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Numerics

1:1 transformer, 108
60/40 rosin core, of solder, 196
555 timer
blinky lights project, 329-330
in circuit builder kit, 207
integrated circuits, 159-164
lighting effects project, 349
siren project, 339-340
4017 decade counter, 165-166, 207

o/ ] o

AC. See alternating current (AC)
acceptor dopants, for semiconductors, 114
acoustic energy, 183
Action Electronics (Web site), 372
active components, 32
AC-to-DC adapters, 26
actual resistance, 43
adhesives, 203
air, as inductor core, 100
air dielectric, 78
air-core transformer, 229
alarm clocks, 70
alarms
555 timer for, 160
light project, 343-344
siren project, 338-340
alkaline batteries, 175, 375
All About Circuits (Web site), 369, 371
All Electonics (Web site), 363
Allied Electronics (Web site), 364
alligator clips
in capacitor discharging example, 68
in circuit builder starter kit, 208
for soldering, 248, 250
Alltronics (Web site), 372

alternating current (AC)
capacitive reactance of, 81-83
capacitors to pass, 69-70
coupling, 71
current direction reversals in, 27
defined, 22, 209, 375
electromagnetic induction of, 94
function generator for, 356
in inductor-containing circuits, 97

not recommended for circuits, 177-178

oscilloscope waveform, 286-287, 289
overview, 22, 24-26
rectification of, 112, 121-122
on schematics, 223, 225
speaker resistance to, 187
voltage, 25
aluminum electrolytic dielectric
materials, 73-74
American Science and Surplus
(Web site), 373
ammeter, 235, 261
ampere (amp), 13, 375
amp-hour rating for batteries, 34, 176
amplifiers
building, 345-346
common-emitter, 137
operational, 157-158, 207, 230, 380
for radio-receiver system, 36
amplitude
of audio waveform, 296
defined, 285, 375
of voltage, 285
analog electrical signals, 36
analog integrated circuits (ICs), 145
analog-to-digital (A/D) converter, 166
AND gate, 148-150, 231
anode
as battery terminal, 23-24
defined, 23, 375
in pn-junction, 116
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antenna, 36, 185, 234 in circuit builder starter kit, 208
anti-static wrist strap, 204, 216, 218, 248 for circuit projects, 304
application notes, on datasheets, 157 current supplied by, 60
approximate value (=), 57 defined, 375
approximation of signal frequency, 299 direct current from, 22-24
The Art of Electronics (Hayes and in light bulb circuit example, 28
Horowitz), 137 oscilloscope to test, 295-296
artist brushes, 202 schematics of, 221-224
artwork, 220. See also schematics types of, 173-176
astable multivibrator battery clips and holders, 208
in blinky light project, 329 BG Micro (Web site), 364
555 timer as, 159-162 biasing
in siren project, 340 defined, 117, 376
atoms, electrical charge of, 11-12 diodes, 117-118
attenuating frequencies, 89-90 transistors, 135-136, 182
audible frequency range, 187 voltage, 117-118
automobile audio systems, 70 bimetallic strip temperature sensors, 185
auto-ranging feature, in multimeter, 263, binary system, 36, 145-147
266, 375 bipolar transistor
axial leads, in capacitors, 74 for circuit projects, 321-323
in Darlington pair, 137
® B ® defined, 126-127, 376
identifying, 139-140
back voltage, 95 overview, 126-127
band-pass and band-reject filters, 90 phototransistor as, 182
bands, on resistors, 45-46 testing, 275-276
band-stop filters, 105 bistable multivibrator, 163-164
bandwidth bits (binary digits), 36, 146-147
defined, 157, 375 bleeder jumper, to discharge
operational amplifier, 157 capacitors, 274
oscilloscope, 288-289 block diagram for radio-receiver system, 37
base 2 system, 146-147 bonding, in crystals, 112
base 10 system, 146-147 Bowden’s Hobby Circuits (Web site),
base leads, in transistors, 126, 128 370-371
base-collector junction, in NPN breadboard, 170, 376. See also solderless
transistor, 129 breadboard
base-emitter junction, in NPN break, in schematics, 221
transistor, 129-131 breakdown voltage, 115, 122
bat detector circuit, 356 bridge, in schematics, 221
batteries bus (connection point), 254-255, 376
amp-hour rating for, 34, 176 buzzers, 188

capacitors compared to, 66-68
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CA (cyannoacrylate) glue, 203

cable
defined, 172, 376
ribbon, 172

testing, 276-277
calculators, 19, 304, 370
calibrating, 184, 268
cameras, capacitors in, 70
capacitance, 72, 247, 376
capacitive coupling, 71
capacitors
batteries compared to, 66
capacitive reactance in, 81-83, 88, 103
capacity of, 72-73
charging and discharging, 67-70, 313-316
in circuit builder starter kit, 207
in circuits, 90, 304
defined, 66, 376
dielectric types for, 73-74
inductors compared to, 99
inductors with, 91
multimeter to test, 274-275, 278
in parallel, 79-80
polarity of, 75-76, 331
purpose of, 70-71
in RC filters, 87-90
resistors with, 83-87
on schematics, 229
in series, 80-81
shapes and sizes of, 74
static shocks from, 215
to store electrical energy, 32, 66-67
values of, 76-78
variable, 78-79
for voltage swings, 42
working voltage for, 73
cathode
as battery terminal, 23-24
defined, 23, 376
in pn-junction, 116
cathode-ray tube (CRT), 18, 37

