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A Welcome and Introduction to You

You must understand how to study the course. On each page, you will find
two columns. In the wide column is the text material just like a book used at
school. In the narrow column you will find the instructor’s comments, helpful
suggestions, additional pictures and remarks to simplify the difficult parts. You
study by reading the text in the wider column. The comments in the narrow
columns are read as they are found adjacent to the other reading matter.

The review questions and problems must be carefully answered in writing. A
notebook should be kept with all the answers. Occasionally you will find hints
and suggestions to help you with the problems. In many cases, the answers
are stated so that you can check the corrections of your own results.

Assign certain periods of each day to your radio and clectronics studies. Tackle
this study in a happy spirit, always thinking of the accomplishments that lie
ahead. Progress along as quickly as you are able, but do not pass any section
until you have mastered the contents.

We know you will succeed in learning the interesting and essential facts about

practical radio and applied electronics. Good luck in your studies and work.

M. N. Beitman

THEORY
-
PRACTICE EXPERIENCE

R =y,

This is the fifth edition of the three volume ''Practical Radio
and Electronics Course' completely revised and published in

1960 as this combined, single manual.

© by Supreme Publications, 1960,

All rights reserved, including the right to reproduce
or quote the contents of this book, or any portion
thereof, in any form. Book reviews may include quota-
tions of brief passages to illustrate the style or contents.
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LESSON 1

What Makes Up a Radio Receiver

Tue INsioe or A Rabio. You are going to begin your study of
radio in a practical way. The small radio set you probably have
in your home or can obtain from a friend will be your first labora-
tory. You will only look at the parts and examine the connections.
You will not make any changes and will be careful in your work.
The radio set will remain in fine shape and you will gather a world
of knowledge about the parts used in all types of radio equipment.

The radio you select for these visual observations first of all must
be tested. You already know how to rough-test a radio. Simply
make certain that the required electrical connection for power is
made. In electric sets this means that the plug must be connected.
If used, the antenna wire also must be connected. Then tune in
one or two stations to check if the radio set is operating properly.
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Figure 1. Any small, home radio receiver can
be used for the simple experiments described.
Complete instructions are given for the work to
be performed.

After this test, remove the power plug from the receptacle and
disconnect the antenna wire. Begin at once to practice the correct
way for doing cvery radio task. An expert radio man plans his
every step and performs the task first in his mind. Then the expert
follows through with the actual operation. For example, plan in
your mind how you will remove the plug. Make certain you will
not bump something with your clbow, and pull on the plug and
not the wire.

Removing TiE KNoBs. Now examine the front of the radio you
are using. It probably has several knobs, for selecting the desired
stations, for controlling the volume, and for other purposes. These
knobs usually must be removed to take the radio chassis (the actual
radio) out of the cabinet. Most knobs fit over the shafts of the
parts of the radio, and are held in place by small set screws. Look
at the side of a knob instead of the front. Rotate this knob. Do
you see a small opening and, inside of this opening, the head of a
tiny screw? The knob may be removed by first looscning this set
screw. After this the knob can be taken right off. You know, of
course, that standard screws are loosened by turning a screw driver

In this column you will find addi-
tional explanations, hints, suggestions
for study, and other remarks usually ex-
pressed by the instructor in a class
room. You are to read the main text in
the wide column first. The explanation
notes in the narrow colummn should be
noticed as the main text along-side is
read.

The choice of a radio for these safe
examination experiments is not critical.
A small table radio is easier to handle.
You must be careful in handling the
receiver; by following the directions ex-
actly, you will make certain that the set
will operate properly when you work is
completed.

Will your radio operate without any
antenna wire? Try it out. What do
you think the antenna wire does? You
are right, if you understand that it picks
up the radio signals.
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REMOVING THE CHASSIS

Majority of this information
applies directly to television
receivers, but this course will
stress applications to radio ard
electronic equipment.

Courtesy Meissner Mfg. Co.
Your radio receiver may

Figure 3.
look somewhat like the chassis illustrated.

Since radio repair work must\be per-
formed inside the radio chassis; special
supports are available which will hold
the chassis in a suitable position to per-
mit the serviceman to reach underneath
to make the required measurements and
tests.

You are always safe in touching insulat-
ing parts such as glass of the tubes, wax
cardboard containers. Any single metal
connection may be touched with an in-
sulated screw driver provided the metal
of the blade does not touch other parts
at the same time.
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to the left, i.e. counter-clockwise, in the opposite direction in which
clock hands turn. If you do not have a small screw driver to fit the
small openings in the knobs, a small knife or a nail file may do the
trick. Later when you replace the knobs, tighten the set screws
just enough to make the knobs turn the needed controls and not
slip on the shafts.

Figure 2. Most radio control knobs may be removed
with the aid of a small screwdriver.

You may find that the knobs on your radio set do not have set
screws. If this is the case, the knobs may be removed by simply
pulling on them. After pulling these knobs off, notice how they fit
on the shafts and plan to replace them in exactly the same way.

Removing THE CHassis. Now you must examine the entire
cabinet, especially the back and bottom, to sec how the radio metal-
chassis is held in place. Probably several bolts hold the chassis in
place and the bolts have their heads coming out at the bottom of
the cabinet. If this is so, remove these bolts. The back of the cabi-
net may have a panel which also must be removed. When all
required bolts have been taken out, the chassis will slide out easily
from the cabinet. Be careful of the dial assembly. Notice how the
equipment fitted together, so that you can assemble things back
in place easily and quickly.

Since the radio is not connected, you are safe in placing your
hands on all parts. Be careful, however, not to exert too much
force on the tubes which are usually made of glass. Be careful also
not to punch a hole in the cardboard cone of the loud speaker.

Courtesy Meissner Mfg. Co.

Figures 4 and 5. Here you have an illustration of a three gang
variable condenser and an all-wave band switch.

After the chassis is removed from the cabinet, you should place
the control knobs back in place. Then connect the power plug and
the antenna wire. Now you may try to operate the radio. The
radio will play without the cabinet, but the tone will not be as good.
After this second operating test, disconnect the radio once again.




WHAT po THE KNoBs Do? Notice that the knob, which is used
to tune in the radio station, is attached to a part made up of a group
of movable plates. This part is known as a variable condenser. A
three-gang type variable condenser together with associated coils
is illustrated on this page. You will learn in later chapters how a
condenser tunes in the wanted radio stations. The other knobs may
control parts mounted under the chassis, and you may turn the
radio over to find these parts.

The knob which controls the volume and the knob which changes
the tone (if used) rotate the shafts of potentiometers, or variable

Courtesy P. R. Mallory & Co.

Figure 7. This is the kind of switch

used in all-band radio sets and also in
test equipment.

resistors. These units are discussed in great detail later and a typi-
cal potentiometer is illustrated on this page. Another knob con-
trols a band-switch which is used to select the band of operation,
i.e. broadcast, police, or short-wave.

ParTs aBovE THE Crassis. Now let us return to the top of the
chassis. If you have a relatively modern radio, it will be somewhat
like the set we illustrate. Observe the following parts with which
we will now become familiar: vacuum tubes and sockets, filter con-
densers, cans containing coils, and the power transformer.

The vacuum tubes may be of various types and may have glass
or metal envelopes. Examine with care the tubes used. Remove
them one at a time. Notice how they plug into the sockets. Look un-
der the chassis and see how a socket makes contact with the prongs
of the tube. Notice the type numbers stamped on the tubes. Are
any of the tubes in your radio marked with the type numbers: 6D6,
{2 AV6, 35W4? How many prongs do the tubes have? Do some
have more than others? Are all the prongs of any one tube of the
same size? These are important facts and will help you study Les-
son Nine where you will learn how vacuum tubes operate.

Figure 9. Metal radio
tubes have different physical
appearances, but always use
octal sockets.

Figure 10. Filter condensers are
supplied in different containers.

The filter condensers may be in various shapes. Sometimes they
are supplied in metal containers mounted above the chassis. In
other sets, the filter condensers may be in cardboard boxes mounted
below the chassis. Locate the large filter condenser which is pres-
ent in almost every radio.

WHAT THE KNOBS DO?

You must understand what part each
knob controls and for what purpose this
part is used.

A three deck switch is shown in Figure
7. Band-switches are obtainable with
different number of decks and may have
from two to about seventeen terminals
per deck.

v

Courtesy International Resistance Co.

Figure 6. A potentiometer, used to control
the volume output of a radio set, may contain
the power switch as in the unit illustrated.

Courtesy American Phenolic Corp.

Figure 8. Radio tubes may be removed

with an upward motion while slightly shak-
ing vour hand from side to side.
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HOW THE PARTS ARE MOUNTED

A container that has but a single con-
denser usually has but two leads. Prob-
ably the filter eondcenscer in your radio
has scveral lcads indicating that several
condensers arc housced in the container.

Some radio receivers, known as AC-DC
types, do not have a power transformer.
Sometimes these sets have a heater re-
sistor in the power line cord. If this is
truc of your radio, you will notice the
linc cord becomes warm when the set is
in operation.

The workmanship under the chassis will
tell you about the quality of the receiver
you have. The better sets have the parts
neatly placed and sturdily held in place.
The wire leads are short, direct, and
well soldered.
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You probably will find several light-colored metal cans mounted
above the chassis. Keeping in mind the spot where the cans are
mounted, turn the chassis upside down, and notice that there is a
rcund opening directly under each can. Connecting wires come
through this opening. By looking through this opening, you can
see a radio coil inside the can. These cans are called shields by
radiomen. ‘

If your radio is designed only for A.C. (alternating current) power
operation, you will find that it contains a power transformer. The
type of transformer illustrated is known as a half-shell, but some
radios use upright transformers.

Figure 12. This illustra-
tion shows a half-shell power
transformer.

Figure 11. Radio coils are
housed in metal cans.

Unper THE CHassls. We now return to the parts under the
chassis. Besides the sockets for tubes, potentiometers which we
already mentioned, and switches, we find resistors of all types, and
small condensers. Also there is a maze of wires inter-connecting

13. Carbon resistors are made in different

Figure
resistance values and power handling sizes.

the equipment. Look carefully at all these parts and be sure that
you can name all of them. This is what we have tried to accom-
plish so far. You must learn the names of parts, you must know

the main points of appearance of every radio part before you
can go on.

Figure 14. You will find many condensers of
the type illustrated used in all radio receivers.

How THE ParTs ARE MounTep. Notice now how the different
parts are mounted. It will be good practice for you to take a sheet
of notebook paper and divide the page into four columns. Write
the name of the part in the first column. In the next column de-
scribe how this part may be mounted or supported. Sockets may
be riveted or bolted, resistors may be suspended on their lead-wires,
etc. In the third column, you will suggest another method for
mounting the same part if this is possible. And in the last column,
you will state how many wire leads actually go to the terminals of
the part. For example, a resistor may have only two terminals, but
to one terminal there may be connected five different wires, while
to the other only one. This will make six wires in all. Notice that
every terminal of a part always has at least onc wire.




In order to explain why certain parts are made entirely of metal,
while others contain only small metal sections, and still other parts
are made of bakelite, hard rubber, or cloth, we must present a brief
theoretical explanation about electricity.

Figure 15. It is interesting to note that tube sockets
may be mounted with bolts or rivets. A volume control
1s usually mounted by means. of the threaded section
around the shaft.

Waat Is ELectriciTy? Electricity plays an important part in
making possible radio communication. In an ordinary house radio,
electric power is changed in form, increased and decreased in volt-
age, and made to conform exactly to the electrical radio waves
picked up by the antenna. We are able to control and use electricity
to our advantage, but we have only a workable theory regarding the
exact nature of this force.

According to this theory all matter is made up of 92 different
atoms. These atoms, however, are in turn made up of identical
negatively charged particles called electrons and heavier positive
particles. We are primarily interested in the negative electrons since
these make up the electric current.

The electrons are very small and millions upon millions are re-
quired to make up the current to kecp a radio tube in operation.
These electrons not only make up the atoms of matter, but are
present as free electrons ready to move to any positive body which
attracts them. In nature, negative particles, small or large, are
attracted by positive bodies and repelled by other similarly charged
negative bodies.

These free electrons tend to be present in equal quantity every-
where. If a body has too many electrons, they will move to other
bodies to equalize this distribution. And for the same reason, a
body short of free electron, will attract the electrons. This move-
ment of electrons constitutes actual electric current.

ConbucTtors AND INsuraTors. Electric current, made up of
clectrons, may pass along certain substances known as conductors.
Silver, copper, and other metals are considered conductors. Many
materials pass very little electric current. Known as insulators,
these materials actually stop the current. Rubber, cloth, mica, slate,
and many other materials are used to insulate radio parts.

If electric current is required to pass from one radio part to an-
other, these parts must be connected by hook-up wire. On the other
hand, if parts are not to be in electrical contact, they must be insu-
lated. Separation is enough since air is a good insulator.

Rapro Circurrs. You have already learned that the various
radio parts used in the receiver are interconnected with copper wire
having either a cloth or rubber insulation. Radio engineers and
repairmen must be able to obtain an understanding of the circuit
employed in the radio set requiring adjustment or repair. This can
be done by tracing out the various connections and making a pic-

ELECTRICAL FACTS

Many times metal parts of radio com-
ponents are not in electrical contact
with the circuits and do not carry any
electric current. The frame of a power
transformer or the metal shaft of a vol-
ume control ordinarily are not con-
nected to the circuits of the radio.

There are 92 natural elements
(atoms) and 9 additional syn-
thetic elements discovered to
date. Besides electrons and
heavier positive particles there
are other less understood par-
ticles in nature.

Air separation or insulation with cer-
tain materials is sufficient if the voltages
are small. Very high voltages will force
a spark to jump across an air gap or
puncture a thin piece of insulation.
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RADIO PARTS SYMBOLS

There are additional symbols besides
those illustrated in Figure 16. Some of
the symbols shown serve for similar com-

ponents. For example, the
an ammeter can be used fo

symbol for
r any meter

provided the notation explains this.
The scale of the meter, the value of a
resistor, the voltage of a battery can be
indicated with a brief notation along

side the symbol.

TJUBES

PLATE

ST feaThooE
DIODE TRIODE

B

PENTODE

SURPRESSOR
SCREEN
CONTROL

GAS FILLED
0UO TRIOOE  COLD CATHODE
BASE___ CoLLECTOR
P-N-P TYPE
N-P—N TYPE

EMITTER
TRANSISTOR (JUNCTION)

=@

acke

SYMBOL EXCEPT ARROW
IS REVERSED

PLATE

PHOTO-
ELECTRIC

SAME
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ture of the parts and wiring. It is difficult, however, to make
pictures of parts. When a picture drawing is finished, it is almost
as confusing as the maze of wires one sees by looking at the bottom
of a chassis. To simplify this task, radio engineers have decided to
use symbols to represent the different radio parts. The connecting
wires are represented by straight lines.

This is a logical solution. We are experienced in using symbols
in almost all fields. The fact that an animal with four legs and of
a certain appearance is called a dog and is spelled d-o-g, shows an
application of symbols.
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Figure 16. These are symbols of commonly
used radio parts and must be carefully studied
by you.

The radio parts you have examined, as you read the first part of
this chapter, all have easy-to-remember symbols. These symbols
are illustrated and must be carefully studied. Practice making these
radio symbols. You must be able to look at any radio part, call it
by the correct name, and make a drawing of the proper symbol
which is used to indicate this part in radio diagrams. A few addi-
tional symbols will come up as you progress with your studies.

CONDENSER

SROWNDED TO CrASSLS
-

Figure 17. Please observe that the schematic
and pictorial diagrams indicate the same con-
nections.

Let us suppose that a certain radio set has a coil (inductance)
terminal wired to a connection on a socket of a vacuum tube. How
do you indicate this fact on a schematic diagram? You probably




know that first you will make the correct symbols for the particu-
lar coil and vacuum tube. Then you will draw straight lines, pref-
erably with a ruler, connecting the proper terminals of these
symbols. Examine the illustration showing this schematic drawing
and also a picture representation of this wiring. Besides the parts
mentioned, our schematic diagram also shows.a condenser con-
nected directly across one of the windings of the coil. Notice that
this makes one side of the condenser common with the terminal
of the vacuum tube.

In complete diagrams, straight lines are used to indicate the con-
nections between parts, but these lines do not indicate the actual
wires. The parts may be wired in any fashion as long as exactly the
same component parts are connected with the lines and are also
wired to permit the passage of current.

This example illustrates that the actual wires and the diagrammat-
ical lines will permit the same passage of current and are, therefore,
considered the same connections. But the lines are not exact repre-
sentation of the wires for circuit tracing purposes.

REVIEw QuEsTIONs aND ProBLEMs. 1. Make a rough sketch
of the top view of the radio chassis you examined. Print in the
names of the parts. How can you use such a sketch as an aid in
getting the tubes back in the right sockets?

2. If the power plug is of the removable type, study the manner
in which the cord is connected. Remove the cord with the aid of
a screw driver and then re-assemble.

3. Using a small ruler, measure the inside diameter of the knob
opening. While the knob is unmounted, turn-in the set screw until
it becomes visible through the “shaft” hole.

4. Place your finger against the loudspeaker cone. Do you feel
the vibrations which correspond to the sounds you hear? Does the
tone change any because of your finger?

5. Do any of the tubes in your radio have a grid-cap connec-
tion at the top of the bulb? How is this connection made to the
radio circuit?

6. What is the diameter of the coils used in your radio?

7. Why are rivets used instead of bolts in many cases?

8. Name three commonly used conductors of electricity.
9. Name three insulators used in radio parts.

10. Make a schematic showing two coils connected in a manner
which will permit the current to enter one coil, pass on to the sec-
ond coil, and then pass on to a long lead.

11. If two students wire two separate radios from a single sche-
matic, will the radios match wire for wire? Explain.

12. What is the maximum number of wires which may termi-
nate at a single point? What was the maximum number you found
in your radio?

SELF-TESTING QUESTIONS

For practice, the student should make
the symbels of several radio parts (any
parts at all) and inter-connect them in
some fashion. Make another drawing of
the same symbols (parts), but now con-
nect them in the same electrical way
using somewhat different pencil lines.

L. Hint: In lettering a radio drawing be
sure that all printing can be read from
the normal position or from the right
hand side.

4. Notice what part of the loudspeaker
cone vibrates the most. Does this re-
main the same for high pitched and for
low frequency sounds?

5. The grid caps are made in two differ-
ent sizes for receiving tubes. Glass tubes
require the larger size; metal and —G
type tubes use smaller grid caps.

6. The diameter of the core of the coil
is wanted. Probably anywhere from
% to 114 inches. Do not take any coils
apart to get this dimension.

7. Probably quicker to fasten the parts.

8. Silver is often used for contact points
on telegraph keys.

9. Are all these insulators suitable at
high temperatures?
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LESSON 2

This lesson will tell you what tools are
needed to do radio work and how the
mechanical operations of mounting, re-
placing, and repairing radio equipment
are performed.

The tools illustrated at the right are re-
quired for successful radio repair work,
Probably you are familiar with the use
of these tools, but will find their appli-
cation in radio work somewhat different.
If you are not experienced in the me-
chanical work, it is advisable to get an
old junk radio to practice dismounting
the components and remounting a few
of the parts in different positions.
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Mechanics of Radio

WuaTt Makes-Up A Rab1o? A great many components are needed
to make up a complete radio receiver. Usually we think of the
radio as a unit having these components correctly inter-connected
with wires. But it is also important to have these parts properly
mounted. The parts must be mounted solidly and in positions to
permit convenient and short connecting wires.

Figure 18. The components of a
radio receiver must be assembled and
properly wired to obtain the required
operation. The photograph illustrates
a radio class busy assembling simple
radio receivers.

MUMMUVUMUMUMMMUMMMMMMUMMUMUUMUMUMMUUMMUMMMMMUMMMMBMY
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Figure 19. These are common radio tools needed for radio repairing
and construction work. (A) Long-nose pliers, (B) Gas pliers, (C)
Diagonal cutters, (D) Pocket knife, (E) Flat file, (F) Small screw-
driver, (G) Medium-size screwdriver, (H) Scale.




MEeTAL CHAssis Base. The radio parts are assembled on a metal
base and are wired according to the circuit. The base is usually
made of sheet metal which has been properly shaped, cut, punched
and drilled. The metal used is usually cadmium plated iron aloy,
aluminum, or galvanized sheet iron. As you have already seen in
the radio you examined, the tube sockets are so mounted that the
tubes are above the chassis. A few additional parts may be above
the chassis, but most of the wiring and almost all of the smaller
parts are placed below the chassis base.

Courtesy Cleveland Twist Drill Co.
Figure 20, Twist drills are used to make the needed holes in radio
chassis bases.

If you are called on to make a chassis for a piece of radio equip-
ment, the first step is to lay out the top allowing room for all parts
to be mounted. Once your lay-out is completed, you will know
what dimensions the top of the base will have. The sheet metal
you will use must be laid out to allow about 2 inches additional
along each edge for the sides of the chassis. Commercial chassis
bases are available in many sizes and are reasonably priced.

Figure 21. This type of socket punch is em-
ployed by radio servicemen and in experimental
laboratories for punching the required cut-outs for
tube sockets.

—Courtesy American Phenolic Corp.

Most radio parts are attached with bolts or rivets and, for this
purpose, holes must be drilled. The correct twist drill for the job
should make a hole just large enough for the threaded part of the
screw to slip in. Self-tapping screws make threads in thc metal as
they are screwed in place. These self-tapping screws and rivets are
used without lock washers.

RADIO SHEET METAL WORK

If you are able to obtain some sheet
mctal and have the necessary tools, it is
recommended that yon make a small
radio chassis. Plan to prepare this
chassis for mounting upon it the radio
parts that you have on hand. In obtain-
ing a radio job, you may be questioned
about the mechanics of radio to the
same degree that you will be asked
about radio theory.
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MECHANICAL WORK IN RADIO

The planning of the placement of dif-
ferent radio parts on a radio chassis is
made while considering many important
factors. Parts that become hot in opera-
tion must be kept away from compon-
ents such as condensers which are easily
damaged by heat. All parts must be
placed in relation to each other so that
certain of the connecting wires are as
short as possible. While all the wires
should be short, you will learn later on
that the grid and plate wires must be
very short for proper operation of the
equipment.

Volume 1 - Page 12

Large circular holes may be made with a circle-cutter or with a
socket punch. The punch may be in the form of a die. The socket
punches are made in various sizes commonly needed for radio con-
struction, while the circle-cutter is adjustable to various diameters.

777 ‘ b J

Courtesy Cleveland Tuwist Drill Co.

Figure 22. For quickly drilling required
holes, the drill press is very useful.

-7

1 . 1®

Figure 23.* When a square cut-out is made for mount-
ing the transformer, the metal sides must be filed smooth.

*Figure 23 above, as well as Figures 19, 27, 29, 35, 111, and 115, are
reproduced from “Mechanic Learner—Radio” which was issued by the
Commonwealth of Pennsylvania, Department of Public Instruction, and
was prepared with War Production Training funds in cooperation with the
U. S. Army Signal Corps and the U. 8. Office of Education.




In using a circle-cutter, care should be exercised in setting it to the
exact dimensions needed. Of course, a hole cannot be made smaller,
and only by difficult filing can the hole once drilled be increased
in size.

Half-shell power transformers require rectangular openings in
the chassis. The metal to be cutout is marked off and tiny (about
14 inch) holes are drilled next to each other along the lines indicat-
ing the needed cut-out. After the holes are drilled all the way
around, a chisel is used to cut the metal between the holes. When
the job is completed, the rectangular blank will fall out. The open-
ing is then filed smooth.

/77
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Courtesy P. R. Mallory & Co.

Figure 24. Volume controls may be mounted on special stand-off brackets

as illustrated. However, in the majority of radio equipment, volume controls
are mounted directly on the side of the radio chassis.

How Rapio ParTs ARe MounTep. Your attention was called
to the method used for mounting radio parts, while you were study-
ing in Lesson One. Small parts, such as resistors, condensers, and
R.F. chokes, are supported with their own leads. Tube sockets are
fastened to the chassis with machine screws or rivets. Large con-
densers (used in the power supply of receivers) are mounted with
bolts or with stud-nut over the threaded section of the metal con-
tainer. Power transformers are bolted in place, using the screws

Figure 25. This is an illustration of an octal
socket showing the two mounting holes. Sockets
have different dimensions and the required holes
must be drilled to measure.

that hold the frame to the laminations in the case of the half-shell
type, or with machine bolts in case the transformer is of the upright
type. Volume controls (potentiometers) are mounted behind the
side of the metal chassis. The shaft comes through a threaded sec-
tion which is attached to the case. This section is tightened against
the chassis. The shaft may be cut to the needed length. The
switch, used with many volume controls, is mounted in place on the
back plate of the volume control unit.

MOUNTING RADIO PARTS

In some circuits, the volume
control or other adjustable com-
ponents are mounted some dis-
tance away from the front panel
and the control knob on the
front panel is attached to an ex-
tension shaft (either flexible or
solid) as shown in Figure 24.
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HANDLING HOOK-UP WIRE

In many large sets, the ground bus wire
(for all common chassis connections)
may be bare.

No. 18 or 20 push-back wire will serve
for most radio circuits. For some fila-
ment circuits, wherc currents of several
amperes niust be carried, No. 14 wire is
recommended.

Wire connections should not rub against
sharp mctal parts since the insulation
may be rubbed off with age and a short
circuit will result. A short circuit is any
unwanted connection that will prevent
the proper operation of the equipment.
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Makine WIRe ConNEecTiONs. Radio parts are inter-connected
with hook-up wire. The wire electrically joins the terminals to be
connected. The hook-up wire should be insulated along its path,
but is made bare and clean at the place where it comes in contact
with the terminals. Push-back braided cotton covered wire is

Figure 26. Some filter condensers
are supplied in cardboard containers
with spade lugs for bolting the con-
denser to the chassis.

Courtesy P. R. Mallory & Co.

- _
CHASSIS

easiest to handle. Enough insulation is pushed back to make the
needed connection, and then the insulation is pushed back over the
wire up to the terminal. The illustration shows the proper method
used for pushing back the insulation on both solid and stranded
wire. When the insulation cannot be pushed back far enough with

Figure 27. This illustration explains how you are to hold a piece of
hook-up wire and push back the insulation. Once the bare wire becomes
visible, the push-back insulation can be forced back a greater distance with
the aid of long-nose pliers.

the fingers, it will be easier to grasp the bare end of the wire with
long-nose pliers. Then, holding the wire in this manner, it is a
simple matter to push the insulation back with the fingers as much
as required.

Figure 28. The switch mounted in
back of a volume control is removable,
as illustrated.

Rubber covered hook-up wire and wire having rubber and cot-
ton insulation is often used as the leads of radio parts such as trans-
formers and filter condensers. The insulation is crushed with long-




nose pliers and then removed with diagonal pliers or a knife. Care
should be taken that the wire is not nicked or cut in the process.
Hook-up wire comes in sizes 16 to 20, B. & S. gauge.

The purpose of crimping wires to a terminal of any type is to
insure a uniform, easily made, strong mechanical connection. If
the terminal has a hole, the wire is bent into a half-loop with the
aid of the long-nose pliers. After this, the tip of the wire is inserted

HOLE
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Figure 29. These several illustrations will explain how hook-up wire
is attached mechanically to lugs or terminals. The contact must be made
mechanically secure before solder is applied.

into the hole of the terminal, and the wire is squeezed (crimped)
against the terminal. In case the terminal is of the lug type and
does not have a hole, the wire is also made into a half-loop and
crimped against the terminal. It is better to wrap the wire around
the blank type terminal, crimping the wire from both sides.

Courtesy P. R. Mallory & Co.

Figure 30. In a radio receiver, wires are
joined together at a terminal point or
“lugs.” Notice how the condensecr leads are
attached”to extension wires using a terminal

block.

SoLperING. All electrical connections must be soldered to insure
low resistance electrical contact under all conditions. Make it your
rule to solder every connection you make, even if the equipment
you are building is for temporary use.

—— i iD--—

Courtesy Drake Electric Works, Inc.

Figure 31. The 100 watt soldering iron is
useful for radio work.

MAKING WIRE CONNECTIONS

You should practice handling different
kind of hook-up wire. Practice striping
the insulation, bending the wire into re-
quired shapes to complete the connec-
tion, and crimping the wire to lugs and
terminals.

A mail order radio jobbers’ catalog
(available from several large radio deal-
crs) shows illustrations of many termin-
als and will help you learn about the
type of connectors and supports used in
radio construction work.
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SOLDERING PRACTICE

You should practice using wire solder
and also regular bar solder and solder-
ing paste. Unless you had extensive ex-
perience in soldering, you must spend
hours perfecting your ability to solder
quickly and expertly.

If you cannot obtain an electri¢ solder-
ing iron, or if you do not have power
electricity in your community, be sure
to obtain the needed soldering practice
with a regular iron which may be
heated over a stove or with the help
of a blow torch. It is even harder to
use a copper tip regular iron than an
electric type, and so you will be getting
even more extensive practice.
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The best solder for radio work is made up of 63% tin and 37%
lead, and has a melting point at 358° F. Solder cannot make a
perfect bond with any metal when a layer of oxidation is present.

| S SN MRS

Courtesy P. R. Mallory & Co.

Figure 32. Conncction to radio equip-

ment may be made with the aid of plugs
and jacks.

Flux, when heated, removes oxides and prevents oxidation during
the soldering process. This enables the solder to adhere to the
metal surfaces. Rosin flux should be used by a radioman. Acid
flux has corrosive action and should not be employed. Most radio
technicians prefer solder obtainable in the form of thick wire with
a core of rosin flux. Because the rosin has a lower melting point
than the solder, the rosin flows out first to clean the surface when
heat is applied.

Battery

Figure 33. For some requirements,
connections are made mechanically
secure and do not require soldering.

To provide the heat necessary for soldering, several methods are
used. To solder exposed wire, where near-by parts cannot be dam-
aged, a gasoline torch may be used. For most radio work an elec-
trically heated iron is preferred. These irons are rated in watts of
electrical energy they consume. A 100 watt iron is most popular

Courtesy P. R. Mallory & Co.

Figure 34. Bulls’ eyes are used to indi-
cate the presence of power in different cir-
cuits.

for radio work. The heating clement of the iron is located inside
the metal barrel. The heat travels to the copper tip which is used
for soldering. Where electricity is not available, flame heated
soldering irons are employed. These can be heated with a gaso-
line torch.




To do a good soldering job, the tip of the soldering iron must be
properly shaped and tinned. Tinning an iron is a process whereby
a thin, uniform layer of solder is formed upon the tip of the iron.
The transfer of heat from the tip to the work occurs most easily if
the surface is bright as the result of tinning. When the tip of the
iron becomes “pitted” by the action of the rosin core in the solder,
the iron must be filed and re-tinned. The iron can be kept clean
for long periods of time by wiping the tip with a rag whenever
corrosion accumulates.

The soldering iron must actually heat the jpint to be soldered to
a temperature that will readily melt solder. The solder will then
run into each crack in the joint and form a good electrical bond.
Hot smoothly flowing solder has a bright silver luster; as it cools, its
appearance changes to a duller gray, setting shortly after this
change. If the joint cools with a rough surface, the soldering job
is not well done; a dirty contact, improper heating, or movement of
the wires may have been the cause.

P mAKE
3 TWISTS

‘cUT END OFF *
“WESTERN UNION SPLICE"

Figure 35. The Western Union splice is used to join wires outside of
equipment and is made in the manner illustrated.

Wire SpriciNG. Splices are used to join two or more wires for
the purpose of making an electrical connection. This connection
should be mechanically secure and not require any mechanical
fastening device. All splices should be soldered to assure continued
good electrical contact. Splices are found in antenna connections
and in telephone lines. In a radio chassis, the junction should be
made at a tie-point or a terminal. For all splices, the bare ends of
the wire must be cleaned before the splice is made. Solder is ap-
plied. The bare parts of the splice are taped with electricians tape
to complete the job.

Review QuesTionNs aND ProBLEMs. 1. Using your radio set as
a guide, lay out a drawing of the chassis indicating all dimensions
and places for all holes. Sections of the chassis which cannot be
reached, may be omitted.

2. What are the advantages of rivets over machine bolts in
mounting radio parts? What are the disadvantages?

3. Why is hook-up wire usually insulated?

4. Explain how you would tin an iron?

5. If you have had but little experience in soldering, obtain bits
of wire, an old chassis base or piece of galvanized iron, some old

radio parts, and practice soldering. Only practice can make you
expert in soldering.

USES OF WIRE SPLICES

If the point of the iron becomes pitted,
a smooth metal file is used to remove
the foreign deposit and shape the cop-
per point. The iron may be locked in a
vise or may be held by the handle and
rested against a metal surface.

Courtesy Asrcraft-Marine Products, Inc.
The solderless terminals illustrated are
easily attached to conductors with spec-
ial crimping tools. Several terminals
can be used to form a junction on a
single stud block.

1. This drawing should be made large
and neat. A piece of light colored wrap-
ping paper, 17 x 22 inches, is excellent
for this purpose.

2. Do you, as a future radio and clec-
tronic equipment repair man, prefer
rivets or bolts? Why?

3. Stiff bus-bar wire may be used bare,
but the hook-up wire employed in radio
equipment is not stiff enough.

4. Go over all points in detail. Actually
do the work before writing the answer
in your notebook.
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LESSON 3

Good practical men have failed to per-
form relatively simple radio tasks be-
cause they lacked the knowledge of
elementary mathematics and could not
use basic radio formulas. Enough mathe-
matics has been included in this course
to give you the essentials of the re-
quired mathematics.

If you had very little arithmetic in
school or have forgotten this work,
please write to M. N. Beitman, care of
the publishers, and enclose a statement
of your training and present knowledge
in arithmetic and algebra. We will rec-
ommend an inexpcensive supplementary
book to help you. Please enclose a self-
addressed and stamped envelope for a
speedy reply.
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Mathematics of Radio

Wuy Matuematics? The work of radio engineering is accom-
plished with the aid of mathematics. Practical radio tasks can be
performed without the aid of mathematics. But the knowledge of
a few simple formulas and the most elementary mathematical oper-
ations will enable you to save time on many jobs and will eliminate
trial and error attempts and guess work.

For example, if you wish to install a transmitting antenna, you
may try various lengths until the best results are obtained. A more
sensible method is to use the correct formula, substitute for the let-
ters the known facts about the station transmitter, and solve for the
exact size of antenna required.

Mathematical formulas are short-hand statements of facts about
radio physics. A simple formula interconnects facts and permits
you to find the value of one of the facts when the others are known.
The actual facts, of course, are numerical quantities expressed in
suitable units, We are going to assume that you have forgotten
the mathematics you may have studied at school. We will begin
with simple arithmetical problems and help you to grasp the mathe-
matics you will need to be successful in doing practical radio work.

Numsers. There certainly is nothing hard about numbers. Since
you have been a small child, you have been counting 1, 2, 3, 4, 5.
Later at school you learned the multiplication tables. You learned
that all numbers can be formed from the symbols, 1, 2, 3, 4, 5, 6,
7, 8,9, and 0. The zero is important since it really enables us to
write all numbers with only ten symbols. And you better remember
that multiplying any number by zero, or multiplying zero by any
number, results in zero.

FunpaMENTAL OpErATIONS. There are four fundamental oper-
ations. You have used them in school and in every day business.
One of these operations is addition. Addition means to combine
items. Only similar items can be combined. If one radio set uses
six (6) vacuum tubes and another employs five (5) tubes, by adding
(6 -+ 5=11) we learn that the two radios together require eleven
tubes.

Subtraction means to take away, to remove one quantity from
another. If you had a dozen machine bolts and used three in
mounting a radio chassis, then you would have nine bolts left.

12—3=9

After your wages are computed, the amount for Old Age Pension
is deducted (subtracted), and you receive the balance.

Multiplication is a process of continued addition. By memoriz.
ing tables, the work of multiplying is greatly simplified. Number
8 multiplied by number 6, is equivalent to adding number 8’s six
times. The symbol X stands for the multiplication operation. The
statement




8X6=48
is read: Eight times six is equal to forty-eight.
If two letters are written next to each other, but without a sym-
bol between them, these letters are to be multiplied together. For ex-

ample, fL means f multiplied by L. Sometimes a dot like this ® also
stands for multiplication.

Division is the inverse of multiplication. You read
24 =-6=4
as: Twenty-four divided by six is equal to four.
This problem may also be stated as:
24
6

Please notice that this means that the quantity above the long dash
is to be divided by the number below the dash-line. Most formulas
which involve division are written in this manner.

=4

FracTions. Many times in radio work, quantities are parts of a
whole unit and are called fractions. % volt is a part of an electrical
unit known as a volt. The number written behind a slant-line, as
the 2 in V5, or below a long dash is called the denominator. It tells
into what portions the entire unit is divided. The number in front
of the slant-line or above a long dash is called the numerator. This
number tell us how many of the parts are included. For example,
the fraction 94 tells us that the division is made into eight parts,
and that five of these parts are included. Since in this fraction
there are eight parts in all, and five are included in the fraction we
are considering, three more such parts would complete a unit. This
means that 33 more are needed to make 5% a complete unit. And
we add these fractions by combining the numbers in the numerators,
keeping the same denominators which must be alike to permit addi-
tion. From this we see that 8, or for that matter any fraction
whose numerator and denominator are equal, is really one whole
unit.

We have tried to recall a few facts about fractions to you. Most
practical radio problems are worked in decimals and are of such
simple nature that very little additional knowledge of fractions is
needed.

DecimaLs. We write whole numbers in the regular way and
place a period, called a decimal point, at the end. For example,
the number forty-eight is written as 48. Fractions must be changed
to have a denominator of 10, 100, 1000, or some larger num-
ber of this type envolving 1 followed by zeros. If the fraction
is 2/5, it may be changed to 4/10, and is written as .4; this
means that the number after the decimal point is tHe numerator
of a fraction whose denominator is 10. The number 2.57 is read
as two and fifty-seven hundredths. Notice that there are two figures
after the decimal point and this accounts for the “hundredths.”

Decimals are more convenient to use than fractions. Multiplica-
tion or division by ten, or some multiple of ten, simply shift the
decimal point. The number 2.57 when multiplied by 100, simply
requires the shifting of the decimal point to the right two places to
correspond to the two zeros of the 100. The answer is 257. If this
original number is divided by 100, the decimal is shifted to the left
two places and the answer is .0257, the extra zero must be placed to
show that the decimal point was moved two places to the left.

FRACTIONS AND DECIMALS

To add or subtract fractions, the denom-
inators must be alike. If they are not
alike, a number is selected which can be
divided by both denominator numbers.
If the smaller denominator goes into the
larger, this larger denominator is the
one you want. The number of times the
denominator goes into this common
number, is the factor for multiplying
the numerator (top) and denominator
of the fraction considered. For ex-
ample, the fractions may be 1/3 and
2/5. Both denominators will go into
15, and this is the smallest number that
will permit division by both 3 and 5.
The number 3 will divide into 15, five
times. Therefore, the fraction 1/3 must
be multiplied by five, resulting in 5/15.
Notice that both the denominator and
numerator are multiplied by this factor.
In a similar way, 5 (the other denomi-
nator) will go into our selected number
15, three times. We now multiply the
second fraction, 2/5 by three, and ob-
tain 6/15. The denominators are now
alike and they may be added or sub-
tracted as required. If they are added,
the result is 11/15. Only the numera-
tors are added, the common denomina-
tor is kept for the answer. If these frac-
tions are subtracted, the result is
6/15 — 5/15 = 1/15.

When two fractions are multiplied, no
such changes are needed. The numera-
tors are multiplied together and form
the new numerator. Also the denomin-
ators are multiplied separately and form
the denominator of the answer. For
example, 1/3 x 2/5 = 2/15.
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ELECTRICAL UNITS

When powers of ten (such as 103, 107)
are to be multiplied, the exponents need
only be added together to obtain the
power of ten of the answer. For the cx-
ample, the answer would be 10'.

The unit of electric charge equal to
about 6.3 x 10! free electrons, is called
a coulomb. The ampere is a unit of
electric flow. The passage of one cou-
lomb past a given point in one second
represents an ampere.

It is important that you visualize volt-
age as electrical pressure. This electro-
motive force may be generated by means
of chemical batteries, rotating magnetic
machines known as dynamos, or by heat-
ing the contact point of two different
metals.
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How To WRITE LarGE NuMsErs. In radio work many times very
large numbers must be expressed. A special short-hand method for
doing this is used. When any number is multiplied by itself, it is
said to be squared, or raised to the second power. For example, 10
times 10, which equals 100, may be written as:

10 X 10 =102

The little number two is called the exponent and indicates how
many tens have been multiplied together. In the same manner, 103
would indicate 10 X 10 X 10, or 1,000. A million can be written
as 10%. You will notice that the exponent also indicates the number
of zeros in the number.

Now if we have a number as 240,000, it may be written in our
short-hand as: 24 X 10%. This means that the original number is
equal to 24 times 10,000 and the 10,000 may be written as ten to
the fourth power.

ELectricaL Units. For comparative purposes of the qualities en-
countered in electrical circuits, selected units are employed. These
units are inter-related and are based on absolute basic reactions.
Because of the nature of electricity and the associated force, mag-
netism, we cannot measure or note these forces directly with our
senses of touch, sight or smell, but must resort to indirect indicators
(meters, lights, etc.) operated by these forces.

CurrenT. Electric current needed to light an electric bulb or
to heat the filament of a radio tube consists of millions of moving
electrons. A practical unit of electric current is an ampere which
represents the passage of a tremendous number of electrons per
second. It is easy to see that when one circuit has a current of 15
amperes, it has five times as much current as another circuit which
has only 3 amperes.

While in power work an ampere is a convenient unit, some radio
circuits have very little current, sometimes only a thousandth or a
millionth part of an ampere, and a smaller unit is more applicable.
A milliampere* is one-thousandth of an ampere. It takes 1,000
milliamperes to make up one ampere. A microampere* is one-
millionth part of an ampere. It takes one million microamperes to
add up to a single ampere. Formulas usually are expressed in am-
peres of current, and if the problem has other units of current, these
must be changed to amperes.

Vortage. The force which produces current (electron move-
ment) from one body having an excess of electrons to another
body having less electrons, acts as a pressure. This electrical pres-
sure is called electromotive-force and its unit of measure is the volt.
You know that an ordinary battery dry cell used in flashlights has
an electromotive force of 1%, volts. At times electromotive force
is abbreviated EMF, and may be called voltage, potential difference,
or just potential. In radio work, we use voltages from a few volts
up to 1,000 volts. A thousand volts is also known as a kilovolt¥.
Very small potentials are measured in microvolts and millivolts.

ResistaNcE. The unit of resistance is the ohm. Special units
having very high resistance are used in some radio circuits. In case
the resistance runs past one million ohms, it is expressed in megohms.
A megohm is equal to one million ohms. The concept of resistance
will be presented in Lesson Four.

*The prefix milli means one-thousandth part, micro means one-millionth
part, and kilo means one thousand times.




FormuLas. Mathematics is a symbolic way of explaining and
analyzing physical occurances. Arithmetical numbers represent
quantity. Ten volts is ten times the standard measure—the volt.
Numbers tell how many, is it larger or smaller, is it too small . . .
all these are measures of quantity. Algebraic symbols (usually letters
of the English and Greek alphabets) represent specific measureable
quantities. For example E usually stands for voltage in electrical
work. This is really another way for writing “voltage,” i.e. we say
E instead of the word voltage. In a like manner we usually write I
for current, and R for resistance. A Greek letter = appears in many
radio formulas and is a constant always equal to 3.14.

Using letters saves time and greatly simplifies the writing of
formulas. The Ohm’s Law may be written in words as:

Voltage = Current (multiplied by) Resistance
E = I X R
or in algebraic symbols directly under. Of course, the algebraic way
of writing is much simpler to write and remember.

Sometimes in the same problem, there are two different voltages,
such as the grid and plate voltages in a vacuum tube. Here again
we may use some letter, as “E,” to represent voltage and use small
letters after E and a little below it, to stand for grid and plate
voltages respectively. As: :

E......... grid voltage

1

E, ....... plate voltage

How T0 Use Formuras. There are many practical formulas
which you will have to use in your work. You will find every
formula a short-hand statement of facts. Study this statement
(formula) so you understand it. Now determine what fact is un-
known and must be found with the aid of the formula. Leave the
letter representing this fact alone, and consider the other letters.
Each letter represents some other fact about the circuit or problem.
Find the numerical value of these facts, but make sure that they are
in the units required. If the formula requires current to be in
amperes, and the problem mentions the current in milliamperes,
change the milliamperes to amperes by dividing by a thousand (one
thousand ma. equals an ampere). After making these numerical
substitutions simply solve for the unknown letter. This calls for
getting all numbers on one side of the equal sign, and keeping the
unknown letter alone on the other side.

Grapus. Certain facts may be best represented or analyzed by
presenting the data in the form of a graph. A graph shows the
relation between two facts or group of facts. As for example, the
graph illustrated represents the rise of current in milliamperes
through a 1,000 ohm resistor, as the voltage is increased from 0 to
100 volts. The voltage is plotted as the ordinate (vertical scale)
beginning with 0 and running up by equal subdivisions to 100 volts.
The current begins with 0 and increases to the right; it is plotted
as the abscissa (horizontal scale).

This graph illustrates that the current varies directly with the
applied voltage (varies in a straight line). For a 1,000 ohm re-
sistor values of current may be obtained for any voltage covered
by the scale, and vice versa. At 50 volts, for example, following
the dotted line, the value for current is 50 milliamperes.

Additional mathematical facts will be presented in connection
with problems as they come up in later chapters. The student

FORMULAS AND GRAPHS

There is no special reason why certain
letters should be used for definite elec-
trical quantities in electrical formulas,
but usage dictates certain choices. Usu-
ally the letter employed is the initial of
the term. For example, R for resistance,
E for electromotive force. Since C
stands for capacity, the letter I, was se-
lceted for current.

The unknown quantity should remain
alone on one side of the equal sign of
the formula; all other terms should be
on the other side. If the formula in this
form is not known, the regular equation
expressing these faets can be solved by
algebraic operation to take this form.

The financial pages of large city news-
papers have graphs to illustrate certain
price trends. While these have nothing
to do with radio, you will find it good
practice to examine and study these
graphs.
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REVIEW PROBLEMS

L. You probably recall that any number
multiplied by zero results in zero. Also
remember that division by zero is im-

possible.

2. You should get an answer of 24
ineches, or 2 feet.

3. You still have 98 feet left.

4. Sce the explanation on page 23. Your
answer should be 5/6.

5. Each group of eight men will have
one iromn.

6. Divide 1 by 3. Do this by long divi-
sion. Place a decimal point after 1., and
add zeros. The answer: .33333 etc.

7. 4 x 108,
8. This is 60 ma.

9. This is a quarter of a megohm, or

250,000 ohms.

10. E; is commonly employed.

11. 2,260.8 is the answer.

Volume 1 - Page 22

should review arithmetic and elementary algebra in any standard
text-book if he has difficulty following the practical mathematics
which are included in this chapter,

IR
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Figure 36. This graph illustrates the relationship between volt-
age and current in a circuit which contains a 1,000 ohm resistor.

ReviEw QuEsTiONs aND ProBLEMs. 1.
by zero, what is the answer?

If 10,000 is multiplied

2. To wire a radio set the following pieces of wire are needed:
3 inches, 314 inches, and 13V, inches. The mechanic knows that
the extra amount for bending around terminals is usually 20%
additional. How much wire will be needed for the job?

3. From a roll of wire initially having 100 feet, six pieces of 4
inches each are cut. Remembering that 12 inches equals one foot,
how much wire is left on the roll?

4. Add 2 and 3.

3. A Signal Corps Company consists of 256 men and is supplied
at a certain time with 32 soldering irons. One soldering iron is
expected to serve how many men?

6. Write 15 as a decimal correct to two places.

7. Express four million in short-hand notation.

8. How will you write .06 amperes in milliamperes?

9. A resistor of 0.25 megohms, is how many ohms?

10. What is a logical symbol-letter for filament voltage?

11. If a formula states that X = 6.28 Xf X L, and { is 60, and
L is 6, what is X?

12. Refer to the graph illustrated in this chapter, and plot in it
the points corresponding to 75 volts and 50 ma., and 90 volts and
60 ma. Connect these two points with a straight line.




LESSON 4

Circuits Using Resistors

Resistance. Even the best electrical conductors such as silver,
copper, and aluminum, oppose the passage of electric current. In-
sulators have so much opposition that we say that they do not pass
any electricity at all. Iron wire is not an insulator, but it is a much
poorer conductor than the metals mentioned. One may think of
iron as having greater opposition to the passage of electric current
—greater resistance to the freedom of electric current movement.
Copper has little resistance. Wax paper has very high resistance.
In general, the better conductors have very little electrical resist-
ance, the insulators have very high resistance.

REsisTANCE AND THE SizE oF THE Conpuctor. If a piece of
copper wire has a definite resistance, a piece twice as long will
have twice the resistance. A picce of wire may be thought of as a
water pipc. Any pipe has opposition to the passage of water. If
the pipe is made twice as long, somewhat as in the above example,
the opposition or resistance will be doubled.

If you cut a piece of wire with a very sharp tool and looked
right at the side of the cut, you would see a circular cross-section
of the wire. This cross-section has a definite area. Now if the wire
is made thicker, the cross-section will be increased and a larger path
will be provided for the movement of clectrons forming the electric
current. A larger path will offer less resistance. This illustrates that
two wires made of the same material have resistance, per unit
length, inversely proportional to the cross-section area. The thicker
the wire, the less resistance.

Unir or ResisTance. We already learned that the unit of resist-
ance is the ohm. Hook-up wire, No. 18 B. & S. gauge, has a resist-
ance of .0065 ohms per foot. A mile of this hook-up wire has a
resistance of about 34 ohms. The cloth insulation of this same wire
has insulation-resistance which is measured in millions of ohms.

The electrical resistance of most substances varies with tempera-
ture. Electrical conductors made of metal have an increase in re-
sistance as the temperature is raised. However, this change is small
and may be ignored in practical radio work.

CoMposITION-TYPE REsIsTors. Carbon is a fair conductor and,
therefore, has low resistance. Bakelite and many other plastics have
very high resistance. If we take powder made of carbon and mold it
into the shape of the resistors you examined in the radio set, we will
find this “resistor’” will have a very low value of resistance. The “re-
sistor” made from the bakelite powder, on the other hand, will have
very high resistance. Now we can mix the two powders in any
proportion we wish and, by this means, produce any value resistor
needed. The carbon type resistors used in radio are actually made in
this fashion and the connecting leads are attached to both ends.

The metallized resistors have the mixture, which will give the
desired resistance value to the finished product, baked on an in-
sulating form. Usually these resistors are coated also with a ceramic
insulation material and this permits mounting the resistors near
metal parts without the possibility of a short circuit occurring.

You should realize that when the diam-
eter (or radius) of a piece of wire is
doubled, the cross sectional area is in-
creased four times.

This means that the same eonduetor
may have higher resistance if the sur-
rounding temperature is increased.

While the commercial carbon eomposi-
tion resistors are made in this fashion,
the actual materials used are not nec-
essarily bakelite and carbon, but may be
other forms of powdered conductors
and insulators.

In small midget radio receivers, many
parts are placed very close together and
insulated resistors are recommended.
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ABOUT RADIO RESISTORS

For practice, you may determine the ac-
tual sizes of the carbon resistors used
in your radio receiver. Use the color
code. In some units, a small dot is used
instead of the center band.
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The range of these carbon resistors runs between 100 ohms and
20 megohms. As you probably know, one megohm equals one
million ohms. Carbon resistors are capable of handling only small
amount of electrical power and this subject is discussed later in this
chapter.

Resistor CoLor Cope. The composition resistors are color coded
in a special way to indicate the resistance value of the unit. Study
carefully the chart illustrated below. You need not memorize these
facts, but you should practice using the color code chart until you
are expert at this work.

STANDARD RMA RESISTOR COLOR CODE CHART

Figure | represents aa older

Bedy Bera Fad .-:m.d of color coding ;lﬂo‘?:‘.i
7 method. “Boih are sasderd.
F— - 3 5 Mz . 2
| [ B e e
d oad baad (F

Fig. 1) (Fig. 1) of cec

B e e
or tl e
1ot gind gRe. of o notes Bumber of ;lghnl ahter the
lirst two sigailicant Bgures.
Asotber Band Is used on some
resisiors to designate lolerance as
follows: for 25%
Band for =5%.
et Slver Band lor =10%.
LOR 16t of 2nd No. of Ciphere
Vsedon Body Slgniicant Atter”the Firet Tovo
Eod or Baad Fiqure Sigaitican! Figures
Black . .0 Xone
Brown o1 0
Orang 3 00
ran -
(V;llog: 1 0000
Blos s 000000
Violet 7 0000000
Gray Y 00000000
White TN 000000000

EXAMPLE: Take the number 62.000. 6 is the Kirst significant bgure, 2 is the 2nd ll‘-
diicant ligure and the pumber of ciphers after the Hrst two signilicant Egures 1s 3,

Figure 37. Carbon composition resistors are
color coded to indicate their resistance value.
You must practice using this code so that you
are proficient in telling the value of resistors
upon examination.

As another example, let us suppose you find a resistor all red.
There is no visible dot or end color. You may, in this case, assume
that both the end and dot are also red and, therefore, could not be
painted on the red body. Now to find the actual resistance value.
The red body tells us that the first figure is 2. We assumed the
end is also red, that makes the second figure also a 2. The dot is

also red. This means that there are two more zeros. The total value
is 2,200 ohms.

MEecuanics oF ComrposiTion Resistors. These resistors are
one-half to two inches long and have leads of tinned copper wire.
These leads are about two inches long. Usually the resistor is
mounted directly between the required terminals. If the leads are
too long, they may be shortened. If the bare leads pass close to
other non-insulated parts, a sleeve of insulation material should be
placed over the bare leads. If the two terminals for the resistor,
which is to be mounted are far apart, find a supporting dummy
terminal of some sort near one of the required terminals. Mount
the resistor on these two supports. Then wire the dummy terminal
to the second required terminal using a piece of hook-up wire of
the proper size. Terminals of parts not used and not connected in
any way may be used as dummy supports. (For example, extra
terminals on tube sockets.) On a socket for a 6K7, the number six
terminal is not used for any purpose and can be employed as a sup-
port. Special stand-off brackets with several terminals are also
available for this purpose.

At this point, it is worth while to go back to the midget radio
set you examined before and find the size of each resistor using the
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Courtesy General Radio Company.

Figure 38. Sensitive test equipment, as the impedance bridge illustrated,
is used:to test various radio components. The proper operation of any
radio device depends on the correct function of each part incorporated.

color code and also notice the method employed for supporting the
carbon resistors used. Do you think the radio set you are using
was assembled in good style?

Figure 39. Some radio sockets are supplied
with several of the terminals already inter-
connected as may be required in a particular
circuit.

INcrEASING REsisTANCE. It is possible to increase the resistance
of a carbon resistor by cutting several notches with a file in the body
of the resistor. Since these notches will make the cross-section area
somewhat smaller, the resistance will be increased. In a later
chapter you will learn how to measure the resistance with an ohm-
meter, and this instrument will permit you to know just how much
of a change you may make with this trick method.

CARBON RESISTORS

The degree of accuracy used for testing
radio components depends on the appli-
cation. When radio parts are to be used
for research or laboratory experiments,
speeial sensitive test units are employed
to detect possible faults and to deter-
mine the exaet size of the units.

Do not try to increase the resistance of
a unit more than 20%. It is better to
cut several notches instead of a single
large one.
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ACCURACY OF RADIO PARTS

You recall, of course, that 100% is the
entire quantity, while 1% is one-hun-
dredth part of the total.

Many times, very sensitive electronic
equipment will give excellent results
with resistors of commercial accuracy.
It is the circuit that determines the re-
quirements and not the function of the
complete unit.
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Accuracy or REesisTors. One percent of any amount is one-
hundredth part of this amount. Ten percent is 10/100 of the par-
ticular amount being considered. Most commercial carbon resistors
are accurate to within 10% of the marked or indicated value. This
means that any resistor may be of a resistance value 10% larger or
smaller than the value indicated by the color code. A resistor of
50,000 ohms, plus or minus 10% accuracy, may be anywhere from
45,000 to 55,000 ohms. Please remember that the value may be
anywhere between these two extremes and, by chance, may be very
close to 50,000 ohms. Consider several of the resistors you found
in the radio set as being of 10% accuracy, and calculate between
what limits of resistance they may actually be.

Probably you are somewhat surprised that radio parts can be so
much off the required value and yet give good results in the circuit.
Not all sections of a radio receiver permit such variation in resist-
ance values. However, carbon resistors are usually employed in
circuits where several values of resistors would work successfully.
An audio amplifying tube may have a resistor connected between
its terminal known as the cathode and the chassis which serves
as the ground or grid return circuit. A 1,000 ohm resistor would
serve the purpose. But a 2,000, or 3,000 ohm resistor would give

PRECISION

WIRE WOunD
....... -

Figure 40. Certain circuits require the use
of resistors of very high accuracy. A precision
resistor used in meter circuits is illustrated.

as good operation and you could not tell the difference. Even 5,000
ohm resistor would give fair operation. Now if we choose a 2,000
ohm resistor for this purpose, and remember that it is only 10%
accurate, we realize that actually we may be placing into the cir-
cuit a resistor having a value anywhere between 1,800 and 2,200
ohms. But from our explanation we can sce that any of these
values will give proper results.

Courtesy Ohmite Mfg. Co.

This is a type of wire
wound resistor employed in radio circuits.

Figure 41.

The fact that a piece of equipment is intricate or expensive does
not indicate that very accurate resistors are needed. The circuit
application of the part determines the accuracy needed. For meter
multiplier circuits, for example, resistors accurate to within 1% are
usually used. Most, ordinary radio equipment is so designed that
resistor values are not critical.




WmRe-wounp REsisTors. When resistors must handle greater
power or have better stability, they are made of high resistance
nichrome or similar wire. Commercially, these resistors are made
by winding the wire on strips of fiber or porcelain tubes. The turns
are separated from each other. The type of resistance wire em-
ployed, thickness of wire, and total length used, determine the re-
sistance value of the finished unit. These resistors are usually en-
cased in a protective coating of baked enamel or special cement.
This covering protects the fine resistance wire and prevents resist-
ance changes which may occur due to moisture.

Courtesy P. R. Mallory & Co.

Figure 42. Usually wire wound resistors have
a metal band on which the value and descrip-
tion of the unit are stamped.

Usually the resistance wire is started and terminated in suitable
connector-lugs. Sometimes extra connections are made in the middle
of the resistor by means of extra terminal-lugs. Semi-variable type
wire-wound resistors have a bare strip along the length, which is not

Courtesy Ohmite Mfg. Co.

Figure 43. Some wire wound resistors

have adjustable taps. The set screw hold-

ing the band of the tap must be loosened
before the contact is moved.

covered with the insulating cement, and permits contact with the
resistance wire. Sliding lugs are used to make contact with the wire
and the connections may be adjusted for the resistance value needed.
Examine the illustrations included.

Courtesy International Resistance Co.

Figure 44. Some fixed resistors are supplied with sev-
eral fixed taps to give different resistance values.

RESISTORS FOR HIGHER POWER

Courtesy Clarostat Mfg. Co.
By combining a number of variable re-
sistors connected in series, it is possible
to obtain any value of resistance needed
for test purposes. One knob controls
a potentiometer of 10 ohms, and per-
mits adjustment in steps of one ohm,
up to 9 ohms maximum. The next unit
permits adjustment in steps of 10 ohms,
up to a maximum of 90. The next con-
trol permits adjustment in steps of 100
ohms each, up to 900 ohms. In this
manner, any needed resistance value
can be obtained. The complete unit is
called a decade resistance hox.

Wire-wound resistors should not be sup-
ported on their leads alone, but should
be held in place on support legs as
shown in Figure 43, or seldered to stand-
off lugs.
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VARIABLE RESISTORS

The arm of the rheostat should be in
contact under pressure with the wire
element. Good, positive contact will
prevent arcing and will increase the life
of the unit. The contact pressure may
be checked and adjusted. A little vaso-
line may also be applied to the surface.

The terms rheostat and potentiometer
have been loosely employed in litera-
ture. The correct definition of a rheo-
stat implies a continuously variable re-
sistor having two terminals. A potentio-
meter has three terminals. Sometimes,
however, all heavy duty variable resis-
tors are called rheostats, even if they
have three connecting terminals.
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Wire-wound resistors are made in resistance values from a frac-
tion of an ohm to about 100,000 ohms. It is not practical to make
these resistors in higher resistance values. Physically resistors are
made in various sizes to serve different heat or power dissipating
requirements. Wire-wound resistors of the larger size are supplied
with mounting-feet and are bolted to the chassis.

Figure 45. The heavy-duty rheostats illustrated are employed in circuits
where a quick change of resistance is needed from time to time.

VariaBLE REsisTors. In many radio applications the value of
a resistor must be changed for the purpose of adjusting the circuit.
When you turned the knob to change the volume output of your
radio, you really were adjusting a resistor. Variable resistors are
made so that a sliding contact, easily controlled by means of a
knob, permits the changing of the resistance value between almost
zero ohms and the maximum resistance incorporated in the unit.
Such units require but two terminals. One terminal is the end con-
nection, the other is the sliding contact. When the sliding arm is
near the fixed terminal, the resistance is at a minimum. As the arm
is moved away, the amount of resistance between the arm and the
fixed terminal increases. Such units are known as rheostats. Usually
rheostats are made in low resistance values and are used to control
power circuits.
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Courtesy Ohmite Mfg. Co.

Figure 46. A cross-section of a rheostat illustrating the
manner of assembly.

PoTENTIOMETERS. Potentiometers are very similar to rheostats,
but have three connecting terminals. Both end terminals are used,
and the third terminal is connected to the movable arm. As the
resistance between the movable arm and one of the fixed terminals
is increased, the resistance between the arm and the other fixed
terminal is decreased. These two sections of resistance always add
up to the total resistance marked on the potentiometer.




Most potentiometers are mounted on the side of the chassis and
require a single Y2 or 34 inch hole. Scveral makes of potentio-
meters have an extra rib which requires a small hole besides the
large one. This protruding rib prevents the entire unit from re-

L E
Courtesy Clarostat Mfg. Co.

Figure 47. Potentiometers are used to
control and adjust radio circuits. Notice
the slotted shaft for a special knob. The
resistance clement is illustrated separately.

volving as the shaft is turned. The shafts of potentiometers are
supplied quite long and must be cut to size. Since very soft metal
is used, the job is easily done with a hack-saw. Sometimes the
shaft comes notched in many sections and this permits breaking
off the extra length with a pair of pliers. You may also remove
the extra length by filing a little all around the point where you
wish to break the shaft. Use a small three-cornered file for this
purpose. After filing, grasp the shaft with a pair of pliers on each
side of the cut. Two pairs of pliers will be needed. A side twist with
the pliers and the extra portion of shaft will break off.

Figure 48. Potentiometers arc
used as volume controls in radio
receiving sets. Notice the threaded
section around the control shaft.
This section is placed through a
hole in the side of a chassis and a
nut is employed to tighten the
potentiometer in place.

Conrtesy International Resistance Co.

Potentiometers arc often called volume controls since they are
used for this purpose in radio receivers. However, this is not a
good name since potentiometers are also used for adjusting tone
control circuits, oscilloscopes, test instruments, and for hundreds of
other applications.

Some potentiometers are made with resistance wire in a manner
similar to wire-wound resistors. Wirc-wound potentiometers are
used primarily where low value resistance units are needed and
electrical power is handled by the circuit. The values of wire-
wound potentiometers arc between several ohms and a maximum
of about 10,000 ohms. Potentiometers using a carbon deposit as

RADIO POTENTIOMETERS

Some potentiometers use very special
type of shafts. 1f the correct replace-
ments eannot be secured, you may make
a repair with a potentiometer of the
correct type, but with a standard shaft.
This regular shaft is cut short and a see-
tion of the original special shaft is eut
off and attached to the unit.

Two nuts may he used to mount a po-
tentiometer a short distance behind the
chassis. First, one bolt is screwed on,
then the potentiometer is placed
through the opening in the chassis, and
the second bolt is used to tighten the
assembly in place.
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POTENTIOMETER CONNECTIONS

In somne battery sets, the switch mounted
on back of the potentiometer is of a
dual type — it controls two individual
circuits at the same time. Such a switch
may have threc or four connecting
terminals.

You must understand that the total re-
sistance between the two extreme poten-
tiometer terminals remains almost con-
stant at any setting of the arm. The
moving contact, connected to the center
terminal, moves beween these two fixed
éxtreme connections. As the moving
arm may be rotated closer to one fixed
terminal, and thereby, reduce the re-
sistance between this terminal and cen-
ter connecction; the resistance between
the moving arm and the remaining fixed
terminal will correspondingly increase.
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the resistance element are used more commonly and are obtainable
in resistance values from 1,000 ohms to 10 megohms.

Since potentiometers are the units used for adjusting the circuits,
they receive much mechanical use and are a source of trouble.
Occasionally, the control may be opened and repaired by bending
back the rubbing prongs of the rotating arm and cleaning the car-
bon element. Usually it is best to replace the faulty unit.

In a few units, the arm, having the center terminal for its con-
nection, is grounded to the shaft and the metal framework of the
potentiometer. But in most units, the elements of the potentiometer
are entirely insulated from the metal framework. The “on-off”
switch for the equipment may be placed on the back of the po-
tentiometer and the first rotation of the shaft will operate this switch.
Remember that this switch has no electrical connection with the
resistance element of the potentiometer.

CoNNECTING THE POTENTIOMETER. You know that a potentio-
meter has three terminals. The center terminal is connected to the
movable arm. It is indicated in the symbol for a potentiometer as
the center arrow. The choice of the other two terminals, however, is
very important. Assume that you are holding a potentiometer in
your left hand with the shaft pointing directly at your face, and the
connecting terminals at the bottom of the unit. Now turn the shaft
all the way to the left, counter-clockwise. There is now almost no
resistance between the terminal on the left and the center terminal.
But between the right hand terminal and the center terminal there
is a maximum resistance. Now as you rotate the shaft to the right,
clockwise, you increase the resistance between the left terminal and
center, and decrease the resistance between the right terminal and
center arm.

Usually the output of the radio equipment is increased as the
control knob (on the shaft of a potentiometer) is turned to the
right, clockwise. And the potentiometer must be connected so that
the circuit will be changed by the right hand rotation of the slider
to increase the output. You will be able to apply this knowledge
when you begin to study actual radio circuits.

Courtesy P. R. Mallory & Co.

Figure 49. An instrument used to

measure resistance, called an Ohm-

meter, is employed to determine the

total resistance of a potentiometer and
the taper incorporated.

Taper. Let us consider what resistance we will get between the
left-hand terminal and the center terminal for different positions of
the rotating arm. If we start with the rotating arm in the extreme
left-hand position, we will have about zero resistance. Actually, in
high resistance potentiometers, this minimum resistance may be
several hundred ohms. Since we have not as yet turned the shaft,




we can call this position of the rotating arm 0% of the cffective
rotation from left to right.

Courtesy P. R, Mallory & Co.
Figure 50. Potentiometers are supplied with
long shafts which can be easily cut to the size
required.

If the potentiometer we are using for our example, is made of
a uniform deposit of resistance-carbon material, at the mid-point
of rotation {corresponding to 50% of effective rotation) we would
have one-half of the total resistance of the unit. This potentiometer

Courtesy P. R. Mallory & Co.

Figure 51. In the potentiometer illus-

trated, the total resistance of 50,000 ohms

is divided as shown to give a non-linear
taper.

has a linear taper. This means that the resistance between the
terminals we are considering varies linearly (directly) with the
rotation. At 75% effective rotation, i.e. three-quarters around to
the right, we will have three-quarters of the total resistance. If the
unit we are using is a 10,000 ohm potentiometer, than at the 75%
effective rotation setting, we would have 7,500 ohms resistance be-
tween the terminals.

