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PREFACE

Electronics for Electricians, 4th edition, is intended for students in
the electrical field. The text assumes that the student has knowledge
of basic electricity, including Ohm’s Law, series, parallel, and com-
bination circuits. Electronics for Electricians is a hands-on approach
to the subject of electronics; components are presented in a straight-
forward manner as opposed to mathematical concepts. Components
are explained from a standpoint of how they operate and how they
can be used in a circuit. Electronics for Electricians is written with
the knowledge that students learn electronics better by doing than by
computing.

By popular demand, the laboratory experiments have been placed at
the end of the book. They use common devices that are readily avail-
able from a number of sources, and they all have been student tested.
Like the theoretical units, the laboratory experiments are designed to
help the student to learn by doing.

The fourth edition of Electronics for Electricians has added cover-
age on the following:

¢ Diodes

* Semiconductor materials

 Conventional and electron current flow theory
* MOVs

* Variable frequency drives

e Light-emitting-diodes

Electronics for Electricians, 4th edition, is the update of a text well-
known for teaching electrical students electronics from a practical,
hands-on approach.

ABOUT THE AUTHOR

Stephen L. Herman has been both a teacher of industrial electricity
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obtained at Stephen F. Austin University in Nacogdoches, Texas, and

viii



Acknowledgements  IX

Catawba Valley Technical College in Hickory, North Carolina. Mr.
Herman has worked as a maintenance electrician for Superior Cable
Corp. and as a class “A” electrician for National Liberty Pipe and
Tube Co. During these years of industrial experience he has gained
both a practical and theoretical knowledge of electronics circuits as
they apply to industrial applications. He was employed as the
instructor in electrical maintenance at Randolph Technical College
in Asheboro, North Carolina, for nine years. As of the date of this
text, Mr. Herman is employed as an instructor in Electrical Tech-
nology at Lee College in Baytown, Texas.

ACKNOWLEDGMENTS

The author would like to express appreciation to the following people:

The administration, faculty, and staff of Lee College in Baytown,
Texas, for their technical assistance and encouragement.

Mr. Eugene B. Hicks, electronics instructor at Randolph Technical
College in Asheboro, North Carolina. Gene is a dear friend who
taught me much of the information contained in this text.

The author and Delmar would like to acknowledge and thank the
review panel for their suggestions and comments. The following
individuals were on the review panel for this edition:

John Penley
Riverland Community College
Albert Lea, MN

DeWain Belote
Pinellas Technical Center
St. Petersburg, FL

Don Husky
Bainbridge College
Whigham, GA



Supplements Request Form ( Ztiid ki #)

Lecturer’s Details( Zifi{Z5)

Name ( {44 ) E-mail ( B8 FHRH )
Department( % ) School/ University ( 22/ K %)
Tel ( B1%) Fax(f£H)

Lecture’ s Address/Post Code

( 0T 388 TR bk S 2 )

Adoption Details( fif 5% H 15 8)

Title (454 ) Author (fE)

ISBN($5) Enrolment ( 224 A %)
Semester ( 27 2 11 B[] )

Contact Person & Phone/Fax( R/ BT ALHBIEHE/(EHEH)

(ERTEMALAR R/ B A RAR A B8 RAE S, %A )
Lecturer’s Comments on the Adopted Book ( %} i 3% F 44 EMY)

Requested Supplements ( fif 7 2%H)
Supplements Details ( 2 5 457 )

Supplements ISBN( % 5 )

Please fax or post the complete form to (iRt FHE M FREE F)

MLt BEABAMD# THOMSON LEARNING BEIJING
WEARLRRELD
BEA W H i : 010-82862096; 82862095; 82862097
B i : 010-88379725 f B : 010-68997455 £ B: 010-82862089
E-mail: syj@ mail. machineinfo. gov. cn Bi: ELRTBEEAFREER2SMA
Wit R ESRK AR E A 22 5 100037 RRHD A R4 408 F 100080




