the
diaphragm so far and without developing so much diaphragm pressure for opposing the pump pressure. Another
way would be to use a more flexible diaphragm, one which would stretch farther each way with a given ap-
plied pressure, and thus would allow more water to enter and leave the chambers.

There are corresponding ways of increasing the flow of alternating current in capacitors with any given
voltage from the source. Using larger plates or more of them corresponds to using larger water chambers.
Usinga dielectric material of greater ““dielectric constant’ corresponds to using a more flexible diaphragm
between the water chambers. We shall investigate these el=ctrical methods.

ABILITY TO RECEIVE CHARGES. Increasing the electron flow or the rate of electron flow in a capac-
itor by using more or larger plates is not difficult to understand. If some certain charging voltage is applied
to the pair of plates marked A in Fig. 12-9 some certain quantity of electrons will flow into one plate and
out of the other plate. If the same charging voltage is applied at the same time to the pair of plates marked
B, and if these plates and their dielectric are exactly like the plates and dielectric at A, the total flow of
electrons from and to the charging source will be doubled. Adding a third pair of similar plates at C will
allow a total charge and total electron flow three times as great as with only one pair connected to the
charging source.

In Fig. 12-9 we have the equivalent of three separate capacitors with one plate of each unit connected
to one side of the charging source and with the remaining plate of each unit connected to the other side of
the sowrce. The same effects on electron flow could be had by doubling or trebling the size of the plates in
a single capacitor.

InFig.12-10 we have some multi-plate capacitors. At the left is the type with one positive plate and one
negative plate, the type we have already considered. At the center is a type with a single negative plate
in between two positive plates. Note that the addition of the one extra plate has produced one additional
electrostatic field, because there is such a field in the space between any two charges of opposite polarity.
Over at the right there has been added another negative plate outside one of the positive plates. This again
increases the number of electric fields by one. The number of fields always is one less than the number of
plates.

The only part of the capacitor plates which counts, so far as ability to receive a charge is concerned, is
the surface area which is on one side of a field between opposite charges. Another way of saying the same
thing is to state that only the plate surface area in contact with the dielectric has any effect on ability to
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Fig. 12-10. Ability of a capacitor to receive a charge is affected by plate sarface in contact with the
dielectric, or on opposite sides of electric fizlds.
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Fig. 12-11. Moving the plates closer together or using thinner dielectric allows the capacitor to take more
charge.

receive a charge. The outside of the plates, which are not in contact with the dielectric, have no effect on
charging.

The reason for all this becomes apparent if we look back at Fig. 12-7. The shifting of electrons in the
atoms ofthe dielectric places an excess of these electrons (a negative charge) on the side of the dielectric
which is toward the positive plate, and at the same time makes a deficiency of electrons (a positive charge)
on the side of the dielectric toward the negative plate.

There really is attraction between the negative charge on one side of the dielectric and the adjoining
positive charge of one plate, and between the positive charge on the opposite side of the dielectric and the
adjoining negative charge of the other plate. The free electrons forming the charges on the plates are ‘‘bound”
by the opposite charges of the dielectric. Only the electrons at the surfaces of the plates are thus bound by
the dielectric charges. No matter how thick a plate is made, without increasing its surface area in contact
with the dielectric, no additional charge can be held by the plate. A plate 1/1000 inch thick holds just as
much charge as one an inch thick.

Now for another factor which affects the ability of the capacitor to receive and retain a charge, or the
ability of the plates to receive and retain negative and positive charges which, together, are spoken of as
the charge of the capacitor. At the left in Fig. 12-11 are the two plates of a capacitor in series with a zero-
center current meter and a battery. The plates have taken their charges and the meter pointer has returned
to zero. If the plates now are moved closer together, as at the right, there will be a momentary swing of the
meter pointer in the direction which indicates charging. Merely moving the plates closer together, or de-
creasing the thickness of the dielectric, has enabled the capacitor to take an additional charge. There has
been no change of surface area in contact with the dielectric, and no change of battery voltage, only a
change in plate separation.



COMMERCIAL TRADES INSTITUTE

Lesson No. 12 - Page 13

With all other factors unchanged, the charge that a capacitor will take is inversely proportional to the
separation between plates or the thickness of dielectric. Half the separation enables the capacitor to take
twice as much charge. Twice the original separation would cut the charge receiving ability in half. The
reason is as follows.

The less the distance between the plates, or the thinner the dielectric, the more intense is the electric
field between the plates and in the dielectric for any given battery voltage. The stronger or more intense
this field, the greater is the displacement of electrons in atoms of the dielectric material. This increases
the strength of charges at the surfaces of the dielectric, and these stronger dielectric charges attractand
repel greater quantities of free electrons in the plates, or bind greater quantities of free electrons on the
plates. Thus the plates and the capacitor are able to receive and retain greater charges.

Now we have two ways of altering the charge-receiving ability by changing the construction of a capacitor.

1. The charge is increased by more plate area in contact with the dielectric.

2. The charge is increased by less separation between plates, or by thinner dielectric.

Fig. 12-12. Using glass instead of air as the dielectric increases the alility to receive and retain a charge.
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There is one more thing which may be done with the construction of a capacitor to alter its ability to re-
ceive andretain a charge. This structural change may be illustrated by means of the small adjustable capac-
itor pictured at the left in Fig. 12-12. This is a type used for controlling energy feedback in some tube
circuits. At the left there is only air acting as the dielectric between the two circular metallic plates. At
the right there has been slipped into the space between the plates a sheet of glass to act as dielectric. The
charge taken by the capacitor with this particular kind of glass dielectric proved to be more than four times
as much as with air dielectric.

If mica were to be used instead of glass the charging ability of the capacitor would be increased about
the same as with glass; much depending on the grade or kind of mica. Ordinary paper used for the dielectric
would allow approximate doubling of the charge. Various kinds of ceramic dielectric materials would increase
the charge more than one hundred times as compared with that for a capacitor similar in every way except
for having air dielectric.

DIELECTRIC CONSTANTS. The number of times that the charging ability of a capacitor is increased by
substituting for air dielectric some other dielectric substance, with everything else unchanged, is called
the dielectric constant of that other substance. The dielectric constant of air usually is taken as 1.0. Only
afew gases (hydrogen for one), and a complete vacuum, have dielectric constants less than that of air, and
even then the difference is a very small fraction of one per cent. The accompanying table lists the dielec-
tric constants of insulating and dielectric materials commonly used in radio and television.

DIELECTRIC CONSTANTS

Air 1.0 Polyethylene 2.3 to 2.4
Glass, flint 9.0 Polystyrene 2.4 to 2.8
Pyrex 4.0 to 5.0 Porcelain, unglazed 5.0 to 7.0
Mica 5.4 to 8.0 Quartz 4.7 to 5.1
Paper, plain 2.0 to 2.6 Steatite 4.8 to 6.5
wax impregnated 3.5 low loss 4.4
Phenolic compounds, mica filled 5.0 to 6.0 Titanium dioxide 90 to 170
low loss 5.3 Waxes 1.9 to 3.2

As shown by the table there is wide variation of dielectric constant in samples of materials of the same
name, because there are differences in methods of manufacture and in the proportions and kinds of elementary
substances put into various compounds or mixtures. Also, if a dielectric absorbs moisture the constant is
increased. Charging with direct potential gives a different constant than charging with alternating potential,
and the higher the alternating frequency the less is the effective dielectric constant. When charging is with
direct potential the effective dielectric constant varies with the time the charging potential is continued.
The apparent dielectric constant is altered also when other dielectric materials are close enough to be in
the same electric field. Unless the dielectric constant of a particular batch of material is tested under lab-
oratory conditions the specified value from tables is only approximate.
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Fig. 12-13. The quantity of charge is directly proportional to applied voltage.

EFFECTOF APPLIED VOLTAGE. We have considered the three things which may be done in the capac-

itor itself to alter its ability to receive and retain a charge. These are:
1. A change of plate area in contact with the dielectric.
2. A change of plate separation, or of dielectric thickness.

3. A change of dielectric constant.

The only other thing which may be done to vary the charge of a capacitor has nothing to do with the
manner in which the capacitor is constructed or adjusted. This other thing is the potential difference ap-
plied to the opposite plates of the capacitor. At the left in Fig. 12-13 the capacitor has been charged by
closing the switch. The amount of charge, or the current producing the charge, has caused the meter pointer
to swing about half the scale length toward the right before returning to zero with the charge completed.

If the capacitor now is discharged, and then, as at the right, an extra battery just like the first one is
connected into the series circuit there will be twice the original potential difference applied to the capac-
itor when the switch again is closed.The meter pointer will swing about twice as far as before.

The quantity of charge taken by any capacitor is directly proportional to the applied difference of poten-
tial. Twice the potential difference will make the capacitor take twice as much charge, half the potential
difference will cause only half the former charge. By using greater applied potential difference we may use
a smaller capacitor and still have just as much charge, or we have more charge with the same capacitor.

CAPACITANCE. The ability of a capacitor to receive and retain a charge is called capacitance. If, when
a potential difference of one volt is applied to the plates, the capacitor takes a charge of one coulomb of
clectricity then the capacitance is one farad. The farad is the basic unit of capacitance, just as the volt is
the basic unit of potential difference and the ampere is the basic unit of rate of electron flow.
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Fig. 12-14. High-voltage capacitors are larger than those of the same capacitance for use at lower voltage.