Non-LINEAR Taper. For most control applications non-linear
taper types of potentiometers are needed. These potentiometers
do not have equal change of resistance for equal changes of rota-
tion. In some of these units, the first 50% of rotation brings only a
very small change in resistance between a set of terminals, but the
bulk of resistance change occurs at the end of the rotation. In other
potentiometers, a great deal of resistance change occurs as the rota-
tion is started, but then the change becomes gradual. Study the

TYPES OF TAPER

The potentiometer illustrated in Figure
50, is interesting because it has an ex-
tra tap connection. This tap is a fixed
connection to a point along the resis-
tance element. This extra connection
is useful in special circuits and for tone-
quality automatic adjustment with vol-
ume setting.

You may understand the meaning of
linear taper a little Detter if you will
rcalize that adjustable wire-wound re-
sistors have uniform taper — equal re-
sistance change for equal movement of
the adjustable slider.
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RESISTORS IN SERIES

Beginner radio students often wonder
what faults in operation are noticed if a
replacement potentiometer has the cor-
rect resistance value but the wrong ta-
per for the application. Usually, the
equipment will operate, but the tone or
volume level adjustinent with the re-
placement potentiometer will be diffi-
cult. The settings will be critical and
the useful portion of the total rotation
will be very small.

Usually, when two or more rcsistors arc
connected in series, an additional con-
nection is made to the junction point.
However, resistors may be connected in
series to give a value of resistance not
obtainable in a single unit, to give
greater power handling ability than is
obtainable from a single resistor, or to
reduce the total voltage placed across
cach resistor, and in each of thesc cases
no additional connection need he made
to the junction of the units.
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curves showing the various tapers. Later you will understand in
what type of circuits the different tapers are used.
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Covirtesy P. R, Mallory & Co.
Figurc 52. This is the taper for the
potentiometer shown in Figure 51.

REsisTors 18 SEriEs. Two resistors may be connected, one after
the other. This is a series connection. More than two resistors may
also be connccted in serics. In radio work, resistors of various
sizes are connected in scries. The value of the ecquivalent re-
sistance of the circuit formed by several resistors connected

Figure 53. Potentiometers are made in
various resistance values and tapers. Some
commonly emploved tapers are illustrated
in the graph.

in series is obtained by adding the resistance values of all in-
dividual resistors. For example, if a 200 ohm and a 450 ohm
resistors arc connected in scries, the cquivalent resistance of the
combination is 650 ohms. In mathematical terms, the total serics
resistance R equals the sum of the resistors making up the network,
and these resistors may be R,, R,, R, ctc.

R, =R, +R, +R,+.....

R,
Ry

Figure 54. Several resistors may be connected in
series. The total resistance is the sum of the individual
resistors. The current in every resistor is the same, but
the voltage drop across each resistor will be different,
unless the resistors are all alike.




Resistors are connected in series to give values of resistance not
obtainable in a single resistor. For example, 170 ohms can be ob-
tained by connecting in a series a 100 and 70 ohm resistors, since
no single 170 ohm resistor is commercially available. Sometimes
resistors arc connected in series to provide a tap-connection between
the resistors.

REsisTORs IN PARALLEL. Suppose we wire two resistors in such
a fashion that onc of the terminals (leads) of each resistor are
joined together, and also the other lcads are joined. The current
in this type of network will pass through cach of the resistors. This
connection places the resistors in parallel. The cquivalent resistance
will be less than the value of the smallest resistor. Several resistors
may also be connected in parallel. The equivalent total resistance
of several resistors connected in parallel can be calculated from this
formula:

1
Ry =47
R T R2+R3+"'

Usually not more than two resistors are wired in parallel and the
formula simplifics to:

R, XR,
"7 R, R,
Lrorae 1‘2
LTt £2 o
I, l
=
= E=45 R=4 R=12

Figure 55, Two or more resistors may be connected in parallel.
In a parallel resistor circuit, the voltage across each resistor is
the same, but the currents may differ.

If we connect a 4 and 12 ohm resistor in parallel, we can use this
formula to find the cquivalent resistance. R, will be 4 ohms, and R.,
will be 12 ohms. Substituting in the formula, we obtain:

= 1 X .12 = .48 = 3 ohms

1412 16
This means that these two resistors connected in parallel will act
as a single 3 ohm resistor.

Usually only identical resistors are connected in parallel. If two
600 ohm resistors are connected in parallel, the equivalent resistance
is reduced to onc-half (divided by two since there are two resistors)
of the 600. The resistance is then 300 ohms. If three such 600 ohm
resistors are connected in parallel, the equivalent resistance is 600
divided by 3, or 200 ohms. In such case, cach resistor handles its
proportion of power.

RESISTORS IN PARALLEL

In practical electronic and radio cir-
euits, parallel connection of resistors are
not cmployed very often. However, in
analyzing the function of many circuits,
one often finds the cquivalent of paral-
lel combinations of resistances. The
same simple mathematical formulas can
be applied in either case.

If the two resistors connected in parallel
differ greatly in resistance values (for
example, one ten times larger than the
sccond), the equivalent parallel resist-
ance may be assumed equal to the
smaller unit,
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CONNECTING DRY CELLS

Single cells are often called batteries,
but this is not correct.

The life of a dry cell depends on the
amount of electric current taken and
how the current is removed. A cell will
last longer if the current taken is not
excessive and there are idle periods be-
tween times currcnt is consumed.

If several cells arc available for an ap-
plication requiring but one, do not kecp
the balance as spares, but connect all
cells in parallel. This will reduce the
drain from each cell. Batteries have a

definite shelf-like, and will go dead

within a year.

CROSS SECTION VIEW OF
“EVEREADY” No. 6 ORY CELL
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Figure 59. Inside view of a dry cell,
showing the construction and materials

used.
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BATTERIES. An important source of clectrical energy for portable
radio equipment is the electric cell or battery of cells. A cell is a
unit “battery” that produces electrical energy by means of chemical
action. A battery is a combination of two or more cells connected
in series or parallel. A primary cell is a unit which produces electric
pressure (voltage) because of a chemical reaction. Once the chemi-
cally active materials are used up or an equalibrium is reached, no
further appreciable current can be obtained.

ENIGHT =
BATTERgs |

In localities where electric power is not

Figure 58.
available, storage batteries and dry batteries supply the
power needed to operate radio equipment.

Dry CerLL. The ordinary flash-light cell is of this type. The
larger batteries used in portable sets, rural-district radios, and Signal
Corps portable equipment, are made up of a large number of such
cells. This “dry”’ cell has an outside foil of zinc which acts as the
negative electrode. The center positive electrode is made of car-
bon. There is also a chemical solution in paste form. Additional
chemicals are included to give the cell longer life. These cells pro-
duce about 114 volts. The larger ones, of course, can supply greater
current and will last longer than smaller size cells. All the cells
produce the same voltage. The cells are connected in series and
parallel to supply various requirements.

l: 4-é‘VOLT$——“’ +

Figure 60. ‘Several dry cells can be connected in series. Greater
voltage can be obtained with this connection, but the life of the cells
is not Increased.

Storace BatTeriEs. The lead storage battery is used in connec-
tion with some radio equipment. It consists of a positive plate of
lead peroxide and a negative plate of spongy lead. These plates are
placed in a solution of dilute sulphuric acid.

Figure 61. Dry cells may also be connected in parallel. The
usual 1%, volts will be obtained, but the life of the cells will be
increased. With this circuit, higher current may be taken.




The storage battery is a secondary battery because it cannot
produce electric current of itself, but must be charged at first. The
charging current is “stored” and may be obtained from the battery

Inter-cell Vent plug Post
connector
Cover N;t‘ra:;"
Positive
strap Partition
Positive Separator
plate
Negative
. | 2 A plate
Container | 2" g Az

Courtesy Electric Storage Battery Co.,
Figure 62. A cross-section view of one cell of a storage

battery. Notice how the positive and negative plates are
interlaced.

when neceded. The battery actually does not store electricity, it
stores chemical energy produced by the charging current. When
the current is used during the discharge period, this chemical energy
is used up. Radio storage batteries are tested with a hydrometer
since the specific gravity (lifting power) of the solution changes

L2800
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Figure 63. Positive
plate above and negative
plate below.

Courtesy Eiectric Storage Battery Co.

Figure 64. The reading on the float of a hydrometer, in line with the

liquid from the storage battery, indicates the condition of the battery
“charge.”

STORAGE BATTERY TESTING

Only water need be added since sul-
phuric acid employed in the solution
has a very high boiling point and does
not evaporate to any degree,

Storage batteries are rated in ampere-
hours of capacity. This figure tells the
number of amperes for the period of
hours the battery will supply. Roughly,
a 100 ampere-hour battery will deliver
one ampere for 100 hours, or 5 amperes

for 20 hours, or 8 amperes for about
1214 hours.
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CIRCUIT CALCULATION

Radio and electronic components must
be connected in some fashion to give
the required operation. On this page,
we are considering the first complete
and, perhaps, applicable circuit. An
electrical circuit consists of several parts
connectecd to permit the passage and
control of electric current in the re-
quired manner.

The predetermination of electrical
values in a circuit permits the proper
design for the purpose on hand. While
the analysis presented on these pages is
simple, it is the basis for all circuit
design and understanding,
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with the “charge” condition of the battery. The float in the hydro-
meter should have the number 1.275 on the level with the acid
solution taken from a fully charged battery. The battery must be
reccharged when the level reaches the 1.150 point. Additional charge
may be given to the battery any time it is not fully charged.

The batteries are recharged with special equipment which may
operate from the 110 volt A.C. power line, or may be a gasoline-
motor driven generator. In an emergency, a storage battery may
be charged from a 110 volt D.C. line (direct current) by connect-
ing the battery in series with a large size electric light, or several
lights in parallel. Proper polarity, of course, must be observed.

Circurts. We are now rcady to deal with a real but simple
electrical circuit. Let us connect enough dry cells in series to obtain
45 volts. Since each dry cell produces 1}, volts, a total of 30 cells
will be needed to make up this battery. The symbol for all batteries
is the same, but the figures written along side can be used to indicate
the voltage. Since voltage or electro-motive force is abbreviated
E, we can write E=45. Now let us connect a 15 ohm resistor
across this battery. Notice how this is done in the schematic draw-
ing. In actual practice you would use two pieces of insulated wire
to make these connections. The symbol for all fixed resistors is the
same, but here we can write R = 15, to indicate that the resistor is
15 ohms. This completes our circuit.

I=?

_

é Ez45 vouTs

=

Figure 65. A simple circuit may consist of a resistor connected to
a battery. Ohm’s Law permits you to find the current when the
voltage and resistance are known.

R= 'Soums

Now since the circuit is completed, electric current is flowing
through the resistor. How much current is passing through the
resistor? You may already know that current is measured in
amperes, and so our question really asks, “How many amperes are
passing through this circuit? How many amperes are supplied by
the battery and pass around the circuit.” In a later chapter we will
learn that a meter can be used to measure this current, but now we
will find out how the current can be found with the aid of a
mathematical formula and the known facts about this circuit.

Oum’s Law. In all direct current scircuits (batteries supply
D.C.) there is an important relationship between voltage, resist-
ance, and current. Using the following symbols:

E = voltage in volts

R = resistance in ohms

I = current in amperes
Ohm’s Law states that the voltage is equal to the product of cur-
rent and resistance in the above units. Since this relationship is




very important in solving radio problems, we will state it mathe-
matically in several ways:

E=IXR = R=—
R I

To use these formulas, first make certain that the known facts of
the problem are expressed in the required units. If the resistance
in a certain problem is expressed in megohms, change the value to
ohms. Then use the formula which starts with the letter-symbol
of the quantity you wish to find. Substitute in this formula the
known facts as numbers in place of the other letters and solve.

In our earlier example, we were trying to find the current; then
let us choose the formula which starts with the letter I. All units
are already expressed correctly so no changes are needed. Substi-
tute number 45 for E, and number 15 for R. Solve and you obtain
the answer of 3. This means that the current is 3 amperes.

Please consider this additional example. A 1,000 ohm resistor is
used in a certain radio circuit. It is known that the current passing
through this resistor is 6 milliamperes. What is the voltage drop
across this resistor?

R=75

Figure 66. The voltage drops across the different elements making
up the circuit, must equal the voltage supplied by the source (the
battery in this case).

Here we are trying to find E and must use the formula which
starts with this letter. Resistance is expressed in ohms, but the cur-
rent is in milliamperes. Since each milliampere is one-thousandth
part of an ampere, 6 milliamperes are .006 amperes, i.e. 6/1000
of an ampere. Now substitute in the formula. Multiplying the
current of .006 by resistance of 1,000, we obtain an answer of 6
volts. That is the voltage drop across this resistor.

Power. Besides being rated in ohms, every resistance possesses
another electrical rating corresponding to its power handling abil-
ity or “wattage.” The current flowing in a resistance, causing a defi-
nite voltage drop, results in a certain dissipation of power measured
in watts and is equal to the current squared times the resistance.
Symbol for watts is W.

W =1I?R

This is the most commonly used formula for wattage computation,
although others made up of related factors are also used:

VOLTAGE DISTRIBUTION

The Ohm’s Law relationship ‘is so im-
portant and is so often used in practical
radio work, that you must make certain
vou understand this material and are
able to apply these formulas to simple
problems.

Although the Ohm’s Law stated is in-
tended for direct current circuit only,
it may also be applied to A.C. circuits
(such as electric power supplied to most
homes) if only resistive loads are con-
sidered. Electric bulbs behave very
much as resistors. If a bulb is operated
from 110 volts, and draws 0.2 amperes,
the resistance of the bulb may be found
from the Ohm’s Law relationship. Using
the expression where R stands alone on
one side of the equal sign, we substitute
the known values and obtain an answer
of 550 ohms.

Electrical power converted to another
form of power (energy) is measured in
watts. An electric motor may use a defi-
nite quantity of electrical power in
watts. This power will be changed to
mechanical energy; i.e., power of me-
chanical type to drive some mechanical
devices. Electrical power dissipated in
heat is also measured in watts,
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POWER CALCULATION

Sinee a fuse is a safety device, ils pur-
posc is entircly defeated if it is replaced
by another fusc of too large capacity
(which will not provide any safety fac-
tor for the particular circuit), or if the
fuse is shorted out with a picce of wire
or mectal.

You should make up similar simple
problems to get the necded practice in
using the formulas for computing power
dissipated in circuits having resistors.
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W=IXE W=-

Composition-type carbon resistors are rated from V4 to 2 watts
depending on their size. Wire-wound resistors begin with about 5
watt size and go up to very large sizes that are used in transmitting
equipment.

Fuses. The clectric wires carrying current heat up if the cur-
rent increases beyond a safe value. If the wires are permitted to
become too hot, the insulation may start burning. Certain faults
in circuits may cause the current to increase beyond a safe value.
As a safety precaution, fuses are inserted in all power circuits. A
fuse is made of a special metal which will melt and break the
circuit when the current becomes excessive, but not large enough
to damage the actual wiring.

WarTace RaTinG. The power dissipated by the resistor is changed
to heat; if the heat is excessive due to overloading the resistor by
more than just the normal current flow, the heat so developed may
injure the resistor clemnent. The ratings given are for open air
mounting and where there are no close parts that may be injured by
the heat. In mounting resistors in a closed chassis adjacent to other
casily harmed parts, it is best not to load the resistors more than
50% of their rated wattage.

Exampres. If a resistor of 3 ohms, carries a current of 2 am-
peres, what is the wattage dissipated?

W=IR=22<X3=2X2X3=12 watts

A biasing resistor causes a drop of 30 volts, with a current of 15
milliamperes (.015 amperes). What is the wattage of the resistor?

W =1XE=.013X 30 = .45 watts

In this case a half watt resistor would do, but it would be better
to usc a one watt unit. More examples will appear later.

MaxmmuMm CurreNT. The question of what current is permissible
once the wattage and resistance of a unit are known comes up quite
often. The formula below, derived from the regular wattage for-
mula, will enable us to do this.

/W
I=|
'

The following problem may be taken as an example. What current
may a 2 watt, 800 ohm resistor carry as a maximum?

/2 11

400 20

= .05 amperes

800
The table below may be used for this purpose. This table may also
be used to determine what wattage to use with a certain resistor
and current flowing through it. Usually this is the information
known and, therefore, the table will be very handy. For example,
if you are using a 10,000 ohm resistor and the current is 25 milli-
amperes (.025 amperes), then the wattage required will be greater
than 5 watts, and therefore, a 10 watt unit should be used.



| WATTS 2 t 5 | 10 |
Resistance current 1 in amperes r |
1 707 1.000 | 223 | 3.163
2 500 707 | 1.580 2.236 |
5 416 447 1.000 1.414
10 .224 | 316 .707 1.000
25 141 200 446 632
. 50 .100 141 316 | 447
100 071 100 224 316
200 050 071 158 | 223
300 041 .058 1129 .182
500 032 045 .100 .141
700 027 038 | 085 .129
1,000 022 [ 032 071 00 |
1,500 .018 [ .02 | 058 .081
2,000 016 .022 .050 071
2,500 014 020 I 045 063
3,000 013 N IT: 041 | 057 |
4,000 011 016 035 .050
5.000 010 014 032 044
7,000 008 012 027 | 038
10,000 007 010 022 031
| 15.000 006 .008 018 .025
| 20,000 005 007 016 022
| 25.000 004 .006 014 .020
50,000 1003 1004 010 013 \
75,000 .003 .004 .008 o1 |
100,000 .002 | 003 .007 .010
200,000 002 002 005 .007
l 300,000 001 002 004 .006
500,000 [ 001 001 1003 .004

How To Ust iz Onm’s Law Cuart. The alignment chart, pre-
pared by the Ohmite Mfg. Co., enables graphical solution of Ohm’s
Law problems. To use, place a ruler across any two known values
on the chart; the points at which the ruler crosses the other scales
will show the unknown valucs. The italic figures (on the left of
the scales) cover one range of values and the roman figures cover
another range. For a given problem, all values must be read ertier
in the italic numbers or in the roman numbers.

Example No. 1. The current through a 12.5 ohm resistor is 1.8
amperes. What is the voltage across it?> The wattage? Answer:
Dotted line No. | through R =125 and I — 1.8 shows E to be
22.5 volts and W to be 40.5 watts.

Example No. 2. What is the maximum permissible current
through a 10 watt resistor of 2,000 ohms? Answer: Dotted line
No. 2, through W = 10 and R = 2,000, shows I to be 70 milli-

amperes.

REesistor CircuiTs IN Rapio.*
(A) of Figure 68. Here we have a choke commonly used in a
power supply of a radio sct. We know that this choke has a
resistance of 100 ohms, and that it produces a voltage drop of 50
volts. Applying the Ohm’s Law statement, we can solve for the
current, I.

E 50 ;
— = —— =.5 amperes
R

100

I =

*These examples were taken from: Radio Service Encyclopedia. Second
Edition, published by P. R. Mallory & Co.

Pleasc refer to the illustration |

USING OHM'S LAW CHART

H vou wish to use the table to find the
maximum permissible current in am-
peres which can be safely handled by a
given resistor, proceed as follows: Find
the “ohm” value of resistor in the first
colunm. Closest value in the table will
serve. Proceed across from this value
until you reach the column where the
power of the resistor is stated at the
top of the column. The value given in
this column is your answer in amperes.
For example, given a 5,000 ohm resistor.
Find it in the first column. Proceed
across. For one watt size (if this unit is
one watt) find the proper column. Do
you see the value, .014 amperes? This
is maximum; of course, lower value cur-
rent is permissible.

If the resistor and current are known,
vou can find what size (wattage) will be
required. Find the “ohm” value of the
resistor in the first column, and then
travel across until you come to a current
value which is first along the way from
the left, but is larger than the given
value of current. Look at the top of the
eolumn; the wattage of the resistor
needed is given there.

This chart is on the next page. Obtain
the needed practice by following the ex-
amples given and then working a few
additional problems which you can
make up yourself.
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EXAMPLES IN USING THE CHART

The explanation for using this chart
shown under Figure 67, is given on page
3s,

These examples refer to the illustration
shown in Figure 68.
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OHM'S LAW CHART 1,000,000

1000
For graphical determination of Wottage, Voltage,
Current ond Resistonce.

500,00
I Formulae: 100,000

]
LT ST S TY TRe—
.02

: ]
WeEl WePR WeE i

100,000

AMPERES

000
#0060

Z 000

20,000 -

1,000

100

200 =

00 3 500
1000 == 3 2000
1000

Use italic numbers with italic numbers only and
roman numbers with roman numbers only.

Figure 67. In practical radio work, approximate values are accurate
enough. With the aid of this chart you can work most resistance problems.

In illustration (B) you will notice that the voltage from one side
of the resistor to ground is 250 volts as indicated by the meter.
From the other side of the resistor to ground the voltage is 300
volts. This indicates that 50 volt drop occurs across the resistor.
The current, I, is .005 amperes, as indicated on another meter. We
use another form of the Ohm’s Law, to solve for R.

E 50
R =—= — = 10,000 ohms
1 .005

In illustration (C) the current passing through the tube and indi-
cated on the meter as .005 amperes, will also pass through the re-
sistor wired in the cathode circuit. We know this resistor is 2,000
ohms. What will be the voltage drop across this resistor?

E=1IX R =.005 X 2,000 = 10 volts

In the figure above, we wish to know what power will be dissipated
in the 2,000 ohm resistor. Using the formula below and making
the needed substitutions, we obtain the answer.

W =I?R = .005 X .005 X 2,000 = .05 watts

Kircunorr’s Laws. These laws constitute a further application
of Ohm’s Law to more complicated circuits. Kirchhoff’s First Law




states: “‘Any current flowing to a point in any electrical circuit is
equal to the sum of the currents flowing away from that point.”

ie? k£ 50V~
:
—0® LR
\
Rz100 OHMS
-A-

- & 2.005 AMPS,

» X=.005 AMPS, *

A\

£=?
R 2000 OHMS

-C-

Reprinted from Mallory Radio Encyclopediu
Figure 68. Circuits illustrating fundamen-
tal calculations which require familiarity
with Ohm’s Law. (A) Solving for current
flowing in a circuit; (B) the resistance which
is nceded to produce a given voltage drop;
(C) the voltage drop produced by a given
resistance.

Kirchhoff’s Second Law states: “In any closed clectrical circuit
the sum of the impressed voltages will equal the sum of the voltage
drops.” The voltage drops must be in the same direction or they
must be combined algebraically. We have already used this law,
when we noticed that the sum of the drops in two series resistors
cqualled the battery voltage.

8 AMPS.
0.5- OHM
4 AMPS,
A B
| OWM
0.13- %.0.13
onm-” OHM
o
€712V
12 AMPS 12 AMPS
Figure 69. [Illustration of Kirchhoff’s

First Law, “A current flowing into a circuit
is equal to the current leaving the circuit.”

In the figure, you will note that the sum of the currents, 8 am-
peres and 4 amperes, flowing towards point A, is equal to the
current, 12 amperes leaving point A. This illustrates the First Law.

Kirchhoff’s Second Law is also numerically illustrated in this
figure. Assume that the resistance of the various parts of the
circuit are as marked, and that the total internal resistance of the
battery is .6 ohms. Then according to the statement of the Second
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KIRCHHOFF’S LAWS

Additional Questions

40,000
OHMS

Courtesy P. R, Mallory & Co.
Figure 71. A radio tube has its plate
resistance equal to 40,000 ohms. Assume
that the D.C. resistance equals plate resist-
ance in this case, and that the tube will act
as a resistor of this value. A voltage of 200
volts is applied to the plate. What current
will pass through the tube?

As2 AMPS
Fo= .
\\ 4 ¥
a1 4
6 okms =3 E-
a2 > *'
Er192V 15 OHMS & E{:
R3
/s R4 €
50 OHMS S OHMS 2OIONMERS f
’
L L} 1 -
£+ 100 =E1 O~

Figure 72. A circuit consists of five re-
sistors connected to a battery as shown. The
ammeter indicates that 2 amperes of current
passes through the circuit. Find the voltage
drops across each resistor. The total of all
voltage drops should equal the battery volt-
age of 192 volts.

A = 100 AMPS.

R2
10 OHMS
E=330V

Ae33A,

Figure 73. Check the values of current
as indicated by the ammeters connected in
the circuits. Do you agree with the results?
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REVIEW QUESTIONS

1. Find the resistance per foot and then
multiply by 17.

1. What is the resistance of a pure car-
bon resistor? Does this suggest the
answer?

5. There are two right answers to the
first part of the question. Remember
the usual accuracy of resistors when
answering the last part.

8. If you have a radio parts catalog,
look up the prices of various wire-
wound resistors.

10. Can you invent additional applica-
tions for potentiometers?

1. You may also make up similar
problems, yourself.

The B— connection of the battery is
made to the ground or chassis. Elec-
trons may be considered starting from
B—, pass through the cathode resistor,
from the heated cathode inside the tube
to the plate, through the plate meter,
and back to the B} of the battery. This
action will be clearer when you study
the behavior of vacuum tubes.

13. You can work this out from formu-
las or get the answers by using a suit-
able table for each case.
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Law, if the impressed voltage is 7.12 volts: Impressed Voltage =
sum of voltage drops in the circuit, or the drops will be, (C to B)
12 X .13, plus (B to A) only one branch needs to be considered
since the voltage across the branches is the same, 4 X1 (or
8 % 0.5), plus (A to D) 12 X .13 to complete the circuit. When
you add up the results, you will find the answer will check with
7.12 volts.

ReviEw QuEsTioNs aND ProBLEms. 1. A piece of nichrome
resistance wire six feet long has a resistance of 100 ohms. A piece
17 feet long of this same wire will have how many ohms resistance?

2. If another wire of twice the cross sectional area, also six feet
long, is used how many ohms will it have?

3. From a practical point of view, does the resistance of a copper
conductor change any when an insulation is placed on the wire?
What if the wire is stretched?

4. Why do you think it is not practical to make carbon resistors
in values less than 100 ohms? What do you use when you need
a resistor of only 20 ohms?

5. How can a resistor be color coded to represent 70 ohms? Can
you represent 175 ohms by means of the color code? Why is this
question only of theorctical importance?

6. Does the physical size of a carbon resistor (length and thick-
ness) tell you anything about the electrical resistance? Why?

7. What are the extreme values of a 200,000 ohm resistor only
accurate to within plus or minus 20%?

8. If a section of a wire-wound resistor with taps burns out, how
can the repair be made most economically?

9. What are the main differences between rheostats and potenti-
ometers?

10. Name two uses for potentiometers in home-type radio
receivers?

11. Solve the combination circuit problem of this chapter (in-
volving resistors in mixed circuit), but changing the values of the
five resistors.

12. A 60 watt lamp connected to a 110 volt line uses how much
current? What is the resistance of this lamp?

‘27

i=.005
AMP
wa? Rz 2000 OHMS
wellr N-X3

Courtesy P. R. Mallory & Co.

Figure 70. A cathode biasing resistor of

2,000 ohms is connected as shown. The

plate current of .005 amperes must pass

through this resistor. What power in watts
is dissipated by this resistor ?

13. A resistor used in a radio set causes a drop of 7}, volts when
a current of .005 amperes passes through it. What is the resistance?
How many watts are handled by this resistor? What commercial
size resistor can be used for this purpose?

14, How can an 800 ohm equivalent resistor be formed from
several 600 ohm resistors which are the only ones available for the
purpose?




LESSON 5

Properties of Coils and Transformers

MacNeTIsSM.  Magnetic force is important for the operation of
many radio component. Relays, transformers, and loudspeakers
operate on the principle of magnetism. Being similar to electricity,
we cannot actually sce or feel magnetism, but the effects of this
force can be noticed and accurately measured.

Natural magnets exist. If a piece of hard steel is stroked in the
same direction with a piece of natural magnet, the steel will become
permanently magnetized. For practical use, a small percentage of
nickel, chromium, or cobalt is added to steel for making permanent
magnets which have greater magnetic strength and other desirable
properties.

Just as in the case of electrical charges,

UNLIKE MAGNETIC POLES ATTRACT EACH OTHER,

LIKE MAGNETIC POLES REPEL EACH OTHER.

Also it is important to remember that the force of attraction or
repulsion between two magnets is inversely proportional to the
square of the distance between the poles of the magnets. A north
pole of one magnet will attract the south pole of another magnet
four times as much at a 1 inch distance as at a 2 inch distance.
This is the reason why the space between the moving coil and the
fixed magnet of a loudspeaker is made so small.

If either end of a bar magnet is dipped in iron filings, most of
the filings will stick to the pole, indicating that the attractive force
is greatest at the poles. This magnetic effect is noticeable for a
considerable distance around the magnet. This attractive force is
the magnetic field. We speak of lines of force being present and
connecting the two poles of a magnet. The filings around the
magnet follow the lines of force.

If a strong magnet is dipped in a barrel of najls which are made
of soft iron, many nails will stick to the magnet. Some nails, in
turn, will hold other nails, becoming temporary magnets. However,
once the nails are removed from the magnet, their magnetism is
lost. Hardened steel substances, on the other hand, will retain some
magnetism once they are brought into contact with a permanent
magnet.

ELEcTROMAGNETISM. Although many devices employed in radio
circuits depend on permanent magnets for their operation, magnet-
ism produced by the flow of clectric current through a conductor
finds even greater application. Every wire carrying electric current
has an associated magnetic field proportional to the current strength
and the arrangement of the wire.

The fact that an electric current in a conductor has an associated
magnetic field may be proven easily. If a compass is held near the
wire, the needle of the compass (actually a small magnet on a
pivot) will take a position at right angles to the wire. If no cur-
rent is present in the wire, the needle will assume its natural position
pointing North.

If you are able to obtain two toy horse-
shoe or bar nagnets, we suggest that you
observe their actions. Notice how the
like poles repel each other. If iron fil-
ings are available, you may experiment
further in observing the lines of force of
the magnets. To do this, place a thin
cardboard on the magnetic poles and
sprinkle the filings on the cardboard.

A simple electromagnet may be made
by winding a number of turns of wire
on a large nail or spike. The beginning
and end of the coil may be connected
to the terminals of a small battery for a
few minutes while you observe that this
electromagnet behaves in exactly the
same way as a similar fixed magnet. No-
tice also that no magnetic properties are
present if the electric circuit is hroken.
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ELECTROMAGNETIC PRINCIPLES

If you have constructed an electromag-
net, you may further observe the change
in the magnetic strength when the volt-
age of the battery is increased. Two or
more batteries may be connected in
series to increase the voltage supplied.

Relays are employed for a variety of
electronic applications. As remote con-
trols, they serve to release bombs, select
telephone connections on dial telephone
exchanges, and to warn operators con-
cerning the improper operation of
equipment. Relays are basic compo-
nents of all equipment which employs
photo-eells.
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An electromagnet is made by winding a number of turns of wire
in the form of a coil. A much stronger magnetic field can be
created since the fields of all the individual turns will add up. Since
the magnetic field of force of each turn adds to that of the next
turn, the greater the number of turns of wire the coil has, the
stronger will be the magnetic field.

The total magnetic flux (lines of force) depends on the number
of turns and the current strength. If the current is strong, relatively
few turns of thick wire will be needed to produce a given magnetic
field. On the other hands, if the current is very minute a great
many turns of fine wire will be needed.

If a bar of iron is placed in the center of the coil the iron will
become magnetized when the current flows through the coil, but
will lose its magnetism once the current is stopped. This principle
is used to operate relays, door bells, and other devices.

Courtesy Struthers Dunn, Inc,
Figure 74. A detailed illustration of a radio relay.

REeLays. All relays use an electromagnet, see part marked 5, in
the illustration. Near the magnet is a movable armature made of
magnetic material. Normally, a small spring, number 1 part at the
left, keeps the armature slightly away from the electromagnet. The
core of the magnet is marked 2 and 3. When the coil carries the
required amount of current, the armature moves down, and con-
tact is made by terminals marked 4. This completes an outside
circuit. By controlling the small current required for the operation
of the electromagnet, it is possible to move the armature up and
down, thereby closing or opening a different circuit which may be
carrying larger current.

Relays are used for remote control, for safety as “fuses,” for con-
trolling segregated circuits, and for automatic operation.

MAaGNETIC SATURATION. After a certain value, the increasing
effect of the applied electric-magnetizing force will be diminished
and, if the force is increased beyond a definite limit, no further
increasing effect will be noticed. The substance being magnetized
is then said to be saturated. For example, Wrought Iron will have
a very strong flux when inserted in a copper wire coil rated at 10
ampere-turns. This rating means that the number of turns multi-
plied by the current in amperes must equal 10. Now if this arrange-
ment is altered so that the magnetic force is 20 ampere-turns, the
lines of force per square inch will be increased only to 97,000 from
the previous figure of 89,000. At 40 ampere-turns this figure is
only 106,000 lines per square inch. Saturation is reached when an




additional increase in ampere-turns has uo further effect on the
flux density measured in lines per square inch.

Inpucrance.  All coils have an interesting property called in-
ductance which is very useful in electricity and radio. It is easy
10 understand what this property does and we will explain these
facts by describing an experiment which is historically important.

Courtesy Struthers Dunn, Iuc.
Many interesting well paving positions in the Radio and
Electronics fields will be opened to vou after you complete your study
of this course.

Figure 75.

We have already learned that an electric current in a conductor
sets up an associated magnetic field. The magnetic field will be
stronger if the wire is made in the form of a coil. If this conductor
(preferably in coil form) is moved across the magnetic field of a
permanent magnet, a current or voltage will be noticed to exist in
the circuit. The needle of the sensitive meter connected to the

co/L

(
s

Figure 76. A conductor has a voltage induced when it
cuts magnetic lines of force. The meter indicates the
presence of voltage. Either the coil of wire or the magnet
may be moved to produce the effects.
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coil will indicate the existence of a voltage. If the coil remains
fixed in relation to the magnet, no indication will be shown by the
meter. As the direction of motion is altered, the needle will swing
to the left and then to the right. This shows that the voltage gen-
erated by the motion is altering its direction.

EXPLANATION OF INDUCTANCE

You should realize that the conductor
(copper wire of the coil) must cut the
magnetic lines of force. This is possible
if either object is in relative motion in
respect to the other. Eithcer the coil
or the magnet may be moved to inducc
the voltage in the coil. Even both the
coil and the magnet may be in motion,
but they must not be moved in the same
direction at the same rate. Later on,
you will learn that by using an eletro-
magnet (instead of a fixed magnet), no
motion will be needed provided the
electric current used to excite the elee-
tromagnet is of a changing (alternating)

type.
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MAGNETIC CIRCUITS

It is recommended that you memorize
and be able to repeat at least in your
own words this important relationship
of electro-magnetic circuits,

You can see that the property of seli-
inductance makes the coil aet as if it
had higher resistance. This action will
be explained in greater detail
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Please remember from this experiment that the voltage is present
only when there is motion, that the intensity of voltage (mcter
movement) is proportional to the rate of motion, the number of
turns in the coil, and the flux density of the magnet used. This
principle of voltage generation is cmployed in all electric dynamos.

Lenz’s Law. The effects observed in this experiment have been
summarized and are known as Lenz’s Law. We say that when there
is any variation of a magnetic field with respect to a conductor,
the voltage induced in the conductor is in such a direction as to
produce a current which will tend to prevent the original variation.
Work was done in our experiment since we had to overcome this
tendency of the coil to prevent any change.

SELF-INDUCTANGE. We can use this interesting law to explain
the tendency of an inductance (coil) to prevent a change in the
current passing through it. If a coil is connected to a battery, at
the first instant only a tiny current would pass, let us say, duc to
the passage of the very first fcw electrons. This current will create a
small electromagnet which will act in the same way as a corre-
spondingly small permancnt inagnet. Since the current is increas-
ing, the flux is incrcasing and appears, to the turns of wire, as a
moving magnetic field. But this action, by Lenz’s Law, will tend to
prevent any further change by producing a counter voltage. This is
actually what happens and a short time passes beforc the current
rises to a maximum value. But if the same wire was strung out and
connected to the battery, the maximum current would occur almost
instantly.

CHANGING 95 , SENSITIVE
YoLTAGE METER,

n ; \
GENERATOR : <T>
(L)l ' SECONDARY
CIRCUIT CIRCUIT

Figure 77. A varying current flowing in the primary circuit,
produces a varying magnetic field which induces a voltage in
the secondary circuit. This is the principle of the transformer.

TransrorRMER AcTioN. It is also possible to induce a current
in one conducting circuit by means of the changing magnetic field
produced by the current flowing in another associated circuit, which
is not electrically connected to the first circuit. The flux set up by
the first circuit induces a current in the second circuit. This action
takes place only while the current in the first circuit is changing
(increasing or decreasing) as in the case when the first circuit is
connected to a source of current that is periodically rising and
falling. The circuits must be located closely together, that is coupled
together. A device used to transform electrical energy by induction
is called a fransformer. A transformer does not create energy, it
simply separates two circuits, and steps the voltage up or down.
When any voltage is stepped up by means of a transformer, thc
current correspondingly in the same ratio is stepped down.




TransroRMER. The coil receiving the original current is called
the primary, and the coil in which the current is induced by electro-
magnetic induction is called the secondary. In the illustration it
is evident that since only a part of the lines of force set up by the
primary link the secondary coil, the current induced is not as great
as would be in case all the lines of force linked the secondary. The
lines of force not linking the secondary and, therefore, not being
useful are termed the leakage flux. To keep the lines of force in
the desired path soft steel material is used for the core. Usually thin
sheet laminations are employed to reduce losses.

Figure 78. Transformers used with low (power
or audio) frequencies have iron cores. The illus-
tration shows an upright type power transformer
used in radio sets. Wire leads come out of the bot-
tom. The transformer is bolted to the chassis and
the wirc leads go through an opening in the
chassis.

Transformers and inductors having air cores are used in radio
receiving circuits where the frequencies encountered are very high
and would create heavy losses due to eddy currents and hysteresis
if iron cores were used. Where the frequencies are relatively low,
as in the case of audio (sound) frequencies and power frequency
of 60 cycles, iron laminated cores are used.

Figure 79. The antenna coil illustrated is a
transformer used for radio frequencies. An air
core is used and the wire is wound on insulated
tubing. Connections are made to lugs.

Unit of Inpuctance. The unit of inductance is the Henry.
A coil has an inductance of one henry if a current change of one
ampere per second will produce one volt pressure in the coil. The
letter L is used as the symbol for inductance.

The henry is a relatively large unit and while some audio coils
having special iron cores have an inductance of several hundred
henries, the inductance encountered in coils used in radio frequency
work and having air cores is only a small fraction of a henry. One
thousandth of a henry is a millihenry, and one millionth part of a
henry is called a microhenry. Coils used for tuning the broadcast
frequencies are in the order of 220 microhenries.

Inductive coils may be connected in series, in parallel, and in
other combinations without the magnetic fields interlinking to any
degree. When inductors are connected in series, under these con-
ditions, the total effective inductance is the sum total of the indi-
vidual inductances.

MuTtuaL INpucTtance. If two coils are connected in series and
do have their magnetic fields interlinking, the total inductance for
the two coils may be greater or less than the sum of the individual
inductances. The reason for this is easy to explain. If one coil’s
magnetic field links the second coil, the turns of this second coil
may be considered as adding to the turns of the first coil. Now it is
obvious that the inductance increases with the number of turns,

MORE ABOUT INDUCTANCE

The primary coil which carries the
exciting current in the transformer pro-
duces the magnetic field and this field,
which must be of a changing type, may
link one or more secondary coils. Jron
cores concentrate the magnetic field. In
air coils, only a small percentage of the
total lines of force links the secondary
coils.

If two coils are separated by a distance
of several feet or are shielded with
metal cans, they may be assumed not to
have their magnetic fields interlinking.

\ - [
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COUPLING AND GENERATORS

Wire-wound resistors, using cylindrical
cores, have considerable self-inductance
which is not permissible in some circuits.
If the resistance wire is wound in a spe-
cial way on flat strips, the units will have
almost no inductance.

The coefficient of coupling in iron core
transformers is almost equal to 1. In
radio air core coils, the coefficient of
coupling is very small, around 0.05.
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and the coil will have an apparent higher inductance. This same
reasoning will apply to the second coil inductance in relation to
the first coil.

We have assumed that the turns of one coil were equivalent to
the turns added to the second coil. This, of course, requires that
both coils have the turns wound in the same direction and be placed
in a position to have the magnetic fields attract each other. If this
process is reversed, as when the turns are wound in the opposite
direction, or the magnetic ficlds buck each other, then the second
coil will act to “‘subtract” the effect of some turns on the first coil.
Less turns on the coil will reduce the effective inductance. Coils
which are spaced a great distance apart, or are separated with
metal shields, or are at right angles to each other, have very little
effect on each other.

The change of the inductance value of a coil, because of the
action described, is really equal to another coil being connected in
series. It is as if this imaginary coil had a definite value of in-
ductance which was added or subtracted from the inductance of
the real coil. This additional inductance which must be considered
in practical circuits is known as mutual inductance.

CoerriciENT oF CoupLING. When two coils are arranged so
that some definite mutual inductance exists, the coils are said to
be magnetically coupled. In many practical calculations, as you
will see later, it is more convenient at times to express the amount
of coupling as a fraction of the maximum coupling possible rather
than the numerical value of mutual inductance. If the fields of
two coils are almost in common, the coefficient of coupling
approaches 1, but if the coils are segregated the coupling coefficient
becomes zero. Mathematically, the coefficient of coupling, k, may
be expressed in terms of the mutual inductance M, and the self-
inductance of the coils, L, and L,.

M
VLL,

GeNERrATORs. Electric power is produced in the power stations
with aid of dynamos. Although dynamos are complex machines
they depend on a very simple principle familiar to us. Conductors
cut across a magnetic field and have a voltage induced. As ony one
conductor cuts across the poles of a magnet, it may at one time
move almost parallel to the lines of force and, at that instant,
produce no voltage in the output of the machine. An instant later,
in revolving in the magnetic field, this same conductor begins to
cut across a few magnetic lines, but it is still moving somewhat
parallel to the lines of force. The voltage in the output is increasing.
As the conductor cuts through the center of the magnetic lines and
at right angles to these lines, the output voltage is maximum.
After this the voltage begins to diminish and finally drops to zero
again.

Now the conductor begins to revolve closer to the other pole,
and the voltage will rise and fall again as before, but in the oppo-
site polarity. Although dynamos have large coils instead of a single
conductor, and many pole pieces, the voltage generated has this
characteristic of starting at zero, rising to a maximum, dropping to
zero, rising to a maximum in the opposite direction, and then
returning to the original position. This type of voltage is alternating
in character.

k




SINE WavEe. In our discussion of batteries, we talked about direct
current, D.C. This current is cither of a constant or varying value
but flows in one direction all the time. One terminal in a D.C.
circuit is always positive, the other terminal is always negative.
When the magnitude of D.C. changes, we call this pulsating direct
current. Alternating current (A.C.) has a constantly changing
magnitude and periodically changing dircction. In an A.C. gen-
erator, first one terminal is positive, and the voltage is rising, see
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Figure 80. A sine wave is important in the study of radio
principles. Certain generators produce sine waves. Since any
wave, no matter how complex, can be resolved into the sum of
sinc waves, this function is basic in our study.

chart, part 4 to B. Then the value of voltage begins to fall, but
the same terminals remain positive and negative, see B to C. At C
the voltage present is zero, and then it begins to rise in the opposite
direction. The process described in this paragraph is repeated but
the terminal voltage is reversed. The usual genecrators of A.C.
produce sine waves of the type illustrated.

Courtesy General Radio Co.

Figure 81. Special units can be constructed to indicate the frequency

directly in cycles. The fact that most power line frequencies are cxactly
60 cycles, permits electric clocks to keep accurate time.

CycLe. After the voltage has started from zero, has risen to its
maximum value in one dircction, returned to zero, risen to the
maximum value in the opposite direction, and then returned to
zero, one complete cycle has been completed. You should draw
a sine wave of several cycles, and mark off the cycles. The number
of cycles present per second determines the frequency. The common
power line frequency is 60 cycles per second; this means that sixty
such changes occur every second. This explains why in dealing with
A.C., time must be considered.

Periop. The amount of time nceded for one cycle to be com-
pleted is known as the period. If the number of cycles per second

SINE WAVE GENERATION

It is casier 1o generate A.C. with electric
dynamos. Further, A.C. produces a
changing magnetic field in transform-
ers and permits the voltage to be
stepped up or down as may be required.

In every cycle, there are two minimum
values of voltage and two maximum
values of voltage — the maximmum
values heing of opposite intensity.
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ABOUT ALTERNATING CURRENT

The information and numerical factors
given apply to sine waves. Sometimes,
A.C. wave has characteristics very far
removed from a pure sine wave and, in
such instances, the cffective and maxi-
mum values are related in a different
manner.
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is known, then the period can be found by dividing one by this
number. For example, the period of 60 cycle current is: 1/60 or
one-sixtieth part of a second.

Usually one cycle is produced by rotating machinery when a
conductor sweeps all the way around, that is completes a circle.
We know that a circle has 360°. This permits us to divide the
space taken by a sine-wave single cycle into 360°. In radians,*
180° is equal to the Greek letter =, and fractions of = are used at
times to represent division points. Notice that if a voltage, in the
form of a sine wave, has zero value at 0°, then it has a maximum
at 90°, zero value again at 180°, and another maximum at 270°.
The wave is the same at 0° and 360°.

Errective VaLve. At different parts of the cycle, the A.C.
voltage is cqual numerically, without reference to the positive-
negative terminals, to some value between zero and maximum volt-
age. The instantancous voltage is changing all the time. The
value of this varying voltage as indicated by the usual A.C. volt-
meter is the root-mean-square, RMS, value. The RMS value is
equal to .707 of the maximum value. If in a circuit the peak
(highest, maximum, greatest) voltage is 100 volts, then the RMS
value indicated by a meter will be 70.7 volts. The RMS value is
also called effective value since a D.C. voltage of this same value
would cause as much heat in a resistor as this A.C. voltage. The
house power circuits of 110 volts A.C. really means 110 volts RMS
or cffective, and an electric iron will give the same heat from this
voltage as from 110 volts D.C.

In application, it is sometimes important to know the maximum
or peak value of A.C. voltage when the RMS only is measured.
The maximum voltage is equal to the RMS value multiplied by
1.4 approximately. From this we sce that the maximum A.C.
voltage or current is about 1%, times the RMS value as indicated
on a meter.

InpucTive Reactance. We have already learned that an
inductance tends to prevent any changes in current intensity. If
a circuit containing an inductance (coil) is connected to a source
of D.C,, such as a battery, a short time will be required for the
current to rise to its steady maximum value. This is because the
current starts from zero at the instant the circuit is completed, and
the inductance will oppose a sudden change to the maximum value.

Now consider the same inductance being connected to a source
of 60 cycle A.C. Let us complete the circuit at the very instant
the voltage is zero and is just starting to rise. The current will
have to change from zero to some maximum value in relation to
the voltage, but will be reduced in value because it will always lag
behind the value it would have if the inductance were not present.
The inductance will make the value of current lag and when the
current reaches a value, still considerably under the maximum it
would be with a corresponding D.C. voltage, the A.C. voltage will
drop back to zero. The current, therefore, will never reach the
maximum value it had with D.C., and it seems that an inductance
has a sort of special opposition to alternating current.

The more times per second the voltage drops to zero, the less
chance the current will have to rise and will remain at lower values.
We can sce from this that the higher the frequency (greater number

*The angle sustained by an arc of a circle which has its length equal to
the radius, is equal to one radian.




of cycles per second) the greater will be this special inductive oppo-
sition. This action of an inductance to limit current in an A.C.
circuit is known as inductive reactance. Inductive reactance is very
similar to resistance, but is different for various frequencies, and
increases with the frequency. Inductive reactance is also meas-
ured in ohms.

The symbol for rcactance is letter X. For inductive reactance we
use the special symbol, X;. Inductive reactance can be calculated
from a very simple formula:

XL =628 X f XL
The constant 6.28 is really equal to 2, f is the frequency in cycles
per second, and L is the inductance in henries.

Let us work a simple problem. A choke of 10 henries is used in
a power supply to filter 60 cycle hum. We use the above formula
and make the needed substitution.

X = 6.28 X 60 X 10 = 3,768 ohms

This means that the 10 henries choke will have opposition to 60
cycle hum, the equivalent of 3,768 ohm resistor. But while a
resistor will also have this same opposition to the D.C., the choke
will have negligible resistance (reactance) to direct current.

Rapio CoiLs. Radio receivers and transmitters use radio coils
with air cores. These coils arc made from various sizes of copper
wire, and are wound on insulated tubing varying in diameter from
Y, to 1V, inches in modern receivers and from 1% to 4 inches in
small transmitters. We will now study these coils.

Courtesy Meissner Mfy. Co.

Figure 82. To prevent inductive coupling, radio

coils are usually shielded in metal cans. Notice

that the coil is supported with a bracket to the

wall of the shield. Connecting terminals are at
the bottom.

Most radio receiver coils, used in the radio frequency sections,
consist of a primary and secondary. These coils are wound in a
special manner to reduce capacity effects. The primary usually
occupies less space and sometimes is a separate small coil mounted

Figure 83. An inside view of an LF. trans-
former. The primary and secondary coils are
mounted on a wood rod, and are spaced apart.
The two trimmer condensers are mounted at the
top of the shield.

within the coil form. These coils ordinarily are wound on one
inch varnished or waxed cardboard tubes. The coils are mounted
with the aid of metal brackets, or are attached to metal shiclds
which support the coil and provide spade lugs for mounting the

COILS USED IN RADIO

After understanding the reason for in-
duetive reactance, you should make up a
few problems involving coils and fre-
quencies of various values and solving
these conditions for the resulting induc-
tive reactance.

Recalling that the secondary of a R.F.
coil has about 220 microhenries, calcu-
late the inductive reactance of this coil
at a frequency of 1,000,000 cycles. As-
sume that there is no condenser in the
circuit. One million cycles eorresponds

to the frequency of 1,000 KC.
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LLF. TRANSFORMERS

The color code for the power trans-
former indicates the variety of windings
with eenter taps. Of eoursc, the trans-
former may have fewer windings and
may not have some of the eenter taps.

You will learn that because of inductive
effeets, radio frequencies (currents)
travel on the outside of the eonductor.
This phenomenon is known as skin ef-
fect. This explains why some transmit-
ter coils are wound with hollow eopper
tubing.
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entire assembly. Small terminal lugs are rivetted to the bottom
of the tubing and the wires of the coils terminate there.
Intermediate transformers (I.F.) are almost always shielded. The
coils are small, identical, and are separated on the supporting core
made of wood doll-rod. See the illustration. The four leads may
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Creen Bk g 1t wave Diode
= State
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8 _'L(a Biack __ Grid, or Diode Return, Siale-Viow Friament
* AVC, or Ground Slate No.3

Courtesy Allied Radio Corp.

Figure 84. The majority of commercial power transformer and

I. F. coil wire leads are color-coded according to the scheme
indicated.

come out of the bottom of the shield-can, or the grid lead may
come out through the top of the can. Most L.F. transformers are
correctly color coded:

Grid connection. .. ........ ... ... L green wire
Plate connection ................... ... ..., blue wire
B4 wvoltage ... ...... ... red wire
AVCorground........................... black wire

Small trimmer condensers are enclosed in the can. These con-
densers are mounted at the top and the adjustment screws can be
reached through the openings at the top. These adjustments are
used for alignment of the radio.

In superhet sets oscillator coils are used. These are made in
a variety of styles to fit the circuit used, but usually the oscillator
coils are small, unshielded, wound on 2 inch rod, and appear
to have a single inductance. However, there are usually two coils
wound on top of each other, with leads going to four terminals.

Figure 85. A multi-band coil combines several
coils in a single shield. Small trimmer condensers
for each band are also included in the shield. In
some radio sets, each coil is individually shielded
and the trimmers are placed outside of the shield.

Courtesy Meissner Mfg. Co.

Transmitter coils are wound on ceramic forms, using thicker wire
(No. 14 or heavier), and having means for changing the entire
coil or tapping a section of the coil. These coils will be discussed
in greater detail in the section dealing with Class C amplifiers.




Losses 1N CoiLs. Certain losses are due to the resistance of
the copper wire. Using thicker wire eliminates this to a large
extent. However, at radio frequencies the effective R.F. resistance
of wire is many times greater than the D.C. resistance given in
tables or measured with an ordinary instrument. This effect is due
to the movement of R.F. current on the surface of the wire only.
Since only the surface is being used, the cross sectional area is
greatly reduced. Actually for R.F. work, the center of the wire
may be left out without increasing the R.F. resistance of the wire.
When many fine conductors are used to form a cable for winding
the coil, a larger surface area is possible for a given quantity of
copper. Litz (Litzendraht) wire is of this type.

Eddy current losses occur in the shield if used. This fault can
be minimized by using a large shield and one made of a good
conductor. Copper or aluminum are best. Magnetic materials
produce very high R.F. losses.

Dielectric losses are due to the material used for the tubing,
wire insulation, and terminal strips. Because of economy factors
not much attention is paid to these last items.

PossisLE Faurts. Coils may open and, thereby, prevent the
completeness of the circuit. Turns sometimes short and sensitive
signal tracing equipment must be used to detect this fault. In new
equipment, coils may be connected incorrectly. Commercial coils
are supplied with terminal connecting charts. The standard color
code for L.F. transformers has already been stated. For antenna
and R.F. coils the location of the terminals is an easy matter. In
both cases, the top end of the large coil, which is the secondary,
comes down through the inside of the tube to the grid-connection
terminal. This connection usually leads to the control grid of the

next stage tube. The other end of the secondary coil goes to the.

ground or AVC if used. One of the terminals of the primary coil
will have an extra wire connected to it. This wire will run up
along the coil and make a loop or two at the top of the coil. This
loop is known as a gimmick and serves as a small condenser in the
order of 3 to 10 mmfd. This terminal is for the antenna connection
in antenna coils, or for the plate connection in R.F. coils. The
remaining terminal of the primary is connected to the ground
(chassis) in the case of antenna coils, and to positive voltage (B-)
in the case of R.F. coils.

Iron-Cores. It is possible to obtain somewhat higher gain from
radio coils by using a core made of special powdered-iron. The
same value of inductance can be obtained with less copper wire
which means less losses. Smaller losses give higher gain for the coil.
You will find many commercial I.F. transformers using iron-cores,
but some antenna and R.F. coils also use special core materials.

FiLTer CHokes. A coil with a laminated iron core is used in
power supply circuits. The iron core greatly increases the induct-
ance of the coil. This arrangement opposes changes in current and,
thereby, reduces the A.C. ripple, but has almost no effect on the
direct current which serves the radio. Since this coil actually
“filters” the power supply, or “chokes” out the ripple which may
cause hum in the output, we call this coil the filter choke.

Filter chokes are rated in henries, and have values between ) and
30. However, these values usually indicate inductance without a
load; that is, with no current passing through the choke. When a

LOSSES AND FAULTS IN COILS

No special prccautions are taken to pre-
vent normal losses in coils. The reason
for this is due to the simplicity with
which the required gain can be obtained
with modern vacuum tubes to make up
for the losses encountered in coils.

It is not very common that faults de-

velop in radio coils.
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IRON CORE TRANSFORMERS

This reduction of inductance (in the
choke) with the increase of current is
not permissible in some circuits. Spe-
cial swinging chokes are used in such
cascs. These chokes have a large gap
in the iron core and have lower initial
inductance under no load condition.
However, with an increasing load, satu-
ration does not occur to any large de-
gree and the inductance remains more
constant with ehanging currents and
their corresponding changing magnetic
fields.

Courtesy Standard Transformer Corp.

Figure 87. Power transformers, of course,

can be made in large sizes for radio trans-

mitters. The principle of operation for all
transformers is the same.

The diameter of the turns of a second-
ary winding of a transformer is of no
practical importance; the number of
turns determine the voltage induccd.
In most radio transformers, the primary
is placed next to the core, then comes
a high voltage secondary, then several
filament voltage secondaries. The di-
ameter of filament secondary coils may
be twice as large as the primary coil
diameter which is next to the core.

|

Volume 1 - Page 54

heavy current does pass through, as it must in an actual applica-
tion, the inductance is greatly reduced. Most inexpensive chokes
have an inductance of only one or two henries when used in actual
circuits. Chokes are also rated in terms of the maximum current
they may pass. A choke, of course, may be used in a circuit where
the current is less than this maximum, but to overpass this value
invites trouble and may cause the insulation to start burning. At
times, the value of the D.C resistance of the wire used in winding
the choke is also stated. Always try to use a choke of proper in-
ductance, but with as low as possible ID.C. resistance value. The
D.C. resistance causes losses to occur in the choke coil.

Iron Core TransrormEers. By placing the primary and the
secondary coils of a transformer upon an iron core (laminated),
it is possible to have almost all the magnetic lines set up by the
primary inter-link the secondary coil. The transformers take dif-
ferent shapes; somectimes the coils are scparated on different legs
of a square shaped iron core, but morc often modern transform-
ers have one coil wound directly on top of another and placed
on the center leg of an “E” shaped pile of laminations. Just
think of a pile of such E laminations with the wound coils slipped
over the center leg, and a pile of I-shaped laminations placed along
side to complete the magnetic path. At times, the E laminations
are inserted, a few from either side, to make a magnetic path
with less air gaps.

Transformers and chokes using iron cores are used for power
frequencies (25 and 60 cycles) and for audio frequencies (30 to
about 10,000 cycles), for radio frequencies, we have already ex-
plained, air core coils are employed.

If a transformer has its primary coil connected to a source of
A.C,, the voltage will divide itself among the turns. For example,
if we are working with 110 volts, and the primary has exactly
330 turns, we will have 3 turns per volt, or each turn will have
a drop of 1/3 of a volt. Since the very same number of magnetic
lines will link the secondary turns (we are assuming the trans-
former is perfect, it is nearly so in practice), each turn of the sec-
ondary will also have a 1/3 of volt. Now if the secondary
also had 330 turns, you would measure 110 volts also
across its connecting terminals. But if it had 660 turns, then you
would obtain 660 x 1/3, or 220 volts. Or if the secondary had
but 15 turns, you would have 15 x 1/3, or 5 volts. You can see
that a transformer can be used to step voltage up or down,

You really do not gain anything with a transformer. The
amount of power taken by the sccondary, (W=1 x E), is the
power delivered to the primary. In other words, if the voltage is
greater in the secondary, the current is greater in the primary in
the same proportion. Besides, every practical transformer has some
additional losses in the unit itself.

TurNs Rario. The turns ratio is the number obtained by di-
viding the number of turns of the secondary. N,, by the number
of turns of the primary, N,. It is also the voltage ratio of the sec-
ondary, E,, to the voltage of the primary, E,.

N, E,
Turns Ratio =—=—
Np EP

Auro-TransrForMER. The primary and secondary of a trans-
former need not be entirely separate. The entire winding, for




example, may be used as the primary and only a fraction of all
turns used as the secondary. The same calculations will apply.
However, the actual wire must be of the correct size to carry the
maximum current of the circuit. In case some of the turns are
used for both the primary and secondary, the wire of those turns
must be able to carry the currents of both circuits.

TrANSFORMER Losses. We have already mentioned that prac-
tical transformers are not perfect machines. There is some copper
wire resistance in the primary and secondary and this causes a
voltage drop and a loss of power. A small percentage of magnetic
lines produced by the primary may not actually link the secondary
turns. The iron core itself acts as a conductor and has currents
induced in it. These currents, of course, also represent a loss. A
small radio power transformer may have an input power of 60
watts, but produce only 40 watts of uscful power. Such a trans-
former is

40
-&) X 100 = 66.7% efhicient

Most of the larger commercial power transformers are 90% cffi-
cient. Efficiency is always equal to the output divided by input;
multiplied by 100 to obtain the answer in percentages.

Figure 89. A half-shell power trans-
former may be supplied with connecting
lugs at the bottom, or connecting leads
may be used, as in the model illustrated.

Rapio Power TrRaNSFORMERS. A transformer may have more
than one secondary. Radio transformers usually have several sepa-
rate secondaries. One of these secondaries supplies 5 volts (in most
sets) for the rectifier tube filament. Other low voltages are supplied
by other secondaries for the balance of the tubes used. A high
voltage (total about 700 volts in most sets) is obtained from an-
other secondary winding. This high voltage secondary is center-
tapped, i.e. a connection is made to the exact electrical center of
the winding. The diffcrent secondaries are insulated from each
other and from the primary winding. A 60 cycle transformer has
the core laminations piled to a certain thickness. A transformer
designed for 25 cycle operation usually has the laminations stacked
to twice the height. A 25 cycle transformer may be used for 60
cycle operation, but do not use a 60 cycle transformer for 25
cycle operation,

Power transformers may be of the upright type and require bolt-
ing to the chassis. Thesc transformers have color coded wire leads.

RADIO POWER TRANSFORMERS

Efficiency of any machine (a trans-
former is an electrical machine) is
measured by dividing the output (use-
ful) power by the input power. The
result is a fraction less than one. The
answer may be obtained in percent, by
multiplying this fraction by 100.

Figure 88. As you can see from the terminal
panel of this Variac type transformer, the tap
of the auto-transformer can be changed by
rotating the handle and any voltage from zero
to maximum can be obtained. The efficiency of
a Variac is almost the same for all settings.

A power transformer will have its pri-
mary burn-out if it is connected to D.C.
source of corresponding voltage. This
is due to very little D.C. resistance pres-
ent in the winding, and the inductive
reactance not resulting with D.C., that
is, with current of zero frequency. With
very little electrical opposition present,
excessive currents will flow and over-
heat the copper wire of the coil.
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RADIO AUDIO TRANSFORMERS

Audio transformers are used with a
band of frequencics instead of with a
single frequency as in the case of power
transformers.  Even the best audio
transformer will have changing char-
acteristics to various frequencies and the
unit will not perform equally well for
all frequencies of the audio band. Usu-
ally, at low frequencies (under 200 cy-
cles), the inductive reactance is low
and the gain of the unit (as used with
a vacuum tube) is far down. The gain
increases as the frequency rises, fluctu-
ates a little with changes in frequency,
and reaches a peak at some frequency
between 3,500 and 6,000 cycles. There
is a sharp drop in gain after this fre-
(uency because of capacity effects pres-
cat in the transformer. But as the fre-
quency is further increased, there may
be another peak after 10,000 eyeles.

1. Notice if any of these parts use iron.

2. ls iron needed for this construction?
3. What shaped iron will make this
cleetromagnet the strongest?

t. The product of the turns by the
current in amperes gives the compara-
tive strength of an electromagnet,
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Or these transformers may be of the half-shell type, mounted
over a rectangular cut out in the chassis, and usually have
numbered terminals for connections.

Aupio TRANSFORMERS. We have already learned that transform-
ers can be employed to change voltage and to separate electrically
two circuits connected to the primary and secondary. Transform-
ers can be used also to match circuits together. In such instances,
transformers act very much as gears in an automobile used to
match the speed of the motor to the required load. In accom-
plishing this clectrical matching, transformers may also isolate two
circuits and step the voltage up or down. In fact, transformers
actually perform these three things together, but they may be used
only to accomplish one or more of these things in a particular
circuit.

Courtesy Standard Transformer Corp,

Figure 90. Good quality
audio transformers may be sim-
ilar in appearance to power
transformers. However, the core
material is of better quality and
the windings emplov much finer
wire,

Audio transformers are physically smaller than power unit types,
and they use better quality laminations to give better characteris-
istics and have lower losses. Transformers may be used to match
the loudspeaker to the output tube and are called output trans-
formers when emploved for this purpose.  Audio transformers are
also employed to couple audio stages.  Here they not only serve
as a match, but also isolate the circuits and give additional gain
because of voltage amplification step up

Review QuesTioNs AND ProBLems. 1. Name several radio
parts which depend on magnetism for operation.

2. Explain how you could make a simple clectromagnet.

3. If an clectromagnet is made with an air core, and then
an iron core is inserted, will the magnet hecome stronger? Ex-
plain your answer.

4. One clectromagnet has 700 turns, and is passing %4 ampere,
another magnet has but 70 turns with a current of 10 amperes.
Which electromagnet is stronger under the conditions given?

5. Make a sketch to show how a single relay can be used to
control two separate circuits, closing one while opening the sec-
ond. You understand that a relay may have more than a single
armature and contact points.

6. Explain magnetic saturation in your own words.




7. Does a straight picce of hook-up wire have inductance?

8. Will you be doing actual work in moving a shorted turn of
wire past a magnet? Explain your answer.

9. Make a sketch showing two coils with mutual inductance.
Also make another sketch, showing the coils close together, but
possessing almost no mutual inductance.

10. Make a drawing of a sinc wave. Label the degrees on the
base linc. Make a mark for every 45°. Where are the maximums
and the minimums? If you left the base linc alone, but moved the
actual curve so that its zero starting point is at 90°, where would
th¢ maximums occur?

11. Two coils arc coupled. Onec has an inductance of 2 henrics,
the second 8 henries, the mutual inductance is 2 henry. What
is the coefficient of coupling, k?

12. When a man reccives an electric shock from a 125 volt A.C.
line and says, “It was like a million volts,” just what peak voltage
could he have felt?

13. What is the inductive reactance of a 1/10 henry choke coil
when used with a source of 500 cycles? What happens if the fre-
quency doubles to 1,000 cycles?

14. Make a sketch of the antenna coil you have in the radio you
examined. Where do the connections from this coil go?

16. If you can obtain a burned-out power transtormer, take the
laminations out and study the method of assembly.

17. A transformer for 110 volt operation has a 275 turn primary.
Assuming perfect operation, how many turns will be needed for
the secondary to produce 5 volts? How about 6.3 volts, and 700
volts?

18. Explain how a transformer can be used to perform all three
of its functions in a single circuit.

SELF-TESTING QUESTIONS

7. Remember that the magnetic lines
of force set up by any small scction of
the wire will link all other sections.

11. Simply substitute the valuecs in the
formula for the coefficient of coupling.

18. The three functions are: voltage
changing, impedance matching, and seg-
regation of circuits.
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LESSON 6

This is an important lesson bceausc con-
densers are the most commonly em-
ployed parts of radio circuits.

Ultra-small oil-impregnated oil-filled ca-
pacitors for use in assemblics where
both spaee and weight are at absolutc
minimum.
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Properties of Condensers

Erectric Conpensers,  When two metal plates are placed close
together but scparated by an insulator, a condenser is formed. It
a condenscr is connected to a source of D.C. potential such as a
battery, the negative side will become charged with clectrons,  1f
the battery conncctions are removed and the lcads to the con-
denser shorted, a spark will jump across the point of contact, and
the two plates will again be in clectrical cquilibrium; that is, will
be neutral. The strength of the charge will depend on a number
of factors as we shall see later.

DieLEcTRIc MATERIAL. A condenser must have two plates made
of conducting material, and a scparation of a non-conducting
material or vacuum. The material between the plates is called the
diclectric.  Any insulator will serve as the dielectric, but only a
limited number of insulators have characteristics that make them
especially well suited for this application. Mica, wax-paper, air,
and oil arc used as the diclectric material in radio condensers. The
dielectric constant of air is taken as onc. Other substances, used
as diclectric materials in condensers, have various values usually
grcater than one. Mica may have a diclectric constant of 7; this
means that if two identical condensers are made, onc using air and
the sccond using mica as the dielectric, the capacity or storing
ability of the one with mica will be seven times greater.

Losses N ConpeNsgrs. Every condenser has certain losses
which are almost negligible in a high quality unit. For one thing,
there is an actual resistance loss in the conducting plates of the
condenser.  The dielectric, while having very high insulating valuc,
docs permit a certain leakage. A practical condenser, therefore,
may be assumed to be a perfect condenser with no losses, and
having a resistor connected in scries to represent the loss in the
conducting plates, and a resistor in parallel to represent the leak-
age. Because of the lecakage loss, a charged condenser will soon
lose this electrical charge. There are also other losses, but they
are not of importance from the practical point of view.

Unrts or Capacrry. The degree of ability of a condenser to
store electrical charges is known as the capacity of the unit. Since
the quantity of the electrical charge depends directly upon the volt-
age of the source, capacity is defined in terms of not only how much
charge is stored, but also on how much voltage is applied. The
unit of capacity is the farad. The farad is the capacity of a con-
denser that will store onc coulomb of clectricity at the pressure of
one volt.