CONTENTS

e e e e T O L L e v
R R e B e e R e o e e v
REICE L8 . S innh ets, omlede e o Mo e gl b iade” el el MR Lt N viii
UNIIR The@sclloseopeh. 2 0 L B S T S ek 00 B R s U B Sl el 1
WINEEE 2 S e i CONRICIOISE. oo 2 ie oot Soos e sachontandnestas toriseseons ittt i e L 13
UNIT 3 Power Rating and Heat Sinking COMPONENLS................oooovrvreerromseeeseoeoeeoeoeoeoe oo 24
LV @ T T T N N SN NP T U e N I e VN g 27
UNIT 5 Light-Emitting Diodes (LEDs) and Photodiodes ...............oovververoeeoeemseoooeoooeoeoeoeooeooooooe 39
UNIT 6 Single-phase RECHIETS................c.urommsensiasssasesasssossssmsssasonssssnsasnsasssssesstosasotmossseossset esms emsstass 46
UIIA T The POIYPIRER RECHIRE .. i: ... ....oopssssmsiisngigssssssnssesiopmsinssrihinBhedatmmssens s et o] o3
et e N A T o S R o o o e e A - e S U D et bt Sl b 59
R S DeC L ENOUR L.l ik e asnmehontbonio st R AT S 8 SR A R TO S B 66
EERR A0, The THRBIROT o5 cthiiiise e e onsen on e s s o A O T i 8 78
LY 41 'The TransistorSwitahis 1125 00 LA B D i e 2 R g e e 89
ONEY 0.2 The TeRusistomAmPIIEEE i... kL5 o il s B B L B L B L 93
VOIS THe DOENOBIOIATMPUEOD........... ... ossssessssssbisesmssssmessrstmmaetrsssmssirestsnteoniottmmesheser et soeseetise o 100
URNAT A4 Fiold BOIoof IRMBIRIONS. .o v o osion siesibonssonibunnfiviiioss odith siaboss o i s sbovsis b B e i3 104
UDNEE 1S COmpentiiemBIRONS o sms s viosesssionsbeiais asbossseiois denopentsssesnesrtenmss fiomsbcobtiniscs e sssat 114
UINER 16 The UtBuoCHon TIMNBIBION . . ....... ..o sssiitpesssssio sms soinsnbniomasbotasonss ssss ot oot aoseoideroe 119
KNI 17 The SOR N A DC CILHIL .....cor..coponinosvsitamisnssesenasssos inseassomomiatlomissmmsosmesmbein et g o 125
UNET 18 THe SCR in @l AC CECHI............ ... osssaesissonemseonssssiosinssanassomniononssessoorse s L T 133
BNEF19 PRte BIaEtan SCR 5. 500 CL 0 LRl S SRRk LA R o S 139
UNIY20:UNT Phase'Shifting foran SER...0. 20 osn L0 et R b i B Sl 144
UNIT 21 SCR Control of a Full-Wave RECHFIET....................vveeveeereeereeeseeoeeeeooeoooooooooeooooooooooo 148
UNIT 22 A Solid-state Alarm with Battery BackUp................cvveeevrmeeemeroemsoeeoseosooooooeoeeooeeeeoeeeeoeeee e 151
UNIT 23 The Diac and Silicon Bilateral SWitCh.................o.covvveeeeerooreemsoeoooeooeoooeooeoeoeeeeoeeoeoe 155
L B b S O € S T SR L S v Ay 159
UNIT 25 Phase Shifting the THHAC. ........uceesrreesursesseasnssssseessssstessssessossssssssssessassesssssemsesessessesesesenses 163
UNIT 26 Other Methods of AC VoItage CONLIOL...................ceeveeereeeereeeseeeesosoeeoeoeoeeoeoeeeeoeeooone 167
UNIT 27 The SOLA-5tate REIAY ..............consrsermmsmmssssssaresssosecssssassssassessessaressesssasssemesemsestossessss s 195