If you could construct a capacitor having a capacitance of one farad you would have difficulty in finding
aplace for your masterpiece, for if the plates were parallel and 1/16 inch apart, and the dielectric were air,
this capacitor would cover a little less than 45,000 acres of ground when laid on its side. Needless to say
there are no one-farad capacitors.

The common units of capacitance are the microfarad and micro-microfarad. One microfarad is the one-
millionth part of a farad, and one micro-microfarad is the one-millionth part of a microfarad. Microfarad is
abbreviated as mfd or sometimes as mf. Micro-microfarad is abbreviated as mmfd or as mmf. The symbol for
capacitance in farads is the capital letter C. When this letter C is used for smaller units of capacitance
the unit really should be specified, but this rule is not always followed.

When the rotor plates of the double capacitor of Fig. 12-2 are turned all the way in between the stator
plates, for maximum area in contact with the dielectric, the capacitance of the larger section is 375 mmfd
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and of the smaller section is 150 mmfd. Capacitance of the two-plate capacitor of Fig. 12-12 without the
glass is 7 mmfd, and with the glass it is 34 mmfd.

Fig. 12-14 shows two paper-dielectric capacitors, each having capacitance of 2 mfd. The dielectric paper
in the smaller unit is thick enough to withstand*maximum working voltage of 600 volts, and in the larger
unit the dielectric is enough thicker to withstand 1500 volts. Using thicker dielectric reduces the capacitance
per square inch of active plate surface, consequently the capacitor for higher voltage requires more plate
surface and greater size for the same capacitance. The smaller of these two units is 2 7/8 inches high and
the larger one is 4 1/8 inches high.

Formerly it was general practice to specify all capacitances in microfarads and decimal fractions of micro-
farads. Nowadays we usually specify small capacitances in micro-microfarads. Here are a few comparisons
of equal capacitances shown in the two units.

Mfd. .00001 .0001 .00025 .0022 .0068 .05
MMfd. 10 100 250 2200 6800 50000

Examination of these equal values discloses an easy way of translating from one unit to the other. To
change the decimal fraction of mfd to the whole number of mmfd add to the fraction enough ciphers to make
a total of six places to the right of the decimal point.Example: change .00025 into .000250. Then drop the
decimal point and all ciphers to the left of the first numeral. To change a whole number of mmfd to a decimal
fraction of a mfd add to the left of the whole number enough ciphers to make a total of six digits, then put
on the decimal point at the left and drop all ciphers originally to the right-hand side of the whole number.
Example: change 2200 inte .002200, then drop the right-hand ciphers to make .0022.

The property of a capacitor which we call capacitance sometimes is called capacity. The correct name
would be electrostatic capacity, to distinguish this kind from all the other kinds of capacity, from that of a
quart measure on through a long list. [t is easier to say capacitance, a word whose meaning cannot be
mistaken.
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LESSON NO. 13

TYPES OF CAPACITORS AND THEIR USES

We have learned how capacitors charge and discharge, how they permit flow of alternating current while
preventing flow of continual direct current, and we have learned about the features of a capacitor which de-
termine its capacitance. All this will help in understanding the behavior of circuits which include capaci-
tors, and will help in recognizing some of the troubles which are due to faulty capacitors. But in service
work it is necessary to understand also the particular advantages and disadvantages of the differ:nt kinds
of capacitors, and to be acquainted with such matters as voltage ratings, tolerances, and the effects of tem-
perature change. These things we shall now proceed to discuss.

VOLTAGE RATINGS. One of the items always mentioned in descriptions of capacitors is working volt-
age, which is the maximum continual voltage at which the capacitor is designed to operate without danger
of breakdown. This rating nearly always is specified as a d-c (direct-current) working voltage. A d-c work-
ing voltage is als. the maximum or peak working voltage. Were the same limit to be expressed as an effec-
tive alternating voltage, this a-c voltage rating would be only 0.707 times the d-c rating. This is because,
as you will recall, the effective value of an ordinary alternating voltage is only 0.707 times the peak value
of the alternating voltage. It is true also that the peak or maximum value of an altemating voltage is ap-
proximately 1.4 times its effective value. Consequently, the d-c working voltage of a capacitor must be 1.4
times as great as the highest effective a-c voltage which will be applied to the capacitor. As an example,
if a capacitor is to be subject to 200 effective altemating volts, the d-c working voltage should be no less
than 1.4 times 200, or should be at least 280 volts.

In addition to working voltage you may find mention also of a flash voltage or a flash test. This refers to
momentary application of a voltage which usually is about twice as high us the rated working voltage. A
flash voltage test is a check on possible breakdown with brief voltage surges such as may occur in some
applications.

TOLERANCE. The tolerance of a capacitor is the maximum difference which may exist between actual
capacitance and the listed or rated capacitance. Tolerances are specified as percentages, plus or minus.
For example, if the tolerance is 3+ 20%, the actual capacitance may be anything from 20% less than the rated
or listed value up to 20% more than that value. Were a capacitor rated at 1000mmfd with tolerance of T 20%,
the actual capacitance might be anything between 800 mmfd (20% less) and 1200 mmfd (20% more). When no
tolerance is mentioned, it usually is at least T 20%, and for some capacitors may be as much as 50%.

PAPER CAPACITORS. Nearly always, it is true that in radio and television receivers more of the cap-
acitors will be of the tubular paper-dielectric type having the general form pictured in Fig. 13-1 than of any
other kind. The tubular capacitor at the top has an outer covering of cardboard or heavy paper. Down below
is a tubular style with an outer covering of molded insulation.

Paper tubular capacitors most often are used in capacitances ranging from 0.0001 mfd (100 mmfd) up to
1.0 mfd. For smaller capacitances it is usual practice to use mica or ceramic capacitors, and for larger cap-
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Fig. 13 — 1 Tubular capacitors with paper dielectric.

acitances to use electrolytic types. Paper capacitors are available with d-c voltage ratings all the way from
y yp P p g g y

100 to 10,000 volts. Common ratings for types having wax impregnation include 100, 200, 400, 600, and
1000 volts.

For any voltage rating of 600 or more, paper capacitors often are of the oil filled type. These have di-
electric of oil treated paper, and the entire capacitor is enclosed within a metal container filled with in-
sulating oil. Oil filled capacitors are made in d-c voltage ratings from 600 to 10,000 volts. Capacitances
range from 0.001 mfd (1000 nmfd) up to 4.0 mfd and even more. Several oil filled capacitors are shown in

Fig. 13-2.

The internal construction of tubular paper capacitors is shown in Fig. 13-3. In the left illustration, lay-
ers of paper dielectric extend out beyond the metal foil plates on both sides, and at both ends on the final
roll. When such an assembly of papers and foils is rolled into a cylinder the strips of metal foil become,
in effect, long coiled conductors insulated from each other throughout their entire length by the paper di-
electric. Any insulated coiled conductor will act as an inductor and will have the property called induct-
ance. Inductance is not like capacitance and, for reasons which we shall discover later, is not desirable
in a capacitor which is to be used at high frequencies.

The property of inductance jn a rolled paper capacitor may be greatly reduced by using the internal con-
struction shown at the right in Fig. 13-3. One strip of metal foil is so positioned as to extend beyond the
paper dielectric all the way along one edge, while the other strip of foil is placed so it extends beyond the
paper all along the other edge. When the foils and papers are rolled, the two foils are everywhere separated

from each other by paper, but one foil sticks out at one end of the capacitor, while the other foil sticks out
at the other end.

The rolled foil extending from each end then is pressed together into a fairly solid mass to form a term-
inal connection at that end. Thus all the turns of each foil are joined together, and instead of acting like
long coiled conductors insulated throughout their lengths, there is the effect of two groups of short inter-

leaved plates, one group formed by each of the foils. The construction produces what is called a non-
inductive capacitor.
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Non-inductive paper capacitors in values from 0.001 mfd to 0.5 mfd sometimes are made with molded in-
sulated coverings of flat rectangular shape. In the smaller sizes some of these paper units look very much
like mica capacitors, and may even have names which suggest the use of mica dielectric. However, the
capacitance of these small paper-dielectric units in a housing of given dimensions usually is much greater
than that of a mica capacitor of the same size. After handling a few such types you are not likely to be
fooled.

When a paper capacitor constructed as at the left in Fig. 13-3 is rolled into its final form, one end of one
foil will be around the outside of tle remainder of the capacitor elements. In circuits which require that
either end of the capacitor be connected to ground, it is desirable that the ground connection be to the out-
side foil which then acts to shield the capacitor from effects of external electrostatic fields. The terminal
connected to the outside foil most often is identified by circular printed bands of contrasting color or shade
such as you can see near the ends of the capacitors in Fig. 13-4. Sometimes you will find the words *‘QOut-
side Foil’’. The terminal for the outside foil of the capacitor at the bottom of Fig. 13-1 is identified by a
ridge across that end of the molded cover and by an arrow pointing toward the outside foil terminal.