cell, in battery, 24
cellphones, 19
ceramic dielectric materials, 73-74
ceramic resonators, 106
changeover switch, 181
changing readings, detecting, 263
charge, electric, 11, 13
charging capacitors
experiment, 313-316
Ohm’s Law for, 84
process, 67-70
chassis ground, 223, 226
chemical energy, 30
chip, 144. See also integrated circuits (ICs)
chip assembly, 153
chip densities, 144
chokes, 95. See also inductors
circle containing waveform, on
schematics, 225
circuit board, 47. See also printed circuit
boards (PCBs)
circuit breadboard, 240. See also
solderless breadboard
circuit builder starter kit, 207-208
circuit simulator, 359-360
circuits. See also ground; integrated
circuits (ICs); multimeter; open
circuits
AC, 27
bat detector, 356
batteries connected to, 174-175
for blinking light project, 330-333
capacitive, 65, 90
capacitors in, 71
in cellphones, 19
closed, 28
combination, 34-35
defined, 17, 376
for electrons, 15-17
frequency-sensitive, 357
inductors in, 99-102
Internet resources for, 370-371
live, 213, 215, 379
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circuits (continued)
loaded by logic probes, 284
mixed signal, 359
Ohm'’s Law
to analyze, 56-62
to design, 62-63
oscillator, 106
parallel, 33-34
power isolated from, 108
RC
impedance in, 103
operation of, 84-85
RC time constant for, 86, 90,
315-316, 381
timers created with, 86-87
resistors in, 64
RF (radio-frequency), 355, 357
RL
impedance in, 103
inductors in, 101-102
RL time constants for, 102
RLC, 104-106
semiconductor diodes in, 120-125
semiconductors in, 141
series, 33
short
defined, 96, 382
inductors as, 96-97
ohmmeter to test for, 276-277
single point in, 29
tuning
inductors in, 99-102
overview, 71
resonance in, 105
circuits, constructing. See solderless
breadboard
permanent, 252-257
soldering for, 247-252
circuits, projects on
capacitor charging and discharging,
313-316
logic gates, 323-326

Ohm'’s Law in
parallel parking resistors, 311-313
in series circuit, 306-309
voltage division, 309-311
overview, 303-305
transistors, 321-323
voltage drop across diodes, 317-320
Circuits Specialists (Web site), 372
cladding, of printed circuit boards, 257, 376
clock signals, 152
clocking logic chips, 159
clocking notch, on integrated
circuits, 154-155, 332
closed circuit, 28, 376
closed position, of switches, 179, 376
cloths and cleansers in workshop, 200-202
CMOS (complementary mental-oxide
semiconductor), 164, 246, 253
coils, 95, 107-108. See also inductors
cold solder joint, 250, 376
collector leads, in transistors, 126, 129
color coding, 45-46, 171
combination circuit, 34-35
combination plate integrated
circuits (ICs), 145
common ground, 30, 223, 226
common-emitter amplifier, 137
commutator, in DC motors, 189, 376
compass, electronic, 340-343
complementary mental-oxide
semiconductor (CMOS), 164, 246, 253
components. See electronic components
compressed air, 200
computers, electronic components in, 19
condenser microphone, 79, 183
conductors
defined, 12, 377
overview, 12-13
resistance of, 40
semiconductors as, 112-116
wire form of, 15
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connection. See also parallel connection;
series connection
bus, 254-255
on schematics, 219-220, 235
on solderless breadboard, 245
connectors, 172-173
constant resistance, 59
contact cleaner, 202
contact holes, on solderless
breadboard, 205, 240
continuity tests, 262, 377
conventional current, 26-27, 222, 377
copper, as conductor, 15
cord of wire, 172
cotton swabs, 202
coulomb (charge measurement), 13
counter-surveillance, infrared detector
for, 337-338
coupling capacitor, 71
covalent bond, in crystals, 112
CPR (cardio-pulmonary resuscitation), 214
cross-reference book of diode data, 119
CRT (cathode-ray tube), 18, 37
crystal microphone, 183
crystals, 106, 112, 230. See also
semiconductors
current. See also alternating current
(AC); capacitors; direct current (DC);
inductors; resistance
ampere (amp) measurement of, 13
amplifying, 321-322
controlling, 31-32
conventional, 26-27, 222, 377
defined, 11, 12, 377
diodes for, 118-119, 125
electron movement as, 12
forward, 117, 124
leakage, 70
in light bulb circuit example, 27-30
limiting, 330
magnetism to induce, 94
maximum collector, 139
multimeter to measure, 270-272

overview, 11
in power calculation, 16
for radio-receiver system, 35-37
real electron flow compared to, 26-27
reverse, 118
rheostat handling of, 47
series and parallel connections, 33-35
sink, 156
source, 156
supply, 312
for television, 37-38
current gain (h), 132, 139
current rating of diodes, 119
cuticle sticks, 202
cut-off frequency, 89-90, 102
cycle, in alternating current, 25, 377

o e

Darlington pair of transistors, 137
datasheets, integrated circuit
(ICs), 149, 154, 156-157
DC. See direct current (DC)
DC motors, 189-190
decibel level, 188
decimal system, 146, 147
decision making. See integrated
circuits (ICs)
degreaser, 202
DeGunther, Rik (Solar Power Your Home
For Dummies), 26
delayed sweep, in oscilloscopes, 289
desoldering iron, 251
desoldering pump, 251, 377
detector, for radio-receiver system, 36
dial pots, 47
diaphragm, 183, 188
dielectrics
air, 78
in capacitor testing, 274
as insulators, 66
types of, 73-74
differential amplifier, 157
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Digi-Key (Web site), 364
digital circuits, 145
digital electrical signals, 36
digital format, 36
digital integrated circuits (ICs), 145
digital logic, 147
digital storage, in oscilloscopes, 289
digital waveform, 286
digital-to-analog (D/A) converter, 166
dimmers, 10, 43
“dinsmore compass,” 342
diodes. See also LEDs (light-emitting
diodes); semiconductors; Zener diode
in circuit builder starter kit, 207
for circuit projects, 304
conducting current through, 118-119
current restricted by, 32
defined, 116, 377
junction, 116-120
multimeter to test, 275, 278
rectifier, 121
reverse-biasing, 117, 120-121, 131
on schematics, 230
semiconductor, 120-125
signal, 121
unbiased, 118
as variable capacitors, 78
voltage drop across, 317-320
DIPs (dual in-line packages), for integrated
circuits, 153
direct current (DC)
to capacitor, 81
capacitors to stop, 71
defined, 22, 209, 377
motors, 189-190
oscilloscope waveform, 285-286, 288-289
overview, 22-24
rectification of, 112
on schematics, 223
solderless breadboard used with, 240
“split,” 224
direction of current, 27
disable pin, in integrated circuits, 165

