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Preface to the Series 

We live in a world of electricity and electronics. Electrical 
power provides us with artificial light and heat and the 
energy for doing many kinds of work. Electricity is the 
basis of radio, television, computers—the entire area of 
science known as electronics. 
Although our advances in technology have reached the 

point where we can successfully break the space barrier, we 
are still learning new things about electricity and electron-
ics. One of the reasons for this is that electricity has cer-
tain intangible aspects. In other words, electricity cannot 
be observed by our human senses in the normal manner. 
However, we can observe the results of the existence of 
electricity, and we are continually finding new ways to use 
it, particularly in the field of electronics. 
Electronics is a relatively new science. Even though we 

can trace electricity back to Franklin, Bell, and Edison, elec-
tronics goes back only a few decades to discoveries and 
developments by such people as Marconi and De Forest. In 
fact, electronics didn't really become a full-fledged science 
until radio came into being. World War II brought about 
the need for rapid technological developments, and long-
range radio, radionavigation, radar, sonar, etc., became reali-
ties. In the years since World War II, developments in elec-
tronics have continued at a rapid pace; actually, the pace 



has been so rapid that educational and training facilities 
have had difficulty keeping up. 
The science of electronics has expanded to such a breadth 

and depth that now it is really a combination of specialized 
technologies. Yet, these individual technologies are all based 
on the same fundamental principles, principles which here-
tofore were difficult to comprehend because of the teaching 
materials and methods available. 
This 5-volume series represents a major step toward a 

unified and simplified approach to the principles of elec-
tricity and electronics. Utilizing all the modern techniques 
known to motivate and enhance learning, the content is de-
signed to serve as a standard curriculum. Moreover, the 
programmed format has been specially prepared to provide 
a self-teaching tool; instructors using these volumes as 
classroom texts will therefore be able to teach the subject 
more objectively and with greater efficiency than ever before. 
While each volume has been carefully written to "stand 

on its own," an understanding of the principles involved in 
each volume requires knowledge of the material presented 
in the previous volumes. The first volume in the series pro-
vides a general introduction to the overall subject of elec-
tricity and electronics. This volume is intended primarily to 
provide a foundation for the study of later volumes in the 
series. However, it can be used without the other volumes 
by the reader who requires only a relatively simple coverage 
of the subject. 
The second volume covers basic AC and DC circuits. For 

the reader who has some knowledge of basic electricity, 
this volume can stand alone as a general text on circuit 
fundamentals. 
The third volume is a complete text on the subject of 

tube and transistor circuits. It is written on the assumption 
that the reader is familiar with the principles covered in the 
first two volumes. 
The first three volumes offer coverage of general electrical 

and electronic principles. They provide the basis for further 
study of a general or specialized nature. 
The fourth and fifth volumes deal with specialized areas 

of study. If the reader already has a thorough understand-



ing of the material presented in the earlier parts of the 
series, either of the last two volumes can be used alone as 
a text in its specialized field—test equipment and servicing 
in Volume 4, and motors and generators in Volume 5. Vol-
ume 5 also includes an index to the 5 volumes. 
Many authors, editors, and consultants have contributed 

to the development of this series. It is their hope that it 
will serve the long-felt need for a standard text that can 
be used as self-teaching guide or used in any type of train-
ing course that requires an understanding of the principles 
of electricity and electronics. 

TRAINING & RETRAINING, INC. 
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Introcitictiori 

This first volume in the series carefully explains the basic 
principles that are the foundation for understanding elec-
tricity and electronics. Following a unique method of 
presentation, these principles are related through simple 
analogies to devices with which you are familiar. You will 
learn that the principles are the same for both electricity 
and electronics and that they are not difficult to master. 
When you complete the volume, you will be able to under-
stand what makes electrical and electronic devices work, and 
to discuss with confidence the applications of these principles. 
The knowledge gained from this volume will serve as an 

excellent foundation for further studies in the vast fields 
of electricity and electronics. The conventional method of 
learning these subjects is through study of the many indi-
vidual parts, leaving it to the student to tie them together 
when he has finished. Experience has shown that this ap-
proach is not always successful. Therefore, this text devel-
ops only the basic principles, applies them immediately to 
familiar devices, and summarizes their applications in elec-
tronic equipment. In other words, this volume presents a 
"big picture" of the electrical/electronic field in a manner 
that is easily understood. The reader can study the subject 
without fear of becoming lost in details; he will always be 
able to relate what he learns to appropriate applications in 
the "big picture." This approach has been tried and proved 
successful in training thousands of students. 



WHAT YOU WILL LEARN 

This volume clearly explains the principles of voltage, cur-
rent, and resistance, as well as their relationships to each 
other. You will learn the basic requirements of DC and AC 
circuits, how to use meters as test instruments, how parts 
are connected, how to read schematic diagrams, and how 
proper soldering techniques are carried out. You will also 
learn about the constructipn and operation of coils, capaci-
tors, transformers, diodes, transistors, and vacuum tubes. 
You will discover how basic electrical devices work, includ-
ing telephone systems, radio and television transmitters and 
receivers, etc. In addition, the text describes experiments 
that you can perform to improve your understanding of 
some of the more important principles. 

WHAT YOU SHOULD KNOW BEFORE YOU START 

The only prerequisites for learning electricity and elec-
tronics from this text are an ability to read and a desire 
to learn. All terms are carefully defined. Enough math is 
used to give precise interpretation to important principles, 
but if you know how to add, subtract, multiply, and divide, 
the mathematical expressions will give you no trouble. You 
will be shown how to interpret the meanings of simple math-
ematical expressions—which, incidentally, is more important 
to your learning than actually solving the problems. 

WHY THE TEXT FORMAT WAS CHOSEN 

During the past few years, new concepts of learning have 
been developed under the common heading of programmed 
instruction. Although there are arguments for and against 
each of the several formats or styles of programmed text-
books, the value of programmed instruction itself has been 
proved to be sound. Most educators now seem to agree that 
the style of programming should be developed to fit the 
needs of teaching the particular subject. To help you pro-
gress successfully through this volume, a brief explanation 
of the programmed format follows. 
Each chapter is divided into small bits of information 

presented in a sequence that has proved best for learning 



purposes. Some of the information bits are very short—a 
single sentence in some cases. Others may include several 
paragraphs. The length of each presentation is determined 
by the nature of the concept being explained and the knowl-
edge the reader has gained up to that point. 
The text is designed around two-page segments. Facing 

pages include information on one or more concepts, complete 
with illustrations designed to clarify the word descriptions 
used. Self-testing questions are included in most of these 
two-page segments. Many of these questions are in the form 
of statements requiring that you fill in one or more missing 
words; other questions are either multiple-choice or simple 
essay types. Answers are given on the succeeding page, so 
you will have the opportunity to check the accuracy of your 
response and verify what you have or have not learned be-
fore proceeding. When you find that your answer to a ques-
tion does not agree with that given, you should restudy the 
information to determine why your answer was incorrect. 
As you can see, this method of question-answer program-
ming insures that you will advance through the text as 
quickly as you are able to absorb what has been presented. 
The beginning of each chapter features a preview of its 

contents, and a review of the important points is contained 
at the end of the chapter. The preview gives you an idea 
of the purpose of the chapter—what you can expect to learn. 
This helps to give practical meaning to the information as 
it is presented. The review at the completion of the chapter 
summarizes its content so that you can locate and restudy 
those areas which have escaped your full comprehension. 
And, just as important, the review is a definite aid to reten-
tion and recall of what you have learned. 

HOW YOU SHOULD STUDY THIS TEXT 

Naturally, good study habits are important. You should 
set aside a specific time each day to study in an area where 
you can concentrate without being disturbed. Select a time 
when you are at your mental peak, a period when you feel 
most alert. 
Here are a few pointers you will find helpful in getting 

the most out of this volume. 



1. Read each sentence carefully and deliberately. There 
are no unnecessary words or phrases ; each sentence pre-
sents or supports a thought which is important to your 
understanding of electricity and electronics. 

2. When you are referred to or come to an illustration, 
stop at the end of the sentence you are reading and 
study the illustration. Make sure you have a mental 
picture of its general content. Then continue reading, 
returning to the illustration each time a detailed 
examination is required. The drawings were especially 
planned to reinforce your understanding of the subject. 

3. At the bottom of most right-hand pages you will find 
one or more questions to be answered. Some of these 
contain "fill-in" blanks. Since more than one word might 
logically fill a given blank, the number of dashes indi-
cates the number of letters in the desired word. In 
answering the questions, it is important that you 
actually do so in writing, either in the book or on a 
separate sheet of paper. The physical act of writing 
the answers provides greater retention than merely 
thinking the answer. Writing will not become a chore 
since most of the required answers are short. 

4. Answer all questions in a section before turning the 
page to check the accuracy of your responses. Refer to 
any of the material you have read if you need help. If 
you don't know the answer even after a quick review 
of the related text, finish answering any remaining 
questions. If the answers to any questions you skipped 
still haven't come to you, turn the page and check the 
answer section. 

5. When you have answered a question incorrectly, return 
to the appropriate paragraph or page and restudy the 
material. Knowing the correct answer to a question is 
less important than understanding why it is correct. 
Each section of new material is based on previously 
presented information. If there is a weak link in this 
chain, the later material will be more difficult to 
understand. 

6. In some instances, the text describes certain principles 



in terms of the results of simple experiments. The in-
formation is presented so that you will gain knowledge 
whether you perform the experiments or not. However, 
you will gain a greater understanding of the subject if 
you do perform the suggested experiments. 

7. Carefully study the review, "What You Have Learned," 
at the end of each chapter. This review will help you 
gauge your knowledge of the information in the chapter 
and actually reinforce your knowledge. When you run 
across statements you don't completely understand, 
reread the sections relating to these statements, and 
recheck the questions and answers before going to the 
next chapter. 

This volume has been carefully planned to make the learn-
ing process as easy as possible. Naturally, a certain amount 
of effort on your part is required if you are to obtain the 
maximum benefit from the book. However, if you follow the 
pointers just given, your efforts will be well rewarded, and 
you will find that your study of electricity and electronics 
will be a pleasant and interesting experience. 
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1 
The World of 

Electricity and 
Electronics 

You are about to become 
What You acquainted with the fas-

cinating world of electric-
Will Learn ity and electronics. You are 

going to learn what electric-
ity is, what it does, and how it does it. You will use this 
information to obtain a better understanding of what 
electrical and electronic devices are all about, how they 
work, and how to test and repair them. 

WHAT IS ELECTRICITY? 

Electricity is a combination of a force called voltage and 
the movement of invisible particles known as current. 

Voltage 

The force of voltage can be compared to the force of a 

water pump. The force of a pump moves water through a 
distribution system, generally an arrangement of pipes. 
Voltage is the force which causes electric current to flow 
through a system of wires. 

Ql. Voltage is a  

Q2. The force in electricity is   

Q3. The force of voltage is something like the force of a 

21 



Your Answers Should Be: 

Al. Voltage is a force. 

A2. The force in electricity is voltage. 

A3. The force of voltage is something like the force of 
a water pump. 

If your answers were not the same as those above, 
return to the preceding page and study the text again. 

Current 

Current, the movement of invisible particles, causes elec-
trical and electronic devices to operate. We cannot see cur-
rent, but we can determine its presence by the effects it 
produces. 

ELECTRIC 
MOTOR 

VOLTAGE 
SOURCE 

When current flows, something happens. 

Current flows through the wires of an electrical or elec-
tronic device much the same as water flows through pipes. 

Voltage is the electrical force that causes current to flow. 
Current consists of invisible atomic particles called elec-

trons. 
There is an important difference between current in wires 

and water in pipes, however. Water can flow out of a broken 
pipe, but current cannot flow out of a broken wire. In fact, 
current will not flow anywhere in the broken wire. When 
the wire is broken, the force of the voltage is removed from 
across the motor. 

22 



CIRCULATING 
PUMP 

6-VOLT 
BATTERY 

e  

Turf" 

LILL 

CIRCULATING 
PUMP-

CURRENT FORCED TO MOTOR 
BY BATTERY VOLTAGE 

4emm 

ELECTRIC 
MOTOR 

AND FAN 

Working systems. 

WATER STILL FLOWS 
AT INSTANT PIPE 

BREAKS 

REMAINING WATER DRAWN FROM THIS SECTION OF SYSTEM 

6-VOLT 
BATTERY 

CURRENT STOPS FLOWING AT 
INSTANT OF BREAK IN WIRE 

Broken systems. 

The flow of water and current are not exactly the same. 

Q4. Current is a movement of invisible particles called 

Q5. You cannot see , but you can detect its 
presence. 

Q6. When electric lights are operating, you know that 
  is flowing. 

Q7. When the wires of an electric toaster glow red, you 
know that is  

Q8. Current is to as water is to pipes. 

Q9. Wires provide a path for  in much the 
same way that pipes provide a path for water. 

23 



Your Answers Should Be: 

A4. Current is a movement of invisible particles called 
electrons. 

A5. You cannot see current, but you can detect its 
presence. 

A6. When electric lights are operating, you know that 
current is flowing. 

A7. When the wires of an electric toaster glow red, 
you know that current is flowing. 

A8. Current is to wires as water is to pipes. 

A9. Wires provide a path for current in much the same 
way that pipes provide a path for water. 

HOW ELECTRICAL/ELECTRONIC DEVICES WORK 

Every electrical and electronic device makes use of one 
or more properties of electrical current, such as heat and 

electromagnetism. 

Heat 
Wires can be heated until they are red or white-hot by 

causing current to flow through them. The amount of heat 

M 
CURRENT 

Current flow heats wires. 

given off by a wire is determined by the type of metal in 
the wire and the quantity of current that is forced through 
it. A large current produces more heat in the same size 
and type of wire than a smaller current. If the current is 
the same, a smaller wire gives off more heat than one that 

24 



s larger in diameter. Also, some metals produce more heat 
;han others as the result of current flow. 
In fact, manufacturers select the size and type of wire 

;hat will produce a desired amount of heat. To do this, they 
.nust know the amount of current that will flow through it. 
Electrical Appliances—Electrical appliances, such as toast-

es, irons, heaters, and broilers, make use of the heat pro-
luced by current flowing through a wire. 

MOST ELECTRIC IRONS HAVE CONTROLS 
THAT REGULATE THE AMOUNT OF HEAT 
DEVELOPED BY THE HEATING ELEMENT (WIRE). 

SIZE AND TYPE OF WIRE FOR 

TOASTERS ARE SELECTED FOR 

MOST EFFICIENT TOASTING HEAT. 

Devices that use heat produced by current flow through wires. 

Electric Lights—The filament wire in an electric light 
bulb is heated white-hot by the current flowing through it. 

Current flow heats a lamp filament white hot. 

Q10. Current flow -.Ar  wires. 

Q11. The heat caused by   is used 
to toast, iron, heat, and broil. 

Q12. Current flow   the filament of an electric 
light bulb white-hot. 

25 



1.5-VOLT 
DRY CELL 

Your Answers Should Be: 

A10. Current flow heats wires. 

All. The heat caused by current flow is used to toast, 
iron, heat, and broil. 

Al2. Current flow heats the filament of an electric light 
bulb white-hot. 

Electromagnetism 

When current flows through a coil of wire, the coil acts 
like a magnet. This can be proved by experimenting with 
an electromagnet like the one shown below. 

MAKE ONLY BRIEF 
CONTACT, OR DRY 
CELL WILL LOSE 
ITS ENERGY CURRENT 

4innum 

SOURCE OF 
VOLTAGE 

 e 

PRESS AGAINST 
BOTTOM OF CELL 

10 FT OF # 28 W IRE 

14 TURNS OF 
INSULATED 

W IRE WRAPPED 
AROUND 
THE NAIL 

IRON NAIL 

.,.'IRON FILINGSÇI, 
.,a114%1«.«MeurS, 

Current flow produces magnetism. 

Current flowing through a wire develops a magnetic field. 
This field is called an electromagnetic force because it is the 
result of the flow of electric current. If, as shown in the 
illustration, the magnetic field passes through certain kinds 
of metal, such as soft iron, the metal will become magnet-
ized and take on the properties of a magnet. 
The electromagnet retains its magnetic capability—con-

tinues to attract iron filings—as long as current flows 
through the coil. When the current stops, the metal grad-
ually loses its effectiveness as a magnet. 

26 



CURRENT-CARRYING W RES 
COILED AROUND METAL POLE 
PIECES DEVELOP A MAGNETIC 
FIELD. 

Electric Motors—Electric motors make use of the mag-
netic forces created by current flow in a coil of wire. 

Electric motors are turned by 
magnetic forces. 

The magnetic forces in a motor attract and repel each 
other. This causes the armature (rotating part of the 
motor) to turn. 

CURRENT THROUGH COILS WRAPPED 
AROUND THE ARMATURE (ROTATING 
PART) ALSO PRODUCES A MAGNETIC 
FIELD. 

MAGNETIC FIELD FROM THE 
ARMATURE ENGAGES THE MAGNETIC 

FIELD BETWEEN THE POLE PIECES. 
THE PUSH AND PULL BE1WEEN THE 
FIELDS CAUSE THE ARMATURE TO 
ROTATE ON ITS SHAFT. 

Magnetic fields in a motor cause rotation. 

The magnetic forces in the motor are created by current 
flowing through the motor coils. 

Q13. A(an)   forms around a 
wire through which current is flowing. 

Q14.   forces are created by current flow-
ing in motor coils. 

Q15. The armature of an electric motor is turned by 
 forces created by flow-
ing through the motor coils. 

27 



Your Answers Should Be: 

A13. A magnetic field forms around a wire through 
which current is flowing. 

A14. Magnetic forces are created by current flowing in 
motor coils. 

A15. The armature of an electric motor is turned 
by magnetic forces created by current flowing 
through the motor coils. 

The Telegraph—The telegraph system also makes use of 
magnetic forces. Current flowing through a coil of wire 
creates magnetic forces to operate a buzzer, or other noise 
producers. The sounds from the buzzer represent the dots 
and dashes sent by the operator. 

TELEGRAPH KEY 

1.5-VOLT 
BUZZER 

1.5-VOLT DRY CELL 

SPRING 

A telegraph system. 

When the telegraph key is closed (pressed down), current 
flows from the battery through the coil of wire. The result-
ing magnetic force causes a movable metal plate to be at-
tracted to the soft-iron core of the coil, producing a buzzing 
sound. In this manner dots and dashes (short and long 
buzzes) are transmitted. 
The Speaker—The speaker in a radio, television, or tele-

phone earpiece is an example of another familiar device 
operated by magnetic forces created by current flowing in 
a coil of wire. 

28 



The speaker consists of a permanent magnet and a coil of 
wire cemented to a paper cone. Electrical currents which 
represent voice, music, or other sound flow through the coil. 
Magnetic forces created by these currents cause the coil 

and cone to be attracted and repelled by the permanent 
magnet. The movement of the paper cone creates corre-
sponding changes in air pressure heard as sounds. 

PAPER CONE 

1,S 

PERMANENT MAGNET 

VOI CE 
OR 

MUSIC 
CURRENT 

—  SOUND 

A speaker. 

Later in this volume you will learn how sounds are con-
verted into currents that operate speakers. 

Q16.   in the telegraph are 
created by current flowing in a coil of wire. 

Q17. Closing the key allows   to _ _ _ 
through a coil of wire. 

Q18. The magnetic force created by this   
operates a buzzer. 

Q19. Magnetic forces can be developed by current flow-
ing through a wire or a(an) 

Q20. When currents are passed through the coil of a 

speaker,   are created. 

Q21. Magnetic force causes the coil and cone to be 

 or  by a permanent 
magnet, causing changes in air pressure. 
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Your Answers Should Be: 

A16. Magnetic forces in the telegraph are created by 
current flowing in a coil of wire. 

A17. Closing the key allows current to flow through a 
coil of wire. 

A18. The magnetic force created by this current flow 
operates a buzzer. 

A19. Magnetic forces can be developed by current flow-
ing through a wire or a coil. 

A20. When currents are passed through the coil of a 
speaker, magnetic forces are created. 

A21. Magnetic force causes the coil and cone to be 
attracted or repelled by a permanent magnet, 
causing changes in air pressure. 

WHAT YOU HAVE LEARNED SO FAR 

1. Electricity is a combination of a force called voltage 
and the movement of invisible particles called current. 

2. Voltage, as a force, is similar to the force developed by 
a water pump. Current flows through wires in much 
the same way that water travels through pipes. 

3. All electrical or electronic devices make use of one or 
more of the effects produced by current flow. 

4. Electrical current causes wires to heat. Toasters, irons, 
heaters, broilers, and lights are examples of devices 
which use this electrical effect. 

5. Current flowing through a wire or coil develops a mag-
netic field. Such magnetic forces are used in motors, 

the telegraph, and speakers. 
6. A magnetic (sometimes called electromagnetic) field 

can be used to move a metallic piece. Speakers and 
motors make use of two magnetic fields that either 
repel or attract each other. As a result, speaker cones 
vibrate to develop sound and motor armatures rotate. 

Current can cause other effects in addition to heating 
wires and producing magnetic forces. You will learn about 
these effects later. 
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HOW ELECTRICAL AND ELECTRONIC 
DEVICES ARE USED 

Jobs in which heat is necessary can be performed by 
using electric current to heat wires. Jobs calling for mechan-
ical motion can be performed by the forces developed by 
magnetic fields. Transmitting telegraph messages makes 
use of the magnetic forces in a buzzer coil. 

These simple jobs are accomplished by using simple de-
vices. However, even complex jobs, such as sending and 
receiving telephone or radio messages, sending and receiv-
ing television pictures, and completely controlling manufac-
turing processes, are also accomplished by using simple 
devices. 

TV antenna. Microphone. TV picture 
tube. 

Devices that perform complex jobs. 

Many complex jobs are performed by combinations of 
simple devices. That is, two or more simple devices work 
together to perform a complex job. These devices fall into 
three categories: ( 1) input converters, (2) processing de-
vices, and (3) output converters. 

INPUT 
CONVERTER 

N 
PROCES SING 

DEV I CE 

Speaker. 

 N 
OUTPUT 

CONVERTER 

Q22. Simple devices that can be combined to perform 
complex jobs are classified as  

 , and   
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Your Answer Should Be: 

A22. Simple devices that can be combined to perform 
complex jobs are classified as input converters, 
processing devices, and output converters. 

Input Converters 

The purpose of the input converter in any electrical or 
electronic process is to convert some form of energy, such 
as sound, light, heat, pressure, etc., into voltage and cur-
rent. These forms of energy can be processed by electrical 
or electronic devices after they are converted into voltage 
and current. 

Processing Devices 

A processing device changes the amount or form of cur-
rent and voltage to that required by the output converter. 
Among the many functions these devices perform are: ( 1) 
creating radio waves, (2) changing small voltages into 
larger ones, (3) carrying telephone messages and connect-
ing them to their intended destination, and (4) controlling 
furnaces, air conditioners, or industrial processes. 

Output Converters 

Very few end results are produced by voltages and cur-
rents alone. Therefore, devices are needed which convert 
voltage or current into some useful form, such as radio 
waves, sound, motion, heat, or pictures. These devices are 
called output converters. 

WHAT YOU HAVE LEARNED 

1. What electricity is. 

2. How electrical and electronic devices operate. 

3. How electrical and electronic devices are used. 

4. Even the most complex jobs are accomplished by using 
three kinds of devices—input converters, processors, 
and output converters. 

5. Any device which converts some form of energy into 
voltage and current performs the function of an input 
converter. 
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6. Processors change the input voltage and current into a 
form suitable for operating an output converter. 

7. Output converters convert voltage and current from a 
processing device into some useful form. 

Q23. The telephone mopthpiece is an input converter. 
It _37_ into voltage and current. 

Q24. A thprmostat in a home heating system converts 
/141.,..:-- into mechanical motion to open and close 
a switch. 

Q25. The circuits of a radio receiver, which change 
electricity from radio waves (input) to the form 
of electricity required by the speaker (output), 
can be thought of as a(an)   

Q26. Electric lamps convert voltage and current into 

Q27. A sPealier converts voltage and current into 

Q28. Electric toaster fi amepts (wires) convert voltage 
and current into ..cri2-

Q29. Television picture tubes convert voltage and cur-
rent into -11(4-t . 

Q30. Two result's of current flowing through a wire are 
the development of /L-L-2_• and _ 

Q31. The flow of current through a wire is caused by 
an electrical characteristic called 

Q32. and are required to oper-
erate electrical and electronic devices. 
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Your Answers Should Be: 

A23. The telephone mouthpiece is an input converter. 
It converts sound into voltage and current. 

A24. A thermostat in a home heating system converts 
heat into mechanical motion to open and close a 
switch. 

A25. The circuits of a radio receiver, which change 
electricity from radio waves (input) to the form 
of électricity required by the speaker (output), 
can be thought of as a processing device. 

A26. Electric lamps convert voltage and current into 
light. 

A27. A speaker converts voltage and current into 
sound. 

A28. Electric toaster filaments (wires) convert voltage 
and current into heat. 

A29. Television picture tubes convert voltage and cur-
rent into pictures (or images). 

A30. Two results of current flowing through a wire 
are the development of heat and magnetic fields. 

A31. The flow of current through a wire is caused by 
an electrical characteristic called voltage. 

A32. Voltage and current are required to operate elec-
trical and electronic devices. 
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Basic Electrical 
Circuits 

You are now going to 
What You learn what electrical cir-

cuits are, what they con-
Will Learn sist of, and what each de-

vice in the circuit does. You 
will become more familiar with voltage and current and 
will learn the difference between direct current (DC) and 
alternating current (AC). You will become acquainted 
with electrical diagrams and construction of circuits. 

COMPLETE ELECTRICAL CIRCUITS 

If you look in a dictionary, you will find that circuit means 
to make a complete trip. In electricity, current makes a com-
plete trip through an electrical circuit. 

If the circuit is not complete, current does not flow. Cur-
rent flows only if the path through the circuit is complete. 
A broken wire, a loose connector, or a switch in the OFF 
position will prevent current from flowing. 
You have now learned two important facts regarding the 

flow of current. A voltage source causes current to flow, 
and a complete circuit allows current to flow. 

Ql. In electricity, a circuit provides a path for 
 to make a — — 2-- trip. 

Q2. Current flow is caused by a(an) _ 
_ and permitted by a (an) _ 

_ . 
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Your Answers Should Be: 

Al. In electricity, a circuit provides a path for current 
to make a complete trip. 

A2. Current flow is caused by a voltage source and per-
mitted by a complete circuit. 

HOW ELECTRICAL CIRCUITS ARE MADE 

All electrical circuits consist of the basic units shown in 
the illustration below. The device being operated, of course, 
may be any electrical or electronic device. In fact, many elec-
trical circuits contain more than one device to be operated. 

A basic electrical circuit. 

COry• P LE TE 

CONNECTOR 

THE SOURCE 
OF VOLTAGE 
AND CURRENT 

—WIRES CARRY 
THE CURRENT 

CONNECTOR 

CONNECTORS 
CONNECT 
DEVI CES 

THE DEVI CE TO WI RES 

BEI NG OPERATED  i  

  CONNECTOR   

CONNECTOR 

Now that you are familiar with the basic units of an elec-
trical circuit, you are ready to learn more about each part. 
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Voltage Source 

A battery is an example of a voltage source. As you recall, 
a voltage source is also a source of current. 
The electrical wall socket (or outlet) is another widely 

used source of voltage and current. The outlet is part of 
another circuit that has a generator as a voltage source. 
There may be many miles of wire between the generator 
and the outlet. 

WALL OUTLET 

FLASHLIGHT CELL 

e> — 
W11111111111 

• 

I I 

Familiar sources of voltage and current. 

The battery shown in the illustration is more properly 
called a cell. A cell was originally considered to be a storage 
device. Cells, such as those used in a flashlight, develop 1.5 
volts each. Technically, a battery is a device constructed of 
two or more cells. However, through long usage, a cell is 
often called a battery. 

Q3. List the four basic units of an electrical circuit. 

Q4. A lamp will light only when it is part of a(an) 

Q5. A(an)   joins wires to a voltage 
source or operating device to make a complete cur-
rent path. 

Q6. A(an)  , such as a battery, 
is also a source of current. 

Q7. Voltage sources of the type used ma flashlight are 
more properly called  

Q8. A single flashlight cell is a source of volts. 

Q9. If a 6-volt battery has/ four 1.5-volt cells, a 12-volt 
battery will have 1.5-volt cells. 

0 
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Your Answers Should Be: 

A3. The four basic units of an electrical circuit are: 
1. Voltage source. 
2. Device being operated. 
3. Wires. 
4. Connectors (terminals). 

A4. A lamp will light only when it is part of a complete 
circuit. 

A5. A connector joins wires to a voltage source or oper-
ating device to make a complete current path. 

A6. A voltage source, such as a battery, is also a source 
of current. 

A7. Voltage sources of the type used in a flashlight are 
more properly called cells. 

A8. A single flashlight cell is a source of 1.5 volts. 

A9. If a 6-volt battery has four 1.5-volt cells, a 12-volt 
battery will have eight 1.5-volt cells. (If a 12-
volt battery provides twice as much voltage as a 
6-volt battery then it must have twice as many 
cells.) 

Voltage Source Connections—All sources of voltage (and 
current) have at least two connections. 
The source of voltage and current in an electrical circuit 

is similar to a pump in a water system. The pump provides 

INTAKE 

Electricity is like water in many ways. 
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both the pressure and the water to cause a flow through the 
water system. A voltage source provides electrical pressure 
(voltage) and current (electrical equivalent of water) to 
cause a flow through an electrical circuit. 
Like the water pump, the source of voltage and current 

requires an input connection and an output connection. 

SAFETY NOTE: Caution must always be observed 
when working near voltage sources or circuits. If you 
come in contact with both connections of the source, 
your body becomes a circuit, and current will flow 
through you. This can cause painful burns and even 
death. If you touch only one side of the source or a 
single wire leading to it, be sure you do not touch a 
pipe or other metal surface in contact with the ground. 
This precaution is necessary because many voltage 
sources have one connection wired to ground. 

Conductors and Insulators 

Wires provide a path for electric current just as pipes 
provide a path for water. Metals such as copper and alumi-
num are most commonly used in the manufacture of elec-
trical wire. Their atomic structures make these metals good 
conductors of current. Silver is the best conductor but is 
much more expensive than other metals. Other more eco-
nomical metals, such as copper and aluminum, are good 
conductors and are quite easily formed into wire. When 
connected into a circuit, wire is most often referred to Ls 
a conductor. 
Most nonmetals are very poor conductors of electric cur-

rent. These materials are called insulators. Rubber and 
plastic are two commonly used materials for insulators 
because they are flexible, easily molded, and can be readily 
cut when necessary. Because of their better insulating 
qualities, glass and ceramic material are used where high-
voltage insulators are required. 

Q10. How many connections must be made to a voltage 
source? 

Q11. Materials which provide an easy path for current 
are called  . Those which do not 
provide an easy path are called   
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Your Answers Should Be: 

A10. At least two connections must be made to a volt-
age source. 

All. Materials which provide an easy path for current 
are called conductors. Those which do not provide 
an easy path are called insulators. 

Working With Wire 

Practically all wire used in electrical and electronic work 
consists of a conducting metal (usually circular in cross 
section) covered with insulation. The insulation prevents 
undesired connections to and between conductors. 
Exceptions include wire used for heating purposes. In 

these cases, the heating element (wire) is wrapped or 
formed on an insulating material or supported in air (a 
nonconductor) between insulators. 

If a bare wire comes in contact with another conductor 
or other metal in an electrical unit, a short circuit develops. 
Current will flow through the short instead of the complete 
circuit containing the operating device. For this reason, 
wire should be handled with sufficient care to insure that 
its insulation is not damaged. 
Wire Stripping—In order to join a wire to a connector, a 

length of insulation must be removed from the wire. A 
metal-to-metal connection is required to permit current flow. 
The process of removing insulation is called wire strip-

ping and is properly accomplished by a tool called a wire 
stripper. Both wire cutting and, with care, stripping can 
be done with diagonal cutters. See the next page. 
Precautions—When stripping wire, do not be discouraged 

if at first you cut the end of the wire while stripping it. 
Success will come with practice. 
Do not squeeze the plier handles too tightly when attempt-

ing to remove the insulation from the wire. Just break the 
surface of the insulation with the cutting head. The cut 
need not go through to the wire. A steady pull should then 
part or tear the remaining insulation. Placing the index 
finger between the handles prevents the cutters from closing 
completely and nicking or cutting the wire. 
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NARROW 
HEAD 

511 

THE 
DIAGONAL CUTTER 

ITO GUT W IRE:I 
Place the wire between the jaws 
of the cutter and squeeze the 
handles together 

1 TO OPEN JAWS OF THE CUTTER:1 
Spread the handles using the index finger 

EMPTY 
INSULATOR 

ITO STRIP WIRE:j 
1. Place the wire between the jaws 

(near the pivot). 
2. Squeeze the handles just enough 

to cut the insulation. 
3. Pull the long end of the wire away from 

the cutter. (Firmly grip the insulation 
with the jaws of the cutter). 

Cutting and stripping wire. 

Q12. Nearly all metals will conductL1Z-12-_ _ 

Q13. Copper or aluminum are used , in electric wires 
because they are good _C4--

Q14. Materials that are n,onconductors of current are 
called 

• 
Q15. Insulation is used on wires to (m 

contact with other conductors of c 
Q16. Undesir 

a(an) 

Q17. L\I-‘L'i. 
ing insulation from 
by pliers known as 

e, prevent) 
rent. 

d contact between two co ductors is called 
A. 

-- is the process of remov-
wire. It can be mlished 
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Your Answers Should Be: 

Al2. Nearly all metals will conduct current. 

A13. Copper or aluminum are used in electric wires 
because they are good conductors. 

A14. Materials that are nonconductors of current are 
called insulators. 

A15. Insulation is used on wires to prevent contact 
with other conductors of current. 

A16. Undesired contact between two conductors is 
called a short circuit. 

A17. Wire stripping is the process of removing insula-
lation from a wire. It can be accomplished by 
pliers known as diagonal cutters. 

Devices 

Current from a voltage source operates devices such as 
electric light bulbs, heaters, and motors. Radio and televi-
sion receivers are also operated by current from voltage 
sources. These devices process voltage and current con-
tained in received radio waves by changing the input energy 
into sound and pictures. The voltage sources make it pos-
sible for these devices to perform this process. 
Connections—As stated earlier, all electrical devices must 

have two or more connections to a circuit. These connections 
are used to join conductors to the device, thus completing 
the circuit and permitting current to flow into and out of 
the device. 
Operation—The voltage source operates the device by 

forcing current through the circuit. All connections must 
be made in the circuit, including those at the device and the 
source. Current will then be able to flow through the device 
and cause it to operate. 

Connectors 

The terms connectors and terminals are often used inter-
changeably. A connector, however, is normally thought of 
as being a mechanical part, such as a battery clamp, used 
to connect a conductor to a device. A terminal, on the other 
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hand, is a point on a device where a connection can be 
made—a screw or other contact point. 
The illustration below shows how connections are made to 

a voltage source and an operating device. The lamp will 
light with the bare conductors merely touching the lamp 
terminals. In practice, however, the lamp is placed in a 
socket and the wires connected to the socket terminals. 

LIGHT 

THE INSULATOR / 
\\ I PREVENTS CURRENT /FILAMENT 

FLOW BER/VEEN THE 
BASE AND LAMP TIP 

WIRE 

CURRENT 

CONDUCTORS 
IN CONTACT WITH 
THE METAL BASE 

AND TIP 

BASE 

I NSULATOR° 

TIP OF LAMP 

Connection and operation of an electrical device. 

Wires, connectors, and terminals allow current to flow in 
a circuit because they are made of conducting metals. Care 
must be taken, however, when joining these parts to each 
other. Metal at the contact points must be clean and free 
from the insulating properties of dirt, grease, etc. Sand-
paper or a small file can be used to clean these junction 
points when necessary. After a wire has been stripped, it 
should be cleaned of any remaining insulation. 
When connecting a wire to a terminal, make sure the 

screw or clamp makes a tight connection. For current to 
flow, all parts of the circuit must be connected. 

Q18. To permit current to flow into and out of a device, 
the device must have at least connections. 

Q19. That part of a device whe e, a connection can be 
made is called a 
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Your Answers Should Be: 

A18. To permit current to flow into and out of a device, 
the device must have at least two connections. 

A19. That part of a device where a connection can be 
made is called a terminal. 

A PRACTICAL CIRCUIT 

The circuit shown below demonstrates the way in which 
all basic circuits are connected. It contains a voltage source, 
yvires, connectors (or terminals), and an operating device. 
The voltage source pictured is a large 1.5-volt dry cell used 
in some doorbell systems. This is a practical circuit because 
it will actually work and is often used. 

END OF WIRE 
STRIPPED 

1.5-VOLT 

DRY CELL 
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Open Circuits 

If all the connections are made as shown in the illustra-
tion, the lamp will light. If any of the connections are not 
properly made, the lamp will not light—a condition known 
as an open circuit. An open circuit represents a condition 
that prevents the flow of current. In other words, the circuit 
is not complete. 

Closed Circuits 

A closed circuit has all of its connections made and forms 
a complete path through which current can flow. 

SWITCHES 

Since it is often desirable to open and close a circuit, 
nearly all circuits contain some form of switch. 

Knife Switch 

The simplest type of switch is called a knife switch. It 
was given this name because it has an element resembling 
the blade of a knife. 

INSULATOR 

INSULATOR SCREW-DOWN 
CONNECTOR FOR 
A CONDUCTOR 

CONDUCTOR 

A knife switch. 

SCREW-DOWN 
CONNECTOR FOR 
A CONDUCTOR 

Q20. The lamp in the illustration on the '' ' osite page 
lights because it is a(an) (open, dos ) circuit. 

Q21. Innecting one of the wires will develop a(an) 
o , closed) circuit. 

Q22. To permit opening and closing a circuit, a(an) 
2•Lt.t4à/4_'_ can be connected into it. 

Q23. A(an) Lek  is the basic type of 
switch. 
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Your Answers Should Be: 

A20. The lamp lights because it is in a closed circuit. 

A21. Disconnecting one of the wires will develop an 
open circuit. 

A22. To permit opening and closing a circuit, a switch 
can be connected into it. 

A23. A knife switch is the basic type of switch. 

The basic circuit just explained can be reconnected to 
include a knife switch. The illustration below shows how 
the connections are made. Be sure you understand what 
happens to the flow of current when the switch is open 
(position shown) and when it is closed. 

A practical circuit with switch. 

There are many other types of switches, some of which 
you have used. For example, there are switches on the 
walls of your home, on the front of your appliances, and on 
the dashboard of your car. Nearly all operate on the knife-
switch principle. In the closed position, a metal blade makes 
an electrical contact between at least two conductors. 
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WHAT YOU HAVE LEARNED ABOUT 
ELECTRICAL CIRCUITS 

1. An electrical circuit provides a complete path for cur-
rent flow. 

2. Every electrical circuit consists of: ( 1) a source of volt-
age which causes current to flow; (2) conductors which 
provide a path for the current; (3) electrical devices 
which are operated by the current; (4) connectors (ter-
minals) to join conductors to a source or a device. 

3. Voltage sources and electrical devices always have at 
least two connections. All connections must be made in 
order for current to flow through them. 

4. Most metals can conduct current and are called con-
ductors. Most nonmetals provide a very poor path for 
current and are called insulators. 

5. A wire consists of a conductor (usually copper) covered 
by insulation (usually rubber or plastic). Insulation 
may be stripped with wire strippers or diagonal cutters. 

6. An open circuit is a condition in which the current path 
is interrupted. A closed circuit is the same as a com-
plete circuit. A short circuit occurs when a conductor 
makes an undesirable contact with another conductor or 
metal part. 

7. Switches are designed to open and close circuits. By 
operating the switch, a device may be turned on or off. 

Review Questions (Mark them true or false.) 

-r-Q24. A voltage source causes current to flow if a com-
plete circuit is provided. 

rQ25. Current will flow if there is a complete electrical 
path from the voltage source to the device, through 
the device, and back to the voltage source. 

f Q26. If otherwise complete, current will not flow in a 
circuit if its switch is closed. 

Q27. When a wall switch is flipped to the ON position, 
the switch is open, permitting the lamp to light. -r- Q28. If the insulation on a wire is broken or damaged, 
it may cause a short circuit. 
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Your Answers Should Be: 

A24. A voltage source causes current to flow if a com-
plete circuit is provided. True. 

A25. Current will flow if there is a complete electrical 
path from the voltage source to the device, 
through the device, and back to the voltage source. 
True. 

A26. If otherwise complete, current will not flow in a 
circuit if its switch is closed. False. 

A27. When a wall switch is flipped to the ON position, 
the switch is open, permitting the lamp to light. 
False. 

A28. If the insulation on a wire is broken or damaged, 
it may cause a short circuit. True. 

VOLTAGE AND CURRENT 

In this section you will become acquainted with voltage 
and current measurement units. You will also become 
familiar with the commonly used values of these units. 

Voltage 

Voltage is measured in terms of a unit called a volt. A 
measurement unit indicates quantity or amount, as in gal-
lons of water or pounds of sugar. As a similar unit, volts 
expresses a quantity contained in a voltage source. Although 
voltage is not visible like water and sugar, the number of 
volts expresses the amount of electrical pressure available 
from the source. As you remember, it is this pressure that 
causes current to flow. The greater the pressure (number 
of volts), the greater the current will be. 

Current 
Current is measured in terms of a unit called an ampere. 

The number of amperes defines the amount of current that 
is flowing in a circuit. Some flashlight lamps (bulbs), for 
example, draw 0.25 ampere (abbreviated as amp) from the 
voltage source. 
A 100-watt lamp draws approximately 1 amp from the 

115-volt home electrical system. Ten amps flow through 
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some electric irons, toasters, and heaters. A car battery 
supplies 100 amps or more to a starter motor. 

Large and Small Values 

Values of voltage and current can be very large or very 
small. Since it is awkward to talk and write about 500,000 
volts or 0.003 amp, units which are more easily handled have 
been developed. With this system the quantities mentioned 
become 500 kilovolts and 3 milliamps, respectively. A kilo-
volt represents 1,000 volts and a milliamp, 0.001 amp. 
The following table will help you convert from one unit 

to another. 

CONVERSION TABLE 

W HEN YOU 
SEE ' 

Do THIS 
TO CONVERT 

EXAMPLE 

Mega or M Multiply by 1,000,000 2 Megavolts is 2,000,000 
volts 

Kilo or K Multiply by 1,000 5 Kiloamps is 5,000 
amps 

Milli or m Divide by 1,000 7 Millivolts is 0.007 
volt 

Micro or µ Divide by 1,000,000 9 'Lamps is 0.000009 
amp 

Nano or n Divide by 1,000,000,000 5 nano volts is 
0.000000005 volt 

Pico or p Divide by 1,000,000,000,000 4 pico-amps is 
0.000000000004 amp 

Q29. Voltage is measured in units called Irl-e-41  
Q30. Ttie number of volts indicates the quantity of 

e 1/41--<2RA-e--41). ,J1 ..A.A414. -- contained in a 
voltage source. 

Q31. An ampere i a unit that indicates the quantity 
of  

Q32. Assuming that the voltage source can provide the 
current, what determines tlie number of amps that 
will flow in a circuit" 

Q33. 3 kilovolts is (!_trge smaller) than 100> millivolts. 

Q34. How much of an --am- p is 15 microamps? / (31 

Q35. Convert 16 megavolts to volts. O O" e 
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Your Answers Should Be: 

A29. Voltage is measured in units called volts. 

A30. The number of volts indicates the quantity of 
electrical pressure contained in a voltage source. 

A31. An ampere is a unit that indicates the quantity 
of current. 

A32. The operating device determines the number of 
amps that will flow in a circuit, assuming the 
voltage source can provide it. 

A33. 3 kilovolts is larger than 100 millivolts. 

A34. 15 microamps is 0.000015 amp. 

A35. 16 megavolts is equivalent to 16,000,000 volts. 

DIRECT CURRENT 

A current that always flows in the same direction is called 
a direct current. Dry cells and batteries are sources of 
direct current. Some types of electric generators also supply 
direct current. Later you will learn about a power sup-
ply which provides direct current for use within radio and 
TV receivers. 

Is There a Direct Voltage? 

Yes. A voltage which provides direct current is considered 
to be a direct voltage. Since direct current is abbreviated 
DC, the abbreviation is used to identify direct voltage as DC 
voltage. Direct current is often shortened to DC current, or 
merely DC. 

Direction of Current Flow 

Marking the terminals of a voltage source with plus (-1-) 
and minus (—) signs indicates the direction in which cur-
rent flows in a circuit. There are two systems describing 
the direction of current flow—conventional and electron. 
The conventional current theory was the first to be devel-

oped. Benjamin Franklin is considered to be its originator, 
and it is still being used in many electrical engineering 
texts. Conventional current is said to flow from the posi-
tive ( 4-) voltage terminal, through the circuit, and to return 
to the negative (—) voltage terminal. 
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The electron current theory, of more recent origin, per-
mits a clearer explanation of how current flows through 
electronic circuits. For this reason, the electron current 
direction of flow will be used in this text. This theory states 
that current leaves the negative (—) terminal, flows through 
the circuit, and returns to the positive (±) terminal of the 
voltage source. 

If you learn the rules of electron flow, conventional flow 
should not be confusing. You will find it easy to mentally 
reverse directions. 
Current flow does all the work involved in the operation 

of any electrical or electronic device, whether it is a simple 
lamp or a complicated electronic computer. In any applica-
tion a continuous path must be provided between the two 
terminals of a voltage source before current can flow. 

The direction of DC electron current flow. 

Q36. The connecting posts on the cell in the illustration 
re marked (±) and (—). The (±) post is the 

—_ terminal. 

Q37. Inside t e cell, electron current flows from the 
___ terminal to the U.L., 
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Your Answers Should Be: 

A36. The (+) post is the positive terminal. 

A37. Inside the cell, electron current flows from the 
positive terminal to the negative terminal. (Al-
though the text did not provide this information, 
the illustration reveals the proper direction. Cur-
rent must flow in this direction inside the battery 
if it is to move from negative to positive through 
the external circuit.) 

ALTERNATING CURRENT 

A current that reverses its direction of flow at regular 
intervals is called alternating current (AC). You might ask, 
"Why should we have a current that is constantly changing 
its direction ?" The answer is fairly simple. AC has certain 
features that make it desirable. The two main reasons are: 

Reason 1. Wall outlets in your home supply an AC volt-
age. This voltage is produced by generators located 
many miles away. During the earliest days of electric-
ity, DC was supplied to homes. However, DC can be 
sent through lines for only short distances. 
AC can be easily changed to a higher or lower value. 

This characteristic makes possible its economical trans-
mission over long distances—hundreds of miles in some 
cases. As a result, AC generating plants can be located 
at remote sources of water power and still be able to 
supply customers miles away. A good example of this 
application is the generating equipment at Hoover Dam 
in Arizona supplying power to cities on the West Coast, 
hundreds of miles distant. 

