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~ (tilde), 236

1N4733A Zener diode, 309
2-conductor wire, 187

2N3904 transistor, 111, 271

2N3906 transistor, 272

2N7000 transistor, 273

2-wire power cord, 187, 189, 197
3-wire power cord, repairing, 201-204
3-wire RS-232 configuration, 141
3-wire-to-2-wire ground adapter, 187
5-wire RS-232 configuration, 141

555 timer, 106

9V battery, 259, 319, 320

o/ o

A (ampere), 234
Ajack, 236
AA and AAA batteries, 319, 320
Abbatron-HH Smitch Web site, 368
AC (alternating current), 357
AC fuseholder, wiring, 192-195
AC in-line switch, adding, 188-191
AC plug, installing, 196-200
AC power, troubleshooting flow chart for, 298
AC socket tester, 294
AC voltage, symbol for, 236
AC wiring, 185
Ace Hardware Web site, 8, 11, 12
acid flux, 29
adapter
3-wire-to-2-wire ground, 187
coaxial, 161-162, 164
adapter cable, 206
Adel Nibbler Web site, 13
adjustable capacitor, BC10
adjustable resistor, BC3
Ah (ampere-hours), 319
air circuit style, 97
air variable, BC10
alarm, audible, building, 75-76, 90-94
algorithm, 357

Index

alkaline battery, 321, 322
Allen wrenches, set of, 11, 12
all-in-one tool, 7
alternating current (AC), 357
aluminum foil, 54, 63
Alvin ML100 swing-arm maghnifier, 8
American Radio Relay League Web site, 21, 339,
370
American Wire Gauge (AWG) standard, 187
ammeter, 357
ampacity, 357
ampere (A), 234
ampere-hours (Ah), 319
amplification, 357
amplifier. See also audio amplifier
buzz or hum in output from, 207, 300, 301
inverting, 45
linear, 361
vertical, 248
amplitude, 357
analog circuit, troubleshooting, 304-305
analog computing, 241
analog multimeter, 235, 251
analog oscilloscope, 248-249
analog signal, 357
analog switch, 357
anode, identifying, 56
antenna analyzer, 246
antenna, repairing broken, 354
anti-oxidation compound, 179
anti-theft security, 334
arcing, 300
astable, 76
attenuate, 357
audible alarm, building, 75-76, 90-94
audio amplifier
breadboarding, 44
constructing, 49-51
explanation of, 45-46
schematic for, 44-45
testing circuit, 52-53
audio cable, 220
audio level controller, building, 73-75, 77-82
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audio problem, diagnosing
distortion, 301
hum and ripple, 301
noise, white and crackling, 302-304
overview of, 300
audio taper pot, 74, BC3
auto manufacturer service bulletin, 329
autorange, 357
auto-ranging meter, 237

AWG (American Wire Gauge) standard, 187

ol e

backshell, 220
balanced wiring, 206
band-pass filter, 339
bare feet, working in, 186
barrier strip, 130
base, 357
battery
alkaline, 321, 322
basics of, 317-318
charging and discharging, 326, 355
checking voltage of, 258-260
description of, 317
disposable, 320-322
disposing of, 322, 327
getting most out of, 325
handling, 327
lithium-ion (Li-lon), 324
nickel-cadmium (Ni-Cad), 323, 326
nickel-metal (NiMH), 321, 323-324, 326
9V, 259, 319, 320
operation of, 318
power, troubleshooting, 295-296
ratings of, 319
rechargeable, 320-325, 355
replacing, 315
safety and, 325-327
storing, 327
types of, 319, 320
vehicle, 888, 331, 333-334
working around, 252
battery charger kit, 60
battery pack, 319, 324-325
battery tester, 296
Battery University Web site, 370
bayonet-style locking connector, 163
bead, ferrite, 338, 340-341