MICA CAPACITORS. Fixed mica capacitors always are enclosed within a housing molded of some resin
or phenolic insulating material such as Bakelite. ' Some typical units are pictured by Fig. 13-5. Mica cap-
acitors of types in most common use are constructed with alternate thin sheets of mica dielectric and of
metal foil plates. Fvery second metal plate sticks out on one side of the mica, and the intervening plates
stick out on the opposite side. The extended foils are pressed together on each side, and each group is
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Fig. 13 — 2 Oil Filled paper capacitors.
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Fig. 13 — 3 Construction of inductive rolled paper capacitor (left) and of non-inductive type (right).

connected to its external terminal. Since there are no coiled conductors, mica capacitors are inherently

non-inductive. (ood quality mica capacitors have long life with minimum trouble, and generally give de-
pendable performance.

The chief disadvantage of mica capacitors is that their cost is considerably more than that of paper and
ceramic types in capacitances much greater than 1000 mmfd. Another possible disadvantage of micas used
as coupling capacitors is their larger size compared with ceramics. Between the metal in any capacitor and
the metal of a receiver chassis there is capacitance because the two metals act like plates which are sep-
arated by dielectric insulation of some kind or other. Alarge capacitor has more such capacitance to ground

than has a smaller one, and since this external and uncontrolled capacitance usnally is undesirable, the
large capacitor may be less desirable.

Capacitances of commonly used foil-mica capacitors range from 5 mmfd to 0.01 mfd. D-c voltage ratings
most often are either 300, 400, or 500 volts. Standard tolerance, when not otherwise specified, ist 20%.
Tolerances of 10% and 5% are available at extra cost. In types called transmitting mica capacitors the cap-
acitances extend as high as 0.1 mfd, and d-c voltage ratings may extend to 12,000 volts or even higher in
the smaller capacitance sizes. These high-voltage micas are used in some television circuits.

A kind of mica capacitors called silver micas are mads with highest grade sheet mica coated with a com-
pound which is changed to pure silver in high-temperature furnaces during manufacture. These capacitors
retain their original characteristics very closely for long periods of time, ardthey have small energy losses
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even at very high frequencies. Capacitances range from 1 mmfd to 0.01 mfd or even higher. D-c working
voltages are 300, 400, or 500 volts. Standard tolerance, when not otherwise stated, usually is'_l'_ 10%. Tol-
erances of 5%, 3%, 2%, and 1% are available at greater cost. The cost of silver micas is several times that
of foil micas with the same capacitance, voltage rating, and tolerance.

CERAMIC CAPACITORS. Ceramic capacitors take their name from the kind of dielectric, which is a cer-
amic (porcelain-like) material with which is mixed a substance of exceedingly high dielectric constant.
This substance is most often titanium dioxide. The resulting dielectric constant of the compound may be
as much as 1500 to 2000, or even more in some cases. The ceramic compound may be formed into thin-
walled cylinders which are plated or coated inside and outside with layers of silver which act as theplates
for the resulting tubular or cylindrical capacitor.Ceramic capacitors are made also in the form of thin round
discs wherein is a waler of the ceramic compound coated with silver on opposite sides to form the plates.
The combination of dielectric cylinder or wafer with the coated plates is protected with an outer cover of
insulating compound or sometimes with an outer tubing of steatite.

Tubular or cylindrical ceramics may have radial leads which extend outward from one side, near the two
ends, as at A in Fig. 13-6, or they may have axial leads from the two ends as at B. Diameters range from
3/16 to about 3/8 inch, with lengths from about 1/2 inch up to about 1 1/4 inches. The range of capaci-
tances is all the way from 1/2 mmfd to 10,000 mmfd or 0.01 mfd. Tolerances most often are * 20% or 10%,
but may be much closer when greater accuracy is required. D-c working voltage usually is 500, but in some
types may be anything between 100 and 2,000 volts, in steps.

Disc ceramics may contain a single capacitor unit with its two extending leads as shown at C in Fig.
13-6, orthey may contain two units as at ) wherein each of the two outside leads connects to one capacitor,
with the center lead being common to both units. Capacitances of disc ceramics usually are 0.001 mfd or
more, ranging to around 0.01 mfd in single units and about half this in dual types. D-c working voltages are
500 unless otherwise specified. These disc type units are little more than 1/8inch thick, and their diameter
is around 5/8 to 3/4 inch.

Aed Wi W

400 v.0.C {m

AnNTwrn
00 Vvoe

Fig. 13 — 4 Bands on these paper tubulars are near the leads to be used for grounding.
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Fig. 13 — 5 Mica capacitors with leads, lugs, and screw teminals.

Because of the small dimensions of all ceramics, and their method of construction, the inductance is so
very small as to make these capacitors well suited for high-frequency applications. Great numbers are found
in television and f-m receivers. The chief uses are for by-pass capacitors and coupling capacitors in all
kinds of circuits, and for temperature compensating capacitors in r-f oscillator circuits. Ceramics, as a
class, seem less able to withstand high temperatures and momentary voltage surges than do the micaand
paper types. This may be because ceramic capacitors too often have been put into circuits where their vol-
tage ratings are exceeded. Great care must be used when soldering to the terminal leads thatthe capacitors
are not overheated to a degree which will break the dielectric and cause either open or short circuits.

TEMPERATURE COMPENSATING CAPACITORS. When there are considerable changes of temperature in
the coils, conductors, and supports for parts of amplifier and oscillator circuits there are resulting changes
of dimensions and positions which cause the operating frequencies to vary.In nearly all cases the physical
changes are such that, when there is a rise of temperature, the frequency becomes lower than it should be,
or lower than the value for which adjustments originally were set. When temperature of the circuit parts
later returns to a lower value there is an increase of operating frequency.

A lowering of frequency in the circuits of the tuner and video i-f amplifier of a television receiver, and
in generally similar circuits of any other kind of receiver, is equivalent to an increase of capacitance in



COMMERCIAL TRADES INSTITUTE

Lesson No. 13 - Page 7 '

- =
. L ° (( ) .

Fig. 13 — 6 1.ead arrangements as used with tubular and disc ceramic capacitors.

those circuits. At least, it would be possible to cause the same lowering of frequency by using more cap-
acitance. The undesirable lowering of frequency with rise of temperature may be counteracted by connect-
ing into the affected circuit a special type of capacitor whose capacitance decreases when its temperature
rises. The decrease of capacitance in this ‘“temperature compensating’ capacitor then tends to raise the
operating frequency just as much as the rise of temperature tends to lower the frequency, and the result is
a nearly constant frequency with ordinary changes of temperature.

A capacitor whose capacitance becomes less as its temperature rises is said to have a negative temper-
ature coefficient of capacitance, or simply a negative temperature coefficient. Were the capacitance to in-
crease with rise of temperature there would be a positive temperature coefficient. If the capacitor main-
tains a nearly constant capacitance, when there are changes of temperature that capacitor has a zero tem-
perature coefficient. It happens that ceramic capacitors may be made to have any kind of temperature co-
efficient, simply by changing the composition of the dielectric. Consequently, nearly all temperature com-
pensating capacitors are of the ceramic type. In order that changes of temperature may have full effect on
the compensating capacitor, this unit must be mounted close to parts which otherwise would cause trouble-
some variation of frequency. When possible, the capacitor leads are soldered directly to the affected parts.

Temperature coefficient is specified in ‘‘parts per million per degree centigrade’’. This is the same as
specifying a change of so many micro-microfarads for every microfarad of rated capacitance for each centi-
grade degree of temperature change. Here is an example. Assume we have a capacitor whose normal capaci-
tance is 1000 mmfd or 0.001 mfd, and assume that this unit has a negative temperature coefficient of 750.
If the capacitance were 1 mfd the change then would be 750 mmfd for every centigrade degree of tempera-
ture change. But the capacitance is only 0.001 or 1/1000 mfd, and so the change actually will be only
1/10000f 750 per degree. This means a change of 7501000 mmfd for every centigrade degree of tempera-
ture change.
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Supposing we assume that adjustments will be made at 200 C (68° Fahrenheit) and that normal operating
temperature will be 45°C (113° Fahrenheit). This is a change of 25 centigrade degrees. For each degree
the capacitance will decrease by 750/1000 mmfd. Multiplying 750/1000 by 25 shows that the total decrease
of capacitance will be 18.75 mmfd. The original 1000 mmfd of capacitance will decrease to 981.25 mmfd
when temperature rises from 20° to 45° centigrade.

Sometimes it is important to know how much, or how little the capacitance may vary with changes of tem-
perature even though the capacitor is not used for temperature compensation. For instance, we might wish
to know how much a capacitor is likely to upset the operating frequency of a circuit when there are changes
of temperature. Such information is given by specifying maximum negative and positive temperature coef-
ficients. Where moderate change of capacitance will have little effect the coefficient might be something
like 120 positive to 160 negative.

ELECTROLYTIC CAPACITORS. An electrolytic capacitor is radically different from all other types in

both construction and action. fne of the plates in the electrolytic capacitor is a thin sheet of aluminum

Fig. 13 — 7 Construction of electralviic capaciter with gauze for holding the electrolyte
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Fig. 13 — 8 A method for holding the paste inside a dry electrolytic capacitor.

which may be rolled or corrugated and which usually has the surface roughened or etched to in crease the
area. The dielectric is a thin film of oxide which is formed by electro chemical action right on the surface
of the aluminum. The second plate is either a moist paste containing the electrolyte liquid, or else is the
electrolyte liquid itself. The paste is used in what are called dry electrolytics, the liquid is used in wet
electrolytics.