Reason 2. The preceding chapter described input con-
verters which convert other forms of energy into volt-
age and current. Many of these forms, such as sound 
and radio waves, occur in alternating cycles. Sound 
waves, for instance, are alternating areas of maximum 
and minimum air pressure. When converted into elec-
tricity, as in the telephone, the resulting current is also 
alternating, thus the sound is faithfully transmitted. 
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WHAT YOU HAVE LEARNED 

1. The measurement unit of electrical pressure is the volt. 
It defines the amount of electrical pressure available in 
a voltage source. 

2. The measurement unit for current is the ampere, abbre-
viated amp. Assuming that a sufficient amount of cur-
rent can be supplied by the voltage source, the number 
of amperes that flow in a circuit is determined by the 
needs of the operating device. Operating devices are 
designed for a specified number of volts, and are so 
constructed as to draw the required number of amps 
when operated at that voltage. 

3. Volt and ampere quantities are often expressed in very 
large and very small numbers. To ease the task of writ-
ing or speaking of very large or very small numbers, 
prefixes, such as mega-, kilo-, and micro-, have 
been added to the basic units of volts and amperes. 

4. A current that always flows in the same direction is 
direct current. Its abbreviation is DC, which can be 
used to specify DC current or DC voltage. 

5. Current flows from the negative terminal of a voltage 
source, through the circuit, and returns to the positive 
terminal. Inside the voltage source, current flows from 
the positive to the negative terminal. This is in accord-
ance with the electron current theory. 

6. A current that reverses its direction of flow at regular 
intervals is called alternating current (AC). AC volt-
age and current can be transmitted over long distances 
economically, but DC cannot. AC is also the only 
means of converting certain types of energy into use-
ful electrical representations. 

Q38. A volt is a measurement of and an 
ampere is a measurement of — — — — . 

Q39. According to the electron current theory, cur-
'  voltage ter-

mal, through the circuit and returns to the 
_ _ terminal. 

rent flows from the 
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Your Answers Should Be: 

A38. A volt is a measurement of voltage, and an 
ampere is a measurement of current. 

.139. According to the electron current theory, current 
flows from the negative (—) voltage terminal, 
through the circuit, and returns to the positive 
(±) terminal. 
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3 

How To Use Meters 

Since volts and amperes 
What You are units of measure-

ment, some device must 
Will Learn be used to measure them. 

Devices used for this pur-
pose are called meters. You are now going to learn 
about the different types of meters and how to use them 
to measure voltage and current. The precautions to take 
when handling these instruments are also discussed. 

HOW DO METERS WORK? 

Meters, like motors, convert electrical energy (current) 
into mechanical motion. In a motor, current-generated mag-
netic fields cause the armature to rotate. In most meters, 
similar magnetic fields cause a pointer to move across a 
scale. The position of the pointer (sometimes called a needle 
or indicator) when it comes to rest on the scale indicates the 
amount of current flowing through the meter. 

Most homes and cars have meters similar in principle to 
those that will be discussed. An electrical meter measures 
consumption of house current. The gasoline, temperature, 
and other automobile gauges are all basically meters meas-
uring current flow. The quantities being measured are con-
verted to equivalent values of current. 

44',c  Ql. Voltage and current are measured by 

Q2. The reading of a meter is taken where a pointer 
comes to rest on a 

Q3. Pointer movement is caused by  
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Your Answers Should Be: 

Al. Voltage and current are measured by meters. 

A2. The reading of a meter is taken where a pointer 
comes to rest on a scale. 

A3. Pointer movement is caused by magnetic fields. 

READING METERS 

The illustration below shows how a meter is connected 
to a circuit to measure the amount of current flowing. 

Egl 
ALL CURRENT IN THE 
CIRCUIT FLOWS 
THROUGH THE METER 

FLASHLIGHT 
BULB 

CURRENT-MEASURING METER 
Measuring the current drawn by a lamp. 

Meters are read by noting to which number (or division 
mark between numbers) on the scale the needle is pointing. 

SCALE 
1 
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If the needle points to a division mark between two num-
bers, the decimal value of the division is added to the lower 
number. 

DC AMPERES 

POINTER 

SCALE 
2 

SCALE 
3 

SCALE 
4 

Q4. What is the reading for scale 1? 

Q5. What is the value read on scale 2? J 

Q6. How many amps according to scale 3? ( i (/ 

Q7. What does scale 4 read? 
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Your Answers Should Be: 

A4. The reading for scale 1 is 1 amp. 

A5. The value read on scale 2 is 1.5 amps. (Note the 
pointer is halfway between 1 and 2 on the scale.) 

A6. There are 1.8 amps registered on scale 3. (There 
are ten equal division marks between numbers 1 
and 2. The pointer rests on the eighth division, 
indicating a current of 1.8 amperes. Counting of 
the divisions is shown in the illustration below.) 

The Value of the Ten Divisions Between 1 and 2 

on the Meter Scale 

1 
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 

¡ill 

A7. Scale 4 reads 1.75 amps. (This scale has four divi-
sions between the numbers. Thus, each division 
has a value of 14 or 0.25 amp as shown in the fol-
lowing illustration. Since the pointer is on the 
third division between 1 and 2, its reading is 1.75 
amps.) 

The Value of the Four Divisions Between I and 2 
on the Meter Scale 

1.25 1.5 1.75 

VOLTMETERS 

Voltmeters are used to measure voltage. When the volt-
meter is connected across the terminals of a voltage source, 
a current proportional to the source voltage flows through 
the meter mechanism. The meter scale is graduated (drawn) 
to give a reading in volts. The procedure for reading a volt-
meter scale is similar to the current scales you have just 
read. 
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Precautions 

There are two basic types of voltmeters—one for measur-
ing DC voltage and the other for AC voltage. Be sure to 
use the correct one for the type of voltage to be measured. 
When an AC voltmeter is applied to a DC source, an incor-
rect measurement will occur. But when a DC meter is used 
to measure AC voltage, the meter may be damaged. 

Reading a Voltmeter 

As shown in the following illustration, a voltmeter scale 
is similar to a current-measuring scale. A value between 
numbers is read in the same manner as a current reading. 

Voltage Ranges 

Voltmeters are designed to read to certain maximum 
values. From zero to a maximum voltage is called the range 
of a voltmeter. Some commonly used ranges are 0-10 volts, 
0-50 volts, 0-250 volts, and 0-1,000 volts. 
Always be sure that any voltage to be measured is within 

the range of the voltmeter you are using. A meter will be 
damaged if used to measure a voltage greater than the 
maximum value for which it is designed. Excess voltage 
will cause excess current to flow. As a result, the pointer 
may be bent in trying to move beyond the end of the scale, 
or meter circuits may overheat and damage delicate parts. 

Q8. What type of meter is used to measure DC voltage? 

Q9. How many volts are indicated in the above illustra-
tion? 

Q10. What may happen if a voltmeter is used to meure 
voltages beyond its range? 
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Your Answers Should Be: 

A8. A DC voltmeter is used to measure DC voltage. 

A9. The illustration indicates a reading of 34 volts DC. 

A10. A meter may be damaged if used to measure volt-
ages beyond its range. Either the pointer will be 
bent and/or delicate parts within the meter will 
be ruined. 

AMMETERS 

A current-reading meter is called an ammeter. It can only 
be used to measure amperes. 

Current Ranges 

Commonly used current ranges for work on electrical 
appliances are 0-10 amps and 0-30 amps. When working 
with electronic devices, ranges such as 0-500 microamps, 
0-10 milliamps, and 0-250 milliamps may be required. 

Precautions 

Ammeter precautions are the same as for voltmeters. 

I. Never use DC meters for AC, or AC meters for DC. 

2. Do not measure a current value that is beyond the 
range of the meter. 

The first rule can be observed if you know the type of 
voltage source supplying the current. For example, you 
know that batteries supply DC current (and voltage), and 
most wall outlets supply AC current (and voltage). 
The second rule can be followed as you gain experience. 

If your meter has a selection of ranges, always use the 
highest range first. Then switch to the appropriate range to 
obtain the most accurate reading. Quickly remove the meter 
leads if the pointer swings beyond the limits of the scale. 
A third rule must be added to the above. Never use an 

ammeter to measure voltage nor a voltmeter to measure 
current. Each meter is designed to measure only certain 
electrical values. If either type of meter is used for measur-
ing other values, it may be damaged. 
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MULTIMETERS 

A multimeter is a combination voltmeter and ammeter. It 
can be used to measure either AC or DC voltages and cur-
rents. A multimeter is also called a volt-ohm-milliameter 
(VOM) or a circuit analyzer. 

Reading Multimeters 

A multimeter face has a combination of scales that may 
include several ranges of voltage and current readings. A 
typical multimeter scale having three ranges is shown below. 

5 100 150  20 30 200 

0 10 4 6 40 
0 2 8 50 
0 .10 

By proper front-panel settings, a multimeter can be used 
to measure AC and DC current and voltage. 

1' 
Q11. To measure current, use a(an) 

' Q12. State three precautions that must be observed 
when using ammeters or voltmeters. 

Q13. Shown here is a portion of the scale illustrated // 
above. What is the reading on the 0-10 range? 

• /, 

Q14. What is the reading on the 0-250 range? 
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Your Answers Should Be: 

All. To measure current, use an ammeter. 

Al2. Brief statements of the three meter precautions 
are: 

1. Never use DC meters for AC, or AC meters for 
DC. 

2. Do not measure a value beyond the range of the 

meter. 
3. Do not use a voltmeter to measure current or an 

ammeter to measure voltage. 

A13. The reading is 7.4 on the 0-10 range. 

A14. The reading is 185 on the 0-250 range. 

Multimeter Characteristics 
Several experiments are described in this volume. Most of 

them require the use of a multimeter. You need not work 
these experiments unless you wish to do so since the text 
describes the results of each one. However, you can obtain 
a better understanding of principles and a great deal of 
experience working with electrical parts and tools by per-

forming the experiments. 
Although you may not desire to purchase a multimeter 

until a later date, you should have some knowledge of what 
to look for. A good multimeter can be purchased in most 
electronic parts stores for under $25.00. Or it can be ordered 
from one of the catalogs of the many mail order compan:es. 
A multimeter from which you can obtain suitable accuracy 

and which has useful ranges should have the following char-
acteristics. Each characteristic is explained in detail in 

Volume 4. 

Sensitivity: 5,000 to 10,000 ohms/volt on AC and 20,000 
ohms/volt on DC. 

Voltage Ranges: 0-10, 0-50, 0-250, and 0-500. 
Current Ranges: 0-500 microamps, 0-10 milliamps, and 

0-250 milliamps. 

Current and Voltage: Both AC and DC. 

Resistance Ranges: 0-10K, 0-100K, and 0-1 Meg. 
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A typical multimeter is shown below. Study the drawing 
to become familiar with the location and names of the 
various parts, controls, and scales. The next few pages 
describe each in detail. 

PROBES 

METER 
SC A LES 

AC-DC 
SELECTOR 
SW ITCH 

BLACK 

AC 

OHMS 

TERM I NALS 

OHM! ADJ 

RED 

ZERO-OHM 
ADJUSTMENT 

FUNCTION 
(VOLTS,AMP S, 
OHMS/ SELECTOR 
SW ITCH 

A typical multimeter. 

The front panels of some multimeters do not look like this 
one. Each, however, has a similar means of accomplishing 
the same measuring tasks. 

Q15. A good multimeter can generally be purchased for 
less than  

Q16. A multimeter having an AC' sensitivity of 10,000 
ohms/volt will have (suitable, unsuitable) accu-
racy for most purposes 

Q17. If the AC-DC Selector Switch in the above illus-
tration were set on DC, you would read the posi-
tion of the pointer on the ( top, middle, bottom) 
scale.—  

Q18. What is the meaning of the "10V" marking on the 
Function Selector Switch? Make a guess. 

Q19. What are the tip ends of the two test leads con-
nected to the meter called. i) 
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Your Answers Should Be: 

A15. A good multimeter can be purchased for less than 
$25.00. 

A16. A multimeter having an AC sensitivity of 10,000 
ohms/volt will have suitable accuracy for most 
purposes. 

A17. You would read the position of the pointer on the 
middle scale. 

A18. It indicates a setting at which a voltage between 
0 and 10 volts may be read. 

A19. The tip ends of the leads are called the probes. 

VOLTAGE MEASUREMENTS 

The term "multimeter" means literally "many meter." It 
is, in fact, a single instrument performing many measuring 
functions. The multimeter shown on the preceding page 

measures AC volts, AC amps, DC volts, DC amps, and ohms 
(to be discussed shortly). 
Learning to use a multimeter well requires you to think 

only of the particular function for which you are using the 
instrument. If you are measuring DC voltage, think DC 
voltmeter. If the next measurement is AC amperes, change 
your thinking to an AC ammeter. By concentrating in this 
manner, you are more certain to make the proper settings 
and observe the appropriate measuring precautions. For 
this reason, the multimeter will be discussed in terms of 
its separate measuring functions. 

Terminals — The voltmeter, 
like other electrical devices, 
has two terminals. Both termi-
nals are connected into a cir-

TERMINALS • cuit when using the instru-
ment. The terminals are some-
times colored red (±) and 

black (—) to identify the positive (±) and negative (—) 
connections. 

Voltmeter terminals. 
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Voltmeter connections. 

Test Leads—A voltmeter requires a pair of test leads to 
connect the meter to the circuit being tested. Test leads 
are lengths of flexible insulated wire. One end has a means 
of joining the lead to the voltmeter terminal. The other end 
has a metal probe encased in an insulated handle. 

METAL INSULATED 
TIP HANDLE 

\ / 
-"-----

PROBES 

WIRE 

'METER TEST LEADS I 

CONNECTED TO THE 
METER TERMINALS 

Voltmeter with test leads. 

1 VOLTMETER 

Connections—When measuring voltage, the probes are 
touched to the terminals of the voltage source or device. A 
voltage measurement is always taken across the terminals, 
and is never made between a terminal and an open wire. 

PROBES MUST TOUCH TERMINALS 
OR BARE CONDUCTORS 

Q20. List the five electrical quantities that a typical 
multimeter will measure. 

Q21. How is AC and DC current different? 

Q22. When measuring battery voltage, how should you 
think of a multimeter? • ' 

Q23. How are the positive and negative terminals of 
some voltmeters identified? 4 C.  

Q24. What part of a test lead is placed in contact with 
the circuit being tested? 

Q25. A voltage is always measured   the ter-
minals of a source or a device. 
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Your Answers Should Be: 

A20. AC volts, AC amps, DC volts, DC amps, ohms. 

A21. AC current changes its direction of flow periodi-
cally; DC current flows in only one direction. 

A22. When measuring battery voltage, think of the 
multimeter as a DC voltmeter. (You will be more 
certain to safely make the correct measurement.) 

A23. The positive and negative terminals of some volt-
meters are colored red and black to indicate posi-
tive (+) and negative (—) connections. 

A24. The probe end of a test lead is placed in contact 
with the circuit being tested. 

A25. A voltage is always measured across the termi-
nals of a source or a device. 

DC Voltmeter Connections 

As you recall from the preceding chapter, a DC voltage 
source has both a negative and a positive terminal. The 
distinction between negative and positive voltage is identi-
fied by the term, "polarity." The polarity of a DC voltage 
source (a battery, for example) is usually indicated in some 
way at its terminals. One is negative and the other posi-
tive. In a DC circuit, the terminal polarity of an operating 
device is the same as the supply source. 
The terminals of a DC voltmeter are either colored or 

marked to indicate the polarity. A red color or a plus (±) 
mark identifies a positive terminal. Black or minus (—) 
indicates a negative terminal. The negative terminal of a 
DC voltmeter is connected through a test lead to the nega-
tive terminal (source or device) of the circuit. The other 
test lead is connected to the corresponding positive terminal 
of the meter and of the circuit. 
Always observe this rule: The polarity marking of the 

DC voltmeter terminal must be the same as the polarity 
of the voltage being measured. 

If you disobey the rule, the scale pointer will move oppo-
site to its normal direction and may be damaged. The rule 
does not apply when measuring AC voltage. 
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The following illustration shows the proper connections to 
be made when measuring DC voltage. 

DC VOLTMETER 

POSITIVE 
TERMINAL 

1.5-VOLT 
DRY CELL 

Measuring DC voltage. 

Voltage Measurements With a Multimeter 
A multimeter can be adjusted by means of selector 

switches to measure either AC or DC voltage. 

Multimeter settings to measure 
30 volts AC. 

Q26. Mark this fig-
ure to show the 
switch settings 
required to meas-
ure 6 volts DC. 

AC DC 

R.1 
10MA I RIO 

\ I / 

OHMS ADJ 

,5) 

250MA R,100 

500 MAC"-  

/ I \ 500V 50V 
250V 

din 

Q27. Show the set-
tings for meas-
uring the voltage 
of a wall outlet. 

AC DC 

*47) 

R.1 
10MA I R 

\ I / 

OHMS ADJ 

250MA R 000 

500MA - V 

500V • 50V 
250V 

O 
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CURRENT MEASUREMENTS 

Methods used to measure current with an ammeter or 
multimeter are different from those used to measure voltage. 

Ammeter Connections 

Terminals—An ammeter, like a voltmeter, has two termi-
nals. Both terminals must be connected into the circuit 
when using the meter. 
Connections—To measure current, the ammeter must be 

connected in the circuit in such a way as to allow the cur-
rent being measured to flow through the meter. 

Effll 
ALL CURRENT IN THE 
CIRCUIT FLOWS 
THROUGH THE METER 
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Connecting an ammeter in a circuit. 
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Current Measurements With a Multimeter 

Connections—Multimeter connections for measuring cur-
rent are made as if the instrument were an ammeter. The 
circuit must be opened (usually at a terminal) and the 
probes inserted, one on either side of the break. 
When measuring DC current, a polarity rule must be 

observed: DC current should enter the negative terminal of 
a DC ammeter and leave by its positive terminal. Since you 
know that DC current flows through a circuit from the 
negative to the positive terminals of a voltage source, cur-
rent direction can easily be determined. 

If you plan to do many experiments that require measur-
ing currents, the board shown below should be worth con-
structing. The ammeter probes are inserted into the Fahne-
stock clips. 

1. 5-VOLT 
DRY CELL 

FAHNESTOCK 
CLIPS 

1. 5-VOLT LAMP 
(FLASHLIGHT 

BULB) 

WOODEN BASE 
(INSULATOR) 

Experiment board for making current measurements. 

Settings—When a multimeter is used as an ammeter, the 
function switch is set to the appropriate range. In addition, 
the AC-DC switch is set for the kind of current (AC or DC) 
to be measured. 

Q28. What is the difference between connecgng a volt-
meter and an ammeter into a circuit? 

Q29. DC current should enter the   termi-
nal of a DC ammeter. 
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Your Answers Should Be: 

A28. Voltmeter measurements are made across the ter-
minals of a device or source. Ammeters are in-
serted into a circuit so that the circuit current 
flows through the meter. 

A29. DC current should enter the negative terminal of 
a DC ammeter. 

MULTIMETER SAFETY RULES AND PRECAUTIONS 

Rule 1: When not in use, always set the selector switches 
to the highest DC voltage position. 

There are two reasons for this rule. First, as you will 
learn later, a multimeter contains batteries; at the highest 
DC voltage position the batteries are disconnected from the 
internal circuits and will not be supplying current. Second, 
this position of the selector switch provides the best protec-
tion for the delicate meter movement in the event the probes 
should accidentally come in contact with an energized circuit. 

Rule 2: When the meter is in use, forget that it is a 
multipurpose instrument and think of it only in 
terms of the function for which you are using it. 

A multimeter with its many switch positions and multiple 
scales can be confusing and can lead even the best tech-
nician into making unnecessary errors. Regard the instru-
ment each time time as a particular single-purpose meter. 

Rule 3: When measuring any voltage or current, always 
use the highest range available first. 

This advice not only provides the best protection to the 
meter, but it also quickly identifies the best range scale you 
should use. If the quantity being measured on this or any 
range causes the needle to move past the end of the scale, 
immediately remove the probe from the circuit. 

Q30. A multimeter should be stored with the switches 
in what position? 

Q31. Make all measurements first at the   
 setting. 
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WHAT YOU HAVE LEARNED 

1. Meters are used to indicate the quantity or value of 
voltages and currents. 

2. Meters are read by noting the position of a pointer on 
a marked scale. 

3. Voltmeters are used to measure voltage. 

4. Ammeters are used to measure current. 

5. DC meters should not be used to measure AC, and AC 
meters should not be used for DC. 

6. The range of a meter is indicated by the highest mark-
ing on the scale. The range is read as "zero to some 
number." For example, 0-150 volts DC. 

7. Never connect a meter to measure a quantity known to 
be above the meter range. Meter damage will result. 
You should have some idea of the maximum value of 
the quantity before making the measurement. 

8. A multimeter is a multipurpose meter. A typical instru-
ment will measure AC volts, AC amps, DC volts, DC 
amps, and ohms. It will measure each of these func-
tions in several ranges. 

9. Voltage measurements are made by connecting the volt-
meter probes across the terminals of the voltage source 
or device to be measured. 

10. If DC voltage is being measured, observe the polarity 
rule. The terminals of the meter and the circuit should 
be connected negative to negative and positive to posi-
tive. 

11. Current measurements are made by connecting the 
ammeter into the circuit in a manner which allows the 
circuit current to flow through the meter. This nor-
mally requires breaking the circuit and connecting the 
ends to the meter terminals. 

12. If DC current is being measured, observe the polarity 
rule. Connect the ammeter into the circuit in a manner 
which allows current to enter the negative terminal of 
the meter. 

13. Switches are provided on the front panel of a typical 
multimeter. An AC-DC switch prepares the meter for 
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Your Answers Should Be: 
A30. Before storing a multimeter, set the AC-DC 

switch to DC and the function selector switch to 

the highest voltage range. 

A31. Make all measurements first at the highest range 

setting. 

the type of voltage or current to be measured. A func-
tion selector switch sets the meter to the function 
(volts, amps, ohms) to be measured and the desired 

range. 

14. When not in use, a multimeter should be set at its 
highest DC-voltage position. 

15. When working with a multimeter, forget its many pur-
poses. Think only of the specific function for which you 

are using it. 
16. When measuring voltage or current, always use the 

highest range first. Remove the probes immediately if 
the pointer moves past the end of the scale. 
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4 

The Basic 
Telephone System 

You will find that a tele-
What You phone system is a simple 

electrical circuit which 
Will Learn operates in accordance with 

the principles you have 
learned earlier. Parts of the telephone circuit convert 
sound into electrical signals. Other parts change the 
electrical signals back into sound. As a result, conver-
sations can be transmitted through wires for extremely 
long distances. 

You are familiar with the mouthpieces and earpieces 
of a telephone. When you finish this chapter, you will 
understand how these parts work. You will also learn 
how they are connected in an operating system. 

THE MECHANICAL TELEPHONE 

Have you ever built a mechanical telephone using a pair 
of tin cans and a length of string? If you have, you know 
sound can be transmitted through a string. As crude as this 
mechanical system is, it demonstrates many of the principles 
used in the modern telephone. 

Ql. Vibrations, representing sound, travel down the 
string of a(an)   telephone system. 

Q2.  , representing sound, travels 
down the wires of an electrical telephone system. 
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Your Answers Should Be: 

Al. Vibrations, representing sound, travel down the 
string of a mechanical telephone system. 

A2. Electricity (or electrical signals), representing 
sound, travel (s) down the wires of an electrical 

telephone system. 

The figures below illustrate how a mechanical telephone 

system operates. 

TIN CAN CAN 

KNOT 

STRING 

Basic system. 

TIGHT STRING 

E)----) 
TIN CAN 

Both discs are pulled outward at the beginning. 

cum> STRING LOOSENS 
c ,, 
„ 

REPEATER DISC 
MOVES IN AND 

MAKES PRESSURE 
IN CAN 

SENDING DISC 
MOVES OUT 
FURTHER 

System operation when sound pressure occurs. 

4*:=3 4=ra 
SENDING DISC 
PULLS IN AND 
PULLS STRING 

System operation 

KNOTNt  

îe' ÍIP4=2:1 
REPEATING DISC 
MOVES OUT AND 
MAKES VACUUM 

IN CAN 
when sound vacuum occurs. 

The mechanical telephone. 

Note that the key part of the mechanical telephone sys-
tem is the flexible metal disc at the bottom of each can. 
Speaking into the can causes sound waves to strike the disc 
and make it vibrate. 
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The vibrations from one disc are carried to the other disc 
by a tightly stretched string. The second disc repeats the 
in-and-out motions of the sending disc and develops varying 
air pressures in the can. These are sound waves which are 
crude reproductions of the original sound waves. 

Principles of Sound 

A study of the basic principles of sound reveals how a 
mechanical (or electrical) telephone system works. Sound 
is made up of vibrations. Differences in sound are deter-
mined by their frequency—the number of times per second 
a sound vibrates. A high tone (a shriek) has a high fre-
quency—several thousand vibrations per second. A low tone 
(deep bass voice) has a frequency of only a few hundred 
vibrations in a second. 

Each tone has a specific frequency. A tuning fork, for 
example, vibrates and creates a sound tone at the frequency 
for which it was designed. The same is true of piano or 
violin strings, the skins of a drum, or your vocal cords. 
Air consists of a large number of extremely tiny particles, 

several million per cubic inch. When sound causes these 
particles to vibrate, they alternately pack together and fly 
apart at the frequency of the sound. Packing together 
creates instantaneous areas of high pressure and flying 
apart develops a condition of less-than-normal pressure 
(approaching a vacuum). 
As the areas of changing air pressure strike other adja-

cent air particles, the process is continued. This is the man-
ner in which sound travels through air. When the changes 
in air pressure strike a flexible disc (or diaphragm), it 
vibrates. The vibrations are at the same frequency as the 
original sound. 
In the mechanical telephone, the sending disc transmits 

its vibrations to a tightly stretched string which, in turn, 
sets up the same vibrations in the receiving disc. In the 
modern telephone, proper design and the use of electricity 
result in excellent reproduction of sound. 

Q3. Frequency of a sound indicate the number of times , 
it will r r  in a  '  

Q4. Sound vibrations set up corresponding changes of 
air 
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Your Answers Should Be: 

A3. Frequency of a sound indicates the number of 
times it will vibrate in a second. 

A4. Sound vibrations set up corresponding changes of 
air pressure. 

THE ELECTRICAL TELEPHONE SYSTEM 

The basic telephone system consists of a mouthpiece 
connected to an earpiece by electrical wires. This system 
permits conversation in one direction only. For two-way 
conversation, each end of the system requires a mouthpiece 
and an earpiece. 

Sound Into Electricity 

There are two basic methods of converting sound into 
electrical signals. One method causes current already flow-
ing in a circuit to vary in accordance with the frequency of 
the sound. The other method converts sound into a varying 
voltage which, in turn, causes a varying current to move 
through the circuit. How each method is accomplished will 
be discussed further. 
When the current signals (varying at the rate of the 

sound) arrive at the earpiece, the process is reversed. If 
the signal is the type superimposed on an existing current, 
the variations are received by a material that expands and 
contracts with the signal frequency. If the mouthpiece 
develops a voltage to cause a fluctuating current, the current 
develops a similar voltage in the earpiece. 

Basic Parts of a Telephone 

The working parts of a telephone mouthpiece (often 
called a transmitter) and an earpiece (sometimes called a 
receiver) are usually identical. The mechanism or material 
used to produce a varying current depends on the method 
used. Since all vibrations enter or leave the telephone as 
changes in air pressure, the transmitter and receiver both 
contain a diaphragm. Other parts of the mouthpiece include 
wires, terminals, and materials to hold the parts together. 
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Connections 

In a large telephone system, several lines are connected 
through a switchboard. 

SOUND (VARIATIONS IN AIR PRESSURE) 
TRAVELS FROM SPEAKER 

TO MOUTHPIECE OF TELEPHONE  

HIGH- LOW- HIGH-
P ITCHED PITCHED PITCHED 
SOUND SOUND SOUND 

RAPID SLOW RAPID 
CHANGES CHANGES CHANGES 

ENGLARGEMENT OF TWO 
WIRES SHOWS ELECTRONS 
(BILLIONS OF TIMES ENLARGED) 
MOVING THROUGH METAL 

SOUND PRODUCED BY RECEIVER 
FIAS SAME PATTERN AS ORIGINAL SOUND 

Electricity carries the pattern of sound from one telephone to another. 

Q5. A (an) connected to a(an) 

  by wires is the simplest telephone 
system. 

Q6.   in a telephone line varies at the fre-
quency of the original sound. 

Q7. Vibrating air pressure strikes a(an) 

in the (mouthpiece, earpiece). 
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Your Answers Should Be: 

A5. A mouthpiece (or transmitter) connected to an 
earpiece (or receiver) by wires is the simplest 
telephone system. 

A6. Current in a telephone line varies at the frequency 
of the original sound. 

A7. Vibrating air pressure strikes a diaphragm in the 
mouthpiece. (The earpiece diaphragm causes vi-
brating air pressure.) 

COMMERCIAL TELEPHONES 

As you can see in the illustration below, a telephone sys-
tem is actually a simple circuit. 

\ 

TRANSMITTER 

4., )))).-b  ‘ AC VOLTAGE SOURCE WIRE WIRE 

---) I (WHEN SOUND IS APPLIED) 
SOUND 

RECEIVER 

) 
DEVICE (i°) )I \j 

BEING OPERATED 
SOUND 

A telephone circuit. 

In most commercial (home) telephones, the mouthpiece 
and earpiece are contained in a single handset. An exploded 
view of the main parts of a handset is shown below. 

COVER--

COR 
HANDLE 

RECEIVER 

SCREW-DOWN 
TERMINAL 

A telephone handset. 

The transmitter contains a diaphragm resting against 
carbon granules (grains). The granules are loosely packed 
with enough freedom to expand and contract in volume. 
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Transmitter Operation 

Part A in the illustration below shows a drawing of the 
transmitter with no sound applied. Part B demonstrates 
what happens when sound strikes the diaphragm. 

SOUND WAVES 
ENTER THROUGH 

NO SOUND DIAPHRAGM CAP HOLES 
STRIKING 

TRANSMITTER 

DIAPHRAGM 
VIBRATES BACK 
AND FORTH CHANGING MEMBRANE 
PRESSURE ON CARBON 

STEADY CURRENT IN LINE 
CURRENT RISES AND FALLS 
FLOWING IN STEP WITH CHANGING 

PRESSURE ON CARBON 
Transmitter operation. 

When the handset is lifted from its cradle, a steady cur-
rent from the phone system starts to flow through the 
carbon granules. Sound striking the diaphragm places a 
varying pressure on the carbon. When the granules are 
packed tightly, current in the circuit increases. When the 
diaphragm releases its pressure, the granules become loose 
and less current flows. 
The transmitter diaphragm vibrates in response to the 

frequency of the sound. Packing and loosening of the car-
bon follow the vibrations of the diaphragm, and current in 

the phone line varies with the density of the carbon. There-
fore, the current varies at the same rate (frequency) as the 
original sound. 

In a commercial system, the varying current is routed to 
the desired receiver through a central telephone office. 

Q8. When a commercial telephone handset is lifted from 
its cradle, a(an)   flows 
through the transmitter. 

Q9. When the carbon granules in the transmitter 
become more densely packed, (more, less) current 
flows. 

Q10. At what rate does the current vary in the phone 
lines during a conversation? 

, V 
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Your Answers Should Be: 

A8. When a commercial telephone handset is lifted 
from its cradle, a steady current flows through 
the transmitter. 

A9. When the carbon granules in the transmitter 
become more densely packed, more current flows. 

A10. During a conversation, current varies at the same 
rate, or frequency, as the original sound. 

Receiver Operation 

The method of converting the current back into sound is 
slightly different. Part A in the illustration below shows 
a typical receiver used in a commercial phone system. 

COIL 

/ 
WIRES 

\ 

A 

RING ARMATURE 
PERMANENT MAGNET 
GAP 

',USTI C 
DIAPHRAGM 

GAP 

PERMANENT 
MAGNET 

RING 
ARMATURE 

Receiver operations. 

Part B shows that the diaphragm vibrates when a sound-
varying current passes through the receiver. The current 
passing through the coil develops a magnetic field which 
varies in strength with the changes in current. Thus, the 
field developed by the current periodically repels and attracts 
the steady magnetic field of the permanent magnet, causing 
the magnet to which the diaphragm is fastened to move 
back and forth. This action reproduces the original sound. 

SOUND-POWERED TELEPHONES 

Another application of a simple electrical circuit is the 
sound-powered telephone system. It is used only for short 
distances because of its limited range. 
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Induced Current 

Transmission takes place in sound-powered phones because 
of the ability of a magnet to induce current in a coil of wire. 
A bar magnet has a north (N) and a south (S) pole. Actually, 

when the magnet is suspended 
in air, the north end of the 

, , magnet points toward the , 

; ; north geographic pole. Such a '  
magnet has a magnetic field o 

• \\•s 
• existing in the space surround-

ing it, with the lines of mag-
Bar magnet has north and netic force taking the direc-

south pole. tions shown. 

The illustration below shows a bar magnet being moved 
back and forth inside a wire coil. As the magnet moves, its 
magnetic lines of force cut across the turns of the coil. This 
causes an induced current which will actually flow if the 
ends of the coil are connected to a circuit. 

MOTION 

--

/ 
MAGNET MOVING 

• 
I IN A COIL OF WIRE 

Inducing a current in a coil of wire. 

The current reverses direction each time the motion of 
the magnet changes direction. The amount of current that 
flows depends on the strength of the magnetic field, the 
number of turns in the coil, and the speed at which the 
magnet is moving. Increasing any of these factors increases 
the amount of current. 

Q11. Current flowing in phone lines at the time when 
no sound is present is (DC, AC). 

Q12. Current flowing during sound transmission is (DC, 

Q13. tVïiat causes a receiver diaphragm to vibrate? 

Q14. A magnet is surrounded by magnetic   of 
. 

Q15. magnet moving inside a coil current 
in the coil. 
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Your Answers Should Be: 

All. Current flowing in phone lines at the time when 
no sound is present is DC. 

Al2. Current flowing during sound transmission is AC. 

A13. A varying current develops a changing magnetic 
field which repels and attracts a magnet connected 
to a diaphragm. 

A14. A magnet is surrounded by magnetic lines of 
force. 

A15. A magnet moving inside a coil induces current in 
the coil. 

The induced current theory can be proved by performing 
the experiment shown below. A few microamps of current 
will be developed. 

NOTES 

1. MAKE THE COIL BY CLOSELY 
WRAPPING 2 FEET OF BELL 
WIRE INA SINGLE LAYER 
AROUND A BROOM HANDLE. 

2. USE A GENERAL HARDWARE BAR 
MAGNET NO. 373-2 OR EQUIVALENT 

3. PUT THE COIL ENDS AND THE PROBE 
TIPS IN THE FAHNESTOCK CLIPS. 

z 
o 
,-.--
o 
1 
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Sound-Powered Transmitter 

The transmitter of a sound-powered phone makes use of 
the induced-current principle. 
As shown below, a bar magnet is fixed to the center of a 

diaphragm. The diaphragm is fastened to the transmitter 
in such a way that the magnet is over the center of the coil. 

SOUP UT 

The basic system. BAR MAGNET 

ELECTRI CAL 
OUTPUT 

DIAPHRAGM 
(SIDE VIEW) 

COIL OF WIRE 

Magnet motion under pressure. Magnet motion for vacuum. 

A diaphragm-operated magnet. 

As in other phones, this diaphragm vibrates at the fre-
quency of the sound waves striking it. As it vibrates, the 
bar magnet moves back and forth within the coil. This in-
duces a current which changes direction at the same fre-
quency as the sound. If the transmitter is connected to a 
sound-powered receiver, current will flow back and forth 
through the circuit. 

Q16. The amount of current induced in a coil caf  
increased in two ways. Describe them.  

• 
Q17. A sound-powered phone system (does, does not) 

have current flowing in the connecting line-ilúring 
a silent period. 

Q18. Why will the induced current in this system 
change at the same frequency as the sound? 
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Your Answers Should Be: 

A16. Induced current can be increased by adding more 
turns to the coil or increasing the magnetism of 
the magnet. 

A17. A sound-powered phone system does not have cur-
rent flowing in the connecting lines during a silent 
period. 

A18. Induced current changes at the rate of the mov-
ing bar magnet. Since the magnet is fastened to 
the diaphragm, the induced current will change at 
the same frequency as the sound. 

Sound-Powered Receiver 

The mechanism in the receiver is identical to that in the 
transmitter—a coil, a magnet, and a diaphragm. Current 
flowing back and forth in the receiver coil develops a chang-

MAGNET 

DIAPHRAGM COIL 
WIRE 

WIRE 

MAGNET 

COIL \:-,:g DIAPHRAGM 

TRANSMITTER RECEIVER 
Basic system. 

13=t> 
  WIRE 

=0> COIL   

114=1 

40= 
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WIRE 

MAGNETI C 
FORCE 

COIL 1=4› 

System with sound pressure applied. 

COIL 

MAGNETIC 
FORCE 

43=1 * Ma 
WIRE 

WIRE 

E=IZ> 
System with sound vacuum applied. 

A basic sound-powered telephone system. 



ing magnetic field. The bar magnet responds by moving 
back and forth at the same frequency as the current, causing 
the diaphragm to reproduce the original sound. 

Sound-Powered System 

The illustration on the opposite page shows the trans-
mitter and receiver connected together as a working system. 
The two bottom figures demonstrate how the induced cur-

rent changes direction with the motion of the transmitter 
diaphragm. The corresponding effect upon the receiver 
diaphragm is also shown. 

WHAT YOU HAVE LEARNED 

1. A basic telephone system uses all the principles of a 
simple circuit. 

2. The operating principle of any telephone system is the 
ability of the transmitter and receiver diaphragms to 
vibrate in unison. The transmitter is the cause and the 
receiver is the effect. 

3. Sound vibrates at a frequency determined by its pitch. 

4. Sound vibrations cause changes in air pressure. 

5. Changes in air pressure cause a thin metal or plastic 
diaphragm to vibrate. A vibrating diaphragm also 
causes changes in air pressure, producing sound. 

6. In a commercial phone system, a steady current flows 
through the circuit during periods of silence. This cur-
rent is varied when sound waves strike the diaphragm, 
the resulting vibrations exerting and releasing pressure 
on carbon granules. 

7. At the receiver end, the changing current produces a 
varying magnetic field which repels and attracts a mag-
net connected to a diaphragm. This action reproduces 
the original sound. 

8. Another type of phone is the sound-powered system. 
This type uses induced current for signal transmission. 

9. An alternating current is induced in a coil by the back-
and-forth motion of a magnetic field. 

10. A sound-powered transmitter develops an induced cur-
rent caused by the vibrations of a diaphragm. 
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11. A sound-powered receiver uses a changing current to 
develop a varying magnetic field about a coil. The field 
vibrates a magnet connected to a diaphragm, the latter 
reproducing the original sound. 
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5 

Reading Diagrams 

Before proceeding with 

What You more complex circuits, 
you should learn how to 

Will Learn read and draw diagrams 
used in electricity and elec-

tronics. There are many varieties of diagrams, but they 
have all grown from two basic types—wiring and sche-
matic. The fundamentals of both will be explained. 

THE REASON FOR DIAGRAMS 

A textbook can be written without illustrations, but very 
few are. Words alone cannot fully describe the idea or 
thought the author wants the reader to understand. A 
writer uses drawings or illustrations with his words to make 
sure his descriptions are more completely understood. 
Most of the illustrations used thus far in this book have 

been in three-dimensional form. A dry cell was drawn as it 
actually looks—in the shape of a cylinder and with its ter-
minals in the correct positions. A lamp appeared similar to 
those in your home. Wires were drawn to look as natural 
as possible. The artwork was time-consuming but necessary. 
However, can you imagine the task required to draw all 

of the circuits, parts, wires, and terminals of a television 
set in three-dimensional form? 
The illustrations would not only be difficult to draw, but 

also awkward to use. Technical drawings are needed by 
engineers who design equipment, workers who construct 
it, and technicians who service it. They are also required by 
persons who study electricity and electronics. 
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Two-Dimensional Diagrams 

Two-dimensional (flat instead of shaped) diagrams are 
now used almost exclusively because they áre easier to 
"read." Reading a diagram means obtaining information 
from it, such as following the path of current through a 
circuit. Reading a two-dimensional diagram is simplified by 
eliminating unnecessary and confusing details. But reading 
this type of diagram is easy only if you understand the 
language. 

The Language of Symbols 

Electrical and electronic diagrams have symbols that 
either resemble or represent the real item. There are sym-
bols (most of them rather simple) for every electrical or 
electronic part. When new parts are invented—such as the 
transistor—a corresponding, identifiable symbol is also 
developed. 
Using symbols instead of cumbersome pictures is not new. 

Shortly after man emerged from the Stone Age, he found it 
difficult to work with his counting and numbering system. 
Making marks on the ground or stacking pebbles in a pile 
became fairly tedious when he wished to indicate "how 
many" of anything. Numeral symbols were invented to show 
how many. This permitted the ancient Arab who owned 
nine sheep and four horses to show on his inventory record 
the symbols "9" and "4" instead of a number of marks. 
Learning electrical and electronic symbols requires the 

same process you used to learn the meaning of numerals. 
Learn what the symbols stand for and how to use them. 

WIRING DIAGRAMS 

Wiring diagrams are used as a guide when constructing 
a circuit or equipment. They are also useful for locating 
wires or connections when servicing or troubleshooting. 

Basic Wiring Diagrams 

The fundamental wiring diagram shows a symbol for each 
part. Emphasis is placed on displaying the terminals of 
each part and the wire connections between them. A circuit 
can be easily put together by following a wiring diagram. 
As an example, compare the two diagrams on the next page. 
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DRY CELL 
LAMP 

DRY CELL 

Three-dimensional pictorial diagram. 

BELL WIRE 

BELL WIRE 

Two-dimensional wiring diagram. 

Lamp circuit diagram. 

Note how easy it would be to follow the two-dimensional 
diagram if you were to construct the circuit. The symbols 

are easily identifiable. The dry cell is a flat circle (top 
view) with terminals in the correct positions and polarity 
markings shown. The lamp symbol is two circles, a bulb 
in a base, plus two terminals. Wires are straight lines, and 
the parts are labeled. 

Ql. The two basic types of electrical/electronic dia-
grams are lei — and ...1A4.4\ 

Q2. Why are two-dimaisional diagrams used in elec-

tricity and electronics? Give two reasons. cf---1-"->-'  

Q3. Reading a technical diagram requires an wider.. 
standing. of 

Q4. How does one learn the meaning of symbols? 

Q5. Name two purposes of a wiring diagram. 
Q6. Redraw the wiring diagram at the top of the page 

showing a knife switch placed in the circuit between 
the lamp and cell. Draw a side view of the switch. 

LAMP AND 
SOCKET 

) 
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Your Answers Should Be: 
Al. The two basic types of electrical/electronic dia-

grams are wiring and schematic. 

A2. Two-dimensional diagrams are used because they 
are easier to draw and easier to read than a three-
dimensional diagram. 

A3. Reading a technical diagram requires an under-
standing of symbols. 

A4. One learns the meaning of symbols by learning 
what they stand for and then using them. 

A5. Two purposes for a wiring diagram are: 
1. A guide for constructing a circuit or equipment. 

2. A means of locating wires or connections in 
equipment. 

A6. Your drawing should be similar to this: 

DRY CELL 

LAMP AND 
SOCKET 

No two manufacturers will necessarily use identical sym-
bols for the same part. Each symbol however, will be a 
close representation of the real thing. The switch symbol 
thus should show the terminals and make clear the differ-
ence between the open and hinged ends. 
The illustration on the next page shows a wiring diagram 

for two 1.5-volt lamps connected to a 1.5-volt dry cell. You 
may construct it if you wish. The circuit is intended to 
demonstrate a principle of electricity: 
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You will note that the lamp symbol has been changed. A 
single circle is often used for this purpose. 

1.5V 
DRY 
CELL 

SCREW-DOWN 
TERMINAL 

CONDUCTI NG 
STRIP INSULATOR 

BASE 

BARR I ER 
TERMINALS 
c_equgigWI r 

TERMINAL-STRIP I 
CONSTRUCTION  

TB1 

1.5V 

1 

  1.5V 
LAMP 

Íu  

SCREW-DOWN 
TERMINAL 

SCREWDRIVER 
MOTI ON 

BELL- WIRE 
CONNECTIONS 

NOTE: 
ALWAYS WRAP WIRE IN 
DIRECTION OF SCREW DRIVER 
MOTION. THIS TIGHTENS THE 
CONNECTION WHEN THE SCREW 
IS TIGHTENED. 

Lamp-circuit wiring diagram with terminal strip. 

A new part has been added—a terminal board (TB1). As 
shown in its construction detail, a terminal board has a 

metal strip with two screws on either end, mounted on an 
insulating material. These boards serve as connecting points 
for wires. 

The electrical principle demonstrated in the diagram above 
is that two lamps can be connected to a single voltage 

source. Since both lamps are connected across the voltage 
source (the top terminal of each lamp is wired to the posi-
tive pole and the bottom terminal to the negative pole), the 
lamps are said to be in parallel. This means the same voltage 
(1.5 volts) is being applied to each lamp. 

Q7. What is the purpose of a terminal strip? 

Q8. Two device § onnected across a voltage source are 
in .L 

Q9. Redraw the above circuit, showing by means of 

arrows the direction of current flow in each wire. 

Q10. Remove lamp 1 from the circuit by disconnecting 
the wire at terminal 3. Will lamp 2 go out? 

\\4 
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Your Answers Should Be: 

A7. A terminal strip provides a means of securely 
joining two or more wires. 

A8. Two devices connected across a voltage source are 
in parallel. 

A9. Your drawing should look like this: 
411mma 

mum." 

A10. Lamp 2 will remain lit. (Even though lamp 1 is 
removed from the circuit, lamp 2 is still across 
the source. If you guessed wrong, trace the path 
of current through the circuit.) 

Multiwire Diagrams—The wiring diagram below shows 
three lamps in parallel. 

1.5V 
DRY CELL 
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The Highway Wiring Diagram—Even with three lamps, 
the diagram is cluttered, and the lines are difficult to follow. 
A highway wiring diagram (it looks like a highway with 
secondary roads leading from it) removes the clutter. The 
same three lamps are redrawn below. Each wire entering 
the "highway" has its destination marked. 

1.5V 
DRY CELL 

DC (+) 

TB3-1 

A highway wiring diagram. 

TB1 is the abbreviation for terminal board 1. TB2-1 (ter-
minal 1 of terminal board 2) is positive and therefore con-
nected to the positive pole of the cell. Although only two 
wires are shown connected to the cell, there are actually 
three at each pole as indicated by the TB listings. 

Q11. To which pole of the dry cell is the wire from 
TB3-2 connected? 

Q12. Which dry-cell terminal is connected to TB2-2? 

Q13. What would the abbreviation TB4-3 mean? 

Q14. Draw a wiring diagram showing only lamp 4 con-
nected to TB4 with TB4-1 positive. 
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Your Answers Should Be: 

All. TB3-2 is connected to the positive pole. 

Al2. The negative terminal of the dry cell is connected 
to TB2-2. 

A13. TB4-3 would mean the third terminal of terminal 
board 4. 

A14. Your wiring diagram should look like this: 

DC (+) rl o 
DC (-) e 

184 

2 

( 
LAMP ) 

5?)  