Belkin toolkits, 13
bent-nose pliers, 8
beta, 357
bias voltage, 46
bipolar voltage, 239, 241
bistable, 357
bleeder resistor, BC8
blind panel, 334
block diagram, 357
blow, 357
blow time, 357
blunt-nose cutters, 9-10
blunt-nose tweezers, 9
BNC connector, 162-163, 179
body diode, 273
Bolt Depot Web site, 638
book
recommended, 369
Web site of, 1-4
braid, desoldering, 33
breadboard, solderless
audio amplifier and, 44-46, 49-53
components inserted into, 18
digital timer and, 46-48, 54-57
limitations of, 19
materials for, 18-19
organization of connections, 17
using, 15-18
breadboarding, 18
breaker, troubleshooting, 295
bridge rectifier, 358
brushing off printed circuit board, 66
buddy, working with, 186, 253, 350
buffer, definition of, 111
bug, 358. See also debugging
building. See constructing
burn, treating, 30
bus, 34, 39
butt contact, 109
butt-splice terminal, 131
buying
batteries, 325
cables, 158
components, 91, 367
function generators, 242
tools, 7, 28, 349
buzz in amplifier output, 207, 300
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C battery, 319, 320
cable
adapter, 206
audio, 220
buying, 158
choosing correct, 129
coaxial, 159-160, 165
computer network, 138-139, 152-154
crossover, 138, 139, 141, 154
maintaining, 311
microphone, 205
null modem, 141
patch, for audio and video, 208
RS-232 data, making, 155-158
stereo patch, creating, 220-223
telephone, 135-137
cable checker, 152, 246
CAD (Computer-Aided Drafting), 21
CadSted software, 21
CAL signal, 274
calculator, electronic, 22
calibration to test equipment, checking, 308
calibrator, building, 309
calipers, 15
capacitance, 358, BC7
capacitor
adjustable or variable, BC10
ceramic, BC9
construction of, BC8
definition of, BC7
electrolytic, 51, BC8
film, BC9
mica and glass, BC9
tantalum, BC9
capacitor tester, 245
capacity, 358
car battery
connecting regulator to, 88
setting up and maintaining connection to,
333-334
tapping into power from, 331
car manufacturer service bulletin, 329
carbon-composition resistor, BC1-BC2
caring for tools and equipment, 307, 309-310
Carson MV-23 dual-power magnifier, 8
CAT5 UTP (Unshielded Twisted Pair), 138
cathode, identifying, 56

Cathode Ray Tube (CRT), 313
CB-style connector, installing, 168-172
center, marking before drilling, 13
center set punch, 13

centi, 358

ceramic and metal oxide (cermet) resistor, BC2

ceramic capacitor, BC9
certification, 314

Chaney Electronics C6880 learn-to-solder kit, 32

channel, 248
characteristic impedance, 160
characteristic voltage, 318, 319
charging algorithm, 326
charging battery, 326, 355
chassis of power supply, 240
chip, definition of, 44
choke
RF, 337, 338, 339, 341
split-core ferrite, installing, 345-346
cigarette lighter socket, 333
circuit. See also integrated circuit (IC)
analog, troubleshooting, 304-305
closed, 358
DC-to-DC converter, constructing, 117-125
digital, 46, 305-306
linear, 304
open, 361
precision, BC4
repairing, 353-354
series, 362
shorting out, 236
shortwave buffer, constructing, 111-116
timer, constructing, 106-110
circuit breaker, troubleshooting, 295
cladding, 85
classes, 314
cleaning. See also maintaining
electronic equipment, 311, 314
workspace, 60, 310
clip lead, 353
clipping, definition of, 53
closed circuit, 358
clothespin, 354
clubs, 314
CMOS (Complementary Metal-Oxide
Semiconductor), 358
coax stripping tool, 164
coaxial cable, 159-160, 165
coaxial connector, 161-164
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coaxial connector crimping tool, 160-161, 171-172,