discharging capacitors
experiment, 313-316
Ohm’s Law for, 85
process, 67-70
Discover Circuits (Web site), 371
discrete components, in solderless
breadboard, 205
discussion forums, Internet, 371-372
D&L Products (Web site), 372
donor dopants, for semiconductors, 114
dopants, for semiconductors, 113-114
double-pole double-throw (DPDT)
switch, 181, 233, 277, 377
double-pole single-throw (DPST)
switch, 181, 233, 277, 377
double-pole switch, 180, 377
double-sided foam tape, 203
double-throw switch, 180
drain, in field-effect transistors, 127
drum line, 336
dual in-line packages (DIPs), for integrated
circuits (ICs), 153
dual-gate MOSFETs (metal-oxide-
semiconductor FETSs), 127, 140
dual-trace oscilloscope, 290, 294
Dummer, Geoffrey (integrated circuit
concept), 144
dynamic microphone, 183
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earth ground, 30, 223, 226, 377
eBay (Web site), 361
EDAboard International Electronics Forum
Center (Web site), 371
Edison, Thomas (inventor), 14
electric charge, 11, 13
electric current. See current
electrical circuit, 10. See also circuits
electrical energy. See also current
dangers of, 210-214
overview, 11



source of, 16
transformation of, 14
electrical signals, 36
electrically neutral atoms, 12
electricity, 10-11, 378. See also current
electrochemical reaction, 22
electrocution, 3, 214
electromagnet, 93
electromagnetic induction, 24, 94, 183
electromagnetism, 92-93, 378. See also
inductors
electromotive force, 378
electronic compass, 340-343
electronic components
current controlled by, 31-32
defined, 17, 377
in devices, 17-19
discrete, 205
Joule’s Law for, 63
logical, 151-152
on schematics, 228-230
solderless breadboard connections
for, 245
transistors in, 141
values of, 228
Electronic Goldmine (Web site), 364-365
electronic systems
conductors, 12-13
description, 10-11
devices using, 17-19
electrons in atoms, 11-12
voltage, 13-14
work done by, 14-17. See also power
Electronics Calculator Web site, The, 370
electronics cleanser, 202
Electronics Converters and Calculators
(Web site), 370
Electronics Hobbyist (Web site), 369
electronics Kkits, ready-made, 354
Electronics Lab (Web site), 371
Electronics Zone Discussion
(Web site), 371

electrons

charge of, 11-12

conductive circuits for, 15-17

defined, 11, 378

electrical energy of, 15

movement of, 12-13

recombining, 131

in transistor emitter to collector, 131

valence, 112-113
electrostatic discharge (ESD), 127, 215,

378. See also static electricity

emitter leads, in transistors, 126, 129
en masse movement of electrons, 12
epoxy cement, 203
equivalent capacitance, 79-80
equivalent resistance

of complex circuits, 60

formula for, 312

overview, 49

of parallel resistors, 51-52

of series resistors, 50-51
Europe, schematic symbols in, 238
European Union Restriction on Hazardous

Substances (RoHS) regulations, 367

expanded notation for numbers, 146
experimenter’s PC board, 253-254

ofF e

Fair Radio Sales (Web site), 373
Fairchild Semiconductor, 144
Faraday, Michael (scientist), 14, 92
farads, capacitance measured in, 72-73
Farnell (Web site, U.K.), 366
F. symbol (cut-off frequency), 89
ferrite, as inductor core, 100
FET. See field-effect transistors (FET)
fiber-optic microphone, 183
field-effect transistors (FET)

CMOS technology for, 164

dual-gate, 140

electrostatic discharge (ESD)

sensitivity of, 216

Index 393
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field-effect transistors (FET) (continued)
in integrated circuits, 127
on schematics, 230
fillet of solder, 250, 378
filters
band-pass, 90
band-reject, 90
band-stop, 105
capacitors as, 71, 87-90, 104
frequency-sensitive circuits as, 357
inductors as, 101-102, 104
first value band on resistors, 45
first-aid charts, 214
first-aid kit, 204
555 timer
blinking lights project, 329-330
circuit builder starter kit, 207
integrated circuits, 159-164
lighting effects project, 349
siren project, 339-340
fixed inductors, 100
fixed resistors, 43-47, 207
fixed resistors (zigzag line as symbol), 43
flashing lights, 555 timer for, 159, 329-330
flat-head screwdrivers, 200, 378
flip-flop circuit, 163
floating ground, 30, 378
flow of electrons. See current
flux, for soldering, 197
flux lines, from magnetism, 92-93, 378
foam tape, 203
force, 16, 92-93, 378
forward current, 117, 124
forward voltage, 117, 124
forward-bias a diode
light energy release in, 123-125
by multimeter, 120
process, 117
in rectifying AC, 121
in transistors, 131
fossil fuels, 24
4017 decade counter, 165-166, 207

Franklin, Benjamin (electricity

experiments), 14, 30, 209

“free” electrons, 12
frequency

alternating current (Hertz), 25

of buzzer, 188

capacitive reactance vary
with, 81-83, 88-90

capacitors to tune, 71

cut-off, 89-90, 102

defined, 25, 378

inductors vary with, 99

operational amplifiers for, 157

oscilloscope approximation of, 299

of quartz crystals, 106

in RC filter design, 87-90

resonance, 104

speaker range of, 187

frequency counter, 299, 355-356
frequency-sensitive circuit, 357
full-wave rectification, 122

fully charged capacitor, 68, 85
function generator, 297, 356
fuse

in AC-powered circuits, 213
correct input for, 272
ohmmeter to check, 262
resistance measuring of, 278

oG o

gain

current (hgy), 132, 139
defined, 29, 378
voltage, 136-137

gates (logic gates)

circuit project on, 323-326

data processing with, 148-150
defined, 148, 379

diodes for, 125

in field-effect transistors, 127-128
in integrated circuits (ICs), 148-150



on schematics, 231
truth tables for, 150-152
Gateway Electronics (Web site), 373
gauge, of wire, 171, 378
gear head, in DC motors, 190
glue, 203
glue gun, 203
gold third value band on resistors, 45
Graham Knott’s Web site, 369
grid boards, 254
ground
common, 223
defined, 29, 378
multimeter receptacle for, 265
overview, 30
reference, 29
on schematics, 224, 226-227
on solderless breadboard rail, 245
for tools, 217-218
“gull wing” leads, 153