The Airline Wiring Diagram—The airline wiring diagram 
shows wire destinations without a connection between ter-
minals. This type of diagram is used in the same manner 
as the highway diagram. 

I.5V 
DRY CELL 
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TB2-I 
TB3-2 

rTBI-2 
TB2-2 
B3-I 

DC 1+1 

DC I 1 

DC 1+1 

DC 1-1 

DC 

DC (+) 

TBI 

TB2 

An airline wiring diagram. 



Schematic. 

SCHEMATIC DIAGRAMS 

Schematic diagrams are used more than any other tech-
nical diagram in electronics. Engineers use schematics (the 
term "diagram" is usually dropped) when designing equip-
ment and testing its performance after construction. Tech-
nicians and repairmen constantly refer to a schematic while 
servicing or troubleshooting equipment. 
Information including a schematic is available for nearly 

every television set, radio, and other electronic equipment 
ever manufactured. These can be purchased at electronic 
supply stores and from mail order companies—the same 
source from which you purchase electronic components to 
repair or construct equipment. 
The schematic is used in nearly all electricity/electronics 

textbooks. The reason for using this kind of diagram, of 
course, is the need for all future technicians and engineers 
to become familiar with the type of diagrams they will be 
using most often. Another reason is the clarity with which 
the schematic provides information. The many parts of a 
circuit, or group of circuits, can be drawn in a limited 
amount of space. The symbols used are fairly standard and 
do not vary as the representations do in wiring diagrams. 

Symbols 

Shown below is the schematic symbol for a lamp. 

Pictorial. 

Symbols for a lamp. 

Q15. What is the difference between highway and air-
line diagrams? 

Q16. Technicians use schematic diagrams to 
'  and   equipment. 

Q17. Engineers use schematics to and _ _ _ _ 
equipment. 

Q18. What does the curved line inside the symbol for 
a lamp represent? 

95 



Your Answers Should Be: 

A15. A highway wiring diagram has a broad line 
(highway) drawn to each of the wires in the cir-
cuit. An airline diagram does not. 

A16. Technicians use schematic diagrams to service 
and troubleshoot equipment. 

A17. Engineers use schematics to design and test 
equipment. 

A18. The curved line inside the symbol for a lamp rep-
resents its filament. 

Cells and Batteries—The symbol for a cell is two broad 
parallel lines, one shorter than the other, each with a per-
pendicular line attached. The broad lines represent the 
negative and positive materials (plates) in a cell. Since a 
battery contains two or more cells, its symbol is two or 
more pairs of plates—the standard symbol usually used is 
either two or three pairs. Since a battery may have any 
number of volts, the symbol is usually labeled with the volt-
age. It is also good practice to mark the polarity of the 
battery on the symbol, (—) for negative and (±) for 
positive. 

ONE CELL 4f1.5V 

TWO CELLS 3V 

THREE CELLS 6V 

Symbols for .cells and batteries. 
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A Circuit Schematic—Now that you are familiar with the 
symbols for a voltage source and an operating device, you 
should be able to draw the schematic of a simple circuit. It 
should look like this: 

1.5V 
CELL 1 

WIRES C) LAMP 

A circuit schematic. 

The lamp and cell symbols are connected by lines repre-
senting wires. Note that the lines run in only two direc-
tions—horizontal and vertical. Slanted or curved lines lessen 
the clarity of a diagram. Also note that a voltage value and 
polarity markings appear on the cell. 

Switches--The symbol for a simple switch is also sugges-
tive of the original article. 

OPEN 

71:= 

CLOSED 

Pictorial. 

o  

o 

OPEN 

CLOSED 

Schematic. 

o 

Symbols for a switch. 

The arrowhead has no real significance other than helping 
to identify the symbol as a switch when it is shown in a 
closed position. Without the arrowhead, the symbol would 
look like a wire between two terminals. 

Q19. Draw a schematic of a 6-volt battery and a lamp. 
Place an open switch in the line attached to the 
positive terminal and a closed switch in the line 
to the negative terminal. 

Q20. Will current flow in this circuit? )'‘ 
_sr 
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Voltmeter. 

Your Answers Should Be: 

A19. Your schematic should look like this: 

LAMP 

A20. Current will not flow in this circuit. The open 
switch breaks the path through which current 
would flow. 

Meters—Meters are quite often inserted into circuits to 
monitor voltage and current. The wattmeter (a combination 
of a voltmeter and an ammeter) in your home is an example. 
It is often necessary to show on a schematic where a meter 
reading is being taken. The symbols for three types of 
meters are shown below. 

Ohmmeter. Ammeter. 

Meter symbols. 

You should recognize these meters as the three types built 
into a multimeter. They are also available as separate 

meters. 
Voltage Sources—The battery symbol obviously repre-

sents a source of DC voltage. There are also other types of 
DC sources. The symbol for one of these, in addition to 
symbols for AC sources, is shown below. 

OR 

DC AC 

Symbols for AC and DC voltage sources. 
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DC and AC voltages can be supplied by generators or 
developed by other methods. An example is the AC voltage 
developed by the vibrating diarragm of a telephone. The 
basic symbol is the circle, with the letters DC or AC (to 
designate the type of voltage) placed inside. The second 
AC symbol includes a sine wave instead of letters. The sine 
wave in the circle represents the rise and fall of alternating 
voltage. 
Coils—A coil symbol actually looks like the several turns 

of wire it represents. The symbol on the left is the most 
common version. 

Schematic symbols for a coil. 

Wire Connections and Crossings—Quite often one wire is 
connected to another. In a wiring diagram the terminal 
where the connection is made is shown. In a schematic, 
however, terminals are usually not indicated. In addition, it 
is sometimes necessary to show lines crossing each other. 
The following illustration shows how connections and cross-
ings are indicated. 

DOTS SHOWING V CONNECTIONS 1
 LOOP SHOWING NOT CONNECTED 

.7 

Symbols for connecting and crossing wires. 

Series and Parallel Connections—In the discussion on wir-
ing diagrams, two lamps were connected in parallel. Both 
were connected across the battery terminals. Devices can 
also be connected in series, like knots in a string. If two 
lamps are connected in series with a battery, the same cur-
rent flows through both lamps. 

Q21. Draw a schematic of two lamps and a 110-volt AC 
source, all connected in series. 

Q22. Draw two lamps in parallel across a 12V DC gen-
erator. The second lamp is to be switched out of 
the circuit. 

le-
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Your Answers Should Be: 

A21. Your series circuit should look like this: 

110V 

You may have used the other symbol for an AC 
source. 

A22. Your parallel circuit should look like this: 

12V 

The two lamps are in parallel across the genera-
tor. The open switch disconnects the second lamp. 
With the switch closed, both lamps will light. 
The dots show the points at which the wires are 
connected. 

There are dozens of other symbols which will be shown 
at the time new parts or devices are introduced. The pur-
pose of this chapter was to teach you the basic principles 
of how to read and draw simple diagrams. More complicated 
diagrams which include many different components will be 
used later as you gain more experience and become familiar 
with simple schematics. 
As a summary of the fundamentals of schematics, how 

would you draw this circuit? 

1. The voltage source is two 6-volt batteries (series-con-
nected) in parallel with a 12-volt battery. The polarity 
of all three batteries is in the same direction. 
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2. The load (another term for operating devices) is two 
6-volt lamps (connected in series) in parallel with a 12-
volt lamp. The load is to be connected across the voltage 
source. 

3. Switches are placed in the circuit so that each parallel 
leg (a separate current path) of the load can be 
switched on and off individually. 

4. An ammeter and a voltmeter are placed in the circuit 
between the load and source. 

The easiest and most accurate way to draw the schematic 
from the above description is in sections. 

1. Section 1—the voltage source. 

2. Section 2—the load with its switches. 

3. Section 3—the meters between the load and source. 

 SECTION 1- — SECTION 3  SECTION 2   

LAMP 2 
6V 

LAMP 3 
6V 

Drawing a schematic by sections. 

As you recall, an ammeter is always connected in the 
circuit path. Therefore, the ammeter in the above illustra-
tion is placed in series with the source and the load. A volt-
meter is always placed across (in parallel with) the load or 
source. 

Q23. Draw a schematic for the following: 

1. Load—A coil in series with two coils in parallel. "L" 
is the symbol for a coil. Label the coils L1, L2, and L3 
in the order of their distance from the source. 

2. Source—Two 100-volt AC generators in series. 

Q24. Draw a schematic for two 50-volt DC generators (in 
parallel) supplying voltage for three 50-volt lamps, 
also in parallel. Show a voltmeter to measure the 
source voltage and an ammeter to measure the cur-
rent through lamp 2. 
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WHAT YOU HAVE LEARNED 

1. Technical diagrams are drawn with symbols to clearly 
present a great deal of information in a limited amount 
of space. 

2. There are two basic types of diagrams generally used in 
electrical and electronic work. These two types are wir-
ing and schematic diagrams. 

3. Wiring diagrams are useful as a guide when detail is 
required for construction purposes. 

4. Schematic diagrams with their simple symbols are 
widely used by engineers for designing and testing 
equipment, and by technicians for servicing and trouble-

shooting. 
5. A fundamental or conventional wiring diagram shows 

each wire and a representative symbol for each part, 
and clearly defines each terminal. 
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6. When several parts must be included, an airline or 
highway wiring diagram is drawn. A highway diagram 
uses a broad line representing the many wires going to 
each terminal. All terminals are marked. An airline 
diagram contains the same details without the broad 
line. 

7. Wiring diagrams usually contain too much detail for 
general use, other than construction. The most widely 
used diagram is called a schematic. 

8. Symbols for circuit parts have been fairly well stand-
ardized. They are simple in detail and represent the 
actual article. 

9. New electrical terms introduced were the circuit rela-
tionships of series and parallel connections. Parts are 
in parallel when their respective terminals are con-
nected to the same point. Parts are in series when they 
are connected together in line. 

10. Symbols were shown for several different parts or de-
vices—lamps, cells, batteries, switches, meters, AC and 
DC sources, coils, and connecting wires. 

11. You were shown how to draw schematics of both simple 
and complex circuits. 
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Understanding 
Resistors 

Voltage, current, and 
What You resistance are closely 

related within a circuit. 
Will Learn Where you find current, 

you find the other two. Cur-
rent cannot flow unless there is voltage. How much will 
flow is determined by how much voltage and how much 
resistance are present in the circuit. You will learn 
what resistance is, what it does, and how it is used. 

WHAT LIMITS CURRENT FLOW? 

You have learned that voltage is a pressure which forces 
current to flow through a circuit. You also have learned 
that current has the ability to heat a lamp filament white-
hot and thus produce light. But have you ever wondered 
why a 40-watt lamp produces less light than one rated at 
100 watts ? The amount of voltage pushing current through 
both lamps is the same. The answer, of course, is the indi-
vidual characteristic of each lamp which limits the amount 
of current that will flow. 

The 100-watt lamp glows more brightly because more cur-
rent is allowed to pass through the filament, heating it to 
a. higher degree, thus causing it to give off more light. Less 
current is allowed to flow through the 40-watt filament. The 
-eason for the different amount of current through each of 
;he two lamps is an electrical characteristic called resist-
ince. Resistance limits or controls the flow of current. 
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WHAT IS RESISTANCE? 

Resistance is a physical property of all materials and is 
directly responsible for the amount of current which will 
flow through a material with a given voltage applied. 

Atomic Structure 

All matter is made up of invisible particles called atoms. 
There are over 90 different atoms, or elements, as the phys-
icist calls them. One of the features that makes one atom 
different from another is the number of electrons each con-
tains. A hydrogen atom has one electron, an oxygen atom 
has eight, and an atom of uranium has 92. 
You know that current is a flow of electrons and that 

electrons are made to move by a voltage. This does not 
mean that an electron leaves the negative pole of a battery 
and speeds around the circuit to the positive terminal. 
Instead, there is a general movement or drift of electrons 
throughout the complete circuit. 
Below is a greatly magnified and exaggerated drawing of 

a length of wire with four atoms shown—A, B, C, and D. 
In the shortest possible length of a very thin wire there 
are actually many millions of atoms. 

D 

Electron movement. 

Electron Flow 

As shown above, electrons orbit about the center of an 
atom. At the instant voltage is applied, two things happen 
simultaneously—negative voltage at one end of the wire 
pushes against the electrons, and positive voltage at the 
other end of the wire pulls them toward that end. In mov-
ing, electrons strike other electrons. One electron is bumped 
out of atom A, and it in turn pushes another out of atom 
B. At the positive end, an electron is pulled from atom D 
and another leaves atom C to replace it. The atoms of some 
materials give up their electrons more easily than the atoms 
of other materials. 
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Resistance of Materials 

There is no perfect conductor. Even the best conductors, 
such as those having silver or copper atoms, resist the pres-
sure to release electrons. On the other hand, the best insu-
lators have atoms which, under conditions of sufficiently 
high voltage, give up some electrons. The resistance of a 
material, then, is determined by its atomic structure. 
The size of the columns in the illustration below shows 

the comparative resistance of certain materials. Keep in 
mind that no material is a perfect conductor or a perfect 
insulator. 

SILVER, 
COPPER, 
ETC. 

CONDUCTORS SEMICONDUCTORS 

ES' 
THAN 

RUBBER, 

GLASS, 

AIR, 

CERAMI CS, 

PLASTI CS, 

ETC. 

Resistance of materials. 

Most metals contain atoms that release electrons very 
easily. These materials, therefore, offer the least resist-
ance to current flow. Insulators have the greatest resistance 
because their atoms resist the release of electrons. The 
in-between materials are neither good conductors nor insu-
lators. Among these are certain materials, the semicon-
ductors, from which transistors are manufactured. 
Unit of Measurement—Resistance is measured in ohms. 

The resistance of the 1.5-volt lamp in the preceding experi-
ment, for example, is approximately 6 ohms. In other words, 
the lamp offers 6 ohms of resistance to the electrical pres-
sure of the 1.5-volt cell, and the result is a current flow of 
0.25 amp. 

Ql. What is the difference between a conductor and an 
insulator? ' 

Q2. The resistance of a material is determined by its 
 structure. 
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Your Answers Should Be: 

Al. Conductor atoms give up their electrons more eas-
than insulator atoms. 

A2. The resistance of a material is determined by its 
atomic structure. 

Volts, Ohms, and Amperes 

Since resistance limits the amount of current that flows 
and voltage forces an amount to flow, there must be some 
numerical relationship between them. 
You would see current decrease to half its former amount 

when a second lamp is added in series with the lamp circuit. 
Current is divided by two when resistance is multiplied by 
two. Mathematicians say, then, that current is inversely 
proportional to resistance. In other words, current decreases 
as resistance increases. 
You can also discover, by experimenting, what happens to 

current when voltage increases. You will find they increase 
together (they are directly proportional to each other). 
This makes sense because the pressure of voltage causes 
current to flow. If the pressure increases, flow increases. 
These relationships of voltage and resistance to current 

can be expressed in an arithmetic statement as: 

Current in a circuit voltage applied to a circuit  
resistance of a circuit 

Using mathematical symbols, this statement becomes: 

E I — 

where, 

I is the current in amperes, 
E is the voltage in volts, 
R is the resistance in ohms. 

If voltage (E) is increased, current (I) will increase. When 
E decreases, I also decreases. The relationship between I and 
R is just the reverse. A decrease in R causes I to increase. 
The larger R becomes, the smaller I will be. 
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RESISTORS 

Now that you know what resistance is, you are ready to 
learn about a device called a resistor. 

What Is a Resistor? 

A resistor not only offers resistance to current flow but 
also has a specific value of resistance. A resistor has many 
uses, but its main purpose is to control current. 
Making a Simple Resistor—Since you know that all mate-

rials have some resistance, you should be able to make a 
resistor having a desired value. The wire from a heating 
element is an economical material to use. 
The element with its wire can be purchased from hard-

ware or most variety stores. Unstretched lengths of the 
coiled wire can be obtained at an appliance repair shop. 
Replacement wire for heating elements is tightly coiled and 
looks very much like a spring. If you make the resistance 
board shown below using the tightly coiled wire, cut off a 
2- or 3-inch length. Grasp the last turn on each end with 
pliers and gently stretch the coil until it is a foot long. 

CERAMIC 
CORE 

RES I STANCE 
WIRE 

CUT WITH WIRE 
CUTTER AND 
UNWIND WIRE 

BASE 

STEP 1: 

REMOVE THE 
RESISTANCE 
WIRE FROM 
A HEATER 
ELEMENT 

STEP 2: MOUNT THE WIRE 
ON A WOODEN BASE. USE 
WOOD SCREWS AND 
FAHNESTOCK CLIPS. 

Making a simple resistor. 

Q3. The unit used in measuring resistance is the 

Q4. When resistance remains the same, current will 
(increase, decrease) when voltage decreases. 

Q5. With E constant, I will ( increase, decrease) if R 
decreases. 

Q6. Fifty volts is applied across 100 ohms. How much 
current will flow through the resistance? 
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Your Answers Should Be: 

A3. The unit used in measuring resistance is the ohm. 

A4. When resistance remains the same, current will 
decrease when voltage decreases. 

A5. With E constant, I will increase if R decreases. 

A6. Fifty volts is applied across 100 ohms. The current 
that will flow is: 

y E 50 volts  — — 0.5 amp 
R 100 ohms 

A Lamp-Control Circuit—The resistance board can be 
used as a means of controlling current in the familiar lamp 
circuit. Note the schematic symbol for resistance. 

THE SIMPLE 
RESISTOR 

1.5 V DRY CELL 

1.5V 
D 

THE 
SIMPLE 
RES I STOR 

WIRE 2 

A Rheostat—A device that can be adjusted to provide a 
desired amount of resistance is called a rheostat. It has 
a moving contact that performs the function of moving wire 
2 across the resistance from point A to D. 
The diagram shows how the simple resistor would look if 

it were converted into a rheostat. 

CLEAN 
SURFACE 
WITH FILE s Of 

`14,11. 

DIAMETER OF 
1115. ALUMINUM RESISTANCE 
SKEET CUT WITH WIRE 
SCISSORS 

DRILL 
Ur HOLE 

Making a rheostat. 
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By inserting the rheostat into a circuit with one wire 
connected to the rotating arm and the other to one of the 
terminals, a desired value of resistance can be selected. 
As you can see, the schematic symbol for a rheostat 

(variable resistor) is a combination of switch and resistor 
symbols. The arrow indicates that the value of resistance 
can be varied. 

_1 CONNECT F .s. 
MULTIMETER )(0-250ma, DC)  

CLIPS 

1.5V DRY CELL 

1.5V f  

1.5V 
LAMP RHEOSTAT 

MOVING 
CONTACT 

Q.0 Wiring diagram. 

MOVING 
Schematic diagram. CONTACT 

RHEOSTAT 

A 

A lamp-control circuit with rheostat and ammeter. 

Q7. A rheostat is a resistor. 

Q8. Draw the symbol for a rheostat. 
For the remaining questions, use these data: 
(a) The lamp and rheostat are the circuit load. 
(b) Lamp resistance is 6 ohms; rheostat, 12 ohms. 
(c) The resistance from point B to point C (see 

illustration above) is half the rheostat resist-
ance. 

Q9. What is the total resistance of the load? ts8 
Q10. Circuit current will be minimum when the moving 

contact is at point (A,B,C). 

Q11. The lamp will glow brightest when the contact is at 
point (A,B,C). 

Q12. How much current will be registered by the am-
meter when the contact is at point B? 

) 
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Your Answers Should Be: 

A7. A rheostat is a variable resistor. 

A8. The rheostat symbol is: 

A9. The total resistance of the load is 18 ohms. Six 
ohms (lamp) in series with 12 ohms (rheostat) 
equals 18 ohms. 

A10. Circuit current will be minimum when the mov-
ing contact is at point A. (The entire resistance 
of the rheostat becomes part of the load.) 

All. The lamp will glow brightest when the contact is 
at point C. (The rheostat is no longer in the cir-
cuit and therefore offers no resistance.) 

Al2. 0.125 amp, or 125 milliamps. (The contact selects 
six ohms of rheostat resistance which, when 
added to the six ohms of the lamp, produces a 
total load resistance of 12 ohms. 1.5 volts divided 
by 12 ohms equals the answer.) 

MEASURING RESISTANCE 

Like voltage and current, resistance can be measured with 
a meter. In fact, you have already learned that an ohm-
meter is part of a multimeter. 

The Ohmmeter Scale 

An ohmmeter scale is labeled either OHMS or with the 
Greek letter omega (n). Instead of writing the word "ohm" 
after the numerical value of a resistance, the omega symbol 
is often used. A typical OHMS scale is shown below. 

70 50 40 30 

OHMS (Q) 

An ohmmeter scale. 

112 



Meter Scale—The meter scale reads from zero to infinity, 
as indicated by the symbol oo. Because it is so great, infinity 
has no numerical value. The "K" on the scale stands for 
1,000; therefore, 5K equals 5,000 ohms. 
Zero is on the right of the scale instead of the left as 

it is for voltmeter and ammeter readings. As you remem-
ber, the meter pointer moves across the dial a distance that 
is proportional to the amount of current flowing through 
the meter. If there is zero current when taking a current 
or voltage measurement, the pointer remains at the left on 
0. Maximum voltage or current readings cause the pointer 
to rest on the right end of the respective scales. 
How the Meter Measures—The ohmmeter measures the 

value of a resistance by passing current through the resist-
ance. The amount is measured by the meter. The smallest 
resistance allows the most current to flow. Therefore, zero 
ohms is at the maximum position of pointer swing—at the 
right. Maximum resistance permits the least meter current 
to flow. Therefore co is on the left. 

NOTE: As mentioned previously, there are no resist-
ances that are perfect insulators or perfect conductors. 
Zero and co have been selected arbitrarily as the two 
extreme scale markings. Each scale must have a maxi-
mum and a minimum point. These points are 0 to 00. 

Reading the Scale—The ohmmeter scale is read in the 
same manner as the voltage and current scales. If the 
pointer stops on a numbered division, that number repre-
sents the value in ohms. Between numbers, you determine 
the value of each division mark. Multiply this by the num-
ber of marks to the pointer and add to the lower number. 
For example, there are five divisions between 40 and 50. 
The pointer rests on the third division past 40. The entire 
distance is 10, so each division is worth 2. Three 2's are 6 
which, when added to 40, provide a meter reading of 46 
ohms. Near the left ( upper) end of the scale, numbers are 
close together. A reading here can only be an estimate. 

Q13. The pointer rests on the second of five divisions 
between 500 and 1K. What is the value of resist-
ance? 
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Your Answer Should Be: 

A13. The resistance is 700 ohms. The value between 

the numbers is 500 ( 1000 — 500). Each of the 

five divisions is therefore worth 100. Two divi-

sions of 100 each added to the lower number 

(500) equals 700. 

Calibrating the Ohmmeter 

The ohmmeter must be calibrated, or "zeroed," before 

accurate resistance measurements can be made. 

The zeroing procedure is as follows: 

1. Set the function selector to R X 1. 

2. Touch the meter probes together. The pointer will rest 

close to, but not at 0 on the scale. 

3. Slowly vary the OHMS ADJ control until the pointer 
rests on 0. 

PROBE TIPS 
TOUCH I NG 
EACH OTHER 

THI S CONTROL 
IS USED TO IADJUST THE OHMS READING 
TO ZERO. 

Calibrating the ohmmeter. 

The ohmmeter is now zeroed and a resistance measure-

ment can be made. The pointer should swing back to infinity 

when the meter is not in use and the probes are not touching 

each other. 
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Resistance Measurements 

Resistance measurements are made by touching the meter 
probes to the terminals of the unit to be measured. Never 
make a resistance measurement when the circuit under test 
is operating. Current from the operating circuit will enter 
the test leads and damage the meter. 
The schematic diagram below shows how an ohmmeter is 

used to measure the resistance of a rheostat. 

RX1 

Measuring the rheostat resistance. 

If the rheostat contact is at terminal 1 and the meter 
has been properly zeroed, the resistance reading should be 
zero ohms. Leaving the probes connected, the meter will 
show the gradual increase of resistance as the contact is 
moved toward terminal 2. At terminal 2 the total resistance 
of the rheostat will be read on the meter scale. 

If this experiment is conducted with a properly designed 
rheostat, 1/4  of the total resistance will be read when the 
contact travels 1/4  of its total rotation, 1/2 at the halfway 
point, and so on. This shows that resistance is proportional 
to the length of the material. If a 12-inch length of wire 
measures 12 ohms, a 1-inch piece of the same wire will 
measure one ohm. 

Q14. After you set the function selector switch to the 
proper position, how do you complete the proce-
dure of zeroing an ohmmeter? 

Q15. Before making a resistance measurement in a cir-
cuit, what should you determine first about the 
circuit? 

Q16. One yard of wire measures two ohms. How many 
ohms will 10 yards of the wire measure? 
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Your Answers Should Be: 

A14. The remainder of the zeroing procedure is: Touch 
meter probes together and slowly adjust the 
OHMS ADJ control until the pointer reads 0. 

A15. Check the circuit to be sure that it is not oper-
ating. If it is, turn it off or disconnect it from 
the voltage source. 

A16. If one yard of wire measures two ohms, 10 yards 
will measure 20 ohms. 

Hot and Cold Resistance 

In some cases a resistance taken with an ohmmeter will 
not be the true resistance of the device when it is operating 
in a circuit. A lamp is a good example. It gives off light 
because current has raised the temperature of the filament 
to a white-hot level. The physical structure of most mate-
rials is such that their resistances will increase with a rise 
in temperature. 
This is particularly true of wire used for lamp filaments. 

When hot, the resistance of the wire to current flow is 
hiilier than it is a:Croom temperature. In maté-rials where 
heat iellactoie,-tlièreis-a-hot and a cold resistance. 
Cold Resistance—Cold resistance is an ohmmeter meas-

urement. It is taken when operating current is not passing 
through the device and therefore not heating the resistance. 
Cold resistance cannot be used to determine current that 
will be drawn by a heat-generating device. 
Hot Resistance—Hot resistance is the true operating 

resistance of the heated wire or material. It is this resist-
ance that determines the amount of current flow. Because 
current is determined by the hot resistance, and because 
current and resistance are inversely proportional to each 
other, the value of hot resistance can be determined by: 

Hot (operating) resistance — voltage applied  
current flowing 

You should note that this is just another way of stating 
the formula, current equals voltage divided by resistance. 

116 



Determining Hot Resistance 

Since you must know voltage and current values to deter-
mine hot resistance, use the following method. 

MULTIMETER 0-250 MA DC 

STEP 1. MEASURE THE VOLTAGE 

APPLIED TO THE DEVICE 
STEP 2. MEASURE THE CURRENT 

DRAWN BY THE DEVICE 

0-10VDC 

STEP 3. COMPUTE: 
VOLTAGE APPLIED 

OPERATING RESISTANCE - 
CURRENT DRAWN 

The voltmeter-ammeter method of measuring resistance. 

This method of measuring resistance is called the volt-
meter-ammeter method. Using this method you will find 
that the dry cell measures very close to 1.5 volts and the 
current very near 200 milliamps (0.2 amp). In this case, 
the resistance will be 7.5 ohms. The arithmetic statement 
says that if you divide volts by amperes the answer will be 
the value of the heated resistance in ohms. 
Using the cold-resistance method (ohmmeter measure-

ment) you would probably find the lamp resistance to be 
6 ohms or less. 

Q17. Cold resistance is usually ( higher, lower) than hot 
resistance. 

Q18. A heated wire will pass (more, less) current than 
the same wire when it is cold. — 

Q19. Redraw the two schematics above into one to show 
the voltmeter-ammeter method with both meters 
in the circuit at the same time. 

Q20. If the ammeter reads 0.5 amp and the voltmeter 9 
volts, what is the hot-resistance value? 

•') 
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Your Answers Should Be: 

A17. Cold resistance is usually lower than hot resist-
ance. 

A18. A heated wire will pass less current than when it 
is cold. 

A19. Your schematic should look like this (voltmeter in 
parallel and ammeter in series with the circuit) : 

lied 9 A20. Operating R — E app — 18 ohms 
I drawn 0.5 

TYPES OF RESISTORS 

Resistors are classified in two ways: ( 1) in terms of their 
construction (wirewound and composition), and (2) in terms 
of their type or function (fixed, adjustable, variable). 

Fixed composition or 
carbon resistor. 

MOVING 
CONTACT 

EXPOSED 
RESISTANCE WIRE 

Adjustable wirewound resistor. 
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MOUNTING BRACKET 

TERMINALS 
Fixed wirewound resistor. 

MOVING 
CONTACT 

DRIVING 
SHAFT 

RESISTANCE 
WIRE 

A-CERAMIC 
INSULATING 

BASE 
Variable wirewound 'resistor. 

Types of resistors. 



Wirewound Resistors 

Wirewound resistors are made by wrapping resistance 
wire around a ceramic or other high-insulation cylinder. 
The assembly is then covered with enamel glaze and baked. 
The wire has a known value of ohms per inch. The resist-
ance value desired is then merely a matter of wrapping on 
the required length of wire. 

Composition or Carbon Resistors 

Composition or carbon resistors are molded from a paste 
consisting of carbon (a conducting material) and a filler. 
Terminal wires (sometimes called pigtails) are inserted into 
the paste before it hardens. The resistor is then covered 
with a plastic coating. The resistance and wattage rating 
(explained later) of a composition resistor is determined by the 
ingredients (carbon and filler) and its diameter and length. 

Fixed Resistors 

A fixed resistor has only one nonvariable ohmic value. 

Adjustable Resistors 

Adjustable resistors provide a range of resistance within 
the limits of their total value. When placed in a circuit, the 
sliding contact can be positioned and secured to accurately 
provide the required resistance value. This type of resistor 
is not designed to be continuously variable. 

Variable Resistors 

Variable resistors are designed for continuous adjustment. 
A shaft to control the resistance value is usually connected 
to a knob on the front panel of an electrical or electronic 
device. The volume control of your radio or TV set is an 
example. 

A rheostat is a variable resistor. The material that the 
moving contact presses against may be either resistance 
wire or a carbon mixture. 

Q21. Composition resistors are made from a  
and /  mixture. 

Q22. The control that dims the dashboard lights in an 
Automobile is a(an)  resistor. i\ 

Q23. f)»  and  ' resistors are not 
designed to be continuously variable. 
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Your Answers Should Be: 

A21. Composition resistors are made from a carbon and 
filler mixture. 

A22. The control that dims the dashboard lights in an 
automobile is a variable resistor. 

A23. Fixed and adjustable resistors are not designed to 
be continuously variable. 

Resistor Applications 

Typical applications for each kind of resistor are presented 
below. 

RESISTOR APPLICATIONS 

Type Applications 

Composition 
or 

Carbon 

Composition resistors are the least ex-
pensive of the types discussed. They are, 
therefore, the type most widely used. 
However, composition resistors have cer-
tain limitations. They cannot handle 
large currents, and their measured values 
may vary as much as 20% from their 
rated resistance. 

Wirewound 

Wirewound resistors are more expensive 
to manufacture. They are used in cir-
cuits which carry large currents or in 
circuits where accurate resistance values 
are required. Wirewound resistors can be 
made to within 99% or better of the 
desired value. 

RESISTOR POWER RATINGS 

As you already know, current passing through a resistor 
generates heat. If too much heat is generated, the resistor 
will be damaged. Wire in the wound resistor will melt and 
become open, or some of the carbon in the composition 
resistor will burn away. 
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The current-carrying capacity of a resistor is rated accord-
ing to the amount of heat it can safely release in a given 
period of time. A resistor cannot be used in a circuit where 
current causes heat to build up faster than the resistor can 
dissipate it. When such a condition exists, the resistor may 
become so hot that it will be destroyed. Even if the resistor 
doesn't melt and become open, the excessive heat may cause 
a permanent change in its resistance value. In addition, heat 
from the overloaded resistor may damage other components 
that are near by. 

Since heat is a form of energy, the heat-releasing rate of 
a resistor is measured in energy units. The unit is a watt. 
A 100-watt lamp dissipates 100 watts of heat. In the proc-
ess, the lamp also gives off light. 
Heat energy depends on the amount of current flowing 

through a resistor. The arithmetic involved- : 

Heat energy in watts = (current in amp (resistance) 

This means that the number of watts dissipated by a 
resistor can be found by multiplying the resistance in ohms 
times the square (a number multipled by itself) of the 
current in amperes, and is referred to as power. 

For example, a 10-ohm resistor has three amps flowing 
through it. What must be its power rating in watts? 

Power = (amps) 2 x (ohms) = (3)2 X ( 10) = 90 watts. 

Composition resistors usually come in power ratings of 1/4 
watt, 1/2 watt, 1 watt, and 2 watts. If larger power ratings 
are required, wirewound resistors are used. 
A design engineer determines the value of resistance 

needed and the amount of current that will flow through it. 
He then specifies the resistor wattage that must be used. 
If the value falls between two of the ratings mentioned 
above, he selects the higher rating. 

Q24. Which of the standard composition-resistor rat-
ings would you select for a resistor of 10 ohms 
through which 1/10 of an amp flows? 

Q25. A 1-watt wirewound resistor ( will, will not) safely 
carry more current than a 2-watie-omposition 
resistor. 
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Your Answers Should Be: 

A24. Power = ( 1 y x 10 = _J _X 10 --- -1- watt 
—10 100 10 

The next highest standard rating is a 1/4 -watt 
resistor. 

A25. A 1-watt wirewound resistor will not safely carry 
more current than a 2-watt composition resistor. 

RESISTOR TOLERANCE 

As mentioned previously, a resistor will rarely measure 
the exact number of ohms specified by its label. The amount 
it will vary is called tolerance. Every resistor has a tolerance 
rating. 

Resistor tolerance is given as a percentage value which 
indicates the amount that a resistor may vary above or 
below its labeled value. Standard tolerances for composition 
resistors are 5%, 10%, and 20%. Wirewound resistors may 
have tolerances as low as one or two percent. 
Try a 1,000-ohm, 10% tolerance resistor as an example. 

Ten percent of 1,000 is 100 ohms. The tolerance factor thus 
indicates this resistor will measure somewhere between 100 
ohms above and 100 ohms below the labeled value of 1,000 
ohms. This is a range from 900 to 1,100 ohms. The same 
resistor with a 20% tolerance will have a true ohmic value 
somewhere between 800 and 1,200 ohms. 

If you have trouble working with percentages, here is 
another way of computing tolerance: 

Resistance variation — rated resistance x tolerance  
100 

The answer will be the number of ohms the resistor may 
vary above and below its labeled value. For example: 

Resistance variation — 2,000 ohms x 10  
100 

20,000_   100 _ 200 ohms 

A 2,000-ohm resistor with a 10% tolerance may vary as 
much as 200 ohms above or below-1,800 to 2,200 ohms. 
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Resistor tolerance is not an indication of poor manufac-
turing. Closer tolerances can be achieved, but at greater 
expense. As you will discover, for a given ohmic value a 
20% tolerance resistor costs less than one rated at 10%. 
And a 10% tolerance resistor is less expensive than one 
rated at 5%. 

Required resistor tolerance depends on circuit design. If 
current flow must be controlled within very close limits, the 
engineer specifies a 1% resistor. On the other hand, a 20% 
tolerance is satisfactory for circuits which have less critical 
operating requirements. Your radio or television set, for 
example, has more 20% resistors than all the other toler-
ances combined. 

PURCHASING RESISTORS 

When purchasing fixed-value resistors, describe each by 
its four characteristics: 

1. Type (composition or wirewound). 

2. Value (in ohms). 

3. Tolerance (5%, 10%, or 20%; 1% if wirewound). 

4. Power rating ( 1/4, 1/2, 1, or 2 watts). For higher watt-
ages, wirewound resistors must be used. , 

n A V\ A, Q26. Resistance lim its the flow of -A - in a 
circuit. 

Q27. Conductors have (low, high) resistances. Insula-
tors have ( low, highl— resistances. 

Q28. A resistor is a device that has a specific value of 
.1  

Q29. If 100 volts is applied across a 25-ohm resistor, 
how much current will flow? L 

Q30. A (an) is used to measure resistance. 

Q31. If 100 volts will force 2.5 amps through a device, 
what is the resistance of the device? 

Q32. If 0.2 amp flows through a 50-ohm resistor, how 
much power (in watts) will it dissipate? 

Q33. What is the lowest value in ohms you would expect 
to measure in a 5K resistor having a 5% tolerance? 
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A26. Resistance limits the flow of current. 

A27. Conductors have low resistances. Insulators have 
high resistances. 

A28. A resistor is a device that has a specific value of 
resistance. 

A29. 4 amps. 

A30. An ohmmeter is used to measure resistance. 

A31. 40 ohms. 

A32. 2 watts. 

A33. 4,750 ohms. (K = 1,000) 

RESISTOR COLOR CODES 

Wirewound resistors normally have their value in ohms 
and tolerance in percent stamped on them. For carbon or 
composition resistors a color code is used. 
For several years, resistance values have been coded by 

three colored bands painted around the body of the resistor. 
If the tolerance is either five or ten percent, a fourth color 
band is added. Position of the bands is shown below. 

Color bands indicate 
resistance value. 

Colors and Numbers—Each of the colors represents one 
of the ten digits-0 through 9. 

Color 

Black 

Brown 

Red 

Orange 

Yellow 

Number Color Number 

0 Green 5 

1 Blue 6 

2 Violet 7 

3 Gray 8 

4 White 9 

The order of reading the bands is from the end of the 
resistor toward the middle. 
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The first two colors (A and B in the illustration) indicate 
the first two digits in the resistance value. The third band 
(C) indicates the number of zeroes that follow the first two 
digits. Sometimes a fourth band (D) is present. This band 
indicates tolerance and will be either gold or silver. A gold 
band denotes 5 % tolerance, silver 10 %, and no fourth band, 
20 7(. Here is an example in reading the first three bands: 

Band 

Color 

Numbers 

A 

Blue 

6 
Red 

2 

The blue-red-orange bands signify 62 
zeroes and would be read as 62,000 ohms. 

Band 

Color 

Numbers 

A 

Violet 

7 
Green 

5 

Orange 

3 zeroes 

followed by three 
Another example: 

Red 

2 zeroes 

Digits seven and five are to be followed by two zeroes. 
Combined to form a number, they read 7,500 ohms. Although 
rare, you may find a resistor with the following colors: 

Band A 

Color Violet Green Black 

The resistance value is not 750 ohms. The third band 
specifies the number of zeroes. Black decoded is zero. So 
there are no zeroes after the first two digits, indicating a 
value of 75 ohms. 

If black appears as the second color, it is read as a digit. 
Brown-black-red, for example, reveals that the composition 
resistoi; has a value of 1,000 ohms. 

Q34. The color leyds are read from the toward 
the of a resistor. 

Q35. The first two bands are decoded as  

Q36. The third band indicates the number of  
Q37. Decode brown-black-green. 

Q38. Decode blue-red-red. D 

Q39. What is the color code for a 10K resistor?, 
Q40. Decode orange-green-brown-silver. 
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A34. The color bands are read from the end toward the 
middle of a resistor. 

A35. The first two bands are decoded as digits. 

A36. The third band indicates the number of zeroes. 

A37. Brown-black-green decoded is 1,000,000 ohms. 

A38. Blue-red-red decoded is 6,200 ohms. 

A39. Brown-black-orange. 

A40. 350 ohms, 10% tolerance. 

RESISTOR CONNECTIONS AND CIRCUITS 

There are only three different ways in which electrical or 
electronic parts may be connected—series, parallel, and 
series-parallel. 

R 1 R2 El E2 

- Ilk— ' 111111 ) 

Series connection. 

COMMON E 
R 3 TERMINAL 3 

POINTS r 
4 T 

Parallel connection. 

1 

4  o 
Series-parallel connection. 

The three basic circuit connections. 

E 1-

E 
6T 

The illustration shows the three different connections and 
also the accepted method for labeling components. R stands 
for resistor; E designates a voltage source. Numbers are 
used with the letters to identify a specific component. 
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Series Connection 

The first figure on the opposite page shows components in 
series. A terminal of one component is connected to a ter-
minal of the other. Since they are connected together in a 
line, R, is in series with Ro. Voltage sources may also be 
series-connected. E, is in series with E., 

Parallel Connection 

The second figure shows components connected in parallel. 
Each terminal of one component is connected to a terminal 
of the other. The connections are called common terminal 
points. R3 is in parallel with R.,; E3 is in parallel with E,. 
In parallel, one component is connected across the other. 

Series-Parallel Connection 

As the third figure shows, series and parallel connections 
are combined to form a series-parallel arrangement. Two 
different combinations are illustrated. R, is in series with 
the parallel combination of R5 and R6. E7 is in parallel 
with the series combination of E5 and E6. 

Circuit Tracing 

The method of determining the manner in which parts 
are connected within a circuit is called circuit tracing. Vis-
ualize how current would flow as you follow its path. 

In the first figure on the opposite page, the same current 
that flows through R, must also flow through Ro. Current 
supplied by E2 must flow through El and add to the cur-
rent generated by El. In the second figure, current is traced 
to one of the common terminal points. Here it must divide 
and flow through each leg, the name given to a parallel cir-
cuit path. Some of the current flows through R3 and the 
rest through R4, both currents joining again at the other 
terminal. Current from the E3 and E, legs unite at one 
terminal and separate upon returning to the other terminal. 

Q41. In the third figure on the opposite page, current 
flows through R.7. At terminal 2 it dividey 
flows through both J. _ _ of the ,") fe-
connection. 

Q42. In the voltage source portion, __.'and - are con-
nected in series. 
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A41. At terminal 2 the current divides and flows 
through both legs of the parallel connection. 

A42. In the voltage source portion, E6 and E6 are con-
nected in series. 

SERIES CIRCUITS 

If all the components in a circuit are connected one after 
the other, it is called a series circuit. By circuit tracing, 
you can show that in the circuit below, the same current 
that leaves El flows through the lamp, the ammeter, R2, R1, 
and returns to El again. Therefore, the circuit must be a 
series type. 

LAMP AMMETER 

A series circuit. 

Current in a Series Circuit 
It can be proved that the value of current remains the 

same in all parts of a series circuit by constructing the 
circuit on the next page. Fahnestock clips are used as ter-

minal connections. 
If the current is measured by connecting the ammeter as 

shown, the reading should be between 1.6 and 1.7 milliamps. 
This is the value of the current entering terminal 4. 

Connecting the ammeter in series with the two resistors 
at terminal 3, another reading may be taken. In this case 
the resistors are disconnected at T3 and each resistor ter-
minal reconnected to one of the ammeter leads. Connect a 
short length of wire between terminals T5 and T6 to com-
plete the circuit. The reading will again be 1.6 or 1.7 milli-
amps. The same results will be obtained at terminals T2 and 

Ti. 

Resistance in a Series Circuit 

Total resistance in a series circuit is equal to the sum of 
the resistances of each of its parts. 
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TAPE WIRE 
TO TERMINAL 

TAPE WIRE 
TO TERMINAL 

SHORT LENGTH OF WIRE 
WHEN AMMETER IS MOVED 

3K 
RESISTOR 

Resistance in series. 

12 

3K 
RESISTOR 

T3 

3K 
RESISTOR 

This is logical, because the total resistance in the circuit 
determines the amount of current allowed to flow with a 
given voltage source. Therefore, to find the total resistance 
in a circuit, add the values of the individual resistances. 
In the above circuit, the resistances are 3,000 ohms each. 

Their sum is 9,000 ohms. The ammeter also adds resistance 
in series. But since this resistance is normally less than 1 
ohm, it adds so very little to the total that it can be 
disregarded. 

Q43. In a series circuit, all of the parts are connected in 
- 

Q44. R1 and R2 are connected in series. Their values are 
3,000 ohms and 1,500 ohms, respectively. If cur-
rent through R1 is 2 milliamps. what is the value 
of current flowing through R2? 

Q45. Draw a schematic of the three resistors as they 
are connected in the above diagram. Show how an 
ohmmeter (schematic symbol) would be connected 
to read total resistance of the three. 

Q46. If the ohmmeter measures 9,000 ohms, how much 
current will flow if the three resistances are con-
nected across a 15-volt battery? 

1.1 
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A43. In a series circuit, all of the parts are connected 
in series. 

A44. Current through R2 is also 2 milliamps. (Current 
through all parts of a series circuit is the same.) 

A45. 

OHMMETER 

3K 
RESISTOR 

3K 
RES I STOR 

3K 

RES I STOR 

A46. Current = voltage applied  
total resistance — 9,000 

= 0.00167 amp, or 1.67 milliamps 

15 

Voltage Distribution in a Series Circuit 

The voltage of a source is distributed across and within 
any load connected to it. Although this is a simple state-
ment, the concept is often misunderstood. 

10 VOLTS 

Voltage distribution in a series circuit. 

If a 20-ohm resistor is connected across a 10-volt source, 
as shown in the illustration, a voltmeter reading across the 
resistor will be 10 volts. This means that the voltage of the 
source is not only applied across the load, but it also exists 
within it. 
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The taps (connections) shown are equal distances apart. 
If the lower test probe is moved to tap B, the voltmeter will 
be across 34 of the resistor. And 3/4 of the total voltage is 
7.5 volts. Half the resistance (between C and E) will result 
in a measurement of 5 volts. From D to E is 1/4 of the 
resistance and 1/4 of the voltage, or 2.5 volts. 
Can voltage distribution be estimated without making 

the measurements? Yes, and the reason is based on the 
familiar relationship that exists between voltage, current, 
and resistance: 

voltage E Current —  vo  , or T --- — 
resistance 

If you do not know the value of voltage applied across a 
resistance of 20 ohms, but you do know the current through 
it is 0.5 amperes, how would you determine the voltage? 
You can find the value of voltage by reasoning that E/R 
must be a ratio that equals 1/2. Since R is 20, E would have 
to be 10 volts. Or you can restate the relationship to read 
E = IR, meaning current multiplied by resistance. To prove 
that it is the same equality, 1/2 amp times 20 ohms does 
equal 10 volts. 
Voltage developed across a resistance is termed an IR 

drop, or, substituting E for IR, it may be called a voltage 
drop. "Drop" does not indicate voltage has been lost. In-
stead, it identifies the amount of voltage existing between 
two points of a resistance when current is flowing. 
-The IR (or voltage) drop between points A and E in the 

illustration is 10 volts. IR equals 10 volts. What is the 
voltage (IR drop) between taps A and B? I is still 0.5 amp, 
but the value of R is different. It is 1/4  of the total resist-
ance or 5 ohms. Therefore, E = IR = 0.5 X 5 = 2.5 volts. 

Q47. What is the value of voltage between taps A and 
C? 

Q48. What is the voltage drop between taps B and E? 

Q49. What is the IR drop between taps B and D? ..") 

Q50. The sum of the resistances in a series circuit is 
equal to the total of the load. 

Q51. The sum of the V' in a series 
circuit is equal to the total voltage across the load. 
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A47. 5 volts between taps A and C. 

A48. 7.5 volts between taps B and E. 

A49. 5 volts between taps B and D. 

A50. The sum of the resistances in a series circuit is 
equal to the total resistance of the load. 

A51. The sum of the voltage (or IR) drops in a series 
circuit is equal to the total voltage across the 
load. 

Examples—The schematic for three 3,000-ohm resistors 
and a 15-volt battery circuit can be drawn to look like this. 

