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Subj: Re: FRIDAY EVENING

Date: 10/06/2000 10:39:32 PM Pacific Daylight Time
From: JPBBOT

To: Moehlhj

Hi Harvey-—I| remember Bessie Stratton Clancy very well. | have not heard from Ray or
Donna either but thought they were lazy as myself as | don't get on the computer that often
anymore. | got on tonight and had many jokes to read and a few letters from friends. Our
weather has been ideal. The early AM in the 60's and the high during the day)m the high
80's or low 90's which to us is just right. | guess living in a hot dry climate like, we have
does thin your blood somewhat as we take a sweater or jacked to the casino' s when we
go there as itis to cold for us as we think they keep the air conditioning down too low. We
can tell the tourists as they are walking around in shorts. | wouldn't doubt that Ray and
Donna went back to lllinois. They sounded like they wanted to go back to see the great
grand child as well family there. | am surprised that Donna or Ray did not e-mail either one
of us as they usually are good about doing this. | guess we will hear from them when they
return. Glad they had no problem with the brush fire and that is all over with. I\see where
Denver has had snow already so no doubt Ray and Donna have already seen the white
stuff. We will see it up in the mountains in anoter month or so Sounds like yoi; will shortly
be looking for another household project now that your windows are finished. | just look
Ithe other way. Everything here seems OK. | do have some cactus to replace (very
carefully) and we are going out tomorrow to a garden supply to see what we can find. We
don't usually do much on the week-ends, however we are usually busy during the week.
We are getting involved at present with helping our daughter pack and get ready to move.
It looks like she sold her condo. Itis in escrow and she is going to move into an
apartment while she looks for a home. She is tired of condo living and wants a 3 bedroom
home with a yard of her own and a garage. | told her to take her time and spend time
looking not only at the home but the location also. | hope she listens. She does have a3
month lease on the apartment and she then can rent from month to month until she finds
what she wants. | try to advise her not to hurry but sometimes they ask for advice and then
do what they want anyway. Write when you have time. | will eventually answer when |
finally get on the computer.

Joe
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ELECTRONICS TECHNICIAN TRAINING

Assignment 1

AN INTRODUCTION TO ELECTRONICS, RADIO, AND TELEVISION

You took possession of a key to one of the most interesting, re-
spected, and well-paid professions in the world when you decided to
enter the field of Electronicse. Your key to this "new world" will be
your knowledge of electronics=--how electronic equipment operates, how
defective parts affect this equipment, how to repair and maintain it.
This knowledge will enable you to service, operate, and maintain the
wide variety of electronic, television, and radio equipment which plays
such a vital part in our present-day civilization.

When you meet a new person in everyday life, the first step in
your becoming acquainted is an introduction. Similarly, the first step
in your becoming acquainted with electronics is an introduction to it,
and to its "close friends" radio and television. That is the purpose
of this first assignment in the training program--to introduce you to
electrorics, radio, and television.

History of Communication

Since the days of the stone age, man has tried to send messages
over ever-increasing distances. The first "long distance transmission”
was probably a shout. However, the primitive man soon learned that
greater distances could be spanned by beating on a hollow log with a
club. In some primitive tribes, even today, this system of communi-
cation is still employed.

O0f course, the use of sound is not the only method of communi-
cation. The sense of sight has also been used since the time of the
cave man for sending information from one point to another. As the
cave man waved his hand in a greeting to his fellow creature on the
other side of the valley, he was using this method of communication.
As time passed, sight communication was improved through the uss of
puffs of smoke, lanterns, and fires, and the waving of flags. Some of
these systems, too, are still employed in modern communications--for
example, the landing signal flags used aboard aircraft carriers.

All of the methods of communication which have been mentioned so
far have the same fault in common. The distance over which they are
effective is quite limited--ranging to a few miles, at best.

Although man yearned for long distance communication for thousands
of years, it was not until less than 150 years ago that a step forward
of any importance was made. In 1832, when Samuel F. B. Morse inverted
the electric telegraph, the distance of communication was extended
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"beyond the horizon." By operating a telegraph key, he controlled the
flow of electrical impulses along a wire, which, in turn, caused a
telegraph "sounder" at the other end of the wire to operate, producing
clicks which could be heard. By means of code, these clicks could be
translated into letters and words. The growth of the telegraph was
rapid, and in approximately 30 years telegraph messages were being sent
from America to Europe by means of an underseas cable.

The next stride forward in communications took place in 1875, when
Alexander Graham Bell invented the telephone. In this device, with
which everyone is now familiar, electrical impulses were again used,
but a reproduction of the speaker's voice, rather than the clicking of
a sounder, was heard at the opposite end of the line., Thus, a spoken
message could be sent over hundreds of miles,

Although the telegraph and the telephone could carry messages over
hundreds of miles, they were both limited in the same way. They could
carry these messages only where it was possible to string wires. Thus,
it was nct possible to communicate with remote areas, with ships at
sea, with balloons, or, a little later, with airplanes. It was obvious
that a means of communication was necessary which did not require the
use of wires--in other words, wireless telegraph and wireless telephone.

A few years after the invention of the telephone, a young German
scientist, Heinrich Hertz, experimented with the first form of wireless
telegraph. He sent radio waves and picked them up across the room
with a very crude receiver, Many other scientists and experimenters
worked in the development of Hertz's crude "wireless" telegraph system,
and shortly after the turn of the century Guglielmo Marconi succeeded
in serding the first message across the Atlantic Ocean by means of radio
waves, Further development of the radio system resulted in wireless
telephone communication, which was then developed into radio broad-
casting, as it is known today. Thus, communication over thousands of
miles without wires became a reality and helped make possible many other
scientific developments of the Twentieth Century.

Miraculous as it is, radio did not fully satisfy the needs of the
general public. Because we are gifted with sight, it is only natural
for us to desire our entertainment "dished up teo us," so that we can
see it as well as hear it. Consequently, while some scientists and
inventors worked to improve radio, others were working just as hard to
develop a system whereby pictures could be " transmitted through space.,"
The final development of this system is, of course, TELEVISION, as we
know it today.

It might be well to point out that television is not the result of
any one person's work or creative genius. Instead, it represents the
work of many scientists, inventors, and experimentsers. The first tele-
vision pictures were transmitted from Whippany, New Jersey, to New York
City, by Dr. Herbert Ives, in 1927. These were wvery poor images, andi
it was not until 1946 that television transmitting equipment ard re-
ceivers were perfected to a great encugh degree to make commercial
black-and-white television broadcasting practical.
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Color television also passed through a long period of develop=
ment before its final acceptance. The first colored television pictures
were transmitted by Dr. Ives and his associates in 1929. These pic-
tures, although realistically colored, were about the size of a postage
stamp. Many systems were devised to enable larger color television
pictures to be telecast, but it was not until 1953 that a truly suitable
color television system was available to the general public.

Thus, in a span of less than 150 years, man was able to accomplish
what he had dreamed about for thousands of years--the transmission of
sound and sight (in full color) over long distances. Color television
is the fulfillment of that dream.

Radio, Television, and Electonic Services

Let us now look at some of the "parts," or divisions, of the
Electronics field. As a starting point we'll first consider radio.
When we hear someone speak of radio, we naturally think of radio broad-
casting, since this field is familiar to all. Actually, the radio
field includes many services in addition to radio broadcasting, as will
now be explained.

Radio Broadcasting

In the ordinary usage of the term, radio broadcasting suggests
the broadcasting of entertainment, news, etc., for the benefit of the
general public. There are several ways in which this is done. The
first of these, and the most widely known, occurs in the "Standard
Broadcast Band" which is received by millions of home and auto radio
receivers daily. BEveryone familiar with radio is familiar with this
service. Figure 1 shows one of the outstanding broadcast staticns now
in operation.

There are also short-wave radio broadcast stations, which serve
primarily to broadcast entertainment from stations in this country to
other points throughout the world. These stations are small in number
compared to the standard broadcast stations.

Another radio broadcast service is rendered by the Frequency
Modulated stations. These stations transmit entertainment and operate
on the short waves, but, as they operate on an entirely different
principle than the short-wave broadcast service which has been men-
tioned, the programs are not "carried" great distances. Instead, each
staticn serves an area close around it, within a radius of zpproximately
50 miless.

Two-Way Police Radio
Almost all police forces now have two-way radio equipment to pro-
vide communication between the headquarters and the patrol cars out on

the strcets or country highways. The patrolmen in the car are able to
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talk to headquarters, and in addition most systems permit direct com-
municaticn between the irdividual cars.

Two=-Way Aircraft-To-Ground Communications

All commercial aircraft and many private aircraft are equipped
with two-way radio communication equipment. This erables the pilot to
receive weather reports, landing instructions, etc., from ground sta-
tions during flight, and it also permits the pilot to report his posi-
tion at regular intervals. Figure 2 shows just a small part of the
radio equipment aboard a Pan American DC-4 aircraft.

Miscellaneous Two=Way Communications

Two~way radio communications systems are now being used by hun-
dreds of different services and industries. Among these are: taxi-
cabs; busses; truck lines; water, gas, and electric utility companies;
railroads; garage and wrecker services; road maintenance departments;
pipe lines; and delivery services.

Instrument Landing Equipment

Commercial airliners are equipped with radio dsvices to enable the
pilot to land the plane during heavy fogs, rains, or other conditions
which would make sight landing impossible. In addition, radar equip-
ment is being used in some of the leading airports.

Radio-Telephone Communication System

There are two separate services under this heading. One of these
has beer highly publicized and has had widespread use. It consists of
a radio link between cars and the Bell Telephone System. By means of
this system, a busy executive may conduct normal telsphone conversations
while in his car. This service is proving of great value to prcfes-
sional and business men. The other radio-telephons service is used in
handling long distance overseas telephone communications. Until just
a few years ago, these messages were handled entirely by undersea
cables.

Radio-Beacon Equipment

This equiprment is used to guide planes in the air. Thke radio
waves are concentrated into "beams," and the airplanes fly along these
beams, just as a car follows a highway. Other radio signals in the
beacon system tell the aircraft pilot when he is a few miles from the
airport and when to start his landing glide.
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Loran Equipment

This is a system somewhat similar to the radio-beacon. It is
usod as a navigational aid for ships at sea.

Micro-wave Relay Systems

Micro-wave relay systems are used, in place of a coaxial cable,
by the Bell Telephone System to relay television signals. They are
also used by pipelines, by railroads, and by mary other industries.
A micro-wave relay system is actually a radio link which can be used
to accomplish the same results as several, several dozen, or even
several hundred telephons wires. In this system the radio energy is
beamed from one relay station to the next, where it is power-boosted
ard beamed on tc the next, etc. The type of communication whichn is
passed along depends largely on the use of the relay system. For ex-
ample, such a system can be used to pass along orders from a central
lccation to points hundreds, or thousands, of miles away. At the same
time, the system could be used for controlling devices at remote lo-
cations. For example, in a pipeline installation a single dispatcher
cen control valves at desired points along the pipeline, although it
might stretch for hundreds or thousands of miles.

Government Services

Many motion pictures and plays have illustrated the use of radio
communication by the Army, Navy, Marine Corps, Coast Guard, and Air
Force. In modern warfare, this type of instantaneous communication is
an absclute necessity. There are, however, many other types of govern-
ment radio installations. Included among these are Meteorological aids,
Forestry Service, and Bureau of Standards.

Facsimile

Facsimile is a form of communication which has not, as yet, de-
veloped to a great degree., It is a system whereby newspapers, photo-
graphs, or other printed material are transmitted by radio. The fac-
simile receiver has a device called a printer, which reproduces the
transmitted copy--newspaper pages, photographs, etc.--on a roll oZ
paper.

Radar

Radar is a specialized form of radio transmission which was de=-
veloped during World War II. Its chief wartime use was in detecting and
accurately determining the range of enemy aircraft. It has, however,
found widespread use in the commercial field since its wartime secrecy
was lifted. Radar installations aboard commercial airliners contin-
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uously plot a "map" of the terrain over which the plane is flying, and
can also be used to determine the extent of storms into which a plane
is flying. Many of the leading airports are equipped with radar land-
ing equipment. Practically all ocean-going passenger vessels employ
it as a navigational aid. A great majority of the boats on the Great
Lekes and large rivers in the United States use radar, so that they
can continue their operations in spite of rain or Zog. Figure 3 shows
a radar installation aboard the Dutch Lines palatial passenger ship
NIEUW AMSTERDAM, and Figure 4 shows a technician adjusting radar equip-
ment before it is to be installed on shipboard. Another widely known
use of radar is as a speed checking device. Signs stating: WARNING -
SPEED CHECKED BY RADAR are becoming almost as common along the nation's
highways as the old familiar one - WARNING - DANGEROUS CURVE.

Televison Broadcasting

Television is, of course, the transmission and reproduction of a
view, or a scene, especially a view of persons or objects in motion, by
means of radio waves. In addition, the scund which is associated with
the scene is transmitted. Television transmission can be of such
nature thazt the reproduced scene appears as a black-and-white picture
or as a full-color reproduction of the original scene.

Industrial Television

Industrial television is one of the most rapidly developing
branches of this fantastically expanding field. Industrial television
is the use of TV cameras and receivers for purposes other than tlel-
vision broadcasting. For example, industrial television enables the
operator of a steel mill to '"see" at close range the progress of the
red-hot steel as it moves through the mill, while he is seated in ar
air-conditioned control booth. It permits the highway department tc
observe the flow cof traffic throughout the entire length of the tunnels
on the Pennsylvania Turnpike. It makes it possible for the scientist
in an atomic energy laboratory to "watch," from a safe distance, the
action of deadly radioactive materials. Through the application of
industrial television, a department store may exhibit special items at
many points throughout the store. Industrial TV can be used to check
the operation c¢f conveyors in industrial plants, to observe the move-
ment of freight cars in railway switchyards, and to permit one pro-
fessor, or instructor, to lecture to any number of classroom groups
simultanecusly. Industrial color television is proving to be of great
value in teaching surgery to young M.D.'s. New uses for industrial
television are being found daily. Obviously, it is impossible to list
more than a fraction of its uses in this assignment.

Electronics

Electronics is a very general term which is applied to equipment
using vacuum tubes and other radio parts, but which does not transmiz
radio waves through space. Electronics can be used to do many different
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things, such as sort fruit, check the purity of drinking water, regulate
the heat of ovens in industrial plants and steel mill smeltirg furnaces,
cook hamburgers, compute at speeds thousands of times faster than
humars (8ee Figure 5), operate juke boxes, check the color of dyes
in cloth manufacturing plants, count the number of cars passing a point
on the highway, control chemical and mechanical processes, etc. The
list is almost endless, so wide is the use of electronics in our modern
life. BElectronics is found in the home, in industry, in goverrment
{electronic "brains" and electronic filing systems), in defense--even
in our sleep: One of the newer electronic devices enables a perscn to
learn while sleeping.

Facts and Figures

Let us look at some facts and figures. In the last year before
World War II, there were 56 million radios of the home entertainment
type in use in this country alone, and there were 9 million radio re-
ceivers installed in automobiles. There were 4,300 aviation radio
ground transmitters and nearly every airplane, from the smallest to
the largest, carried from 1 to 8 radio receivers, as well as one or
mcre transmitters. There were 2,217 police radio stations, and over
1,200 manufacturers of radio parts, tubes, and equipment.

Since the war, the radio, television, and electronic industries
are enjoying an expansion so great that even the most enthusiastic
supporter would have called it fantastic just a few years ago. ZIlec-
troniec developments from wartime research have opened new fields,
which are making the prewar radio industry look like small business.

In April 1952, the Federal Communications Commission made official
channel allocations for 2,053 Television stations, and when they began
reprocessing station construction permits, there were but 108 TV sta-
tions on the air. Within a year-and-a-half period, this number had
more than tripled, and the construction of new TV stations is still
expanding rapidly in all sesctions of the country. Coaxial cables and
associated micro-wave relay links were extended so that the nation is
spanned from coast to coast. Figure 5 shows one of NBC-TV's large
studios in New York City and Figure 7 shows CBS-TV's Television City
in Hollywood. The increass in TV receivers has beesn almecst unbeliev-
able. Thke "mere handful" ir. 1947 has increased to more than 43 million
at this time. The curremt volume of radio and TV sales is one billion,
two hundred miliion dollars annually, and the annual radio and TV
service bills total one billion, five hundred million dollars. It is
estimasted that by 1965 the electronics field will be an eleven-billion-~
dollar-a-year industry.

Don't attempt to burden yourself by learning any of the facts and
figures which have been quoted in the few paragraphs above. They have
been included only to give you an idea of the tremendous opportunities
in this field.
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Why Train For Electronics ond Television?

In the early days of radio broadcasting, radio receivers were so
simple that nearly everyone built his own and kept it in repair himself.
In fact, for many years anyone with a good pair of eyes and the simplest
of tools and test equipment could successfully set himself up in busi-
ness as a radio service man. He had to know little or nothing abous
the "theory" or principles upon which radio worked. However, as radio
receivers were improved they became more complicated. As a result,
cnly the technician who understands and can use his knowledge of the
theoretical side of radio principles has an interesting and profiteable
future before him. In servicc work "time means money." The technician
who knows the underlying principles and can get to the heart of the
trouble quickly will be able to make much more money than will the man
who fumbles along until he finally stumbles on the trouble.

A knowledge of technical theory is even more important in radio
broadcasting where just a few seconds of silence, or being "off the
air,” can cost the station or network hundreds or thousands of dollars.
Eroadcasters, then, rightly insist on hiring technicians who are tech-
nically qualified and who are quick thinkers.

If technical ability and training are important in radio, they are
much more important in television. The rcason fcr this is that, al-
thougnh radio and television use many of the same fundamental principles,
television is a2 great deal more complicated. The average radio re-
ceiver has five vacuum tubes, whereas television receivers use from 15
to 40 tubes.,

Industrial electronics, too, rcquires thorcughly trained tech-
nicians. In industry, electronic equipment is usually used to ccntrol
the most critical part of the entire process. Thus, the electronic
equipment is, in effect, the supervisor which regulates the machine
that, in turn, replaces the skilled worker. Quite obviously, the tech-
nician who adjusts and maintains this ''supervisor", the electronic equip-
ment, must be a completely qualified electronics technician.

This training program has been designed especially for persons
who must take their training at home, usually after their regular hours
of work. The Home Laboratory Experiments and the assignments covering
the theoretical side of electronics, radio, and television were de-
veloped with this viewpoint in mind. Each new subject is started at
its most basic point and then developed fully. This eliminates any
misunderstanding that might arise, if it were assumed that anything
about the subject was "common knowledge." Then a step-by-step training
mathed is used to give the trainee the full information he needs about
sach subject. We try to anticipate all questions and give the answers
in the assignments. Our Consultation Service is set up to help solve
any and Ell radio and television problems for the Associate.

The Radio System

Electronics and television had their beginnings in radio. It will
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be of benefit, therefore, to look behind the scenes of a radio broad-
casting system to find out just what takes place.

Radio makes it rossible for a person to speak at one particular
point ard be heard in hundreds or thousands of other places scattered
"all over the face of the earth." This miracle has become so common-
place that everyone accepts it, yet few understand how it takes place.
In our brief look at a radio broadcasting system, we'll try to find out
just how this miracle is brought about. In this first glance at the
radio system, we will, of course, run across a few technical terms.
Don't let these terms bother you at this time. You will obtain a full
understanding of them as you advance through the training.

Radio is, of course, a means of transmitting "sound" from one
point to another. We all know that it is possible to transmit sound
waves directly--for example, one person speaking to another. The sound
waves caused by vibrations produced by the vocal cords of one person
travel through the air to the ear of the other person and cause the
sensaticn known as sound. As mentioned previously, such a system would
not be suitable for broadcasting because of limited range. Sirens,
beils, and whistles can at best be heard over &z distance of a few
miles, while the maximum range of voices and musical instruments is a
few hundred feet.

Since radio is a means of transmitting "sound" from one point to
ancther, let us pause long enough to find out a little more about sound
before proceeding with the radio broadcasting system. We are all
familiar with the effects of sound because we are able to hear it, but
at this time we wish to find out what sound is, and how it travels from
its source to the ear.

Sound Waves

Sound waves are set up by a vibrating object. For example, as a

bow is passed across the strings of a violin, the strings vibrate and
produce sound waves. As a musician blows into a saxophone, the reed in
the instrument vibrates. As we speak, the air passing through our
vocal cords causes vibrations. All of these vibrations produce sound
waves in the air,
"7 To sce just how the sound travels from the vibrating object to the
ear, we will consider the loudspeaker in a radio receiver. There is
a large paper cone in an ordinary loudspeaker (as may be observed in
Figure 8), which vibrates back and forth when the radio is operating.,
This vibrating cone alternately pushes and pulls on nearby particles of
air, and sets the air particles into vibration.

As the cone cf the loudspeaker pushes forward, it shoves the air
particles in front of it. This sets up a region of higher air pressure
than normal in front of the speaker cone. One of these high pressure
regions begins to travel away from the loudspeaker each time the speaker
cone moves forward.

As the cone of the loudspeaker moves backward, it leaves more room
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in front of it than previously for the air particles. This creates a
partial vacuum in front of the speaker. This partial vacuum, or lower
than normal air pressure region, travels outward from the speaker in
front of a new high-pressure region each time the speaker cone moves
forward.

This process repeats itself each time the loudspeaker cone moves
forward and backward, which happens many times a second. The resulting
regions of higher and lower air pressure, traveling away from the
source, are known as sound waves. (This may be seen in the sketch of
Figure 9.)

It should be mentioned that when a sound wave reaches the ear, the
air particles have not traveled from the speaker cone to the ear. A
sound wave is made up of vibrating air particles and might be com-
rared to a wave moving across the surface of a lake. The wave travels
across the lake but the water particles do not. They merely vibrate
up and down. The water particles stay in p;gctically the same position
all of the time, and only the vibrating up and down motion travels
across the lake. In a like manner, air particles in a sound wave
do not move very far; they merely move back and forth in a certain
area., Bach particle transfers its back-and-forth motion to the next
particle. This forms traveling regions of high and low pressure, which
are sound waves. The sound waves travel at a speed of approxirately
1,089 feet per second.

As sound waves strike the ear drums, they cause the ear drums to
vibrate. The vibrations of the ear drums are conducted to nerves which
transmit the sensation of sound to the brain.

In addition to its limited range, there is another disadvantage
to the use of sound alone for broadcasting. If several persons ars
talking at the same time, we have no way of listening to any one of
them and "shutting out" all of the others. Nature has not equipred us
with any means of selecting or "tuning in" the particular person we
wish to hear. This suggests another great advantage of the use of
radio waves for broadcasting. Although there are thousands of stations
broadcasting at the same time, the person operating his radio receiver
can tune in one desired station and, in so doing, shut out all of the
others.

The Radio Station

Now that we know a little about the nature of sound, it will be
possible to proceed with a discussion of "what happens at a radio
station." The program usually originates in the studio, as shown in
Figure 10, and in the sketch of Figure 11 which illustrates an entire
radio broadcasting system. The performance is conducted before a micro-
phone which receives the sound waves set up by vibrations cof the vocal
cords of the performers and the reeds or strings of musical instruments.
The microphone operates on the same principle as the mouthpiece of a
telephore. The sound waves cause a diaphragm (a thin metal or foil disc)
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in the microphone to vibrate and the microphone generates electrical
waves in the circuit to which it is connected. These electrical waves
correspond to the sound waves striking the microphone and are called
audio signals.

The audio signals are actually sound waves in an electrical form.
These audio signals are very weak and must be "built up," or amplified,
before they can be used further. They are carried by cable from the
microphone in the studio to the control room, where they are amplified
by vacuwn tube circuits called audio amplifiers. The action of audio
amplifiers will be explained in detail later in the training program.

A technician, called the control opsrator, operates the control
console in the control room of the broadcasting station we are "visit-
ing." A control operator may be seen at the control console in Figure
12. It is his job to regulate the volume of the audio signal so that
it will always be between certain specified limits, as indicated by a
meter on the control console. The operation of controlling the volume
is cal’ed "riding the gain' by radio and telsvision broadcast personnel.

If the program consists of a variety show or of music by an orches-
tra, where several microphones are used, the control operator blends
the outputs from the various microphones to obtain the desired effect.
He also cortrols the switching of programs from local studios to "chain"
programs, slectrical transcriptions, etc. Chain programs originate in
studios located in New York, Chicago, Hollywood, etc., and are sert to
"the local stations all over the country through telephone lines. Elec-
trical transcriptions are similar to phoncgraph records and are played
on specially designed, high-quality turntables.

The amplified audio signal is next carried to the transmitter.
The transmitter may be located very close to the control room or it
may be located several miles outside the city. In the latter case,
telephcne lines are used to carry the audio signal from the control
room to the transmitter., At the transmitter the audio signal is further
amplified and at this point may be amplified, or built up, so much that
it is a million or more times as strong as when it left the microphone!
In spite of the strength of this audio signal, it cannot be applied
to an antenna and transmitted through space. This is because the audic
signal is not actually a radio wave. To be transmitted through space
the audio signal must be combined with a radio wave called the "carrier."
The carrier transports the audio signal through space to radio receivers.

Block Diagram

Figure 13 shows a simple block diagram of the radio system we have
been discussing. The sound waves, microphone, and audio amplifiers
whick have been mentioned can be seen. Also, in Figure 13, a dblock
will be noted which is labeled Carrier Section. It is the purpose of
this portion of the transmitter to generate the radio wave which serves
&s the carrier. Technically, this radio wave is a radio frequency wave,
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and it is usually abbreviated RF wave, or RF signal. The carrier
(RF signal) and the amplified audio signal are both applied to the
modulated amplifier. This portion of the transmitter combines the =zudio
signal and the RF signal. The result is that the RF signal carries the
audio signal "piggy back." This is why the RF signal is called the
"carrier." The carrier is assigned to a definite frequency, or place,
on your radio dial by the Federal Communications Commission. For ex-
ample, WLW is assigned to a frequency of 700 kilccycles, or 70 on the
dial of your radio.

Another technician is on duty at the transmitter, and it is his
job to see that the transmitter is operating properly. He also records
the readings of the many meters of the transmitter at regular intervals.
The transmitter technician is shown recording the readings of the trans-
ritter meters in Figure 14. This is done for two reasons. 1In the
first place, a record of the meter readings is required by the Federal
Communizations Commission. Second, a close check of the meters can, in
a great majority of cases, indicate that certain troubles are develop-
ing. For example, it can indicate that a particular tube is about to
"burn out." Then the defective part, tubs, or whatever it may be, can
be replaced during one of the regular "off the air" periods, rather
than cause a shutdown during the time when the swation is supposed to
be on the air.

Now that the audio signal has been combined with the RF signal,
the combined signal must be "broadcast" in all directions to the radie
receivers in the homes of the listeners. To do this the modulated
carrier, which is the name applied to the output signal from the modu-
Zated amplifier, is carried by means of wires from the transmitter to
the transmitting antenna. The transmitting antenna is usually a tall,
vertical steel tower. When the modulated carrier flows into this
antenna, it produces radio waves which spread out in all directions.
(In certain applications, such as a radio beacon, the radio waves are
focused by special types cf antennas into narrow "beams.") The radio
waves %travel through space .at the speed of light, which is 186,000
miles per second. The radio waves carry the audio signal through space.

In our short trip <hrough a radio station we have seen how sound
waves are changed into audio signals, how these audio signals are com-
bined with the carrier, and how this combined signal is broadcast.
Now let us see how a radio receiver handles the problem of changing the
radio waves back into sound waves.

The Radio Receiver

As the radio waves travel through space they hit radio receiver
antennas. These antennas might be located outside, as they were for
many years, or might be built into the cabinets of the radio receivers.
As the radio waves hit an antenna, they cause 2 weak Radio Frequency
signal to be set up in the antenna. This weak Radio Frequency signal
set up in the antenna of the receiver is exactly the same as the modu-
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lated carrier signal at the transmitter except it is much weaker. It
is probably less than one-millionth as strong as the modulated carrier
signal at the transmitting antenna. The receiving antenna conducts the
weak RF signals to the RF amplifier of the receiver as shown in the
simple block diagram of Figure 15. There are a number of different
methods used in receivers to handle this weak RF signal and change
it into sound waves, and Figure 15 illustrates one method.

The RF amplifier in the receiver does two things. First, it tunes
in the desired station and tunes out all of the undesired ones. 1t
should be remembered that there are thousands of stations broadcasting
at the same time, and the radio waves from most of these transmitters
are hitting the receiving antenna and setting up RF signals in it.
An unirtelligible jumble would result if all of these were amplified
and were heard in the loudspeaker at once. The RF amplifier selects
the one station to which it is tuned and rejects the others. (The tuning
process is one of the most interesting things in radio theory, and will
be taken up in detail later in the training program.) Second, it
amplifies the weax signal from the antenna so that it will be strong
enough to use. After the RF signal has been amplified, it is passed
along to a demodulator stage, commonly called a detector, which re-
claims the audio signal from the RF carrier which brought it that far.

The action of the demodulator stage in the receiver is just the
opposite of that of the modulated amplifier in the transmitter. The
demodulator, or detector, separates the audic signal from the RF signal,
The RF signal is discarded, since its only purpose was to carry the
audio signal., The audio signal is then conducted into an audio am-
plifier stage, which builds it up to a sufficient strength for opera-
tion of a loudspeaker. When the audio signal flows through the windings
of the loudspeaker, it causes the paper cone-shaped diaphragm of the
loudspeaker to vibrate in exact step with the vibration of the diaphragm
of the microphone in the broadcasting studic. This vibrating cone gro-
duces sound waves in the air which travel to the ears of the listeners.
Thus, a perfect reproduction of the music or voices in the broadcasting
studio is heard by the listeners. In other words, the listener hears
the same sound he would hear if he were present in the radio studio.

Summary of the Radio System

To summarize briefly the foregoing actions: At the studio we have
taken sound waves in air, changed them to audio signals, amplified them,
combined them with a carrier, and broadcast radio waves having the
characteristics of the original sound waves. In the receiver we have
"picked up" this weak modulated RF signal, amplified it, removed the
audio signa’, amplified this audio signal ard passed it through a lcud-
speaker which again produces sound waves. Since radio waves travel at
186,000 miles per second, all of this happens in a split second. If &
listener is sitting near his radio, he will actually hear the program
a fraction of a second before a 1istene§71£§ the rear of the broadcasting
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studio would, because sound waves in the studio will travel only 1,089
feet per second.

The Television System

Since the first crude television picture was shown in 1927, tele-
vision has captured the fancy of the public in a manner undreamed of
by any other techuical achievement. However, television--which is a
transmission of both pictures and sound without the aid of wires--took
almost 20 years of intensive research to develop tc the point where the
quality of the transmission was good enough, and the cost low enough,
to insure 1its popularity with the general public. Thus, it was not
until 1946 that commercial television became a reality. Even after
this time technical advances were being made, and the Federal Communi-
cations Commission placed a ban on new station construction after 108
TV stations had been placed on the air. This ban was lifted in 1952,
and since then TV transmitting stations and their associated antennas,
as pictured in Figure 16, have been springing up so rapidly that al-
rost every community large enough to appear on a map is now able ¢
receive TV from one or more transmitting stations. The development
of color television is adding to the impact of television. Even the
Army finds application for television, as shown in Figure 17.

Most television programs originate in specially constructsd TV
studios (See Figures 18 and 19). As TV consists of the transmission
of both pictures and sound, there are two separate operations taking
place at the same time. The problems of handling the sound portion eof
the program are quite similar to those of radio, except the microphone
is usually suspended above the performers from a microphone boom, as
may be seen in Figure 19. Television cameras are used to "pick up"
the picture portion of the program. Cameras and cameramen can also be
observed in Figure 19. A closeup of a television camera and camera-
man is given in Figure 20, a television camera in operation in the TV
Studie of United Electronics is illustrated in Figure 21, and Figure 22
shows a closeup view of a TV camera with the top open.

Now that we have had a picture of the TV studio and the equipment
located in it, let us see how it is possible for the television systsm
to "pick up" a scene in the television studio, and reproduce this scens
on the screens of thousands, or even millions, of TV receivers.

Probably the first thing which should be emphasized is the fact
that there is no film in a TV studio camera. Instead, the TV camera
contains a camera pickup tube, or picture tube, as it is often called.
Located on the front of the camera is a lens turret, which normally
mounts four lenses, as may be seen in Figures 20 and 21. By means of
2 handle on the back of the camera (See Figure 22), the cameraman can
choose whichever lens he desires for use at a particular time. Through
the action of the lens the scene being televised is focused on a sensi-
tive plate in the picture tube, as illustrated in Figure 23.

Stated very briefly, then, the TV camera changes this optical imagse
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into slectrical signals somewhat similar to the audio signals produced
bty a microphone. These signals are sent to the transmitter, where they
are combined with a carrier. The combined signal then goes to the
transmitting antenna for broadcasting. TV receiver antennas, some of
which are many miles away from the transmitter, pick up the weak TV
stignals. After much signal amplification, the scene is reproduced on
the screen of the TV set, which, as Figure 24 illustrates, is actually
the "front" part of the picture tube.

The manner in which the scene focused on the sensitive plate of
the television camera pickup tube is changed irto an electrical signal,
and how this electrical signal is then changed back into a repreduction
of the scene on the screen of the television receiver, is, indeed, an
interesting process,

How a Picture Is Reproduced

When one watches the screen of a television receiver, he thinks
he sees a "moving picture'" being presented on the screen before his
eyes. However, this is actually an optical illusion. No means has
ever been developed for transmitting an entire picture at one time so
that the television receivers can reproduce an ensire picture at one
instant. All workable methods of TV consist of breaking the picture up
into many thousands of parts, transmitting each of these parts one
after another, amdl then p putting these parts together again properly at
the receiver to obtain the complete picture. The fact that the picture
must be broken down into parts for transmission and the parts then put
back together at the receiver accounts mainly for the fact that tele-
vision transmission is complex as compared to radio or sound broad-
casting.,

Perhaps it would be of interest to point out that almost all means
of reproducing pictures employ processes of breaking the picturs down
into small areas of light and dark. If you have a magnifying glass,
or can borrow one, look at a newspaper photograph under this glass.
You will discover that it is made up of small dots of ink--in other
words, the original picture is broken down into the small dots of light
and dark to reproduce it on the newsprint., If you were to use a good
magnifying glass tc examine a photograph in a magazine, you would dis-
cover that it, too, is made up of many small dots, but that the dots
are smaller and closer together than in the case of the newspaper re-
production. As a result, you can see more of the fine details in the
magazine picture than in the newspaper picture. Even an ordinary
photograph, if you could examine it under a very powerful magnifying
glass or a microscope, would be found to ccnsist of many dots (in this
case they are dots of a silver compound) which are very small and very
close together. A good photograph will ccntain even a greater amount
of fine detail than a magazine reproduction. From this it can be
understood that it is possible to break up any picture into e large
numter of small areas cr dots of light and dark, and that the smaller
these areas are, ard the closer they are together, the more cdetail will
be shown in the picture.
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As mentioned, television also breaks up the picture into a large
number of small areas of light and dark. However, there is one major
difference between the reproduction of a television scene and the re-
production of a printed picture. When a person looks at a picture in
a newspaper he sees all of the picture at once, because all of the
small areas of light and dark are there for him to look at as long as
he desires., In television, the picture is not reproduced all at once.
Instead, each successive area of light and dark is reproduced, one
after another, at such a rapid rate that the eye is tricked into be-
lieving it is seeing the entire picture at cnce.

After the eye responds to a change in light intensity, it retains
the impression for approximately one-tenth of a second. Thus, if all
of the small areas of light and dark forming the television picture
are assembled on the TV screen at a rapid enough rate (in less than one-
tenth of a second), this characteristic of the eye tricks the observer
into thinking he is seeing the entire picture before him., Another
thing which adds to this effect is the nature of the screen of the pic-
ture tube itself. The fluorescent material used for the screen is such
that any spot which is caused to glow will cortinue to glow for a frac-
tion of a second afterward.

The Television Picture

In the television system, the image to be transmitted is first
broken up into narrow strips or lines, and these lines are, in turn,
broken up into dots of light and dark. Figure 25 illustrates the
manner in which a picture may be broken up into lines and then repro-
duced. The picture at the left shows the original scene, and at the
right it can be seen brokern up into the individual strips, or lines.
If we were to reassemble all of the individual lines at the right, by
moving them close together, they would form the original picture.

The process in which a scene is divided into individual lines, and
these lines reassembled at the receiver to form a reproducticn of the
picture, is called scanning.

Scanning can be explained very easily by the following example.
Assume that on a very dark night, a man desires to read a large sign
on a wall, The only means of illumination he has is a flashlight which
produces a narrow beam of light. To read the sign he would, naturally,
first direct the beam at the upper left corner of the sign, and then
move it across the top portion of the sign. He would then lower it
slightly and again trace across the sign, this time tracing out the
second line of the sign. This process would continue until the entire
sign had been observed. The flashlight illuminates only a small spot,
but if it is moved rapidly, a whole strip or line appears visible. If
it were possible tc thus scan the entire sign in less than a tenth of
a sacond, the eye would be tricked into "seeing the whole sign at once."

In the television system, the scene to be televised is focused
on the pickup tube in the camera, and the reproduced scene appears on
the screen of the picture tube in the receiver. The scanning is done
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entirely through the use of electricity. In the camera tube, a pencil-
point-thin beam of electricity moves from the left edge of the top line,
or strip (See Figure 25) progressively to the right edge of this line.
Thus the beam of electricity corresponds to the flashlight beam in our
example. As the beam scans across the picture, it "senses'" whether it
is hitting upon a white, black, or gray area. In the picture tube of
the TV receiver, another pencil-point-thin beam of electricity traces
a strip progressively across the top edge of the TV screen. It repro-
duces a white area on the receiver screen each time the beam in the
camera tube is striking a white area. Similarly, a black area is re-
produced on the TV receiver screen when the beam in the camera tube is
striking a black area, and a gray area is reproduced when the beam in
the camera is striking a gray area, This ability of the beam of elec-
tricity in the camera tube to ''sense" whether it is hitting upon a
white, black, or gray area makes it possible for each line of the pic-
ture to be broken up into the small areas of white, black, and gray,
just as was mentioned regarding a newspaper picture.

After the first line has been scanned, the scanning beam in the
camera and the one in the receiver picture tube move rapidly back to
the left edges of their screens, and down slightly. They then scan
another line slightly lower on the picture than the preceding line.
This process is repeated, line by line, until the entire picture has
been scanned. Thus the areas of light and dark forming each line of
the screen appearing before the camera are reproduced on the screen of
the receiver. The entire picture is reproduced on the receiver screen
in such a brief period of time that the eye of the viewer is tricked
into seeing the entire picture at once. This process is repeated over
and over again.

In the actual television system the scene to be reproduced is
broken into many more lines than those shown in the demonstration scene
of Figure 25. This makes it possible for the TV system to. reproduce
the fine details in the picture. Just as soon as the scere has been
completely scanned, the scanning process starts over again. If the
people in the scene have moved, they will appear at slightly different
locations in the successive scenes, which follow each other at intervals
of 1/30 second, and thus the illusion of motion is established.

The scanning process is actually the "heart" of television. It
makes it possible for the television system to break down its "picture"
intc a series of dots of light and dark, just as the picture in the
printing process is composed of dots of light and dark.  After this has
been done at the studio, and the "picture signal" formed in the process,
this ""picture signal" is then combined with a "carrier" signal for
transmission in a manner quite similar to the arrangement explained
for radio broadcasting. The TV receiver reverses the process by taking
the "picture" signal away from the "carrier." It applies the “picture"
signal to the picture tube, where the scanning process in the receiver
reassembles the complete picture. This, in a nutshell, is the fasci-
nating, the challenging process of television.
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Looking Ahead

This assignment gives you a simple, over-all picture of the radio
svetem and the television syster. Of course, this picture is not com-
plete, but merely serves as an introduction to the electronics field,
znd gives you a "speaking knowledge" of the entire system. Each fun-
dumental electronic and TV unit will be discussed in detail later in
the training program. To illustrate this, refer again to Figure 10.
This photo shows an announcer speaking into a microphone. In this
assignment, you were tcld that the microphone is similar to the mouth-
piece in a telephone, and that it changes sound waves into electrical
waves called audio signals. This is true, but it is not the complete
story of a microphone. Later in the training program, one entire
assignment will give a complete explanation of the various types of
microphones and the proper use of each type. You will learn, then,
that there are many different types of microphones, each using a
slightly different principle, to do the same job--changing sound waves
into zudio signals. Similarly, you will look at audio signals more
closely, so that you will learn all you need to know about them.

As you go along in the training program, you will see what we mean
winen we say the entire training advances in a step-by-step process,
For example, in the next assignment you will learn to recognize the
various slectronic parts, and find out, in a basic marner, what each
does. In the following assignments you will learn how to "read" radio
and electronic wiring diagrams, or circuit diagrams, as they arsz called,
and how to draw them yourself.

A 1ittle further in the training you will be given the latest®
information on just what electricity is, and its relationship to mag-
netism, You will then be shown how both of these wvery interesting
natural forces are used in electronics and television. Each of these
basic things you learn will add a step to the stairway you are tuild-
ing and climbing toward becoming a thoroughly qualified electronics
technician. The remaining assigmnments will be just as interesting as
the first, and, equally important, you will keep learning more and more
from each one. Your knowledge will grow by leaps and bounds as you
master the fundamental laws and facts given in each assignment.

A thorough training in clecironics is worth every bit of the time
and effort you give to obtain it. You are qualifying yourself for a
field that is "wide open" in opportunities--exceptional opportunities
that are available only to those who "know what they are doing" in
electronics. Each time you tackle a new idea and master it, you advance
your skill and expericrnce in this field. T

Many thousands of hours of thought, preparation, and revisicn have
gone intc this training program, so that each subject will be presented
as thoroughly as pcssible and as simply as pessible. Because of our
constarmt touch witk the industry, we are able to include in the training
all of those ihines which you need to know to meet the industry's re-
quirements and tc become a thoroughly qualified technician. Similarly,
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any information which has lost its value to the over-all electronics
field has been eliminated. In this manner, the training program will
provide you with the information you need, without holding up your
progress while you are studying unnecessary material,

In this training program, you will supply the ambition, but you're
working directly with an instructor. He is right behind you, ready to
give you help whenever you neel it. To learn new material it is, of
course, necessary for you to do the studying and thinking, but your
instructor is eager to help you. He'll be glad to explain anything in
a different way whenever you desire. You, yourself, know whether or
not you understand an explanation. Before going from one part of an
assignment to the next, make sure that you do understand.

We know that you will do your very best to master each new idea
yourself, However, we do not expect you to understand everything with-
out some help. At some point in the training you may run across some-
thing that just doesn't seem to make sense to you. Be sure to remember,
when and it this happens, that your instructor is eager and prepared
to give you personal Instruction and the special explanations you need.
Just tell Lim exactly what point you do no% understand. Use the Con-
sultation Service Blank which has been supplied for this purpose. When
your instructor returns your answer to you, he'll send you another Con-
sultation Service Blank for your future use. Do not hesitate to use
the Consultation Service whensver you feel the necessity. This is a
fundamental part of the over-all training program., We don't want you
to have a single technical question left unanswered as you progress
through the training.

After you have finished your work ‘on this assignment, send in your
answers to the test questions for grading. Then start your work on
Assignment No. 2 as soon as pcssible, without waiting for your graded
answers for Assignment No. 1 tc¢ be returned to you. This will make it
possible for you to advance through the training program withcut delays.

Again--congratulations on your forethought in deciding to enter
the electronics field--lots ¢f luck--we're with you.
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Assignment 1

TEST QUESTIONS

Be sure to number your Answer Sheet ASSIGNMENT 1. Place your Name
and Associate Number on every Answer Sheet. Send in your arswers to
this essignment as soon as you have finished with it. This will give
you the greatest possible benefit from personal grading services.

1, Which travels faster, a sound wave or a radio wave?

2. List at least two uses of electronics. (Do not include radio, tele-
vision, or radar,)

3. What is the purpose of a microphone?
4, Are microphones used in television?

S5e Name at least two radio services other than standard radio broad-
casting.

6. In a television system, is the entire picture transmitted at one

time, or is the picture "broken up" into parts and these parts
transmitted?

7. What does the control operator in the control room of a radio
broadcasting station do when he is "riding the gain"?

8e The RF signal in a radio transmitter is called the carrier. Why?
9, What two things does the RF amplifier in a radio receiver do?
10. In our example, the man "scanning" the sign on the wall used the

beam of light from a flashlight to do this scanning. What kind of
beam is used ir scanning the image in a’television camera?



HOW THE CAMERA TUBE WORKS

Pic T
U
RE TUBE .

FIGURE 23

TV RECEIVER WITH CABINET REMOVED
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FIGURE 24

The picture tube in a TV set is
very large, and the TV screen is
formed by the "front" of the tube.

BREAKING UP A PICTURE INTO LINES
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(COURTESY CBS-TV)

FIGURE 2%

The figure at the right shows how the scene at the left (8ylvania's

Roxanne) may be broken up into strips, or lines. In your mind's e‘%e
move the strips together, and you will be able to visualize how a TV
picture may be broken into lines and then reassembled to form a com-

plete picture.




ULTRA—MODERN BROADCASTING STATION

FIGURE | (COURTESY WTOP, WASHINGTON, D, C, )

This specially designed building houses a Standard Broadcast Radio
Station, an FM Broadcast Station, and a TV station.

World Radio Histo



AIRCRAFT RADIO

FIGURE 2 (COURTESY PAN AMERICAN WORLD AIRWAYS SYSTEM)

This is just a portion of the radic and electronic equipment carried by modern airliners.



NAVIGATIONAL RADAR

FIGURE 3 (COURTESY SPERRY GYROSCOFPE CO, )

This piece of Radar equipuwent, aboard the Dutch Lines' NIEUW AMSTERDAM, is typical of the Radar in-
stallation on ocean-going vessels.



TEST TECHNICIAN AT WORK

FIGURE 4 (COURTESY RAYTHEON MFG, CO, }

This Radaer system is being "put through its paces" by a technician prior to its installation
on shipboard.



WCRKING ON AN ELECTRONIC BRAIN

FIGURE 5 (COURTESY GENERAL ELECTRIC CO, )

This test technician is meking a wiring change on an electronic brain.
This particular ' brain' was designed by GE for the American Gas and
Electric System, and simulates, mathematically, one of the nation's
largest electric power networks. Its use is expected to save AGE abcut
$100,0C0 yearly.
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ONE OF NBC*'S TV STUDIOS
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FIGURE 6 (COURTESY NBC-—

The "cut away view" shows one of NBC's studios in New York City. Note the array of equipment
personnsel.
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CBS TELEVISION CITY

FIGURE 7 (COURTESY CBS-TV)

This photo shows Lucille Ball, star of "I LOVE LUCY," the Mayor of Los Angeles, and the vice presi-

dent of CBS~TV throwing the master switch which inaugurated nightly illumination of CBS TELEVISION
CITY while it was under construction.



WHERE THE SOUND COMES FROM

FIGURE 8

The vibrating cone of the loudspeaker sets up sound waves in ths air.



TV STATION

>
~ d
\nw\\“““

f |
0

FIGURE 18 (COURTESY KROD-TV, EL PASO, TEXAS)

This beautiful new building houses the studios of KROD-TV in El Paso, Texas.



ARMY TV EQUIPMENT
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FIGURE 17 (COURTESY U, S. ARMY SIGNAL CORPS)

This Signal Corps remote TV system is one of the most complete TV stations ever mounted on wheels 3
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ANOTHER TV ANTENNA

e

FIGURE 16 (COURTESY GENERAL ELECTRIC CO.)

This particular antenna, mounted atop a 573-foot tower, radiates WBZ-TV's
signal over a radius of approximately 100 miles from Boston, Mass. Many
similar structures are do*ting the skyline from coast to coast.



BLOCK DIAGRAM OF RADIO BROADCASTING STATION ANT.
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Periodic reading of the equipment meters, logging the readings, and making constant
comparisons keep the station's equipment functioning full time at maximum efficiency.

FIGURE 14

~_ BLOCK DIAGRAM OF RADIO RECEIVER
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This simple block diagram traces the path of a radio signal through a receiver, to emerge from
the loudspesker as sound waves.
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CONTROL CONSOLE

o

FIGURE 12 (COURTESY CANADIAN BROADCASTING CORP. )

The technician at the control corsole regulates the volume of the audio
signals. He also handles the switching from the various microphones,
+he transcription turntables, and from the network.



HOW SOUND TRAVELS

The scund waves travel outward from the
speaker and strike the eardrums of lis-
teners to produce the sensaticn of sound.

THE MIKE IN THE RADIO STATION

FIGURE 1)

(COURTESY THE CHRISTOFHERS)
As the newscaster speaks, the
sound waves set up by his vo- |
cal cords travel to the micro-
phone which converts them into
audio signals,

FIGURE 9

FIGURE 11

THE RADIO BROADCASTING SYSTEM
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TV STUDIO SCENE

FIGURE 19 (COURTESY CBS-TV)
This on-the-air shot shows a program being televised. MNote the lighting equipment, the "boom"
microphones suspended above the heads of the performers, and the TV cameras and camermen. (two
cameras are partly hidden from view, behind the first camera.) An assistant cameraman and other

production personnel may also be seen.



INSIDE VIEW
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FIGURE 22 (COURTESY RCA)

~amera is opened, the tubes and other electronic

When the top of a TV
‘hat the TV technician can make adjustments or

parts are exposed, E¢
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UEL ASSOCIATES IN ACTION

FIGURE 21

Here are shown four United Electronics Associates, operating one of the
TV cameras and a boom microphone in one corner of the spacious, fully
equipped, air-conditioned studios in the UEL treining tuilding. To the
left of the Associates may be observed lighting equipment, studio moni-
tor, scenic backdrop, etc., and behind the Associates are the sound-
proof windows tc the control room.



A TV CAMERAMAN IN ACTION

FIGURE 20 (COURTESY CANADIAN BROADCASTING CORP,)

This close-up shot shows a cameraman in action. The four lenses on the
front of the camera are mounted on a " turret," and the turret may be
rotated by means of a hardle projecting from the rear of the camera (See
Figure 22), to place the desired lens in front of the camera pickup tube.
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ASSIGNMENT 2
THE ELECTRONICS PARTS IN A RADIO RECEIVER

Industrlal electronic equipment and radlo and televislion rece’vers have
much In common. Although they may be dolng a different job - the industrlal
electronic equipment may be controlling a production process, whereas a radlo
reczlver 1s merely reproducling entertalnment - these unlits operate on the same
basic principles. They also use the same basic parts - colls, condenscrs, re-
Sistors, tubes or translstors, etc. At this time we are golng to look at some
of the parts, to become famlllar with them and how they are used ln actual
equlpment.

In Asslgnment 1 we looked at the baslic princliples of the transmitter anc
recelver of the radlo and television broadcasting system. Let us now contlinue
our study of electronlcs In a practlical way, by using 3 small, table-model
recelver - such as can be found in nearly every home, or can be borrowed from
frlends - as our flirst practica. project.

It 1s suggested that you read through thils entlre assignment &at least
once, to get a mental plcture of Just what the assignment covers. Then, go
through 1t paragragh by paragraph, with the actual radlo btefrore you. For the
present, we will lock at the varlous component parts and examine the con-
nections. This will glve us a ~orld of knowledge about the parts used in al:l
types of electronic equipment. If we understand the directlons and follow them
carefully - iIf we do not make any changes or adjustments - the raclo will
renain In good condition. In fact, the radlo will be In better operating con-
ditlon when we finish than it was when we started.

The cholce of a radio to use in this assignment is not at all critical-
any will do, from the smallest to the largest. However, a small table radio,
somewhat simllar to that In Figure 1, is easler to handle, and you will have
less chance to become confused by connectlons tc a phonograph, extra loud-
speakers, etc.

A Word of Caution

A word of cautlon 1s In order before we begin. On some of the parts In the
radlo - for example, on the tuning condenser and the I-F transformers with
wrich we will become famillar presently - there may be a number of Screws or
nuts, which may seem to need tlightening. However, none Of these should beturned
Or tlghtened under any clrcumstances. These screws Or nuts may be for the
purpose of adjusting critical clrcuits In the recelver, rather than to Just
"hold things In plece." If you were to move any one of these &s much as a
quarter of a turn, one way or the other, 1t might make the radlo completely
Iroperatlive.