All the early electrolytic capacitors were of the wet type, while most of those used today are of the dry
type. Dry electrolytics have the advantages of lighter weight and somewhat smaller sizes for very large
capacitances, and are practically free from trouble resulting from escape of liquid. Wet electrolytics have
the advantage that a breakdown due to application of excessive voltage is healed by the liquid flowing
back into place, while a breakdown or puncture due to excessive voltage on a dry electrolytic causes per-
manent failure. Unless specifically stated otherwise, the remainder of our discussion will relate to the gen-
erally used dry electrolytic capacitors.

Dry electrolytic capacitors are of rolled construction such as shown for a fairly typical unit in Fig. 13-7.
Extending toward the left is one layer of cellulose or cotton gauze saturated with electrolyte liquid. Then
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comes the active aluminum plate on whose surface is formed the dielectric film. Next is a second layer of
the absorbent gauze, and extending over toward the right is another thin sheet of aluminum. This second
aluminum sheet acts neither as an active plate nor as a support for the dielectric, it is merely a conductor
whose purpose is to bring electron flow or current from the external terminal of the capacitor to the electro-
lyte which is an active plate.

There are many variations in construction details of electrolytic capacitors, but principles remain un-
changed. For example, in the capacitor shown partly unrolled by fFig. 13-8 the electrolyte paste is held in
place by an open mesh fabric which looks like a piece of cheesecloth.

When an assembly of aluminum sheets and electrolyte paste or liquid is first made up it is not a capaci-
tor because there is no dielectric film. The film is formed when a direct electron flow is sent through the
unit in such polarity that the flow passes first to the inert aluminum conductor, thence through the electro-
lyte to the aluminum on which the dielectric film is to be formed, and from this plate back to the external
source. As the dielectric film is formed, there is increasing high resistance to electron flow in the direc-
tion mentioned. If applied voltage is made higher in order to maintain the flow, the film continues to be-
come thicker and thicker and to increase its resistance.

The inert foil at which electron flow enters the capacitor is called the cathode, and the foil which be-
comes the active plate is called the anode. During the process of film formation the cathode is connected
to the negative side of the source and the anode is connected to the positive side. If these extemal con-
nections should be reversed, even alter the film has been built up to have high resistance to the original
flow, there will be a large current in the reverse direction. The electrolytic capacitor has dielectric re-
sistance to electron flow in only the direction which originally formed the dielectric film. Consequently,
this type of electrolytic capacitor may be used only in circuits where it is subjected to direct voltage or
direct electron flow, not to alternating voltage or alternating flow.

One of the principal uses of electrolytic capacitors is in receiver power supply sections following the
rectifier, where there is only direct voltage. These capacitors are used also as by-passes in plate, screen,
and grid circuits, where again there is direct voltage. There are many other places where we shall find
electrolytics, but aiways the circuits will be those operating at the relatively low audio frequencies, sync
frequencies or sweep frequencies, and power line frequencies. These capacitors cannot be used in circuits
operating at radio, video, or carrier frequencies because under such conditions the energy losses become
excessive.

The electrolytic capacitor which may be used only where there are direct voltages and no alternating
voltages is called a polarized type. One or both external terminals always are plainly identified for comrect
connection. Usually only the positive terminal is marked, either with the word positive, the abbreviation
“pos”, or a plus sign ). If there are flexible insulated leads the insulation on the positive lead may be
red in color. By the positive lead or terminal is meant the ane which must be connected toward the positive
side of whatever source is furnishing voltage to the capacitor, or toward the side of the circuit toward which
there is to be ‘electron flow.

There are non-polarized electrolytic capacitors in which there are two anodes and two dielectric films.
These are in cemmon use for a-c motor starters and other purposes in industrial and commercial electrical
equipment, but not in radio or television receivers.

The principal advantages of electrolytic capacitors over all other types are the very large capacitances
obtainable in small space and at fairly low cost. The large capacitance results from the extreme thinness
of the dielectric film which, for a forming potential of 100 volts is only about 1/25000 inch. At higher form-
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Fig. 13 — 9 Types of cases or housings used for dry electrolytic capacitors.

ing voltages and working voltages there is thicker film, which means less capacitance per square ineh of
plate area and a larger capacitor for any given capacitance. Capacitance seldom is less than 0.5 mfd, and
in single capacitors may often be as high as 4000 mfd and sometimes as high as 6000 mfd.

Capacitance tolerances usually are on such a basis that the rated or listed capacitance is practically the
minimum actual value, while the actual capacitance may be almost anything from one-half more than the
rated value up to twice the rated value. When you buy an electrolytic capacitor of any reputable make you
are practically certain of getting enough capacitance, and usually more than enough. Working voltages most
often are in the range between 25 and 450 d-c volts, but may be as low as 6 volts and sometimes a little

higher than 450 volts,

A few of the many styles of housings or casings used for electrolytic capacitors are illustrated in Fig.
13-9. At the left there is a cardboard sleeve around the outside of a metal can which encloses the capacitor.
At the center the capacitor is contained in a metal can, the bottom end of which is a threaded extension
that goes through a hole in the chassis of the receiver. A nut screwed on from below holds the capacitor in
position. At the right is another metal can from the bottom edge of which extend thin metal lugs that pass
through slots in the chassis or in a mounting plate fastened to the chassis. After the lugs are put through
the mounting slots the lugs are twisted to hold the capacitor in place.

Other electrolytic capacitors are in rectangular cardboard housings of various proportions and sizes. Still
others are within molded housings of insulating material much like the molded covers used for some tubular
paper capacitors. Wet electrolytics nearly always are in cylindrical metal cans similar to the style at the
center of Fig. 13-9, but having liquid-tight bushings in the extension that goes through the chassis. Wet
electrolytics are designed for mounting only with the terniinals or leads downward and with the cans verti-
cal.
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Electrolytic capacitors are available with one, two, three, or four capacitor units within a single housing.
All the types pictured by Fig. 13-9 are dual, with two sections in each housing. The metal can generally
is the negative terminal. The single lead on one end of the capacitor at the left is attached to the can, so
is negative. The two leads from the other end are positive, one for each section. The two leads of the
center unit are positive and the metal can which comes in contact with chassis metal is negative. Capaci-
tors of this general style may be fitted with insulating bushings or washers for the extension that goes
through the chassis hole, thus allowing the negative can to be insulated from the chassis metal. The nega-
tive can of the capacitor at the right connects to and grounds to the chassis when the mounting lugs are
put through the slots and twisted.

Fig. 13-10 is a picture of a dry electrolytic capacitor removed from its metal can. The positive terminal
lug at the left is mounted in an insulating disc which was fastened into one end of the can. The negative

foil of the capacitor has attached to it a long strip of metal which will make close contact and an electrical
connection to the inside of the metal can.

When an electrolytic capacitor is correctly connected into a circuit, with negative and positive of the
capacitor respectively toward negative and positive of the voltage source, there will be a small current
through the capacitor even though it is in perfect condition. This is leakage current. Normal leakage cur-
rent increases with capacitance and increases with working voltage or applied voltage. In a 1-mfd unit op-
erating at 100 d-c volts the leakage may be as much as 0.3 milliampere, and with 40 mfd at 450 volts the
leakage may be 2.0 to 2.5 milliamperes without indicating a defective capacitor.

When voltage is applied to an electrolytic capacitor which has been out of use the initial leakage current
is five or six times normal, but drops to normal within only a few seconds of time providedthe capacitor has
not been too long idle. The longer the capacitor has been idle the greater is the initial leakage and the
longer the time before leakage comes down to normal. If one of these capacitors has been idle for as much

Fig. 13 — 10. Insulated positive terminal and negative connecting strip of a dry electrolytic.
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Fig. 13 — 11. Connections for re-forming dry electrolytic capacitors.

as a year and then is subjected to voltage such as through the rectifier in a power supply, the large leakage
current is likely to so overload the rectifier as to ruin the electron-emitting surface of the rectifier cathode.

Where there is possibility of excessive leakage current the capacitor should be re-formed before it isused
in the regular circuit Re-forming is done with a direct voltage from a source whose positive sideis con-
nected to the positive terminal of the capacitor and whose negative side is connected to negative of the
capacitor. Three or four dry cells connected in series will fumish enough voltage to build up the dielectric
film in the capacitor and thus bring the leakage down to a point where the capacitor may be connected into
its regular circuit.

Any d-c power supply may be used for re-forming electrolytics as shown by Fig. 13-11. Current through
the capacitor must not exceed 5 milliamperes, and is better held down to about 3 milliamperes. Maximum
resistance of the adjustable resistor must be such that no more than the maximum allowable current can
flow with full voltage from the power supply. This resistance is computed with your regular formula for
ohms, volts, and niilliamperes.

Flectrolytic capacitors must not be subjected to excessively high temperature. The usual limit is about
1300 I, or 60° C. unless the capacitor is especially designed for high-temperature operation. Capacitors
located too close to tubes, especially rectifiers, or too close to large resistors or to power transformers
are likely to overheat. This tends to evaporate the electrolyte in spite of good sealing, to increase leakage
_current, and to shorten the useful life of the capacitor. F.xcessive temperature or frequent voltage overloads
may force electrolyte out through the seal, as illustrated by Fig. 13-12. Without overloading or overheating,
the life of an electrolytic capacitor usually will be six to eight years in ordinary service.