R1 B R2 C R3 D 

3K 3K 3K 

15V 1.67 M I LL IAMPS 

+111111-

Schematic diagram of a series circuit. 

Voltage distribution principles are the same for this cir-
cuit as they were for the tapped resistor. Since the load 
contains three resistors of equal value, the voltage drop 
across each will be lh of the source voltage, or 5 volts. To 
prove this, multiply the resistance of one of the resistors 
times the current in the circuit to give the voltage. This 
voltage will not be exactly 5 volts because 1.67 milliamps 
was rounded off to the next highest whole number. If you 
make the measurements with a voltmeter, you will find the 
distribution principle correct by a reading of 5 volts. 
Note that each resistance is marked with polarity signs 

(minus and plus). The voltage across the resistor is just 
as real as that of the voltage source and, if the voltage is 
DC, the resistor has negative and positive terminals. When 
taking voltmeter readings, resistor polarity must be known. 
Circuit tracing is the best way to determine the polarity. 
The terminal that current enters is minus, and the one from 
Which it leaves is—plus.  
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Try the same reasoning on a series circuit containing 
resistors ,f unequal value. 

/. R1 R 2 
3K 1.5 K 

 - 111111+  
9 OV 

A series circuit with unequal resistance values. 

R1 is twice the value of Ro in the above circuit. Both are 
in series across 90 volts. How do you find the voltage drop 
across each resistor? 
This can be done by either of the two methods discussed— 

determining proportional distribution across each resistor, 
or by using E = IR. By the proportion method it is neces-
sary to determine what ratio (or fraction) one resistance is 
of the total. 

R1  3,000 2 
R (total) 4,500 

Two-thirds of 90 volts is 60 volts. So the drop across R1 
is 60 volts and across R2, 30 volts. 
By the IR method, current must be determined first. 

E (total) ____  90  
0.02 amp 

R (total) 4,500 

Then, by using the IR relationship: 

E = I X R2 = 0.02 X 1,500 = 30 volts 

Since the two methods are based on the same voltage 
distribution principle, either method provides the correct 
answer. 

Q52. The (left, right) end of R1 above is negative. 

Q53. Draw a schematic of two resistances in series and 
supplied by 50 volts DC. R1 is 2K and R2 is 3K. 
Show all polarity marks. 

Q54. What is the voltage drop across R1? 
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A52. The left end of R1 is negative. 

A53. 

R1 
 vv‘e  
+ 2K 

R2 

+ 3K - 

A54. Voltage across R1 is 20 volts. 

PARALLEL CIRCUITS 

If all the components are connected across each other, the 
circuit is a parallel circuit. In the example shown below, 
the components are all connected to the same terminal (a 
wire in this case) and are therefore in parallel. 

A parallel circuit. 

Polarity across each component is determined by circuit 
tracing. The terminal that current enters is negative. 

Voltage Distribution in a Parallel Circuit 

Each component (the lamp, the voltmeter, and each 
resistor) is connected across the voltage source. Thus the 
voltage drop across each part is the same value as the 
source. This is true even though the resistance of each com-
ponent may be different. 

Current in a Parallel Circuit 

Each component in a _parallel circuit draws its own sep-
arate current. Each leg is connected directly ta the voltage 
source, which mean§ eachlegetà-dbiCónsidras a separate 
circuit roZtétermine its curreiit — 
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In the diagram below, two equal resistors are shown as 
being in parallel across a single voltage source. 

=- 120 V 3 

Two equal resistances in parallel with a voltage source. 

3 

To find the current through R1, divide the voltage across 
the resistor by the value of RI. The result of this calcula-
tion is 0.04 amp. Since both resistances are equal and have 
the same voltage source, the current through R2 must also 
be 0.04 amp. Both currents are supplied by the same volt- 
age source, so the total current drawn must be 0.08 amp. 

5001 1 I 0 0 0 

Two unequal resistances in parallel with a voltage source. 

Using the same reasoning (I = E/R), it will' be found 
that the current through R3 in the above circuit is 0.2 amp. 
The current through R4 is 0.1 amp. The total current is 
0.3 amp. 

Q55. In a parallel circuit, voltage across each leg is ( tile 
same as, different from) the voltage at the source. _ 

Q56. In a series circuit, voltage across each resistor is 
(the same as, d_iff_ti_.eDL.from) the source voltage. 

Q57. In a parallel circuit, total current is the (same as, 
sum of) currents in each leg. 

Q58. In a series circuit, total current is the (same as, 
sum of) currents in each resistance. 

Q59. R1 (20 ohms), R2 (40 ohms), and R3 (60 ohms) 
are in parallel across a 12-volt DC source. Draw 
the schematic. 

Q60. Find the total current and the current in each leg. 

-T 

\ 'jr 
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A55. In a parallel circuit, voltage across each leg is the 
same as the source. 

A56. In a series circuit, voltage across each resistor is 
different from the source. 

A57. In a parallel circuit, total current is the sum of 
currents in each leg. 

A58. In a series circuit, total current is the same as 
currents in each resistance. 

A59. 

60Q 

A60. I in R1 = 0.6 amp. I in R2 =--- 0.3 amp. I in W 
equals 0.2 amp. Total I = 1.1 amps. 

Resistance in a Parallel Circuit 

How would you find the total resistance in the parallel 
circuit you drew in A59 above? 
At this point you have used two of the three arithmetic 

statements that express the relationship existing between 
voltage, current, and resistance. To find current: 

I = —E or current —  voltage  
R ' resistance 

To find voltage: 

E = IR, or voltage = current X resistance 

The third way the relationship can be stated is: 

R = —E or resistance — voltage  
I ' current 

You know the total voltage across the circuit ( 12 volts), 
and you found the total current through the circuit ( 1.1 
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amps). What is the total resistance of the circuit? Using 
the resistance formula above, the answer is approximately 
10.9 ohms. 
As you suspected, total resistance is spaller than the 

smallest resistance in the parallel network.  Total current is 
the sum of the parallel currents and is therefore an amount 
that can flow only if the total resistance is smaller than 
that in any of the legs;) 
Total resistance cannot be found by adding the values of 

the individual resistances. The sum would be a resistance 
much larger than any one of the resistances. This would 
mean the total current would be smaller than any of the leg 
currents. Obviously, such a solution cannot be correct. For 
those who like to work with numbers, total resistance can 
be obtained by adding reciprocals: 

1 1 , 1 , —1  -r , — = — -r — 
RT Ri R., R3 

The electrical wiring in your home consists of parallel 
circuits. This includes the ceiling fixtures, wall outlets, and 
whatever else is energized electrically. Each parallel circuit 
is fused. If you plug one too many appliances into a cir-
cuit, the fuse blows. You have just learned the reason why. 
You added one more resistive path that draws current. As 
a consequence, total current increased beyond the capacity 
of the fuse, and it performed its job. 
Comparisons between series and parallel circuits are 

shown below: 

Series Circuit Parallel Circuit 

Voltage 
Divides across resist- 
anees 

Same voltage across 
all resistances 

Current 
Same current through 
all resistances 

Divides through 
each resistance 

Total 
Resistance 

Sum of all the indivi- 
dual resistances 

Less than the small-
est resistance 

Q61. Two 6-ohm resistors are in parallel across a 6-volt 
battery. What is the total resistance? 
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Your Answer Should Be: 

A61. Three ohms. Current through each leg is 1 amp. 
Total current of 2 amps divided into 6 volts (total 
voltage) is 3 ohms. 

SERIES-PARALLEL CIRCUITS 

A series-parallel circuit contains a combination of series-
and parallel-connected components. The simplest example is 
the one shown below. 

R1 
60 

R3 6 

A simple series-parallel circuit. 

The best way to work with a series-parallel circuit is to 
reduce all parallel combinations to an equivalent resistance. 
When this is done, the total current or the total resistance 
for the resulting series circuit can be readily found. 

In the example shown above, how would you find the total 
resistance? Think about it before you continue reading. 
Yes, you could do it with reciprocals, but there is another 
method that is more easily applied, even when the resistance 
values are difficult. 
Cover all the circuit except for the parallel network. 

Apply a mythical voltage, the value of which is easily divis-
ible by either resistance. Perform the E/R division to find 
the mythical current flowing in each leg. Divide the sum 
of the currents into the mythical voltage to find the real 
total resistance. The following tables uses threé different 
voltages to show it will work with any assumed voltage. 

Mythical Voltage 6 Volts 12 Volts 24 Volts 

I = E/R2 (12 ohms) : 0.5 amp 1 amp 2 amps 

I = E/R3 (6 ohms) : 1.0 amps 2 amps 4 amps 

Total I is: 1.5 amps 3 amps 6 amps 

R = E/I: 4 ohms 4 ohms 4 ohms 
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The total resistance (4 ohms) is the equivalent resistance 
of the parallel network. The 4 ohms is in series with 6 
ohms for a total circuit resistance of 10 ohms (add resist-
ances in a series circuit). The total circuit current (E/R) 
is 1.8 amps. 
There are many different combinations of series-parallel 

circuits. One that is slightly more complex is shown below. 
Some of the questions at the bottom of the page refer to 
this circuit. --

R1 

40 

20 

2 
A more complex series-parallel circuit. 

Q62. Current in the above circuit flows through R1 
(before, after) it flows through the parallel net-

_ - 
work. 

Q63. Total series-parallel circuit resistance is readily 
solved by reducing resistances to an 
equivalent _ resistance. 

Q64. In a series circuit   divides among the 
resistances. 

Q65. In a parallel circuit divides among the 
resistances. 

Q66. In a series circuit   is the same for all 
resistances. 

Q67. In a parallel circuit — — — is the same for 
all resistances. 

Q68. What is the total current in the above circuit? ' 

Q69. What is the arithmetic statement for finding 
current? 

Q70. For finding resistance? 

Q71. For finding voltage? 

139 



Your Answers Should Be: 

A62. Current in the above circuit flows through R1 
after it flows through the parallel network. 

A63. Total series-parallel circuit resistance is readily 
solved by reducing parallel resistances to an 
equivalent series resistance. 

A64. In a series circuit voltage divides among the 
resistances. 

A65. In .a parallel circuit current divides among the 
resistances. 

A66. In a series circuit current is the same for all 
resistances. 

A67. In a parallel circuit voltage is the same for all 
resistances. 

A68. The total current for the circuit is 5 amps. If you 
missed it, do it again. Guidance is on the preced-
ing pages. 

E  A69. I = — which means: current —  voltage  
R resistance 

E  A70. R = — which means: resistance — voltage  
I current 

A71. E = IR which means: voltage = current >< re-
sistance 

You have now accumulated quite a bit of experience 
working with the current-voltage-resistance relationship 
that exists in all DC circuits. This same relationship also 
holds true for any portion of a circuit. 
You were guided very closely when solving for current, 

voltage, or resistance, so you may not recall or be aware of 
the care that must be taken in applying the three different 
arithmetic statements. For this reason, the necessary pre-
cautions are summarized. 

1. The correct algebraic forms of the arithmetic state-
ments are: 

E I = R = —E , E = IR 
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2. When using any one of the three formulas, I must be 
expressed in amperes, E in volts, and R in ohms. 
When values appear with kilo-, mega-, or other 
prefixes, they must be converted to the basic units of 
amperes, volts, or ohms. 

3. When using any one of the three formulas, values must 
be taken from the same portion of the circuit. Study 
this diagram for a few moments. 

R 1 

=-=-E TOTAL 

E4 

14 

R2 11 2 E 3 {413 
R3 

R4 

If you are solving for total current, you must use only 
the values that truly represent total voltage and total 
resistance. You cannot use E, (voltage across RI) because 
it is not the total voltage. You cannot use the equivalent 
parallel resistance because it is not the total circuit 
resistance. 

There is danger also in selecting incorrect values when 
seeking a solution for a portion of the circuit. If you are 
working with Ri, be sure the current you use is I, and 
the voltage is E, (volts across R, ). 

Always label values to identify the circuit areas to 
which they belong El, I', etc.). 

OHM'S LAW 

You probably have heard of or read about Ohm's law. Do 
you know what it is ? Your answer should be yes. You have 
been working with it (E = IR; I = E/R; R = E,'.1) through-
out this entire chapter. 

Q72. In the above circuit, E., is 6 volts and II is 120 
milliamps. What is the value of RI? 
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Your Answer Should Be: 

A72. Your immediate answer should have been: "I 
don't know; there is not enough information 

available." 

METER RESISTANCE 

All meters have resistance between their terminals. When 
you connect a meter into or across a circuit, you add resist-
ance to that circuit. 

Ammeters 

Ammeters are always connected in series with the circuit 
through which current is to be measured. As a result, the 
same current flows through the ammeter that flows through 
the circuit. The familiar connection is shown below. 

VOLTAGE SOURCE 

AC OR DC 

CIRCUIT 
LOAD 

Proper ammeter connection. 

The resistance of most ammeters is less than 1 ohm. 
Added in series with the load resistance, very little change 
is made to the total resistance. If the load were 10,000 
ohms, for example, the new total resistance would be 10,001 
ohms—hardly enough change to make a significant differ-
ence in the current. If the load were only 1 or 2 ohms, 
however, a difference would be noted. 
Ammeters are never connected in parallel. What would 

happen if an ammeter were connected like this? 

112 

VOLTAGE SOURCE 

AC OR DC 

CIRCUIT 

LOAD lí2 

Improper ammeter connection. 



You are right, it would be damaged. But do you know 
why? The full voltage of the source is applied across the 
1-ohm resistance of the meter. Even if the source were 
only a 1.5-volt dry cell, more than an ampere of current 
would flow through the meter. Some meters are designed 
to handle that amount of current, but a multimeter is not. 

If an ammeter is connected to a wall outlet ( 115 volts 
AC) how much current would try to flow through the 
meter? More than 115 amps! However, when the current in-
creased to 20 amps, the protective fuse in the house circuit 
would break the circuit. But the 20 amps would certainly 
damage the meter, and under certain conditions, the person 
holding the meter could be injured. 

R 

01 

20  

 o  
Find the errors in this circuit. / 

<12 
Q73. There are six ammeters connected into the above 

circuit. Some are connected improperly. Which 
numbers are they? 

Q74. A DC ammeter has a polarity that must be ob-
served The 3legaLve test lead must be connected 
to the side of the circuit. 

Q75. This mean that circuit current must enter the 
fly e _.1. terminal of the meter and leave by 
the ''''1" 1\ .. terminal. 

Q76. The (el,,right) side of ammeter 3 in the above 
circuit is the negative terminal. 

Q77. Eu rrept_ to be measured should not exceed the /t. 

_.."2-1̀.,_ of the meter. ( 
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Your Answers Should Be: 

A73. Numbers 2 and 5 are improperly connected. 

A74. The negative test lead must be connected to the 
negative (minus) side of the circuit. 

A75. This means that circuit current must enter the 
negative terminal of the meter and leave by the 
positive terminal. 

A76. The left side of ammeter 3 is negative. 

A77. Current to be measured should not exceed the 
highest range of the meter. 

Voltmeters 

Voltmeters are always connected in parallel with the com-
ponent across which voltage is to be measured. As a result, 
the same voltage appears across the component and the 
meter. The illustration shows the proper connections. 

1 MEGOHM 

VOLTAGE SOURCE 

101( 

AC OR DC 

Proper voltmeter connections. 

The internal resistance of a voltmeter is normally very 
high. The higher it is, the greater the meter accuracy. 

In the illustration, the voltmeter across R1 has an inter-
nal resistance of 1,000,000 ohms. It will change the current 
flowing in the circuit very little, probably not enough to 
vary the true reading. As an example, assume that 0.1 amp 
is flowing before the voltmeter is connected. 300 volts (IR) 
should be read across RI. The voltmeter adds 1,000,000 
ohms in parallel, however. A little figuring shows that the 
equivalent resistance is now 2,991 ohms, which will increase 
the current to 0.1001 amp, lowering the voltage reading to 
a little over 299.5 volts. This is usually close enough for 
most purposes. 
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A voltmeter with an internal resistance of 10,000 ohms 
presents a different result. Using similar arithmetic, you 
find the new current to be 0.113 ampere and a voltage read-
ing of 260.8 volts, almost 40 volts less than it should read. 
Voltmeter Sensitivity—Internal resistance of a voltmeter 

is given in terms of meter sensitivity (ohms per volt). 
Resistance varies with the range settings. To find the 
internal resistance, multiply the ohms/volt rating by the 
maximum number of volts in a range. With a 20,000 
ohms/volt meter, the following resistances are obtained: 

10-volt range: 10V >< 20,000 n/V = 200,000 ohms 

50-volt range: 50V >< 20,000 n/V = 1,000,000 ohms 

250-volt range: 250V >< 20,000 n/V = 5,000,000 ohms 

Corresponding resistances of a 5,000 ohms/volt meter are: 

10-volt range: 50,000 ohms 

50-volt range: 250,000 ohms 

250-volt range: 1,250,000 ohms 

The 20,000 ohms/volt meter is undoubtedly the more 
accurate meter. It will cost a few dollars more to attain 
this accuracy, but there will be times when you will be 
glad you paid extra for it. 

Find the errors in this circuit. 

Q78. In the circuit above, which voltmeters are improp-
erly connected in the circuit? 

Q79. The internal resistance of a voltmeter is ( higher, 
lower) than that of an ammeter. 

Q80. What will happen to a circuit if a voltmeter is 
connected in series with it? 
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Your Answers Should Be: 

A78. Voltmeter numbers 3 and 4 are improperly con-
nected in the circuit. 

A79. The internal resistance of a voltmeter is higher 
than that of an ammeter. 

A80. The high resistance of the voltmeter will decrease 
the circuit current by a large amount. 

WHAT YOU HAVE LEARNED 

1. Resistance is a property of all materials which limits 
the flow of current. 

2. Conductors have a low resistance; insulators have a 
high resistance. 

3. Since voltage causes a certain amount of current to 
flow and resistance limits the amount that will flow, 
there is a special relationship between current, voltage, 
and resistance. This relationship is expressed by the 
following: 

I = —E or current voltage  
R resistance 

R = —E or resistance = voltage  
I current 

E = IR, or voltage = current >< resistance 

4. The unit of resistance is the ohm. The value of resist-
ance in ohms can be measured with an ohmmeter. 

5. Current flowing through a resistance generates heat. 
If temperature rises greatly, electrical resistance of 
the material increases. 

6. Resistors are designated by construction (wirewound 
or composition) and by intended use (fixed, adjustable, 
or variable). 

7. Resistances are rated by their heat-dissipating capa-
bility in terms of watts. 

8. Resistor tolerance is given as a percentage value which 
indicates the amount a resistor may vary above or 
below the labeled value. 
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9. Four characteristics of a resistor must be known when 
purchasing a resistor. These are : type, value, tolerance, 
and power rating. 

10. Wirebound resistors have their value stamped on the 
body (the tolerance may also be included). Compo-
sition resistors are read by decoding colored bands 
painted around the body of the resistors. 

11. Resistors, or any other electrical/electronic component, 
have only three possible ways in which they can be 
connected—series, parallel, and series-parallel. These 
terms are also the names of the circuits in which they 
appear. 

12. Algebraic and arithmetic statements of Ohm's law are 
used to determine I, E, or R in a circuit or a portion 
of a circuit. 

13. In a series circuit: 

a. Total voltage is divided among the load resistances. 
b. Current is the same through •all the resistances. 
c. Total resistance is the sum of all the resistances. 

14. In a parallel circuit: 

a. Source voltage appears across all the resistances. 
b. Total current divides among the resistances. 
c. Total resistance is less than the smallest resistance. 

15. Never connect an ammeter in parallel with a circuit. 

16. Never connect a voltmeter in series with a circuit. 

17. Never connect an ohmmeter to a circuit which is con-
nected to a voltage source. 
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Understanding 
Transistors 

Transistors were in-
What You vented just a few years 

ago. Since that time mil-
Will Learn lions have been used in a 

great variety of electronic 
devices. In this chapter you will learn something of 
what a transistor is and what it can do. You will also 
be given details about a few interesting transistor cir-
cuits that you may want to build. 

WHAT IS A TRANSISTOR? 

The term transistor comes from the combination of two 
words—"transfer resistor." A transistor transfers small 
values of electrical energy into larger values. Weak volt-
ages (such as those representing sound) can be made strong 
enough by transistor circuits to operate a speaker. 
A transistor is actually a variable resistor, but not of the 

ordinary type you have just studied. It is unique because 
its resistance can be varied electrically. Small incoming 
voltages cause small currents to flow through the transistor. 
The small currents make corresponding but large changes 
in the transistor resistance, causing other transistor cur-
rents to make equally large changes in value. The output 
signals are therefore similar to, but stronger than, the 
input signals. 
Transistors are constructed from materials classified as 

semiconductors. Germanium and silicon are examples. 
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HOW TRANSISTORS ARE USED 

Transistors come in several shapes and sizes. There are 
now hundreds of varieties, each one having special char-
acteristics that makes it different than the others for 
specific applications. The three types shown in the diagram 
are representative of the shape and size of most transistors. 
An alpha-numeric (letter and number) code is assigned to 
each type of transistor. This designation, with the aid of 
a handbook, identifies the operating characteristics of each 
particular transistor. 

 1 INCH 

2N404 CK-722 2N1490 

Typical transistors. 

Amplifiers 

Transistors, as well as several other devices, are capable 
of converting small voltages or currents into larger ones. 
The process is called amplification (to enlarge). Electronic 
circuits that accomplish this function are known as ampli-
fiers. Most of the circuits used in electronic equipment of 
all types are designed as amplifiers. 
Vacuum tubes, for example, were used in amplifier cir-

cuits long before transistors were developed. Transistors 
are beginning to replace the tube as an amplifying device 
in many applications for several reasons. These include: 

1. Small size and weight, allowing equipment to be made 
smaller and lighter. 

2. Low operating voltages, decreasing the need for heavy 
and expensive power supplies. 

3. Relatively noise free, permitting signals to be amplified 
without certain types of distortion. 

Transistor amplifiers are used in radios, television re-
ceivers, tape recorders, phonographs, and a host of military, 
commercial, and industrial electronic equipment. 
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Control Circuits 

In control circuits, a transistor acts as an electrically 
operated switch. Such circuits are built into electronic 
clocks, testing devices, digital computers, etc. 

TV SETS 

GUI DED 
MISSILES 

RADIOS 

AND 

SPECIAL 

CONTROL 

CIRCUITS 

IN 

TAPE RECORDERS 

Transistor applications. 

DIGITAL COMPUTERS 

ELECTRONIC 
CLOCKS 

Ql. A transistor is a device that can convert (small, 
large) signals into (small, large) signals. 

Q2. This cènversion process is called 
2 '  

Q3. A transistor can amplify because its internal 
 can be electrically varied. 

Q4. A transistor is — — in size,   in weight, 
and can use 4i.-CL voltages for operation. 

151 



Your Answers Should Be: 

Al. A transistor is a device that can convert small 
signals into large signals. 

A2. This conversion process is called amplification. 

A3. A transistor can amplify because its internal re-
sistance can be varied electrically. 

A4. A transistor is small in size, light in weight, and 
can use low voltages for operation. 

TYPICAL TRANSISTOR CIRCUITS 

One type of transistor circuit will be explained to give 
you an understanding of transistor operation. The circuit 
can be constructed as an experiment if you desire. 

A Transistor Voltage Divider 

A transistor can be used with resistances in series to form 
a voltage divider. Construction details are shown below. 

A transistor voltage divider. 

15-VOLT 
BATTERY 
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Actual circuit. 

Be careful when handling the transistor because the 
fragile wires break very easily. 
Two schematics of the circuit are shown below. One shows 

an incomplete symbol for the transistor—the correct ver-
sion will be given and described later. The other schematic 
shows the transistor as a variable resistance. The slanted 
arrow indicates the resistance is variable. 

3K R1 

VARIABLE 

[C 1 

TRANSISTOR / 122 
RESI STANCE e 

E 

Equivalent circuit. 

Schematic diagrams of the transistor voltage divider. 

2 • 

NOTE: Until you have more experience, do not connect 
any ohmmeter directly across the transistor 
leads. Certain ranges of some ohmmeters de-
velop enough current to destroy small transis-
tors. The 3,000-ohm resistor in the above cir-
cuit acts as a current-limiting resistance to 
prevent the 15-volt battery from doing the 
same thing. 

Based on . your knowledge of resistances in series, what 
value must R2 be in order to obtain a voltage reading of 7.5 
volts at terminal C? Yes, it must be the same value as R1 
(3,000 ohms) to divide thé value of source voltage equally 
between them. 

Q5. What approximate value must R2 have if ne all rly a 
the source voltage is measured across R1? 

Q6. To have most of the source voltage dropped across 
R., R. must be (more, less) than 10 times the 
value of R1. 
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Your Answers Should Be: 

A5. For 15 volts to appear across R1, It.,) must be very 
close to zero ohms. A very few ohms would be a 
good answer. Remember, voltage (IR drop) is dis-
tributed among series resistors in accordance with 
their value in ohms. A resistor which is 10 times 
as large as another has 10 times as much voltage 
across it as the other. 

A6. To have most of the source voltage dropped across 
R2, R2 must be more than 10 times the value of RI. 

The Circuit Operating as a Switch 

If you measure the voltage across the transistor with the 
circuit connected as shown, you will find that it will be 
very close to 15 volts. An extremely accurate meter might 
measure it as 14.96 volts. This leaves 0.04 volt for R1. If 
the voltage across R2 is 374 ( 14.96 divided by 0.04) times 
greater than the voltage across R1, the resistance of R2 
must be the same number of times larger. This works out 
to be a value of over 1,000,000 ohms. The illustration shows 
how the voltmeter is connected across the transistor. 

Measuring the voltage across 
the transistor. 

Under these conditions, current in the circuit would be 
very small, about 15 millionths of an amp. In effect, the 
high resistance of the transistor is very close to being an 
open circuit—no current flowing. 
The structure of the transistor material will cause this 

resistance to change when current flows from B to E. 
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By adding a large resistor (56,000 ohms) from the nega-
tive side of the battery to the B terminal of the transistor, 
approximately 250 microamps will flow through the tran-
sistor. The meter reading, as shown below, is near 0 volts. 

Voltage across the transistor 
with a negative voltage applied 

to terminal B. 

In effect, the path through the transistor from C to E has 
decreased from a very high resistance to a very low resist-
ance. The transistor is operating as if it were a switch. 
The pair of diagrams below show the transistor acting as 
a switch. With no current through B, the transistor acts as 
an open switch; with current it acts as a closed switch. 

15V 

High R from C to E. Low R from C to E. 

A transistor can act like a switch. 

Q7. When a small amount of current enters B fe_ 
minal, the transistor acts as a(an) 
switch and almost (all, none) of the source voltage 
appears across it. 

Q8. With no crent through B, the C to E switch is 
(open, clo ed) and almost (all, none) of the source 
voltage cu be measured aciess the terminals. 

OV 
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Your Answers Should Be: 

A7. When a small amount of current enters the B ter-
minal, the transistor acts as a closed switch and 
almost none of the source voltage appears across it. 

A8. With no current through B, the C to E switch is 
open and almost all of the source voltage can be 
measured across the terminals. 

In practice, the transistor switch is opened and closed by 
electrical signals applied to the B terminal. These will be 
discussed later in the chapter. 

TRANSISTOR SYMBOLS AND CONNECTIONS 

Transistors have their own symbols and methods of being 
connected within a circuit, the same as other electrical and 
electronic components. 

Symbols 

There are two types of transistors—NPN and PNP. The 
difference between the two is the type of materials used in 
their construction and, as a result, the direction that current 
flows between terminals. 
Symbols for both types are shown below. The CK-722 

(used in the experiment) is a PNP transistor. 

BASE 

COLLECTOR COLLECTOR 

PNP BASE NPN 

EMITTER EMITTER 

Transistor symbols. 

The only difference in the two symbols is the direction 
of the arrowhead. Be able to recognize either one. Current 
not only flows through the two types in different directions, 
but they are connected into a circuit differently. 
Also note the names for the B, C, and E terminals. Base, 

collector, and emitter identify the significant parts of a 
transistor. B, C, and E are the notations often used in 
schematics. 
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Basic transistor circuits. 

Shown below are the basic circuits for NPN and PNP 
transistors and the flow directions for base (Is), collector 
(Ir), and emitter (IE) currents. Study them carefully. 

I TOTAL C 

PNP 

Q9. The symbol Ig stands for _ ___ current. 

Q10. The symbol lc stands for current. 

Q11. The symbol 1E stands for current. 

Q12. The symbol IT stands for current. 

Q132 In both circuits, emitter current is equal to --
current plus  current. 

Q14. In both circuits,, total ,current is equal to __ — — 
current plus  current. 

Q15. In either circuit, -- - — current and   
current are the same value. 

Q16. The terminals of R1 and IL nearest the transistor 
are negative in the (NPN, PNP) circuit. 

Q17. Emitter current is ( greater, less) than the base 
current. 
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Your Answers Should Be: 

A9. The symbol IB stands for base current. 

A10. The symbol lc stands for collector current. 

All. The symbol IE stands for emitter current. 

Al2. The symbol IT stands for total current. (Total 
current refers to the current that flows through 
the voltage source.) 

A13. In both circuits, emitter current is equal to base 
current plus collector current. 

A14. In both circuits, total current is equal to base cur-
rent plus collector current. 

A15. In either circuit, total current and emitter current 
are the same value. 

A16. The terminals of R1 and R2 nearest the transistor 
are negative in the NPN circuit. (The terminal of 
any resistor through which current enters has 
negative polarity.) 

A17. Emitter current is greater than the base current. 

A SIMPLE CONTROL CIRCUIT 

A control circuit can be made from the transistor voltage 
divider used in the first part of this chapter. The control 
circuit will be used as a means of applying the principles 
you have learned about transistors. Enough details are fur-
nished so you can construct and use the circuit if you desire. 

Circuit Construction 

The control circuit is very similar to the other transistor 
circuits that have been discussed. A schematic diagram 
(including parts detail) is shown on the next page. 
R1 and R2 connect the transistor base to the negative ter-

minal of the 15-volt battery. R1 can be any low resistance 
material or device. Its purpose is to interrupt the base cir-
cuit when the event to be detected takes place. 
R3 connects the collector to the negative terminal of the 

battery. The positive battery terminal is connected to 
the emitter. A lamp is connected in parallel with the tran-
sistor and will light when the event is detected. 
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The battery is not shown as a symbol in the schematic. 
Arrowheads, however, point to the proper terminal connec-
tions. This technique is used to save space and reduce 
clutter in the schematic diagram. 

DETECTOR 

15V ,(-) • 

56K 
112W, 
20% 

:SCREW TO BOARD 

LAMP HOLDER 
(THIN SHEET ALUMINUM) 

15V I-) * 

R 3 

CK - 722 
OR EQUIV. 

1K 

LAMP: 
GE 344 

OR EQU I V. 

15V +1°• 

NOTES: 

• Connect to the negative terminal 
of the 15-volt battery. 

•• Connect to the positive terminal 
of the 15-volt battery. 

A simple alarm circuit and detector. 

Q18. When base current flows through the transistor, 
a very (high, low) resistance appears between col-
lector and emitter. 

Q19. When resistance between C and E is high, ( fif-
teen, zero) volts will be impressed between col-
léCtor and emitter. 

Q20. The voltage polarity of R3 is negative on the (col-
lector, battery) side. • 

Q21. The volte polarity of R2 is positive on the ( base, 
detector) side. 

Q22. The lamp (will, will not) light as long as base cur-
rent is flowing. 
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Your Answers Should Be: 

A18. When base current flows through the transistor, 
a very low resistance appears between collector 
and emitter. 

A19. When resistance between C and E is high, fifteen 
volts will be impressed between collector and 
emitter. (By comparison, R3 will be a very low 
resistance. Therefore, most of the voltage source 
will be impressed across the transistor.) 

A20. The voltage polarity of R3 is negative on the bat-
tery side. (Remember that collector current in a 
PNP circuit flows toward the collector. The polar-
ity of R3, then, must be minus to plus, top to 
bottom.) 

A21. The voltage polarity of R2 is positive on the base 
side. 

A22. The lamp will not light as long as base current is 
flowing. (When base current flows, C-to-E resist-
ance is almost zero. Not enough voltage is im-
pressed across the transistor to light the lamp.) 

How the Circuit Operates 
The preceding questions established the fundamental 

principles of transistor operation. Now these principles will 
be used to explain how the circuit operates. 

-15V 

DETECTOR 

RI 

LAMP 

Current flow in the transistor alarm circuit. 
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When detector R1 remains unbroken, the following condi-
tions exist: 

1. Base current flows through the transistor. 

2. The transistor acts as a closed switch. 

3. Zero voltage appears between C and E. 

4. The lamp does not light. 

When the detector is broken (opened) : 

1. Base current stops flowing. 

2. The transistor acts as an open switch (from C to E). 

3. Voltage appears between C and E. 

4. Voltage is applied across the lamp, causing it to light. 

The Detector—A simple detector can be made from a strip 
of aluminum foil. Taped to a door or a window, it will break 
when either is opened, thus lighting the alarm. Construction 
details are shown below. 

1.71MINUM FO. 
re  
CELLOPHONE WIRE 

TAPE 

DETECTOR TAPED ACROSS CLOSED DOOR 
I • I 

,?9pRi , WALL 

I 11 11 ; 

Alarm detectot construction. 

r Q23. The lamp is out whe __"__ current is flowing. 

er 

Q24. The lamp is on when C-to-E resistance is (..h, 
low). 

Q25. When the lamp is lit, there is (minimum, maxi-
mum) voltage across R3. 

Q26. When the detector breaks, there is (zero, maxi-
mum) voltage across R2. 

e Q27. The value of base current is equal to e'vvilv 4  
current minus 1•-• /-` -'e ' 1--•4 \  current. 

Q28. In a circuit using an NPN transistor, base current 
flows ( tgv_v_a_rd, away from) the source, and emitter 
currents flows (tjoy,ard, away from) the transistor. 

Q29. ( Collector, emitter, base) current is equal to the 
total current-Hi—wing through the source. 
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Your Answers Should Be: 

A23. The lamp is out when base current is flowing. 

A24. The lamp is on when C-to-E resistance is high. 

A25. When the lamp is lit, there is minimum voltage 
across R3. 

A26. When the detector breaks, there is zero voltage 
across R2. 

A27. The value of base current is equal to emitter cur-
rent minus collector current. 

A28. In a circuit using an NPN transistor, base cur-
rent flows toward the source, and emitter current 
flows toward the transistor. 

A29. Emitter current is equal to the total current flow-
ing through the source. 

A TRANSISTOR AMPLIFIER 

A transistor can be used to amplify voltages. As you 
recall, amplify means to increase amplitude or value. In 
other words, a weak signal (radio wave or audio voltage, 
for example) can be made stronger by passing it through 
an amplifying circuit. 

Alternating Current or Voltage 

Before you begin thinking about amplifiers you should 
become more familiar with alternating voltage. You know 
that an alternating current reverses itself periodically. Dur-
ing one period of time, current flows in one direction. 
During the next period, current flows in the opposite direc-
tion. The flow of current does not make the change instan-
taneously; it does not move in one direction, then pause 
before it moves in the other. The changes occur over a 
period of time, regardless of how short the time may be. 
The illustration on the next page shows a graph of how 

an AC voltage (or current) changes direction. The same 
picture can be seen on an electronic test instrument, called 
an oscilloscope. 
The dimensions of the graph show voltage values verti-

cally and elapsed time in seconds horizontally. 
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You will note that this AC sine wave (as it is called) 
takes 2 seconds to change from zero volts to its maximum 
of 2 volts. It rises rapidly during the first second (to 
approximately 0.7 of its maximum value). It then rises 
less and less rapidly until its full value is finally reached 
at the end of the remaining second. 

-2V — I 
0 2 4 6 8 

SEC SEC SEC SEC SEC 

ONE CYCLE 

An AC sine wave. 

From zero to 2 seconds the voltage is rising in the posi-
tive direction. It decreases to zero volts, following the same 
shape curve, in the next 2 seconds. At this point it has 
completed one half of its full cycle. This portion of the 
waveform is called the positive half cycle. 
During the negative half cycle, it repeats the first half, 

except that now it moves in the negative (or opposite) 
direction. From zero volts, it increases in value until it 
reaches the maximum—minus 2 volts. This takes 2 seconds. 
In the next 2 seconds, the voltage decreases from its maxi-
mum negative voltage back to zero. 
The rise and fall of the positive and negative half cycles 

are identical. The only difference is the direction—one is 
from zero to a maximum positive voltage and back to zero, 
while the other is from zero to a maximum negative volt-
age and back to zero. AC voltage in your home follows the 
same pattern. It completes 60 full cycles every second (60 
positive half cycles and 60 negative half cycles). 

Q30. A weak signal can be increas d *nt4,mpli de by 
passing it through a(an) circuit. 

Q31. An AC cycle consists of two half cles; one is 
 and the other is  

163 



Your Answers Should Be: 

A30. A weak signal can be increased in amplitude by 
passing it through an amplifying circuit. 

A31. An AC cycle consists of two half cycles, one is 
negative and the other is positive. 

Gain 

The behavior of an amplifier is described in terms of 
gain. Without going into lengthy detail, amplifiers are 
designed to operate  at_s_o_me definite voltage TéVi d lg 

Icretit-ids when.,:no signalsare applied. In the illustration 
below, the level of the input side is —2 volts. The 
output side operates at +90 volts. 

+100V 

-1V 

-2 V — +90V 

INPUT OUTPUT 
-3V 

+80V 

An amplifier operates at certain voltage levels. 

If an AC signal that is changing from +1 volt to —1 
volt during a full cycle is applied to the input, the signal 
voltage will add to the DC voltage already present at the 
input. For example, when the signal is maximum positive, 
the +1 volt is added to the —2 volt DC level to produce a 
—1-volt input to the amplifier at that time. When the sig-
nal swings in the negative direction, —1 volt and —2 volts 
become —3 volts. In other words, the swing of the input 
is from —1 to —3 volts, or a change in voltage of 2 volts. 
Assume that the characteristics of the amplifier are 

capable of making the corresponding output voltage changes 
shown in the diagram with such an input signal. The oper-
ating level of the amplifier output is +90 volts. During the 
first half cycle of the input, the output changes from +90 
volts to +80 volts. During the second half cycle, the swing 
is from +90 volts to +100 volts. 
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This means that an input voltage change of 2 volts caused 
an output voltage change of 20 volts (from +80 to +100). 
The output change was ten times that of the input, so the 
gain of this amplifier is 10. 
How would you express this in arithmetic form? Like 

this: 

Gain change in output voltage 
change in input voltage 

Or, if you want to find the change in output for a given 
amplifier with a particular input signal: 

Change in output E = gain >< change in input E 

Problem—If a certain signal causes a change of three 
volts on the input side of an amplifier and a corresponding 
change of 48 volts at the output, what is the gain? 

output change (volts) ___ 48 
Gain —   16 

input change (volts) 3 

Problem—Input voltage of an amplifier changes from 
—1.5 volts to —4.5 volts. The amplifier gain is 12.3. What 
is the voltage change in the output? 

Output change (E) = gain >< input change (E) 
= 12.3 >< 3 volts 
= 36.9 volts 

Amplifiers can be designated with gains ranging from 
very small to very large. The amount of gain desired is 
first determined and then an amplifier is selected that has 
such a gain. 

Q32. An alternating voltage appears at the input of an 
amplifier. It causes the input voltage to vary from 
—2 volts to —1.2 volts. What is the change in 
input voltage? 

Q33. The same change in input voltage produces an 
output waveform that swings from + 12 volts to 
+42.6 volts. What is the gain of the amplifier? 

Q34. An amplifier has a gain of 39; the input voltage 
swings from — 5.25 to —5.05 volts. What will be 
the change in the output voltage? 

Q35. Would a steady DC voltage applied to the input 
of an amplifier cause the circuit to amplify? 
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Your Answers Should Be: 

A32. Change in input voltage is 0.8 volt. 

A33. The gain of the amplifier is 38.25. 

A34. Output voltage change would be 7.8 volts. 

A35. The answer is no. (After the initial rise of the 
DC voltage at the instant it is applied, there 
would be no further change in the input voltage 
and consequently no change in the output voltage. 
Hence, there would be no amplification.) 

A Simple Transistor Amplifier 

You may wish to construct the transistor amplifier shown 
in the schematic diagram below. R2 is shown as 9,000 ohms. 
If you discover you do not have a 9K resistor, but you do 
have an assortment of 3K resistors, what would you do? 
Yes, you could connect three 3,000-ohm resistors in series 
and have the equivalent of 9,000 ohms. 

9K 'COLLECTOR 
CURRENT 

CK -722 
1:121MM> OR EQU I V. 

RI B 

 -o-"e-

I- INPUT BASE I 

56K 

VOLTAGE CURRENT 

C 
------ OUTPUT 

VOLTAGE 

COLLECTOR 1 CURRENT 

COLLECTOR CURRENT 

BASE CURRENT 
COMMON LI NE 

COLLECTOR CURRENT 

A simple transistor amplifier circuit. 

The input to this amplifier is maintained at 1.5 volts by 
the dry cell shown. An AC signal applied to the base will 
rise above and below this reference voltage. 
The output voltage can be measured from the collector to 

the common line. Since the common line is connected to the 
emitter, the output voltage will be that appearing across 
the transistor from C to E. In all other respects the ampli-
fier circuit is similar to the transistor control circuit. 
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A change in input voltage will occur if the switch in the 
line connected to the base is opened and closed. The change 
can be observed on a voltmeter with its leads connected to 
the base and the common line. Output voltage changes can 
also be read with a voltmeter connected as shown. 
The graph shows the voltage changes that will occur. 

OV 
INPUT 
VOLTS 

OUTPUT 
VOLTS 

-15V 

SW ITCH 
OPEN 

-1. 5V 

-5V 

SWITCH 
CLOSED 

SW ITCH 
OPEN 

SWITCH 
CLOSED 

-4-- 1 SEC - 044- 1 SEC Il 1 SEC --10.rg— 1 SEC --01 

Voltage changes in the transistor amplifier. 

With the switch open, the input registers 0 volts and the 
output —15 volts. With the switch closed, the input changes 
to —1.5 volts and the output to —5 volts. The same read-
ings occur each time the switch is opened and closed. 

If the switch were opened and closed at one second inter-
vals, as shown in the graph, the cycles would repeat them-
selves at a steady rate. The frequency would be one cycle 
every two seconds as opposed to the household electrical 
AC frequency of 60 cycles per second. Because they have 
straight sides and flat tops, the waveforms in the graph 

are called square waves. 

Q36. What is the gain of the transistor amplifier circuit 

just described? 
Q37. The output waveform rises rapidly, remains at a 

steady value, and then decreases rapidly to its 
original level. What type of waveform is it? 

Q38. What type of voltmeter would you use to meas-
ure the output when the switch is closed? 
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Your Answers Should Be: 

A36. The gain is 6.7 (a change of 10 output volts 
divided by a change of 1.5 input volts). 

A37. The waveform is a square wave. 

A38. A DC voltmeter. (The same voltmeter would also 
be used for measurements while the switch is 
open.) 

WHAT YOU HAVE LEARNED 

1. A transistor is a variable resistor that can be controlled 
electrically. 

2. Transistors use small input voltage changes to produce 
larger output voltage changes. 

3. A transistor may be used as a resistor in a voltage 
divider. 

4. A transistor may be used as an electrical switch. It 
will react as an open switch when no base current flows 
and as a closed switch when base current does flow. 

5. There are two types of transistors, NPN and PNP. In 
an NPN, base and collector currents flow away from 
the transistor. Emitter current flows toward the tran-
sistor. These currents flow in opposite directions in a 
PNP transistor. 

6. AC voltage rises to, and falls from, its maximum volt-
age periodically. The polarity alternates between posi-
tive and negative directions. 

7. The gain of an amplifier is determined by dividing the 
change in input voltage into the corresponding change 
in output voltage. 
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How To Solder 

You will now learn how 
What You to make permanent elec-

trical connections using a 
Will Learn procedure called soldering. 

You will be shown how to 
work with the necessary tools and hardware. The fun-
damentals are easily learned. Skill in soldering requires 
careful practice. When you complete this chapter you 
will be able to apply the fundamentals of soldering, 
select and use the proper tools, properly prepare an iron 
for soldering, make proper mechanical and electrical 
connections, and make and disconnect soldered joints. 

THE PURPOSE OF SOLDERING 

Solder is a special metal mixture applied to electrical con-
nections to prevent oxidation. Soldering is the process of 
applying the right amount of the mixture to join two or 
more pieces of metal. 
Oxidation is the result of a chemical reaction between air 

and certain metals. When iron oxidizes, rust forms on its 
surface. When copper oxidizes, a dull, insulating film forms 
on its surface. The film has a high resistance to current 
flow. In order to retain a good electrical connection, the 
film must be removed and prevented from forming again. 
To protect iron from rusting, it is painted. To protect 

copper and similar metals from oxidation, they are coated 
with solder. In addition to providing a good electrical path, 
the solder also adds to the mechanical strength of the joint 
when two wires are joined. 
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THE PROCESS OF SOLDERING 

Solder is applied to a connection with heat. A tool that 
supplies this heat is a soldering iron or a soldering gun. 

• Solder 

Solder is a metal alloy (mixture) containing tin and lead. 
The alloy most usually used in electronic work is 60/40 
solder-60 % tin and 40 70 lead. 
Other tin/lead ratios are available but are not recom-

mended for use in electronic equipment or small electrical 
appliances. 50/50, 40/60, and 30/70 are all solders that 
have less tin content than the 60 % desired. Tin is the metal 
in the alloy that leaves the bright, tightly bound, conductive 
coating produced by soldering. 

When tin and lead are combined, the resulting alloy has a 
lower melting point than either of the metals by itself. Tin 
heavy ratios, such as 70/30, 80/20, and others are available, 
and probably would permit a better soldering job, but the 
melting point of these combinations is too high for most 
work. Higher heat is required for application. High tem-
peratures damage or destroy components—resistors, coils, 
and transistors, for example—and excessive heat chars, 
burns, or melts insulation on wires and components. 60/40 
solder seems to be the best balance between the need for a 
properly soldered joint and the maximum heat that can be 
tolerated. 

Solder comes wrapped on spools or supplied in coil form. 
Its shape is usually round and wire-like. However, it also 
can be procured in fiat, ribbon-like lengths. 
An oxidation preventer called rosin must be used when 

soldering in electrical or electronic work. Although a con-
nection may be cleaned until it is bright and shiny (as it 
should be), application of heat during the soldering process 
causes the connection to rapidly oxidize again. Rosin melts 
at low temperatures and forms a coating to protect the 
metal from air while heat builds up to melt the solder. 

Rosin can be purchased separately in a tube or a can, but 
solder that contains a core of rosin can be purchased. Such 
a combination is called rosin-core solder and is recommended 
for all soldering in electrical circuits. 
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Some solders contain an acid paste in the core. Do not 
use acid-core solder. It corrodes metals used in electrical 
and electronic equipment. The corrosive effect eats away 
metal and leaves a nonconducting layer having a very high 
insulation resistance. 

Soldering Tools 

A soldering iron or gun is used to melt solder. For most 
electrical work, either is usually suitable. However, each 
has certain advantages for specific jobs. The gun (pistol-
shaped) provides heat within a few seconds at the touch of 
a trigger, but is usually heavier, larger, and more difficult 
to use in close quarters than an iron of the same rating. 
An iron reaches soldering temperature slowly and must be 
unplugged to cool, but is usually less expensive than a gun. 