Rough-Testing the Receiver

Having selected our radlo, we should first of all "rough-test" it. Th's
simply means to check to see If the radlo 1s in proper operating condition. if
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1t is an electric model, check to see 1f the line cord 1s in good conditlion, the
*nsulation 1s not frayed or worn through, the plug 1s not broken, andof course,
the plug must be securely plugged into an outlet of the proper voltage and
current. If it Is a battery model, we should see that the batteries are good
and that they are connected properly. Next, check to see that the antenna and
ground wires - if usecd - are in good condition and properly connected. Most
small table-model radios have a bullt-in antenna with provisions for adding an
outside antenna, 1f necessary. Few modern table-model radlos use an outslde
ground wire and unless there is a connection clearly marked "ground*® on the
radip, never use one. If a ground wire 1s connected to this newer type recelver,
or 1f the metal chassls or base of the recelver comes in contact with some metal
such as a waterplipe, the house fuses may be blcwn and the radio damaged.
The next step In our rough-—test examination should be to tum the radio on
and by operating the varlous knobs or controls, see what effect they have on the
operation of the radio. Having assured ourselves that the radio 1s operating
satlsfactorily and that we know what each of the knobs does to the operation of
the radlo, let us turn i1t off again and disconnect the antenna and groundé wires
(1f used) and remove the a-c plug from 1ts socket. Begin at once to practice
the correct way for doing each Job. For example, to remove the plug from the
socket, pull on the plug itself and not on the wire. In removing the antenna
and ground wires, tag them or write down thelir colcr scheme to insure being able
to reconnect them properly, with the least amount of trouble and effort. An
expart electronics technician plans his every step and goes through the orer-
ation first in his mind. Then, he follows through with the actual operation.

Removing the Knobs

Now let us carefully examine the radlo we are using In thls assignment and
see what we can learn about it. For example, 1t probably has several knobs
which must be removed 1f we want to take the radlo chassls out of the cabinet.
These knobs fit over a metal shart which is a part of some component In the radlo.
Oftenthe knob 1s held inplace bty a small metal "set screw". Looking at the side
of the knob rather than the front, and rotating 1., we may see a small opening
and inside of this opening, the head of the screw. To remove thls type of knob,
loosen this screw with a small screwdriver and pull 1lightly on the knob. Of
course, standard screws may be loosened by turning the screw to the left or
counter-clockwise and tightened by turning the screw clockwlse. Later on, when
the knobs are replaced, the set screws should be tightened Just enough to keep
the knob from slipping on the shaft.

If the examination of the sldes of the knob discloses no set screws, try
pulling on the knob. On a great many modern radios the knobs are held in place
on the shaft by a flat spring and may be removed by pulling on the knob. It may
be necessary to pry it off with a small screw-driver 1f it fits very tightly,
but care must be taken not to scratch the cablnet or break the knob. After you
have removed the knob, notice how it fits on the shaft and plan to replace 1t in
exactly the same way.

Removing the Chassis

Now we shall examine the entire radio cabine:, paylng particular attention
tc the bottom and back in order to see how the chassls, or radlo proper, 1is held
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in place. Probably several screws or bolts hold 1t In place and these will hzave
thelir heads coming out the bottom of the cabinet. Wnen all the necessary bolts
have been removed, the chassl!s shoitld slide out easlly from the cablnet. Be
careful not to damage the speaker and the dlal assembly. 1If the speaker 1s rot
a part of the chassls and does not come out with the chassls be careful not to
break or damage the wires leading to 1t. Sometimes these wires teminate Ir a
plug which may be pulled out; sometimes they are connected by screws, which,
when lcosened, enable them to be removed. When removing them, be sure you are
acle to connect the proper-wire to the proper point when you wish to replace 1it.
Also, In removing the chassls from the cablnet, notice how everything fits to-
gether so that you can reassemble i1t quickliy and easlily.

If the recelver uses a speaker, which 1s mounted on the cabinet rather than
on the chassls, let us remove 1t from the cablnet. We will notice that 1t 1s
fastened to the cablnet by several bolts and nuts, the bolts most llkely having
ornamenital heads without screwdriver slots.

A palr of pllers or a small wrench will enable us to remove the nuts from
the back, but be careful not to allow the tool to slip and punch a hole through
the paper speaker cone, tius rulning 1t. Notlice how the bolts are made so that
they do not slip or turn, even though we cannot hold them 1n place with a
screwdriver.

If the radlo chassls has not been removed from 1ts cablnet for some time,
the chances are 1t will be quite dusty. The next thing that should be done 1s
to clean it up. This will serve two purposes. First, 1t wlll make the radlo
play better when we have finlshed, since dust and dirt are two ma)or enemies of
radlo and electrical circuits. Second, by cleaning 1t thoroughly, we will
notice more things about the radio. If thls radlo were one we were attempting
to repalr, we would be likely to notice things like burned resistors, condansers
with the wax melting and droppling out of them, broken wires and poorly soldered
Joints, worn or chaffed Insulation, etc. In cleaning the radio we should be
careful not to dlsturb any of the adjustments or the wiring. The best way to
clean it 1s with a small, soft brush and pipe cleaners and by blowing occaslon-
ally to remove dust deposits. 4A soft cloth also may be some help. We can
remove the tubes ome at a time belng sure to replace them In thelr original
sockets. Since the a-c plug 1s pulled out of the socket we need not worry about
touching any of the parts and getting a shock. However, anytime the radlo 1s
turned on, common sense should tell us to be careful where we place our hands
and fingers. All radlos (except the smallest battery sets) employ voitages of
100 volts or more and under the proper conditlions contact wlith this voltage
could be very unpleasant. Even 1f thls voltage 1s too low to be Injurlous,
contact with 1t might cause us to Jerk our hand away and break something or cut
a finger.

Flgure 2 shows a typlcal table model recelver chassls after 1t has been
removed from 1ts cablnet.

After the radlo has been cleaned the control knobs should be replaced on
thelr shafts. Thls 1s a precautlonary operation, since the circult wiring of
some radio recelvers 1s so arranged that 1t 1s possible for a person to be
shocked 1f he touches the chassls or the control shafts at the same time he
touchies some grounded object, such as a radlator, 1f thepowercordisplugged
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into a receptacle. If the speaker of the set has been disconnected from the
chassls, let us now reconnect i1t in the original manner. Then connect the
antenneg and ground wires (i1f these were disconnected) and plug in the power
cord. Now we may turn the radio on agaln. Notlice that the radlo will Play
without the cablnet hut that the tone will not be as good. After thls second
operating test, pull the power cord out of 1ts socket agalin.

What the Knobs Do

Now, let us see to what each knob connects and what thils part does. First,
notice that the knob which 1s used to tune In the desired radio statfon is
connected, probably by a cord or cable, to both the dilal mechanism and %o a part
made up of a number of flxed and movable plates. Notice that as we turn the Knob
the dlal pointer moves and the movable plates are more Or less emnmeshed with the
fixed plates. These two sets of plates should never touch each other or short
together so we must be careful not to bend them. This part is known as a
variable or tuning condenser. This condenser usually consists of two or three
variable sectlions and we gay that they are "ganged" together. Fach section of
the ganged tuning condenser consists of two parts, (1) a rotor and (2) a stator.
The rotor of each section consists of the plates which rotate while the stator
consists of those plates which remaln stationary.

The stator and rotor plates of the ganged tuning condenser of a typlcal
table model recelver are shown In Figure 3. It 1s the purpose of thils tuning
conder.ser, 1n conjunction with some coils, to select the desired statlon from
the thousands which are on the alr at any hour of the day or night.

Mounted on the top or the slde of the ganged tuning condenser are small
semi-variable condensers, called trimmer condensers. These condensers may be
seen In Flgure 3. These condensers usually consist of two small plates of metal
separated by a sheet of mica. A slotted screw 1s used to adjust thesecondensers.
At the present tlme, these adjusting screws should not be moved.

Examine carefully the dial cord assembly with 1ts springs and pulleys.
Quite frequently these dial cords break and the serviceman often has nothing
more to go on than his experlence and common sense In determining how to string
a replacement cord. Flgure 4 1s a drawlng of the dlal cord arrangement of the
recelver shown in Figure 2.

Also notlice that the dlal polnter will read "S5" or beyond when the
varlable condenser 1s completely In mesh and somewhere between "150% and "170"
when the variable condenser 1s completely out of mesh. The manufacturer's
service Instructions for this particular recelver more than likely tell exactly
where to set the polnter when the condenser 1s completely out of mesh.

If the radio which 1s being examined has push-buttons for rapld tuning,
try pressing them one at a time, and notice what happens In the recelver. There
are two types of push-buttons In general use In modern recelvers. One type
of push-button rotates the tuning condenser when it 1s depressed. The other
type of push-button operates a small switch when it 1s depressed.

The remalnder of the knobs on the front of the recelver probably controi
parts which are mounted under the chassls, so0 let us turn the chassis over.
Most recelvers may be turned upside down without damage, when out of thelr
cabinet, 1f we are careful with the loudspeaker and dial mechaniam.

The knob which controls the volume of the radlo rotates the shaft of a
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variable resistor known as a potentiometer. This unit will be discussed in
detall later and a typical potentiometer is 1llustrated in Filgure s.

If the radio has a tone control, it probably consists Of another potenti-
oreter although In some sets it may be connected to a 2 or 3 position switch.

In most radios the on-off switch is a part of the volume control. This
a1s0 wWill be discussed with potentiometers.

If the radio has one or more short-wave bands on it, the knob used to
select the proper band will be fastened to the shaft of a switch similar to
the one 1llustrated in Figure 6. Examine this switch carefully noting the
number of sections or "decks" and the number of contacts on each deck. The
one contact which 1s moved around and always connected t0 one Of the other
contacts 1s usually referred to as the "wipe", Watching 1t as you operate
the switch, see 1f you can discover why.

Connected by wires to thls switch are a number of colls. Even if the radio
you are using does not have a short-wave band you will be able t0 see at least
one coll mounted somewhere on the chassis, elther above or below. This coil
will consist of many turmns of very fine wire wound around a cardboard or wood
form. If your radlio has a short-wave band, you will notice that some coils
have fewer turns and larger wire on them than others. Some short wave colls
may have only 6 or 8 turns of much heavlier wire on the form. In some recelvers,
both the broadcast and the short-wave colls may be wound on the same form.

Parts Above the Chassis

Now let us return to the top of the chassis and observe the following parts
with which we will now become familiar: Vacuum tubes and sockets, filter
condensers, cans contalning colls, and the power transformer.

The vacuum tubes may be of various types and they may have elther glass
or metal envelopes. Examine them closely, being careful not to break the
glass loose from the bakelite or metal base. Let us remove them one at a
time. They may be removed most easily with an upward motion while slightly
rocking them from side to side. Notice how the tubes plug into the socket,
payirg particular attentlion to the spacing and arrangement of the prongs.
The earlier types of tubes have from 4 to 7 prongs. These tubes have two
prongs which are larger than the others so that they may be plugged in thelr
sockets only one way. Later types of tubes have 8 equally spaced prongs and
In the center have a keyed gulcde to prevent them from being Dlugged in in-
correctly. Many newer receivers use new style, miniature tubes which are about
the s1ze of your finger and about 1% inches tall. These tubes have unequal
spacing of the prongs to prevent them being inserted in thelr sockets incor-
rectly. Notice the type numbers stamped on the tubes., Some tubes have £ numbers
only (such as 27 or 45), while still others have 1 or 2 numbers followed by a
letter or two and then another number (such as 12SK7 or 6V8). Older radios
may contaln tubes numbered with three numbers (such as 224 or 484). Tube
numbers followed by G or GT are glass versions ¢f tubes also made 1n metal
types, and are usually interchangeable with the metal versions. On a plece of
paper, Jot down the type number of each tube, and the number of prongs on
each, In the radlo you are examining.

Later on we will learn about the tube numbering system for vacuum tubes
and will study 1in ccnsiderable detall Jjust how tubes work. Turn the
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chassis over and notice how the tube sockets make contact with the tube prongs.
Also notice how the wires leading to other parts of the radio are fastened to
the sockets.

Every radio has one or more filter condensers which may be in any one of
several forms or shapes. Sometimes they are enclosed in metal cans or contalners
and are located on top of the chassis. 1In other receivers they may be in
cardboard boxes or tubes and located under the chassis. The filter condenser
can always be ldentified by the markings on the contalner which will usual ly
read something like "50-30 MFD, 150 VDC, 200 VSP", or "16 MFD, 450 ¥". It
your radlo has a fllter condenser marked as our first example, it means that there
are actually two condensers in the contalner. One of them has an electrical
slze of 50 MFD (50 microfarads) and the other 30 MFD. Both condensers are
rated for maximum steady d-c voltage of 150 volts and they willwlthstand
voltages as high as 200 volts for very short perieds of time without breaking
down. If the contalner has Just a single condenser in it, it will probably
have two wires coming out of 1t. If there 1s jJust one wire, and it 1s in a
metal contalner, the can itself 1s the other connection to the condenser. If
there are three wires caming out of a cardboard contalner, the chances are that
there are two sections and one of the wires 1s common to both sections. When
the two condensers in a single contalner are of a different size, the markings
will usually give the color of the wires leading to each section. The filter
condensers are one of the things that most often wear out in a radio reeeiver.
A number of different types of filter condensers are shown in Figure 7. The
condensers shown In Figure 7(A) are the metal cased condensers and are usually
mounted in an upright position on the top of the chassis with leads coming out
below the chassis. Figure 7(B) shows two types of cardboard cased filter
condensers. These types will be located below the chassis.

You will probably find several square aluminum cans mounted In an upright
position above the chassis. Keeping the location of these cans in mind, turn
the chassis upside down and notice that there 1s a small round opening directly
beneath each can. There will be connecting wires coming through this opening,
and 1f we l1ook through the opening we should be able to see a radio coll or
transformer mounted inside the can. There will probably be small holes in the
top of these cans and through these holes can be seen the heads of screws.
Under no conditions, at this time, should these screws be turned. The metal
cans are called shields. Figure 8 shows what 1s inside one of these shielad
cans. The component inside of the shield can is called an "I.F. transformer".
Later In the tralning program we will learn Just what this component does 1in
the circult.

If the radlo you are using will work on a-c¢ (alternating current) anly, you
will usually find that 1t contalins a power transformer. It can be identified by
its large slze and the fact that 1t contains a number of thin sheets of iron
stacked together. Around this iron core are wound many turns of fine wire. The
winding may or may not be seen on the transformer in your set (i1f it has one)
depending upon the type of case on the transformer. Figure € shows three styles
of power transformers. Figure 9(A) 1s called a universal mounting, Figure 9(B)
1s called a vertical shielded transformer, and Figure 9(C) 1s called a flush
mounting transformer.
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If your radio works on both a~c and d-c¢, it will not have a power transform-
er. Sometimes these sets have a third wire in the supply cord. This wire 1s
made of a special materlal and is quite similar to the heater element of an
electrlic toaster. If the radlo uses thls, you will notice that the line cord
becomes warm when the set 1s in operation. Should this type of cord become worn
or frayed, 1t must never be cut and shortened, but must be removed and replaced
by a similar camplete cord.

Although not very common among the table modsl radios, some of them use a
smoothing or filter choke. In appearance, this 1s quite similar to the power
transformer, but can be distinguished from it by being smaller and having only
two wires coming out of i1t. This filter choke consists of a stack sf iron
laminations or plates around which are wound many turns of wire.

Let us look at the speaker carefully. Notlce that it has a paper cone or
dlaphragm. Carefully touch this and notice that 1t moves in and out slightly.
Turn the radlio on and tune in a program. Now touch the speaker lightly and
notice that 1t 1s vibrating. If we walt for a pause In the program we will
notice that when there 1s no sound coming from the radio, thls paper cone will
not be vibrating. Let us tum the radio off agaln and disconnect the line cord.
Perhaps our radio has mounted ocn the speaker a small transformer with two wires
going down into the speaker and two wires going back Into the radio chassis.
This 1s the output transformer. If this 1s not the case, we will always see two
wires coming out of the speaker. Follow these until you find the output
transformer. Figure 10 shows a loudspeaker with 1ts output transformer mounted
on it.

Parts Under the Chassis

We will now retum to the parts underneath the chassls. In addition to the
sockets for the tubes and the potentiometers, swiltches and coills already
mer.tioned, we will find resistors of all types and sizes, small flxed condensers
and a maze of Interconnecting wires. The resistors look like small round rods
varying from a half an Inch to an inch or more in length, having wlires coming
out of each end of the rod, and have several colors painted on the body of the
resistor. Older resistors may have stamped on them thelr electrical slze such
as "50,000 oms" whereas the newer ones have thelr electrical slze marked by
means Of these colors. We will learn to read this code when we study reslstors
In greater detail.

The fixed condensers in the radlo are probably of several types. A common
type consists of round rods larger 1n dlameter and longer than resistors and
these usually have cardboard or paper on the outside with thelr electrical size
and voltage rating printed on this wrapper. See 1f, there are any 1n your radlo
marked ".05 MFD, 400 VDC". Llke resistors, these condensers have a wire caning
ou< of each end. Thls type of condenser 1s known as a "paper condenser®,
Another type of condenser most Likely found in the radio is the ™miica or postage
Stamp" type. These are about the size of a postage stamp and have a flat
bakellite case with a wire coming out each end. Sometimes they have thelr
electrical size stamped on them, such as .000l MFD, and sometimes thls 1s coded
by means of 3 or 4 colored dots painted on them. We will learn this color code
when we study fixed condensers in greater detall.

Look carefully at all the parts on your radlo, top and bottom, and be
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sure that you can name them. Thls 1s what we have tried to accomplish so far,
for we must know the names and the maln points of appearance of every radio part
before we can go on. Also, the workmanship under the chassis will tell you a
great deal about the quality of the recelver you have. The better sets have the
parts neatly wired In and the parts sturdily mounted. When you do electronic
maintenance work, you should plan to replace the defective parts neatly and
securely.

Tools

The repalr, construction and testing of electronic and television equirment
w1lll requlire the use of & number of hand tools, qulte a few of which you no doubt
already have. Before discussing some of the tools which you will be using, let
us dlscuss briefly the care and use of our tools. All tools should be kept
free of dirt, grease, rust and any forelgn matter. It 1s difficult to clean
a tool after excessive dirt or rust has been allowed to accumulate; therefore
1ts accumulation should be prevented. A good mechanic always wipes hls tools
regularly with a clean or slightly olly cloth., Tools should be used only for
the purpose for which they are intended. This would seem to be an obvious
statement, but the fact 1s that far more tools are ruined by improper use than
are ever wom out thrcugh proper use. As the various tools are discussed their
proper and improper use will be mentioned.

Of the tools used In electronic work, pliers are the most widely used.
There are many types and sizes of plliers, each intended for some specific
purpose. All types of pliers can be obtained in various sizes. The size of
a palr of pliers 1s determined by the overall length. The most common fault of
the untralned workman 1s to use a palr of plliers as an all purpose tool.
Several types of pllers, and thelr uses are listed below:

1. Side-cutting pliers have square gripping surfaces on the end of the
Jaws; behind these gripping surfaces are cutting blades. See Figure 11(A).
These pllers are used for gripping, splicing, wire cutting, removing insulation,
etc . They are not Intended to be used as a substitute for a wrench. The most
useful sizes of these plliers are the six and elght inch; the larger size btelng
used for cutting and handling larger wire.

2. Dlagonal plliers have two cutting edges set at an angle of flfteen to
twenty degrees with the length of the tool. See Figure 11(B). They are
intended for wire cutting only and also can be obtalned 1In different sizes.
Thelr advantage over slide cutting plliers is that, due to thelir construction,
they can cut off a wire closer to 1ts point of attachment than the side cutting
pliers. The chief misuse of diagonal pliers 1s forcing them to cut heavier wire
than that for whlich they are intended. The most common slzes are the flve and
six inch type which will cut a number 16 hard steel wilre. For cutting neavier
wire the side-cutting pliers must be used.

3. Llong-nosepliersare primarily for light gripping and holdingoperations
and for use in small piaces. They consist of a palr of long tapering . aws,
half round on the outside and flat on the inside. The long-nose pliers may or
may not have cutting edges behind the gripping surfaces. See Figure 11(C). If
they are forced to do heavier work than that for which they are intended, the
Jaws will elther break or they will bend out of shape and refuseto close firmly
on small objects. Five and slx inches are the common sizes of long-nose pliers.
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4. Needle-nose and chaln-nose pliers are similar in appearance and
construction to long-nose pliers except that the jaws are circular in cross
sectlion Instead of semi-clrcular. See Flgure 11(D). They should be used only
for forming small loops on the end of wires and for work on instruments.

5. Slip jJoint pliers have square nose gripping jaws with serrated gripping
Jaws behind them, close to the hinge. The method of hinging permits the laws to
operate In elther of two positions, thereby increasing the gripping range of
the pliers. See Figure 11(E). Slip joint pliers are used for gripping fairly
large stock and are primarily a make shift tool to be used when the proper
tool 1s not among the mechanic's equipment. They are a possible cause of
damage to any surface on which they are used and thelr use should be strictly
limited.

The screwdriver 1s a tool for turning bolts and screws that are slotted
to recelve the screwdriver blade. It comes in several styles, the most common
belng, stralght screwcriver, off-set screwdriver and ratchet screwdriver. Flgure
12(A) shows an assortment of stralght screwdrivers and Figure 12(B) shows an
off-set screwdriver. The blade point 1s designed to f1ll the slot In the head
Of tre screw. Tumling the screwdriver then tightens or loosens the screw. The
screwdriver 1s often wrongly used for prying, opening boxes, or as a chisel.

Two faults can be found wlith the average man's use of screwdrivers,
assuming that he uses them for no other purpose than turning screws. First,
Is tke fallure to use a proper assortment of screwdrivers. Wien a screwdriver
too small for a job 1s used, the blade of the screwdriver does not fit the slot
In the screw-head properly. The force necessary to turn the screw is ezerted
upon too small a surface, and the result 1s that the head of the screw is
damaged.

The other fault In the use of the screwdriver 1s the Improper sharpening
of the blade. The two faces of the screwdriver blade should be nearly parallel
and the end square. The point of the blade should not be sharpened to an edge
like a chisel but should form a rectangle. The blade of the screwdriver should
be the same width at the point as the length of the slot of the screw-head for
which 1t 1s Intended, and 1t should be ground with sufficient thickness tc be a
snug fit in the slot and yet reach the bottom of the slot. The 1deal screwdriver
shouid completely f1ll the slot for 1ts depth, width and length. The further
thls 1deal 1s departed from, the greater 1s the 11kellhood of damage to the
screwdriver and the screw~head. Sharpening 1s best done upon a small tench
grinder.

Radio men are frequent users of drills; such as the hand drill, treast
drill, and portable electric drill.

The hand and the breast drill are somewhat alike. The breast drill has a
guard plate which 1s held agalnst the breast while the hand drill has a handle
which 1s ordinarily held In the left hand. Both drills are operated by a hand
crank driving bevel gears. The feed 1s obtalned from pressure from the body or
hand. A 3-jawed chuck 1s attached to the spindle and 1t will usually take up to
3/8 iInch stralght shank drills.

The portable electric drills come In a varlety of slzes and power ratings
and the smaller sizes are popular in all shop work. They are made as small as
possible and are rated in horsepower (Oor fraction thereof) or the maximum size
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twist drill to be used with each machine. A switch 1s usually s5 located as to
glve the operator complete control of the starting and stopping of the motor.
Great care should be exerclsed 1n operating these machines as the motor will
overheat 1f overloaded and soon burn-out 1f stalled.

The most generally used drill for boring small holes 1n metals is the
stralght shank "twist drill®. Twist drills are usually made with two flutes, or
grooves, runnirg around the body. This furnishes cutting edges, and the
cuttings follow the flutes out of the hole being drilled. The polnt or catting
end of a drill should be properly shaped at all times, and thils can be achleved
by grinding carefully on a grinding wheel. A drill grinding tool 1s avallable
to be used In conjJunction with a bench grinder. The size of small twist drills
is deslgnated by numbers, and by dlameter in fractlions of an inch.

Drills are made of high carbon steel especlally heat treated to make the
cutting edges hard, and are sultable for most all classes of work 1f properly
used and never allowed to become heated. Excesslve temperatures cause the
cutting edges to lose thelr hardness and are thus rendered useless by working
them too fast (depending on substance being drilled), so that the heat cannot be
disslpated. Brass and copper are good conductors of heat so may be drilled
faster than Iron. Bakellte 1s a poor heat conductor and requires slow drilling
or hizh speed drills. Manel metal, stalnless steel, and other extremely tough
materials produce so much heat when drilled that the use of high speed drllls 1s
imperative. A drill should be lubricated as should any other metal cutting tool.

Crills made of a speclal alloy contalning tungsten, chromium, and cobalt,
are referred to as "hlgh speed" drlills. They cost more than ordinary carbon
drills, but may be operated at quite high temperatures and st!ll retain their
hardness.

Screws, Bolts and Nuts

The term "machine screws" 1s the general commerclal term for screws to be
driven Into drilled and tapped holes In the assembly of metal parts. When
furnished with a nut the combinatlon 1s referred to as a "bolt". Machine screws
are regularly made of steel or brass, with a varlety of styles of heads and
rfinlshes. Flgure 13(A) shows an assortment of round head machilne screws.

Prior to the meeting of the Hoover Natlonal Screw Commission In 1925, there
were no nationally recognlzed standards for machine screws. This commission
established standards, and these standard slzes are now used by all radlo
manufacturers. The standards so established were subdivided into two maln
divislons; that 1s, (1) The American (Natlonal) Filne thread serles, and (2)
The American (Natlonal) Coarse thread series. The name "Amerlcan" Instead
of "™atlonal" 1s coming into universal use throughout this country.

Screw slize refers to the number of the stock of materlal from which the
screw 1s made; that 1s, a 6/32 screw means that the screw 1s made from number €
stock. (The slze 1s always the first number). Thls slze 1s different from any
other gauge, and has nothing to do with the Brown & Sharpe wire gauge. The 3Z
Indlcates that there are 32 threads to the inch.

The length of a screw Includes that part of the screw and 1ts head which
remalins below the surface when properly driven, thus, the length of a round

head screw Includes none of the head while a flat head screw includes all of the
head.
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All screw manufacturers 1ist flat, round and oval heads as standard stock
items, and some also include fillister, binding, or other types. There are many
speclial heads In use such as ornamental-head screws used to hold loudspeskers,
and types with heads designed for speclal driving devices, etc.

The most common method of driving machine screws 1s by means of a slot
milled into the head of the screw. Such screws are referred to as "slotted
head" screws. Somemachine screws are made with a hexagonal head (see Flgure
i@). With such screws 1t is possible to use a hexagonal wrench for tightening;
thus eliminating the possibility of slipping. Another type of screw head which
1s becoming tncreasingly popular 1s the Phillips head. This screw head 1s
milled with an X-shaped slot which 1s deeper in the center than at the edges.
This type of head requlires the use of a special "Phillips® screwdriver, but
can be tightened much more securely without the danger of the Screwdriver
slipping.

Sheet metal screws are made of hard steel, have sharp threads, and are
avallable in the same lengths, dlameters, and head styles as are machine screws.
An assortment of these screws 1s shown in Figure 13(B). They are sometimes
referred to as self-tapping screws although this 1s not strictly the zase
inasmuch as the threads are formed by embossing the work rather than actually
removing chips of metals as 1s done when using a regular tap. It 1s much better
L0 refer to these screws as "sheet metal®" screws. They are driven into punched
or drilled pilot holes In sheet metal, fibre, hard rubber, plastics, etc., by
means of a screwdriver or hex wrench.

Set-screws are used to fasten the hub of pulleys, wheels, gears, knobs, and
tuning dlals, etc., to shafts, elther permanently or semi-permanently as
required. Most set screws are of the *headless® type and are obtalned In such
lengths that they fit flush with the face of the hub. Figure 13(C) shows an
assortment of set screws. Headless set screws may be slotted so that they may
be tizhtened with a screwdriver, they may have the Phillip's recess feature, or
may bz of the "hollow" type with Allen sockets.

Nuts for machine screws are made of steel or brass and are usually hexagon
in shape.

Wings nuts to be tightened without ald of tools, are avallable in all
standard threads.

A thumb nut 1s a cylindrical nut with the outside knurled.

Wood screws are avallable with the same type of standard heads as machine
screws, and are also made from the same metals, and In the same lengths,
finlshes, drives, etc. The threads of all wood screws are uniform, makling 1t
neither necessary nor desirable to state the number of threads per inch when
ordering or describing the screws. They are ordered by dlameter, which is
speclified iIn gauge numbers of the American Screw Gauge, and length. Wood
screws have a so-called "glmlet" polint whichis more or less self starting
in wood; however, a pllot hole reduces splitting.

How Radio Parts are Mounted

With the radlo in front of us let us examine how the various radio parts
are mounted. The smaller parts such as resistors and condensers are usually
supported with their own leads. The tube sockets may be riveted to the chassls
or small bolts may be used to hold them in place. Large condensers of the
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metal cased type such as the filter condensers are mounted with bolts, eor with
a nut over a threaded portlon of the contalner. Power transformers and
filter chokes are bolted in place, usually using the screws which hold the frame
to the laminatlions. Potentliometers and switches used for volume and tone
controls are mounted behind the front of the metal chassis with the shaft
coming through a threaded sectlion which is held securely 1n place with a nut.

Notlice the manner of Interconnecting the various components 1n your
recelver., Radio parts are interconnected with hook-up wire, the wire elect-
rically jolning the various terminals. The hook-up wire should be insulated
along 1ts path, but 1s made bare and clean where it comes in contact with the
terminals. Push-back bralded cotton-covered wire In sizes 16 to 20, B & S gauge,
1s easlest to handle and 1s the most popular.To make a connection with this
wire, the Insulatlon !s pushed back as shown in Figurel4(A).When the insulation
cannot be pushed back far enough with the fingers.l1t will be easler to grasp
the bare end of the wire with a pair of long-nosed pliers. Then, holding the
wire in this manner, i1t i1s a simple matter to push the insulation back with the
fingers as far as required.This 1s 1llustrated In Figure 14(B). After the
connection has been made, the insulation should be pushed back over the bare
wire right up to the terminal.

Hook-up wire having rubber or plastic insulation is often used as the leads
of radlo parts such as transformers and filter condensers. To make connections
to these leads the insulation is crushed with pllers and then removed with
dlagonal cutting pliers or a knife. Care should be taken so that the wire is
not nicked or cut in removing the insulation.

Notlce that when the connecting wires are connected to tube socket terminals
they are not Just held agalnst the terminal and then soldered, but are "crlmped®
to the terminal before they are scldered. The purpose of crimping wires to a
terminal 1s to insure a strong mechanical connection, as solder alone should
never be depended upon to keep the connection secure. If the terminal has a
hole 1t 1t, the hook-up wire can be bent into & half-loop with long-nose
pliers, and the tip of this loop inserted through the hole. Then the wire 1s
squeezed or crimped sgalnst the terminal and the unused portion of the wire cut
off before the solder 1s applied. In case the terminal 1s of the lug type and
does not have a hole, the wire 1s also made Into a hal f~100D and crimpeé agalinst
the terminal. It 1s even better to wrap the wire around the terminal a time or
two and then crimp 1t from both sides. This 1s i1llustrated 1n Flgure 15.

Electrical connections should be soldered in order to Insure a good low
reslistance path under all conditions. For best results, make 1t a rule to
solder every connectlion you make, even 1f you intend it to be a temporary one.
Solcder 1s made up of tin and lead and melts readily when heated with a hot
soldering iron. Solder cannot make a permanent connection with any metal when
the metal 1s dirty or has a layer of oxidation on 1t. A soldering paste or flux
has been developed which, when heated, removes all dirt, grease and oxidation
and allows the solder to adhere to the metal. Rosin flux rather than acld flux
shotld be used In electrical wiring, and solder is avallable which contalns a
core of rosin flux. Since the rosin has a lower melting point than the solder,
the rosin melts first and flows out and cleans the metal before the solder
begins to flow.
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To provide the necessary heat to melt the solder, electronic techniclans
use an electrically heated soldering iron. These irons are rated in the e-
lectrlical energy they consume, with irons ranging from 60 to 100 watts belng the
most popular. The heatirng element of the iron is located inslde a metal barrel
and the heat travels down to the ccpper tip which does the actual soldering.

Your first Home Laboratory assfgnment will provide you with the necessary
equirment and complete instructions for soldering electronic equipment. Ex-
amine the soldered connections In the recelver before you. Notlice that the
solder 1s not "stacked up" on the terminals but that there 1s Just enough to
hold the connections tirmly. After ycu have finished the soldering practice pro-
vided in your first Home Laboratory assignment, youshould be able tc make
solder Joints comparable in quality to those in your receiver.

If you have examired your receiver thoroughly and are satisfied that you
can identify all of the parts, re-install the chassis in the cabinet. Be sure
to re-connect everything just as it was before removal of the chassis. Plug the
power cord plug into the receptacle and agaln "rough check" the recelver tc see
that it operates as well as it did before you started working on 1t.

Summary

This assignment has enabled you to take a real step forward toward your
goal of becoming an electronics technician. You have learned to identify the
parts in a radlo receiver which, is pointed out previously, are the same as
those used in television equipment and in industrial electronic equipment. You
have also learned the proper use of the various tools employed in electronic
work.

The radio which you have examined in this assignment contains a wide va-
riety of electronic parts. Quite obviously, however, 1t does not contain all
of the different types of parts which are employed in the many thousands of
kinds of electronic equipment in use. Just as the fnformation you have gained
in this assignment will be of great value to you as you proceed with your
training, so will any additional information you can gain regarding the ap-
pearance of various electronic components be of value to you. Thus it 1s ad-
visable for you to become familiar with the appearance of as many different
electronic components as possible. One very practical way of obtaining thils
xmowledge 1s to lock over - in fact, study - one or more electronics parts
catalogs. These catalogs are issued by many electronics mail-order supply
houses. If you will send a postcard to one or mcre of the following firms, you
will receive their catalog showing pictures, descriptions and prices of many
types of electronic equipment and parts:

Allied Radio Corporation Concord Radio Carporation
100 N. Western Avenue 45 Warren Street

Chicago 80, Illinois New York 7, New York
Burstein-Applebee Company Walter Ashe Radio Company
1012 McGee Street 1125 Pine Street

Kansas City 8, Missouri St. Louls 1, Missouri

Another suggestion which we feel may be Of great value to you 1is that,
from time to time, yocu obtain cne or more of the radlo-TV-electronics magazines
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on the newsstand. Look over the variouas electronics magazines, and decide which
"sults you best." Then subscribe to this magazine, and read it regularly. You
will find that the general Information you obtaln from technical magazines will
aid you greatly in your advancement 1n the electronic fleld. Two magazines which
are recommended for general reading are "Radio and Television News" and "Radio-
Electronics. "

In the rext asslgnment you will use the information you have learned here
in a very Interesting way. Varlous symbols which can te easily drawn by hand
and eecslly printed are used to represent electronic parts in circuit diagrams.
in the next asslgnment you will learn to 1dentify these various symbols, So
that you will be able to "read" and draw electronic circuit diagrams.
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Test Questions

Be sure to number your Answer Sheet Asslignment 2.

Place your Name and Assoclate Number on every Answer Sneet.

Send in your answers for this assignment immediately after you finish them.
This will give you the greatest possible benefit from our personal grading
service.

1. What should be done when "Rough Testing" a radlo recslver to see that It 13
in proper operating condition? Please 1list the various steps briefly.

2. What 1s the proper name of the component that controls the volume (and
sometimes the tone) of a radlo recelver? 7'oc. 7,..,, ¢

3. How can it be determined which of the components In a recelver are the
tilter condensers? o ot : '

v

4. What do the colors palinted on a reslistor indlcate?

6. If there 1s no set screw In a knob, how should the knob be removed?

6. What are the tube type numbers In the set which you have examined? How
many base plns does each tube have?

7. In radlo work what are long-nosed pllers used for?

8. If you wanted to cut a large wire, should you use a palr of dlagonal pllers,
or a palr of side-cutting pllers? _.

9. If you found a tubular shaped part under the chassls of a radlo recelver
labeled .01 MFD-600V DC, what would be the proper name for thils radlo part?

10. If you found a part on the top of the chassls of your radlo which was 1in
a square aluminum shleld can, what would the proper name for this component
be?
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ASSIGNMENT 3
CIRCUIT DIAGRAMS AND HOW TO READ THEM

We have now reached a point in the training where it will be necessary to
learn some of the symbols which are used in electronics, radlo, and television
dlagrams. Radio men have long employed a written sign language since, in this
way, it 1s possible to show every connection in a complicated electronics
circuit on a small plece of paper; whereas, If a written description were
employed, 1t would require many pages. From our experience with the radio re-
ceiver of the last assignment we can easily see why a photograph, or even a
series of photographs would not give us the complete answer cn the wiring and
parts of even simple radio receivers, much less anything very complex. For
example, no photograph could possibly glve the ctrical size of the resistors
and condensers and certainly no photograph or pictorial drawing could show the
compcnent parts mounted under other parts.

The system employed in electronlcs dlagrams is very simple, and once you
get fully acquainted with 1t, you will appreciate 1ts value. You cannot work
on electronics and television equipment or study the literature without having
a knowledge of this system. Therefore, it is absolutely necessary that you
learn it so that you can progress smoothly In the training.

In the last assignment we got an 1dea of what the various component
parts of a radio receiver 1look like, and we saw that these component parts
were electrically Jolned together in some definite pattern by means of hookup
wire. There are hundreds and hundreds of different ways to connect these
various parts together to form different circulits. Obviously, no one can
remember all these ways, or know in advance how the designer of the equipment 1s

going to arrange this particular circult. Thus, it 1s necessary that a uni-
versally accepted system be used in order that a plece of electronic equip-

ment manufactured in one part of the country may be efficiently serviced In
another. When you have learned this symbol system, you can look at an elec-
tronics circuit diagram and determine at a glance Just what you want tO Know.

In the last assignment we saw that fundamentally a radio circuit consisted
of a limited number of basically different parts (condensers, colls, resistors,
vacuum tubes, etc.) and that these parts were connected together by means of
wire and mechanical fittings such as screws, nuts, rivets, clamps, etc.
Different electrical sizes of these parts were used in the same equipment,
but basically, we could count the number of really different parts on the
fingers of our hands. Thus, 1t can be seen that leaming about these parts will
not be as difficult a job as it might seem.

Each of the different parts which make up a radio receiver or an elec-
tronic unit have certaln characteristics which are called properties. As we

progress through this training, we will study these propertlies, since the
action of an electronics circuit is controlled by the properties of the parts
used in it. For example, consider wire. Every plece of wire has length.
Thus, length 1s a property of the wire. A wire when heated 1s longer than it
was when cold; so another property of wire is its expansion under the influence
of heat. Every wire offers resistance or opposition to the flow of an electric
current through it, so its resistance 1s a property of the wire. Every elec-
tronics circuit uses many different sizes and kinds of parts and a number of
properties are associated with each of these parts.
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klnds of parts and a number of properties are assoclated with each of these
parts.

When you are called upon to locate and repalr a defect in a radio or
televislon receiver, amplifier or transmitter, you will be required to check
a number ¢f different properties In a systematic manner. It 1s difficult to
do this In a confusion of wiring in actual equipment, but with the ald of a
diagram, you can check off each circuit as you test 1t.

Before you can check the properties of the parts used in any equipment,
you must know what kind of a part 1s used and where this part 1s located

electrically. An examination of the inside of the equipment will not always glve
you thLis Informatlion. Even an experilenced eiectronics techniclan may have
trcuble distingulshing between a filter choke and & condenser when it 1s sealed
Inside a can or cortalner because In many Instances thelr appearances may be
Simllar. For this reason, It may be necessary to refer to a diagram to learn,
first, what parts are belng used, and second, how these parts are connected.
Then you can start at some point which you can 1dentify and in thls way trace
the wirlng to the actual part In question.

Schematic Diagrams

The electronics and television technician almost invariably works from a
schematic dlagram. Such a diagram 1s shown 1n Filgure 1, which 1s the diagram
for a typlcal five-tube table model broadcast receiver. Every raclio set in-
cludes a model number, or name by which 1t may be 1dentified. This model
number should not be confused by the serial number which is a number which
the manufacturer has asslgned to that particular set at the time the set was
mace. Often the manufacturer will make changes in a given model, and by
keeping a record of the serial numbers of the units made, both ' .fore and after
the change was made. they can tell just what parts are used 1n any set of any
particular model.

This brings up the matter of how the serviceman or techniclan may obtain
these schematlic dlagrams. Thousands of radio scts have been made in the past
and dlagrams are avallable for most of them. On the other hand, Some manu-
facturers have gone cut of business and no dlagrams are avallable for thelir
radlos from any source. In cases of thls kind the service man must rely on hils
general knowledge and trace out the circults to the best of his ability.
Fortunately, this 1s not often the case.

There are also some radios in use which are known as "orphans" -~ that 1s
all the 1dentifylng marks and numbers on the set have been removed. Here the
service man 1s up agalnst a blank wall In obtalning a dlagram for the set.
Elther he must rely on his general knowledge of radlos or draw his own schematic
dlagram by tracilng out the actual wiring of the parts. Such sets are more
expensive to repalr because the service man has to spend more time on them,
but fortunately, they too, are in the minority.

A complete flle of all published radio dlagrams covering the many thousands
of alfferent radlos which have teen made will run into many volumes. They are
avallable from radio parts jobbers and wholesalers and from the publishers. In
trhe larger cltles, local public librarles keep these manuals on file for public
reference. The best known group of volumes of radlo recelver circuits is the
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serles known as "Rider's Perpetual Trouble Shooter's Manuals" and 1s published in
twenty-five volumes covering nearly all radlo sets which have been made.
"Supreme Publications" print a serles of six manuals which they clalm contain
ths most often needed dlagrams, and beling smaller, are not nearly as expenslive.
The Howard W. Sams Instityte started a series of service folders al the end
of World War II. They are mcre complete than elther of the above manuals,
but, of c~nrse, cover only postwar recelvers.

Most radio manufacturers will provide free, or will sell at a nominal
cost, dlagrams of all sets which they have manufactured. The service man, in
writing to the manufacturer for these dlagrams, should write on his own printed
business statlonary, which 1s usually sufficlent evidence to prove that the wri
ter 1s entitled to use them. This 1s necessary to protect the manufacturer
frcm having to send out thnousands of dlagrams for which there 1s no actual use.

Rider's, Sam's, and Wallace's Telealdes also publish schematic dlagrams
on practically all TV receivers. This information 1s of great value to the
TV techniclan. In mdst instances the manufacturers of Industrial Electronic
equipment provide Service Manuals to thelr customers. These manuals include
schematlic dlagrams, and in additlon provide adjustment procedures, anc service
hints for the techniclan.

Pictorial Diagrams

There 1s another type of dlagram which some electronics manufackturers
include in thelr service manuals. It 1s known as a plctorial diagram, and 1s
1llustrated in Flgure 2. This type of diagram 1s most useful in showing the
actual physical layout of parts. Beglnners in radio have a tendency to rely
on the plictorlal rather than the schematic dlagram, but this Is not a good
hablt to get 1nto since these pictorial or wiring dlagrams are not available
for all equipment. Actually, yo1 can find out with a glance everything you
need to know about a plece of ele:tronic equirment from the schematic dlagram
after you learn to read 1t, whereas much study 1s required when the wiring
dlagzram 1s used alone, This plctcrial diagram should only be used in conjunc-
tion with the schematlc dlagram to show the laycut of the parts-never used
alone. Experlenced techniclans seldom refer to the pictorial diagram, but
rely almost entirely on the schematic diagram.

Lzarning to read schematlic dlagrams 1s mostly a matter of becoming
famlliar with the major symbols which are used in electronics and television.
There 1s a large number of symbo.8 In use, but the principal seven are: (1)
res istors (both fixed and variabls), (2) condensers (flxed and variable}, (3)
inductances (colls and transforrers), (4) batterles and cells, (5) vacuum
tubes, (6) microphones, pickups, ind speakers, and (7) switches of all types.
Thus, by memorlzing the symbols for these, you will be able tp read any
schematic dlagram.

fesistors

Reslstors are manufactured In a great number of shapes and sizes. Flgure
3 1llustrates a number of reslstors and the schematic symbols used for the
various types of reslstors.

The schematlc symbol shown in Flgure 3(A) 1s for a fixed resistor without
taps. The 1llustrationsz, numbers 1 through 10, in Figure 3, are fixed resistors
whlch would be 1llustrated In a schematic dlagram by the symbol shown 1n Figure
3(AY. Abrlef description of each of these resistors follows.

Assignment 3 Page 3



Resistor 1 1s a carbon resistor, avallable In wattage ratings from %/4 watt
to 2 watts, depending upon the physical size. Thls style of resistor is of an old
method of manufacturing and will be found In older models of receivers.

Reslstor 2 1s a carbon or metalized resistor, avallable in wattage rating
of 1/4 watt to 2 watts, depending upon the physical size. This resistor 1s
manufactured by a new process and will be found in eguipment of modern design.

Resistor 3 1s a preclision wire wournd type of resistor used for meter
multipliers and shuats, and in laboratory equipment where accuracy of the
resistor value i1s important.

Resistors 4 and 5 are two forms of wire wound resistors which are avalla-
bl2 In wattages of 5 watts and above.

Resistors 6 and 7 are called wire-wound strip resistors and are usually of
the low power type (less than 5 watts).

Resistor 8 1s an enclosed ballast resistor, or plug-in resistor, used In
some recelvers to adjust automatically the power line voltage or to malntain it
within narrow limits. Often this type of resistor 1s enclosed In a metal or glass
envelope with base pins and from the outside looks exactly like a vacuum tube.

Resistor 9 i1s a wire wound flexible type of resistor and will be found
in small receivers where space is limited.

Resistor 10 is called a power-cord, or llne-cord resistor. Notlice that
there are three wires in the cord. Two of these are the usual two lines <ised to
connect electrical equipment to a receptacle. The third wire is resistance wire.
This type of a resistor 1s used with some types of table model radios and will
be discussed agaln later in the training program.

As was previously stated, the symbol (A) of Flgure 3 is used to indicate
any of these resistors Just described, 1n a schematic dlagram.

The symbols (B) and (C) of Figure 3 are used to indicate fixed resistors
with taps. The symbcl (B) represents a fixed resistor with one tap, while
the symbol (C) represents a reslstor with three taps. Resistors 11, 12, and 13
in Figure 3 are tapped resistors which would be represented in a schematic
diagzram by symbols (B) and (C).

Resistor 11 1s a center-tapped wlre-wound resistor of the power type.
Symbol (B) 1s used to represent this resistor in a schematic diagram.

Resistor 12 1s a center-tapped wire-wound strip resistor. This type of
resistor will be found In older models of recelvers only. Symbol (B) 1s used
to Indicate such a resistor. '

Resistor 13 1s a wire-wound power type resistor with three taps. The sym-
bol used for this resistor 1s shown at (C). Resistors with more than three taps
would be represented by a symbol such as illustrated at {C) except the proper
number of taps would be indicated by the lines coming off of the resistor.

The symbol shown at (D) in Flg. 3 1s for a resistor with an adjustable
tap. Such a resistor 1s 1llustrated by resistor 14. On this type of resistor
there 1s a strip along the length of the resistor where the insulating material
1s left off during manufacturing. A metal band 1s provided which makes contact
with the bare resistance wire when the bolt in this metal band 1s drawn tight.
To ad)Just the tap on this resistor i1t is necessary to loosen the screw in
the tap band, move the band to the desired polnt on the resistor, and then
agaln tighten the screw. This type of resistor may have several adjustable
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taps; the number of taps will be indicated Dy the number of taps on the symbol
shown In Figure 3(D).

The symbol (D) in Figure 3 1s also used to represent the variable resistor
15 in Flgure 3. The proper name for this iariable resistor is potentiometer.
A potentiometer has three connections as may be noted from the 1llustration.
The center lug connects to the variable "arm® of the potentiometer and the two
outer lugs connect to the ends of the resistance. Potentiometers may be e!lther
wire-wound or carbon. (Potentiometer 1is pronounced: Po-ten-shi-om-1-ter)

The symbol at (E) in Flgure 3 1s used to represent the varliable resistor
16. This varlable resistor 1s called a rheostat. A rheostat normally has only
two connectlion lugs as may be noted in the i1llustration. One of these lugs
connects to one end of the resistance element, and the other connects to the
movable arm. Rheostats use wire-wound resistance elements.

The symbol shown at (F) In Flgure 3 is sometimes used to denote a rheostat
Or a potentiometer when 1t 1s connected as a rheostat. That 1s, when only the
movable arm and one end of the resistance element are connected t0 the circult.

Connections to resistors are made in two general ways as may be seen
in Flgure 3. Ir resistors 1,2,3,4,5,7,9,11, and 12, connections to the actual
reslstance element are made through wires which are commonly called "pigtalls".
In resistors 6, 13, 14, 15, and 16, the connections are made to terminal lugs.
Resistors 8 and 10 do not fall into elther of these general categories.

Condensers

Flgure 4 shows the symbois for various types of condensers. There are two
general classifications of condensers: (1) fixed and (2) variable. For the first
classification to apply, the condenser must have a definite flxed value which is
not changeable. The second classification appllies to condensers which have a
changeable value between certaln extreme minimum and maximum values. There are
many types of condensers represented by these two classifications.

First of all Ir Flgure 4 there are illustrated several forms oOf fixed
condansers. The symbol for these 1s shown at (A), the same symbol belng used
t0 denote any type ot fixed condenser. Condensers 1, 2, and 3 of this group
are mica types of fixed condensers In moulded bakelite form. The word mica
refers to the type of insulation between the metal condenser plates, condensers
consisting of a sandwich of two or more metal plates filled with an insulator of
some kind. These mica condensers are usually used in high frequency circults
where very few losses can be allowed, and thelr electrical size varies from
about .1 to .000001 mfd. (MFD. 1s an abbreviation for microfarad. This term will
be taken up in a future assignment). .

The next group of condensers, 4 and 5; are of the paper type. These range
In capacity from about .001 to 4 mfd and are used to filter low frequency
circults, since they have medium loss qualities and yet perform satisfactorily.
Sometimes, two or more of these condensers are found in the same contalner.
Condenser number 6 1s a two-section paper "bathtub" type, and may be representec
by a symbol such as B, where each symbol in the group represents a separate
condenser. ]

In the next group, from 7 through 10, the electrolytic condenser type is
shown. There are two kinds: (1) the wet or 1iquid type, and (2) the "dry" type,
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which 1s actually no more dry than 1s a flashlight battery. Electrolytic
condensers vary 1n slze from about 4 to 100 mfd., and are principally used in
power circult filtering and in circults where a large capacity In a small space
1s required. They always have polarity -- that 1s, thelr positive and negative
terminals must be connected to the proper positive and negative points in the
circults where they are to be used. The symbols are the same for both wet and dry
types and sometimes the polarity signs are omitted altogether. If the polarity
signs are omitted, the negative plate 1s indlicated by the curved line in the
symb0l. Symbol (C) represents a single unlt whereas (D) represents a multi-
section unit consisting of two condensers In the same container.

Condenser 11 1s & type of adjustable or seml-varliable condenser kr.own as a
trimmer, padder, or a compensating condenser. The symbol for this type of
condenser s shown at (E). Thls type of condenser may range 1n value from about
3 to 2000 put (micromicrofarads). Such condensers are usually used in con-
Junction with fixed condensers to enable the comblnation to add up to ar exact
value of capaclity that 1s required by the circult deslign.

Condenser 12 In Figure 4 illustrates a varlable condenser. This 1s the
type of condenser which you adjust when you tune from one radlo station to
another and which was examined in the last assignment. The symbol for a single
section variable condenser 1s the same as that for the seml-varlable condenser,
and 1s shown at E 1n Figure 4.

These condensers range 1n electrical size of from about 3 tc¢ 15 pufds
for the minimum range on up to about 150 to 450 yufds for thelr maximum range.
Few single-section varlable coridensers are usec in modern radlos, the average
being the two and three gang types. The symbol for a two gang condenser 1s
shown I1n Figure 4(F). Note that 1n the figure dotted lines are used between
the two sectlions, Indicating that both sections are controlled by one shaft.