175, 177
coincells, 319, 320
collector, 358
color
for AC wiring, 186
modular cable codes, 137
network cable codes, 139
resistor code for, BC4
using consistently, 43-44, 81, 123, 331
COMMON jack, 236, 262
comparator, 305
Complementary Metal-Oxide Semiconductor
(CMOS), 358
component lead
soldering to circuit board, 30-32
tinning, 109
component tester, 245
components
buying, 91, 367
inserted into solderless breadboard, 18
leaded, 19
line-rated, 185
passive, BC1, 365
picking out of tape strip, 68
resources for, 365-367
semiconductor, 366
storing, 366-367
tacking in place, 108
compound ratchet, 160
compression connector, 167
compression trimmer, BC10
computer network cable
description of, 138-139
making, 152-154
Computer-Aided Drafting (CAD), 21
configuration input, 306
connect, definition of, 51
connections
bad PC-board, 304
close terminals and, 79
ground, 51
heat, and electrical, 196
insulation displacement, 139
keeping short, 43
marking off when building, 107
mobile installation and, 331
organization of, on solderless breadboard, 17
overlapped end-to-end, 109

standard conventions for, 206
to vehicle battery, setting up and maintaining,
333-334
weatherproofing exterior, 179-183
connector
bayonet-style locking, 163
BNC, 162, 163, 179
CB-style, installing, 168-172
cleaning, 314
coaxial, 161-164
compression, 167
DB-style, 139-140
direct crimp style, 165-167
microphone, installing, 211-215
molded, 354
PL-249, installing, 168-172
RCA, 207-208
repairing loose, 354
resources for, 365
RIJ-I, 135, 137
RJ-45, 153
RS-232, making, 139-141
scanner-style, installing, 173-178
TV-style, installing, 165-167
Type F, 162-163, 165-167, 179
twist-on, 167
UHF, 162-163, 170
XLR, 205-206, 211-215
constructing
audible alarm, 75-76
audio amplifier, 49-51
audio level controller, 73-75, 77-82
calibrator, 309
DC-to-DC converter circuit, 117-125
dead-bug style, using, 97-99
digital timer, 54-57
from published schematics, 95-96
regulator, 12V-to-5V, 75, 83-89
shortwave buffer circuit, 111-116
surface-mount printed circuit board, 68-71
through-hole printed circuit board, 62-67
timer circuit, 106-110
voltage calibrator, 309
contact cleaner spray, 303
contact, intermittent, 304
contact wear-out and breadboards, 19
control input, 306
Convert software, 22
convex fillet, 32



core, 358. See also ferrite core
corner frequency, 283
countersink, 12
CPR training, 186, 253
crackling noise, 303-304
craft show, 314
Crescent® wrench, 11, 12
crimp splice, 354
crimp terminal
description of, 130-131
installing, 142-143
crimping, description of, 129
crimping ring, 174
crimping tools
coaxial connector, 160-161, 171-172, 175, 177
hand, 131-135
modular-plug, 135-137, 146-148
RJ-45, 138-139, 154
crossover cable, 138, 139, 141, 154
Crowbar Electrical Parts, 332
CRT (Cathode Ray Tube), 313
current
of batteries, 327
breadboards and, 19
definition of, 233
measuring, 249, 251-253, 262-264
units of, 234
wire and, 187
current gain, 255
current probe, 249
cutoff frequency, 283
cutoff state, 305
cycle, 358

o e

D battery, 319-320
dashboard, installing device inside or under, 334
data sheet
creating folder for, 269
downloading, 54, 104
finding, 366
DB-9P RS-232 cable, making, 155-158
DB-style connector, 139-141
DC (direct current), 359
DC power fuse, adding, 144-145
DC power, troubleshooting flow chart for, 299
DC voltage, symbol for, 236
DC-blocking capacitor, 76