HOLDER 

ROSIN-CORE SOLDER 

Some soldering irons have removable tips and heating elements. 

The heating power of an iron and gun is rated in watts. 
Irons are available with ratings from 6 watts or less, to 500 
watts and more. The larger irons are for heavy industrial 
use. Irons rated from 25 to 75 watts are best for most 
electronic work. Remember to use no more heat than neces-
sary to obtain a properly soldered connection. 
A variety of tips can be used with the iron pictured above. 

At least one should be a spade tip which is most useful for 
general-purpose soldering. 

Ql. For electronic work, solder should a(an) _6 
tin/lead alloy and have a core. The solder-
ing iron should be ≥ _42 "Z:r....-) watts. 
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Your Answer Should Be: 

Al. For electronic work, solder should be a 60/40 tin/ 
lead alloy and have a rosin core. The soldering iron 
should be 25 to 75 watts. 

SOLDERED CONNECTIONS 

You will often hear that a good, tight mechanical connec-
tion is required before soldering. This means a connection 
that will remain tightly bound between wire and wire, or 
wire and terminal. It must not be movable during the 
soldering process and it must be strong enough to resist 
jarring loose under normal equipment operation. 

Tools for Making Connections 

In addition to an iron, other tools for soldering are needed. 
Although primarily used when making a mechanical con-
nection, these tools have other useful purposes. Two such 
tools are shown below. 

Diagonal cutters. Needle-nose ?tiers. 

Pliers are necessary tools for electrical or electronic work. 
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Diagonal Cutters—Diagonal cutters, also called "dikes," 
are used for cutting wire, trimming leads and terminals to 
length, and stripping insulation from wire. 
Long-nose, or needle-nose, pliers—Long-nose pliers are 

used to hold materials in place, form wire to the shape of 
terminal connections, make wire splices, and as a means 
of diverting soldering heat from delicate parts. 
Metal Stand (Rest) for Iron—A soldering-iron stand is 

a useful accessory for soldering work. One can be pur-
chased, but you can easily make one from a small tin can. 
Flatten one side of the can by bending a small area of 
the top and bottom rims outward. Just enough bending is 
needed to keep the can from rolling. A dent placed in the 
top forms a seat for the iron. Placed on the rest, the iron 
will not be free to burn other material on the bench, and 
contact with the can helps draw away excess heat. 

Metal rest for iron. Soldering aid. 
Soldering accessories. 

Soldering Aids—Soldering aids come in several shapes. 
They are used primarily to remove excess solder during 
soldering and unsoldering. The one shown above has a 
sharp point and hook. An ice pick can also be used. 

Q2. "Dikes" can be used to cut wire and remove 

Q3. Long-nRse pliers can be used as a means of bypass-
ing during a soldering job. 

Q4. An ice pick can be used to remove excess  
while unsoldering. 

Q5. A wire splice must be mechanically tight so the 
irs wi not !--- during soldering. 

Q6- LL   must be removed from bare wires 
ore they can be soldered. 
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Your Answers Should Be: 

A2. "Dikes" can be used to cut wire and remove 
insulation. 

A3. Long-nose pliers can be used as a means of bypass-
ing heat during a soldering job. 

A4. An ice pick can be used to remove excess solder 
while unsoldering. 

A5. A wire splice must be mechanically tight so the 
wires will not move during soldering. 

A6. Oxidation must be removed from bare wires before 
they can be soldered. 

Connections Between Terminals and Wires 

Below is the proper way to splice a wire to a terminal. 

STEP 1 

INSERT THE STRIPPED 
WIRE END INTO THE TERMI NAL 

STEP 3 

MAKE A SECOND HALF-TURN WRAP 
WITH THE NEEDLE-N OSE PLIERS 
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STEP 2 

MAKE A HALF-TURN WRAP 
WITH THE NEEDLE-NOSE PLIERS 

STEP 4 

SQUEEZE THE WIRE FLAT 
AGAINST THE TERMINAL 

Connecting a wire to a terminal. 



Preparing the Wire—The insulation must first be removed 
from the end of the wire. From % to 1 inch or more of 
bare wire is needed, depending on the type of connection 
to be made. If the wire is not bright and shiny, it probably 
has an oxidized film on it. The film should be removed by 
scraping with a knife or rubbing with fine sandpaper. 
Preparing the Terminal—A new terminal (one never 

used) will be ready for the splice. It has been coated with 
metal to which solder will readily adhere. If the terminal 
is not shiny and silvery color, it should be cleaned also. 
Sandpaper, with the help of a knife point, will do the trick. 
If the terminal has been previously used, remove all excess 
solder. This can be done by heating the terminal and wip-
ing the melted solder away with a rag or a small wire 
brush. Care must be taken to prevent any of the molten 
solder from being splattered onto your skin or into your 
eyes, or from shorting other connections. 
Making the Connection—Follow the steps shown in the 

illustration on the opposite page to make a connection. If 
two or more wires are to be secured to a terminal, make 
the connection for each in the same manner. This can be 
done individually or by the wires together as a group. 
After making the connection, test it carefully. Check the 

length of the bare wire left between terminal and insula-
tion. Too much bare wire (over 9€3") may be the cause of 
future shorts. After soldering, wiggle and tug on the con-
nection. Make sure the wire does not move on the terminal. 

Q7. From _ to — inch or more of bare wire should be 
exposed for connection to a terminal. 

Q8. The wire should be wrapped through and around 
the terminal with pliers. 

Q9. Wire should be squeezed tight on the terminal for 
a strong connection. 

Q10. Wires and terminals must be clean. They can be 
cleaned with a knife or   

Q11. Exposed wire should be no longer than inch 
from terminal to insulation. 

Q12. If the connection moves while being wiggled or 
tugged, what should be done? 
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Your Answers Should Be: 

A7. From 3/8 to 1 inch or more of bare wire should be 
exposed for connecting to a terminal. 

A8. The wire should be wrapped through and around 
the terminal with long-nose pliers. 

A9. Wire should be squeezed tight on the terminal for 
a strong mechanical connection. 

A10. Wires and terminals must be clean. They can be 
cleaned with a knife or sandpaper. 

All. Exposed wire should be not longer than %" from 
terminal to insulation. 

Al2. If the connection moves while wiggled or tugged, 
unsolder it and resolder it more carefully. 

Wire-to-Wire Connections 

Wire-to-wire connections are also made by splices that are 
mechanically strong. Three common splices are shown below. 

Pigtail Splice—This splice is easily made. Cross the wires, 
as shown in the illustration, and begin twisting the wires 
together. The twist should be started by hand and com-
pleted with pliers to make sure the splice is tight. Do not 
exert too much pressure or the wires may break at the 
bottom of the splice. 
After the splice has been soldered, fold it back and along-

side one of the wires. Wrap plastic insulating tape around 
the splice. The wrap should have two or three layers if 
the wire is used for 115-volt purposes. 

11N I ST 

CLIP OFF 
ENDS WITH 

DI AGONAL CUTTERS 

The pigtail splice. 
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Western Union Splice—Developed in the early days of 
the telegraph, the Western Union splice is neat and mechan-
ically tight if properly made. Starting from the crossed-
wire position, wrap one wire neatly around the other. Keep 
the coils close together. Do the final tightening with a pair 
of pliers. Then straighten the wires as in Step 3. Wrap the 
second wire closely around the first and tighten. There 
should be at least four coils on each side of the junction. 
Solder, then wrap the splice with plastic tape. 

WRAP ONE WIRE 
AROUND THE OTHER 

STEP 1 
WRAP SECOND WIRE AROUND FIRST STEP 2 

AND TIGHTEN WITH PLIERS 

STEP 3 

The Western Union splice. 

Stranded-to-Solid Splice—Twist the stranded wire into a 
straight, tight spiral and wrap around the solid wire as in 
Step 2 of the Western Union splice. Make at least a half-
dozen turns. Fold and tightly crimp the end of the solid 
wire over the turns. Solder and wrap the splice with tape. 

Q13. A pigtail splice is made by   wires 
together. 

Q14. A Western Union splice is made by  
one wire around the other to form tight coils. 

Q15. In a stranded-to-solid splice, the   
wire should be wrapped around the wire. 

Q16. After a splice has been formed by hand it should 
be tightened with  

Q17. The splice should then be   and 

Q18. Before making any splice, the bare wires should 
be  
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Your Answers Should Be: 

A13. A pigtail splice is made by twisting wires to-
gether. 

A14. A Western Union splice is made by wrapping one 
wire around the other to form tight coils. 

A15. In a stranded-to-solid splice, the stranded wire 
should be wrapped around the solid wire. 

A16. After a splice has been formed by hand it should 
be tightened with pliers. 

A17. The splice should then be soldered and taped. 

A18. Before making any splice, the bare wires should 
be cleaned. 

SOLDERING 

The tips of some soldering irons need to be tinned. Any 
tip that is corroded needs to be retinned and, if dirty, needs 
to be wiped clean with a rag. Tinning (with solder) is the 
process of applying a protective coating of solder on the 
copper tip to prevent corrosion. The process is shown below. 

STEP 1 
FILE BOTH SIDES OF THE CHISEL 
TIP UNTIL THEY ARE SMOOTH 

AND CLEAN. 

Caution: Never clamp the tip in a vise. 

STEP 3 

APPLY SOLDER TO BOTH SIDES OF 
THE CHISEL TIP UNTI L THEY HAVE 
A SHINY SOLDER COATING. 

Tinning a soldering iron. 
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STEP 2 

PLUG IN THE SOLDERING IRON 

STEP 4 

WIPE AWAY EXCESS SOLDER 
WITH A DAMP RAG. 

Caution: Hot steam may occur. 



Soldering Wire to a Terminal 

A good solder joint has just enough solder to bond the 
splice together; has a smooth, semishiny, unblemished 
appearance; and has edges that seem to blend cleanly and 
smoothly into the terminal and wire. 
Any other appearance is a sign of improper soldering. 

A large glob on the terminal indicates too much solder was 
applied. The temperature of the metal was too low if the 
joint has a dull and pitted appearance, or a ball of solder 
that does not blend into the metal. 

SOLDER 
(USE SPARINGLY) 

TOUCH THE SOLDER TO 
THE FRONT OF THE LUG. 

TOUCH THE IRON TO 
THE BACK OF THE LUG. 

Soldering to a terminal. 

The iron should be applied to the back side of the ter-
minal and held firmly against the wire. After a few seconds, 
touch the solder to the wire at the front of the terminal. 
If the solder readily melts, the connection is sufficiently 
heated. If the connection is not hot enough, remove the 
solder and continue heating until it is. Do not touch the 
solder to the iron. 
When the connection is hot enough, touch the solder to 

the wire in front of the terminal. Rosin will melt and coat 
the connection. Let the solder flow to the terminal and the 
iron. It will flow properly when the connection is the right 
temperature. When the connection has been coated (not 
just covered) with solder, remove the length of solder. 
Leave the iron on the connection to boil away the rosin. 
If any rosin remains under the solder, an insulation barrier 
will be formed. Now remove the iron and let the connection 
cool. Do not move the joint while it is cooling. 

Q19. The copper tip of a soldering iron must be 
  to prevent corrosion. 

Q20. Solder is applied to a connection (at the same time 
as, some time after) the iron is applied. 

Q21. Solder is applied to the (connection, iron). 
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Your Answers Should Be: 

A19. The copper tip of a soldering iron must be tinned 
to prevent corrosion. 

A20. Solder is applied to a connection sometime after 
the iron is applied. 

A21. Solder is applied to the connection. 

Soldering a Splice 

Quite often heat from the soldering iron may melt or 
burn the insulation on a wire being soldered, or may damage 
a component (resistor, tran-
sistor, etc.). Heat from the 
iron travels rapidly down the 
wire. 
To prevent this, use the 

long-nose pliers as a heat sink. 
Grip the wire between the ter-
minal and insulation, or the 
lead between the component 
and connection, as shown in 
the illustration. The iron in the pliers dissipates most of 
the heat before it can travel further down the wire. 
The correct positions of iron, connection, and solder while 

soldering splices is shown below. Let the solder flow to the 
iron through the connection. 

TOUCH THE 
SOLDERING IRON 
'TO THE OTHER SI DE. 

TOUCH 
THE SOLDER 
TO ONE 
SIDE OF 
SPLICE. 
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Soldering a splice. 

A heat sink. 

SOLDER ON TOP 



Tinning Stranded Wires--Conductors made up of several 
small wires are called stranded wires. When the insulation 
is stripped back, the small wires tend to fan out. In fact, 
the wires are very difficult to keep together, especially 
when an attempt is made to fasten them under a screw-
down terminal. Connecting stranded wire to a terminal 
often leaves an untidy job with one or more of the small 
wires pointing away from the connection. Many shorts 
have been caused by stray wires from a stranded conductor. 
This problem can be solved by tinning the strands. 

STEP I 
STRIP THE WIRES AND 

SCRAPE CLEAN WITH A KNIFE. 

EP 

MELT SOLDER OVER 

THE TWISTED WIRES. 

Tinning stranded wire. 

After the tinned strands have cooled, shape the wire to 
fit the terminal to which it will be connected. If it is a 
screw-down terminal, place the end of the wire in the jaws 
of the long-nose pliers and bend the wire over the rounded 
back to form a loop. Slip this around the screw. If the wire 
is to go into a terminal or around a solid wire instead, use 
the pliers to form it to the object. 

Q22.   
make a good heat sink. 

Q23. A heat sink placed between the insulation and the 

  will help keep the insulation 
from being melted or burned. 

Q24. Wires of a stranded conductor can be kept together 
by  

Q25. Solder should flow to the — — — — through the 

STEP 2 

TWIST THE WIRES 
INTO A TIGHT SPIRAL. 
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Your Answers Should Be: 

A22. Long-nose pliers make a good heat sink. 

A23. A heat sink placed between the insulation and the 
connection will help keep the insulation from 

being melted or burned. 

A24. Wires of a stranded conductor can be kept to-
gether by tinning. 

A25. Solder should flow to the iron through the con-

nection. 

Checking a Soldered Connection 
One way to test a solder job is with an ohmmeter. A good 

solder connection has zero resistance. The procedure is 
shown below. In making the test, touch the test probes to 
the metal of the pieces that are joined. Do not touch the 
probes to the solder itself. 

SOLDERED 
JOINT 

TOUCH THE BARE WIRE WITH 
ONE OHMMETER PROBE. 

---...-•-•TOUCH THE TERMINAL WI TH 
THE OTHER OHMMETER PROBE. 

INSULATED WIRE 

Testing a soldered connection. 

An ohmmeter test does not always reveal a poor solder-
ing job. But if the meter reads zero and the solder looks 
neat, smooth, semishiny, and well blended into the metal; 
and you observed all the precautions, the connection should 
be electrically good. The precautions are restated below. 

1. Never solder with a cold iron. 
2. Never solder with an untinned or dirty iron tip. 

3. Let the solder flow to the iron through the connection. 

4. Let just enough solder flow to coat the connection. 

5. Burn away all rosin. Any left beneath the solder will 
cause the insulating effect of a rosin joint. 
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Unsoldering Connections 

It is quite often necessary to disconnect a component or 
a wire from a soldered terminal. The procedure is relatively 
simple if you take care to do it correctly and make sure 
that you do not burn or char any of the nearby parts. 
Follow the steps as outlined here. 

STEP 2 

UNWIND WIRE. 

Unsoldering connections. 

Place an ice pick or soldering aid into the eye of the 
terminal by following Step 3. This will prevent the opening 
in the terminal from remaining filled with solder. 
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WHAT YOU HAVE LEARNED 

1. Rosin-core, 60/40 solder should be used in electrical and 
electronic work. 

2. A soldering iron for electrical work should have a rat-
ing of 25 to 75 watts. 

3. Diagonal cutters and long-nose pliers are required to 
make splices and as help in soldering. A soldering aid 
is also helpful. 

4. If wires or terminals are not cleaned of oxidation prior 
to soldering, a high-resistance connection may result. 
Cleaning can be done with a knife and/or sandpaper. 

5. Wires joined to terminals or wires must form a tight 
mechanical connection. 

6. A pigtail splice is formed by twisting wires together; 
a Western Union splice is made by wrapping each wire 
in tight coils around the other. 

7. Soldering irons are tinned by filing off the oxidation, 
coating the tip with solder, and wiping off the excess 
solder. 

8. When soldering, certain precautions must be followed 
to obtain a good electrical connection. These are: 

a. Never solder with a cold iron. 

b. Never solder with an untinned tip or one that is dirty. 

c. Let the solder flow to the iron through the connection. 

d. Let just enough solder flow to coat the connection. 

e. Burn away all rosin. 

f. Do not move the connection while it is cooling. 

184 



Understamling 
Transformers 

What You 

Will Learn 

Man has learned how to 
improve the usefulness of 
AC voltage by converting 

it to higher and lower val-
ues. In this chapter you will 

learn how a transformer can accomplish this. When you 
have finished, you will be able to explain what trans-
formers are, how they are used, and how they are con-
nected into circuits. 

WHAT IS A TRANSFORMER? 

A transformer is an electrical device which converts AC 
voltages and current from one value to another. Trans-
formers are made in a number of varieties and sizes. Large 
transformers are used to furnish 115 volts AC for homes. 
The voltage at the generating plant may be several thou-
sand volts, which is reduced to the 115-volt level by a series 
of transformers along the power line leading to the user. 
The final step-down in voltage is usually accomplished by 
a transformer on a utility pole near the user's home. 
There are transformers in most homes also. Door bells 

or chimes usually operate on 12 or 16 volts AC. A trans-
former changes the house voltage of 115 volts to the 
bell-ringing voltage. Most radios, television receivers, record 
players, stereo systems, etc., contain one or more trans-
formers. Some of these convert the 115 volts to lower or 
higher voltages to operate the sets; other transformers are 
used as connecting links between circuits. 
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HOW DO TRANSFORMERS WORK? 

Transformers contain coils of insulated wire wound on an 
iron frame. As you learned in earlier chapters, AC flowing 
through a coil develops a magnetic field that expands and 
contracts in step with the changes in the current. The 
magnetic field of one coil induces current to flow in the 
other coil by cutting through the turns of wire. 

Transformer Windings 

The basic transformer is constructed with two coils wound 
around a single core (iron frame). The coils are called 
windings. The input side is the primary winding, and the 
output side, the secondary winding. 

IRON FRAME SECONDARY SECONDARY 
(CORE) WINDING 

PRIMARY,/ 
WINDING 

PRIMARY 

31E 
Schematic symbol. 

Construction. 

Connections. 

A bell transformer. 

The Primary Winding—The primary winding is the input 
to the transformer. It receives AC voltage and current from 
a source. The primary of the bell transformer, for example, 
is connected to a 115-volt line. 
The Secondary Winding—The secondary winding is the 

output from the transformer. Its voltage and current values 
are different from those in the primary. In the bell trans-
former, the 115 volts applied to the primary is converted 
to a 16-volt AC output in the secondary. 
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Fundamental Principle 

The transfer of energy that takes place between the coils 
of a transformer is called transformer action. Transformer 
action is based on the fundamental electrical principle of 
a moving magnetic field being able to induce current in a 
conductor. 
There are two facts regarding the relationship of current 

and a magnetic field: 

1. A current flowing in a conductor develops a magnetic 
field about the conductor. As shown in the illustration, 
the direction of the lines of force in the field depend on 
the direction of the current flow. In part A, the lines 
of force are counterclockwise—in part B, clockwise. 

Current flow causes a magnetic field. 

2. Magnetic lines of force cutting through a conductor 
cause current to flow in that conductor. The field must 
be moving. In a single conductor, the current is very 
small. If the conductor is formed into a coil, many 
turns will be cut by the moving field, thus developing 
a larger current. An example is shown below. 

/-•••\ „, 

II 

I 

I 

PRIMARY COIL\ \ / SECONDARY COIL 

==0 

LOAD 

A meving magnetic field causes current flow. 

Ql. Magnetic lines must be (moving  stationary) to 
induce current in a conductor. 
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Your Answer Should Be: 

Al. Magnetic lines must be moving to induce current in 
a conductor. 

Transformer Action 

The requirements for induced current are that magnetic 
lines of force must cut through a conductor and the magnetic 
field must be moving (expanding outward or contracting 
inward). 
DC Current—Direct current, as you know, maintains a 

steady level and always flows in the same direction. Does 
DC induce current to flow in another conductor? It produces 
a magnetic field whose strength (number of force lines) is 
proportional to the number of amperes flowing. But the 
magnetic field remains steady, neither expanding nor con-
tracting. Therefore, DC does not induce current in another 
conductor. 
AC Current—Does alternating current induce electrons 

to flow in another conductor? Yes, because AC is constantly 
increasing and decreasing in value. The magnetic lines of 
force generated by the AC increase and decrease corre-
spondingly. The magnetic field expands outward and con-
tracts inward as the value of current changes. This means 
that the magnetic lines of force change direction as the cur-
rent changes from the positive half cycle to the negative 
half cycle. 

CURRENT _.--CURRENT 
INCREASES - DECREASES - 

FIELD FIELD FORCE LINES REMAIN 
EXPANDS CONTRACTS IN SAME DIRECTION 

o 
- CURRENT CHANGES 

DIRECTION- LINES OF 
FORCE CHANGE DIRECTION 

CURRENT INCREASES-
FIELD EXPANDS 

CURRENT 
—DECREASES-

FIELD 
CONTRACTS 

An AC magnetic field is constantly expanding and contracting. 
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The diagram on the opposite page demonstrates how the 
magnetic field expands and contracts with the rise and fall 
of current. The field is in constant motion. An alternating 
current, therefore, induces current to flow in another con-
ductor or coil. In this case, the induced current will also be 
alternating. 
Energy Transfer—An applied AC voltage causes current 

to flow in the primary winding of a transformer. This 
causes a changing magnetic field which induces a current 
to flow in the secondary. The induced current will develop 
an AC voltage across the secondary winding. Therefore, it 
is the nature of the voltage and current in the primary to 
transfer energy to the secondary in the form of a voltage 
and current. Transformer action for one full cycle of AC 
voltage is shown below. Notice a 180° phase shift occurs. 

DIRECTION OF 
MAGNETIC FORCE 

+115 

DIRECTION OF 
MAGNETIC FORCE 

Transformer action. 

-16V 

Q2. C cen't develops a changingim-611e'' 

—2 . 
Q3. A changing magnetic field deve ops a(an) 

  in a conductor. 

Q4. To induce current, a field must .}Li'l\te.._ through a 
conductor. 

Q54(2-- but not-n. induces current in a conductor. 
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Your Answers Should Be: 

A2. AC current develops a changing magnetic field. 

A3. A changing magnetic field develops an alternating 

current in a conductor. 
A4. To induce current, a field must move (or cut) 

through a conductor. 
A5. AC but not DC induces current in a conductor. 

TRANSFORMER CHARACTERISTICS 

Now that you understand the fundamental principles of 
the transfer of energy (voltage and current) from primary 
to secondary, you are ready to learn how transformers are 

rated. 

Basic Transformer Circuit 

Below is a schematic diagram of a basic transformer 
circuit. This circuit demonstrates the principles and char-

acteristics of nearly all transformers. 
If you decide to build the circuit, a bell transformer can 

be purchased in most hardware stores. The circuit contains 
a fuse (note the symbol) to protect the transformer. If the 
secondary of the transformer should accidentally have a 
short placed across it, the short circuit will be reflected 
back into the primary, causing the primary current to in-
crease to a large value. If this happens, the fuse will blow 
instead of the transformer windings burning out. 

2 BELL 

TRANSFORMER 

4 

FUSE 

A basic transformer circuit. 

The lines between the primary and secondary windings 
indicate an iron core which provides an easier path for the 
magnetic field through the coils. 
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Voltage Ratio 

One of the specifications for rating transformers is stated 
in terms of a voltage ratio. This ratio is a comparison of 
primary voltage to secondary voltage, and is written as: 

Voltage ratio primary voltage  
secondary voltage 

Remember, the primary voltage is on the input side of 
the transformer and secondary voltage on the output side. 

Step-Down Transformers—A step-down transformer is 
one having an input (primary) voltage larger than its out-
put (secondary) voltage. The bell transformer is an exam-
ple of a step-down transformer. Its voltage ratio is 115 to 
16. It can be written as 115/16 or 115:16. 
Step-Up Transformers—The input voltage of a step-up 

transformer is smaller than its output voltage. The trans-
former steps up the primary voltage to a higher value in 
the secondary. The distinction between step-up and step-
down transformers is one of use only. •As the following 
diagram shows, the same transformer can be used for either 
purpose. 

115 VAC 

STEP - DOWN STEP-UP 

115 VAC 

Step-down and step-up connections. 

Q6. What is the voltage ratio of the step-up transformer 
in the diagram? ( f /y 

Q7. A(an) in a transformer helps direct 
the magnetic field through the coils. 

Q8. For a given magnetic field, ( more, less) current is 
induced in a straight wire than if it were wound into 
a coil. 

Q9. A DC current does not induce current in a coil 
because its magnetic field is (moving, stationary). 

Q10. Induced current flows in the (primary, secondary). 
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Your Answers Should Be: 

A6. The voltage ratio of the step-up transformer is 
16/115 (or 16:115). 

A7. An iron core in a transformer helps direct the 
magnetic field through the coils. 

A8. For a given magnetic field, less current is induced 
in a straight wire than if wound into a coil. 

A9. A DC current does not induce current in a coil 
because its magnetic field is stationary. 

A10. Induced current flows in the secondary. 

Turns Ratio 

Since transformers must have a variety of different volt-
age ratios, what is there about transformer action that per-
mits this to occur? Look at Answer 8 above and then 
answer the question. If one coil turn (loop) will induce a 
certain voltage, two turns will develop twice as much, and 
100 turns 100 times as much. 
Therefore, the voltage ratio between the primary and 

secondary windings depends on the turns ratio between the 
two windings. The diagram below shows an example. 

(A) 10 VOLTS/1 VOLT (8) 10 VOLTS/ 5 VOLTS 

Voltage ratio is proportional to turns ratio. 

Parts A and B both have 1,000 primary turns each. (This 
is an example only—a transformer might have many more.) 
The secondary winding of the transformer in Part A has 
100 turns. The turns ratio is therefore 1000/100, or 10/1. 
If ten volts were placed across the primary, the turns ratio 
would produce 1 volt in the secondary. If 20 volts were 
applied to the primary ' (providing the wire could handle the 
increased current), the output would be 2 volts, etc. 

In Part B, a turns ratio of 1000/500 (or 2/1) permits a 
voltage ratio of 10/5. If the primary voltage were reduced 
to 5 volts, there would be 2.5 volts on the secondary. 
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If current is doubled in the primary, the magnetic field 
strength will also double. Twice as many lines of force will 
cut the secondary and induce twice as much current. Sec-

ondary voltage will also be doubled. 
But would the proportions of the voltage ratio be changed? 

No. To double the primary current, the primary voltage 
must be doubled. The voltage ratio would be increased in 
number but remain the same in proportion. 
The reason voltage ratios are given in voltage figures 

instead of reduced fractions is to advise the user what the 
correct input voltage should be. Wire size of the windings 
is selected for the amount of current that will flow at that 
voltage. If voltage is increased beyond the rated figure, the 

increased current may burn the winding. 
While the voltage ratio is usually given in voltage figures, 

the turns ratio is reduced to its lowest terms. For example, 
a turns ratio of 25,000/10,000 would be expressed as 5/2. 

115V 

Power transformer. 

The diagram above shows a power transformer similar to 
those used in some radio receivers. It has three secondary 
windings—Si, S2, and S3. Disregard the center tap on SI. 

Q11. The voltage ratio of the primary to Si is 
( t.D 

• 2. 3 , 
Q12. The turns ratio of the primary to S3 is 

Q13. The transformer (does, does not) have an iron 

core. , 

Q14. The symbol designated by F1 is a(an) • 

Q15. Would Si increase to 1,400 volts if the primary 
were connected to a 230-volt source? 
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Your Answers Should Be: 

All. The voltage ratio of the primary to S1 is 115/700. 

Al2. The turns ratio of the primary to S3 is 23/1. 

A13. The transformer does have an iron core. 

A14. The symbol designated by F1 is a fuse. 

A15. S1 would probably not increase to 1,400 volts. 
(Doubling the current in the primary would 
undoubtedly blow F1, so there would be no voltage 
on either side of the transformer.) 

Frequency Rating 

Another transformer rating is the AC frequency for 
which the transformer is designed. Frequency, as you re-
call, is measured in cycles per second. DC has zero fre-
quency because its voltage does not vary. AC voltage varies 
because its value rises and falls during its positive half 
cycle followed by a similar rise and fall in the negative 
direction. The frequency of the voltage is the number of 
times a complete cycle repeats in a second. 
Transformers are designed to operate at one specific fre-

quency. Wire, insulation, and core material are selected to 
operate efficiently at the number of times the voltage (cur-
rent) values rise and fall and change direction. 
Reactance—You are aware that the atomic structure of a 

resistor or wire offers a resistance to the flow of electrons 
(current). Electrons find it twice as difficult to flow through 
a 2,000-ohm resistor as through one of 1,000 ohms. 
Constantly changing AC current encounters a similar 

reaction when flowing in a coil. Expanding and contracting 
lines of force cut through the primary coil (the conductor 
in which they were developed) as well as the secondary 
winding. 
As the illustration on the next page shows, the magnetic 

field induces a current in its own coil that tends to oppose 
the coil current. These two currents react against each 
other. This characteristic is called inductive reactance. It 
opposes or limits the flow of AC just as resistance limits 
AC or DC in a resistor. 
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For purposes of simplicity, only one segment of the total 
force lines is shown in the diagram. Keep in mind that the 
magnetic field actually surrounds the conductor at every 
point along its length. 

- 

I 

Magnetic lines cutting an adjacent turn. 

Reactance is directly related to frequency. The amount of 
reactance in a coil is determined by the frequency of the 
current and by the number of turns of wire in the coil. The 
greater the number of times the magnetic field changes 
direction in a second, the more times adjacent turns will 
be cut, and the greater will be the opposing current. 

Coils and transformers are designed to operate at the 
reactance established by the designated frequency. For 
example, a coil may have a reactance of 30 ohms to a cur-
rent whose frequency is 60 cycles per second. If the coil 
is connected to a 600-cycle source, its reactance will increase 
to 300 ohms. Since reactance is an opposition to AC, the 
current through the coil will be less with the 600-cycle 
source than with the 60-cycle source. 
Suppose a 400-cycle transformer is connected to a 60-cycle 

115-volt wall outlet. What will happen to the transformer? 
The reactance will be reduced to almost one seventh its 400-
cycle value and almost seven time as much current will flow. 
The excess current will probably burn the winding. Remem-
ber to check the frequency rating before connecting a trans-
former to a voltage source. 

Q16. A full AC cycle contains  and 
.1 4 half cycles. 

Q17. Tran formers are, designed to operate at one spe-
cific   

Q18. A tr nsformer its designed to operate at 60 cycles 
per second. What will happen if it is connected to 
a DC source? ko (ei 
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Your Answers Should Be: 

A16. A full AC cycle contains positive and negative 
half cycles. 

A17. Transformers are designed to operate at one spe-
cific frequency. 

A18. A transformer designed for 60 cycles per second 
and connected to DC will have its winding burned. 
DC has a frequency of zero cycles per second 
and therefore a reactance of zero ohms. The only 
limit to the flow of current would be the low 
resistance of the wire. 

WHAT YOU HAVE LEARNED 

1. Transformers are electrical devices which convert AC 
voltage and current from one value to another. 

2. Transformers contain at least one primary and one 
secondary winding. The windings are coils and are 
sometimes wound on iron cores. 

3. Current flowing in a conductor develops a magnetic 
field about the conductor. Magnetic lines of force cut-
ting through a conductor cause current to flow. 

4. Transformers can be designed for AC but not for DC. 

5. Transformer action is a transfer of energy. AC in the 
primary generates a magnetic field which induces cur-
rent in the secondary. 

6. Transformers are rated as follows: 

a. Voltage ratio. The voltage ratio specifies the number 
of volts transferred between the two windings. The 
transformer can be used as either a step-up or a 
step-down unit, depending on which winding is used 
as the input. 

b. Turns ratio. A ratio of primary turns to secondary 
turns. 

c. Frequency. Because of AC reactance, transformers 
are designed for use at a specific frequency. Use at 
any other frequency may damage the windings. 
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10 

Uriderstancling 
Capacitors 

A capacitor is another 

What You very basic but highly 
useful circuit component. 

Will Learn Since it can regulate cur-
rent, as do resistors and 

coils, the capacitor is used for this purpose in most elec-
tronic and many electrical circuits. Upon completing 
this chapter, you will understand what capacitors are, 
how they are used and connected in circuits. 

WHAT IS A CAPACITOR? 

A capacitor has the ability to store electrical energy. 
Because it can do this, it is able to control the amount and 
the manner in which current will flow in a circuit. 
Most electronic circuits consist of a combination of only 

three components—resistors, inductors, and capacitors. Each 
reacts in a different way to AC and DC voltage and current. 
A resistor, as you recall, controls electricity by limiting 

the flow of current. This reaction is called resistance. It 
affects the flow of either AC or DC current. 
An inductor controls electricity by regulating the flow of 

AC current. The magnetic field in an inductor cuts its own 
coils, developing a voltage that opposes a change in current. 
This is called inductance. 
A capacitor controls electricity by also regulating the flow 

of AC current. It stores an electrical charge which opposes 
any change in current. This property is called capacitance. 
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HOW DOES A CAPACITOR WORK? 

A capacitor, sometimes called a condenser, is manufac-
tured in several shapes and sizes. A number of capacitors 
are shown below. You may recognize a few. 

MICA 

CERAMIC, 
DISC 

PAPER, 
TUBULAR 

PAPER, 

"BATH TUB" 

CERAMI C, 
ADJUSTABLE 

ELECTROLYTI C, "CAN" 

Types of capacitors. 

ELECTROLYT IC, 

TUBULAR 

VAR IABLE 

(METAL) 

Several of each kind of capacitor are probably in your 
home. They can be found in radios, television receivers, 
intercoms, audio systems, and other electronic equipment. 
A capacitor is used with some electrical motors and even 
in the ignition systems of automobiles. 

198 



Basic Construction 

Every capacitor is constructed in the same basic manner. 
An insulating material, called a dielectric, is sandwiched 
between two conductors (usually a pair of metal plates). A 
wire is connected to each plate to form the leads or ter-
minals of the capacitor. Details are shown below. 

METAL PLATES 
(CONDUCTORS) 

WIRE LEAD 

DIELECTRIC (INSULATOR) 

WIRE LEAD 

Basic capacitor construction. 

This basic principle is elaborated upon to produce the 
shapes shown on the opposite page. For example, the plates 
of the variable capacitor are curved and exposed. Since air 
is an insulator, it forms the dielectric. 
The tubular capacitor, as shown below, uses lengths of 

metal foil as the plates, which are separated by strips of 
treated paper to form a dielectric. Wire leads are connected 
to the exposed ends of the foil and the assembly is rolled 
into a tight spiral and placed in a case. 

FOIL 

INSULATOR 
FOIL (D I ELECTR I CI 

Tubular capacitor. 

Ql. The opposition to current flowing through the 
atomic ,-gtructure of material is called 

Q2. The reaction of a changing magnetic field to cur-
rent change is called . 

Q3. The reaction of a sto ed ele,ctrical diarge to current 
change is called C-
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Your Answers Should Be: 

Al. The opposition to current flowing through the 
atomic structure of material is called resistance. 

A2. The reaction of a changing magnetic field to cur-
rent change is called inductance. 

A3. The reaction of a stored electrical charge to cur-
rent change is called capacitance. 

Electrical Principle 

The structure of a capacitor obeys the fundamental prin-
ciples of voltage and current as applied to conductors and 
insulators. Assume, as shown in the following diagram, 
that the plates of a capacitor are connected to a battery 
through a switch. An edge view of the plates is illustrated. 

10V 

 de°  

(DIELECTRIC) 

0 VOLTS 

The open switch prevents the battery voltage from being 
applied across the capacitor. A voltmeter will show a zero 
voltage between the plates. This is normal, since all matter 
tends to seek a natural balance when no forces are applied. 
Suppose the switch is now closed. A first thought might 

be that no current would flow. Current does not flow 
through an insulator, and the dielectric is an insulator. 
Current in the circuit will flow, however. 

riT CURRENT 
10„ ELECTROSTATIC}IIIIIIIIIIIIII 

FIELD 

tr_ 
CURRENT •••••J P 

0 VOLTS 

Current will flow until a charge (voltage) of ten volts 
appears across the plates. The plates are conductors and 
therefore have electrons free to flow as current. Electrons 
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have a negative charge. They are repelled (caused to 
move) by the negative pole of the battery and attracted by 
the positive pole. The positive terminal pulls electrons away 
from the bottom plate of the capacitor and the negative 
terminal forces them to accumulate on the top plate. 
A deficiency of electrons results in a positive potential 

(voltage) on the bottom plate and an excess of electrons 
makes the upper plate negative. Current flows, rapidly at 
first, but more slowly as the voltage across the capacitor 
builds up to the same potential as the battery. When cur-
rent ceases to flow, 10 volts will be across the capacitor. 
A field of force, equal to ten volts, now exists between 

the two plates. This field is called an electrostatic force 
and has a direction as shown by the arrows—from negative 
to positive. The excess electrons are attracted to the posi-
tive plate (whence they came). It is this attraction that 
develops the force. Suppose the switch is now opened. Will 
the electrostatic force of 10 volts disappear? 

10 VOLTS 

FLECTROSTATIC}11111111111111 
FIELD ' ' 

++++++++++ ++++++++++ 

The voltage across the capacitor is still 10 volts, just as 
it was before the switch was opened. The excess electrons 
remain because there is no path for them to return to the 
positive plate (assuming the voltmeter has infinite internal 
resistance through which no electrons can travel). 

Q4. Electrons leave the capacitor plate connected to the 
ft s battery terminal. , 

Q5. Electrons are repelled by a   voltage. 

Q6. The plate that has a(an) (excess, deficiency) of 
electrons has a negative charge. 

Q7. A(an)   force is set up be-
tween the plates of a charged capacitor. 

Q8. The insulating material through which the force 
lines extend is called a(an)   
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Your Answers Should Be: 

A4. Electrons leave the capacitor plate connected to the 
positive battery terminal. 

A5. Electrons are repelled by a negative voltage. 

A6. The plate that has an excess of electrons has a 
negative charge. 

A7. An electrostatic force is set up between the plates 
of a charged capacitor. 

A8. The insulating material through which the force 
lines extend is called a dielectric. 

Capacitor Charge and Discharge 

"Charging" is the term used when a capacitor is acquir-
ing a potential. In the example on the preceding page, the 
capacitor was charged to 10 volts. 
Some capacitors can be charged to extremely high volt-

ages and will retain this charge for long periods. The capac-
itor in the high-voltage section of a TV receiver builds up 
to ten thousand volts or more. So be careful when working 
around capacitors. A capacitor can be discharged either 
through normal operation of a circuit or by shorting the 
capacitor leads. 

When the capacitor discharges, the excess electrons 
return to the positive plate, the difference in potential (volt-
age) between the two plates becomes zero, and the electro-
static force disappears. As a matter of fact, the voltmeter 
constitutes a circuit between the plates of the capacitor, 
thus forming a path for the electrons to return to the posi-
tive plate. The high resistance of the meter, however, limits 
the current, resulting in a long discharge time. This can be 
seen by watching the meter pointer. 
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Effect on DC Current—As you have seen, a capacitor 
blocks the passage of DC current. Current flows only long 
enough to build up a charge equal to the source potential. 

Effect on AC Current—You will often hear or read that 
AC flows through a capacitor. This is not true. As long as 
the dielectric retains its insulating quality (the applied 
voltage does not become great enough to puncture a path 
through the dielectric) very few electrons will pass through. 
With AC voltage applied, electrons accumulate first on 

one plate and then the other, as the voltage changes polar-
ity. But this electron current does not change in phase (in 
step) with the voltage. The diagram shows the schematic 
symbol and letter designation for a capacitor, and a graph 
of the current and voltage relationships. 

Voltage and current in capacitor. 

At time zero, the applied voltage starts to go positive. At 
that instant, current flow from one capacitor plate to the 
other is maximum. As the source voltage increases, I 
decreases because the charge on the capacitor is getting 
closer and closer to the applied E. When E reaches maxi-
mum positive (at time t1), the capacitor is charged to the 
same value. Current is zero. When source E decreases 
toward zero volts, capacitor E is greater and causes current 
to flow in the opposite direction. At zero source volts, cur-
rent has become maximum negative (time t2). The differ-
ence and equality of the source voltage and the capacitor 
charge continue in the same time sequence for the next 
half cycle. As the graph shows, current is always a quarter 
of a cycle ahead of the source voltage. 

Q9. Current leads AC voltage by a(an)   
cycle in a capacitor circuit. 
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Your Answer Should Be: 

A9. Current leads AC voltage by a quarter cycle in a 
capacitor circuit. 

CAPACITOR CHARACTERISTICS 

Before circuits are shown that prove the effects of a 
capacitor on AC and DC current, you must learn a little 
more abotit capacitor characteristics. 

Units of Measurement 

A capacitor is measured in terms of its capacitance, which 
is a definition of how many excess electrons it can store 
on one plate to develop a specific charge. A farad is the 
unit of capacitance just as ohm is the unit of resistance. 
However, when a farad was first defined it was too large 

a unit for any practical purpose. Capacitors are either 
measured in microfarads (one-millionth of a farad), abbre-
viated IL (mu) or mfd, or in micromicrofarads, (one-millionth 
of a millionth of a farad), abbreviated pef or mmf. 

AREA OF THE PLATES 

DI STANCE 
BEPNEEN 

THE PLATES 

DIELECTRIC CONSTANT 

Factors affecting capacitance. 

Capacitance (farads) is determined by three factors: 

1. Area of the plates. Larger area, greater capacitance. 

2. Distance between the plates. The closer the plates, the 
greater the capacitance. 

3. Dielectric constant (type of material). A higher con-
stant, a larger capacitance. The constant for air is 
given as 1. Paraffin paper is 3.5; mica, 6; flint glass, 
9.9. For example, a mica capacitor would have 6 times 
as much capacitance as a capacitor with air as a dielec-
tric, all other things being equal. 
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Voltage Rating 

If the voltage applied across a capacitor is too large, the 
dielectric fails to maintain its insulating qualities. It breaks 
down under the stress of the electrostatic force and allows 
current to flow from one plate to the other. 
Capacitors are given a working-voltage rating. This rat-

ing is the highest voltage that a capacitor can withstand 
without the possibility of creating a short-circuit through 
the dielectric. The type of material and thickness of the 
dielectric determines what the working voltage will be. 

Since the distance between plates is one of the factors 
which determines the capacitance and working voltage, a 
capacitor having both a large capacitance and a high volt-
age rating will also have a large plate area. 
A working-voltage rating pertains to a DC voltage or the 

peak value of AC. The peaks of an AC voltage wave are 
about 1.41 times its effective or working voltage. 115 volts 
DC and 115 volts AC are compared below. 

DC voltage versus AC voltage. 

The peaks of 115 volts AC are actually 162 volts. A capac-
itor with a 150-volt rating will work well on 115 volts DC 
but not 115 volts AC. Standard practice is to use a capacitor 
with a working voltage about 50 % higher than any voltage 
expected in the circuit. 

Q10. A (thick, thin) dielectric allows more capacitance. 

Q11. A small plaie area develops (greater, less) capaci-
tance than a larger area. 

Q12. Glass is a (better, poorer) insulator than mica. 

Q13. Working voltage is equal to the DC value or to 
the r_ _ _ _ value of AC. 

Q14. A higher working voltage will be possible with a'? 
(thicker, thinner) dielectric. 

7 
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Your Answers Should Be: 

A10. A thin dielectric gives more capacitance. 

All. A small plate area will develop less capacitance 
than a larger area. 

Al2. Glass is a better insulator than mica. 

A13. Working voltage is equal to the DC value or to 
the peak value of AC. 

A14. A higher working voltage will be possible with a 
thicker dielectric. 

A TIMING CIRCUIT 

A capacitor and a resistor can be placed in a circuit to 
operate as a timing device. If the values of R and C are 
carefully selected, the circuit can determine when an exact 
number of seconds has elapsed. This circuit contains com-
ponents from previous circuits—a 15-volt battery, a 1-
megohm resistor, a DPDT switch, and a 20-mfd electrolytic 
capacitor (connected as shown). 

15V 

A timing circuit. 

The resistor limits the amount of current flow which 
charges C1. The values of R1 and C1 determine the charge 

time. 
If you have constructed the circuit, you can see the build-

up of the capacitor charge (voltage) by watching the volt-

meter. At the instant S1 is moved to position A, the meter 
pointer begins to move quickly across the scale. As the 
capacitor increases its charge (in opposition to battery volt-
age), current starts to decrease. The pointer moves slower 
and slower. Before it reaches 15 volts (full charge), its 
movement is almost impossible to see. 
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In an RC (resistance-capacitance) circuit, charge and dis-
charge times are measured in RC seconds. Part A in the 
illustration below shows the rise of voltage across a capac-
itor during charge. 

CAPACITOR CHARGE 

- - 15 VOLTS- - - - - - 

63% 

1 2 3 4 5 

— A — 

CAPACITOR DISCHARGE 

-15 VOLTS - - 

RC is a quantity obtained by multiplying R (ohms) by C 
(farads). Any capacitor in an RC circuit (such as this one) 
charges to 63 % (actually 63.2 % ) of its final value (battery 
voltage) in one RC second. In 5 RC seconds it reaches full 
value. The arithmetic statements are: 

R (ohms) x C (farads) = time (seconds) ; or 

R (megohms) X C (microfarads) = time (seconds) 

Since R is one megohm and C is 20 microfarads in the 
circuit on the opposite page, the capacitor charges to 63 % 
of its full charge in 20 seconds. 63% of 15 volts is 9.45 
volts. When the meter pointer reaches this value you know 
that 20 seconds have passed since moving S1 to position A. 

If you move S1 to position B, the capacitor discharges at 
the rate shown in Part B (the exact reverse of Part A). 
The capacitor discharges to 37% of its full charge in one 
RC second, a value of 5.55 volts. The RC time constant, as 
it is called, holds true for any voltage. 

Q15. How long does it take the capacitor in the circuit 
on the opposite page to charge to 15 volts? 

Q16. If R1 were 10 megohms and C1 were 16 micro-

farads, how long would it take C1 to charge to 
9.45 volts? 1 () 

Q17. If a 50-volt battery were used, how many seconds 
would it take the capacitor to reach 63% of full 
charge. What would the voltage be at that time? 
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Your Answers Should Be: 

A15. 100 seconds. (If one RC time is 20 seconds, 5 RC 
time constants equal 100 seconds.) 

A16. 160 seconds. (9.45 volts is the 63% level with a 
15-volt source. 10 (megohms) x 16 (microfarads) 
is equal to 160 seconds. 

A17. 160 seconds. Regardless of the voltage, it will still 
take one RC time to reach 63 % of full charge. 
31.5 volts is the 63 % level. 