Unfortunately (and this is especlally true wlith condensers) there are
sometimes more than one symbol which may be used to deslgnate a certaln radlo
component. Power englneers prefer one type of symbol, while an slectronlics
tecaniclanuses a different symbol. In 1944, a standardization Drogram was un-
dertaken 1n order to standardize on a speciflc group of electronic symbols to
be used by both power and electronics men. These standarized symbols for con-
densers are those shown 1in Flgure 4(A, B, C, D, E, and F). However, many of
the dlagrams which you will encounter in books and magazines were elther drawn
before 1944 or the author has 1gnored the standard symbols, s0 you should be
able to recognize the non-standard forms Flgures 4 (G, H, I, J, and K) show
somz of these older non-standard symbols for fixed condensers and the non-
standard symbol for varlable and semi-varlable condensers 1s shown in Flgure 4

(L). Inductance

The subject of the symbols used to represent various types of inductance
can be divided into two general categorles. These twO categorles are colls and
transformers. Since transformers are merely combinatlons of colls, we shall
conslider the symbols for colls first.

Coils

Figure 5(A) shows the symbol used to indicste an alr co™e coil. The colls

number 1 and number 2 in Flgure 5 are typical alr core colils. Coll number 1 1s a
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milti-layer coll, and coll number 2 is a single layer coil. The coil number 3 In
Fizure 6 1s also an air core coil, but 1s nommally used in the radio circuit in
a different manner than coils nimber 1 and 2. This type coll 1s called an RF
choke and usually has RFC printed near the symbol as shown in Figure 5(B). As
we discovered in our last assignment, a c¢c!l is made up of a number of turns of
wire on a fom. The number of loops in the symbol used to represent a ccil does
not indlicate the number of turns on the coll. There is no attempt to indicate
th2 size or shape of the coll by the size of the symbol. Symbol size and the
number of loops shown are determined by the space avallable on the dlagram.

The symbol for an iron core coil 1s shown in Figure 5(C). Co‘l number
4 In Flgure 5 1llustrates the appearance of a typical iron core coil. In this
coil the turns of wire are wound around an iroa core made from sheets 0f 1iron
stacked together. The turns of wire are insulated from each other, and are
Insulated from the core by special insulating paper. Iron core colls are
often called chokes.

Transformers

When two or more colls are brought close together, a transformer 1s
formed. These two or more coils will usually be wound on the same form. Tre
symbol shown in Figure 5(D) 1s used to Indicate an alr core transformer.
Illustration number 5 in Figure S is a typical alr core transformer. Illustra-
tion number 68 shows a cut—away view of this same transformer inside a shield
car. The dotted lines shown around the symbol in Figure 5(D) are used to
indicate that ‘the transformer 1s surrounded by a shield can. 1In a great
majority of cases, the dotted line will be omitted, although the transformer
18 usually shielded. \

The symbol In Figure 5(E) 1s used to indicate an iron core transZormer.
Such a transformer 1s shown in illustration number 7 in Figure 5. This trans-
former has only two windings as indicated by the symbol. In same transformers
ame of the windings 1s tapped at its center. The symbol for such a trans-
former 1s shown in Figure 5(F).

Some transformers, such as the power transformers, have more than two
windings. The symbol for a power transfomer is shown in Figure 5(G). This
symbol represents a transformer with four windings. Cne of these windings 1is
center-tapped. A typlical power transformer is shown in 1llustration number 8
of Flgure 5. In the symbol shown in Figure 5(G), the winding to the left of
the two straight lines 1s called the primary winding, and the windings to the
right of the stralght lines are called the secondary windings. The primary
winding of a transformer 1s the winding Into which electrical energy 1s sup-
plied. The energy 1s taken from the transformer from the secondary winding
or windings. The stralght lines indicate the fact that an iron core 1s used.

The symbol shown in Figure S(H) 1s for a powdered iron core transformer.
These transformers are used when high frequencies are employed. The arrows
through the stralght lines indicate that the powdered iron cores are variable.

Batteries

Figure 6 shows various kinds of batteries and the symbols used to rep-
resent them. The symbol shown in figure 6(A) represents a single cell,such
as the dry cell shown in the illustration number 2 in Figure 6. The short
heavy line i1s used to represent the negative terminal of the cell and the long
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line represents the positive terminal. The symbol shown in Figure 6(B) 1s
used to represent & battery, which is really a group of cells. There is no
f'xed rule as to tke number of individual cell symbols to use to represent
a battery. Furthermore, there i{s no relationship as to the number of iniividual
cell symbols and the voltage of the battery. The voltage value is usually
written alongside the symbol as shown in Figure 6(B) The polarity signs are ¢ ften
omitted, in which case the polarity is indicated by the size of the lines
as mentioned previously.

Radio batteries are usually classifled as "A", "B", and "(C" batteries
which 1s a designation which more or less grew up with the radio industry from
the days when all radio recelvers were battery operated. An "A" battery
usually refers to the one used to heat the fllaments of the tubes and !t had a
vcltage ranging from 14 volts to 12 volts, depending upon the radic. A ™"
battery refers to a larger battery usually having a voltage of 45 volts or
mcére. It was used to supply the voltage to the plates of the tubes. A "C"
battery 1s usually of the low voltage - low current type and was used to apply
a negative voltage to the grid of the tube. It ranged Iin voltage from about 1#
tc 7% volts. The battery shown in 1llustraticn number 1 in Figure € is a "g"
battery. Illustration number 3 shows a "B" battery and illustration number
4 shows a familiar storage battery. Storage batteries were used for "A"
batteries !n early radios and are still used in auto radios.

Vacuum Tubes

Let us next consider some of the symbols for vacuum tubes. Like the other
components mentioned in thls assignment, do not become alarmed or confused
about some of the terms which we will use here - a full explanation of them
will be given later on in the course.

There are many klnds of electronic and television tubes in use and to at-
tempt to 1list all of them in this assignment wouid require considerable space
and would involve a speclal study of tubes - 2 subject which will be taken up
later on in the training. Here, we are concerned with their symbols, and from
this viewpoint 1t is possible to show most of the tube types. Manufacturers of
electronic equipment have not all adopted the standard method of drawing tubes,
but all systems are so nearly alike that it is not possible to mistake a tute
for some other radio part. In this training we will use the standard symbols
acopted in 1944. )

Most systems of drawing tubes show the tube elements enclosed within a
circle, as indicated in Figure 7. This circle is supposed to represent the glass
or metal envelope of the tube.

One type of vacuum tube (a triode) has in thes envelope a single filament,
a zrid, and a plate; these are called thL. elements of the tube. The symbol
for such a tube 1s shown in Flgure 7(a); (b) represents the glass envelope,
(c) the filament, (d) the grid and (e) the plate. Each of these elements
1s provided with only a single connecting terminal which in actual practice
generally leads to an Iindlvlidual prong at the base of the tube. (0f course
there are wwo terminals provided for the filament).

You must bear in mind that a schematic diagram uses symbols, and these
do not always show the location of the prongs and the locations of the actual
parts which are connected to the prongs. The informatior which shows where
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and how the tube prongs are located for a particular tube may be found In
tube manuals, one of which will te sent to you a little later in the training.
Suppose that the tube £ymbol shown In Figure 7(A) appears in a schematic dia-
gram and 1s marked to Indicate that this 1s meant to be a type 30 tube. By
referring to a tube manual, under type 30 tubes we would learn that the type

30 tube has a four prong base and that prongs 1 and 4 are connected to the
filament, prong 2 i1s connected to the Plate and prong 3 1s connected to the
grid. Looking at the bottom of the tute with the two heavier prongs closest
to you, the heavy prong on the left is number 1, the next one golng clockwlise
around the tube Is 2, etc. Thus, 1 and 4 are -he two heavy pins and would
connect to the filament. Figure 7(F) shows the schematic symbol for another
type of tube which has no grid. This tube Is called a diode. Its two elements
are the fllament and the plate.

Flgure 7(G) represents another vacuum tube wlth an additional element
DPlaced close to the fillament, or heater as the filament is called In this type
of tube construction. This new element 1s known as a cathode. This tube is
called a triode also, as the cathode 1s perforning the same function as the
filamant in the triode of Figure 7(A). The tube of Flgure 7(H) 1s called a tet-
rode and contains still another new element - a second grid placed close to the
plate and called the screer grid. The tube of Flgure 7(I) is called a pentode,
and contains three grids in all, the third grid being placed between the screen
zZrid and the plate. This third erid 1s called a suppressor grid.

Other types cf vacuum tubes may have more grids or plates, and it 1s not
unusual to find two cr three tubes (for example, two triodes) all located 1in
the same glass or metsal envelope. These are known as dual purpose tubes.

Electron tubes ere manufactured to perform a specific task or Job and al-
though they may have minor differences, they may all be classifled into distinct
types. Thus we may see tubes listed by the use they were designed for, as
amplifiers, osclllators, detectors, etc. Any one particular classification
may be fllled by more than one type tube. For instance, an ampllfying tube
may be a triode, tetrode or pentode.

Microphones, Pick-ups and Speakers

Microphones are used in public address systems, home recorders, andé broad-
castlng equipment, so we should be able to recognize the microphone symbol when
we see 1t In a schematic drawing. There are many veriations of the micrcphone
symbol depending upon the type of microphone used but all these are recog-
nizable as a mlcrophone. The general symbol for a microphone is shown in Flgure
3 (4).

A large number of radio recelvers have 1n conjunction with them a phono~
Zraph record player. The arm which holds the needle and rests on the record
1s called the "pick-up®*. There are two types of pick ups In common use: The
electromagnetic, the symbol for which is shown in Figure 8(B), and the crystal
type, represented by the symbols of Figure 8(C) ara (D).

There are several types of loud speakers 1n use at the present time.
The accepted symbol for a loudspeaker 1s shown in Filgure 8(E). Variations in
this symbol will be found, but z speaker symbol Is easlly recognized by the
cone shaped part which wili always be found. The symbol for a palr of head-
phones 1s shown in Figure 8(F),
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Switches and Miscellaneous

In Figures 9(A) through (D) are shown the schematlic symbols for various
types of switches. Symbcl (A) 1s for a two gang rotary type of selector switch.
Symbol (B) shows a single pole single throw toggle swltch. (Usually abbrev-
‘ated SPST). Symbol (C) shows a single pole double throw (SPDT) switch and
symbol (D) represents a double pole double throw switch (DPDT).

3ymbol (E) in Figure 9 indicates the accepted symbol for an antenna or
aerial. The term antenna 1s preferred to aerial by all knowing radio and
television techniclans. Symbols (F) and (G) are non-standard symbols feor an
entenna which are widely used. Symbol (H) 1s for a loop antenna such as those
used In modern table model radios. The symbol shown in Figure 9(I) 1s tolndi-
cate the ground connection. The symbol shown in Flgure 9(J) 1s a non-stand-
ard ground symbol which iIs used quite often. In a radlo the ground symbol
indicates a connection to the chassls.

A crystal such as 1s used In a transmitter 1s represented by the symbol
of Flzure 9(K). Voltmeters and ammeters are indicated by Figure 9(L) and 9
{M) respectively. Pllot lamps are shown in Figure 9(N) and neon lamps are
shown Iin Filgure 9(0). Fuses are represented by the symbol of Flgure 9(P).

3hielding of any component 1s indicated by a dotted line as was shown in
Figure 5(D). The symbol for shielded wire 1s shown 1n Filgure 9(Q).

Methods of Showing Connections

There are two general systems of indicating the actual wiring of radlo
circu“ts, as 1llustrated In Figures 10 and 11. These two circults Indicate wire
connections from the filament winding of a power transformer to the fillament
cerminals of two vacuum tube sockets. (Onlyaportion of the power transformer
1s shown). We have alsc shown part of the connection to the plate terminal of
one tube. In Figure 10 notice especlally that large dots appear at certalin
places on the wiring. These dots mean that an actual wire connectlion 1s- in-
tended at this point on the circult. Notice that where the plate wire crosses
the fllament wires there are no dots and hence we know that these wlres are
not connected. Figure 11 shows the method of indicating connecting and non-
connecting wires that was .pproved in 1944. In this system, half circles or
loops mean no connection. That 1s, when two or more wlires cross without these
loops a connection 1s Indicated, but where a loop 1s used no connection 1Is
indicated. You should study these two systems very carefully untll you are sure
you understand the principles of each, and the differences between the two.
In some cases you will find a comblnatlion of these two systems; that 1s, loops
(or jump-overs as they are sometimes called) are used to 1indicate no con-
nectlions and dots are used to indicate connectlons. Such a system is used 1n
Filgure 12.

ldentifying Symbols in a Complete Schematic Diagram

Let us now anallize the schematlic dlagram of the typlcal radlo recelver
shown in Figure 1 of this assignment. When you first opened thls page of your
asslgnment you were probably completely mystifled by thils dlagram, Nowa care-
ful exgmination of this circult will reveal that 1t 1s composed of a number
of the circult symbols whilch we have taken up in thls assignment. Let us
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ldentify a few of the parts in this dlagram. Starting at the upper left corner
of this dlagram the flrst symbol we encounter 1s the ground symbol. The next
symbol we find is the component labeled 010‘ This 1s the symbol for a var-
lable condenser. The size of this condenser is 70 mmfd (micromicrofarads).
Symools L1, Ls, and Lz are alr core colls. The first symbol which we encounter
that appears strange to us 1s the symbol labeled 84- This 1is the symbol for
a special type of rotary switch, As this switch 1s rotated, B and C are shorted
together. (Connected together). This is called a shorting switch. Proceeding to
the right in our diagram we find a lead which goes to c1 and cs. 01 1s one
section of a ganged tuning condenser. (Condensers are often called capazltors).
C3 1s a semi~varlable condenser.

The next circult component that we encounter 1s the type 6A7 vacuum tube.
Thils has a heater, a cathode, 5grids and a plate. The 11ttle protrusion through
which one of the grid leads enters indicates that this tube has a grid cap
on the top of the tube. The dotted line around the tube indicates tha: this
tube has a shield can around 1t. This shleld can 1s grounded as indicated by
the ground symbol. Directly below the 6A7 tubs is a resistor, labeled R 20
47,000 ohms. This 1s the electrical size of the resistor. Notice that this
resistor 1s connected between the grid nearest the cathode, and the cathode of
the S5A7 tube. The cathode of the 6A7 tube connects to ground.

Next we come to the component labelled T4. This iIs the symbol for an air
core transformer. Actually, inside the shleld can, as indicated by the dotted
line, there are two separate transformers. The top sectlon consists of L5 and
Lo, and the bottom sectlon consists of Lg and Ly. Cy11 1s a variable con-
denser connected between the bottom end of L5 and ground. 026 is a fixed con-
denser which 1s connected between the bottom of Lg and ground.

Let us skilp over the remainder of the diagram and identify some parts
at random.

The 6D€ 1s a pentode type tube: It has a heater, cathode, three grids
and a plate.

The 75 tube 1s a dual purpose tube. It has a triode section ard two
diodes. The grid connectlon comes into the top of this tube. The lead connect-
Ing the grid of the 75 tube to condenser sz 1s a shlelded wire. Condenser
022 connect to the arm of a varlable reslstor Rg. Rg 1s a potentiometer. In
this circult 1t is usec for a volume control.

The transformer T, 1s an iron core transformer. Its primary 1s connected
to the plate of the type 41 tube. A loud-speaker 1s connected to the secondary
of T,. . '
Now skipping to the bottom of our diagram we find a power transformer Ty
This transformer has one primary winding and three secondary windings. One of
the secondary windings 1s center-tapped. The ends of thls center-tapped wind-
ing connect to the plates of a double diode, type 80, tube. The center-tap
of thls winding connects to an iron core coil, or choke, Li4- The other end
of L11 connects to grecund. The symbol Py Is a non-standard symbol for a pllot
or dlal light.

The primary winding of Ty connects to the a-c line through a single pole
single throw switch, S4. Condenser Czo, a .01 mfd (microfarad) condenser,
connects from -ne side of T1 primgry winding to ground.
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In this manner, contlinue over the entire schematic dlagram, ldentifying
each part until you can do 1t without referring back to the symbols in th's
assignment.

Tracing a Circuit

Although, at thils polnt In our training, we have not studied the operaticn
of the varlous circuits in a radlo, we should be able to trace some of the
circults In a schematic dlagram.

For the purpose cf practice In tracing a circult, the schematic dlagram of
the recelver, shown 1n Figure 1, wlll be used. Thils 1s a relatively simple cir-
cult, belng conventlonal 1n every respect. Complete radlos of thls type can te
broken down Into a number of separate clrcults, whilch allows easler tracing cf
the wiring.

First, let us trace the filament or heater circults, since we should now
be able to recognlze thls element of each tube. Notlce that in thls radlo one
terminal of the heater of each tube (except the type 80 rectifler) 1s grounded
and the other terminal of each heater has an arrowhead. In this case the grourd
symbol represents the metal chassis. It does not, however, necessarily mean
that. each tube has one of 1ts heater terminals grounded at the tube socket,
nor does 1t mean that the chassls acts as part of the fllament circult., It
merely means that at some point 1n the actual wire clrcult one side of the fil-
ament 1s connected to the chasslis.

In these schematlc dlagrams you may often have to visuallze a conplete
cirzult when a part of this circult 1s shown making use of the metal chassls as

one of the conductors. Notice that the two green terminals of one of the sec-
ondary windings of the power transformer are arranged the same way - that
1s, one terminal 1s grounded and the other terminal has an arrowhead.

The reason the draftsman dild not use actual llnes to show these connect-
lons 1s that thls would require that there be more lines on the dlagram -
making 1t more confusing. Thils 1s an example of the short cuts often used In
radlo dlagrams. We have redrawn thls fllament clircult as 1t 1s actually wired
in Figure 12.

Let us compare tre schematic dlagram shown In Flgure 12 wlth that sectlon
of the complete schematlic In Flgure 1. First examine the heater circult of
the 6A7 tube. Remember that any polnts connected to ground are connected tcgether
electrically. Therefore the terminal of the heater whlich 1s shown grounded
1s connected electrically to one terminal of the secondary winding of the
transformer as shown 1in Flgure 12. The other terminal of the 6A7 heater has
an arrowhead on it. This Indlcates that 1t connects to the transformer ter-
minal with the arrowhead. Thus we see that thls tube 1s actually wlired as
shown in Flgure 12. Check the other tubes heater circults to see 1f they
agree with Filgure 12. Notlice that the fllament clircult of the type 80 tube
connects dlrectly to another secondary winding on the power transformer.

Continulng with our tracing of the circult of Flgure 1, In tre order of
simplicity, the plate clrcults are next. From thre plate of the flrst tube from
the left, the 6A7, follow the wire to the primary of the tuned transformer,
T5. Notice that the condenser C6 1s connected across each end of the primary,
serving to tune it to the proper frequency. Going on through the primary, we
can follow thls wire to a polnt where 1t connects to another wire. Thls Junc-
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tion 1s marked A on our diagram. Now start from the plate of the second tube
from the left, the 8D8, and we see that we go through the primary of another
funed transformer, T6' to the Jjunction of the wire from the plate pof the
first tube. The wire from junctlon A continues to a horizontal line leading
to the right from the filament of the type 80 tube. Keep this horlzontal line
In mind - 1t 1s known as the "B+ feeder line". Now go to tube number three,
a type 75, and follow the lead from the plate of the triode section of this
tube (the rplate at the top of the symbol) through a reslstor Rg, which has a
value of 330 K or 330,000 omms, to the B+ feeder line. In tracing such circuits
you may come to a Junction leading to a condenser; we will lgnore this branch
now because at thils time we are tracing d-c circults, and as we shall learn
later, condensers will not pass direct current. The plate of the audio amp-
lifier tube, a type 41, also connects to this B+ feeder line through the
primary of transrormer Tz' Thls completes the tracing of all the plate circults
in our receiver, except the type 80 tube. If we had been drawing this clrcult as
we traced 1t, our drawing should look llke Filgure 13.

Almost wlthout exceptlon, the plate of every tube in a recelver connects
through colls, resistors or both to the filament or cathode of the rectifler
tube (in thls case, the type 80 tube).

Thus we find that 1t 1s not a difficult task to trace the individual
circuits In a plece of radio or television equipment.

Summary

We have covered a great deal of grnrund in this assignment and we are
already well along the way to belng a competent electronics and televisivu
technician. We have seen the need for schematic dlagrams, we have studied
the symbols for many of the components which make up electronics and tele-
vision cireults, and we have seen how these symbols are put together to make
complete dlagrams. We have also learned how to trace out individual cir-
cuits of a complete dlagram.

This 1s very necessary to enable us to quickly and efficliently work on
such a plece of equipment and understand how these various circults operate.
You should refer to this assignment time and time agaln 1In your studles, and
you should practice tracing circuits until 1t comes to you very easlily. Do
not be dlscouraged, for with practice this assignment will seem quite easy to
you a month from now.

In the next assignment we will review some af the arithmetic that we

will use In our electronics and television work. For most of us, this will
amount to Just a simple, quick review,
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Test Questions

Be sure to number your Answer Sheet Assignment 3.

Place your Name and Assoclate Number on every Answer sheet.
Send tn your answers for this assignment immediately after you finish them.
This will give youw the greatest possible benefit from our personal grading

service.
1. Why are schemati: dlagrams used?
2. How, or where, could you obtzin the schematic dlagram for a radio you have
been called upon to repalr?
3. On your Answer Sheet, draw and label the symtols for the followlng elec-
tronics parts:
(a) flxed resistor (c) potentiometer
(b) variable condenser (d) electrolytic condenser
4 On your answer sheet draw the symbol for an iron core transformer with one
center tapped secondary windirg. Connect the two ends ¢f a potentiometer to
the two ends of the secondary winding. Connect the "arm" of the potenticmeter
to the center-tap of the secordary winding
6. What 1s another name for a condenser? £ 7,
8. Draw the symbols for the following:
(a) Fuse {c) Pilot lignht
(b) Antenna (d) Single pole single throw switch
7. Draw the symbols Zor the following:
(a) Alr Core transformer {(c) 3 volt battery
(b) Power transformer (d) Triode vacuum tube

& 8.

10.

What do the stralght lines Iin the power transformer symbol indicate?

In Figure 1 of this assignment, what does the dotted circle around the type
75 tube 1indicate?

Draw the symbols for the fcllcwing:
(a) Loudspeaker (c) Two gang variable condenser

(b) Headphones (d) Microphone
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ASSIGNMENT 4
ARITHMETIC FOR ELECTRONICS

In our electronic and television work, problems will be encountered which
will require the use of mathematics. In this assignment, and in a few others
spaced throughout the tralning, all of the mathematics which will be needed
to solve these Droblems and to become a competent electronics technician will
be covered.

There 1s one point which we wish to emphasize at this time. The mathe-
matics which 1s inciuded in this training program should offer no particular
difficulty to you. We will assume that you know only the very basic operations
of arithrmetic - addition, subtraction, multiplication, and division. Each
operatlon will be started at this most basic polrt and explalned thoroughly
fram there on.

We will show you simple methods of solving problems - in other words, we
will show you the easy way to do the job by applying short cuts, etc.

Before we get into the actual subject of mathematics, there are a few words
of advice that might be of great value to you. For one thing, you should get In
the hablt of doing your work neatly, carefully, and accurately, in order to re-
duce the possibllity of careless mistakes. Even if you know what you're doling -
know the mathematical operation and know the electronics work to which ycu are
applying 1t - your answer may te worthless if you make a careless mistake in
arithmetlic.

None of us 1s perfect. We all stand a chance of making a mistake in arith-
metic in even the most simple problems - even wWhen we do the work neatly and
carefully. We suggest, therefore, that you develop the habit of checking every
bit of your work before you accept your answer as belng correct.

Wher. you start your work on the first Home Laboratory Experiment in the
training program, you may find the operation of soldering rather awkwarcd. How-
ever, asyou proceed In the training and thereby have the opportunity of practic-
Ing soldering as you perform the many experiments, you'1ll soon find that it Is a
very simple operation. becoming "second nature" to you. You will find tkrat, to
a great extent, the same thing 1s true regarding mathematics. When you first
start to use a particular operation in mathematics, you may find your handling
0f 1t a little awkward. However, as you acquire practice 1n 1ts use, you will
find that you'll also become efficient in 1ts use.

You have, of course, found this to be true in the past, both in your own
experlence and ln the experlence of others. For example, multiplication 1s a
short cut for addition, but ycu had to learn multiplicatlion tables (through
practice) before the multiplication process becarme useful to you. The typist
finds 1t easler to prepare a page with a typewriter than with a pen or pencll
yet considerable practice was necessary before the typewriter became a useful
tool to her. Many short cuts will be presented in connection with the mathe-
matlcs In thils tralning. Practice In their use will enable you to arrlive at a
simple solutlion to electronics problems which would be difficult without mathe-
matics.

Thls advice, then, might be summed up as follows:

Do your work neatly and carefully.
Practice.
Definitions

In this assignment, we willdeal with addition, subtraction, multiplication,
and division, and we will use whole numbers, fractlons, mixzed numbers, and
decimals. Of course, the operations of addition, subtraction, multiplication,
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and divlsion are so well known to everyone as to not require any definition. How-
ever, as 1t may have been a number 0f years simce you "met"™ the varlous types
of numbers we will use in this assignment, 1t might be well for us to "re-
Introduce" these numbers to you. In other words, we wlll give you definitions
of them.

Whole Number. A whole number 1s a number which contalns no fractlons or
decimals. Examples of whole numbers are: 1, 2, 13, 99, 796,843, etc.

Fraction. A fractlon 1s one number over another, and 1s actually an
indication of division. For example, 1/2 1s a fractlon and means divide * by 2.
Some more examples of fractlons are: 2/3, 4/5, 3/10, 99/1000, etc.

Mixed Number, A mixed number 1s a whole number and a fraction. For
example: 1 1/2, 3 7/8, 99 47/100, etc.

Decimal . A decimal 1s ancther way of expressing a fraction. For example,
the fractlon 1/10 may be expressed as the decimal .1. Other examples are: .7,
.99, .76543, etc.

Simple Arithmetic

Simple arithmetic, 1involving the processes of additlion, subtraction,
multiplication and division of whole numbers, is used each day 1n our everyday
life and is famillar to all. Examples of each process will be glven here as a
foundatlor for other arithmetic.

Addi tion
Example 1. Add these numbers: Example 2. Add these rumbers:
4732, 21, 492 976, 74, 398€, 10
Solution: 4732 Solution: 976
21 74
492 3986
Answer: 5245 10
Answer:; 50486
For practlice, work the following problems:
1. 721 + 432 = 3. 97€ + 73 + 99 + 127 =
2. 821 + 32 + 4312 + 8 = 4. 7932 + 9732 + 2379 + 3792 =

Subtraction

Example 1. From 5245, subtract 492. Example 2. From 99,876, subtract 11.

Solutlion: 5245 Check: 4753 Solutlon: 99,876 Check: 99,865
-492 +492 -11 +11
Answer: 4753 5245 Answer: 99, 865 99, 87¢€

All subtractloa problems should be "checked” by adding the answer obtalned
to the amount subtracted, and checking to see 1f the original number 1s obtafned.
Thus, Iin Example 1, 4753 should be added to 492, as shown at the right of the
solutlcn of the problem., Since the answer to the check, 5245 in this example, 1s
equal to the original number, we know that the subtraction 1s correct. The check
for Example 2 1s also shown. For practice, work and check the follcwing problems:

1., 7852 - 622 = 3. 688 - 400 =
2. 491 - 287 = 4. 9763 - 27 =
Asslgnment 4 Page 2



Multiplication
Example 1. Multiply 77 by 81,

Solution: 77 77
X6 Check: 61 [ 4897
77 427
462 427
Answer: 4697 427
)
Example 2. Multiply 4753 by 492.
Solution: 4753 4753
X462 Check: 492 | 2238478
9506 1668
42777 3704
19012 2444
Answer: 2338478 2607
2460
1476
1476
0

Each multiplication problem should be checked by dividihg the answer ob-
tained by one of the numbers originally multiplied together. 1If the other
original number is cbtained as the answer to this check, the multiplication 1is
correct. Thus, in the check for Example 1, the answer 4697, 1s divided by 61,
and 77 is obtained. Since 77 1s the number 1in the example which was multi-
pPlied by 61, the multiplication 1s correct. 1If any other number, such as 78,
or 77..;2 etc., 1s obtalned, it indicates that there is a mistake in the arith-

1
metic. The check for Example 2 is also shown, For practice, work and check the
following problems:

1. 421 x 78 =

2. 9770 x 420 =
3. 623 x 796 =

4. 977 x 23,784 =

Division
Example 1. Divide 99 by 11.
Solution: 9 (Answer}
11 [e9 Check: 11
89 X0
0 99
Example 2. Divide 26,677 by 721.
Solution: 37 (Answer)
721 [26677 Check: 721
2163 x37
5047 5047
5047 2163
0 26677
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Example 3. Divide 784 by £3.

Solution: 14
53 [784 We have a remainder of 42. The answer
83 may be written as 14 + 42553 or 14
254 42/853. The remalinder 1s expressed as a
212 fraction, 42/s3.
Remainder: T4z

The entire answer, 14 42/53, 1s a mixed number, because 1t contalns a whole
number and a fraction.

.All division problems should be checked by multiplying the answer by the
divisor (the part divided by in the problem). If the dividend (the part to be
divided 1n-the problem) 1s obtained from this multiplication 1n the check, the
aritimetic 1s correct. 1In the check for Example 1, the answer 9 1s multiplied
by the divisor 11, and 99 1s obtained. Since 99 is the dividend in the problem,
the arithmetic 1s correct. The check for Example 2 1s also shown.

To check a division problem where the answer 1s a mixed number, as 1n
Example 3, we simply multiply the whole number of the answer by the divisor,
then add the remainder. If the dividend 1s obtained from this operation, the
arithmetic 1s correct. To check Example 3 we do the following:

53 (divisor)

X 14 (whole number in answer)
212

8B

742

+ 42 (Remalnder)

784

Since 784 1s the dividend, the arithmetic 1s correct.

In simple arithmetic 1t 1s usually best to express fractions as decimals.
However, you will have to manipulate fractions when you work with radio formulas
later on. The best way to review the rules for using fractions 1s tc practlice
with problems in simple aritimetic.

A fraction 1s made up of two quantities, a top number, or numerator, and a
bottom number, or denmominator. In the fraction 42/53 42 1s the numerator and
53 1s denominator. <The answer to the division problem, Example 3, tells us we
have 14 whole mmbers plus a fraction. The answer 1s between 14 and 25, If we
take one and divide 1t Into 53 parts and take 42 of these 53 parts, we will have
the correct amount to add to the 14,

The denominator tells us into how many parts we have divided the whole unit.
The numerator tells us how many of these parts we have taken.

It will often be necessary to combine fractions. Addition and subtrackton
are opposite and the same general rules will apply for either operation.

Addition and Subtraction of Fractions

Example 1. Add 3/8 and 2/8. Example 2. Add §/13 and 6/13.
Answer: 3/8 + 2/8 = 5/8. Answer: 5/13 + 6/13 = 11/13.
Example 3. Subtract 2/8 from 3/8. Example 4. From 6/13 subtract 2/13.
Answer: 3/8 - 2/8 = 1/8. Answer: 6/13 - 2/13 = 4/13,

In each of these examples the denominators were the same for both fractions.
We used that same denominator in our answer. The numerators In the answers were
obtained by adding or subtracting (as instructed in the problem) the numerators
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of the two fractions.

This 1s a very simple process 1f both of the fractions have the same
denominator. If the fractions do not have the same dencminator, we will have to
change ore or more of the fractions in the problem to obtaln a common denomi-—
nator. Common denominator means that all of the fractions have the same denomi—
nator.,

If we were asked to add 5/8 and 1/8 1t could be done simply by the process
outlined above, but 1f we were asked to add 1/2 and 3/5 it could not be done by
this process. We would have to find a common denominator first.

We can always obtaln a common denominator by multiplying the two denomi-
nators together. Thus, to find a common denominator in the problem 1/2 + 3/5 we
multiply 2 x 5 and obtaln 10. Thus, 10 Is the common denominator. We now want
each of our fractions to have 10 for a denomlnator. We want to change 1/2 into
an unknown number of tenths. This we can do easily. We had to multiply the
denominator 2 of the first fraction by 5 to get 10. We must multiply the
mmerator by & also. Thus, to change 1/2 to tenths, we multiply both the
numerator and the denominator by 6. This glves us 5/10. To convert 3/5 to
tenths we multiply both the numerator and the denominator by 2. This gives us

8/10. Now to solve the problem, we apply the same rule as In Example 1 and 2
since both of the fractions now have the same denominator. This 1s shown in

Example 5.
Example 5. Add 1/2 and .3/6. Example 6, Add 1/3 and 1/4.
1/2 + 3/5 = 1/3+ 1/4 =
6/10 + 8/10 = 11/10 4/12 + 3/12 = 7/12
Note: 12 will be a common
denominator,
Example 7. Subtract 2/3 from 7/8. Example 8. Subtract 1/8 from 1/7.
7/8 - 2/3 = 1/7 - 1/8 =
21/24 - 16/24 = 5/24 8/56 - 7/56 = 1/56
Note: 24 will be a common Note: 58 will be a commen
denominator, denominator.

In each of these examples, we obtalned the common denominator by multiply-
ing the denominator cf each of the fractions together. Sometimes it is possi=-
ble to use a common denominator that 1s smaller than the product of the denomi-
nators in the problem,

Exarple 9. Add 1/6 and 3/8.

1/6 + 3/8 =
Using 48 as the common denominator;
8/48 + 18/48 = 26/48

In this case we could use 24 as the common denominator of the problem.

Then to solve thls same problem we proceed as follows:
1/6 + 3/8 =
Using 24 as the common denominator;
4/24 + 9/24 = 13/24

13/24 1s equal to 26/48, so we have solved the problem and used smaller
numbers than before.

You may wonder where the 24 was obtalred as the common denominator in tne
preceeding example. It 1s the smallest number into which the 8 and the 6 can
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each be divided into evenly. In a great majority of the cases this number can be
found by inspection. Another way the lowest common denominator can be found 1s
shown by Example 10.
Example 10. Add 5/8, 7/12, and 11/18.
To tind the lowest common denominator (abbreviated LCD), we proceed as
follows:
1) 218, 12, 18 Explanation: To obtaln the LCD Of these numbers, write
(2) 2|4, 6, g their denominators, 8, 12, and 18 In a line as showr and
(3) 2|2, 3 9 divide by the smallest number that will go into one or more
(4) 3|1, 3, 9 of the numbers without a remainder. Thus, 2 will go inw 8
3
1

(5) 3|1, 1, tour times, 1nto 12 sixz times and into 18 nine times. Write
1, 1, the 4 under the 8, 6 under the 12 and 9 under the 18 as
shown In line (2). We now divice each of these numbers in line (2) by 2, and
where one 0f these numbers in the lines can not be divided evenly by the divisor,
we bring down the number 1tself. Thus 2 goes Into 4 twice, soO we put the 2
under the 4. The number 2 goes into 6 three times, s0 we put the 3 under the 6,
but since the 2 does not go into the 9 evenly, we bring down the 9. In this way
we obtain line (3). Dividing the numbers in line (3), by 2 we obtain for line
(4), 1, 3, 9. Dividing line (4) by 3, we obtain 1, 1, 3, for lirne (5). Agaln
dividing by 3, we obtaln 1, 1, 1, for line {(8). Now we obtain the lowest common
denominator by multiplying the divisors together. In this case, 2 x 2 x 2 x &
X 3 = 72, Therefore, 72 is the lowest common denominator of these fractions. We
then use the LCD to find the solution to the example. Therefore:

5/8 + 7/12 + 11/18 =

45/72 + 42[72 + 4472 = 131/72

To apply this same method to solve Example 9, we proceed as follows:

1/8 + 3/8 =
2 8, 8 LCD 2xX2x2x3=24
2 3, 4 This 1s how the common denominator of 24 was obtalned 1In
2 3y 2 Example 9.
3 3y 1
1, 1

In all cases, notice that when we changed to common denominators, we
multiplied both the denominator and numerator by the same number. This Is
always necegsary in order that we do not change the value of our fraction.

For practice, work the following problems:

1. 5/8 + 3/8 = 5 7/8+1/6+ 1/3=

2. 9/16 + 3/16 = 6. 9/16 + 7/24 + 7/3 =

3. 1/8 + 1/6= 7. 13/18 = 7/27 =

4, 3/5- 1/6 = 8. 1/3+ 1/4+ 1/6+ 1/6 =

Nultiplication and Division of Fractions

Multiplication and Division of fractions 1s much easler than additlon and
subtraction for two reasons. In the first place, we do not have tO tother with
common denominators. In the second place, we find we can often reduce the slze
of the numbers we are working with, by means of cancellation.

In multiplication of fractlons, we multiply all the numerators together tO
obtaln the numerator of the answer, and we multiply all of the dencminators
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together to obtain the denominator in the answer.

Example 1. Multiply 2/7 by 3/s.

Solution: 2/7 x 3/6 = 6/35

The two numerators, 2 and 3, are multipllied togather to obtain the num-
erator (6) of the answer. The two denominators, 7 and 5, are multiplied to-
gether to obtaln 35 for the denominator of the answer.

Example 2. Mulciply 3/7 by 8/7.

Solution: 3/7 x 6/7 = 18/49

Example 3. Multiply together, 1/2, 2/3, and 3/4.

Solution: 1/2 x 2/3 x 3/4 = z X 4L 8=

Example 4. Multiply these fractlons together, 3/8, 1/3, and 5/9.
Solution: 3/8 x 1/3 x 5/9 =S XL X5~ 15

For practice, work the following problems:
l. 3/4x 3/4 = 3. 5/12 x 1/9 =
2., 7/8 x 19/18 = 4. 3/4 x 5/6 x 11/12 =
Division of fractions 1s also a simple process. To do this we invert the
divisor (turn 1t upside down) and change the division sign to a multiplication
sign, and then multiply the fractions.
Example 5. Divide 1/2 by 1/4.
Solution: 1/2 + 1/4
1/2 x 4/1 = 4/2
Note that we inverted the divisor (the 1/4 in this example), then we
multiplied. .
Example 6. Divide 2/3 by 3/4.
Solution: 2/3 + 3/4 =
2/3 x 4/3=8/9
Example 7. Divide 7/12 by 5/8.
Solution: 7/12 + §/8 =
7/12 x 8/5 = 56/60
For practice, work the following problems:
l. 9/10 + 3/4 = 3 19/21 + 21/37 =
2. 1/7 + 5/8 = 4, 7/8 + 2=
Note: Any whole number such as 2 may be written as that number over 1, or In
this case 2/1.
We mentioned previously that the multiplication and division of fractions
could be simplified by using cancellation. Let us see how thils 1s accomplished.
When we were finding the common denominater, we sald that it was permiss-
ible to multiply both the numerator and the denominator of a fraction by the
same number, and that this did not change the value of the fraction.
It 1s also permissible to divide both the numerator and denominator ty
the same number.
The following example will demonstrate this:

Example 1. 6/10 can be writteni%yé—é%. now 6 + 2= 3, and 10 + 2 = E,
The fractlion 1s now 3/5 which 1s equal to 6/10. It 1s found simpler to do this
by the process called cancellation. To employ cancellation, examine the fraction
to see 1f there 1s some number which can be divided into both the numerator and
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the denomingtor. In this fraction, 6/10 we see that 2 can be divided into each.
Then we proceed in this manner. Without bothering to write the 2 down, we say
to ourself, 2 goes into 6 three times and into 10 five times. We then cross ou,
or cancel, the 6 and put a 3 sbove 1t, and cancel the 10 and put a 5 below 1t.

3

¢ The new fraction 1s 3/5.

10

5

We have reduced this fraction to 1ts lowest terms. We can find no number
which will go evenly into both 3 and 5.

Example 2. Reduce 12/80 to 1ts lowest terms.

8
12 Here we divided by 2. This fraction 1s still not in its lowest terrs,

60 for we can still divide 2 into each of the terms. Let us do this.

3
g Now we have 3/15, but this fraction is not In its lowest temms since 3
Z¢ and 15 can both be divided by 3. Let us do this.

15

1

% We now have reduced this fraction to its lowest terms by cancellation.
5

1

B

¢

12 A1l of these steps would normally be performed without rewriting the
¢ fraction each time. This 1s shown at the left.

9

13

5

There 1s no set rule as to what number you should divide into both the
numerator and the denominator. Fewer steps will result If the largest number
possible 1s used. For example,.in the fraction 12/60, 1f we had divided both parts
by 12 in the first place, we would have had only one step. There are a number of
ways that we could have arrived at this same answer. Some Of these are 1llus-
trated below:

1 1 1

Dividing 12 Dividing by # Dividing by *
by 12. g0 6 and then % % and then A%
s by 2. 0 by 4. 9
10 1)

5 5
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A fraction should always be reduced to i1ts lowest terms to be in its proper
form. If the answer to a problem contalns a fraction, this fraction should be
reduced to its lowest terms.

For practice, 1look back over the preceeding problems on fractions and
reduce each answer to its lowest terms.

Cancellation can be used when multiplying fractions. 1In division of
fractions, first invert the divisor and then cancel. Cancellation cannot be
used in addition and subtraction of fractions.

Let us work a longer problem to show how much work casn be .saved by
cancellation.

Example 1.
828 xﬁxﬁ can be written as 625 X 64 X 49
35 " 40 7 58 35 x 40 x 58
125 8 7
#29 x ¢4 x 49 First: Cancel 5 Into 625 and 35.
:5 x 40 x :6 Cancel 8 into 64 and 40.
)
Cancel 7 into 49 and 56.
25 1 1 Next: Since we have an 8 in the numerator andthe
123 ) 7 denominator, we will cancel 8 into each.
823 x 84 x 49 Cancel 7 into 7 and 7.
23 x 40 x 34
Cancel 5 into 125 and 5.
7 B 8
1 1 1

2sxtxl SR-ONS 25 (answer)
1 x1x1 1
Naturally, in actual work it will not be necessary to rewrite your problem
as you perform each step in cancellation.
The simplicity of this process will be further demonstrated by Examples 2,
3, 4, and 5.

Example 2, Multiply 15/16 x 4/5 x 2/3.
Solution: 15,4 ,2 15x4x2

X=X i
16 S 3 168x5x3
1 Cancel 4 into 4 and 186.
P 1 1 Cancel 5 into 15 and 5.
12 x4xE 1 1 ) .
16 x%x P 2 Cancel 3 into 3 an o
4 1 1 Cancel 2 into 2 and 4.
2
Example 3. Multiply 300 xZx4s
500 63
L Cancel 100 into 300 and 500.
Solution: 3 1 8 " 7 and 6,
0P X 7 x 4% ) 3 Cancel 7 into an
900 x 8 x 8B 8 Cancel 9 into 45 and 9.
4 i’ Cancel § into 5 and 5
1
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Example 4. Divide 4/25 by 2/5.

4,2 _#£_B

Solution:. = —
25 5 2855 &

_ 8
5

Example 5. Divide 750/54 by 25/9.

25 1

750 , 25 _ 18 .9 _

Solutiong 7 sz&—s
8, 1

For practice, work the following problems:

9 5 77, 22
Loz T “ 5% "
2. @xa_o.xj_s = 5. .ggx_vlee. =
20 15 40 99 P14 32
s, 3,96 18 _
4 100 27

improper Fractions and Mixed Numbers
In some of the problems, we had fractions in which the rumerator was larger
than the denominator, i—é— for example. Such a fraction 1s called an improper
fraction. When improper fractions appear in an answer, they should be changed
to mixed numbers. We stated previously that a mixed number was a whole number

and a fraction. The number —t—-é-should be changed to the mixed number 1%).

The value of the mixed number can be obtalned readily by dividing the rumerator
by the denominator.

Example 1; Change 11/10 to a mixed number.

1
Solution: 10 /11 =1-L
1GC
10
1
Other examples of changing improper fractions to mixed numbers follow.

Example 1. Change 17/2 to a mixed number.

solution: 217 = 8. 17 8l
utlon: =2 T27T 3
16
1

Example 2. Change 131/72 into a mixed number.
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1

131 59

Solution: 72/151, Tk 1—7-2-
72
59

Example 3. Change 413/22 0 a mixed number.

18
solution: 22 f41%, 13- 1917
22 22 22

193

176

7

Mixed numbers cannot be used convenlently in solving problems involving
multiplication and division, so if a mixed number appears In a problem, it should
be changed to an improper fraction before proceeding.

Example 1. Multliply 1 1/3 times 1/4.

We wish tomultiply the mixed number 1 1/3 by a fraction.

First we change

1 1/3 to an Improper fraction. The number, 1 1/3 means one plus one third, so
let us write 1t that way.

1 + 1 1 may te written as —i—, SO we may agaln re-write the mixed number.
3 Now we have a prcoblem of adding two fractions so we combine them
_1 +_1 by using a common denominator, 3 in this case. The Improper
1 3 fraction 1s—:4”-whlch 1s equal to 1 .:1;’. The problem may easily be
B3,1_4 solved now.
3 3 3
1 1
Solution to Example 1: 131{7
1
Axl-4 -1
3 4 12z 3
3
Example 2. Change 4 3/5 to an Iimproper fraction.
3 4 3 20 3 _ 23
4—=—+ — T e— o —— D e—
) 1 5 5 5 S

A simpler way to write this is:
B3 _(4x85 +3 23
5 5 T 5

Example 3. Change 7 9/11 to an improper fraction.
9 (7x11) +9 88
711" 11 11

Example 4. Change 6 7/8 to an improper fracticn.
7 (Bx8) +7 55

B 8

)

For practice, work the problems on the following page:
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Change to mixed numbers. Change to improper fractions.
9 99 183 1 8 1
1, — 2e — 3, =—— o — = -
7 62 23 1 ® 3 & 7 8 SR 9

In multiplication and division involving mixed numbers, first change the
mixed numbers to improper fractions.

Example 1. Multiply SE?- by 731-

Solution: 3L x7.1
8 9

8
20 _ 84 _ 232 7
— f — D cme— T 2 —
$1 9 9 5 9

Example 2. Divide 4% by 9—:23-

Solution: 43 +92£=23+2 .28, 3. €

5 3 & B3 5 29 145

In adding and subtracting mixed numbers, we can group all the whole
numbers and then group all of the fractions. This is usually the easiest way to
handle this type of problem.

S 1 &2
E o —_+ 4= L2, S
xample 1 37 8 4 > 18

- 3 1 - 15 12 16 _ 11
. + - = =2 4o - = it el e a = i
Solution: 87 + 4- 18 = 25 2+ 1 % 2+ 22~ 20 -
Final answer: 23 +.1l = gz 11
24 24
Example 2. 211 +g8l+ g 2=
4 2 3
Solutfon: 21+ 8 + 6=235, L+ 14+2_3,6,8 _17_,5
4 2 3 12 12 12 12 12
Final Answer: 35 + 1._5. = 56.3
12 12
For practice, solve the following problems:
1. 12 xel-= 3. 18 Ll+ 17+ zl =
8 4 5 3 10
2. 21ls:11- 4, 61l +238=
4 3 4 S
Decimals

A decimal fraction, commonly called a decimal, 1s a fraction whose de-
nominator 1s 10, 100, 100Q, 10,000, etc. Thus 3/10, 95/100 and 825/1000 are all
decimal fractions. Since the denominator of a decimal fraction is always 1C or
some power Oof 10, that 1s, since 1t 1s always 1 followed by zeros, we write a
decimal fraction more compactly by omitting the denominator entirely. Thus,
3/10 1s written .3, 95/100 1s written .95, and 625/1000 1s written .625. To
distinguish the decimal fractlion .3 from the whole number 3, we Dlace a perlod
(«) in front of the number. This period 1s called the decimal point. Any number
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therefore, with a decimal point in front of it, is a fraction whose numerator
is the number after the decimal point, and whose denominator i1s a 1 followed
by as many zeros as there are figures in the number to the right of the point.
Thus, .1 means 1/10, .76 means 76/100, and .2754321 means 2,764,321/10, 000,00C.
The fraction 2/100 1s expressed as a decimal as .02 2/1000 as .002, and 2/10,-
000 as .0002,

The decimal fraction .3 1s read three-tenths, .75 i1s read 75 hundredths,
and .975 1s read 975 thousandths etc.

For practice, state the following fractions as decimals:

1. 2. 3. 196
10 1000

LA (DI
100 100, 000

Let us suppose that you are fortunate enough to have the following money
in your pocket: 3 ore hundred dollar bills, 7 ten do0llar bills, 4 one d0llsr
bills, 8 dimes and 6 pennies. At a moments notice you could tell someone ex-
actly how much money you have. et us review the rules you would imnstinctively
use in adding up the different smounts.

$300. In making the addition, every decimal point we used was kept in
70. the same vertical column., This rule will always hold true for
4, both Addition and Subtraction with decimal quantities. Also no=-

.8 tice the position of each figure in the answer. The 3 1s in the

.08 *hundreds place® the 7 1s in the "tens place", and the 4 1s In

$374.86 the ones or "units place®. All these fizures to the left of the

decimal represent numbers of whole dollars. Those to the right of the decimal

point represent decimal fractions of a dollar. The 8 (for 8 dimes) is in the

"tenths place", and represents 8/10 of a dollar. The 8 is in the *"hundredths
place", and represents 6/100 of a dollar.

Addition and Subtraction of Decimals
Example 1. Add 963.3, 77.06, 90.234 and 17.4234.

Solution: ©63.3 Notice that the decimal points are arranged in a ver-
77.08 tical column. The decimal point in the anawer is in
90.234 this same vertical column.
17. 4234

Answer: 1148.0174
Example 2. Add 9.0008, 40.01, 777.777 and .000009.

Solution: 9.0008
40.01
777.777
. 000009
Answer: 8268, 787609

Example 3. From 673.0909 subtract 423.762.
Solution: 873.0909 Notice that in this case we may add zeros toO the
-423.7620 right of the decimal since this 1s equivalent to
249.3289 multiplying both the numerator and denominator of
the fraction by 10. The number 762/1000, is equal to 7620/10,000.
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Example 4. From 9.08 subtract 4.1321.
Solution: 9.0900

-4,1321
Answer: 4,98579

For practice, solve the following problems:
1. Add.. 976.23 7.707, 641.0302, .000007.
2. Add. 7432.001, 963.1, 724.0001, 91.69.
3. From 879.60 subtract 432.78.
4. From 900 subtract 899.9999.

Multiplication and Division of Decimels

Multiplication and division of decimals are performed in the same way as
with whole numbers. The only difference is in locating the decimal point in the
answer. The proper location of the decimal point 1s very important.

In multiplication, we locate the decimal point in the answer after we have
performed the multiplication. We merely count up the number of digits, orplaces,
we have to the right of the decimal place in the two numbers we are nultiplying
together, then place the decimal point that many places from the right in the
answer.

Example 1. 432.1 Trere 1s one place to the right of the decimal
x.07 place in 432.1 and there are two places to the
30. 247 right of the decimal place in .07. This makes

a total of three places. After multiplying the numbers together, we count three
places from right to left in the answer and locate the decimal place at that
point.

Example 2. 7.204 Example 3. .0007 Example 4, 6701 Example 5. 200.001

x 2.1 x .03 X 7 x ,0001
7204 000021 46907, . 0200001
14408
15‘1284

In division we locate the decimal point in the answer by moving the
decimal 1n the divisor to the right as many places as necessary to meke the
divisor a whole number. Then move the decimal point in the dividend to the
right the same number of places. The decimal point in the answer will be im-
mediately above the new decimal location in the dividend.

Example 1. Divide 168.298 by 4.92.

Solution: 4.92 | 168.296 There are two decimal places in the divisor, so
we move the decimal place two Dlaces tothe

482. / 16688.6 rignt to make the divisor a whole number (492).
Then we move the decimal place in the dividend an equal number of places to the
right, making it 166829.8.

492 [ 16629.8 The decimal place in the answer willbte in-

mediately above this new decimal point in the

dividend. Now we divide, belng sure to place each number in the answer imme-
dlately above the last number of the part of the dividend we are using ln that
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step. In this example, the first 3 in the answer is placed immediately above the
since the 2 13 the last number in the part o0 f the dividend

2 in the dividend,

we are using in this step (1862).

The next 3 in the answer goes abcve the 9,

and the 8 in the answer goes above the 6.

33. 8
492[16629.6
1476
1869
14786
3936

The answer is 33.8. To0 check, multiply the
answer 33,8 by the original divisor 4.92,

Check:

2836

0

Example 2.

.016[32
98- 20,

20060,

016 [32000 right.
32

Example 3.