The farad is much too large a unit for radio applications, the
microfarad or mfd., equal to onc-millionth of a farad, is commonly
uscd. Condensers of very small capacity also are rated in still
smaller units of micro-microfarads or mmfd. which are equal to
onc-millionth of a microfarad.

CoxpeNser Circurts. Condensers, similarly to resistors, may be
connected in series and in parallel. When condensers are con-




nected in parallel, the final capacity is greater than that of any
condenser used in the combination. The total is equal to the sum
of all the individual condensers connected in parallel.

C=C +C + Gy 4
Where C, is the total capacity of the units in parallel. This for-
mula suggests a means of obtaining larger capacity from a number
of smaller units. Each condenser used, however, must be able to
withstand the applied voltage of the circuit. Should 15 mfd. be
required and only 5 mfd. units be on hand, three of these may be
employed connected in parallel with equally satisfactory results as
might be obtained from a single 15 mfd. condenser.

Figure 91. If a condenser is to be used with high voltage
circuits, the dielectric must be thick to withstand the high
voltage, and the units are quite large. Stand-off insulators
are used to prevent arcing to the metal container.

When condensers are connected in series, the final capacity of the
combination is always less than that of the smallest condenser used
in the combination. It is very rarely that condensers are used in
series, except when all are of the same capacity.
total capacity

In such cases the

where n — number of condensers of capacity C. connected in
series.

Factors INFLUENcING Capacity. There are three factors af-
fecting the capacity of a condenser.
(1) The type of dielectric used
(2) The arca of the plates in contact with the dielectric
(3) The actual thickness of the dielectric; or, what is the same
thing, the separation between the plates.

It has been found that the capacity of a condenser; using air or
other substances for the dielectric, changed for each definite sub-
stance used. For example, certain wax-paper employed for the

CONDENSER CIRCUITS

Please observe that the formula for con-
densers in parallel corresponds to the
formula for resistors connected in series.

A certain minimum spacing between
plates must be employed to prevent the
voltage existing on the condenser from
puncturing the insulation.
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CONDENSERS USED IN RADIO

Usually the eapacity of the condenser is
marked on the label of the unit and
the maximum permissible voltage, which
may exist in the circuit where this con-
denser is used, is also given.
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dielectric made a condenser have twice the capacity than this same
condenser had with an air dielectric. Bakelite gave a valuc 64
times as large as air; etc. This property of different materials used
for the dielectric of condensers is known as the dielectric constant.

Courtesy Solar Mjg. Co.

Figure 92. Here are three types of commonly used radio
receiving set condensers; a paper condenser in a metal can,
a tubular paper-diclectric condenser, and a metal-can elec-
trolytic condenser.

The actual capacity of different condensers may be caleulated
from formulas, but the serviceman uses commercial units, supplied
with the capacity indicated and, for the serviceman, there will be
little need for such calculations. Certain test-analyzers have pro-
visions for indicating the capacity of paper and clectrolytic con-
densers directly.

Figure 93. Special condenser testers are available. The
unit illustrated gives direct reading of the capacity of the
condenser under test.

Fixep Conpensers. Condensers commonly used in radio sets
are so constructed that their capacity is fixed at one definite value.
The exception is the variable condenser used for tuning the radio
circuits to receive definite stations. For low capacity, under .02
mfd., mica insulation may be cmployed. Such condensers are
molded in bakelite and are unaffected by moisture. The value of
capacity is marked on the case or a color code scheme is used to
indicate capacity. Usually threc color dots arc employed. The




first dot represents the first figure, the sccond dot represents the
second figure, and the third dot tells us how many zeros follow. The
number obtained is the capacity of the condenser in micro-micro-
farads. Usc the standard resistor color code scheme. Larger con-
densers are made with paper dielectric, in tubular form. We urge

Figure 94. Small size capacitors use mica
as the dielectric. These condensers have
high voltage break down. The condensers
are encased in bakelite and have wire leads.

vou to note carcfully, (1) the relation of capacity, breakdown volt-
age or the working voltage, and the physical size, (2) the general
appearance of the units, and (3) the general methods used for
connecting the units into the circuits.

SimpLE Tests. While special condenser testers may be used to
detect the faults in condensecrs, a simple practical test will serve
the purpose. Connect the condenser momentarily to a source of
D.C. potertial between 23 and 100 volts. Quickly disconnect the
condenser and connect the terminals together. A spark should be
noted at the point of contact if the condenser is in good condition.

Several different condensers mayv be enclosed in a single

Figure 95.
container. In making a repair, only the section at fault need be replaced.

MAKING REPLACEMENTsS. In replacing fixed condensers, the
serviceman need not be too critical. A slight difference of ca-
pacity will ordinarily not upset the circuit and this is especially truc
if the unit is used as a filter. 8 or 12 mfd. units may be used
for 10 mfd. However, the rated working voltage is imnportant and
must not be exceeded. Condensers rated at 550 volts D.C. may
be used on any voltage up to this maximum rated voltage, but not
above. A.C. voltage peaks arc 1.4 times higher than the measured
and indicated RMS voltage. For example, 110 volts A.C. has a
peak voltage of 110 X 1.4, or 154 volts.

ELecTROLYTIC CONDENSERS. An electrolytic condenser is a fixed
condenser of high capacity and compact size suitable for use with
voltages not exceeding about 550 volts. These condensers must
further be used only with D.C. or pulsating D.C. Becausc of these
characteristics, electrolytic condensers are especially well suited for
use in radio filter circuits where these advantages over paper type

TESTING CONDENSERS

The gradual change of capacity is uot
noticed by obscrving the operation of
the equipment, but changes that ocenr
frequently cause intermittant operation
and these faults are difficult to detect.

In a later section. you will learn how
1o tast waATdeTiscrs with simple service in-
striinents,

Iir all instances, try to use a condenser
of higher working voltage than the orig-
inal. This will eliminate the possibility
of another failure in the same part.
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ELECTROLYTIC CONDENSERS

Special types of clectrolytic condensers
have been designed for use on A.C.
Condensers arc commonly emploved
with refrigeration motors to form spe-
cial starting cireuits. These motors are
A.C. operated.

The best way 1o learn how condensers
are mounted and connected is to look
at several radio chassis. It is recom-
mended that at this point in yvour
studies, you remove the chassis of other
radio sets, besides the model with which
vou have worked at first, and carefully
study the construction of these sets,
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condensers are fully realized, and the limitations mentioned are
of no consequence.

The electrolytic condenser consists of an anode to which the
positive connection is made, the cathode used in conjunction with
the negative connection, and the electrolyte. Aluminum is usually
used as the anode in condensers for radio application. Other
metals such as tantalum and magnesium find some use; the chief
advantage of tantalum being its ability to withstand acid corrosion.
For the cathode, either aluminum or copper is used in connection
with the aluminum anode.,

Figure 96. Many modern type
clectrolytic condensers are of the
plug-in type. These condensers
may be easily tested and replaced.

Many different electrolytes are used and their choice depends
greatly upon the voltages to be applied to the condenser. Some-
times mixtures of two or more compounds are used. The density
of the electrolyte varies from a liquid, which contains a fairly large
percentage of water, to a paste which is commercially called dry.

The dielectric film forms electro-chemically on the surface of the
anode. The properties of the electrolytic condenser are due to this
film formation. The exact nature of this film is not known, but
it is extremely thin making possible high capacity per unit area.
The capacitance of a film formed at 300 volts on aluminum is 0.12
mfd. per square inch, about eight hundred times that of a paper
condenser for this voltage. The film is formed by applying a poten-
tial of the proper value. The capacity is almost inversely propor-
tional to the potential at which the film is formed.

In the actual circuit, when the potential is first applied, the cur-
rent is only limited by the resistance of the electrolyte and the
external resistance present. Naturally, under this condition high
currents flow. The film forms quite rapidly, however, and the
leakage current drops to a safe value of about 0.2 milliamperes per
microfarad. A radio rectifier circuit takes care of this leakage current
without difficulty. The rectifier tube does not heat-up instantane-
ously and, because of this, the voltage at first is of a small value.
This voltage partially forms the film which reduces the leakage
current when the rectifier tube heats-up to the full value and sup-
plies the maximum voltage.

PracTicAl CoNSIDERATIONS. Small mica and paper condensers
are supported in position with their own leads. Usually these leads
are long enough to permit direct wiring of the terminals to be con-
nected through the condenser. The electrolytic condensers are
larger in physical size and capacity and must be mounted in place.
A single cardboard container or metal can may house several sepa-
rate condensers, each intended for a specific purpose. At times,
some of these sections are interconnected in the container and,
therefore, require fewer outside connections.




Cardboard containers may be mounted with rivets or small
bolts. Somec round, upright type cardboard clectrolytic condensers
have studs which permit the condenser to be bolted to the chas-
sis. Most of the older style metal-container type condensers come
with a large nut on a threaded section.  In mounting, a hole of
the proper size is made in the metal chassis base, the threaded sce-
tion inserted, and the nut tightened from under the chassis.

Figure 97. Mica condensers are used in circuits requiring
very small fixed capacity, or in circuits where the voltage
is above 600 volts, or in applications where the capacity
must remain constant for long periods of time.

Mica condensers mav be connected with either lead to one of
the terminals. No care need be exercised in selecting one of the
lcads in preference to the other. In the case of paper-diclectric
condensers, usually they may be connected also in cither fashion
as far as the leads are concerned. However, if one lead of the
condenser goes to the radio ‘“‘ground” or chassis, and if the
condenser has one lead marked with the word ¢round, then use this
lead for the ground connection.

Figure 98. The color code for multi-
section condensers is marked on the con-
tainer, Drv clectrolytic condensers may
be mounted in any position.

The clectrolytic condensers, of course, must be connected cor-
rectly as far as polarity. The condensers housed in metal cans
usually have the can serve as the negative terminal. The other ter-
minal of such a condenser is connected so that a positive voltage is
always present on it in relation to the negative terminal.  In some
units, the metal can may be insulated from all condenser sections
contained. In such instances, you will find several colored, in-
sulated, connecting wires coming from the condenser. If the con-
denser has but one section, only two leads will be neceded. Com-
monly, the red lead refers to the positive connection, the black lcad
refers to the negative connection. If there are more sections, the
color code of the leads is usually printed on the label of the can.

MOUNTING CONDENSERS

Condenser catalogs, showing the differ-
ent type units and giving the technical
deseription, are available from the
larger condenser manufacturers. You
can find these firms’ advertisements in
radio magazines. and their addresses
may be obtained in this manner.
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CONDENSERS FOR TUNING

High quality variable condensers use
very little insulating material to elim-
inate dielectric losses and are sturdily
constructed so that the corresponding
setting will always give the same capac-
ity, and slight jarring of the equipment
will not upset the adjustment.
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VariasLe ConbENsers. Condensers which permit changing of
the capacity by means of a manual adjustment are of the variable
type. Of such types, the condensers used for tuning will be con-
sidered first. You have already examined one of these units in the
radio you studied. These tuning condensers may have but a
single section. However, most modern radio receivers use tuning
condensers which have two or three gangs, or sections.

Figurc 99, Tubular paper di-
electric condensers are most com-
monly used in radio receivers.
Electrolytic condensers are also
made in tubular shapes as is the
unit illustrated.

The frame of the condenser is connected to all rotary sections of
cvery gang. This means that all rotary sections are connected to-
gether electrically and, if the condenser is mounted on the metal
chassis, these rotary sections will automatically become connected
to the radio ground. In some radio sets, an extra wire may be used
to ground the frame of the condenser, but it is not needed if a good
job of mounting is done.

3%

FEE

Figure 100. Condensers used for filtering purposes in
automobile ignition systems (to eliminate radio inter-
ference) are housed in metal containers and are provided
with special mounting brackets.

The stationary sections (plates) of each gang are insulated from
cach other and have separate connections. In fact, each station-
ary section has two different terminals on each side of the con-
denser, but electrically these terminals are identical. The reason

" Figure 101. Some variable condensers
“| have one section (gang) supplied with some-
2 ™ what smaller rotating plates. Such units are
XY called cut-section condensers.

two terminals are included, although they are electrically the same,
Is to permit wiring to cither side of the condenser and, thereby,
making the leads shorter. Each gang of the variable condenser is
used for tuning a different circuit. Since the capacity of each gang




is changed at the same time as the condenser plates are turned
(capacity increascd or decreased), these circuits are tuned together
and kept in step.

Certain circuits require that one gang of the condenser be
smaller in capacity at all settings. This is easily accomplished by
making one set of rotary plates slightly smaller, so that the capacity
of this gang is always smaller. This special type variable condenser
is known as cut-plate type, or cut-section type.

In many circuits condensers are nceded which must be adjusted
on occasion, but once set need not be altered for long periods of
time. Such small, adjustable condensers are known as trimmers
and padders depending on their application. They are available
in maximum capacities from 25 to 1,000 mmfd. As a comparison,

Courtesy Solar Mfg. Co.

Figure 102. Trimmers and padders are available

in various shapes and sizes. Some are dual units.
All are semi-adjustable condensers

usual honic radio set tuning condensers have a maximum capacity
per gang of 360 mmfd. A good quality condenser having a cer-
tain maximum capacity, will give a minimum capacity of about
1/10 the value. For example, if the maximum capacity of a tun-
ing condenser is 360 mmfd., the minimum value, rotating the plates
all the way out, will be about 35 mmfd. Please remember this; no
variable condenser can be adjusted to give zero capacity.

CapaciTance REAcTANCE. A condenser conncected to a source of
voltage, becomes charged with this potential, and tries to keep the
voltage unchanged. A condenser aticmpts to prevent voltage in-
creases by slowing down the action, and trics to overcome voltage
decrease by supplying the voltage required. This explanation is
not rigorous, but will give you the nceded understanding about
condenser action. In many ways, a condenser limits changes in
voltage in a manner similar to an inductance limiting the action of
changes in current.

The tendency of a condenser in preventing the alternating volt-
age of the source to rise to its true value at the instant, limits the

MAXIMUM-MINIMUM CAPACITY

When an extremely large capaeity trim-
mer is needed and this trimmer need be
adjusted over a limited range, it is pos-
sible to connect a small capacity trim-
mer in parallel with a fixed condenser.

This action is similar in the wvoltage-
sense to inductive reaetance when con-
sidering its action on current.
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CAPACITIVE REACTANCE

You should make up a few problems
assuming a suitable frequency and ca-
pacity and find the eapacitive reactance
of the condenser at the frequency as-
sumed. Please notice that as the fre-
quency is increased, the capaeitive re-
aetance is deereased.

2. Observe that the larger capacity con-
densers are almost all of the electro-
Iytic type.

6. Can you tell now why the grid and
plate wircs should he made as short as

possible.

11. The frequeney, in this case, is equal
to 120 cycles.

12. In practice, after the initial charge,
the condenser will not pass D.C.
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current in the circuit, and is, therefore, similar to the effect of a
large resistor which could have been in the circuit. This opposi-
tion which a condenser offers to the flow of current is known as
capacitive reactance, symbol X, and is also measured in ohms.
We have a formula for calculating capacitive reactance.

1
CT 628X fXC
where f is the frequency in cycles per second, and C is the capacity
in farads. Since most circuits use condensers which are measured

in microfarads, we can usc a more convenient formula, where the
value in microfarads can be substituted for C.

159,236
fxC

X

NXe=

REeviEw QUEsTIONs aND PromrLems. 1. If sheets of paper are
inserted between the plates of an air variable condenser, will the
capacity be increased? Explain.

2. What capacity condensers did you find in the radio set you
examined?

3. Using only 8 mfd. condensers, how can you connect these
units to obtain 20 mfd. capacity?

4. Can a .01 mfd. 600 volt condenser be used to replace a .01
mfd. 400 volt unit? Explain your answer.

5. On what factors does the capacity of a condenser depend?

6. Is there some small capacity between cvery two scparated
conductors? Is this fact of any practical importance?

7. How can a 2 mfd. paper condenser be tested when special
cquipment is not available?

8. What are the advantages of electrolytic condensers?

9. Why must an electrolytic condenser be connected in the
proper fashion?

10. What is the minimmum number of separate connections which
must be made to a three-gang variable condenser which is mounted
on the metal chassis? Can more wires terminate at the connections
of this unit?

11. What is the capacitive reactance of a 10 mfd. filter con-
denser used in a radio power supply which has 120 cycle hum?

12, What happens to the value of X, as f, the frequency, be-
comes smaller and smaller? Assume C does not change. What
would you conclude as to the value of X, as f approaches zero,
that is for D.C.?




LESSON

L, C, and R, Combined Circuits

Practicar. Inpverive Circurrs,  In discussing circuits incor-
porating an inductance, we have assumed that resistance was not
present. In practice, of course, every coil is made of wire which
in turn has more or less resistance. Therefore, an inductance has
resistance which behaves as if it is connected in series with the
inductance. This behavior permits us to assume, in solving prob-
lems, that the inductance has no resistance, but that a separate
resistor is connected in series and has the resistance value of this
coil resistance.

Puase Revarionsine. In a pure resistive circuit, the current
varies with the voltage in accordance with Ohm’s Law. The
current increases in step with the voltage, and falls to zero when
the voltage is zero. In a pure inductive civenit® this is not so.
The property of inductance tends to prevent current variations,
and although thesc variations follow the voltage changes, they
are somewhat behind in time. There is a period of time after
the voltage reaches a maximum value, before the current reaches
its maximum value.  As the voltage begins to get smaller during
a part of the A.C. cycle, the current tries to remain the same,
and is replenished in part by the breaking down of the magnetic
field. When the voltage returns to zero, the current is still very
much present. This phase relationship or time difference between
voltage and current is always present in inductive circuits. The
current lags behind the voltage. In other words, the voltage leads
the current. In pure inductive circuits the current lags behind
the voltage by 90°. This means that 90 electrical degrees (of
time) separate the peak values of voltage and current.

If a circuit has both inductance and resistance, as all real induc-
tive circuits do, the time relationship or phasc angle is neither
zero as in the case of pure resistance, nor 90° as in the case of
pure inductance, but is some value between 0° and 90°. If X, is
much larger in value than the resistance, then the angle is very
close to 90°. In a circuit having a large resistance value and very
little inductive reactance, the phase angle is close to zero degrees.

ImrEDANCE. Now both the resistance and the inductive reactance
of the circuit oppose the passage of clectric current. The opposi-
tion, however, is not the same since the phase angle causes a
difference in the voltage to current relationship. The total equiva-
lent opposition of the two can be found. This total combined
cpposition is known as impedance and is also measured in ohms.
The symbol for impedance is Z.

h= \/R2 + Xi.2
The impedance can be found with the aid of this formula if the
inductive reactance and the resistance of the circuit are known.

In most circuits, the inductive reactance is so much greater than
the resistance, that you may assume that 7 — X,..

*This is true to a limited degree in all circuits where inductance is present,
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The above illustrations show the rela-
tionship between the voltage and cur-
rent in an indnetive eireuit and also in
a capaeitive circuit. It is important to
notice that the eurrent and voltage reach
their maximum values at a time interval
apart. M the cirenit is of a pure in-
duetive tyvpe. the current will lag 90
behind the voltage.  This means that it
will take 90 electrical degrees of time
for the current to reach the peak point
as (‘()mparod to the instart when the
voltage reaches its peak value. Ninety
electrical degrees means 14 of 360°
which is equivalent to one eyele.  Sinee
in a 60 cyele current. each eyele ocen-
pies 1 60 of a sccond, 90 eleetrical de-
grees. in this case, will correspond to
1210 of a sccond.
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VECTOR REPRESENTATION

In making geometrie representations,
the value of resistance is shown as a
horizontal line extending to the right.
Reactance values are at right angles to
the resistance line and are, therefore,
vertical.  Inductive reactance line is
made upwards and capacitive reactance
is made in the opposite direction (down-
wards) since it acts to neutralize indue-
tive reactance.

If the equivalent reactance is consid-
ered one side of a triangle, with the re-
sistance line forming another side, the
triangle ean be completed with a third
line joining the extreme points of these
lines indicating reactance and resistance.
The phase angle (the angle in degrees
indicating the phase difference between
voltage and current in the cirenit) can
be measured by the actual angle formed
by this connecting slant line and the
base line which is representative of the
resistance. If the reactance is missing,
the angle will be zero (there is no an-
gle formed), and this is as expected.
In a pure indnetive circuit only react-
ance will exist and there will be no
resistance. In this case, the angle will
be formed by the vertical reactance line
and will indicate 90°, the correct value.
For capacitive recactance the angle is
negative and this indicates that the vol-
tage lags instead of current.

This is not a formal definition of Q. By
expressing Q in terms of energy stored
and used per half cycle, the figure of
merit can be applied to cavity resonators
and other, special (not coil types) tuned
eireuits.
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GeomEeTRIC CONSIDERATIONS. It is possible to represent resist-
ance value by a straight line. The actual size of the line will
depend on the resistance. You may let one unit of size equal
one ohm of resistance or perhaps five ohms. Referring to the illus-
tration, you will see that the line R represents the resistance as 7
units long.

In order to represent reactance (either inductive or capacitive),
another line may be used. Here again, the unit of size represents
a number of ohms of reactance. Since the voltage across the

___________ I L 1 1 L ] -

T T T T T v rl

‘3 | R |

i 1 |

1 | i '

| |

e = ' .. l

| |

1+x z | +xc pa ]

1 } 1 [

! |

1 ! 4 |

1 I i |

i 1 |

i | | 1

| |

| i 1 |

s v I
INDUCTANCE AND CAPACITY AND
RESISTANCE RESISTANCE

Drawing.courtesy Allied Radio Corp
Figure 103. The value of impedance can be obtained with the aid of
vector diagrams.

rcsistor and the reactance are 90° out of phase, these two lines
are illustrated at right angles (90°) in respect to each other.

It is possible to combine resistance and reactance of a series
circuit without any formulas, but by using geometric means instead.
To do this, the value of resistance and reactance are indicated as
straight lines at right angles to each other. (See figure.) Then,
using these two lines as two sides of a rectangle, the other sides
are sketched in as shown by the dotted lines. Then, the diagonal
line is placed and is equal to Z, the impedance, of the combina-
tion. By measuring the number of units the Z line occupies, you
can find the actual value of impedance. A similar process is
used for inductive or capacitive circuits.

Waat Is QF  Usually reactanee is the desired characteristic
of a coil while resistance is not. A figure of merit for coils is
nceded to enable us to judge between various coils. We call
this figure of merit for comparative purposes, Q and consider
it equal to the inductive reactance divided by the R. F. resistance.

Reactance XL 628 X f XL

Resistance R R
Since both the reactance and resistance increase with frequency,
but not in the same order, the Q of coils will vary with the fre-
quency used for the test. In the broadcast band, 540 to 1,750
kilocycles, the Q of coils increases for higher frequencies and spe-
¢ial methods are used to “even it out” for the entire band. The
Q determines the gain one obtains from a coil. The voltage step-up

is approximately equal to the Q of the coil. Broadcast coils have
a value of Q between 75 and 200.




Losses in CoiLs. Certain losses are found in all coils and these
act in the manner to make the equivalent R. F. resistance appear
higher, thereby lowering the Q of the coil.  The losses may be due
to resistance of the copper wire, diclectric losses in the core material
and wire insulation, presence of metal in the coil supports and lugs,
losses in the shiclding material, and increased resistance due to the
tendency of the R. F. current to remain on the surface of the con-
ductors.

\\

A
) Figure 104. Radio transmitter coils have
small losses and may be of the plug-in type
3 L to permit easy exchange. Notice that the
E g cut-out shows a small variable coil inside the

SRR

0

larger coil form.
Courtesy E. F. Johnson Company

Circurts wit C anp R. We have already mentioned that
all condensers had losses and thesc could be represented as the
losses created by a resistor connected in scries with a perfect con-
denser of the same capacity as the unit we are considering. In
many circuits, an actual resistor may be connected in series with
a condenser to accomplish the results required by the circuit.
Here, as in the case of a L and R circuit, the phase relationships
cdiffer and the reactance of the condenser and the resistance of
the resistor must be combined in a special way to obtain the
total opposition or impedance of the combination. The impedance
in this casc is,

In solving a problem, X¢ is found first from the formula you
already know, then this value and the value for R, are substituted
in the above formula, and the answer for the impedance is obtained.

Tre Constant. If a condenser is made to discharge through
a resistor, a period of time will pass before the condenser loses a
fraction of its charge. The time required for a condenser to lose
that part of its charge which will cause the voltage to fall to
37% of its initial value, is called the time constant. Expressing
time in scconds as t, resistance R in megohms, and C in micro-
farads, we have a very handy formula,

t=R XC

Time constant is very important in the study of automatic volume
control circuits which will come up in a later chapter.

Circurrs witit C anD L. You probably recall that an in-
ductance causcs the voltage to lead the current (or the current
to lag behind the voltage). You also know that, on the con-
trary, capacity alone causes the voltage to lag the current. The
effects are opposite to each other. Now if a circuit has both
capacity and inductance, onc will partially overcome the cffects
of the other. The entire circuit will act as either inductive or
capacitive reactance depending on whether X or X¢ is larger
for the particular frequency. If the inductive reactance is greater
than the capacitive reactance, then some of this X will over-
come the X¢, and the balance of the inductive reactance will be left.

CIRCUI'TS WITHC & R, C & L

Notice the similarity of this formula
with the one for obtaining the imped-
ance in an induetive circuit,

DISCHARGE
/

— TIME (t)

This curve shows the actual voltage that
exists on a condenser which is initially

connected to a source of voltage. You
recall that a condenser trics to keep the
voltage of the eircuit at a fixed value.
Since the condition, before the connec-
tion is completed, represents zero volt-
age; the voltage across the condenser
will increase slowly with time. ‘The-
oretically, the total voltage of the source
never appears across the condenser.
IFrom a practical point of view, how-
ever, the full voltage (as close as can be
measurcd with instruments) appears
across the condenser after a very short
time. Both the charging and discharg-
ing curves are similar in character.
They are steep at first and then beeome
almost horizontal indicating little addi-

tional ehange in value.
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RESONANCE PIHENOMENON

The student is reminded once again
the inductive reactance and capacitive
reactance have neutralizing effects upon
each other. It is the nature of electric-
ity to behave in this fashion in conjunc-
tion with inductance and capacity. It
is this remarkable property that permits
radio transmission and recception.

In any circuit where the inductance and
capacity are lumped* there is one, and
only one frequency, for which the cir-
cuit will behave as if only resistance
is present and will offer the least im-
pedance. This fact permits the selec-
tion (tuning) of a single frequency.

*An inductance or capacity is lumped if the
part has only the characteristic of a fixed value
of inductance or capacity for all frequencies
employed with the component. Most commer-
cial coils and condensers are of this type.
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Variations with FReQUENcY. In working several problems,
we have already noticed that inductive reactance increases with
the frequency, and becomes very large at high frequencies. Bu
capacitive reactance decreases as the frequency is increased, and
is almost zero at very high frequencies. It is obvious that given
any coil or any value capacity, we can make the reactance any
value we please provided we can change the frequency.

ResonancE.  If we have a circuit where a condenser and coil
are connected in series, we can select a frequency for which the
inductive reactance will be exactly equal to the capacitive re-
actance. In such instance, the reactancc will be entirely elim-
inated, and only the resistance of the circuit will be present. Let
us see what special frequency will cause the reactive components
to disappear and produce resonance. This condition requires X;,
to equal X¢, so we will place the terms defining these reactances
cqual to each other:

|
628 X f X C

where L is in henries, and C is in farads.
cquation for f, we obtain:

6.28 ~ { X L
When we solve this

1
6.28\/1.C.

Courtesy Corncll-Dubilicy Elec. Corp.

Figure 105. Condensers and condenser-inductance com-

binations are used in interference filters to prevent man-
made static from reaching radio receivers.

You can see from this important formula that many different
values of L and C will produce resonance at a given frequency.
Tuning is accomplished in this manner. The coil, L, is fixed,
and the condenser, C, is varied to obtain the frequency of the
desired station. At resonance, the current in a series circuit is
a maximum, and the voltage across either the coil or condenser
is also a maximum. At resonance, the voltage across the coil is
about equal to Q times the impressed voltage. This explains
why a tuning coil and condenser give a voltage gain about equal
to the QQ of the coil employed.

An intercsting experiment can be performed to illustrate the
action of resonance. A regular electric light is connected to a
110 volt circuit and, of course, lights up brightly. Now, a large’
choke coil (inductance) is connected in series with the bulb, and
the bulb ‘lights up very dimly. The choke is then replaced with
a condenser of large capacity and again the bulb does not light




very brightly. As the final step, we connect the bulb, choke,
and condenser in series across the 110 volt line. If we have
properly selected the C and L to give resonance at 60 cycles, the
bulb will light just as brightly as it did when it was alone in
the circuit.

A series resonant circuit will offer very low impedance to fre-
quencies near the resonant frequency. Impedance to frequencics
away from resonance will be high. At the resonant frequency, the
series circuit consisting of L, C, and R, will act as a pure resistance.
At frequencies above resonant frequency, the circuit will behave
as if only inductance and resistance are present. Below resonant
frequency, the circuit will show effects of capacitive reactance
and resistance.

The current in a series L, C, and R, circuit is greatest at
resonant frequency and is of the same value in all three com-
ponents. The voltage, however, need not be the same in the
elements used. Since the voltage across any element is the prod-
uct of the current and the reactance or resistance of that clement,
it may vary for different frequencics. For example, to find the
voltage drop across a condenser, the Xc of this condenser at
the frequency used must be calculated. Then the current in the
circuit must be figured out and multiplied by the value of reactance
obtained. At resonance, the voltage drops across the inductance
and capacity are equal in value but opposite in sign,

ParaLLEL REsonNanNce. When you have a coil and condenser
connected in parallel, you must bear in mind that both com-
ponents have losses which are equivalent to small resistors being
connected in series with each item. The calculations then be-
come very difficult. It is common in practice to assume that the
condenser has no losses; this is permissible since the losses are very
small. The coil Q is calculated by using the formula and sub-
stituting the values of R, L, and the frequency employed. After
this operation, the coil series resistor is also ignored, but instead
a fictitious resistor is assumed to be connected in parallel with
the coil and condenser. This resistor will permit the needed
calculation to be performed in a simplified form and is equal
to the coil resistance multiplied by Q of the coil, squared.

Imaginary paralle] resistor — R X Q*

For example, considering a parallel circuit where the operating
frequency will be 2 megacycles, or 2 X 10° cycles; L is 100 uhy.
or 1/10,000 henry; R, the resistance of the coil, is equal to 20
ohms. Calculating QQ, we obtain about 63. Now we can assume
that the circuit is made up of the coil and condenser, and a new
parallel resistor having a value equal to RQ?2 or 20 X 63 X 63 =
7,938 ohms. Please notice that the higher the Q, the greater will
be this equivalent parallel resistor.

In a low loss parallel L-C circuit, it is possible to obtain the
resonant frequency. using the very same formula employed in
series resonance. Please notice these differences. The voltage
across the inductance and capacity is equal at all times, but the
current may differ a great deal. The impedance of the com-
bination is very high at resonance, approximately equal to the
imaginary resistor we have considered. The circulating current
between the branches may be very high. At frequencies above
resonance, a parallel L-C circuit acts capacitive; at frequencies
below resonance the circuit acts inductive; and at resonance, the
circuit behaves as pure resistance.

BEHAVIOR AT RESONANCE

Actually, yon are performing a similar
experiment every time you tune your
radio and adjust it to receive a definite
station.

The voltages across the reactive ele-
ments of a series circuit may be many
times greater than the impressed volt-
age. In working with radio frequency
circuits, you must make certain that the
condensers employed can withstand the
extremely high voltage which may oc-
cur at times. For by-pass purposes,
mica condensers are recommended.

This method of calculation is well
adaptable to practical problems. A par-
allel resonant circuit, made up of a low
loss condenser and coil, at resonance,
will have very high equivalent resist-
ance.

If a parallel L-C circuit is to act as an
inductance, the impressed frequency
should be lower than the natural res.
onant frequency of the circuit.
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QUESTIONS AND ANSWERS

2. You substitute zero for X in the
formula.

5. For how many different frequencies
is your answer applicable?

6. The answer is: 1,592,000 eyeles, or
abont 1,600 KC.

8. In practical circuits, of course, re-
sistance is always present.

9. You should understand and rememn-
ber this answer. This is a very impor-
tant fact and is used in adjueting radio

transmitters.
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ReviEw QuEesTtions aND ProBLEMs. 1. Explain the phase
relationship between voltage and current in an inductive circuit.
What is the relationship in a resistive circuit?

2. In a circuit made up of two 20 ohm resistors what is the
total impedance of the circuit? Can the regular formula for 7
be used?

3. What must be known about a coil in order to calculate

its Q?

4. How long will it take for .5 mfd. condenser to lose 63%
of its voltage while discharging through a 500,000 ohm resistor?

5. Is it possible for a circuit having both inductance and capac-

ity to act as a pure resistor? Explain your answer.

6. A coil of 100 microhenries and a condenser of 100 mmfd.,
are used in a series circuit. What is the resonant frequency of
this circuit? Hint: Write 100 uhy. as 104, and 100 mmid.
as 1019,

7. At a frequency higher than resonant frequency, does a
series L-C circuit act inductively or capacitively? What about a
similar circuit, but of a parallel type?

8. If a paralle]l L-C circuit has no losses (that is, has no re-
sistance), will the Q of the coil be very high? Will this make
the circuit have very high impedance at resonance? Give reasons.

9. In order to make a parallel L-C circuit act inductively, must
the exciting frequency be higher or lower than the resonant fre-
quency?




LESSON 38

How Meters Work

ErrcTricAL MEASUREMENTS. The factors associated with clec-
tricity are measured, in most practical applications, with the aid
of meters. As you probably know, a meter has one or more scales
and a movable pointer. For any one condition of measurement,
the needle (pointer) stops at a definite place and the correspond-
ing reading of the scale indicates the value being measured.  Many
clectrical measurements are madc directly with a meter. For
example, voltage is measured with a voltmeter which gives direct
reading. Inductance, on the other hand, may be measured directly
only with a complex circuit and a specially calibrated meter; sim-
ple meters will serve to give indirect measurement and will neces-
sitate the use of a formula for the solution.

Figure 106. Meters, used individually or in radio test equip-
ment, depend on magnetic effects for their operation.

Meters are used to inform the operator that the circuits are
functioning correctly at all timnes; mecters help a radio serviceman
locate the faults in a piece of equipment; mcters help a radio
design engineer work out a new circuit with the least guess-work.
The radio serviceman, while trouble-shooting, tries to discover the
presence of an incorrect electrical quantity in the circuit and such
a discovery helps the radioman to Jocate the actual fault.

While magnetic, heating, or clectro-chemical effects may be used
to measure electric current, for D.C. and A.C. of lower fre-
quencies, the magnetic effect is employed. For higher A.C. fre-
quencies (such as R.F.), the heat produced is used as the indicat-
ing effect. It is important to realize that electric current operates
all meters. Even when voltage is being measured, it is the cur-
rent that operates the meter and is the quantity really being
measured. But the amount of current present depends on the
voltage and, therefore, the scale can be calibrated in terms of
voltage.

D.C. MeTeErR MoOVEMENT. Most of today’s direct current meters
use D’Arsonval type movement. This movement is sometimes
called the permanent-magnet moving-coil type because of the com-
ponents used. You will notice that in the cut-away view, a large
horse-shoe magnet forms the bulk of the unit. Between the pole
pieces, a light movable coil is suspended on pivots. You can see
one spring in front of this coil, while a second spring, tending to

The meter needle may he of the knife
edge type or may be in the shape of an
arrow. The knife edge permits finer
degree of reading. The thicker arvow
pointer is casier to follow and the nee-
dle is stronger. The meter seale should
always be read from a position direetly
in front. If a mirror slot is included
hehind the needle, your eyes should he
in a position where you ecan see the
actual pointer but not the image of the
pointer in the mirror which will then
be blocked with the actual ohjeet.

Lately, cathode ray visual equipment is
replacing meters for many of these ap-
plications.

The fact that eurrent is used to operate
all meters is also true in case the meters
are of the A.C. type. The more sensitive
meters take very little current for their
operation.
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D'ARSONVAL MOVEMENT

This phantom view of a meter move-
ment should be studied carefully. The
understanding of meter construction
will help you to use the meters properly
and exercise needed care.

A set screw on the face of the meter
may be used to preset the needle to the
zero position. This adjnstinent is made
while the meter is not connected; the
adjustment may be regqnired from time
to time since the springs may give from
constant tension.

The meter movement is pivoted on fine
jewels as msed in fine watches.

Many very scnsitive meters require
considerably less eurrent for maximum
deflection. lowever, one milliampere
movement meler is very popular in
radio service work.
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turn the coil in the opposite direction, is behind the coil. Since
the two springs try to turn the movable coil in opposite directions,
it remains in the normal position indicated. The springs are
used also to conduct current to the coil from the fixed terminals.

A PERMANENT.MAGNET MOVING.COIL MECHANISM
{As uted in the Westan Modsl 430 D-C Porteble Inctrument]

Courtesy Heston Electrical Instrument Corp.

Figure 107. This illustration will permit you to understand the operation

of a D’Arsonval type movcement. The entire movement, in practical units,
is housed in a case, and the meter scale is directly under the pointer.

When current flows in the movable coil, an electromagnetic
ficld is produced. The ficld of this magnet bucks the ficld of the
fixed magnet, and the coil tries to rotate to the right and line up
better with the lines of force of the permanent magnet. The
intensity of this effort is proportional to the current and also
depends on the design of the meter. Since the same amount of
current will always rotate the coil and the attached ncedle to a
definite position, a calibrated scale can be mounted on the meter
movement, behind the pointer, to indicate the actual value of the
current present,

INcrEAasING CURRENT ScaLes. Since a grecat many turns of
very fine wire are used for the coil of a meter, and the movement
is finely balanced requiring very little power for rotation, small
amounts of current will rotate the coil and pointer to the maximum
position. A grcat many mecters used in radio work have a 1 ma.
movement. This means that only one milliampere will be needed
to swing the pointer to the extreme right hand position. Greater
current than this will tend to swing the ncedle beyond this point
and may bend the pointer. Excessive currents may also burn out
the coil.

Currents which must be measured in radio work arc usually
greater than the small current required for maximum movement
of the meter pointer. Some method is nceded to make a sensitive
meter read any current that may be encountered in radio and




electrical work. We have already found out that meters are rated
in terms of the current needed to cause maximum deflection of
the pointer. Meters are also rated in terms of the D.C. resistance
of the moving coil. This resistance varies in different units, but
for our discussion we will assume that our meter is of 100 ohms
internal resistance, and is of one milliampere sensitivity. Let us
require a meter than must measure currents up to 10 ma. This
means that the maximum point on the scale of this meter must
be 10 ma., and the normal position, of course, will indicate zero.
What circuit must be used to accomplish this?

If we connect a resistor in parallel with the meter, a part of
the current being measured will pass through the resistor and a
part will pass through the meter. If we wish to measure exactly
10 ma., and if we want the meter to have the needle at the
extreme right hand position for this current, we must work out
a circuit of this type selecting the value of the resistor to leave
only one milliampere for the meter. You probably recall that
1 ma. is the current required to deflect the needle to the extreme
right hand position. Now if one milliampere is to pass through
the meter, when we are measuring ten milliamperes, then 9 ma.
must pass through the parallel (shunt) resistor. The resistor, in
this case, must pass nine times the current of the meter. The
resistor, therefore, must be smaller in resistance than the meter;
it must offer less opposition. In fact, the resistor must be 1/9
the size of the meter resistance to pass nine times the current.

Recalling that the meter resistance, in our example, is 100 ohms,
1/9 of this amount gives about 11.1 ohms. This is the value of
the shunt resistor needed. This resistor must be accurate (one
or two percent in practice) to give a fair degree of accuracy when
used with the meter. For any other current scale requirements,
the same process is applied. You will notice that if the scale is
to be multiplied by a factor n (n may be any number, in our
example n was equal to 10), the shunt has a value equal to
the meter resistance divided by a number equal to n less one,
(10 — 1 =9 in our example).

The scale of a meter may be marked off in divisions, with 10
marking the last point at the right hand side. Marks within each
division help you to estimate the exact reading as indicated by
the needle. If you are using a scale where the maximum read-
ing is 500 milliamperes, then you must understand that this
mark 10 corresponds to 500 ma. In the same fashion, the point
4 corresponds to 200 ma., and a point 2} corresponds to 125 ma.
In these cases, each division is equal to 50 ma., since 10 divisions
equal 500 ma. For another maximum current consideration,
a different shunt resistor is used and each division may represent
a different amount.

Makinc A D.C. VoLtMETER. The meter we have used in our
examples was said to be of the one milliampere movement type
and of 100 ohms internal resistance. What voltage will be needed
to swing the needle to its maximum position? This is the voltage
which will cause one milliampere (.001 ampere) to flow through
the meter resistance of 100 ohms. Using Ohm’s Law, we multi-
ply I by R, and obtain 1/10 of a volt. We see from this that
the same meter (it is a current meter called a milliameter) can
be used to measure voltages up to 1/10 of a volt. A 1/20
of a volt will cause the current to be only %2 ma., and the needle

EXTENDING METER RANGES

Meter scales are usually multiplied in
units of ten since this simplifies the
readings.

When two resistors are connected in
parallel, the smaller resistance passes
more current.

The shunt resistor should be within
1%, or better, of the required value.
The calculation of the resistor size
should be carried out to better than
1%. Notice that in our example, we
carried out the calculation to within
one decimal place, so that the error,
at most, could be .05 of an ohm, or
about 0.45% (a little under 1% of 1%)
of the total shunt resistor value of 11.1
ohms.

The reading of meter scales is similar
to reading the scales on a slide rule.
Perhaps you had experience in using
a slide rule.

Volume 1 - Page 75




MAKING A VOLTMETER

Remember that this weter is still meas-
uring current, but the amount of cur-
rent depends on the voltage of the
source.

A meter is most sensitive and can be
read most accurately when the values
being measured deflect the needle to
about the center of the scale. Poor
accuracy is obtained when the reading
is taken at either extreme of the scale.

Read this paragraph again. Be sure
you understand it. Write the meaning
of this paragraph in your own words.

You may think of the meter and the
series resistor acting as two resistors
in series. There is a voltage drop in
each resistor. The design of the volt-
meter requires the choice of the series
dropping resistor of a value that will
cause the voltage drop in this resistor
and the meter to be in proper propor-
tion to give needed results.

Later lessons will explain the use of
voltmeters for electronic equipment
measurements and service work.
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will stop in the half-way position.* Yes, we can use a milli-
ameter for measuring voltage without any other parts, but only
voltage up to 1/10 of a volt in this case. Most voltages encoun-
tered in radio work are from one volt to several thousand volts.
We must work out some voltage multiplier.

Figure 108. To increase the reading of
nieters, series and shunt resistors are needed.
These resistors are of the precision type,
usually 1% accuracy.

We will first consider how to iake our meter read up to 10
volts at maximum deflection. If the meter can be made to do
this, it will be adaptable to read other values of voltage less than
10 volts. Let us connect a resistor in series with the meter. Please
notice that we now connect the resistor in serics and not in shunt
as before. How large must this resistor be, so that when we are
measuring a total of ten volts, the meter pointer will move only
to its extreme right hand position, but not beyond? For this
condition, the meter requires 1/10 (or 0.1) of a volt, as we have
already found out, and since we have a total of 10 volts, 10 — 0.1
or 9.9 volts of this must be lost in the resistor. But the current
passing through the circuit must be 1 ma. (.001 amperes) when
the needle shows maximum deflection, and we can apply Ohm’s
Law once again. To get resistance, we divide voltage by cur-
rent. Dividing 9.9 volts by .001 amperes, we obtain 9,900 ohms.
Since a 10,000 ohm resistor will represent an error of only one
percent, it may be used in a practical circuit. The marked resistor
value, however, must be accurate to within 2% to 5%.

\ - -
7 ot :%‘ Figure 109. Even a voltmeter is a current
pevan o measuring device. Since the current is propor-
weaT tional to the voltage, the scale can be calibrated

in volts.

Courtesy Triplctt Electrical Inst. Co.

For any other value of maximum voltage scale, the same pro-
cedure of calculation is employed. For example, for 100 volts
a resistor of 99,900 (or 100,000) ohms is needed. The switching
in of the different resistors may be accomplished with a rotary
switch and the scale required may be easily selected.

Hicu REesisTaNce OHMMETER. A milliameter may be used to
measure the value of resistance. Let us see how the milliameter,
we have used for the previous examples, can be made to meas-
ure resistance. In your notebook, make a drawing indicating the

*The majority of D.C. instruments have linear scales; equal scale distance
for equal electrical units.



meter, a 44 volt battery, and a 4,400 ohm resistor connected in
series. The total resistance of this circuit will be 4,500 ohms,
obtained by adding the resistance mentioned to the 100 ohm
resistance of the meter. Using a 4%, volt battery with this total
resistance, makes the current in the circuit equal to .001 ampere,
or 1 ma. With this current passing through the meter, the needle
will indicate the extreme right hand position.

Draw the circuit once again, but this time leave a break in
the connecting wires at any one point. Indicate terminals at each
end of the wire at this break. The two test wires or test leads
will be connected to thesc two terminals. If the terminals are
shorted, i.e. connected with a short piece of wire of almost no
resistance, the needle will swing to the right. Since the wire has
about zero resistance, we mark this point at the extreme right hand
of the ohmmeter scale, O. Now let us leave the terminals open,
j.e. apart. We are actually measuring under these conditions, the
resistance of the air between the terminals. This resistance is very
high, running in millions of ohms, and for practical purposes may
be considered infinite or the greatest possible value. The symbol
(eight sideways) represents infinity, and since the needle in this
case will be all the way to the left, the normal position, we will
mark this point, infinity. If we measure a resistor of exactly 4,500
ohms, the total resistance of the circuit under these conditions will
be obtained by adding this resistance to the actual resistance of
the circuit. Since the result will be 9,000 ohms, twice the circuit
resistance, the current will be one-half the maximum value, and
the mid-point of the scale will be marked, 4,500. Other points
will be obtained in the same fashion.

Figure 110. A meter may have several scales
and, when used with a selector switch and the
required network of resistors, will indicate various
values of current, voltage, and resistance.

Courtesy Triplett Electrical Inst. Co.

An ohmmeter scale is more spread out at the right for low values
and is very congested for extremely high values. The ohmmeter
we described can be read for values up to about 500,000 ohms,
after that the total space of the scale remaining before the infinity
mark is reached is so small that no accurate reading is possible.
Some ohmmeters, of course, are made to read up to several
megohms.

METER AccUracy. All meters lack perfection of accuracy. In
practical work very rough reading is usually sufficient and 5%
accuracy is very satisfactory. The errors are due to several causes.
The meter cannot be calibrated perfectly. The scales are printed
from a drawing which is based on a typical meter of the type con-
sidered. However, not all bearings, springs, magnets, and coils
are exactly alike and slight variations in responding to the same
current always result. The same current, therefore, may give
slightly different readings in several similar meters. Errors are also
due to the associated resistors and to the width of the pointer.

How To REAaD METER ScaLEs. The illustration shows a typical
meter panel which incorporates scales for reading various values
of voltage, current in milliamperes, and resistance in ohms. This
panel agrees with our discussion so far. The rotary switch used

OHMMETER CONNECTIONS

Actually the 100 ohm meter resistance
is only 2.2% of the required series re-
gistor. Since this resistor may be ac-
curate only to within 5% in commer-
cial units, a 4,500 ohm resistor will
serve. In commercial ohmmeters, this
geries resistor is made variable to per-
mit adjustment to compensate for age
changes of the series battery.

Most students make the error of think-
ing that when the terminals are apart,
the resistance being measured is zero.
This is wrong, of course. There is very
high resistant betwcen separated ter-
minals, millions of ohms.

To read very high resistance values
with some degree of accuracy, the me-
ter movement must be very sensitive
or else a very high voltage, series bat-
tery and series resistor must be used.
For example, a meter of the type we
used in our description can be made to
read 450,000 ohms in the center (and
much higher values at the left side
of the scale) if the series resistor is
made equal to 450,000 ohms, and a 450
volt supply is used.
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READING METER SCALES

It is most urgent that you become ex-
pert in reading meter scales correetly.
If vou have a friend who had morc ex-
perienee in radio work. ask him to test
vonr knowledge in reading meter indi-
cations.

While the principle of meter scale read-
ing is the same for all units, the actual
scales mav vary.

Always use a scale that gives the veading
unear its center.

When the same meter is used for D.C.
and A.C. rcading, the rectifier unit is
switehed-in for A.C. use. A ncw scale
must be included for A.C. reading since
the meter with the rectifier no longer
gives lincar scale reading as in the case

of D.C.
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for the selection of the scale to be employed is usually marked
with the multiplication factor and an indication as to whether
it is related to voltage, current, or resistance. Let us assume that
we are measuring voltage and the multiplication factor is such
that the maximum deflection will equal 50 volts. Look at the
extreme right row of numbers of the scales on the meter and find
a number which goes into 50, once, or ten times, or a hundred
times. This number, in this case, is 5. Five goes into fifty, ten
times. Read the values indicated by the pointer by making refer-
ence to this middle lower scale (the one that has numbers: 0, 1,

2, 3, 4, and 5). Multiply what you read by ten, because of the

fact that the full scale deflection in this case is 50 and not 5. Make
up a few problems yourself by naming a scale and making a mark
for the pointer.

()
S

Q S OR

Figure 111. Very often the scale of a volt-ohm-milliameter test unit will
be similar to the scale illustrated. As a future radio serviceman, vou must
be able to read such scales.

As another example, let us measure resistance and use a posi-
tion of the switch which calls for multiplying the results read on
the scale by a factor of 100. If the pointer stops at 15, you are
really reading 15 > 100, or 1.500 ohms. What if the pointer stops
at the short line after the mark 30, on the upper ohm scale? You
sec that the mark lies between 30 and 50. The long line between
30 and 50, indicates 40. The short line, where our pointer stopped,
lies between 30 and this longer line which indicates 40. Tt is
evident that the pointer must be at a value corresponding to 35.
But we arc using a scale which requires multiplication by 100, and
so our answer is 3,500 ohms.

Conversion To A.C. The meters we have discussed so far can
be used with D.C. only. It is possible to use a regular D.C. meter
for measuring alternating current or voltage with the aid of a
rectifier unit.  The rectifier changes A.C. to D.C. and the valuce
of A.C. voltage or current is measured on special scales. Usually
these scales are calibrated for a given A.C. frequency, and con-
siderable variation in frequency will cause additional errors. The
rectifier elements arc made of copper oxide and the current is
permitted to pass only in one direction.




A sensitive D.C. meter may be used with a thermocouple to
measure alternating currents up to ultra-high R.F. The current
to be measured heats a small wire which is placed near a junction
of two different metals.  When a point of contact of two different
metals is heated. a slight voltage is produced. This voltage is
D.C. and is impressed on the sensitive D.C. meter.

Figure 112, A.C. meters have the same
outward appearance as similar D.C. instru-
ments. However, the movement must be
different, or the A.C. must he converted to
direct current.

DyNaMOMETER Merer, A meter can be constructed to operate
directly from A.C. If & I’Arsonval movement meter is connected
to alternating current. the needle will try to follow the variations
in the current and will appear to be vibrating.  No true rcading
will be possible. Notice the different construction of the electro-
dynamometer mechanisin which can be used to measure AC.
directly. The large stationary coils are connected to the source
of A.C., and a part of this current is conducted through the smail
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Figure 113, Here is an inside view of an electrodynamometer movement.
Notice the large fixed coils and the small rotating coil attached to the
pointer.

movable coil.  The small coil is mechanically connected to the
pointer. Since the current in both the stationary and movable
coils reverses at the same time, the torque (movement, rotation)
is in the same direction and is praportional to the square of the
current,

METERS FOR A.C. MEASUREMENTS

Since different thermmocouples convert
eleetrie current to heat and heat back
to D.C. current in different degrees of
efficicney. such an A.C. meter must have
its scale calibrated for the particular
thermocouple emploved.

In practice. il a DGO meter is con-
nected to A.C. in error. the needle may
either vibrate or jump to an extreme
position,

The moving and stationary coils buck
(push) each other in the same relative
dircetion even when the current re-
verses.  There are instants  (fwo in
every evele) when the current is zero
and no magnetic field exists, but these
instants are short in duration. During
such instances, the needle does try to
return to the initial zero position, hut
hefore it can get started. the magnetic
ficld starts building up once again.
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MOVING IRON-VANE METER

Regardless of the type of movement in
the meter, the scales are read in the
manner alrcady explained under D.C.
type mcters. It is morc difficult to in-
crease the seale reading of A.C. instru-
ments since the meter docs not hehave
as a pure resistor, but as a complex
impedance.,

I. How is such a meter made to read
zero in the center, and values to the
right and left?

2. Answer: 2.08 ohms.

3. Exaet size: 199,950 ol
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Such meters may be used also for D.C.. but they are not as
sensitive as the IY’Arsonval movement types.  Dynamometer move-
ments may be used in ammeters, voltmeters, or wattmeters.

Moving Irox-Vane Merer.  This type of meter has a fixed
coil which is connected to the circuit having the current to be
measured. Usually there is a fixed iron plate and a moving iron-
vane. In the normal position, these iron plates are close to each
other. The moving iron-vane is connected to the pointer. When
current passes through the coil, it creates an clectromagnet which
in turn magnetizes the iron plates.  Since these plates are of the
same magnetic polarity at all times. although the magnetic fields
of both reverse with changes in the direction of the current, the
tron plates repel cach other in proportion to the current. This
repelling action makes the moving-vane rotate against the tension
of the spring. The amount of rotation indicates the quantity of
current being measured.

A MOVING IRON VANF MECHANISM
[As uied in the Werran Modsl 433 A.C Portable Inst smert]

= o Soc=s i

Courtesy 1Weston Electrical Inst, Corp.

Figure 114. The moving iron vane meter can be used for A.C. measure-
ments. This movement is not as sensitive as the D’Arsonval movement
and, therefore, is not recommended for D.C.

Review QuisTioNs anp ProsrLeEms. 1. With a rough draw-
ing, explain how a I)’Arsonval type movement works.

2. What shunt resistance is needed to make a O to | ma., 50
ohm meter, read 25 ma. at maximum deflection?

3. What series resistance will be required to make the meter
of Question 2, indicate 500 volts at full scale deflection? What
practical value resistor will be used? How accurate is this resistor
in practice?




4. The sensitivity of a voltmeter is mcasured in “ohms per
volt” and is obtained by dividing the voltage needed for maximum
scale deflection by the total series resistance of the circuit. What
is the ohms/volt sensitivity of the voltmeter in Question 3?

5. Name two methods used to convert D.C. meters to A.C.. use.

6. Copy the chart shown, in your notebook. By following the
lines marked by different letters, A, B, C, etc., fill in the readings
corresponding to different scales. Notice the few sample answers
as given.
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Figure 115. You are to assume that the pointer of the instrument stops
at the lines indicated by the different letters, and obtain correct reading
with the range switch set at the maximum deflection values indicated in
the table.

PRACTICE QUESTIONS

L. This division may be made for any
one voltage seale, or for the original
meter.

6. This assignment should be cavefully
worked out. An answer book should be
purchased fvom the publishers of this
coursc. This answer hook will permit
vou to cheek the correciness of yvour
work. All questions are answered in
this booklet which is priecd at 25¢. post-
paid. Do not look up the answers, how-
ever, until yvou worked ont the prob-
lems yourself.
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LESSON 9

The operation of all electronic equip-
ment is dependent on vacuum tubes.
The same types of tubes are employed
in radio receivers, small ftransmitters,
and electronic circuits.  While the ma-
jority of examples presented suggest
radio circuits. the same or similar ar-
rangements are uscd to produce the
function of electronie equipment.

This paragraph has much “meat™ in it.
Study it carefully.

If the filament is used to emit electrons,
it is also called the cathode. In in-
directly heated tubes, the cathode is a
separate clement from the filament.

Diode vacuum tubes are used for many
special electronic applications.  Such
tubes are especially useful for produc-
ing square shaped waves.

Volume 1 - Page 82

Vacuum Tubes

FrectroN Eatission.  You already know that vacuum tubes are
used in almost all radio units. The basis of vacuum tube operation,
be they rectifiers or multi-purpose tubes, in glass or metal envelopes,
is clectron emission. Electrons are cmitted from an electrically
heated filament. This means that an ordinary clectric bulb also
emits clectrons. In clectric bulbs, the clectrons form a cloud around
the heated filament and, as more clectrons are emitted, others re-
turn to the filament. Electric bulbs and vacuum tubes must have
the air removed from the container in order to obtain the needed
action and prevent the filament from burning up.

.v: ?4-

Figure 116. The majority of metal
tubes have glass envelope equivalents. All
tubes depend on clectron emission for
their operation.

Directey Heatip Tuses. Vacuum tubes which have the actual
filament emitting the clectrons are known as directly heated types.
Most battery set tubes, rectifiers, and power tubes arc of this type.

InpiRECTLY HEATED CaTiioDE TuBes. In many tube types, the
electrons are emitted from a metal sleeve.  This sleeve is placed
over the filament, but is insulated from it. The filament then serves
only as a source of heat and does not actually emit the clectrons
uscd for operation. Most A.C. operated radio tubes used in “sen-
sitive” circuits are of the cathode type. The cleinent emitting the
clectrons is always called the cathode.  Some substances are far
better emitters than others. Coating a poor emitter with an oxide
of certain metals may raisc the emission a thousand times. The
emission also increases with the temperature.

Diopes. In 1883, Thomas Edison discovered that when an addi-
tional clectrode was placed inside an incandescent lamp and this
electrode connected to a positive potential with respect to the
filament, a current passed through the tube. This is actually a sim-
ple vacuum tube of the diode type. It contains but two clements,
the cathode to emit and the plate (anode) to receive the clectrons.
Under the influence of a positive potential applied to the plate,
clectrons will flow from the cathode to the positively charged plate.
An increase in the plate potential will increase the plate current.
The complete action is casy to analyze.




From a heated cathode many clectrons venture out, forming a
cloud around it. If a negative potential is applied to the plate,
the electrons will be repelled back into the cathode and no current
will pass between these two clements. If, however, the plate be-
comes positive with respect to the cathode, the electrons around
the cathode will be attracted to the plate, since unlike charges at-
tract, and current will pass.

Seace CHarce. Of the electrons leaving the cathode, not all, of
course, reach the plate. Many return to the cathode while others
remain for short periods of time between the cathode and the plate
forming a space charge. The space charge, being made up of
clectrons, is negative.
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PLATE VOLTAGE —
Courtesy of RCA
Figure 117. When the voltage on the plate is increased
to a value which will force all available electrons to
reach the plate, a further voltage rise will not increase
the current made up of these electrons.

SATURATION. As the plate of a diodc tube is made more positive,
a greater number of electrons will be attracted across the space in
the tube. Finally, the plate can be so positive that all electrons
emitted by the cathode will be going to the plate. If the plate is
made even more positive beyond this point (this can be done by
connecting more batteries to the plate), all the available electrons
will continue to be received by the plate. There will not be any
increase since there are no morc electrons emitted. Now, you
know that electric current is made up of electrons, and so a maxi-
mum current will be reached. Raising the plate potential (voltage)
will no longer increase the current after this saturation point. Up
to the saturation point, of course, an increase in plate voltage in-
crcases the plate current in the diode. Vacuum tubes arc not oper-
ated near thc saturation point and the plate voltage is kept at a
value to prevent saturation current.

Large values of plate current can be obtained by closely placing
the cathode and plate in a diode tube. In some rectifier tubes,
mercury vapor is introduced to increasc the plate current. In such
mercury vapor tubes, the voltage lost in the tube itself is very small.

Triopes. Tubes having a third electrode for control purposcs
are known as triodes. This control electrode is usually called the

ELECTRON BEHAVIOR

If the plate potential is ouly slightly
negative, a very limited number of elec-
trons (constituting a minute current)
may still pass through the tube, from
the cathode to the plate.

Please note that under the condition
of saturation, a further rise in plate
voltage will not increase the plate cur-
rent. However, an increase in filament
voltage which may make the filament
{and cathode) operate at a higher tem-
perature, will result in greater emission
of clectrons and will permit an increase
in current. For most circuits, the fila-
ment voltage remains fixed at a value
needed for the best operation of the
particular vacuum tube.

Most vacuum tube circuits are so ad-
justed that the operation (the average
plate current condition) corresponds to
the mid-point of the curve shown in
Figure 117. Sometimes, certain circuits
require operation near the zero-current
point.
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TETRODES AND PENTODES

Be sure you understand the controlling
action of the grid. Try to explain in
vour own words how the grid reduces
or increases the number of electrons
reaching the plate.

With the additional knowledge you
have gained since last looking at the
tubes in your model radio, examine the
tubes once again. Try to see the inside
construction. If you have any burned
ont or bad tubes, break* them. Ex-
amine the inside construction and the
placement of the clements.

The words tetrodes and pentodes should
suggest to you four elements and five
elements, respectively.

*To break the glass of a vacuum tube, wrap
the tube in a moist rag. Then hit the glass
with a flat surface. A heavy book is excellent
for this purpose. This will prevent the glass
from flying when the tube is bhroken and the
air rushes inside.
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grid because it is made of fine wire in the form of a mesh.
The grid is placed much closer to the cathode than the plate. The
purpose of the grid is to control plate current. With a negative
voltage on the grid, the grid exerts a force on the electrons in the
space between cathode and grid. This force drives the electrons
back to the cathode. In this way, the negatively charged grid
opposes the flow of electrons to the plate. When the voltage on the
grid is made more negative, the grid exerts a stronger repelling force
on the electrons and the plate current is decreased. When the grid
voltage is made less negative, there is less repelling force exerted by
the grid and the plate current increases. When the voltage on the
grid is varied in accordance with a signal, the plate current also
varies with the signal. Because a small voltage applied to the grid
can control a comparatively large amount of plate current, the
signal is amplified by the tube.

Figure 118. Although radio recciving tubes
have different physical appearances, it is the
inside construction that makes the real dif-
ference.

The grid, plate, and cathode of a triode form an electrostatic sys-
tem, each electrode acting as one plate of a small condenser. The
capacitances are those existing between grid and plate, plate and
cathode, and grid and cathode. The capacitance between grid and
plate is of greatest importance and, in high gain radio-frequency
circuits, this capacitance may produce undesired coupling betwcen
the input and output circuits.

Terropes. The detrimental effect of the grid-plate capacitance
is reduced greatly by the introduction of a fourth electrode, called
the screen grid, placed between the grid and the plate. This screen,
in ordinary application, is connected to a positive potential some-
what lower than the plate potential. Since the screen voltage large-
ly determines the electron flow, large variations in the plate voltage
will have but little effect on the plate current.

Electrons striking the plate dislodge other electrons from it. This
indirect emission of electrons from the plate is called secondary
emission in contrast to primary emission from the heated cathode.
In the diode or triode this action does not cause any difficulties
because of the absence of any positive bodies in the vicinity of the
plate. In the screen grid type tetrode, however, the screen is posi-
tive and close to the plate and does attract clectrons emitted by
the secondary emission action. This effect lowers the plate cur-
rent and limits the permissible plate swing.

Pentopes. This limitation of secondary emission, in turn, may
be removed by a further introduction of another electrode, known
as the suppressor, between the screen and the plate. The suppressor
may be connected directly to the cathode or, as in some tubes for
special applications, have an external prong.  Since such tubes have
five elements,* they are called pentodes.

#*The clements are: cathode, control grid, screen grid, suppressor grid, and
plate.




Figure 119. The structure of a INTERNAL STRUCTURE

metal tube is of interest to the future
radio technician. (Courtesy of RCA).
Metal envelope
Spacer shield
Insulating spacer
Mount support
Control grid
Coated cathode
Screen grid
Heater (filament)
9. Suppressor grid
10. Plate

11. Batalum getter
12. Conical stem

13. Header

14. Glass scal

15. Header insert

16. Stem seal

17. Base shield

18. Header skirt

19. Lead wire

20. Crimped lock

21. Octal base

22. Exhaust tube

23. Base pin

24, Exhaust tip

25. Aligning key

26. Solder

27. Aligning plug
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Beam Power TuBes. A beam power tube makes use of a dif- | Beam power tubes are used primarily
ferent method for suppressing secondary emission. In this tube | for handling considerable power in
there are four electrodes, a cathode, a control grid, screen grid, and | audio output stages of radio receivers.
These tubes also offer certain advan-
tages in radio transmitter circuits. The
numbers assigned to beam power tubes
incorporate the letter L or V. Did
your radio have any beam power tubes?

\

BEAM-FORMING
PLATE :

CATHODE -
GRID —
SCREEN

PLATE

Courtesy of RCA
Figure 120. The placement of the elements in a beam power tube, and
the form of the electron stream. Because of the electron velocity distribu-

tion, pentode action is obtained in a beam power tube without a suppressor volume 1 - Page 85

grid.




EXPERIMENT WITH A TRIODE

Multi-unit tubes give economy of space
and a little simplification in the wiring.
You will learn that such a tube costs
about as much as two single purpose
tubes needed to perform the sane fune-
tion.

If you have the nceded equipment, you
should actually perform this cxperi-
ment. You will nced any standard
triode tube, scveral B batteries (or a
power supply with an adjustable volt-
age output), about six dry cells (or an-
other source of low D.C. voltage), and a
D.C. milliameter.

In practical circuits, of coursc, batterics
are replaced with power supplics which
deliver the same types of voltages.

Such wide variation is needed in order
to make the complete set of curves as
shown in Figure 122. To check one
or two curves, only the voltages cx-
pected to cause the points on these
curves will be required.
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plate so spaced that secondary emission from the plate is suppressed
without an actual suppressor. Because of the way the electrodes
are spaced, electrons traveling to the plate slow down when the
plate voltage is low, almost to zero velocity in a certain region be-
tween the screen and plate. In this region, the electrons form a
stationary cloud, a space charge, which repells secondary electrons
emitted from the platc and causes them to return to the plate.
In this manner, sccondary emission is suppressed.  Another featurce
of thc beam power tube is the low current drawn by the screen.
Beam power tubes act as pentodes, but have only four elements.

Murtr-unit Tuses. Some commercial vacuum tubes combine
several tubes in one envelope.  For example, a tube may combine
two triode scctions, having two scis of cathodes, control grids,
and plates, but only a single filament. Or another tube may com-
bine a pentode audio output tube and an indircctly heated rectifier.

Certain tubes contain additional clements to serve special pur-
poses. Usually the pentagrid-converter fubes, used in superhet
circuits which you will study later. arc of this type.

(D)
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PLATE
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Figure 121. The circuit for the experiment to determine the
characteristics of a triode vacuum tube.

Prate CUrRRENT OF A TRIODE. You will now learn about a very
practical experiment. If the equipment is available, you may fol-
low these instructions and also perform this work. But you will
learn a great deal just by rcading our explanation of this work.
Using any indirectly-heated cathode type triode, such as 6C5, or 76,
we will connect the circuit as shown. The proper filament voltage
will be applied to the terminals marked E;. The other elements
of the tube will be connccted as illustrated.

Please check our description carefully against the drawing and
make certain that you agree with our discussion. The plate (P)
of the tube is connected to the source of plate voltage through a
meter which shows the amount of plate current, I,. Notice that
the positive side of the battery is connected to the plate, while the
negative side is returned to the cathode (K) of the tube. Now
refer to the grid (G). Here also we have a battery, E;, known as
the C battery. The negative side is connected to the grid to kecp
it at a negative potential and prevent the grid from attracting
electrons. The batteries are such that their voltage can be easily
changed. For example, you may obtain any voltage from 0 to —28
volts on the grid, and from 0 to 500 volts on the plate.

The actual plate current of the tube will be indicated on the
meter placed in the plate circuit. As you will recall from the
explanation of the triode, the greater the plate voltage the greater
will be the plate current. The grid also will have an effect on the




plate current. The greater negative voltage we place on the grid,
the smaller the plate current will become. You can see, therefore,
that the actual plate current will depend on the instant potential
of both the plate and grid. The changes in the plate current cause
the operation we need. These changes may be made by altering
the plate voltage or by varying the grid voltage.