DC BLOCKING 

By alternately manipulating the two switches in the pre-
ceding circuit, you can simulate what the capacitor will do 
if AC voltage is applied. Closing one switch charges (in-
creasing AC voltage) the capacitor, and closing the other 
switch (and opening the first switch at the same time) 
discharges (decreasing AC) the capacitor. 
Whether DC or AC, current in the circuit did not pass 

through the capacitor. Instead, it flowed back and forth 
through the circuit, collecting first on one plate and then 
on the other. The effect is that of AC being passed through 
the capacitor. This characteristic of a capacitor is used in 
most electronic circuits where it is necessary to control 
alternating current, but yet allow it to flow through the 
circuit. 
Transistors and vacuum tubes operate in electronic cir-

cuits with DC voltage applied to their elements. In nearly 
all such circuits, an AC signal is applied to the input of the 
circuit (to be amplified, for example). The AC must be 
allowed to pass through the amplifier, but the DC voltage 
must not. A capacitor can be used for this purpose—block-
ing DC. The circuit on the next pàge demonstrates how 
this is accomplished. 

DC Blocking Circuit 

The circuit which follows uses a 15-volt battery, a 3,000-
ohm resistor, and a 20-mfd electrolytic capacitor. 
How many volts would you expect to read with the meter 

probes connected to points A and C? Fifteen volts, the full 
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battery voltage, is correct. Points A and C are directly con-
nected to the battery. How many volts will appear between 
points B and C? 

A 

I5V 

SI 

AC 
SIGNAL 

; Cl 

20 mfd 

RI 

3K 

DC blocking. 

To develop a voltage across R1, current must flow through 
it. At the instant the circuit is connected, current flows 
from the lower plate of the capacitor through R1 and the 
battery to the upper plate. In 5 RC times, the capacitor is 
fully charged and current stops flowing. 
Applying the voltmeter across R1 after this time gives a 

reading of zero volts. When current is not flowing through 
a resistor, a voltage drop is not present. 
Applying an AC Signal—Closing S1 applies an AC signal 

(voltage and current) across the same load. AC current 
flows back and forth from one plate of the capacitor to the 
other through the signal source. It also develops a voltage 
across R1 that corresponds to the changes of the AC signal. 
Connections from B and C to another circuit would apply 
the changing voltage to the input of the second circuit. 
And no DC would interfere with its proper operation. 

Q18. In the above circuit (without AC applied), how 
long does it take C1 to charge to 63% of 15 volts?' 

Q19. The terminal of an electrolytic 
capacitor must be connected to a negative voltage 
source. 

Q20. After C1 is charged, _ _ will not flow through R1. 
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Your Answers Should Be: 

A18. 0.06 second. R, is 0.003 megohm and when it is 
multiplied by 20 microfarads, one RC time is 0.06 
second, or 60 milliseconds. 

A19. The negative terminal of an electrolytic capacitor 
must be connected to a negative voltage source. 

A20. After CI is charged, DC will not flow through R,. 

WHAT YOU HAVE LEARNED 

1. Capacitance controls the flow of AC current. 

2. Capacitors are used in many electrical and electronic 
circuits. 

3. A capacitor is a pair (or pairs) of plates separated by 
a dielectric. The dielectric, an insulator, does not pass 
current as long as the applied voltage is kept within 
the capacitor rating. 

4. When a capacitor is connected to a voltage source, elec-
trons move from one plate through the circuit and 
accumulate on the other plate. This charges the capaci-
tor electrically and develops an electrostatic field be-
tween the plates. A capacitor discharges when the 
excess electrons on one plate return to the other plate. 

5. DC current is blocked by a capacitor. AC appears to 
pass through by alternately charging and discharging 
the capacitor. 

6. The effect of an electrostatic charge on AC is to cause 
current in a circuit to follow the AC wave pattern a 
quarter of a cycle in advance of the voltage. 

7. A capacitor is measured in farads, microfarads (mfd), 
and micromicrofarads (mmf). It has a working-voltage 
rating that should not be exceeded. 

8. Capacitors can be used in a timing circuit where charge 
and discharge time is measured in terms of an RC time 
constant. Another use for a capacitor is to block DC 
from those parts of a circuit where it is not desired. 
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11 

Understanding 
Diodes 

In the early days of elec-
What You tricity, a terminal for an 

electrical device was called 
Will Learn an electrode—a battery 

electrode, for example. 
When a device having two electrically active terminals 
was developed, it was termed a di(two) -ode(electrode). 
A diode is a device through which current passes readily 
in one direction but with great difficulty in the other. In 
this chapter you will learn of the two different families 
of diodes, what they are, how they work, and what use-
ful purposes they serve in a circuit. 

WHAT IS A DIODE? 

A diode is an electrically operated device which has two 
elements (or terminals). If a voltage source is applied to 
these elements in the correct polarity, current flows through 
the diode. However, if the polarity is reversed, very little 
(if any) current passes through. 
There are two general families of diodes—vacuum tube 

and solid state. A vacuum-tube diode is constructed with 
the two elements enclosed in a glass or metal envelope. 
Current flows from one element to the other through a 
vacuum or, in some units, through a special type of gas. 
A solid-state diode contains two dissimilar metals or two 

different types of semiconductor materials. Current flows 
between the junction formed by the metals or materials. 
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. HOW DO DIODES WORK? 

Although both types of diodes conduct current in one 
direction only, the electrical principles which permit them 
to do this are different. 
Their appearances are different also. The largest of the 

devices is the vacuum-tube diode; the others shown below 
are representative shapes of the solid-state variety. 

High-current. 

Selenium. 

Vacuum-tube. 

Diodes. 

High-frequency. 

Vacuum-Tube Diodes 

The exterior of a vacuum-tube diode is usually a glass 
tube (sometimes metal) fitted 
into an insulated base. The 
interior is a vacuum (to per-
mit ease of a electron flow). 
Suspended in the vacuum are 
two elements, as shown in the 
schematic symbol, called a 
cathode and .a plate. A third 
element, a heater, is mounted 
close to the cathode. 

HEATER 

Diode schematic symbol. 
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Each element is connected to a pin (two are for the 
heater) on the base of the tube. The pins fit into a tube 
socket having terminals to which connections can be readily 
made. 

The Cathode—The cathode is normally a small metal 
cylinder sitting upright in the tube. It is coated with a 
certain type of material which emits electrons when «heated. 
A voltage (the amount depends on the tube design) applied 
to the filament wires of the heater raises the temperature 
of the cathode high enough to cause the coating to "boil 
off" a cloud of electrons. The electron cloud surrounds the 
cathode as long as the heater gives off heat. 

HEATER VOLTAGE 

ELECTRON 
CURRENT 

ELECTRON 
CLOUD 

Electron flow in a vacuum-tube diode. 

The Plate--The plate (sometimes called an anode) is a 
metal cylinder mounted around the cathode. With a bat-
tery connected to the diode as shown in the diagram, current 
flows through the tube. Negative voltage on the cathode 
(symbol K) repels the negative electrons from the cloud 
toward the plate (symbol P). Positive voltage on the plate 
attracts the electrons. Current flows from the plate through 
the external load, through the battery, and back to the tube 
via the cathode. 

If the voltage polarity is reversed, current does not flow. 
A negative plate repels electrons back toward the cloud, and 
a positive cathode attracts them in the same direction. 

Ql. Electrons flow from the to the  
in a vacuum-tube diode. 

Q2. When heated, a(an)   forms 

around the cathode. 
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Your Answers Should Be: 

Al. Electrons flow from the cathode to the plate in a 
vacuum-tube diode. 

A2. When heated, an electron cloud forms around the 

cathode. 

Solid-State Diodes 

In a solid-state diode, current flows through a material 
rather than a vacuum. There are two general types—one is 
a metallic rectifier and the other a semiconductor diode. 

Metallic Rectifiers—These are constructed of two differ-
ent metals tightly pressed together. 

COPPER Ii 
-4--COPPER IW/i2 IRON 

COPPER OXIDE 

SELEN I UM 

SELEN I UM 

Metallic rectifiers. 

A copper-oxide rectifier is made of a thick disc or square 
of copper upon which a thin layer of copper oxide is depos-
ited. As the illustration shows, current flows from the 
copper to the copper oxide if a negative voltage is applied 
to the copper and a positive voltage to the oxide. If the 
polarity of the voltage is reversed, a very small amount of 
current flows in the opposite direction. It is small compared 
to the amount that flows in the normal direction. In other 
words, the rectifier has a very low resistance in the direc-
tion from the copper to the copper oxide and a very high 

resistance in the opposite direction. 
A selenium rectifier has a thick base of iron on which is 

deposited a thin layer of selenium. Current passes very 
easily from the selenium to the iron, but a very high resist-
ance path exists in the opposite direction. 
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Semiconductor Diodes—A semiconductor diode is made of 
the same materials as those used in transistors, usually 
germanium or silicon. The silicon diode is more expensive 
than the germanium diode, but is able to handle a greater 
amount of current. 

During manufacture, a tiny block, identified as P-type, 
is treated in such a way as to have a deficiency of elec-
trons. Another block is identified as N-type, and is treated 
to have an excess of electrons. Such a diode is often called 
a PN junction. 

When joined, a voltage barrier forms at the junction, 
preventing the electrons in the N material from moving 
over to the P material. However, when a voltage is applied 
(as shown in the drawing) the barrier is overcome and 
electrons flow from N to P. The schematic symbol used for 
all solid-state diodes is also shown. 

-F 

EXCESS / ELECTRON 
ELECTRONS DEFICIENCY 

JUNCTION 

Semiconductor diode 

CATHODE PLATE 

DIRECTION OF 
CURRENT FLOW 

and symbol. 

Voltage polarities necessary for current to flow are labeled 
on the symbol. Current flows through the diode toward the 
arrowhead. 

Q3. The arrowhead of a semiconductor symbol corre-
sponds to the ---_ of a vacuum-tube diode. 

Q4. For current to flow in a diode, the cathode must 
have a   voltage with respect to a 
 voltage on the plate. 

Q5. N-type germanium has an (excess, deficiency) of 
electrons. 

Q6. From plate to cathode in a diode is a direction of 
' — resistance. 

Q7. In one type of metallic rectifier, current flows best 
from to iron. 

Q8. The letter symbol for a cathode is and for a 
plate it is . 
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Your Answers Should Be: 
A3. The arrowhead of a semiconductor schematic sym-

bol corresponds to the plate of a vacuum-tube 

diode. 

A4. For current to flow in a diode, the cathode must 
have a negative voltage with respect to a positive 
voltage on the plate. 

A5. N-type germanium has an excess of electrons. 

A6. From plate to cathode in a diode is a direction of 

high resistance. 
A7. In one type of metallic rectifier, current flows best 

from selenium to iron. 

A8. The letter symbol for a cathode is K, and for a 
plate it is P. 

DIODE REACTION TO AC AND DC 

It can be easily proved that a diode allows current to 
flow in one direction and not in the other by constructing 
the circuit below. A 1.5-volt lamp, an ammeter, and a diode 
are connected in series across a 1.5-volt cell. (Semicon-
ductor diodes are distinguished from each other by a num-
ber-letter designation. The diode recommended for this cir-
cuit is a 1N539.) 

4 

Correct diode connection. 

With the connections made as shown, current will flow 
and the lamp will light. The ammeter will record very close 
to 200 milliamps. Now reverse the connections of the diode. 
Will the lamp light? No. And, as indicated in the next draw-
ing, the meter pointer will remain on zero. The plate-to-
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cathode resistance of the diode is sufficiently high to prevent 
a flow of current. A small amount may leak through, but 
it is not enough to record on the meter. 

Incorrect diode connection. 

A vacuum-tube diode is shown in a similar circuit below. 

Vacuum-tube diodes need two voltage sources. 

Current flows. Note that this particular diode requires 
a 6-volt source to heat the filament and 100 volts across the 
cathode and plate. Other vacuum-tube diodes operate with 
higher or lower voltages, but all require two sources. 

Q9. In the last circuit above, current travels through 
the lamp from (left, right) to (left, right). 

Q10. If the vacuum tube and meter have zero resistances 
and the lamp has a resistance of 150 ohms, how 
much current will flow? 

Q11. If the 6-volt battery is disconnected, how much cur-
rent will flow? 

Q12. How much current will flow if the 100-volt battery 
leads are reversed? 

Q13. With the leads reversed, how much voltage will 
exist between K and P of the diode? 

Q14. The plate of a semiconductor diode is designated by 
the ( bar, arrowhead) symbol. 
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Your Answers Should Be: 

A9. Current travels through the lamp from left to 
right. 

A10. 0.67 amp. (Because there is zero resistance in the 
rest of the circuit, 100 volts is applied across the 
150-ohm lamp resistance.) 

All. Zero current. (Without heat the cathode does not 
emit electrons.) 

Al2. Zero current. (The tube will not conduct with 
negative plate and a positive cathode.) 

A13. 100 volts. (Although current is not flowing, the 
battery is still connected to the tube.) 

A14. The plate of a semiconductor diode is designated 
by the arrowhead symbol. 

RECTIFYING AC 

To rectify means to convert AC to DC.— A rectifier is a 
device that accomplishes this, add a-rectifying circuit is one 
in which it is done. A diode is a rectifier. 
You know that an alternating voltage increases and 

decreases in positive voltage during a half cycle and in the 
next half cycle makes the same changes in negative voltage. 

ONE CYCLE ONE CYCLE 
+15V 

+10V - 

+5V - 

0 

-5V 

-10V 

-15V 

POSITIVE 
HALF 
CYCLES 

NEGATIVE 
HALF 
CYCLES 

TIME IN SECONDS 

ONE CYCLE 

An alternating voltage. 

As long as the voltage is generated, the positive and nega-
tive half cycles repeat themselves alternately. 

Diode Reaction to AC 

How does current flow in a diode circuit with AC voltage 
applied? Remember, current flows in one direction through 
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a diode only when the plate is more positive than the cathode. 

Diode reaction to AC. 

POSITIVE 
HALF CYCLE 

NEGATIVE 

HALF CYCLE 

LOAD 
RES I STOR 

OUTPUT VOLTAGE 

NO CURRENT NO VOLTAGE 

During a positive half cycle, the upper terminal of the 
source is positive with respect to the lower terminal. This 
means the lower terminal may be at zero volts, but it is 
negative when compared to the positive upper terminal. 
Therefore, the plate of the diode is positive with respect to 
the cathode. A changing half cycle of current flows. 

If a device called an oscilloscope is connected across the 
load resistor, an exact picture of the changing voltage drop 
will be shown. This changing voltage will look exactly like 
the waveform at the voltage source. 
During the next half cycle, the upper terminal voltage 

becomes negative with respect to the lower, and the diode 
plate is negative with respect to the cathode. As you know, 
current will not flow under these conditions. Since the diode 
presents a very high resistance in the circuit, all of the 
source voltage will be dropped across it. No voltage will be 
displayed across the load resistor. 

Q15. s theeircuit is connected above, only the 
'' - half cycles of the AC voltage will 

ppear across the load resistor. 

Q16. A rectifier converts: to to — ----. 

Q17. Draw a diagram showing the waveforms that will 
appear across R in the above circuit. 
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Your Answers Should Be: 

A15. As the circuit is connected, only the positive half 
cycles of the AC voltage will appear across the 
load resistor. 

A16. A rectifier converts AC to DC. 

A17. 

A DC POWER SUPPLY 

Most electronic equipment requires two or more values of 
DC voltage to operate its circuits. Since alternating current 
is the normal supply, a power-supply circuit is used to pro-
vide the required DC voltages. Either a solid-state or a 
vacuum-tube diode is used for the initial conversion. 

Filter Circuit 

Your diagram shows the output voltage obtained from the 
diode circuit is DC—current flows in only one direction— 
but it is not a smooth, nonvarying DC. In fact, it is called 
a pulsating DC. The waveform is a series of pulses. 

Filtering Action—The peaks and valleys of the pulsating 
waveform can be smoothed out by a filter circuit. A capaci-
tor can be used to filter (smooth) out some of the changes. 

P _ K 

FILTER CIRCUIT 

Filter circuit. 

As the source voltage rises to maximum positive, current 
flows through R1 and the diode. Some of the current also 
charges the capacitor to the value of the source voltage. 
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At the instant the applied voltage begins to decrease, C1 
starts discharging, trying to maintain the same voltage 
level. The discharge path of C1, however is through R1. The 
current from C1 cannot flow backward through the diode. 
Since resistance regulates the time of discharge ( IORC time 
constants to discharge completely), the discharge time is 
slow. As shown in the diagram below, the output waveform 
does not follow the descending curve of the input. It 
decreases at a much slower rate. 

->rK  

r"\ 
Cl 

NO CURRENT DISCHARGE 

Filter discharging. 

During the negative input half cycle, the diode does not 
allow current to flow, but the capacitor continues to dis-
charge. The discharge current decreases as the capacitor 
charge grows less. On the next positive swing, the diode 
does not conduct current until after the input voltage has 
increased to an amount equal to the charge on C1 at that 
instant. The plate must be more positive than the cathode 
for the diode to conduct. The sequence continues. The 
resulting output waveshape (in solid lines) is shown below. 
Such an output is called DC ripple voltage. 

Q18. The pulse-like waveform developed by a diode cir-
cuit is called  

Q19. The changing voltage pattern made by these pulses 
can be smoothed out by a circuit. 

Q20. The filter capacitor begins to   as 
soon as the positive voltage input begins to 
decrease. 

Q21. The filtered output is called a ----------. 
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Your Answers Should Be: 

A18. The pulse-like waveform developed by a diode 
circuit is called pulsating DC. 

A19. The changing voltage pattern made by these 
pulses can be smoothed out by a filter circuit. 

A20. The filter capacitor begins to discharge as soon 
as the positive voltage input begins to decrease. 

A21. The filtered output is called a DC ripple. 

Full-Wave Power Supply 

The preceding circuit is a half-wave rectifier. It allows 
only half the AC wave (positive half cycles) to appear 
across the load resistor. Full-wave (both positive and nega-
tive half cycles) rectification can be obtained with the 
switching action of the diodes in the circuit below. 

Full-wave rectifier—positive half cycle. 

On the positive half cycle, current leaves the lower ter-
minal of the AC voltage source and enters terminal 3 of 
the 4-diode network (called a bridge). The bridge is posi-
tive to negative from top to bottom because of the source 
polarity. Diode B has a negative cathOde and a positive 
plate, but diode D has reverse polarity across it. Current 
must therefore flow through diode B to terminal 2. This 
current charges C1 and flows through R1 to terminal 4. 
Because of polarities, this current must flow through diode 
C. Diodes D and A are of the wrong polarity. 
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CI charges as the voltage increases and discharges dur-
ing the voltage decrease, just as in the half-wave circuit. 

Full-wave rectifier—negative half cycle. 

During the negative half cycle, the polarities of the volt-
ages on the four diodes are reversed. Current leaving the 

---- upper end of the source arrives at terminal 1. The voltage on 
Fh diode C is of the wrong polarity, but diode A will conduct. 

Current leaves terminal 2, and then follows the same path 
as the positive half-cycle current. C1 has just begun to 
discharge; the rising current restores the charge to full 
voltage. The remainder of the current flows through R1 in 
the same direction as the positive half-cycle current did. 
At terminal 4, only diode D has the correct voltage polarity 
to conduct. Current flows through diode D to terminal 3 and 
the AC source. 

%\11 V \ I / 

POS. j NEC. V POS. 1 NEG. V POS. V NEC. ‘4 

Full-wave ripple voltage. 

Q22. A(an) ---- rectifier provides better fil-
tering action than a ( full-wave, half-wave). 

Q23. In the diagram at the top of this page, current at 
terminal 1 will not flow through diode C because 
current will not pass from to 

Q24. Current at terminal 4 will not go through diode C 
because its cathode is and its plate 
is  
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Your Answers Should Be: 

A22. A full-wave rectifier provides better filtering than 
a half-wave. 

A23. Current at terminal 1 will not pass through diode 
C because current will not pass from plate to 

cathode. 
A24. Current at terminal 4 will not go through diode 

C because its cathode is positive and its plate is 
negative. 

Improving the Power Supply 

The DC ripple remaining on the full-wave rectifier output 
may be satisfactory DC voltage for some equipment but not 
for others. The output can be made still smoother by 
improving the filtering action. 

A capacitor-resistor-capacitor filter 

By adding another capacitor in parallel with the load 
resistor and another current-limiting resistor in series with 
the discharge path, the filter network can reduce more of 

the ripple. 
Both capacitors are charged and recharged by the posi-

tive and negative currents switched into the filter by the 
bridge. Both capacitors discharge together through R1 as 
C1 did previously. R2 aids by limiting the flow of current 

through the filter. 
Further improvement to the filtering action can be made 

by replacing R2 with an iron-core coil. Such a coil is wound 
on a bar of iron. The reaction of a coil (inductor) to AC is, 
as you recall, one of opposing changes in current. Magnetic 
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fields, reinforced by the iron core, smooth out the ripple by 
preventing the changes from occurring. 

Load Resistors 

Some electronic equipment requires two or more values of 
DC voltage for proper operation. These voltages can be 
selected from the load resistor. 

TO DC 
VOLTAGE 
SOURCE 

The load resistor can supply different voltages. 

Suppose that the DC requirements of the rest of the 
equipment were +200, + 100, and +50 volts. A power sup-
ply can be selected or designed to produce a current large 
enough to cause a drop of at least 175 volts across RI. 
Either three series resistors of the correct values, or a 

bleeder resistor capable of being tapped at the desired 
values, can be used. The drawing above shows a bleeder 
resistor symbol. 

By making connections to terminals A and Common, 200 
volts will be available (for the plate of a vacuum tube, for 
example). To obtain 100 volts, the bleeder is tapped at the 
halfway point to obtain half the total voltage. For 50 volts, 
the resistance is tapped halfway between the 100-volt point 
and the common terminal. 

Q25. A capacitor opposes changes in current by storing 
a __ _ —_— on its plates. 

Q26. A coil opposes a change in current by developing 
a changing  

Q27. Assume in the above figure that the bleeder must 
be replaced with three separate resistors. If you 
know that 0.1 amp flows through the bleeder to 
produce a total of 200 volts, what is the value of 

R2, and R3? 
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Your Answers Should Be: 

A25. A capacitor opposes changes in current by storing 
a charge on its plates. 

A26. A coil opposes a change in current by developing 
a changing magnetic field. 

A27. R1 = 1,000 ohms; R2 = 500 ohms; R3 = 500 ohms. 
If 0.1 amp developed 200 volts across the total 
resistance, the bleeder would have to be 2,000 
ohms. (R = E/I). There would have to be 1,000 
ohms on either side of the 100-volt tap, B. And 
the two resistors from B to Common must be 500 
ohms each. 

WHAT YOU HAVE LEARNED 

1. Diodes are constructed in the form of vacuum-tube or 
solid-state devices. 

2. All vacuum-tube diodes have a cathode and plate. The 
plate must be positive with respect to the cathode to 
permit current flow. Current will not flow in the reverse 
direction (plate to cathode) regardless of the polarity. 

3. The plate and cathode in a vacuum-tube diode are 
housed in a vacuum. Heating the cathode causes it to 
emit electrons. 

4. Solid-state diodes (metallic rectifiers and semicon-
ductors) allow current to flow in one direction under 
conditions of proper polarity because of the materials 
from which they are made. 

5. A diode converts AC to DC because it forms a one-way 
street for current. A device that does this is called a 
rectifier. 

6. Output from a rectifier is pulsating DC. To smooth out 
the pulsations, a full-wave rectifier can be used. By 
adding a filter circuit—capacitors and resistors, or 
capacitors and a coil—the ripple can be made relatively 
smooth. 

7. The smooth DC voltage can be taken from the power 
supply in desired values by tapping a bleeder resistor. 
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12 

How Vacuum 

Tubes Work 

You are now going to 
What You learn the basic principles 

about a device you have 
Will Learn seen before—a vacuum 

tube. One member of the 
vacuum-tube family is a diode. The vacuum-tube group 
has several other members, many of which amplify and 
reshape the signals passing through your radio and tele-
vision receivers. You will become familiar with the 
other types of tubes, learn how they work, and become 
acquainted with how some of them are used in circuits. 

WHAT ARE VACUUM TUBES? 

You should know at least part of the answer to this 
question. If a diode has two active elements (cathode and 
plate) suspended in an evacuated (vacuum) enclosure 
(tube), then all other vacuum tubes probably have the same 
number of elements or more. 
That is exactly the situation. A triode is a vacuum tube 

with three active elements. A tetrode has four, and a pen-
tode has five. There are other tubes with more elements, 
and still others with special elements. However, they all 
obey the same principles that will be discussed here. 
Each vacuum tube has a filament to heat the cathode. 

Although the filament itself is not considered an active 
element, it performs a necessary function—it produces the 
heat to boil a cloud of electrons away from the cathode. 
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HOW DOES A VACUUM TUBE WORK? 

As you learned in the study of a diode, the cathode emits 
electrons and the plate receives electrons. Have you won-
dered how a diode is constructed to perform these functions ? 

Vacuum-Tube Fundamentals 

Although the heaters, cathodes, and plates of the various 
kinds of vacuum tubes may be built to slightly different 
dimensions and shapes, the operating principles of all 
vacuum tubes are the same. The tube elements are located 
in a vaccum to eliminate any air molecules that would 
retard the free flow of electrons to the plate. 
Heater and Cathode—The heater (filament) is a fine wire 

which, when energized, raises the temperature of the cath-
ode to the desired emitting level. Heater-cathode combina-
tions are of two types. 

SUPPORT 
CYLINDER 

FILAMENT 

SUPPORT AND 
A 7CURRENT 

LEADS 

Filament-type. 

Types of cathodes. 

COATED EMITTER 

HEATER 

Heater-type. 

Part A shows a filament-cathode. The single wire serves 
as both the filament and cathode; it is made of a material 
(normally coated or uncoated tungsten) that emits electrons 
when hot. 
Part B shows a heater-cathode combination in which there 

are two separate elements. The cathode, coated with an 
electron-active substance, fits like a sleeve over the filament. 
The filament-cathode requires less current to heat it to 

an electron-emitting temperature. This type of cathode 
works best when connected to a DC voltage source. If 
energized by AC, tube current would vary with the AC 
alternations. But because AC current is more easily sup-
plied, most of the tubes used in electronic equipment are of 
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Construction. 

the heater-cathode type. The heater and the cathode are 
electrically insulated from each other so that the alternating 
current flowing through the heater does not affect the tube 
current. 

Plate—The plate is usually a metal cylinder surrounding 
the cathode. Construction details and the accepted diode 
tube symbol are shown below. 

CATHODE WITH 
HEATER INSIDE 

PLATE 

ELEMENT SUPPORT 

Symbol. 

Diode construction and symbol. 

Cathode Temperature—The number of electrons that form 
in a cloud around the cathode depends on the cathode tem-
perature. The temperature of the cathode is controlled by 
the heat generated by the filament. There is an upper 
limit, however, beyond which a further increase in tempera-
ture will not cause an increase in electron emission. This is 
called cathode-temperature saturation. 

Plate Voltage—The plate attracts electrons from the elec-

tron cloud when the plate voltage is positive with respect 
to the cathode. By raising and lowering the plate voltage, a 
greater or fewer number of electrons will be drawn from 
the cathode. This increases or decreases the value of plate 
current (tube current). The upper limitation, where a fur-
ther increase in plate voltage will not attract any additional 
electrons, is called plate-current saturation. 

Ql. A cathode emits  

Q2. Plate current flows when the plate is  

Q3. Plate current can be increased by increasing the 
 on the  
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Your Answers Should Be: 

Al. A cathode emits electrons. 

A2. Plate current flows when the plate is positive. 

A3. Plate current can be increased by increasing the 
voltage on the plate. 

The Triode 

If a diode has two active elements, it is logical that a 
triode must have three. The cathode and plate are similar 
to those in the diode. The third element is a control grid. 
Construction—The elements in a triode are supported in 

the same manner as they are in a diode. The control grid 
is a spiral of fine wire positioned between the plate and 
cathode. It is much closer to the cathode than to the plate. 

CATHODE 

CONTROL GR I D 

PLATE 

PLATE 

CONTROL GR I D 

Construction. Symbol. 

Triode construction and symbol. 

Operation—Plate current in a diode is determined by 
cathode temperature and plate voltage. In a triode, the 
voltage of the grid with respect to the cathode also controls 
the amount of plate current. 
Because of its nearness to the cathode, the grid has 

greater control over the number of electrons reaching the 
plate than the plate does itself. Large changes in plate 
voltage cause only small changes in plate current. But small 
changes in grid voltage cause large changes in cathode-to-
plate current. 

In fact, if the grid is made sufficiently negative with 
respect to the cathode, the flow of current will be stopped 
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or cut off. The lowest voltage at which this occurs is called 
the cutoff bias. Bias voltage is the normal voltage differ-
ence between cathode and control grid. The grid is usually 
more negative than the cathode. 
A Triode Circuit—Below is a circuit which shows how a 

triode functions. 

LOAD) 

A triode amplifier. 

Battery Eg is connected in such a way that the plate is 
positive with respect to the cathode. In an actual circuit 
the positive voltage for the plate is normally obtained from 
a power supply. Battery E0 places a negative voltage on the 
grid with respect to the cathode. A resistor takes the place 
of this battery in an actual circuit. 
When the grid voltage is sufficiently negative to cut off 

the plate current, no current will flow through the load 
resistance. If made less negative, the grid will allow some 
current to flow and a voltage will be developed across R 
(load). If made even less negative, more plate current will 
flow and a greater voltage will be dropped across the resistor. 
Assume that the change in grid voltage in the last two 

steps is 2 volts (from —6 to —4). Also assume that the 
change in the plate-resistor voltage is a total of 60 volts. 
This means that the grid-voltage change has been amplified 
30 times (60/2). An AC signal on the grid would cause the 
same amount of amplification. This is how a triode amplifies. 

Q4. The control grid is mounted closer to the (cathode, 
plate) than to the  

Q5. The voltage on the control grid that stops plate 
current is called  , bias. 

Q6. A triode amplifies because changes in grid 
voltage cause changes in plate voltage. 
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Your Answers Should Be: 

A4. The control grid is mounted closer to the cathode 
than to the plate. 

A5. The voltage on the control grid that stops plate 
current is called cutoff bias. 

A6. A triode amplifies because small changes in grid 
voltage cause large changes in plate voltage. 

Multielement Tubes 

Tubes having more than three elements are called multi-
element tubes. The most common types in this group are 
the tetrodes (4 elements) and pentodes (5 elements). 
Tetrodes—Triodes are very good amplifiers of low-fre-

quency signals. At high frequencies, however, such as those 
used iii radio and television, a triode distorts (changes the 
form of) a signal during amplification. The distortion is 
caused by the capacitance that exists between the plate 
and grid. Since these two elements are conductors separated 
by an insulator (vacuum), a capacitor is formed. Capaci-
tance also exists between the other elements, but has less 
effect on the signal. 

CONTROL 
GRID 

B CATHODE 

PLATE 

SCREEN GR ID 

T GROUND 
Interelectrode capacitance. Symbol for tetrode. 

A tetrode is better for high frequencies. 

Part A in the above illustration shows the interelectrode 
(between elements) capacitance in a triode. Plate voltages 
are fed back to the control grid through this route, causing 
distortion. In a tetrode, the extra grid (called a screen) 
between the control grid and plate reduces the interelectrode 
capacitance and can be used to divert the feedback voltage 
to ground through a capacitor. Note the tetrode symbol in 
Part B. Ground is a wire (or the chassis) which serves as 
a common conductor for, or connection to, other components. 
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Pentodes—The fifth element in a pentode alleviates an-
other problem encountered in vacuum tubes—the problem of 
secondary emission. Many of the electrons making up the 
plate current strike the plate with sufficient velocity to re-
lease other electrons from the plate material and bounce 
them back into the space between the screen grid and plate. 

PLATE 

Symbol for 

a pentode. 

SUPPRESSOR GRID 

CONTROL GRID 

CATHODE 

SCREEN GRID 

HEATERS 

The fifth element of the pentode is called a suppressor 
grid. This element is usually connected internally to, and 
has the same potential as, the cathode. In other words, the 
suppressor grid is negative with respect to the plate. Spac-
ing between the turns of wire of the suppressor grid is wide 
enough for plate current to pass through, but yet sufficiently 
close enough to repel the negative secondary electrons back 
to the plate. 

between the plate and grid of a triode causes signal 
distortion. 

Q8. The fourth element of a tetrode is called a 

Q9. The screen grid bypasses the distorting feedback 
voltage to through a capacitor. 

Q10. The   symbol is an indication of a com-
mon connection to a wire or chassis for several 
components. 

Q11. Electrons that bounce off the plate due to cur-
rent flow are called   
electrons. 

Q12. The grid of a pentode repels elec-
trons back to the plate. 

Q13. The   grid is tied to the cathode. 
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Your Answers Should Be: 
A7. Interelectrode capacitance between the plate and 

grid of a triode causes signal distortion. 

AS. The fourth element of a tetrode is called a screen 

grid. 
A9. The tetrode bypasses the distorting feedback volt-

age to ground through a capacitor. 

A10. The ground symbol is an indication of a common 
connection to a wire or chassis for several 

components. 
All. Electrons that bounce off the plate due to current 

flow are called secondary emission electrons. 

Al2. The suppressor grid of a pentode repels electrons 
back to the plate. 

A13. The suppressor grid is tied to the cathode. 

VACUUM-TUBE CIRCUITS 

There are thousands of different vacuum-tube circuits. 
No one could hope to learn how each circuit works by 
memorizing their operating details. However, you can ana-
lyze how they work by applying the principles of electricity 
and electronics. You have already acquired most of the 
fundamental principles, but not at the depth required to 
be an expert. See if you can apply some of these principles 

to the circuits that follow. 

Full-Wave Vacuum-Tube Power Supply 
The circuit below performs the same rectification function 

as did the diode full-wave power supply in the last chapter. 

A full-wave power supply. 
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The transformer steps 115 volts AC up to the value de-
sired on the secondary. Each terminal of the secondary is 
connected to a separate plate of the twin diode. The second-
ary winding of the transformer is center-tapped to ground. 
Cl, R1, and C2 form the filter network. By storing a 

charge during each AC half cycle, and discharging slowly 
through the resistors, the capacitors smooth out the ripple 
in the pulsating DC. R2 is a bleeder resistor that provides 
selected DC voltages for other vacuum tubes. 
Note that CI, C2, and R2 each have one side connected to 

ground. The ground symbol indicates a common connection 
for all components terminated in this manner. 
The principle of a center-tapped transformer winding is 

the manner in which AC voltages appear on either end of 
the winding. The first half cycle appearing at point A is 
positive with respect to ground. This makes the center tap 
more positive than point B, or point B is, in effect, swinging 
in a negative direction. 
When point A is positive, point B is negative. Plate P2 is 

cut off, but P1 conducts. Current travels through the upper 
half of the secondary to ground, up through R2 (charging 
the capacitors on the way), through RI, and then to the 
cathode. The top of R2 is positive with respect to ground. 
When point A swings negative, point B swings positive. 

Q14. When a negative half cycle is developed from point 
A to ground (P1, P2) conducts. 

Q15. With current from cathode to P2, current flows 
through R2 from (top to bottom, bottom to top). 

Q16. When current leaves P1, it will enter R2 at the 
(top, bottom) and leave at the ( top, bottom). 

Q17. When P2-'-conducts, C1 will charge by storing excess 
electrons on the ( top, bottom) plate. 

Q18. The vacuum tube in the circuit is a — — 

Q19. The voltage at point A would be measured from 
point A to 

Q20. If the voltage output at point C is 200 volts, what 
will be the voltage at point D if this point is % of 
the resistance above ground? 
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Your Answers Should Be: 

A14. When a negative half cycle is developed from 
point A to ground, P2 conducts. 

A15. With current from cathode to P2, current flows 
through Et.) from bottom to top. 

A16. When current leaves P1, it will enter R2 at the 
bottom and leave at the top. 

A17. When P2 conducts, C1 will charge by storing 
excess electrons on the bottom plate. 

A18. The vacuum tube in the circuit is a twin diode. 

A19. The voltage at point A would be measured from 
point A to ground. 

A20. 3k of 200 is 120 volts. 

Triode Amplifier 

The circuit below is that of a triode amplifier. The B+ 
voltage of 200 volts is obtained from the load resistor 
(bleeder) of a power supply. The control grid has a fixed 
bias of —2 volts. Since there is a common connection 
through ground, the grid is two volts negative with respect 
to the cathode. 

FROM 
PRECEDING 
STAGE 

100V 

+150V 

+50V 

10, 000S2 

B+ 200V 

A triode amplifier. 

With this bias, plate current is 0.01 amp ( 10 ma). The 
cathode-to-B+ path contains R1 and rp as resistances in 
series. R1 is the load across which the voltage for the next 
circuit is developed; ri, is a variable resistance existing 
between cathode and plate. This variable resistance is 
known as the plate resistance. When plate current increases, 
rp decreases; when plate current decreases, rp increases. 
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With 0.01 amp flowing, there will be a 100-volt drop across 
111 (E = IR). Since B+ is 200 volts, there will be a 100-volt 
drop across r1, (200-100). This is the same as saying that 
the voltage from plate to cathode is 100 volts. 
The AC signal on the grid swings one volt positive. Added 

to the —2-volt bias voltage, the grid is now at —1 volt with 
respect to the cathode. Plate current increases to 0.015 amp. 
The drop across R, is now 150 volts, leaving 50 volts across 
rp. A change of 1 volt on the grid has changed the plate 
voltage from 100 volts to 50 volts. 

When the AC signal swings one volt negative, grid bias 
becomes —3 volts. Plate current decreases to 0.005 amp. 
The voltage drop across R1 is now 50 and across rp, 150. 
Once again a change of 1 volt on the grid has caused a 
change of 50 volts on the plate. This means that the gain 
of the tube is 50. 

Q21. When plate current increases, rp   

Q22. Gain of an amplifier is determined by dividing the 
change in by the change in 

WHAT YOU HAVE LEARNED 

1. A diode has two active elements—a cathode and a plate. 
When heated, the cathode emits electrons. The plate 
draws current when it is more positive than the cathode. 

2. A triode has a cathode, plate, and control grid. The 
control grid regulates the amount of plate current. A 
small change in grid voltage causes a large change in 
plate current and voltage. 

3. The additional grid in a tetrode is called the screen. 
It eliminates the distution effects of interelectrode 
capacitance. 

4. A pentode has a suppressor grid that returns secondary 
electrons to the plate. 

5. The ground symbol indicates a common wire or chassis 
for all components terminated to ground. 

6. A full-wave vacuum-tube power supply uses a twin 
diode and a transformer center-tapped-to-ground sec-
ondary as input voltage. 

237 



Your Answers Should Be: 
A21. When plate current increases, rp decreases. 

A22. Gain of an amplifier is determined by dividing the 
change in plate voltage by the change in grid 
voltage. 

7. Increasing plate voltage increases plate current until 
the limit of plate-current saturation is reached. 

8. Varying cathode temperature varies the supply of avail-
able electrons and therefore plate current. Maximum 
electrons will be available at cathode-temperature 
saturation. 

TO THE READER 

Thus far this volume has introduced you to many of the 
basic concepts of electricity and electronics. In fact, you 
should now be familiar with all of the basic principles upon 
which this science is based. Although you will need to 
learn more about these principles before you can become 
an accomplished technician, what you know now will make 
such study understandable and meaningful. 
To insure that your grasp of these principles is sound, 

the remainder of this volume will be devoted to the appli-
cation of these concepts to actual circuits in typical equip-
ment. It will be more than just a review. The many com-
ponents that you have studied will be tied together in de-
scribing how actual equipment works. In addition, you will 
become acquainted with the manner in which your radio 
and television receivers function. 
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13 

Basic Circutit Actions 

It is important that you 

What You learn what an electrical 
or electronic circuit is. 

Will Lea 172 You will now learn to rec-
ognize the basic elements 

every circuit must have. When you complete this chap-
ter you will be able to examine a circuit and determine 
how it works. In addition, you will learn the simple fun-
damentals used to determine how any circuit works. 

INTRODUCTION 

In the preceding chapters you have learned a great deal 
about electricity and electronics. If you have performed the 
experiments, you have learned even more. 

The remaining chapters of this volume build upon what 
you have learned by showing you what electronic circuits 
are and how they are used in electronic equipment. 
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ELECTRICITY AND ELECTRONICS 

You will read or hear many definitions for electricity and 
electronics which will seem to establish a difference between 
the two terms. Are they really different? The truth is, 
electricity and electronics are far more similar than they 
are different. 

Electrical Circuits 

In an electrical circuit, current from a voltage source 
flows through conductors to an electrical device. In passing 
through the device, current causes it to operate—a lamp 
lights, a motor rotates, a doorbell rings, an oven heats, etc. 
The electrical device, whatever it may be, must be part of 
a circuit connected to a voltage source. Compare this to an 
electronic circuit. 

Electronic Circuits 

In an electronic circuit, current from a voltage source 
flows through conductors and electronic components to per-
form a desired electronic function. For example, radio and 
television receivers contain many electronic circuits. In a 
radio, the functions of each circuit are such that the set 
reproduces a sound transmitted by a broadcast station many 
miles away. Circuits in a television set function in a similar 
manner and make it possible for you to see as well as hear 
a broadcast. 

Basic Fundamentals 

A radio or television set is plugged into the same voltage 
source as a lamp, motor, refrigerator, or any other electrical 
device. Current and voltage make no distinction between 
an electrical or electronic circuit. They react the same in 
either. The components that have been built into the cir-
cuit ( s) determine how current and voltage will be used to 
make the electrical or electronic device operate. 
The diagram on the next page expresses this concept by 

showing the relationship of the three elements contained 
in any circuit. If you accept the concept this illustration 
reveals and always remember it, you will have no difficulty 
in learning the electrical or electronic theory required to 
become a good technician. 
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What does the illustration say? It states that any circuit 
contains only three factors—voltage, current, and circuit 
parts—which influence its operation. 

VOLTAGE 

CURRENT 

CIRCUIT 
PARTS 

The electrical elements in any circuit. 

Voltage, as you know, is an electrical pressure that causes 
current to flow under proper conditions. Current flows if 
there is a closed loop (complete path) from one side of the 
voltage source through the circuit components to the other 
side. The amount and type of voltage to be applied and how 
much current will flow is dependent on the type and value 
of components used in the circuit. As an example, you have 
seen circuits similar to those shown in the schematic 
diagrams below. 

VOLTAGE 

TSOURCE 

CIRCUIT 
COMPONENT 

CURRENT 

A 

CIRCUIT ' 

VOLTAGE COMPONENTS) 

SOUR CE 

Circuit examples. 

Ql. What is the voltage source in Part A above? In 
part B? 

Q2. What is the circuit component in part A? What are 
they in part B? 

Q3. Which way will current flow (clockwise or counter-
clockwise) in parts A and B? 

Q4. Which part (A or B) contains a circuit that is a 
closed loop? 
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Your Answers Should Be: 

Al. The voltage source in part A is a battery and in 
part B it is a transformer. (You may have stated 
AC or electrical outlet for part B. However, you 
must get into the habit of looking at the voltage 
that is applied across a specific circuit shown in a 
diagram. The left side of the transformer may be 
plugged into a 120-volt AC outlet, but it is in 
another circuit consisting of the primary winding 
and the outlet. The circuit shown contains the 
voltage source and the circuit component. Remem-
ber to look for the specific voltage that is applied 
to an individual circuit.) 

A2. The component in part A is a lamp. In part B 
the components are a diode (upper) and resistor 
(lower). 

A3. Current will flow counterclockwise in part A and 
clockwise in part B. 

CIRCUIT 
COMPONENT 

Li, CURRENT 
A4. Both circuits are closed loops. 

VOLTAGE 
SOURCE 

tCURRENT 

You were not expected to give as long an answer as those 
shown above. If you arrived at the specific answers cor-
rectly, you have shown that you remember and can apply 
the information studied in other chapters of this volume. 
The questions and explanations were included to under-

line a significant point—whatever happens in any circuit 
depends on the effect circuit components have on its voltage 
and current. This may sound like a very simple, easily 
understood statement, but those who do not study circuits 
with this simplicity in mind will find them difficult. Those 
who approach every circuit and resolve its complexities in 
terms of this simple, always reliable statement will have no 
trouble whatsoever. 
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ANALYZING ELECTRONIC CIRCUITS 

Using the approach stated in the preceding paragraph, 
see if you can follow the analysis of a basic amplifier cir-
cuit. The circuit is similar to one of those used in preceding 
chapters. 

INPUT SIGNAL 

INPUT SIGNAL 
1.111111 
E2 

OUTPUT SIGNAL 

A vacuum-tube amplifier. 

OUTPUT SIGNAL 

Circuit Function 

This circuit uses a vacuum tube. The function of the cir-
cuit is to amplify (increase) the voltage of the input signal, 
as shown in the difference between the input and output 
waveforms. Disregarding the input and output signals for 
a moment, you can find two voltage sources in this circuit— 
there are two battery symbols. The actual circuit will prob-
ably not have batteries; the symbols merely show that 
there is a DC voltage source across the points indicated. 

Q5. 11:tt, wtilt basic factors of any circui are 
))119-1."-1 e C, and  

Q6. The best method to use in analyzing any circuit is 
to determine the effect that circuit compinents 
have upon applied and _ 

Q7. Redraw the vacuum-tube amplifier circuit and show 
the path and direction of current through the closed 
loop that includes E2. 

Q8. The thre,e aptive elempnts in the evacuum tube above 
CAne-A,  ,A   and 

Q9. 'The purpose of the circuit is to —_  the 
input signal. 

Q10. The attery symbols are used to indicate __ 
is being applied. 
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Your Answers Should Be: 

A5. The three basic elements of any circuit are volt-
age, current, and components. 

A6. The best method to use in analyzing any circuit 
is to determine the effect that circuit components 
have upon applied voltage and current. 

A7. 

PLATE ----

o  
CI 

INPUT SIGNAL 

GRID 

El 

CURRENT 

ATHODE 

2 

= GROUND 

You had two choices for the current path. They 
are represented as solid and dotted lines above. 
Although the solid line is correct, do not feel bad 
if you chose the other. 

A8. The three active elements in the vacuum tube 
are control grid, cathode, and plate. 

A9. The purpose of the circuit is to amplify the input 
signal. 

A10. The two battery symbols are used to indicate DC 
voltage is being applied. 

OUTPUT SIGNAL 

Control by the Grid 

Current (the solid line) flows through the vacuum tube 
(a triode) if its plate is positive with respect to its cathode. 
This is the purpose of E2. The amount of current that flows 
can be controlled by the voltage on the control grid with 
respect to the cathode. In fact, a small change in grid-to-
cathode voltage causes a large change. in plate current. 
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The grid-to-cathode voltage is negative and, if sufficiently 
high, will stop current flow altogether. As this voltage is 
made less negative, more and more current will flow. 
The input to the triode amplifier circuit has the same 

shape as an AC-voltage waveform. It appears on the grid 
as a voltage also. Capacitor C1 and resistor R1 play a part 
in placing this signal voltage on the grid. The line through 
the center of the input waveform is called a reference line. 
(Voltage must always be thought of as being with refer-
ence to, or with respect to, some other point in the circuit.) 
In this case the reference line refers to the DC grid voltage 
(bias). The part of the waveform that is above the line is 
positive voltage, and the part below the line is negative. 