Solution:

Example 4.

Solution:

Assignment 4

00C Check:

33.8 Since the snswer to the check
4,92 i1s the original dividend, the
“e76 arithmetic 1s correct.

3042

1686. 296
Divide 32 by .0186.

The divisor decimal point 1s moved three
places to the right. Three gzeros are
added to the dividend so that the decimal
point can be moved three places to the

2000 x .0168 = 32

Divide 96.16 by . 16.

.16/96.16

RN
6801,

16'9616
96
016
16
0

Check: 601
.18
36808
601
96. 14

Divide 2468.9 by 7. 23.

7. 23[e468.9
723. [24688Q,

341,
723 (246890.
2169
2999
2892
1070
723

347

Notice that when we carried out
the divisor the answer did not
come out even, but that there is
a remainder. In this case we
may add zeros at the right of the
decimal place in the dividend.

We may continue this process as
far as we wish,
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341. 47
723’246890.00
2169
20909
2892
1070
723
3470
2892
5780
5061
719

For practice, solve the following problems:

1. 6.702 x 90.6031 4. 15.1284 + 2.1 =
2. 4321.001 x .008 = 6. 625 % 1256 =
3. 9,70101 x .000006 = 6. 823.01 + .0007 =

Changing Fractions to Decimals

In solving aritimetic problems in practical radio work, it will often be
best to work out problems in fractions by means of decimals. It 1s an ‘easy
matter to convert any fraction to a decimal., It will be recalled that, near the
first of this assignment, it was stated that a fraction was an indication of
division. Thus 3/4 means, three divided by four. To convert this fraction
into a decimal, all we have to do is to carry out this indicated division.

Example 1. Convert 3/4 to a decimal.

«75
Solution: 413 00 3 - .75
28 4
20
20
0

Example 2. Convert 1/8 to a decimal.
. 126

Solution: 8 /1. 000
8
T 20
16

Ta0

_40

Example 3. Convert 3/25 to a decimal.

.12
Solution: 25 [3. 00 B3 _
25 25

50
50

0

L.
3= 125
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Example 4. Convert 1/3 to a decimal.
. 333 +

selution:  3[1.000 1= 333+
9 3
13 The + indicates that this decimal
-IB did not come out even, but had
a remainder. The number, . 233,
_%. 1s accurate enough for all

practical radio work.

Example 6. Add 7/8, 3/25, 2/5.

7
Solution: Ef= 7 +8=,875
2= 3:25=,12
25
L=2+5= .4
Answer: 5 1.395

Example 6. Ac¢d 17 3/4, 22 3/18, 5 3/8.

Solution: 2 = 3+ 4= 75
2
L ]
2 = 33:18= 1875 17.75
16 22. 1875
2= 3+r8= 35 _ B
8 Answer: 45, 3125

For practice solve the following problems using decimals:
1. Add 1/4, 1/5, 1/8.

2. Add 3/10, 5/8, 1/3.

3. From 3/4 subtract 1/3.

Percentaage
Percentage 1s merely a useful way of comraring different quanticies. The
word percent (sometimes shown by the symbol®%) means hundredth. Thus, 1 per-
cent means 1/100 part.

Example 1. What 1s 1% of $5007?

Solutior: 1% =

100
1 xs500=385 (answer)
100

In this example, 1% 13 called the "rate®, and 500 1s called the *base™".
Example 2. What Is 2% of 1000 Volts?

2
Solution: 2% = 757

o

4
756 x 1000 = 20 Volts
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As we have learned previously, any fraction with 1CO as a denominator may
be written as a decimal. Therefore, since 1% = 1/100, 1t also equals .01, A simple
way 10 solve percentage problems 1s to convert the percentage to a decimal
and then multiply this decimal by the base. To solve Example 1 by thls method,
we follow the procedure below:

What 1s 1% of $5007

1% = .01

500

x .01
Answer: $5.00

Example 3. What 1s 5% of 757
Solution: &%= 5 = ,0s
100 75
x.05
Answer: 3.75

Example 4. A certaln voltmeter 1s guaranteed by the manufacturer to be
accurate within plus or minus 2%. If the meter 1is indicating 8 Volts, how rmuch
error may there be?

Solution: 2% = .02

.02
X 8
Answer: TVolt error

Since the guarantee stated plus or minus 2% the actual voltage may be as
high as 8 + .16 Volts, or 8.16 Volts; or i1t may be as low as 8 ~ .16 Volts,
or 7.84 Volts.

Example 5. What 1s .5% of 50 Volts?
5

.5
I = —_— = — = ,005
Solution %2 100 1000
50
. 005

Answer: . 250 Volts

Example 8. A certaln radio transmitter 1s 20% efficlent. That 1s, Its
output 1s 20% of 1ts input. If the input power of this transmitter 's one
kilowatt (1000 watts), what 1s the output power?

Solution: 20% = .20

1000
X .20
Answer: 200.0 Watts

In radio work a different type of percent problem may be encountered.

Example 7. What percent of 8 is 77

solution: ., is%or 8, and%= .875 = 87.5%

To solve this type of problem then, we divide the 7 by the 8 and then change
this decimal to percentage. To change a decimal to percentage, move cecimal

point two places to right. Thus .875 = 87, 5%.
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Example 8. A certaln radio transmitter has 800 watts output and 900 watts
input. What percentage of the input 1s the output?

Output ¢¢$62

Solution: =
Input 9009
&3

- % = .866 = 66.6%

For practice, solve the following problems:
1. 2% of 8 Volts =

2. .2%0f 8 Volts =

3 10.2% of 14 Volts =

4. 63% of 700 Watts =

5. What % of 700 1s 4007

Sionificant Fioures

In pure mathematics, a number 1s generally considered to be exact. For
example, 110 would mean 110.000, etc., for as many zeros as we wish to add
after the decimal polnt. In electronics work this 1s not always the case., For
example, a certaln swltch board meter might read 110 volts, but a reading made
with an expensive preclision meter might indicate110.2 volts. A series of precise
readings might indicate the voltage to be 110.24 volts. Thus we can see that
the 110 volt reading of the switch board meter was not an exact reading, but
was an approximate reading. The 110 volts was approximately 110 volts, and
not 110.000000 volts as 1n pure mathematics.

Any number representing a measurement, or the amount of some quantity,
expresses the accuracy of the measurement. The figures required are known as
the significant figures. ’

The significant figures of any number are the figures 1, 2, 3 4, 5, 6,
7, 8 and 9, 1n addition to all zeros that occur between them.

Thus, .00368 volt has 3 significant figures.

. 20007 amperes has 5 significant figures.
The geros in .20007 fall 1in between the 2 and 7 and are significant figures.

73.25 has 4 slgnificant figures.

47321.4 has 6 slignificant figures.

The number of sigrificant figures In a meter reading, or in the answer to a
problem, 1s a measure of the accuracy of the reading or answer.

Thus, one man worked out a simple electrical problem and calculated that
2.38 anperes flowed through a certain resistor and another man calculated 2.362%
amperes through the same resistor. The second man evidently worked the problem
out more accurately.

In general, then, the greater the number of significant figures in an
answer, the more accurate 1s the answer. A l1lttle common sense will go a long
way in working with significant figures.

If you took a reading with a voltmeter and read 47.87 volts, you have four
slgnificant flgures to work with. It might be better to call your reading 47.9
volts, or even 48 volts in many cases for the following three reasons:

A. Certalnly, your eye 1sn't so good that you can read the average meter
to four slgniricanp figures.
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B. You might need only two significant figures, in which case the .87 volt
Is a needless display of accuracy.
C. The meter might only be accurate to within + .5 volt in which case you
have no assurance that the .87 volt has much significance.
Therefore the .07 volt could not be relied on.

In electronics and television work, an asccuracy of three significant
figures Is sufficient.

Rounding Humbers

In "rounding off" the 47.87 volts to 3 significant figures (47.9 volts) and
to 2 significant figures (48 volts), we follow a simple rule.

As you drop figures when rounding off numbers, try to make the remalning
significant filgures show values as close as possible to the original number.

Examples.
.00737373 to four significant figures = .007374, We Increased the last 3
to a 4 since the next number was a 7 (larger than 5).

375.4381 to three significant figures = 375

49.371 to three significant figures = 49.4

80,750 to two significant figures = 81,000
.0303 to one significant figures = .03
5.3333 to four significant figures = 3.333
6.8666 to four significant figures = 6.687

If the number we drop 1s exactly 5 we can elther increase or decrease the
previous number.
/0 to two significant figures = 37 or 38
.18250 to three significant figures = .182 or .183,
but .18253 to three significant figures equals only .183 since we know that the
5 1s followed by a &, and .53 1s greater than one half.

For practice, round these numbers off to three significant figures:
1, 2,7382 =

Za . 00047213 =

3. 9,777,700 =

4. 8.2914 =

Ba . 00300821 =

In this assignment we have covered the basic operations of arithmetic.
These are: Addition, subtraction, multiplication and division. We have applied
these operations to whole numbers, mixed numbers, fractions and decimals. We
have also dlscussed percentage and rounding of numbers.

We suggest that you "work through" this assignment several times, con-
centrating particularly on any part of 1t that you find at all strange, or un-
familiar. As suggested at the first of the assignment practice on these parts
until everything in the assigmment 1s quite clear to you.

Assigrment 4 Page 20



Jest Questions

Be sure to number your Answer Sheet, Assignment 4.
Place your Name and Associate numter on every Answer Sheet.
Send in your Answers for this assignment immediately after you finish them.
This will give you the greatest possible benefit from our personal grading
service.

In answering these arithmetic problems, show all of your work., Draw a
ctrcle around your answer. DO your work neatly and legibly.

1, Multliply 378 x 228,
2, Add 21, 728, 64, 9643,

3. Divide 777 by 21.

4. Divide 1% by-%—.

5. £94 , 128 _ 11
Multiply 254 x 128 5 —43-.
8. Multiply 973.01 by .0083.

7. Dlvide 873.01 by .00863.

8. I a meter has an error of plus or minus 1%, how high and how low might the
voltage actually be i1f the meter indicates 110 volts?

9. Multiply 7% by 4% -

10. Convert these fractions to decimals, and add % 13, 2 +-

Assligrment 4 page 21






AN INTRODUCTION TO ELECTRICITY
AND THE ELECTRON THEORY ASSIGNMENT 5




@ C ®

ASSIGNMENT 5
AN INTRODUCTION TO ELECTRICITY AND THE ELECTRON THEORY

No one can learn a great deal about the theory and practice of electranics
and televislon who does not also know a few of the ‘fundamental facts about
electricity and magnetism, for all electronics and television theory Is built
around these basic facts, and every clircult depends upon electricity for its
operatior.

A 11st of names of persons who have helped to davelop the sclence of elec-
triclty would sound 11ke a roll cell In a league of natlions. From Italy we have
Lulg! Galvanl, and Alexandro Volta, the men who developed the voltalc cell. We
nonor Volta, when we use the term volt as the unlit of electrical pressure.
mveryone knows the name Gullielmo Marconi, who bullt up the transmission of radio
51gnals and made 1t a commerclal success.

Georg Simon Ohm was a Germar physicist who gave us one of the fundamental
laws of electricity. Ir his honor we call the unlit of electrical resistance the
okm. One of the later Germans, Kelnrich Hertz, was the discoverer of Hertzlan
waves, or radlo waves. His countryman, Wilhelm Conrad Roentgen, learned hcw to
use electricity to produce X-rays.

From France we have Andre Ampere, for whom the unit of current strength 1s
named; and also Charles de Coulomt, who made extenslve researches In eiectricity
and magnetism and took part in the development of the metric system. The unit
of quantity of electriclity, the Coulomb, !s named In his honor.

Hans Christian Oersted, a Danish physlicist, paved the way for the later
researches of Michael Faraday; and his discoverles showed the close relationship
Jetween magnetism and electriclty.

Crossing the English Channel to Scotland, we find such names as James Clerk
Maxwell, the physicist, whose treatlise on magnetism Is still the foundation upon
which our magnetic theory is bullt. England contributed J. J. Thompson, the man
who proposed the electron theory, and Michael Faraday. Without Faraday's work
we might still be depeniing upon voltalc cells for our commerclal electrizity.

In the Unlted Statzs, our own Benjamin Franklin proved that lightnlngZ was
a form of electricity. Joseph Henry was a ploneer on self-inductior, and was
a leader in the practical development of the electromagnet. In his Lonor, the
unit of inductance is called the henry.

“We could g0 on anc on mentioning the names of the men who have been In-
strumental in the development of electricity. In the practical fleld, we have
Thomas A. Edison, inventor of the phonograph, the incandescent electrie lamp and
3 storage battery. He was also a pioneer In the Introduction of dynamo-electrlic
machinery. Cyrus Fleld was an American who lald the first submarine Atlantic
cable. In the field of communication, we find such names as Samuel Morse, Lee
De Forest and Alexander Graham Bell. This 1list 1s by no means complete. It
gives us only a glimpse of the many men who have helped to develop a field that
can hardly be surpassed in interest or usefulness.

Electricity !s certainly not a new discovery. As long ago as the year 600
B.C., the Greek philosopher Thales Is sald to have discovered that a plece of a
substarce called amber, which had teen rubbed with flannel, would attract small
pleces of paper. Nothing of value came from his discovery, however, and it
Seems to have been about 2200 ysars later that it was discovered that many
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subtances have this same property.

About 1600 A.D., William Gilbert made the discovery that different kinds of
material can be excited by means of friction Just as amber can. He gave the
name electricity (from the Greek word for amber, "electron®) to the phenomenon
produced in this manner. He showed, too, that electricity and magnetism are not
1dentical, although they have some properties in common.

In 1672, Otto Von Guericke constructed a crude electrical machine for
producing static (or *at rest") electricity, This machine consisted of a ball of
sulphur mounted on an axis. When the ball was turned, a hand held against its
surface was electrified. An improved form of static electricity generator, as
used in laboratories and for demonstration purposes, 1s shown in Figure 1.

In 1762, Benjamin Franklin performed his well-known experiment of flying a
kite In a thunderstorm. He proved for us that llgntning and electricity are
ldentical, and that lightning 1s caused by atmospheric electricity. He also
Introduced the names of positive and megative for the two kinds of electricity.

(Incidentally, Franklin was a very lucky man in performing his experiments.
Recent experiments, from the top of the Empire State Bullding, have shown that the
current in a single bolt of lightning will range from one hundred thousand to
two hundred thousand amperes.)

No doubt, you have noticed the crackling sound produced by rubbing a cat's
back in dry, cold weather. 1In winter, a person sliding across a car seat can
develop enough electricity dby friction to get quite a shock when he touches the
door handle. If your hair 1s dry, it flles out in all directions when you use a
rubber comb, and the electrified comb will pick up bits of paper. All of these
Phenomena are due to "statlic electricity".

Some Experiments with Electricity

To detect the presence of a charge of electricity, we may use a pith-ball
"electroscope”. It consists of a ball of pith suspended from a support by means
of a silk thread. If we electrify a glass rod by rubbing it with silk and
hold this electrified rod near the pith-ball, we find that the pith-ball 1is
first attracted to the rod and then repelled. This is 1llustrated In Flgure 2.
This same effect 1s produced 1f we rub a rod of hard rubber with flannel or cat
fur and then hold it near the electroscope. It is interesting, too, to find
that the silk, flannel, and cat fur also show signs of electrification when
tested with the electroscope.

Let us charge a glass rod by rubbing it with silk and then suspend 1t by a
silk thread, as shown in Figure 3. If we bring 1t near a second glass rod
charged in the same manner, the rods repel each other. If we bring near the
suspended glass rod a plece of hard rubber which has been electrified by rubbing
1t with cat fur, we find that the two rods are attracted to each other. By the
same method, 1t can be shown that a charged rubber rod, suspended in the same
manner, is repelled by a similarly charged rubber rod, but attracted by a glass
rod electrified by rubbing it with silk. Tihus, it seems obvious that there are
two kinds of electricity.

An electric charge produced on a glass rod by rubbing the rod with silk 1s
called a posttive charge, and that kind of an electric charge produced on a hard
rubber rod by rubbing it with a plece of cat fur 1s called a negative charge.
Sometimes they are called plus and minus charges. These experiments have also

Assignment S Page 2



‘ ’ . '

demonstrated a baslic law which can be stated as follows: Like electrical
charges repel; unlike electrical charges attract.

We saw that, when a charged rod i1s brought near a pith-ball electroscope,
the pith-ball is first attracted to the rod, and then repelled. The charge from
the rod spreads out over the pith ball until both are charged equally with
electricity of the same sign. Then repulsion occurs. A more sensitive electro-
scope 1s shown In Figure 4. It consists of a brass rod terminating at one end
in a brass ball or disc. The rod 1Is thrust through a rubber stopper and
suspended 1n a glass flask. To the lower end of the rod two strips of gold
leaf, or aluminum foil, are attached. An electric charge applied to the ball,
or disc, spreads down over the rod to the leaves, or foll, and since both leaves
are thus charged with electricity of the same polarity, they repel esch other.
An efficlent electroscope may be used to detect the presence of an electric
charge, to determine 1ts sign, or to measure i1ts Intensity.

It was pointed out in several of the examples, that the effect of the
electric charge was felt before the charged object came In contact with the
uncharged obJect. For example, 1f a charged rod is held near, but not touching,
bits of paper, the bits of paper will be attracted and will jJump to the charged
rod. We see that the electric charge 1s exerting a force on these blts of
paper, 1In splite of the fact that they are not touching. Thls force must be
exerved through the alr. The charged particle iIs sald to be surrounded by
a field of force.

TE}E;f‘eld of force 1s called an electric fleld of force, Or more common-
ly an electric field. The term electric field merely means the region surround-
ing a charged body, wherein the charged body exerts force on other objects. 1If
two bodlies carrylng the same charge are brought close together, theirelectric
flelds repel, and 1f two bodles with unlike charges are brought close together,
thelr electric filelds attract.

There are other fields of force besides the electric fleld. Gravity 1s
an example of a fleld of force. When an obJect 1s dropped, 1t falls to the
earth. This 1s because a fleld of gravitational force surrounds the earth.
This fleld of gravitational force draws objects to the earth. Another fleld of
force 1s the fleld of magnetic force that surrounds a magnet. This rield will
be studled in a later assignment.

Each of these fields, gravity, electric and magnetic, are different types
of fields. They are not the same things. The only thing 1n common between them
1s the fact that they all exert force through the alr. There 1s much that the
scientists do not know about how these three fields are able to exert force
through air.

Let us support the ball B, of Figure 5, by silk thread and then joln the ball
to the knob of an electroscope by means of a copper wire. If the ball B 1s then
charged electrlcally, the charge 1s conducted or led along the copper wire to
the electroscope, whese leaves dlverge. If we were to repeat the experiment,
but connect the ball to the kncb of the electroscope by means of a silk thread,
any change applied to the ball B does not travel to the electroscope, and there
1s no divergence of 1ts leaves.

Materials which readily transmit a an e electric charge are called conductors.

Materials which do not readily conduct an electrlc charge are called
)
insulators.
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The Theory of Electricity

This force which we call electricity has caused many philosophers to
wonder. We know electricity best by the effects which 1t can produce. It
supplies us with light, 1t rings bells, 1t sweeps our rugs, 1t can be used for
cooking and heating, and 1t even helps us to keep time. We shall learn in this
course that radlo waves are merely a form of electricity.

In his theory of electricity, Benjamin Franklin assumed that electricity is
a fluid, He assumed that any objJect which 1s positively charged has an excess
of this electrical fluid; 1f an object has less electrical fluid than normal, he
conslidered 1t as negatively charged. Just as heat 1s belleved to flow from
obJects of high temperature to those of a lower temperature, so Franklin assumed
that electricity flows from positive (plus) to negative (minus). Although
Franklin's theory 1s out-of-date and certalnly Incorrect, yet 1t was used so
long that a large number of books and texts still use dlagrams that represent
electric current as flowing from the positive to the negative terminal. We know
now that the electric current consists of a strean of electrons, Iinstead of a
fluld as Franklin supposed, and that i1t flows from the negative terminal to tre
positive.

The electron theory has superseded Franklin's theory and has come to be
considered as the correct theory. To understand the electron theory, we must
know something of the nature of matter.

Suppose that a plece of some solid object - a plece of copper wire, for
Instance - is examined beneath a very powerful microscope. It will be seen that
the copper appears to be composed of small particles or grains held together in
some mysterlous manner. These grains are called "crystals" of copper, and
through the use of an electrically controlled Instrument, the Electrcn micro-
scope, a single crystal can be made to appear quite large.

It 1s well known that ordinary light will not pass through a metal, but a
beam of X-rays will penetrate thin sheets of metal very easily. X-rsys are
fundamentally of the same nature as visible 1light, but their frequency is much
higher and they contaln much more energy. If a beam of X-rays were directed
on one of these single crystals of a metal, the X-rays will pass through 1t,
coming out on the other side. By photographicaily studying the directions
from which these rays emerge, 1t can be determined that the crystal of the metal
is composed of rows upon rows of small particles arranged in the form of a
lattice structure. An example of this 1s shown In Flgure 6. Each of these
little submicroscopic particles 1s thought to be an atom of the metal.

In the crystals of the copper, the atoms are considered to be held in fixed
positions within the crystal. However, In a gas, the atoms are not fixed in
position, but move about freely within the container holding the gas. But
whether in a solid or a gas, the individual atoms themselves are made up in a
very definite way.

Until the Intensive research on the construction of the atom which took
place during the war, 1t was belleved that there were 92 separate and distinc:
types of atoms. The atomic research of the war revealed at least three more
types of atoms. Each type of atom accounts for a different element. An element
i{s deflned as a substance which cannot be separated Into substances different
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than 1tself by ordinary chemlcal means. Examples of elements are: Oxygen, tin,
gold, copper, etc.

An atom 1s considered to be made up of three kinds of particles. These
three particles or "atomic bullding blocks" are:

1. The electron which has a negative charge.

2. The proton which has a posttive charge. Its charge 1s Just equal in
magnitude to the charge of the electron, but of course, opposite in polarity.

3. The neutron which has mass, or welght, but no charge.

The proton and neutron are equal In welght, being 1849 times as heavy as
an electron.

All atoms are composed of these three "bullding blocks". The thing that
determines the characteristics of the different elements, 1iron and oxygen for
example, 1s the number of each of these "atomlc bullding blocks" In each atom
and the arrangement of these particles. For example, an atom of hydrogen
contains only one proton, one electron and no neutrons. This atom 1is the
lightest In welght of all atoms. An atom of hellum contailns two protons, twod
electrons, and two neutrons. An atom of helium 1s shown in Figure 7.

All electrons are 1ldentical regardless of what element they are in. For
example, the electrons In an atom of tin are the same as the electrons 1n an
atom of hellium. Also, all protons are identical regardless of the element,
in which they are located. This 1s also true of the neutrons.

All atoms, 1in thelr normal state, are neutral. That 1s, tkey have no
charge. Thils 1s because they contaln an equal number of electrons and protons.

The electrons, protons and neutrons are not uniformly distributed through~
out the space occupled by an atom. The protons and neutrons are grouped
together in the center of the atom, as shown in Flgure 7. Thls center portion,
consisting of the protons and the neutrans, 1s called the nucleus. Since all of
the protons, or positive charges, are contalned 1n the nucleus, the net charge
of the nucleus 1s positive. Circulating around the nucleus 1in orblts are
the negatively charged electrons. This rotation of the electrons around the
nucleus 1s very similar to the rotation of the planets atout the sun 1in the
solar system. The negatively charged electrons are attracted to the nucleus
due to the fact that unlike charges attract. Why these electrons do not go
directly into the nucleus 1s as difficult to explaln as why the earth doesn't
go directly to the sun.

This theory of the construction of matter 1s called the electron theory,
and was proposed by the English sclentist, J. J. Thomson.

wWhile the neutrors are fundamental "atomic bullding blocks®, they contaln
no electrical charge; so we can neglect them Iin cur discussion of the acticn
of an atom as far as the electrical charges are concerned.

Applying this electron theory to the glass rod of our earlier experiments,
we see that the glass rod would be made up entirely of electrons, protons and
neutrons. The protons are believed to be fixed in the atoms, but the electrons
are loosely held and are transferable. When the number of protons and electrons
are equal, the rod has no electrical charge. But when we rubbed tle glass rod
with a plece of silk, some of the electrons were brushed off the glass and
became a part of the silk. Thls caused the glass to have a deficiency of
electrons, or to put 1t another way, an excess of protons, gilving 1t a resultant
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net charge which was positive. This was shown by the electroscope. The
s1lk had an excess of electrons, giving it a negaltive charge, and this could
also be shown on the electroscope. Therefore we can conclude, that to have
electrification, there must be elther an excess of electrons or a deficiency
of electrons. An excess of electrons produces a negative charge, and a de-
ficiency of electrons produces a positive charge.

The Electric Current

In many ways, the actlion of electricity can be compared to water. Water
at rest 1s not doing any work. Similarly, electricity at rest (static electric-
1ty) does no work. When water flows fram one polnt to another, 1t can be used
to do work--turn dynamos, mill wheels, etc. When an electrical charge moves
from one point to another, 1t, too, can do work--turn a motor, heat a toaster,
etc. The movement of an electric charge along a conductor 13 called an electric
cuarrent.

Thus, static electricity 1s produced by electrons at rest, and current
electricity 1s electrons in motion. Electrons streaming along a conductor form
an electric current, but we cannot have an electric current unless we build uf a
difference in potential between two points on a conductor, or in a circuit.
Then we shall have an excess of electrons in one part of the circult and a de-
ficlency In another part. If the difference of potentlfal 1s maintained,a
continuous current will flow through the circuit.

To compare these statements to an easily understood example let us assume
that we have two vertical cylinders connected near the bottom with a pipe in
which there 1s a stopcock. Such an arrangement Is 1llustrated in Figure 8.
Cylinder A 1s fllled with water to the line C, and cylinder B 1is fillled to the
line D. If we open the stopcock, water will flow from A to B, but the flow will
3top as soon as the water level 1s the same In both cylinders. The current
stops flowing when there 1s no longer a difference of pressure. It 1s possible
to put a pump Into the circult and keep pumping water from B Into A, Just fast
enough to maintaln the same difference of pressure as we had In the veginning.
As long as a constant difference in pressure 1s maintalned ty the pump, a constant
amount of current will flow fram cylinder A to cylinder B.

Suppose that we have two bodles conrected by a copper wire such as shown in
Figure 9. One of these bodles 1s poslitively charged (that Is, has too few
electrons), the other 1s negatively charged (an excess of electrons)y, and the
two are connected by a copper wire which has a free Interchange of electrons.

At the Instant the two bodles are connected, the positive body will attract
electrons assoclated with the atons at the end of the copper wire, and will pull
some of them out. Thls will provide the positive body with the electrons it
needs, and this body will become neutral, or have an equal number of poslitive
and negative charges. Pulling electrons from the end of the copper wire will
however tend to leave thls sectlon of the wire positive and 1t will attract
electrons from the next section of the wire. Thils portion of the copper wire
will, therefore, pull electrons from the next section, and so on until the
distant end 1s reached. Here this last portion of the wire can take electrons
from the negative body since the negative body has an excess of them. Through
this actlon, which occurs very rapldly, the two charged bodies become neutral;
that 1s they each now contain equal numbers of positive and negative charges.

A revlew of this action shows this: At the Instant the copper wire was
attached between the two unequally charged bodlies (and probably for a brief
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instant afterwards) electrons moved within the copper wire. The direction of
thelr motion was from the negative body to the positlve body. Also, It was
seen that the motion of electrons soon ceased, because when the charges on the
bodies became equallzed, there was no attracting force left to cause the elec-
trons to flow. This flow of electrons 1s consldered an electric current. Thus,

an electric current may be defined as a progressive flow of electrons,
In an ordinary plece of copper wire the electrons are moving about in a

haphazard fashion at the rate of about 35 miles per second. If there Is a
difference of electrical potentlal between the two ends of the wire, or in other
words, 1f the ends of the wire are connected to a battery, ln addition to this
to and fro motion, there 1s a comparatively slow drift of electrons from one end
of the wire to the other. It 1s thls slow drift of electrons in a given direct-
lon that we ordinarily call the electric current. Because each electron can
carry an extremely small quantity of electricity, it 1s only movemerts of large
numbers of them in which we are Interested. It has been estimated that 1t would
take all the inhabitants of the earth, counting night and day at the highest
rate of speed possitle, two years to count the number of electrons which pass
through an ordinary 4C watt electric lamp bulb in a second. This 1s about the

Same number of electrons necessary to operate a modern ac-dc table model radio.
At thls point 1t wlll be well to clear up one misunderstanding which has

existed for some time., This 1s the matter of the direction of current flow. It
was pointed out In the explanation of the electron theory, that the current
flows from the negatively charged body to the positively charged body. This
has been definitely proved to be true. Prior to the electron theory, Benjamin
Franklin's "fluld® theory was used and current was assumed to flow fram positive
to negative. A great number of books have been written employing this incorrect
1dea. These books are still In existence. Also some modern texts are still
being written using this 1dea of current flow. This 1s particularly ctrue of
books for "power men" rather thadn electronics men. For thils reason you may find
other texts which will state that current flows from pesitive to negative, .but
do not let this confuse you. (urremt, which 1s a slow drift of electrcns, flows
from negative to positive. In thls tralning program the flow of currernt will
always be assumed to flow from the negatively charged body to the pcsitively
charged body.

The unit which 1s used to measure the amount of electricity flowing in a
circult, 1s the "ampere". When 6,280,000,000, 000,000,000 electrons are Zlowing
past a pcint in one second, one ampere of current 1s 7lowing. Thils term am
pere, and fractions cf 1t, will be encountered very o’ten In elecircnics, so

remember, @t 1S a measure of the current flowing in a circuit. The abbreviatien
used to represent ampere 1s (a or A). Thus, 3a means 3 amperes, and 10A means 10

amperes.
Of course, we can't count the electrons flowing In a circuit, to find out

how much current 1s flowing. Instead, the amount of current flowing in 3 clrcuit
1s measured with a meter called an ammeter.

Insulators and Conductors

It 18 common knowledge that current does not flow through the non-metalllc
parts of a radio set and that 1t does flow through the metallic parts (wires
etc.). We see the wires on the power line poles supported by insulators. We
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may wonder why some materlals will carry an electric current and others will
not. The answer to thils !s found in the electron theory of matter.

In the materlals which are good conductors, some of the electrons are not
held tightly in thelr orbits. When these atoms are subjected to a difference in
pctentlal, these loosely-held electrons are free to move from one ator to
another. These electrons, which are free to move from one atom to another, are
called "free electrons®". This movement of free electrons is the flow of current
which we have been discussing, In the materials which are called insulators,
all of the eiectrons are held tightly in thelir orbits. When these atoms are
subjJected to a difference in potential, very few free electrons are present,
S0 only a very, very small current Tlows. Some good insulators are glass, rubber
porcelalin, quartz, silk and dry alr. The best electrical conductor it silver.
It 1s seldom used due to its expense. Copper 1s the next best conductor and is
widely used. Aluminum 1s the next best commonly used conductor. There 1s no
such thing as a perfect insulator or a perfect conductor. The best insulators
will have a few free electrons and will allow a small electric current to flow
1f subjected to a difference In potential. Also, even the best conductor,
ellver, offers some opposition to the flow of an electric current.

Between these two extremes (insulators and ccnductors) will be found a
large number of materials which are neither good Insulators ner good conductors.
These materlals are sometimes called semi-conductors, but are more often called
reslstors. A reslstor, then, s a material which opposes the flow of an elec-
tric current. The unit of electrical resistance 1s the "ohm". Some commonly
used resistance materials are carton and iron.

The unit of resistance, the "ohm", was named in honor of George Simon Ohm.
It 1s arbitrarily defined by international agreement, as the resistance of a
column of mercury welghing 14,4821 grams, having a uniform cross seection, and
a helght of 106.3 centimeters at 0° centigrade. The "olm" will become a more
practical term when you conslder the fact that a 9.35 foot length of number 30
copper wire will have one ohm resistance. There 1s approximately one ohm of
resistance in 1000 feet of number 10 copper wire. In electronics circults, re-
sistors will be found In the range from a few ohms te about 10 million ohms. The
Greek symbol omega () i1s often used to Indicate ohms.

The property of a resistor, that of opposing the flow of an electric
current, 1s called resistance. This property is just the opposite of the
property of a conductor. The property of a conductor 1s to allow the flow of
an electric current. This property is called conductance. The unit of ccnduct-
ance 1s Just the opposite of the unit of resistance, that is, 1t 1s the same word
spelled backwards. The unit of conductance 1s the °*mho".

Potential Difference

We have seen that an Instantaneous electric current composed of electrons
flows from one electrically charged body to another if their electric charges
were dlfferent, Now, Insiead of always speaking of differences in electric
charges, we commonly call 1t a difference of potential. The word "potential”
has several meanings, but the best one to use here 1s "inherent ablllity". Thus,
when two bodles have unequal charges—as we have been consldering--they have a
difference of potential; that 1s, they have the inherent electrical ability to
cause a current to flow through the copper wire. In cther words, a potential
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difference may be defined as the electrical condition, or force, that causes or
tends to cause an electric current to flow.

In measuring altitudes, sea level 1s usually used as a reference, and
certaln localitles are referred to as being above or below Sea level. Sinilarly,
in electrical and electronic work, a body (such as the earth or the metal chassis)
may be taken as a reference and electrically charged bodles may be specifled
as belng so many volts above or below this zero potential.

Electromotive Force

We have seen that an electric current would flow through a conductor such
as a copper wire 1f the two ends of the wire were at a difference of potential.
In the circult of Figure 9, the potentlal difference was providedby two unequal-
ly charged bodles, and as soon as the unequal charges were neutralized, the
current ceased to flow. Of course, this was because after neutrallization no
difference of potential was present to force the electrons along -he wire.

Let us add a third element to Flgure 9, making i1t appear as Figure 10.
This new element has been connected to the positive and negative bodles, and
since this new element has the property of maintaining these bodles positive and
negative, a constanl difference of potential will exist and a continuous current
will flow.

When a device such as shown in Flgure 10 maintains one body positive and
another negative, it 1s the common practice to say that the two bodles are main-
talned at a difference of potentlal because of the "electromotive force" that
the device generates. In electronics, we often abbreviate the words "electro-
motive force® as "emf". An electromotive force may be defined as the electric
force generated by a device (such as a battery or generator) that causes a
difference of potential to exist between the terminals of the device. Thus, the
emf that 1s produced by batteries and electric generators 1s the force that
pushes or forces an electric current through the external circult connected to
the battery or generator, and 1t does this by establishing a difference of
potential between 1ts terminals.

The emf 1s measured in Volts. Thus, 1f we have a 45 volt battery, this
means that the battery will maintaln a difference of potential of 45 volts
between 1ts terminals. You will find the terms voltage, difference in potential,
potentlal difference, and emf all used interchangeably. The abbreviation used
to represent voltage 1s V. Thus, 45 V means 45 Volts. Voltage 1s measursd by a
meter called a Voltmeter,

Types of Current

The type of current which flows in a circult when a constant difference in
potentlal, such as that produced by a battery, 1s maintained is called a direct
current. This current 1s always flowing in the same direction through the
conductor and 1s substantially constant in magnitude. Thus, 1f there 1s one
ampere of current flowing at one instant, there will still be ore ampere of
current flowing at some later !nstant.

Later in the training we shall encounter other types of current. One of
these types 1s called pulsating direct current. This is a current which is
always flowing In one direction, but varles In magnitude. Thus, 1f there is
one ampere at one Instant, at some later instant there may be 5 amperes or
1/10 amperes of current flowing in the circult.
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St1ll arother type of current is the alternating current. This type of
current 1s periodically changing in direction, and always changing in magnitude.
This 1s the type of current supplied to the house lighting circuits of most
communities. We will study this type of current in great detall in future
asslignments.

Units of Current, Voltage and Resistance

The fundamental units used to measure current, vo.tage and resistance are
sonetimes rather unwieldy to use when discussing electronics circuits. For ex-
ample, 1t 1s very common to find currents in the neighborhood of one one-thou-
sandth of an ampere flowing in a radio circult. We will also encounter resist-
ances of several million ohms. To eliminate the use of these large numbers and
fractions, a number of sub-units or multiple units are used. The table of the se

units 1s glven below. The last column glves the abbreviation used for these
units.

Unit Stands For Abbreviation
Fraction Decimal
M1111 i . 001 m
1000
Micro & . 000001 w (Greek letter mu)
1,000, 000
1

Micro-Micro 1,000, 000, 000, GO0 . 000, 000, 000, 001 o

Kilo 1, 000 K (sometimes iarge M)
Meg 1, 000, 000 Meg

Let us see how we would use these units to represer.t the one-one -housancth
of an ampere mentioned previcusly. Looking at the table we find that milli
stands for one-one thousandth, so this value of current 1s commonly called
one milliampere, and !s abbreviated 1 ma. To represent a value of 10 million

ohms we would use 10 megohms. To represent one millionth part of a unit we
would use the term micro. For example, the current flowing in the "picture tuben

in a television receiver might be 1 microampere. This would be written, 1 pa.
Some television receivers use voltages of 15 thousand volts. This would be
indicated by 15 Ky.

Let us re-emphasize these facts. Current 1s the flow of electrons in a
conducting medium. Voltage 1s a measure of the force that causes the current
to flow. Resistance 1s the opposition offered to the flow of an electric
current.

A summary of the material covered In this assignment follows:

Atoms are composed of electrons, protons and neutrons.

Electrons have a negative charge.

Protons have a positive charge.

Neutrons have no charge.

Protons and neutrons form the nucleus of the atom.

Electrons revolve around the nucleus in fixed orbits.

The normal atem {s "balanced" electrically; thatis, it has an equal number
of electrons and protons.
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Some materlals, called conductors, have "free electrons®"; that 1s, elec-
trons which are not tightly held in thelr orbits. )

Insulators have all of thelr electrons tightly held in their orbits.

An  electrlc current 1s the flow Of free electrons along a conductor.
An electric current will flow through a conductor 1f a difference in poten-
tial exlsts across that conductor.

An electric current 1s measured in amperes., {(Abbreviated A)

Difference in potentlal 1s measured Involts. (Abbreviated V)

Reslstance 1s the opposition offered to the flow of electric current.
It 1s measured in ohms,

Current flows from the negative terminal of a battery, through the clrcuit
to the poslitive terminal.

We saw earlier how the electrons making up tne current are driven through
the wires and other elements making up a circult by a force which 1s known as an
electromotlive force. The unit of thls force is known as the "volt". A vwolt 1is
the electrical force that wlll cause 1 ampere of current to flow through a
wire which has 1 ohm of resistance. .

Thus, 1t 1s possible to know three tunlngs about every clircult carrylng a
current. These are: (1) the strength of the current, (2) the voltage in or
across thke clrcult and, (3) the resistance In the circuit. In a future asslgn-
ment we willl learn how to find the tilrd of these when any two of the three
are known,

From thls asslgnment the trainee should attempt to get a clear plcture in
his mind of what the construction of an atom i1s like. Then remember these facts:

(1) The positively ~narged protons do not move from atom to atom.

{2) Some atoms do no:r hold their negatively charged electrons very
tightly. These 1oosely held, or free electrons, may move from one
atom to another. The movement of thesc¢ °'ree electrons in some
definite direction constitutes the flow of an electric current,
Electric current is measured Iin amperes.

(3) If any body has more than its normal amount of electrons, that body
will have a negative charge.

(4) If a body has fewer electrons than normal, that body will have a
positive charge,

(5) The difference In electrical charge of bodles 1s called the
difference in potential,

(8) Difference In potential 18 measured in volts.

These statements have been repeated for but one purpose. That 1s, to enable
the tralnee to understand the difference between voltage and current. Remenber,

voltage 1s the electrical pressure, and current Is the movement of electrons

which result when electrical pressure 1s applied.
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Test Questions

Be sure to number your Answer Sheet Assignment 5.

Place your Name and Assoclate Number on every Answer Sheet.

Send in your answers for this assignment immediately after you finish them.
This wall give you the greatest possible benefit from our personal grading
service.

1. State the baslc law for electrical charges.

2. What 1s the essentlal difference between a conductor and an insulator?

3. In the electron theory, does an electric current flow from positive to
negative or from negative to positive?

4., What is an electron?
5. What 1s an electric current?

6. (a) How many ohms are there in a megohm? |
(b) How many milliamperes are there in an ampere?

7. What 1s the unit of resistance?

8. (a) List three good conductors.
(b) List three good lnsulators.

9. What 1s the name of the force which causes electrons to move 1n a clrcult?

10, Is current measured with an ammeter or a voltmeter?
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ASSIGNMENT 6
DIRECT-CURRENT CIRCUITS---0HM'S LAW

In the preceding assignment which dealt with the fundamentals of
electricity it was pointed out that there are three basic facters which
are present in d-c circuits. These three factors are; (1) Veltage, (2)
Current, and (3) Resistanze. To have a thorough understanding of the
operation of the circuits in electronic and television equipment the
Associate will have to understand just what voltage, current, and re-
sistance are and will have to understand the relationship which exists
between these three factors. The relationship between voltage, current
and resistance is commonly called Ohm's Law and will be considered in
greater detail later in this assignment. Before proceeding with Qhm's
Law, however, it will be well to further illustrate the basic factors
of voltage, current and resistance so that the Associate will have a
clear understanding of what each of these factors actually means in a
circuit, the units in which these factors are measured, the range of
values cf these units which will normally be enccuntered in elsctrcnics
and television equipment, and the abbreviations and symbols used to
represert these factors. These points were considered in the preceding
assignment but will be taken up again at this time to provide greater
clarity for the Associate.

Yol tage

Voltage is the term used to indicate the amount of electromotive
force present. Let us consider this term, electromotive force, in more
detail before proceeding. The electro- portion of this term means; hav-
ing to do with electricity. The -motive force porticn of this term means;
a force capable of producing motion. Thus the entire term means the force
capable of producifg a motion of the electricity in a circuit, er in other
words, the force capable of causing the electrons to move within an elec-
trical circuit. The electromotive force (abbreviated emf) is, therefore,
the amoufit of electrical pressure in a circuit. In a water system, the
pressure is measured in pounds per square inch; in an elecirical system
the pressure (emf) is measured in volts, and the electrical pressure is
generally referred to as the voltEEE—En the circuit. There are three
types of voltage; d-c voltage, pulsating d-c voltage and a-c vcltage. In
this assignment we will devote our attention to circuits employing d-c
voltages. A d-c voltage is one which remains constant.

D-C voltages may be generated, or produced, in a number of different
ways, Figures 1 and 2 illustrate a number of common voltage sources.
Figure 1 illustrates several types of cells ard batieries. (The term bat-
tery actually means a battery of cells, or in other words a group of
cells.) Figure 1(A)} shows a penlight cell, Figure 1(B) shows a flashlight
cell and Figure 1(C) shows a size No. 6 éry cell. Rach of these csalls
produces an emf of approximately 1.5 volts. In cther words, the voltage
of each of these cells is approximately 1.5 volts. BEveryone is familiar
with the use of the penlight cell and the flashlight cell. Size No. 6
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dry cells are used in some doorbell circuits, in rural telephone cir-
cuits and in the old style battery operated radios.

The battery illustrated in Figure 1(D) is commonly referred to as
a "B" battery. This battery produces an emf of approximately 45 vclts.
This type of battery was used very widely in the older types of battery
radio receivers ard smaller versions of this battery are used in the mod-
ern portable battery type radio receivers. The storage battery illustrat-
ed in Figure 1(E) produces an emf of approximately 6.3 volts. This
type of battery, of course has been used very widely in automobiles.

Figure 2 illustrates two other sources of d-c voltage. These are
the d-c generator shown in Figure 2(A) and the power supply shown in
Figure 2(B). D-C generators may be constructed to produce output voltages
ranging from a few volts to 1000 or more volts depending upon the ap-
plication for which the generator is intended. A power supply arrangement
somewhat as illustrated in Figure 2(B) is the most common d-c voltage
source which will bte encountered in electronic and television ecuipment.
In practically all localities the voltage delivered by the power companies
to the homes for lighting, heating, etc., is a-c voltage. However, the
correct operation of the major portion of the circuits in electronic and
television equipment requires d-c voltages. A power supply circuit is
able to convert the a-c voltage into a d-c voltage for use in this equip-
ment. In industrial electronic equipment, the power supply is often
built on a separete chassis in an arrangement similar to that of Figure
2(B). However, it is much more common in radio and television equip-
ment to find the power supply built on the same chassis as tke remain-
ing portion of the equipment. The power supply shown in Figure 2(B)
is one which you will construct in Home Laboratory Experiment No. 3.

The amount of voltage produced by the power supplies in electronic
and television squipment is dependent largely upon the design of the
unit. For example, the power supply in a small a-c, d-c portable radio
receiver usually delivers an emf of approximately 90 volts. In the
larger types of radio receivers the power supplies normally produce
voltages rarging between 250 volts and 300 volts. Television receivers
normally employ at least two power supplies, one of which produces a
voltage of approximately 300 volts while the other power supply delivers
a very high d-c voltage' ranging from 9,000 volts in black-and-white
receivers to 27,000 volts in color TV receiverse.

As mentioned, the cells and batteries illustrated ir. Figure 1 de-
liver voltages of 1.5 volts, 6.3 volts and 45 volts. However, it is
sometimes inconvenient to spell out the entire word volts and the abbre-
viation V is often used to indicate the word volts. For example, a bat-
tery symbol is a schematic diagram may appear as shown in Figure 3.
The 6.3 V alongside this battery symbol indicates that it produces an
emf of 6.3 volts,

In addition to the battery voltages and power supply voltages in
electronic and television receivers other voltages are present. These
voltages range from a value of several millionths of a volt to several
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volts., Thus it can be seen that a very wide range of voltages may be
encountered in electronic and television equipment when it is considered
that the high-voltage power supply in a television receiver delivers many
thousands of volts. While the various voltage values encountered could
be expressed as so many thousandths of a volt or so many millionths of a
volt or so many thousands of volts it is more convenient to use preiizxes
with the term volt to indicate the size. The prefix used to indicate
one thousandth of a volt is the prefix milli, the prefix used te in-
dicate one millionth of a volt is micro, and the prefix used to indicate
thousands of volts is kilo.
Thus: 32 thousandths of a volt, or .032 volt, is normally expressed
as 32 millivolts.
14/1,000,000 volt, or .000014 volt, is expressed as 14 microvolts.
8,000 volts is expressed as 8 kilovolts.
As pointed out the abbreviation V is often used to indicate the term
volts. Likewise ahbreviations are used for the prefixes milli, micro, and
kilo, These are:

milli m
micro V)
kilo k
Thus the figures stated above might be abbreviated as follows:
32 millivolts abbreviated 32 mv
14 microvolts abbreviated 14 uv
8 kilovolts abbreviated 8 kv

Two other terms which are often used to indicate that an electro-
motive force is present in a circuit are: (1) difference in potential
and (2) potential difference. Remember, howsver, that each of these terms
is merely another way of saying electromotive force, and each is measured
in volts. Thus, an emf of 18 volts, a voltage o 18 volts, a difference
in potential of 18 volts, or a potential difference of 18 volts all mean
the same thing.

Since the abbreviation V may be used in place of the longer term
volts it would seem logical that in an electroanic formula dealing with
voltage, V would be emplcyed. Unfortunately however, this practice is
not followed. Instead, the symbol E is used to represent wvoltage in
radio formulas. In this case, the E is an abbreviatior of ths term
electromotive force. To illustrate this fact, let us suppose that you
saw the electronics formula E = I x R. In this case, the E stands for
the electromotive force in volts. - T

Since the unit of electromotive force is the volt, the amount of
electromotive force is measured with a voltmeter. The arrangement employ-
ed is illustrated in Figure 4. Figure 4(A) shows a pictorial diagram in
which a voltmeter is connected to the dry cell to measure the amount of
voltage produced. Figure 4(B) shows a schematic diagram of this same cir-
cuits Notice thet there are two leads on & voltmeter and to use a volt-
moter to measure the voltage output of a dry cell, one of these leads is
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connected to the prositive terminal of the cell and the other lead is con-
nected to the negative terminal of the cell. Voltmeters are manufactured
in a wide variety of ranges so that a suitable meter can be used for
measuring most any voltage value. For example, in measuring a cell as in
Figure 4 which delivers approximately 1.5 volts a voltmeter having a full
scale reading in sxcess of 1.5 volts would be employed. For example, &
meter with a full scale reading of 2 1/2 volts, 3 volts, 5 volts or pos-
sibly 10 volts would be employed. If a voltmeter is to be used to mea-
sure the output of the power supply which is illustrated in Figure 2(B)
the full scale reading must be equal to or in excess of the vcltege out-
put of the supply. In this case a voltmeter with a full scale reading of
300, 400 or perhaps 500 volts would normally be employed. Voltmeters are
also available for use in measuring values of voltage in the thousands of
volts. These meters are commonly called kilovoltmeters. Voltmeters may
also be obtained for measuring very small values of voltage. For example,
a millivoltmeter would be employed if it were desired-to measure voltages
in the range of a few thousandths of a volt. Some typical voiimsters are
shown in Figure 4(C).

To summarize this discussion on voltage it can be stated that the
electromotive force in a circuit is measured in volts. It is this
electromotive force or voltage which is the force in an electric circuit
which can cause the various actions of the circuit to take place. It is
the voltage which causes the current to flow in an electric circuit.
Notice, however, that voltage and current are two entirely 3different

things. The voltage is the force which causes current to flow in a
circuit.

Current

When an emf is applied to a complete electrical circuit there is a
motion of the elec=rical energy through the circuit. As explained in the
previous assignment the cordition which actually occurs is that the free
electrons move through the circuit from the negative terminal of the vol-
tage source toward the positive terminal. In other words, the electrons
flow through the circuit. This motion of free electrons in an electrical
circuit is called the current. The motion of the electrons in the cir-
cuit, or in other words, the current flowing through the circuit, cannot
be seen. However, the effects of this current can be noted. It is the
current flowing through the circuit which enables an electric motor to
operate, which causes an electric stove to heat, which enables a loud-
speaker to produce sound waves when it is connected to a radio receiver
and which makes it possible for a television receiver to produce a picture
of a scene taking place many miles away.

In a water system the flow of water, or in other words the current
of water, is measured in gallons per minute. In an electrical circuit,
current is measured in amperes.

The ampere is a rather large unit of current. To illustrate, when
an electric iron is connected to an ordinary house wiring circuit only 6
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to 10 amperes of current will flow through the iron, approximately one
ampere of current will flow through a 100 watt light bulb when connected
to the normal lignting circuit, and approximately 2/10 ampere flows
through the bulb ir a normal two-cell flashlight when the flashlight is
turned on. The current which flows from the power supply to the various
circuits in a normal radio receiver will range between .015 of an ampere
and 075 of an ampere, and the current supplied by the power supply in a
televisicn receiver will range from approximately .075 of an ampere to
+300 of an ampere. From this it can be seen that current in the order of
amperes will seldom be encountered in radio and television circuits. For
this reason the prefixes milli and micro are used in conjunction with the
term ampere quite often. As mentioned previously the prefix milli means
"one thousandth par< of," and micro means "one millionth part oZ.," To
illustrate the use of these terms let us suppose that one thousandth of
an ampere (.00l ampere) of current flows from the power supply in a radio
receiver through a particular vacuum tube circuit. In this case a tech-
nician would normally state that 1 milliampere of current is flowing in
the circuit. Similarly if 15/1000 of an amgpere of current flows through
the circuit connected to an industrial electronic power supply a tech-
nician would normally state that 15 milliamperes of current flows in
the circuit. Similarly, if 10/1,000,000 of an ampere of current flows
through the circuit connected to the aigh-voltage power supply in a
television receiver a technician would stete that 10 microamperes of
current flows in the circuit.
Thus 5/1000 ampere or .005 ampere = b milliamperes (5 ma).
30/1000 ampere or .03 ampere = 30 milliamperes (30 ma).
20/1,000,000 ampere or .000020 ampere = 2¢ microamperes (20 pa).
It will be noted in the above, that to eliminate the necessity of
writing out the word ampere in full, the abbraviation a is commonly used
for the longer term ampere. -

When current is to be used in an electronic formula the letter I is
used to indicate it. Thus, in the formula E = I x R, the I stands for
current in amperes. The letter I is used for current since current is
‘a measure of the intensity of the electron flow in a circuit.