o/ o

half-wave rectification, 121
halving resistance value, 51
hand tools, 199-200
Hayes, Thomas C. (The Art of
Electronics), 137

heat dissipation, 97
heat energy, 15
heat sensors, 183-184
heat sink, 49, 378
helping hands clamp, 200, 249, 378
Henry, Joseph (scientist), 95
henrys, as inductance measure, 95
Hertz (Hz) frequency measure, 25, 378
h,. symbol (current gain), 132, 139
high voltage warnings, 211, 379
high-load applications, 49
high-pass filter

capacitor as, 104

design of, 88-89

RL circuit as, 101-102

high-precision capacitor, 72
high-precision resistor, 43, 46

Horowitz, Paul (The Art of Electronics), 137
hot-melt glue gun, 203

household electronics, 48

hydroelectric power plant, 24

o]e

I. max symbol (maximum collector
current), 139, 379
ICs. See integrated circuits (ICs)
impedance
defined, 59, 379
formulas for, 103-104
in RLC circuits, 104-105
of speakers, 187
incandescent lamp, 234
induced current, 24, 94
inductance
henrys, as measure for, 95
L symbol for, 95
mutual, 107
self-, 95, 107
inductors (induction coil)
in circuits, 99-102
defined, 91, 379
inductive reactance of, 98-99, 103
overview, 91, 95-97
on schematics, 229
to store electrical energy, 32
in tuning circuits, 104-106
unshielded, 91, 107-109
infrared light
detector project, 336-338
light-emitting diodes (IR LEDs), 123
presence or absence of, 184
infrared temperature sensors, 185, 379
input transducers, 181, 186
instantaneous current, 25
insulators
defined, 66, 379
dielectrics as, 66
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insulators (continued)
electrons of, 12
inductors as, 100
semiconductors as, 112-116
integrated circuits (ICs)
for circuit projects, 304
datasheets on, 156-157
defined, 141, 379
electrostatic discharge (ESD) sensitivity
of, 216
555 timer as, 159-164
4017 decade counter as, 165-166
linear, digital, and combination plate, 145
logic for decision making with
binary system for, 145-147
gates in, 148-150
logical components for, 151-152
truth tables in, 150-151
microcontrollers as, 166
miniaturized circuits on, 2
operational amplifiers as, 157-158
packaging, 153-154
part numbers to identify, 152-153
pinouts of, 154-156
plug-and-play, 253
purpose of, 144
resistors to limit current to, 41
on schematics, 231-232
on solderless breadboard, 205
transistors in, 141
unloaded pulse sensitivity of, 358
wire wrapped sockets for, 255
working with, 166-167
Internet. See Web resources
inverse proportionality, of resistors in
parallel, 52
inverter, as NOT gate
defined, 379
description of, 148
on schematics, 231
truth table for, 150
inverting amplifier, 157-158, 379
isolation transformers, 108

° ] °

jacks, 172, 234-235, 379

Jameco Electronics (Web site), 365
JFETs (junction FETs), 127

Job, Steve (Apple, Inc., chairman), 126
joint, solder, 247, 250, 262

Joule, James Prescott (Joule’s Law), 63
Joule’s Law, 63-64, 379

joystick controls, 43

jumper wires, 208, 243

junction diode, 116-120

junction FETs, 127

oK o

k symbol (kilohms), 238

Kelsey Park School Electronics Club (Web
site), 370-371

Kilby, Jack (integrated circuits), 144

Kirchoff’s Voltage Law, 29, 305

Knott, Graham (electronics teacher), 369

o/ o

L symbol (inductance), 95
lamp, incandescent, 234
lantern battery, 174
layout diagrams, 220. See also schematics
LCD (liquid-crystal display), for
television, 37
LDRs (light-dependent resistors), 182
leads
axial, 74
base, 126, 128
collector, 126, 129
correct connections for, 237
emitter, 126, 129
“gull wing,” 153
radial, 74
for switches, 28
leaf switch, 179



leakage current, 70
LEDs (light-emitting diodes)
blinky light project, 328-333
in circuit builder starter kit, 207
circuit diagram for, 41-42
for circuit projects, 304, 317-319
forward-biased, 123-125
lighting effects project, 349-350
Ohm’s Law for, 62
on schematics, 230, 234
light, from electrical energy, 15
light bulb circuit example, 27-30
light machine oil, 203
light-dependent resistors (LDRs), 182
light-emitting diodes. See LEDs (light-
emitting diodes)

light-sensitive devices, as sensors, 182, 184
lighting-effects generator project, 165,

348-350

lightning, 14, 215

linear integrated circuits, 145

linear power supply, 122

linear resistance tracks, 47

liquid-crystal display (LCD), for

television, 37

lithium batteries, 175, 379

live circuit, 213, 215, 379

load
for electrical energy, 16
high-wattage resistors for, 49
of logic probes, 284
voltmeter to measure, 260
Zener diode for, 123

logic, integrated circuits for
binary system for, 145-147
logical components for, 151-152
on schematics, 231-232
truth tables in, 150-151
types of, 164

logic analyzer, 359

logic chips, clocking, 159

logic gates
circuit project on, 323-326
data processing with, 148-150

defined, 148, 379
diodes for, 125
in field-effect transistors, 127-128
in integrated circuits (ICs), 148-150
on schematics, 231
truth tables for, 150-152
logic probe. See also oscilloscope
defined, 281-282
digital circuits tested with, 281-283
fast changing signals tested with, 269
operation of, 283-285
logic pulser, 357-358
loop, in schematics, 221
low-pass filter
defined, 88, 380
description of, 88
inductors as, 104
resistor and inductor roles in, 102
Low-Power Schottky series of TTL, 164
low-static clothing, 216
lubricants, 202-203