Makine Ao Grapa. To understand the operation of vacuum
tubes, we will need a simple graph as an aid. We use some
graph paper and let the vertical scale represent the plate current.
You will notice that we marked cach two divisions 4 milliamperes.
This means that each division is 2 milliamperes. Starting with the
zero base line, count up six spaces. Each space is 2, so six is
equal to 12 milliamperes. For the time being, ignore the curves
drawn in the center, but placc a dot with a pencil anywhere in
the graph. Follow straight to the left with your eye and read
the current in milliamperes. If your dot leads you between two
values of plate current, estimate by guessing the approximate value
of the plate current. Select a few other points and be sure you
can read the value of current which corresponds to the position
of these points.

AVERAGE PLATE CHARACTERISTICS

Tyre 6C5
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Courtesy of RCA

Figure 122. The family of curves obtained by carrying out an experiment

similar to the one described in the text. Such average plate characteristics
are known as the Ep-Ip curves.

The horizontal scale is used to indicate plate voltage. Here
we also start with zero, but each division stands for 50 volts.
Is that right? Go back to your dots, and by running your sight
straight down, you will be able to read the voltage. You can see
that cach dot, or point, corresponds to one value of plate current
and one value of plate voltage. We have sclected a graph with a
maximum current 16 ma. and maximum voltage of 500, because
the tube we will consider is operated with less than 500 volts,
and the plate current never rises above 16 milliamperes.

PLaTe CHARACTERISTIC CURVES. Now we shall find out how the
curves were obtained. First we will set the grid voltage battery
at a fixed value. Let us make this voltage 0 volts, although usually
tubes are operated with negative values on the grid. Now when
we performed this experiment, we first reduced the plate battery

CHARACTERISTIC CURVES

It takes quite a bit of negative voltage
on the control grid to completely elimi-
nate (reduce to zero) the plate current.

Fach division is ovdinarily marked with
the number of units that will be cou-
venient to make the maximnm values
required fit the available space.

be
the

The curves for other triodes may
similar, hut will not be exactly
same.

Since you will refer to plate character-
istic curves from time to time in your
radio and electronie work, be sure that
you are able to read the values indi-
cated by the curves or any point lying
in the graph.
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USING E,- 1, CHART DATA

If you arc performing the actual ex-
periment, the values you may obtain
with the different voltages may not be
exactly the same. But you will obtain
curves which are similar in general ap-
pearance.

The student mmst follow this explana-
tion with great care. Do the things the
text snggests. 'The balance of this page
will tell you how the amplification of
a vacnum tube is computed.

The plate current ehange must be small
and must be the same when considering
the plate and grid voltages. However,
it need not be any special value; 1 ma.
nsed in the example was convenient.
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to zero also, and found the plate current was also zero. So we
went to the graph and marked the point which indicates plate
current, I, = 0, plate voltage, E, = 0. This point is right in the
lower left hand corner of the graph. Place a mark there.

Now we raised the plate voltage, E;, to 50 volts. The meter
showed that we had 4 ma. of plate current I,. Mark the point
where 50 volts crosses 4 ma.

We continued with our experiment, raising the plate voltage
to 100 volts. The plate current was 9 ma. See if you can find
this point. We also tried E, = 150, and found I, = 15 ma. Now
we have three points, and by connecting them with a curved
line, we obtain the curve marked as corresponding to “Grid Volts
E. = 0,” since that was the value of grid voltage.

After this, we repeat the experiment with a slightly different
value of grid voltage. Let us say, we use E. = —— 2 volts. Again
we obtain several points and connect them with a curved linc.
We find we get a curve almost the same as before, but moved
over a little to the right.

This experiment was performed a great many times for various
values of grid voltage, and the curves shown were obtained. These
curves collectively are known as plate characteristic curves. They
are useful for finding the operating details of the tube. Curves
of this type have been made for all commercial vacuum tubes and
many are included in tube manuals*.

AMpLIFICATION FacTor. A plate voltage change will produce a
change in plate current. Let us say we operate the tube with E, =
— 6, and 200 volts on the plate. You can see from the graph that
the plate current will be 7 ma. Find this value before going on.

If we keep E. at the same value, how much must we increase
the plate voltage to increase the plate current 1 ma., to total 8 ma.?
Go back to the graph. Stick to the curve which represents grid
voltage — 6. Find the place where the line from 8 ma. crosses this
curve. From this point of intersection, follow down and read the
plate voltage. Do you agree that it is about 210 volts? About 10
volts more than before, We have just learned that a 10 volt change
in plate voltage produces a change of 1 ma. in plate current.

Let us go back to the original conditions; E. = — 6, E, = 200.
How much of a grid voltage change will be necded to produce a
change of 1 ma., as before. This change makes I, = 8, keeps
E, at 200, find the intersection of these two. Therc is no curve
right through this intersection, but the curve to the left is for
grid voltage of minus 4, the one to the right of this point is for
minus 6 volts. By careful estimating, you can say that if a curve
for E. = 5V, negative volts be constructed, it would pass right
through the point we are considering. Five and one-half volts is
Yy volt less than the original, and this )2 volt also produces a
change of 1 ma. in current just like 10 volts of plate voltage.

It is strange and interesting that %, volt of grid voltage will
do the same as 10 volts of plate voltage, but this is just what
permits a tube to amplify. The amplification factor, called mu and
written as the Greek letter p, is for practical purposes,

Change in E,

= — both ch .
a Change in E. S B

*A tube manual is a valuable aid to a radio repair man. Manuals of this
type are issued by RCA Manufacturing Co., Inc., and by Sylvania Electric
Products, Inc.




required to produce the same small change in plate current. Triodes
have amplification factors from 3 to 20. A few of the high-mu
triodes have amplification up to 100. An average tetrode may
have an amplification of 300, while a pentode may have a mu
over 1,000.

PenToDE PLaTE CuaracTERISTIC CURVES. As you can observe
from the plate characteristic curves of a type 6K7 tube (a com-
monly used pentode), the plate current does not change much
with plate voltage variations. This is because the screen grid is
positive at a fixed potential at all times. Since a very large plate
voltage change is needed in a pentode to produce the same change
in I, as a small grid voltage, the ratio of “change in E,” to “change
in E.” is large, making mu also very large.

AVERAGE PLATE CHARACTERISTICS

TYPE 6K7
E426.3 VOLTS
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Figure 123. Because the plate voltage of a pentode has little effect on

the plate current, the average plate characteristics of a pentode have a

different appearance than the family of curves for a triode. Since the grid

voltage has so much more effect than the plate voltage, the amplification
factor is very high.

240 320
PLATE VOLTS

PraTE REsisTancie. Even with zero grid voltage in our experi-
mental circuit, plate current was present with a definite plate
voltage. The tubc must have presented some impedance to limit
the current. We are interested in the opposition to A.C. current
which results if the voltages are varied. We use the symbol r, for
plate resistance described, and write instcad of “a small change,”
the letter d, in front of the symbol, like this:

dE,
dl,
This value may be obtained from the plate characteristic charts

in a manner similar to that we have used to calculate the value
of mu.

r, = when E; is constant

TraNscoNDUGTANCE. This is an important factor which tells
us much about the vacuum tube. As you can sce from the formula
below, it is equal to a small change in plate current divided by a
small change in grid voltage which causes it, while the plate
voltage is fixed. The symbol for transconductance is Gm.

dI,

G, = -_an,:

E, constant

PENTODE PLATE CURVES

By ratio, we mean thc division of one
quantity by the other.

Notice that the characteristic curves are
not spaced apart equal amounts for
cqual grid voltages. This property of
certain radio frequency pentodes is ob-
tained by placing the grid wires in a
special shape. Remote cut off charac-
teristics (small plate current change for
large ncgative grid voltages) permits a
tube such as 6K7 to be used in manual
volume control circuits, while regular
pentodes would cause distortion when
opcrated in radio circuits handling
strong signals from local broadcasting
stations.

Plate resistance, r,, is a dynamic qual-
ity and is useful in considering the op-
cration of a tube in a circuit. The
value of platec resistance is obtained
from the formula stated and it cannot
be obtaincd by simply dividing the
platc supply voltage by the average
plate current.
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SPECIAL VACUUM TUBES

A great deal more information on the
function of photo-clectric equipment
will be presented in a complete lesson
in Volume 3 This introduection is in-
cluded to make the presentation on
vacuum tubes complete.

10. How can the calculation of the am-
plification factor be carried out witllqut
the characteristic curves? What equip-
ment will be needed?
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PHoto-eLecTRIC CELLS. Surfaces treated with certain chemicals
will emit clectrons under the influence of light. This action is
very similar to the emission of heated cathodes. I a positive plate
is placed in the bulb, the electrons will be attracted to the plate.

Figure 126. This is an illustration of a photo-ceil
used in motion picture sound equipment. The large
plate is the cathode, the center wire is the anode.

Conrtesy Continental Elcctrie Co.

Courtesy Worner Products Corp.

Figure 127. A photo-electric relay

unit and light source which may be

used for counting, smoke control, or
burglar alarm purposes.

Since more clectrons are emitted when the light shining on the
photo-cell is bright, light can be used to control the number of
electrons lcaving the photo-sensitive cathode..

REVIEW QUESTIONS AND ProBLEMS. 1. Increasing the tempera-
ture of the cathode will have what effect on the number of electrons
emitted?

2. Explain the action of a simple diode.

3. How does the grid control the number of electrons reaching
the plate?

4. Do you understand why the grid and plate of a triode form a
condenser? What items make up the two condenser plates? What is
the dielectric?

5. What is the usual potential on the screen grid? Is it ever
made negative?

6. Name the five elements of a pentode. In what order are the
grids placed, starting with the control grid?

7. Can you think of any advantages of multi-unit tubes?

8. Why is the control grid usually operated at a negative po-
tential?

9. Referring to the characteristic curves of type 6C5, find the
plate current with the plate voltage at 250, and the control grid
voltage at minus 8 volts.

10. Explain how you can calculate the amplification factor by
using information from characteristic curves.

1. Find the plate resistance of type 6C5 tube using the char-
acteristic curves. Please notice that you will obtain the wrong
answer by simply dividing plate voltage by plate current.




LESSON 10

Power Supplies

Consider very carefully the simple power supply circuit illus-
trated. You see a transformer which has its primary connected
to 110 volts A.C. This transformer has two separate secondaries.
One, marked LV for low voltage, is connected to the filament
of the rectifier type diode tube. Please follow these connections
through. For the time being, do not consider the resistor marked
“load.” Now trace through the connections from the HV or high
voltage secondary. You see that one connection goes to the plate
of the tube, while the other is grounded and should become the
negative return of the plate supply. This is a complete circuit of
a half-wave rectifier.

TRANSFORMER
TuBE
A PLATE
2 W Figure 130. This is a basic
— . - .
FrL circuit of a half-wave rectifier.
It is important that you under-
stand the function of this cir-
TTIA cuit since it is the basis for all
P ¢ 1. S oap usual power supplies.
d H
" L g

If our transformer is connected to a 60 cycle power supply,
we know that sixty times per second, one lead of the HV winding
will be positive while the other lead will be negative, and sixty
times per second, the polarity of these two leads will just reverse.
Let us say that at one instant, the lower terminal of HV winding
is negative. The electrons will be in excess at that point. They
will pass through the chassis (ground), pass through the load,
and come up to the filament. Now while the terminal we con-
sidered is negative, the upper terminal of HV is positive and is
connected to the plate. The plate, therefore, will be positive also,
and the electrons in the tube will be attracted across. The circuit
will be completed, and current will pass through the load resistor.

/\\
Figure 131. This is an illustration of the

voltage variations as delivered by a half-
wave rectifier.

VAN

voutact o

——a T (DURATION OF 2 CYCUY)

As the voltage of the half cycle was building up, the current in
the load resistor was building up in very much the same fashion.
See the illustration. Of course, if an A.C. voltmeter is connected
across the transformer winding, it will read only the RMS value.
If a D.C. voltmeter is connected across the load resistor, it will
read a fixed voltage since the changes arc happening too fast for

This is a practical circuit and may be
made to function in a power supply. In
practice, the high voltage secondary may
supply between 325 and 400 volts, while
the LV secondary is designed to supply
the required voltage for the filament of
the rectifier tube employed.

Such power supply rectifier circuits are
used with A.C. of any commercial power
frequency.

The curve of the output voltage may be
obtained with the aid of an oscilloscope
which uses a cathode ray tube and shows
the wave shape of the voltage present in
the circuit.
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VACUUM TUBE RECTIFIER

In the half-wave rectifier, current flows
through the tube only half the time.
This explains the name of the circuit.

For most applications, the plate supply
voltage must be pure D.C., similar to the
current obtainable from batteries.

Several sections each consisting of a
large capacity condenser and a large in-
ductance (forming the filter) will suc-
ceed in keeping the output voltage at a
constant value.

As vou will probably notice, a full-wave
rectifier actually consists of two ordinary
half-wave rectifiers connected in a fash-
ion so that one operates while the sec-
ond is not conducting.

'The pages following present essential
data on all receiving type vacuum tubes.
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the needle of the meter to follow.

When the top terminal of the HV winding becomes negative,
as it will in the next half cycle, the plate will repel the electrons
and no current will flow in the circuit. No current, please under-
stand, will be flowing in the resistor and the voltage across the
load resistor during this half sycle will be zero. And then the action
will repeat itself.

We have already obtained from A.C., pulsating (varying) D.C.,
but we must have pure D.C. for proper operation of radio equip-
ment. The current will be much smoother if we can incorporate
a reservoir to ahsorb current when it is available in excess, and
supply current when it is lacking. A condenser provides this reser-
voir action; it is connected across the load as indicated by the dotted
lines. The condenser becomes charged when voltage is present across
the load resistor, and then the condenser discharges when the
voltage is missing. You probably recall that a condenser tends to
keep the voltage constant which is just what we want. A condenser,
of course, does not succeed in making the voltage absolutely con-
stant, but, as you can sce from the graph below, the voltage
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Figure 132. 'The action of a condenser
in the power supply circuit tries to keep the
voltage constant.

is more steady than it was before. The larger the capacity of the
condenser, the smoother the output obtained.

FuLL-Wave Recivier. In the half-wave rectifier we just studied,
we noticed that rectification took place only during one half of
each cycle, and the condenser was used to smooth out and fill
in the gap as illustrated by the voltage graph. A full-wave rectifier
uses a slightly different circuit with almost the same parts, but
is much casicr to filter, i.c. smooth-out,

Please study the circuit of the full-wave rectificr. Notice that
the rectifier tube now has two separate plates, and the HV wind-
ing is center-tapped. Actually this winding produces as much
voltage between this tap and each cnd, as the previous transformer
secondary did across the entire untapped HV winding.

CEmri
Tap

Wy

¢

AATENO S

Figure 133. The full-wave power sup-
ply is used in almost all A.C. operated
radio receivers.

In studying the circuit, assume that the center-tap is at zero
potential. This means that while one terminal of the HV winding
is positive, the other is negative. Only that plate connected to the




terminal which is positive at the instant, will conduct electric cur-
rent. At the same instant, the second plate will not conduct. In the
next half cycle, the action of the two plates will reverse. Only
one of the plates will conduct at a time. See the graph of the
voltage across the load resistor.

The condenser, as before, will smooth out the voltage variations.
Follow the action through for several cycles, tracing the move-
ment of electrons in parts of the circuit.

VOAGE ACE03E Pt 104D

oo comoemise
e .
3 A 5\ Figure 135. In a full-wave power supply,
the filter condenser tends to even out the
'. output voltage. The condenser action is
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similar to the action of a flv-wheel in an au-
VOLTA01 KPNAD 10 T YOUTAGH USRS TO tomobile.
LOAD (AND CONDENSIT) LOAD iand COMDEINIIR)

O7 Tet 7HET ACTON" O8
Ay OF Teg CTCM

Courtesy IP. R. Mallory & Co.

8¢ e “WCORD
O A O Tee CYCW

FiLterinG. In order to smooth out the voltage delivered by
the rectifier, filters are uscd. Ordinarily, the filter consists of
two or threc condensers and one or two inductors known as
chokes. Best filtering action is obtainecd when the chokes have
low internal resistance, and the condensers are of large capacity.
Most commercial power supplies are made up of two condensers
across the D.C. voltage supply; one of these condensers is placed
on each side of the choke.

In commercial practice, electrolytic condensers are used. A radio
receiver having a full-wave rectifier may employ two 8 mfd. con-
densers. A half-wave rectifier is always of the condenser-input type
and has the first condenser of at least 20 mfd. (40 mfd. is common
for AC-DC sets). The actual capacity is not critical and this i
something to remember when servicing power supplies.

The filter eliminates the ripple or slight variation in the output
voltage of the power supply. A well filtered commercial power
supply has a very slight ripple present, but this is not noticeable
in the operation of the radio. It is possible, by using several filter
sections, to make the output as pure as that which is obtained
from batteries, but such perfection is not needed for ordinary
application.

CoMPONENTS OF A Powrr SuppLy. What factors must be con-
sidered in sclecting components for a new power supply or for
replacement purposes? First, let us consider the power transformer.
This part is used in all full-wave rectifier type power supplies,
but not in AC-DC half-wave rectifier type supplics. In the AC-DC
sets, the 110 volt A.C. is applied to the plate of the rectifier, and
the filament is wired in series with other tubes. But if the trans-
former is used, it must be selected on the basis of several factors.
You must know from what voltage, of what frequency, the power
supply will operate. Usually this source of power is 110 volts, 60
cycles. Next, you must know what filament voltages will be needed.
The secondaries must supply the needed voltages and have suffic-
iently high rating to provide the needed current.

The condensers are selected with a voltage rating high cnough
for the power supply. The working voltage (WV) rating of the
condenser indicates the maximum actual voltage of the power
supply that may be used safely with this. condenser. If a supply
delivers 325 volts, pulsating 1).C., and although the peaks may be

PARTS OF A POWER SUPPLY
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Figure 134. The voltage is
delivered at all times and takes
advantage of the two plates in-
corporated in the rectifier tube.

Sinee every radio receiver for power
line opecration and almost every other
clectronic device uses a rectifier of this
type, it is important that you understand
the action explained. This information
will be very useful when you will be
called upon to service rectifier circuits.

In low priced radio receivers and in
other equipment where the current is
very low (a few milliamperes as in the
cathode ray power supply), a resistor of
about 3,000 ohms may be used instead
of the filter choke. The filtering action
is not as good with a resistor and the
voltage drop across the resistor will be
greater than the drop across a choke.

The audio hum caused by the presence
of the ripple in the voltage of the power
supply can be detected by carefully lis-
tening to the speaker of the set while
the volume control is turned down. Only
A.C. operated receivers, of course, will
have the audible hum.
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VIBRATOR ACTION

The contact points of the vibrator unit
are designed to wipe each other on con-
taet. This action keeps the surfaces
smooth and presents a large contact
area for the passage of the current.

Figure 143.
an automobile radio power supply vibra-
tor.

This is inside view of

The shape of the voltage waves is al-
most square.

The vibrator power supply trans-
former must be designed for the fre-
quency of the interrupted current.

1

SECONDARY
BUFFER
1 CONDENSER 4

|4~ YIBRATOR

0C
H

HIG
POTENTIAL
= 1 5

Low & =
POTENTIAL ©

Figure 146. Full-wave power supply using
a synchronous vibrator.

These contacts are insulated from each
other, but the moving contacts may be
common for these two sets. As you sce
from the diagram of the synchronous
vibrator circuit, snch arrangement of
terminals is required.
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much higher than this voltage, a condenser rated at 325 WV, or
higher, may be used. If a condenser is rated at break down voltage
only, make sure this voltage rating is at least 1.4 times greater
than the D.C. voltage measured. In most full-wave power supplies,
450 WV condensers should be used: in AC-DC half-wave supplics,
you are safe with condensers rated at 150 WV. The capacity will
depend on the equipment the power supply is to scrve, but the
larger the capacity the better.

ViBraTOR. A transformer will work only with changing voltage.
The voltage need not be of sine wave type, but it must be chang-
ing. If a transformer is connected to a six volt battery through a
switch and this switch is closed and opened very fast, the D.C.
voltage of the battery will be interrupted. The voltage will change
from zero to six volts many times per second and the transformer
will operate. It is possible to produce this type of interrupted
voltage even more cfficiently with the aid of a special vibrator.

power supply, the low volt-
age is interrupted to permit
the stepping-up of the volt-
age with a power
former.

trans-

|
! Figure 144. In a vibrator
[
|
|

Examine the left hand side of the illustration above. Notice that
the D.C. (6 volts in the case of most units) has one lead connected
to the primary center-tap. The other side of the D.C. is connected
to the center vibrating reed and also to a small electromagnct
placed near this reed. Now trace the circuit through and you
will see that the current passes through onc-half the primary.
Enough current goes through to make the small electromagnet
attract the reed to the left, completing the circuit between the
reed and the left-side terminal. This action shorts the electro-
magnet, but increases the current through the upper half of the
primary. Now, since the electromagnet has lost its attraction, the
reed will swing back all the way and make contact with the right-
side terminal. The current will not be present in the upper half
of the primary, but will now flow in the lower half and in the
opposite direction. This is very much like the two loops of
the A.C.

The reed is flexible and vibrates back to the center position.
At that instant, the entire cycle repeats itself. This action takes
place about 115 times per second, and we have a type of A.C.
for the operation of our transformer. This transformer steps up
the voltage to the required value and the balance of the power-
supply is made up of the usual rectifier (shown) and filter (not
shown).

SyNcHRONOUS VIBRATOR. The armature of a synchronous vibra-
tor closes another set of contacts which serve to rectify the current
in the secondary. The figure shows this principle. When the arma-
ture moves downwards, it not only closes the primary circuit but
also the secondary; when it moves up, the other halves of bot'h
the primary and secondary are closed. A buffer condenser is again
employed in the secondary to improve the wave form. The
usual R.F. filters and the ripple filter are used as in the other
vibrator system.




BurreEr ConDENSERS. There are some special precautions to be
taken in the design of vibrator systems. When the contact is made,
there is such a sudden increase of current that a high voltage peak
is induced in the secondary. Furthermore, sparks are likely to
appear at the contacts. Various ways have been devised to eliminate
the interference caused by the vibrator. Buffer condensers are gen-
erally placed across the secondary and sometimes across the prim-
ary. The buffer condensers used in the primary may be .5 mfd.
600 volt types, one across each half. The buffer condensers in the
secondary circuit may be .008 mfd. tested at 2,000 volts. Other
manufacturers connect a center-tapped resistor across the primary.
The buffer condensers will absorb the sudden charges and, thereby,
improve the waveform. Yet this alone is not sufficient to insure
noise-free reception. The supply filter may contain an R.F. filter
in addition to the regular filter and the filament circuit may be
filtered too. Also the filament circuit should not have any part in
common with the virbrator circuit except the battery, of course.

Figure 145. Vibrators may be constructed
with extra sets of contacts in order to handle
greater current.

Dry Prate Recmiviers. For, rectifying A.C. at low voltages,
chemically covered plates are well suited. When a magnesium
treated disc is brought in proper contact with a disc of copper
sulphide and a current passed so that a reaction takes place, this
combination conducts only in one direction. This single direction
conduction is similar to the action of a diode rectifier and can be
used for the same purpose.

ReviEw QUEsTIONs anD ProeLEms. 1. Why is power needed
for operating radio equipment?

2. Can batteries supply the power neceded by any type radio
unit? If your answer is yes, is such practice practical?

3. Explain the construction of a “B” battery.

4. How docs a diode rectify A.C.?

5. What number tube can be used as a full-wave rectifier? Can

this same tube be used as a half-wave rectifier?
6. If a power supply without a filter is used with a radic
receiver, what fault will be noticcable?

7. What factors must be considered in choosing a power trans-
former? Can a 25 cycle transformer be used for 60 cycles?
8. How are chokes rated?

9. Why do some sets have a voltage-divider?

10. How does a vibrator change D.C. to suitable current for
operating a transformer?

11.  Why are buffer condensers needed?
12.  What advantage is there to the synchronous vibrator?

13. Can full-wage rectification be obtained by using several
dry disc recifiers? Can vou sketch the circuit?

SELF-TESTING REVIEW

151.
erators are used to generate electric power
for portable requirements.

Figure Gasoline-motor-driven gen-

{. Explain this aetion detail. Use
sketches.
5. Refer to the tube characteristic

charts and observe what faets are stated
about rectifier tubes that are not pre-
sented for other vacuum tubes. You
probably know a few rectifier tube types,

6. If you have a radio available for
experimentation, you are safe in dis-
connecting the two filter condensers em-
ployed in the power supply. Only one
lead of eachh condenser need be broken.
What happens to the operation?
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LESSON 11

This lesson presents important facts
on the fundamentals of public address
which is the special name for electronic
amplification of sound.

In this lesson especially, you may find
many new words not familiar to you.
These words should be looked up in the
dictionary. We suggest that you write
the meaning in the margin alongside the
dificult word so that you will be re-
minded of the definition.

The letter F. stands for the Fahren-
heit thermometer measurements. This
thermometer is used in the United
States. At 32 F., water freezes, and at
212 F., water boils.
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Audio Amplifiers and Accessories

Sounp To ELecTric ENERGY. In order to amplify sound, speech
or music, the sound energy must be changed to the equivalent
clectrical energy. Once the sound takes the electrical form, it may
be handled by radio equipment and, finally, in the receiver changed
back to sound energy. We must learn a little about sound and
about the devices used to change sound to electrical energy.

NATURE oF Sounp. Sound must be conducted through some
medium. In general, solids are very good conductors of sound,
but porous materials such as cotton, sawdust, etc., are poor con-
ductors. Liquids are better media for sound conduction than gases.
For us, the air is the most useful medium for sound conduction.

The physical meaning of sound is the cxistence of a disturbance
in the air or other media consisting of a suceession of alternate
waves of compression and rarefaction that tend to travel outwardly
in all' directions away from a vibrating body.

The velocity or speed of sound in air has been carefully deter-
mined. In air at 32° F. temperature, the velocity of sound is 1,090
feet per second. As the temperature rises, the velocity also increases.
This rate of increase is about one foot per second per degree F.

The velocity of sound in many other media also has been
determined. In water, it is approximately four times as great as
in air. The velocity in any medium is inversely proportional to the
square root of the density. A solid having greater weight per unit
volume, all other factors being equal, will have lower veloeity.
The velocity is also directly related to the elasticity of the material.
The elastic constant of any substance is the degree that the sub-
stance resists deformation. Soft rubber has a very low clastic
constant.

Vibrations are transverse or longitudinal. Water waves are
transverse to the line of motion. There is no forward movement
of the water itsclf, but there is a rising and falling motion as the
water wave advances. Any particle of water on the surface will
rise and fall, but will move ncither forward nor backward. If the
motion of the particle was plotted against time, it would describe
a curve similar to the wave. The wave itself, of course, results
because a great many such particles move up and down in the cor-
rect order.

When a body vibrates, the air immediately in front is first com-
pressed and then released. In this way, a serics of condensations
and rarefactions is produced. This train of waves is longitudinal,
since it takes place in the direction of motion. There is but little
movement of the air forward since cach pulse communicates its
cnergy to the air directly in front.

Any sound wave, no matter how complex, may be shown to be
made up of a number of simple sinc waves. One of these is the
original wave and the others the harmonics or overtones of this
wave. The character of sound depends only on three things: (1)
pitch, (2) loudness, and (3) quality.




The pitch is the characteristic which enables us to distinguish
between notes of various frequencies, the high, medium, low-fre-
quency notes for instance. Pitch is a direct function of the fre-
quency of the vibrations. In simple and complex tones, the pitch
is usually determined by the fundmental frequency. In some com-
plex tones, however, this is not the case as shown by recent re-
search work.

The second characteristic, loudness, depends on the energy of
the vibration. Our cars respond to loudness in logarithmic propor-
tion and not in direct ratio. A ten-fold increase of loudness would
appear to the average listener only as twice as loud. Signals of
equal intensity but of different frequencies usually appear to be of
different loudness.

Quality of timber of sound is the characteristic that enables us
to distinguish sounds of identical pitch and loudness but produced
by different people or instruments. Every one knows that the same
notes played on a violin and piano cqually loud will sound entirely
different. This is because both are of the same pitch and have the
same fundamental frequency, but the harmonics present in each
greatly differ in number and their relative intensities.

AcousTics. Acoustics is that branch of science that deals with
the action of sound. All sounds created proceed outwards in spher-
ical waves until they strike the boundaries of the room. Upon
striking the walls; sounds are absorbed, reflected, and transmitted
in varying amounts depending upon the character of the walls.
Sound energy is diminished with each reflection because of the
absorption, and this finally results in the sound dying out. Con-
tinuous reflection has the advantage of loudness, but always intro-
duces prolonged existence of cach sound. This prolongation, or
reverberation, is the most common acoustic fault found in audi-
toriums.

A person talking in an auditorium having a high reverberation
time can be understood only with difficulty. Each sound instead
of dying out quickly persists for some time, so that spoken words
blend with their predecessors and set up a mixture that produces
confusion. This acoustic difficulty may be corrected by the intro-
duction of sound-absorbing materials to reduce the reverberation
time.

In the case of music similar, but less objectionable, effects are
procduced because of prolonged reverberation.  Good acoustical
conditions arc obtained when sound rises to a suitable intensity,
with no cchoes or other types of distortion, and then dies out
quickly enough not to interfere with the succeeding sounds.  This
is a very hard condition to fulfill, but considerable departure from
the ideal is not very objectionable to an average listener.

CarBON MICROPHONE. A microphone is a machine for. trans-
forming the sound waves into corresponding clectrical energy. How
truthfully it performs this task is the test of its excellency. The
carbon microphone was commonly used in the early days of broad-
casting and is still the type employed in telephone work. A cup
containing small carbon granules is so placed and mechanically
connected to a diaphragm that sound vibrations, striking the dia-
phragm, cause fluctuations of the diaphragm and of the carbon
granules. These granules are compressed as the direct result of
the sound waves striking the diaphragm. The resistance of the
carbon granules (collectively) varies as a function of the sound

SOUND AND ACOUSTICS

Harmonics of any frequency are fre-
quencies which are multiples of this
fundamental frequency. For example,
a 400 cycle note, may have a second har-
monic of 800 cycles, a third harmonic
of 1,200 cyclés, etc.

Absorbed: consumed, used up, killed.
Reflected: bounced off, returned.
Transmitted: passed on, gone through.

Reverberation time of an auditorium
may be shortened with the aid of sound
absorbing material. Drapes and carpets
help. The wall and ceiling may be lined
with- special sound absorbing blocks.
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TYPES OF MICROPHONES

This current is only the exact elec-
trical equivalent of the sound in the
practical sense. Certain amount of dis-
tortion and ehange is introduced by the
microphone.

The impedance of each mierophone
button, acting as a voltage generator in
conjunction with the battery, for the
average audio frequeney handled is
ahout 200 ohms. The transformer is de-
signed to match this impedance to the
secondary circuit.  Although the grid
circuit theoretically presents an infinite
impedance. because of leakage in the
transformer terminals and capacity ef-
feets, the actual impedance is in the or-
der of 100,000 ohins.

By upper end of audible frequency
range we mean the high audio frequen-
cies not used for radio work.

The condenser microphone is inter-
esting only from the historical point of
view.

Astatic crystal microphone.
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waves. Since the resistance varies, the current, passing through the
microphone and supplied by a battery, also varies. This current
is an exact clectrical equivalent of the sound reaching the micro-
phone. In the two-button microphone, one button is placed on
each side of the diaphragm and so operate cxactly out of phase.
This electro-acoustical push-pull arrangement cancels out the even-
order harmonics and improves the quality of reproduction.

=

=
Figure 152. A circuit of a double-button micro-
phone. Notice how the unit is connected to the
center-tapped primary of the microphone transformer.
The secondary is designed to match a high impedance
and may be connected directly to the grid of the first
tube used in the audio amplifier.

The thin metal diaphragm will resonate at a certain frequency
and cause an increased undesirable output at this audio (sound)
frequency.  The better grade microphones have their diaphragms
stretched so that resonance occurs at the upper end of the audible
frequency range. This bad feature may be further reduced by air
damping. The output of a carbon microphone is larger than that
obtainable from other units. You will learn about decibels later
in this chapter and will then understand what we mean when we
say that this microphone has an output of about minus 40 decibels.
The output impedance of each button is 200 ohms, and a trans-
former is used to match this to the equipment used.

CoNpDENsSER MICROPHONE. At one time the condenser micro-
phone was very popular, but it is not used at present. If a variable
condenser is connected to a source of voltage, the charging current
will vary with changes in the capacity. The diaphragm of a con-
denscr microphone constitutes one of the plates of a condenser,
while the fixed back plate acts as the other plate. The capacity
so formed is in the order of only 200 micro-microfarads, and the
maximum variation in capacity is only 0.019¢, that is about .02
micro-microfarads, a very small amount.

Usually the head of the condenser microphone contained a built-
in pre-amplifier to bring up the output signal to the level delivered
by a carbon microphone.

CrystaL MicrorHONE. The crystal microphone employs a
piezo-electric crystal as a generating element. A crystal when sub-
jected to stresses of sound waves produces corresponding electrical
changes in current which is generated by the crystal element. The
output level of a crystal microphone is, of course, much lower than
that of a carbon microphone, usually in the order of -60 db., and
requires either a suitable pre-amplifier or a main amplifier of a
high gain type. The crystal microphone has absolutely no back-
ground noise and the response is not effected by the position of the
microphone or by reason of moving it about while in use.

By using specially shaped and treated housing cases for crystal




clements, it is possible to obtain crystal microphones which have
desirable directional characteristics. It is an advantage, for cx-
ample, to have a microphone which does not pick up sound origi-
nating from the side facing the audience.

Figure 153. Crystal microphones
are commonly used for public ad-
dress and broadcasting require-
ments. The microphone itself is
mounted on a desk or floor stand.

Courtesy Shuve Bros.

Virocity Micrornones.  The velocity microphone has been
more recently developed and because of its excellency is finding
extensive application.  Velocity microphones have an output of
about the same value as the output of crystal types, and may be
obtained in high-impedance types for direct coupling to the control
grids of vacuum tubes.

The velocity microphone has highly directional qualities and will
not pick up background noises.  This greatly assists in reducing
the possibility of reproducing undesirable noises.  This type of
microphone further has no internal “hiss noises” and possesses quite
flat response characteristics over a wide audio frequency band.

Figure 154. The dvnamic micro-
phone illustrated has desirable di-
rectional pick-up qualities.

Courtesy Shine Bros.

Microphones, in general, are mounted on suitable floor or table
stands. Ring and spring mounting is used for carbon microphones
while other types screw directly on the stand.

Puono-rickups. A pickup arm may consist of a permanent
magnet within which is pivoted a coil of wire directly connected
to the needle.  As the needle works along the groove of a record,
the unevenness of the grooves sets the needle in vibration. Since
the needle is connected to the coil by mechanical means, the mo-

VELOCITY MICROPHONE

Most modern mierophones mount di-
rectly on floor and desk stands. The
stands have threaded male ends while
the microphone housing lhas female
threads.  Adapters are available to
match the microphone to a stand which
may have different size threads or pipe
size.

Courtesy Alliance Manufacturing Co.
Cut-away view of a phono motor and
turn table. The small fan circulates air
to keep the motor eonl
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PHONOGRAPH PICKUPS

Courtesy Alliance Manufacturing Co.

An illustration of another rim driven
phono motor and turn table.

Mathematically the relationship  be-
tween gain or loss of audio power, com-
pared in terms of decibels, is:

>

DB =10 logmlf;;"t

in
This means that the gain or loss in
decibels is equal to ten times the loga-
rithm (to the base ten) of the power
“ont” divided by the power ~in.”
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tion is transferred to the coil which, in moving, cuts the lines of
force of the permanent magnet. A current is set up in the coil.
This current corresponds to the recorded sound.

Phono-pickups of this type are called magnetic and may be ob-
tained in high-impedance output types for direct connection to
the input control grid of the vacuum tube used as an amplifier.
Some of the older magnetic pickups are of low impedance types
and must be matched with suitable transformers to the input.

Courtesy Astatic Corporation

Figure 155. Crystal pickups are
used in record reproducing equip-
ment.

Crystal pickups are very similar in operation to crystal micro-
phones, but have the ncedle instead of the diaphragm actuate the
crystal clement. Crystal pickups develop greater output than most
magnetic types and are always of the high impedance type.

InTENsITY OF Sounp. The sound intensity of an explosion is
so many times greater than the sound of a pin dropping in a quiet
room, that the human car adjusts these levels to each other in a
different proportion. When sound is actually ten times louder by
the measurement of power in cach case, the sound will appear to
a human listener only as twice as loud. A convenient way for
measuring sound or any other energy related to the auditory sense
is to use the logarithmic unit called the decibel and abbrevi-
ated DB.

It is best to calculate the gain or loss in decibels by using a table
rather than the exact mathematical formula. To usc the table
below, first get the ratio of the powers under consideration. If
there is a power gain, the ratio will be a number greater than one.

Gainin DB Power Ratio Loss in DB Power Ratio

40 ... ......... 10,000 0. ... ...... 1.

35 .. 3,162 ) IR .8

30 ... ... ... 1,000 2 . .6

29 .. 800 3 . 5

26 ... 400 4 4

23 . 200 5 .32

20 ... 100 6 ....... ... ... .25

15 . 32 7 o .2

12 ... ... ... 16 8 ... .16

10 ... 10 9 . 12
9 .. 8 10 ............. .
8 ... .. 6.3 5 .08
7o 5 13 ... .05
6............ 4 15 ..., .03
5. 3.2 17 .. .02
e 2.5 20 ... .01
3. 2 25 .. .003
2 1.6 30 ..., .001
| 1.3 35 ... .0003
O............ 1 40 .. ... ... ... .0001




If power is lost, the ratio will be a quantity less than one. Not all
ratios are listed in the table, but the closest one to the value you
need, will give you the answer accurate cnough for practical work.

If power is increased from 2 watts to 64 watts, the ratio will be
32. Please notice that to obtain the ratio, you divide the output
power by the input power.  Looking up the gain of 32, you find
this corresponds to a gain of 15 DB.

Of course, this table is also applicable when the: gain or loss in
decibels is known and power ratio is required.  For example, in
passing through a single audio stage the signal is increased 20 DB;
what is the power ratio of the output to the input?  An increase
in 20 DB is a gain in 20 DB, and looking this up in the table, we
find the corresponding power ratio equal to 100,

Since DB is always a ratio, when we speak of an amplifier as
having so many decibels gain, we assign an arbitrary level of com-
parison.  Usually 0.006 watts is taken as this figure.  If one ampli-
fier has 75 decibels in comparison with a given arbitrary level, while
another has 60 decibels in comparison to this same level, the first
has (75—-60) or 15 DB more gain.

The transmission unit is employed to express any ratio of power,
mechanical loss or gain, cte. related in some way to the auditory
sense.  The gain in voltage may also be considered in terms of
decibels, but the voltages mwust be considered across equivalent
impedances.  In case you are considering voltage ratios and use the
table above, the answer in decibels must be doubled.  For example,
a voltage ratio of 100, corresponds to 40 DB (and not 20). and
the voltages must he measured across equal impedances.

60 10 500 1000 10,000
-80
]

Z

V'
-85

>
20 O DB - 1 volt dyne/cm?
Open Circuit Z = 25 N

Courtesy Electro-'oice Mfu. Co.. tne.

Figure 156. The output of a good quality microphone varies @

little when used at different frequencies. The graph illustrates
the output level of a good quality velocity microphone.

Vorrack AMpLIFICATION.  Onee sound is converted to electrical
energy it is of very low intensity and must be increased or ampli-
fied.  Vacuum tubes are ideal for this purpose and are used ex-
tensively in circuits known as audio amplifiers.  We will first dis-
cuss the circuits which amplify the signal voltage: and feed this
voltage to the next stage which, in turn, also operates from a
voltage signal alone and does not require power. Later we will
explain the function of power amplifiers which are used to deliver
actual audio power to loudspeakers.

We have in the figure a curve which represents the character-
istics of a vacuum tube with a fixed plate voltage. You will notice
that the vertical scale represents the plate current, while the hori-
zontal scale represents grid voltage. As the grid voltage becomes
more negative (to the left), the plate current is diminished,

INTENSITY OF SOUND ENERGY

In s=ome instances, a comparison level
of .00] watts is used instead.

This doubling results from the mathe-
matical fact that power is a function of
the voltage squared: i.c.

l

Y=

The basis for sound comparison also
can be made on the assumption that
0 DB is cquivalent to the development
of a  certain voltage with a given air
pressure. For example. in the case cov-
ered by the graph. 0 DB is equal to the
development of a voltage change of |
volt with the air pressure of one dyne
per square centimeter of surface,

Any amplifying stage  requives some
power in the form of the exeiting signal.
However. this power is so trivial that.
for practical considerations. we can as-
sume only a signal voltage is needed. Of
course, the real power needed for opera-
tion of the stage comes from the power
supply.
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VOLTAGE AMPLIFICATION

To fix these ideas more clearly, assune
that the tube is operated with minus 5
volts on the grid. With no signal, the
voltage of the grid (in respect to the
cathode) is —5. For simplicity, we will
assume that the signal is a sine wave
having a peak value of 3 volts. When
this signal. for an instant or so, reaches
a peak of positive 3 volts. the actual
voltage on the grid will be the algebraic
~um of these voltages, or —2 volts. At
another instant, the signal may reach its
negative peak of 3 volts. At that mo-
ment, the grid will have a potential of
8 volts,

Current passing through an impedance
produces a voltage drop in proportion
to the current.
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Notice the incoming signal represented by a succession of waves
as shown in the lower left hand corner. This incoming signal will
vary the fixed grid voltage, at times making it more negative and
at other times making it less negative. The operating point X,
therefore, will shift up and down the characteristic curve in ac-
cordance with the incoming signal.

I
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~GRID VOLTS | &2 | 0] +
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Courtesy RCA

Figure 157, Please observe thut the input signal will change the grid
voltage on the control grid of a vacuum tube. This in turn will vary
the plate current and produce a larger voltage change across the load
impedance.

This changing of the grid voltage will correspondingly vary the
platc current, and the actual current can be represented by a
similar but larger set of waves marked, “Output Signal.”

If this variation in current, which you understand is an exact
duplication of the incoming signal, can be used to produce a volt-
age variation across the plate resistor or impedance this new volt-
age will be larger than the original signal. In this manner ampli-
fication will take place.

TransrForMER Courrinc.  Let us assume that the radio tube
we have been considering is so connected that the plate current
must pass through an inductance in order to reach the plate. This
simply means that a coil is connected between the B-plus terminal
and the plate connection of the vacuum tube. Since audio fre-
quencies are involved, the inductance will have an iron core.

The current variations, which are occurring because of the in-
coming signal, will produce a changing voltage drop and set up
a changing magnetic field in accordance with these variations. The
voltage so developed will be larger than the incoming signal by a
ratio a little less than the amplification factor of the vacuum tube.
For example, if the vacuum tube has a mu of 20, the gain will
be in the order of 17.

In order to isolate the positive plate voltage from the tube grid
of the next stage. a transformer is employed. To construct a trans-
former from the plate inductance we have described, it is only
necessary to place the secondary coil on the same core. In this
fashion, the proper grid bias can be applied to the next stage, and




at the same time the plate voltage of the preceding stage can be
kept out of the grid circuit. The voltage developed in the pri-
mary inductance will be transformed to the sccondary (grid) in-
ductance. The turns ratio may be made about 3 to 1, and a fur-
ther step up of the voltage by a factor of three will result.  Besides
doing all this, an interstage coupling transformer will also, to a
large degree, match the impedance of the plate circuit of one tube
to the grid circuit of another.

Transformer coupling always produces some audio distortion and
the tone quality from equipment using incexpensive transformers
is not as good as resistance coupling which we will describe next.

CLass ofF OrrraTION. By referring back to the characteristic
curve on the previous page, you will see that under all conditions
of operation considered, some plate current is present. With no
signal the current is indicated by the operating point X.  As the
signal is impressed, the operating point may shift, changing the
plate current, but always permitting at least some small value of
plate current to exist. If plate current is always present in a cir-
cuit, the tube is operated in Class A.

If the operating point is located at the extreme left hand side
of the curve making the plate current almost zero with no signal,
this is known as Class B operation. You will notice that, under
this condition, if the signal makes the grid more negative than this
assumed cut-off point, no plate current will be present. However,
when the signal is positive, the operating point will shift sufficiently
to the right, from this cut-off point, to permit plate current.

Sometimes vacuum tubes are operated with the bias twice the
negative amount required to stop plate current, ie. twice cut-off
value. In such operation, only during the extreme peak positive
operation of the signal does the plate current flow. This means
that during the greater portion of any cycle of the signal, no plate
current is present. This type of operation is known as Class C,
and is used in transmitters.
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Figure 158. Resistance coupled stages are used in the audio section
of radio receivers. The value of the parts cmployed is not critical.
Resistance coupling gives better quality than is obtainable with inexpen-
sive inter-stage transformers.

REsisTANCE CouPLING. For economy reasons and for better
tone quality, the plate circuit of a voltage amplifying tube is loaded
with a resistor. Usually a resistor of 100,000 or 250,000 ohms is
connected from the plate of the vacuum tube to the positive po-
tential of the plate supply. This resistor, in other words, replaces
the primary of the interstage transformer.

The voltage drop across this resistor will be a function of the
plate current, and will, therefore, vary with the signal. Please

A, B, OR C CLASS OF OPERATION

In the usual triode, a plate load of about
10,000 olims will give best results. The
grid input impedanee is in the order of
100,000 ohms. These impedanecs mnst
be matched with the transformer.

The operational point of a Class A am-
plifier is selected to permit the opera-
tion over a straight portion of the char-
acteristie curve.

With Class B operation, the plate cur-
rent is practically zero with no signal.
Additional negative potential caused by
a ncgative peak of the signal will make
the grid more negative and still keep
the current at zero.

The object of cirenits using Class C op-
eration is to shoot out pulses of plate
eurrent at the extreme positive peaks of
the signal voltage.

The plate current of the first tube of
the circuit produces a voltage drop
across the plate load resistor. (This
current must pass through this resistor
and an IR drop will result.) As the
current changes (due to the action of
the signal on the grid), the voltage drop
across this plate resistor will. also
change. This changing voltage drop is
re-impressed upon the grid of the tube
in the next stage.
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RESISTANCE COUPLING

These voltage relationships ave very im-
portant and must be clear to you. The
amplifying action of the stage and the
phase relationship are explained in these
paragraphs.

For the practical technician working
with radio and electronic circuits, the
operating data for different  vacuum
tubes employed can be found in tube
manuals.

What happens if the grid resistor s
too small?  Since the signal developed
across the plate resistor (refer to page
135, Figure 158) is placed across the
plate coupling condenser and grid re-
sistor in series. the available voltage will
divide itsell. The condenszer has a defi-
nite value of capgeitive reactance at any
one frequeney. and this reactanee tim-
pedanee) i in series with the grid re-
sistor. I the grid resistor is too small,
only a small fraction of the total signal
developed will excite the grid of the
next stage and the cireuit will have
poor bass response sinee the capacitive
reactance will be higher for low fre-
quencies.
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understand that when the grid signal of the tube is becoming more
positive, the plate current will increase, and so will the voltage
drop across the resistor.  Since the supply voltage is fixed, the
available voltage on the plate of the tube will become smaller.  The
voltage on the plate is always equal to the plate supply voltage
minus the voltage drop in the plate resistor.

If a voltmeter is connected across the plate resistor, the nega-
tive terminal will be at the side of the resistor which is connected
to the plate. If the voltage drop across the plate resistor increascs,
this point actually becomes more negative. You can sec, therefore,
that a positive, increasing grid-signal will produce a greater cur-
rent, greater voltage drop, greater negative voltage at the point of
the plate resistor which is near the plate of the vacuum tube.
From this action, you can sce that the tube apparently reverses the
direction of the signal and also amplifies it at the same time.

AVERAGE PLATE CHARACTERISTICS
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Figure 159. Average plate characteristic curves may be used to deter-
mine the operation to be expected under different conditions. The illus-
tration shows the expected operation with different load resistances.

The next audio stage may be connected directly to this point
of the plate resistor, but it needs to be isolated to keep the D.C.
plate voltage out. For this purpose. the plate coupling condenser
is connected between the plate of the vacuum tube we have de-
scribed, and the next stage tube control grid.  This condenser
should be rated at 0 or 600 volts and may be almost any size
between .01 and .1 mfd.

‘The grid of the tube in this next stage must have a return circuit
to the ground (chassis) in order to permit the leaking off of eclec-
trons. ‘The grid resistor is used for this purpose.  This resistor
may be of small power rating. and in most circuits has the resist-
ance value from 230,000 to 1,000.000 ohms. This resistor is con-
nected from the grid of the tube to the ground.

How Grip Bias Is Oprainen.  In radio recciving tubes, the
grid must be biased to a negative potential.  The value of this
voltage must be such that it will keep the grid negative cven on
the most positive peaks of the incoming signal.  This means that
the bias voltage must be greater than the strongest signal.  In the
experiments we discussed, we used a smali battery to provide the
grid voltage. Such a battery is called the C battery.  Since the
arid circuit does not pass current. the battery will last a very long
time. However, even when not used, batteries age and become




dead with time. For this reason and because we want our radio re-
ceivers to be completely A.C. operated. battery bias is not ordi-
narily employed.

In radio sets using a voltage divider, it is possible to connect a
tap delivering some small positive voltage to the cathode of the
tube to be biased. A lower tap (representing a negative voltage
by comparison) is connected to the grid return which may be the
grid resistor in a resistance-coupled stage. This arrangement auto-
matically will supply a negative voltage of the chosen value to
the grid in respect to the cathode of the tube.

In some sets, the filter choke is placed in the negative leg of
the power supply. This choke has D.C. resistance and will pro-
duce a voltage drop in relationship to the current the set draws.
Please understand that the average plate current in a Class A tube,
as used in radio receivers, is almost constant. This means that
the total plate current of the radio set operating is almost a con-
stant. The voltage drop across the choke may be used to supply
the needed bias to one or more tubes. If the entire voltage drop
is not needed, a part of the drop may be tapped-of.

The self-biasing method is most often used in radio receivers.
In such circuits, the grid return is connected to ground (chassis)
which also is the negative side of the plate supply. The cathode
is connected to the- ground through a suitable resistor. Now the
plate current passing through the tube must go through this
cathode resistor to the plate supply negative terminal (the ground
in our circuit). When current passes through a resistor, it pro-
duces a voltage drop which is equal, at all times, to the current
multiplied by the resistance. For example, let us say the tube we
are using has a plate current of 5 ma. or .005 amperes, and the
resistor used is 2,000 ohms. Multiplying these, we obtain a voltage
drop of 10 volts. This is the actual voltage across the cathode
resistor.

Now one side of this resistor is connected to the cathode of the
tube. The other side of the resistor is connected to the ground
—the very same point where the grid return of the tube is con-
nected. So you see that the voltage across this resistor is impressed
on the grid in relationship to the cathode. Please notice that no
voltage drop occurs in the grid resistor (the one which is usually
250,000 ohms to 1 megohm) since the grid does not pass any
current.

We see that there is a voltage between the grid and cathode, but
is the grid negative as needed? We already mentioned that the
ground is the most negative point of the power supply. Of course,
the plate of the tube is positive. Since the cathode is between the
plate and ground, it is more positive than ground. But ground
potential is also the grid potential, since they are connected to-
gether through the grid resistor. And so the grid is more nega-
tive than the cathode, as required.

The voltage across the cathode resistor, which is our bias volt-
age, is a direct function of the plate current at the instant. This
plate current is varying up and down with the signal. The rate
of this up and down change depends on the frequency of the
audio signal being received. But we want the bias to be fixed
and not change with the signal. To accomplish this, we by pass
the signal variations around the cathode resistor with a by-pass

condenser. In practice, in the audio stages, this cathode by-pass

OBTAINING GRID BIAS

This is the important mecthod of obtain-
ing hias,

Sinee this bias voltage in reality is sup-
plied by the power supply, the voltage
of the power supply serving the plate
cireuit is aetually redueed by the
amount Jost in the cathode bhias resistor.

The voltage drop produced in any re-
sistor is the produet of the resistance by
the current. If the current is zero, the
product of any resistance by zero, is
zero.

The plate current passes through the
tube and, since the cleetrons originate
from the cathode, the same current must
pass through the eathode resistor at
every instant.
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AUDIO POWER AMPLIFIERS

This increase in current at certain in-
stances exactly corresponds to the de-
crease at corresponding instances a
moment later in the cycle. The in-
stantaneous currents integrated over a
period of time will correspond to the
average no-signal current.

A generator will deliver maximum
power to a load of a value exactly equal
to the generator impedance. If power
is of no importance (as in voltage am-
plifiers), a load having higher impe-
dance (usually a resistor) will produce
a larger voltage drop.

Almost any pentode may be turned into
a triode by connecting together the
sereen grid and plate.
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condenser is large, about 10, or 25 mfd. An electrolytic condenser
may be used since the cathode is always positive in respect to the
ground. The working voltage required is about 35 volts. If the
by-pass condenser is omitted, a certain amount of degeneration and
distortion will result.

TriobE Power AMPLIFIER. In any power amplifier the object
is to develop power with little distortion. We have already studied
how a vacuum tube is used to produce voltage amplification. In
order to produce as much power as possible, the tube must be op-
erated with as much plate current change as possible. However,
to keep distortion to a minimum, only a little of the extreme parts
of the characteristic curves may be used. The center, straight por-
tion is used primarily. The operating point (no signal point) is in
the center representing the plate current with no signal. With
signal, the plate current may almost double on positive peaks, and
be reduced almost to zero on the negative peaks. Over a period of
time, however, the average plate current remains constant. This
is why a meter in the plate circuit will show no change in the plate
current except for minute variations due to harmonics.

The power amplifier stage must be driven with a signal which
has peaks equal (almost) to the bias voltage. This will cause the
instantaneous grid voltage to vary from zero to twice negative bias
voltage on pcak signals. Since triode power amplifier tubes have
low amplication factors, the signal voltage needed is quite high.
The triode power amplifiers have low power sensitivity. Types 45,
2A3, 71A, arc power amplifier triodes.

The power aniplifier tube acts as an A.C. genecrator and must
be correctly loaded to deliver maximum power output with the
least distortion. Usually power amplifier triodes arc loaded with
an impedance which is exactly equal to their dynamic plate resist-
ance. Voltage amplificrs, on the other hand. are loaded with
resistors from twice to several times the plate resistance, and this
practice gives better results for voltage amplification.

PenTODE Power AmpLirierR. Pentodes designed for the audio
final stage have higher power sensitivity and, therefore, require
less exciting voltage. Most receiving type pentodes have power
outputs around 4 watts, while triodes average as a class around 2
watts. The signal nceded for some pentodes is as little as 12 volts
peak, while many triodes need a peak signal of 50 volts. Since
pentodes have extremely high plate resistance, they are loaded with
impedance values considerable lower than this plate resistance.
Usually the value of the load is determined by radio engineers,
considering the amount of distortion and power output. A valuc
is sclected which will give the maximum power output consistent
with permissible distortion. In stages using a single pentode out-
put tube, 109 is considered permissible amount of total distortion.

The type 61°6 power output pentode is often used in radio cir-
cuits.

Pentodes have greater amplification for the higher frequencies
and a small by-pass condenser, to neutralize this effect, is connected
from plate to ground. Since the screen grid may be considered at
ground potential as far as the audio frequencies, the by-pass con-
denser, we described, may be connected between the plate and
screen grid. ‘The screen grid, of course, is at a high D.C. potential




in respect to ground. This by-pass condenser may be about .006
mfd. rated at 600 volts.

Beam Power AmpLiriEr. When a beam power output tube is
used in the final audio stage, it acts very much like a pentode.
However, less filtering of the power supply is needed.  In some
circuits, the plate supply is taken right off the rectifier with but a
single filter condenser doing the filtering up to that point.  The
screen grid voltage, howcever, must be better filtered and is usually
of a lower potential than the plate.  Check the operating details
of a 6L.6 tubc, used as a single-ended final amplifier.

Tuses OPpPERATING IN ParaLLiEL. In order to obtain greater
power, two or more power amplifier tubes may be connected in
parallel.  When two tubes are connected in parallel, the plates are
tied togcther and the other clements are also correspondingly con-
nected together.  In such instance, twice the amount of power ob-
tainable from a single tube can be secured from the stage consist-
ing of two tubes connected in parallel.  The plate resistance of the
combination will be one-half the plate resistunce of a single tube.
No special advantage? is obtainable from this operation.

1 Qutput

Input
Transforuer

Transformer
1

Signal
Input

B+

N
-

Figure 162. A basic push-pull audio circuit. The operation and

advantages of this circuit are explained in this chapter.

AbvanTaces ofF Pusii-PurL OreraTtionN. Two identical power
amplifier tubes may be connected in a special circuit to deliver more
than twice the amount of power available from a single tube and
at the same time offer other advantages. Please examine the trans-
former coupled push-pull stage as illustrated.  Two similar type
of power amplifier tubes are employed and only the cathodes are
joined together.  The plate current from both of these tubes must
pass through the cathode resistor R, in order to reach ground which
is the negative terminal of the plate power supply.  Therefore, the
voltage will be developed across R, and since the grids of both tubes
arc connected through the windings of the input transformer to
the ground, bias will be obtained.

Please notice that the terminal marked B+ is connected to the
positive side of the plate power supply. In a push-pull stage, the
plate supply nced not be filtered very well since the A.C. ripple
present will pass to both tubes, traveling through the primary of
the output transformer. The winding of this transformer is con-

*Tubes operated in parallel increase the power handling ability in propor-
tion to the number used and also lower the equivalent plate resistance of
the combination. In some transmitters, this latter fact is of an advantage.

PUSH-PULL AND PARALLEL

In such circuits, since the sereen grid
of the power tube and all other stages
take but little eurrent, a 3,000 ohm re-
sistor 1s used instead of a filter choke.

Some electronie cireuits require very
low plate resistanee, r,, and this can be
achieved by connecting several tubes is
parallel.

A push-pull stage need not be sclf-
hiased.  Other biasing methods, as in
the case of single-ended tubes, may be
used instead.

By identical tubes, we mean the same
types and also matched to cach other so
that their characteristic curves are al-
most exactly the same.
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ADVANTAGES OF PUSH-PULL

The grids have equal and opposite
polarity changes as compared with the
ground potential.

We assume that the tubes are operated
over the straight portion of their char-
acteristic curves. This is true to a large
degree in a practical case.

Reference is made to the output trans-
former which couples the tubes to the
speaker. This transformer is known as
a push-pull output type.

The recommended load for pentode
push-pull tubes may be very much dif-
ferent than twice the load for a single
tube.

As compared to the voltage at the center
tap, the voltages at the two end term-
inals of a push-pull input transformer
are 180° out of phase with this tap.
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tinuous and the current, in going to the two tubes, will travel in
opposite directions from the center. Therefore, the magnetic fields,
set up in cach half of the winding because of the ripple, will be
opposing and the ripple will not re-appear in the output of the
voice coil. The first advantage of a push-pull stage, as you can sec,
is less filtering needed in the power supply.

Referring now to the input transformer, please obscrve that an
input signal produces a voltage across the entire secondary wind-
ing. If we consider center point, marked O, as neutral, then when
point number 1 becomes positive, point number 2 is of exactly the
same voltage, but correspondingly negative. Therefore, the two
grids, marked G-1 and G-2, have cqual but opposite polarity volt-
ages at all times.

Since the grids will always have equal and opposite polarity volt-
ages, the current while decreasing in one is correspondingly in-
creasing in the other tube. For example, if these tubes are of such
type as to have 40 ma. platc current per tube with no signal; the
instant the plate current of one tube increases to 55 ma., the cur-
rent in the second tube will correspondingly decrease to 25 ma.
Since the plate currents of both tubes must pass through the bias-
ing resistor R, and since, as you can sce, the current for both tubes
when added together will always equal a constant quantity (80 ma.
in this case), the voltage drop across the resistor, R, will also be
constant as required. Also because this voltage drop will not fol-
low the audio variations, as the case of a single ended amplifier,
no cathode by-pass condenser is needed. This is an important
economy feature.

The varying currents from the two tubes, representing the signal,
are added in the primary of the transformer, and a corresponding
voltage is induced in the secondary which is connected to the voice
coil. Since the magnetic fields produced by the D.C. currents are
opposite in the two halves of the output transformer primary, no
magnetic saturation can result and a lower priced output trans-
former will give as good results as a larger, more expensive trans-
former when it is used with a single tube. The push-pull action
eliminates even order harmonics to a large extent and, therefore,
with the same amount of permissible distortion, the vacuum tubes
may be operated over a wider portion of their characteristic curves
and deliver more than twice the rated power output of a single
tube.

Besides triodes, pentodes ard beam power tubes may be used in
push-pull operation. The output transformer must be obtained to
match the plate-to-plate impedance, and the required values are
given in tube charts.

PHASE INVERTER. You have already learned tnat the two tubes
used in a push-pull stage must have the signals 180° out of phase.
In transformer coupled circuits, the proper phase is obtained auto-
matically with the connections used. However, transformer circuits
do not give as good quality as resistance-coupled circuits, and good
quality transformers are expensive.

If a signal available in the pre-amplifier, used to drive a push-
pull stage, is of a single phase only, some method is needed for in-
verting (shifting 180°) the signal for one of the tubes used in the
push-pull stage.

The phase inverter circuit employs two triodes or a single tube
containing two triode sections. One of these triodes is simply an
amplifier, while the second adds nothing to the gain but does re-




verse the phase 180°.
trated.

Pleasc observe that a singlc-phase input is fed to one of the tri-
odes. The output of this tube represents an amplified signal 180°
out of phase with the original input signal. This output goes to
the control grid of one of the push-pull tubes. But besides this, a
small portion of the voltage of this signal is re-impressed on the
grid of the second triode tube used in the phase inverter. Only
that fraction of the total amplified signal is fed to the grid of the
lower phase inverter tube, which will make the signal to this tube
cxactly equal to the original signal at the input to the inverter
stage. Bear in mind, however, that this signal to the second tube
is 180° out of phase with the original.

The circuit of a phase inverter is illus-

'_"“.'

]

To push-pull

T 6C3s e ) eCHG

power tube gnd

Singla phose

10 MF 25V

To purh-pult

power tube grid

Courtesy Allied Radio Corp.

Figure 163. A self-adjusting phase inversion cir-
cuit employed for the purpose of driving the push-
pull stage from a source of single-phase signal.

This second tube of the phase inverter also reverses the phase
{places it again 180° out of phase), and the signals delivered to
the two grids of the push-pull stage are 180° out of phase.

Although a 10 mfd. by-pass condenser is used across the cathode
resistor, it is not really needed. The currents through the two
tubes of the phase inverter are always increasing and decreasing
exactly opposite to each other and their total is a constant. There-
fore, as in the case of a push-pull stage, no audio variations appear
across the cathode resistor and no by-pass condenser is required.

The fraction of the signal from the first inverter tube, which is
fed to the second tube, is automatically made to be of the correct
value. If this signal is too large, the output from the second phase
inverter tube will also be large. This output signal produces a
voltage drop across R-2, otit of phase with the original voltage
which comes from the tube in the upper section of the circuit. It
will, therefore, reduce this signal until it is of the correct value.

Crass B AmpriFier.  Certain tubes such as type 46, pass very
little current without the presence of a signal. Other tubes may be
biased negatively to a point where the plate current will be zero.
Let us assume two such biased tubes are connected in a push-pull
circuit. We will learn that the circuit will not behave as a push-
pull arrangement. You must also understand that tubes cannot be
“iased to cut off (zero plate current) with a cathode resistor. With

PHASE INVERTER CIRCUIT

You have already learned that an
amplifier tube inverts the phasc of the
signal by 180 degrees.

Read this paragraph again and fix the
idea clearly in your mind.

Trace this through in the circuit.

This is a special feature of this partic-
ular phase inverter circuit.

Class B operated tubes are used for high
audio power requirements and for cer-
tain stages of radio transmitters.
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CLLASS B AND A’ OPERATION

W hile the usual interstage transformer
does not handle any real power, the
transformer driving a Class B stage docs
handle power on signal peaks.

The Class B power output stage using
{for example) type 59 tubes connected
as triodes, has a ceurvent drain of 26 ma.
with no signal. and a possible peak plate
current of 200 ma. This certainly is
considerable variation.

Headphones are still used extensively in
communieations work. The understand-
ing of the principles which permit the
operation of headphones will help you
follow the explanation  about lond-
speakers,
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no plate current, there will be no voltage drop in the resistor.
Separate bias supply must be used.

The figure of a push-pull circuit, a few pages back, will help
you follow the explanation.  When a signal is present, during the
first instant onc of the grids is receiving a positive signal voltage,
while the grid of the other tube receives a negative signal voltage.
The grids are already biased to cut off and, if a grid is driven more
negative, the plate current will still remain at zero. However, a
positive voltage will reduce the cut off bias and plate current will
be present. The amount of plate current through the tube will
depend on the strength of the signal.  Please notice that only one
tube is conducting at a time.  As the voltage on the two grids
reverses, the other tube will conduct, but the one with the nega-
tive voltage will have no plate current present.

The action suggests a push-push arrangement; one tube “pushes”
at a time.  Since at times the grids are driven positive, the preced-
ing stage must be capable of supplving the power drawn by the
grids under this condition.  This is accomplished by using for a
driver stage a Class A power amplifier of suitable size, coupled by
a transformer possessing the proper characteristics. The trans-
former is usually of a step down type.

With Class B it is possible to obtain high power output with
comparativly small tubes operating at ordinary plate potentials.
Since very little power is consumed with no signal, cconomy is an-
other advantage. To offset these, the distortion present is always
somewhat larger than for class A operation and the power supply
must have very good regulations to maintain proper operating volt-
age with considerable current variations.

Crass A, It is possible to operate a power amplifier stage m
termediary between Class A and Class B. This type of operation
i called Class A prime, or A’. The bias used is greater than for
the same tubes in Class A, but not cnough to cause cut off. On
low signals, the circuit behaves as a Class A, while on powerful
signals the Class B action allows the handling of large power.

Figure 16+. Head phones are em-
ploved to convert electrical energy at
audio frequencies to corresponding acous-
tical (sound) energy.

Courtesy Trimm Mfy. Co

Telephone headphones are used to convert clec-
A dia-

IHEADPIIONES.
trical energy of suitable intensity back to sound cnergy.
phragm of magnetic material is placed close to one or two clectro-
magnets. These electromagnets are usually connected in series and

their resistance is of the order of 1,000 or 2,000 ohms. A fixed
magnet is also included in the assembly and acts upon the dia-
phragm. Because of the fixed magnet, the diaphragm is always
attracted inwards, but as the clectromagnets become magnetized
with the A.C. corresponding to the sound reccived, the magnetic
fields add to and subtract from the existing field of the fixed mag-
net.  This makes the total magnetic strength increase and decrease
in accordance with the current variations. As vou can sce, the




vibration of the diaphragm is a function of the current which in
turn is the electrical equivalent of the sound. If the permanent
magnet was missing, the diphragm would be attracted twice for
each cycle (both on the positive and negative peaks) and the re-
production would not be true.

BarrLE REQUIREMENTs. The speakers must always be used with
some form of baffle to prevent the tendency of the front and rear
sound waves from cancelling-out each other. If the bafle were
oniitted, sound compression produced in front of the speaker cone,
when the cone moves forward, would cause the air to rush around
the cdges and rclieve the rarefaction in the rcar. To be equally
effective to the middle and lower frequencies a baffle must be fairly
large. In practice a 6” of 8” speaker will require a bafile with 40
inch sides.

A speaker mounted in a flat bafle made by ply-wood, celotex,
or masonite will radiate sound almost uniformly in all directions.
If the installation requires the projection of the sound forward,
directional flares or special horn baffles must be employed.