The current which flows in a circuit can be measured by means of an

ammeter or milliammeter. Figure 5 shows the manner in which this could be
done~« Notice that it is desired to determine how much current is flowing
in the circuit. Thus the ammeter or milliammeter must be connected so
that the current from the battery flows through the meter at the same time
it is flowing through the remaining portion of the circuit. Notice in the
circuit of-Figure 5 that the current would flow from the negative terminal
of the dry cell, through the resistor, through the meter and return to
the positive terminal of the dry cell. Thus, the current which flows
through the resistor will also flow through the meter, and the meter will
indicate the amount of current flowing in the circuit.
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Current measuring meters are manufactured in a wide variety of ranges
so that a suitable meter can be used with most any circuit. For exampls,
if it is desired to measure the exact amount cf the current flowing in a
circuit in which the current is in the order of several amperes, an am-
meter which has a higher full scale reading than that which is flowing in
the circuit would be employed. If, however, the circuit consists of a
radio or television circuit in which a few milliamperes of current are
flowing the current indicating meter employed will normally be & milli-
ammeter. To illustrate; if approximately 3 milliamperes of current were
flowing in the circuit, a milliammeter with a full scale reading of 5
milliamperes or perhaps 10 milliamperes would be used, and a partial de-
flection would be obtained on the meter. The calibrated scale on the
meter would then be read to dstermine the exact asmount of current flowing
in the circuit.

To briefly summarize this portion of the discussion it can be said
that current is the progressive flow of the free electrons around a cir-
cuit. Current will flow only when the electrons are being pushed, or
forced, around the circuit by the electromotive force (voltagb) which is
applied to the circuit. Current is measured in amperes, milliampsres or
microamperes.

Resistance

Resistance is a measure of the oppositior the electrons encounter in
flowing through a circuit. If a voltage is applied to the two ends of a
piece of wire, current will flow through the wire. This current is made
up of many free electrons bounding from one atom to another in a steady
procession as explained previously. Instead of skipping neatly from one
atom to the next, however, the electrons follow irregular paths as they
"drift" along & piece of wire. If a piece of wire with a very small di-
ameter is used the electrons encounter a "congested traffic condition"
within the small wire. In other words, a considerable amount of opposi-
tion is offered to the flow cf the free electrons. If a piece of special
resistance material, carbon for example, is ccnnected in the circuit, the
opposition offered to the free electron flow (current) is high beceuse
most of the atoms in the carbon are holding their electrons tightly in
their orbits and there are faw free elsctrons present. In this case, we
might consider our "congested traffic conditions™ due to so many "parked"
elactrons,

Another analogy which illustrates the subject of resistance quite
well is a bucket brigade fighting a fire. A person at the hsad of the
line in the bucket brigade dips buckets of water out of a well and starts
passing them along the line. The man at the other end of the line, of
course, throws the water on the fire. If the line is working efficiently,
the buckets of water are passed down the line rapidly and easily and the
volume of water thrown on the fire is considerable. This might be com-
pared in an electrical sense to a circuit with very low resistance since
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the current is passed through the circuit very efficiently. To illust-
rate an analogy similar to a circuit containing resistance, let us assume
that the fire had been set by a mob which, after the bucket brigade had
been set up, did not wish the fire to be extinguished. In this case the
rioters would interfere with the persons attempting to pass the buckets
of water down the line, and the result would be that only a small amount
of water would ever be applied to the fire. In other words, the passage
o7 the water along the bucket brigade enccunters a lot of opposition.
This is eguivalent in an electrical circuit to resistance which opposes
the flow of electrons.

It should be berne in mind at all times when considering d-c circuits
that resistance is the opposition offered to the flow of current. Notice
that voltage causes current to flow, whereas resistance opposses the flow
of current. It might seem taat it would always be desirable to have a
circuit with as low a value of resistance in it as possible. However,
this is nct the case. In the great majority of the circuits used in radio
and television equipment, resistors are inserted in the circuit for =he
particular purpose of opposing current flow. In other words when properly
used, resistances are very necessary circuit components. Figure 6 illust-
rates some typical fixed resistors used in radio and television receivers.

The unit of resistance is the ohm. Resistors normally encountered in
electronic circuits range in value from 2z few ohms to several million
ohms. To make it possible to handle the large values of resistance more
easily the terms kilohm and megohm are employed. The term kilohm is
seldom used to show a value of resistance although its abbreviation is
often used. For example a schematic diagram might show a 10K resistor,
this is o course ten kilohms, but would normally be read "ten thousand."
The term megohm is often encountered in radio and television circuits.
One megonm is equal to one million ohms.

The Greek letter omega (R) is very often used in place of the word
ohms. To illustrate: 100 Q@ means 100 ohms; 5,000 Q means 5,000 ohms,
oK & means 5,000 okms; and 100K @ means 100,000 chms.

There is one thing which may cause some confusion when considering
ohms in the value of thousands. As mentioned previously, the symbol K is
normally used to indicate 1,000 ohms. However, in some cases the symbol
M is used to indicate 1,00C when dealing with ohms. When M is used in
this case it is usually a capitol M. Thus, 10M means 10,000 ohms.

In electronic formulas the letter R is used to indicate resistance.
Thus, in the equaticn E= I x R, the R stands for resistance.

To briefly summarize this portion of the discussion it can be said
that resistance is the opposition offered to the flow of an electric cur-
remt in a circuit. The unit of resistance is the ohm, and the values en-
countered in electronics equipment range from a few ohms to several
million ohms. The Greek letter omega (R) 'is often used as an abbreviation
for the term ohm, the prefix K (or M) indicates 1000 and the term me gohm
indicates one million ohms. The letter R stands for resistance in elec-
tronic formulas.
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Ohm's Law

In his experiments dealing with simple electrical circuits, atout 120
years ago, the German scientist, George Simon Ohm discovered that a def-
inite relationship exists between the voltage applied to a circuit, and
the resistance in the circuit. This relationship is now called Ohm's Law.
Since the understanding of all d-c circuits requires the intelligent use
of Ohm's Law, the remaining portion of this assignment will consist of an
explanation of this law and its uses. The Associate will use Ohm's Law
from time to time as he progresses in the training program and will soon
have a thorough understanding of it.

Before actually considering Ohm's Law let us consider s simple d-c
circuit once more. As pointed out, the voltage applied to the circuit
exerts a force on the electrons present in the circuit and will cause a
movement of free electrons around the circuit if a complete circuit
exists. In other words, the voltage causes current to flow in the cir-
cuit. However, the resistance present in the circuit Bégoses the flow of
the current. Thus, the voltage attempts to cause the current to flow
while the resistance attempts to keep it from flowing. It should be
obvious that there is some relationship which exis%s between the amount of
current which flows, the applied voltage, and the resistance present in
the circuit. This simple relationship is Ohm's Law.

To illustrate the use o2 Ohm's Law a number of circuits will be shown
in this assignment and problems associated with these circuits will be
worked. It should be emphesized however, that the answers to the pro-
blems in this assignment are not important in themselves. The important
thing ir this assignmsnt is that each and every answer must seem reason-
able to you. The entire value of this assignment lies in the interest
you take in finding out what happens and why it happens in an electrical
circuit.

To illustrate Ohm's Law let us consider the simple circuis shown in
Figure 7. George Ohm found that if he connected a simple circuit as
shown in Figure 7(A), with a 1 volt battery and a 1 ohm resistor, 1 ampere
of current would flow through the circuit. (Note that a calibrated scale
is shown on the current meters in the various circuits of Figure 7 and the
pointer on the meter indicates the current flowing in the circuit under
the various conditions.) The schematic diagram of each of the various
circuits is illustrated directly below the circuit. Notice in the circuit
of Figure 7(A) that the 1 volt battery furnishes the electrecmotive force,
or voltage, for the circuit. This emf exerts an electrical pressure on
the electrons causing a current flow to occur. The path of this current
flow is from the negative terminal of the battery, through the resistor,
through the emmeter back to the positive terminal of the battery. Under
the conditions illustrated in Figure 7(A) 1 smpere of current flows.

New examine the circuit of Figure 7(B). Notice that the only dif-
ference between this circuit and the circuit of Figure 7(4) is the fact
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that & 1/2 ohm resistor has been installed in place of the one ohm re-
sistor of the previous circuit. Notice, however, that changing the re-
sistor in the circuit has changed the current which flows in the circuit.
With the 1/2 ohm resistor in the circuit more current (2 amperes) flows in
the circuit. Notice that the current flowing in the circuit is increased
when the resistor is made smaller. Doesn't this seem logical tc you when
it is recalled that the resistance is the opposition offered to the cur-
rent flow? With less opposition one would expect more current to flow
in the circuit and that is exactly what happens. If this particular
point is not clear to the Associate he should stop at this point and re-
view the previous material befcre proceeding.

Figure 7(C) shows the condition which occurs when a 2 ohm resis<or is
used in the- circuit, and the voltage is being produced by the same 1 volt
battery as was done previously. Under these conditions only 1/2 ampere of
current flows as illusirated by the calibrated scale on the meter shown in
this figure.

Examine the circuits of Figure 7(A), (B) and (C) very carefully and
then see if you agree with the following summary of the action taking
place. For a given voltage applied to the circuit, the larger the resist-
ance present in the circuif “he smaller will be the amount of current
flowing and, conversly, the smaller the resistance present in the circuit,
the larger will be the current which flows.

Figure 7(A), (B) and (C) illustrate the action which cccurs in a
simple circuit wher the value of resistance in the circuit is changed.
To determine the effect produced by changing the value of voltage applied
to the circuit compare Figure 7(A) and (D). The circuit of Figure 7(A)
consists of a 1 volt battery and a 1 ohm resistor. However, in Figure
7(D) a 2 volt battery has been installed in the circuit in place of the 1
volt battery of the previous circuit. Notice that under these ccnditions
a current of 2 amperes flows as illustrated by the meter in Figure 7(D).
Note particularly, in comparing Figure 7(A) and (D), that the same re-
sistance is employed in each case, but that a larger voltage is applied to
the circuit of Figure 7(D). Under these conditions notice also “hat more
current flows. Let us briefly summarize this action. For a given re-
sistance in a circuit, more current will flow if the voltage is increased.
This also seems quite logical when we recall that voltage is the elect-
rical force or pressure in the circuit. If the pressure is increased
with a constant opposition, (resistance) the current flow should, logical-
ly, increase.

Ohm wrote these conclusions in a simple mathematical formula which
is written below.

Applied voltage
Resistance
Let us row write this formula using the symbols mentioned previously.
The formula would +then appear as follows:

Current =
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I stands for current in amperes
Zgd (Formula A) E stands for electromotive force in volts
R R stands for resistance in ohms

This formula may be used in radio and electrical circuits to determine the
amount of current fiowing in & circuit if the voltage and the resistance
are known. By applying this formula the current which flows in a circuit
can be determined without using a milliammeter or ammeter.

It is sometimes desirable to determine the amount of resistance pre-
sent in a circuit if the voltage and the currert are known. In this case
the following formula, which we shall call Formula B, may be employed.

R = % (Formula B) The symbols of this formula
have the same meaning as in
(Formula A).

Under certain circumstances it is desirable to be able to determine
the amount of voltage applied to a circuit if the current flowing in the
circuit and the resistance of the circuit are known. In this case the
following formula may be employed.

E-IzxR (Formula C).

It should be emphasized that these three formulas are not three se-
parate formulas but are merely the same formula rearranged in three dif-
ferent manners so that the quantity which it is desired to determine is on
the left side of the equation. Forrmla A may be used to find the amount
of current flowing when the voltage and amoun: of resistance of the cir-
cuit are known and the valus of current.is unknown. Formula B may be
used to find the amcunt of resistance in a circuit when the voltage and
current are known, and Formula C may be used to find the applied voltage
when the current and resistance are known.

Let us apply these formulas to some specific circuits to illustrate
their use. For example let us apply Formula A to the circuits of Figure
7(A), (B) and (C) assuming in each that the amount of voltage produced by
the battery is known and the size of the resistor is as shown, but that
for some reason or other the ammeter in each circuit could not be read.

In Figure 7(A) we have 1 ohm of resistance and & 1 volt battery. Let
us solve to fird the amount of current which would be flowing in this cir-
cuit. Remember:

I stands for current in amperes
E stands for electromotive force in volts
R stands for resistance in ohms

To solve this problem, we first write down the correct formula, then
we substitute the known quantities in the zquation amd solve for the un-
known. Since we cesire to determine the current which flows in the cir-
cuit we will use Formula A.
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B
I=x (In this case E squals 1 volt and R equals 1 R.)

Putting these values in our formula we have:

21
1=1
I =1 ampere (Answer)

Notice how simple it is to determine the amcunt of current flowing in
the circuit if the applied voltage and the resistance are known, merely by
applying Ohm's Law.

Assuming that the meter of Figure 7(B) could not be read let us solve
the problem presented by this figure in the same manner.

I = (E equals 1 volt, R equals 1/2 & or .5 2.)

2
I == ( .2 1.0 )
. 1.0

I = 2 amperes (Answer) 0
Applying this same method of the circuiz of Figure 7(C) we have:
I-= (E equals 1 volt, R equals 2 R.)

=

ool ) =

I = 1/2 ampere (Answer)

Now let us coneider a circuit involving a 2 volt battery, an ammeter,
and a resistor, connected as shown in Figure 7(D). However, let us as-
sume that the value of the resistor is unknown. HRemember: The battery
voltage is known to be 2, volts and the current is known to be 2 amperes.

Formula B can be applied to dsztermine the value of the resistance in the
circuit.

E

R = T (E equals 2 volts, I equals 2 amperes)
2

R=x=1¢ (Answer)

Let us apain make an assumption. In this case, let us assume that a
circuit as shown in Figure 7(C) is arranged and a 2 R resistor is used.
The armeter indicates that 1/2 ampere of current flows in the circduit but
the value of the battery voltage is assumed to be unknown. Formula C can
be applied to determine the battery voltage.
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E=1I3xR (I equals 1/2 ampere, R equals 2 )
E=1/2x 2
E =1 volt (Answer)

You are strongly advised to work several more problems for yourself
using the circuits shown in Figure 7(A), (B), (C) and (D). For example,
assume that the voltage is unknown in the circuit of Figure 7(D) and de-
termine the value of this voltage by applying the appropriate Ohm's Law
formula when the values of resistance and current are known. Check your
answer against the value of voltage indicated in the circuit of Figure
7(D). By making similar assumptions work several problems corcerning
these four circuits until you are certain that you urnderstand the use of
the variocus Ohm's Law formulas. To provide you with added practice in the
application of Ohm's Law, three circuits are shown in Figure &. Apply the
appropriate Ohm's Law formula to each one of these circuits to find the
unknown quantity. Be sure and work these problems to the best of your
ability before checking your answers with those given at the erd of the

assignment.
Circuit Terminology

We will find as we progress in the subject of circuits that a num-
ber of different arrangements may be employed. There are three general
circuit arrangements and these are called; series circuits, pnarallel cir-
cuits, and series-parallel circuits. However, before considering the var-
ious types of circuits, let us consider just what a circuit is, and what
is meant by the terms closed circuit, ooen circuit, and short circuit.

By definition, a closed circuit or complete circuit is a complete
path over which electrons can flow from the negative terminal of the volt-
age source through the parts and wires to the positive terminal of the
same voltage source. Thus, any of the arrangements of Figures 7 or 8
would form a closed circuit or complete circuit. Note that for the cir-
cuit to be closed, or complete, a path must be provided for the electrons
to flow from the negative terminal c¢f the veltage source to the positive
terminal of the same source.

An open circuit is a circuit which does not provide a continuous
path for the electrons. Such a circuit is shown in Figure 9. Notice that
the switch in this circuit is open. Under these conditicns & complete
path from the negative terminal of the voltage source is not provided
through the parts and components to the positive terminal of ths voltage
source because the open switch will not pass electrons. Since a complete
path is not provided in the circuit of Figure 9, no curren:z will flow in
the circuit. It is for this purpose that switches are connected in cir-
cuits. For example, in a normal house wiring circuit, switches are con-
nected in series with the various lights. Thus in the day time the switch

Assignment 6 Page 12



is turned off, or in other words, the.switch is placed in an open posi-
tion, and the electric light is not illuminated. However, when it is de-
sired to have the light illuminated it is only necessary to close the
switch which completes the circuit, thereby enabling the electric current
to flow through the filament of the light bulb and produce the desired
illumination.

There is one point which should be made clear concerning an open
circuit., If a switch is connected in the circuit and is in the open posi-
tion, an open circuit will be formed, However, open circuits may be form-
ed by other means, for anything which will cause the path of the electrens
to be broken, will form an open circuit. For example, in the simple cir-
cuit of Figure 5, if one of the leads were to become disconnected from the
terminal on the dry cell an open circuit would be formed. Similarly an
oven circuit might be formed in the circuit of Figure 5 by a defective am-
meter, or perhaps by a lead breaking off the resistor. Thus, it shkould be
borne in mind that an open circuit may rssult from a number cf different
causes.

The third circuit characteristic mentioned previously is the short
circuit. By definition, a short circuit is & low resistance connection
across a voltage source or between both sides of a circuit, usually ac-
cidental, which in most cases, results in excessive current f.ow that may
cause damage. A short circuit is illustrezted in Figure 10. Notice that
in this case the lead coming from the positive terminal and the one from
the negative terminal of the battery are accidentally touching. Thus a
low resistance path is provided from the negative terminal of the battery
around to the positive terminal and the current may follow this path in-
stead of flowing through the resistor and meter as it should. The touch-
ing of the two wires is called a short circuit, or in some cases just a
“short". Such a condition would in this case ruin the battery in very
short order. In othsr circuits a short circuit may ruin other components
such as meters, etc. Since short circuits are very undersirable, in-
sulated wire is employed in most electrical circuits. For example, in-
sulated wire is used in radio and television receivers, insulated wire is
used in house wiring circuits, in automobile ignition circuits, etc.

Now that the cnaracteristics of circuits have been considered let
us analyze the three fundamental types of circuits, the series circuit,
the parallel circuit and series-parallel circuit.

Series Circuits

A series circuit is a circuit which is so arranged thet all of the
current which flows from the negative terminal of the voltage source pess-
o5 through each component in/the circuit and returns to the positive ter-
winal cf the voltage source. Two simple series circuits are illustrated
in Figure 11. The path followed by the current in each case is illustrat-
ed bty the dotted lirs. Matite in Figure 1i(A) that the current leaves the
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negative terminal of the battery, flows through the resistor, through the
meter, and finally returns to the positive terminal of the battery. The
schemetic diagram of the circuit is also shown. Thus, in the circuit of
Figure 11(A) the resistor and meter are connected in series across the
battery as all of the current flows through each of these components.
Similarly in Figure 11(B) the current path indicates that the electrons
flow through the meter and then through the resistor to return to the bat-
tery. Thus, the meter and the resistor are in series in this case. These
circuits also illustrate the proper way to use a milliammeter to measure
current in a circuit. The milliemmeter is ccnnected in series with the
circuit. -

Another factor which is illustrated by the circuits of Figurs 11 is
the fact that the milliammeter can be connected at any point in a series
circuit, If the same size‘'battery and resistor are employed in the cir-
cuits of Figure 11(A) and (B) the current flow as indicated by the meter
in the two cases will be the same. The reason for this is that the cur-
rent is the same at all points in a series circuit. The same amount of
current that leaves the negatlve terminal of the battery re-enters the
positive terminal of the battery. In the circuits of Figure 11 the same
amount of current flows through the conductor connecting the negative
terminal of the battery to the resistor as flows through the resistor.
This current is alsc equal to the current flowing through the meter. By
following this line of reasoning it should become ¢lear to the Associate
that the meter can be connected either as shown in Figure 11(A) or (B) to
indicate the amount of current flowing in the circuit.

To further illustrate the action of a series circuit consider the
circuit illustrated in Figure 12(A). This circuit consists of a 1 1/2
volt battery, a switch, a 500 ohm resistor and a milliammeter. In this
circuit four meters are illustrated. The milliammeter is connected in
series with the circuit to indicate the current which flows. In addition,
a voltmeter is shown connected across the battery, another voltmeter is
shown connected across the switch and a third voltmeter is connected
across the resistor.

This circuit illustrates several points. One of the points il-
lustrated is the proper way to connect meters. As may be noted the miili-
ammeter is connected in series with the circuit as illustrated in Figure
11 and should require no further explanation. The manner in which the
three voltmeters are connected illustrates the proper way to use such an
instrument. One voltmeter is connected across the battery. That is, one
lead of the voltmeter is connected to the positive terminal of the battery
and the other lead c¢f the voltmeter is connected to the negative terminal.
When copnected in this manner the voltmeter will indicate the emf of the
battery in volts. The voltmeter to measure the voltage applied to the
switch is connected across the switch, and the voltmeter to measure the
voltage applied to the resistor is connected across the resistor.
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The following summarizes the proper manner in which meters should
be connected: An ammeter or milliammeter should be connected in series
with the circuit; Voltmeters should be connected across a caﬁbonent.

Let us look &t the circuit of Figure 12(A) carefully, noting part-
icularly the reading on the meters. The voltmeter connected across the
battery reads the emf produced by this battery whick is 1.5 volts. Notice
also that although the milliammeter is connected properly, (in series
with the circuit), there is no current flow indicated by the meter. The
reason for this is the fact that the switch is open. As menticned pre-
viously the open switch forms an open circuit and there is no complete
path from the negative terminal of the battery around to the positive ter-
minal. Since there is no corplete path, current cannot flow.

Now notice the readings of the voltmeters at the various points in
the circuit of Figure 12(A). The voltmeter connected across the battery
indicates 1 1/2 vclts which is the emf produced by the battery. The volt-
meter connected across the switch also indicates 1 1/2 volts whereas the
voltmeter across the resistor indicates zero. As mentioned the switch
forms an open circuit and the ertire voltage present in the circuit is
aprlied across this switch attempting to force current through The switch.
This accounts for the 1 1/2 volt reading obtained@ on the voltmeter con-
nected across the switch. However, since no current flows in the circuit
there will be zero voltage across the resistor in the circuit.

Now examine Figure 12(B). It will be noted that this is the same as
the circuit of Figure 12(A) except that the switch has been closed. When
the switch is closed a complete circuit is formed, current flows in the
circuit, and an ertirely different conditicn exists than that of Figure
12(A)., In the circuit of Figure 12(B) the milliammeter tells us that 3
milliamperes (.GO03 amperes) of current is flowing through the circuit.
The voltmeter across the 500 ohm resistor now reads 1 1/2 voits. This
meter tells us that ] 1/2 volts of electrical pressure are being used to
force the 3 milliemperes of current through the 500 ohm resistor.

The voltmeter connected across the switch now reads zerc. There is
practically no resistance between the two terminals cf the switch when the
blade is closed. No voltage is needed to force the 3 milliamperes of cur-
rent through the closed switch.

The voltmeter at the cell still reads 1 1/2 volts, and the volt-
meter connected across the resistor now reads 1 1/2 volts also. The ques-
tion naturally arises: Do we now have 3 volts in the circuit? The answer
is a very definite: No: The voltage of the dry cell is the source volt-
age and the voltage appearing across the resistor is commonly called a
voltage drop. Voltage drop is the term applied to the vcltage which is
applied across a particular component, such as a resistor, which causes
current to flow through that particular component. In this particular
case, the voltage drop across the 500 ohm resistor is equal tc the volt-
age source as all of the voltage in the circuit aprears sacross the 500 ohm
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rasistor causing the current of 3 milliamperes to flow through this re-
sistor. The subject of voltage drops will be taken up in greater detail
presently in this assignment.

In the circuit of Figure 12(B) the value of the resistance is known
and the current and voltage present in the circuit are indicated by the
meters in the circuit. In this circuit, as in many others however, we
would not need the large number of meters indicated to determine woltage
end current. We can use Ohm's Law.,

The cell develops 1 1/2 volts of electrical pressure. E therefore
is 1 1/2 volts. The total resistance in the circuit is 500 ohms; There-
fore, R is 500 ohms.

To determine how much current would -flcw in the circuit of Figure
12(B) without the use of a milliammeter, we can use the formula that tells
us:

E (Voltage in volts)
R (Resistance in ohms)

I (current in amperes) =

— o

«5

L
n

5

(@]
o

I = .003 ampere or 3 milliamperes.

Thus it can be seen that in the circuit of Figure 12(B) Ohm's Law can be
used to determine the curreni which would flow if & 500 ohm resistor were
connected across a 1 1/2 volt battery.

To further demonstrate the use of Ohm's Law in series circuits con-
sider ths circuits of Figure 13. In Figure 13(A) is shown a circuit con-
sisting of a 7 1/2 volt battery, a milliammeter, & 5,000 ohm resistor and
a switch. It will be noted that this is also & series circuit as only
one path is provided for the current. The milliammeter in the circuit in-
dicates that 1.5 milliamperes of current flows under these conditions.
However, the amount of current flowing in this circuit could be destermined
without the use of a milliammeter merely by the proper application of
Ohm's Law. The voltage is 7 1/2 volts in the circuit and the resistance
is 5,000 ohms. The current can be determined as follows:

I-E
R
I= 7~5
5000

I = ,0015 ampere or 1.5 ma.
In Figure 13(B) we have a circuit consisting of a 100 volt battery,
a millismmeter, a 50,000 ohm resistor, and a switch. The milliammeter in-
dicates that 2 milliamperes of current will. flow in the circuit. Let us
check this by the application of Ohm's Law.
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_ B
I=x (In this case E equals 100 volts
10C and R equals 50,000 ohms.)
I = 35,000
I = ,002 empere or 2 ma.

Notice that in our Ohm's Law problems we must always use the whole
units; volts, ohms and amperes. If we care tc we may change our answers
to smaller units, as we did in this example, but in the solution of the
problem we must use the fundamental units.

Figure 13(C) shows & circuit consisting of & 50 volt battery, an
unknown value of resistance, and the milliammeter in the circuit irdicates
that 10 milliamperes of current is flowing. Let us apply Ohm's Law and
find the unknown value of this resistance. The formula we will use in
this case is: R = E since we desire to determine the resistance in the
circuit. Note: we must change the milliamperes to amperes before using
the value of current in our formula. If 1 milliampere of current equals
.001 amparg_then 10 milliamperes equals 10 ¥ .00l or .0l10 ampere.

R = _90
.010
R = 5,000 ohms

Notice that in this example Ohm's Law demonstrates the fact that if
10 milliamperes of current flows in a circuit connected to a 50 volt bat-
tery, the value of resistance present in the circuit must be 5,000 ohms.

To further illustrate the use of Ohm's Law censider the circuit of
Figure 13(D) which consists of a battery, a 20,000 ohm resistor and a
milliammeter whick indicates a current of 2 milliamperes flowing in the
circuit. Although the value of the battery voltage is unknown, Ghm's Law
can be applied to determine the voltage. Since the voltage is the unknown
in this case we will use the formula E= I x R.

E=IxR (2 milliamperes equals .002 amperes)
E = .002 z 20,000
E = 40 volts

The Ohm's Law calculation just completed indicates that if 2 milli-
amperes of current flow through a circuit containing 20,000 chms of re-
sistance, the applied voltage must be 40 volts.

The circuits we have been discussing so far are series circuits. A
series circuit is ane in which there is only one path for the current to
follow through the circuit. However, the circuits which we have been dis-
cussing have had only one resistor present although it is possible for a
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series circuit to contain several resistors. Figure 14 shows a circuit
consisting of a 40 volt battery, a milliammeter and two 10,000 ohm re-
sistors, all connected in series. The current path is indicated in this
circuit and it can be seen that after leaving the negative terminal of the
battery the electrons must flow through the milliammeter, then through the
resistor labeled R}, then through the resistor labeled Rz, then through
the switch, finally returning to the positive terminal of the battery.
Thus it can be seen that the resistors are in series since the current
must flow through each of them. If each of these resistors offers 10,000
ohms of resistance, the current first encounters an opposition equal to
10,000 ohms and then encounters another opposition equal to 10,000 ohms.
The total resistance is then 10,000 plus 10,000 or 20,000 ohms. The cur-
rent flowing in the circuit is indicated to be 2 milliamperes by the
milliammeter but could be determined if the milliammeter were not avail-
able. To do this we would apply Ohm's Law.

I = g (Remember the total resistance
40 in the circuit is 20,000 ohms.)
I = 35,000

I = .002 amperes or 2 ma

Now let us consider the voltage drops in this circuit. As the cur-
rent follows the path indicated by the dotted line in Figure 14, it flows
first from the negative terminal of the battery through the milliammeter,
then through Ry, R2, the switch, and finally returns to the positive pole
of the battery. As the current flows through the various components in
the circuit, voltage drops are produced across the components. However,
since the resistance of the milliammeter and the closed switch are so
small, they can be neglected for this discussion and we will consider the
two voltage drops across R] and Ry. The polarity of the voltage present
across each of these resistors is indicated in Figure 14. There is a very
simple way in which the polarity of voltage drops in a series circuit can
be determined. This can be done in tracing the current path from the neg-
ative terminal of the battery around through the circuit and back to the
positive terminal of the battery. The polarity of the voltage drops
across each resistor will be such that the end of the resistor that the
current enters will be the negative end. Check the polarity of the volt-
age drops in Figure 14 to make sure that you understand this point.

Let us determine the value of the voltage drop across each resistor
in the circuit of Figure 14. Our previous calculations have indicated
that the current flowing in the circuit is 2 milliamperes, or .002
ampere. This current flows through R; which is a 10,000 ohm resistor.
We may then apply Ohm's Law to determine the amount of voltage present a-
cross Ry.
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BE=1IzxR

E

.002 x 10,000

E = 20 volts
This is the amount of voltage drop present across Rj. Since Ry is also a
10,000 ohm resistor through which 2 milliamperes of current is flowing
there will be a 20 volt drop across this resistor also. This circuit
illustrates another important point concerning voltage drops. In éﬂl
series circuit the sum of the voltage drops is equal to the source volt-
age. In this particula;_case the source vol%gge is 40 volts and the sum
of the voltage drops is equal to the voltage drop across Ry plus the volt-
age drop across Ry, or 20 plus 20 equals 40 volts.

Let us now connect several resistors in series in a similar circuit.
Let us assume that we have the filaments of four tubes connected in
series. (The filament of a tube is actuelly a special type of resistor.)
Such a circuit is illustrated in Figure 15. Each filament has a resist-
ance of 21 ohms. Checking the current path in the circuit of Figure 15
will indicate that after leaving the negative terxinal of the battery and
passing through the ammeter the current flows first through filament
No. 1, then filament No. 2, then filament No. 3, and finally through fila-
ment No. 4 to the positive terminal of the battery. Thus if each of the
filaments offers an opposition to the flow of current equal to 21 ohms,
we have a total of 4 x 21 or 84 ohms of resistance in this circuit.

Trke ammeter in the circuit will read .3 ampere. Thkis can be de-
termined by the application of Ohm's Law.

- E
I= (E is the total voltage of 25.2 V and

25 ; R is the total resistance of 84 R.)
I = .

84
I = .3 empere

Since there are four resistors in the circuit of Figure 15 there
will be four voltage drops. The polarity of each of these voltage drops
is indicated in Figure 15 and you are advised tc check the direction of
the current flow and determine whether or not you agree with the polarity
of each voltage drop indicated.

Let us now determine the amount of voltage across each filament.
The current flowing through the circuit is .3 ampere and the resistance of
each filament is 21 ohms. Thus Ohm's Law can be applied to dstermime the
amount cf voltage present across each resistor as follows:

E=1IzxR
E=.31x21
E = 6.3 Volts Per Filament
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Since the filaments have equal resistance there will be 6.3 volts across
each filament. Thus, the voltmeters shown connected across each of the
filaments in the circuit of Figure 15 would each read 6.3 volts.

In Figure 15 we have one voltmeter connected so as to indicate the
voltage applied across two of the filaments--filament No. 3 and filament
No. 4. This voltmeter would read 12.6 volts. We can check this reading
by Ohm's Law. The total resistance of two of the 21 ohm filaments is
2 x 21 = 42 ohms. The current flowing through the circuit is .3 ampers.
Thus:

E=1IzxR
E=.31x42
E = 12.6 volts

A point which has been mentioned previously which can be illustrat-
ed clearly by the circuit of Figure 15 is the fact that the current_is the
same at all points of a series circuit. This is true because the same
current flows through each component in the circuit. Thus in the circuit
of Figure 16, (You will recognize this circuit as being the same as
Figure 15), the ammeter will indicate .3 ampere with the meter connected
at the points indicated in any of the circuits shown in this Figure.
Similarly the ammeter could be connected between the negative terminal of
the battery and the "string" of filaments.

In Figure 15 the total resistance of the 4 filaments, or resistances,
in series was the sum of these 4 resistances, or 21 + 21 + 21 + 21 = 84
ohms. These four resistors could be replaced by one 84 ohm resistor which
would cause the same amount of current to flow as the four series fila-
ments cause. The value of resistance which could be used to replace
several resistors, and still have the same current flow in the circuit, is
called the equivalent resistance. In this example the equivalent resist-
ance, of the four filaments in series, is 84 ohms. The equivalent resist-
ance of series resistors is the sum of the various resistors. Stated
mathematically this is:

R = Ry + Ry + Ry + R, + etc.

In this formula Ry stands for the equivalent or total resistarce.
Applying this formula to Figure 15 we would have:

Rt =Ry + Ry + Ry + R,

’ Rt = 21 + 21 + 21 + 21

Ry = 84 ohms.
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Figure 17 shows a circuit consisting of three resistors connected
in series across a 30 volt battery. Le% us determine the equivalent re-
sistance, or in other words the total resistance, of these three resist-
ors. This can be dcne by applying the formula used in the preceding ex-
ample.

Rt =R, + R, + R

1 2t 8y
Ry = 5,000 + 10,000 + 15,000

P
'

= 30,000 &

Thus the total opposition offered by the three resistors in the
circuit of Figure 17 is 30,000 ohms. The amount of applied voltage is 30
volts as indicated in the schematic diagram. Thus Ohm's Law can be used
to determine the amount of current which will flow in the circuit. We
will use the formula:

1=K
R
I = 30
30,000
I = .00l ampere or 1 ma.

Thus our computations have indicated that 1 milliampere of current
flows from the negative terminal of the battery through the 5,000 ohm re-
sistor, through the 10,000 ohm resistor, through the 15,000 chm resistor,
then through the milliammeter to the positive terminal of the battery. As
mentioned previously, the current flowing through the series circuit will
cause voltage drops to appear in the circuit and since we know the current
which flows through each resistor and the ohmic value of the resistor, the
value of each voltage drop can be computed. Before proceeding with the
following calculaticns see if you can determine the amount of voltage drop
across each resistor.

Ohm's Law states: E = I x R, The voltage drop acrcss a particular
resistor is equal to the current through that resistor times the ohmic
value of that resistor.

To find the voltage drop across Ry:

E=IzxR (The current is 1 milliampere and
the resistance of R is 5,000 ohms.)
E = .001 x 5000
Note: This is the voltage drcp
E =5 volts across resistor Rj.
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To find the voltage drop across R2:

E=1IzxR (The current is still 1 milliampere and
the resistance of Rg is 10,000 ohms.)

=
\

= ,001 x 10,000

=t
{

10 volts Note: This is the voltage drop
across resistor Rj.

To find the voltage drop across Rg:

#8=1IxR (The current is still 1 milliampere and
the resistance of Rg is 15,000 ohms.)

E=.001 x 15,000

E = 15 volts. Note: This is the voltage drop

across resistor R3.

The preceding calculations have indicated the amount of voltage
drop present across sach of the three resistors in the circuit of Figure
17. By tracing the current path as indicated in this figure the polarity
c¢f the voltage droos can also be determined. This is shown by the plus
and minus signs associated with each resistor in the circuit. (Remember
the end of a resistor which the current enters is the negative encd of the
voltage drop produced across that resistor.)

The total of the voltage drops in the circuit of Figure 17 can be
Zound by adding the three individual voltage drops or, 5 volts + 10 volts
+15 volts = 30 volts. Thus it can be seen that the total of the voltage
drops in the circuit equals the voltage source as mentioned previously.

Many of the circuits in electronic and television equipment consist
of series circuits similar in nature to the cne shown in Figure 17. Of
course, the voltage may be supplied by a power supply instead of the bat-
tery indicated in this figure, but for practical purposes, the operation
of the circuits are similar. For this reason, the Associate should have
a thorough understanding of series circuits. Although this understanding
can be obtained by merely reading the assignment material, it is advis-
eble for the Associate to carry the process further by analyzing series
circuits very carefully and working Ohm's Law problems. It is for this
purpcse that Figure 18(A) and (B) are shown. Notice that in each case a
series circuit is illustratsd and the things which should be fcund out
about the circuit are indicated. Work the problems presented by each of
these circuits very carefully applying the procedures which have been cut-
lined previously. Then, after you have worked these problems to the hest
of your ability, refer to the solutions given at the end of this assign-
ment to check your work. In this way you will be able to obtain a com-
plete understanding of the operation of series circuits and Ohm's Law.

Assignment 6 Page 22



Parallel Circuits

Up to this point we have considered series circuits only. These
are circuits in which there is only one path for the current. Another
type of circuit is the parallel circuit. A parallel circuit is a circuit
that provides two or more paths for the current.

Figure 19 illustrates a simple parallel circuit. Notice that two
resistors are connected to the battery but these resistors are not in
series since the seme current which flows through one does not flow
through the other. 1In the schematic diagram of this circuit, alsc illus-
trated in Figure 19, the two current paths provided by the parallel cir-
cuit are indicated. Notice that one path is provided for the current
from the negative terminal of the battery through resistor R} back to the
positive terminal of the battery. Likewise another path is provided from
the negative terminal of the battery through resistor Ry and back to the
positive terminal. Thus this circuit provides two paths for the current.
Such a circuit is called a parallel circuit.

Figure 20 illustrates another parallel circuit in which there are
four parallel resistors. That is resistors Ry, Ry, R3, and R4 provide
four paths for the current as illustrated in the schematic diagram of
Figure 20. As would be expected from the fact that the current paths in
the parallel circuit are entirely different from the current path in a
series circuit, the operation of a parallel circuit is entirely different
from the operation of a series circuit. The manner in which a parallel
circuit operates will be considered in detail in a later assignment.
This type of circuit is shown at the present time only to illustrate the
various types of arrangements possible.

The Series-Parallel Circuit

The third general type of circuit is the series-parallel circuit.
As indicated by the name of this type of circuit, a series-parallel cir-
cuit consists of a combination of series and parallel circuiis. Such a
circuit is illustrated in Figure 21. Notice in this figure that the cur-
rent leaving the negative tsrminal of the bettery flows through resistor
Ra until it reaches the point at which resistors R2 and R, ars connected
together. At this point two paths are provided for the current, part of
the current flowing through Rg and the remaining portion of the current
flowing through resistor R3. The two portions of the current then com-
bine once more at the junction of resistors Rp and R3 and the total cur-
rent returns to the battery. In this circuit the combination formed by
resistors Ry and Ry forms a parallel circuit as two paths are provided
for the current. However, this parallel circuit is in series with the
resistor Ry. After analyzing the circuit of Figure 21 it can be seen that
a thorough understanding of a series-parallel circuit requires the under-
standing of the operation of a parallel circuit. Since parallel circuits
will not be taken up at this time, the series-parallel circuit cannot be
explained in detail. However, the series-parallel circuit showm in Figure
21 should illustrate to the Associate a number of possible ways in which
‘a circuit can be arranged.

Assignment 6 Puge 23



Summary

This assignmen® has demonstrated the manner in which d-c circuits
operate. The relationship bstween voltage, current and resistance is a
definite factor and conforms to the operations known as Ohm's Law. When
two of these factors are known, the third can be found by applying Oha's
Law. The three Ohm's Law formulas are:

For finding the current: = g
For finding the resistance: R = %
For finding the voltage: E=IxR

In these formulas I stands for current in amperes, B stands for
voltage in volts, R stands for resistance in ohms.

There are thrse types of circuit arrangements which will be en-
countered. These are: series circuits, parallel circuits, and series-
parallel circuits. The manner in which a circuit arrangement can be iden-
tified is by checking the current path. If the same current flows through
each component in the circuit the arrangement is a series circuit. If two
or more paths, or branches, are provided for the current, the circuit is a
parallel circuit. If the current flows through one or more components and
then branches before completing its path the circuit arrangement is a
series-parallel circuit.

In a series circuit the term equivalert resistance is used to in-
dicate a resistance which could be inserted in the circuit in place of the
various series resistors and cause the same current flow in the circuit.
The equivalent resistance of series resistors can be found by applying the
formila:

Rt = Ry + Ry + R3 + Ry + etc.

In other words, the equivalent resistance of series resistors is equal to
the sum of the individual resistors.

The importance of having a thorough understanding of the coperation
of d— circuits and the application of Ohm's Law cannot be overemphasized.
All electronic circuits contain sources of voltage, and resistances; there-
fore, current flows. In many actual electronic and television circuits,
two of these electrical quantities will be known and it will be mnecessary
to apply Ohm's Lew to find the third. For this reason, you are advised
to review this assignment several times as you progress ir the training
program. Also, when you encounter the applicatior of Ohm's Law in the
future assigmments and any question arises ir your mind, you should refer
to this assigmment to clarify the condition. It Is zlso a very good plan
to practice drawing the various types of circuits as yom enccunter them.
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For example, after you have completed your work on the portion of the
assignment dealing with series circuits, draw several series circuits on a

sheet of scratch paper and then compare your drawings with those of the
series circuits in the assignment.

In this manner you will become more
familiar with the various types of circuits as you encounter them.
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Answers To Exercise Problems

Problems Presented By Circuits Of Figure 8
This answer is obtained as follows:

Froblem 8(A) I =5 amares.

Problem 8(B) R

Problem 8(C) E

Problem 18(A)

looy _—
4+
R Equiv. =
R Equiv. = 100 @
I=_ 8 .100 .

Assignment 6
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I

I

R

R

R

E

E

E

Hi

100
)

20 &

I xR

4 x 10

amperes

40 volts.
Problems Presented By Circuits Of Figure 18

20 ohms as found by the follewing calculations:

40 volts as found by the following calculations:

EQUIVALENT
—_ RESISTANCE 'IOOQ
+ +
ERl =T x Ry = 1x 70
ERl = 70 volts
ERz =Ix R2 =1 x 3C

ER2 = 30 volts
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Problem 18(B) R,

+ _—
- |
Ry I 50000 B
20000 — _ 100V — 100V
e EQUIVALENT —
+ + RESISTANCE +
20000 T
R Equiv. = B1 + Ry + Ry = 1000 + 2000 + 2000
R Equiv. = 5000 &
I E _ 100

" R Equiv. - 5000

I = ,02 ampere

I x Rl = ,02 x 1000
= 20 volts
ER2 =1 xR, = .02 x 2000

2
40 volts

B 5

3

ERy = 40 volts since Ry is the same value as Ry.

Four Ways of Ccnnecting Milliammeter In Circuit

MV ' AAA%

1

-

|
I
|

VN —\VWVWV A N\
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Test Questions

Be sure to number your Answer Sheet Assigrment 6.
Place your Name and Associate Number on every Answer Sheet.
Send in your answers for this assignment immediately after you firish

them. This will give ycu the greatest possible benefit from our perscnal

grading service.

1.

10.

Is the current flowing in & circuit measured in: (a) amperes, (h)
volts, or {c) ohms?

(a) What factor in an electrical circui* causes current to flow?
(b) In an electrical circuit what factor opposes the flow of the cur-

rent?

(a) What term is used to indicate one million ohms?
(b) What term is used to represent one thousandth ampere?

List the three forms of Ohm's Law.

|
i-
In the accompanying diagram how much current —— 100V 10~
would be indicated by the ammeter? (Solve by  —T o~
Ohm's Law and show your work.) '
&)

Explain the difference between an open circuit, and a closed circuit
or complete circuit.

If an Ohm's Law problem gave a current value of 5 ma. to what should
it be changed before working the problem?

In a series circuit is the current tho same in all parts of the cir-
cuit?

(a) In the accompanying circuit diagram what is _L_ AP
the equivalent resistance of the two resistors in _—_

seriesl — &

(b) How much current would be indicated by the am- +

meter in this circuit?

»)
-\

(a) On your Answer Sheet redraw the circuit of Question 9 indicating
by means of a dotted line with arrow heads the direction of the cur-
rent fiow in the circuit. Also indicate by means of (+) and (-)
signs the polarity of the veltage drop across each resistor. Also-in-
dicate the amount of voltage present across each resistor and show how
a voltmeter would be connected to measure the voltage drop across the
4 ohm resistor.
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CIRCUITS FOR OHM'S LAW PROBLEMS

7
10V 4
20 R =
(D)1= 1™ ()54
Z/ N/
+ + .
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SIMPLE SERIES CIRCUITS ILLUSTRATING CURRENT PATHS
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DEMONSTRATING THE USE OF OHM'S LAW IN SERIES CIRCUITS
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DEMONSTRATING THAT THE CURRENT 1S THE SAME AT ANY POINT IN A SERIES CIRCUIT
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FOREWORD

When you glanced at the title cf this assignmert yoa may have said to your-~
self, "I want to te an electronics tzcanician. Why are trey teaching me math?* We
think tnis is a very good question and deserves a logical answer. After all, if
a perscn knows Just WHY he 1s doinz something, he'll do a better job. You are
eager t>O became a competent electror.ics tech-iclan, and 1P you can see where you
will really need math, then 1t is oaly nacural thaz ycu wlill apply yourself
better to the task of learning it.

A linlited arount of mathematics has been includzd in the training proegram
because math 15 a very useful "todl" to an electronics technizian. In other
woras, it w~ill help him to do his Job better, quicker, amd easier.

There will b2 many tlmes when ¥ou, as ar electronics technician, will apply
this tcol - mathematics - to the problem of trouble shocting. This doesn't mean
trat you will neczssarily stop your trouble-shooting operation, take out a pencil
ar.d parer and solve a prcblem. It does mean that you will apply the prinzirles
of mathematics to your trouble shoozing. Remember, electronlcs deals in physlcal
quantitles. For example, amounts of current, amounts of voltage. amountsof re-
sistance. Only through an understandirg of basic math zan ycu understand, in your
own mind, the relationshiy between these physical quantities.

Let vs emphasize one point. The math included :n tke training program - and
only a very small amount is included - 1s far the purpose of helping you in your
future work in the electronics fleld. A UEL technician 1s far more tken a
"screwiriver mechanic, " The UEL tectnician knows what re is do.ng, because he
understanis the principlzs of elec:ronics. To do this, he must also unders:and
the principles of mathema:cics. |

Remember, we are golng to givz you only the math you need; we're golng to
glve 1t in such & way that you can learn it if you 31id nct have 1t in schcol, or
i1f you didn't "like it" when you were in school. AllL we ask Is trat you arpriach
it with the proper attitude. If you will declide that sinze pou need this math you
are gosng to learn 1t, then we can guarantee that ycu will. In fact, we aszure
you that you are going tO be pleasantly surprised at Just how easy the sudject
02 math is!
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ASSIGNMENT 7

POWERS AND ROOTS; POWERS OF TEN

In Asslgnment 4, we studied the arithlmetic which will be used in solving the
prcblems encountered in electronics. In this assignment we will deal with a
slightly different form of mathematics. Thls the the subject of Powers and Roots.

In some electronics formulas we might be Instructed to square a number or to
cube a number; or we might be required to find the ¥square root" of a number. In
thls assignment we will learn how to perform these operations.

At first glance it might appear that some of the infermation in this as-
signment 1s difficult, but this is definitely not the case. There 1isn't a thing
which you will do in this assignment which is more involved than simple arlthme-
tic. The purpose of this assignment 1s to show you simple ways to do problems
that might otherwise te difficult. In other words, this assignment gives you
simple short cuts to use 1n electronics problems. Just study through this as-
signment a step at a time and you will be surprised at just how simple 1t Is.
Here we go . . .

Powers

The phrase "squaring a nurmber® comes from the fact that 1f we take a number
and multiply it by itself we obtaln the area of a square having that numter as
the length of each side. Thus, a square room that 1s 12 feet on each side has a
floor area of 12 X 12 = 144 square feet,

The phrase "cubing a number® comes from the fact that if we have a cube, its
volume will be equal to the length of one side multiplled by itself two tlmes.
Thus, a packing crate that 1s 4 feet on a side nas a volume 0f 4 X 4 X 4 = 64
cublc feet.

We all know that 12 x 12 = 144.

We "squared" the 12 to get 144.

Another way of writing 12 x 12 = 144 would be 122 = 144.

122 can be read either "12 squared", or "12 to the second power".

The 12 1s the base.

The 2 1s the exponent, It is written as a small number to the right of and
slightly higher than the dase.

The exponent rerely tells us how rany times we are to use the base 1in
multiplication.

Thus, 1f we cube tiie numder 4, we could write 1t as 43 (which means 4 x 4 x
4) = 64.

Examples:

22 means 2 X 2 = 4,

4% neans 4 £ 4 x 4 X 4 X 4 = 1024 (4° 1s read as "4 to the fifth
power") .

RS means 6 x 6 x 6 = 21K 6% may be read as "6 cubed", or "6 tc tne
third power").

10% peans 10 x 10 = 100 (10° may be read as "10 squared" or "10 to the
second power"),

Numbers to be ralsed to a power may be written in parentheses, as
(4)2 or (25)3; (4)2 means the same thing as 42, andg (25)3 reans the same as 255.

If the exponent 1s 1, we take the base one time. In other words, 41 = 4,
101 = 10, 31 = 3, etc. Any number then has ar exponent cf 1 1f no other
exponent is indicated. Thus 4 = 41, 10 = 101, 3= 51, etc.

For practice, solve the following problems:

o 52 = 3. 252 = 5. 94 = A 77 -
2, 7l= 4, 78° = €. 10° - 8. 2°=
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Roots

The opposite of ralsing a number to a power is called finding the root of a
number.

Thus: 3 cubed = 2 x 3 x 3 = 27, 42 = 1k,

The cube roct of 27 1s A, The square root of 1€ is A,

We used exponents to indicate the power to which a nunter 1s tc be ralsed.

We use a radical <ign (v~ ) to indicate roots.

The cube root of 27 is written 3/§;T

The square root of 18 is writter J1e.

iotlce trat for cquare roots !t 1s not necessary to Indicate which root is
belng taken. In other words, if ro particular root is shown, !t {s understood
that we mean square roct.

"hus: V81 = 9 because we know that & x 9 = R/1,

Jo1 = 8 because we know that 8 ¥ 8 = €4,
/142 = 12 because we know that 12 x 12 = 144,
%f§; = 3 becaise 3 x 2 x &= 27, (3/?7-15 read as the cube roct of 27)
i/16 = 2 because 2 x 2 x 2 x & = 16.
(4/35'15 read as the fourth root of 16)

In electronics probiems you will find very few cases where the cube root of a
number or any higher root than the second will be required, but you will find
many problems 1n electronlics work where the square root of a number will have to be
deternined. When you have JEEZ you ask yourself, "Wwhat number multiplied by
1tself glves £1?" The answer 9, !s obvious. There are a great many cases wWhere
tthe rgots are not obvious.

Since J/81 = 9, and Jo4 = 8; J70 must be some odd decimal quantity between &
end 9. Numbers, 1l1lke 81, whose square root is a wholes rumber, Aare callec parfect
squares. Thus, 64 1s a perfect square cince its square root 1s the whole number
6. Seventy 1s not a perfect square since its square root 1s nct a whcle number.
fuch a number 1s called an imperfect square.

"here are three common methods of obtalning the square root c¢f a nurter.
(ne of these 1s by using a slide rule. VYou may be famillsar with the operation
of a sllde rule; 1f not, do not feel ccncerned since the operation o5f a slide
rule will not be required in this training program. The slide rule would tell
you that the square root of 70 1s approximately &.37. Another method is Lo uS8e
mathematical tables. A mathematical table would tell you that the square roct of
7C (tc 5 significant flgures) is £,2666. You can also letermine the square root
of 70 (or any other nunber) by a "long-hand" method. A ynowledge of this "long-
hand" method 1s necessary before you can make intelligent use of the slide rule
or a mathematical table. We will work out several square roots. Use these
colutions as a Zulde when you start to work the problems at the end of the assign-
ment. Let us first take the square roct of 70. You will find that the came set
¢f rules w!ll apply no matter what number we work with.