CAPACITIVE REACTANCE. A capacitor connected in series with a circuit prevents any continued one-
way electron flow in that circuit, because no flow can pass through the insulating dielectric unless the di-
electric punctures. Dut this capacitor in series with a circuit may be continually charged and discharged,
first in one polarity and then in the opposite polarity, provided electron flow surges back and forth in the
circuit. This simply is a way of saying that a capacitor permits alternating electron flow or alternating cur-
rent in itself and in the connected circuit.
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Of course, the alternating flow in a capacitor will not be so free as in a continuous conductor, because,
during each alternation the capacitor canbe charged with only a certain fraction of a coulomb of electricity,
not with an infinitely large quantity. During the following aliemation only that same quantity of electricity
can flow in the opposite direction as the capacitor discharges. It is evident tha the number of coulombs of
electricity which can move during each alternation and during each cycle, with any given applied voltage,
must be directly proportional to the capacitance of the capacitor. Doubling the capacitance will allow doub-
ling the movement, as measured in coulombs. Halving the capacitance will halve the quantity of electrons
moved during each cycle.

Supposing both the applied voltage and the capacitance remainunchanged while frequency is varied. Then
there will be a certain quantity of electricity or a certain number of coulombs moved during any one cycle.
During two cycles there will be twice the total quantity moved, during three cycles there will be three times
the quantity, and so on. The coulombs of electricity moved always will be directly proportional to the num-
ber of cycles,and,of prime importance, the coulombs per second must be proportional to cycles per second.
The name for cycles per second is frequency, and the name for coulombs per second is amperes. So we may
say that cucrent in amperes is directly proportional to frequency and is also directly proportional to capaci-
tance. The greater the capacitance and the higher the frequency of applied voltage the greater will be the
capacitor current in amperes.

From that last statement it follows that the smaller the capacitance and the lower the frequency,the less
will be the current with any applied voltage. A reduction of current with no change of voltage means, in ef-
fect, that there is greater opposition to flow of current. Reducing capacitance and frequency effectively in-
creases the opposition of the capacitor to flow of alternating current. This opposition of a capacitor to flow
of alternating cument is called capacitive reactance. The symbol for reactance is the capital letter X. To
show that this reactance is that of a capacitorwe add the symbol for capacitance, making the symbol X for
capacitive reactance.

AH kinds of opposition to all kinds of current are measured in the same unit, the ohm. Consequently, the
unit for capacitive reactance is the ohm. One ohm of capacitive reactance has the same effect in limiting
alternating current as has one ohm of resistance in limiting the same current.

Fig. 13 — 12 llow a capacitor may be ruined by overheating or excessive voltage.
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The fundamental formula for capacitive reactance is as follows:
1

2 x 3.1416 x frequency, cycles x capacitance, farads

Reactance, ohms =

This formula is not particularly easy to use because all our frequencies in kilocycles and megacycles
wonld have to be changed to equivalent cycles, and all the capacitances would have to be changed to the
equivalent fraction of a farad. It is more convenient to use formulas based directly on capacitances in mi-
crofarads or micro-microfarads, and on frequency in cycles, kilocycles, or megacycles. Those which follow
are among the relatively few formulas really useful when making replacements of capacitors and figuring
out the causes for certain troubles in television and radio circuits. The factor 160,000, with its multiples
and submultiples, will give answers accurate to within one-half of one per cent. For greater accuracy use
159, 155 and the corresponding multiples and submultiples.

X¢ ohms = 160 000 X( ohms = 160 000 000 000

rC cycles x mfd AC cycles x mmfd

X(; ohms = 160 X ohms = 160 000 000
kilocycles x mfd kilocycles x mmfd

X( ohms = 0.16 X( ohms = 160 000

megacycles x mfd megacycles x mmf{d
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FIXED RESISTORS FROM THE SERVICE STANDPOINT

The service technician never has a chance to forget the importance of capacitors and resistors, for every
time he looks underneath a receiver chassis, as in Fig. 14-1, a large part of the view is taken up with these
units. It is essential, of course, to understand the basic principles relating to how these circuits elements
do their work. Otherwise the process of trouble shooting would be a hit-and-miss affair. But for service to
be satisfactory to the customers, and profitable to you and your organization, it is almost as essential to
know how to select and apply such units as are available for replacement and repair. In the preceding
lesson we went far toward gaining such a practical understanding in relation to fixed capacitors. Now we
shall do the same for fixed resistors, and add a few items which relate to both capacitors and resistors.

A small portion of a receiver service diagram is reproduced in Fig. 14-2. The resistors are shown by the
familiar symbol of the zig-zag line. The capital letter R, as used in practically all service diagrams, iden-
tifies a replacement part number as that of a resistor. For instance, R109 means resistor number 109 in the
parts list for the particular receiver. Near the resistor symbol usually is marked the value of resistance.
When no letter follows this resistance value it is the number of ohms. Near resistor R109 at the upper left
in Fig. 14-2 is the number 5600, which means 5600 ohms. Farther toward the right are resistors R6 and R7,
with their values shown as 10K. The capital letter K means thcusands of ohms, sc 10K means 10,000 ohms.
Whenthe value of a resistance is shown on a wiring diagram by a number followed by the capital letter M it
usually means the number of megokms. While this use of the letter M as a symbol for megohms is common
practice, especially on the more recent diagrams, you will find some cases where the letter M means thou-
sands of ohms. There is little likelihood of confusion, because you won’t find both K and M meaning thou-
sands of ohms on the same diagram. Resistances in megohms often are identified by the abbreviation ““meg”’,
which cannot be mistaken in its meaning.

ELECTRIC POWER. Were someone to ask you to name the most important thing about a resistor you would
answer, quite correctly, that it is the value of resistance. But were that person to look in the catalogs and
other descriptive literature issued by makers and suppliers of resistors he might easily conclude that the
most important thing about resistors is *“‘watts’’, for almost every description is headed by a statement that
the resistors are rated at some number of watts or some fraction of a watt. Down below will be the ohms
and megohms of resistances available for the specified wattage.

A watt, as undoubtedly you know, is the unit in which electric power is measured. Lamps, toasters, and
nearly all other electrical things are marked with the number of watts of power required for their operation.
Power is a rate of doing work. In an earlier lesson we talked about work and energy. We talked about how
work is done on electrons when they are forced to move against electric fields, and about how electrons do
work when they move with the fields. There we learned that mechanical work may be measured in a unit
called the foot-pound, which is the amount of work done when a weight of one pound is lifted through a dis-
tance of one foot against the force of gravity.
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Fig. 14-1. Resistors and capacitors account for many of the problems in television and radio servicing.
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Fig. 14-2. llow resistors may be shown in a service diagram.

Were it possible for you to work at the rate of 33,000 foot-pounds per minute you would be working at the
rate of one horsepower. Were you to work at the rate of only about 44 foot-pounds per minute you would be
working at the rate of one watt of electric power — if you were composed of free electrons rather than of
flesh and blood. Only electrons in motion do work at rates measured in watts of electric power.

When electrons .move, the work they do may cause mechanical motion, as in motors or in the vibrating
cones of loud speakers. The electrons may work also to produce light, as in all kinds of electric lamps.
The working electrons may cause chemical changes, or do electroplating, and may do many other things.
One of the important jobs for moving electrons is production of heat, as in electric ranges. This heating
effect interests us greatly, because every bit of electron work that does not produce motion or light or
chemical changes or something else of that nature must produce heat.

In resistors used for television and radio the moving electrons do work. This work doesn’t produce motion
or chemical changes, and we hope it won’t produce light by making the resistors red hot. But the electron
work does produce heatin greater or less quantity. If electrons were to work at a rate of one watt of electric
power in aresistor, and continue this rate of working for one hour, they would generate enough heat to raise
the temperature of one cubic foot of air by 188°F, provided all the heat were retained for raising the air
temperature.

Many television receivers require electric power at a rate of about 180 watts for their operation. It takes
only anegligible fraction of this power to produce motion in the speaker and light at the picture tube. Prac-
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Fig. 14-3. Fixed resistors of composition and wire wound types.

tically all the power ends up by producing heat. If all this 180 watts of heating effect were put into 20
pounds of aluminum, and none escaped, the temperature of the metal would go up 140°F within an hour.
Actually a great deal of the heat does appear either in the heaters of the tubes or else in the fixed resistors.
Some typical fixed resistors of small size are pictured in Fig. 14-3.

Now let’s inquire what is needed in the way of current and potential drop and resistance to produce the
electric heat which is measured in watts. The relations are exceedingly simple. WWhen current is one ampere
and potential drop is one volt, the rate of power production is one watt. The product of the number of amp-
eres of current and the number of volts potential drop or potential difference is equal to the number of
watts of power. You know that current can be one ampere with a potential.difference of one volt only when
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resistance is one ohm. So we may say that there is a power dissipation of one watt when a current of one
ampere flows through aresistor of one ohm when the voltage across the terminals of the resistor is one volt.