Dyxamic SpEaker. The most popular loudspeakers in use arc
of the electrodynamic types. These speakers have the cones made
in various sizes from 3 to 14 inches. The cone has a small coil
mounted at the center. The coil-form rides over a pole piece of
magnetic material, but does not touch this cylindrical piece. The
coil itself is madec of several turns of copper wire (about No. 20).
having a D.C. resistance, in many speakers, of 6 ohins, and the A.C.
impedance, to audio frequencies at about 400 cycles, of 8 ohms.
The pole piece, we mentioned, passes through the center of a large
electro-magnet.  This electromagnet is called the ficld coil and in
an average loudspeaker consumes about 5 watts of power. The
D.C. resistance of the field may vary and is designed to match the
circuit. Usually this value of field resistance is between 800 and
3,000 ohms. The field, in radio receivers, must be cnergized from
a source of D.C. voltage and may be used as the filter choke. The
usual loss of cnergy in the filter choke, therefore, is utilized for the
required magnetic field and further the cost of the choke is saved
since it will not be needed.

In operation, the dynamic speaker is so connected that the field
winding is magnetized. The voice coil, being of very low im-
pedance, is properly matched to the output stage of the radio or
amplifier with the aid of an output transformer. As the voice coil
receives alternating current which corresponds to the sound to be
reproduced, the coil sets up its own magnetic ficld which may op-
pose or be attracted by the field of the larger electromagnet (ficld
coil} of the loudspeaker. Since the voice coil is fastened to the
cone, the cone will move (vibrate) in accordance with the current
entering the voice coil. This action, as in the case of magnetic
speaker, will produce sound. At low frequencics, the cone acts as
a piston of a cylinder, moving up and back at the audio frequency
rate. At high audio frequencies, the cone vibrates.

The smaller dynamic speakers, under 8 inches, can successfully
reproduce up to about 3 watts of audio power. Some of the larger
12 inch speakers, used cspecially for serving large groups of people
with sound, can handle up to 15 watts of power.

Care must be exercised in using speakers not to puncture a hole
in the cone. The tone quality of the speaker will be ruined if a
break develops in the cone. The cone may be replaced and replace-
ment units are available on the market.

DYNAMIC LOUDSPEAKERS

The magnetic field is present at all
times. It is inercased and decreased
with the ecurrent passing through the
clectromagnet.

DIAPHRAM

Figure 163. The inside
view of a hecadphone show-
ing the position of the elec-
tro-magnets and the perma-
nent magnet,

The voice coil of the cone may be cen-
tered around the pole piece and kept in
position by the cone itself which is glued
around its outside rim to the metal
frame work of the speaker. The cone
may also have center flexible ribs at-
tached to the voice coil and supporting
the assembly at this point 10 the metal
frame.

CONE \
f

FIELD

o WINDING

Figure 167. Cross-sci-
tional view of a dvnamic

speaker showing the posi-
tion of the voice coil and
the field winding.

Output tubes may require a load of sev-
eral thousands ohms which must be
matched to the voice coil impedance of
several ohms.

Speakers possessing fair response char-
acteristies have been made with a three
inch diameter cone.
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SPEAKER IMPEDANCE MATCHING

A 127 dynamic speaker used for sound
installation work.

For example, if the turns ratio is 3 to 1,
the impedance ratio will be 9 to 1.

A matching transformer must be used
for the purpose intended with both the
primary and secondary connceted to
proper values, otherwise the expected
action will not be obtained.

These new values of impedances should
not vary more than 50% from the de-
sign values if distortion is to be avoided. |
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P.M. Seeakkrs.  The development of very powerful fixed
magnets, has permitted the replacement of the clectro-magnetic
field with a small permanent magnet. In all respects, permanent
magnet (P.M.) speakers operate exactly as dynamics, but the field
coil is omitted. Certain manufacturers, in fact, have similar models
available in either dynamic or P.M. types.

ImpEDANCE MaTcHING. To transfer maximum power from one
electrical unit to another, the impedances of the units must be the
same. This is possible in many cases and equipment is designed
with this in view. But many other times, the equipment, which
must be connected together, cannot be made with equal impedances.
We have an example of this with the power output tuli, and the
loudspeaker. An output type tube may require 3,600 ohm load
for maximum power output and least distortion. But the best
speaker to use may be of the dynamic type which has a light weight
voice coil of a few turns of wire. Only a small impedance can be
obtained from a few turns of wirc. We have already mentioned
that 8 ohms impedance was common for a voice coil. How can
these two units be used together and not produce a bad mismatch?

A transformer comes to our rescue. It is possible to connect
widely different impedances to the two windings of a matching
transformer! By making the turns ratio of the primary to secondary
correct, cach impedance “will see” a value corresponding to itsclf.
‘The turns ratio, which must be used, is equal to the square root of
the impedance ratio. Letting N, represent the turns of the primary,
N, for the sccondary, and 7, the impedance of the primary, Z.
impedance of the sccondary, we have an important formula:

N [7.
Turns RaTiO = = nf
N, Z,

In our example of ine previous paragraph, we had a voice coil of
8 ohms, and it is connected to the secondary, that is Z; must repre-
sent an impedance of this value. Please understand that Z, will
appear to the voice coil as an 8 ohms impedance only if the primary
is correctly connected also. The actual secondary coil does not
necessarily have 8 ohms impedance. The primary must be used
for the load of the tube which requires 3,600 ohms. Then Z, must
appear as 3,600 to the tube; here again the actual impedance of
the primary coil is nothing like the impedance it is to represent.
Let us usc our formula to find the turns ratio of the transformer.

/ Z. /8 1 1

[ ) — = = = 0472
V 'z, ™ } 3600 450 ~ 21.2

Most transformers employed for matching impedances are rated
in actual impedance values. But by knowing the formula, you may
calculate many other values of impedances for which the same
transformer will be suitable.




EFFecT oF MisMaTCHING. A great deal of stress has been placed
on the necessity of exact matching from source to load. While this
generally holds true when the mismatching is considerable, a slight
mismatch is not serious, as can be seen as shown by the chart.

In order to properly determine correct matching, the impedance
of the voice coil must be known. This impedance is not a constant
figure, but varies with frequency. For all general applications,
however, the impedance is measured at 400 cycles. In the cvent
that the impedance of a speaker is not known, the approximate
valuec can be obtained by multiplying the D.C. resistance by a
factor of 1.25.

Q“
&880

Courtesy Oxford-Tartak Radio Corp.

Figure 170. You can tell the amount of audio power lost because of
mismatching, by using this graph. An explanation how to use this graph
is given in the text.

To consider the usefulness of the graph, let us take the problem
where the only speaker available is one with a 6 ohm voice coil,
and the amplifier output is available as either a 4 ohms or 8 ohms.
The question in this case is what tap on the amplifier will give the

Z output

best results. The ratio of in the case of the 4 ohms output

loa

is .666, and in the case of the 8 ohms output is 1.33. In checking
these figures on the graph, we find that in the case of 4 ohms where
the ratio is .666, the loss is approximately 4%, and similarly, on
the 8 ohms, the loss is only 21429%. It is quite obvious that the best
results will be obtained if the spcaker is connected to the 8 ohms.
Generally, the results are better if the speaker is mismatched to a
higher rather than a lower impedance.

LOSSES DUE TO MISMATCHING

For example, if the measured D.C. re-
sistance of a voiee coil is 6 ohms; the
impedance is 6 X 1.25, or 714 ohms.

Besides the power loss encountered be-
cause of mismatching, distortion also
will be introduced in case of a mis-
match. 1f the output stage uses a tri-
ode vacuum tube, less distortion will he
present if the mismatch is due to the
load immpedance being too high as com-
pared to the load being correspondingly
too small.

4 ohm output, 6 ohm load, in one casc;
and 8 ohm output, 6 ohm load in the
second case.
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INVERSE FEEDBACK CIRCUIT

The change of the tube characteristics
with age has litle effect on the opera-
tion of the equipment if degeneration of
a sufficient degree is employed. This fact
is very important in telephone repeater
amplifiers.

This means that with degeneration, the
output tube will have different char-
acteristies.
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However, if the spcaker has only a 2 olun voice coil, and the
only output available on the amplificr is 8 ohms, the ratio of the
two impedances is 4. From observation on the graph, the loss is
35%, which is quite serious and this mismatching is not recom-
mended.

Inverse Freepsack. The student will be told a little about audio
degeneration or inverse feedback. This action is obtained by
making minor changes in audio circuits and gives certain advan
teges. The results of degeneration  may be summarized as follows:

1. Power output remains more constant.

Audio distortion is decreased.
Frequency response is improved.
. Signal voltage must be larger.

W

Audio degencration is obtained by feeding part of the output
signal back, in proper relationship, to be exactly out of phase. The
feedback path may be such as to include several tubes in the cir-
cuit, but is usually confined to one or two tubes.

Ri + Rz

Figure 171. A simple degenerative cir-
cuit which can be understood by analyzing
the action of the feedback voltage supplied
through resistors R. and R..

Let us consider a simple feedback circuit. In the figure, we
have a beam power output tube. It is excited by a signal, marked
E.. in the drawing, and is a basic circuit except for R, R, and
the coupling condenser. For the moment, we will study the regular
function of this circuit. The input signal is induced in the sec-
ondary of the interstage audio transformer and excites the control
grid of the tube. The resistor Ry, is small and need not be con-
sidered for the moment. The tube is self biased with the resistor
in the cathode circuit. This resistor is by-passed with a large
capacity (about 20 mfd.) clectrolytic condenser which is not
marked in the drawing. The screen grid of the tube receives the
plate voltage directly, terminal E,. The plate current for the tube
is supplied through the primary of the output transformer. This
transformer matches the tube to the voice coil. The required size
of this transformer, by the way, will be different with degeneration,
in the case of most vacuum tubes.

Now let us consider the additional circuit which produces degen-
cration. Trace this circuit from the plate of the tube, through the
blocking condenser, and through the two resistor R, and R,. The
blocking condenser, we mentioned, is used only to keep D.C. of
the plate supply out of the resistor network. This condenser may
be considered as having zero impedance to the audio signals. You
can see that the audio signals coming out of the tube, divide them-




selves across the two resistors. The amount of signal across R, in INVERSE FEEDBACK ACTION
terms of the total available signal at the plate, will be a factor K,
equal to the simple formula stated under the illustration. Since

only a small amount of signal is fed back, K will be much less

than 1.
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Courtesy 1’0 R, Mallory & Co.

Figure 172. The power output of a radio tube varies less with changing

load resistance if inverse fcedback is employed. The curves show the
results with different excitation voltages.

Another way to analyze this action is to realize that if R, is
large, and R, is small, little voltage will develop across the smaller
resistor. By changing the size of these resistors, the voltage across
R, may be made any value required in terms of the total voltage
available at the plate of the tube. Notice that the voltage across
R,, adds in scrics with any voliage induced across the secondary
of the input transformer, and both of these voltages are impressed
on the control grid.

Now, it is a well known fact that a vacuun tube shifts the phase
of the sngnal 180°. When the grid is becoming more positive, the
plate current is increased, the impedance of the load causes a larger
voltage drop, and less of the total battery voltage is left for the
tube. This means that while the signal is becoming more positive,
the voltage fed back by the degenerative system is negative in rela-
tionship. When signal is either positive or negative, the voltage
fed back is just the opposite. This is degeneration and produces
the effects we described.

Another negative feedback circuit is shown and this type of
circuit is well suited for usc with resistance coupled stages. Please
notice that only R, and the blocking condenser form the degener-
ative system. The action is very similar to the one described.
Many commercial circuits not having audio degeneration, can be
converted to include this feature by the simple addition of this
condenser and resistor.  The condenser may be .01 mfd., 600 volt
type, the resistor should be about 5 megohms. However, bear in
mind that the same transformer will no longer correctly match the

With inverse feedback. the power ont-
put changes less with variations in load
impedanece than wonld be the case with-
ont degeneration.

The understanding of mverse feedbaeck
has its diffienit points. Please rervead
this seetion until the funetion of the de-
generation cirenit of Figure 171, is elear

to you.

b4

173.
cuit which can be added to almost any radio
set.

Figure Another inverse feedback cir-
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PUBLIC ADDRESS SYSTEMS

The input may be a microphone for
voice or music, a phouno picknp for ree-
ord reproduction. a radio tuner, a
photo-cell exeited by a sonnd-on-film
track, or a maguetie recording on a steel
tape.

If the microphone cable is broken and
joincd at some point. the shielding must
cover the junction. Shielded plngs may
be used for this same purpose.

Catalog matcrial on amplifiers and pub-
lic address systems will help you learn
about commercial units.

This amplifier is designed to supply low
power and can be constructed economic-
ally.
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tube to the voice coil and may nullify the advantages of the feed-
back circuit.

Pusric Apbress.  When o large group of people is to be served
with a common prograin, public address equipment finds its appli-
cation.  Most often a spcaker’s voice is amplified to a suitable
volume to make him audible to all present.  Radio programs and
phonograph records also serve as a means of the input. If the
program originates some distance from the amplifier, a line is used
to connecet it to the input.  In sound moving picture work, a photo-
celb serves as o means of input and requires a special amplifier.

Essentially a P.A. system consists of one or more of the sources
of input mentioned. the amplifier or any pre-amplifiers necessary,
and the output in the form of one or more loudspeakers so placed
as to take the greatest advantage of the acoustics.

We have alrcady discussed the different sources of input, the
voltage and power amplifiers which make up the P.A. amplifier
unit, and the function of loudspeakers.
to consider all these factors together.,

It is essential, however,

Courtesy American Phenolic Corp.

Figure 176. Microphone cables are joined together or

connected to the input of an amplifier with a shielded
metal connector.

Today, most public address systems use crystal or velocity micro-
phones.  These are connected to the amplifier input terminals with
rubber covered shielded cable.  Ordinarily, this cable has but one
central conductor and the shield serves as the return.  If the micro-
phone is of the high impedance type, it is coupled directly to a
grid of an input stage. In such cases, the microphone cable should
be shorter than 100 feet. Il.ow impedance mnicrophones may be
used with longer cables, but require an impedance matching trans-
former at the input to the amplifier. Since microphone circuits are
very sensitive and will pick up stray electrical interference, the
shielding must be continuous. At the microphone and the input
to the amplifier, special shielded type plugs are used.

The output of the microphones used is quite low and most
amplifiers employ three stages of voltage amplification and one
stage of power amplification. Phonograph-pickup input is coupled
to the second stage (climinating the gain of the first tube) since
the output from a phone pickup is much higher than that obtained
from a microphone.

The circuit of an amplifier illustrated is a little different. Here
we have but two voltage amplification stages, and the power
amplifier is of the push-pull type. Total gain of this amplifier is
cmployed for the microphone input. The shicld of the microphone
cable is grounded to the chassis. Condenser C-17 insulates the
ground from the side of the A.C. line. Resistor R-5, 5 megohms,
serves as the grid return in case a crystal microphone is employed.
The phono input goes directly to the second stage. Although both
inputs may be used at the same time, these cannot be mixed in
any special proportions. Both input are controlled with the same




potentiometer, R-39. The tap of this control permits a corrective
tone control circuit to be incorporated. At low volume settings,
the resistor R-18 and condenser C-16, by pass a great deal of the
higher frequencies and the equipment stresses bass. As the volume
is increased, the slider of the potentiometer is moved upwards. This
adds part of the resistance of the potentiometer to R-18, decreasing
the by-pass action of the condenser.

Courtesy Standard Transformer Corp.

Figure 177. Circuit of a small, efficient amplifier. Please observe that the

filaments are wired in series and, since the total voltage adds up to about
115 volts, no dropping resistor is needed.

The stage using type 6C5 tube increases the voltage gain. The
dotted circle around the tube symbol indicates a metal shield either
around the entirc tube, or about the sections having the control
grid connection.

This voltage amplification stage is transformer coupled to a pair
of 25L6 beam power tubes. The transformer places the grids of the
two tubes 180° out of phase and permits push-pull operation. There
is a tone control in this stage. The output transformer has several
taps on the secondary and, thereby, furnishes several commonly used
impedances. The socket permits easy connection of the speaker.

The power supply is of a half-wave rectifier type. Two type
25Z5 tubes are employed since the current drain is quite heavy.
Notice that the filaments connected in series add up to 112.6 volts
and, therefore, no series resistor is nceded. The output of this
amplifier is rated at 4.5 watts, and the unit is suitable for many
applications where a low priced, low power unit is needed.

The larger amplifiers incorporate many refinements. They may
have inputs for several microphones and phono pickups, and permit
the mixing of these different channels. The circuit may be more
refined, incorporating inverse feedback for better results. The
power output may be anything from 4 watts to 50 or 100 watts
wherr using receiving type tubes. With transmitting type audio
tubes the power may be in thousands of watts.

SPEAKER PLACEMENT.* In all public address installations, loud-
speakers are more than just an aceessory of the system; they must
be considered as the all important devices used to convert the
electrical audio output to the needed acoustical energy—sound.
The speakers of any well matched sound system are selected with

*Parts of this section are reprinted from “Oxford Techni-Talks” originally
prepared by M. N. Beitman.
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PUBLIC ADDRESS AMPLIFIER

Actually, the highs are killed to a large
extent and the bass is left.

The condenser, C-4, is included since at
peak signals the tubes in this stage may
not he operated in push-pull.

ELecTRrICAL VALUES

Condensers

(OF: 10 mnfd., 25 volts

16 .01 mifd., 400 volts

C17 0.1 mfd., 400 volts

C90 .25 mfd., 400 volits

€391 15-15 mfd., 300 volts
Resistors

R1 50,000 ohms, 1 wau

R5 5 megohms, Y2 watt

R6 3,000 ohms, Y2 watt

R7 2 megohms, 1 watt

R8 250,000 ohms, 1 watt

R18 25,000 ohms, 1 watt

R34S 100,000 ohms, potentiomcter

R43 100 ohms, 10 watts

R59 500,000 ohms, potentiomneter

If a load is connected to any one im-
pedance tap, the other taps will no
longer offer the impedance values as
marked. Terminal C is common for all
connections.

1f the amplifier is operated from a
source of 110 volts, D.C. power, the rec-
tifiers are left in the circuit but then do
not serve any useful function.
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LOUDSPEAKER PLACEMENT

Speaker connections are made 10 a
socket which is usually located in the
rear of the amplitier. A rotary switch
may he incorporated to seleet the proper
mpedanee. In some units. a terminal
connecting hoard is used.

Courtesy Clarostat Mfy. Co

Figure 179. A constant impedance

output attenuator is used to control in-

dividual loudspeakers without unbalane-
ing the circuit.
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] Figure 178,

care so that the response characteristics and power handling ability
will give the desired results with the associated equipment.  But
the proper placement of the speakers and the use of correct baffles
or directional horns is necessary to permit the PLA, technician to
secure the best results from the sound system in any particular
installation,

Transformer

NStandard
Front-top view of the amplifier deseribed. Notice the input
connectors for phonograph and microphone at the left hand side of the
chassis. The controls are on the front panel.

Mhotogra o fesy Corp.

A
single 10 inch dynamic speaker will serve in class rooms, hallways,
sall stores, and in almost all other installations requiring less than
six watts of power.  For auditoriumns, churches, gymnasiums, dance
halls, two speakers of good quality should be able to handle the
audio volume from amplifiers supplying 15 to 30 watts.  These
speakers must have a conservative power handling capacity of at
least 15 watts cach.  For use with amplifiers supplying greater
power, employ directional trumpet speakers or at least four well
made 12 or 14 inch dynamies.
i The speaker location is selected with two objectives in mind:
(1) to make the program sound natural to all present; and (2) to
reduce the possibility of acoustical feedback.  The loudspeakers
should be placed so that sound originating from the actual source
be it a singer or a complete orchestra) and the sound emitted by
the loudspeakers should reach the majority of the audience at the
same instant.  This is why two speakers are used in auditoriums
and dance halls, one on cach side of the stage. This type of
installation permits the original sound to be supplemented or rein-
forced by the amplified output. It certainly would not do to have
a single speaker in the back section of o long and narrow hall.
Under such a condition, the listeners sitting in the first front rows
and those in the extreme rear would hear the original sound and

In average installations, it is best to use one or two speakers,

the amplified sound at a considerable time interval.




Sounp FeepBack. In all installations, some of the sound
cmitted by the loudspeakers will reach the microphone of the sys-
tem. Feedback will result if the sound reaching the microphone is
greater in intensity than the original sound input.  Consider, for
example, a typical auditorium with an orchestra plaving. A defi-
nite sound level produced by the instruments of the orchestra is
picked up by the microphone. After amplification, a correspond-
ingly higher power level of sound is emitted by the loudspeakers,
Of course, the actual ratio of the input to the output power is the
net gain of the amplifying equipment at the volume control sctting
employed. Now if the sound coming back to the microphone,
cither through direct radiation or by reflection from walls, is about
cqual in intensity to the original input, twice as much output will
result.  This larger output will in turn cause twice as much sound
cnergy to be returned to the microphone and again the output level
will be doubled.  This doubling process will continue, under such
condition, at a rate cqual to the time required for the sound to
pass acoustically from loudspeaker to microphone and electrically
through the amplifying cquipment.  In several seconds, the ampli-
fier will be overloaded, and a continuous loud whistle will he the
only output present.

NCOLI)ICA, PUATHN CASIING ALLOIACN

L ORI AL A EL A LOAVNE

AMPLIF7ERL

LLEC7E /L PATH

Figure 180. A certain amount of acoustical energy re-
leased by the loudspeaker reaches the microphone. If the
intensity reaching the microphone is sufficiently large, feed-
back will result. Methods for ecliminating and preventing
feedback are described in the text.

Should the sound returning to the microphone be greater in
intensity than the original, the feedback action will start just so
much faster. I the sound intensity is but a little less than the
original input, a hang-over effect or ccho will be present.  All these
conditions are equally bad and can successfully be eliminated.

SorutioN of Tk FeepBack ProBLEM. Reduction of amplifi-
cation will always solve the feedback problem. But this is a poor
solution, since the output in majority of cases must be reduced
to so low a point that the sound system no longer serves its purposc.
In some installations, certain groups of frequencies are the only
cause of feedback.  Perhaps this is duc to greater amplification at
these frequencies or to the resonant eficct of the room. Tone con-
trol adjusted to reduce the gain at these frequencies, will eliminate
the feedback due to this cause. But this, too, is a make-shift solu-
tion, for the tone control adjustment not only may solve the feed-
back problem, but also may distort the natural qualities of the
program.

The way to climinate feedback is to prevent sound from the
speakers reaching the microphone of the system. If the speakers
are focused in a dircction away from the microphone, dircct feed-

AUDIO FEEDBACK PROBLEM

Read this paragraph with ecare. Here
you will find the explanation for sound
feedback. Observe that the complete
path of the sound oscillations requires
the travel of the sound in the air of the
room and the passage of corresponding
cleetrical energy through the amplify-
ing equipment.

If you have a ehance 1o operate a sound
system and an opportunity presents it-
self, try 1o produce the various degrees
of sound feedback as deseribed in the
text.

Reduetion of the volume level is the im-
mediate solution if the oscillations start
while the “show™ is going on.
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PRACTICAL REVIEW QUESTIONS

Moving the speakers and microphone
may reduce the tendeney of the system
to oscillate.

2. Give several possible reasons due to
the acousties and the amplifier installa-
tion.

5. You will have to the deeibel

chart.

nse
6. A tenfold inerease in power is needed.

7. And what is the voltage ratio? I this
quantity  obtainable from a practical
circuit?

12. Make a diagram to make your an-
swer clear.

159,236
fxC
the valne of C is expressed in micro-
farads.

14. Use the formula X, — , where

19. Notice that a phase (time) differ-
ence may exist bhetween voltage and cur-
rent, or two voltages, and in the same or
diffcrent eireuits,
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back will be eliminated. However, sound reflected from walls
ceiling, and floor will reach the microphone. The sound in being
reflected, loses some of its energy, so that in striking several walls
in its return path to the microphone, the sound intensity may be
reduced to a low value where it will no longer create any feedback.
Since sound-absorbing materials deaden the sound and absorb its
energy, the use of carpets, heavy curtains and drapes, and special
sound-ahsorbing materials strategically placed will permit the usc
of the public address system at the required volume level without
encountering feedback.

ReviEw QuEesTIoNs AND ProsLeEys. | The velocity of sound
on a very cold day is less than 1,090 feet per second.  Explain why
this is a true statement.

2. Why is it difhicult to understand the speaker in certain audi-
toriums?

3. Explain the method involved in the carbon microphone for
changing sound to clectrical energy.

4. Name several advantages of crystal microphones.

5. What is the voltage output of a phono-pickup?

6. How many DB increase is needed in order to make sound
appear twice as loud? You remember that un increase of tenfold
is needed before the sound appears twice as loud.

7. An amplifier stage having a gain of 31 D.B., represents what
power ratio? (Approximate.)

8. On what main factor does the amplification of an audio
stage depend?

9. Does the audio transformer increase power or does it increase
voltage? Explain the answer.

10. In

operation.

vour own words, define different Classes of tube
I1. What are some of the advantages of resistance coupled

audio stages?  What are the disadvantages?

12.  In a resistance coupled stage, the increase in plate current
will causc the actual voltage present at the plate to increase or
decrease? How do vou explain the results?

13. Make sketches of identical audio stages which obtain their
bias by several different ways.

4. What is the capacitive reactance of a 20 mfd. cathode
by-pass condenser to an audio frequency of 100 cycles?

15. If in the circuit of Question 14, a 400 ohm resistor is used,
which path (the condenser or resistor) will offer less opposition to
the audio current of 400 cycles?

16. Explain three different kinds of distortion which may be
present in an audio amplifier.

17. How docs a vacuum tube amplify?

18. Name several advantages of push-pull operation.

19. How can a change of phase be produced? Name the two
methods described in the text.

20. What are the advantages of Class B amplifiers?

21. How does the dynamic loudspeaker work?

22, What is the turns-ratio between the primary and secondary
of a transformer which must match the tubc plate impedance of
4,500 ohms to a 5 ohm voice coil?




LESSON

Radio Frequency Voltage Amplifiers

Neep ror R.F. AmpLiriers. The radio frequency energy re-
ceived by the antenna is very weak. Since vacuum tubes used in a
radio receiver, except for the power output stage, are voltage oper-
ated devices, we are interested primarily in increasing the voltage
of the wanted station as received by the antenna system. We know
that the amplification can take place at audio frequencies after the
audio component has been removed from the R.F. wave. How-
ever, the audio section can only amplify the intensity of the signal,
while the circuits used for radio frequency amplification not only
amplify the incoming signals, but also select the desired signal from
all the signals which excite the receiving antenna. Radio frequency
amplifiers, in other words, tune-in the desired station and suppress
the signals of the stations which are transmitting but are not wanted
at the moment; besides amplifying the\ signals of the desired station.

InpuT CircuttT.  The input circuit to a radio frequency amplifier
tube consists of a radio frequency transformer. If the transformer
serves the first R.F. stage, it has its primary coupled to the antenna
circuit. The secondary is loosely coupled to the primary and is
tuned with a section of a variable condenser. One terminal of the
secondary is connected to the control grid of the tube used, while
the other terminal is connected to the grid return.* Sometimes
this ground end of the secondary is connected to the cathode
through a by-pass condenser. While this condenser may block
D.C., it presents almost no reactance to the R.F. voltage. Although
the transformer action actually steps the voltage down (since the
mutual inductance is small), the Q of the secondary is high and a
voltage gain results. It is proper to think of the primary as a gen-
erator inducing minute voltages in each turn of the secondary and
all these small voltages adding together. The current, as you can
see, will circulate around the circuit which includes the tuning con-
denser, and we have the equivalent series circuit. The voltage drop
across the condenser will be impressed on the grid of the R.F. tube.
This voltage, present across the tuning condenser, will be exactly
the same as developed across the inductance of the secondary cir-
cuit. You must recall that at resonance in a series circuit, the
voltages across the condenser and coil are equal in value.

The frequency of the station wanted is tuned-in with the variable
condenser. Energy of a frequency will develop the maximum
voltage across each reactance of the series secondary circuit when
that circuit is resonant to this frequency. At the same time, the
stations operating on other frequencies will develop very small inter-
fering voltages. To be absolutely correct, we must admit that the
condenser really tunes both the primary and secondary coils to be
resonant at a frequency which will give the best total result for the
particular station wanted.

*Grid return is considered the remaining connection from the component
part which has its other terminal connected to the control grid. In this
case, it is one of the terminals of the secondary coil.

12

The tubes employed in radio frequency
stages amplify all signals delivered to
them, but the tuned circuits used in
these stages seleet and increase the volt-
age of the wanted frequencies.

This is true for the resonant frequency
and this is the frequeney in which we
are interested.

The L-C combination is made resonant
to the wanted frequency by adjusting
the value of C.
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RADIO FREQUENCY AMPLIFIERS

Courtesy International Resistance Co.

Figure 181. A circuit of a R.F. am-

plifying stage showing the details of
the volume control.
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When a coil is used to couple the first R.F. stage to the antenna,
it is called the antenna coil. When a similar type transformer is
.used to couple two R.F. stages, the coil is called the R.F. coil. Less
impedance may be used for the primary of the R.F. coil and the
coupling employed is further reduced in some coils. The primary
is connected to the plate of the tube of the preceding stage and to
the positive plate supply. The secondary is connected to the grid
of the tube in the following R.F. stage and to the grid return.

Tuses Usep ror R.F. AmpLiFiERs. When only triodes were
available, naturally they were used for R.F. amplifiers. However,
because of capacity effects between the elements, triodes permitted
only limited amplification and had to be operated in a special bridge
circuit which permitted the grid to plate capacity to be neutralized
out. Great progress was made possible with the invention of the
tetrode. This later tube eliminated the need for neutralization
since the grid to plate capacity was reduced and this reduction per-
mitted much higher amplification per stage. The pentode type
tubes are now used in the R.F. voltage amplifier stages and give
even higher gain. The variable mu pentode amplifier tubes permit
the control of gain by the method of increasing or decreasing the
negative grid bias. Other type of tubes would cause cross modula-
tion or other type of distortion.

PLATE MILLIAMPERES

— NEGATIVE GRID VOLTS O

Figure 182. In vacuum tubes with uniformly spaced
grid wires, the grid-voltage plate-current curve is straight
for operating conditions when the grid bias voltage is
not too large. If the negative grid voltage becomes
larger, as required in adjusting the volume for a local
station, operation takes place over the curved portion.
In the super-control grid tubes, any small section of the
curve is relatively straight.

Ovurpur Circurr.  The tube used in a R.F. stage must be loaded
with an impedance that is high to radio frequencies. A resistor of
several megohms would not do because it will also cause a D.C.
voltage drop when the plate current passes, and this drop will leave




very little voltage at the plate of the tube. However, a paralle]
tuned circuit in the plate lead would offer very high impedance to
R.F., while the low D.C. resistance of the coil would permit an easy
passage for the D.C. plate supply current.

In practice, the plate is loaded with the primary of a R.F. trans-
former (R.F. or LF. coil) and this coil winding has the proper
value of capacity shunted through the action of mutual inductance
of the secondary circuit. In adjusting the tuning condenser con-
nected across the secondary of the R. F. coil, you are also tuning the
primary to resonance.

A parallel tuned circuit has different values of impedance to
various frequencies. The maximum impedance is present to the
resonant frequency; i. e., the frequency to which the circuit is ad-
justed. All other frequencies find less impedance. The further
away a frequency is from the resonant frequency, the less impedance
the tuned circuit presents to this off-resonance frequency. The
voltage developed across the load impedance and indirectly trans-
ferred to the control grid of the following stage, depends on the
product of the impedance and the current, E=1X Z. Since the
impedance, Z, is greatest for the resonant frequency which is wanted,
this frequency will produce the greatest voltage on the grid of the
next tube. All other frequencies will produce much smaller volt-
ages.

g Figure 183. The output voltage of a cir-
cuit adjusted to one frequency, will vary as
the frequency is changed.

<20 40 & w0
FREQUENCY LS

Response CHARACTERISTICS. The graph we have included on
this page illustrates the voltage in the output of the stage at different
frequencics away from the resonant frequency. The resonant
frequency is marked 0, and frequencies above and below this value
are considered. Points marked 10, +20, indicate frequencies
greater by 10 and 20 kilocycles, while the points marked —10, and
—20, indicate frequencies lower than the resonant frequency by
10 and 20 kilocycles. Notice how the output drops off as-the
frequencies (off the resonant signal frequency) move away from this
resonant frequency. Twenty kilocycles away, very little voltage out-
put is present.

As you will learn in the next chapter, a broadcasting station trans-
mits audio frequencies up to about 5,000 cycles, and this causes the
radio waves of the station to include frequencies that vary up to
5,000 cycles from the carrier frequency, at certain instants. A sta-
tion transmnitting at 950,000 cycles per second (950 KC.) may at
Jimes have frequencies of 950,000 cycles, plus and minus 5,000
cycles. The side-bands, as these new frequencies are called, will be
in this case 955 KC. and 945 KC., a variation of 435 KC. and
—>5 KC. from the carrier frequency.

R.F. STAGE OUTPUT

At resonance, a parallel tuned circuit
offers very high impedance.

For simplicity, we assumed that all fre-
quencies present had the same value of
current.

If the tuned circuits are adjusted to
some new frequency, this new fre-
quency, in turn, will produce the maxi-
mum voltage drop while all other fre-
quencies (and including the one previ-
ously predominating) will produce
much smaller values of voltage.
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TYPES OF RESPONSE CURVES

A radio station does not transmit a sin-
gle frequency. A bhand of frequencies
arc transmitted, in reality. Thec tuned
circuits should be capable of passing
this entire band, with but little varia-
tion in the amplification.

Various LF. frequencies are used by dif-
ferent receiver manufacturers. Values
of 175, 456, 465 KC. are quite often
used.

The resistance is a function of the fre-
quency when used at radio frequencies.

LF. SELECTIVITY
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LF. selectivity curves obtainable with
the different adjustments incorporatcd
in Hallicrafters SX-28 receiver. Base
line is graduated in KC. off the LF.
frequency of 455 KC. Ordinate scale
indicates loss ratio of voltage.
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A good R.F. amplifier stage will have a response that gives a
curve which is flat across the top. This approximate flatness should
extend to 5 KC. on each side of the resonant frequency being rc-
ceived. In this way, the carrier and the side-bands up to 5 KC. will
be received with equal amplification giving a constant output.
Frequencies beyond this point will represent interfering stations
when this one particular adjustment is made. Therefore, the curve
should be flat across the top for 5 KC. on each side of the resonant
frequency, and then the curve should drop very steeply to the base
line representing no output beyond these points. Such an ideal
curve cannot be obtained in practice, and the curve illustrated repre-
sents good achievement.

INTERMEDIATE FREQUENCY AMPLIFICATION. In the superhetro-
dyne receiver, as explained in Lesson Fourteen, the frequency of
any wanted station is changed to a fixed frequency usually about
450 KC. The original side-bands of the station being received be-
come corresponding side-bands of this new intermediate frequency
or LF. The transformer, LF. coil used to couple such stages, may
be designed to give better results than the R.F. coil which is tuned
to resonance for each station to be received. Let us consider the
limitations of R.F. transformers, which are used to receive many
frequencies, and see how the LF., which is a single frequency trans-
former, eliminates these faults.

We have already learned what type of response curve is ideal for
a broadcast type R.F. amplifier stage, and what type of response
curve is obtainable in practice. You must also understand that the
height of the curve, i. e. the voltage of the output, depends on the
resistance of the circuit. The radio frequency resistance of a coil
(because of the skin effect) changes for different frequencies and is
greatest for high frequencies. This factor makes the amplification
change for various frequencies of the broadcast band, which is 540
to about 1,750 KC.

The shape of the curve obtained depends on the Q of the coil.
If the Q is large, the curve is narrow and has steep sides. If the Q
is small, the selectivity curve spreads out and is almost flat over a
large frequency variation. Since the value of Q is computed by
multiplying the fixed quantity 6.28 by the inductance of the coil in
henries by the frequency of the circuit, and dividing the result by
the resistance which changes but little, the Q varies primarily with
frequency. In the broadcast band, the value of Q may vary by a
ratio of 24, from the lowest to the highest frequency of the band.
This variation, of course, gives different degrees of response to dif-
ferent frequencies. If the R.F. coil is designed to give proper re-
sponse at one frequency in the center of the band, the response may
be too sharp at one end and too broad at the other end.

If the tuned circuit can be made to operatc at a definite single
frequency, it may be designed to give optimum results at this fre-
quency. This is just what is done in the case of the I.F. transformer.
High gain is obtained and the response curve indicates that the out-
put is almost flat within the required band width of 5 KC. on each
side of the I.F., and falls off sharply after these frequencies.

ILF. TransrorMERs. The intermediate frequency transformers
used in commercial cquipment have taken many forms, but most
commonly these transformers consist of a primary and a separate
secondary coils, each coil tuned with a semi-adjustable trimmer con-
denser. A few LF. transformers have only the secondary tuned.
In most cases the primary and sccondary are identical coils, mounted




on a wood doll-rod. The assembly is placed inside a shield-can, and
the one or two trimmers are mounted in the upper section of this
can. Although the Q of the coils is fairly high, the mutual in-
ductance is small (coefficient of coupling, k, is very small, i. e.
coupling is loose) and the over-all voltage gain of the LF. trans-
former is about one or two. The LF. transformer is very selective
and is especially useful for this reason. The required gain is easily
obtained in the high-gain pentode tubes used in the LF. stages.

Figure 184. Inside views of an LF.
transformer. The output type L.F. trans-
former is usually connected to a diode
detector and has four leads coming out
of the bottom. The interstage or input
type L.F. transformer has the grid lead
at the top.

Courtesy Meissner Mfg. Co.

MuLti-Banp Receprion. The frequency covered by any L-C
circuit depends on the value of inductance and capacity. In most
practical circuits, the inductance is of a fixed value selected to give
the required frequency coverage with the variable condenser em-
ployed. The inductance and the maximum capacity of the variable
condenser, will tune to the lowest frequency; while this same in-
ductance and the mirimum capacity of the condenser will tune to
the highest frequency covered by the L-C combination. It is prac-
tical to manufacture variable condensers which have a ratio of
9 to 1 between the maximum capacity and minimum capacity, with
the stray capacities of the circuit included in these figures. This
capacity ratio will give about 3 to 1 frequency ratio. For example,
the broadcast band is about 3 to 1 ratio (540 KC. goes into 1,750
KC. a little over three times). What must be done to receive fre-
quencies beyond this band?

Courtesy Mcissner Mfg. Co.
Figure 185. The coils for multi-

band reception may be mounted
around the band-switch for conveni-
ence and to permit short connecting
wires.

In order to receive frequencies outside of the broadcast band,
usually higher frequencies, either the coil or the tuning condenser
must be changed. It is not practical to change the variable con-
denser gang, and a change in the inductance is made instead. If
only another band above the frequencies the broadcast band is to
be covered, it is possible to tap only a part of the windings of the
coil (secondary) used for the broadcast band. A lower inductance

ILF. AND MULTI-BAND COLLS

How single frequency trausformers (LF.
coils) can be utilized to receive a va-
riety of stations operating at different
frequencies, is explained in Lesson 14.

The adjustable condensers are at the
top of the can. T ese condensers are
adjusted for proper operation and then
need not be altered

Highest frequency is received when the
rotor plates of a variable condenser are
all the way out.

Multi-band reception is preferred since
many interesting programs and foreign
stations may be received on frequencics
outside of the broadcast band.
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MULTI-BAND COIL CONNECTIONS

In some all-wave sets, the trimmers of
the variable condenscr are used for one
of the bands and separate trimmer con-
densers are provided for the coils used
for the remaining bands.

1. Consider the cntire stage.

3. What types of tubces are used in prae-
tice? Why were type 27 triodes used as
R.F. amplifiers at one time?

6. The cxtreme frequencics are wanted
for the answer.

7. Is. this response curve suitable for a
high fidelity receiver?

8. Can this ehange be made in a small
midget receiver?
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then will be obtained. A switch may be used to make this change
from total inductance to a part of the inductance. A multi-section
switch completes this change in several coils (antenna, R.F., etc.)
at the same time.

The better radio receivers, of course, are designed for the re-
ception from several bands, and for best results separate coils are
used for cach band. A multi-contact switch docs the required
switching. The leads to the switch must be very short. In some
sets, the unused coils are left unconnected, but in others the coils,
not used when the switch is in any one position, are grounded or
shorted to ground to eliminatc dead-spots in the band being re-
ceived. Each group of coils may be included in a single shield. One
shield may have four antenna coils for four bands, while another
shield may have four R.F. coils. Since the same variable condenser
is used for -all bands, the trimmers of the condenser gang cannot
be used, and each individual coil emploved has a separate trimmer
to compensate for circuit differences.

The intermediate frequency transformers of a given frequency
serve the multi-band receiver just as well, since on all bands the
superheterodyne action changes the incoming frequency to the fixed
I.F. The circuits used are similar to a regular, single-band re-
ceiver, but extra sets of coils are included.

Review QuesTtioNs aND ProBrLEms. 1. What two functions

docs a R.F. amplifier perform?

2. How do you cxplain that the usual R.F. input circuit appears
to be a parallel circuit, but behaves as a series circuit?

3. Why do pentodes make better R.F. amplifiers than triodes?

4. How does thc impedance of a parallel tuned circuit varies
with frequency? Why is this uscful for radio work?

5. Make a graph of an ideal response curve.
a very poor response curve.

Make a graph of

6. A broadcast station operating on 670 KC. may be sending
out what frequencies during some instants?

7. Sketch a response curve of a circuit having very high ) an
very low resistance. 2

8. What simplc change will be required in a R.F. amplifier
circuit which has been designed for broadcast reception, to receive
police band signals of about 1,900 KC.?

9. Why must the leads to the band-switch be short?




LESSON

Detection

Waat HappENS AT THE Rapio Station. In order to understand
the need for detection in the radio receiver, we must consider what
takes place at the transmitting station. Detail explanation about
transmitter circuits will be given in a later chapter, but now we will
learn the general function of the transmitting station. A special
vacuum tube circuit produces the radio frequency which is assigned
to the particular station. If the station is operating in the United
States broadcast band, the frequency may be heween 540 and 1,750
kilocycles. The radio frequency energy of this circuit is amplified
by many additional stages. The last stage is coupled to the trans-
mitting antenna which radiates electromagnetic waves into space.
It is these waves that induce a corresponding radio frequency
voltage in every receiving antenna.

The radio frequency waves induce an alternating voltage in the
receiving antenna. Since the RMS value of this induced voltage
does not vary, no information is transmitted from the station to the
receiver. We can think of the radio frequency wave ds a truck de-
signed to carry loads, but arriving at the destination (receiver) with-
out any load. The truck itself serves no purpose; it is the load (that
is speech, music, telegraphy, or television) in which we are inter-
ested. It is obvious, therefore, that the radio frequency energy
transmitted by the station must be loaded with “communication” we
wish to transmit to the receiver.

In radio telegraphy, the radio frequency energy or the carrier
frequency is interrupted in accordance with a code which is used to
spell out words. Such transmitters are called CW (continuous
wave) and are keyed by the operator. It is also possible to begin
with sound, voice or music, amplify this sound with the equivalent
of a public address amplifier system, and use the audio energy avail-
able to vary the intensity of the radio frequency wave transmitted
by the station. Pleasc observe that the frequency of the radio fre-
quency wave is not altered, but the amplitude (height) of the wave
is varied in accordance with the audio frequency variations.* When
the carrier wave is so varied or modulated, the voltage induced by
this station in the receiving antenna will also vary in accordance
with the audio frequencies originating in the studio at the station.
The information necded is carried by the radio wave, but the actual
information is of an audio frequency.

WuAT HappPeNs IN THE REceIVER. Among all other signals, the
antenna of our receiver is having a voltage induced upon it cor-
responding to the frequency of the station we wish to receive.  This
radio frequency signal is varying in intensity (amplitude) in ac-
cordance with the audio variations of the sound being transmitted.
The radio frequency of this varying amplitude is amplified by the
R.F. and LF. section of the receiver. The resulting voltage de-
livered to the detector stage, which is located before the audio
section of the receiver, is similar to the varying voltage received by
the receiving antenna but is much larger in value.  The job now is

*Reference is made to the more commonly emploved type of amplitude
modulation. In frequency modulation (F.M.), the frequency is varied.

13

Here is an explanation of radio trans-
niission.

The instantaneous valuc does vary at a
radio frequency rate, but produces no
effcet as far as the response from the
speaker of the receiver is concerned.
The average value over several cycles
must vary to produece an audio response
in the speaker.

Actually, the power transmitted is in-
creased.

The voltage on the receiving antenna
will vary with the audio encrgy.

Not only is this wanted voltage ampli-
ficd, but all other voltages (of stations
operating on other frequencics) are re-
duced and suppressed in the same
process.
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CHANGES IN R.F. WAVES

Morc commonly, demodulation is sim-
ply called detection.

You are really visualizing the appear-
ance of the voltage variations over a
period of time. The vertical scale is
used to represent the value of the volt-
age, while the horizontal scale repre-
sents time with the later instants of time
to the right.

The R.F. carrier waves are sine waves.
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to remove the audio variations which were placed on the radio
frequency carrier at the transmitting station. As you can see, in
the audio section of the receiver we no longer need the R.F. carrier.
Thinking of the carrier once again as a truck and of the audio
frequencies as the load, we are now at the place where the load
must be removed. Since we have plently of our imaginary trucks,
once the loads are removed the trucks can be junked. The detector
performs this function of removing the audio signals. Since the
process of placing the audio on the carrier is called modulation, the
removal of the audio may be called demodulation.

APPEARANCE OF THE Rapio-WAVE VoLtace. It is possible to
visualize the appearance of the voltage produced by the radio wave
from instant to instant. A transmitter, when no modulation is
present, impresses pulses on a parallel inductance-capacity circuit
tuned to resonance, and sine waves of the natural frequency of
this circuit are produced. There are as many such waves per second
as the numerical value of the frequency in cycles per second. Audip
modulation increases or decreases the intensity of the pulses de-
livered to the L-C circuit, and the resulting wave form will be in-
creasing or decreasing in accordance with these audio variations.
Since a larger voltage of the pulse, shocking the circuit, will produce
a sine wave which will be larger, both the lower and upper sec-
tions of the train of sine waves will increase. As the illustration
shows, the constant maximum amplitude R.F. carrier is increased
or decreased in voltage (height, amplitude, intensity) in accordance
with the audio signal. The envelope of the modulated R.F. wave

I
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CARRIER FREQUENCY

AUDIO FREQUENCY
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RADIO FREQUENCY

Figure 186. The radio frequency carrier is a succession of sine waves
at a definite frequency and of equal maximum amplitude. The audio fre-
quency, produced by a musical instrument or voice, has a changing fre-
quency between about 25 and 5,000 cycles, as used in radio work. The
audio frequency varies the amplitude of the carrier, as illustrated. The
detected wave contains only the upper portion of the received, modulated
radio frequency.




forms a pattern above and below the wave train, and this pattern
is the representation of the audio frequency which is modulating the
signal. Notice that the lower envelope is this audio frequency also,
but in reverse.

With any varying signal, the average voltage over several cycles
will be zero. This is so because the voltage of the wave increases
and decreases by the same amount over the adjacent R.F. cycles.
The detector must climinate (or greatly reduce) the lower portion
of the R.F. voltage curve. Further, the remaining upper portion of
the R.F. voltage train (as modulated by the audio frequency) must
be smoothed out so that an average audio signal will remain. Sev-
cral different type of detectors are used in commercial practice.

CrysTAaL DETECTOR. Although in modern radio sets, vacuum
tubes are used as the detectors, in the early days of radio and for
micro-wave work at present, crystal detectors found a ready applica-
tion. A crystal detector consists of a mounted crystal of some
special material such as galena, iron pyrites, or carborundum, and
uses a thin copper wire to make the needed contact. When an
alternating current of any frequency is applied to the crystal, it
flows in one direction only. When the voltage reverses its polarity,
the crystal presents a very high resistance. Since the upper portion
of the wave train of the R.F. represents polarity in one direction,
while the lower half represents polarity in the opposite direction,
detection will take place.

A small capacity condenser (about .0003 mfd.) is placed across
the crystal output circuit. This condenser must not be so large
as to by-pass audio signals, but it must be large enough to smooth
out the gaps between the half-sine-waves and produce an average
value of voltage which will correspond to the audio voltage origi-
nally used to modulate the wave at the transmitter.

Diobk DeTECcTOR. A diode section of a vacuum tube can be used
in place of the crystal detector. A diode, of course, conducts only
when the plate is made positive. This fact will permit detection
to take place. The voltage is developed across the load resistor,
and then is impressed on the audio amplifier.  The small condenser

shunts this load resistor and smooths out R.F. variations. In prac-
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Figure 187. A biased or power detector is operated at that

point of its characteristic curve where a much greater plate cur-
rent change occurs on positive peaks than on the negative peaks.

SIMPLE RADIO DETECTORS

To be absolutely correet, we must re-
alize that either the lower or upper por-
tions of the R.F. volitage wave must
be eliminated.

A crystal used for detection passes elec-
tric eurrent in one direction only — just
as any diode reetifier.

A condenser of this type is often used
with other types of detectors for the
same purpose.

Examine the diode deteetor cireuit un-
der B. Figure 188. on the next page. The
resistor in the cathode is the load resis-
tor, while the by-pass condenser, we
mentioned, is across this load.

A practical power detector, of course,
does not use batteries. The required
high bias voltage is obtained with a
10,000 to 50,000 ohin cathode resistor
{see cireunit C, Figure 188).
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OTHER TYPES OF DETECTORS

Hlustration below, eircuit C.

To understand the eurves placed on the
right of the cireuits, you must recalize
that they show the relationships be-
tween grid voltage and plate carrent.
The instantancous grid voltage is plotted
on the horizontal seale, while the plate
current is indicated on the vertical scale.
To fix the ideca, eonsider the bhottom
curve for a power detector. With no sig-
nal, the grid voltage will be at the point
crossed by the dotted line of the I scale.
Very small current will be present. If
the signal is positive at the instant,
shifting the instantancous grid voltage
to the right (positive direetion), the
plate current, 1, will inercase an amount
indicated by the dotted lines. A corre-
sponding instantaneous negative signal
voltage will shift the grid voltage to the
left {(negative direction). However, in
this latter case, the plate current de-
erease will be smaller (much smaller)
than the rise with a corresponding posi-
tive signal voltage.
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tice, the load resistor may be 500,000 ohms, while the condenser
may be .0001 mfd. mica type.

PLATE DeTecTor. It is possible to adjust the bias of a triode
tube, so that the plate current is near cut-off. The grid bias re-
quired may be obtained from an outside circuit or the tube may use
a cathode-resistor circuit.  In the usual practical circuit, the
cathode resistor is between 10,000 and 50,000 ohms.  As you can
see from the illustration, the positive portions of the R.F. will be
amplified a great deal, while the negative portions will reduce the
minute minimum (no signal) current very little.  The plate current
passing through the tube, therefore, will depend primarily on the
positive portion of the R.F. and will reproduce this wave-shape
greatly amplified.

V
z
'—-4
Y svosro¥

]
'
'
}

|
ke—sienvpt > £+ —

>

tramsermes

Eﬁ
C

gw—
g‘ L

= S, £+

Figure 188. A crystal detector circuit is shown in (A). This detector is
essentially lincar to the signal in one direction and has infinite resistance
to the signal in the opposite direction. In illustration (B) a diode detector
is shown. The principle of operation is similar. A power detector, using a
sclf biasing resistor, is shown schematically in (C).
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The result is similar to what we have obtained from other type
detectors, but here we not only produced detection but have
amplified the signal at the same time.  This type of detector em-
ploys a process called plate deteetion. Plate detection is especially
useful for handling large signals and may be used to drive the final
power output audio tube dircctly.

Grip LEak DeTECTOR. This tvpe of detector has a longer history
behind it and is more sensitive than the plate circuit detector. The
grid leak detector has lmited power handling ability and is seldom
used in modern radio receivers.

An examination of the circuit will reveal that the grid does not
have any ncgative bias from any outside circuit. However, even
at zero or slightly negative bias, the grid will attract some electrons




and a very minute current will pass through the grid circuit. The
grid leak resistance will produce a voltage drop because of this
current.  The polarity of this voltage drop is such that the grid
will be at the negative side, while the cathode will be at the positive
side of the grid leak.

The R.F. signal reaches the grid through the grid condenser. The

value of this condenser must be large cnough to pass R.F. without

much opposition, but if it is too large the corresponding audio
voltages built up across the grid leak will be by-passed. The volt-
age on the grid at any instant will depend on the incoming signal.
The incoming signal will be controlling the voltage of the grid and,
therehy, the current in the grid circuit.  But this current will vary
the grid bias; it is this current that produces the voltage drop across
the grid lcak resistor.

We sec that the voltage on the grid will depend on the signal.
We must also realize that the grid-voltage-grid-current relationship
is such that a ncgative signal will alter the value of the voltage
many times more than a corresponding positive signal.

Since the plate current of this triode vacuum tube depends on the
grid voltage, it will vary with the changes in the grid signal voltage.
A ncgative portion of the R.F. signal rcaching the grid will make
the grid more negative, in addition to the negative bias, with a
corresponding change in plate current.

Comparison oF DeTecTioN METiiops. The crystal, diode, and
grid leak detectors draw current from the tuned circuit and, thereby,
lower both the selectivity and gain of the tuned circuit. A prop-
erly designed diode detector gives little distortion and is superior in
this respect to the other types of vacuum tube detectors. Grid leak
detection was formerly used extensively for detection of weak
signals, but the development of improved radio frequency amplifiers
has made this detector almost obsolete except for simple, experi-
mental circuits.

A SimpLE REeceivER. The most basic receiver may consist of
nothing more than a tuned circuit to sclect the frequency of the
wanted station and any detector to separatec the audio from the
carrier frequency. Years ago, crystal sets used a simple tuning

Diagram belowe shaws top. tiew of tube sockets.

140 MME ";!” -
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Figure 190. Circuit diagram of a two tube short-wave radio receiver
consisting of a regenerative detector and a resistance-coupled audio stage.

COMPARISON OF DETECTORS

The operation of a grid leak detector
circuit is difficult 10 understand and vou
may have to read this explanation sev-
eral times to grasp the ideas.

If the circuit across 1.-C draws current.
it has relatively low resistance. This re-
sistanee  shunts the coil and lowers

the Q.

If you can obtain the nceded parts, you
may be interested in constructing this
receiver, Remarkable long distance re-
ception is possible with such a simple
radio on short-wave. If you wish, you
may use type 30 tubes instead. In such
case, the screen grid connection (SG)
of the IN5-G is not used, and 2 volt 4
battery will be needed.
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FREQUENCY TO WAVE-LENGTH

Courtesy Mecissner Mfg. Co.
Figure 191. A short-wave plug-in coil with
adjustable trimmer condenser. This coil is
wound on a four-prong form, but five and
six prong forms are used quite often.

Courtesy Meissacr Mfg. Co.
Figure 192. By placing low
capacity condensers in parallel
with the larger capacity gangs,
finer adjustment can bhe ob-
tained.

1. Can you find a tube that eould be
used as a diodc dctector and also in-
cludes a high gain triode seetion for
audio amplification?
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arrangement and a crystal detector. Of course, all radios also re-
quire headphones or a loudspeaker to change the audio electrical
energy to sound.

A more advanced two tube receiver is illustrated in picture form
and by means of a schematic diagram. This is an interesting prac-
tical radio,* capable of receiving stations from great distances, and
designed to cover wave-lengths from 9.5 to 550 meters with the
aid of plug-in coils. Since the frequency of any radio station is
related to its wave-length, you should know how to change one to
the other.

300,000

Wave-length in meters
300,000
Frequency in kilocycles

Frequency in kilocycles —=

Wave-length in meters =

First let us cxamine the circuit. Two low-drain battery tubes
are used. We alrcady described the regenerative detector.  The
antenna is coupled to the grid coil through a small antenna con-
denser which matches the antenna to the circuit. The tuning is
accomplished with the 140 mmfd. variable condenser. Six plug-in
coils are used to cover the frequencies from 545 KC. to 31,600 KC.
(or 31.6 MC.). The audio stage uscs a resistance coupled pentode.
The headphones serve as the load for the plate circuit of this tube.
Notice that the switch for turning off the unit is placed in the A —~
lead. This switch will break the circuit to the filaments of the two
tubes.  But if the tubes are not heated, they will not conduct any
plate current. Therefore, although the B battery remains con-
nected, it will not supply any current when the A battery circuit is
broken with the switch.

ReviEw QUEsSTIONS AND PROBLEMS.
program is transmitted “through the air”?

1. Explain how a music

2. Sketch a radio wave train which is modulated with an audio
frequency.

3. What property of galena crystal permits it to be used as a
detector?

4. Find a type of vacuum tube which could be used as a diode
detector. Use the characteristic charts.

5. Can the cathode resistor of a plate detector be omitted? Ex-
plain your answer, showing the needed circuit in schematic form.

6. What will happen if the grid leak of a detector is made too
large? Analyze the effects by going over the operation of the
circuit.

7. What special advantages are there to a plate detector?

*Circuit diagram reproduced fromn the “Radio Builder’s Handbook” pub-
lished by Allied Radio Corp.




LESSON

Receiver Circuits

Purroske oF THE Recerver. The electro-magnetic waves from all
radio stations induce voltages in the receiving antenna. Of course,
the amount of voltage depends on the power of the transmitting
station, the distance to the station, and the type of antenna. It is
the function of the radio receiver to select the signal of the desired
station, amplify this signal, detect the original audio signal, and
deliver these audio electrical variations to the loudspeaker. All
this is accomplished with the aid of the circuits we have already
studied.

SELECTIVITY. A radio receiver must separate the signals of any
station wanted from the signals of all remaining operating stations.
The degree of selectivity is the ability of the receiver to perform this
function. Since the broadcast band stations are separated by 10
K.C., selectivity that is sufficient to separate stations 10 K.C. apart
is employed in broadcast receivers.

Sensmmivity. The receiving set must also amplify the incoming
signal voltage to a sufficient degree to operate the loud-speaker.
The sensitivity of a receiver is the measurement of overall amplifica-
tion from the antenna input to the loud-speaker connections. Sensi-
tivity should be as large as practical; it is possible to over do this in
modern high gain sets.

All noise picked up by the receiver, collectively is known as the
noise level. If a station’s signal has less strength than the stray
impulses forming the noise level, that station cannot be received
successfully. Therefore, a radio set that can “go down” to the noise
level is as sensitive as is required.

FmoevLiry. The exactness with which the receiver reproduces
speech and music is an indication of its fidelity. The radio receiver
should not distort, add, change, or alter the original broadcasted
sound in any way.

The required qualities of a radio receiver, which we discussed,
are inter-related. The tuning arrangement permits the selection of
the wanted radio station and, therefore, serves to give selectivity.
But the inductance-capacity, used for tuning, also gives a voltage
gain which makes the receiver more sensitive. In most R.F.
circuits, as you can see, selectivity and sensitivity go hand in hand.
A very selective radio will be very discriminating against all
frequencies except the frequency to which it is adjusted. But a
broadcast station transmitting music must have a channel of about
5 kilocycles on each side of its carrier frequency. The idea of the
channel width implies that the frequency transmitted, and which
must be received for good quality reproduction, shifts around in
the channel. If the radio receiver is sharp (has extremely good
selectivity), it will not amplify all the frequencies in the channel
with equal intensity. But you understand that the amplification
of all frequencies in the channel of a station with almost equal
intensity is the requirement for high fidelity. In designing equip-
ment, a compromise is made between sharp selectivity and fidelity,
since these factors have limiting effects on each other.

14

The majority of radio occupations deal
with the building and repairing of radio
receivers. This fact makes this lesson
especially important.

Radio receivers are successful in per-
forming this function of selecting the
wanted station because radio stations are
separated in the frequency spectrum.

The amplification may take place at ra-
dio or audio frequencies and is of volt-
age amplification type until the last
stage where power amplification takes
place.

This is the requirement for a perfect
receiver. Small discrepancies exist and
are permissible.

We already mentioned these require-
ments in talking about the selectivity
curve of an R. F. amplifier.
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DISADVANTAGE OF TRF SETS

The coil coupling the last R. F. stage to
the detector is also called an R. F. coil.

This trimmer adjustment (alignment)
in TRF receivers is made at the high fre-
quency end of the band (1,400 KC. for
broadcast band). Since at high fre-
(uencics the tuning condcnser has mini-
mum capacity, the shunting stray ca-
pacities bave the most cffect under such
conditions. This is the rcason why these
stray capacitics are equalized at a fre-
quency where they have the most cffect.
Once adjusted at the high frequency
end of the band, the TRF receiver will
tune properly at other points of the dial.

This one paragraph suggests the reason
for the popularity of the superhet eir-
cuit. You better read it once again.
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Fiep STRENGTH. The transmitted radio energy is spread out in
all directions and is quickly reduced to a very low comparative
value. In order to have a method of comparison between the
signals received from various stations and as well as between the
sensitivity of different receivers, it is practical to call the voltage
induced in the receiving antenna, the field strength of the trans-
mitter at a particular point on the carth’s surface. The voltage
induced in a higher antenna will be greater than that set up in
a lower one. Since the voltage in the average antenna is a few
thousandths of a volt (millivolts), the field strength is rated as so
many millivolts or microvolts per meter of the effective antenna
height. An antenna having an cffective height of 3 meters and
receiving a signal 15 microvolts, will have 5 (15/3) microvolts per
meter field strength.

TRF Recevers. A tuned radio frequency (TRF) amplification
stage essentially consists of an input tuned transformer and an out-
put tuned transformer; the latter also serves as the means of input
for the next R.F. stage. These transformers are familiar to us as
coils. If the coil is used to couple together two R.F. stages, it is
called an R.F. coil; if the coil is used to connect the antenna to the
first R.F. stage, it is called the antenna coil.

It is possible to use a number of such TRF stages before the
detector to obtain the nceded sensitivity and selectivity. The
variable condensers used to tune the coils are ganged together for
single dial control. Each condenser section is identical and is of
about .000365 mfd. capacity. Since the condenser sections rotate
together and because the distributed capacity of each R.F. stage is
not necesarily the same, small trimmer condensers shunt each
section and are adjusted to make up for this difference in distributed
capacity.

Some of the older receivers, before 1927, used triodes in the R.F.
sections. These tubes give but little gain, therefore, it was common
to cmploy four such stages. These stages were followed by the
detector.  Since five coils were needed, one between cach of the
stages and one between the first stage and antenna, the tuning con-
denser was of the five gang type. Tetrodes and pentodes used
after this period gave much greater gain per stage. Only two R.F.
stages were used in many TRF sets.

The TRF receiver is made up of several R.F. stages, detector,
and an audio amplifier which usually consists of one voltage ampli-
fier stage and the power stage connected to the loudspeaker. Since
TRF circuits have not been very popular since the real development
of the superhetrodyne circuit around 1930, we will not give tuned
radio frequency receivers any more space.

SinoLE FreQUENcY AxpLiFiErs. An R.F. amplifier can be de-
signed to give exceptionally good results, from the tone quality point
of view, if it is to be opcrated with the channel frequencies of a
single, pre-fixed carrier frequency. In a regular TRF receiver, the
R.F. stages must be adjusted to many different frequencies for the
purpose of receiving various stations. If a way could be found to
change the frequency of any desired station, to a fixed frequency
of the pre-arranged amplifier, but at the same time change the
stations not wanted to some other frequencies, we could obtain
much better results from our equipment. And this is exactly what
is done in the superhet circuit.

Mixing I8 o Non-Linear ImpPepaNce. Let us assume that we
have two generators producing two different frequencies. These




generators may be connected to a resistor, and both frequencies
will be present in the circuit. The resistor is considered a linear
impedance because its graph of voltage against current is a straight
line. The two frequencies superimposed on the resistor will be
present, but no new frequencies will be produced.

A very interesting thing happens when two different frequencies
are superimposcd upon a non-linear impedance. A non-linear im-
pedance is associated with a circuit which causes the current-against-
voltage graph to appear as a curve. Some scctions of all tube
characteristic curves are of this type. Suppose we arrange a circuit
using a vacuum tube so that two different frequencies are super-
imposed and the tube is operated over the curved (non-linear)
portion, what frequencies will be present? Here we have a surprise.
Extensive practical experiments as well as mathematical develop-
ment have shown that besides the two original frequencies imposed
on the circuit, two new frequencies will also be present. These two
new frequencies (created in the circuit) will be equal to the sum
-and difference of the original frequencies. For example, if the
original frquencies were 7 and 12 cycles, the new frequencies are
12—7=5 cycles, and 12-+7=19 cycles. Or if the original fre-
quencies are 550 KC. and 1010 KC,, the resulting frequencies will
be the original two frequencies and also 460 KC. and 1560 KC.

Let us assume that such a mixer tube is connected to a tuned
circuit. The frequency of the station we want is received and is
one of the original frequencies. Now we have a little transmitter
(oscillator) built in the radio which can be adjusted to give any
required frequency. We also follow this mixer tube with several
stages of amplifiers designed for a single frequency reception. Let
these amplifiers be made for 460 KC. and, since this frequency lies
between audio and radio frequencies, we call it intermediate fre-
quency, or abbreviated LF.

If we wish to receive the program of a radio station which is
operating on 670 KC. (WMAQ in Chicago for example), we adjust
our tuning arrangement for this frequency. At the same time, we
adjust our oscillator unit for 1,130 KC. The frequencies reaching
the mixer tube are predominantly this 1,130 KC. oscillator fre-
quency, and the 670 KC. of the desired radio station. These
frequencies are combined in the non-linear mixer, and four fre-
quencies are supplied by the stage incorporating the mixer tube.
These four frequencies are the two original frequencies and the sum
of the two frequencies, and, what we really need, the difference
of the two frequencies. The difference of the two original frequen-
cies will be 460 KC., just what is required for the I.F. amplifier
stages. If another station is to be tuned in, both the station tuning
arrangement and the oscillator must be retuned. If this station is one
operating on 970 KC., then the station tuning must be adjusted
to this frequency, and the oscillator must be set to 1,430 KC., to
produce the required I.F. (460 KC. in this case).

Brock DiacraM OF A SupeRHET. It is possible to represent each
stage of a superheterodyne by a box. The relationship between the
stages is shown by the arangement of these boxes which suggest the
circuit of the receiver. Such diagrammatical drawing is called a
block diagram. Please examine the illustration below.

Beginning with the antenna, we find a stage labeled, R.F. PRre-
SeLecTor. This section may actually consist of one or two R.F.
stages which are tuned to the frequency of the wanted station. In
the lower priced radios, the pre-selector is omitted, and the antenna
is connected directly to the tuning coil at the input to the mixer,

RESULTS OF FREQUENCY MIXING

Here the word curve is used to suggest
curvature. In the mathematical sense,
even a straight line is a eurve.

Your future ability to service superhet
reecivers will depend to a very large ex-
tent on your understanding of the basic
principles explained on this page. Be
certain you understand the action de-
scribed. The explanation is simple and
is carefully covered.

Check this figure.

Is this right?

Block diagrams are exeellent for intro-
dueing eomplex eireuits to the beginner.
The student may obtain a general view
and then learn about the cireuits used
in each stage.
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SUPERHETERODYNE RECEIVER

Any radio receiver may be tested by in-
jecting a suitable signal in each stage.
Usually, it is best to start with the out-
put stage and proceed back to the an-
tenna. When making this test at any one
stage, you fail to obtain a response in
the speaker (while you did obtain a re-
sponse when testing the stage to the
right of this point), the stage under the
present test must be at fault.

A circuit diagram of a radio receiver
or an industrial electronic device gives
hundreds of helpful facts about the
equipment. Only a small number of all
the facts included in the schematic dia-
gram are mentioned in the discussion.

In the normal position, the switch is
completely out of the circuit.
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DIAGRAMATICAL 3KETCH OF A SUPERHET

lst Output
Audio Audio

To all stages

FPower
Supply
Chart and 1dea copyrighted.

Figure 193. A block diagram shows the re-
lationship of the different sections of a radio
receiver. The signal is changed in form and
intensity as it proceeds from antenna to loud-
speaker.

R.F. Pre-

Selector [ | Kixer I.F. Det

The trouble is always to the
right of the section not res-
ponding to teat, ——o=

As we have already mentioned, in some sets a separate oscillator
tube is used, but our block diagram indicates that the mixer tube
combines the function of the oscillator and mixer. Incidently, you
may find that some books call the mixer, a first detector tube.