DC-to-DC converter circuit, constructing, 117-125
dead-bug technique
building circuit using, 97-99
constructing timer circuit using, 106-110
drawbacks of, 99
overview of, 95
debugging
bug, definition of, 358
definition of, 289
troubleshooting log and, 293
deburring hole, 26
decade of frequency difference, 284
decibels, measuring in, 256-257, 278-279
decoupling resistor, 210
deep-cycling lead-acid battery, 326
defects in solder, 32
delay time, 358
Designworks Lite software, 20
desoldering, 33
detent, 163
diac, 359
diagonal cutters, 9-10
Dial and Panel software, 22
dielectric, 359
digital circuit, 46, 305-306
digital oscilloscope, 248-249
digital signal, 359
digital timer
breadboarding, 46
constructing, 54-57
explanation of, 47-48
schematic for, 46-47
digital voltmeter or multimeter, 235, 237, 251
diode junction test, 270
diode-checking function, 255
DIP (Dual In-line Package), 44
Dip Trace software, 20
direct crimp style connector, 165-167
direct current (DC), 359
direct detection of interference, 339
directions, following, 62
disabling input, 306
discharge curve, 321
discharging battery, 326
Discover Circuits Web site, 370
discrete component, 359
disposable battery, 320-322
disposing of battery, 322, 327
dissipating static, 15, 54
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distortion of audio, troubleshooting, 301

double-pole, double-throw (DPDT) switch, 359

double-pole, single-throw (DPST) switch, 359

downloading data sheets for IC, 54, 104

drain, 359

drawing schematic diagram, 39

drill press, 11

drills and drill bits, 11-13, 78

drip loop, 180

drive shaft hump, installing device on or to side of,
334

driving safely, 331

dry-cell battery, 318

Dual In-line Package (DIP), 44

dual power supply, 240

dummy load, 246

dust, removing, 313

duty cycle, 359

oF o

Eagle software, 20
ears, as test equipment, 243, 294
Easy PC software, 20
Electrical Static Discharge (ESD) protection, 15,
BC4
electrical tape
splicing and, 204
uses for, 354
wrapping around exterior connection, 181-183
electrolyte, 318
electrolytic capacitor, 51, BC8
electromagnetic-frequency interference (EMI), 339
electromotive force (EMF), 233
electron, 359
electronic calculator, 22
electronic equipment, maintaining, 311-314
Electronic Kits FG-500 kit, 241
electronic simulator, 21
electronics with moving parts, maintaining, 314
electropotential, 318
element, 74, BC3
Elenco
AK100 learn-to-solder kit, 32
SM-200K SMT Training Course kit, 61
EMF (electromotive force), 233
EMI (electromagnetic-frequency interference), 339
emitter, 359
enabling input, 306

energy capacity, 319
energy density, 322
equivalent series resistance (ESR), BC7
errata sheet in instruction manual, 63
ESD (Electrical Static Discharge) protection, 15,
BC4
expected performance, 290
Express PCB software, 21
extension cord, 187
exterior connection, weatherproofing, 179-183
eyes
protecting, 8, 30
as test equipment, 243, 293

ofFe

failure, definition of, 290
family, 161
Farad, 359
fast-blow fuse, 145
FCC Part 15 rules, 340
feedback from senses, 243, 293-294
ferrite bead, 338, 340-341
ferrite core
description of, 337-339
installing, 345-346
ferrite material, 340
ferrule, 174
Field-Effect Transistor (FET), 359
film capacitor, BC9
film resistor, BC2
filter
high-pass, 284-285, 337-338, 342-344
interference-reducing, 338-339
low-pass, 281, 285, 339
MFJ Enterprises MFJ-711B, 342
RC, 281, 285, 341
telephone, 337-338
filtering techniques, 339-341
fine-point tweezers, 9
firewall, 333
first aid
burn, treating, 30
friend and, 253
Web site resources for, 186
555 timer, 106
5-wire RS-232 configuration, 141
flagging, 204
flattopping, definition of, 53
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flip-flop, 46
float charge, 326
floating power supply, 240
floor, finding part on, 61
flow charts for troubleshooting
audio problems, 302
power problems, 297-299
flux, 28-29
fork terminal, 130-131
forward center console, installing device in, 334
frequency
definition of, 160
measurement of, 234, 249
measuring, 274-277
frequency limit and breadboards, 19
frequency response, measuring, 280-285
friend, working with, 186, 253, 350
front-end overload, 359
full-scale value, 236
full-wave rectifier, 359
function generator, 241-242
fuse
choosing, 145
DC power, adding, 144-145
resources for, 365
troubleshooting, 295, 300
fuse holder
AC in-line, wiring, 192-295
installing fuse in, 144-145
fuse tap, 332-333