We may compute the power rate in watts when knowing any two of the three factors, current, potential
difference, and resistance. In power formulas we shall use the milliampere as the unit of current, the volt
for potential difference, and the ohm for resistance. The simplest power formula requires that we know the
current and the potential difference to begin with. Here is the formula.

milliamperes x volts

1000

Watts —

By combining this power formula with our earlier formula for voltage, in terms of current and ohms, we
can arrive at another power formula with which we need to know current and resistance.
(mi]liamperes)2 x ohms

Watts ———=500 000

With this second power formula we square the number of milliamperes of current in the resistor, then
multiply by the number of ohms resistance of the resistor, and divide by one million to find the nimber of
watts of power being used.

Here, the power formula is combined with our earlier formula for current, in terms of volts and ohms.

2
: Watts —M
— ohms

In Fig. 14-4 is represented a 5000-ohm resistor in which the measured current is 20 milliamperes, and
across which the measured potential difference is 100 volts. You might check this relation between ohms,
milliamperes, and volts with some or all our original formulas for resistance, current, and potential differ-
ence. Now we shall use each of the three power formulas to determine the rate of watts at which power is
being dissipated in this resistor. First, with milliamperes and volts.

e

\ 5000 OHMS )

Bl

POWER
SUPPLY

100 VOLTS 20 MILLIAMPERES

Fig. 14-4. Power in watts may be computed from values of potential difference, current, and resistance.
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Fig. 14-5. Resistors with axial and radial leads.

—. milliamperes x volts _ 20 x 100 _ 2000
- 1000 = 1000 - 1000 =

Watts 2 watts

Next, the formula which uses milliamperes and ohms.

__(milliamperes)2 x ohms _ 400 x 5000 __2 000 000 = 9 watt
= 1 000 000 =71000 000 — 1 000 000 _ =~ Waus

Watts

And finally, the formula with which we must know volts and ohms.

2
_(volts)” _ 10 000 _
= ohms " 5000 =2 watts

Watts

HEAT DISSIPATION IN RESISTORS. Every bit of power used in a resistor goes into the production of
heat. Unless this heat is dissipated or gotten rid of, the resistor eventually will burn up. Remember, power
isarate of doing work, it is a measure of work continued through time, and power in a resistor is a measure
of the rate of heat production. A watt of power doesn’t measure a definite quantity of heat, in the way that
a gallon measures a certain quantity of water. A watt measures a rate of heat production, as gallons per
minute measure a rate of water flow. Heat raises the temperature of any substance in which the heat is
being produced, and so long as heat continues to be produced by continued use of power, the temperature
will continue to go up unless heat is allowed to escape from that substance.

Fortunately, the higher the temperature of aresistor, and the greater the difference between its temperature
and temperature of surrounding air and other bodies, the more rapidly heat will pass from that hot resistor
into the cooler things around it. When the resistor produces heat due to power dissipation the temperature
will rise and the rate of heat loss will increase until heat is passing out of that resistor at the same rate
heat is produced within it. Only then will the temperature of the resistor become constant. Should the re-
sistor become so hot as to melt or burn up before the condition of heat balance is reached, that’s just too
bad for the resistor and the apparatus in which it is connected.

Heat passes out of a hot resistor through its surface and through whatever terminal connections may be
used. About the only practical way to increase the rate of heat loss in a given style of resistor is to in-
crease its surface area. As a consequence, the greater the power and the heat which a resistor must dis-
sipate, the larger must be the resistor.
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RESISTOR RATINGS IN WATTS. The watts rating or power rating of a resistor is the maximum number
of watts of power which may be dissipated in the resistor without raising its temperature to a point at
which the resistor itself might be damaged or a point at wkich its resistance might vary beyond the per-
centage limits of tolerance. Hlow much heat and temperature a resistor will stand depends on its construc-
tion and size. The rating is based on having the resistor supported in free air with at least a foot of clear
space in every direction — a condition never realized in television and radio receivers.

As resistors actually are used and mounted they have almost no free air space and little ventilation.
Then the temperature limit will be reached with power much less than the rating. Furthermore, the maximum
temperature which the resistor will stand almost always is too high for capacitors, wiring, and other parts

i\ [ F N
 EEES
\“l Wwovd vl Jj

e

Fig. 14-6. Types of wire wound resistors.
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which are near the resistor. These other parts might be charred, or their insulation might melt out. In prac-
tice, you never should use a resistor rated for less than double the actual power as computed from current,
potential drop, and resistance. Even then the resistors will run very hot when mounted in the usual manner.
It is preferable to use resistors rated at three, four, or five times the actual power that they will have to
handle. The greater the rated watts in comparison with actual watts,the cooler the resistor will operate.
The resistor of higher watts rating is larger, and the greater surface allows more rapid dissipation of heat.

RESISTANCE MATERIALS. Composition resistors, called also carbon resistors, have for their resistance
elements a mixture of carbon or graphite with clay, ceramics, or phenolic compounds in such proportions as
to give the desired combination of resistance and size. Nearly all composition resistors now manufactured
are encased by an outer insulating tube sealed at both ends, and usually are impregnated with some moisture-
proofing material.

Other resistors are of the metallic film type of the metallized type. The resistance element is a small-
diameter glass tube on the surface of which is baked a thin coating of metal to provide the necessary con-
ductivity andresistance. Thistube is enclosed by an outer insulating tube or may be molded into a covering
of phenolic insulating material.

The standard resistance tolerance for composition and metallized resistors most often is + 10%. A toler-
ance of + 5% is available at somewhat greater cost. Many resistors which sell for lower prices have
standardTolerance of + 20%. In the case of many resistors which sell at bargain prices the marked value of
resistance may have little relation to the actual resistance. Such units have to be checked with an ohmmeter
before being put into service.

Insulated resistors are provided with wire leads or pigtails extending straight out from the ends. These
are called axial leads, because they are in line with the axis of the cylindrical resistor. With older types
of uninsulated resistors the leads extend out at right angles from both ends of the cylindrical body. These
are called radial leads. The differences are illustrated by Fig. 14-5. At the left is an insulated resistor
with axial leads. On the uninsulated type at the center the leads are twisted around the ends. On the very
old style at the right the leads are attached to two metal end caps. The central cylindrical bodies of the
uninsulated types are almost always coated with or embedded in insulation, the uninsulated part consists
of the exposed leads around both ends which easily may touch any nearby conductors to cause short circuit-
ing or accidental grounding.

Resistors of the composition and metallic film type most often are used in power ratings of 1/2 watt, 1
watt, and 2 watts, but occasionally are found in 3-watt and 5-watt sizes. Resistors whose power ratings
are 5 watts or more nearly always are of the wire wound type. Wire wound resistors are available also in
the smaller ratings, all the way down to the 1/2-watt size.

There are many varieties of wire wound resistors. At the top of Fig. 14-6 is a style having many turns of
enamel insulated wire wound into slots along the supporting form. At the center is a resistor formed by a
few turns of exposed wire around a strip of insulation. This is a center-tapped resistor, with a connection
at the center of the winding in addition to connections at both ends. Down below is a vitreous enameled
wire wound resistor from which some of the enamel coating has been removed to expose the turns of wire.
Other wire wound resistors are of the same general appearance as the units pictured in Fig. 14-3.

Vitreous ename led wire wound resistors are made with wire of high resistance per foot wound onto a tube
or flat strip of heat-resistant insulating material. The assembly is coated with an enamel and is fired to
red heat in furnaces. The enamel fuses into a glass-like (vitreous) coating. These resistors are available
with power ratings from 5 watts to 200 watts and in resistances from about 0.2 ohm up to more than 200,000



COMMERCIAL TRADES INSTITUTE

Lesson No. 14 —~ Page 9

2 _ —
A
< — == ———
— —— 1 —
—_— 12 = — [E— R
— D
3
r(fl;w: = -
— 2 —_ 1 h 10 u
' |
: o ) ’ ©

Fig. 14-7. Relative sizes of resistors having various wattage ratings.

ohms. There are also heat-resistant enamels other than the vitreous kind. Then too, there are so-called low-
temperature enamel coatings which are not fired during their formation but are amply able to withstand the
highest temperature at which a resistor may operate.

A wire wound resistor of any ordinary type consists of a coiled conductor on an insulating form. Coiled
conductors are used in television and radio circuits to provide the property called inductance. Inductance
is no more desirable in resistors than it is in capacitors, but all the common types of wire wound resistors
are inductive and are likely to cause trouble at radio frequencies. There are several ways of winding wire
to avoid most of the inductive effect, and for some applications it is necessary to use such non-inductive
wire wound resistors.

RESISTOR DIMENSIONS. In Fig. 14-7 are outline drawings showing relative lengths and diameters of
resistors in the various wattage ratings marked on the drawings. The 1/2 watt resistor at A measures
approximately 3/8 inch longand 1/8 inch in diameter. This size formerly was rated at 1/4 watt until improve-
ments in materials and design made the higher rating possible. The size at A is found in composition and
metallic film units. Wire wound resistors of 1/2 watt rating have approximate dimensions shown at B, 5/8
inch long and about 3/16 inch diameter. At C is shown the relative size of 1-watt composition and metallic
film resistors, about 5/8 inch long and 1/4 inch in diameter. The outline at D shows the relative size of
l-watt wire wound resistors having axial leads, the length being about 1 1/4 inches and the diameter about
1/4 inch. Dimensions of 2-watt composition, metallized, or wire wound resistors with axial leads are shown

at E. The length is about 1 3/8 inch and the diameter about 3/8 inch.