vi



Contents vii
TINTT 28 "THe OSCIHALON .. ..o ive s elbonssssiss AR ot dassrie ATt o Ul s me B s so ssansepdssedoisesessinmen iubietutnnassen 184
UNIT 29 Fhe'DC (0 DC NolageDOubIer . &5 .. it e il i e hoseiis diinstefoatisussastiaissenos ..196
UINBDR IO hetOtEdelay MHIer, iuv.c. ..o ot Besicese ot i e e Sho i et e s R L v ST P 199
UINEI T he On-aelaVATIIIET .. ... ciuisswoniisiss totanms oondsbtastsshasasdonsa bt onsonssnsavaidss anninmensetaenedstn et toU B L 204
N R e BRI e TUIRET i vhcavssitossacmsnssor Thstonisn Boamshabidbe sbaa baros htheosicn th s cvimokiotin sevt s nalsnht a RTINS 207
LB U ER R AT ey ts It 1 117 oo O R ot L s Mot A1 o AR, SO e SN LS et ) | 5, & 210
UNETd he 555 Fimner Used as aniOSCIlaIor. ..c....i fuleiet s santbitltssdionss sasoiessitesadsih it sa s et 217
WUNIT 35/The 555 On-delay Timer azlid vt iamiiha st B aamaiaahatbivasa ndnis 223
NI 365 herS 5 S PulseTimer ... L e e R N s . 227
UNIT 37 Above- and Below-ground POWEr SUPPLES ..........cccvveuererereeerererereesreesesesesesesessssssesssssssessces 230
UNIT 38 The Operational Amplifiet iy J. L G i i . L s R e 236
UNED 39 The T4 1 10D A L eyl Do Ch Ok . S e ra e bhonotbis e nnstasesobebopmons Somert s o 244
UNIT 40 The 741 Operational Amplifier Used as an OScillator............ccceeeveeruerenenene.. 253
LB B T ) v e T S R SR, o0, SYRIREUB L B o NN o R B T 259
UNIFEA2Ingital Logic: ... hniimnimsd s imssaet o manaro il biinn b gt 270
UNIT 43 The Bounceless Switch...... e 5% o el S e S s S A bt e 280
UNIT 44 Design of Circuit #1 (PhOtOdEteCtOr) ..........cccevrueruememeereeraereseseseresesssesesessssssssees 286
UNIT 45 Design of Circuit #2 (Animal FEEdEr) ..........c.ccuuvueveeeiiesieieeeeaeieseseseesaenens 294
UNIT 46 Design of Circuit #3 (Solid-state Pushbutton CONtrol)..............coceoeueuereereseessseseeseesesesssnsnens 303
UNIT 47 Design of Circuit #4 (Electronic LOCK)..........ccceeueuevererrrerererersresesensens 313
UNIT 48 Design of Circuit #5 (Solid-State Thermostat) .............ccevevevereueeeeveeereesessenenns 322
L ADOLALORYIIKCICIRCS v eist orccvesorinsthisgstonsiiismsssens inssnistonsnit e bR o v it s oA S A s S O N 329
APPENDIX A Testing Solid-state COMPONENLS............cccerueeerrererernreresesrsesssesesssssssassossesesseenenns 419
APPENDIX B Ohm’s Law Formulas.............c.cccoeevrverererernnnnnee. 433
APPENDIXUC PATISLLIST .. ooicor. covva e imnnsisnnsnbassssspassssnsnssis ...435
APPENDIX D Schematic Symbols 437
APPENDIX E Conversion Factors for Sme-wave Voltages .............. 439
AT Ty 7 A T e R R B T o) o L M S MO LI e 441
Index Bl IR 451
e e N e S e E s e S e 457




UNIT 1

The Oscilloscope

For many years the industrial electrician’s measuring tools have
been the volt-ohm-milliammeter (VOM), and the clamp-on amme-
ter. These old standbys are still good tools and are the best way to
troubleshoot many of the circuits the industrial electrician encoun-
ters. However, many of the electronic control systems in today’s
industry produce voltage pulses that are meaningless to a VOM. In
many instances, it is necessary not only to know the amount of volt-
age present at a particular point in a circuit, but also the length or
duration of the pulse and its frequency. Some pulses may be less
than one volt and last for only a millasecond. A VOM does not meas-
ure many of these things. Therefore, the oscilloscope must be used
to learn what is actually happening in a circuit.

OSCILLOSCOPE BASICS

This unit is designed to teach some of the fundamentals of using
an oscilloscope. It is not intended to make you an expert in its use.
The first point to understand about the oscilloscope is that it is a volt-
meter; it measures voltage. It does not measure current, resistance,
or watts. The oscilloscope not only measures a voltage during a par-
ticular period of time, it creates a two-dimensional image, or picture,
on its screen.

Some Important Parts of the Oscilloscope

The oscilloscope is divided into two main sections. One section is
the voltage section and the other is the time base. The display of the
oscilloscope is divided by vertical and horizontal lines, figure 1-1.
Voltage is measured on the vertical or Y axis of the display and time
is measured on the horizontal or X axis of the display.

When using the VOM, a range switch permits the selection of a
different range of voltages which will deflect the meter full scale,
600 volts, 300 volts, or 60 volts, for instance. Changing voltage
ranges permits much more accurate measurements of voltage.
Trying to measure 24 volts on the 600 volt range will not move the
meter enough to make any kind of accurate measurement. By chang-
ing to a range of 60 volts full scale, however, 24 volts can be read
very accurately.

OBJECTIVES
After studying this unit the student

should be able to:
¢ Discuss the operation of an

oscilloscope
* Discuss various oscilloscope controls
* Connect an oscilloscope into a circuit
¢ Interpret wave forms produced on

the display of the oscilloscope
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Figure 1-1 Display of oscilloscope. Copyright © Tektronix, Inc.
Reproduced by permission.