oG o

gain, 45

galloping effect, 210

gate punchthrough, 273

gauge, 187

gel-cell battery, 318

GFCI (Ground-Fault Circuit Interrupter) breaker,
252, 295

giga, 360

glass-cartridge fuse, 145

gluing pads to PC board, 113-114

goggles, 8, 30

Gpaper software, 22

graticle, 246-247

grommet, 333

ground, 360

ground connection, 51

ground loop, 207, 301

ground plane, 97

ground potential, 233

ground rod, 360

Ground-Fault Circuit Interrupter (GFCI) breaker,
252, 295

grounding clip, personal, 15

oH o

Hakko 936ESD soldering station, 27
half-wave rectifier, 360
Hamcalc software, 22
hand crimper, 131-135
hand drill, 11, 78
hand reamer, 13, 26, 79
handheld device, using in car, 335
handling battery, 327
hazards of AC voltage, 186
heat
from battery, 327
electrical connection and, 196
maintaining equipment and, 312
heat sink, 65
Henry, 360
Hertz (Hz), 234
high-pass filter
description of, 284-285, 337-338
installing, 342-344
hiss, 302-303
hot wire, 186, 188
hum in amplifier output, 207, 300-301
hypothesis and troubleshooting, 290, 292
Hz (Hertz), 234

o]e

IC adapter, 366

IC (integrated circuit)
attaching, 63, 107
common replacement, 353
definition of, 44
555 timer, 106
ICL7662, 104-105
keeping in shipping bags, 69
regulator, 65
soldering, 71
voltage regulator, 75
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IC pin, soldering to PC board, 107 Intusoft ICAP software, 21
ICL7662 IC, 104-105 inverting amplifier, 45
impedance, characteristic, 160 isolation transformer, 252
in parallel, definition of, 266
in series, definition of, 265 o ] o
inductance, 360
inductor, 365 J battery, 319
inductor tester, 245 jack
in-line fuse, 332 A, 236
in-line fuse holder, wiring, 192-195 COMMON, 236, 262
in-line fuse kit, 144-145 phono, 207
in-line switch, adding, 188-191 telephone, replacing, 149-151
input-signal connection, 51 Jameco
installing. See also mobile installation IC Adapter, 366
AC plug, 196-200 solderless breadboard, 17
CB-style connector, 168-172 Web site, 370
crimp terminal, 142-143 jeweler screwdrivers, 11
high-pass filter, 342-344 JFET (Junction Field-Effect Transistor), 360
marine electronics, 330 Joule, 360
microphone connector, 211-215 jumper wires
phono plug, 216-219 bare, 19
PL-249 connector, 168-172 insulated, 18
scanner-style connector, 173-178 single-sided PC board kits and, 64
split-core ferrite choke, 345-346 stripping insulation off, 43
telephone plug, 146-148 junction between wires, 109
transistor, 66 Junction Field-Effect Transistor (JFET), 360
TV-style connector, 165-167 junk box, keeping, 350, 367
instantaneous voltage, 238
instructions, following, 62 o K [
insulation displacement connection, 139
insulator, 360 Keystone Electronics Company Web site, 368
integrated circuit (IC) kilo, 360
attaching, 63, 107 kit
common replacement, 353 battery charger, 60
definition of, 44 Elenco SM-200K SMT Training Course, 61
555 timer, 106 function generator, 241
ICL7662, 104-105 in-line fuse, 144-145
keeping in shipping bags, 69 learn-to-solder, 32
regulator, 65 sockets and, 90
soldering, 71 for surface-mount printed circuit board, 61, 68-71
voltage regulator, 75 for through-hole printed circuit board, 60, 62-67
interference UT-5 Universal Timer, 76
avoiding causing, 339-341 Klein Company, 8
definition of, 337 knife, utility, 10, 84
devices to fight, 337-338 Kronus
direct detection of, 339 toolkits, 13
received, 338-339 wire stripper, 14