Although following the mixer stage, we have the original fre-
quency of the station tuned in, the oscillator frequency, and also
the sum and the difference of these frequencies, the L.F. stage
passes and amplifies only the frequency which is the difference of
the frequencies imposed. Most sets have one or two L.F. stages. If
only one LF. stage is used, two L.F. transformers are needed. One
is connected to the input of this L.F. stage, while the second is
coupled to the output and feeds the detector. If two L.F. stages are
used, three LF. transformers will be needed. It is well at this point
to return to Lesson Five, and review the material on I.F. trans-
formers.

Any of the vacuum tube detectors we have studied may be used
successfully with a superhet circuit. Usually a diode detector is
employed, but this is not a requirement. The stage we have indi-
cated as the detector in the block diagram, is sometimes called the
second detector to differentiate it from the mixer stage which is
called the first detector by some authors.

The stages which follow the detector are used to amplify the
audio output from the detector. As indicated, it is common to find
the larger superhets employing a voltage amplifier (1st Aubpio)
and a power amplifier (OutpuT Aupto). The plate voltage is sup-
plied by the power supply, indicated as a separate stage. If a trans-
former is used in the power supply, it also supplies the filament
voltages.

SiMpLE SupERHET CircuiT. Now you are ready to study a com-
plete circuit of a simple superhet. Look over the schematic diagram
of this radio. Observe that five tubes are used; notice that the
filament connections are not shown, but are indicated by X, that they
are to be connected to a winding on the power transformer. Notice
that pilot-light is also placed across this transformer winding.
Examine each part-symbol as included in the drawing. The num-
bers beside each part refer to the parts list which gives a complete
description of the parts. Become familiar with these parts. A com-
plete explanation of the circuit will be given now.

Coil 16 and condenser 11, form a wave trap for the purpose of
keeping out undesirable signals which may cause interference at all
settings of the tuning dial. This wave trap is adjusted once at the
factory and need not be touched. Switch 25 is used to give an ex-
tended range for police station reception, but in our discussion we
will assume that it is placed in the normal position, as illustrated.

You already have noticed that 17 is the antenna coil and 18 is the
oscillator coil. Both of these coils are tuned with the two gang con-
denser. This tuning condenser is of a cut-section type and the
rotating plates of the two gangs are not alike. Since the section
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Figure 194. The different principles which we studied are used in a
complete radio receiver. A radio circuit tells you which parts are em-
ployed, how these parts are connected, and how the equipment operates.

marked 23B, used with the oscillator, has smaller plates, the capac-
ity will be smaller and the frequency produced by the oscillator
will be higher. Of course, the condenser and coils are so chosen that
the higher frequency is always greater by 456 K.C., because this is
the LF. frequency of the radio. The little, semi-adjustable trin-
mers, shown connected in parallel with the condenser sections, are
used to make needed adjustment so that the incoming frequency
and the oscillator frequency will always differ by the required
amount, that is by 456 KC. in this case.

Let us review the operation of the mixer-oscillator stage which
uses a type 616 pentode and is called “lsT DET. & Osc.” in the
drawing. We turn the variable condenser (23A and 23B) until the
antenna coil and the condenser are tuned to receive the station we
want. This station’s frequency is impressed on the grid which is
adjacent to the cathode. Observe that the grid return, made through
the secondary of coil 17, is connected to a tap (junction) of the
resistors used for cathode bias (resistors 12 and 1). This circuit,
thercfore, places less negative grid voltage on the grid we are con-
sidering than on the suppressor grid adjacent to the plate. You
recall, of course, that the ground may be considered most negative.
Coil 18, and the tuning condenser are so connected to the
clements of this tube that oscillation (production of radio signals)
will occur at a frequency determined by the coil-condenser com-
bination. The frequency which will be produced at the setting we
have made will be just 456 KC. (the ILF.) higher than the fre-
quency of the station we wish to receive. The mixer tube will
produce the sum and difference of these frequencies, but only the

Refer back to the schematic diagram as
you read this description.

It is assumed that the receiver is prop-
erly adjusted to produce these results.
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UNUSUAL BIAS SUPPLY

Since these resistors are connected in
series, the same current passes through
each and the voltage drops in each will
be proportional to the resistance.

The voltage drop in resistor 14 is al-
ways between the grid and cathode of
the 6D6 tube.

The field coil of the loudspeaker is used
as the filter choke. This coil has a, D.C.
resistance of 1,875 ohms. The average
total plate current for all the tubes is
about 60 ma. (.06 amperes). Since this
current must pass through the field coil,
we have a voltage drop across this field
equal to 112.5 volts. The power dis-
sipated in the field is equal to 634 watts.
Look up the needed formulas and check
the answers given.

The serviceman takes measurements at
the points indicated and compares re-
sults observed with the values given.
Wide differences suggest possible faults.
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difference (exactly 456 KC.) will pass through the LF. trans-
former, part 31, and will be further amplified. The LF. trans-
formers, of course, are adjusted for the frequency required. These
adjustments remain correct for long periods of time, but occasionally
will need re-alignment.

The LF. amplifier stage uses a type 6D6 tube. There is nothing
unusual about this stage except the cathode return circuit. This
circuit is related to the volume control. Notice that the plate
supply voltage of about 190 volts is dropped to ground through the
series network of resistors 10, 14, and the sections of the potentiom-
cter 24A which is to the right of the slider. Be sure that you have
the resistance values of these units clearly in mind. If the slider is
all the way to the right, only resistors 10 and 14 form a voltage
divider network. Both the bleeder current and the plate current of
the 6D6 L.F. tube flow through resistor 14, to ground and produce a
negative bias from cathode to ground of 3 volts. As the setting of
the volume control (potentiometer 24A) is changed, the negative
bias is increased to a maximum of 30 volts. Of course, the changing
of the volume control setting also causes losses of the antenna signal
to ground to increase, as the slider is moved to the left. Resistor
14 is used to guarantee a minimum required negative bias.

A type 6C6 tube is used as the detector (2np DET.) and is of
the grid leak type. Do you recall the action from the circuit of
the two tube set in Lesson Thirteen? The audio output from the
detector is sufficient to drive a sensitive type 41 pentode output
tube. Condenser 20 is the usual tone correction condenser used
with pentodes. Switch 28 permits the insertion of another larger
capacity condenser for further reduction of high frequency audio
response and the apparent stressing of bass. The output tube is
coupled to a dynamic speaker through an output transformer.
Notice that the field coil of this speaker is employed as the filter
choke. In general, the heavy lines in the circuit indicate places
where plate voltage is present.

You will notice that the cathode of the type 41 tube is at ground
potential although the grid must be at a negative 14 volts. How is
this bias voltage obtained? The entire plate supply current for all
tubes comes from the high voltage winding of the power trans-
former. .The center tap of the transformer winding serves as the
return path, but instead of being connected directly to ground, it
is connected to ground through a 320 ohm resistor, part 15. The
plate current for all tubes must pass through this resistor and will
produce a voltage drop of 14 volts across this resistor. The side of
this resistor connected to the center tap of the transformer winding
is most negative. The cathode of the 41 tube and the positive side
of this resistor (part 15) are grounded. Can we connect the grid
of the 41 tube, to the other side of the resistor to obtain the negative
voltage needed on the grid? Yes, we can and have done this in the
circuit using a network of two resistors. One of these 260,000 ohm
resistors would be enough, but a certain amount of ripple voltage
would then be fed to the grid and result in a loud hum in the out-
put. The extra resistor and by-pass condenser 27, eliminate this.

Very helpful information can be given to a radio serviceman in
the form of a socket voltage chart. A chart of this type simply
shows the sockets of the tubes and tell what voltages exist at the
different terminals in relation to the ground. Please see if these
readings appear normal to you and agree with your expectation.

AutomaTtic VoLuME ConNTROL. There are numerous varieties of
automatic volume control (AVC) circuits, but they all work on the




same principle. The AVC arrangement is intended to maintain the
strength of the signal arriving at the detector nearly constant, thus
compensating for different signal strengths of different stations and
for fading.

It does this by varying the sensitivity of the R.F. and

Ry Ry iR,

C C TOO
2 —“——* AUDI

I AMP
Courtesy Acrovor ‘“Research Worker”

Figure 196. The basic circuit showing the voltage distribution in a mod-
ern AVC system.

LF. amplifiers. Actually, AVC changes the bias on these amplifier
tubes to obtain this action. The actual volume is of course not
kept constant because it depends on the percentage of modulation
at the transmitter. This is being varied in accordance with the
volume of the transmitted sound and music. To try keeping this
constant would be ruining the effect of music.

The schematic above illustrates an AVC system often used in
up-to-date sets. Forgetting for the moment the grid return resistors
in the R.F. circuits, let us begin with the detector. The signal is
rectified by a diode. Current can flow only when the diode be-
comes positive and the coil must then be considered as the gen-
erator. This will perhaps help to explain why the resistor R, will
carry current in the direction of the arrow, making the point P
negative with respect to the cathode and the chassis. This seems to
be difficult to understand by many. The current flowing between
P and the chassis consists of a direct current component, a radio
frequency component, and an audio frequency component. The
condenser C, has been placed across the resistor to pass most of the
radio frequency currents and the audio frequency component is
taken off to be applied to the audio tube grid by means of the
coupling condenser C. The steady voltage at P, which is propor-
tional to the strength of the incoming signal, must now be fed back
to the R.F. and LF. amplifiers, but the A.F. component must be
filtered out and precautions for interstage coupling must be taken.
This latter requirement is accomplished by the network of resistors
and condensers. Since the grids of the amplifying tubes are never
drawing current, it does not matter, within limits, how much re-
sistance there is between the point P and the individual grids.

Resistor R, and condenser C, form a resistance-capacity filter
which smoothes out most of the audio frequency fluctuations.
That it does so is best seen from a consideration of the laws of
alternating currents. Since the condenser which is in series with
the resistor R,, forms a path for alternating currents, a great part of
the audio signal will pass through C, in preference to following the
paths through R;-C,, R,-C,, R;-C,.

AC-DC SuperaeT wiTH AVC. A very interesting, modern su-
perhet will be explained next. Quickly examine the circuit. The
antenna coil is in the form of a large loop and, thereby, serves as
the coil and the source of signal pickup. Provisions are incor-
porated for connecting an outside antenna if desired. No outside
ground should be used with an AC-DC type radio set. A separate
oscillator tube, type 12J5-GT, is used. This tube is wired in a
form of a Hartley oscillator which will be explained in detail in

AUTOMATIC VOLUME CONTROL

All modern radio receivers incorporate
automatic volume control eircuits.

Follow this explanation by carefully
tracing the action explained.

e s

Courtesy Clarostat Mfg, Co.
Figure 197. The same types of volume

controls may be obtained with or without
line switch.

Volume controls are a common source
of trouble in radio receivers. This is
to be expected since volume controls
receive the most mechanical wear of all
parts used in the radio.
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You probably are beginning to see the
similarity of radio receivers.

The filament connections are shown
separately.
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Figure 201. The circuit of Stewart-Warner Models 206B and 206C radio

receivers. This circuit represents the modern trend in the smaller AC-DC
radio sets.
Lesson Fifteen. Please notice that the cathode (K) of the oscil-
lator tube is connected to a tap of the oscillator coil (part 31) and
not to the ground. The cathode bias resistor of the 14H7 mixer
is also returned to this tap. The oscillator signal is, therefore, in-
jected into the mixer (Ist Det.) through the cathode. You have
probably noticed that the smaller superhet, we have studied so far,
did not have a R.F. pre-selector.

The LF. stage is of a familiar type. The type 12SK7 tube is
similar to the type 6D6 used in the first superhet we analyzed.
Notice the color code used for the leads of the I.F. transformers.
The LF. transformer feeding the diode detector is of a special type
with the primary and secondary of the transformer placed closer
together. The type 12SQ7 tube combines a diode detector which
also supplies the AVC voltage, and besides contains a triode sec-
tion which amplifies the audio signal. Review in your mind the
complete action of this stage. It will give you a good review of
diode detector action, ACV, and audio amplification. No pro-
visions have been made for grid bias in the triode section of the
125Q7, but a very small voltage difference exists because of the
fact that different materials are used for electron emission (cathode)
and for the grid, and this voltage* is sufficient for the bias.

A half-wave rectifier is used. The filaments are wired in series
and add up to about 120 volts supplied by the power line. Notice
that the plate current and part of the filament current for the
35Z5-GT tube passes through the pilot bulb. However, if the bulb
burns out, the filaments will still light,

*This voltage difference, about one volt, is called the contact potential.
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A schematic diagram of a 1960 RCA Victor

radio. Note that a ferrite rod loop antenna and
PC-1 couplate (incorporating a number of con-
densers and resistors) are used. Later types
of tubes are used, but the superhet circuit shown
is basically like the ones we just studied.

NEED FOorR ALIGNMENT. In order for a radio receiver to select the
signal of a single station at one time, the various stages must oper-
ate, for any one setting of the dial, in a correct manner. In the
TRF set, all tuned sections should be tuned to the desired station
and must be aligned (adjusted) to receive the same frequency at
the same setting of the tuning condenser.

In the superhet, the problem of alignment is a little different.
In selecting any station, the R.F. section must be tuned to the
frequency of this station, but the oscillator is tuned, at the same
time, to a frequency equal to the incoming station frequency plus
the frequency of the I.F. stages. For example, you tune in a sta-
tion operating on 900 KC. The LF. of this set is 456 KC. For
proper operation at this point the oscillator frequency must be
900 + 456, or 1,356 KC.

It is not often that a set needs alignment. For best results, a
signal generator and an output meter should be used for alignment;
but for the broadcast band, a passing job can be done without
equipment. The methods will be outlined below. The use of a
signal gencrator and other test equipment for this purpose will be
given in Lesson 19.

ALIGNMENT OF SUPERHETS WitnouT EQuipMENT.* In all cases
of alignment, the manual volume control is advanced until the
signal is audible. As the alignment makes the set work better, the
output will become louder. This can be corrected by reducing the
volume with the control as need arises. In sets with AVC, adjust

*See author’s book, Simplified Radio Servicing by Comparison Method,
for more details on radio alignment and repair without equipment.
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In the TRF reeeiver, if the various
tuned stages are not adjusted to receive
the same station for any one setting,
several stations may be heard at the

same time.

Your hearing is more sensitive at low

volume levels.
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ALIGNMENT SIMPLIFIED

In aligning, you actually tune in the
station in the regular way (with the
variable condenser) and then you sup-
plement this tuning with exact adjust-
ment of the trimmers and padders.

Reference is made to Figure 202.

1. What does a tuned circuit do?
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for maximum volume ulso, but remember that the automatic volume
control will try to keep the output at a fixed level. Because of this,
let the amount of background hiss and noise help you judge the
proper point of alignment. Minimum background noise with maxi-
mum volume for any setting of the volume control should be your
guide.

If a tuning meter or tube is a part of the radio, this may be used
as the indicator. The indication of correct tuning will also serve
to indicate correct alignment.

In the superhet, the LF. transformers must be set for the fre-
quency of this section. At first, it is safe to assume that the LF.
transformers arc not much off and may be left alone. Now tune
in a strong local station having a frequency of about 1,500 KC.
Let us say in your locality you have a station operating at 1,350 KC.
You turn the dial to 1,350 KC., but find that the station will come
in best at 1,370 KC,, or 137 on the dial. Set the dial on 1,350 KC.
anyway. Find the trimmer mounted above the condenser gang
which tunes the oscillator coil. (In multi-band sets, this trimmer
will be inside of the can housing the oscillator coil). Turn this
trimmer until the signal comes in as loud as possible without chang-
ing the volume control. This trimmer is No. 5, in the diagram.

Now turn the trimmer of the antenna section gang (also R.F. if
used in the set). The set screw may have to be turned in one
direction or. another. This is adjustment No. 6.

Now tune in a station at around 650 KC. Find the padder con-
denser which is usually mounted near the oscillator coil. While the
station comes in, rock the tuning dial a little up and back past the
point where the station comes in, and adjust the padder for loudest
response.  If the super uses a cut section tuning condenser, the out-
side moving plate of the oscillator section may have to be bent a
little.  The metal plates of a condenser must not touch, however.
The set we described has a cut section condenser.

Now go back to about 1,400 KC. and check up on your work.
Readjust a little. The trimmers of the LF. transformers may be
turned a little at this time. Be careful not to turn these too much,

REVIEW QuUEsTiONs AND Prosrevs. 1. Is it possible to increase
the selectivity of a radio receiver without increasing the sensitivity?
Explain your answer.

2. How do you explain why a long antenna picks up more of
the radiated encrgy?

3. What arc the limitations of ‘TRF receiver?

4. What is your understanding of a non-linear iinpedance?

5. Make a block diagram of a TRF receiver following the type
shown for the superhet set.

6. In the circuit of the Stewart-Warner Model R-144 receiver,
what are the values of the following parts:
Grid leak,
Tone control condenser,
Voltage of the pilot bulb,
Volume control,
Resistance of the ficld coil,
. Line fuse.

7. In the circuit of the AC-DC receiver, how many diodes does
the type 12SQ7 tube have? Are all these diodes used?

fapc o

—

8. In the recciver mentioned in question 7, what is the purpose
of part 27?




LESSON

Electronic Oscillators

NATURE oF OsciLLaTions. Let us connect a good quality con-
denser to a battery. After a short period of time, the condenser
will be charged approximately to the potential of the battery. Now
we will disconnect the condenser from the battery, being careful
not to short the terminals of the condenser, and connect this
condenser to a low-loss coil.  What will take place is of prime
importance, for this same action permits radio transmission. Even
before we had cquipment to detect the cffects of the action which
will take place in this circuit, scientists knew from mathematical
analysis what was to be cxpected. Since then, we have studied the
action of such simple circuits, made up of a charged condenser
and an inductance, and know exactly what takes place.

As soon as the conderser is connected to the inductance, it will
start to discharge and a current will flow through the inductance.
A current in the inductince will set up a magnetic field. After a
short time, the condenser will be completely discharged and have no

stored encrgy, while the magnetic field around the inductance will*

be maximum. Now the magnetic ficld will break down, sending
current through the coil in the opposite direction and charging the
condenser with the reverse polarity. Then the cycle will repeat
itself. As you can see, the current in the circuit is of an alternating
nature, constantly increasing or decreasing with time, and the
action is repcated periodically. The coil and condenser, and no
other parts, have created an alternating current from the D.C. of
the battery used to charge the condenser.

This exchange of cnergy between the capacity and inductance
would continue forever were it not for the losses occuring in the
circuit. The condenser has some losses and, of course, the induc-
tance has resistance present.  All the losses of the circuit may be
cxpressed as an additional resistor connected in series with the
condenser and inductance. If this is done, the condenser and
inductance may be assumed to be perfect without any losses; the
losses have been included in the resistor described. As the alternat-
ing current surges up and back through the circuit (oscillates is a
good way to describe this), a certain amount of power is wasted
in the series resistor. In a pure condenser or inductance, the current
and voltage are 90° out of phase and no power is lost. As each
repetition of the current reversal happens, some energy is used up
in the resistor, and the intensity of the remaining electrical energy
is diminished. Notice the effects on the wave form produced by
the presence of the resistance; the figure shows three different
conditions. If the resistance is very high, so much of the energy
delivered by the charged condenser is used up on the first half of
the cycle of the oscillating action, that.no additional repetitions
occur. This statement tells us that if the resistance of the circuit is
too high, no oscillations will take place.

What determines the frequency of the oscillatory current? We
know that a series I.-C circuit has the least opposition to its natural

15

Oscillator cireuits are employed to pro-
duce high frequeney currents for radio
transmission.  Practical electronic os-
cillators obtain power for operation
from a D.C. source — batteries or a
power supply.

Perhaps you are wondering about the
voltages existing in this oscillating eir-
cuit. The voltage across cach compo-
nent (induetance, eapacity, or resistance
of the wires making up the conneetions)
is changing also. Sinee the voltage
across the induetance is leading the
voltage drop across the resistance of the
cireuit, while the voltage across the eca-
pacity is lagging behind this voltage
drop of the resistance, the voltages
across the inductance and the capaeity
are 180° out of phase. When the volt-
age across the inductanee is increasing,
the voltage aeross the capaeity is corre-
spondingly deereasing. This is to be
expected from the explanation in the
text.

Refer to Figure 212, on the next page.
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NATURAL FREQUENCY

In this formula, f is in cyeles, L is the
inductance in henrics, and C is the ca-
pacity in farads. If L is expressed in
microhenrics and C in microfarads, the
answer for f will be found in megocycles

(MC.).

Memorize these two very important sen-
tences.

Even with very little resistance (losses),
some energy is lost during each cycle
with the corresponding reduction of the
eirculating eurrent, I.

More advanced radio books present
special development for the parallel
cireuit.

Make a simple pendulum using a string
and a weight, and experiment setting
thisz pendulum into oscillation.
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frequency and would favor this frequency. The frequency is, there-
fore, determined bv the expression:

1
6.28\/ LC

=
which is familiar to us from our work in Lesson Seven.  This
formula tells us many things. We can tell from the formula that
the frequency depends on the inductance and capacity. The
frequency has nothing to do with resistance in a series circuit.
Increasing L. or C. lowers the frequency.  Many values of L. and C,
will give the same frequency. provided that the product of the two
gives the same number.

Figure 212.

The oscillations produced
by the same L-C circuit but with different
values of series resistance.

The action of a parallel L-C circuit is very similar and, for prac-
tical problems, the same formula can be applied. However, the
resistance has a minor effect on frequency and for absolutely correct
results a somewhat different formula is needed.

The understanding of the function of an oscillatory circuit is
so important that we will now associate the idea with a mechanical
analogy. Imagine a pendulum—perhaps a weight suspended on a
fine string, or perhaps a child’s swing. We swing the weight all
the way to one side. This is equivalent to charging the condenser.
Now we will let the weight go. It comes down, pauses in its normal
position, and then swings up. The normal position corresponds to
the condenser being discharged and all the energy being present
in the inductance. The swinging-up action corresponds to the charg-
ing of the condenser in the opposite direction. The swinging will
continue, but will it be as great each time? The losses of the
mechanical system, just like the resistance losses in the electrical
circuit, will reduce the amount of the swing and finally will bring
the pendulum to rest. We will come back to this mechanical
analogy again when we talk about producing continuous waves.

It is clear that no particular amount of energy is needed to start
a L-C circuit oscillating. Any amount is sufficient. But the intensity
of the oscillations will depend on the initial amount of energy sup-




plied to the circuit. The reason for the oscillation is due to the
properties of the inductance and capacity. These properties are
determined experimentally and are as decreed by Nature.

ConTiNUoUs OsciLLaTioNs. If our L-C combination can be
made without losses, all the re-occurant waves would be of the
same intensity and the oscillations, once started, would go on for
all time. Of course, all L-C circuits have losses, but this problem
can be solved another way. The losses use up a certain amount of
energy every cycle. If we could replace the lost energy with an
equal amount, the oscillations would be the same, i.e. continuous,
of the same size, and not damped. This is exactly what is done
with the aid of vacuum tubes.

Let us return to our mechanical analogy of the swing. The
swing loses very little of its movement (energy) each time it swings
up and back. Suppose we gave the swing an added push when
it returned to the approximate original starting place, then the
swing action would go on without reduction and without a stop.
This added push must come at the right instant and must be about
right in intensity. It would help little to push too hard or not
cnough, and it would be detrimental to push in the wrong direction
against the motion of the swing. The best place to add the energy
needed is at the end of the swing, at the highest point of the swing,
when the motion is about ready to reverse.

TickLer CoiL OsciLLaTor. All modern = transmitters use
vacuum tubes for the production of radio frequency oscillations.
We know that a vacuum tube amplifies and this suggests the possi-
bility of taking a little extra energy from the plate side and feeding
this energy back to the grid L-C circuit to make up for the losses.
This is exactly what the circuit accomplishes and we will see why
this is so.

Tackier
coil
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Figure 214. A basic vacuum tube oscillator em-
ploys some method for returning a littlp of the energy
from the plate circuit to the grid circuit.

Let us assume that some disturbance, no matter how minute,
has produced a charge on the variable condenser. Stray fields in
the air or a slight potential change in the filament or plate supply
would be cnough for this purpose. Oscillation in the L-C circuit
will take place. The voltage across the condenser will be changing
at the frequency of the circuit, and this volage will be impressed on
the control grid of the tube. This grid voltage change, in turn, will
vary the plate current producing a voltage drop across the tickler
coil. Please refer to the diagram and follow this reasoning. For
the moment we will not consider the .00025 mfd. grid condenser,

CONTINUOUS OSCILLATIONS

It is assumed, of course, that the losses
per cycle are small.

Using the pendulum you constructed,
see if you can keep it in continuous
oscillation by adding, during each
swing-cycle, the energy lost.

The fact that a vacuum tube amplifies,
implies that there is much more energy
in the plate circuit than in the grid
circuit.

Oscillations would take place since the
condenser would have a higher (or low-
er) potential than present, a moment
before, for an equilibrium condition.
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FEEDBACK OSCILLATOR

This impedance (reactance) of the
00025 mfd. condenser is so low for ra-
dio frequencics that its opposition to
R.F. currents may be econsidered equal
to zero,

The oscillations (in a practical circuit)
build up to the maximum value very
quickly — in a fraction of a second.

Actually, electrons are attracted from
the eathode to the grid which is posi-
tive at the moment.

Be sure you understand this action.
Circuits of a similar nature are used in
electronic equipment.

i

_‘- -

1 =
Above are the basic circuits of Hartley
and Colpitts oscillators.
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1
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since it acts as a short circuit to the R.F., or the grid leak resistor
of the valuc indicated which is required to supply a grid return path
and bias.

The encrgy in the tickler coil can be made of the proper intensity
and correct phasc relationship to feed back to the coil of the L-C
combination the required amount of energy to overcome the losses.
In practice, however, more than this amount of cnergy is returned
to the L-C circuit, and so the intensity of the oscillations is increased
with each cycle. This increase continues until the characteristics of
the tube used, limit any further increase. If the tickler is in the
wrong phase relationship, it will prevent oscillation. This is equiv-
alent to pushing the swing in the wrong direction, to come back
to our mechanical analogy. If not cnough cnergy is returned to the
L-C circuit, the oscillations will be sustained for a few cycles, be-
coming smaller each time, and finally dying out.

In the circuit of a tickler oscillator, no regular cathode resistor is
incorporated and the required grid bias is obtained in a special
way. The pulses supplied to the grid are of alternating nature, and
the grid is driven positive during a part of the cycle. When the
grid is positive, it acts as an anode (plate) and conducts cur-
rent to the cathode. Under these conditions, the .00025 mfd.
condenser in the grid circuit is charged, and during the balance of
the cycle this condenser discharges through the grid leak resistor
which may be between 10,000 ohms and 1 megohm. Notice that
the condenser took a charge which made its grid side negative and
the coil side positive. While the condenser discharges, the circuit
is completed by the resistor and the coil. It is possible for the coil
to be the R.F. inductance and at the same time offer a low D.C.
path for the current leaking off the condenser. In this circuit, the
grid leak resistor will be negative at the grid side and positive at the
cathode (ground) side. The voltage developed across the grid
resistor will serve as the bias since it is applicd between the grid
and cathode. Since the energy in the condenser is replenished
everv cycle. and since the discharge rate of the .00025 mfd. con-
denser through the grid leak resistance is relatively slow, the bias
is kept about constant. The oscillator tube is biased to give Class C
operation.

HarTLEY Oscitrator. Many circuits use a tapped coil and a
single tuning condenser to form our L-C circuit. The energy is
fed back through magnetic coupling between sections of the induct-
ance connected in the plate and grid circuits. If the coil has a tap
and is connected to the grid and plate, or to the grid and screen
grid in pentodes, the circuit used is a form of a Hartley oscillator.

Covrpitts OsciLraTtor. In many circuits, only a single coil is
used and the tap is brought to a junction of two capacitors. Such
circuits are named after Colpitts, the inventor of the basic circuit
of this type.

Necative Resistance Concepr.  Physically, negative resistance
does not exist. It is possible, however, to create circuits which will
nullify or reduce the actual resistance physically present in a circuit.
We say that such circuits possess negative resistance which over-
comes regular (positive) resistance. If negative resistance can be
combined with an inductive-capacitive circuit, and kept at a value
which will just nullify the actual resistance present, the L-C circuit
would oscillate without a stop. This technique is used in some
oscillators,




A coil-condenser combination is connected to the grid side of a
vacuum tube. Another coil-condenser combination is connected in
the plate circuit of this vacuum tube, but there is no magnetic
coupling between these coils and no clectrical connection between
these L-C circuits. And yet the inter-electrode properties of the
triode permit the operation of this circuit as an oscillator. This
oscillator is called tuned-grid tuned-plate, or TGTP type. Since
the tetrode and pentode have very little grid to plate capacity, they
are not used to produce negative resistance in this fashion.

LivrratrioNs oF SkLF-OsciLLators. We have already learned
that the frequency of a parallel L-C circuit depends primarily on
the values of the inductance and capacity and to a limited degrec
on the resistance present in this circut. If the inductance, capacity,
and losses of the parallel L-C circuit used in the oscillator could be
kept constant, the unit once adjusted would deliver the verv
same frequency at all times.  However, all these factors change
with temperature, age, voltage, and other conditions.  As the value
of inductance, capacity. or resistance changes because of the con-
ditions mentioned, the frequency will also change.  An oscillator
which has its frequency varying is not stable. A transmitter, using
an oscillator with poor stability, will not stay in the same spot
in the receiver.  The signal will appear to fade and constant
retuning of the receiver will be nceded.  Stability is very im.
portant; frequency drift cannot bhe tolerated; broadcasting stations
must not vary more than 20 cycles from their assigned frequency
which may be 1,000,000 cyeles (1,000 KC.), for some stations.

The amount of encrgy taken from the oscillator has an effect
on the voltage fed back and also on the function of the tube. As
the load is varied, the frequency of the oscillator will also shift.

ELectRON-CouPLED OsciLLator.  In order to eliminate the
frequency shift which may be duc to changes in the load circuit,
a special circuit was developed and employs a pentode radio tube.
Any of the oscillator arrangements we have described can be em-
ployed, but the screen grid is used as the anode (plate) for the
circuit. The plate of the pentode is wired to the load and, since
the plate is not one of the tube elements which function in the
oscillator circuit, the load has little effect on the frequency. The
plate current, of course, is of the frequency produced in the grid
oscillatory circuit. The load may be in the form of a parallel
tuned circuit or a pure resistor.  Electron-coupled oscillators give
the best stability of all self-excited oscillator types.

Quartz CrystaLs. All oscillators of high stability employ
quartz crystals and the study of this material and the circuits cm-
ployed is of importance to the radio technician. When quartz is
distorted mechanically, an clectric charge will be developed; and
mechanical distortion will result if the substance is placed in an
electric field. This property permits quartz crystals to be used in
clectric frequency-control circuits.

The action of an oscillating quartz crystal may be analyzed by
reference to its equivalent electrical nctwork as illustrated.* The
L, C, and R represent the actual crystal equivalent, while the
capacity C, is formed by the metal clectrodes used to hold the

*Many of the illustrations dealing with crystals and their circuits are re-
printed from “Frequency Control with Quartz Crystals.”
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A tuned-grid tuned-plate oscillator.

For example, variations are caused by
vibration of the condenser plates. wires
of the coil, moisture deposits on the
coil ehanging the inductance, change of
tube charaecteristies with age, changes
in the voltage delivered by the power
supply.

Reference is made 10 U, S, broadeast-
ing stations.
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A cireuit of an electron-coupled oscil-
lator. You will observe that a Dasie
Hartley oseillator cirenit is employed.
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QUARTZ CRYSTALS

Courtesy Bliley Electric Co.
A group of natural quartz

Figure 215.

crystals.

Type of reactance offered by a quartz
crystal at different frequencies. Posi-
tive (-+) reactance is inductive, while
negative (—) reactance is capacitive.
At the resonant frequency where the
quartz behaves as a series circuit, the
reactance is zero (center horizontal line
represents zero reactance). At a some-
what higher frequency, the circuit be-
haves as a parallel resonant circuit offer-
ing almost infinite reactance as the
equivalent reactance shifts from induc-
tive to capacitive.

Using the formula for the frequency of
a series resonant circuit (see page 70),
solve for the value of C, for the case
where L is 100 henries, and f is 10 mil-
lion cycles.” (10 MC. frequency is used
for short wave transmission). It is
more important for you to realize how
small C is, rather than to get the exact
answer.
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crystal in place. C, capacity is present if the electrodes are not
in direct contact with the crystal. We will not consider this capac-
ity in our discussion. From your knowledge of resonance, you can
see that at some frequency L and C will have their reactances ex-
actly equal and we will have these two behaving as a series resonant
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Figure 216. The equivalent electrical cir-
cuit of an oscillating quartz crystal.

circuit. This frequency is also called the natural frequency of the
crystal. At a slightly higher frequency, the effective reactance of
L and C combined will be inductive. You recall that a series L-C
circuit behaves inductively at frequencies above resonance. Now
if L and C, acts as an inductance, there will be a frequency at which
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Courtesy Bliley Electric Co.
Figure 217. Reactance curve of a quartz
crystal. Please notice that at a certain reson-

ant frequency, the equivalent series circuit be-
havior is obtained. At a somewhat higher fre-
quency, the parallel circuit anti-resonant action
results.

this equivalent inductance and the capacity C, will form a parallel
resonant circuit. You must realize, from this explanation, that at
one definite frequency the crystal behaves as a series circuit at
resonance, while at another frequency the circuit acts as a parallel
or anti-resonant circuit.

The inductance, L, of a crystal is very large, reaching 100
henries in extreme cases. To operate at high frequencies, the C of
the equivalent circuit must be very small. Since the Q of the cir-
cuit is obtained by dividing inductive reactance by the resistance,
the Q of a crystal is in the order of 6,000 to 30,000. This makes
the crystal circuit have a very steep resonance curve. If any re-
actance of the circuit changes (this may be the changes we men-
tioned and which have an effect on frequency), a very minute
shift in frequency will be enough to bring conditions back to
resonance. This explains why crystals are adaptable for frequency
control work.




Usually crystals are supplied in holders which plug into five or
six prong sockets. Only two prongs arc used and the crystal holder
may fit into the socket in soveral different ways. Always be cer-
tain that you are using the terminals of the socket which are con-
nected to the circuit. Most of the usual cut crystals have a slight
frequency variation with temperature. For extremely accurate
requirements, the crystals arc housed in thermostat controlled
heated containers and all temperature variations are prevented.

CrysTaL Power. An oscillating crystal is a mechanically
vibrating body. Internal stresses are present and heat is developed
as a result of the motion. If the vibration amplitude is permitted
to become too great, the stresses can reach a value sufficient to
shatter the crystal. As a precaution in practice, you should check
the crystal current when a new application is tried. A thermo-
milliameter (which reads R. F. currents) may be connected in
scries with the crystal. Most crystals should have currents less
than 100 ma. If a suitable mecter is not available, a pilot lamp
can be used instcad. Standard pilot bulbs rated at 2 volts, .06
amperes, or the type rated at 6.3 volts, .15 ampercs, ‘can be em-
ployed. The current is estimated by judging the brilliancy and
comparing to the information presented in the graph.

CrysTAL Creaning. Foreign matter, especially oil or wax, on
the surfaces of a crystal may prevent oscillations. The best cleans-
ing agent is carbon tetrachloride, but soap and water can be used.
The crystal should be carefully washed and then dried with a clean
lint-free cloth.
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Courtesy Bliley Electric Co.
222, The basic crystal controlled
The crystal replaces the L-C cir-

Figure
oscillator.
cuit,

CrysTAL CONTROLLED OsciLraTors.*  Ahnost any type of an
oscillator can be made crystal controlled by connccting the quartz
crystal into the circuit in a manner which will permit the crystal
to become the frequency determining clement.  For example, the
crystal may replace the grid circuit L-C in a tuncd-plate tuned-
grid oscillator we talked about carly in this chapter. Very little
energy is used by the oscillating crystal and, therefore, little power
must be fed back to the grid circuit. Even screen grid tubes will
have enough plate to grid capacity to permit oscillation. With
some tubes, however, a small condenser is connected between the
control grid and plate to add capacity.

Grid leak bias can be used. In general, the larger the value of
the grid leak, the greater the bias. and this will be accompanied

*See the footnote

QUARTZ CRYSTAL HOLDERS
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Arrows point to the two corresponding
terminals of a 5-prong and a 6-prong
socket that are used together for a
standard two-prong crystal holder. No-
tice that there are several alternate
choices.
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Figure 221. Pilot lamp current character-
1st1Cs.

This is actually a tuned-grid tuned-
plate oscillator. As illustrated, a pent-
ode is used in the circuit, but a triode
could be employed instead.

The by-pass condensers, C,, C,; C,,
should be .002 mfd. or larger. The
snggested values for the risistors are
given in the text on the next page.

This extra grid to plate capacity should
be very small. Usually, sufficient capac-
ity can be obtained by bringing a wire
from the plate close to a grid connect-
ing wire. A small (10 mmfd. capacity)
variable condenser may be used.
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CRYSTAL OSCILLATORS

The circuit mentioned is illustrated un-
der Figure 222.

Tubes incorporating letters RK are of
Raytheon make. Transmitting tubes
of the 800 series are made by RCA and
other manufacturers.

Where low transmitting power is suf-
ficient, the oscillator may serve as the
ecomplete transmitter. Because of regu-
lations, this is permissible only for code
transmission.

3. If you substitute the quantity in
mmfd. for C, and microhenries for L,
in the regular formula, you will obtain
your answer in megacycles.

6. Is it possible to omit the grid leak
resistor in an oscillator?

7. A part not connected in any special
way.

10. Write the formula for Q. What
effect does L have on the value of Q?
Is L large in a crystal?
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with higher crystal excitation. The higher bias will cause an in-
crease of crystal current and a small gain in power output.

PENTODE AND TETRODE OsciLLaTors. The circuit jllustrated is
commonly used in practice. A combination grid leak and cathode
bias is used. R, is the grid resistor and may be 10,000 ohms, while
the cathode resistor, R,, should be about 300 ohms. The screen
grid must be by-passed and is operated at a voltage lower than
the potential on the plate. Notice the use of by-pass condensers.

Pentode and tetrode tubes, having a high amplification factor,
will provide greatest power output for a given crystal current.
Furthermore, the frequency stability with such tubes is must better
than obtainable with conventional triode oscillators. With tubes
such as the RK-23, 802, and 807 (these are transmitting tubes
and are not listed in the tube data charts in this book), power out-
puts of 10 to 15 watts can be obtained at frequencies above 1,000
KC. with a reasonably low crystal current.

Purposes oF OsciLLaTtors. Much has been said about oscilla-
tors, but the reader may wonder how oscillators are used and what
practical function they perform. An oscillator is a generator of
radio frequency energy. The power for operation comes from a
D.C. source—batteries or power supply. This radio frequency
cnergy can be used as the carrier of a transmitter. Usually, the
power available from the oscillator is not sufficient even for a small
transmitter and additional R.F. amplification is employed. But
the original generation of R.F. is accomplished in the oscillator.
In an emergency, any oscillator can be used as a transmitter. The
antenna is coupled to the tank coil, and code can be sent by in-
terrupting (breaking) the cathode circuit.

ReviEw QUESTIONs AND ProBLEMs. 1. What is the minimum
voltage required to set a L-C circuit into oscillation?

2. What determines the frequency of oscillation of a series L-C
circuit?

3. At what frequency will a circuit consisting of 100 mmfd.
condenser and 100 microhenries choke oscillate? Refer to earlier

chapters for required method to change the units to farads and
henries for use in the formula.

4, What determines the rate with which the oscillations produced
by a L-C circuit, die out?

5. What is the main difference between a Hartley and a
tickler-feedback oscillator?

6. What is the purpose of a grid leak resistor?

7. Can a single radio part possess negative resistance?
Explain your answer.

8. What are the limitations of a self-oscillator?

9. Explain the function of a crystal using the equivalent circuit
to help you with the explanation.

10. Why is the Q of a quartz crystal very high?

11. For what purpose are oscillators used?




LESSON 16

Radio Transmitter Circuits

A CrystaL CoNTROLLED TRANSMITTER. You probably recall
that any oscillator may serve as a low power transmitter. We will
begin our study of practical transmitters by considering a unit which
employs a type 6L6-G tube as a crystal oscillator and contains
the required full-wave power supply in the same chassis. This
simple transmitter will give excellent results and has been used
by thousands of beginner amatcur radio operators.

As the first step, study the schematic diagram. The list of parts
is given and you must know to some degree of accuracy the actual
values of the different parts used. Notice that the complete
schematic illustrates a crystal oscillator similar to the types you
have already studied, and also a power supply which is very well
known to you. The few unusual features will be discussed in
detail when we review the function of the circuits.

Figure 228. The circuit of a crystal oscillator transmitter.

Thousands of individuals in the United
States have operated their own amateur
radio stations and carried on two way
communiecation. Many of the facts
about transmitters presented in this les-
son will stress application for amateur
radio requirements.

Ten to fifteen minutes should be spent
| studying this ecircuit.

Courtesy Standard Transformer Corp.

COMPONENTS
Cl 8-8 mfd. 450 volt electrolytic T9 Stancor P6335 power transformer
C 16 .01 mfd. 400 volt paper condenser CH8  Stancor C2305 filter choke
C 31 .002 mfd. mica dielectric condenser RFC 2.5 uhy. 125 ma. R.F, choke
C 32 100 mmfd. mica dielectric condenser J2 Closed circuit jack
C 60 100 mmfd. midget variable SW1 S.P. S. T. toggle switch
R 1 50,000 ohms, 1 watt carbon resistor
R3 25,000 ohms, 10 w. wire-wound type
R 20 40,000 ohms, 10 w. wire-wound type
R 33 400 ohms: 2 watts, resistor VOIume 2 - PCIqe 151



SIMPLE RADIO TRANSMITTER

Refer to the schematic diagram on the
previous page.

The A.C. cord comes through a protect-
ing rubber grommet. The two stand-off
feed-thru insulators are for the an-
tenna connections.

Since the rotors of the variable con-
densers are at ground potential (see
schematic), they are mounted directly
on the metal chassis.

Circuit diagram, Figure 228. Chassis
illustrations, Figures 229 and 230.

A 150 ma. 6.3 volt bulb is suitable for
this application.
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Compare the schematic diagram with the top and bottom views
of the chassis. You should be able to locate every part indicated
in the schematic in either of these two photographs. If you wish,
you may mark the parts in the photographs with the actual symbol
numbers as shown in the schematic diagram. See how neatly the
unit is wired and resolved to do as good work when you build radio
equipment.

Courtesy Standard Transformer Corp.

Figure 229. Bottom view of the small transmitter described in the text.
It is important that you are able to locate all the parts, as shown in the
schematic diagrams, in the corresponding photographs of the unit.

Let us review how the power supply operates. The power
transformer, T-9, is designed for the available A. C. power line
voltage and frequency. In most cases, this power supply is 110
volts, 60 cycle, A.C. The switch, Sw-1, places the unit in opera-
tion by completing the circuit of the transformer primary. Please
follow our discussion by referring to the circuit diagram and the
two chassis illustrations.

The power transformer has three secondaries. The first one, at
the left, as shown on the schematic diagram, supplies 6.3 volts for
the filament of the 6L6-G tube. Please trace this connection
through and notice that one side of this filament winding is
grounded to the chassis. The middle secondary supplies 5 volts for
the filament of the type 80 rectifier. The remaining secondary
winding is the center-tapped high voltage secondary. Usually, in
full-wave power supplies, the center tap of the high voltage sec-
ondary is grounded. In our circuit, this center tap completes the
circuit to ground (this is the negative plate voltage connection)
through a small pilot-bulb. This bulb acts as a fuse since it will
burn out if the current, taken from the power supply and passing
through the bulb, is too great. The bulb may be used also to
indicate approximately the amount of plate current taken by the
oscillator. In this manner, the bulb may be used as an aid for
properly adjusting the oscillator. Of course, a meter, 0 to 100 ma.




D.C., may be connected in place of the bulb or may be connected
instead into jack, J-2, which is employed for the transmitting key.

From your early study of power supplies, you probably recall
that positive plate voltage is taken from one side of the rectifier
filament connection (or center-tap of the filament secondary if
available). Find this point, and remember for future reference
that this is the most positive voltage point of any power supply.
Notice that the filtering is accomplished with a two section elec-
trolytic condenser, marked C-1, and a filter choke, CH-8.

| V—

Figure 230. Top view of the transmitter. The tank coil and antenna
coupling link are self supporting and are mounted or a form which plugs
into a five prong socket.

Now we can study the circuit of the oscillator. The grid side
of the 6L6-G, oscillator includes the quartz crystal and resistor R-1
used as the grid leak. Placing an R.F. choke (called an aperiodic
coil in this application) in the cathode circuit, produces regen-
eration. The effect of this action provides harmonic output and
permits operation on several bands with a single crystal. Fre-
quency doubling procedure is important and will be explained
later in this chapter.

This oscillator uses a circuit known as parallel-plate-feed.
Notice that the positive plate voltage reaches the plate of the
6L6-G through RFC,, a choke coil. No D.C. from the power
supply can enter the plate inductance L,, since condensers C-31
and C-60 block the passage of direct current. The radio frequency
energy supplied by the tube, on the other hand, cannot enter RFC,
since this choke has very high impedarice (opposition) to R.F.
The radio frequency energy from the tube finds a path through
the condensers C-31 and C-60, to the tank coil, L,. Since the
plate choke, RFC,, and the plate inductance, L,, may be consid-
ered in parallel, we have the name parallel-plate-feed.

-

OSCILLATOR CIRCUIT

By any power supply, we mcan types us-
ing similar eircuits.

Such close placement of parts is per-
missible in small transmitters.

For economy reasons, the amateur op-
erators prefer to use but a single crystal
for operation at different frequencies
on several bands.

Follow this explanation making refer-
ence to the circuit.
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RECFELVING C.W. AND PHONE

The Continental telegraph code is uscd
for radio transmission. It is presented

below.
LETTERS
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Power is required to drive a radio fre-
quency ampliﬁcr in a transmitter. Since
the grid is driven positive, it will take
current and this current must be sup-
plied by the previous stage.
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The L-C load for the oscillator is formed by the coil and the
two condensers, C-60. The lower condenser, C-60, further may
be used to match the antenna line. The plate inductance L,, and
the small winding for antenna connection, are of the self-support-
ing air core type. A different coil is used for cach ene of the ama-
teur bands and, since thesc coils are of the plug-in type, they are
casily interchanged.

It is possible to double the crystal fundamental operating fre-
quency with many transmitter circuits.

The transmitter we have described is intended for low power
requirements and can be used to send code telegraphy. If the
transmitter is placed in operation and an antenna connected, a
carrier wave will be transmitted. Receivers with regenerative
detectors or with a beat-frequency-oscillator (B.F.O.) incorporated
in the circuit, can receive such transmission which will sound as a
buzz of a definite frequency. If the transmission is interrupted
according to the telegraph code, words and phrases can be sent.
The interruption, or keying, is accomplished by breaking the
cathode return circuit. A key is connected to the jack, J-2, and
the cathode circuit is only completed when the key is depressed.
When the cathode circuit is broken, the oscillator stops operating.

When operating the transmitter on the crystal fundamental
frequency or when doubling, the tuning is performed with the
tank condensers. The adjustments are made so as to deliver
the maximum encrgy to the antenna, with the minimum plate cur-
rent. The pilot bulb or plate current milliameter may be used as
the indicator for minimum plate current. Another pilot bulb,
connected to a one or two turn loop which may be held ncar the
tank coil, will indicate maximum energy being delivered to the
antenna when it is brightest. An R.F. ammeter is better for this
purpose.

.

Figure 232. Large transmitters use
tuning condensers which have greater
spacing between plates.

NEED FOrR ADDITIONAL AMPLIFIGATION. The power output from
a crystal oscillator is limited. The crystal current must be kept
within the safe value and even pentodes have a limit to their
power amplifying ability. The question, “Can the radio frequency
cnergy delivered by the oscillator be amplified further in another
stage?” comes up. Certainly another stage, using larger tubes, can
be constructed and excited with the output from the crystal oscil-
lator stage. But we must look out for possible limitations and see
how these are eliminated in practical circuits.

We realize that the voltage, which will be developed across the
plate tank-inductance of the crystal oscillator, will be used to excite
the next amplifying stage we arc considering. Will this voltage
be of the correct radio frequency of the crystal even if the tank
L-C circuit of the crystal stage is slightly detuned? You recall that
the plate L-C circuit actually is detuned in practice to make the




tube look into an inductive circuit. This condition (to return to
our analogy using the mechanical swing), corresponds to the swing
having a natural period of movement different (slightly) from the
period of the force driving it. When the driving force is applied
to the swing, it will begin to move under its influence and assume
its frequency. Since the driving force is present for only a short
period, the swing will try to change its pace (frequency) while
acting on its own, but before this change can become noticeable,
the force is applied again and brings the frequency back under
its influence.

The plate L-C circuit acts very much the same. It is shock-
excited by the energy which has the crystal frequency. After the
shock, while the tank L-C circuit acts on its own, it tries to shift
into its natural frequency, but before much change is accomplished
in the fraction of the ecycle, the next shock-excitation brings the
frequency in line. We can see, therefore, that the exact voltage
of the crystal frequency is available across the plate L-C circuit to
excite the next amplifying stage.

MEetnobs or CourLiNG. The radio frequency voltage from one
stage must be impressed across the grid to cathode circuit of the
next stage. The required grid bias for this stage may be obtained
by any of the methods described, but since grid current is present
during a portion of the cycle, the grid-lcak method is commonly
employed. The grid circuit of the stage to be excited may use a
tuned circuit, but since this will require an extra adjustment it is
not often employed. The plate voltage of the preceding stage is
kept out of the grid circuit with a blocking condenser. This con-
denser is of sufficient capacity to offer negligible reactance to the
radio frequencies. Since the grid is driven positive, grid current
will flow during a fraction of the cycle. A D.C. milliameter in-
serted in the grid circuit will indicate the average amount of grid
current.

Names or R.F. Powtr AmpLiriers. The stages, which follow
the crystal oscillator, amplify radio frequency power. They are
power amplifiers and require driving power to excite their grid
circuits. The R.F. power amplifier stage, which is connected to
the antennna circuit, is called the final power amplifier. Several
R.F. power amplifiers may be used, cach succeeding stage han-
dling more power and requiring greater driving power. If three
stages are used, the stage, between the oscillator and the final
power amplifier stage, is called the buffer stage. If frequency
doubling is accomplished in this buffer stage, it may be called the
doubler. If several stages are placed between the oscillator and
the final, these may be called the first buffer, the second buffer,
etc. In some stages, two or more tubes may be used and these
may be connected in parallel or in push-pull.

NEeuTrALIZATION REQUIREMENTs. In transmitters having several
stages, only the oscillator stage should oscillate. The other stages
must amplify the signals delivered to them. But if any tube has a
fraction of the plate energy returned to the grid side, oscillation
will begin. If the stage uses a tetrode or pentode vacuum tube,
very little capacity coupling exists between the grid and plate cir-
cuits of the tube. In the case of the triode type radio frequency
amplifiers, however, the cnergy fed back to the grid circuit, be-
cause of the grid to plate capacity, must be balanced out. With
the aid of a small adjustable condenser (capacity usually under

ADDITIONAL AMPLIFICATION

This is forced oscillation.

The shocking frequeney is close to the
natural frequency of the L-C used in
the plate circuit.

In considering the coupling of a plate
circuit of one R.F. stage to the grid
circuit of another stage in a transmitter,
the plate load may be tuned L-C, un-
tuned L-C, or untuned L, the grid cir-
cuit may bc any of these or a high
resistance, and any of these (except the
high R) may be uscd with capacity
coupling, link conpling, or mutual cou-
pling.

A popular transmitter with active ama-
teurs is the type which nsecs a self-
cxcited oseillator and a final amplifier.
From the names master oscillator and
power amplifier, we have the abbrevia-

tion MOPA.

Neutralization is required to prevent
radio frcquency amplifiers (nsing tri-
odes) from acting as oscillators.
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NEED FOR NEUTRALIZATION

Good quality neutralizing condensers
must be able to withhstand high voltage,
be casily adjusted, and present the
same (unchanged) capacity for long
periods of time.

| 25 mmfd.), a voltage is fed back to the grid circuit out of phase
with the voltage developed because of the tube inter-electrode ca-
pacity, and oscillation in this stage is prevented.

Figure 234. A high
voltage neutralizing con-

Figure 235. Illustrations of National
neutralizing condensers with the varia-
tion in capacity expressed in terms of the

If a stage of a transmitter which is to
be employed for frequency doubling
does incorporate a neutralizing con-
denser, it may be left at the setting
made for neutralizing this stage for
straight amplifying.

It is important that you know how to
neutralize a radio frequency amplifier:
This process is a part of placing a com-
plete transmitter in operation.

air gap between the plates.

A portion of the R.F. plate voltage may be fed back to the
grid through the neutralizing condenser. A tap on the tank coil
may be used for the purpose of obtaining the correct value of
voltage and proper phase relationship. Such arrangements are
called platc neutralizing circuits. If the entire plate R.F. voltage
is used and dclivered to the grid circuit through the neutralizing
condenser, a tapped grid inductance (or capacity) provides cor-
rect voltage value and phase relationship. These arrangements
are called grid neutralizing circuits.

If an amplifier is used for frequency doubling purposes, it will
not require ncutralization even if a triode vacuum tube is employed
in that stage. In a frequency doubling stage the main energies
of the plate and grid circuits are of different frequencies, and
no oscillation will result even if there is considerable coupling
between the grid and plate circuits.

How To NeurtraLizE A R.F. AmpriFier. If a radio frequency
amplifier uses a triode and is not employed for frequency doubling,
it must be neutralized. The stages before the one to be neutralized
must be in operating condition properly adjusted. This will permit
the stage which is to be neutralized to receive grid excitation. In
all cases, the plate supply voltage, to the tube of the stage to be
neutralized, is removed. Sometimes, a special switch is provided
for breaking the plate supply circuit. If such a switch is not in-
corporated in the circuit, the B4 wire may be disconnected. The
filament of the tube used should be heated from the power supply
while making these adjustments.
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When a radio frequency amplifier (using a triode) is properly
neutralized, the grid circuit may be excited, but no R.F. energy
should be present in the plate circuit while the B-}- is not present.




A sensitive indicator of R.F. is needed for the plate circuit for this
test. A neon bulb, in contact with the plate connection of the
tube, may be employed for this purpose. A small pilot-bulb, con-
nected to several loops of wirc held close to the plate coil, may
also be used. With conditions as described above and the indi-
cator in place, rotate the plate circuit tuning condenser for maxi-
mum indication of R.F. shown by the maximum brightness of the
bulb indicator. This will occur at resonance and indicate the need
for neutralization. Now turn the neutralization condenser until
the light of the indicator goes out. It may be possible to bring
the light back (probably very dimly) by rotating the plate tuning
condenser once again. Adjust the neutralizing condenser again
for minimum light. If required, repeat this procedurc once again.

e

Figure 237. Inside, top view of a two-stage modulg\ted_ transmitter. See
if vou can find the corresponding parts in the schematic diagram.

If the stage being neutralized has a grid current meter, it may
be used to check your adjustment. In a properly ncutralized R.F.
amplifier, the grid current will remain constant as the plate L-C
tuning condenser is tuned past resonance. If the necutralization
was not carried out correctly, a flicker of the grid current meter
needle will be observed as the plate circuit is tuned through reson-
ance.

A Two Stace TransmirTER. You will notice that the crystal
oscillator stage of this transmitter is not tuned. The output of
this untuned stage drives a final amplifier which uses a 6L6 tube
and is tuned with condenser C-60. If a key is wired to a plug
and inserted into the jack, J., the transmitter may be used for
telegraphy (C.W.) and the audio stage, in the lower left hand
corner of the schematic, is not used. Please observe that when
the key plug is inserted, the secondary of the output (modulation)
transformer T-8 is shorted, and the cathode circuits of both R.F.
tubes are connected to ground only when the key is depressed.

NEUTRALIZATION METHODS

Onc terminal of the ncon bulb is
brought in contact with the plate term-
inal. The circuit is comnpleted through
the capacity cxisting between the bulb
and the chassis.

If the light docs not go out completely,
minimum light will indicate correet
adjustment.

The placement of parts on the chassis
of this transmitter is logical and sim-
plifies the wiring.

After ncutralization, the plate voltage
is applicd and the stage is tuned for
proper operation.

That is, this stage is not tuncd manu-
ally. The signal produced is of the
crystal frcquency.
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Figure 238. Stancor-10P transmitter.

COMPONENTS

4 mfd. 450 volt electrolytic
10 mfd. 25 volt electrolytic
.01 mfd. 400 volt paper condenser
.1 mfd. 400 volt paper condenser
.002 mfd. mica dielectric cond.
250 mmfd. mica dielectric cond.
50 mmfd. mica dielectric cond.
100 mmfd. midget variable cond.
25,000 ohms, 10 w. wire-wound
1,000 ohms, %2 w. carbon resistor
500,000 ochms potentiometer
25,000 chms, Y2 w. carbon resistor
100,000 ohms, 1 w. carbon resistor
5,000 ohms, 1 w. carbon resistor
300 ohms, 10 w. wire-wound
25,000 ohms, 1 w. carbon resistor
Stancor A4706 microphone transforiie:
Stancor A3871 modulation transformer
Stancor P6335 power transformer
Stancor C2303 filter choke
2.5 uhy. 125 ma. R.F. choke
S. P.S. T. toggle switch
Open circuit jack
Two circuit control jack
O-100 ma. D.C. type

Review these steps in this order: From
your understanding of audio amplifiers.
yvou know that the voltage developed
across the primary of the modulation
transformer is controlled by the sounds
reaching the microphone. This voltage
is transformed to the secondary of T-8.
This new voltage adds or subtracts from
the supply voltage connected to the
final amplifier tube. The intensity of the
oscillations produced by the L:C tank
circuit (C-60 and L,) is proportional to
the actnal voltage present at the mo-
ment.
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Only onc adjustment is needed. Condenser, G-60, is adjusted
to give minimum plate current as indicated on the 0-100 ma. plate
milliameter. Loaded, the correct value will be about 40 ma. The
transmitter can be used for doubling.

The power is turned on with the switch in the transformer
primary circuit. The switch, Sw, in the center tap connection
to the high voltage sccondary, breaks the plate voltage circuit
and stops the transmitter from operating. This switch is used
to shut off the unit during the stand-by periods while signals are
being received. Since the tube filaments arc kept heated, the
instant the plate supply circuit is completed with this switch, the
transmitter is ready for operation and no delay results.

Movutration.  To transmit music or voice, sound must be
changed to electrical energy and amplified.  This is accomplished
with a microphone and a simple audio amplifier. Please notice
that our modulator (incorporated in the transmitter chassis) is
designed for a carbon microphonce. The microphone current is
obtained from the cathode circuit of the medulator 6L6 tube. A
single tube serves in this circuit, but modulators may consist of
many audio stages.

Please notice that the plate current for the 6L6 final R.F. ampli-
fier must pass through the secondary of the modulation (matching)
transformer, T-8. This sccondary winding may be considered
equivalent to a series voltage gencrator. This series voltage gener-
ator may add or subtract voltages from the power supply voltage
and, thereby, alter the amplitude of the R.F. carrier produced by
the final stage. But the actual voltage impressed on the secondary
of the modulaticn transformer is a function of the audio signal,
and so you can sce that the carrier is being varied at the audio
rate. This is the condition required for the carrier to be amplitude
modulated. Other forms of modulatior: are also used and the
modulator must supply the proper amount of audio power for cor-
rect percentage of modulation.

For power economy reasons, the radio frequency tube modulated
usually is operated in Class C. The tube modulated may be the




one which is the final stage of the transmitter and is connected to
the antenna. However, if the modulated stage is not the final,
and additional stages follow, these stages are (in practice) Class B:
Class C cannot be used after the modulated stage.

TuNiNG Procepure. The majority of commercial, medium-
power transmitters (100 to 500 watts input) are placed in opcra-
tion, or fired up, in a similar manner. If the transmitter is in-
tended for ’phone transmission, the modulator is shut off. If
terminals for a key are provided, thesc must be shorted. A care-
ful cxamination of the power controls must be made. You are
safc in placing filament voltage on all tubes, but keep the plate
power off for the time being. The plate power should be applied
first only to the oscillator stage. Usually a plate current meter is
included in the circuit of the oscillator. In some units, the proper
meter can be switched in this plate circuit. In such transmitters,
one meter may serve scveral circuits. The oscillator can be ad-
justed according to the cxplanation given in the previous chapter.

Plate power is now applied to the very next stage. Watch the
meter in the plate circuit of this stage and tune for minimum plate
current. Turn the condenser quickly and stop at the approximate
position for minimum current. Allowing excessive plate current
for a few minutes may damage the tube or other equipment. Once
the approximate position is found, cxact adjustment can be made
with care.

You may now procced to the next stage. The plate power is
turned on and the same adjustments arc performed. The final
stage should be adjusted with the antenna connected, or a re-ad-
Justment will be necessary when the antenna is connected. If grid
current meters are included in the last stages, these may be em-
ployed as a further aid in obtaining the best operation from the
transmitter. You may go back and rctune the different stages
slightly striving for maximum grid current in cach following stage.
Of course, the oscillator is never re-adjusted after the initial cor-
rect setting.

Review QuEesTioNs AND ProsLims. 1. How could a simple
crystal controlled transmitter, described in this chapter, be con-
verted for battery operation? What parts could be left out in this
case?

2. Describe the condensers which are used to by-pass R.F. cur-
rents and tell of their position in the circuit.

3. What type of socket is used for the crystal? You can find the
answer in one of the illustrations.

4. If the pilot-bulb burns out and a replacement is not available,
how can an emergency repair be accomplished?

7. Why are several stages used in most transmitters?
8. Why must a R.F. triode amplifier be ncutralized?

9. Tell in your own words how you would ncutralize a stage
of a transmitter.
10. What precautions must be taken in firing-up a transmitter?

MODULATION AND TUNING

! |
0

L

Figure 240. The audio wave shown in (A)
is made to act upon the circuit producing R. F.
carrier (B), and the modulated wave (C) is
the result.

This process is continued for all the
stages of the transmitter. If neutraliza-
tion is needed in any one stage, this is
carried out before that stage is tuned.

U

]

Figure 241. A block diagram of a typical
‘phone transmitter of about 100 watts power.
The modulation may take place in any stage
cxcept the oscillator, but all stages following
the stage which is modulated are operated as
Class B amplifiers. The buffer stage is shown
in the block diagram as the stage being modu-
ated.

4. Reference is made to the pilot bulb
used in the one stage transmitter.

7. Is there a limit to the number of
stages that could be used?
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LESSON 17

In fact, every conductor (in the broad-
est sense) has the properties of induct-
ance, capacity, and resistance. In the
practical sense, only one of these prop-
erties predominates.

At low frequencies (power frequencies,
for example) these effects may be
ignored.

These fields are always at right angles
to each other, but their complete analy-
sis requires the knowledge of higher
mathematies.
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Lines, Antennas, and Radiation

Circurts wITH DisTRIBUTED CONSTANTS. You must realize
that even a straight short piece of wire has both capacitance and
inductance. In considering a piece of wire, focus your attention
on a very tiny piece of the wire at one end and another tiny piece
of the wire a short distance away. Certainly these metal pieces,
as such, are separated by the wire between them which may be
considered as a resistor. This wire does have resistance. The two
tiny pieces of wire, we are considering, form the two plates of a
condenser, with the surrounding air serving as the dielectric. No
fixed quantity of air, or any special section of air serves as the
dielectric, but all air (and all other insulators in the universe for
that matter) serve as the dielectric of this condenser which we
described. In a similar fashion, all other tiny portions of our wire,
form condensers with each other.

In a like manner, it can be shown that the magnetic field, pro-
duced by any infinitesimally small portion of the wire, cuts other
sections of the wire and the effects of self-inductance are present.
We begin to see that any wire, which may form a transmitting
antenna, has both capacity and inductance and is, therefore, reson-
ant to some frequency. An antenna acts as a resonant circuit to
a definite frequency, and (under such conditions) appears as a
pure resistance.

RapiaTion. In any oscillating circuit, and this includes a prop-
erly operating antenna, the energy of the circuit is continuously
exchanged between the inductive and capacitive members. While
the energy oscillates between these members, it produces a mag-
netic field when the energy is stored mainly in the inductance, and
an electrostatic field when most of the energy is stored in the equiva-
lent capacitors of the circuit. You must realize that as the magnetic
field is becoming smaller, the electrostatic field is increasing, and
vice versa. The two fields always exist together, continuously ex-
changing the total energy between themselves, not only in the cir-
cuit but also in the surrounding space.

The process of building up a magnetic field around the circuit
(or antenna), having this magnetic field collapse as the energy
takes the form of an electrostatic field, which in turn collapses and
serves to build up the magnetic field once again, takes place in all
circuits at all frequencies. These alternations, however, occur at a
very high rate in radio frequeney eircuits, and before the energy
can collapse back into the antenna circuit, the next oscillation
occurs to re-inforce the energy escaping, and radiation takes place.
The desirable radiation is greatest when the antenna is resonant to

the frequency of the exciting current and when the antenna is
mounted in space free of obstacles.




ResoNnanT Link.  Using a high frequency generator (transmit-
ter), let us connect two adjacent. parallel wires to this generator.
In a practical experiment, these parallel wires (or line) could be
made by mounting two lengths of copper wire on supporting in-
sulators, so arranged that the wires would run parallel, perhaps
two inches apart. The line could be coupled to the transmitter,
by being connected to a link coil placed near the final tank coil.

The encrgy which flows along this line from the transmitter is
not delivered instantaneously to the far end of the line once the
equipment is placed in operation. The energy proceeds along the
line at a definite rate.  If our transmitter is producing a sine wave
voltage, sinc wave currents and voltages occur at all points along
the line but at a time displacement which depends on the distance
from the generator. The end of the line will reflect voltage and
current waves. These may re-inforce or reduce the original waves.
In particular, if the line is an odd multiple of a quarter wave
length (1/4, 3/4, 5/4 of a wave length), the reflected energy will
be in phase with the new waves, and large standing waves will be
developed.
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Progressive steps showing how a L-C circuit may be
The electrostatic and mag-

Figure 243.
made to appear as a radiating antenna.
netic lines of force exist everywhere in space and originate at the
antenna.

The fields produced by the two wires of a line oppose each
other and very little radiation takes place. The main losses are
the actual resistance losses of the conductors used. A resonant line,
therefore, has small losses and a high Q. As the two wircs of a
resonant line are sprcad apart, radiation incrcases. Radiation re-
sistance (losses of encrgy from the system because of radiation)
also incrcases. If a quarter wavelength line is spread apart com-
pletely, we have a half wavelength long wire with the high fre-
quency generator connccted in the center. Such an antenna is
known as a dipole and has the cquivalent radiation resistance of
about 70 ohms.

InFiNITE LINE.  If the linc we used for our explanation were
made infinitely long, there would be no reflection from the far
end since this end would never be rcached. There would be no
standing waves on the line for any frequency. In looking into the
line, the generator would sce a definite valuc of impedance which
depends on the spacing of the conductors, size of wire used, and
the dielectric employed. This impedance is called the surge or
characteristic impedance. Supposc we cut our line a short distance
from the generator, and consider what this short line sees when it
looks into the balance of the infinite line remaining. You must
understand that a few feet of wire removed from an infinitely long

LINES AND RADIATION

This energy with almost  the

specd of light.

Noves

To fix the idea, assume that at the in-
stant the generated voltage is maximum.
An instant later, this maximum veltage
value will be a distance down the linc.
while the voltage at the connection of
the hine to the generator will be of a
somewhat lower value. Each value of
the voliage exists at definite points
along the line at certain instants,

You may think of this cancellation as
being due to the current moving in op-
posite directions in the two wires of the
line.

Under the usual conditions in a prae-
tical installation.

Infinitely long means without end and
not just very long.

This characteristic impedance depends
on the capacity and lcakage between
the wires, and on the resistance and in-
ductance of the conductors.
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ANTENNA FEEDER SYSTEMS

When looking into an infinitc line, the
characteristic impedance is always seen.