At F in Fig. 14-7 is represented a wire wound resistor of 1-watt rating having radial lugs, and at G is
shown the relative size of a 10-watt vitreous enameled wire wound resistor. In all the resistors whose rel-
ative dimensions have been shown, the size is determined by the power rating in watts and not by the resis-
tance in ohms. The only time when resistance affects size is in the case of a wire wound unit of such high
resistance as to require a form which will accommodate the extra length of wire.

There are many circuits in television and radio receivers which require the use of a number of resistances
connected in series with one another. This need often is met by using tapped resistors of the wire wound
type, like the two units pictured in Fig. 14-8. The resistance sections may be of equal or unequal values.
At a point between each pair of adjacent sections along the wire winding is connected a terminal lug as
shown, or sometimes a wire lead.
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PRECISION RESISTORS. Fixed resistors whose tolerance in range of resistance is less than + 5% com-
monly are called precision resistors. Such units are available in all the usual constructions and in a number
of special forms. Carbon composition units often are used, as are also some special forms of metallic film
construction, and wire wound types with various insulations. Tte resistor at the top of I'ig. 11-6 is a pre-
cision type, with sections of wire wound in slots on a cerumic insulation form. This and other special
methods of winding are used to lessen the inductive effective.

Precision resistors most often are used in meters and other service instruments where accuracy is im-
portant. Tolerance of + 1% is the usual standard, although 4+ 2% may be used, and in some instruments we
find hlgh-preclswn toferances such as 1/2%, 1/4%, or 1/10%, all plus or minus. The wire or other resistor
material is of such kinds as will undergo relatively small change in its resistance value when there are
changes of temperature such as ordinarily occur in occupied buildings. In the various makes und styles of
precision resistcrs it is possible to obtain resistances all the way from about 0.1 ohm up to 15 megohms.

Power ratings of precision resistors are available in a range from 1/2 to 5 watts, with 1 watt probably
the most common. Compared with ordinary types, the precision resistors nearly always are oversize for
their power rating. That is, where full power dissipation in an ordinary resistor might raise its temperature
by 250 to 450 degrees I ahrenheit, full rated power in a precision unit may raise the temperature by no
more than 75 degrees. A l-watt precision resistor may be as large as a 5-watt or 10-watt unit with com-
mercial tolerance.

RESISTOR TROUBLES. When a resistor is found burned out, as evidenced by an open circuit, there must
have been a reason for the damage. Fvery effort should be made to discover the reason, either hefore re-
placement or immediately after replacement and before leaving the job. In some early preduction runs of
receivers there may be resistors of too low power rating. After installing a new resistor of the correct
number of ohms, measure the voltage drop across this resistor. Then use the measured voltage drop and
the number of olims in the fornula for watts. This will give the actual power dissipation. The resistor must
have a rating several times as high.

'Tte resistor may have been located too close to hot parts such as rectifier tubes and output amplifier
tubes, or the resistor may have been pushed into a position where there is too little air circulation. If a
new resistor appears to be over-loaded according to the check with the voltage drop and watts formula,
make a careful examination for short circuits and accidental grounds in circuits connected to the resis-
tor. Such troubles may allow excessive voltage and current.

A resistor may be cracked or its terminal leads may be loosened or broken by abuse during service oper-
ations. Enamel coatings may have been chipped enough to expose the wire and allow short circuits or ac-
cidental grounds. Some coatings may be damaged by overheating, the effects of which may show up as
rough, bubbly, or dark spots on the insulating cover.

It is a well known fact that all pure metals increase their resistance with rise of temperature, while pure
carbon and graphite lower their resistance when temperature goes up. Good quality resistors of all types
are practically unaffected by ‘‘temperature coefficients of resistivity’’ which are measures of the effect of
temperature on resistance. The resistor materials are so selected that whatever small change of resistance
does occur with rise or fall of temperature will be well within the rated tolerance of the resistors.

PREFERRED NUMBERS OR VALUES. Now we are going to talk about something which applies equally
to fixed resistors and fixed capacitors. It is the values of capacitance and of resistance which are becoming
standardized and which are most generally available from radio supply houses. The object of standardizing
on certain values is to reduce the stock of resistors and capacitors required when carryingon a service
business and to reduce the varieties which have to be manufactured, which brings down the cost per unit.
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Supposing you were going to use resistors, or capacitors, of 20% tolerance. How many values would you
have to have on hand to cover the entire range from 8 to 80 ohms or 8 to 80 mmfd or any other range whose
low and high limits have the ratio of one to ten? You would need only six different values. Here they are.

10 15 & 33 47 68

You cannot possibly name any number between 8 and 80 which is not within the range of 20% below to
20% above one of these six numbers. If you don’t believe it, try it. Even though you pick some number such
as 26.4 ohms or mmfd, it is between the preferred values of 22 and 33. If you add 20% of itself to 22 you
get 26.4. If you deduct 20% of itself from 33 you get 26.4. If you wish to extend your stock to cover, with
20% tolerance, everything from 80 to 800 ohms of mmfds you will need to add only six more preferred val-
ues, which are these.

100 150 220 330 470 680

If you multiply this last set of preferred numbers by 10 you will have values going all the way from 800
to 8000, with 20% tolerance, and so you may keep on until witk a stock of only 36 different values you can
handj~ every job calling for resistance or capacitance between 8 and 8,000,000 ohms or mmfd, provided the
tolerurce ist 20%.

Ifyouwant to handle every replacement requiring tolerance of + 10% it is necessary to add only six more
values in each range where the ratio of minimum to maximum is one-to-ten, or to add another 36 values for
everything between 8 and 8,000,000 ohms or mmfd. To get dowr to a tolerance of + 5% isn’t quite so easy,
but it requires adding only 12 more values in each one-to-ten renge. -

The accompanying list shows the preferred or standard values in three columns. Each column covers
only one range with a low to high ratio of one-to-ten, but the values in each column may be multiplied or
divided by 10, 100, 1000 or any other multiple of 10 to extend the list as far as you like. Here we have all
the significant numbers which you will see so often as the values of resistors and capacitors on diagrams
for radio and television service work.

Resistors and capacitors in values other than those of the preferred numbers are made in all styles of
units. Wire wound resistors in power ratings of 5 watts and up nearly always have values in round numbers,
such as 5, 10, 12, 15, 20, 25 ohms and so on. Values of precisionresistors do not follow the preferred
numbers. Fixed capacitors are more common in values such as 10, 20, 50, 100 mmfd, and for larger sizes
in values like 1, 2, 4, 8, 12’'m{d than ia the preferred numbers. The principal use for the preferred values is
in resistors whose power ratings are from 1/2 to 2 watts.

PREFERRED OR STANDARD VALUES

Tolerance 20% Tolerance 10% Tolerance 5%
10 = — e e
11
12 o e e e e
13
it T T S .
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In theory it is permissible to replace a resistor with any other resistor whose actual value is withinthe
tolerance limits of the one replaced. For example, a resistor rated at 47 ohms with 20g tolerance might
have actual resistance anywhere from 37.6 to 56.4 ohms, and could be replaced with a unit of 40, 45, 50 or
55 actual ohms, or of any other actual resistance between the tolerance limits. The same principle applies
to replacement of 10g, tolerance units and of 5% tolerance units, and applies to capacitors as well as to
resistors. The danger in making such replacements is that the original unit may have been selected for
some resistance which must be accurate within closer limits than the marked tolerance. For instance, the
original resistor might have been picked because it measured between 40 and 45 ohms, even though marked
47 ohms, and replacement with something like 50 or 55 ochms might lead to difficulties.

COLOR CODES. If you examine the composition and metallized film resistors shown by Fig. 14-3 you
will notice a number of bands around the cylindrical bodies. These bands are of various colors. The colors
and their relative positions indicate the resistance in ohms, and may show also the tolerance. A somewhat
similar system of colored bands is used on small cylindrical capacitors to show the capacitance, the tol-
erance percentage, and in some cases the temperature coefficient. On flat rectangular mica capacitors or
the similarly shaped non-inductive paper capacitors the identifying colors are applied in small round dots
such as you can see on the units of Fig. 14-9.

Fortunately, the colors which indicate the numerical digits from 1 to 9, and which indicate how many
ciphers are to be used, these colors are the same for both resistor and capacitor color codes. The colors
and their meanings are important in the business of servicing, for oftentimes you will have no other means
for learning the value of a small resistor or small capacitor. Here are the colors and the digits for which
they stand.

Black 0 Green 5
Brown 1 Blue 6
Red 2 Violet 7
Orange 3 Gray 8
Yellow 4 White 9
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Fig. 14-9. I'ixed mica capacitors with color code markings.

The colors from red through violet are arranged as they occur in the rainbow, but this does not help to
remember the order of black, brown, gray, and white — and some of us don’t remember the order of colors
in the rainbow spectrum. To make it easier to remember all the colors of the code, most of our students
memorize the following truthful statement in which the initial letters of successive words are the same as
the initial letters of the names of colors in their correct order in the code.

C.T.I training Brings Better Rewards Once  You Gain By Very  Good Work

black brown red orange yellow green blue  violet gray white

0 1

1o
L
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n
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x

9
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Or you may look at it this way.