ol o

magnet, electromagnetic induction in, 24
magnetic field
electricity to produce, 92-94
inductor coils for
in circuits, 99-102
inductive reactance of, 98-99
overview, 95-97
unshielded, 107-109
in inductors and transformers, 32
magnetic tape head, 185
magnifying glass, 200
manufacturer’s warranty, 363
Maplin (Web site), 366
Marlin P Jones & Associates (Web
site), 373
matrix mathematics, 53
mats, anti-static, 216
maximum collector current, 139, 379
maximum collector-to-emitter voltage, 139
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maximum power dissipation, 139
maximum range, of multimeter, 266
mechanical energy, 15
memory effect, in batteries, 176
metal-oxide-semiconductor field effect
transistor. See MOSFET
metals, 12, 74
metronome, 158-159
mica dielectric materials, 73-74
microcontrollers, 166, 253, 380
microphones
condenser, 79, 183
crystal, 183
dynamic, 183
fiber-optic, 183
on schematics, 233
microprocessors, 147
milliamps, 13, 27, 49
millihenrys, 95
miniaturized circuits, 2. See also integrated
circuits (ICs)
minus sign, for cathode, 24
Minute Man Electronics (Web site), 372
mixed signal integrated circuits
(ICs), 145, 359
monostable multivibrator, 162
Morse code, 36
MOSFET (metal-oxide-semiconductor field-
effect transistors)
CMOS technology for, 164
dual-gate, 140
electrostatic discharge (ESD) sensitivity
of, 216
in integrated circuits, 127
on schematics, 230
motion detectors, 184
motors, speed control for, 18
Mouser Electronics (Web site), 365
multimeter
analog, 263-264
circuit checking, 279
for circuit projects, 304
current measurement, 270-272

defined, 198, 380

digital, 263-266

overview, 198-199, 260-262

range of, 266-267

resistance measurement, 272-278

on schematics, 235

setting up, 267-268

voltage measurement, 268-270
multiple ground symbols, 227
Multisym simulator (National

Instruments), 360

multivibrator

astable, 159-162, 329, 340

bistable, 163-164

monostable, 162
mutual inductance, 107
Mylar dielectric materials, 73-74

o\ o

nail files, 202
NAND gate
description of, 148
in integrated circuit building, 167
Low-Power Schottky version of, 164
in projects, 324-326
on schematics, 231
universal gate name for, 149-150
National Electrical Code, 171
National Instruments, 360
NC (normally closed) switch, 179
needlenose pliers, 200, 247
negative current, waveform of, 25
negative temperature coefficient (NTC)
thermistor, 183, 380
neon light project, 334-336
neutral, electrically, 12
new surplus merchandise, 363
nickel-cadmium (NiCd) batteries, 176, 380
nickel-metal hydride (NIMH)
batteries, 176, 380
nippy cutters, 199
no ground symbol, 226
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Nobel Prize in Physics, 144
nominal value of resistors, 44-46, 380
non-inverting input, 157
non-rechargeable batteries, 175
NOR gate, 148-150, 231
normally closed (NC) switch, 179
normally open (NO) switch, 179
North Carolina State University Electronics
Tutorial (Web site), 370
NOT gate (inverter), 148, 150, 231
notation for numbers, expanded, 146
Noyce, Richard (integrated circuits), 144
NPN transistor
base-collector and base-emitter junctions
of, 129
for circuit projects, 321, 323
description of, 127
model of, 133-135
on schematics, 230
testing, 276
NTC (negative temperature coefficient)
thermistor, 183, 380
N-type semiconductors, 114-116, 380
numbers, notation for, 146

o () o

Ocean State Electronics (Web site), 372
ohm (Q)
as capacitive reactance measure, 81
defined, 41, 380
as inductive reactance measure, 98
as resistance measure, 41, 46
Ohm, Georg (Ohm’s Law), 54-55
ohmmeter, 235, 262
Ohm’s Law
to analyze circuits, 35
for bipolar transistor base current, 322
for capacitive circuits, 65
for capacitive reactance, 81-83
circuit analysis by, 39, 56-62
circuit design and alteration by, 62-63
defined, 35, 380

electricity dangers, 211
impedance in, 103
for inductive reactance, 98-99
for inductors, 91
Joule’s Law with, 64
in LED (light-emitting diode)
example, 124-125
overview, 54-56
parallel parking resistors project, 311-313
series circuit project, 306-309
voltage division project, 309-311
1:1 transformer, 108
Online Guide to Beginners in Electronics
(Web site), 370
op-amp. See operational amplifier
(op-amp)
open circuits
battery switch as, 28
capacitive reactance as, 82
defined, 16, 380
inductor as, 97
transistor as, 137
open position, of switches, 179, 380
operational amplifier (op-amp)
in circuit building starter kit, 207
defined, 157, 380
as linear integrated circuit, 157-158, 224
on schematics, 230
OR gate
description of, 148
NAND gates converted to, 325-326
on schematics, 231
truth tables for, 150
(rsted, Hans Christian (inventor), 92-93
oscillators
astable multivibrator as, 159-162
crystals in, 106
defined, 106, 380
oscilloscope. See also logic probe
bandwidth and resolution, 288-289
benefits of, 289-290
defined, 269, 381
fast-changing signals tested with, 269

399
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oscilloscope (continued)
setup of, 290-293
signal display on, 293-295
testing with, 295-299
voltage changes in, 285-288
output transducer, 186
over range indicator, in multimeter, 266
overvoltage protection, diodes for, 125

oo

packaging, for integrated circuits
(ICs), 153-154

pads, on printed circuit boards, 257, 380
paper capacitor, 74
parallel connection

capacitors in, 79-80

for multimeter, 269

overview, 33-35

resistors in, 51-53, 61-62
parallel parking resistors, 311-313
parallel resistors, 60
part numbers, on schematics, 228
Parts Express (Web site), 365
parts list

batteries, 173-176

buzzers, 188

connectors, 172-173

DC motors, 189-190

sensors, 181-185

solar cells, 177

speakers, 186-187

switches, 179-181

wall power, 177-178

wire, 170-172
passive components, 32

passive infrared (PIR) motion detector, 184

path, energy, 16

peak current, 25, 124

peak inverse voltage (PIV), 118

peak reverse voltage (PRV), 118-120
peak-to-peak voltage, 25

pencil eraser, 202

perf board, 247, 254-255
permanent circuits, 252-257
Phillips head screwdriver, 200, 380
Philmore-Datak (Web site), 372
phosphors, in television, 18, 38
photodiodes, 138, 177, 182, 230, 234
photographic bulb brush, 202
photoresistor, 182, 229, 233
phototransistor, 230, 234, 297-298
phototranslator, 182
photovoltaic cell. See solar cell
piezoelectric effect