FXAMPLE 1 J70 = ? or what number times 1tself equals 707
5 First step. Locate the declmal polint in the 70 and place a
J70. declmal polnt dlrectly above the decimal polnt In the 70. We
have now located the decimal point in our answer.
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Second step. Use brackhets to "pair off" the digits, or
numbers. Start at the declmal and move tc the left,
placing the O and 7 under ome bracket. Add zeros to
the rigkt of the declimal point. Start at the decimal
point and move to the right, placing one bracket over
each fozr of diglts. Notlce that we never have a
bracket crossing over the decimal point.

Third step. LooK under the first bracket. We find the
quantity 70. The largest perfect scuare that will fit
in 7C 1s 8 x 8 or 64. The next largest perfect square,
9 x 9 or 81, 1s larger than 70. Place the €4 under the
70 and the 8 as the first digit In the answer.,

Fourth step. Subtract the 84 frow the 70 and bring
down both Jigits under the next bracket.

Fifth stef. Obtain a trial divisor for the €0C. To do
this double the ¢ Iin the answer. Place the trlal
divisor {2 x 8) = 1€ to the left of the €C0. We are
going to place another flpgure after tke 1€ In a moment.
We had tetter save a place for 1t. lientally or actually
cover up the last zero In the 600. ~his glves us 60.
16 goes Into €0 three times (* x 1€ equals 48; 4 x 186
equals €4).

Sixth step. Place the 3 after the 16 and also enter 3
as the next diglt Iin the answer. Notlce that each

bracket (palr of digits' gives us a place for one diglt
in our answer.

Seventh step. Enter 3 times 1€3 or 489 under the €00
and subtract 1t, leaving 1i1. Bring down the next fair
of digits.

Fighth step. Obtaln a trial divisor for the 11100.
Simply double the 8% In the answer (2 X £Z = 1€€’.
Covering the last zero In 11100 we see that Z€¢ goes
Into 1110 six tlmes (€ x 166 = 99€; 7 X 1i€€ = 1162).
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8.3 6 Ninth step. Enter the 6 after the 16€ and also in the
v 75.00 80 00 answer. Enter 6 times 1666 or 9996 under the 111CC and
subtract. Bring down the next palr of digits.
163 3 00
4 89
1666 |1 11 00
99 96
11 04 CO
8.3 6 86 Tenth step. our next trial divisor 15 2 X 836 = 1672.
v 706.00 00 00 our trial divisor goes Into 11040 six times. Enter the
64 6 after the 1672 and also as the next d1glt in our
163 6 00 answer. Multiply the 18726 by 6 and subtract 1t from
£ 89 the 110400.
1666 |1 11 ¢O
99 96
18726 |11 04 00
10 02 56

-
1 00 44

If w2 wanted to carry our answer out to more significant flgures, we could
add pore palrs of zeros whlch could give us more brackets and more places in cur
answér. Each additional bracket would glve us one mcre place tin our answer.

If we are satisfled with four significant figures, our work 1s ccmplete.
Notize that we have a remainder of 10044. Tracing the path of the decimal In
cur 70 stralght down, we see that our remalnder 1s really .010%44.

LLet us check our answer.

8.366 Adding our remainder:
8. 366
50196 69.689266
25098 70. 000000
86928
69.989956

EXAMPLE 2. What 1s the square root of .0000044 to four significant flgures?

v/.OO 00 04 40 00 00

Locate the decimal polnt in the answer. Mark off palrs of diglits with
brackets, adding enough zeross to provide brackets for four significant flgures.

.0 O All we find under the first two brackets are zeros. The
/.00 00 04 40 D0 00 first two digits in our answer willl be zeros.

.0 0 2 under the next bracket we find a 4. The largest square

.00 0C 04 40 50 60 in 4 1s (2)%. Enter the 2 and 4 as shown. Subiract
4 1 the 4 from 4 and bring down the palr of diglts under

0 the next bracket.

_S _E _E — our trial divisor is double the 2 in our answer or 4.

.0C 00 04 40 00 00 covering up the zero in 40 we have 4. We have 4
4 divided into 4 which geces cnce. Entering the 1 1n our
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0O 0 2 1 answer and after the 4 we place 1 x 41 or 41 under the
/.00 D0 04 20 00 00 40 for subtraction. 41 1s too large to be subtracted

4 lI from 40. Therefore 1 1s too large a number for the
41 40 next digit in our answer. The next smaller number 1is
41 Zero.
00 2 0.9 In place of the 1's enter zercs In the answer and after
*— ———~———— the 4. Bring doun the next two digits. oOur trilal
/ -00 00 04 40 00 OO0 9 1 1s '
a 11 divisor of 40 goes Into 400 ten times. S the larges
= dlglt we can use so place 9 as the next diglit In the
409 l40 00

answer and In the divisor.

- Subtract 9 x 409 from the 4000 and bring down the next
palr of diglts.

______ our next nrlal divisor 1s twice 209 or 418, Our trial
dlvisor 418 goes Into 3190 seven times. Fnter the 7

4 In the answer and after the 418, Subtract 41f7 times 7
S 4000 from 31900,
26 81
4187 3 19 00 Check. . 002097 Adding the remainder:
2 93 09 . 002097
. 25 91 14679 . 000004397408
' 18873 . 000000002591
4194 . 000004400000
. 000004397409

Follow the work carefully In these next square root problems. You will
soon reallze that there are really very few rules to remember. Using these
problems asa gulde, you should be able to work out the five square root protlems
that are glven. You will have to use square roots agaln In some of the "Powers
of Ten" problems at the end of this asslgnment.

FXAMFLE 3  Find the square root of 732.8 to 4 slgnificant figures.
In marking brackets to the left of the decimal you wiil
7. 0 7 have one flgure by 1tself under a bracket 1f there are
% 2.80 00  an odd number of diglits to the left of the decimal. In
thls case the largest perfect square In 7 1s 2 x 2 or
4. Putting the two in the first place In our answer, we
2 | proceed as In the other examples. In our first trlal
8407 3 80 00 divisor step, 4 divided Into 33 goes elght times. Since
3 78 48 B8 x 48 = 384 ‘more than 332), we have to use 7. oOur
181 second trial divisor {£4) was too large for 38 so the
third dlglt In our answer 1s zero. When the next pair
of digits 1s brought down, we find that our new trial divisor, 540,fo0es Into 380G

7 times. Tris glves 7 for the fourth flgure in our answer.

2o

|

'~y

~
N N |
nn W
© D
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Check. 27. 07
£7.07
18949
18949
5414
TR7849 = 732.7649
+ .0151
732. 8000

E¥AMPLE 4. Find the square root of 827,564,5F1 t¢ 4 slgniflicant filgures.

2 8 7 6 0.
v/ 8 27 56 45 81.

We put a zero in our answer for our last dlglt since we
were asked for only 4 slgnificant flegures.

4
48 |4 27
Ba
567 43 56
39 €9
5746 3 87 45 Check thls answer.
3 44 76
T 42 69 81

EXAMFLE 5. Find the square root of 58.9 to 3 slgnificant flgures.
7. 6 7

/58. 90 0C

49

14€ |9 90 Check this answer.
8 786

1527 |1 14 00

{1 06 89
7 11

EXAMPLE €. Find the square root of .021 to 3 slegniricant figures.
.1 4 4
/.02 10 00

1
24 1 10 Check thls answer.

s

284 14 00
|11 36
2 64
For practice, solve the followlng problems. Find the square roots to 4
significant flgures.

/.0021 /. 00021 [ £9730 J 2 \/ 375

Powers of Ten

In electronics and televlslon work we will gquite often encounter very large
numbers and very small declmal fractlons. For example, we wlll have numbers
11ke 40 megacycles, which means 40,000, 000 cycles; 100C kilocycles, which means
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1,000, 000 cycles; and 10 micromicrofarads, which means .OOOl000,000,010 farads.
Handling these large numbers in solving problems 1s very inconvenient, and
leads to a large number of errors. Example 1 gives a sample of this type ot
problem.

Example 1. This problem can be completed, and the correct answer obtalned as

. 159 long as we are careful in using the declimal

\/"30015 X . 000000000004 point. Since the decimal guantities are so

. 159 long, a considerable amount of careful work 1s

F = \/@o —_— L necessary 1f the decimal polint 18 tc be
¢ properly placed in the answer.

You will be dealing with these very large and very small quantlitles
throughout your entire electronics and television work, 0 you should welcome any
method that ccnvenlently takes care of these quantities. S

The Powers of JTen will do just that. Powers of ten are often referred to
as Fngineer’s Shorthand.

In the section on Powers and Roots you found that in the expression 34 we
had a base {(3) and extonent (4). The expression means 3 x 3 x 3 x 3 = 81,

Similerly:

F =

43means4x4x4or'64
25mean52x2x2x2x20r32
7% means 7 X 7 or 49

10% means 10 x 10 or 100

104 means 10 x 10 x 10 x 10 or 10, 000

We can see then that number 10 1s easler to wcrk with as a base than 3, 4,
2, 7, or most any other number.

Also, the number 10 tles in perfectly with our decimal system. Thus: The
numter 20 1s ten times as large as the number 2, the only difference between the
two numbers is the position of the decimal polnt with respect to the 2.

Let us make up a table of powers of ten. Thls table will be used as a
reference in explaining how powers of ten work. Examine this table carefully to
learn just how it 1s made up. It will not be necessary for you to memorize the
values glven in the table.

106 means 10 x 10 x 10 x 10 x 10 x 10 = 1,000,000

10°  means 10 x 10 x 10 x 10 x 10 = 10C,000

10%4. means 10 x 10 x 10 x 10 5 10, 000

103  means 10 x 10 x 10 - 1,000

10°  means 10 x 10 = 100

101 means 1¢ 5 10

10° means 10 + 10 = 1

107! means L = .1
10

107 means __1 - .01
10 x 10

10”3 means L 5 . 001
10 x 10 x 10

1074 means L - . 0001

10 x 10 x 10 x 10
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10°% means 1 = . 00001
10 x 10 x 10 x 10 x 10

1076 eans 1 = . 000001
10 x 10 x 10 x 10 x 10 x 10

From lO6 on down to 102 you could have made up the table yourself. From
lO1 on down we can make a Tew general statements. Then we can begln to see how
the whole thing works out.

If you have the number 10 In a problem, it actually hacsan exponent of 1.
You should remember then that 10 = lO1 whether the exponent is actually shown
or not.

109 1s definitely equal to 1. This Is usually the hardest thing for
cstudents to see In the entire table. Just rememter that 100 means %%.which 1s,

¢f course, equal to 1. Any base wlth an exponent of O 1s egual to 1. Thus 20
equals 1, since 1t meaas é;. Also, 4650 5 g lOO 8 g

The 10's with negative expcnents {-1, -2, etc.) indicate that 10 1s to be
taken a certain number of times in the denominator of a fraction whose numerater
1 1

is 1. Thus, 107! means —l-; 10°-_1 . —l-; and 1075 = =
10 10 x 10 100 10 x 10 x 10 1009

¥otlce: that lO3 means 1000 and 10_3 means 1;bo' Also lO6 equals 1,000,000 and

1

1078 equazs L |
1, 000,000

Multiplication With Powers of Ten

We will work out a few simple multiplication problems by arithmetlc, and
see what the results would be In powers of ten.
Example 1. 100 x 1000 = 100,000
Let us glance at the Powers of Ten Table, and change each of the figures in
the problem to powers of 10.
100 x 1000 = 100, 000
10% x'10% = 10°
Example 2. 10 x 100 = 10CO
In powers of ten, 101 x 10° = 10°

Example 3. 100 x .001 = .1
In rowers of ten, 10° x 1079 = 1071

Example 4. .01 x .001 = .00001
In powers of tern, 1009 x 1073 = 1077

Now let us examine Example 1 closely. We worked this problem out by the
long method of multiplicatlion and are sure that the answer {100,000) !s correct.
Now look at the powers of ten used to represent each number In the example. The
number 102 is equal to 100; 103 1s egual to 1000; and lO5 1s equal to 100, 000.
Notice that in multiplying the two numbers together, 102 and 103, we did not
multiply the exponernts together, but we added the expoments. We might write 1t
in this manner: 10 x 10° = 102 * 3 - 10°

This 1llustrates one rule for using powers of 10. Fhen multiflying with
powers of 10, add the exponents.

Let us check this rule in Examples 2, 3 and 4.
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Fxanple 2 could be rewritten 101 X 102 = 101 + 2. 103. The step of writing
101 * 2 5 unnecessary in actual work and 1s merely shown here for clarity.

In Example 3 we have 102 x 1073, To solve this by powers of 10 we have
10273 = 1¢71, FHere we add a +2 and a -3, If the addition of negative nurbers
confuses you, an easy thing to do is to think cf the positlve numbers as money
you have and the negativs numbers as money you owe. IL this case, if you had 2
dollars and owed 3, when you pay the two dollars on your debt, you still owe one
dollar. 2 - 3 = -1,

In Example 4 we have 10-2 x 1G"<. This would be 107273 - 107°, Here we
are adding two negative numbers, -2 and -3. If you owed one person two dollars
and another person 2 dollars, you wculd owe a total of 5 dollars,

Let us solve a few multiplication problems wlth poewers of 10.

Example 5. 100 x 10,000 = ?

When we lcok up 100 and 10,00C in

10° x 104 our table, we may rewrite the
N problem: 102 X 104-
10° x 104 = 10%*4 = 0% = 1, 009, 000 Adding our exponents, we obtain

the answer.

Work this problem by the long method of multipliecation, and check to see if
the answer 1s the same as that obtained with powers of 10.

Fxample ¢. 1,000,000 x L = ?

, 000
Changing to powers of 10, 108 x 107% = 1082 = 10% = 1, coC
Check this by the long method.
Ezample 7. 1 o 1
10, 00C 1,000
1074 7 1073 - 107"

The answer, 10"7, means 16756%7666 . This was not shown on our original
table. This is because our table is not complete. The powers of 10 4¢ not
start as 6 and enc at -8. Actually they can be continued on to any value. A
very simple way to remember this is: To change a power of 10 to a number, write
1 and add as many zercs after the 1 as the exponent of the power of ten. Then,
101 would be 1 followed by one zero or 10. 106 would be 1 followed by 6 zeros,
or 1, 000, 000. 1012 would be 1 fallowed by twelve zeros, or 1,000, 000,000, 000.
10”7 would be 1 1

1 followed by seven zeros 10,000,000'

It 1s just as simple to change numbers into powers of 10. Just use for the
exponaent of 10 the number of zeros after the one in the number. Thus, tc change

190, 000, which 1s 1 followed by four zeros, to powers of 10, we write 10%. 100
1s 102 and 1000 1s 10° _1 1s 10R®ana__1 - 1077,
100 10, 000, 000

For practice, solve the following problems using powers of ten. If in
doubt, check your answer using the long method.

1. 104 x 108 - - I

2. 1000 x 1,000, CO0

3. 103 x 1072

1
4, 10,000 ){m—_,
5. 100 x ]
100
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Division With Powers of Ten

Let us find how to use powers of ten In division. -
Example. Suppose we wish to divide 1000 by 1CO. T 100 ° 10,

We find by mathematics that the answer 1s 10 or 101.
Let us write this in powers of ten.
103 _
10°
We can obtaln the 101 by changing the sign of the exponent of the denomi-
nator (bottom number In the fractlon) and then adding exponents.
In thls example,

3

00 . 1052 - 10!
10

We changed the exponent 2 to a -2 since 1t 1s in the denominator.

Let us apply this me:thod to a few more examples.
Example 2. Divide 10,000 by 10.

10t

4
———181 = 1041 - 103 103 1s equal to 1000.
1

Exarple 3. Divide 100 by .00001.

2
207 _ 1025 - 107, Check this problem by the long method.

107°
FExample 4. 1072 _ 10-2+¢% _ 41 _ 4o
1073
For practice, solve the following problems with powers of temn.
1. 108 2. 1072 3 _10° 4. 1074
1070 1074 10° 10-12

It 1s permissible to change a power of ten from the top to the bottom, or
from the bottoem to the top of a fraction merely by changing the sign of the
exponent. We have actually been doing this In the dlvislon problems Just solved.

Example 1. 10° - Ok 10! -

10.

10 1 1

10% x 1072 .
This could have been written 1 = lor

In this case we moved the 102 from the denominator to the numerator of the
fraction, and changed the slgn of the exponent so that our power of ten 1is now
1072, Then we multiplied by powers of ten to obtaln our answer.

This problem could be solved In the following manner:

3
10 1 , S

102~ 10 x 1072 101 .1

In this case we moved the 10 from the numerator to the denominator, and
changed the exponent's sign so that we had 10'3. Then we multiplled, usingpowers
of 1C.

This may seem to be a rather useless operatiorn with the simple problem In
Example 1, but will be very handy In the solution of more complex problems.
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Let us epply this principle to a few more problems.
Cxample 2. 102 _ 10% x 1078 = 107%

108 1

Example 3. _10% _ 1 1 1074
10% " 108 x 1075 104 1

Example 4. 103 x 104 _ 107 _ 107 x 1071 _ 6
108 x 100° 10t 1

Changing Numbers into Powers of 10

Any number, larse or small, can be broken up Into a workable flgure times
a power of ten.

Thus: 200 = 2 x 100 = 2 x 10°
270000 = 27 x 10000 = 27 x 10%
or 276000 = 2.7 x 100000 = 2.7 x 10°

36 x 109

3600000000 = 3¢ x 107
.2=2x.1=2x 1071
.003 = 3 X .001=72x 1077
.000COP8S = 8.F X , 0000001 = 8.5 % 1077

or .00000085 = 85 x .00000001 = 88 x 1079 .

Check the above figures until you are satisfied that they are correct.
Notlce that In each case the number of the exponent tells us the number of
places we have moved our decimal polnt. The + or - sign In front of the expcn-
ent tells us whether we have moved our decimal to the left or right.

(a) 27,00 .00. = 27 x 10* (¢) .00, 0Q 00, 85 = 8.5 x 1077
(b) .D00. 00 DO 27 = 27 x 10~ (d) €3 00 00 00 = 6.3 x 107
A ALAA kA~ AANA_/

Moving the decimal to the left gives us a positive exponent. Moving the
decimal to the right glves us a negative exponent.

For practlce, express the following as whole numbers times a power of 10.

1. 26000 3. 930000 5. .00000081

2. .0004 4, 72100 €. .000000000043

©xcept for a few helpful hints we have covered the subject of powers of
ten. The four simple rules (which you should be careful to understand rather
than memorlze) are:

1. In sultiplicatlion of powers of ten, add exponents.

2. A power of ten can be moved from denomlnator to numerator of a fractlion
(and vice versa) providing the sign of the exponent is changed.

3. The numerlcal value of the exponent tells us how many places we nave
moved the declimal point.

4. The slign of the exponent tells us in what direction we have moved the
decimal point.

Now let us use the powers of 10 to solve some more complex problems.

Example 1. .000014 x .00016 _ 14 x 1076 x 16 x 10-5

.00000056 x 2000 5€ x 10°8 x 2 x 10°

The next thing to do is to combine the powers of 10 In the numerator and
dencminator. Remember 2 X § X 8 is the same as 8 x 6 x 2, or € z 2 x 8. In
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multiplication, it makes no difference in what order we proceed, so it is
permissible for us to re-write the fraction as follows:

14 x 16 x 108 x 2075 Now we combine the powers of 10 in the
56 x 2 x 1078 x 103 numerator and denaminator. (After some
practice you will be able tocdo this
mentally and will not have to write
this step).

14 x 1e x 10”11
56X 2 x 10°°

. ; Now we cancel.
-11 -11 -11 +5
14 x Af X 10 . 2x10 _ 2 x 10 x 10 = 2 x 10—6 = . 000002,
Bf x £ x 107° 10-5 1
p

1
Apply the long method to obtain the answer to this problem to check the

answer. Do you now see how the powers of 10 will save time ard effort?

mxanple 2. 6000 - 6 x 103 :

+00009 ¥ .01 x 400 x .00001 9 x 1079 x 107° x 4 x 102 x 1075
e x 10° .
9 x 4x 107° x 107% x 107° x 10°

1

el

g x 105 _  10%  _ 10% x 1010 4013
9 x 4 x 10710 6 x 1010 6 6
3 2

1618

We have our answer —~ ;but we may convert it in the form of a decimal. Ve
could of course divide 6 into 10,000,000,000,000 but this would be using big

numters again. The simplest method is to change 1013 to 101 X 10 ‘ Then
rewrite the fraction. 6
101 x 1018 Now ail we have to do Is to divide € iato 10 (101 1s 10°%.

8 We do this by division and find that 6 coes into 10, 1.37 times.
Our answer can be re-written to be:

1.67 x 1012 It Is a good idea to leave the answer in this fecrm, since
we are familliar enough with powers of 10 to know Just what 1012 means. If we
wanted tc write our answer for someone not familiar with powers of 1C 1t would
be 1, 870, 000, 000, 000.

Example 3. 000012 X .01 x .003 _ 12 x 1079 x 107® x 3 x 1073

2400 x 40000 24 x 102 x 4 x 104

1

£ X 3 x 10’?i _3x 10711 _.3x 10711 x 4076 .3 x 1017
28 x 4 x 100 8 x 106 8 R -

2
3 x 10! x 107°8 30 x 10718
"8 8

- 375 x 107

Study this example carefully making sure you understand each step. Do you
see why the 1017 was changed to 10! x 10-182

For practice, solve the following problems. Fxpress your answers in a
number between one and ten, times a power of ten.
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1. . 0000008 3. 45,000 x 10°
.002 .0005 X .003
2. .00009 4. 625,000 X 9800 x 10~3 x .0036
6000 350 X 6.3 x 104 x .004 x 106

Square Roots With Powers of Ten

Powers of 10 give a very convenient method of extracting square roots.
Let us use some examples to demonstrate the process.

Example 1. J 10,000 = 100 since 100 x 100 = 10, 000
Let us put this in powers of ten: v 104 = 102 $ince 10° x 102 = 10%

Example 2, .00000001 = .0001 since .0001 x .0001 = . 00000001
Stated in powers of ten: 10-8 = 1074 since 107% x 1074 = 1078

These examples illustrate that to take the square root of a power of 10
we merely divide the exponent by two. In example 1 the square root ¢f 104 1is
10% since the exponent 2 1s one half of 4.

In example 2, the square root of 1078 15 1074 since the exponent -4 1s one
half of -8.

Example 3. 1,000,000 = v 108 = 103

Example 4.V 1 - v 1072 - 1071
100

Now let us use this methcd for numbers consisting of whole numbers and
powers of 10.

Fxample 5. ./ .O00R x .00000 = /8 x 107%x .9 x 1074
=V7.2x 1078 - 2,68 x 100 (V7.2 1s 2.68)

Note: We were careful tdo move our decimal point so that the pcwer of
ten under the radical was an even number. You can See that if we had an odd
exponent under the radical sign we would have ended up with a fractional
exponent. (There 1is nothing wrong with a fractional exponent except that they
are riuch harder to hendle in a problem.)

1 1
Example €. =
/. 0008 x , 00009 V8 x 1004 x .9 x 1074
1 1 10t 10 x 108 3
=/ 7.2x 1007 2.6rR x 1074 % 2.8 * 2.68 = 378 x 10

Example 7. 7 x 109

V7 x 102 =70 x 10° = 8.37 x 10% (Note: Square root of 70 =

8. %7)
Example 8. /.07 x .00008 = /.7 x 1071 x 8 x 1079
=/ 5.6 x 1006 = 2.3 x 10°° (2.37 1s the square root of 5.6)

For practice, use the powers of ten to soive the following problems:

1, . 0069 3. v.0C9 x .0008 5. v/'37 x 109 x .12 x 1cf

2. /.00000004 4. V36 x 103 x 4 x 107
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In the atove examplas where we had several numbers multiplied together
Inside the radlcal sign, we could have taken the square roots of the different
numbers individually and multiplied our answers together. The same thing hoids
true for division insice the radlcal sign. Let us solve Example 8 using this

method.
Example 8. Y. 07 x .00008 = Y7 x 102 x .8 x 104

2.65 x 1071 x 894 x 107° =2.37 x 1073

If we have addition or subtraction Inside the radlcal slgn, the addition or
subtractlon must be performed before the square root 1s taken.

For example: Y7 + 8 = /15 = 2.87

Addition and Subtraction with Powers of Ten

Fowers 0l ten are partlcularly beneficlal In the operatlions already
explained. They are of 1little beneflit when adding or subtracting.

In all addition or subtraction we are "tled down" when using powers of ten.
Remembar that in our work on decimals we were always careful to keep the decimal
roints In a vertical column. gSince the exponent In our power of ten locates
the decimal polnt, the powers of ten of all numbers must be identical before
they can be added or subtracted.

Example 1. add 7 x 10°%, 86 x 1074, 33 x 1076

Answer: 70 x 1078

8600 x 1078
33 x 1078

8703 x 1076 (or 8.703 x 1073)
Example 2. Add 3.7 x 10°, 4.3 x 105, 37 x 10°

Answer: 3.7 X 103
4300. x 10°
3700. X 10°

8003.7 x 103 (or 8.0037 x 10°)

You will see and use the words mega, kilo, milli, and micro throughout your
radio and television weork. Powers Of ten provide an easy means of dealing with
these terms.

Simply remember that:

Mega means million or 1,000,000 or 108
K1lo means thousand or 1000 or 103
M1111 means. thousandth or .001 or 1079
Micro means milllontas or .000001 or 10 °
Micro-picro means wililunth part of a millionth part or .000000000001
or 10712,
Thus: 3 megohms 3 X 106 ohms.
413 kilocycles 413 X 103 cycles.
.3 milliamperes .3 X 10°S amperes.
8 microfarads = 8 x 10~% tarads. R
10 micro-microfarads = 10 x 108 x 107% = 10 x 1071% rarags.
Also 700000 ohms = .7 x 108 ohms or .7 megotms.
4700 volts = 4.7 x 10% volts or 4.7 kilovolts.
. 0000472 amps = 47.2 X 10 amps or 47.2 microamps.
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We will now apply powers of ten to solve the problem glven In Example 1
under powers of 10.
This problem 1s:

. .159
/-00015 x . 000000000004
. . 159 . .159
/fi.F x 104 x 4 x 10712 /6 X 10716
. 159 159 _ .159 x 10°
J 6x10-18  2.45 x 1078 2.45
8
15.9 X 10° _ 4.5 5 108
2.45

The towers of 10 will save many minutes in the solutlon of most electronlcs
problems. You are strongly advised to study thils assignment several times untll
you are completely famillar wlth the use of these powers cf ten.

Mathematical Tables

For your convenlence, we are including a mathematical table at the end of
this assignment. This table glves the square, and square root of all numbers
from 1 to 100.

By changlng larger, or smaller numbers to numbers in thils range, times a
power of ten, thls table can be used for a great many numbers. For example, 1f
we wilshed to find the square root of 700, 1t could be changed to 7 x 102. The
table tellg us that the square rpot of 7 1s 2.6458 and we know that the square
root of 10® 1s 10. The square root of 700 1s then 2.6458 x 10 or 26.458,

To find the square root of 990,000 we change 1t to 99 x 104. The squars
root of Y9, from the table 1s 9.9499, and of course the square root of 104 ls
102 or 100. The square root of 990,000 1s then 9.9499 x 100 or 994.99.

To find the square root of .0069 we would change 1t to 69 x 10™%  The
square root of 69 1s 8.3066 and the square root c¢f 1004 15 107%,  The square
root of .0069 1s then 3.3086 x 102 or .083066.

To find the value of 760 sqguared we would change 1t to 76 x 101. (76)2 1s
577€¢ and ten squared is 102 or 100. 760 squared 1s then 5776 x 100 = 577, 600.

For practice, use the table and powers of ten to soLve the foliowlng prcblems:

1.,/ 17 % /8700 5. /-000043
2. (170)% 4 (19)%° 6. /910000
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Test Questions

Be sure to number your Answer Sheet Asslignment 7. )

Flace your Name and Assoclate number on every Answer Sheet.

Send in your answers for this assignment immedictely after you finish them.
This will give you the greatest possible benefit from our personal grading
service.

in answering these mathematical problems show all of your work. Draw a circle
around your answer.

Do your work neatly and legibly.

t. 148 =
2. Y121 = (use long-hand method)
3. 45 =
4. /72 = (use mathematical table)
5. State In powers of 10.

(a) 3000

(b) .000009

(¢) 1

(d) gooqpoo
6. What does the expresslon 10° mean?

7. So0lve by using powers of 10:
10,000 x 1,000 =
& — 1 .
27000 x 3 x 10
8. Wrlte 1n powers of ten.

(a) 17 megohms - l"“f

(b) 3 milllamperes > " -
- - 3

(¢) 72 micro-microfarads )

(d) 270 Kilovolts 2 7.> x 107
10. 988 =~ (use mathematical table)
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MATHEMATICAL TABLE of SQUARES and SQUARE ROOTS

No. Square 51. Root No. Square 5q. Root
1 1 1. 0000 51 2, 01 7.141%
2 1.4142 52 2,704 7.2111
3 9 1.7321 53 2, 809 7.2801
4 186 2. 0000 54 2,916 7.348E
5 25 2.2361 55 3,025 7.4162
6 26 2.4495 56 3,136 7.4832
7 49 2.6458 57 3,249 7.5498
8 64 2.8284 58 3, 364 7 6158
9 81 3.0000 59 3,481 7.6811

10 100 3.1623 60 3, 600 7 7460
11 121 3.3166 61 3,721 7.8102
12 144 3.4641 62 3,844 7.8740
13 169 3.6056 63 3,969 7.9373
14 196 2.7417 64 4,096 3.0000
15 225 3.8730 65 4,225 3.0623
16 256 4.0000 66 4, 356 3.1240
17 289 4,1231 67 4, 489 3.1854
18 324 4,2426 68 4, 624 8. 2462
19 361 4, 3589 69 4,761 3.3086
20 400 4.4721 70 4,900 8. 3666
21 441 4.5826 71 5,041 8.4261
22 484 4.6904 72 5,184 8.4853
23 829 4,7958 73 5, 329 &.5440
24 576 4.8990 74 5,476 £.6023
25 €25 5. 0000 75 5, 625 &.6603
26 €76 5.0990 76 5,776 £.7178
27 729 [ 5.1962 77 5,929 €.7750
28 784 5.2915 78 6,084 £.8318
29 841 5.3852 79 6,241 €.8882
30 900 5. 4772 80 8, 400 8.9443
21 951 5.5678 8l 6, 561 g, 0000
32 i, 024 5.6569 82 6,724 9.0554
33 1,089 5.7446 83 6, 889 9.1104 {
34 1,156 5. 8310 84 7,056 9.1652
35 1, 225 5.9161 85 7,225 9.2195
26 1, 296 6.0000 86 7, 396 9.2736
27 1,369 6.0828 87 7, 569 9.3274
28 1, 444 6.1644 88 7, 744 9.3808
29 1,521 6. 2450 89 7,921 9.4340
) 1, 6CO 6.3246 90 8,100 9.4868
41 1, 681 6, 4031 91 8, 281 9.5394
42 1,7¢€4 6. 4807 22 8,464 9.5917
43 1, 849 6. 5574 93 3, 649 9.6437
44 1, 936 8, 6332 94 3, 836 9. 6954
45 2,025 6.7082 95 9,025 9, 74€8
48 2,116 6. 7823 96 9,216 9. 7980
47 2, 209 6. 8557 97 9, 409 9.8489
48 2, 304 6.9282 a8 o, 604 9.8995
49 2, 401 7. 0000 Q9 9, 801 | 9.9499
2.500 7.0711 160 10, 000 { 10.0000
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ASSIGNMENT 8
MAGNETS and ELECTROMAGNETS

In asslignment 5 we studied the effects produced Dy an electriec fleld. We
found that a charged body was surrounded by a region whereln other objects were
attracted. We sald that an electric field of force existed in this reglon. The
law corncerning electric charges, and of course the electric fleld surrounding
the charged bodies, 1s that like charges repel and unlike charges attract.

In this assignment we are goling to study the magnetic field of force.

Everyone is familiar to a certaln extent with the magnetic field of force,
or as 1t 1s commonly called, magnetism. Most of us have at some time or other
experimented with small magnets, used them to pick up nalls, small bits of Iron,
etc. Magnetlism makes a faseinating plaything, but it is also very important in
our everyday life. It is used In the compasses which guide the ships at sea, In
the electrical gzenerators which supply the electrical power for our homes, Iin
our radlo and television receivers and 1in countless other applications.

Many centurles ago, the Greeks learned that certaln pleces of ore possessed
the ab11lity to attract particles of iron. Since thls was a very mysterious
happering, pleces of this ore were carried as good luck charms. No practical
application was made of magnetism for several centurles untll it was found that
1t an elongated plece of thls ore was suspended on a string, 1t would always
align Itself in a northerly directlon. For this reason the ore was called
"lodestone ", meaning "leading stone". The first compasses were made in this
fashion. It was later discovered that pleces of 1ron could be magnetized by
"stroking® a lodestone with the plece of iron. These pleces of 1ron, after
being magnetized, would act as magnets themselves, and could be used for compass-—
es. 4 plece of iron (or steel) which holds its magnetism for a long perlod of
time 1s called a permanent magnet.

Let us find some of the characteristics of a permanent magnet. A permanent
magnet, In the form of a bar, has two ends. These ends are called the poles 6f
the magnet. The end which will point in a northerly dlrection, 1f the magnet is
allowed to rotate, 1s called the North-seeking pole, or North pole. The other
end of the magnet 1s called the South-seeking pole, or South pole.

If a small plece of iron is brought closs t0 a permanent magnet, the magnet
will attract the piece of iron, and "draw" the iron to 1t. This happens while
the magnet and piece of Iiron are st1ll separated. The force from the magnet
extends into the alr surrounding the magnet. This region in which the magnetic
force acts 1s called the magnetic field of force, or more often the magnetic
field. This magnetic field is usually considered to exist in the rorm of lines
of force which ieave the magnet at the north pole and return at the south pole.
This 1s illustrated in Flgure 1. Notlice in this figure that the lines cf force
are concentrated at the ends of the magnet and spread out near the center of the
magriet. The north pole on this magnet 1s marked N, and the south pole is marked
S. If a bar magnet 1s placed under a plece of paper, and iron fillngs are
sprinkled on the paper, the iron fllings wlll arrange themsel-es Ina pattern as
showr. In Figure 1 (without the arrowheads of course).

There are two general classifications of materials as far as magnetism 1is
concerned; magnetic and non-magnetic. A magnetic materlal is one which will be
attracted by a magnet. Iron and steel are the best known magnetlc materials.
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Nickel and cobalt are also attracted by a magnet, but to a lesser degree. All
other materlals are non-magnetic. For example, a plece of copper or silver is
unaffected 1f brcught close to a magnet. There are a few materials which are
actually slightly repelled by a magnetic field. This action, however, 1s so
weak, that it 1s of no practical value.

The fundamental law Of magnetism 1s: Like poles repel and unlike poles
attract. Thils 1s the phenomenon which makes the magnet act as a compass, Or
*point to the north"., The earth itself 1s a magnet. The two magnetic poles of
the earth are located within a few hundred miles of geographic poies. The ertire
earth 1s surrounded by the magnetic field of this glant magnet. When another
magnet 1s plvoted so that 1t 1s free to rotate, the north seeking pole of the
magnet will be attracted by the earth's magnetic pole near the north geographic
pole. The magnet or campass will point to the earth's magnetic pole. The law of
magnetism states that the unlike poles attract, therefore the magnetic pole
located near the north geographic pole 1s actually a south magnetic pole since
the north poles of all the compasses are attracted by this magnetic pole.

To further demonstrate the laws of magnetism, let us 100k at Figure 2. At
(a) in this figure we see a small compass. The north pole of this canpass 1s
shown darkened so that it can be determined which pole of the campass 1s the north
pole. In (a) the campass 1s acted upon by the earth's magnetic field, and the
north pole of the compass points north. In (b) of this figure the campass 1s
shown close to the north pole of a permanent magnet. The field of this permanent
magnet 1s much stronger than the earth's magnetic field, so the campass rotates
on 1ts axls and the south pole of the compass polints to the ncrth pole of the
magnet. In (¢) of this figure the campass 1s brought close to the south pole of
a magnet. Now the north pole of the compass 1s attracted by the south pole of
the magnet.

The attraction of unlike poles and repulsion of 1ike poles 1s due to the
action of the magnetic flelds. In Figure 1 we saw the pattern of the magnetic
fleld around a bar magnet. In Flgure 3 we see the pattern of the maegretic fleld
1f two bar magnets are held with their north poles adJacent. Notice how the
flelds oppose each other, trylng to force the magnets apart.

Figure 4(a) shows the fleld of force around the ends of two bar magnets with
thelr opposite poles adjacent. Notice that 1n thls case the lines of force do
not repel each other, but ald each other. The magnetic fleld betweer these two
unlike poles 1s much stronger than it would be around the poles of elther of the
bar magnets, 1f they were not close together. One way then of obtaining a strong
magnetic fleld 1s to bring two unlike poles close together. This can be done
with two bar magnets as 1llustrated, but can be accomplished more simply by
bending a single bar magnet in the middle, and making it 1n the shape of a horse-
shoe. This shape of magnet 1s used in most meters which are used to measure d-—c
current and voltage. A typical horseshoe magnet, and a dlagram of the field of
force around 1t, s shown in Figure 4(b).

A strong magnetic fleld 1s desirable since it 1s a fleld of force and 1f we
have a stronger field we can do more work with 1t. We could pick up heavier
pleces of iron, etc., than we could with a weak fleld. When a magnet 1s used in
a meter, a stronger fleld will make the meter more sensitive. That 1s, for the
same amount of current, the meter deflection will be greater.
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A number of theorles have been advanced to explaln magnet ism. The latest
theory, and the one which appears most logical, fits In very well with the elec-
tron theory. According to th!s theory, the atams or molecules In all matter are
Small magnets. In an unmagnetized plece Of material the molecular magnets are
arranged In a random manner. This 1s shown In Flgure 5(a). The net result of
these small magnetic flelds 1s zero. When thls bar becares magnetized, the mole-
cular magnets are lined-up as shown 1in Flgure 5(b). The magnets are now alding
each other, and thelr flelds all add up to produce a strorg magnetic fleld about
the bar.

MOsU permanent magnets are made from hard steel. In such a materlal,it is
difficult to magnetize the bar, or line-up the molecular magnets, but after they
are lined-up they wlll hold this position for long periods of time. 1If a plece
of soft steel or iron Is magnetized, It isa simple matter to align the molecular
magnets, dut when the magnetizing force 1s removed, the molecular magnets return
readlly to thelr original position and the bar does not retain its magnet 1sm.
It 1s possible to magnetize a plece of iron or steel by stroking it with another
nagnet. We will soon dlscuss a much simpler and more effective way of doing this.

Up to this point we havediscussed only permanent magnets, Permanent magnets
are used In meters, but very few applications of permanent magnets will be found
In electronics or television circuits. There 1s another form of magrnetism which
plays an Important part In electronicsand television. This Is the electromagnet.
An electromagnet !s a magnetic fleld which 1s produced by electric current.

Flgure 6 shows a large electromagnet which 1s used for handling scrap iron.
The operator lowers the large disc on the end of the boan over the scrap metal
and closes a switch on hls control panel. The disc becames a very powerful mag-
net and attracts the scrap Iron, holding 1t securely. Then the operator moves
the vehicle to the desired location and opens the switch on his control panel.
The electromagnet loses 1ts magnetism and drops the scrap iron.

Filgure 7 shows a very common form of electromagnet. It 1s a doorbell.
When you press the doorbell switch, current flows through the circult from D,
through the colls of wire, and through the contact screw tc B. This current flow
causes the colls to become magnets and they attract the soft iron armature. This
armature 1s held away from the magnets by spring tension, but when the colls
become electromagnets the armature moves to the right, toward the magnets, and
the hammer strlkes the bell. 1If the colls remalned electromagnets the hammer
would remaln agalnst the bell, but thls does not happen because as the armature
moves tc the right, the circult 1s broken and current no longer flows throughthe
colls. The circuit 1s broken because, as the armature moves to the right, the
movable contact which Is fastened to the armature also moves to the right, and
1s no longer touching the contact screw. Thls opens the circult, current no
longer passes through the colls, and they were no longer magnetized. The spring
tension returns the armature {0 1ts origlnal position. After the armature re-
turns to Its origlinal positlion, the entire cycle repeats itself. Study Figure
7 to satlsfy yourself that you see just how this actlon takes place.

These two examples were shown to give an 1dea of what happens, before we
find ou: how 1t happens. We find fram these two examples that magnetlsm can be
produced by passing an electric current through a coil of wire. When thecurrent
stops flowling, the electromagnetic fleld no longer exlsts.
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Now let us find out how this electramagnetic fleld 1s produced. If a plece
of wire lsconnected to a battery as shown In Figure 8, current wiil flow through
the wire in the direction indicated. This wire will be encircled by a magnetic
field. 1If a small compass 1s passed around the wire as indlcated in Figure.8,
the campass needle will take the positions indicated. If the connectlons to the
battery are reversed, the current will be flowing through the wire in the opposite
direction, and the campass will point 1n the opposite directions to those 1nad-
icated in Figure 8. 1In each case the compass Indicates the direction of the
surrounding magnetic field. The magnetic fleld around the wire 1s in the form
of concentric circles.

If a plece of wire 1s thrust through s sheet of Paper as shown In Figure 9,
and 1s then connected to a tattery, a magnetic fleld will encircle the wire. It
iron f1lings are sprinkled on the sheet of raper, they will align themselves in
a pattern as shown in Figure 9.

If we know the directfon of electron flow through a wire, we ¢o not need
canpasses to determine the direction of the magnetic field. Check the following
rule with direction of magnetic fleld indicated by the campass needles in Figure
8. If we grasp the conductor with our left hand so that our thumb points in the
direction of electron flow, the remaining four fingers of our left hand will curl
in the direction of the magnetic field around the conductor. This is called the
Left Hand Rule. Remember,the magnetic fleld 1s considered "to flow" fram north
to south outside of the magnet.

In Figure 10 we used the Left Hand Rule to determine the direction of the
field around the conductor at five different locations. Check the position of
arrowheads on the tiny loops until you are satisfied that they are correct.

If we double the amount of current flowing through the wire, the magnetic
fleld will be twice as strong. The best way to obtaln a strong fleld, however, 1s
to wind the wire in the form of g spiral or coil.

In Figure 11 we have made a coll with the wire. Check each loop around the
wire. Has every loop been shown with 1ts arrowhead in the correct direction?
Notice, that inside the coll the fleld direction is from right.to left at every
point. If we wind the fturns® of our coil more closely together (Figure i2), we
have most of the magnetic fleld passing straight through the center of tlre coil
and out the left hand end. The left end of the coil acts llke the North Pole. of
a permanent magnet because the fleld is leaving that end. If we reverse the
direction of current In the coll, the left end of the coll will be a South Pole.

It 1s easy to see what happens when we wind the wire in the form of a colil.
Some of the magnetlc fleld will still encircle indlvidual wires inthe coll. How-
ever, the fleld produced by adjacent wires are in opposite directions between the
wires and tend to cancel each other. Most of the fleld then will encircle the
coll, end to end,as shown in Figure 12.

Another application of the Left Hand Rule makes 1t easy to determine which
end of a coll will have a north magnetic pole.

If the coll 1s grasped with the left hand so that the fingers point 1n the
directlon of the current flow, the thumb will point to the north pole of the
electromagnet. Apply this rule to the coll in Figure 12, and see 1f you agree
with the marking of the poles of the electramagnet in the dlagram.

The strength of the magnet field about a coll may be increased by adding
more turns to the coll, or by increasing the amount of current flowing through 1it.
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The coll of copper wire In an electranagnet 1s used to produce a magnetic
field. This magnetic fleld, by 1tself, will not be strong enough to operate the
doorbell bduzzer, to say nothing of the steel yard electromagnet. We have to add
iron for a magnetic core in order to obtaln very strong magnetic fields. The
addition of an iron core to an electranagnet may increase the magnetic fleld as

much as 100 or more times.
As was pointed out in the discussion of permanent magnets, each molecule of

a material has Its own magnetic fleld. If a plece of soft iron 1s Inserted in
the coll of an electromagnet and current i1s caused to flow through the coll, the
magnetic field of the coll will pass through the soft 1ron core. This magnetic
field will cause the molecular magnets in the soft iron core to "line-up"® as
shown in Figure 13(b). The *lining-up® of these molecular magnets in the core
material will produce a magnetic field much greater than that produced by the
coil alone.

Soft iron 1s used as the core of electromagnets because it 1s easy to line-
up the molecular magnets in a plece of soft iron. Also, when the electrical
circuit 1s broken by opening the switch, as shown in Figure 13(a), the molecular
nagnets return to their original positions, and the electromagnet loses its
magnetlism., Thus, In the steel yard electromagnet, the scrap iron will be drop-
ped when the operator opens the switch on his control panel, and in the doorbell
the armature will return to its original position when the contact 1s opened.

It was menticned previously, that there is a simple method of producing
permanent magnets. This is done by placing a plece of hard steel inside a coil
of wire and passing a very strong current through the coll. A very strong current
is needed because a strong magnetic field 1s required to line up the molecular
magnets in the hard steel. After this hard steel has been magnetized, 1t will
retain 1ts magnetfam after the current 1n the electromagnet 1s stopped.

We will sum up the fundamental principles we have covered so far:

1. A magnetic fleld is the field of force which surrounds a magnet.

2. A magnet has two poles, North and South.

3. Lilke msgnetic poles repel each other.

4. Unlike magnetic poies attract each other.

5. Permanent magnets are Mmade with hard steel and retaln their magnetism.

8. Any piece of wire carrying an electric current has a magnetic fleld
around 1it.

7, We can increase the magnetic effect of an electric current by increas-
ing the amount of current or by winding the wire in the form of a coll, and, in
this case, the magnet so produced is called an electromagnet.

8. If we place a soft iron core in the coll of wire carrying current, we
can obtaln very strong magnetic fields. The soft iron core becames magnetized
and adds its strong magnetic field to the magnetic field of the coll.

9. The Left Hand Rule canbe used 1f we need to know which end of a coll 1is
the North Pole and which 1s the South Pole.

Units of Measurement of Magnetism

We have seen that the magnetic line of force 1s a closed loop or path,
passing from the north pole to the south pole of a magnet. The space through
which these lines of force act 1s called the magnetic field.

To a great extent, the action of a magnetic circuit can be campared to the
action of an electric circuit. We learned 1n Assigrment 6 that in an electric
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circult, the current flowing was dependent upon two things, the e.m.f., or voltage
and the resistance. To state this as a formula we may write:

_Voltage
Reslgtance

Notice that this means that the amount of effect produced (current flow) 1s
equal to the force applied (volts or emf.) divided by the opposition (resistance).

In a magnetic circult, the effect produced 1s the magnetic lines of force,
or flux as 1t 1s cammonly called. The magnetic force, that 1s, the force which
tends to produce magnetism, 1s called the magnetomotive force (abbreviated mmf).
The opposition to the passage of magnetic lines of force, or flux, through a
material 1s called the reluctance of the materlal.

The formula for magnetic circults 1s:

Current =

_ Magnetomotive Force
Reluctance

Flux

Notlice that In this formula, the effect produced 1s equal to the force
applied, divided by the opposition.

The unit of magnetic flux 1s the maxwell.

The unit of magnetamotive force 1s the gilbert.

Reluctance 1s measured in gllberts per maxwell.

These units were named for famous sclentists who devoted a great deal of
time to the study of magnetlism.

It we examine the formula for magnetic circults carefully we are able to see
the reason for several things that have beern mentioned. For example, 1t was
stated that the magnetic fleld (flux) around a coll could be Increased, 1f the
current flowing through the coll were Increased. The formula shows that this
would be true, for with an increased current through the coll the mmf would be
greater, and consequently the flux would be Increased. It was also stated that
nore flux would exist 1f an iron core were placed In a coll of wire carrying a
current. The ircn core offers less opposition to the magnetic llnes of force,
or 1n other words, has a smaller reluctance, than air. It can De seen that If
che reluctance 1s made smaller Iin the formula, that the flux will Increase.

There are two other terms which are used when considering magnetic materlals.
These are permeability and retentivity.

Permeabllity 1s Just the opposite of reluctance. Reluctance is a measure
of the opposition offered to magnetic lines of force. Permeabllity 1s a measure
of the ease with which lines of force can be set up in a material. The more
permeable a material 1s, the better 1t will "conduct*® magnetic lines of force,
and consequently the better core 1t will make for an electromagnet. The
permeabllity of alr and all non-magnetic materials 1s 1. The permeablility of
iron 1s about 50. Silicon steel has a permeablility of about 3000, and some
speclal magnetic materlals have permeabllities of as high as 10,000. This means
that 1f a core of this speclal magnetic material 1s added to a co0il of wire
which 1s carrying current, the magnetic field will be increased 10,000 times.

Retentivity 18 a measure of the ability of a plece of material to retain
its magnetism, after the magnetizing force 1s removed. For some applications,
high retentivity 1s desirable, and for some applicatlons, low retentivity is
desirable. The materlial used for permanent magnets should have high retentivity.
After these pleces of material have been magnetized, 1t 1s highly desirable for
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them to retaln thelr magnetism for many years. The cores of most electromagnets
are made of material with 1low retentitity. This is because In most cases, it Is
desirable for the electromagnet to lose all of its magnetism whemn the current
flow to the coll 1s stopped. For example, when the operator cf the steelyard
crane shown in Figure 6, opens the switch on his control panel, the current to
the coll 1s stopped, and the electramagnet should became demagnet ized, SO that
the scrap iron can be dropped.

Let us now study a few applications of the electramagnetic principles.
One application of electramagnets 1s in relays.

Relays

Relays are switches which may be controlled from some remote position.
They consist of an electromagnet and one or more sets of contacts. Three typical
relays are shown in Figure 14. Examine these plctures and i1dentify these parts
on the relays.

(1). Electromagnet. This is the circular shaped part near the center of
each. These electromagnets are wound with a large number of turns of wire and
have soft iron ccres.

(2). Armature. This 13 %he movable part of the relay which is held away
fram the electromagnet by spring tension.

(3). Contacts. There are two parts to each contact, the movable contact
and the fixed contact.

Notice the contact on the relay shown in Figure 14(a). The fixed contact
is mounted rigidly on the insulated mounting block. When the electramagnet on
this relay 1s not turned dn, the movable contact 13 held away fram the fixed
contact by the spring tension on the armature. When the electramagnet 1s turned
on, or energized, as the act of turning on an electramagnet 1s camonly called,
the movable ‘contact 1s pulled down with the armature and is held agalnst the
fixed contact. Such a set of contacts 1s called .a normally open set of contacts.
It 1s possible to have a relay with contacts which are held closed by the spring
tension, and then are opened by the action of. the electramnagnet. These contacts
are called nomally closed contacts. The relay shown in Figure 14(P) has a
combination of these two types of contacts. Let us see how it would work. The
movable contact 1s on the armature. When the electromagnet 1s not energlzed,
the spring tension holds the movable cpntact agalnst the top fixed contact.
This contact 18 normally closed. When the relay coll becomes energized, the
armature pulls down and opens this top contact circuit, but at the same time the
movable contact is pulled against the lower contact and closes this clircult.
The relay in Filgure 14(c) has two sets of contacts (only one set 1s completely
visible in the picture). Each of these sets has one normally open and one
normally closed contact.

Relays may be purchased with almost any arrangement and number of contacts.
They are used very widely in trangmitters and in electronic equipment.

Figures 15(a) and 15(b) shows a very simple circult using a relay. 1In
Flgure 15(a) the switch in the control circuit, 1n series with the electramagnet
coll and the battery, 18 open. Therefore, there is no current flowing through
the coll and 1t 18 not magnetized. The contacts Iin the controlled circuit are
%open® and no current flows through the lamp.

In Figure 15(b) the switch in the contrcl clrcult 1s closed. Current flows
through the electromagnet coil. When the electromagnet becomes magnetized, 1t
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draws the armature toward 1t, to the left In the drawing, and closes the contact
in the controlled circuit. (Current flows from the battery in the controlled
circuit, through the closed contact and the lamp, lighting the lamp.) ToO turn
the lamp off it 13 only necessary to open the switch in the control circuit.