The oscilloscope also has a voltage range switch, figure 1-2. The
voltage range switch on an oscilloscope selects volts per division
instead of volts full scale. For instance, the voltage range switch
shown in figure 1-2 is set for 10 millivolts (mv) at the 1X position.
This means that each of the lines in the vertical direction (the Y axis)
of the display, figure 1-1, has a value of 10 millivolts per division.
Assume the oscilloscope has been adjusted to 0 volt.on the center-
line of the display. The probe is then removed from ground and con-
nected to the circuit to be tested. If the trace rises above the center-
line, the voltage is positive with respect to ground. If the trace drops
below the centerline, the voltage is negative with respect to ground.
If the oscilloscope probe is connected to a positive voltage of 30 mil-
livolts, the trace rises to the position marked (A) in figure 1-3.

If the probe is connected to a negative 30 millivolts, the trace falls
to the position marked (B) in figure 1-3. Notice that the oscilloscope
can display a negative voltage as easily as it can display a positive
voltage. If the range is changed to 20 volts per division, (A) in fig-
ure 1-3 will display a value of 60 volts positive.

The next part of the oscilloscope to become familiar with is the
time base, figure 1-4. The time base is calibrated in seconds per divi-
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Figure 1-2 Voltage range control.
Copyright © Tektronix, Inc.
Reproduced by permission.
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Figure 1-4 Time base. Copyright ©
Tektronix, Inc. Reproduced by permis-
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Figure 1-3 Display showing positive and negative dc voltages. Copyright
© Tektronix, Inc. Reproduced by permission.



4 UNIT1

sion and has range values from seconds to microseconds. The time
base controls the value of the divisions of the lines in the horizontal
direction. For instance, if the time base is set for 5 milliseconds per
division, the trace will sweep from one division to the next in 5 mil-
liseconds. With the time base set in this position, it will take the trace
50 milliseconds (ms) to sweep from one side of the display screen to
the other. If the time base is set for 2 microseconds per division, the
trace will sweep the screen in 20 microseconds.

The oscilloscope not only measures the value of voltage, it also
measures the voltage with respect to time. Since the oscilloscope can
measure the time to complete one cycle of AC voltage, its frequen-
cy can be computed. This is done by dividing one by the time it takes
to complete one cycle, F = 1/t. Assume that the time base is set for
-5 milliseconds per division and the voltage range is set for 20 volts
per division. If the oscilloscope has been set so that the centerline of
the display is zero volt, the AC waveform shown in figure 1-5 will
have a peak value of 60 volts. Notice that the oscilloscope displays
the peak value of voltage and not the root-mean-square (rms) or
effective value which is measured by an AC voltmeter. To measure
the frequency, count the time it took to complete one full cycle. The
waveforms shown in figure 1-5 took 4 ms. Therefore, the frequency
is 1/.004 s = 250 (hertz) Hz.
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N —
100- - - . T ceoelenan
% T
}_ 3DIV k 20V ¥
(+)(poV) -
+ L1 Il‘}_;l_A_All I llll::llll 41l Ll I LLll
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0% .o ....:w.... .
I PEAK NEGATIVE
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Figure 1-5 Display showing ac sine wave. Copyright © Tektronix, Inc.
Reproduced by permission.



Most oscilloscopes use a probe which acts as an attenuator. An
attenuator is a device that divides or makes smaller the input sig-
nal. An attenuated probe is used to permit higher voltage readings
than are normally possible. Most attenuated probes are 10:1. This
means that if the voltage range switch is set for 5 volts per division,
the display is read as 50 volts per division. If the voltage range
switch is set on 2 volts per division, each division on the display has
a value of 20 volts per division.

Probe attenuators are made in various styles by manufacturers.
Some probes have the attenuator located in the head while others
have it located a the scope input. Regardless of the type of attenua-
tor used, it may have to be compensated or adjusted. In fact, probe
compensation should be checked frequently. The manufacturers also
use different methods for compensating (adjusting) their probes, so
follow the procedures given in the operator’s manual for the oscillo-
scope being used.

Some Common Controls
Become familiar with the more common controls found on an
oscilloscope, figure 1-6.

® Power: The power switch is used to turn the oscilloscope on or
off (1).

The Oscilloscope 5

Figure 1-6 Front of Tektronix Model 2213 oscilloscope. Copyright © Tektronix, Inc. Reproduced by permission.