Since it is AC, the voltage of the signal is regularly chang-
ing from positive to negative. 
The purpose of El is to establish a uniform negative volt-

age between the grid and cathode. This makes the grid 
negative with respect to the cathode. In this circuit, current 
will not flow from the grid to the cathode. The changing 
Joltage of the AC waveform is also on the grid, subtracting 
!rom or adding to the voltage of El. When the signal volt-
age is going positive, it subtracts from the voltage of El. 
?or example if El were —1.5 volts (negative from grid to 
:athode) and the signal were +0.5 volt at a given instant, 
7oltage on the grid would be reduced to —1 volt (the grid 
;till negative with respect to the cathode). 

Q11. The control grid is (negative, positive) with re-
spect to the cathode. -----

Q12. What will be the voltage on the grid when the 
signal voltage is —0.5 volt? , "« 

Q13. E2 makes the plate   with respect to 
the cathode. 

Q14. The amount of plat,e current that flows is con-
trolled by the '`f-- on the 

- • 
Q15. In a triode amplifier, a small change in grid voltage 

causes a (small, large) change in plate urrent. 

Q16. The purpose of El i to.imakp the 42`2— negative 
with respect to the . 
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Your Answers Should Be: 

All. The control grid is negative with respect to the 
cathode. 

Al2. —2 volts. 

A13. E2 makes the plate positive with respect to the 
cathode. 

A14. The amount of plate current that flows is con-
trolled by the voltage on the control grid. 

A15. In a triode amplifier, a small change in grid volt-
age causes a large change in plate current. 

A16. The purpose of El is to make the grid (control 
grid) negative with respect to the cathode. 

Change in Plate Voltage 

As you can see, the voltage on the grid changes in accord-
ance with the changing voltage of the signal. Current 
through the tube changes in a like manner—it increases 
when the signal rises in the positive direction. This is 
because the negative repelling voltage of the grid is being 
decreased. When the signal increases in the negative direc-
tion, it adds to the negative voltage on the grid, causing 
plate current to decrease. 

o  

INPUT 
SIGNAL 

o  

E2 

-=  -ultillili 

 o 

OUTPUT SIGNAL 

Amplifying a signal. 

The changing current of the tube passes through R2 on 
its return to voltage source E2, causing the voltage across 
R2 to change in the same manner as the changes of the 
signal voltage. Since a small change in grid voltage causes 
a large change in tube current, the changes in output volt-
age across R2 are greater than the corresponding input 
changes on the grid. Thus, the signal has been amplified. 
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Circuit Analysis Summary 

The entire explanation or understanding of this circuit 
is based on the effect the circuit components have on cur-
rent and/or voltage. This is true of any circuit. You should 
have had very little difficulty in following the explanation 
even with your limited knowledge of electricity. The rea-
son, of course, is that everything was explained in terms of 
changes in voltage or current with respect to the compo-
nents of the circuit. 
You may have been able to follow the explanation but 

you still may not fully understand exactly how the circuit 
works. To achieve this understanding and to become a good 
technician requires a knowledge of how the circuit compo-
nents cause current and voltage changes to take place. 
Many pages are devoted to this explanation in the remain-

ing volumes in this set or in similar texts on electronics. 
The effect that vacuum tubes, resistors, capacitors, and even 
voltage sources have on a signal moving through a circuit 
requires a great deal of careful explanation. If you will 
remember to always relate the detailed descriptions to the 
effect they have on voltage and current changes, you will 
have no trouble. 

Q17. In a triode amplifier, the (negative, positive) ter-
minal of a DC voltage source is applied to the 
control grid. 

Q18. The (input, output) signal causes grid voltage to 
vary. 

Q19. Grid voltage regulates the amount of plate current 
by (attracting, repelling) electrons in the tube. 

Q20. The cirpuit on the opposite page is called a(an) 
nv_pi.kye__ because it increases the voltage of 
the input signal. 

Q21. The plate of the tube is kept at a (hIgher, lower) 
(negative, positive) voltage than the cathode. 

Q22. The circuit amplifies the input signal because 
(small, large) changes in grid voltage cause 
(snïáll, large) changes in plate current. 

Q23. The changes in plate current cause (small, lai,:ge) 
changes in plate voltage. 
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Your Answers Should Be: 

A17. In a triode amplifier, the negative terminal of a 
DC voltage source is applied to the control grid. 

A18. The input signal causes grid voltage to vary. 

A19. Grid voltage regulates the amount of plate cur-
rent by repelling electrons in the tube. 

A20. The circuit is called an amplifier because it in-
creases the voltage of the input signal. 

A21. The plate of the tube is kept at a higher positive 
voltage than the cathode. 

A22. The circuit amplifies the input signal because 
small changes in grid voltage cause large changes 
in plate current. 

A23. The changes in plate current cause large changes 
in plate voltage. 

CIRCUIT COMPONENTS 

How many different circuit components are there? If this 
question is worrying you, you are worrying needlessly. 
There are only three major components (parts). 

o vw 

Resistor. 

o c— uoo_oof' 

Capacitor. Coil (inductor). 

The major parts of any circuit. 

Resistors, Capacitors, and Coils 

All circuits, regardless of their complexity, contain at the 
most only three different kinds of parts—resistors, capaci-
tors, and coils (often called inductors). 
The effect that a resistor has on current or voltage is 

measured in terms of its resistance, a term with which you 
are already familiar. The effect of a capacitor is measured 
in capacitance. The effect of a coil is called inductance. The 
effect each has on voltage or current depends on whether 
it is DC or AC, and, if AC, how rapidly the voltage or cur-
rent is changing. But each effect—resistance, capacitance, 
or inductance—is based on a few easily learned principles. 
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Circuit Applications 

The illustration below shows that an input signal is con-
verted to that shown at the output because of the effect 
of circuit resistance, capacitance, and inductance on the 
signal as it passes through the circuit. By this manner, the 
operation of any circuit can be explained. The ground sym-
bol shown in the illustration is normally used as a reference 
point for zero voltage. 

INPUT SECTION 

o  

VOLTAGE 

( e;CE.Rts 

ELECTRONIC Z 
Z PARTS PI 

44, 
1,4 ‘'ICe 
ACITP 

 •  
OUTPUT SECTION 

VOLTAGE 

The elements of any electronic circuit. 

You might think that the symbol for a vacuum tube or 
transistor does not look like an inductance, capacitance, or 
resistance. You are correct. However, the way a vacuum 
tube or a transistor operates can be explained by how it 
reacts in terms of resistance, inductance, or capacitance 
when current is passing through it or when voltage is 
applied to it. 

RESISTANCE 

CAPACITANCE 

INDUCTANCE 

TRANSISTOR VACUUM TUBE 

Q24. The rs'et\erent el iik9, factors in a circuit 
are   • , and circuit corn-
ponents. 

Q25. The three different types of circuit components are 
_ ,-Ai i-' , - , and coils. 

Q26. Operation of a vacuum tube can be eNplained in 
terms of, _  • e, • 
and '-ne\ V-P • 
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Your Answers Should Be: 

A24. The three different electrical elements in a circuit 
are voltage, current, and circuit components. 

A25. The three different types of circuit components 
are resistors, capacitors, and coils. 

A26. Operation of a vacuum tube can be explained in 
terms of resistance, capacitance, and inductance. 

CHANGING VOLTAGE AND CURRENT 

Circuits in electronic equipment are designed to obtain 
the performance desired of the equipment. A signal enter-
ing the first circuit is converted into an output signal 
that becomes the input to the next circuit where it is con-
verted again. The input-conversion-output sequence contin-
ues through all the circuits until a waveform is obtained 
that will cause proper operation of the output device. 

Voltage and Current Waveforms 

Since the exchange between circuits is accomplished by 
voltage and/or current, a means of describing a waveform 
(signal) becomes very important. Like any other object, a 
waveform has dimensions. A sheet of paper, for example, 
is so many inches wide by so many inches long. A wave-
form has height and width dimensions also, but different 
units are used to describe them. 

+3 

+1 

o 
1   

2 

3   

4 0 2 4 6 8 10 12 14 16 
TIME  

VOLTAGE AND 
CURRENT 
WAVEFORMS ARE 
MEASURED IN 
TERMS OF THEIR 
AMPLITUDE 
WITH RESPECT 
TO TIME. 

A voltage sine wave. 

The illustration shows a single cycle of a voltage wave-
form. The AC sine wave, as this particular waveform is 
called, is continually changing at the rate indicated by its 

curvature. 
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Circuit Applications 

Normal presentation in equipment diagrams indicates the 
amplitude of a waveform in terms of its maximum values. 

A 

VOLTS 
8 VOLTS 

20 µSEC I  20 µSEC 

Waveform representations. 

Part A above shows the same sine wave as on the pre-
ceding page. The dimensions are 8 volts from its positive 
peak to its negative peak. The time duration of one cycle 
is 20 ktsec (microseconds). A microsecond is one-millionth 
of a second.) Part B shows the same waveform after it has 
been rectified (using a diode circuit, for example). The 
single peak remaining is 4 volts from zero to maximum 
positive. The time duration of the cycle is still the same 
20 ¡sec. 

Understanding the dimensions of a waveform is very 
important. Waveform representations of signals are used 
constantly in electronics, since a vast amount of informa-
tion about a signal can be put into this picture form. Ampli-
tude and time values allow you to describe specifically what 
the voltage or current will do in a circuit. 

Q27. In electronic equipment t output sig al of one 
circuit becomes the _ _ _ for the 
next circuit. 

Q28. The exchan ,geof_signals between ci its is accom-
plished by 11-2--:"re— — or  wavieforms. 

Q29. The dimensions of .a waveform are i2J-1 _ _ 
. 

Q30. A sine wave is a continuously (steady, changing) 
voltage or current. 

Q31. In the diagram on the opposite page, what is the 
amplitude of voltage at time increment 4? -f " 

Q32. What is its value at time increment 8? 

Q33. What is the amplitude at time increment 12? 
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1-4-- 20 µSEC 

Your Answers Should Be: 

A27. In electronic equipment, the output signal of 
one circuit becomes the input signal for the next. 

A28. The exchange of signals between circuits is ac-
complished by voltage or current waveforms. 

A29. The dimensions of a waveform are amplitude and 

time. 

A30. A sine wave is a continuously changing voltage 
or current. 

A31. At time increment 4, voltage has risen to +4 

volts. 

A32. At time 8, it is zero volts. 

A33. At time 12, voltage has decreased to —4 volts. 

Amplitude and Frequency 

As you have learned, waveforms can be described by their 
time and amplitude dimensions. How is this done? 
Time Dimension—Time is the horizontal dimension of a 

waveform. It is usually represented in terms of sec-
onds, milliseconds ( 1/1,000 of a second), or microseconds 
(1/1,000,000 of a second). 

B 

1-4- 10 µSEC— la-1 

Time duration of a cycle. 

7 
10 VOLTS 

1 

The time line for a waveform usually represents the dura-
tion of one cycle. In Part A above, it is 20 p.sec and in part 
B it is 10 eec. From this, the duration of a portion of a 
cycle can be determined. In part A, a half wave (half of a 
full cycle) is 10 itsec. A quarter wave (fourth of a full cycle) 
in part A is 5 p.sec. 
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Frequency—Since a waveform cycle repeats itself con-
tinuously, its frequency can be determined. The frequency 
of a signal is the number of times that it repeats itself in 
a certain period of time, usually one second. If the time 
duration for one cycle is one second, the signal repeats itself 
once each second. Its frequency, then, would be one cycle 
per second. If one cycle is 1/10 of a second in duration, it 
repeats itself 10 times in one second, resulting in a fre-
quency of 10 cycles per second. As you have already deter-
mined, the arithmetic expression to find frequency is: 

Frequency  one second  
time duration of one cycle 

If the time duration is expressed in milliseconds or micro-
seconds, the top and bottom values of the right side of the 
expression must be expressed in the same units of time. 
In other words, both top and bottom values must be either 
in seconds, milliseconds, or microseconds. Failure to have 
these values in the same units of time is a common source 
of error when solving this type of problem. 

/ 
1 SECOND  

—  10 MILLI SECONDS/CYCLE 

FREQUENCY = 1000 MILLISECONDS  
10 MILLI SECONDS/ CYCLE 

= 100 CYCLES PER SECOND 

FREQUENCY 

1 SECOND  

1 MICROSECOND/CYCLE 

1, 000. 000 µSEC  

1 µSEC/CYCLE 

= 1, 000, 000 CYCLES PER SEC. 

Determining frequency. 

Q34. The time dimension of a waveform is measured 
from ( left to right, bottom to top). 

Q35. There are - microseconds in a second. 

Q36. There are _—_ microseconds in a millisecond. 

Q37. A full cycle is 60 milliseconds. What is the dura-
tion of a quarter cycle? 1 

Q38. What is the frequency of a 100-millisecond cycle? ID 
Q39. What is the frequency of a 0.001-second cycle? ( 
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Your Answers Should Be: 

A34. The time dimension of a waveform is measured 
from left to right. 

A35. There are 1,000,000 microseconds in a second. 

A36. There are 1,000 microseconds in a millisecond. 

A37. A full cycle is 60 milliseconds. A quarter cycle 
would be 15 milliseconds. 

A38. A 100-millisecond cycle has a frequency of 10 
cycles per second. 

A39. A 0.001-second cycle has a frequency of 1,000 
cycles per second. 

WAVEFORM APPLICATIONS 

The time and amplitude characteristics of a waveform 
allow it to be described in precise terms. 

Oscilloscope 

An oscilloscope is used to obtain a picture of a waveform 
at test points in a circuit. Even though the signal is con-
stantly changing, controls on this instrument permit the 
waveform to be presented almost as if it were drawn on 
paper. From the presentation, the waveform can be eval-
uated in terms of its amplitude and time characteristics 
and it can be determined if the waveform is correct or not. 

An oscilloscope. 

Nonsinusoidal Waveshapes 

Waveforms which are not sine waves are called non-
sinusoidal. Many are triangular, rectangular, or square in 
shape. Because of their nonsinusoidal shapes, two or more 
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amplitude or time dimensions are required to describe them 
properly. Examples are shown below. With such informa-
tion, it can be determined if the waveform going into or 
coming out of a circuit is correct. 

µSEC 
I VOLT 

2 VOLTS 

2 µSEC 

Amplitude and time measurements. 

Circuit Application 

To show how waveform representations can be applied to 
the analysis of a circuit, a sample application is given below. 

Waveform application. 

In the circuit above, the amplifier has a sine-wave input 
and output. Because of the characteristics of this amplifier, 
the output waveform is a reversal of the input. The output 
is also greater in amplitude: 40 volts output as compared to 
2 volts at the input. 

Q40. The test instrument which disJajs a1veforms in 
a circuit is called a(an) CITY' 

Q41. The areas of a circuit to which- test clips are 
applied are called •Aerw 

Q42. A nonsinusoidql waveform is one which is not a 
C;LAC-2 _ . 

Q43. An . oscilloscope permits the   and 
.‘v2 -- characteristics of a waveform to be ob-
served and evaluated. 

Q44. What is the frequency of the waveform in part A 
of the illustration at the top of the page? — 

Q45. What is the gain of the amplifier above? 
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Your Answers Should Be: 

A40. The test instrument which displays waveforms in 
a circuit is called an oscilloscope. 

A41. The areas of a circuit to which the test clips are 
applied are called test points. 

A42. A nonsinusoidal waveform is one which is not a 
sine wave. 

A43. An oscilloscope permits the amplitude and time of 
a waveform to be observed and evaluated. 

A44. What is the frequency of the waveform in part 
A? 1,000,000 microseconds divided by 10 micro-
seconds is 100,000 cycles per second. 

A45. Gain is 20. (40 volts divided by 2 volts.) 

Try another circuit. 

2V 

INPUT 

AMPLIFIER 

10V 

OUTPUT 

Instead of a sine-wave output, the tops of both peaks have 
been flattened. A section of circuit components (different 
from those in the preceding circuit) is responsible for the 
different outputs. The amount of gain is also different. 
Outputs of two circuits are often fed into a single circuit. 

10 µSEC \  5V 

I 1 T-10 µSEC 
10 V 3VIuv 1V 

1-10 µSEC •IT 

SAWTOOTH 

GENERATOR 

Mixer operation. 

The sawtooth and pulse generators have sine-wave inputs 
of different frequencies. The input frequency of the pulse 
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generator is six times the frequency of the sawtooth gen-
erator input. The sawtooth output ( its name comes from 
its shape) has a time duration of 10 ,usec during which three 
pulses are produced by the pulse generator. Both outputs 
are fed to the input of the mixer. 
One circuit feeding into two circuits is the reverse of the 

preceding example. One combination might look like this. 

_11 
AMPLIFIER 

AMPLIFIER 

30V 

One circuit feeding two. 

A low-amplitude sine wave is amplified by the first ampli-
fier and fed to two others. Their outputs are quite different. 

+15 

+10 

+5 

OV 

5 

10 

15 
0 2 

µSECS 

4 6 8 

+12 

+10 
+8 

+6 

+4 

+2 

OV 
O 

µSEC S 

77\ 
10 20 30 40 

Q46. What is the frequency of the sine wave in the 
illustration directly above? 

Q47. What is the frequency of the sawtooth wave? 

Q48. What is the peak-to-peak voltage of the sine wave? 

Q49. How long does it take the sawtooth wave to rise 
to +8 volts? 

Q50. How long does it take the sawtooth wave to de-
crease back to zero volts? 

Q51. What is the time duration of a half cycle of the 
sine wave? 

Q52. A(an)  circuit is capable of superimposing 
one waveform upon another. 
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A46. The sine-wave frequency is 250,000 cycles per 
second. 

A47. The sawtooth frequency is 25,000 cycles per 
second. 

A48. The peak-to-peak sine-wave voltage is 30 volts. 

A49. The rise time is 30 microseconds. 

A50. The decay time is 10 microseconds. 

A51. The sine-wave half cycle is 2 microseconds in 
duration. 

A52. A mixer circuit is capable of superimposing one 
waveform upon another. 

KEEP ELECTRONICS SIMPLE 

In learning the electronic principles involved in a variety 
of circuits, a student technician often gets lost in the many 
details which are included. You have often heard the 
expression, "He can't see the forest because of the trees." 
A person so accused is so involved in examining the details 
of a single tree he loses sight of how it fits into the entire 
forest. This analogy aptly fits the study of electronics. 
A circuit consists of components which have so many 

details it is easy for the student to get lost. The usual 
explanation of how a circuit works often causes a reader 
to look at a circuit as a group of isolated components. 
The explanation must dwell on each of these components 

to define their place and purpose in the circuit. If the 
description continues for sentences or paragraphs, the 
reader has lost the important thread of information that 
runs through the circuit—how each of the individual com-
ponents causes the input to be changed into the desired 
output. The solution to this problem is to keep the "big 
picture" of what the circuit is supposed to do as a mental 
image. Then, as each component is discussed, fit its func-
tion or action into the appropriate place in the picture. If 
you make this a habit, you will not get lost in details. 
The next two chapters will explain how radio and tele-
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vision receivers operate. Each of the circuits will be 
described to show how they participate in fulfilling the elec-
tronic function of the equipment. Having a picture of how 
circuits work within familiar equipment will help you under-
stand the details of electronic principles as you continue 
your study of this subject. 

WHAT YOU HAVE LEARNED 

1. There is little difference between electrical and elec-
tronic circuits. Both are based on identical principles. 
There is a difference, however, in the manner in which 
the circuits are applied. 

2. Whether it be an application of electricity or one of 
electronics, circuits operate in a manner that is deter-
mined by the effect the components of the circuit have 
on current that is passing through the circuit or on the 
voltage that is applied to the circuit. 

3. All electronic components, regardless of their name or 
deiF•tion, capacitors-, 1nductor-s, 
or a combination ort-weiT.—Thwure--et they haTé on volt-
áge or current is called resistance, capacitance, and 
inductance. Since these are the only elements that con-
stitute any circuit, learning their principles well and 
then applying their effect on current and voltage makes 
analysis of how a circuit works relatively easy. 

4. The changing characteristics of voltage and current 
can be revealed in their waveforms. A waveform has 
two dimensions—amplitude (volts or amperes) for 
height, and time (seconds, milliseconds, or microsec-
onds) for width. 

5. Many students do poorly in learning electronics because 
they get lost in descriptive detail. To prevent this from 
happening to you, fit the function of each component 
into its place in the mental image you have retained 
of the entire circuit and what it is designed to do. 

259 





14 

Radio Transmitters 
and Receivers 

When you have finished 
What You this chapter you will 

have learned what the 
Will Learn electromagnetic frequency 

spectrum is, what a radio 
transmitter is, how it develops a broadcast signal, and 
how radio signals are transmitted through the atmos-
phere. You will also learn how a broadcast signal is 
received, and how a radio receiver converts it into 
sound. In addition, you will become acquainted with the 
difference between amplitude and frequency modulation. 

In this and the following chapter you will become 
familiar with the general principles of operation for 
certain equipment. As pointed out previously, an under-
standing of how electronic equipment works will help 
you put descriptions of components and circuits into 
proper frames of reference so their meaning is not lost. 

ELECTROMAGNETIC RADIATIONS 

Energy that radiates from a source is said to be an elec-
tromagnetic wave. Gamma rays, which are given off by 
radioactive particles such as radium, uranium, or atomic-
bomb fragments, are electromagnetic waves. Cosmic rays 
from the sun travel extensive distances to the earth as 
electromagnetic waves. Electromagnetic waves, which in-
clude light, radiated heat, and radio signals, travel through 
space at the rate of 186,000 miles per second. 
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Electromagnetic Frequency Spectrum 

Electromagnetic radiations differ from each other in terms 
of their frequencies (cycles per second). As you recall from 
the last chapter, the frequency of one of these radiations 
is the number of times a single cycle repeats itself in 1 
second. An electromagnetic spectrum chart, showing the 
relationship of these frequencies, is given below. 

1024 cps 

1022 cps 
COSMIC RAYS (FROM THE SUN) 

GAMMA RAYS (FROM RADIOACTIVE 
1020 cps— : SUBSTANCES) 

1018 cps 

1016 cps 

10 14 cps 

1012 cps  

1010 cps 

10°o cps 

1 

104 cps /  

102 cps - 

10 cps  

The chart shows that cosmic rays are radiated at a fre-
quency of around 1022 cycles per second. (The number 1022 
is 1 followed by 22 zeroes, or ten-thousand, million, million, 
million cycles per second.) At the lower end of the radio 
portion, radiation frequency is under 104, or ten thousand 
cycles per second. 

106 cp 

XRAYS 

ULTRAVIOLET ( INVISIBLE LIGHT) 
VISIBLE LIGHT 

INFRARED (HEAT RADIATION) 

RADAR 
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Assigned Broadcast Frequencies 
The Federal Communications Commission (FCC) has as-

signed specific groups of frequencies to different types of 
communications transmissions. This is shown in an expan-
sion of the radio-frequency portion of the spectrum. 

1000MC 

100MC 

10MC 

5MC 

1MC 

500KC 

UHF TELEVISION (CHANNELS 14-83) 

VHF TELEVISION (CHANNELS 7-13) 174-216MC 
FREQUENCY-MODULATION BROADCASTS 

VHF TELEVISION (CHANNELS 2-6) 54-88MC 

SHORT-WAVE RADIO 

COMMERCIAL BROADCASTS 

The radio-frequency spectrum. 

Commercial transmitters (radio and television, for ex-
ample) are assigned a transmitting frequency in the appro-
priate part of the radio-frequency spectrum. Transmitters 
broadcasting in the home radio band, 535 kc to 1,605 kc 
(kilocycles), are required by law to be on their assigned 
frequency within plus or minus 20 cycles per second. 

Ql. Cosmiç rays and bradio waves ,are, examples of 

Q2. Sound ( is, is not) electromagnetic radiation. 

Q3. Radio wave-S.-travel from the broadcast station to a 
receiving antenna at the rate of  e,`  miles 
pler second. 

Q4. _ is the characteristic which distin-
guishes one electromagnetic wave from another. 

Q5. Commercial radio transmissions are at a (higher, 
lower) number of cycles per second than television. 

Q6. A—frequency of 1,000 kilocycles would be assigned 
to (commercial, short-wave) radio. 
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Your Answers Should Be: 

Al. Cosmic rays and radio waves are examples of elec-
tromagnetic radiations (waves). 

A2. Sound is not electromagnetic radiation. Remem-
ber? It is changing air pressure. 

A3. Radio waves travel from the broadcast station to 
a receiving antenna at the rate of 186,000 miles 
per second. 

A4. Frequency is the characteristic which distinguishes 
one electromagnetic wave from another. 

A5. Commercial radio transmissions are at a lower 
number of cycles per second than television. 

A6. A frequency of 1,000 kilocycles would be assigned 
to commercial radio. (1,000 kilocycles is equal to 
1 mc.) 

RADIO TRANSMITTERS 

The dial on your home radio receiver is marked off in 
numbers, probably from 550 to 1,600 kilocycles (or 55 to 
160). By rotating the tuning dial, you select the desired 
station. Since each local station broadcasts at a different 
frequency, you are able to select the one you desire. The 
dial setting indicates the broadcast, or carrier, frequency 
of the station. 

  Long transmission distance. 

High-wattage 

transmitter. 
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Short transmission distance. 

Low-wattage 

transmitter. 

Transmission power. 



Transmitter Power 

You have also noted that some stations come in stronger 
than others. The stronger stations broadcast at higher 
power (measured in watts or kilowatts) than the weaker. 
Or, if one of two stations broadcasting at equal power is 
stronger than the other, the stronger station is closer to 
your home. 

The illustration on the opposite page shows two antennas 
transmitting at different frequencies in the broadcast band. 
The one farther away is broadcasting at many kilowatts of 
power and is able to reach the receiver. The low-wattage 
transmitter, although nearer, does not have enough power 
to span the distance. This may explain why you cannot pick 
up some stations that are located in your general area. 

Carrier and Audio Frequency 

The frequency assigned to a broadcast station is called 
its carrier frequency. The transmitter and its antenna are 
designed and tuned to that specific frequency. As its name 
implies, the carrier frequency carries the reproduction of 
the sound originating in the studio. Actually, there are 
two frequencies that leave the transmitter, a radio fre-
quency (carrier) and an audio frequency (sound). Audio 
frequencies are classified as being between 20 and 20,000 
cycles per second. The frequency range of most human ears, 
however, is usually no higher than 15,000 cps. ' 

Q7. A home radio receiver Qan, cannot) be tuned to 1 
megacycle. _ 

Q8. 900,000 cycles per second (could, could not) be a 
carrier frequency of a commefail broadcast station. 

Q9. The power of Station A is one megawatt. Station B 
is broadcasting at 500 kilowatts. Which station will 
transmit the longer distance? 

Q10. Two broadcast stations are equally distant from 
your home. Assuming your receiver is good, what 
would be the reason you could not receive one of 
them? 

Q11. A human ear (can, cannot) hear a radio frequency. 

Q12. A frequency of 600 kilocycles is classified as a(an) 
(audio, radio) frequency. 
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Your Answers Should Be: 
A7. A home radio receiver can be tuned to 1 mega-

cycle. One megacycle ( 1,000 kc) is within the 
broadcast band. 

A8. 900,000 cycles per second could be a carrier fre-
quency of a commercial broadcast station. It is 

the same as 900 kc. 

A9. Station A. It has twice as much power. 

A10. One station is so weak in power it cannot trans-
mit the distance. 

All. The human ear cannot hear a radio frequency. 

Al2. A frequency of 600 kc is classified as a radio 
frequency. 

A Basic Transmitter 
The diagram below shows a functional block diagram of a 

typical broadcast transmitter. It is called a functional block 
diagram because each block is representative of a general 
electronic function and may include several circuits. 

ANTENNA 

MICROPHONE 

CARRIER 
FREQUENCY 

AUDIO FREQUENCY 

Functional block diagram of a transmitter. 

The arrowheads between blocks show the direction of 
signal flow. You can probably already read what the 
diagram reveals. 
Sound enters the microphone and is fed to the audio-fre-

quency (AF) section. The sound, because it is too weak for 
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transmission purposes, is amplified (signal amplitude is 
increased) and then passed to the carrier-frequency section. 
Carrier Frequency—The specific radio frequency (RF) 

assigned to the broadcast station is developed in the carrier-
frequency block. Passing through several circuits, the RF 
signal is boosted in power (increased in amplitude) to the 
rated wattage output of the transmitter. Just before the RF' 
carrier is fed to the antenna, the AF signal is superimposed 
on it. Waveforms developed in each block are shown below. 

IIIIIllhIIIIiiuiitiiiii ASS I GNED CARRIER WITH AF SUPERIMPOSED 
RF OF STATION 

MI CROPHONE 
AF 

AMPLIFIED 
AF 

Transmitter waveforms. 

Superimposing the Sound—The process of superimposing 
AF on the carrier, as shown in this particular example, is 
called amplitude modulation (AM). In amplitude modula-
tion the audio frequency (varying at the changing rate of 
the original sound) is mixed with the carrier (a constant 
frequency) in a manner that causes that carrier amplitude 
to vary at the same rate as the audio. The carrier frequency 
remains unchanged. 

Q13. The drawing on thir ,opwesite page is called a(an) 
Aro,•-r_AN--7.M-e/ ) I , ,I 

dà ' diagram. 
Q14. Sound enters the AF section by way of a device 

called a (an) 

Q15. '  on a block diagram show the 
signal direction between blocks. 

Q16. Placing AF on a carrier without changing the car-
rier frequency is called _________ ) • -, •  ,_-,. 
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Your Answers Should Be: 

A13. The drawing on the opposite page is called a func-
tional block diagram. 

A14. Sound enters the AF section by way of a device 

called a microphone. 

A15. Arrowheads on a block diagram show the signal 
direction between blocks. 

A16. Placing AF on a carrier without changing the car-

rier frequency is called amplitude modulation. 

Carrier-Frequency Circuits 
A minimum number of carrier-frequency circuits are 

shown in the diagram below. An actual broadcast station 
has many more circuits to attain the frequency stability 
and power required of its transmitter. The additional cir-
cuits are similar to those shown, however. 

"/ 

OS C I LLATOR 

Carrier-frequency circuits. 

The Oscillator—The purpose of the oscillator is to gen-
erate a stable RF signal. The resistance, inductance, and 
capacitance that make up its input circuit are such that 
they will not allow the vacuum tube in the oscillator to 
amplify any other signal but that of the desired frequency. 
The stable-frequency, low-amplitude output of the oscillator 
is shown above. 
The Buffer—This stage (another name for circuit) is 

sometimes called an intermediate power amplifier, or fre-
quency multiplier. In most transmitters it performs three 
functions. As a buffer, the stage isolates the oscillator from 
the effects of the other circuits. Without this isolation, 
stray signals may be fed back to the oscillator, causing it 
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to operate at the wrong frequency. As an amplifier, the 
buffer increases the amplitude of the oscillator signal to a 
level that is between the desired transmitter output and 
the amplitude of the oscillator signal. In many transmitters 
the buffer circuit doubles (or even triples) the frequency 
of the oscillator output. The oscillator may not be capable 
of generating the station frequency by itself. In order to 
produce the assigned frequency, a transmitter may require 
several multiplier stages. 

The Power Amplifier—The purpose of the power amplifier 
is to increase the amplitude of the RF signal to the power 
(wattage) requirements of the station. Several stages of 
Dower amplification may be required to achieve this. Nor-
mally, the audio signal from the AF circuitry is fed to the 
inal power amplifier and used to modulate the carrier. 

CARRIER 
FREQUENCY 

ORIGINAL AUDIO 

mi> 

CARRIER 
FREQUENCY 

AUDIO 
FREQUENCY 

AMPLITUDE-MODULATED 
RF 

AMPLIFIED AUDIO 

Mixing audio and radio frequencies. 

Q17. A transmitter circuit which amplifies a signal and 
increareesjts frequency is called a(an) 

_ _. 

Q18. A(an) -3"ri I e generates a signal which 
as a uniform frequency. 

Q19. amplifier output is measured in watts. 
Q20. AF and RF are mixed in what stage? ' 

Q21. The carrier arrives at the antenna with its wave-
form (amplitude, frequency) modulated. 
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Your Answers Should Be: 
A17. A transmitter circuit which amplifies a signal and 

increases its frequency is called a multiplier. 

A18. An oscillator generates a signal which has a uni-

form frequency. 

A19. Power amplifier output is measured in watts. 

A20. AF and RF are mixed in the final stage of the 
power amplifier. 

A21. The carrier arrives at the antenna with its wave-
form amplitude modulated. 

Audio-Frequency Circuits 
The Microphone—Regardless of the many different types 

of microphones that are available, even the best develop only 

a weak signal. 
The Audio Amplifier—Although a single stage of audio 

amplification is sometimes all that is necessary, larger 
transmitters may have two, three, or more stages to obtain 
the desired undistorted level of amplitude. 

TO POWER 
AMPLIFIER 

mie DRIVER un.  MODULATOR 

Audio-frequency circuits. 

The Driver—Like most circuits, the driver obtains its 
name from its purpose. The driver amplifies the AF to the 
voltage level required to "drive" the tubes of the modulator. 
The modulator tubes require large changes in signal ampli-
tude to operate properly. 
The Modulator—The modulator is a power amplifier quite 

similar to the final circuit of the carrier-frequency block. 
It amplifies the audio signal to a power level suitable for 
modulating the carrier power in the final power amplifier. 
Power output of the modulator is fairly close to half the 

power of the final carrier amplifier. 
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Antennas 

If all circuits are operating properly, an AM (amplitude-
modulated) carrier is fed to the antenna and transmitted 
into the atmosphere. 

FROM 
TRANS-
MITTER 

Antenna radiation. 

Power is fed to the antenna in the form of both current 
and voltage. Voltage sets up an electric field along the 
length of the antenna. Current, in traveling through the 
antenna (a conductor), sets up a corresponding magnetic 
field. Both fields vary at the rate of the carrier frequency 
and at the amplitude and frequency of its audio envelope. 
Both fields expand outward and collapse back to the 

antenna at the rate of the carrier frequency. The outermost 
waves continue through space and do not return to the 
antenna. This action is similar to dropping a pebble in a 
pool. The energy of the waves moves outward in ever-
widening circles; the water, however, remains in place. 

Q22. The weak output of a microphone is fed to one or 
more stages of  ' amplification. 

Q23. The output of even the best microphones (can, 
cannot) be fed directly to the modulator. 

Q24. The output of the janri-L9.LI-i-cL_ is connected to 
the carrier power amplifier. 

Q25. For proper modulation, the output of the modulator 
stage must be — — that of the power amplifier. 

Q26. Carrier voltage develops a(an) field 
and carrier current develops a(an) _ 
field on the antenna. 

Q27. All of the energy in the antenna fields (does, does 
not) leave the antenna. 

AUDIO ENVELOPE 

WAVE 
BEING RADIATED 

CARRIER 
FREQUENCY 
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Your Answers Should Be: 

A22. The weak output of a microphone is fed to one or 
more stages of audio amplification. 

A23. The output of even the best microphones cannot 
be fed directly to the modulator. (Even the most 
powerful microphones develop a signal that is 
much too weak to drive the modulator.) 

A24. The output of the modulator is connected to the 
carrier power amplifier. 

A25. For proper modulation, the output of the modula-
tor stage must be half that of the power amplifier. 

A26. Carrier voltage develops an electric field and car-
rier current develops a magnetic field on the 

antenna. 
A27. All of the energy in the antenna fields does not 

leave the antenna. (Only the outermost waves.) 

A RADIO RECEIVER 

The block diagram for a radio receiver similar to the one 

in your home is shown below. 

ANTENNA 

TO ALL 
STAGES 

A typical radio receiver. 

The purpose of the radio receiver is to convert the ampli-
tude modulation on the carrier back to its original sound. 
As the carrier increases in ever-widening circles on leaving 
the transmitter antenna—like ripples in a pool—its energy 
decreases in amplitude. The increasing circumference of 
the circles causes power in the waveform to be distributed 
over an ever-increasing area. By the time the signal reaches 
the receiver antenna it is rather weak, usually around a few 
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thousandths or millionths of a volt. The receiver, therefore, 
must amplify the received signal to a level that will operate 
the speaker within the hearing range of the human ear. 
The receiver must also extract the audio component (the 
envelope) from the carrier. The carrier brings the signal to 
the receiver, but has no value in the reproduction of the 
audio frequency in the receiver. 

Receiver Circuits 

The Power Supply—Each receiver has a power supply. 
Its purpose is to convert 115 volts AC from an electrical 
outlet (or to provide DC if the receiver is battery-operated) 
to voltages that will operate the receiver properly. 

ANTENNA 

FROM OSCILLATOR 

CARRIER AND 
AUDIO ENVELOPE 

Antenna and mixer. 

TO IF 
ado, AMPLIFIER 

The Antenna and Mixer—Carrier frequencies from all 
stations within range of a receiver appear on the antenna 
of the receiver. When you turn the dial of your radio to 
a specific station, you adjust the electronic components of 
the mixer input so that the receiver will accept a particular 
carrier frequency and reject all others. The received carrier 
enters the mixer to be amplified. Some radios have, in addi-
tion, an RF amplifier between the mixer and antenna. 

Q28. What part of the received radio wave does the,. 
receiver convert back into original sound? 

Q29. A radio wave decreases in power as the circum-
ference of its area increases. What is the approxi-
mate amount of voltage that enters the receiver 
antenna? 

Q30. The L: 22214)21,_ converts AC to voltages 
required to operate the ieceiver circuits. 

Q31. A single broadcast frequency appears at the input 
of the (antenna, mixer). 
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Your Answers Should Be: 

A28. The amplitude modulation (or audio envelope). 

A29. A few thousandths or millionths of a volt. 

A30. The power supply converts AC to voltages re-
quired to operate the receiver circuits. 

A31. A single broadcast frequency appears at the input 
of the mixer. 

The Oscillator—The receiver oscillator is similar to its 
counterpart in the transmitter. Both generate a signal of 
constant frequency and amplitude. The purpose of the re-
ceiver oscillator is slightly different, however. It is designed 
to generate a frequency that is a constant number of kilo-
cycles above the carrier frequency, regardless of the station 
to which the receiver is tuned. The tuning dial changes the 
values of the electronic components in the frequency-gen-
erating circuit of the oscillator at the same time it is 
adjusting the frequency-reception components of the mixer. 
The arrangement is such that the oscillator will always be 
tuned 456 kilocycles (or a similar frequency) above the fre-
quency of the carrier being accepted by the mixer. The 
output of the oscillator is fed to the mixer, as shown below. 

Nvisilt RF 
,/-  

« .----"—el> 1  

FROM 
ANTENNA 

MIXER 

, 

OSCILLATOR I 

IF 

IF AMPLIFIER I-- ),,,/  

_It,\,IIINII,Ï OSCILLATOR 
FREQUENCY 

' CONVERTER 

Mixer, oscillator, and IF amplifier. 

TO 
DETECTOR 

The Mixer—The carrier and oscillator frequencies com-
bine in the mixer tube and four different frequencies appear 
at the output. One of these four is the difference between 
the oscillator and the carrier frequencies, and is usually 456 
kilocycles. The other three are rejected by the next stage. 
The mixer and oscillator together are called the converter. 
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The IF Amplifier—The abbreviation for intermediate fre-
quency is IF. In most home receivers the IF is 455 or 456 
kc. Amplifying a single frequency in the IF circuit is much 
easier and causes less distortion than if it were necessary 
to tune this amplifier to each of the many station fre-
quencies. The only purpose of this stage is to amplify the 
IF (which still retains the original audio frequency) and 
pass it on to the detector. 

FR Of 
AMPLIFI ER 

DETECTOR  TO AUDIO 
MINI> AMPLIFIER 

Detector. 

The Detector—The purpose of the detector is to remove 
the audio component from the IF waveform. The audio 
envelope is the same (although reversed) at the top of the 
waveform as it is at the bottom. The detector circuit is so 
designed that it accepts only the audio frequency at the 
top and rejects the IF frequency in the waveform. 

0 
FROM DETECTOR J AUDIO 

made AMPLIFIER azinne 

Audio amplifier and speaker. 

The Audio Amplifier—The final circuit in the receiver 
Implifies the AF fed to it by the detector. The amount of 

tmplification can be varied by the volume-control knob on 
he front of the receiver. The output of the audio amplifier 
s applied to the speaker voice coil, causing the speaker cone 
o reproduce thR sound that originated at the studio. 

Q32. The removes the AF from the IF 
waveform. 

Q33. The, ascillatdr develdps a signal at a constant 

Q34. A converter combines the functions of  is 
and 'J.- - 42-1-12' 
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Your Answers Should Be: 

A32. The detector removes the AF from the IF wave-

form. 

A33. The oscillator develops a signal at a constant 
amplitude and frequency. 

A34. A converter combines the functions of mixer and 
oscillator. 

FREQUENCY MODULATION 

The transmitter and receiver with which you have just 
become familiar employs amplitude modulation (AM) to 
carry the audio. Another method of superimposing audio 
on a carrier is called frequency modulation (FM). Its 
process is quite different. The two are compared below. 

AM 

RF CARRIER 40, AMPLITUDE 
MODULATION 

EQUALS OR 
AUDIO FREQUENCY 4%11111. MODULATION 

FREQUENCY 

FM 

Comparing AM and FM. 

Both AM and FM start out with a carrier frequency and 
an audio frequency (sound originating in the studio). In 
amplitude modulation, as you already know, the sound is 
superimposed on the carrier frequency (which is constant) 
by varying the carrier amplitude in conformance with the 
voltage and frequency of the audio. 

In FM, however, the audio is mixed with the RF in such 
a way that the carrier frequency is varied in accordance 
with the amplitude of the sound. As the audio cycle goes 
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positive, carrier frequency increases. When the audio cycle 
g'clegàT.iVé7Fa---.rrier -f-requé-iiCy- -decreases. The sum of the 
two changed frequencies in one audio cycle is still equal to 
the original carrier frequency. 
One of the advantages of frequency modulation is its 

freedom from distortion. Noise and other forms of dis-
torting voltages in the atmosphere or receiver are added to 
amplitude modulation. Since FM does not depend on a 
changing amplitude to carry audio, noise has little or no 
effect on it. This is part of the reason for the clarity of 
sound that you get from an FM receiver. 

ATMOSPHERIC NOISE 

AM RECEIVER O FM RECE I VER 

Noise has no effect on FM. 

Q35. In AM, the carrier 
match the audio. 

Q36. In FM, the carrier 12.21,22'.2_".-Y— changes to 
match the audio. 

Q37. An FM receiver is ( more, les-) subject to atmos-
pheric noise than an AM receiver. 

changes to 

WHAT YOU HAVE LEARNED 

1. Radiant energy is given off by electromagnetic waves. 
The electromagnetic spectrum includes cosmic rays, X 
rays, visible and invisible light, infrared, radar, as well 
as radio waves. 

2. A radio transmitter is a device that produces electro-
magnetic waves in the radio portion of the spectrum. 
Its essential functions are the development and ampli-
fication of a carrier frequency and modulating it with 
an amplified audio frequency. A specific carrier fre-
quency is assigned to each radio station. The distance 
that the carrier, with its superimposed audio, travels 
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Your Answers Should Be: 

A35. In AM, the carrier amplitude changes to match 
the audio. 

A36. In FM, the carrier frequency changes to match 
the audio. 

A37. An FM receiver is less subject to atmospheric 
noise than an AM receiver. 

is determined by the power that is developed in the 
final stage of the transmitter. 

3. Energy in the form of voltage and current is fed from 
the transmitter to an antenna. This sets up electric 
and magnetic fields around the antenna that expand and 
collapse at the frequency of the carrier. Part of the 
energy is in the form of electromagnetic radiations and 
is transmitted through the atmosphere. The farther it 
travels, the weaker the signal becomes. 

4. All carrier signals within range are picked up by the 
receiver antenna. The tuning control on the front of 
the receiver adjusts the input of the mixer so that only 
the desired station carrier frequency is received. At 
the same time, it adjusts an oscillator to generate an 
IF above the carrier frequency. Carrier and oscillator 
frequencies are joined in the mixer and the difference 
between the two, the intermediate frequency, is ampli-
fied and fed to the IF amplifier. Here the signal and 
its audio component are further amplified. The next 
stage (detector) extracts the audio component and 
passes it to the final stage (audio amplifier). The audio 
is amplified and fed to the speaker, causing the cone to 
reproduce the sound that originated at the studio. 

5. Amplitude (AM) and frequency (FM) modulation are 
two methods of transmitting audio on a carrier. When 
AM is used, the amplitude of the carrier varies accord-
ing to the loudness (amplitude) and frequency of the 
audio. In FM, the frequency of the carrier is varied 
instead of the amplitude. FM transmissions are less 
bothered by atmospheric and receiver noises. 
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15 

Television 
Transmitters 
and Receivers 

In this chapter you will 
What You learn how a television 

transmitter develops both 
Will Learn picture and sound signals. 

You will gain more knowl-
edge about antennas and the problems of sending elec-
tromagnetic waves through the atmosphere. You will 
also become familiar with how a television receiver 
converts electronic signals into picture and sound repro-
ductions. Learning the basic principles of television 
transmitters and receivers is no more difficult than 
learning the principles of radio. The basic electronic 
principles are the same for both. You will find this to 
be true for any electronic equipment, regardless of how 
complicated it may seem. 

THE TELEVISION TRANSMITTER 

There is actually very little difference between radio and 
television transmitters. As you recall, the functional block 
diagram of a radio transmitter contains a microphone, an 
audio-frequency section, a carrier-frequency section, and an 
antenna. A television transmitter has more operations to 
perform than a radio transmitter. Its functional block dia-
gram, therefore, contains more sections. The functions of 
the two transmitters are quite similar, however. 
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Functional Block 

The radio transmitter has the single problem of putting 
sound on a carrier. The TV transmitter must modulate two 
carriers, one with sound and the other with video (picture). 

ANTENNA 

AUDIO •um. 
FREQUENCY 

CAAURDRIIOER-

FREQUENCY 

A TV-transmitter functional block diagram. 

Video-Frequency Functions—The only difference between 
the functional blocks of a radio transmitter and a TV trans-
mitter is the addition of a video-frequency function in the 
TV transmitter. The audio-frequency section is in a sep-
arate channel of its own. Shown in the TV block diagram 
is a camera which sends a weak picture signal to the video-
frequency section to be amplified. The output of this sec-
tion is a video frequency (higher than audio) used to mod-
ulate a very high frequency (VHF) generated in the carrier 
block. Superimposing the video (picture) on the carrier is 
done by amplitude modulation, the same process used in 
an AM radio transmitter. 
Audio-Frequency Functions—A microphone feeding a sig-

nal to the audio-frequency section is shown at the bottom 
of the illustration above. The sound signal from this micro-
phone is amplified and used to frequency-modulate a sep-
arate carrier. This modulated carrier is then fed to an 
antenna. In effect, there are two transmitters for TV— 
one for transmitting the picture and the other for trans-
mitting the sound. In practice, a single antenna is usually 
used to transmit both carriers. 
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THE TV AUDIO TRANSMITTER 

As previously stated, a TV audio transmitter uses the 
frequency modulation method. In the preceding chapter, 

you learned that FM is a process in which the frequency 

CARRIER 
LOWER HIGHER 

FREQUENCY FREQUENCY 

FREQUENCY MODULATED 

of a carrier is varied in accordance with the amplitude of 
an audio signal. 