What is more, the short-line can be any
size (length), but it must be of the type
that would have the terminating char-
acteristic impcdance value if this short-
line were made infinitely long.

By selecting different dual set of points
along the antenna, various values of im-
pedance may be secured.

The same line may be resonant or non-
resonant depending on the termination
impedance.
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line, leaves the line just as long from any point of view. Looking
into the infinite line remaining, the short-line connected to the
generator will see the charactristic impedance of this infinite line.
Let us say that in this case the characteristic impedance is 100 ohms.
If we replaced the infinite line with a 100 ohm resistor, the short-
line connected to the generator would behave exactly the same
and would not distinguish between a 100 ohm resistor, or a 100
ohm characteristic-impedance infinjte line. In turn, the radio fre-
quency generator connected to the input of our short-line would
see a 100 ohm impedance whether the line is infinite in length and
has a 100 ohm characteristic impedance, or whether it is of finite
size and is terminated in its characteristic impedance of 100 ohms,
as in this case.

IMPEDANCE 62-7001

lz A ANTENNA
e

D

(o

<—64 OR 70 O
CONCENTRIC LINE
ANY LENGTH

Figure 244. A half-wave horizontal an-
tenna, current-fed with a coaxial cable which
has a characteristic impedance to match the
antenna.

FEEDER SysTEMS. A non-resonant parallel wire line radiates a
negligible amount of energy and does not produce standing waves
if it is terminated in its characteristic impedance. The line may
be any size within reason. The effective voltage and current vary
along an antenna, giving different impedance values between any
two points along the antenna. A non-resonant line may have its
two wires make contact to the antenna, a short distance on each
side of the antenna center. By moving the contact points closer
together or further apart, the impedance needed to match the line
is obtained. Maximum power transfer will also occur when im-
pedances are correctly matched.

A single wire feed may be used. In this case, the wire is con-
nected to a point of correct impedance. This point is usually some
distance away from the center of the antenna. The return circuit
is completed through the antenna-to-ground capacitance. The
proper adjustment of a non-resonant line can be checked by striving
to obtain the absence of current or voltage maximum points along
the line. The presence of current maximums can be detected with
a bulb connected to a loop containing several turns of wire. Test
for voltage maximums with a neon bulb in contact with the wire
under test.

If a transmission line is not terminated in its characteristic im-
pedance, it will act as a resonant line. The line may be considered
a part of the antenna wire folded back upon itself. The line will
radiate very little since the fields, produced by each of the wires
of the line, will cancel each other. If the line is connected to a
dipole antenna in the center, the two halves of the dipole are sepa-




rated and cach half is connected to one of the wire leads. Maxi-
mum current is needed in the center of the dipole antenna, there-
fore, the end of the line connecting to the dipole must have
maximum current. If such a line is a quarter of a wavelength long
(or some odd multiple of a quarter wavelength). then the side
which couples to the antenna has maximum current and minimum
voltage. The input to this line will require a source of maximum
voltage and minimum current. Such a line is voltage fed. It
may be connected across the final parallel L.-C circuit.
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Figure 245. The dipole antenna may be fed in many different
ways. In (A) the characteristic impedance of the line is matched
correctly by terminating the line the proper distance away from the
center. A single wire fed line is used in (B). A resonant line is
used in (C) to current feed the antenna. In (D), the antenna is
voltage-fed with a resonant line.

A dipole may be voltage excited; then the line is connected to
an end of the dipole. Only one wire of the line is connected di-
rectly to the dipole. Sce the illustration. This linc is also resonant
and is an odd multiple of a quarter wavelength long. It is fed
from a source of high current and low voltage in the transmitter.

CURRENT DISTRIBUTION

mums will reverse.

antenna feeding methods.
beecome familiar  with
methods.

For every quarter wavelength size of the
resonant line. voltage and current maxi-

These illustrations show four practical

Study and
these Dbasic

Figure 246.

Coaxial cables consist
the inner conductor placed in the exact center position internally.

Courtesy American Phenolic Corp.

of an

external conductor with
The

A coaxial cable is a two wire line with
one conductor completely surrounding
the second. The characteristic imped-
ance of any linc may be eomputed from
the formula:

Zo = \/Zoc'Zsc

characteristic impedance of coaxial lines is well suited for antenna fecder
requirements and, further, these lines have the advantage of radiating
almost no energy even if terminated incorrectly. Notice that beads are
useg to keep the center wire in the proper position even when the cable
is bent.

ANTENNA Types. A dipole antenna has its physical length
equal to one-half of the wavclength of the energy to be radiated.
In a dipole antenna, the current is maximum in the center, and
minimum at the ends. The voltage, in a dipole antenna, is almost

Z.—

where Z, = characteristic impcdance
Z,. — open circuit impedance
short circuit impedance
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TYPES OF ANTENNAS

Sketch this distribution of current on a
full wavelength antenna.

The antenna in the illustration is con-
nected to a quarter wavelength resonant
line.

This is a practical example and is ap-
plicable in case you are called upon to
design an antenna system for an ama-
teur radio station.

Both Hertz and Marconi antennas are
described on this page, directly above.
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zero in the center and is maximum at the ends. If an antenna is
excited with energy of the second harmonic (frequency) the new
energy will be of one-half the fundamental wavelength, and the
same dipole antenna will appear as one whole wavelength long.
The minimum points of current will be at the ends and in the
center. The maximum points of current will lie between these
minimum points. If an antenna, designed for any one frequency,
is to be employed with the transmitter doubling (say fundamental
of 80 meters doubling to 40 meters), the feeding method must be
changed to take care of the altered points of maximum current, or
voltage, distribution. Such ungrounded antennas are called Hert:
antennas.

HIGH CURRENT

// “Low VOLW\
- ?

€ T —
HIGH VOLTAGE

HIGH VOLTAGE
LOW CURRENT LOW CURRENT

\

HIGH VOLTAGE
LOW CURRENT

Courtesy E, F. Johnson Co.

Figure 247. Diagram showing the cur-

rent distribution in a half-wave horizontal an-
tenna with quarter-wave open wire feeders.

The earth behaves as an extensive conducting plane and may
be considered an electrical mirror. If a quarter-wavelength an-
tenna is grounded at one end, the electrical reflection of the
antenna in the earth will appear as another quarter-wavelength,
making an equivalent half-wavelength, or dipole, antenna. Such
grounded antennas are known as Marconi types. These antennas
may be analyzed in terms of Hertz antennas if you will remember
to add the reflection-length which is due to the earth.

For example, if you have a radio station operating on 80 meters
and wish to construct an antenna, you proceed as follows. You
recall that a meter is equal to about 3.28 feet. A dipole for 80
meter operation, will be 40 meters, or 131.2 feet, long. In practice,
the antenna should be made 5% longer than the calculated size.
If the antenna is to be current fed, the resonant line is coupled
to the center of the antenna; if the antenna is to be voltage fed.
the line is coupled to an end point where maximum voltage must
be present.

To use this Hertz antenna for energy of half the frequency; i.e.,
160 meters, the antenna may be grounded and, thereby, made into
a Marconi type. Electrically this same antenna is now a dipole
for 160 meters. This antenna may be current fed by the same
systermn, but the line will come between the end of the antenna wire
and ground connection since this is the new point of maximum
current.

ANTENNA Loaping. If a single antenna is to be used for the
transmission of several frequencies which are not in harmonic re-
lationship with each other, it is not practical to change the physical




length of the antenna for cach such alteration. The clectrical
length, however, can be changed by lumped-impedance loading.
An antenna which is too short may be increased in size electrically
by adding inductance in scries. An antenna which is too long
for the application on hand may be shortened clectrically with
the aid of a condenser connected in serics. If these reactive mem-
bers arc made variable, adjustment to a value suitable for the
conditions present may be made with ease.

-
|
A
a
A B C
Figure 248. Various current distributions

in quarter-wave, grounded, vertical antennas.
In (A) a regular quarter-wave antenna is
shown. Illustration (B) indicates a physically
short antenna loaded at the base. In (C), we
have a top-loaded quarter-wave antenna. The
exact size of the loading coils will depend on
the height of the antenna and postition of
the coil.

ProPaGATION OF Rabpto Waves. The electro-magnetic radiation
from an antenna may he considered to consist of two parts. The
energy which travels along the surface of the carth is called the
ground wave. The energy which is propagated at an angle above
the earth is called the sky ware. The ground wave of high fre-
quency transmitters is quickly lost. At broadcast frequencies, the
ground wave may be of some importance.

HALF WAVELENGTH
[Camar- oy €

Figure 249. Diagram showing a simple half-
wave antenna or dipole. Regardless of how
power is fed to the dipole from the trans-
mitter, it always has the same characteristics.
For maxirnum radiation, it must be cut to ex-
actly the right length.

The sky wave may reach the ionized layer, which surrounds the
entire earth, and be bent back to reach a receiving antenna many
miles away. This phenomena permits communication over great
distances with low power transmitters.  Frequencies above about
30 MC. are not reflected from the ionosphere and, thercfore, can
be transmitted over visual distances only.

The direction in which the maximum amount of radio cnergy
is radiated from an antenna is of importance to a radio operator.
A half-wave (dipole) antenna will radiate maximum energy broad-
side. If the antenna is placed horizontally in the East-West direc-
tion, maximum cnergy radiation will take place North and South

PROPAGATION OF RADIO WAVES

Loading the antenna with a small ad-
justable lumped-impedance is helpful
since it is difficult 1o install an antenna
of the exaetly corrcet size.

Current distribution is altered on any
antenna if lumped-impedance is used.

lhe radiation characteristies of a dipole
antenna remain the same with any type
feeder arrangement.

The ionized layer, also called Kennelly-
Heaviside layer or the ionosphere, con-
sists of charged partieles known as ions,
and acts as a reflector of radio waves.
Changes occurring in this layer are re-
sponsible for fading.
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DIRECTION OF RADIATION

Since a loop antenna has dircetional
pick-up characteristics, a speeial radio
receiver with a loop antenna may be
used 1o locate sourees of radio inter-
ference cveation of man-made statie.

Bear in mind that the change from the
direction of maxinnun radiation to
minimum radiation is gradual.
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Since the maximum radiation will take place at right angles to the
wire direction, it will also occur sideways and upwards, at right
angles to the wire.  If the antenna is vertical, the radiation is uni-
form in all directions along the earth.
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Figure 250. Mcthod for plotting the angle
of radiation for an antenna. The lobes imply
the maximum direction of radiation, but some
radiation, of course, occurs at all angles.

If a full-wave antenna is employed, the encrgy distribution is
such that four lobes of maximum radiation results. If the antenna
is extended East-West, the maximum radiation will be in the four
directions of North-West (half-way between North and West),
North-East, South-West, and South-East. Still more complicated
patterns arc obtained if longer antennas are employed.  If the
antenna is several wavelengths long, most of the radiation will
occur from the ends.
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Courtesy E. F. Johnson Co.

Figure 251. Diagram showing the angle
of radiation fromn a horizontal antenna. Com-
pare the height and angle of radiation of this
antenna with the one illustrated in Figure 250.

Antennas arc placed above the ground and much of the energy
radiated towards the ground is reflected back into space. The re-
flected energy reinforces the original space radiation at certain
angles and cancels the radiation at other angles. These faetors
must be considered in connection with reflecticn from the iono-
sphere in order to obtain the type of radiation which will give
maximum cnergy at the location of the receiving station.




The characteristics of an antenna such as the dipole may be
greatly improved by placing one or more additional dipoles in front
or behind the radiating antenna. These extra dipoles may be ex-
cited in proper phase relationship or may he parasitically driven

PARASITIC  DIPOLE
—— ' > Jour)

1710 WAVE

| RS B
DRIVEN DIPOLE

g o

Figure 252. An additional dipole may be
placed some distance awav from the dipole
which is excited, and parallel to this dipole.
Better directional characteristics may be ob-
tained from such simple arrays.

from the energy of the main radiator. The radiation from these
extra dipoles change the radiation pattern in a manner which may
be helpful. For example, such an array of dipoles may lower the
vertical angle of radiation or eliminate the unwanted signals radi-
ated to the rear of the direction of the receiving station. Further,
this rear signal can be employed to reinforce the forward radiation.

PARASITIC DIRECTOR

[ i €9
1/10 WAVE
—_— DRIVEN DIPOLE * —
1710 WAVE |
PARASITIC REFLECTOR _ ; e
Figure 253. Diagram showing a driven

dipole or antenna located between a director
and a reflector. There is no electrical con-
nection between them.

CoupLiNe METHODS.  The problem of coupling the feed line
to the transmitter is largely one of properly matching impedances.
Since the impedance across the entire tank is usually several thou-
sand ohms, and the impedance of the feed line to be coupled to the
transmitter is much lower, somc sort of transformation must be
accomplish. This may be done by tapping dircctly a section of
the tank inductor or by using an inductively coupled link of a tew
turns.

Review QUESTIONS AND PrROBLEMS.
that a short piece of wire has capacity.

1. Using a sketch, explain

2. Make a drawing of a resonant line and mark the distances
to represent two wavelengths. Show the line coupled to a high
frequency generator. At the instant that the generator voltage
is maximum, show the voltage distribution along the line. As-
sume that the generator produces sine waves.

3. In looking into a coaxial cable of 70 ohms surge impedance,
what does a circuit see? The cable is terminated in a 70 ohm
resistor at the other end.

4. Make a drawing of a dipole antenna with a resonant line feed
coupled to a point of maximum current. Indicate dimensions in
terms of wavelength (14, V2A, etc.).

DIRECTIONAL ARRAYS

Radio locators (RADAR) must use di-
rectional antennas to send the signal in
a single direction.

—
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Field strength measurements may be
made with a simple absorption meter.
The unit is tuned to the frequency of
the radiation. A sensitive meter and
phones are used as indicators and are
plugged into the jacks. The unit may
be used to compare the transmitter
output under different adjustments, to
help neutralize the transmitter, to check
antenna adjustment, and for obtaining
field strength patterns.

2. In this case, the voltage sine wave
will be maximum right at the generator.
At the next quarter wavelength this
voltage will be miniinum, and a quarter
wavelength further along the line, the
voltage will be maximum in the opposite
direction.

4. Refer to Figure 215.
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LESSON 18

This lesson deals primarily with the pur-
pose of test equipment and the ecireuits
and operation of testers which use meter
indiecators.

Figure 262. Radio faults are discov-
ered with the aid of test equipment.

If there is no voltage difference between
the two points selected, the voltmeter ;

will indicate zero volts. ‘

Because the cireuit must be actually
broken to make a current mcasurement,
these measurcments arc not made very
often in servicing and mcasurcments of
voltage and resistance are preferred.

If you follow the suggestion in this para-
graph, you will never damage a mcter.
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Test Equipment Using Meters

Neep ror Test EqQuipmenT. The correct function of radio
circuits can be established by determining the presence of the
proper electrical values at several points in each stage. Since it
is easiest to measure voltage and current directly, and resistance
by an indirect (but simple) method; these measurements are most
commonly employved. Visual and aural tests are also employed.
The oscilloscope, using a cathode ray tube and described in the
next chapter, is especiallly well suited for visual observation of the
signal behavior in its progress through sections of radio equipment.

The correct operation of a newly developed or experimentally
constructed circuit can be determined with the aid of test equip-
ment. In a similar manner, knowing what electrical values to
expect at diffcrent points in various circuits, we can make the
measurements required. The proper or improper measured values
obtained will guide the radio technician to the stage and then
to the actual part or item at fault.

Usinc Inpivipuar Meters.  The voltage between any two
points in a radio circuit can be measured with a voltmeter having
a suitable scale. In all cases, the meter must be able to measure
the maximum voltage anticipated. Further, the rcading obtained
should be indicated somewhere in the center of the scale employed.
It will not do to use a meter having a scale reading from 0 to
1,000 volts, and expect to get an accurate reading of a voltage
around 2 volts. To obtain a correct reading when the value ex-
pected is 2 volts, a meter with a maximum scale of 5 or 10 volts
should be used.

Usually voltage measurements in radio equipment are made
between any point in question and the ground potential which in
most instances is the negative return from the power supply.
However, voltage measurements can be made between any two
points.

Measurcments may be made to determine the amount of cur-
rent passing through a circuit. Most radio circuits depend pri-
marily on a D.C. source of power and D.C. meters are employed.
To make a current measurement, the circuit must be broken (the
wire may be cut or unsoldered at a point). A current measuring
meter, usually a milliammeter with a suitable scale, is connected in
the circuit-break observing the proper polarity. If a D.C. meter is
connected in rcverse as far as the polarity is concerned. the indicat-
ing needle will tend to move in the wrong direction.

A meter with the proper scale should be chosen for the required
measurement, If the electrical value, such as voltage or current.
is not known, it is safe to start with a meter which has a high maxi-
mum value, and if the reading obtained is trivial compared to the
scale employed, a scale (or meter) with a lower maximum valuc
can then be tried.

Values of resistance can be measured with an ohmmeter. You




understand, of course, that an ohmmeter actually indicates the
amount of current flowing in the meter-circuit and in the external
part to be measured, and this current is supplied by a battery in-
corporated in the unit. However, the amount of current, moving
through this circuit, and that which causes a deflection of the meter
needle, is proportional to the resistance being measured. There-
fore, it is possible to calibrate the meter scale directly in ohms.

CoMmBINATION VoOLT-OHM-MILLLIAMMETER. We have already
learned from the contents of Lesson Eight that a single meter
(usually a low value milliammeter) can be employed with a suit-
able sclector switch and resistance network to permit various meas-
urements of voltage, current, and resistance. Such a combination
instrument is called a volt-ohm-milliammeter or a multimeter.
Since different types of measurements are required in radio servic-
ing, a single instrument of this type is more convenient and less
expensive than a collection of individual meters.

WHAT Tue Wrone MEeETER-READING INDICATES.  Your knowl-
edge of radio circuits, the information contained under various
topics, and especially the tube characteristic data charts, suggest
proper values of voltage, current, and resistance for various parts of
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Figure 264. A method for testing coils for short circuit, and continuity.
Short circuits, which should not exist, will be indicated on the chmmeter
as zero ohms resistance. Continuity will be indicated as low values of
resistance.

MAKING TESTS WITH A METER

Review the explanation about an ohm-
meter given in Lesson 8.

The actual terminal contacts shown in
the illustration may be made at any of
the points where the leads from the
LF. transformer happen to terminate.
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TROUBLE-SHOOTING METHOD

It is important to understand that me-
ters and test cquipment do not actually
say, “This part is bad — replace it,” or
“That cirenit is open.™  Meters simply
indicate what values of voltage. current.
resistance, ete., exist in different cireunits
and this information. coupled with vour
knowledge of the correet values expected
suggests a possible fault or the realiza-
tion that the particular scetion of the
cireuit is functioning properly.

ot - Otonn - Nowdad
1957
RADIO
DEAGRAMS

P N

A circuit diagram of the
rceeiver to be serviced, of
coursc, will prove of great
help. The publishers of
this course have issued
manuals  of most-often-
nceded  radio  diagrams.

18

A very similar servicing technique
employed with electronic cquipment.
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any circuit.  The usual servicing technique is to proceed to ascer-
tain whether the values at different points are as expected.  If the
values are not right, then vou can determine with further tests
what actual components or items are at fault and arc upsctting the
operation to the extent of giving vou the incorrect reading.

Let us consider an example. You turn on a radio receiver and
find that it docs not operate.  Noticing that the vacuum tube fila-
ments glow a dark red, you will know that power is heing
to the radio and is being delivered to the filaments, Next vou
choose a voltmeter with « sufficiently high scale (usually 300
volts) and mecasure hetween the point of B voltage
Your knowledge of power supply circuits will enable vou to locate
this point. If vou obtain the expected reading (anywhere from
200 to 300 volts in an A.C. radio receiver) then VOU iy assume
that the fault docs not exist in the power supply dind vou may
proceed to muke other tests.  On the other hand, if the voltage
obtained is unusually low or is missing completely, then the power

supply is at fault and only this stage need be tested further to locate
the actual trouble.

WaaT MeasvremenTs Hire You To Fino tue Favet, Before
any measurements are made, the radio unit to be repaired must be
carefully examined visually.  You should try to find some very
obvious fault which may exist and also become familiar with the
type of circuits that are combined to make up the complete radio
unit.  On one job, you may find that the radio receiver is of the
A.C. operated type, has six tubes, und is a superhet.  You will also
notice the function of cach tube. This radio sct is made up of a
pentagrid converter mixer stage, onc LF. stage, a separate diode
detector also supplying AVC, an audio voltage amplifier stage, and

the power output stage. One tube is also used as the rectifier for
the power supply.

supplied

and ground.

— —

TEST < 100 omm resistor

LEAD3 = Any watjlage, coet 37,
L r

Figure 266. The presence of voltage may
be observed with the aid of a resistor and
test leads. This is an emergency method for
locating faults and should not be used if test
instrumients are available.

If the tubes light when the power is turned on, a voltmeter may
be used for a quick test to determine that plate voltage s present at
several points.  Tests are made to determine that circuits under
suspicion are not at fault. A grcat many tests may be required
before the actual fault is localized. If power failure is detected,
the ohmmeter may be employed. The set must be in operating
position (power switch on) for voltage tests; but the power must be
off for ohmmeter tests. Besides measuring the actual values of re-
sistors, the ohmmeter may be used to test for continuous (unbroken)
leads, and for open circuits and short circuits. For example, if two
points (terminals) arc wired with a piece of hook-up wire, they
will test zero ohms. A paper condenser. when not at fault. will show
open circuit; ie., very high resistance. Windings of coils will test
as low resistance, 5 to 70 ohms.

Occasionally it is advisable to make a current measurement. The
proper setting is made on the multimeter. and the circuit to be
tested is broken for the insertion of the test-meter.




TuBe TesTers. Although faults in vacuum tubes can be de-
tected without the aid of a tube tester, to make a positive statement
that a vacuum tube is in good operating condition requires the use
of a good tube tester. Testing and replacing tubes constitutes a
large amount of work of radio servicemen. A very large number
of apparent radio receiver defects do not actually require any
repairs, but merely a replacement of one or two tubes.

Figure 272.

Difterent test methods are used by the various tube-tester manu-
facturers. Tube checkers and testers are usually A.C. operated and
employ from six to as many as twenty-five sockets. The grid-
shift method is commonly used in the testers. The grid voltage is
altered a small amount which in turn causes a corresponding change
in the plate current. This change in the plate current is the index
by which we judge the condition of the tube and this current is
indicated on the meter. The tube-tester meter is usually marked
GOOD-BAD, so that the public can understand the results. If
A.C. is employed as the grid voltage, the test is called dynamic. If
D.C. is used, the test is static.

In some testers, the majority of the elements are tied together,
in others cach clement receives a relatively correct potential for
the test. In the emission type tester, all the elements are tied to-
gether with the exception of the cathode and the filaments and
the current passing to the cathode is measured. Obviously, if the
screen grid prong of a tube is completely missing, the tube will
still test GOOD and, this is why, the grid shift dynamic testers are
superior and do detect such faults.

VACUUM TUBE TESTERS

If a tube in electronic equipment is
suspected as being at fault, you may
substitute for this tube one known to
be good and see if the operation of the
equipment is restored to normal. If
this is the result, the tube tested was at
fault.

DN QUIE MCDIL 300 TUSE CHART

Courtesy Triplett Electrical Inst. Co.
Figure 273. Transistor tester quickly,
easily and accurately tests power and
signal transistors under simulated op-
erating conditions.
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TUBE AND CONDENSER TESTERS

Figure 274.
meter scale calibrated GOOD-BAD.
This permits the non-technical cus-

tomer to see for himself the results
of the test.

Courtesy Sprague Products

Figure 275. A condenser tester
employing a bridge circuit is a handy
instrument for the laboratory or the
more advanced radio shop.

5. Make a sketch of the cireuit involved.

7. A circuit of the parts involved will
help you answer this question.
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The emission type tester is much simpler and is much cheaper
to build than the dynamic type. For modern tubes and require-
ments, the emission test proved to be accurate enough and does
serve the purpose. Instructions for operating different testers are
usually included with the unit.

Besides low emission, about the only other defect that occurs in
a tube is a short between some clements. Modern tube testers of
all makes incorporate a short-test, placing a high potential between
the different clements and using a sensitive neon bulb for the
indicator.

Conbenser TESTER.  Special testers to determine the capacity,
lcakage, and power factor of commercial condensers are available.
Of course, such testers may also be employed to determine if the
condenser under test is in good operating condition. Detailed in-
structions for operating different units are supplied with the tester.
The majority of condenser testers use a bridge circuit with a sen-
sitive meter or tuning eye tube cmployed as the indicator. The
condenser under test serves as one arm of a bridge circuit, and
some other arm is adjusted to give the required balance. This
variable arm usually consists of a variable resistor and is employed
with a scale which is calibrated to indicate the capacity being
tested.

Bridge circuits are uscd often in laboratories where very accurate
tests are required. The four arms of a simple bridge consist of
three known impedances and one unknown which is to be deter-
mined. Some of the known impedances are altered until balance
is achieved and then the unknown impedance can be calculated.

REVIEW QUESTIONS AND ProBLEMs. 1. What measurements
are commonly employed by radio servicemen?

2. Will a single scale voltmeter serve to make all necessary meas-
urements in a radio receiver? What limitations may come up?

3. How can the plate current of a vacuum tube, used in a radio
set, be measured? What equipment will be needed?

4. Can a multitester be made to measure only voltage and resist-
ance, but not current? Can you show the circuit?

5. Using a voltmeter, you find the correct value of voltage on one
side of the LF. transformer primary. The other side, which goes
to the plate of the LF. tube, gives no reading. The negative prod
of the voltmeter is held to ground for both tests. What may be
wrong?

6. Why must the radio be off, when using the ohmmeter for
tests?

7. The screen grid of a tube receives its voltage through a two
megohm resistor. The correct voltage for this screen grid is 100
volts. What voltage would you expect if the measurement is made
with 1,000 ohms/volt meter? (Mcasurement between screen grid
and ground.)

8. What two tests are usually made to determine whether a
vacuum tube is in good operating condition?



LESSON

Electronic Test Equipment

Avupio FREQUENCY S16NAL GENERATORS. A vacuum tube oscilla-
tor may be constructed, with suitable values of inductance and
capacity in the tuned circuits, to produce energy at audio frequen-
cies. Audio oscillators, as such instruments are commonly called,
produce frequencies between 30 and 15,000 cycles per second. The
frequencies produced may be selected with the aid of a dial adjust-
ment. The intensity of the output signal is also adjustable with an
attenuator control.

Oscillator circuits, similar to the R. F. types we have discussed,
may be employed to produce audio frequencies. Of course, the
L-C circuit must resonate at the required audio frequencies. Suit-

able inductors and capacitors would be quite large and could be.

made variable only with the greatest difficulty. However, it is pos-
sible to produce audio frequencies by beating (combining in a non-
linear impedance) two radio frequencies differing in frequency by
the number of cycles required to produce the audio frequency. In
practice, two R.F. signal generators are built-in a single case. One
produces a fixed R.F., while the second has its frequency variable
and easily altered with a regular tuning condenser. If the frequen-
cies of the two R.F. generators, for any one adjustment, differ (for
example) by 800 cycles, then 800 cycle audio signal is produced.
A few lately developed types of sine wave audio signal generators
use circuits without any inductance. The required wave form is
produced with novel R-C vacuum tube circuits.

R. F. SionaL GENERATORs. An electron-coupled oscillator cir-
cuit is employed to produce adjustable radio frequencies. With
this type of oscillator, the variations in the load have little effect
upon the frequency. Tuning (adjustment of the frequency pro-
duced) is accomplished with a variable condenser. The control dial
is carefully calibrated and is usually accurate to within 1%. The
frequencies are generated with several different coils which are
selected and connected to the tuning condenser of the circuit with
a band-switch. A practical R.F. signal generator may cover fre-
quencies from 100 KC. to 90 MC. This includes all LF. frequencies
used and the usually employed communications frequencies. The
coverage may be obtained in six or seven steps. In most units, the
higher frequencies are not actually generated as fundamentals, but
are harmonics of the highest frequency band for which L-C is
provided.

A small audio signal generator is usually included in the cabinet
of the R.F. signal generator. The audio signal may be of a single
frequency (400 cycles commonly used), or several different fre-
quencies may be available for selection. The intensity of the audio
signal superimposed on the R.F. carrier may be controlled. This
is known as the percentage of modulation. The audio frequencies
may be used separately if need arises.

A signal generator may be used for locating faults in radio re-
ceivers and as an aid for properly aligning all types of sets. With
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To test stages which are designed to
handle audio frequencies, an audio fre-
al generator is employed to
e needed signals.

quency si
produce

Figure 276. A good quality R.F. signal
generator incorporating a decibel meter for
measuring the output signal level of a radio
receiver.

Since the R.F. signal generator needed
for service work must produce a variety
of frequencies, a crystal controlled oscil-
lator will not do. However, for a single
frequency adjustment, a crystal con-
trolled oscillator may be used.

Most R.F. signal generators incorporate
an audio frequency generator for modu-
lating the R.F. carrier. In some units,
several audio frequencies are available
and the percentage modulation (ratio of
audio power to radio frequency power)
may be controlled.
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VACLUM TUBE VOLTVIETER ’

These are the basic applications of a sig-
nal generator.

Figure 277. A signal generator can be used |

as an aid in testing the various stages of a
radio receiver.
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a signal generator, you can produce a similar signal to the onc
which can be handled by any stage of the recciver. For example,
you can generate a powerful audio signal to drive the output stage.
Or you can produce a relatively weak LF., of the correct frequency
and with about 30% modulation, to excite the input of the first I.F,
transformer. The signal is applicd to any onc stage, and if the
output is present in the loudspeaker, this stage and the balance of
stages lcading to the speaker may be assumed to be operating.

By adjusting the signal generator to the LF, frequency of the re-
ceiver, the LF. transformers can be correctly peaked. It is best to
feed the signal into the primary of cach L.F. transformer and adjust
the trimmers for maximum results. You may judge the results by
the sound reproduced by the speaker, but it is better to have an out-
put indicator. A cathode ray oscilloscope may be used for exacting
results since it shows the exact response curve,

In a manncr similar to the alignment procedure explained in
Lesson Fourteen, a signal generator niay be used for alignment.
Instead of tuning in a station of about 1.500 KC. and then one of
650 KC.. these frequencies can be generated with the signal eener-
ator.

In aligning the circuits of the short-wave bands. the same pro-
cedure is followed. However, the frequencies used are located at
the upper limit and at the lower end of the band to be alianed.
Scparate trimmers and padder condensers are provided for cach
band. The LF. transformers, of course. need not he touched once
they are adjusted for any one band.

Vacurm Tese Vorrseter.  When a vacuum tube (triode or
pentode) is operated over its cureed characteristic, the D.C. plate
current will depend on the voltage applied to the grid. Tt is possible,
therefore, to calibrate a plate current meter in terms of the vol ge
which is applied to the grid. The zero-grid-voltage plate current
is balanced out with another, separate circuit which Passes current
through the plate meter in reverse. The zero meter adjustment,
required on all types of vacuum tube voltmeters (this instrument
is abbreviated VTV, is the adjustment for this balancing circuit,
Since the input grid circuit of a negatively biased vacuum tube
draws no current, zero current is taken from the circuit in which
the measurement is being made by the VTVM. Sinee the circuit
connected to the VTVM may not complete the grid to ground re-
turn (docs not offer a D.C. path from grid to ground), a high
valued resistor is placed in the circuit across the input terminals for
this purpose. This resistor may be 10 or 20 megohms for the 10
volt scale. This makes the unit have the equivalent sensitivity
of one megohm per volt. For higher voltage readings, additional
resistors are wired in a voltage divider circuit, and the same high
sensitivity exists. From o practical point of view, it vacuum tube
voltmeter takes no current from the circuit under test.

The lead from the grid input terminal has a certain amount of
capacity to the return terminal which is at ground potential, There
is also capacity between the control grid and cathode of the tube
employed. At ordinary frequencies (as high as one megacyele in
good VTVM), this total capacity has extremely high capacitive
reactance and may be ignored. However, at frequencies above the
broadcast band, the capacity of the input practically shorts the
signal to be measured and reduces the sensitivity of the instrument.
Special precautions are taken to reduce the capacity of the input
circult.




CatHobe Ray Tuse. Cathode ray tubes are the basis of modern
television reception and also are used extensively in visual analysis
of electrical phenomenon. In its simplified form, the cathode ray
tube consists of an electron gun to generate an electron beam of
high velocity, a dual-set of perpendicular electrostatic or magnetic
deflecting devices, and a fluorescent screen to make visual the actual
path described by the end of this electron beam.

Figure 281. Most oscillo-
scopes employ three inch
cathode ray tubes and have
the required controls for ad-
justment to “see” signals of
various types.

Courtesy Hickok Electrical Inst. Co,

In the figure below, the components of a basic cathode ray tube
are enclosed inside the glass bulb (E), which also maintains a
vacuum in the tube. The cathode (K) is employed for the produc-
tion of free electrons; the clectrode (II) accelerates the electrons;
the focusing electrode (F) concentrates the electrons into a “cathode

SCHEMATIC ARRANGEMENT OF ELECTRODES IN A
CATHODE -RAY TUBE OF THE ELECTROSTATIC -DEFLECTION TYPE

(1) @ )

Figure 282. Position of electrodes inside of a cathode
ray tube, and simple patterns obtained on the screen.

ray” or beam; the high-voltage anode further accelerates the elec-
trons. The control grid (G) controls the beam current, increasing
or decreasing the intensity of the beam. Two sets of electrostatic
deflecting plates (B) and (C) are used for deflecting the electron
beam. The screen (S) is coated on the inside surface of the en-
larged end of the bulb. The screen is made of material which shows
a fluorescent glow at the point of impact of the electron beam.

CONSTRUCTION OF A CR. TUBE

The electron beam narrows down to a
small point where it mecets the screen.
The fluorescent screen (inside front of
tube) glows with light when the elec-
tron beam strikes it and continues to
glow for a short time after the beam
moves on to another spot.

Cathode ray tubes using electrostatie de-
flecting platcs (most small C-R tubes are
of this type) operate from the voltage
impressed. To be influeneed by curvent,
the current to be measured must pro-
duce a voltage drop in an associated re-
sistor.

Since there are many connections to a
cathode ray tube, a twelve tcrminal
socket may be used and additional con-
nections may be brought out through
the sides of the glass container.
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OPERATION OF A C.R. TUBE

The focusing of the electron beam is
similar to suel processes used with light

lenses.

This is true provided the frequeney

high enough. In the usual unit, even 25
eyeles per second will produce a picture

of a straight line.

OSCILLOSCOPE CIRCUIT

is

The electron beam consists of rapidly moving electrons and is an
actual electric current responding to both electrostatic and electro-
magnetic influences. The beam has negligible mass and inertia and
responds instantly to electrical forces. Certain initial adjustments
are madc so that the end-spot of the beam strikes the screen exactly
in the center. The control grid is adjusted to give the fluorescent
glow, resulting from the electron beam impact, the required visi-
bility. The tube is so placed in its socket, that the operator looks
directly at the screen, and has one set of deflecting plates at the
left and right (for horizontal swecep), while the sccond set of plates
arc above and below (to serve as the vertical sweep). Controlling
voltages may be applied independently to either set of electrostatic
plates. Let us study the effects on the electron beam pattern as these
voltages are varied.

First, we will connect a battery to the two vertical plates. The
plates act as a low capacity condenser as far as the voltage supply
is concerned. The beam will be attracted (to some degree) towards
the positive plate and repelled from the negative plate. The spot
will move up (and stay there) if the upper plate is the one con-
nected to the positive terminal of the battery. Now let us connect
an alternating voltage (A.C.) to the vertical plates. The potential
of the plates will increase and decrease periodically, and the plates
will alternately become positive. The beam and the end-spot, there-
fore, will move up and down in accordance with these voltage varia-
tions. Since the screen retains the fluorescent glow for a short time,
the many moving dots will form a straight line, as in the screen
view A, of the illustrations included on the previous page.

In a similar manner, various voltages could be applied to the
horizontal plates, and the beam would move horizontally. Usually
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Figure 283. Schematic diagram of Su-
preme Model 516 cathode ray oscilloscope.
Symbol Ohms 1.9 200,000
R 25,000 R-10 4 megohms = oo =
R-2 10,000 ’ R-11 4 megohms rEe CND. HOR SNO. L£XT Srnv.
R-3 10,000 R-12 50,000
R-4 200 R-13 100,000 R-18 4 megohms R-23 1.000 | Symbol Mfd.
R-3 250,000 R-14 1 megohm R-19 1 megohm R-24 1 megohm | C.3 0.5 Ca2 30 mmfd
R-6 750,000 R-13 500,000 R-20 15 megohms R-25 4 megohms C-4 8.0 C-13 0.37
R-7 500,000 ‘ R-16 1 megohm R.21 1,000 R-26 100,000 c.7 01 C-14 0.04
R-8 100,000 R-17 1 megohm | R-22 500,000 R-27 100,000 C-8 0-1 C-15 0.01
R-28 500 . .| C16 0.002:
Symhol Mfd. C-9 0.05 | Car 600 mmfd.
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C-2 4.0 i Ccn 025 | Ca9 0.5




the horizontal set of plates is employed with a special sweep circuit
which moves the beam from left to right at a pre-selected uniform
rate, and then quickly returns it to the starting position at the
extreme left to repeat the movement. If the vertical plates are not
excited, even this saw-tooth horizontal sweep will appear as a
straight horizontal line, sce B of the figure. By applying a signal
voltage to the vertical plates, and employing the horizontal plates
for the sweep action, various patterns can be reproduced on the
screen of the cathode ray tube.

In figure C, we have the reproduction of a sine wave. The num-
ber of cycles appearing depends on the sweep frequency. This sweep
frequency can be varied and locked in step with the signal applied
to the vertical plates.

OsciLLoscore Circurt.  An examination of the circuit schematic
indicates the power supply at the left. The voltage outputs of the
full-wave and half-wave rectifiers are combined to serve the cathode
ray tube, amplifier tubes, and the type 885 thyratron sweep genera-
tor. The voltage input to the vertical and horizontal plates may be
amplified. Ordinarily, however, the horizontal plates are used in
conjunction with the sweep circuit which is locked in step with the
incoming signal to be observed and applied to the vertical plates.

How to OperaTE THE OsciLLoscort. The circuit supplying
the voltage to be observed is usually connected to the vertical ampli-
fier input. The unit is turned on by advancing the intensity control.
Keep both amplifier gain controls in the off position. Advance the
intensity control until the spot is just visible. Using the horizontal
and vertical position controls, center the spot. Adjust the focus con-
trol for maximum clearness of the spot. Carry out these operations
quickly. Do not permit the spot to remain in a single position for
any period of time. Keep the brilliance down while making adjust-
ments.

You will be using internal synchronization and the internal sweep,
so keep the toggle switches in the position illustrated to obtain this
operation. Adjust the sweep frequency control to the value closest
to the frequency of the signal to be observed. Advance the horizon-
tal gain control until the spot is moving across (forms a horizontal
line) almost the entire screen of the cathode ray tube. Now advance
the vertical gain control until the spot moves up and down, keeping
within the confines of the screen. The intensity may be advanced
to make the pattern clearer. Now adjust the fine frequency control
until the pattern appears as stationary as possible. The synchroniz-
ing control may be used now to stop all motion.

ReviEw QUESTIONS AND ProBLEMs. 1. Name and describe the
three methods commonly used for producing audio frequencies in
signal generators.

2. Explain the reason for modulating a R.F. signal generator
which must be used for aligning a radio receiver.

3. Explain in detail the process of aligning one of the superhet
receivers described in Lesson Fourteen.

5. What effect does frequency have upon the sensitivity of a
vacuum tube voltmeter?

6. Refer to the schematic diagram of the cathode ray oscilloscope
and label the elements which correspond to the ones described in
the text.

OSCILLOSCOPE CIRCUIT

The return swecp is performed so
quickly that the clectron heam does not
Icave any visible trace on the fluorescent
sercen.

The specd of the sweep across, from left
to right and the quick recturn, is locked
in step with the voltage applied to the
vertical plates and which is reproduced
on the screen.

The oscilloscope is used for design, serv-
ice, adjustment, and production testing
of electronie equipment and as the indi-
cating instrument in industrial  test
cquipment.

This is a small illustration of the Su-
preme oscilloscope described in the text.

It is possible to cause the trace to go off
the sereen by applying exeessive voltages
1o the defleeting plates.

3. Tell what adjustments would be
turned in what order and what effect
these adjustments will have on the oper-
ation of the circuit.
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LESSON 20

High Yacuum Tube

Ip —=

Current variations with increasing plate potentiel

in high vacuum and ges filled tubes. Up to

point A current is limited by space-charge, after

point B by limited emission. After a voltage cor.

responding to C, the current of & gas filled tube
is almost constant.

When an atom looses one or more elec-

trons, it becomes a positive ion.
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Figure 289. The above graphs show the
relationship between the supply and grid
voltages, and the plate current, for two dif-
ferent conditions of operation of a thyratron
tube.

Thyratron tubes are made in various
sizes and in special shapes for different

applications,
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Thyratron Tubes

Comparison oF a THYRATRON To orHir Tuses. Essentially, a
Thyratron® is a vacuum tube possessing a hot cathode as a source
of electrons and is filled with some inert gas or mercury vapor.
Very much like the high vacuum triode, it possesses a grid control
clement. However, because of the presence of the gas or vapor, the
plate current, plate voltage characteristics are entirely different and
are utilized for applications where the high-vacuum tubes would
not do.

In an ordinary vacuum tube, the plate current is limited at low
plate voltages by the presence of the space charge. Once the plate
voltage is raised to remove the influence of the space charge, the
plate current will vary with the voltage until the current will be
limited by the emission.

In the thyratron, the action of the plate current is entirely dif-
ferent and is due primarily to the formation of positive ions from
ncutral gas atoms. These ions are very heavy by comparison to
clectrons (thousands of times heavier) and do not move rapidly.
However, the presence of these ions permits the flow of large elec-
tron currents by altering the space potential.

In a high vacuum tube, clectrons travel in a continuous path
from cathode to the plate. In a gas filled tube, however, the aver-
age length of an uninterrupted path is very much shortened by
the continued collision of electrons with gas molecules. These col-
lisions result in the creation of positive ions and additional free
clectrons. The positive ions so formed raise the space potential
and, thereby, permit more electrons to escape from the cathode. If
the rate of ion generation is large, the voltage change is negligible
in the space between the anode and cathode, except in the region
ncar the cathode and the anode themsclves. These regions adjacent
to the two elements of the tube are subject to large potential change
and are called the sheaths, and the region of little change is called
the plasma.

Such a two electrode gas filled tube finds application as a recti-
fier of relative high current capacity and possesses a small constant
voltage drop. The commercial mercury vapor tubes and mercury
rectifiers of the radio type such as the 83, are examples.

ActioN ofF THE TuyraTrRoN. In the thyratron, as mentioned
previously, a third element, the grid, is incorporated as a means of
control. The starting of the current flow between the cathode and
the plate of a gas filled tube depends on the formation of positive
ions in the interelectrode space. The rate of this ion formation to
form the plasma is dependent on the geometrical construction of
the electrodes and the applied positive plate voltage. In a two-
clement gas-filled tube, the anode (plate) current is started by
making the anode voltage sufficiently positive to form the plasma.

*The Thyratron is a trade name of General Electric Company through
whose courtesy much of this information has been obtained.




LESSON

Photo-Cell Equipment

ArvericaTiox oF Proto-Cril Equipsment. The photo-electric
cell and the associated equipment can be employed to see more
accurately than the human eye and respond more quickly than the
human hand, and to do so continuously. unfalteringly, at all times.
With unerring precision, photo-cell equipment can be made to sig-
nal, grade, match, compare. start, stop, count, control, and time.
The mysteriously swinging doors, automatic sorting devices, safety
controls on punch presses, burglar alarms. blackout light controls,
combustion controls arc just a few modern applications of clectronic
photo-cell devices.  Photo-cell equipment s also used for color
matching, comparing opacity of materials, window light control,
and highway speed timing.

Courtesy “Radio News” Magazine

Figure 304, Photo-cell equipment is used for proper adjustment of lights
and camera setting for best photographic results.

Proto-eLeetric CeLLs. Surfaces treated with certain chemicals
will emit clectrons under the influence of light. This action is
very similar to the emission of heated cathodes, If a positive plate
is placed in the bulb, the clectrons will he attracted to the plate.
Since more clectrons are emitted when the light shining on the
photo-cell is bright, light can be used to control the number of
electrons leaving the photo-sensitive cathode. The number of elec-
trons, of course, forms the current which in turn is controlled by
the light source.

The cathode is usually a concave (rounded) surface on which
the light sensitive material has been deposited. The anode takes
the form of a centrally located wire which attracts and collects the
clectrons emitted from the cathode. The number of electrons emit-

21

VMany devices using photo-electrie cells
and performing various industrial scry-
ices could not be replaced with any
other equipment or merely by an op-
crator. While in many applications,
photo-cell equipment replaces other
means of doing the same job and offers
some advantage of accuracy, spced, or
reduction of cost: in many instances,
photo-cell equipment is unique in its
#bility to perform the task required.

Extensive information on the photo-
cells used in commercial units is pur-
posely omitted. Detailed information
on commereial photo-cell tubes is avail-
able from the manufacturers of the
units.
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RESISTANCE OF A PHOTO-CELL

To think of the photo-cell as a variable
resistor is especially advantageous in
analyzing the action of eireuits.

The subjeet of llumination may be
looked up in a text-book on Physics or
in an Eneyelopedia.

There are many other practical circuits
which employ a photo-eell and a single
amplifier tube. Two or more stages of
amplification could also be employed.
The photo-cell shown in this circuit re-
quires a polarizing voltage of 90 volis.
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ted and forming the photo-clectric current to the anode is a func-
tion of the light falling on the cathode surface. The student may
also consider the photo-cell as heing a variable resistor with a value
of resistance dependent on the light falling on the cathode surface.
In the dark, the equivalent resistance is very high. while with strong
light the resistance is greatly reduced. A typical cell with light
of 5 foot-candles®, under normal operating conditions, has the
equivalent resistance of almost 100 megohms. With 70 foot-candles
of illumination, the resistance corresponds to 10 megohms.

Courtesy “Radio News™ Magazine

Figure 305. Cellophane wrapping machine using a

photo-electric relay to synchronize the cutting and print-
ing.

A Swmmrre Pnoro-CeLr Unir. In order to introduce you to a
complete photo-cell unit, we will describe a simple practical circuit
which can be operated from 110 volts A.C. or D.C. and employs a
type 25A6 pentode as the amplifier and rectifier.

FHOTO TUBE 25A6
{ 9 Brcinr
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110 V. AC.OR D.C.
Coxurtesy Allicd Radio Corp.
Figure 306. A circuit of a simple photo-electric relay

using a single tube for an amplifier. This unit may be op-
erated from a 110 volts A.C. or D.C.

*A foot-candle is the amount of light received from a standard candle at
a distance of one foot.




Consider the circuit at the point where a positive potential®
exists on the side of the line connected to the relay and screen grid
of the 25A6 tube. If the control grid of this tube is not biased to a
cut-off point, a certain amount of current will pass through the
plate circuit and activate the relay. The actual bias of the grid
will depend on the internal resistance of the photo-tube and also
on the setting of the potentiometer.

With the photo-cell receiving a definite amount of light, the
potentiometer may be adjusted so that the plate current is just
below the point where the relay will have sufficient energy to pull
down the armature.

Now, if the source of light is reduced, the internal resistance of
the photo-tube will rise and cause a higher positive potential to be
applied to the grid and counteract the negative potential obtained
through the drop in the potentiometer circuit. The net rise of the
control grid voltage will cause the additional plate current to pass
and the armature to move down to the magnet pole. Since the
armature has a contact on each side, it will make another circuit
and break the one previously made. In this manner, equipment
associated with the photo-cell unit may be started or stopped with
the increasc or decrease of light.

Courtesy I orner Products Corp,

Figure 307. The control of conveyors can be easily accomplished with

photo-cell equipment. Illustration A. Boxes of all sizes may be sorted. In

B, you have a view of an installation controlling a furnace to give proper

combustion. Packages on a conveyor belt may be easily counted with photo-
cell equipment, as illustrated in C.

PracTicaL INsTaLLATIONS. Let us consider a few exact uses for
photo-cell equipment. A simple photo-cell unit may be used to
turn on lights at dusk and possibly turn these lights off after day-
break. Since sundown-time changes each day, this type of installa-
tion will insure correct time for switching on the lights and will
prevent waste of clectric power.

When improper combustion occurs, excessive smoke is present.
By placing a photo-cell relay unit and a light source facing each
other inside the chimney, excessive smoke will be instantly detected,

*When the negative potential exists at this point (during each half cycle
in A.C. operation), the unit is not operating and the condenser across the
relay acts as the time delay.

CIRCUIT EXPLANATION

Observe that the 1,500 ohm potenti-
ometer and the 500 ohm resistor are con-
nected in series across the 110 volt line.
The photo-cell and 20 megohm resistor
are also conneeted across the line. For
any one light condition, the photo-cell
will liave a definite resistance and the
line voltage will furnish some value of
potential at the junction connected to
the control grid of the 25A6. The set-
ting of the 1,500 ohm potentiometer
permits the adjustment of the potential
on the cathode to be higher or lower
than this grid voltage. In this manner,
a condition (grid voltage) for proper
operation can be selected to meet the
requirements imposed by the light fall-
ing on the photo tube.

Two or more photo-ccll units may be
so connected that certain operation oc-
curs only if both are cnergized in a
certain order.

It is important for you to understand
that a photo-cell unit may be used to
sound an alarm, count, permit or pre-
vent an operation, start or stop an action,
measure light intensity, indicate color,
and that all of these opcrations really
are nothing more than the control of
electriq®) cirenits which may perform
these operations.

Volume 3 - Page 181



PHOTO-CELL APPLICATIONS

Color or shape of boxes may also be
used as the factor for operating the sort-
ing equipment,

In connection with printing presses.
photo-clectric equipment is used to as-
sure proper register; i.e., proper posi-
tion of the different colors on the
printed page. The machinery will be
stopped automatically and an alarm will
sound if the register is not correct.

When infra-red light source is used, a
photo-cell is selected which has high
sensitivity to the wavelength of this
light.
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and associated clectrically operated equipment can carry out the
adjustment of the furnace controls,

Sorting of various size boxes can be easily accomplished, The
smaller boxes may not interrupt the light beam, while the larger
boxes will. Counting of items which pass in front of the equipment
is carried out in the manner illustrated. The relay operates an
clectric counter in such applications.

/
/

Conrtesy Horner Products Corp.

Figure 308. ''hese three units make up the equipment

needed to supervise and control combustion. The light

source, shown at the left, and the photo-cell at the right,

may be mounted in the chimney, while the control cabinet
is placed near the furnace to be controlled.

Another application exists in a restaurant which has several
tables placed near the wall. A narrow heam of light is projected
parallel with the wall about 30 inches above the table tops. At
the opposite end. the beam strikes the lens of a photo-cell unit. Any
person sitting at one of these tables can interrupt the beam of light
by merely raising his hand. This can cause an alarm bulb to flash
and inform the waiter that he is wanted at one of the tables.

Conrtesy “Radio Neiws' Magazine
Figure 309. Photo-clectric color register control for multi-

color gravure press. View of drive side, showing complete

color-unit equipment.

During the War period, photo-cell equipment can be used for
anti-sabotage purposes. The system can be made to fit any require-
ment and provides fullproof protection which cannot be bribed.
Usually the light source provides a beam of invisible infra-red light,
projected towards the photo-cell unit. When this light beam is
interrupted, the relay of the photo-cell unit is actuated and, in turn,
operates an alarm. The alarm may consist of bells, lights, or sirens,
and may be local or may be connected directly to the police head-
quarters.




TecunicaL CoNsIDERATIONs. You must bear in mind that the
distance covered by any photo-cell installation depends upon the
power of the light source, the sensitivity of the relay, and the light
conditions present. At all times, in a darker place, a given amount
of light and a definite type of photo-cell unit will operate over a
much longer distance. The presence of stray light or a strong nearby
illumination will considerably decrease the sensitivity of the equip-
ment.

Courtesy Worner Products Corp.

Figure 310. The light source and photo-cell amplifier are

shown outside of the weatherproof case. This system is de-

signed especially to serve as a guard and protect life and
property against sabotage.

Scveral interesting photo-cell installation lay-outs are illustrated
in this lesson. These examples will help you understand the appli-
cation of photo-cell cquipment and design other installations for
some special requirements. Notice that the light can be directed
at the photo-cell unit, or it can be reflected at several angles with
the aid of mirrors. The angle formed by the beam of light striking
the mirror and by the beam being reflected, should never be greater
than 90 degrees for good results.

A lens is employed at the light source to concentrate the light
from the bulb into a straight beam. The bulb may be an automo-
bile headlight type since it has a suitable small filament. Another
lens may be used with the photo-cell to collect the incoming light
and focus it on the cathode surface of the cell.

7
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Figure 311. Suggestive installations using a single light source and photo-
cefl unit. With the aid of mirrors the path of the light can be controlled.

HinTs For SErvicinG UniTs. As a simple test, place any suitable
light source near the photo-cell relay unit, and turn the sensitivity
adjustment until the relay just clicks. Now back-up with the con-
trol until the relay is returned to its natural position. The removal
of light, or cven a decrease of the light intensity, should immedi-
ately cause the relay to click again. This test, of course, is per-
formed on the type of unit which has its circuit designed to close
the relay with a decrease of light. For photo-cell units which close
the circuit with an increase of light, the same test should be per-
formed in darkness, whereupon flashing a light on the photo-cell
will cause operation.

INSTALLATION SUGGESTIONS

Stray light may be eliminated or re-
duced with a suitable visor or shield.

The reflecting mirror should be placed
in a position where stray light will not
be reflected.

The usual photo-cell unit uses such a
simple circuit that you will be able to
trace it out in a matter of minutes. By
following the service suggestions given,
we are confident you will be able to
repair successfully any faulty photo-cell
device.
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UNUSUAL APPLICATIONS

Cent 5

crlihe 1fay
Intevior view of the Photelometer show-
ing the sensitive microammeter with
lamip for illuminating its ~eale. The wl-
Justment for precise setting of the meter
pointer i< on the right-hand panel of the
housing.  The photo-cell i< located with-
in the holder which is held in place
under pressure of the springs on it-
support rods,
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If too much light change is needed to cause the operation to
take place, probably the difficulty lies in the photo-cell or the
amplifving tube emiployed. and these should be replaced as the
first test. I no operation at all is obtained. the power is not
coming from the line: or some vesistor or other associated part of
the circuit is at fault. Since only one or two resistors and one or
two condensers are employed in the usual circuit, these can be
casily checked or replaced for testing purposes,

Puoro-EvLrcrric PyrosmeTter. The photo-cieetric pyrometer is
employed for indicating. recording, ond controlling associated ap-
paratus, in the proces of working on hot incandescent hodies. The
radiant energy from a hot bady fmolted metal. hot steel bars, cte.}
i~ dirccted to the photo-cell of the deviee and causes it to pass cur-
rent which bears o definite relationship to the temperature of the
hot body. This current is amplified by a stable vacuum tube ampli-
fier and the amplificd current. in turn, is passed through the indi-
cating or recording instrument. or i~ used to control and adjust
assoctated equipment,

Prorveroarky Avevearions. .\ photelometer evaluates the
coneentration of a -olution by the deflection of the pointer of a sensi-
tive meter: the amount of deflection depends upon the light trans-

| mittancy of the solution under test. By a comparison to standard

records valuable chemical tests can he quickly made. A suitable

photo-cell. of course. is used in this practical scientific ool

it

Figure 312, Photo-cells find many unusual applica-

tions. The photograph shows & chemist preparing a

Photelometer for chemical solution analysis,

Revikw QuesTtions anp Proereas, 1L Can vou name several
additional applications of photo-cell equipment not mentioned in
<he text of the lesson?

2. Can a photo-cell. sensitive relay, and a suitable battery be
connected in series to serve as a photo-cell unit? Would this circuit
have serious limitations? How about advantages?

3. How can stray light be kept away from the photo-cell?

4. Name a few possible faults which could develop in a photo-

cell unit,




LESSON

Radio Compass

Purprosk or A Rabio Compass. The position of a ship equipped
with a radio compass can be determined. The exact location of
a nearby radio station (preferably two stations) must be known
and a scale map of the waters in which the ship is located
must be available. The radio compass will permit the calcula-
tion of the distance from the ship to any shore point and will
also permit the checking of the regular magnetic compass.

Figure 328. A radio compass receiver and power supply. The
use of this radio compass will permit the operator to determine
the exact position of the ship on which the compass is installed.

Rapio Compass REecerver. Essentially, the Hallicrafters model
3-30 radio compass is a sensitive receiver using a loop antenna.
The loop antenna may be rotated and its position (azimuth) is
indicated by a pointer on a calibrated dial. The signals from any
one station will be maximum when the loop is parallel to or
pointing at the station. In using the compass, usually the loop
is adjusted for minimum signal or null point and is then at right
angles to the parallel line to the station. The null or minimum
signal point can be detected in the headphones and also on the
tuning eye indicator.

22

The use of the radio compass is in-
tended for approximately determining
the position of a ship in waters near
shore.

If you have a loop antenna portable
radio, observe the effects on the opera-
tion as the radio is rotated. The varia-
tion in volume would be more notiecable
if no AVC action were present.
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USING THE RADIO COMPASS

Spccial converters may be obtained.

Figure 329. This illustration shows the
method for plotting the ship’s bearing. The
ship is located somewhere within the 3° cone.

It is possible to find one’s position even
if only a single known radio station can
be rcceived. The bearing is taken at
short intervals of tinc (and distance)
apart. The magnetic compass will give
your direction of travel during the test
period. The angle between the line of
the station and the line of travel can be
obtained from cach of the two bearings.
If the distance of travel can be approxi-
mated, the new position can be obtained
by solving a simplc problem in trigo-
nometry.

Volume 3 - Page 186

The receiver covers the following frequencies in three ranges:

Beacon Band, 220 to 340 KC.

Broadcast Band, 535 to 1,340 KC.

Marine Band, 1,200 to 3,000 KC.

The unit is supplied with a power supply for operation from a
6 volt storage battery.

INsTaLLATION SuccEsTIons. The radio compass should be
mounted on a separate bulkhcad. The rose of the loop should
be well below the eye level and sufficient head room should be
available for 360° rotation of the loop itself. In selecting the
location for the radio compass remember that it should be as
close as possible to the regular compass and chart table. Do not
mount the radio compass close to wiring, pipes, or metal objects
which would distort the field of the received signal and seriously
affect the accuracy of the results.

RADIQ EEACON —tocal'on known IS

-

AT LEAST 20" A&
AS CLOSE TO 90° AS PDSSIBLE

RADIGC SEACON

—TAKING _CRGSS - BEARINGS 14
“HOMING' O TRUNMING DOWN_ A BEARING™

I

Figure 329-A. A chart showing the method for obtaining the cross-bear-
ing. The possible error area is also shown.

L Locotion known

GETTING Your BearinG. There are several ways for finding the
ship location, but we will describe the one most often used and
which requires the known positions of two radio stations. The
positions of the stations are marked on a map you may be using.
A bearing is taken for one of the stations and a cone (3° wide)
is drawn at the angle indicated by the radio compass in relation-
ship with the magnetic compass. Then a similar bearing is taken
for the second station. The intersection of these cones determines
the position of the ship.

ReviEw QUEsTIONs AND PBosLEMsS. 1. What makes up a radio

compass?

2. What accessories are nceded to use the radio compass?

3. Obtain an automobile map of a single state which includes
a part of a large lake or an occan coast line. Guess the probable
location of two or more radio stations. By assuming that you
obtain certain readings on a radio compass, locate your ship. Select
angle values which will permit the ship to be somewhere’ in the
nearby waters.




LESSON 23

High Frequency Heating

Basic Princieres. Energy cannot be created or destroyed, but
it can be changed in form. The changing of the form of energy is
essential for its cconomical transmission or for proper application.
Many industrial problems can be overcome by applying heat to
substances with the aid of high frequency generators. Tleat can be
induced in metallic and non-metallic materials from an associated
radio transmitter. Proper coupling must be made for magnetic or
diclectric  transmission  of cenergy from  the  high  frequency
generator to the substance to be heated. The generator must be
casily controlled, but the exact frequency produced and slight drift
arc not important and simple self-rectifying self-excited oscillators
are used.  The main advantages of high frequency heating lie in
uniform distribution of heat within the substance and the relative
coolness of the nearby surroundings.

GeneraTinG EQuipmeNnT. The high frequency oscillators used to
generate the power needed are available commercially in sizes from
a few watts to about 600 kilowatts. The basic circuit of the gener-
ator is shown in the diagram. You will notice that this is a push-
pull self-excited oscillator circuit with separate rectifiers to convert
the stepped-up high voltage 60 cycle A.C. to D.C.  This circuit
shows the main elements and is not to be considered as complete.

Input Rectifier Oscillafors
rans former )
J
Electrode -,
1 "
| T L
Cyc/e r—v LOAA v~ > EREHEEER
line l
! T ] p——
. Electrode

The values of the inductance and capacity are selected to give the
proper frequency for the application at hand.  Correction may be
incorporated in the design for the effects of the load.  The circuit
shows the diclectric method for applying energy to non-metallic
materials.  Specially shaped coils, or perhaps the actual inductance
of the unit, are used for delivering the energy to metallic substances.

Since the output high frequency wave-forin and stability are not
important in applying high frequency heating, some commercial
generators use spark-gap oscillators,

For heating diclectrics (non-metallic substances) there is consid-
crable advantage in using very high frequencies.  Higher frequen-
cies usually produce lower voltages across a given space of the
diclectric and permit greater concentration of power,  However, the
cfficiency of the generating equipment falls off as the frequency is
increased and the actual choice of the operating frequency is a com-
promise.  Practical experience has shown that frequencies in the
five to fiftcen megacycle range can be generated cconomically for

Photograph courtesy of RCA
To attach together sheet ther-
moeplastics and thermoplastic (oated fabr.cs

Figure 334,

RCA has developed the electronic “sewing”
machine.  This modern machine uses high
frcquency  heat to solve another industrial

problem.

Figure 335. The basic circuit of an elec-
wronic R.F. generator suitable for producing
the power nceded for high frequency heating.

Reprinted through the courtesy of
“Chemical & Mectallurgical Lngmccnm]
and The Girdler Corp.

The hardening and annealing of steel,
drying of glue in ply-wood, and setting
of certain plastics are a few industrial
applications.

Less power output is obtained from the
same  transmitter as the frequeney is
inercased.

Volume 3 Page 187



APPLICATIONS OF H-F HEATING

You can read wmore about heat in any
elementary book on Physies.

Figure 336. A pictorial view of the essen-
tial components which make up a high fre-
quency generator used for drying ply-wood.

Reprinted from * Aviation” with permission of
The Girdler Corp., Thermexr Division

Figure 337.
frequency generator which is manufactured by

A view of a press and a high
The Girdler Corporation. The photograph

shows high frequency heat being used to cure
giue joints in two 4% inch wood blocks.
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such applications. Units built for producing heat in metallic ob-
jects are operated in the 100 to 300 KC. range.

Puysics oF HeaT. Heat energy is measured in B.T.U.’s. Elec-
trical energy is measured in watts, or in kilowatts, per period of
time. One kilowatt hour (1,000 watts applied for one hour) is equal
to 3,413 B.T.U’s. In order to determine the requircments for high
frequency heating, it is necessary to know the weight, specific heat*
of the substance, and the temperature rise needed.  With this infor-
mation it is possible to calculate the B.T.U.’s required for the task,
and by converting this to kilowatts understand how large a high
frequency generator will be needed.  Efficiency of 509 may be as-
sumed, and this means that the equipment needed must be rated at
twice the calculated power requirements.
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APPLICATION TO NonN-METALLIc SuBsTaNces. Most often the
object of using high frequency heating of non-metallic materials is
to (1) heat materials uniformly and at a rapid rate or (2) to bring
about chemical reactions. Practically all non-metallic items can be
rapidly and uniformly heated with high frequencies. During War-
time, high frequency heating is especially important in speeding the
production of ply-wood which is used for certain types of boats and
airplanes.  High frequency diclectric heating can be applied to
reduce the drying time of paper, textiles, powders, ceramics, and
tobacco. This type of heating is essential in the manufacture of
certain type of plastics. Thick sections of rubber can be speedily
cured, or rapidly softened for masticating purposes with high fre-
quency heating.  The heat gencrated with the aid of high fre-
quency cquipment can be used to destroy infestation in grain and
cercal without harming the products.

ArrLICATION TO METALLIC SUBsTANcEs. High frequency heating
has been applied to ferrous and non-ferrous inetals for hardening,
anncaling, melting. brazing, soldering, bombarding, and coating.
The section of the metal object to be heated is placed within copper
tubing, made in the form of a coil large enough to surround the sec-
tion under treatinent.  The heat encrgy is induced only in the area
lying within the turns of the work coil (as this inductance is called),
and the effect is so instantancous that it is a relatively simple matter
to apply the coil or connected coils to one section or single part, or
simultancously to two or more sections and to heat those sections
in a manner that will produce no distortion or structural changes in
other sections of the heated part. By connecting a group of suitable
coils in series, many similar items can be treated at one time, thereby
speeding up production.

*Specific heat is the number of B.T.U.’s required to raise one pound of a
material 1 degree F. Water is used as a standard and is assigned the specific
heat of 1. That is, it requires 1 B.T.U. to raise 1 pound of water 1 degree
F. (at about 64° F.). For example, most wood products at normal moisture
content have an average specific heat of .45,




LESSON

Electronic Shaping Circuits

Purpose ofF SuapiNG Circurrs. Electronic shaping circuits
change the shape of current and voltage waves with the aid of
vacuum tubes. For example, the appearance of a sine wave before
and after shaping is shown below. These circuits and their effects
are essential in television and radar work, and are also used in
many industrial electronic devices. In television work for example,
these circuits are used in blanking and synchronizing.

You already have learned that radio circuits are a combination
of resistors, coils, condensers, and vacuum tubes. This is true, also,
of course, for electronic shaping circuits. Therefore, since you have
a thorough understanding of the action of these basic units, you
need only find out how these components behave in combination
with each other to form various shaping circuits.

Figure 338. A graph of a sine wave showing the effect of
clipping the’ upper and lower peaks.

CrippErR Circurts. Usually, clippers are used in forming square
waves out of sine waves which, in turn, are produced with a regular
oscillator. The result of this process was illustrated above. Recall
the explanation of a sinc wave as given on page 49, Volume 1. The
sine wave may start at a minimum value of intensity, rise smoothly
to a maximum in one direction, fall back to a mipimum, then the
polarity is reversed and the action is repeated. Examine the draw-
ing of a sine wave. Notice that the maximum and minimum
values occur at single specified instants of time. The entire varia-
tion is smooth — there are no abrupt changes or discontinuities.

We can change the shape of this sine wave by cutting off the
extreme top and bottom parts. With this change, the maximum
and minimum values will no longer occur at a single instant of
time, but will now occur over a longer period of time. The wave
is no longer smooth — abrupt changes in values have been intro-
duced, and we call this new type of wave a modified square wave.
The square wave has important clectronic applications because
many shaping circuits depend for their operation on abrupt changes
which are present in the square wave.

DrirrerenTiATOR Circurt. The differentiator is a circuit produc-
ing a voltage or current proportional to the speed with which the
applied wave changes in value. This circuit is used primarily to
obtain narrow pulses (pulses of very short time duration) from
broad pulses.

24
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Figure 339.
This is a basic clipper circuit using
two diodes. In commercial circuits no
separate batteries are used, but the cir-
cuit is so arranged that the correct
polarities are obtained from a single
power supply.
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Figure 340.
A basic differentiator circuit is shown
above; an integrator circuit is below it.
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LESSON 25

A review of Lesson 22, dealing with the
radio compass, will help you in under-
standing this matcrial.