“C. T. L. training Brings black 0
Better brown 1
Rewards  red 2
Once orange 3
You yellow 4
Gain green 5
By blue 6
Very violet 7
Good gray 8
Work white 9

With this system of code colors, and nothing more, each digit in a number would require the use of a
separate band or dot. A value of 1,000,000 ohms would call for one brown band or dot, followed by six black
bands or dots to indicate the six ciphers. This is avoided by using each of the colors to indica te whether
a oumber consisting of two digits is to be multiplied by 10, 100, 1000 or other multiple of 10, or is to be
divided by 10 or 100. Then a value of 1,000,000 would be shown as the number 10 (two digits) multiplied
by 100,000. To multiply by 100,000 we may add five ciphers. The color which represents 5 in our code is
green, so we use green to indicate multiplication by 100,000 or to indicate the addition of 5 ciphers when
the green band or dot is in a position which shows it to be a multiplier. All the other colors are used to
indicate their appropriate number, or corresponding single digit. Following is a list showing for each color
the corresponding single digit and also the number of added ciphers or the multiplier indicated bythe color.

COLOR CODE FOR RESISTORS AND CAPACITORS

Color When Used In When Used In Multiplier Position
Digit Positions Multiply By Ciphers To Be Added

Black 0 1 none

Brown 1 10 one or 0

Red 2 100 00

Orange 3 100C 000

Yellow 4 10,000 0 000

Green 5 100,000 00 000

Blue 6 1,000,00¢ 000 000

Violet 7 10,000,000 0 000 000

Gray 8 100,000, 00( 00 000 000

White 9 1,000,000,000 000 000 000

Gold 1/10

Silver 1/100

Fig. 14-10 shows the positions of the color bands on fixed resistors having axial leads. The present
standard arrangement is shown at the left, where there are four bands. Colors in the first two bands, com-
mencing always at the band nearest one end of the resistor, indicate the first two digits in the number. The
color in the third band indicates the multiplier, or how many ciphers are to be added after the two digits.
The fourth band shows the resistance tolerance, thus:

Gold indicates tolerance of *+ 5%
Silver indicates tolerance of + 10%
No color indicates tolerance of + 20%
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Fig. 14-10. Color code bands as used on fixed resistors having axial leads.

Some resistors will have only three color bands, as shown at the center of Fig. 14-10, when no tolerance
is indicated or when there is no color indicating the tolerance. This is the case where tolerance is + 20% .

Resistances to be shown within very close limits may require five bands, as at the right, with the first
three bands indicating three digits or three significant figures in the value.

Following are some combinations of colors, together with resistances and tolerances which they repre-
sent. Examine each combination with care, making sure that you understand how the colors are used to
indicate desired values.

OHMS = — — = — =~ 15 350 6800 75,000 400,000 2,200,000
TOLERANCE — — —~ 5% 10% 20% 5% 10% 20%
1st Band brown  orange blue  violet yellow red
2nd Band green  green gray green black red
3rd Band black brown  red orange yellow green
4th Band gold silver  none  gold silver none

Here is another set of color code combinations in which the digits always are the same, with changes
shown entirely by multipliers and tolerances.

OHMS = — — - —~ - 47 470 47,000 4,700,000 4.7 0.47
TOLERANCE - — — — 10,  10% 5% 5% 10% 5%
1st Band yellow yellow yellow yellow yellow yellow
2nd Band violet  violet  violet violet violet violet
3rd Band black brown  orange green gold silver

4th Band silver  silver  gold gold silver gold
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This business of color coding may seem a rather difficult part of the language of radio and television.
But after you work with resistors for a while, a string of color bands will look just like a number. Three
red bands will look just as much like twenty-two hundred as do the figures 2200.

At the left in Fig. 14-11 are color code arrangements used on fixed resistors naving radial leads. The
first digit is indicated by the color of the main body of the resistor. The second digit is shown by the tip
color. The multiplier is shown by a dot or a band. All radio men used to remember that “body — tip — dot”’
meant first, second, and multiplier.

Atthe right are color band positions used on older fixed resistors having axial leads. Such markings will
be found in a few older radio sets. Here again the color of the resistor body indicates the first digit.

CAPACITOR COLOR CODES. Fig. 14-12 shows positions for color code dots on small mica and paper
dielectric capacitors encased in insulation of rectangular shape. At the upper left are positions for the
old six dot RMA system frequently found, and still used, in radio and television receivers. This coding
allows for three numerals, or digits, in the capacitance value; also, for a multiplier, a capacitance toler-
ance, and a voltage rating in D. C. volts. At the bottom of Fig. 14-12 is a three-dot coding showing only
two digits and a multiplier. Capacitors thus coded ase supposed to have tolerance of - 20%, and to have
D. C. working voltage rating of 500 volts.

At the upper right in Fig. 14-12 are shown positions for the new RMA and JAN (Joint Army-Navy) ca-
pacitor color code. Capacitors coded in this system are distinguished by the fact that the upper left-hand
dot will generally be black or white. If silver is used in the upper left hand corner, it would indicate an
AWS(American War Standards) code, and the capacitor would be a paper molded rather than a mica molded.

1ST DIGIT
1ST DIGIT (BODY)
oby — Wi

2ND
DIGIT MULTIPLIER

2ND DIGIT  MULTIPLIER
(TIP) (DOT OR BAND)
\ / 1ST DIGIT
(BODY) /'

TOLERANCE ST DIGIT
\ (BODY)

TOLERANCE
(TIP)

Fig. 14-11. Color code bands and dots on fixed resistors having radial leads.
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Fig. 14-12. Color code dot positions for mica and molded paper capacitors.

To read the dot indications in correct order, any of these capacitors must be held so that an arrow or
anything resembling an arrow in form will point toward your right, or so that the name of the manufacturer
or any other wording is right side up. Capacitance values are to be read in micro-microfarads.

One of the accompanying tables shows the meanings of all the colors in their various positions on mica
and molded paper capacitors coded according to the RMA or JAN systems. Digit numerals and alse multi-
pliers are the same as for resistor coding. Note that code designations for tolerances are not the same in
all cases for the RMA and JAN systems. Characteristics relate chiefly to temperature coefficients. These
coefficients do not indicate suitabliity of a capacitor for temperature compensation; they merely show how
much or how little the capacitances may be expected to vary from rated and tolerance value when there
are changes of temperuture.
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MICA AND MOLDED PAPER CAPACITORS COLOR CODE

COLOR DIGIT MULTIPLIER TOLERANCE WORKING CHARAC-
NUMERAL (OR CIPHERS) VOLTAGE  TERISTIC*
Black 0 1 20% A
Brown 1 10 1% 100 B
Red 2 100 2% 200 C
QOrange 3 1,000 3% 300 D
Yellow 4 10,000 4% 400 E
Green 5 100,000 5% (RMA ONLY) 500 F
Blue 6 1,000,000 6% 600 G
Violet 7 10,000,000 7% 700
Gray 8 100,000,000 8% 800
White 9 1,000,000,000 9% 900
Gold 1/10 5% (JAN ONLY) 1000
Silver 1/160 10% 2000
No color . 20% (RMA OLD) 500
* Characteristic Temperature Coef. Capacitance Change

mrfd per mmf per °C.

A (black) + 100 -—-

B (brown) Not specified (may indicate a loss factor)
C (ced) — 200 to + 200 t 0.5%

D (orange) ~ 100 o0 + 100 0.2%

£ (yellow) — 20¢o 4 100 0.05%

F (green) Oto + 50 0.025%

G (blue) Oto — 50 0.025%

Fig. 14-13 shows color coding used on tubular and cylindrical ceramic capacitors. At one end, usually
out at the extreme end, is the color which shows temperature coefficient applying to the use of these units
for temperature compensation when they are of suitable characteristics. Then follow four spots of color,
which may be round dots or may be bands, but often are best described as small *“‘blobs’’ of color. The
first two colors refer to the first and second digits in the capacitance value. Then comes the color for a
multiplier, and finally the color for tolerance.
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COEFFICIENT COEF.
~ I NI
T 1ST
DIGITS 1T
2ND DIGITS
MULTIPLIER 2ND MULTIPLIER
Fig. 14-13. Positions of color code markings on ceramic capacitors.
CERAMIC CAPACITOR COLOR CODE
DIGIT TOLERANCE + Temperature
COLOR NUMERAL LADELIEEE] If more than If 10 mmid Coefficient
10 mmfd or less

Black 0 1 20% 2.0 mmid Zero
Brown 1 10 1% 0,1 mmfd - 30
Red 2 100 2% 0.2 mmfd - 80
Orange 3 1000 — 150
Yellow 4 - 220
Green 5 5% 0.5 mmfd - 330
Blue 6 - 470
Violet 7 - 750
Gray 8 1/100 +30
White 9 1/10 10% 1.0 mmfd Wide variation

Note: No color in the tolerance position may mean that the capacitance is not less than the rated or marked

value.

Temperature coefficient is the change in mmfd per mfd of capa citance per centigrade degree of temper-
ature change.



=

COMMERCIAL TRADES INSTITUTE

Lesson No. 14 — Page 21

Another of the accompanying tables shows how color coding is applied to ceramic capacitors of tubular
or cylindrical shape. Note that tolerance here is in plus or minus percentage for capacitors whose capac-
itance is more than 10 mmfd, and is in plus or minus fractions of, or whole numbers of micro-microfurads
for units whose capacitance is 10 mmfd or less.

Many capa