buzzer project, 188

in crystal microphone, 183

crystals for, 106

defined, 106, 381

neon light project, 334-336

on schematics, 234
pin headers, 172
pinouts, integrated circuit

correct connections for, 237

disable, 165

explanation of, 154-156

leads in, 148, 153
PIR (passive infrared) motion detector, 184
PIV (peak inverse voltage), 118
pixels (picture elements), 37, 147
plasma screen, for television, 37
plates, capacitor, 68
plugs, cable, 172, 234-235
plus sign, for anode, 24
pn-junction, of semiconductors,

115-116, 381

PNP transistors, 127, 230, 276
polarity

of capacitors, 75-76, 229, 231, 274

on schematics, 43, 224-225

of speakers, 187
polyester dielectric material, 73-74
polypropylene dielectric material, 73-74
polystyrene dielectric material, 73-74
position sensors, 185
positive current, waveform of, 25
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positive temperature coefficient (PTC)
thermistor, 183, 381
potential difference, 13, 29
potential drop, 13, 29
potentiometer (pot)
for blinky light project, 331
in circuit builder starter kit, 207
for circuit projects, 304
defined, 32, 381
encasing, 204
multimeter to test, 273-274
operation of, 46-47
on schematics, 229
for timers, 87
power
battery size for, 23
calculation of, 16
defined, 16, 381
isolating circuits from, 108
Joule’s Law of, 63
maximum dissipation of, 139
on schematics, 220, 223-227
power converters, 26
power plant, 24, 94
power rating
of components, 31
of resistors, 48-49
of speakers, 187
of Zener diode, 122
power supply, 213, 354-355
power transistor, 140
power transmission network, 91
precision resistors, 43, 46, 381
precision screwdrivers, 200
preset pots, 47
Press-n-Peel (Web site), 372
pressure sensors, 185
primary coil, 107-108
printed circuit boards (PCBs)
capacitors on, 74
custom, 257
Internet resources for, 372
resistors on, 48

solderless breadboard compared to, 206
through-hole mounted DIPs for, 153
protons in atoms, 11, 381
prototyping, 254-255
prototyping board, 240, 381. See also
solderless breadboard
PRV (peak reverse voltage), 118-120
PRV rating of diodes, 119
PTC (positive temperature coefficient)
thermistor, 183, 381
total SYMbol (maximum power
dissipation), 139
P-type semiconductors, 114-116, 381
Pulsar Professional fx (Web site), 372
pulse current, 124
pulse-width modulation, 190
pulsing
defined, 282, 381
digital circuits tested by, 357-358
logic probe to detect, 282-283
oscilloscope to detect, 286, 290, 293, 298
timing of, 330
pushbutton switch, 179
push-to-break switch, 179

oQo

quad 2-input AND gate, 149

quad 2-input NAND gate, 164, 167
quarks, in atoms, 11

quartz crystals, 106

o R e

R symbol (resistance), 40, 381. See also
resistance
radial leads, in capacitors, 74
radio-frequency (RF) circuits, 355, 357
radio-receiver systems
capacitors in tuning circuits of, 71
electronics in, 35-37
inductors for, 104-106

P
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radio-receiver systems (continued)
oscilloscope to test, 296-297
RF (radio-frequency) circuits, 355, 357
RadioShack (Web site), 366
rail, 220, 245
RC circuits
impedance in, 103
operation of, 84-85
RC time constant for, 86, 90, 315-316, 381
timers created with, 86-87
RC filters, capacitors in, 87-90
ready-made electronics kits, 354
real current, 26-27, 381
rechargeable batteries, 176
recombining electrons, 131
rectification (AC to DC conversion), 112,
121-122
rectifier diodes, 121
reference direction of current, 27
reference ground, 29
reference ID, on schematics, 228-229
register circuits, 152
regulated power supplies, 26
relay, 180, 233, 382
remote-control devices, 18, 337
resist pattern, on printed circuit
boards, 257
resistance
capacitive reactance compared to, 81
in combination circuits, 34-35
current flow restricted by, 31-32
defined, 39, 382
factors in, 40-41
fixed resistors for, 43-46
in impedance, 103
infinite, 82
Joule’s Law in, 63-64
multimeter to measure, 272-278
Ohm'’s Law of
circuit analysis by, 56-62
circuit design and alteration by, 62-63
overview, 54-56

purposes of, 41-43
R symbol for, 40, 381
resistor circuits for, 64
resistor combinations for, 49-53
resistor power ratings for, 48-49
of speakers, 187
testing unpowered circuits for, 262
in thermistors, 183
variable resistors for, 43, 46-48. See also
potentiometer (pot)
resistivity of conductors, 40
resistor tolerance, 43
resistors
capacitors with, 83-87
for circuit projects, 304
circuits for, 64
combinations of, 49-53
defined, 39, 382
fixed, 207
human body as, 210
inductors compared to, 101
inductors with, 91
to limit current through LED, 330
multimeter to test, 272-273
parallel parking, 311-313
power ratings for, 48-49
in transistors, 133
resolution of oscilloscope, 288-289
resonance, 104-106, 357
reverse current, 118
reverse voltage, 117
reverse-bias diodes, 117, 120-121, 131
reverse-bias voltage, 319
reversing switch, 181
RF (radio-frequency) circuits, 355, 357
rheostat, 43, 47. See also potentiometer
(pot)
ribbon cable, 172
RL circuits
impedance in, 103
inductors in, 101-102
RL time constants for, 102
RLC circuits, 104-106