The question might arise, why not Just put a switch in the lamp circuit and
not use a relay. The answer to this 1s that the switch in the control circult
1s a small switch and will handle only a small current. If the lamp 1n the
circult 1s a large lamp 1t will have a large current flowing through 1t, and
this large current would ruin the small switch. There 1s also the matter of
convienence to be considered. The switch may be located remotely fram the relay,
thus a few small switches on a control panel may control a group of large relays
at some remote point.

Let us show another example where a relay would be used. In a two—way
radio installation in a police car there 1s a recelver and a transmitter. They
are each drawing current from the battery, and will discharge the battery
rapldly 1if they are both turned on at the same time. There 1s no reascn for
having them both on at the same time, since 1t 1s not possible to transmit and
recelve at the same time. This problem could be so0lved by having separate
switches on the transmitter and recelver and turning one on and the other off
each time, but this is very inconvienent, and sooner or later the operator will
fall to turn one off while the other is on and will discharge the battery. This
could be solved very simply by using a relay and a circult as shown in Figure
16. The switch in the control circuit is mounted on the microphone. The B+
(this is the positive high voltage) fram the power supply 1s connected to the
movable contact on a relay. The normally closed contact 1s connected to the
recelver, and the normally open contact 1s connécted to the transmitter. When
the switch on the microphone 1s not closed, the recelver 1is operating. When the
operator wants to tranamit he merely closes the switch on the microphone, usually
by pressing a button, and the receliver will be turned off and the transmitter
turned on. The relay does the Job convienently and will never ®*forget" and leave
both units on at the same time.

Motor and Generator Action

Motors, generators and most electric meters depend on magnetic flields for
thelr operation. In Figure 17 we have shown a core that 1s being magnetized by
a coll which 1s carrying current. We have shown the North and South Poles. 1In
an actual case we might have several hundred (rather than 3) turns in the coil.
We know that there 1s a magnetic fleld in the alr between the North and South
Poles. We say that the fleld 1s from North to South in this ®alr-gap". If we
dip our hands in salt water to make good electrical contact we can perform the
following experiment.

Take a plece of heavy copper wire (about 1f4 inch in diameter) and grasp
one end 1n each rand. Push the wire through the magnetic field as shown. 1If
the magnetic fleld 1s strong enough you can get quite a "shock". When you
withdraw the wire you will agalin get a shock. The faster you move the wire
through the magnetic fleld, the stronger the shock. Moving the wire through the
field has caused a voltage to be induced In the wire. Let us repeat this
statement. Any time a conductor 1s moved through a magnetlc fleld, a voltage
will be induced (or developed) in the conductor.

Asslgmment 8 Page 8



We can perform the same experiment in a safer and more accurate fashion.
In Figure 18 we have a amall horseshoe permanent magnet. (We could use a weak
electromagnet.) We have connected the two test leads of a sensitive galvanareter
to the 2nds of a loop of wire. (A galvanometer 1s a sensitlive voltmeter.) The
galvanometer needle will kick in one direction when we pass the *loop®™ down
through the magnetic fleld. The needle will kick in the opposite direction as
we bring the loop back up through the field. The speed with which we move the
wire loop through the fleld will determine how strong a kick we give the needle
in the galvanometer.

Huge generators in power-houses operate on this one simple principle. 1In
most large generators the wire "stands still® and the magnetic fleld 1s made to
move. The effect is the same however. All we need is a conductor, a magnetic
field and motion. The galvanometer in Figure 18 would register 1f we held the
wire in one position and moved the magnet up and down.

In Figures 17 and 18 we have examined the fundamentals of generator action.
A wire has been moved through a magnetic fleld and a voltage has been induced in
it.

Figure 19 1llustrates motor action. Here agaln we have a magnetic fleld.
We can use either a Dpermanent magnet or an electromagnet to obtaln the magnetic
field. We use a battery to force an electric current through the wire. We will
not have to move the wire this time. The wire will move itself. It isn't
difficult to see why. Why did the compass needle move when we placed it near
one of the poles of a magnet in Figure 2? It was the action of two magnetic
flelds.

In Figure 19 we have two magnetic flelds. We have a strong fleld fram the
North to South pole of the large magnet. We also have a magnetic fleld arocund
the wire which 1s carrying a current. In Figure 20 we have an enlarged view of
the wire in the magnetic field. The arrows indicate the direction of the
magnetic flelds. Assume that the current in the wire 1s "“into the paper®. By
the Left Hand Rule then, the fleld around the wire 1s counter-clockwise as
shown. The interaction of the two flelds causes the lines of force between the
North and South poles of the magnet to be distorted, or bent, as shown in Figure
20(a). ©One property ofmagnetic lines of force 1s that they attempt to establish
themselves in as short a path as possible. They are often considered to be
elastic. Visualize the lines of force between the poles of the magnet as
stretched rubber bands. 1If they were stretched out of shape as shown, they
would fcrce the wire to the right in the dlagram.  That 1s just what the
magnetic lines of force do. They attempt to shorten thelr length and In so
doing, force the conductor to the right. This movement to the right will
contimue until the conductor 1s forced to the extreme right edge of the magnetic
field as shown in Figure 20(B).

Figures 19 and 20 have demonstrated fundamental motor action. A wire
carrying current 1s placed in a magnetic fleld, and 1s caused to move by the
interaction o0f two magnetic flelds.

Action of a D-C Meter

In previous assignments we spoke of meters which are used to measure d-c
current. These Instruments operate on the principle of the Interaction of two
magnetic fields. The principle of the operation of meters 1s shown in Figure 21.
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A permanent magnet Is used to obtaln one magnetlic fleld. A coll of wire is
mounted on plvots and 1s located In the fleld c¢f the permanent magnet. Smali
splral springs on the pivot shaft hold the coll at right angles to the magnetic
fleld when no current is flowlng through the coil. When current 1s passed
thraugh the coll, It becomes an electromagnet and its magnetic fleld attempts to
line up with the fleld of the permanent magnet. This causes the coll to rotate.
A polnter on the plvot shaft Indicates the amount of current flowing through
the coll. With no current flowing, tlhie meter reads zero, and as the amount of
current 1s Increased the polinter moves up the scale of the meter. The more
current flowling through the coll, the farther the coil will rotate agalnst the
spiral springs. When as much current as the meter 1s deslgned to handle flows
through the coll, the coll will be lined up across the alr gap In the permanent
magnet so that the magnetic flelds will be lined up. Remember that the magnetic
fleld of a coll iIs through the entire coll as shown in Figure 12.

These explanatlions of generator action, motor actlion, and action of d-c
meters show only the fundamentals of the actions. FEach of these subjJects will
be studled In detall later in the training program.

In this assingment we have learned the basic principies of magnetism., In
our progress through the training period we shall learn to apply these basic
principles in the study of various electronics circuits. We will learn that these
magnetic effects make possible the selection of the desired radio station from
the thousand on the air, make possible the operation of electronics eguipment
from the 110V a-c power lines, and In fact, make electronics possible,
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Test Questions

Be sure to number your Answer Sheet Assigmment 8.

Place your Name and Assoclate Number on every Answer Sheet.

Send in your answers for this assignment immediately after you finish them.
This will give you the greatest possible benefit from our personal grading
service.

1.

2

50

e.

8.
9,
lo.

Is the magnetic fleld strongest or weakest at the poles of a permanent
magnet?

Will 11ike magnetic poles repel or attract each other?

Will the magnetic fleld of an electromagnet became stronger or weaker if
more current is passed through the coil?

How can we increase the magnetic fleld of a coll of wire without changing
the number of turns on the coil or the current?

(a) What happens if a plece of iron 1s brought close tC a permanent magnet?
(b) What happens if a piece of aluminum 1s brought close to a magnet?

In the circult shown in Figure 22, will the right end of the coll be the
Nortk or the South pole of the electramagnet?

What 1s a relay? \
Does a stralght plece of wire carrying a current have a magnetic fleld?
What happens when we move a copper wire through a magnetic fleld?

What happens when we pass a current through a copper wire which is located
in a magnetic fleld?
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ASSIGNMENT 8B

OHM'S LAW--PARALLEL CIRCUITS

0f course, the primary aim of this trairing program is tc provide
you with a thorough understanding of the complete circuits of electronic
equipment. For these complete circuits to te understcod, hcwever, it
is first necessary to learn about basic circuit arrangements. That is
“he purpose of this assignment, which consists of a continuaticn of the
irfermation concerning Ohm's Law as zpplied to d-¢ circuits. It will be
recalled that this subject was first discussed in Assignment No. ¢ where-
in the basic concepts of Ohm's Law and the applications of Chm's Law
tc series circuits were discussed in detail. The Associate is advised
te review Assignment Nc. 6 carefully sc that the infcrmatior in that
assigrment will be well in mird before prcceeding with this assignment.

There are three fundamental factors in a d-c circuit which must be
considered. These are; (1) the electromotive force or voltage, (2) the
current, and (3) the resistance. The current is the motion of the free
electrons around an electrical circuit, the electromotive fcrce is the
electrical force which is applied to the circuit which causes current to
flew, and resistance is the messure cf cppcsition offered to the flow of
the current. There is a definite relaticnship between thke amcurt of volt-
age applied to a circuit, the resistance present in a circuit, ard the
current which flows in that circuit. This relationship is called Chm's
Law. This relationship is ordinarily written in the form cf Ohm's Law
equations as follows:

== R=2Z E=1IxR
R I
Where I equals current irn amperes, R equals resistance in ohms, arnd E
equals voltage in volts,

There are three circuit arrangements which may be employed. These
are; serles, parallel, and series-parallel., Figure 1 illustrestes a bat-
tery and three resistors connected in these three circuit arrangements.
Figure 1(A) illustrates a series circuit in both the pictorial and sche-
matic form. Figure 1(B) illustrates the parallel circuit and Figure 1(c)
illustrates the series-parallel circuit.

The current paths should be traced in a circuit to determine whether
the arrangemert employed is series, parallel, or series-parallel. If cnly
one path is provided for the current from the negative terminal of the
voltage source through the circuit to the positive terminal of the voltage
source, the arrangement is a series circuit. For example, note in Figure
1(A) that the current leaves the negative terminal of the battery, flows
through Ry, then through R, then through R3, and returns to the positive
terminal of the voltage source. Since all of the current flows through
each. component of the circuit this arrangement is a series circuit.

The curremt paths illustrated by the dotted lines in Figure 1(B) show
that this circuit represents an entirely different arrangement +han that
of Figure 1(A). Notice that a portion of the current leaves the negative
terminal of the battery, flows through Ry and returns to the positive ter-
minal of the battery. Another portion of the current leaves the negative
terminal of the battery, flows through R2 and returns to the positive ter-
minal of the battery. At the same time a third portion of current leaves

~
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the negative terminal of the battery, flows through rz and returns to the
positive terminal of the battery. It is evident therefore, that more than
one path is provided for the current in the circuit of Figure 1(B) and
this arrangement is called a parallel circuit.

The arrangement illustrated in Figure 1(C) is called a series-paral-
lel circuit, as a poriion of this circuit consists of a parallel circuit,
but this parallel circuit is in series with the romainder of the circuiz.
As illustrated by the current paths in Figure 1(C), a portion of the cur-
rent leaves the negative terminal of the battery and flows through Rj. At
this same time a portion of the current flows from the negative terminal
of the batsery through R2 joining the current that flows through Ry at the
junction of these two resistors and Ry. The combined current then flows
through Ry and returns to the positive terminal of the battery. Thus, the
parallel combinatior of Ry and Ry is in series with R3. These three fig-
ures should illustrate the manner in which the current path, or paths,
should be traced to determine whether a circuit is a series, parallel, or
series-parallel arrangement.

In the discussicn to follow, a number of parallel circuits will be
considered. In order to demonstrate clearly the manner in which these
circuits function, numerical examples will be used. It should be empha-
sized however, that the important consideration, in each case, is not the
mathematics involved, but is, instead, the thorough understanding_g? the
operation of each electrical circuit. The Associate should bear this fact
in mind as he proceeds with the assignment.

Parallel Circuits

By definition, a parallel circuit is a circuit which provides two or
more paths for the current. To understand how such a circuit functions,
let us first analyze the operation of the three simple series circuits
illustrated in Figure 2. Figure 2(A) shows a 12 ohm resistor connected to
a 12 volt battery, Figure 2(B) shows a 6 ohm resistor connected to a 12
volt battery and Figure 2(C) shows a 4 ohm resistor connectéd to a 12 volt
battery. Let us apply Ohm's Law to find the current flowing in each cir-
cuit.

In Figure 2(A) In Figure 2(B) In Figure 2(€)
= B
1=2 1=E 1=2
R R
=12
1 15 1 ampere = %? = 2 amperes I= %& = 3 amperes

The foregoing calculations are examples of the application of Ohm's
Law to series circuits as discussed in Assignment No. 6. In the cir-
cuits of Figure 2 a 12 volt battery was used in each instarce., Let
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us now arrange a circuit as illustrated in Figure 3(A) so that the 3 re-
sistors used in the circuits of Figure 2 are connected to a single 12 volt
battery. It will be noticed that this forms a circuit similar to the one
shown in Figure 1(B) and, since three paths are provided for the current,
this forms a parallel circuit.

In the parallel circuit of Figure 3(A) the emf applied to each of
the three resistors is 12 volts, just as in Figures 2(A), (B) ana (C).
For this reason the current which flows through each of the resistors in
Figure 3(A) is the same as the current which flows through the correspond-
ing resistor in Figure 2 - in other words, one ampere of currert flows
through the 12 ohm resistor, 2 amperes of current flows through the 6 okm
resistor and 3 amperes of current flows thrcugh the 4 ohm resistor.

Figure 3(B) illusirates a schematic diagram of the circuit of Figure
3(A) and the connecting leads have been shown in different sizes according
to the current each is carrying. That is, one ampere of current flows
through the 12 ohm resistor, two amperes of current flows through the 6
ohm resistor and 3 amperes of current flows through the 4 ohm resistor,
Notice that the total current flowing from the battery is the sum of the
individual currents, The total battery current is 1 + 2 + 3 = ¢ amperes,
Study this schematic diagram carefully until it seems logical to you that
the 4 ohm resistor (smallest of the three resistors) passes the largest
current, Remember that the resistance is the measure of opposition offer-
ed to the flow of electric current and therefore the smallest resistor
offers less opposition than the others, The electrons moving up to point
X find three possible paths tc follow from X to Y. Part of the current
flows through the 12 ohm resistor, part through the 6 ohm resistor and
part through the 4 ohm resistor. Since the 4 ohm resistor offers the
least opposition, the amount of current which flows through it is greater
than that which flows through the 6 ohm resistor or the 12 ohm resistor.,

In Figure 3 we have a 12 volt battery, and therefore have 12 volts
of electrical pressure available for the circuit. The only resistors in
the circuit are between points X and Y. All of the 12 volts will be ap-
plied to each of the three resistors; it should be emphasized, however,
that we do not have 36 volts in the circuit. The same 12 volts is being
applied across each of the thrae resistors. This will seem reasonable to
you if you stop to consider the electrical wiring in your home. You can
operate light bulbs, toasters, radios and electrical fans at the same time
by connecting them to different outlets in the various rooms. Bach ap-
pliance operztes at 110 volts. The power company supplies the 110 volts
at the fuse box. You are able to use that 110 volts in a variety of loca-
tions in the house because all of the outlets and receptacles are ccnnec+t-
ed in parallel. This illustrates an important characteristic of parallel
circuits. The same voltage is applied to the various branches of a paral-
lel circuit. }
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In Figure 3(B) it will be noted that we have placed the value of
current and voltage of each resistor in the circuit in a table. This is a
corvenient method of tabulating the conditions present in the various cir-
cuits to be analyzed in this assignment. This chart indicates thaet the
emf applied to the 12 ohm resistor is 12 volts and the current that flows
through this resistor is one ampere. Similarly the table indicates that
12 volts are applied to the 6 ohm resistor and a current of 2 amperes
flows.

Figure 4 illustrates another parallel circuit. In this case, the
emf applied to thke circuit from the battery is 6 volts and four parallel
paths are provided. Kach of thase paths consists of an 8 ohm resistor.
As indicated in the accompanying table .75 ampere of current flows through
each resistor. This can be checked by applying Ohm's Law as fcllows:

I-= g, I E g = .75 ampere. How is it that the same amount of current
flows through each of the four mrms of Figure 4! This may be explained
very essily. The current flowing between points A and B distributes it-
self evenly in the four arms because the four paths between points A and B
are alike and thus all offer the same amount of opposition to the current.
The total current from the battery, or the line current as it is often
called, may be found by adding vp the individual currents. Thus the line
current is .75 + .75 + .75 + .75 = 3 amperes.

Figure 5 illustrates a parallel circuit in which three resistors are
connected across the 100 volt power supply of a radio receiver. The three
resistors have ohmic values of 10,000 ohms, 20,000 ohms and 50,000 chms.
To find the current flowing through the 10,000 ohm resistor Ohm's Law will
be applied as follows!

1=E2
R
I = 100
~ 10,000
I = .01 ampere or 10 milliamperes

Apply a similar method to determine the current flowing through resistor
Rz and resistor Rq in the circuit of Figure .5 and check your answers
against the values shown in the table accompanying this figure. Now find
the total current which flows from the power supply and check your answer
against the solution given at the end of the assignment.

There is one point which should be noted when examining Figures 3, 4
and 5. Notice particularly that since the line current is equal to the
suam of the currents of the individual branches, it is always grsater than
the current of any of the parallel branches. This indicates that the re-
sistance of the entire parallel network is always less than the resist-
ance of any of the branches of that network. This point will egain be
emphasized presently.

Equivalent Resistance

In Assignment & it was mentioned that the equivalent resistance of
& group of series. resistors was a value of resistance which, when sub-
¢tituted for the group of resistors, would cause the same current to flow
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in the circuite In a similar manner the equivalent resistance of a group
pf psrallel resistors is that value of resistance which, if substituted
for the group of parallel resistors, would cause the same current to flow
in the circuit. Since the current paths in a parallel circuit are entire-
"1y different than those ir a series circuit it :should be evident that the
manner in which the equivalent resistance of parallel resistors is comput-~
ed is different than the manner in which the equivalent resistance of
series resistors is computed.

There are two ways of finding the equivalent resistance of parallel
resistors. One of these methods is sometimes called the ™total current
method" and the other involves the application of an equivalent resistance
formula. Let us first use the total current method and employ the circuit
of Figure 3 to demonstrate its use. In finding the equivalent resistance
by the total current method the .first step is to find the current through
each resistor as we did in Figure 3. Then the individual branch currents
are added to obtain the total current, or line current. This has already
been done in Figure 3 and the total current was found to be 6 amperes.
The equivalent resistance of the parallel circuit of Figure 3 is that re-
sistance which would cause the same amount of current to flow in the cir-
cuit. This value of current is 6 amperes in this tage.. To find the
equivalent resistance we merely apply Ohm's Law using the total current as
the value of I in the formula.

B
R=7

12
R=1%
R = 2 ohms

If we were to place & 2 ohm resistor across the 12 volt battery, 6
amperes of current would flow so 2 ohms is the equivalent resistance of
the parallel circuit of Figure 3. Notice particularly that the equivalent
resistance of the group of parallel resistors is less than any of the re-
sistors forming the circuit.

Let us apply the total current method to the circuits of Figures 4
and 5 to determine the equivalent resistance. The current flowing in each
resistance in the circuit of Figure 4 is .75 ampere and the total current
is 3 amperes. To find the equivalent resistance Ohm's Law is applied as

follows:

E
i o

6

R=3

R = 2 ohms
Once again note that the equivalent resistance of the parallel circuit is
less than the resistance of any of the branches of the circuit.

The individual currents in Figure 5 have been computed and alsc the
total current. Apply the method outlined above to determine the equi-
valent resistance of these three resistors and check your answer against
the soltuion given at the end of the assignment,
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the solution given at the end of the assignment.

In some cases it is desirable to redraw a parallel circuit and sub-
stitute the equivalent resistence in the circuit in place of the original
parallel network. This is illustrated in Figure 6. The original circuit
consists of two parallel 2 ohm resistors connected to a 4 volt battery.
The REI table shown in this figure illustrates the fact that the current
which flows through each of the resistors is 2 amperes. You are advised
to apply Ohm's Law to the circuit to verify the amount of current illust-
rated in the REI table. Since the current which flows through each re-
sistor is 2 amperes the total current drawn from the battery is 4 amperes.
This total current can be used to determine the equivalent resistance of
the parallel circuit as follows:

- L
R’I

-4
R‘4
R =1 ohm

Figure 6(B) shows the equivalent circuit of Figure 6(A). In this case the
equivalent resistance of 1 ohm has been substituted for the two parallel
2 chm resistors. Notice in the circuit of Figure 6(B) that the current
flewing from the battery, or as it is often referred to, the current
drawn from the battery, would be identical with the current drawn from the
battery of Figure 6(A), or 4 amperes. Thus the circuit of Figure 6(B) is
said to be the equivalent circuit of Figure 6(A).

Figure 7(A) illustrates another simple parallel circuit in which a 4
ohm resistor and a 6 okm resistor are connected in parallel across a 24
volt source of potential. Ohm's Law can be applied to the two branches to
determine the curremt which flows in each and the results obtained may be
tabulated in a REI tatle as shown. Check these figures to verify the fact
that 6 amperes of current flows through the 4 ohm resistor and 4 asmperes
of current=flows through the 6 ohm resistor. This would result in & %total
current of 10 amperes flowing from the battery. This value of total cur-
rent mey be used to determine the equivalent resistance of the 4 ohm and
the the 6 ohm parallel resistors as follows:

- E
R=7

_ 24
R=1
R = 2.4 ohms

Thus the equivalent circuit of Figure 7(B) can be drawn and a 2.4 ohm re-
sistor substituted for the paralleled 4 ohm and 6 ohm resistors of Figure
7(A), since tke current flowing from the battery in the circuit of Figure
7(B) would be the same as that flowing from the battery in’'the circuit of
Figure 7(A). Notice once again in this circuit that the equivalent re-
sistance of the two parallel resistors is smaller than the smellest paral-
lel resistor. In other words, the effect of the parallel combinaticn in
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the circuit of Figure 7(A) is to offer less resistance than that which
would be offered by either of the resistors individually.

Finding Equivalent Resistance By Means 0f Formulas

Ths means of determining the equivalent resistance of parallsl re-
sistors outlined above is very satisfactory. One advantage of this
arrangement is that no new formulas are employed. All of the calculations
involve the use of Ohm's Law only, which should by this time, be guite
familiar to the Associate. There-are, however, several formulas which may
be used to determine the equivalent resistance of parallel resistors. The
first of these formulas is the simplest and may be used only when the re-
sistors which are connected in parallel are of equal ohmic value. This
formula states that when parallel resistors are of the same ohmic value,
the equivalent resistance is found by dividing the ohmic value of one of
the resistors by the number of parallel resistors. Stated mathematizally
this becomes:

Wkere Ry is equal to the equivalent resistance, R is equal to the chmic
value of one resistor and N is the number of parallel resistors.

To illustrate the use of this formula refer again to Figure 4 which
shows four 8 ohm resistors in parallel. Let us apply the formula to this
circuit to determine the equivelent resistance of the four parallel re-
sistors.

Re = 2 ohms

It will be recalled that the findings of the total current method
which were performed previously also indicated that the equivalent re-
sistance of the four 8 ohm resistors in parallel was 2 ohms.

Apply this formula to the parallel network of Figure 6 to determine
the equivalent resistance and see if your computed equivalent resistance
agrees with that of the equivalent circuit of Figure 6(B).

Figure 8 shows a parallel circuit with five 100,000 ohmr resistors
connected to a 100 volt source. The equivalent resistance of these re-
sistors is 20,000 ohms as indicated by the following calculations:

_ R
Ry = N
100,000
Re = =% —
Re = 20,000 ohms
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To check these calculations apply the total current method of determining
the squivalent resistance of the circuit of Figure 8. Do these calcula-
tions also indicate that the equivalent resistance of the parallel network
is 20,000 ohms?

When the parallel circuit in question consists of only two resistors
cf unequal ohmic value another formula sometimes called the Product over
Sum formula may be employed. This formula is:

R. = Rl x Rg

® Ry + Ry

Let us apply this formula to the circuit of Figure 7 to demonstrats its
use.

R. = Rl x R
® Rl + Ry
_4x6
Re = 2+7%

24
Re=_6

1
Rg = 2.4 ohms

A check of the equivalert circuit of Figure 7(B) will illustrate that this
is the same value of equivalent resistance as computed by the total cur-
rent method.

Figure 9 illustretes a circuit such as may be encountered in a radio
or television receiver. A 100,000 ohm and a 50,000 ohm resistor are con-
nected in parallel across a 100 volt source. We wish to determine the
equivalent resistance of these two resistors in parallel, or ir other
words, we wish to determine the amount of opposition offered by this
parallel combination. Before working the problem there are at least two
things which can be determined by inspection. In the first place we know
that since the two resistors are in parallel the same voltage is applied
across each, which is in this case 100 volts. We also know from the pre-
vious discussion the total opposition offered by the two parallel resist-
ors 1s less than the smallest resistor and will, therefore, be less than
50,000 ohms. Let us apply the formula to determine just how much less
than 50,000 ohms this value will be.

R = R1 x R2
e R]_"'Rz
_ 100,000 x £0,000
Reg =

100,000 + 50,000
5,000, 000,000
150,000

Rg = 33,333 ohms

The foregoing calculations require the use of a large number of zeres
and the possibility of error from this source is present. For this reason
it is advisable to apply powers of ten to this problem as follows:

Re =
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R = Rl x Rz

© R]_ + Rz

100 x 103 x 50 x 103
100 x 103 + 50 x 103
R = 9,000 x 106

& 150 x 103

Re = 33.3 x 103

Re = 33,300 ohms
It can be seen that this answer is practically the same as that obtained
previously, the slight difference being due to the fact that the division
of 5,000 by 150 is only carried to three significant figures. This answer
is sufficiently accurate for all radio and television work.

It should be mentioned that the Product over Sum formula may be used
to determine the equivalent resistance of two parallel resistors, even if
they are of equal ohmic value. When the resistors are of equal size, hLow-
ever, it is a simpler process to determine the equivalent resistance by
means of the formula stated previously for use with parallel resistors of
equal value. To demonstrate this fact determine the equivalent resistance
of the parallel circuit of Figure 6(A) by the Product over Sum method.

Trere is a formula which can be used to determine the equivalent re-
sistance of any number of parallel resistors. This formula is often call-
ed the reciprocal formula and is as follows:

1 1 4,1 ,1 1

= == = = + - etc,

Re R; Ry Ry Ry
To demonstrate the use of this formula let us find the equivalent resist-
ance of the circuit shown in Figure 10.
1 1,1 ,1

Re Ry Ry Ry

(NOTE: 12 is the lowest common
denominator.)

— -
ol ol

oo}
D
1]

2 ohms
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The circuit of Figure 10 is identical with the circuit of Figure 3(3) and
a check of the computations concerning that problem will indicate that the
equivalent resistance was fourd to be 2 ohms by the total current method.
This should demonstrate that the new formula is valid.

To further demonstrate the use of the reciprocal formula let us find
equivalent resistance of the parallel circuit shown in Figure 1l.

1. 1 , 1 . 1

R, 10,000 20,000 100,000
1 .10+5+1

Re 100, 000

(NOTE: 100,000 is the lowest
16 common denominator.)

1
R, I00,000

Rg _ 100,000
I 16

100,000
16

Reg = 6,250 ohms

Once again note that the equivalent resistance of the parallel network is
smaller than the smallest resistor in the network.  To verify the fact
that the above solution is correct the Associate is advised to work the
problem represented by the circuit of Figure 11 by means of the total
current method to check the results shown.

It will be noted in finding the equivalent resistance of parsallel
resistors by means of the reciprocal formula that it is necessary to use
the lowest common dencminator in the solution. Since it is sometimes a
rather involved process to do this, particularly if the values of resist-
ance are uneven amounts such as 27,000 ohms or 330,000 ohms, some prefer
to work this type of problem using the Product over Sum formula. This
formula can be used for only two branches at a time but can be used for
finding the equivalent resistance of more than two branches by solving
first to find the equivalent resistance of two of the parallel branches
and then using this equivalent resistance and the resistance of the third
branch, to find the equivalent resistance of the entire circuit. This is
illustrated in Figure 12.

Let us first fird the equivalent resistance of the 12 ohm resistor
and the 6 ohm resistor in the circuit of Figure 12. To do this we sub-
stitute these values of resistance in the Product over Sum formula.
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_1l2 x 6
Re = 17+
72

Re ‘E
Re = 4 ohms

By means cf this calculation we have found the equiValent resistance
of the 12 ohm and the 6 ohm resistors to be 4 ohms. In Figure 12(3) the
circuit of Figure 12(A) has been redrawn and a 4 ohm equivalent resistance
has been substituted for the 12 chm and 6 ohm resistors. Substituting the
values of Figure 12(B) in the equation we solve for the equivalent resist-
ance of the entire network.

Re = Ryl x Rz
R1+R2
_4x4
Re = 7373
16
Re—8_
Rg = 2 ohms

While this method is in twe steps and is a little longer, it elimin-
ates the need for using a lowest common denominator which, as mentioned
previocusly, can be very troublesome when involving odd values of resist-
ors.

The Associate is advised to use the Product over Sum formula to solve
the problem presented by Figure 11. First use this formula to determins
the equivalert resistance of the 10,000 ohm and the 20,000 ohm resistor
in parallel. Substitute the equivalent resistance of these two branches
in the circuit and again apnly the formula using this equivalent resist-
ence ard the 100,000 ohm resistor. Your answer should be practically the
same as that computed previously for the equivalent resistance of this
network. (6250 ohms)

Summary

The parallel circuit is a circuit in which two or more paths are pro-
vided for the current. The parallel paths are sometimes referred to as
the branches or arms of the parallel circuit.

There are two important facts which should be borne in mind concern-
ing parallel circuits. One of these is the fact that the voltage applied
to all branches of a parallel circuit is equal since it is actually the
same voltage applied to the various branches. The second important fact
concerning parallel circuits is: the equivalent resistance of a parallel
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network is always less than the smallest resistance in the network. This
should be an apparent fact to the Associate when he recalls that resist-
ence is the opposition offered to current flow and, if two or more paths
are provided, the opposition is naturally less than that offered by any of
the paths.

The ohmic value of the equivalent resistance of parallel resistors
can be computed in a number of manners. One method is to determine the
amount of current flowing through each branch of the circuit by Ohm's Law
and then to add the branch currents to find the total current flowing in
the circuit. This total current and the applied voltage may then be used
to determine the equivalent resistance by means of Ohm's Law. There are,
likewise, several formulas which may be employed to determine the equiva-
lent resistance of parallel circuits. The formula which is used is deter-
mined largely by the cheice of the Associate and the type of circuit ar-
rangement employed. If the parallel branches are of equal ohmic resist-
ance the following formula may most conveniently be employed.

Re'—'%

If the parallel circuit consists of two branches the following for-
mula mey be used very conveniently. T

_ Rl x R2
R "1~ R

The equivalent resistance of any parallel circuit can be solved by
using the following formula:

+ 1
- +
R etc.

3

Of —

4

To become fully acquainted with the solution of circuits corntaining
parallel resistors the Associate is advised to draw a number of such cir-
cuits and solve the circuits for the various unknown factors. To aid in
this exercise tnree circuits are presented in Figure 13. Work each of
these circuits carefully before checking your results against the oroper
solutions indicated at the end of the assignment.
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Answers To Exercise Problems
Problems Presented By Circuits Of Figure 5

Problem 5. Total Current

The current drawn from the battery in this case will be 17 milli-
amperes or .0l7 ampere as determined in the following manner. The cur-
rent from the battery is equal fo the sum of the currents passed through
the individual resistors or:

.010

¢ 005

,002

.017 ampere or 17 milliamperes
Problem 5. Equivalent Resistance

The total current has been computed to be 17 milliamperes or .017
ampere. To find the equivalent resistance Chm's Law formula should be
avplied as follows:

E
R=7
100
R= 517
F = 5,882 ohms

Notice once again that the equivalent resistance of the parallel circuit-
in this case the circuit of Figure 5- is smaller than the resistance cf
any branch of that circuit.
Problems Presented By Circuits O0f Figure 13
Problem 13(A).

The equivalent resistance of R}, Ry and R3 is 1,000 ohms as determin-
ed by the following calculations.

R
Re=ﬁ

3000
Re=—3—
Rg = 1000 ohms

The current flowing through each resistor can be determined by Ohm's
Law since the applied voltage is 100 volts.

_E
Ixr
_ 100
I 30C0
I = ,0333 amp or 33.3 ma

The total current d-awn from the battery can be determined in two
ways. In the first place it has been established that the equivalent re-
sistance of the parallel netwerk is 1,000 ohms. This value can be used to
determine the total current.

Assignment 8B Fage 13



B
I=x%
1 = oo

~ 1000

I=.1 amp or 100 ma
The total current can also be found to be 100 milliamperes by adding the
three individual currents which, as computed previously, are 33.3 milli-
amperes each.

.0333

.0333

.0333

.0999 ampere or 100 ma
The current paths are indicated in the accompanying diagram.

‘,__--—.—--—D-\- - - -~
~

= SIS

!
P VP I 4

Problem 13(B).

The equivalent resistance of R} and Ry can be mest easily determined
in this case by applying the Product over Sum formula.

R. = Rl x R2
8 R1 + R2
g = 27,000 x 33,000
© ~ 27,000 + 33,000
R. = 891,000,000
© 60,000

Rg = 14,850 ohms

The totel current flowing in the circuit can be computed by applying
Ohm's Law using the battery voltage as indicated, and the equivalent re-
sistance which has just been computed.

B

I=x
50

I = 17850

I = .0034 ampere or 3.4 ma
Problem 13(C).

The reciprocal formula is apoplied to determine the equivalent resist-
ance of the three resistors as follows:

Assgignment 8B Page 14



1 .1 .1 .1
RBe R Ry 'R,
R I
Re 2 5 10
1 _5+2+1
Ry 10
1 _8
R, 10
10
Re’?

Rg = 1.25 ohms

The current flowing through each resistor can be determined by the
application of Ohm's Law to the three individual resistors since the re-
sistance of each is known and the applied voltage is 10 volts in each

case,
2 ohm resistor 5 ohm resistor 10 ohm resistor
B B E
I R I = R I-= R
10 10 10
I= I=— B
T 5 I =10
I =5 amps I = 2 amps I =1 amp

The tctal current can be computed by applying

been computed.

B
I-= R
10
I =135
I = 8 amps

Assignment 8B

Ohm's Law using the
battery voltage indicated and the equivalent resistance which has just
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Test Questions

Ee sure to number your Answer Sheet Assignment 8B.

Place your Name and Associate Number on every Answer Sheet.

Send in your answers for this assignment 1mmed1ately after you finish
them. This will give you the greatest possible benefit from our personal
grading servics.

1. Is the electromotive force applied to a circuit measured in; (a)
amperes, (b) volts, or (c) ohms?

2. (A) If the value of a resistor in a radio diagram is indicated as
being 13K, what is the value of that resistor in ohms?- /5, 77"

(B) If a resistor in a schematic diagram is labeled 2 megohms, how
many ohms of resistance are there in the resistor? 2,

3q Is the equivalent resistance of a parallel network, (a) equal to the
value of the smallest resistor forming the network, (v) equal to the
value of the largest resistance forming the network, (c) larger than
the largest resistor in the network, (d) smaller than the smallest
resistance forming the network!?

4, What general statement can be made concerning the value of voltage
applied to the various resistors in a parallel arrangement?

o If a parallel network consists of three resistors and the current
flowinrg through the first resistor is 1 ampere, that through the
second resistor is 2 amperes and that through the third resistor is
2 amperes, what is the total current drawn from the battery?

6. On your Answer Sheet redraw the circuit of Figure 6(A). Indicate by
means of a dotted line with arrowhead the direction of the current
f1low through each resistor in the circuit.

7 In the accompanying diagram what is the squivalent resistance of the
four resistors?

100V. 12K 12x 12K 12x
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8. In the accompanying diagram find the equivalent resistance of the twe
resistors by application of the Product over Sum fermula, show your
work.

—. B0V 500Q 20011

9. In the circuit of Question 8; (a) what is the current through the
500 ohm resistor:’(b) what is the total current drawn from the bat-
tery?

10. In the accompanying diagrem find the equivalent resistance of the
four resistors. Show your work., |,

-
—

120 260 2% 3N

+
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ASSIGNMENT 9

CELLS AND BATTERIES - POWER AND ENERGY

In circuits and drawings we have been dealing with in the preceding
assignments, we have shown batterles and cells as the source df the emf, but no
explanation of the operation of the batterles or cells has been given.

In this assigmment we shall discuss a number of different types of cells
and batteries and shall compare the characteristics of the various types.

The purpose of a cell, or battery, 1s to produce an emf or voltage. The
emf 80 produced will cause electrons to flow through a closed circult. Cells
produce an emf by changing chemical energy Into electrical energy.

It will be both interesting and useful to know something of the operation
of batteries. Most modern home radio recelvers are operated from a 110 volt
alternating current receptacle, but portable sets and much speclalized electronic
equipment operate from batteries. Typical types of electronlc and radlo equip-
ment operating from batterles are: Auto radlos, two-way radio systems in pollce
cars and taxicabs, recelvers and transmitters on ships and In alrcraft, and
portable radio equipment of the armed forces, portable recelvers for enter-
tainment, radliation meters, traffic radar devices, and many others. Thus, 1t 1s
necessary for a qualified electronics technician to understand the operating
orinciples of cells and batteries.

The Voltaic Cell

In the 18th century, an Italian physician (Galvani) made a very crude form
of electric cell. He discovered that two pleces of different metals touching
the nerves of the leg of a freshly-skinned dead frog would cause muscular
contractions, or jerks, provided the other ends of the metal were 1n contact.
He thought this electrical effect was caused by the frog.

Another Italian (Volta) proved that it was possible to produce electrical
effects apart from any living creature. We take this for granted now, but it
was a very important discovery at the time. Volta built a simple electric cell
consisting of two rods of different materlials in a weak solution of sulphuric
acld. The two rods he used were carbon and zinc. Such a cell is 1llustrated in
Figure 1(a). The rods or plates used in cells are called the platesor poles
of the cell, and the soiution used 1s called the electrolyte. (propounced
e-led-tro-1ite). O ol 2 »52?17 Ao e e

When a copper wire was connected betw@en the two rods, outside the cell, as
shown in Figure 1(a), the wire became warm due to the flow of electrons through
the wire. 1If we were to perform the experiment, we could place a voltmeter
across the two terminals of the cell and measure the voltage produced. This is
shown in Figure 1(b). If we preferred, we could place an ammeter in serles with
the copper wire connecting the termirals of the cell, in order to measure the
flow of current In the wire. The cell we have Just discussed 1s called a
"Voltalc Cell® The zinc rod 1s the negative plate of the cell, and the carbon
rod 18 the positive plate.

In this cell, voltage 1s produced due to chemical action within the cell.
The weak solution of sulphuric acid enters Into a chemical reaction with the
zinc plate. This action would go on at a slow rate, if there were no complete
circuit outside the cell, from the zinc to the carbon plate. When a complete
circult i1s established outside the cell, such as the copper wire between the
two terminals in Figure 1(a), the chemical action increases, and the zinc plate
will be "eaten" by the acid at a much faster rate. After this type of-cell has
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been in operation for some time, the zinc plate will be *eaten away" by the
acid, and will have to be replaced. Also, the acid solution will have to be
replaced, since it has changed chemical composition and is no longer a wesak
solution of pure acid, but contains part of the zinc from the negative plate.

While this type of cell is not used in any present day radio installation,
there are several actions which occur in it that also occur in modern cells, sO
we will discuss the action in this cell.

Let us trace the current path in the circuit of Figure 1(a). The current
flows from the negative terminal of the cell, through the external circuit to
the positive terminal of the cell, and through the cell from the positive plate
to the negative plate. This current flow from the positive to negative pole
inside the cell 1s actually carried out by the chemical action of the cell.
There 1s some opposition offered by the electrolyte In conducting the current
inside the cell, and this resistance 18 called the intemal resistance of the
cell. 1t 1s advantageous to have as low an internal resistance in a cell as
possible.

If a Voltalc Cell is cperated for any considerable length of time, bubbles
of hydrogen gas collect on the carbon rod. This is i1llustrated in Figure 1{(b).
These hydrogen bubbles are produced by the chemical action taking place in the
cell. Hydrogen 1s not a conductor of electricity, so when a sheath of hydrogen
gas forms around the carbon plate, thisplate becomes insulated from the electro-
lyte. More opposition is offered to the flow of current through the battery, or
to state 1t another way, the intemal resistance of the cell is increased. The
result of increasing the internal resistance of a cell 1Is that the output
voltage will become lower. In Figure 1(b), the voltage output of the cell, as
indicated by the voltmeter, would gradually decrease as the hydrogen bubbles
form on the carbon plate. The formation of hydrogen bubbles on the positive
plate is called Polarization.

Polarization 1s undesirable, since it increases Iinternal resistance of the
cell, and must be minimized 1f a cell is to be operated for a considerable
length of time. It can be eliminated by adding a depolarizer to the cell. This
depolarizer 1s a chemical which will not interfere with the chemical action
taking place in the cell, but which will combine with the hydrogen bubbles and
produce water. This removes the insulating sheath of hydrogen from the
positive pole of the cell, and thereby reduces the internal resistance.

Another undesirable action which takes place in a cell 1is called Local
Action, and results from impurities in the zinc plate. Zinc 1s one of the most
d1fficult of metals to obtain in a pure state. Carbon is used in the process of
ouritying zinc, and some of this carbon remains in the form of tiny particles
in the zinc plate. These small particles of carbon, the electrolyte, and the
zinc pole set up small cells on the surface of the zinc plate. This 1s shown
in Flgure 1(a). The result of having these tiny cells on the surface of the zinc
plate 1s that the zinc plate will be "eaten away" much more rapidly at these
spots than on the remainder of the plate. This will require that the zinc plate
and the electrolyte be replaced sooner than they would have if the zinc had been
pure. No cheap method has been developed to eliminate local action.

A cell 1s sald to be charged when the chemicals in it are in such a state
that the cell 1is able to deliver its rated voltage and current to the external
circuit.
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There are two general types of cells. These are the primary cell and the
secondary cell. The Voltalc Cell which we have discussed 1s one of the many
primary cells. A primary cell ts a cell which can not be recharged when 1t is
once discharged. When a Voltalc Cell 1is discharged it must be rebullt. A
secondary cell may be recharged when it is discharged. We shall discuss some
secondary cells and methods of charging these later in this asslgmment.

When an external circult 1s connected to a cell, the cell 1s sald tobe
discharging. A cell 1s completely discharged when it produces no voltage across
the terminals.

The Dry Cell

A form of primary cell which is used very widely is the Dry Cell. The name
Dry Cell 1is somewhat misleading because the cell is not dry, the chemicals
being In the form of molst paste. Filgure 2 shows the construction of a dry
cell.

The negative plate of a dry cell 1s a zinc cylinder which forms the walls
and bottom of the cell, The positive plate 1s a carbon rod placed in the center
of the cylinder. The space between the carbon rod and the zinc container is
fiflled with a paste of ammonium chloride, manganese dioxide, and powdered
graphite. The top 1s covered with pitch or wax to prevent the loss of water by
evaporation. A pin-hole in the pitch or wax permits the gas, which results from
chemical action in the cell, to escape.

The ammonium chloride 1s the chemical which acts upon the zinc to supply
the chemical energy which is converted into electrical energy. The manganese

loxtde acts as the depolarizer to remove gas bubbles from the positive pole.
The graphite is to reduce the internal resistance.

The emf 0f a new dry cell is about 1.5 volts. As the cell Is discharged
the output voltage will gradually decrease. In thils cell the zinc 1s "eaten
away" by the chemical actlon, and holes will usually te eaten through the zinc
cylinder before the cell 1s completely discharged. Alsc the internal resistance
0Z the cell increases greatly when the cell is partially discharged, due to the
drying out of the paste electrolyte.

Dry cells are made in several sizes. The asmallest practical cell is the
"pen-liten cell, which 1s about éfinch in dlameter and about 2 inches long.
Another dry cell is the flashlight cell which is 1% inches In dlameter and %%
inches long. The largest dry cell in use today !s the #6 cell which is 2%

inches in dlameter and 6 inches long. FEach of these cells has an emf of 1.5
velts. The larger the cell, the greater the current it can deliver.

You may be wondering what the difference is between a cell and a battery.
A battery 1s merely a group of cells connected together and usually placed
in the same contalner. The cells may be connected In serles, in parallel, or
in serles-parallel.

A type of battery which 15 usedquite often in portable electronic equipment
1s the 45 volt "B" battery. The internal construction of such a battery 1s
shown in Figure 3. In thls battery, thirty small dry cells are connected in
serles. When the cells are connected in series, their voltages will add, so the
full output voltagecf thls battery 1s 30 times 1.5 or 45 volts. On most of these
batteries, there 1sz122%—volt tap brought out to a terminal on the outslide of the
battery. This 1s shown in Figure 3. Notice how the individual cells are
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connected together to form a battery. The positive terminal of the battery 1s
connected to the positive pole of one of the cells. The negative pole af this
cell 1s connected to the positive pole of the next cell. This continues for the
entire thirty cells, and the negative pole of the last cell connects to the
negative terminal of tre battery. Check to see If you agree that the 2°1-v01t
tap ls actually 22%-volts more positive than the negative terminal of the
battary.

Since the individual cells used in the 45 volt batterles are small, the
maximum current that such a battery can provide 1g small. Twenty to 40 milll-
amperes 1s considered a reasonable current draln for these batterles. The large
#6 dry cells can supply as much as 500 milliamperesor %—ampere for a reasonable
length of time.

We have seen how 1t 1s possible to connect a number of dry cells to get an
increased voltage. Thirty 1%-volt dry cells connected In series producad a total
voltage of 45 volts.

The total current which can be safely drawn from the series arrangement 1s
the safe current of one of the 1ndividual cells, since the total current flows
through each of the cells. 1In the 45 volt battery, each of the cells can safely
supply 11 volts at 40 ma., SO the entire battery can supply 45 volts at 40 ma,

It I's possible to Increase the current which can be safely supplied by, cells
by connecting them 1in parallel. This 1s shown 1n Figure 4(a). Four 1§-volt
dry cells are connected in parallel. To do thls, the negative terminsls 02 all
of the cells are connected together, and this Is the negative terminal of the
battery. The positive terminals of all of the cells are connected together and
this is the positive terminal of the battery. The output voltage of the battery
1s equal to the output voltage of one of the cells, 1§-volts, but the total
current drawn from the battery can be equal to the sum of the individual allow-~
able currents of the cells. For example, 1f the four cells are §8 dry cells,
which can supply 1i-volts at i-ampere. then the battery can supply 1—-volts at 2
amperes. The reason for this is shown in schematic dlagram Figure 4(b). Each
cell 1s supplying its allowable current of E.ampere. and the current through the
resistor 1s the sum of the currents from each of the four cells, or 2 amperes.

Figure 5 shows a series-parallel arrangement, which Is used when the
battery current and voltage will be greater than that for each cell. Let us
look at the row of cells nearest the resistor. These four cells are connected
in serlies since the positive of the first 1s connected to the negative of thg
second, etc. The total voltage of thlis row of cells 1s, therefore, 4 _times 15
volts or 6 volts. If these are #6 dry cells, each may safely dellver - ampere,
sO this row can deliver 6 volts at & ampere. The other five rows of cells are
identical with the row nearest the resistor. Fach of these rows has 6 volts and
can supply-l.ampere. These rows are cornected In parallel. The battery voltage
will be 8 volts, and the total current which may be drawn from this battery 1s
the sum of the current which may te supplied by the individual rows, or € times
— ampere or 3 amperes. Notice that the resistor In the diagram 1s called the

oad. This term 1s used very widely in radio work. The resistor or other
circuit component (it could be a coll) which 1s connected to the source of emf
1s called the 1oad. In thls case, our battery supplies 6 volts at 3 amperes to
the load.
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Tc summarize the connection of cells, we could say 1f cells are connected in
series, more voltage 18 avallable and 1f cells are connected in parallel, more
current 1s avallable.

ry cells are primary cells, and the zinc contaliners are ®"eaten" away
during their discharge so that they can not be recharged. When the output
voltage drops below a satisfactory level, dry cells and batteries made from dry
cells, must be discarded, and new batteries installed. As dry cells discharge,
the internal resistance increases, and when the output voltage has fallen about
1/6 of the original voltaze, the internal resistance of the cells becomes so high
that the operation of the cell is unsatisfactory. Thus, a 45 volt battery should
be replaced when the output voltage drops to about 38 volts. 46 - (1/5 x 48) =
45 -~ 9 = 6.

Or. the outside of most dry cells and batteries will be found a notation,
telling by what date the battery should be Dlaced In operation. This 1s because
these tatterlies have a definite shelf life. If they are stored for too long a
tfme they will become unsatisfactory. This 1s due mainly to the local action
which takes place within the cell.

Most portable radios operate from "packs" of dry cell batterles. These
packs contaln two or three dry cell batteries. A typical dack may have one
battery, which supplies go volts at about 30 ma,,and a zé-volt battery which
supplies 30c ma.

The Air Cell

Another type of battery, which has proved quite popular in the rural
communities for supplying filament voltages for battery operated radio receivers,
1s xnown as the air cell battery. It consists of two air cells assembled in a
hard rubber contalner and permanently connected in serles.

Tre negative pole of this cell is zinc, and the positive pole Is carbon, as
in the dry cell, but the carbon pole is in the form of a rod of porous carbon.
The electrolyte is a solution of sodium hydroxide and water. This battery gets
1ts name from the fact that air !s the depolarizer. When this battery is
operated, air 1s absorbed by the porous carbon rod, and combines with the zas
bubbles. The output voltage of each of the cells of an alr cell battery 1s 1.25
volts, and the output voltage of an alr cell battery i1s 2.5 volts, since 1t
contains two alr cells connected in series. These batteries have a long lire,
and their output voltage remains practically constant over their useful 1life.

The alr cell 1s a primary cell and cannot be recharged. It must be
discarded when its useful life 13 over.

Lead - Acid Storage Cell

In the explanation on primary cells, we saw how electricity was produced by
chemical action, and you will remember that the cells were made up with two
DPlates and a chemical solution called the electrolyte.

When an electrical circuit is completed between the plates outside the
cell, a chemical action "eats away" some of the parts, but it produces an
emf which causes a current to flow in the circuit.

The lead-acld storage cell has two plates or sets of Dlates and an eleclro-
lyte, but 1t differs from the primary cell in that 1ts plates are not eaten away
during discharge, but are Just changed to another chemical composition. After
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being discharged, this cell can be recharged by forcing an electric current
through it in the opposite direction to the discharge current. This charging
prccess changes the plates back to their original chemical composition, and the
cell is ready to be used again. We shall deal with the charging process shortly,
but let us examine the construction of the cell.

A typical storage battery 1s shown in Figure 8. Thls type of battery was
used in automobiles for many years and consists 0of three lead-acid cells con-
nected In serles.

The positive plates of a lead-acld cell are composed of lead peroxide, and
the negative plates are spongy lead. To secure more surface area, the plates of
a lead-acid cell are actually several plates connected together. T™his may
be seen in Figure 8. A1l of the positive plates of one cell are connected
together, and all of the negatlve plates of one cell are connected together.
These sets of positive and negative plates are sandwiched together, so that
there is first a negative plate and then a positive plate, then a negatlve plate
etc. The plates are held apart by pleces of insulating material called separn-
tors. Separators are made of rubber, glass rods, or corrigated wood. The elec-
trolyte 1s a dilute or weak solution of sulphuric acld. When this cell 1s con~-
nected to a load and discrarged, the chemical composition of both plates will
change to lead sulphate, which 18 a chemical combination of lead and sulphuric
acid. The electrolyte changes from sulphuric acld to water. Neither of the
plates sre "eaten away" by the acld. After thls cell has been discharged, or
partially discharged, i1t can be changed back to 1ts original chemical composition
by forcing current through the cell in the opposite directlon to the discharge
current. This is known as charging the cell, and 1s done by a charger.

When the cell has been charged, the positive plate 1s again lead peroxide,
the negative plate 1s agaln spongy lead, and the electrolyte 1s a weak solution
of sulphuric acld. Now we see why thils type of battery 1s In such wide use.
Ite chemical action 1s reversable. Once 1t has been discharged, all that has to
be done to recharge 1t is to connect 1t to a charger. Thls is much cheaper than
replacing it with a new battery.