CARRIER fl«. CARRIER 
OSCILLAIOR AMPLIFIER 

Il  
PHASE 

SHIFTING 

MICROPHONE 

I 

MODULATOR 

17•17  

AUDIO 
AMPLIFIER 

POWER 
AMPLIFIER 

ANTENNA 

Block diagram of an FM transmitter. 

Ql. The sections of a functional block diagram of a 
radio transmitter are a microphone,   

and antenna. 

Q2. Sound in an AM radio transmitter is placed on 
the carrier as a(an)   

; in a television transmitter, it 
is done by 

Q3. An audio frequency modulates a sound carrier; 

a(an)   frequency modulates a picture car-
rier. 

Q4. The outputs of the   and 

  blocks of the sound 
transmitter are fed to the modulator. 
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Your Answers Should Be: 

Al. The sections of a functional block diagram of a 
radio transmitter are a microphone, audio fre-
quency, carrier frequency, and antenna. 

A2. Sound in an AM radio transmitter is placed on the 
carrier as an amplitude modulation; in a television 
transmitter, it is done by frequency modulation. 

A3. An audio frequency modulates a sound carrier ; a 
video frequency modulates a picture carrier. 

A4. The outputs of the phase shifting and audio ampli-
fier blocks of the sound transmitter are fed to the 
modulator. 

Audio Modulation of the Carrier 

The oscillator in an FM transmitter, as in any other trans-
mitter, develops a constant frequency at a uniform ampli-
tude. The output of the oscillator is simultaneously fed to 
a carrier amplifier (where it is increased in amplitude) and 
to a phase-shifting circuit. A single cycle is shown in the 
oscillator block below. The same cycle appears in the out-
put of the carrier amplifier. The corresponding cycle in the 
phase-shifting circuit shows that the signal has been shifted 

OSCILLATOR 

Phase shifting. 

CARRIER 
AMPLIFIER 

PHASE SHIFT 

(moved) to the right a quarter of a cycle. This is called 
phase shifting. The starting, maximum positive, return-to-
zero, maximum negative, and ending points occur one quar-
ter of a cycle later in the lower block than they do in the 
upper block. Since there are 360° (one way of designating 
the period of a sine-wave cycle) in a complete cycle, the 
lower waveform has been shifted in phase by 90°. 
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Modulator—Amplified sound signals from the audio ampli-
fier and the phase-shifted carrier frequency meet in the 
modulator. The result of the meeting is a modulated output 
with an amplitude that varies in accordance with the ampli-
tude of the audio, but still phase-shifted a quarter cycle. 

m> CARRIER • me  
AMPLIFIER 

MODULATOR 

Phase-shifted audio and carrier joined in mixer. 

Mixer—This circuit mixes the outputs of the carrier 
amplifier and the modulator to produce a variable frequency. 
This new signal is the carrier frequency changed by an 
amount determined by the amplitude variations of the audio. 
If the two inputs to the mixer had been in phase, this fre-
quency variation of the carrier could not have occurred. 
Since equivalent points of the two waveforms are changing 

at different times, the audio variations of the modulator 
signal either add cycles to or subtract cycles from the con-
stant frequency of the carrier. When the audio content of 
the modulator frequency goes positive, it causes a corre-
sponding increase in frequency of the carrier. When the 
audio content goes negative in its cycle, the carrier fre-
quency decreases a proportionate amount. The output of the 
mixer then is the basic carrier changing in frequency in 
accordance with the amplitude of the original sound. 

Q5. The frequenor of any transmitter is generated in 
a (an) ..V2_%IL. _ circuit. 

Q6. The phase-shifting circuit changes the phaae4start-
ing point) of the sine wave a(an)  -"" of 
a cycle, or e, degrees. 

Q7. Modulation occurs ( before, after) power is ampli-
fied. 

Q8. The ,audio frequency is placed on the carrier by 
 to and j from the car-

rier cycles. 
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Your Answers Should Be: 

A5. The frequency of any transmitter is generated in 
an oscillator circuit. 

A6. The phase-shifting circuit changes the phase 
(starting point) of the sine wave a quarter of a 
cycle, or 90 degrees. 

A7. Modulation occurs before power is amplified. 

A8. The audio frequency is placed on the carrier by 
adding to and subtracting from the carrier cycles. 

Amplifying the Modulated Carrier 

Multiplier—The purpose of the multiplier stage is to 
amplify and increase the frequency of the modulated car-
rier. In some transmitters, several such circuits may be 
required. In addition to raising the amplitude of the carrier 
to that which is required for transmission purposes, multi-
plying the frequency also makes the modulated variations 

MULTIPLIER 
POWER 

AMPLIFIER 

Mixer, multiplier, and power amplifier. 

more pronounced. Those portions of the audio signal having 
higher amplitudes cause a wider variation of the carrier fre-
quency than do those portions having lower amplitudes. 
Amplifier—You will note that the carrier is modulated 

prior to the power amplifier stage. In amplitude modulation 
it is necessary to superimpose the audio in the final power 
stage, which is usually at very high power. Since the final 
amplifier of the audio-frequency section must have a power 
output that is close to 50% of that of the carrier amplifier, 
tubes and other parts must be large and expensive. In FM, 
the entire modulated carrier is raised to the correct power 
level in a single stage, making the FM transmitter more 
economical in this respect than its AM counterpart. The 
output of the power amplifier goes directly to the antenna. 
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Audio Transmitter Review 

Sound from a television studio is added to the carrier 
wave by frequency modulation. The block diagram below 
shows the transmitter portion which mixes the two fre-
quencies. 

PHASE 
SHIFTING 

AUDIO 
AMPLIFIER 

Audio added to the carrier. 

The oscillator generates a stable frequency which is si-
multaneously fed to an amplifier and a phase-shifting net-
work. The phase-shifting stage shifts the frequency by a 

quarter of a cycle. The carrier and the shifted signal are 
no longer in step. The amplified audio from the microphone 
is mixed with the out-of-phase signal in the modulator. The 
output of the modulator is a series of sine waves that vary 
in amplitude in accordance with the amplitude of the original 
sound. 

The outputs of the carrier amplifier and the modulator 
combine in the mixer. The output of the mixer is a signal 
that varies in frequency according to the amplitude of the 

modulating signal. The FM signal is then multiplied in fre-
iuency several times and increased in power by the stages 
ihown below. 

FROM 
THE MIXER 

The modulated carrier is fed to the antenna. 
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TV VIDEO TRANSMITTER 

A brief summary of what happens in the TV video trans-
mitter might be helpful before its stages are discussed. 

Functional block diagram of the video transmitter. 

In the video-frequency section, video signals from the 
camera are amplified and fed to the final power amplifier 
of the carrier-frequency section. Here, the carrier is ampli-
tude-modulated by the video. 
Camera—There are several different types of TV cameras. 

The iconoscope, image dissector, and image orthicon are 
examples. The latter is the type most frequently used in 
TV broadcasts. Although the manner in which they accom-
plish their purposes differs, their basic operating principles 
are the same. 
The camera, much like its photographic counterpart, de-

posits a scene through a lens on a plate within the camera. 
Light rays from all parts of the scene are focused through 
the lens, reproducing the image on the plate. If the plate 
were a photographic negative, the light rays would excite 
deposits of light-sensitive materials in proportion to the 
intensity of light, varying from white through shades of 
gray to black. 

Camera operating principle. 

SCENE LENS PLATE 

A similar process occurs in a TV camera. The light-sen-
sitive plate receives a picture of the scene. Tiny areas on 
the chemically treated plate are thereby electrically charged 
in proportion to the light intensity of that part of the scene. 
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Scanning 

A very narrow beam of electrons is moved back and forth 
across the plate from top to bottom. The beam samples the 
intensity of the charge in each of the tiny areas. The 
amount of each charge indicates whether that portion of 
the scene is black, white, or some shade of gray. 

525 LI NES 
OF SCAN 

(A) 

SOLID LINES 
ACTUAL 
SCANNING 

TTED LINES 
EAM RETURNS 

SCANNED 30 TIMES 
EACH SECOND Portion of plate showing 

Camera plate, scan lines. 
Electron beam scanning. 

As shown in part A above, the plate is scanned (move-
ment of electron beam) in a sequence of 525 lines from top 
to bottom. A complete scan of the plate (525 lines each 
time) is made 30 times each second. The same procedure 
is duplicated on the screen of your receiver. In a TV 

receiver with a 17-inch screen, the electron beam in the 
picture tube travels across the screen at the rate of approxi-
mately 13,000 miles per hour. 
Part B shows how this scanning is accomplished. The 

beam moves across the plate in the camera from left to 
right, sampling the intensity of each tiny area it passes. 
At the end of the line the beam is blanked (shut off) and 
returned to the left side of the plate to start the next line. 
The beam is turned on again and samples the second line. 
This process is continued until the bottom of the plate is 
reached. The beam is blanked and returned to the upper 
left-hand corner to start scanning again. When the beam 
is on and moving from left to right sampling the intensity 
on the plate, it is said to be scanning. When it is shut off 
and being returned to a new starting point, it is retracing. 

The video is placed on the carrier by  

e 
Q10. The image plate is by an electron beam. 

Q11. How many lines does the beam trace each second? 

Q12. How many times a second is the beam blanked? 
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Your Answers Should Be: 

A9. The video is placed on the carrier by amplitude 
modulation. 

A10. The image plate is scanned by an electron beam. 

All. 15,750 lines per second. 

Al2. It is blanked at the end of each line, 15,750 times 
each second. 

Interlaced Scanning 

Because of problems in controlling the beam and of notice-
able flicker to the viewer when line-by-line scanning is per-
formed, the beam is caused to scan every other line. 

PORTION OF CAMERA PLATE 
1 

TO BOTTOM OF PLATE 

2 SOLID LINES-
4 FIRST SCAN 

6 Interlaced scanning. 

8 DASHED LINES - 
10 SECOND SCAN 

12 

As the illustration shows, the first scan starts at line 1, 
samples the charged areas, and is retraced to line 3. This 
action continues to the bottom of the plate, scanning the 
odd-numbered lines. When it reaches the bottom, the beam 
returns to the top of the plate and scans the even-numbered 
linés. Each scan, top to bottom, requires 1/60 of a second. 
To scan the entire plate, the beam requires two passes, 
which takes a total time of 1/30 of a second. On the 
receiver screen a new image is being presented on every 
other line 60 times a second, a line-tracing frequency that 
cannot be noticed by the eye. If it were being done at the 
rate of 30 times a second, the eye might be able to see the 
changes, which would be recognized as a flicker. This 
process of scanning every other line is called interlaced 
scanning. The camera thus identifies the light and dark 
areas of a scene and converts this information to currents 
and voltages that change in proportion to the light intensity. 
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Timing Generator 

The timing of the scanning events is very critical. The 
beam of electrons must begin at a precise point near the 
top of the camera plate and scan every odd-numbered line 
in 1/60 of a second. The electron beam must be blanked 
out precisely at the end of every line and at the end of the 
field. A complete scan of all the odd-numbered lines (or 
even-numbered lines) is called a field. 
When the odd-numbered field has been completed, the 

blanked beam must be returned to a new position at a pre-
cise time to begin scanning the even-numbered field. Each 
action and position of the camera beam must be followed 
precisely by similar action in your TV receiver at home. 
The stage in the TV transmitter that establishes this pre-
cise timing is known as the timing generator, sometimes 
called the blanking or synchronizing stage. 

TO CARRIER 
AMPLIFIER 

CAMERA AND 
AMPLIFIERS 

TIMING 
GENERATOR 

VIDEO 
AMPLIFIERS 

Video-frequency ptages. 

The timing generator in the preceding illustration feeds 
pulse waveforms to the camera tube. The amplitude and 
timing of the pulses are such that they synchronize (cause 
all events to take place at precise time intervals) scanning, 
blanking, retracing, and positioning of the electron beam. 
The same timing pulses (for synchronizing the same events 
in the receiver) are fed, with the amplified video, to another 
stage of video amplifiers. From this point the entire sig-
nal—video and timing pulses—is passed to the final ampli-
fier of the carrier or modulation purposes. 

. I 
Q13.  '  scanning skips every other line. 

Q14. By this method, a given line on the receiver screen 
is scanned-ell.. times a second. 

Q15. Scanning is synchronized by a(an) 
4*,,1  

Q16. What is contained in the video-output amplifiers? 

„lip • //..1,41-c, 
289 



Your Answers Should Be: 

A13. Interlace scanning skips every other line. 

A14. By this method, a given line on the receiver 
screen is scanned 30 times a second. 

A15. Scanning is synchronized by a timing generator. 

A16. Video and timing pulses. 

Video Modulation 

The video and timing pulses are placed on the carrier fre-
quency by amplitude modulation. The process is similar to 
the method used by AM radio stations. 
Video Signals—As you have learned from the preceding 

discussion, a video signal contains a great deal of informa-
tion. A series of video waveforms is shown below. Re-
member that a waveform contains only two dimensions— 
amplitude and time. 

o 

BLANKING PULSE FOR 
RECEIVER - COINCIDES 
WITH CAMERA BLANKING 

GRAYS 

SYNCHRONIZING PULSE 
FOR CAMERA AND 
RECEIVER TIMING 

APP 

BLACK 
IMAGE 

WHITE 
\ IMAGE 

A B 
TIME- 1u-

Complete video for two scanned lines. 

Carrier Frequency—The carrier-frequency section is sim-
ilar to the same circuits in a broadcast radio transmitter. 
(See the diagram on the opposite page.) 
The oscillator generates a continuous and constant fre-

quency. The output of the oscillator is increased in fre-
quency and amplitude by the multiplier and amplifier 
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sections. In the power amplifier, the carrier is raised to the 
desired power level required by the station, and is ampli-
tude-modulated by the video signal. 

ANTENNA 

E... MULTIPLIERS 
OSCILLATOR   AND 

AMPLIFIERS 

FROM VIDEO 
AMPLIFIER 

POWER 
AMPLIFIERS 

TV carrier frequency. 

For VHF (very high frequency—channels 2 to 13), the 
frequency of the carrier is between 54 and 216 megacycles. 
For UHF (ultra high frequency—channels 14 to 83), the 
carrier is between 470 and 890 megacycles. Transmission of 
signals at these frequencies is quite different from that for 
the lower radio frequencies. High frequencies have short 
wavelengths. A wavelength is the time duration, or length, 
of one cycle. The higher the frequency of a signal, the 
shorter is its wavelength. 

Q17. The image scanned by the camera is changed into 
a(an) _ frequency. 

Q18. A video signal has   and -- — — 
dimensions. 

Q19. In the diagram on the opposite page, a full video 
cycle is from (A to B, B to C, A to C). 

Q20. The beginning of a scanned line on the receiver 
screen coincides with (A, B, C). 

Q21. Using the same lettere, the electron beam is re-
tracing between time and time 

Q22. A black image appears as a (more, less) positive 
voltage than a shade of gray. — 

Q23. During retrace time in a video cycle, two pulses 
appear. What are they? 

Q24. How many blanking pulses areLshown above? 

Q25. VHF has (shorter, longer) wayergths than UHF. 
Q26. A TV video signal is  0,1,1„,;^ I -I. modulated. 
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Your Answers Should Be: 

A17. The image scanned by the camera is changed into 
a video frequency. 

A18. A video signal has amplitude and time dimensions. 

A19. In the diagram, a full video cycle is from A to C. 

A20. The beginning of a scanned line on the receiver 
screen coincides with B. 

A21. Using the same letters, the electron beam is re-
tracing between time A and time B. 

A22. A black image appears as a more positive voltage 
than a shade of gray. 

A23. During retrace time in a video cycle, two pulses 
appear. They are blanking and synchronizing 
pulses. 

A24. Two blanking pulses are shown in the figure. 

A25. VHF has longer wavelengths than UHF. 

A26. A TV video signal is amplitude modulated. 

TELEVISION TRANSMITTING ANTENNAS 

An antenna, as you recall, develops an electromagnetic 
field around itself when current is passing through it. Cur-
rent flows back and forth through an antenna in accordance 
with the rise and fall of the carrier-waveform frequency 
and amplitude. 

Television Wave Propagation 

Since the wavelength of a TV carrier is shorter than that 
of a radio-broadcast carrier, the length of the TV antenna 
is correspondingly shorter. There is also a difference in the 
way short and long wavelengths travel through space. 

GROUND WAVES 

Radiated long waves. 
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The diagram illustrates the propagation (travel of elec-
tromagnetic radiation) of long waves as they radiate from 
the antenna of a commercial radio station. The frequency 
is between 535 and 1,605 kilocycles. The radiated energy 
has a space wave that travels essentially in a straight line. 
Low frequencies also have a ground wave that hugs the 
ground until the radiated power decreases so much with 
distance that reception is no longer possible. 
The short wavelengths of a television transmission de-

pend on a different method of wave propagation. 

SKY WAVES 

REFLECTED 
SKY WAVE 

IONOSPHERE 

SPACE WAVES 

Radiated short waves. 

High frequencies radiate a space wave and a sky wave. 
Both of these waves travel essentially in straight lines. To 
receive a space wave, the receiving antenna must be within 
line-of-sight of the transmitting antenna. If the receiving 
antenna is beyond the horizon, the space wave (if it still 
retains sufficient power) passes over it. 
Sky waves, also traveling in a straight line, head out into 

space. When the sky waves are 50 to 75 miles out, depend-
ing on the time of day, they encounter the ionosphere, a 
layer of charged particles that cause the short-wave radia-
tions to bend. Waves that enter the ionosphere at a sharp 
angle are bent back to earth. At an angle close to 90° 
(perpendicular), the bending is not enough for the signal 
to return to earth, so it continues to travel toward higher 
altitudes. If they are of sufficient power, reflected sky 
waves can sometimes be picked up by receiying antennas. 

, 
Q26. TV frequencies haveg.ate_— and__ waves. , 
Q27. l'fr11.44 waves may be reflected by the ionosphere. 

Q28. TV radiations are (short, long) waves. 
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Your Answers Should Be: 

A26. TV frequencies have space and sky waves. 

A27. Sky waves may be reflected by the ionosphere. 

A28. TV radiations are short waves. 

THE TELEVISION RECEIVER 

There are many different models of TV receivers. They 
differ in the types and numbers of circuits used, as well as 
in the size of picture tube and style of cabinet. Since they 
all must process the same signals from a TV transmitter, 
the function of their circuits must be identical. 

ANTENNA 

RF SECTION 

SYNC 
SEPARATOR 

LOW VOLTAGE 
POWER SUPPLY 

FOR ALL 
CIRCUITS 

IF 
AMPLI-
FIER 

SOUND I—  SECTION 

VI DEO 
SECTION 

VERTICAL 
SCANNING 
CIRCUITS 

HOR I ZONTAL 

SCANNING 

CIRCUITS 

SPEAKER 

PICTURE TUBE 

HIGH-VOLTAGE 
POWER SUPPLY 

Block diagram of a TV receiver. 

The illustration above shows a single antenna bringing 
both the FM sound carrier and the AM video carrier to the 
RF (radio frequency) circuits. This is satisfactory since 
the sound- and video-carrier frequencies are fairly close 
together (the sound carrier is 4.5 megacycles higher). 
Both carriers are amplified and converted into an inter-

mediate frequency (IF). The IF signals are amplified and 
then separated, each being sent to its proper section. In 
the sound section, the audio component of the frequency-
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modulated wave is extracted and sent to the speaker. In 
the video section, the picture signals and blanking pulses 
are taken from the amplitude-modulated wave and sent to 
the cathode-ray (picture) tube. 
Synchronizing (sync) pulses time the controlling voltages 

of the vertical and horizontal circuits. Outputs of these 
stages cause the image to be placed on the screen of the 
cathode-ray tube. 

RF Section 

In most TV sets the RF section (sometimes called the 
front end or tuner), normally consists of an RF amplifier, a 
mixer, and an oscillator. 

AUDIO FM <, 
SIGNAL 

VI DEO 
SIGNAL 

• 
RF TUNER 

RF section of a TV receiver. 

mum. 
TO IF 

AMPLIFIER 

Dashed lines to two or more circuits in a diagram indicate 
that a single control has an effect on each circuit or part 
indicated. 

Q29.   and   carriers are received by a 
single antenna. 

Q30. The two frequencies differ by — — megacycles. 

Q31. The carrier containing the synchronizing pulses is 
at a (lower, higher) frequency than the audio 
carrier. 

Q32. Outputs from the IF amplifier are fed to the 
 and sections. 

Q33. What stages are tuned by the receiver channel 
selector switch? 

Q34. What section delivers the picture image to the 
picture tube? 
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Your Answers Should Be: 

A29. Sound and video carriers are received by a single 
antenna. 

A30. The two frequencies differ by 4.5 megacycles. 

A31. The carrier containing the synchronizing pulses 
is at a lower frequency than the audio carrier. 

A32. Outputs from the IF amplifier are fed to the 
sound and video sections. 

A33. RF amplifier, mixer, and oscillator stages are 
tuned by the selector switch. 

A34. The video section delivers the picture image to 
the picture (cathode-ray) tube. 

RF Amplifier—All the TV station carriers reaching your 
receiver appear at the input of the RF amplifier. In select-
ing a channel, the tuner provides the right combination of 
inductance and capacitance in this circuit so that only the 
video- and sound-carrier frequencies of that channel are 
amplified. All other channel frequencies are rejected. There 
are very few receivers that do not have an RF amplifier. 
Mixer and Oscillator—The mixer is tuned to the same 

frequency as the RF amplifier. Its purpose is to develop the 
intermediate frequency for the IF amplifiers located in the 
sound and video sections. The mixer (converter) does this 
in the same manner as the mixer in the AM radio receiver. 
The oscillator develops a frequency that is the desired IF 
above the video- and sound-carrier frequencies. The oscil-
lator and carrier frequencies are mixed to produce the IF 
difference frequency at the output of the mixer. This fre-
quency is then fed to the IF amplifiers with the appropriate 
video and sound modulations still existing. 

Fine-Tuning Control—Most sets have a fine-tuning control 
in addition to the channel selector. The fine-tuning con-
trol adjusts the value of a component (usually a capacitor) 
in the oscillator circuit. The change in value of this com-
ponent causes an appropriate change in the frequency of 
the oscillator, allowing the IF for sound and video to be 
tuned more precisely. 
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Sound Section 

You may have noticed the similarity between the mixer 
and oscillator of a radio receiver and the corresponding 
circuits in a TV receiver. In fact, most of the circuits of 
the sound section are similar in operation to those found 
in an FM radio. 

DETECTOR 

TV-receiver video section. 

IF Amplifiers—The IF signal contains both frequency and 
amplitude modulation. The IF frequency is usually near 45 
megacycles, which is a much higher frequency than the 
455-kc IF usually found in an AM radio. This higher IF 
frequency modulated by both the audio and video signals 
is more difficult to amplify. Thus, the gain (amount of 
amplitude increase between circuit input and output) is 
low, and more than one stage of IF amplification is neces-
sary. Depending on the quality of the receiver, the IF sec-
tion will have two, three, or four IF amplifiers, one after 
the other. This row of amplifying circuits is sometimes 
called the IF strip. 

Q35. Front end is another name for the — — 

Q36. What are the two carriers that enter the RF 
amplifier from the antenna? 

Q37. What are the frequencies that become inputs to 
the mixer? 

Q38. The selector switch tunes the mixer to the same 
input frequency as the  

Q39. The oscillator is tuned to a (higher, lower) fre-
quency than the video carrier. 

Q40. IF amplifiers are circuits in both the and 
 sections. 

Q41. There are (more, fewer) circuits in a TV IF strip 
than in the similar section of a home radio. 
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Your Answers Should Be: 

A35. Front end is another name for the RF section. 

A36. Sound and video carriers enter the RF amplifier 
from the antenna. 

A37. Sound, video and oscillator frequencies are inputs 

to the mixer. 
A38. The selector switch tunes the mixer to the same 

input frequency as the RF amplifier. 

A39. The oscillator is tuned to a higher frequency than 
the video carrier. 

A40. IF amplifiers are circuits in both the sound and 
video sections. 

A41. There are more circuits in a TV IF strip than in 
the similar section of a home radio. 

Sound Detection and Amplification 

Because the TV sound is contained in the form of fre-
quency modulation, the method for removing the audio 
component is different from that for AM. 

MODULATED WAVE 

V V V 

A A A \''i 
AUDIO COMPONENT 

OUD VOLUME 
LOW-FREQUENCY 

AUDIO 

LOW VOLUME I LOUD VOWME 
LOW-FREQUENCY , HIGH-FREQUENCY 

AUDIO AUDIO 

A frequency-modulated wave. 

The Detector—FM and AM detectors have the same pur-
pose—to remove the audio component from the modulated 
intermediate frequency. For FM, the variations in fre-
quency are changed into voltage variations by the detector. 
The output of the detector (quite frequently called a dis-
criminator because it discriminates between AF and IF), is 
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an audio frequency representing the tone and amplitude of 
the sound originating at the studio. 
The difference in volume, as shown in the illustration, is 

determined by the distance between cycles of the carrier 
(or IF). For a given carrier, its frequency is the same for 
each cycle of audio. Carrier frequency decreases (cycles 
farther apart) during the negative portion of an audio wave 
and increases (cycles closer together) during the positive 
portion. The greater the volume of the audio, the greater 
is the difference in carrier frequency between the positive 
and negative half cycles of the audio. A weaker volume 
shows less difference (carrier frequency will be more uni-
form throughout the audio cycle) between positive and 
negative half cycles of the audio. 

High and low tones are determined by the number of 
times the periodic carrier-frequency variations repeat them-
selves. For low audio tones, repetition of cycles (audio 
frequency) is less often. For high tones, repetition of cycles 
occur a greater number of times per second. 
The Audio Amplifier—The purpose and method of am-

plifying audio are identical in AM and FM receivers. The 
amplifier in either system raises the amplitude of the pure 
audio signal to the level required for operating the speaker. 
The volume control and tone control (if the TV set has one) 
are normally separate variable resistances in the first of two 
audio-amplifier stages. 

Q42. Video detector's are designed to remove 
 modulation from the 
 frequency. 

Q43. The audio component of an FM signal is removed 
by a(an)  circuit. 

Q44. In frequency modulation, the distance between 
cycles of the carrier frequency determines the 
(volume, tone) of the sound. 

Q45. A high tone requires (more, less) repetition of the 
IF variations than a low tone. 

Q46. A discriminator separates the audio modulation 
frequency from the 
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Your Answers Should Be: 

A42. Video detectors are designed to remove amplitude 
modulation from the intermediate frequency. 

A43. The audio component of an FM signal is removed 
by a discriminator circuit. 

A44. In frequency modulation, the distance between 
cycles of the carrier frequency determines the 

volume of the sound. 

A45. A high tone requires more repetition of the IF 
variations than a low tone. 

A46. A discriminator separates the audio modulation 
frequency from the intermediate frequency. 

Video Section 

The purpose of the video section is to detect and amplify 
the picture signal and distribute its signal components to 
the correct stages of the set. 

fet 
FROM IF   VIDEO VIDEO 
MIXER- AMPLIFIERS DETECTOR AMPLIFIER 

mmii> 

-rr'17 
CATHODE-
RAY TUBE 

TV-receiver audio section. 

IF Amplifiers—The output of the IF amplifiers contains 
the video signal and is fed to the video detector, as shown 
in the diagram. 
Video Detector—Like the detector used in an AM radio, 

a TV video detector is usually a diode. As you remember 
from a previous chapter, a diode conducts current in one 
direction only. When the modulated signal is applied, the 
detector conducts only during the time the waveform is 
going positive. The varying frequency representing the 
sound, and the negative portion of the video signal cannot 
pass through the detector stage. Therefore, the output of 
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the detector is identical to the picture signal as it left the 
camera and before it was placed on the carrier. 

Video Amplifiers—The output of the detector is a rela-
tively weak signal, not strong enough to cause a reproduc-
tion of the picture. Video amplifiers are therefore required 
to achieve the necessary signal amplitude. These must be 
wide-band amplifiers because the frequency content of the 
picture signal covers a wide frequency range. 
The output from the video-amplifier section is the reverse 

(upside-down) of the waveform that entered its input. This 
is the condition of the waveform that is desired. If the 
image and blanking pulses were positive going instead of 
negative going, the blacks of the image would appear as 
whites, and the whites as blacks. 

FROM 
DETECTOR 

TO SYNC 
SEPARATOR 

Video amplifier and DC restorer. 

Contrast Control—The contrast control is actually a vari-
able resistance in one of the video-amplifier stages. Its 
purpose is to vary the amount of output from the amplifier 
with which it is associated. This increases or decreases the 
amplitude difference between the voltages representing the 
white and black portions of the image. If the amplifier out-
put is increased, the difference between the two voltages 
becomes greater and the contrast is increased. 

Q47. The contrast control changes the amount of 
 of a video amplifier. 

Q48. The video detector selects the (positive, negative) 
portion of the picture signal and rejects the 
 frequency. 

Q49. In the output of the video-amplifier section the 
sync pulse has a voltage (more, less) negative 
than the image. 
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Your Answers Should Be: 

A47. The contrast control changes the amount of out-
put of a video amplifier. 

A48. The video detector selects the positive portion of 
the picture signal and rejects the intermediate 

frequency. 

A49. In the output of the video-amplifier section the 
sync pulse has a voltage more negative than the 
image. 

Image Display 

In the illustration below, zero voltage is shown on the 
reference line. Any portion of the signal below this line is 
negative. As you recall, the camera image produces a signal 
in which whites are more positive than blacks and grays, 
and grays more positive than the blacks. The cathode-ray 
tube places the image on the screen with an electron beam 
similar to that used for scanning in the camera. Video 

WHITE 
SIGNAL - 

IMAGE FOR ONE 
LINE OF SCAN 

SYNC 
PULSE 

BLANKING 
PULSE 
/-Er. 

Video waveform content. 

SHADES 
OF GRAY 

BLACK 
SIGNAL 

signals fed to the cathode-ray tube control the number of 
electrons striking the fluorescent screen. The fluorescent 
material on the screen gives off light in proportion to the 
number of electrons that strike it. 
To reproduce blacks, the beam must be shut off. Whites 

require a maximum number of electrons. The video signal 
controls the number of electrons by the value of its nega-
tive voltage. Negative voltage repels electrons. A highly 
negative portion of the image signal (black) stops electron 

flow completely. 
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DC Restorer—To achieve proper values of the image and 
blanking voltages that control the number of electrons in 
the beam, a definite voltage reference level must be estab-
lished and maintained. In other words, zero voltage is the 
reference shown in the illustration, and must be at the top 
of the waveform. If the waveform varies above or below 
this zero reference, the video and blanking will not appear 
on the screen properly. The circuit in most TV sets that 
maintains this level is called a DC restorer. 

-IM BLANKING 
F- PULSES 

FROM VIDEO 
.AMPLIFIER 

Sync and blanking pulses. 

Brightness Control—Another front-panel adjustment, the 
brightness control, is a variable resistor in the picture-tube 
circuit. The purpose of this control is to adjust the position 
of the waveform on the zero reference level to a point that 
provides the best screen brightness for viewing purposes. 
If the control is adjusted so that the near-white amplitudes 
in the image are brought closer to the zero reference, more 
electrons strike the screen, making it brighter. When the 
control is turned in the other direction, so that even the 
white amplitudes are below the zero reference, fewer elec-
trons strike the screen and the entire picture is darker. 

Q50. The screen of a cathode-ray tube glows brighter 
if (more, fewer) electrons strike it. 

Q51. To put "black" on the picture tube, the voltage 
representing black in the video waveform must be 
as (negative, positive) as the pulse. 

Q52. A zero reference level of the video waveform is 
established by the  

Q53. The   adjusts the 
zero reference level for the desired brightness of 
the screen. 
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Your Answers Should Be: 

A50. The screen of a cathode-ray tube glows brighter 
if more electrons strike it. 

A51. To put "black" on the television screen, the volt-
age representing black in the video waveform 
must be as negative as the blanking pulse. 

A52. A zero reference level of the video waveform is 
established by the DC restorer. 

A53. The brightness control adjusts the zero reference 
for the desired brightness of the screen. 

Scanning 

In the discussion thus far, video and blanking pulses have 
been fed to the cathode-ray tube for each scanned line of 
the picture waveform entering the set. The picture portion 
of the waveform controls the intensity of the electron beam, 

- 

-4-

Screen and camera beams are 

while the periodically appearing blan 
beam off at the proper intervals. 
Some method is needed to move the 

LINES 

EVEN 

ODD 

EVEN 

ODD 

EVEN 

ODD 

EVEN 

ODD 

EVEN / 

TV SCREEN,/ 

262 - 1/2 ODD LINES 
IN FIRST FIELD 

262 1/2 EVEN LINES 
IN SECOND FIELD 

EACH FIELD IS SWEPT 
ODD 

i IAN TleTATHL SECOND OR• EVENODD 1130TH SECOND 
IN 

'EVEN 

synchronized. 

king pulses shut the 

beam on the receiver 
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screen from side to side and top to bottom in synchroniza-
tion (in step) with the action that takes place in the camera. 
Each of the video waveforms represents one particular scan 
line among the 525 lines that should appear on the screen 
for a complete picture. Up to this point all of the video 
waveform has been used except the small sync pulses that 
are on top of the blanking pulses. 
There are 525 horizontal lines in a complete picture on 

a TV screen. Each line represents an image line scanned 
by the TV camera and a screen line to be swept (reverse of 
scan) by the electron beam in the TV tube. The entire 525 
lines are called a frame. 
The camera scans every other line (interlaced scanning) 

for ease in electronic control and viewing (eliminates 
flicker). The receiver beam must do likewise, sweeping 
every other line precisely in sequence with the camera. In 
the first pass, called a field, the beam must start in the 
upper left-hand corner and trace every odd line, ending at 
the middle of the bottom line for a total of 2621/2 lines (1/2 
of 525). The beam must then return to the top center of 
the screen and sweep each even line in sequence, completing 
262 1/2  lines of the field at the right end of the bottom line. 

In the process, the beam must excite the fluorescent 
screen with the correct intensity indicated by the corre-
sponding portions of the video waveform. At the end of 
each line, the beam is blanked and must be rapidly returned 
to the left to start the next line of the picture. When the 
beam reaches the bottom of the screen, it must be blanked 
again and rapidly returned to the correct position (left or 
middle) at the top to sweep the next field. It must complete 
a field (2621/2 lines) in precisely 1/60 of a second and a full 
frame (complete picture) in 1/30 of a second. 

Q54. There are lines to a field and — — fields 
to a frame. 

Q55. The sweep of the receiver beam must be 
  with the __ _ _ of the cam-
era beam. 

Q56. The start and the position of each scan line on 
the CRT screen are controlled by the 

305 



Your Answers Should Be: 

A54. There are 262 1/2 lines to a field and two fields to a 
frame. 

A55. The sweep of the receiver beam must be synchro-
nized with the scan of the camera beam. 

A56. The start and the position of each scan line on 
the CRT screen are controlled by the synchroniz-
ing pulses. 

Moving the Electron Beam 

You know that a negative voltage repels and a positive 
voltage. attracts electrons. The cathode-ray tube (CRT) 
uses this effect to send an electron beam to the screen and 
control its movement. 

VIDEO AND 
BLANKING SIGNALS 

umeimmel, 

HORIZONTAL CONTROL 

VERTICAL CONTROL 

SOURCE OF 
ELECTRON BEAM 

10,000 OR MORE VOLTS 

SCREEN 

Cathode-ray tube. 

The basic construction and connections of a CRT are illus-
trated above. At the left end is shown an electron gun 
which shoots a narrow stream of electrons toward the 
screen. To speed the electrons on their way, the inner sur-
face of the flared portion of the tube has a conductive 
coating energized with a voltage that is several thousand 
volts positive with respect to the electron source. 
The CRT is connected to the output of the last video 

amplifier from which is received the video and blanking 
signals. The CRT element which controls the number of 
electrons responds to the varying amplitude of the video 
and releases the quantity required. This element also stops 
the flow of electrons when the blanking pulse appears. 
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During the time a video signal is present, the beam must 
be moved from left to right across the screen. When the 
beam reaches the right side, the blanking pulse shuts off 
the electrons and the beam moves back to start the next line. 

Moving the beam across 

the screen. 

TOP VIEW 

HORIZONTAL-
DEFLECTION COIL 

SWEEP 

A horizontal-deflection coil wrapped around the neck of 
the tube moves the beam from side to side. Current mov-
ing through the coil sets up a magnetic field which has an 
attracting and a repelling effect on electrons similar to posi-
tive and negative voltage. The stronger the field, the greater 
is its effect on the beam. To increase the strength of the 
field requires an increase in current through the coil. The 
illustration shows the beam deflected to the left. 
The change in strength of the magnetic field during a 

sweep must coincide with the time duration of the scanned 
line. A gradual rise of current within the coil during this 
time period accomplishes this. The starting time is trig-
gered by the sync pulses that ride on the blanking pulses. 
If the current decreases rapidly at the end of each line 
(during the blanking pulse), the sudden drop in magnetic 
field strength returns the beam to the left very quickly. 
A similar magnetic field is set up by a second coil (the 

vertical-deflection coil) which controls the movement of 
the beam line by line from the top of the screen to the 
bottom. On completion of a field, the beam quickly retraces 
to the top. 

Q57. The electron beam in the CRT is generated by 
a(an)   

Q58. Electrons are drawn to the screen of the CRT by 
a(an)   

Q59.  move the CRT beam. 

Q60. An increase in current through a deflection coil 
(increases, decreases) the magnetic field. 
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Sync control circuits. 

Your Answers Should Be: 

A57. The electron beam in the CRT is generated by an 
electron gun. 

A58. Electrons are drawn to the screen of the CRT by 
a positive voltage. 

A59. Magnetic fields move the CRT beam. 

A60. An increase in current through a deflection coil 
increases the magnetic field. 

CAUTION: A vacuum exists inside a cathode-ray tube, 
causing tremendous pressures to be exerted toward the 
center of the tube. If dropped, scratched, or carelessly 
jarred, the CRT may implode (explode inward), scatter-
ing pieces of glass and metal at a tremendous velocity. 

Sync Control Circuits 

The beam movement is accomplished by steadily increas-
ing the current flow in each of the deflection coils during 
precise time intervals. The starting times for these inter-
vals are controlled by the sync pulses. 

FROM VIDEO 
AMPLIFIER 

Sync Separator—Video waveforms arrive at the sync sep-
arator from the video amplifier. There is one narrow sync 
pulse for each line of scan. This pulse is intended to control 
the starting time of each horizontal sweep across the screen. 
When one field of 262% lines has been completed, the video 
waveforms are followed by a sync pulse many times wider 
than the horizontal sync pulses. 
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This wide pulse is the trigger that develops a vertical 
sweep to move the beam from line to line down the face 
of the screen. Every other vertical sync pulse starts in the 
middle of a video waveform, accounting for 2621/2  lines in 
each field of interlace scanning. 

HORIZONTAL SYNC v VERTICAL SYNC 

,APA\ 
END OF SECOND +—START OF FIRST 

FIELD FIELD 

END OF FIRST —+ 
FJELD Sync pulses. 

L START OF SECOND 
FIELD 

The above illustration shows the comparative widths of 
the horizontal and vertical sync pulses and the relative 
starting times of the first and second fields. The sync pulses 
are removed from the complete video waveform by the sync 
separator. 
The narrow and wide pulses are distributed to the appro-

priate sweep circuits ( horizontal and vertical) after sync 
separation. This is accomplished by capacitor and resistor 
combinations which can distinguish between voltage wave-
forms with short time durations and those with long 
durations. The short sync pulses are sent to the horizontal-
sweep circuit and the long pulses to the vertical-sweep 
circuit. 

Q61. Timing of the magnetic field developed in the 
 and deflection coils 
is controlled by extracted from 
the video waveform. 

Q62. The sync separator separates the narrow and wide 
timing pulses from the video waveform. The nar-
row pulses control deflection and 
the wide pulses control deflection. 

Q63. Horizontal-sync pulses occur during the 
 portion of the video waveform. 
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Your Answers Should Be: 

A61. Timing of the magnetic field developed in the 
horizontal and vertical deflection coils is con-
trolled by sync pulses extracted from the video 
waveform. 

A62. The sync separator separates the narrow and wide 
timing pulses from the video waveform. The nar-
row pulses control horizontal deflection and the 
wide pulses control vertical deflection. 

A63. Horizontal-sync pulses occur during the blanking 
portion of the video waveform. 

Sweep Circuits 

The two sweep circuits (horizontal and vertical) generate 
a linear rising voltage each time they receive a sync pulse. 
The horizontal-sweep circuit is triggered 525 times during 
the same time the vertical-sweep circuit is triggered twice. 

Horizontal-Sweep Circuit—Horizontal sweep is produced 
by an oscillator which generates a slowly rising and rapidly 
decaying sawtooth waveform, whether the set is tuned to a 
transmitting station or not. This accounts for the raster 
(lines on the screen) when the TV receiver is on but no 
signal is being received. 

RISE TIME DECAY TIME 

FROM SYNC  

SEPARATOR immi>, 
HORIZONTAL   TO 

SWEEP mamas* HOR IZONTAL-
DEFLECTION 

COIL 

Horizontal sweep circuit. 

The purpose of the sync pulse is to trigger the oscillator 
so that oscillations start at the same time as the line scan 
in the camera. Capacitor and resistor combinations convert 
the oscillations to the sawtooth waveshapes shown in the 
diagram above. Rise time of the sawtooth causes the cur-
rent in the horizontal-deflection coil to increase gradually, 
moving the beam across the screen in step with the line 
scan in the camera. At the end of the line, coil current de-
creases rapidly, returning the beam (which is now blanked) 
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to the left side of the screen. There are 525 lines to each 
frame, so the frequency of the horizontal oscillator must be 
15,750 cycles per second. 

Vertical-Sweep Circuit—The vertical-sweep oscillator and 
amplifier are almost identical to those in the horizontal-
sweep section. The main difference is that the frequency of 
oscillation is much lower-60 times a second, to match the 
frequency at which each field is swept. The rise time (plus 
a short decay time) of the vertical sawtooth lasts for 1/60 
of a second before another vertical-sync pulse arrives to 
start the next waveform. Gradual increase in current in the 
vertical-deflection coil moves the beam from the top to 
the bottom of the screen. The decay of the vertical saw-
tooth waveform brings the beam back to the top in time 
for the next sync pulse. 
Height Control—In most TV receivers a height control 

varies the setting of a variable resistor in the vertical-sweep 
stage. Adjustment of the control moves the starting posi-
tion of the sweep up or down. The resistor controls the 
amount of initial current that flows through the coil. 

High-Voltage Power Supply 

The several thousand volts required for the CRT are 
developed in the high-voltage power supply, a group of cir-
cuits usually contained in a metal cage inside the set. A 
diode discharging a capacitor through a transformer pro-
duces the high voltage for the CRT. Even after the set has 
been turned off, the capacitor can retain its charge for some 
time. Precautions should therefore be taken if work must 
be done inside this cage. 

CAUTION: There can be up to 30,000 volts connected to 
to a plug-in on the flared side of the CRT. The voltage 
is applied through a heavily insulated conductor. Even 
though the set is turned off, approach the sides of the 
cathode-ray tube with extreme caution. 

Q64. What is the horizontal sync-pulse frequency? 

Q65. What is the frequency of the vertical-sync pulses? 

Q66. What are two precautions you should observe 
when near a cathode-ray tube? 
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Your Answers Should Be: 

A64. The horizontal-sync frequency is 15,750 cps. 

A65. The vertical-sync frequency is 60 cps. 

A66. Cathode-ray tube precautions are: 

1. Handle with care to prevent implosion. 

2. Do not come in contact with the extremely high 
voltage connected to the flared end of the CRT. 

WHAT YOU HAVE LEARNED 

1. Television transmitters and receivers, like any other 
electronic equipment, consist of circuits designed to 
accomplish specific functions. Although there are a 
large variety of circuits, they all operate in accordance 
with a basic concept—the effect that voltage, current, 
and electronic components have on each other. These 
basic effects can be used to analyze any circuit, provid-
ing the student understands the underlying principles 
of each. 

2. A television transmitter consists of two sections. One 
section uses a camera to scan a scene, and a group of 
circuits to modulate a carrier frequency with the image. 
The other section takes the output from a microphone 
and uses it to modulate a second carrier frequency. 

3. Sound is superimposed on its carrier by frequency 
modulation. The procedure is one in which the fre-
quency of the carrier varies in accordance with the 
amplitude of the sound—decreasing during the nega-
tive portions of the audio cycle and increasing during 
the positive portions. The FM carrier is then amplified 
to the required power level and fed to the antenna. 

4. Video is obtained from the camera as it scans a scene 
with an electron beam, one line at a time. The video 
signal, with the addition of blanking and synchronizing 
pulses, is amplified and then used to modulate the pic-
ture carrier frequency. The amplitude-modulated car-
rier is raised to a specified power level and then fed to 
the antenna. 
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5. Video and sound carriers are of a high frequency and 
therefore have short wavelengths. These travel through 
the atmosphere as either space or sky waves. Short 
space waves travel on a line-of-sight path and cannot 
be received beyond the horizon. Sky waves enter the 
ionosphere where their paths are bent by an amount 
depending on the angle of entry. If the entry angle is 
small, the sky wave returns to the earth and can be 
received. 

6. A TV receiver contains many circuits that can be 
grouped into a few electronic functions. These include 
the RF section (front-end), IF section, sound section, 
video section, vertical-sync control, horizontal-sync con-
trol, cathode-ray tube, and low- and high-voltage power 
supplies. Many a the functions are similar to those 
found in a radio receiver. 

7. The RF amplifier, mixer, and oscillator select the 
desired channel among the many appearing on the 
antenna and convert the sound and video-carrier fre-
quencies to appropriate intermediate frequencies. 

8. The sound section, containing an IF stage for amplifica-
tion, a detector (or discriminator) for removal of the 
audio component, and audio amplifiers for further 
amplitude gain, processes the signal for operation of 
the speaker. 

9. The video section contains similar circuits to extract 
the video signal and amplify it to a level required for 
operating the beam-control portion of the CRT. 

10. Vertical- and horizontal-sync pulses are taken from the 
video signal and channeled through corresponding ver-
tical- and horizontal-sweep circuits. The sawtooth 
waveforms developed by these circuits control the 
movement of the electron beam, causing the image to 
be placed on the screen, a line at a time, in precise 
synchronization with the camera scan beam. 

11. Highly dangerous voltages exist on the cathode-ray 
tube and inside the cage of the high-voltage power 
supply. Extreme caution should be used when working 
in these areas. 
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12. Most of all, you have learned a great deal more about 
electronics. You should now have acquired a fairly 
good understanding of how electronic circuits work. A 
mental image of circuit and equipment operation will 
give you a solid reference against which you can base 
the details of current, voltage, resistance, inductance, 
and capacitance principles that are explained in follow-
ing volumes. You need a clear understanding of these 
principles if you plan to become technically competent 
when working with electronic equipment. 
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