Index 403

rms (root-mean-square) voltage, 25

Robsonco Co. (Web site), 342

rocker switch, 179

RoHS (European Union Restriction
on Hazardous Substances)
regulations, 367

root-mean-square (rms) voltage, 25

rosin core of solder, 60/40, 196, 382

rosin flux remover, 197, 382

rotary resistance tracks, 47

Ryerson wire wrapping (Web site), 256

oS e

safety

of adhesives, 203

checklist for, 218

of circuit builder starter kit, 207-208

of cloths and cleansers, 200-202

electricity dangers, 210-214

of hand tools, 199-200

of household electronics, 48

importance of, 3-4

of lubricants, 202-203

of multimeter, 198-199

of soldering equipment, 196-198

soldering process, 214-215, 252

of solderless breadboard, 205-206

static electricity, 215-217

of supplies, 204

in workshop placement, 194-195
safety glasses, 204, 218, 248
saturating transistors, 132-133, 136
schematics

alternative drawing styles for, 238

analog electronic components

on, 228-230

connections on, 235

defined, 219, 382

digital logic components on, 231-232

example of, 236-237

fixed resistors on, 43

integrated circuits on, 155, 231-232

for light bulb circuit, 27-29
overview, 219-222
power sources on, 223-227
resistor tolerance on, 46
switches and relays on, 233
transducers on, 233-234
screwdrivers, 200
second value band on resistors, 45
secondary coil, 107-108
secondary energy sources, 24
self-contained power supply, 213
self-inductance, 95, 107
semiconductor temperature
sensors, 185, 382
semiconductors
as active components, 32
circuits with, 141
combining N- and P-types, 114-116
as conductors and insulators, 112-116
defined, 26, 382
as diodes in circuits, 120-125
doping, 113-114
for integrated circuits (ICs), 144
junction diode with, 116-120
rheostats replaced by, 47
for solar cells, 26
in transistors
amplifying signals with, 135-137
bipolar junction, 126-127
field-effect, 127
identifying, 139-141
model of, 133-135
operations of, 128-133
ratings for, 138-139
switching signals with, 137-138
Sensors
defined, 18, 382
description, 18
traffic-light, 99
types of, 181-185
series connection
capacitors in, 71, 80-81
circuit project on, 306-309
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series connection (continued)
defined, 33, 382
for multimeter, 269-271
overview, 33-35
resistors in, 50-51, 53
shielded inductor, 100-101
shielded jack, 235
shielded wire, 172
shock, electrical, 210
short circuits
defined, 96, 382
inductors in, 96-97
ohmmeter to test for, 276-277
signal
amplified by transistors, 135-137
clock, 152
function generator for, 356
oscilloscope display of, 293-295
switched by transistors, 137-138
signal diode, 121
signal ground, 223, 226
signal transistors, 140
silver solder, 215
silver third value band on resistors, 45
Simpson Model 260 multimeter, 199
sine wave, 25, 286, 382
single ground symbol, 226
single point in circuit, 29
single-pole double-throw (SPDT) switch,
181, 233, 277, 382
single-pole single-throw (SPST) switch, 181,
233, 277, 336, 382
single-pole switch, 180, 382
single-throw switch, 180
sink current, 156
siren project, 338-340
60/40 rosin core, of solder, 196, 382
Skycraft Parts & Surplus (Web site), 373
slide pots, 47
slide switch, 179, 382
small-outline integrated circuit (SOIC), 153
smoothing capacitors, 71
SMT (surface-mount technology), 48, 153

SMT resistors, 48
sockets, 153, 172, 255
SOIC (small-outline integrated circuit), 153
solar cell
defined, 26, 383
overview, 26
in parts list, 177
on schematics, 223-224
solar panels, 177
Solar Power Your Home For Dummies
(DeGunther), 26
solder, 196-197, 383
solder breadboard, 247, 253-254, 383
solder sucker, 197, 251
solder wick or braid, 197, 251, 383
soldering
defined, 196, 383
process, 247-252
safety in, 214-215
solder for, 383
solder removal tools for, 197
soldering iron, 196
soldering irons, 3, 196, 383
soldering joint, 196
soldering pencil, 196
soldering stand, 196
soldering station, 196
soldering tips, 197
solderless breadboard
for circuit projects, 304-305
damage avoiding, 246-247
defined, 153, 383
jumper wires for, 208
laying out circuits on, 244-246
overview, 205-206
parts and tools for, 243
pre-stripped wire for, 243-244
project ideas for, 328
using, 240-243
solenoids, 95. See also inductors
solid wire, 170, 243, 383
solid-core transformer, 230
solid-state electronics, 116
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source, in field-effect transistors, 127
source current, 156
source of electrical energy, 16, 22, 24. See
also batteries; current; solar cell
SPDT (single-pole double-throw) switch,
181, 233, 277, 382
speakers
in circuit builder starter kit, 208
in parts list, 186-187
for radio-receiver system, 36
on schematics, 234
specifications, for integrated circuits
(ICs), 152
speed, of DC motors, 190
SPICE (Simulation Program with Integrated
Circuit Emphasis) algorithm, 359
spike, voltage, 289, 385
“split” DC power, 224
sponge, wet, to remove solder, 197
SPST (single-pole single-throw) switch, 181,
233, 277, 382
square wave, 293, 297, 383
standard-precision resistors, 43, 45
static electricity
avoiding, 215-217
CMOS chip sensitivity to, 164
defined, 14, 383
description, 14
dissipation of, 154
soldering generating, 253
stepped up/stepped down power, 25, 225
step-up/step-down transformers, 32, 109
stocking distributors, 364
straight-head screwdriver, 200
strain relief, 213, 383
stranded wire, 170, 243-244, 384
stray capacitance, 247, 384
strength of current, from solar cells, 26
super glue, 203
superconductors, 40
supply current, 312
surface-mount technology (SMT), 48, 153
surplus merchandise, 363, 367, 372

surveillance, infrared detector for, 337-338
sweep generator, 357, 384
switches

to amplify current, 322-323

in circuit builder starter kit, 208

infrared detector, 336

leads for, 28

multimeter to test, 277-278

on schematics, 233

testing resistance of, 262

types of, 179-181
synthetic grease, 203

oJ e

T symbol (time period), 159
tantalum capacitor, 331
tantalum electrolytic dielectric
material, 73-74