/
Q_//j

Radiation pattern from a compact loop
antenna. To fix the idea in your mind,
stand a coin on its cdge directly above
the view of the loop. Assume the coin
is the loop antenna. 1f the page of the
book is held flat, the figure-cight radia-
tion extends away from all edges of
the coin; in the directions shown and
also to the top, bottom, and at all angles.

Radiation pattern from a beacon sta-
tion. You must understand that either
the code of letter 4 or letter N predomi-
nates in various areas. but these are of
equal intensity along the lines marked

0X, OA, OB, and OC
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Aircraft Direction Finders and Beacons

NEEp ror Guinance IN FLicniT.  In order to travel between two
points, sign posts, a trail, or familiarity with the terrain is essential.
These factors are not present in flight, and the science of avigation
depends on radio cquipment to supply artificially these signs and
directions.  The road is created for the pilot by using the radio
range or beacon system. Even with a road to travel, confusion can
exist unless there is a means for identifying the passing localitics.
Radio markers are indicated on maps used by pilots and are found
with radio cquipment.  Further, by using a direction finder, a pilot
can take his bearing and determine his location.  This is a great
aid in taking detours out of storm arcas, checking progress toward
the destination. or being able to return to the range (beacon)
after leaving it for some reason.  Radio equipment is also used
to determine the height of the plane above ground and for land-
mg under adverse conditions,

Rapio Bracon System. A loop antenna has highly directional
characteristics.  The radiation is in the form of figure cight, with
cach circular lobe extending in the opposite direction and in the
dircction of a linc drawn through two opposite sides of the loop
(sce the figure). If two such loop antennas are placed very close
together but at right angles, the ficld strength pattern illustrated
results.  In the line marked OX, single lobes of cach loop antenna
deliver equal signal. There arc four such lines to any one radiating
system of this type; lines OA, OB, and OC. If onc loop antenna
is connccted to a transmitter which automatically sends letter A
( - —in codc), while the sccond antenna serves a transmitter which
send out letter N ( — - in code), onc or the other code letter will
be heard if the planc is in the area predominantly under the in-
fluence of one lobe only. The code letters A and N are synchro-
nized, so that the dot of onc letter fits into the space between the
dot and dash of the letter from the second loop. The dash of each
N occurs during the time the blank space is present at the end of
one A and beginning of another A.  And similarly, for the dash
of cach A.

You can readily see that if a pilot is flying on the course (linc
OX) he will receive the letter A and N cqually well, these will
fit together, and no aural response will be received. But if the
plane deviate from the beacon, cither the letter A or the letter
N will be heard, and this will tell the pilot in which direction he
has moved off the range. The intensity of the aural signal sug-
gests the distance off the beacon path.

The radio bcacon system in the United States operates on fre-
quencies in the range from 200 to 400 KC. The stations are
spaced at distances of about 200 miles. The A and N signals are
sent for about 30 scconds, then there is an interruption followed
by a code signal sent first from the N loop, then from the A loop.
The code signal is used to identify the station being reccived. By
referring to a map, the pilot knows what station is serving him
and at what point to tune in the next beacon station in his line
of travel.




LESSON

Electron Microscope

Neep ForR HiGHER MaGNIFYING Power. In the 17th century,
lenses were arranged to scrve as the first microscope. The science of
medicine was revolutionized when it was discovered that many dis-
cases werc caused by bacteria which could be scen under the micro-
scope but whose existence has not been suspected previously.  As
the regular type of microscope became more gencrally used, it be-
came apparcnt that there were many things too small to be seen
cven with the finest instruments. ' We now know that this limitation
is not duc to the lack of skill on the part of the designer but to the
very nature of light. Resolving power is a technical word for the
power of being able to discriminate between two very small objects
which are close together. Besides other technical factors, resolving
power depends on the wavelength of the light used for observation.
Since ultra-violet light is of a smaller wavelength than visible light,
it has been used for photographic specimens not to be scen with
ordinary visible light. Under the most favorable conditions, the dis-
crimination of objects separated by less than 0.1 micron (a micron
is about 1/25,000 of an inch) is not possible. This corresponds to
magnification of about 3,000 diameters.

The seriousness of this limitation was evident to the bacteriologist
who rcalized that many tiny and unscen particles were the cause
of many ailments. In the industrial ficlds, certain limitations on the
study of colloids and finely divided particles were also present. The
use of X-rays permitted the photographing of somewhat smaller ob-
jects, but the need was for visual observations of objects requiring
dircct magnification of 10,000 to 30,000 diameters. Such magnifica-
tion was made possible with the elecctron microscope and photo-
graphic enlargements can be used to increasc the magnification to
a total of 200,000 times life-size.

Evectron Optics. There is a close analogy in the behavior of
light and electrons. The main similarity, of importance to us, lics
in the action of lenses on light as compared to electric ficlds influ-
encing the motion of electron streams.  Electron optics are used in
all cathode ray tubes to fashion a pencil of electrons from the wide
stream ecmitted from the cathode gun. The science of clectron
optics has made possible the electron microscope. In an electron
microscope we are able to make highly magnified images with such
an clectron optical system by combining two or more clectronic
“lenses.” The great advantage of such a microscope lies in the fact
that we are no longer limited by the wavclength of visible light.
Under the application of 100,000 volts, thc wavelength action of an
clectron is only 1/100,000th of the wavelength of visible light. The
present instruments have permitted examination of such tiny par-
ticles as the tobacco mosaic virus which is rod-shaped and is about
1/100,000th an inch long.

DescriptioN ofF THE RCA Erectron Microscore.* A high
power electron microscope for obscrvation by transmission is con-

*This description is reprinted in part from “Electron Microscope,” a book-
let issued by RCA Manufacturing Co., Inc.
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The electron microscope is an outstand-
ing achicvement in the field of electron-
ics. The operating principles of the
clectron microscope are similar to scme
of the functions of a cathode ray tube
described in Lesson 19.
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Figure 353.
Simplified drawing showing the con-

struction of the electron microscope.
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MAGNIFICATION OBTAINED

Figure 359. A complete view of an RCA
clectron microscope in application.  Notice the
six observation windows.

These windows are visible in the photo-
graph above.
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structed with the same types of essential elements as a light micro-
scope. Light microscopes consist of a light source (often separate
from the microscope, but built into one unit on modern instru-
ments) ; a condenser lens which concentrates the light beam on the
specimen; a stage, with an adjusting motion; and an eyepiece for
visual observation or a projection lens for recording on a photo-
graphic plate. A similar nomenclature is used to define the different
clements of an clectron microscope, the only difference being that
every light clement is replaced by a corresponding clectronic cle-
ment. Thus the light source becomes an electron source; and lenses
hecome suitably shaped fields. Elements like the stage appear quite
different because of the necessity for operating in vacuum. This is
casy to understand since electrons can travel without hindrance only
in a vacuum and their paths are altered by any material object and,
therefore, the usual glass slides of light microscopes cannot be used.

Figure 358. An electron “photograph”
or micrograph of zinc oxide simoke mag-
nified about 22,000 diamcters.

Its manipulation differs somnewhat from that of a light microscope.
In the light microscope we have a fixed optical system which can be
moved up and down, and focusing is done by changing the position
of the specimen with respect to the lenses.  In the electron micro-
scope, we have constant distances and the lens power is varied. This
can be done because the lenses are created, in the case of magnetic
optics, by a current flowing through a coil.

The RCA electron microscope is a very compact, self-contained
instrument. The electron source is operated at voltages between
30,000 and 60,000, and, to provide ample protection of the oper-
ator from the high voltage and X-rays, is enclosed in a lead encased
upper hood. The clectron beam coming from this source is concen-
trated on the specimen by the field produced in the condenser lens
coil. The specimen, which is supported on a very thin nitrocellu-
lose membrane suspended across the opening of a fine mesh screen,
is clamped in the tip of a cartridge very close to the sccond field lens
produced in the objective coil. A plate which supports the speci-
men cartridge constitutes the movable stage. The specimen motion
is transmitted to this plate from the exterior of the evacuated sys-
tem by means of fine screws and metal flexible bellows. The elec-
trons, after passing through the specimen, are focused by the object
lens coil into an intermediate image and the projection lens coil
produces a further magnified image on the large fluorescent screen
in the final viewing chamber. Six observation windows, which are
placed to allow binocular vision for careful observation, enable a
number of spectators to view the image simultaneously. After a
sclected field of view is focused, and the magnification adjusted to
the desired value, a photographic record may be made by merely
removing the fluorescent screen and allowing the electron image to
strike a photographic plate, which is carried in a holder in the
vacuum, immmediately below the screen.




LESSON

Electric Strain Gages*

Purpose anp Funcrion. The usual electric strain gage is fund-
amentally an A.C. bridge circuit in which one or more impedance
branches are acted upon by the quantity to be measured. The cali-
brated amount of bridge unbalance is indicated on an instrument
which may be remotely installed at any convenient location. Elec-
tronic tubes are used to amplify the sensitivity of the equipment and
to stabilize input voltage.

With some exceptions, reactance-type gage clements serve as the
active bridge members. Whenever their application is possible, gage
elements of this type are preferred over clements of other types
because of their relatively low inherent impedance, large useful
range, good stability, and immunity to eclectrostatic and magnetic
interference effects.

Courtesy General Electric Co.
A view of an electronic gage em-

Figure 360.
ploved for indicating the pressure between the elec-

trodes of a welding machine. This gage will indi-
cate forces applied to the pressure pads up to 4,500
lbs., with each small division representing 10 lbs.

DEsioN AND SENsITIVITY. In its simplest form an active electro-
nagnetic impedance element consists, for example, of a U-shaped
iron yoke and an iron armature placed near the open ends of the
U, leaving small air gaps. A coil is placed on the iron yoke and
is connected in the A.C. bridge circuit. It is evident that when the
air gap between the iron yoke and the armature decreases, the re-
actance of the coil increases. In this case, the bridge output is a
function of the armature displacement and may therefore be cali-
brated in terms of this displacement.

An arrangement of this type may be made exceedingly sensitive,
depending on the initial air-gap setting. Assuming, for example,
that the initial air-gap setting is 0.002 in., closing the gap by 0.001!

*This lesson is reprinted from an article by H. P. Kuehni of the General
Electric Co. whose permission was obtained for this purpose.
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A bridge circuit consists of four reactive
or resistance arms of suitable values to
produce zero voltage across an indicating
device. Usually, one or more arms of the
bridge may be adjusted to produce the
needed balance. The impedance cf one
arm is varied under stress and, in this
manner, the variation produces a voltage
change.

The indicating instrument may be cali-
brated in suitable units—pounds of pres-
sure in this case.

Sce the figure on the next page.
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GAGE APPLICATIONS

The meter calibration changes somewhat
for different temperatures.

60c01=25"
0.00001 025"

L

i 2 G

Courtesy General Electric Co.
Figure 362. Schematic representations of
clectric gage circuit applications. (A) one of a
variety of eclectric gage bridge circuits. (B) a
representation of the fundamental frequency
employed and its modulation by variations in
the quantity being measured. (A) and (C) to
(H) are representations of several different
applications of the electric gage; (A) com-
parator; (C) strain; (D) acceleration; (E)
thickness; (F) pressure; (G) displacement;
(H) weight.
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in. will produce approximately a 100 per cent reactance change and
a correspondingly large bridge circuit output. While the sensi-
tivity may be increased much further by simply reducing the initial
air gap, practical limits are rcached because of temperature expan-
sions of the gage members and of the parts to be gaged. In gen-
cral, reliable readings of one hundred-thousandth inch are obtain-
able; and under carefully controlled conditions armature displace-
ments as small as one millionth inch may be read.

Conrtesy “Radio News” Magazine

Figure 361. A bending roll machine equipped with clec-

tromagnetic strain gage as shown within the circle. The equip-

ment 1s adjusted to give an alarm when the machine is over-
loaded.

Typres AND ArpLicaTION. In the foregoing example, a reactance
change was obtained by varying the air gap in a magnetic circuit.
As far as the bridge circuit is concerned, it is immatcerial how the
coil reactance or impedance change comes about. For example, an
impedance change may also be obtained by placing in the air gap.
which is made large in this case, a sheet of conducting material.

In the figure arc shown schematically some representative appli-
cations of the clectromagnetic gage principle. In this illustration
is shown how the principle is applicd to comparator, thickness (air-
gap and cddy-current types), displacement, pressure, strain, accel-
eration, and weight gages.

When the quantity to be gaged varies, the alternating output volt-
age from the bridge circuit also varies accordingly. The funda-
mental bridge frequency, however, is retained except that it is mod-
ulated corresponding to the frequency of the variations. Slow
variations can be followed by an indicating instrument, but morc
rapid variations require the use of a’fast-responding recorder or an
oscillograph. In order to reproduce the variations faithfully, there
must be available a sufficient number of loops of the fundamental
frequency for their reproduction.  In general, it may be said that
the frequency applied to the bridge circuit should be at least four
times as high as the frequency of the variations which arc to be
recorded. Thus, with a bridge excitation of 60 cycles per second,
good reproductions may be obtained of variations up to 15 cycles;
and with a bridge excitation of 2,000 cycles, variations up to 500
cycles may be recorded.

In another type gage used for the measurement of strain, re-
sistance clements are often used. These elements arc cemented on
the test members and the resistance of these elements changes
slightly (a fraction of one per cent) under strain.




LESSON 28

Film-Thickness Gage

Purrose anp Arrrication. A film-thickness gage will measure
the thickness of vitrcous cnamel, lacquer, other similar non-
magnctic coatings, and silver or copper plating on steel or iron
basc. Since the exploring clement is only held in contact with
the surface, no injury results to the coating. The gage may be
used also for measuring the thickness of glass, paper, mica, zinc,
tin, or other non-magnetic materials which are placed or coated
on stecl or iron. The mcasurcments may be made on all types
of surfaces provided the basc is .007 of an inch or more in thick-
ness and is of magnetic material. Extreme curvature of the sur-
face to he tested is to be avoided. Correction charts are supplied
for muking mecasurements on high-carbon steel, alloy steel con-
taining nickel or chromium, very thin sheets, or highly irregular
and extremely curved surfaces.

Conttesy Geneval Electric Ce,

and lord Motor Co.

Figure 363. Mecasuring thickness of lacyuer
on an automobile body.

Courtesy General Electric Co.
Figure 36+. Film-thickness gage com-
plete with probe.

Awr-gap membaers

of bridge
CircUIT anxp OveraTiOoN. The operation of this gage is based \

also on the principle of the Wheatstone bridge as shown in the fig- &/ N

. . : . 5 .
ure in the margin. Two arms of the bridge arc formed by the iron S b/ X}}\
core rcactors. These are balanced against each other to balance . 30
the bridge. One of these reactors is incorporated in the case of the \ source /
gage, while the sccond reactor is inclosed in the cexploring probe. wwlxw

potentiometer while the probe is held directly against a bare mag-

netic material.  The magnetic circuit of the reactor in the probe y > J
[ . nstrumant ’ ‘R}c(ificr

the greater part of the rcluctance (opposition to magnetic field) e

of this magnetic circuit is produced by the air gap or the non-mag- | The basic circuit of the General Electric

or iron, the indicating mecter shows directly the thickness of the

non-magnctic material.

standard between the gage head and a sheet of steel or iron, which

should be of the same grade and thickness as the metal over which

controlled by the knob on the front pancl is adjusted until the in-

strument needle indicates the same thickness as that of the stand-

Adjustment is carried out for zero thickness with the aid of the l
is completed through the magnetic material used as the base. Since DG =
netic material that separates the gage head or probe from the steel | film-thickness gage.
The indicating unit is readily adjusted by placing a thickness
the non-magnetic material is placed or coated. The potentiometer
ard that is being used. Volume 3 - que 195




LESSON 29

In a recent magazine article, Mr. H. S,
Kartsher, of the Brush Development
Co., defines surface irregnlarities in the
following manner:

ROUGHNESS, created by the removal
of metal from the surface by produe-
tion methods such as turning, grinding,
or lapping.

WAVE, is cansed by chatter, non-rigid-
ity of the machining eclements, grinding
wheel feed, or diamond marks.
TRUTH, is the degree of flatness in flat
work or roundness in round work. It
is the geometric quality of the surface,
larger than the first two qualities de-
scribed.

FLAWS, may be cansed by handling,

scratches from stray grains, ete.

PATTERN (also called lay), is an in-

dication of the type of operation per-

formed. A cirenmferential pattern is
produced by the ordinary  grinding
operation.

APPEARANCE, takes up the matter of
polish, reflectivity, and sand blasting.
The analyzer described in this lesson is
used primarily for inspection of rough-
ness as defined above.

Volume 3 - Page 196 |

Surface Analyzer

IRREGULARITY OF METAL SURFACES. Metal surfaces may be
finished to various degrees of smoothness and the irregularities
present may be of different types. Surface irregularities in the
form of waves or bumps are present in machined surfaces. These
usually have wavelengths that are shorter than 3 of an inch, and
have peak-to-valley amplitudes in excess of one millionth of an
inch (1 micro-inch). 1In order to meet rigid specifications and
to quickly inspect metal surfaces in production, an clectronic
surface analyzer is employed. This unit employs an analyzer head,
a calibrated amplifier, and a direct inking oscillograph which makes
a permanent record.

Descriprion oF THE ANALYZER Heap. The analyzer head con-
sists principally of a calibrated crystal type pickup unit housed
in a projecting arm, and the drive unit with its stand. The drive
unit contains a 110 volt, 60 cycle A.C. synchronous motor which
operates a cylindrical cam. This cam imparts a straight line recip-
rocating (up and back) motion to the pickup arm, about .060 inch
long in cach direction. This motion is accomplished at a uniform
velocity and one complete cycle requires ten seconds.

Courtesy The Brush Dervelopment Co.

Figure 365. The units which make up a complete surface analyzer. The

analyzer head is in the center, with the direct inkirg recorder at the left
and the amplifier at the right.

The pickup arm is pivoted in conical bearings located in the
drive unit. This arm is provided with a diamond tracer point hav-
ing a spherical radius of .0005 inch, which can be used to measure
the minute depth irregularities in metals as described above. This
point is positioned by a spring and can be adjusted.

CALIBRATING AMPLIFIER. A two stage amplifier is employed to
supply the neccessary gain (magnification) between the pickup
and the direct inking oscillograph.




LESSON

Facsimile Equipment

Purrost anp ResuLts Optained. The technique of transmit-
ting printed material, drawings, and photographs by means of radio
equipment, and to have this material reproduced directly on white
paper is the method of facsimile. In order to transmit a view of
a printed page or a picture, the object to be transmitted must be
sub-divided into clementary arcas by the scanning apparatus. This
work can be carried out with the aid of a photo-cell and after
suitable amplification the dots making up the object to be trans-
mitted may be employed to modulate the carrier of a radio station.

At the receiving station, a suitable facsimile recciver may have
its own radio apparatus or may be used in conjunction with a
regular broadcast receiver.  White paper comes off a roll at a fixed
and synchronized speed and, in some units, carbon paper rides just
above this white paper. For cach dot to be formed, a single
point of contact is established by the raised line of the helix on the
surface of the roller and the movable bar above the paper and
roller, sce figure. The pressure is proportional to the tone of the
corresponding element of the original material being transmitted.
With proper synchronization, a complete document, copy of a
telegram, a military map, or an entire newspaper (in condensed
form) could be transmitted over a period of night hours.

ScaNNING EQuipMENT AT THE TRANSMITTER. A unit of the most
modern design will be described. The scanning equipment 1s
housed in a metal cabinet and is complete in every detail. The
operating power may be obtained from a regular power line and
the output from the unit may be fed to a broadcast station by
making a connection to a telephone line. The material to be trans-
mitted is mounted on the subject-drum which rotates 75 r.p.m.
being driven by a synchronous 60 cycle motor through a sct of
gears.

‘The incorporation of a clutch between the motor and the drum
carrying the copy permits the changing of the copy without losing
the relative frame position. The motor continues to run during
this loading operation and a commutator on the spindle shaft sup-
plies an artificial frame-line signal which is transmitted at the
required intervals and keeps the recorders (at the recciving stations)
in step.

During transmission the scanning head, which contains the
optical system and the photo-cell and is mounted behind the subject
drum, traverses slowly down the length of the copy. It is driven
by a lead screw and suitable gearing from a separate motor and
its rate of progress is such that 125 scanning lines are drawn per
inch of drum length.

FacsiMILE BroabpcasT REceIvER. Since there are always several
facsimile recorders to every transmitter, even in experiment work,
and there will be thousands, or even millions of facsimile recorder-
receivers in the near future when facsimile broadcast transmission
will be enlarged, you are primarily interested in such receivers.
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Although facsimile equipment has
found cxtensive usc in military applica-
tion and for news transmission, the big
future lies in the use of this equipment
in the homes for receiving dirveetly
printed newspapers.

. Courtesy of RCA
Figure 366. A view of the subject-dium and
scanning apparatus of a facsimile unit.

Refer to the illustration above.
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FACSIMILE RECORDER
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The present day commercial facsimile receivers are complete self-
contained machines. They include the needed radio receiver, time
switch, and the facsimile unit: thus they require only the connee-
tion to an antenna and a source of power. While it is possible to
use a regular good-quality broadcast radio for the receiver, certain
advantages are offered by the separate receiver.  According to the
latest plans, the schedules are to be sent out over regular broad-
cast stations between midnight and six in the morning, a period
when most radio channels are idle.  The recorders are to be turned
on and off by the time switch at the proper hours. If a regular
radio is to be used, it has to be adjusted for the right station and
connccted to the time switch before the owner retires.  This is too
much to expect from an average person with many things to tax
his memory.  Also, a special radio chassis designed for facsimile
reception can be made more cfficient for the purpose on hand.

Con f RCA

Figure 367. Inside view of the facsimile
recorder. Ordinarily, the cover protects this
machinery and the printed paper comes out
through the slot in the cabinet.

The facsimile recording machine is mounted in the upper section
of the cabinet. The recording drum with the raised helical ridge
on its surface rides below the white and carbon papers.  The carbon
paper is wound up after use on the core at the top: the white
paper is fed out from the front of the cabinet by a cylinder like
a typewriter roll. The printer bar is movable and presses against
the carbon paper to leave an impression on the white paper. The
motion of the printer bar is controlled by two clectromagnetic
drivers.

Whenever a signal for black is received, the printing bar pinches
the carbon paper against the white at the point where its cdge
intersects the single turn raised helix; and, because of the rotation,
this intersection point repeatedly scans across the page right in step
with the traverse of the light spot across the original at the scanner.
With complete synchronization, the dots will organize themsclves
into a facsimile of the original subject.




LESSON

Inter-Communicators

PurPOSE AND APPLICATION. Intcr-communicators permit direct
conversation between two or more remote points and employ audio
amplifiers which usc clectronic tubes.  Extensive use is made of
inter-communicators on bombers and naval vessels. Here, quick
direct two-point conversation permits exchange of vital information
at an instants notice. In offices and factories, inter-communication
systems supplement the telephone, reduce the burden at the switch-
hoard, and climinate delays and errors caused by the telephone
operator. On a moments notice, the manager can ask the shipping
clerk about a certain order, a Mr. Brown can be paged anywhere
in the building, or the president and the manager can have a pri-
vate conference with the aid of an inter-communication system.

Basic InTER-CoMMUNIcaTION PrINcIPLES. When someone, per-
haps 20 yecars ago, placed the loudspeaker some distance away from
+he audio amplifier and microphone, the first intcr-communicator
was born. The loudspcaker could be located in a room different
from the one containing the amplificr and mike. By using a second
system and placing the equipment in reverse to the first system, a
two way conversation could be carried on. If both systems were
left in the operating position, a loud howl would develop because
of the electro-acoustic feedback. Means, therefore, were provided
for breaking the circuit of each system at some point. The indi-
viduals using the equipment controlled these switches as the con-
versation shifted up and back between the two points.

The realization that a magnetic or a P.M. speaker could scrve
as a microphone for voice frequencies made a great change in the
design of inter-communicators. Assume you have a simple audio
amplifier (see the schematic) incorporating a suitable input trans-
former to match the P.M. voice coil impedance to the grid and
another transformer in the output to match the 50L6 tube to the
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Figure 370. A schematic diagram of a master station showing the method
for connecting one sub-station to the unit.
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Present day inter-communicators em-
ploy wires for connecting the outlying
stations. It is possible, of course, to usc
radio transmission between stations, and
one such system was popular some years

back.

The volume level of the sound produced
by any one speaker, should be controlla-
ble at that location,

Analyze the action of this circuit in de-
tail. Study the effects of changing the
position of the talk-listen switch.
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TYPES OF SYSTEMS

An ordinary loudspeaker does not
make a good microphone, but by using
special units good results can be ob-
tained with voice frequencies.

Diagrammatical illustration w hich
shows how a single master is connected
to several sub-stations.

Distortion results beeause of phase shift
in long lines. Considerable power is
lost in extra long connecting cables.
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same type of speaker. Also, assume you have two identical P.M.
speakers. Call these speakers No. 1, and No. 2. By connecting one
speaker to the input of the amplifier, and the other speaker to the
output, conversation may proceed from No. | speaker (used as a
mike, at this time) to No. 2 speaker. The No. 1 speaker may be in
one room with the amplifier, while No. 2 speaker is connected with
a long cable and is placed in another room. By employing a suit-
able switch, the connections of speaker No. I, and speaker No. 2,
could be reversed. Conversation can now originate at speaker No. 2
(used as a mike, now), and reproduced from speaker No. 1. The
physical position (placement) of the speakers may remain the same.
The controlling switch for the speaker-connections is included in
the cabinet of the amplifier.

Figure 371.
communicator showing the master and one sub-station.

An illustration of a Talk-A-Phone inter-

MasTER SELECTIVE SysTem. The natural outgrowth from the
basic system described, is the master selective system. One amplifier
unit with its speaker is still used at one location, but instead of one
speaker at some other single point, several spcakers are used and
each is located at a different desk, or room, or station. In the com-
mercial units, facilities are provided for ten such sub-stations, but
any number less than ten can be used. The Talk-A-Phone KR-40
system permits private two-way communication between the ampli-
fier (known as Master) station and any of the sub-stations. The
master station can call all sub-stations simultancously if need for
this operation arises. The sub-stations can answer and call the mas-
ter station, but cannot call one another. It is possible to place the
units as far as 3,000 feet apart from each other, but shorter dis-
tances are recommended. The person operating the master unit,
of course, must control the talk-listen switch.

SUPER-SELECTIVE SysTEM. A complete system may be made up
of master stations only to permit great freedom and versatility of
operation. For example, in a system made up of ten such master
stations five two-way private conversations can be held simultane-
ously without interference or cross-talk. Each station can call any
other regardless of whether the station being called has the power
“on” or not.

ComBINATION SysTEMms. It is possible to combine master sta-
tions, sub-stations, and special booster units to serve special require-
ments. You can readily understand that certain applications may
require the master stations to have facilities to call any other mas-
ter or any sub-station, but the sub-station may not require to orig-
inate the calls. Headphones may be incorporated for privacy of
conversation. A booster unit is a high power amplifier which is
used in connection with a sub-station for louder reproduction and

paging.




LESSON

Sound-Level Meter

Purrose aNp REsuLTs OBTAINED. A sound-level meter is used
to determine the intensity of sound in certain localities or produced
by specific devices.  With certain modifications. the same unit may
be used to measure vibration of machinery and point to possible
improvements in design.  In ordinary application, a crystal micro-
phone serves as the pickup and is connected to a portable, specially
designed audio amplifier.  The sound intensity is indicated on a
calibrated decibel mcter, but headphones, an oscilloscope, or a
recording instrument may also be connected.  The results obtained
may be made to conform to the sensation-response characteristics
of the human car, or to give cqual response to all frequencies.
Since the human car has somewhat different response to sound of
different intensity levels, two corrective networks are provided; onc
for sound levels closest to 40 decibels, and another for very loud
sounds around 70 decibels.  The sound-level meter is calibrated
dircctly in decibels above the standard reference level of 10°1¢
watts per centimeter.  The range of such instruments may be from
24 to 130 decibels, which is sufficient for measuring all sounds com-
monly encountered — from those scarcely audible to sounds that are
painful to the car.

Circult DETAILS.  Essentially, the sound-level meter of the usual
type consists of a battery operated high gain audio amplifier capable
of substantially uniform amplification throughout the frequency
range of 50 to 8,000 cycles per sccond. l.ow drain battery tubes arce
employed and the entire unit with the batteries is housed in a con-
venient carrying case.  The microphone is mounted on an extended
arm so that it will not be affected by reflections of sound from the
carrying casc.

The sound-level meter may be calibrated with the aid of a mouth-
blown whistle which is supplicd with the unit.  This whistle gen-
crates a tonc of approximately 1,500 cycles of a definite intensity
and is casily and quickly applied to the microphone for calibration
adjustment.

AvpricaTioN MeTHobs. For ordinary measurements, since the
microphone is non-directional, it is only necessary to place or hold
the unit in the location where the measurement is to be made. The
microphone may be mounted on a separate stand, if the application
requires this action, and connected to the sound-level meter with a
suitable shiclded cable.

Sound level measurements may be made to determine if a room
is too noisy for certain types of work, the effects of acoustical treat-
ment, or the best design for reduction of the noise level.  Sound
level and vibration measurements are used in industry for improving
many devices such as pumps, fans, refrigerators, ctc.  The reduction
of noise and vibration not only reduces the noise level at the place
of the installation, but also increcases the life of the equipment.
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Figure 372. An illustration of a General
Electric sound-level meter showing the extend-
ing microphone support. The calibrating unit
is inside of the case cover.

Courtesy General Electric Co.

A sound-level meter being used
to measurc airplane-cabin noisc.

Figure 373.
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LESSON 33

The movable rack assembly illustrated
is used clectronically to check powder
charges used in shells. This equipment
was developed by engincers of the Du-
Mont Laboratories. Radio servicemen
may find interesting work building,
opcraling, or repairing such clectronic
cquipment.

On most jobs, it takes a great deal morc
time to find the fault than to complete
the actual repair.

In this scction an assumption is made
that you will operate your own radio re-
pair shop or store.
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Radio Servicing Technique

OrrorTUNITIES IN Rapio SErviciNG. As radio receiver circuits
became more complex, the high school experimenter, amateur clec-
trician, and the jack-of-all trades who attempted to rcpair cvery-
thing, had to resign radio repair work to men who spent time in
studying and were prepared for this important work. The addi-
tional information presented in this and the next lesson should
cnable vou to repair successfully any radio set which developed a
fault. The basic principles you have learned in the carlier lessons
will now be applied. You will find yourself ready and able to
repair radio receivers quickly and efficiently. Your customers will
be pleased with your work and wili be willing to pay a fair price.

WiraT Is Expectep FroOM A Rabio ServicEman? Usually, a radio
serviceman operates from a small shop or his home and undertakes
to repair, adjust. and improve radio reccivers. Ile may be called
upon to repair clectronic cquipment of the simpler type — the more
complex devices are usually serviced by the manufacturer. The
needed repair may be performed in the home of the customer, but
greater freedom from possible annoyance and better facilities can
be obtained in your own shop.

Courtesy Pan American World Airways

Figures 376 to 379. The work of testing and repairing radio
receivers and transmitters is a highly technical occupation. The
work is interesting and the salaries are good.

Honesty pays in all work and radio scrvicing is no cxception.
Make a fair charge for the work and parts needed, explain these
charges to your customer, guarantce your work. Perform no actual
work free of charge. Your prospects do not expect you to be a good
radio scrviceman if you inspect radios free, test tubes free, and
offer other inducements.

MeTI1obs For SEcurRiNnG Work. We live in a highly competitive
socicty and, in normal times, a serviceman must hustle for his work.
If you want more service business, if you want the business of
people who ncver heard of you, you must let all know of your
existence, your good points, and your special abilitics to be of serv-
ice. You must approach these prospects many times in many dif-
ferent ways. Various forms of advertising will do this job for you.




Among the various forms of advertising suitable for a radio serv-
ice business, advertising in publications such as local newspapers
and telephone books is most common. An advertisement may be
sent directly to a prospect at his home address. A postal card, letter,
or a special mailing piece may be employed for this direct mail.
Posters, window displays, and signs are very effective ways for ob-
taining additional work.

Advertising in any form must get attention to be useful. Atten-
tion may be obtained by sheer size, black type, white space, color,
novelty, illustration, or catch-phrases. Once the attention is ar-
rested, the interest of the rcader must be held. The story, the pic-
ture, the idea must compel the rcader to continue. With the reader
expressing a not personally realized interest in your advertisement,
the next step is to create a desire. A desire for better tone, superior
reception, improvements possible with a new set of tubes.

Once the desire is aroused, the reader must be impressed with
the conviction that your tubes, your service, or your appliances are
what he wants. Your items or service must appear to him as the
logical solution of his needs. And the final step, you must make
the reader act. Action will make your future customer pick up the
’phone and call you or perhaps stop at your store.

INFORMATION SUPPLIED BY TiiE OwnNER. In all cases, it is a good
idea to ask the owner of the radio set requiring the repair to ex-
plain just how the faulty operation developed. In many instances,
the information supplied will be of no particular use, but the occa-
sional possible hint may save much time in locating the fault. The
owner, for example, may say that smoke came out from a part and
point to the power transformer. This would immediately suggest
to you that some fault developed which caused excessive current
drain from the transformer, or perhaps a short-circuit occurred in
the transformer itself.
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Figures 380 and 381. Many radio faults can be detected by a simple
visual examination of the radio chassis. Certain unusual sounds heard with
the aid of the loudspeaker or with a pair of headphones connected to the
audio stages can be used to suggest the possible trouble in the circuit.

VisuaL ExaMinaTioN. Surprising number of radio faults can be
discovered by a simple visual examination of the radio chassis re-
quiring repair. Suppose the complaint was poor tone. You notice
that a push-pull output stage, 45’s used, one of the 45’s had no glow
of the filament with the set turned on. Yes, the no-glow 45 tube
was burned out, the circuit out of balance, the biasing resistor too
small for the single operating tube, and possibly no by-passing of
the resistor, thus reducing sensitivity.

HOW TO OBTAIN WORK

If there are other radio shops in your
city, you may get valuable ideas by
studying the methods used by others.
Try to be original and improve on the
work of others.

The usual advertisement placed by a
radio serviceman is very simple. Words
like: Quality Radio Repairing or Let
Us Repair Your Radio are used, fol-
lowed with a suggestion that rates are
reasonable and the work is guaranteed.
Make it casy for the prospeccts to find
you or to call you. Give your complete
address and tclephone number.

The owner of the radio to be repaired
likes to be of assistance and is flattered
by your questions.

The faults mentioned are only sugges-
tive. There are hundreds of possible
faults that can be discovered with a
visual examination.
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HINTS AND SHORT-CUTS

The fact that you own good service
equipment does not mean that you must
use it on every job. You can climinate
the wear and possible damage to your
equipment, and save time besides, by
following the suggestions given.

The many diagrams of typical circuits
presented in the latter part of this les-
son will help you locate the various
stages (and the order) in radio receivers
you will be called on to service.

Since the voltage on the grid of any
tube used in a radio receiver is very
low, you are safe in touching this con-
nection. To eliminate the possibility of
receiving even a small shock, do not
touch any metal or the chassis while
making this test. The lead-in from an
outside antenna (if one is nsed) may
be uscd instead of the finger for this
test.

Such faulty clectrolytic condensers
should be removed from the radio and
junked. Do not leave such capacitors
in the cirenit after yon eonnecct a re-
placement in their place.

If you have already -repaired a few ra-
dios, you will eertainly agree with the
author on this point.
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Faults such as burned out vacuum tubes, slipping dial cables,
leaking electrolytic condensers, can be discovered by visual exam-
ination. In the case of a noticeably burned carbon resistor, suspect
a shorted associated by-pass condenser. This resistor should also be
replaced in such cases. It pays at all time to try to locate the diffi-
culty by a quick examination before using test equipment.
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Figures 382 and 383. A smoking part will indicate a probable fault in
the associated circuit. Touching the grid caps and other sensitive points
will produce results which may suggest the stage or part at fault.

SimpLE TEsTs For Locating THE Favrt., In your studies, you
have already learned about many short cuts for finding the par-
ticular section of radio receivers or electronic equipment which is
at fault. The usual practice with or without test equipment is to
determine whether each stage in progressive order is in proper
operating condition. In radio receivers, the test procedure re-
solves around the introduction of a suitable signal in each stage
heginning with the last audio stage that is coupled to the speaker.
It is possible to wse a moist finger in contact with the grid as the
means of creating the signal necded. Touching, for example, the
grid of the audio voltage-amplificr tube would cause a loud hum
to be produced, provided, of course, that this stage, the last audio
stage, and speaker are in operating condition.

There arc many short-cuts in servicing that will completely
climinate difficulties and are very easy to apply. Consider the in-
stance of hum developing on strong local stations. This fault often
may be completely solved by connecting a .1 mfd. 600 volt paper
condenser from one side of the transformer primary to the chassis
of the radio set. This keeps the radio set from being modulated
by A.C. when tuning in a strong carricr and many sets are sup-
plied with such condenser arrangement.

Electrolytic capacitors sometimes fail to filter properly the circuit
and under carcful test will show only a fraction of their original
capacity. If the electrolytic condensers do not appear to be in
good shape and the set has a loud hum, it is best to replace these
units. If the complaint of hum really has no bearing, but is due
to too critical a listener, an 8 mfd. or larger condenser placed
across the filter circuit will solve this problem.

SERVICE PROCEDURE. The task of repairing a radio set may be
considered to consist of (1) the finding of the fault and (2) the
actual repair. The task of locating the actual fault is usually the
more difficult and requires a longer period of time than the actual
mechanical repair. The finding of the fault resolves in the usc
of such equipment which will suggest the location of the improperly
functioning part or circuit. The knowledge of properly operating




circuits of a similar type will serve as a guide. Once the fault is
discovered, the repair becomes a simple matter of removing the
short, completing the broken circuit, replacing the damaged part,
or making the needed adjustment.

Let us discuss the method for locating the fault in a radio
receiver. If the receiver is dead (no sound can be obtained from
the loudspeaker), make certain that the power connection is made.
Check availability of power at the socket by connecting a lamp or
a test bulb. Sece that some antenna wire is connected to the radio.
Your finger in contact with the antenna wire will complete the
circuit which will permit your entire body to act as an antenna
for test purposes. If no operation is obtained, remove the chassis

from the cabinet. Suggestions for this work were given in Lesson 1.

The power supply should be examined next. The presence of
filarnent voltages may be tested with an A.C. voltmeter. The
presence of plate voltage can be checked at onec or two points.
For this purpose a high voltage (0-500 volts) D.C. voltmeter is
used. If cquipment is not available, the filament voltage can hc
checked by noticing the glow inside the glass type tubes. In A.C.
type sets, the filament connections to any one tube may be shorted
with a picce of wire and the presence of a spark will indicate the
presence of voltage. The fact that plate voltage is available may
be observed with the aid of a paper or clectrolytic condenser.
Connect the condenser momentarily to a point where positive plate
potential should be present and to the chassis. The condenser
should take a charge. Now disconnect and bring together the two
leads from this test-condenser. A spark will be noticed at the point
of contact if a voltage (of 50 volts or more) was present between
the points of the circuit mentioned.

IZ you fail to obtain the voltages expected, the fault lies in the
power supply. However, if the apparently correct voltages are
obtained, the different stages of the recciver must be tested in
order. The technique which is explained next is also applied in
case the radio is operating very poorly.

By injecting a signal from a suitable signal gencrator in onc
stage at a time, the portion of the receiver failing to give proper
operation can be discovered. We have already mentioned this
method earlier. In case a signal generator is not available, a moist
finger or a long piece of wire in contact with the control grid of
the tube in the stage under test, will serve as the source of signal.
The use of a signal generator, of course, will give much more

LOCATING THE FAULT

You may learn that the owner of the
radio already made all these simple
tests.

Figure 384. While many radio faults
may be detected without the aid of in-
struments, test equipment is of great help
on some jobs. A volt-ohm-milliammeter,
like the one illustrated, is very helpful
for localizing the fault quickly.

A capacitor from 1 to 4 mfd., 15¢ WV,
is recommended for such tests. With an
electrolytic condenser, polarity must be
observed.

If you are asked to repair a radio which
has the fault appear from time to time,
but the shaking of the cabinet, move-
ment of the volume control, or turning
on an clectric light will make the radio
operate normally for a time, you have
real trouble on your hands. Such con-
dition is called intermittent operation
and is difficult to repair. Experts usu-
ally replace condensers and resistors
one at a time until the one causing the
trouble is found.
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SERVICING TECHNIQUE

c7

.
I

The circuit of an LF. stage of an AC-DC
superhet.

Information on the tube conncetions is
found in characteristic charts or a tube

manual.

The process of finding a radio fault is
eleetrical, but the actual repair work is
usually mechanical in nature.
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accurate results and will permit you to judge with greater assur-
ance whether a stage is good or bad.

How To Finp THE ActuaL Faurt. The localizing test you
have used will point to the scction of the radio receiver at fault.
In one case, let us say, the trouble seems to lie in the section
between the I.F. tube and the detector. This means that your
early tests preduced the expected response when the signal was
injected into the detector, but not at the I.F. tube.

If the tubes have not been tested initially, first test the tube
used in the L.F. stage. This LLF. tube is a part of the scction at
fault. Next, the circuit of this suspected section should be examined
and a diagram is helpful for this purpose.

Our condenser test-unit or a voltmeter may be used to determine
if the expected voltages are at the plate of the I.F. tube, screen
grid, and the B+ connection of the L.F. transformer (usually the
red lead). If the condenser test-unit is used, connect one lead to
the chassis, and touch the other to the points mentioned. A volt-
meter is used the same way, but will indicate exact voltage. In
an AC-DC type of radio, about 100 volts may be expected at the
points mentioned; in A.C. sets with transformers, 200 to 250 volts.
An LF. stage from an AC-DC set is illustrated.
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Figurc 385. A circuit diagram of a radio receiver presents a wealth of

information about the components used, suggestive test procedure, and serves
as an aid which enables the serviceman to locate the fault in the minimum

of time.

Lack of voltage at a point where it is required and expected
indicates that either it cannot get to this point because of a part
being open or wire broken, or because an associated by-pass con-
denser is shorted and passes the voltage to the chassis. This means
we will look for broken wires in wiring or coil, or shorted circuit,
or try disconnecting condensers one at a time.

When you finally locate the actual source of trouble—a shorted
condenser, two wires touching, or an open winding in a coil-—you
are rcady to do the mechanical work to complete the repair. It
is important, of course, to select proper replacement for the faulty
part and to do a good mechanical job of mounting the new
component,




LESSON 34

SERVICING PRINTED CIRCUITS

There arc many types of printed circuits in use
today. The use of printed circuit boards are very
much on the increase and will continue to increase.

Although no actual printing process is employed
to produce printed circuit boards the term “printed
circuit” is most frequently used to describe this type
of construction.

Printed circuits are manufactured in many different
ways but the method known as the etched copper
process, developed by RCA, will be explained here.

The production of a printed circuit board begins
with a layout drawing of the required circuit. A
photographic negative is made of this drawing. A

This supplementary lesson on printed circuits
is reproduced through courtesy of RCA Victor.

Figure 1.

basic board made of a phenolic laminate, the “chassis”
on which the circuit is constructed, has bonded to it
a very thin sheet of copper. The copper sheeting is
coated with a substance which makes it photosensitive.
A contact print of the photographic negative of the
circuit drawing is made on the cepper sheeting after
which it is photographically developed. After develop-
ment of the photographic image on the copper sheet-
ing, the entire board is placed in an etching solution.
In the etching process the unexposed portions of the
copper are eaten away, leaving an accurate, sharply
defined copper reproduction of the desired circuit
honded to the board. (See figure 1.)
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COMPONENTS AND CIRCUIT
JUMPER LEADS ARE ALWAYS
MOUNTED ON SIDE OPPOSITE
COPPER CIRCUITRY. TUBE
SOCKETS ARE MOUNTED ON
EITHER SIDE TO SUIT
REQUIREMENTS.

b
bt

PHENOLIC LAMINATE BOARD
USED AS CHASSIS.

COPPER CIRCUITRY FORMED
FROM THIN SHEET OF COPPER
BY ETCHING PROCESS.

NOTE: IT IS SHOWN SEPARATE
FROM BOARD HERE FOR
ILLUSTRATION PURPOSES,
NORMALLY IT iS BONDED

TO THE BOARD.

TRANSFORMER ALIGNMENT
SCREW AND PLATE.

INSULATING WASHER.

Exploded View of Typical I-F Printed Circuit Board
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ALIGNMENT SCREW
AND PLATE

PRINTED HEATER
CHOKE INDUCTANCE

PRINTED TRANSFORMER
INDUCTANCE

Figure 2.

Printed Circuit Side of Typical I-F Printed Circuit Board Employed in RCA

Television Receivers

This method has been developed by RCA to such
precision that line widths of copper as fine as one-
hundredth of an inch can be faithfully reproduced.
Uniformity of any quantity of units is assured because
any number of circuitry units can be made from a
master negative.

After the desired circuit has been reproduced in
copper, components are mounted on the board on the
side opposite the copper circuit. See figure 1. Lead
lengths are pre-cut and component leads are inserted
in pre-drilled or punched holes so that they contact
the proper point on the copper circuitry on the under-
side of the board. After the components have been
mounted and the leads have been crimped to further
insure mechanical stability, the entire underside of
the board is immersed in hot solder. The solder ad-
heres to the copper and securely bonds all component
leads to the copper circuitry in a single simple opera-
tion. The “printed circuit side” of a typical printed
circuit board is shown in figure 2. The transformer
inductances are prevented from being solder coated,
during the dipping operation, by glass fibre insulation
applied directly to the inductances.

In order to preclude any possibility of short circuits
due to exposed inductances, additional insulation is
applied to the picture I-F transformers. A section of
glass cloth is bonded under approximately 2,000 Ibs.
pressure directly to the strip inductances and provides
insulation sufficient to prevent arc-over up to 1500
volts.

The printed circuit provides many practical ad-
vantages over the conventional point-to-point wiring
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methods. As mentioned previously, absolute uniform-
ity and thus, consistent high quality, is inherent.
Circuit arrangements are now possible which, with
conventional wiring methods, were formerly impos-
sible. Simplification of equipment design, lighter
construction, no lead-dress problems, compactness,
reduction of the number of components and thus the
simplification of servicing are features made possible
by the use of printed circuitry.

Tuning of the transformers is accomplished by
means of flat, circular metal plates which are in a
plane parallel with, and adjacent to, each transformer
inductance. These are shown in figure 2. A screw-
type shaft has its threads extending through the
printed circuit board at the center of each transformer.
The shaft is attached to the center of the circular metal
plate. Rotating the shaft varies the distance between
the inductance and the metal plate. In so doing, the
effective inductance of the transformer is increased
or decreased, thus raising or lowering the frequency
to which the circuit is tuned.

In many of the printed circuit boards employed in
television receiver circuitry the copper etching process
is used only to construct the wiring portion of the
circuit.

Top and bottom view of electrically equivalent pic-
ture I-F strips are shown in figure 3, page Z261. An
examination of these will reveal the physical differ-
ences between the already familiar, conventional
type I-F strip and the printed circuit type I-F strip
employed in many current line television receivers.

The printed circuit board way be analyzed for
component failure in the conventional manner by
using the wiring layout drawings of the printed cir-




Top View of Conventionally
Wired I-F Wrrp

Top View of Printed Circuit
Tvpe I-F Strip

Bottom View of Conven-
tionally Wired I-F Strip

Bottom View of Printed
Circuit Type I-F Strip

Figure 3.

with Equivalent Circuit in ( onventional Farm

Comparison of Printed 1-T' € ircuit Board
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cuit assemblies in conjunction with the schematic
diagram of the respective chassis. These are pro-
vided in the related Service Data. However, to further
facilitate servicing the printed circuit boards, specific
service data is presented in this publication covering
recommendations, precautions, suggestions and addi-
tional information that will help the technician serv-
ice printed circuit boards effectively. When this
information is absorbed and properly applied, serv-
icing printed circuit boards should be less difficult
than servicing conventional circuitry.

Normally, printed circuits can be analyzed without
removing the board from the chassis. In most cases
tube socket voltages are readily accessible. If this is
not the case, voltages may be checked at points com-
mon to tube socket connections or a tube socket voltage
test adapter may be employed.

The completed electronic assembly — radio, television or computer
component — is ready for use. lllustrated are top and bottom
views of a high-fidelity amplifier.

Standard components are used on printed circuit
boards and can be removed and replaced easily.
Replacements should be made with duplicate parts
for convenience of mounting. Resistance or continuity
measurements of coils, resistors, and some capacitors,
can be made from the component side of the board.
Voltage measurements can be made on either side
of the board.

However, since the sockets on some boards are
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mounted upright on the wiring side of the board,
the tube pin connections must be counted in a counter-
clockwise direction. The clockwise direction is the
usual practice when the socket is mounted on the
component side of the board.

A small break in the continuity of printed wiring
can normally be found easily by a visual examination
of the circuitry. The use of a magnifying glass can
be of help in locating small “hairline” breaks in
printed wiring.

There are no special tools required when servicing
printed circuit boards. The complement of tools
normally employed by the television service technician
are all that are necessary. However, the soldering
iron used when working on the printed circuit board
should not exceed 100 watts, since excessive heat can
readily damage the board.

Replacement of Components on Printed Circuit Boards

The individual components mounted on printed
circuit boards may be easily replaced when the proper
technique is used. Only extensive damage to the
printed connecting strips or breakage of the board
should necessitate replacement of the complete board.
When removing and replacing components every
possible precaution should be taken to prevent dam-
age to the connecting strips bonded to the phenolic
laminate board and to the board itself.

Soldering should be made with care to prevent ex-
cessive heat from damaging the board and excess solder

from causing shorts.
Jvf
N

A \\\lk\\
CUTTING 1
! /1 CRUSHING

= - "
| ot
/{f‘_ B IL@)
©
LOOPING

©)

SOLOERING !

o // A —C :”yy/

Figure 4. Component Replacement Procedure

To replace capacitors or resistors on printed circuit
| boards without removing the boards from the chassis
proceed as follows:
Refer to figure 4.
1. Cut the component in half with a pair of
diagonal cutting pliers.
2. Remove the body of the component from the




connecting wires leaving as much wire as
possible for connecting purposes.

3. Prepare connecting points for the replacement
component by cutting the wire leaving 4"
to %" and form a connecting loop as shown
in figure C.

4. Thread the leads of the replacement com-
ponent through the loops of wire, bend com-
ponent leads to form a good connection and
then solder. Cut off excess wire from com-
ponent leads.

If the printed circuit board has been removed from
the receiver chassis for reasons other than component
replacement, the parts may be removed simply by
applying heat to the point on the connecting strip
where the leads come through the board, bending
the leads upright with a soldering aid, and lifting
the part from the board. In the process of removing
the solder, caution must be taken to prevent excessive
heating. Use a small wire brush if necessary to quickly
brush away the excessive solder from the connection.
Do not leave the soldering iron on the connection
when brushing away the solder. Melt the solder,
remove the iron and quickly brush away the solder.
It may require more than one heating and brushing
process to completely remove the solder. The new
part can then be mounted in place of the part that
has been removed and secured in the original manner.

Removal of Printed Circuit Board From Chassis

When removing a printed circuit board proceed
with caution. Do not attempt to force the board
from each of its mounting lances since excessive flex-
ing of the board can cause damage, Disconnect the
wires where necessary from the printed circuit board.
(Cut and leave 18” of the color-coded wire covering
to provide references facilitating the reconnection of
the wires. These are wire-wrap connections, and
once the wire wrap connection is disconnected it
should be reconnected by soldering.)

(E7Er1) /
EACH EYELET IS MADE
FLUSN WITH TIP OF
SA_U N 00 NOT

VE EYELET \

COMPLETELY AT
THIS TIME

STEP 2
EACH EYELET IS
REMOVED FROM
LANCE

Removal of Printed Circuit Board from Receiver
Chassis

Figure 5.

To remove the board, apply heat to the point where
the board eyelet is soldered to the lance and at the
same time apply pressure to the back of the board
through the hole in the chassis. When the solder
melts push the board out so that the lance is flush
with the eyelet in the board and let cool. Do not
attempt to clear lance from eyelet at this point. Con-
tinue around the perimeter of the board systematically
doing the same at each lance. After each lance has
been made flush with the eyelet, use the same tech-
nique to remove each lance completely from its eyelet
freeing the board from the chassis.

Replacement of Sound I-F Transformers

To remove sound I-F transformers apply just
enough heat to the terminals and can supports to
melt the solder so that the terminal may be pushed
away from the connecting strips.

When working on the boards it is advisable to place
them in a secure stationary position such as berween
two blocks of wood as illustrated in figure.

When installing the transformer can, the terminals
and can supports should be positioned to contact the
connecting strips, and then soldered at these points.

MOUNT CIRCUIT BOARD
ON WOOD BLOCKS, FOR
EASE !N SERVICING,
WHEN BOARD IS RE-
MOVED FROM CHASSIS.

CAUTION

USE A ROUND HEAD
SCREW AND WASHER
BE CERTAIN THE
SCREW PASSES EASLY
THROUGH THE EYELET
TO AVOID DAMAGE TC
THE BOARD

WOOD SCREW
8 WASHER

\wooo
SCREW
)
WASHER

Figure 6. Sound I-F Transformer Replacement

If it is necessary to check the operation of the
printed circuit board after it has been removed from
the chassis, the wires previously removed may be
temporarily reconnected.

When replacing the printed circuit board make cer-
tain that all the eyelets on the perimeter of the board
are clear and all excess solder is removed from the
mounting lances. Place the board in the approximate
mounting position and reconnect all wires previously
removed. Position the board so that all the lances
protrude through the eyelets and solder in place.
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Repair of Printed Wiring Connections

If one of the connecting copper strips on the printed
circuit board is cracked or broken it may be repaired
easily. A short length of tinned copper wire should
be placed across the break. The joint is then soldered
by flowing solder over the break and the length of
wire. Care should be taken to prevent solder from
shorting one connecting strip to another. When the
printed wiring on the board is not exposed an open
section may be repaired by jumping this section with
an ordinary piece of hook-up wire on the component
side of the board. Connect the hook-up wire berween
two components that the open section of printed
wiring would normally connect.

Replacement of Tube Sockets

Refer to figure 7.

In order to replace a tube socket it is necessary to
remove the printed circuit board from the chassis in
the majority of cases. Apply heat to the socket ter-
minals, melt and shake off all excess solder, or use a
small brush to clean off the excess solder at the socket
contacts using the technique described previously
under Replacement of Components on Printed Circuit
Boards. Wedge a flat blade, such as pen knife blade,
under the socket contact and pry it up from the con-
necting strips. Also unsolder and pry up the center
pin ground connection.

When replacing a socket, use the proper replace-
ment for the particular board and insert it in position
as indexed by the key. Solder the pins and center
pin ground connection to the connecting strips. On
some boards the contacts must be first bent back so
they may be soldered on the tube side of the board.

MELT SOLDER AT
PIN CONNECTION
AND PRY LOOSE
WITH THIN BLADE.

Removal of Tube Socket from Printed Circuit
Board

Figure 7.
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Checking Intermittent Circuitry

The technique employed in the construction of
printed circuits minimizes the possibility of inter-
mittent circuit conditions. If an intermittent con-
dition does exist it may be localized by a slight flexing
of the board and probing of the component leads.
Caution should be exercised in excessive flexing of
the board, although the board is sturdy in construction
it may crack or break if proper care is not taken when

servicing.

When an intermittent point or area is localized it
usually can be corrected by simply heating the leads
of the components, at that point or area, with a
soldering iron. This will fuse the intermittent point
forming a secure connection.

Replacement of Picture I-F Transformers

The printed coils of the picture I-F transformers on
PC102 may be replaced with a conventional bi-filar
transformer, stock number 76433,

This is done as follows:

1. Remove alignment screw and plate. See figure
2.

2. Break the four connections to the printed coils
(two on top of the board and two on the
bottom).

3. Enlarge the screw hole in the board to ac-
commodate a bi-filar transformer.

4. Remove the clip fastener from the end of the
bi-filar transformer.

5. Cement the transformer in place so that the
coils and four terminals are underneath the
board and positioned to facilitate wiring. See
figure 8.

6. Connect the coils as indicated in the drawing
shown in figure 8. Loading resistors must be
installed across the primary winding of the
replacement transformer in certain instances
as indicated in the note next to the drawing.

7. Align the picture I-F transformers

ADD RESISTOR HERE

WHEN REQUIRED.
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PLATE
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BY INDEX TAB. \_/L?J

Figure 8. Replacement of I-F Transformer




LESSON 35

PRACTICAL FACTS ABOUT TRANSISTORS

While transistor theory is at least as complex as that of vacuum tubes, the servicing of transistor radios is
no more difficult than the servicing of any other radio. These few pages contain the basic information re-
quired for the successful servicing of transistor radios by the radio technician with no previous knowledge
of transistor operation.

The transistor can perform many of the functions formerly possible only with vacuum tubes, and with advan-
tage. The transistor is much smaller than a tube, weighs less, requires no heater power, is more efficient
in its use of power supply voltages, is non-microphonic and will operate in any position. Because of its low
mass and the strength of the materials of which it is made, a transistor is mechanically more rugged than a
tube. No one knows how long a transistor can operate, but the life expectancy is much greater than that of a
vacuum tube,

There are two basic kinds of transistors, the point contact, and the junction transistor. Each type has its
own advantages and best applications. Since junction transistors are used in radios, only this type will be
described.

Transistors can be made from several semi-conductor materials including germanium, silicon and selenium.
Most transistors, and all those used in radios, are made of germanium, such as that used in the familiar

germanium crystal diode.

A junction transistor is essentially a wafer of an extremely pure germanium crystal into which three distinct
conductive regions or layers have been introduced by adding controlled amounts of certain chemical impuri-
ties. Depending on what chemical is added as an impurity, the conductive region is called N or P type ger-
manium, A transistor then, is a crystal sandwich of a region or layer of N type germanium between two
layers of P type germanium, or conversely a layer of P type between two liyers of N type. Leads are sol-
dered to each of the three layers and the crystal is enclosed in a hermetical'y sealed case.

The arrangement of the different conductive layers of the transistor germanium crystal is illustrated by Fig-
ure 1A, Figure 1A shows the cross section or pictorial representation and the schematic symbol of the NPN
type junction transistor. Figure 1B shows the pictorial and schematic symbols of the PNP type junction
transistor,

COLLECTOR COLLECTOR COLLECTOR COLLECTOR

EMITTER EMITEER EMITTER

EMITTER

FIGURE 1A, NPN FIGURE 1B. PNP

In each type, one outer layer is called the emitter, the center layer is called the base, and the other outer
layer the collector. Emitter, base, and collector correspond very roughly to cathode, grid, and plate of a
triode tube.

The ndividual NP and PN junctions in the transistor germanium crystal act like crystal diodes in that cur-
rent flows more easily in one direction than in the other. If any N region is made Negative, and the P region
Positive, the resistance of the junction is low and a high current flows. Conversely, when the N region is
positive and the P region negative, the resistance of the junction is high and a low current flows,

This supplementary lesson on transistors is re- ‘
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The emitter is so called because this element when dc biased in respect to the base for forward or high cur-
rent Tlow, effectively injects or emits current carriers into the center or base region of the germanium crys-
tal wafer. The collector even though dc biased in respect to the base for reverse or low current flow appar-
ently collects most of the current carriers injected by the emitter. This increases the collector current over
what it would be without the addition of the current carriers injected by the emitter. Thus, by varying the
voltage applied between the emitter and the base it is possible to control the collector current, just as vary-
ing the voltage between cathede and grid of a tube, controls the plate current.

A transistor can be compared in many ways to a vacuum tube. In a tube, the cathode emits electrons; and in
a NPN transistor, the emitter also emits electrons. The plate of a tube collects the electrons emitted by the
cathode; the collector of a transistor collects the electrons from the emitter. In a tube, the grid to cathode
voltage controls the number of electrons flowing between cathode and plate. In a transistor, the base to emit-
ter voltage controls the collector currernt. Unlike the grid in a vacuum tube, the base of a transistor must

conduct an appreciable amount of current. In this sense, a transistor can be likened to a triode vacuum tube
with a positive grid bias.

In the NPN transistor, the injected current carriers are electrons from the N emitter layer. The N type
germanium has free electrons available for conduction. In the PNP transistors, the current carriers are for
all practical purposes positive charges from the P emitter layer. These positive charges result from a lack
of electrons in the atomic structure of the P type germanium and are frequently referred to as "holes".
These positive charges behave about the same as electrons but are of opposite polarity.

The important thing to remember, is that the same final results can be obtained with either type of transis-

tor, for their circuit operation is similar except that opposite polarities are required. Both NPN and PNP
transistors are often used in the same radio.

Stop a minute, and try to remember the following:

1. The emitter voitage Eg, must always bias the emitter junction in the forward, low resistance, high cur-.
reunt direction. (Positive to P and Negative to N.)

2. The collector voltage E., must always bias the collector junction in the reverse, high resistance, low
current direction.

3. The polarity of the dc voltage applied to the emitter in respect to the base is always opposite to that ap-
plied to the collector.

4. The collector cf a NPN transistor always has a Positive voltage applied in respect to the base.
. The collector of a PNP transistor always has a Negative voltage applied in respect to the base.

- In the schematic symbol, the “"emitter arrow" always points in the direction of easy current flow. Elec-
tron flow is in the opposite direction to current flow.

o N

A typical common emitter NPN transistor amplifier is illustrated by Figure 2. The negative terminal of the
power supply battery is connected to the emitter and the positive battery terminal is connected to the collec-
tor. Because the collector-base resistance is much higher than the base-emitter resistance as a result of
the dc bias polarities, the collector-base voltage can also be much higher than the base-emitter voltage.
Resistor R1, connected between the positive battery terminal and the base, establishes the correct dc bias
of the base-emitter junction (base pusitive - emitter negative).

Electrons are effectively injected into the base by the emitter. Most of these electrons are attracted to the
high positive voltage of the collector and only a few flow to the base. Note that electron flow is in an opposite
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direction to the current flow indicated by the arrows. In more advanced study of transistor circuits, it is
convenient to consider conventional current flow rather than electron flow. The collector current I, and the
base current Iy, added together equal the emitter current Iq.

Now, if an ac signal is applied to thie base through coupling capacitor C1, the voltage across the base-emitter
junction will vary as does the signal voltage. Since the total resistance from the base to the emitter termi-
nals of this typical transistor is about 500 ohms, an ac voltage of only . 025 volts will cause an ac base current
flow of 50 microamperes. This small ac signal will result in an ac emitter current of about 1. 05 milliam-
peres and an ac collector current of about 1 milliampere. This 1 milliampere ac collector current flowing
through the 1,000 ohm load resistor R2, will develop an ac voltage across the load resistor of 1 volt. Thus,
this simple transistor amplifier produces a voltage gain of 40 and a power gain of 800. By using different
values of load resistance, much higher voltage or power gains can be obtained.

A PNP transistor could be used in the same amplifier circuii: all that would be required is reversal of the
power supply battery polarity.

The amplifier shown in Figure 2, is called a common or grounded emitter amplifier because this terminal is
common to both the input and output circuits. This type of amplifier circuit roughly corresponds to the famil-
iar grounded cathode vacuum tube amplifier and is frequently used because in general it affords the highest
gain consistent with a relatively high input impedance.

The transistor can be used in common base amplifier circuits which correspond to the grounded grid vacuum
tube amplifier. The collector can also be the common terminal, and in this case becomes the transistor
equivalent of a grounded plate or cathode follower vacuum tube amplifier.

In the common emitter transistor amplifier illustrated by Figure 2, a slight change in base current I, re-
sults in a large change in the collector current I.. This ratio of change in collector current to change in
base current is called the Beta (3). Beta values of presently available junction transistors range from less
than 10 to more than 100.

Also, a change in emitter current I, results in a change in collector current I,. This ratio of collector cur-
rent change to emitter current change, I /Ie is the emitter-collector current gain and is called Alpha (a).

In three element junction transistors, this is always less than 1, with Alpha values of .80 to .99 being avail-
able in commercial transistors.

Alpha
{1-Alpha)

The servicing of a transistor radio is little different than the servicing of any other radio. The same cireuit
functions exist and the arrangement of circuit functions is the same as in the majority of small radios using
vacuum tubes. The same troubles and trouble symptoms can exist. Familiar troubleshooting methods can
still be used.

Beta, the base-collector gain, is related to Alpha, the emitter-collector gain: Beta =

Really, the only important difference in the servicing of transistor radios follows from the precautions that
must be taken to prevent damage to transistors and other components designed to operate with relatively low
supply voltages by technicians accustomed to the higher voltages and temperatures in vacuum tube circuits.

A transistor is a physically rugged device, but generaily it cannot tolerate excesses of current and tempera-
ture as weli as a vacuum tube. Susceptibility to damage by heat is the transistors greatest weakness. They
may be damaged by external heat or by heat generated within by excessive current flow.

Most transistors are nermetically sealed. If tne seal is broken by rough handling or bending and pulling the
ieads so that the crvstal is exposed to air and moisture, the performance of the transistor will be sericusly
affected.

To prevent any possible damage to the transistors while servicing the radio, remember these few basic
rules:

i. Soldering . . . When replacing components connected to a transistor socket, remove the transistor defore
Jdoing any soldering. If the transistor should be wired into the circuit without the use of a socket, grasp
the iead between the transistor base and the soldered junction with long nose pliers before doing any sol-
dering or unsoldering. The pliers wiil help dissipate the heat.

2. Power Supply Voltages . . Watch pattery polarity closely. Volume 3 _ Paqe 215
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3. Replacing Transistors . . . Never remove or replace a transistor without turning the receiver off. In
some circuits the resulting voltage transient could do harm.

4, Ohmmeter Checks . . . The current supplied by most onmmeters on low resistance ranges is great
enough to damage a transistor. Generally, vacuum tube ohmmeters with battery supplies of 3 volts or
iess are OK if used only on the R x 1, 000 or higher range. '
In general, circuit checks made with an accurate voltmeter are more useful than ohmmeter checks.

5. Troubieshooting . . . Watch your test probes! If a slip of a test probe shorts the transistor base tc the
collector, the transistor may be damaged.

8. C'apacitor Checks . . . Most transistor radios use a number of electrolytic capacitors with low voltage
ratings. Many capacitor checkers apply a voltage to the capacitor sufficient to damage it. Even a small
voltage of incorrect polarity can cause damage. This must be remembered in making ohmmeter checks
of the circuit.

7. Use of Signal Generators . . . Before connecting any signal generator to the radio circuits, adjust the
output attenuator for minimum output. Signal generators designed for vacuum tube circuits can furnish
more signal than a transistor can handle without harm.

TRANSISTOR TESTING
The best way to check a tr.:sistor is by substitution.
The next best way to check a transistor is to use one of the simple transistor test-sets that are available.

Trans:stors can, in an emergency, oe checked for opens or shorts with an ohmmeter providing a reasonabie
amount of care is taken. An ohmmeter check is not a particularly good check.

Never use an ohmmeter with a battery greater than 3 volts.

Never use the low resistance ranges; instead use the R x 1. 060 or higher range.

In general, the forward current through a transistor should never be allowed to exceed 15 ma. A milliam-
meter can be used to determine whether any particular ohmmeter is safe to use in testing transistors.

A junction transistor is more apt to become shorted than open. Transistors often become shorted because of
excessive current flow, so a shorted transistor may be indicative of a circuit fault. If a transistor is found

to be shorted, check the circuit carefully before installing a new one.

A shorted transistor will most often result in increased power supply current drain. Thus, a quick and use-
ful check is to measure the current drain with a milliammeter connected in series with the leads from the
battery power supply. The current drain for Admiral transistor radios will be found in the service manuals,

For ohmmeter testing purposes a transistor can be considered as two germanium diodes connected back-to-
back as illustrated by Figure 3.

Figure 4, illustrates the relative resistances for both the NPN and PNP type transistors. The polarity signs
shown in the illustration indicate the polarity of the ohmmeter leads. The transistors must be removed from
their sockets to make this check. Low resistances will range between 50 and 500 ohms or more. High re-
sistances will range from .1 megohm to several megohms, depending on the ohmmeter used and the transis-
tor type.
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