The voltage of a lead-acid cell 1s 2.1 volts. This voltage remalns
practically constant until the cell 1s almost completely discharged, at wihich
time the voltage drops to zero. The amount of current which can be delivered by
this cell gradually drops as the cell is dlscharged. Since the voltage 1is
practically constant, when no current 1s beilng drawn, regardless of the state of
charge, a voltmeter 1s of ifttle value In checking a lead-acid cell.

A very simple method of checking the state of charge of a lead-acid cell 1s
by checking the specific gravity of the electrolyte.

As you perhaps know, the same amount, or volume, of different liquids have
different welghts. For example, one gallon of sulphuric acld we ighs more than
one gallon of water, whlle one gallon of gasoline we 1ghs less. We call this the
specific gravity of the liguld, which means the ratlio of its welght compared to
the welght of an equal volume of water. As water i{s the most common fluld, we
say sulphuric acld welghs sbout twlce as mich as water, or 1.835 times as much,
to be eyact. As we mix the two for the electrolyte, the speclific gravity of the
solutlon will be somewhere between 1 and 1.836.

In the explanation of the lead cell, you remember, 1t was stated that when
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the 2ell was charged, the electrolyte was acld, and when the cell was discharged
the electrolyte was water. In practical work, however, we never reach the
condition of absolute discharge and no matter what state of charge the cell may
have, there 18 always both acid and water in the electrolyte. As the cell
charges, the chemical action takes place, and the amount of acid increases,
giving us a very handy method of testing the state of charge of the battery.

It can be seen that we could pour out the electrolyte, welgh it and compare
its welght to an equal amount of water. This would give us the specific gravity
of the electrolyte, but this method would be far from handy.

The handy way to check the specific gravity of the electrolyte is through
the use of a hydrometer. The hydrometer 1s shown in a drawing in Figure 7. The
hydrometer consists of a large glass tube that has a rubber bulb at the top, and
a small rubber tube at the bottom. Inside the large glass tube 1s a little
float, which is weighted at the lower end with shot and has a scale in the upper
part of the tube. Since the float is made of glass, the scale may be Dlaced on
the Inside of the small tube, and we can read it from the outside.

To use a hydrometer to measure the specific gravity of the electrolyte, the
small rubber tube i1s placed in the electrolyte, and the bulb on top of the
hydrometer 1s squeezed. When the rubber bulb 1s released, electrolyte will be
drawn up into the large glass tube, and the float will float in the electrolyte.
The more aclid that is in the electrolyte, the heavier, or denser, 1t will be.
The Iloat will sink only as far as the density of the 1iquid will let 1t. The
more dense the 1iquid, the less the float will sink in the liquid.

By properly marking the scale, we can read the specific gravity of the
electrolyte directly from the scale. The point on the scale that comes level
with the surface of the liquid shows the specific gravity.

The scale In the hydrometer used to check the specific gravity of the
electrolyte In a lead-acld storage cell 1s marked off in graduations from 1300
to 1100. The number 1300 means a specific gravity of 1.3 and -1100 means 1 1,
but as it 1s much easler to say eleven fifty or twelve hundred than one and
fifteen hundredths, or one and two tenths, the decimal poiht 1s left out.

The range of this scale, 1.1 to 1.3 1s much less than the 1 to L 835 that
we mentioned before, but 1t covers the ordinary working range of the cell, It
the acld gets so strong that its specific gravity 1s over 1.3,1t will injure the
plates and separators. If it gets so weak that i1t 1s below 1.1, the chemical
actlon 1s so slow that the cell 1s of no use. A specific gravity reading of 130
1s considered a full charge, and 1100 a complete discharge.

A battery should never be allowed to stand for a long perfod of time in a
discharged conditfon, since 1t may be ruined. This 1s because the plates, which
are lead sulphate when the cell 1s discharged, may become so hard that the
charging process cannot be performed. When this has happened to a batterv 1t is
saild to be sulphated.

The lead-acid battery 1s often called a storage battery. For years the
storage batteries In cars consisted of three cells In serles, as shown In
Flgure 8. (3 x 2.1V. per cell = 6.3V.) Since 1955 most car batterles contaln 8
cells In serles, producing 12.8 Volts.

The amount of electricity, or current, that a cell can Droduce i1s called its
capacity. From the chemical actions just explained, it can be seen that the
greater amount of active plate material we have, the more electrical energy the
cell will be able to produce.
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The capacity of a storage battery 1s measured by the amount of current in
amperes multiplied by the time it 1s produced in hours. This makes the unit for
measuring the capacity of a battery the Ampere-Hour.

However, this 1s not quite as simple as it sounds, for a cell that will
deliver 10 amperes for 10 hours will not necessarily deliver 100 amperes for 1
hour. In general, the higher the current, or rate of discharge, the smaller the
capacity will be. Since capacity 1s a variable factor, when the time of
discharge 1s varlable, the time for discharging 1s generally set at 8 hours.
Thus, a 100 ampere-hour battery will dellver 121.amperes for 8 nours, and a 300
ampere-rour battery will deliver 57%:amperes for” 8 hours.

Edison Cell

Another secondary cell, or cell that can be charged, 1s the Edlson Cell.
This cell 1s not used in automobiles, because 1t 1s rather costly, but 1t 1s
uszd in many commercial applications, since 1t will stand much abuse and has a
very long life.

In this cell, the active materials are nickel peroxide for the positive
plate and finely divided iron for the negative plate. The electrolyte 1is a 28
per cent solution of potassium hydroxide.

Like the lead-acld cell, the plates are assembled in groups, and plates are
held apart by spacers. Tae container for these cells, or batterles, is usually
made of nickel-plated steel.

The chemlcal reactlons which take place In this cell are very complex and
have nct been explained to the satisfaction of all chemists. The cell has an
average voltage of 1.2 volts, which 1s lower than other lead-acld types, but 1t
1s not injured by discharging to zero voltage, by standing idle, Oor by over
chargirg. The specific gravity of the electrolyte does not change during the
charging and discharging processes. The state of charge of this battery should
be determined by measuring 1ts output voltage while 1t is delivering 1ts rated
current. The voltage of £ fully charged Edison cell is 1.37 volts.

Charging Batteries

To charge a battery 1t 1s only necessary to connezt the battery to a source
of emf higher than the tattery voltage. Thus, to charge a 12.6 VOlt storage
battery, it should be cornected to a source o7 emf of about 18 volts The proper
way of connecting a charger to a battery 1s shown in Figure 8. Since the
voltage Of the charger 1s higher than the battery voltage, 1t will force current
through the battery from the negative terminal to the positive terminal. This
current flow through the battery 1s in the opposite c¢irection to the discharge
current which, you will recall, flows from the positive to the negative plates.
The 19w of current from the negative to the positive plates in the storage cell
reverses 1ts chemical process, restoring the battery to 1ts original charged
state.

Few precautions need be observed in charging an Edlson Cell, since 1t 1s
rnot affected by overcharging, too fast a charging rate, etc., but several
precautions should be observed in charging a lead-acld battery.

£s a lead-acld battery is charged, hydrogen gas bubbles up from the plates.
Hydrogen 1s an explosive gas, s0 charging should be done in a well ventilated
room,

The charging rate should be adjusted, by adjusting the charger voltage, SO
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that only a small arount of bubbling occurs around the plates. The amount of
bubbling is proportional to the amount of heat produced in the battery, since
all chemical processes produce heat. If the charging rate 1s too high, too much
heat will be produced in the battery, and the pPlates of the battery will warp
and adjacent positive and negative plates are likely to touch together, ruining
the battery. When a battery has reached a specific gravity of 1300, It should
be dlsconnected fram the charger, as overcharging a battery will cause the DPlate
material to be washed away by the bubbling action of the electrolyte. Nommally,
a baitery can be charged at a high rate when 1ts charge 1s low, and the rate
should be reduced as the battery approaches full charge. During charging, part
of the water in the electrolyte will boil away. The level of the electrolyte
should be brought up to slightly above the top of the plate by adding distilled
water., Ordinary drinking water should not be added, since it contalns g lot of
chemicals.

Battery chargers may be motor driven generators, or they may be rectifier
circutts which change the 110 volts a-¢ to the proper value of a-¢ voltage. In
elther case, provision is made for regulating the rate of charge.

Power and Energy

Let us examine a few fundamental concepts of physics and apply them to
electrical circuits,

In physics, force 1s defined as that which produces, or tends to produce
motion. Thus, if we push an automobile, we are applying force to the autcmobile.
In an electrical circult, the force 18 the electromotive force, and ts, of
course, measured In volts. The emf 1s the force in an electrical circuit which
roduces motion of the free electrons, or current flow. Current 1s the motion
in an electrical circutt. In physics, force produces motion agalnst an opposing
force, such as friction or gravity. In an electrical circult, the oppcsition is
the resistance of the circuit.

Work 1s defined as the production of motion against an opposing fcrce.
Power is a measure of the rate at which work is done. Thus, 1f a certain amount
ef work 1s to be done, a large powerful motor woulcd do the Job more quickly than
& small, less powerful motor. Power in electrical circuits 1s measured in Katts.

Another term which fs used quite often in physics is Energy. Inergy is the
ability to do work. One of the fundamental laws of nature 1s that energy can be
Deither created or destroyed. The batteries which we Just studied did not
create electrical energy. They changed chemical energy to electrical energy.
In resistors, electrical energy 1s changed to lieat energy. In an elecsric
motor, electrical energy is converted into the energy of mechanical motion.

Electrical energy 1s measured in watt-hours. Before dealing with this
term, let us take up the watt.

To repeat: The wuntt 1s the unit of electrical power.

There are three formulas which are used in finding the electrical power in
an electrical circult, or component of a circuit.

These formulas are:

(&) P=ExI P equals power 1n watts.

®) P=1%xR E equals the emf in volts.
(c) P =.§? R equals the resistance in oms.
R I equals the current in amperes.
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Formula (a) 1s used when we wish to know the power, with the voltage and
the current known.

Let us apply this formula to the circult shown In Figure 4(b) to find the
amount of power belng delivered by the battery. The voltage 1s lz-volts, and
the total current 1s 2 amperes. Putting these values In the formula we have:

P=ExI
P=1t1x 2
P = 3 watts

The total power being delivered by the battery (3 watts), 1s belng supplied
to the resistor. Since this power represents electrical energy, 1t cannot be
destroyed. You are probably wondering what happens to it. The answer 1s that
it is given off by the resistor in the form of heat. Electronics men generally say
that this power 1s dissipated by the resistor. When & resistor carrles current,
i1t bacomes warm. This 1s due to the power belng dissipated In the reslistor.

Reslstors are rated according to the amount of power they can dissipate
without overheating. In the circuilt shown in Figure 4(b), the resistor would
have to be at least a 3 watt resistor. If a smaller wattage rating than 3 watts
1s used In this cese, the resistor will over-heat and be ruilned.

Let us find the amount of power belng delivered by each cell. Each cell
hLias l%-volts and is passing-%-ampere of current.

P=Ex1I
P= ll x.l
2 2
P:Exl
2 2
P =-%-watt (This 1s the power being delivered by each cell.)

In Figure 5, we see a 8 volt battery passing 3 amperes through a resistor.
To find the amount of power being dlissipated by the resistor, we apply the same
formula:

P=Ex1

P=6x3

P = 18 watts

This same formula may be used to find the amount of heat glven off by the
resistor in Figure 9.

P=EX1I
P =456 x .001 (Note: 1 ma,was changed to .00l1, since the equation calls
P = ,045 watt for amperes.)

Formula (b) 1s used when the current and the resistance are known, and the
amount of power 1s deslired. We can apply this formula to find the power dis-
sipated by the 8 ohm resistor in Filgure 10.

P=1° r R
P= (2)%x 6
Pedx8
D= 24 watts

Jsing this same formula, we could find the power dissipated by the resistor
in Figzure 11.
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P=1I"XTR

P = (.003)2 X 2000 (Note: Current is changed from 3 ma. to .003 amps)
P= (3210 x (321073 z 21 10°

P=9x2x 108 x 103

P=18x 1072

P = .018 watt

Formula (c) 1s used when the voltage and resistance are known.
Figure 12 shows such a problem. Substituting our known values in the
equation, we can find the power dissipated.

» = E2/R
p= (202
200
> = 400
200
P = 2 watts
Figure 13 presents a similar problem.
P = E9/R
2
p = (100)
108
p= 102x10%_10* | 4. 56
108 108
P = 10"% watts or .0l watt.

In Figure 14, it 1s desired to know the necessary wattage rating of each
resistor. To solve this problem, we are going to0 have to apply Ohm's Laws.
First let us find the total resistance of the circuit. The two resistors are in
3erles, s0o we will apply the series resistance formula:

Ry = Ry + Ry

R, = 80, 000 + 20,000

Ry = 100,000 ohms. This 1s the total resistarce of the two resistors.

Now to find the current flowing in the clrcult, we use the Ohm's Law
formula:

I =E/R
[ = _ 100
100, 000
2
[ = 10
105

I=10%x 105

1=10"% or 1 ma.

The power dissipated by the 80 K ohm resistor can be found by the formula:
F=1I°xR

F= (.001)% x 80,000
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P=102x10%x 8x 10*

P=100%1x8zx 104

P=8x 10%

P = .08 watt.

The power dissipated by the 20,000 ohm resistor 1s:
P=1%xR

P = (.001)% x 20,000

P=10°x102%z 2x 10¢

P=23x 10°°

P = .02 watt

Flgure 15 1llustrates a typical radio circuit. The milliampere meter
indicates that there 18 a current of 5 ma. flowing through the 100,000 ohm
reslistor. How much power will be dissipated by the resistor?

P=1I°xR

P = (.005)% x 100,000
P=65x10%x6x 102 x 10°
P=25x10% x 10°

P=251x 1071

P = 2.5 watts.

In Figure 18, we see a circult consisting of a 100 volt battery anc¢ three
parallel resistors. Let us find the power dissipated in each resistor.

These resistors are connected in parallel, therefore, they have the same
voltage across them. There 1is an emf of 100 volts across eack resistor. Since
we know the voltage across each resistor, and the ohmic value of each resistor,
we can use the formila P =-%§ tc find the power delivered to each resistor.

To find the power dissipated by the 200 ohm resistor:

P = E%/R
(100)%
P:
200
p = 10% 1 10
2 x 10°
p = 10° 1 10% 1 1072
2
2
p = 10
2
p = 100
2
F = 50 watts.
To £ind the power dissipated in the 10,000 ohm resistor:
P = E2/R
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p = _(100)2
10, 000
p - 10% x 102
10t
4
p = 10
10%
P =1 watt.
To tind the power dissipated in the 1 megohm resistor:
P = E9/R
2
p = (100)
108
p = 10% x 102
108
4
p = 10
108
p=10*x 10
p=107%°
P = .0l watt.

Would you have suspected that there would be such a blg difference in the
power dissipated (or emcunt of heat generated) by the three resistors in Flgure 167

To check the arithmetic in the example, apply Ohm's Law and find the
current flowing in each resistor. Then apply the power formula P = Iz X R to
find the power dissipated 1n each resistor.

Suppose an electric iron were drawing 11 amperes from a 110 volt source.
How much power would be drawn from the source? We know the voltage and current.
We will use the formula p= E x I.

P=Ex1I
P=110x 11
P = 1210 watts or 1.21 kilowatts.

Energy

As mentioned previcusly, watt-hour 1s the measure of electrical energy. One
watt-hour of electrical energy 1s consumed when 1 watt Of power continues in
action for 1 hour. Similarly, 1000 watt-hours of energy 1s consumed when the
power 1s 1000 watts and continues for 1 hour, or when 100 watts of power
continues for 10 hours. We see that the amount of emergy depends on both power
and time.

{f the iron in the preceding example were operated for one hour, then 1210
watt=-hours of electricel energy has been supplied by the power company. The
term kilowatt-hour 1s o02ten used foOr large amounts of energy. 1210 watt-hours
i1s equal to 1.21 kilowatt-~hours, {(abbreviated 1,21KWH). If this same Iron were
operated for 5 hours, 5 x 1.21 or 6,05 KWH of energy would have to be supplied
to 1t.
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The consumer of electrical energy pays for the amount of energy used by his
apparatus. If your home 1s served by a public utlility company, you will find a
k1lowatt-hour meter near the fuse-box. This mezer 1is read regularly by the
utility company, and you are billed for the amount of electrical energy, in KwH,
which was supplied to your home.

lLet us summarize the marerial covered in this assignment.

All cells convert chemical energy into electrical energy. There are two
generzl classifications of cells, these are Primary cells and Secondary cells.

Primary cells carnot be charged.

Secondary cells can be charged.

Voltalc cells, Dry cells and Air cells are primary cells.

Lead-ac:id cells and Edison cells are secondary cells.

Batteries are groups of cells.

Cells are connected 1n series to obtain higher voltage.

Cells are connected 1n parallel to obtain higher current.

Formation of hydrogen bubbles on the positive plate of a cell is called
polarization.

The chemical put in cells to minimize polarization 1s called the depolarizer.

local action In a cell results from impurities in the zinc.

Internal resistance is the name given the opposition offered by the
electrolyte of a cell in carrying the current inside of the cell

Fower 1s the rate of doing work.

Fower 1s measured 1n watts.

There are three formulas for finding Dower:

=Ex1, P=1%xR, p-E:.

Energy 1s the ability to do werk.

Energy 1s measured in watt-hours.

Energy can be nelther created nor destroyed. It can be converted from one
form to another. For example, from chemical energy to electrical energy, as in
tatteries, or fram electrical to heat as In an electric stove.

In this assignment, we have learned a great deal about batteries. There are
two other widely used sources of d-c voltage; the d-c generator, and the
rectifier, which changes a~-¢ into d-c. These will be studied in'detail infuture
asslignments.
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Test Questions

Be sure to number your Answer Sheet Assignment 9.

Place your Name and Associate Number on every Answer Sheet.

Send in your answers for this assignment immediately after you finish them.
This will give you the greatest possible benefit from our personal grading
service.

Pl
e

SIS

L)

10.

What 1s the difference between a primary cell and a secondary cell?
What 1s the difference between a cell and a battery? -

If three dry cells were avallable and ‘you desired a voltage of 4.5 volts, 1n
what manner should the cells be connected?

The specific gravity of a lead-acld storage cell 1s 1300. Is this cell fully
charged, completely discharged, or partly discharged?

Suppose you had a battery connected to a charger and notliced that there were
a great deal, of bubbles rising around the plates. What should you do?

Ir you were charging a battery and noticed that the level af the electrolyte
was below the top of the plates, what should you do?

What 1s the¢ unlt of power?jn/utz&f

An electrlic iron draws 20 amperes of current from a 100 volt source. How
much energy must be supplied by the utlility company to operate this iron for
5 hours? !/ ©

Energy cannot be destroyed. What happens to the energy whick .1s supplied to
a resistor carrying current?

Name tihree primary cells.
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ASSIGNMENT 10
ELEMENTARY ALGEBRA FOR ELECTRONICS

In the mathematics studied in the previous assignments, we have
dealt with the solution of arithmetic problems. These are problems in-
voliving addition, substraction, multiplication and division of positive
numbers. We have also studied roots aad powers.

In algebra, we will apply these same operations to two new types
of problems. These algebra problems will have negative numbers and
they will use letters to represent numbers.

Actually, we have been using both of these things in our everyday
life, but when we see them in a mathematical problem, they look &s if
they would be very difficult to hardle. We shall see that there is
nothing difficult about algebra, and that it shall bs a very grea* help
on our progress through electronics. If it so happens that you have
not studied algebra previously, or if you have "forgotten all you knew"
about algebra, do not become discourged at this point. If you will just
study through this assigmment, a step at a time, you have a very pleasant
surprise in store for you. You will find that algebra is a relatively
simple subject and that you will master it easily.

Negative Numbers

In our study of algebra, let us first consider negative numbers.

Negative numbers are numbers which are less than zero, while poesi-
tive mmbers are numbers which are more than zero. Negative numbers are
distinguished from positive numbers by the minus sign. Thus, -10 means
10 btelow zero, while +10 means 10 above zero. In most cases, +10 is
written just 10. The plus sign is understood. Any number with no sign
indicated is a positive number. So 17 means +17, 3 means +3, and 19.28
means +19.28. Negative numbers are used in everyday life. For example,
a weather report lists a temperature of 10° below zero as -10°. An
airplane pilot might think of a ten mile ar hour tail wind as +10 miles
an hour, and a ten mile an hour headwind as -10 miles an hour. A
mechanical engineer working with steam and water pressure at a power
plant might list a suction force of 2 pounds as -2 pounds per square
inch of pressure.

In electronic work, we will have a great need for negative numbers.
In Figure 1, for example, the wire lead connected to the battery may be
either 6 volts above (+6V) or 6 volts below (-6V) ground potential de-
pending on the way the battery is connected. In Figure 1(A), the wire
lead is 6 volts more positive than ground potential, so the voltage in
respect to ground would be +6V. In Figure 1(B), the voltage would be
~6V. In each case we have 6 volts of electrical pressure. The + or -~
sign ir front of the 6 volts tells us the direction of the electrical
force or pressure. We know that the direction of the 6 volts is im-
portant. 1In all electrical circuits, the direction of the voltage
determines the direction of current flow. Vacuum tube circuits will not
function at all if the voltages applied to the different elements of the
tube are not in the proper direction. There are many other instances
when we will have to distinguish between plus (+) and minus (-) in
radio work.

The sbsolute value of a number is its value without reference %o
its sign. Thus, the absolute value of +6 is 6, and tke absolute value
of -6 is 6, ' . .

Now that we have found out what a' negative number is and why we
need be concerned with negative numbers, let us procesd to find out how
to perform the mathematical operations of adcition, subtraction, multi-
plication and division using these numbers . '
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Algebraic Addition

Let us consider the temperature reading of 10° below zero mentioned
previously. This could be written algebralcally as -10°.  what wouid ths
thermometer read 1f the temperature dropped s° more? O0f course, we know that
the thermometer would read 15° below zero or -15°. Notice that =5 added to =10
glves -16.

We already know how to add two positive numbers; +15 added to +10 glves +25.
This cdemonstrates how we should add numbers wlith the same sign.

To add numbers with the same sign, add the absolute value of the numbers,
and place the common sign in front of the answer. Thus, to add -70 and -30, add
70 an¢ 3. This gives 100 for an answer. Then put the sign of both numbers (=)
in front of the answer. The complete answer, then, 1s -=100.

Examples of addition of numbers with the same sign are given below:

1. 192 2. =71 3 - 6.3 4, =-1603.1 6. 17.2
46 -19 -18.2 - 21.4 9.6

+238 =90 -24.5 -1624.5 +26.8

8. =14.7 7. =43.08 8. 16.20 9. =43 15 10. 55.86
-6.07 - 7.02 40.08 -26. 09 44.45
220,77 -50.08 +56. 26 -69. 24 +100.C0

Agaln referring back to the thermometer which isg reading 10° below zerc,
let us find what temperature would be indlicated if the weather warmed up 5
degrees. We know from general knowledge that it would now be 5 below zero. To
state this mathematically, -10 + 5 = -65.

Also 1f the weather warmed up 16 degrees, fram the 10° below zero point, we
know that the thermometer would indicate +5 degrees. Stated mathematically this
1s =10 + 16 = +5.

Let us state this mathematical operation in the form of a rule.

To add numbers of unlike sign, subtract the smailer absolute .number from
the larger absolute number, and place the sign of the larger number in front of
the answer.

To add -10 and +5 we write 10 - 5 = 5, then since 10 1s the larger absolute
number, we put (~) before the answer (-10 + 5 = =5). Also, to add —-10 and +15
we write 15 - 10 = 5. Since the 15 1s the larger number, we have a +5 for the
answer. Several examples of adding numbers with unlike signs follow.

1. =10 2. +58 3. =90 4. +18 6. +72 6. -€8.8 7. =30
+25 -8 +10 ~17 72 +73.4 +12
+15 -3 ~80 -1 0 +6.8 -18

These mathematical rules can be applied directly to radio circuits. In
Figure 2, we have two batteries, one an 8 volt_battery, and the other a 8 volt
battery. We wish to know the potential difference between point x and ground.
In adding voltages In a circult such as Figure 2, we start at the point whose
potentlal we wish to know, and list the voltages as we go around the circult.

In Figure 24, from point x to ground, we have +6 and +8 volts. In 24,
point x 1s 14 volts positive in respect to ground, or 14 volts above ground. In
Flgure 2B, from x to ground, we have -6V and -8V.

-6

=8
~-14 Point x 1s -14 volts in respect to ground in Figure 2B.
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In Figure 2C, from point x to ground, we have -8 and +8 volts.
-6

+8

+2 Point x 1s 2 volts positive In respect to ground.

In Figure 2D, from point x to ground we have +6 ard -8 volts.

+6

=8

-2 Point x 1s -2 volts In respect to ground.

This same process has been applied to the circults in Figure 3. Check each
of trese by adding the battery voltages, anc see 1f you agree that the voltage
indicated across each resistor 1s correct.

If more than two numbers are to be added, first add all of the numters cf
like slgns and then add the two sums. For example, 1f we wish to add -2, 4, -¢,
7 and 10. First we add the numbers with like sign.

=2 4 Now add the two sums:
= v 21
-10 10 -10
21 11 (answer)

Add: 42, =16, 33, 14, -18 Add: -73, 44, -21, 18, =51
-16 42 89 =73 44 -145
-18 33 -3 =21 16 60
~-34 14 55 - (answer) -51 60 - 85 (answer)

89 -145
For practice, add the followlng numbers:
. =7, -12 6. 16, -5, 4
2. &7, =3 7. 14, =5, =3
3 -9, 17 8., =17, 8, =10
4, =25, =10 9. =2, 14, -8
5. 4, 8, 12 10. 72, -68, -1B, 23, -9

Algebraic Subtraction

The rule for algebralc subtraction 1s:
To subtract one number from another, change the sign of the number tc be
subtracted and then proceed as in addition.

Examples:
Subtract -6 from 8 Subtract
8 Change -8 to +€ snd add. 8
=8_ +€
14 (answer)
Subtract -2 from -8 Suwbtract
-8 Change -€ to +€ snd add. -8
=4 e
-2 (answer)
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Subtract 6 from-8 Subtract
=8 Change +8 to -6 and add. -8
L =8
=14 (answer)
Swbtract 6 from 12 12
-8 (Note: sign changed)

—

3 (answer)

Subtract ~8 from 14 14
+6

20 (answer)

Subtract 3 from -12 -12
-3

-15 (answer)

Subtract -7 from -12 ~-12
+7
=5 (answer)
Subtract -12 from -7 -7
+12

——

5 (answer)

For practice, solve the following problems. Subtract the lower number from
the upper number. You shculd be able to ™mentally® change the sign of the
lower number and add.

1. 256 2,4 & ~19 4. -6 5., -8 6. =927 7. .00€ 8. -18.7

11 e 18 =7 -6 ~-427 -.93 4.27
+18 14 =31 +1 T ST gz ey

Multiplication and Division

Multiplicatlon and Division with positive and negative numbers 1s very
simple. One easy rule tells us whether the answer 1s plus (+) or minus (-).

In multiplication and division, if both numbers have the same sign (either
positive or negative}, the answer will be positive, and if the two numbers have
opposite signs, {one positive and one negative), the answer will be negative.

For purpose of 1llustration, let us divide this into four parts. First let
us consider multiplication of numbers with like signs. JIf two numbers have tke
same sign (both positive or both negative) their product will be positive.

fxamples: (1) 8 x 8 = 48 (2) (-8) x (~6) = 48

If two numbers have different signs (one positive and one negative) thesr
product will be negative.

Fxamples: (& (-8) x 6 = -48 (4) 8 x {-8) = -48

These four examples are easy to understand. Multiplication 1s a short—cut
for additlion. 1In example 1, we have added 8 six times. In example 2, we have
suttracted -8 slx times. In example 3, we have added -8 slx times. In exampla
4, we have subtracted 8 six times. ‘

Ten more examples of multiplication of numbers are shown below.

(8} 16 x -2 = =32 (8) =~4x 3=-12 (12) =72 x 2 = -144
(6) -9 x -5 = 45 (9) 4 x-3=-12 (13) -72x -2 = 144
(7) 7x86=23 (10) -6 x -4 =24 (149 72x 2= 144

(11) 72 x =2 = ~144
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The rule for division 1s ildentical. If the two numbers we start with are
both of the same sign, the answer will be positive.

Examples: (1) %= 8 (2) 748 - ¢

-6
If the two numbers we start with have different signs, the answer will be
negative.

Examples: (3) —4_: = -8 (4) 48 - g

These examples are easy to understand 17 we consider the division problems
as "check work® for our four previous multiplications.

Some more examples of divislion are given below:

(6) 18 - 4 (8) 12 = -3
4 24

(6)18 - 4 (9) 72 . 3

-4 ~24
(7) 72 = -3 (10) 190 _ _q0

~24 -10
For practice, solve the following problems:
(1) 12x =3=_70 (8) 12 - ¢ (7) =8 - _
() ~8.4x 3= _1% 2 3 3
() -9 x =.03= -7 )38 - (. () 30 __= O
(4) 12 x ~14 = - 1LY -8 . -15
(6) =08 x .02 =_,00l (105’_g=,u

Algebraic Terms

An algebralc term 1s made up of three definite coriponents.

a. Slgn. The slgn of the term may be (+) or (-). We have already

covered the rules for obtalning the correct sign in aproblem

b. Coefficlent. The coefficlent is merely a numter that tells us how nany

units we have In the term. We worked with both signs and
coefficlents in the preceeding examples.

c. Literal factors. The literal factors are usually letters from the

alphabet used to represent certaln numbers whose
Value may be unknown.

In the term -3 ABC, the sign 1s (~), the coefficlent 1s Z and theliteral
factors are A, B, and C. We can read this term -3ABC, as minus three ABC. The
term actually means -3 times A times B times C.

In the term RP, the sign Is (+), the coefficlent is 1, and the literal
factors are R and P. When no other coefficlent is shown, 1t 1s understood tc be
one (1). This term 1s read RP, and means F times P.

In the term ~XYZ the sign 1s (=), the coefficlent is 1, and literal factors
are X, Y and Z The term means, -1 times X times Y times Z.

In the term 77XYP, the sign 1s (+), the coefficlent is 77, and the literal
rfactors are X, Y and P.

In the term 2_;(, the sign 1s (+), the coefficlent is _2.., and the literal
3 3

factors are X and Y. Thls term could be read as two X divided ty three Y, or as
two X over three Y, or as%_X over Y. The term actually means 2 times ¥ all
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divided by 3 times Y.

Thus, we see that 3A means 3 times A, and AB means A times B.

In algebra, the letters or literal factors, are generally used 1n place of
numbers. Sometimes the numbers for which these letters are used are knowa, and
sometimes they are unknown. Let us find the value of some terms when we know
the value of the literal terms.

Assume, a =6, b=2 ¢=23

Example 1. 3abc =3 xa xb xc. Now substituting the numbers which each
letter 1s equal tc In the problem we have: 3atc = 3 xa xb xc=3x6x 2 x3=
108,

Example 2. Z—= =522 v =0 =% op .4
5a 5x6 B 5

Example 3. -6bc =-8x23x 3
Example 4. _o% o 3x6x2_-38_,
-ac -8x 3 -18
Using the same values for a, b, and ¢ as In the Example 1, 2, 3, and 4,
find the value of the terms in the four protlems below.

1. 7ac =26 2 72 o 2 Z8a - 4. -pbc = -390
~abc be

In the next four problems, assume that f = 2, g = -3 h=7 k=-4 Find
the numerical value of each of these terms.

5. i:(ﬁ(o 6. 49 -2/, 7. Bkgth =504s. 2K . _ 2 :3;
gk g

Kinds of Algebraic Expressions

The algebralc expressions we have dealt with so far have been Nonomials.
Monomial 1s a farcy way of saying one term. Any number of numbers and 11teral
factors may be multiplied together, or divided and still remain a monomial, but
any time addition or subtraction occurs in an algebralc expression, the expres-
slon 1s no longer a monomial. For example, 6XYZQ 1s a monomial and 7BCDEF 1s
also a monomial, but 7BC + DEF and 7BC - DEF are not monomials. In the expression
7BC + DEF, we have two terms. The two terms are 7BC and DEF. This algebraic
expression 1s called a Binomial.

In the expresslon S5c ~ 3ab + 27, we have three terms. This expression 1is
a Trincmial.

All expressions having more than one term may be called Polynomials.
Polynomial means many terms.

Algebralc terms frequently have exponents In them. We worked with exponents
when we studled Powers of Ten. Remember, 105 meant 10 x 10 x 10 x 10 x 10. In
the term, 105, the base 1s 10 and the exponent 1s 5. The exponent Indicates the
number of times the base 1s to be multiplied by itself. In the term, As. A 1s
the base and 5 1s the exponent. This termmeans A X AX A X A X A. Likewlise,
B means B x B x B x B x B x B. The term C has an exponent of 1 understood, and
can be written Cl. The term ab® means a x b x t, and the term m?'n??,"'3 means m x m
Xnxnxyxyxy.

When we were studying powers of 10, we ‘ound that to multiply terms, we
added the exponents. Thus 10° x 10% = 103 * 2 = 105, Likewlse, the terms ax

a% = a3 * 2.5 s 1s logical when we conslder what a® and a® means. The
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term asmea.ns axazxa, angd azmeansax a. Then a3xa2mea.ns axAazxatinmes

axXg Oraxaxazxaxaor a5. To stage thls In the form of a mathematical
law we could say, when the bases are the same (the base 1s the number whica is
to be multliplied by 1tself), we add exponents in multiplication. Then p° X p&
= b’ and y2 x y8= ya. But a® times bS has to be written as a% % Since the
bases are not the same, we cannot combine exponents.

In division, literal factors Of the same base are combined by subtracting
thelr exponents. Thus X° + x% = x3 -2, x1 or X. Remember we did the same

thing when dealing with powers of 10. For example, 103 + .102 =1—o§= 03'2 = 101
or 10. Also, x2v3 = x4 " 2y8 7 1. y&2 10
XE;

Several examples Involving the multiplication and division of terms contalning
exponents follow:

Examples: 1. Cfxc=Cc2*1l=¢

+

2o 20 xp =220 * 2= 2
3, abxa2b2=a1+2b1+2=a503
4. abc x 2% = al * 2l * 244 - aH%a
5. D5+D2=—g:=D5_2‘D3 a4t ot
oo + T R
8 X2Y2+XY=——XJY=X2'1Y2"1=XY
)4
g, 8%%2 | 2-1.2-1.2_ ,.2
ab
8. .ﬁz_x 2% . %2 " 2% - 5%
y
For practice, solve the followlng problems: iy
. bxb =4 5. a2 +b= oa”
2 bxbl= 6. x7%2% + xyz =
1
3 czxc8= 70 csd-ze-‘cze—' C
4. XYZ x XY =2+ T& 8. yox3 + y%%= ‘3

The term zyz means 2 X y X y» Notice that only the literal factor (y in
this example) 1s squared. The term (2y) 2, means to square the entire term gy.
This 1s equal to ¥ x ¥y =2 X 2 Xy Xy or 4y2.

In addition and subtraction we can only combine terms whose literal factors
are 1dentical (the same letter and the same exponent).

Ezxamples: (1) 2X + 3X = bX t2) aa - TA= =34

(d 2B+6C-60=2B-C (4) A+ B5A° - 1a%= 3+ aa®

The process of combining the like terms in an algebralc expression 1s
called combining temms.

Examples of combining terms are given below.
(1) Add 3XY, 4abc, 2XY, =-2abc, 10

The 3XY and the 2XY can de combined since they have identical literal
factors. 3XY + 2XY = 5XY. The 4abc and the -Z2abc can be ccmbined. 4abc - Zabc
= 2abc., The entire expression 's then equal to XY + 2abc + 10.
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(2) Add -8E, 14R, 3E, -6R

The easlest way to combine such terms 1s to place them in columns, placing
terms with ldentical 1literal factors in the same column, and then adding.

Solution: -8E
3E
14R
-5R
-3E + 8R (answer)
(3 Add 3A + 6B, 24 - 7B, B + C
3A + 6B
2A - 7B
B+C
BA- B+ C (answer)
(4) Md 1:YZ - 2XYR7, 6XY2Z - 27XYZ

Solution:  13XYZ - 2XY?%2
~27XY2 + 5XY2Z
-14XYZ + 3X¥22 (answer)
(6) Sudtract 3A + 5B, fram 2A -~ 7B + C
Solution: 24 - 7B + C
Subtract: 3A + 5B

Remember that algebralc subtraction is performed by changing the sign of

the lower quantity in the problem and then adding.
Changing the sign of the lower quantity we have:
2A-7B + C (note we had to change the sign of
-2k - BB each term 1n the lower number)
- A-12B+ C (answer)
(8) Subtract 6XY from 3XY
3XY
-8XY
-3XY (answer)
(7) Subtract 17a - 4b from Za - b
Solution: 3 -b
~17a + 4b
-14a + 3  (answer)
(8) Subtract Za% - d from 7xy + d
Solution: 7%y + 4

-3% o+ 4

-3 + 7xy + 24 (answer)
For practice, solve the following problems:
Add 64, 9B, -3A, 3B -~
Add 13a + Bb, -7a - 10b, a=-4b
Add 16XY + 2ab, 6ab - 4XY
Subtract 7X from 19X “

5. Subtract 6a2b + zabz. Iram 11a2b + a.b‘2 Z
8. Subtract 16yx - amn from 13%yx - 4mn -
Slgns of Operation

PP

Belore we can conveniently use binomials, trinomials and polynomials,
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certaln symbols or Slgns of Operation are needed. Theses Signs of Operation are
used merely to reduce the amount of written work in the solution of algebralc
problems,

The most commonly used signs of operatlons are:

a. Parentheses )
b. Brackets [ ]
¢. Braces { }

Notice that we always use these symbols in palrs. Parentheses, Brackets
and Braces all have the same meaning. They indicate that all the terms Inslde
are to be considered as one quantity.

Thus: (7A) means 7A, and 4B + (2C) means 4B + 2C.

-(3A + 4B - C) indicates that we are to subtract 34 + 4B ~ C from some other
quantity, or fram zero. Remember our rule for subtraction: @*Change the sign
and add". If we remove this set of parentheses we change each sign

Thus: -A3A + 4B -~ C). = =34 - 4B + C '

Also: 3(3A + 4B - C) 1ndicates that we are to multiply 3A +4B- by 3

Thus: .3(3A + 4B -~ C) = 9A + 12B - 3C.

Likewlse, -2(4A -6C + 2) = -8A + 120 -~ 4. Notlce that all we really did in
this last case was to multiply the three terms inside the parentheses by -2.

If wehave -8(A ~ 3B + 4A + B~ C + 24) 1t 1s best to collect termswithin
the psrentheses before we multiply by -8.

Thug: -8(A = 3B + 4A + B-C + 24) = -8(7A- 2B~ () = -56A + 16B + BC.

In the algebralc expression: 2 + 3(4 -~ 2a + b - Za) we first collect terms
inside the parentheses and we have 2 + 3(4 -~ Ba + b). Next multiply the terms
within the parentheses by 3 This gives 2.+ 12 - 16a + ®. Agaln collscting
terms, the final answer 1s 14 — 15a + ®.

Notice that the 2 was not involved with the parentheses.

Another example Indicating the use 0f parentheses follows.

8B + 7C ~(4B + 5C = L + C) = First collect terms within the parentheses.

6B + 7C -=(4B + 6C - D) = Removing the parentheses, we have to change the
signs of each term in the parentheses due to the minus sign before the paren-
theses. 6B + 7C - 4B - 6C + D = Then collect terms; 2B + C + D (Answer.)

We will now work a longer problem containing parentheses and brackets.
Notice that in removing signs of operation we start with the innermost signs.

Example: 2(3a + 2(a + b)) =

First we start with terms In parentheses.
2(3a + 2a + 2b] =
Now we collect terms.

2(sa + ] .=
Now we remove the brackets.
10a + 4b (answer)

Example: 3 + 2a{6 - b + 2[3 - 2(a+Db) -~ 4 + 3{(a + b - 3a) + 2] -3}
Collecting terms: 3+2a{5 - b +2[3 - 2(a+Db) -4 +3(-2a + D) +2] -7}
Removing parentheses: 3 + 2a{6 - b + 2[3- 2a -~ 2b - .4 - 6a + 3 +2]-3a}
Collecting terms: 3 + 2a{6 - b + 2[1 - 8a + b] - 3a}

Removing brackets: 3 + 2a{b - b + 2 - 18a + 2b - 3a}

Collecting terms: 3 + 2a{7 + b - 19a}

Removing braces: 3 + 14a + 2ab - 38a° (answer)
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For practice solve problems 1 through 10. Simplify the expressions by

removing signs of operatlion. Answers have been given for the first three problems.
Check the answers before proceeding with the remaining 7 problems. The terms in
your answers need not appear In the same sequence as shown in Problems 1,2 and 3.
Thus 6a + 3 - 13c could also be written as @ + 5a - 13¢c or -13c + 6a + @ etec.

(%)

1. 4a +86b - 10c -(3c + 2b -~ a) = 5a + 3 - 13

2. Bla-b-4a+5) +2-86ab+ 3 =-27a~ 2 - 6ab + 17

B 4+3[b~2a(a+b=-3a+3) +2b) = 128° - 18a ~ 6ab + Ob + 4
4. 7(2a) + 5(&) = e b

6. Bla+tc)~a(a-b-c)=_C +a4 -2

8. 5+2(10~-6+6-4+ 3-a) = /- -

7. 3[a+ 20 +¢)] = A+ LA6c

8, 2(a+Db) + €0 +¢c) ~4(a=-c) = — 2a_

9. 6-4[6-3(a-8) +2(6-a-10) +2] =

10. 7a-4[4-(a-2 +2(b+3 +4a)] = -

Multiplication of Polynomials

The terms 2abc mean 2 x a x b x ¢. Also the term (2) (a) means 2 x a or 2a.
(4c) means @ x 4¢c or 1be.
It follows that (3+4) (8 - 2) means (3+4) r (8 -~ 2). (3+4) =7 and (6~2)

equals 4, so the term (3 + 4) (8 - 2) 1s equal to (7) (4) = 28.

We cculd also obtaln the answer, 28, 1n the following manner:

Multiply the 3 by the 6 and then by -2.

Multiply the 4 by the 6 and then by -2.

Sur up the four products.

Thus; (3 +4) (6-2) =18-6+ 24~8 =28

Notice that we multiply the first number iIn the first term by each of the

numbers ir the second term. Then we multiply the second number in the first term
by each number In the second term. Then we sum up the four products.

more

This will be demonstrated in the examples below.

Example 1. (4 - 3) (7-2) 2 28-8-21+8=5

Example 2. (8 + 2) (B3=4) = 18~ 24 + 6 - 8 = -8

We wlll use thils same method In multiplying algebra expressions contalning

than one term.

Thus: (a + 8)(a ~ 3)
+ 38 - 18,

Also: (az- 3) (7 - b) =7% - a% - 21+ B

In these examples we have used the same method outlined above.

Additional problems of this nature are given below:

Ezample 1. (4C - b)(7 - 24} = 28C - 8CA = 7b + 2bd

Example 2. (2a® - b)(2a - b) = 6a° - 3ad - 2ab + b2
Example 3. (9X + 7Y) (X + Y) = 9X° + OXY ¢ 7XY + 7Y° = 9X° + 16XY ¢ 7Y%
Example 4. (a + 7) (10 -a®+a) = 10a~8° + a2+ 70 - 7a® +7a = 17a - a° - 822 +70

8Xa-3xa+67x1a-18= 32-3a+6a-18=a2
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Notlce that in thls problem there were three terms in the second'parentheses,
but we applied the same rule and multiplied each term in the first parenthesas
times eack term 1n the second parentheses., Example § shows another such problem.

Example 5. (3~ M) (10 + M2 + M3) = 30 + 23M2 + 3M3 ~ 10M - ¥3 - Mt =

30 + 3M2 + 2M3 -M4 ~10M

Note in Example 4 and 5, the answers are correct, but are not oonsidered to
be In the best form. To state the answers tO Example 4, 17a - a3 - 8a% + 70, we
should write 1t -a3 = 842 + 17a + 70. This has the literal factors arranged with
powers in descending order. The -a3 1s the highest power !n the term so should
be written first. The -8a% 1s the next highest power so should come next. The
next highest power 1s the 17a and last of all 1s the +70.

The answer to Example & should be written M4 . 2}13 + 3}‘!‘%' - 10M + 20.

Example 6. (a + b){(a - Db) = a% - ab ¢ ab - b? = af - p?
For practice solve the following problems:

1. (8 + b)(a + 3) =

2. (c=-4)(68=-2¢c)

32 (a2 e¢3)(a+8) =
4. X+ N(X-7Y) =
5. (a+6(a%+a+1) =
Division of Polynomials
A method quite similar to long divislon In arithemetic may be used when
dividing expressions contalning several terms.

For example, let us divide (az + 2ab + bz) by (a + b).
Write the problem in the form of a long dlvision problem.

+ac

-

S

Example 1. a + b laz + 2ab + b2 Then we see how many times the first
term In the divisor wlll go into the
first term in the dividend.

In thls case, a will go into 32, a times, so0o a 1s the first term in the

answer.

a
a +b|a®+ 23 b2 Multiply a times a 4 b, and put the
a” + ab product below the terms 1in the
dividend as shown.

a
a+b Iaz + 2ab + b7 Subtract the product (a2 + ab) from

% a2 + 2ab + b2,
ab +b

Now the first term in the divisor a
goes Into ab, + times, so +b isthe
a + b next term In the answer.
a+b[a2+2ab+b2
a” + ab
ab + be

Then the multiplylng (a+Db) times b,
enter the product as shown and sub=
tract. There 1s no remainder, so the
problem works out evenly.
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+
a+b|az+zab+bz

az + ab
ab + bz
ab + bz The answer 1s a + b.

To check the answer, multiply the answer by the divisor, and the dividend
should be the product.

Check: (a+b)(a+b)=a2+ab+ab+b2=a2+2ab+b2.

Example 2. Divide (14 + X° - 2%° + 4X) by (X ~ 3)

X-3 x3 = 2x2 + 4X + 14 Notice that we rearranged the terms and placed
x‘”, the highest power of X first, and so on
down to 14, the term contalning no powers of
X. This greatly simplifies our work.

x2
3 2 2
-3 [Xq - 2X° + 4X + 14 The first term In the answer i1s X, since X
x% - ay? will go into X5, X° times. We multiply X°
X* + 4X + 14 times X - 3, and subtract the product.
) AP ¢
X-3(10-2x2 ¢ 4x + 14
1(3 - 3x2 The next term In the answer 1s X. We multi-
X + 4X ¢ 14 ply X = 3 times X and subtract the product.
2
X© - 3X
7X + 14
x2 + X+ 7
X-3 lx3 - 2x2 + 4X + 14 The next term in the answer 1s +7. We multi-
- ax® ply (X - 3) times 7, and subtract the product.
X » 4X + 14
X° - 5y
7X + 14 There is a remainder. It 1s the same as a
7X - 21 remainder in long division and can be shown
35 by a fraction.
mswer: X2 4 X + 74 =2
X-3
Example 3. Divide (x2 - 3% by (x - y)
xX-y | x3 - ys We have an xz and X term missing. We leave
x3 - x2 blank spaces for the missing terms. Check
x% - Ys the answer by multiplying (xz + xy + yz) (x=y)
xzy - xyz
xys - yg
Xy~ -y

0

Assignment 10 Page 12



.

. . ‘ .

Example 4. Divide (12x° - 36y2 +llxy) by (-1x - 9y)

Do not be discouragsd if you find these long division problems
difficult. ®Study them carefully to learn the proper method of working
them, and you will discover that they are much easier than they appear
at a glance. Try solving Example 4 without looking at the solution
given, and compare your work with the example. Do this also for a
couple of the other examples.

-3x + 4y Notice the -3x in the answer.
-4x - 9y |1l2x2 + llxy - 36y2 We have to multiply -4x by
12x° + 27xy minus 3x in order to obtain

léxy - 36y2 plus 12x%, Check the answer
l6xy - 3612 by multiplying
0 (-4x - 9y) (-3x + 4y)

For practice, solve the following problems:

1. Divide (m? - 2mn + n2) by (m - n) Ans. (m - n)
2. Divide (X2 - ¥2) by (X +Y) £~

3. Divide (X3 - ¥3) by (X - ¥) %4 ¥

4. Divide (a2 + 2ab + b2) by (a +.b)

In this assignment, we have learned how to perform the fundamental
cperetions of algebra. We have learned what negative numbers are and
Low to use them. We learned how to add, subtract, multiply and divide
glgebraic terms containing letters in place of numbers. Perhaps you
have roticed that most of the problems in this assignment were exercises
in handling algebraic quantities. Mcst of them cannot be applied
directly to electronic circuits, but were presented in this assignmen*
for the purpose of familiarizing you with the various operations of
algetra.

We have now mastered all of the fundamental operations of algebra,
and in a future assigmment, we will apply these fundamentals in solving
some very practical electronic problems.
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Test Questions

Be sure to number your Answer Sheet Assignment 10.
Place your Name and Assoclate Number on every Answer Sheet.
Send tn your answers for this assignment immediately after you finish them.

This will give you the greatest possible benefit from our personal grading
service.

In answering these algebra problems, show all of your work. Drowa
circle around your answer. Do your work neatly and legibly.

1. Add 70, -41, 23, -21.

2. Multiply -63 by -27.

3. Divide 144 by -i2.

4. Ifa=2,b =3, aad ¢ = 4, what 1s the numerical value of 4abc?
5. Add 8¢ + 7d, 9c - 8d.

8. 3ubtract 6a + 7b from 17a + 17b.

7. Simplify 3{a + b + C) + 4b.

8. Multiply (a + 3)(a - 3).

9. B2 xp =

10. 87 + g%
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ASSIGNMENT 1]
DIRECT CURRENT MEASURING INSTRUMENTS

In 1833 Lord Kelvin wrote these words -« - = = = = = =

I often say that when you can measure what you are speaking about, and
express it in numbers, you know .something about it; but when you cannot measure
it, uhen you cannot express it in numbers, your knowledge is of a meager and
unsatisfactory kind. It may be the beginning of knowledge but you have scarcely,
in your thoughts, advanced to the stage of science, whatever the matter may be.

These are certainly appropriate words for the electrcnics and television in-
dustry, for a great deal of the progress in the development of this Industry can
be traced directly to the avallability of sultable measurlrg instrumants.

Striking perhaps closer to home, the electronic and television technician 1s
complataly dependent upon his measuring instruments, for only by measuring various
currents, voltages, and resistances, can he determine any source of trouble. The
automoblle mechanic, for exemple, can see or feel that a certaln part is worn or
broken and needs replacing, but it is impossitle to tell by looking or feeling
whether or not an electronic component, such ss a resistor, 1is acting proparly.
Consequently, we must measure the current oo voltage drop 1In such a resistor,

and perhaps 1ts resistance value, to definitely establish the source of trouble.
There 1s some confusion among electronic and television techniclians as tod

the proper name forelectrical measuring equipment. An instrument has been cefined
by the American Institute of Electrical Englneers as "a device for measuring the
present value of the quantity under observaticn", wherees, a meter has been de-
fined as "a device for measuring and regiscering the total sum of an electrical
quant:ty with respect to time®. Thus, by ‘these definitions, ‘milliammeters, am-
meters, voltmeters, wattmeters, and similar devices measturing the current, volt-
age, or power at a given instant are properly called instruments, whereas, the
famillar watt~hour meter, which measures the quantity of electric energy taken
over a period of time, 1s properly called a meter. the average electronic and
television technician, however, frequently refers to any c¢f his instrument-type
test equipment as a meter, and this procedure will be followed here.

The Effects of Electricity

We have learned that sn electric current is a slow progression of elect-
rons passing a point in a circult, with 6.28 x 1018 electrons per second :=0ns-
tituting a current of one ampere. However, rather than count these electrons in
order to measure the current, we take the easy way out and measure the effects
of an electric current or voltage rather than the curreat or voltage itself.

There are a number of different effects that an electric charge or an
electric current can produce. For exasmple, we learned 1n our study of dry cells
and batteries that when certaln chemicals were brought together, electricity was
produced. Consequently, t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>