television, 18, 37-38
temperature, resistance strength by, 40
temperature sensors, 183-185
terminal, 22, 47, 172, 384
terminal block, 172
Texas Instruments, Inc., 144
thermistor

defined, 40, 384

purpose of, 183-184

resistance behavior in, 40

on schematics, 233
thermocouple, 185, 384
third hand clamp, 200, 249, 384
third value band on resistors, 45
through-hole mounted DIPs, 153
tie post, 255
time period (T), 159
time slice, on oscilloscopes, 293
timer

for blinking light project, 328

capacitors for, 71

555, 159-164

for light bulb circuits, 10

RC circuits for, 86-87
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tinning solder tips, 248, 384
tip cleaner paste, to remove solder, 197
toggle switch, 179
tolerance
of capacitors, 77-78
defined, 44, 384
of resistors, 44-45
tone generator, 340
total capacitance, 80
trace
defined, 257, 384
oscilloscope, 285
in printed circuit boards, 257, 262
transducer, 181, 186, 233-234
transformer
air-core, 229
solid-core, 230
to store electrical energy, 32
unshielded inductors for, 91, 107-109
wall, 178, 213
transformer action, 107
transistor action, 133
transistor battery, 174
transistors
amplifying signals with, 135-137
bipolar junction, 126-127, 182
in circuit builder starter kit, 207
for circuit projects, 304, 321-323
defined, 32, 384
electrostatic discharge (ESD) sensitivity
of, 216
field-effect
CMOS technology for, 164
dual-gate, 140
electrostatic discharge (ESD) sensitivity
of, 216
in integrated circuits, 127
on schematics, 230
identifying, 139-141
model of, 133-135
multimeter to test, 275-276, 278
operations of, 128-133
overview, 32

ratings for, 138-139

resistors to limit current to, 41

switching signals with, 137-138
transistor-transistor logic (TTL), 164
trim pots, 47
troubleshooting

live circuits, 213

logic analyzer for, 359

logic pulser for, 357

oscilloscopes for, 288-289
truth tables, 150-151
TTL (transistor-transistor logic), 164
tuner, for radio-receiver system, 36
tuning circuits

inductors in, 99-102

overview, 71

resonance in, 105
turbines, in power plant, 24
two-state representation, in binary

system, 147

olf o

unbiased diodes, 118

uninterruptible power supplies
(UPSs), 70, 125

United Kingdom, schematic
symbols in, 238

universal gates, 149

universal solder board, 253-254

University of Cambridge, 369

unloaded pulses, 358

unpolarized capacitors, 331

unpowered circuits, for testing, 262

UPSs (uninterruptible power
supplies), 70, 125

o[/ e

V symbol (volts), 13
valence electrons, 112-113
varactors, 78

variable capacitor, 229
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variable capacitors, 78-79, 384
variable coil, 100, 384. See also inductors
variable inductors, 100
variable power supply, 354-355
variable resistors. See also potentiometer
(pot)
defined, 43, 384
description of, 43
operation of, 46-48
on schematics, 229
varicaps, 78
V. symbol (maximum collector-to-emitter
voltage), 139, 384
visible light-emitting diodes (visible
LEDs), 123
voltage
AC source symbol for, 25
across quartz crystals, 106
back, 95
base-emitter junction control of, 131
batteries for, 28-29
battery terminals for, 22
bias, 117-118
breakdown, 115
of buzzer, 188
calculating, 62
capacitor, 68-69, 71
clipping, 319-320
of DC motors, 190
defined, 13, 384
fluctuating, 25
as force, 13-14, 16
forward, 117, 124
frequency of, 81, 99
magnetism to induce, 94
maximum collector-to-emitter, 139
multimeter to measure, 269-270
Ohm'’s Law for, 54-56, 58-61
oscilloscope to test, 285-288, 290
overvoltage protection, diodes for, 125
in parallel circuits, 34
peak reverse, 118-120
resistors to control, 42-43

reverse, 117
rheostat handling of, 47
as safety concern, 3
on schematics, 224
spike in, 289, 385
warnings of, 211
working, 68, 73
Zener diode to regulate, 122-123
voltage across the bulb, 30
voltage divider
circuit as, 58
defined, 42, 385
project on, 309-311
resistance as, 42
voltage drop
as alternative term, 13
calculating, 62
circuit project on, 317-320
defined, 13, 385
explanation of, 29
voltage gain, 136-137
voltage potential, 13
voltage rise, 29
voltmeter, 30, 235, 260-261
volts (V), 13
volume control, potentiometer for, 43

o[/ o

wall power (use not recommended),
177-178

wall transformer, 213
“wall warts,” 178
warranty, manufacturer’s, 363
water tester project, 346-347
water-based household cleaner, 202
watt hour, as power measure, 31, 48, 385
waveform

of alternating current, 25

audio, 296

defined, 25, 385

on oscilloscope, 285-287, 289

on schematics, 225
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Web resources. See also various
distributors’ Web sites
for calculators, 370
for circuits, 370-371
discussion forums, 371-372
for printed circuit boards, 372
for surplus merchandise, 372
tutorials, 369-370
wetted sponge, to remove solder, 197
white household glue, 203
Williamson Labs Electronics Tutorial
(Web site), 370
windmills, 24
wiper, on mulitmeter, 273
wire
in circuit builder starter kit, 208
for circuits, 15
defined, 385
gauge of, 171, 378, 385
jumper, 243
mulitmeter to test, 276-277
pre-stripped, 243-244
securing, 213
strain relief, 213, 383
types of, 170-172
wrapping of, 171, 255-256, 385

wire cutter, 199

wire stripper, 200, 244

work, electrical energy for, 14-17
working voltage, 68, 73
workshop, placement of, 194-195
wrapping, wire, 171, 255-256, 385

o X o

X. symbol (capacitive reactance), 82
X, symbol (inductive reactance), 98
XNOR gate, 148, 150, 231

XOR gate, 148, 150, 231

o/ o

Z symbol (impedance), 103
Zener diode
breakdown voltage for, 115
reverse biasing, 118

reverse-bias voltage applied to, 319-320

on schematics, 230

in semiconductor circuits, 141

voltage regulated with, 122-123
zinc-carbon batteries, 175, 385