interlock, 252 Kynar® insulation, 102
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lab standards, setting, 310
ladder diagram, 34
layout, starting with, 24
lead, working with, 28
lead-acid battery, 318, 324, 326
leaded components, 19
leads
clip, 353
component, 30-32
identifying negative and positive, 51
tinning, 114-115
leakage resistance, BC4, BC7
LED, color of, 67
legal issues with mobile installation, 331
Lexic Web site, 12
licensing, 314
lighter fluid, 311
lighting workspace, 8, 59, 349
limitations of breadboard, 19
line voltage, 361
linear amplifier, 361
linear circuit, 304
linear power supply, 297
linear regulator, 83
linear tapered pot, 74
Linear Technology, LTSPICE, 21
line-rated component, 185
lithium-ion (Li-lon) battery, 324
LM34 sensor, 209-210, 224-229
load, 361
loading circuit being tested, 248
lock washers, 92
locking pliers, 8
lockout, 252
log, 256
log book, keeping, 291-292

logarithmic ratio versus numeric ratio, 256-257

logarithmic taper pot, 74, BC3
logic analyzer, 250

logic probe, 245

long-nose pliers, 8-9

low-pass filter, 281, 285, 339
LTSPICE (Linear Technology), 21

o/l o

machinist’s vise, 12, 60
magazines
building circuits from schematics in, 95-96
recommended, 369
Magic Smoke, 289
magnification, 8§, 19, 61
maintaining
electronic equipment, 311-314
skills, 314
tools and equipment, 307, 309-310
workspace, 310-311
maintenance schedule, 315
Manhattan style
building circuit using, 99-100
constructing shortwave buffer circuit using,
111-116
drawbacks of, 101
overview of, 95
marine electronics, installing, 330
marking
center of hole before drilling, 13
connections when building, 107
Maryland Metrics Web site, 15
mat, static-dissipation, 15, 54
maximum applied voltage, BC4
MC14536B IC, 54
measurement
of current, 262-264
in decibels, 256-257, 278-279
equipment for, 234-242
of frequency response, 280-285
of period and frequency, 274-277
recording in log, 292
of resistance, 253-254, 265-268
safety issues and, 251-253
sight, sound, smell, touch, and, 243, 293-294
types of, 233-234
of voltage, 233, 249, 251-253, 258-261
measuring stick, 14-15
mechanical assembly, tightening up, 65
mechanical drawing software, 21-22
mechanical hardware, 367-368
mechanic’s rule, 14
Mega, 361
memory effect, 323

381
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Metal-Oxide Semiconductor Field-Effect Transistor nominal value, BC5, BC7
(MOSFET), 269, 305 non-inductive resistor, BC1-BC2
metalworking, 23-26 non-linear taper, BC3
MFJ Enterprises MFJ-711B filter, 342 notch filter, 339
mica and glass capacitor, BC9 notebook
micro, 361 keeping, 20, 350-351
Micro Cap software, 21 loaned tools and, 307
microphone cable, 205 parts supply and, 311
microphone connector, installing, 211-215 troubleshooting and, 291-292
milli, 361 NPN device, 271
mobile installation NPN transistor, 305
finding room for gadget, 334-335 null modem cable, 141
overview of, 329-330 numeric ratio versus logarithmic ratio, 256-257
power supply for, 331-334 nutdrivers, 11-12
safety issues with, 330-331
modular-plug crimping tool ) 0 o
description of, 135-137
using, 146-148 observed performance, 290
molded connector, 354 octave of frequency difference, 284
monostable configuration, 106 offset, 361
MOSFET (Metal-Oxide Semiconductor Field-Effect Ohm’s Law, 234, 253-254, 265-268, 305
Transistor), 269, 305 “one hand in pocket” rule, 186
mounting equipment 1IN4733A Zener diode, 309
mobile electronics, 334-335 online tutorial, 314
safety issues and, 330 op-amp, 44, 305
multi-conductor cable, 159 open circuit, 361
multimeter open-terminal voltage, 259, 295
description of, 234-237 organization and troubleshooting, 291-294
using to test audio amplifier circuit, 52-53 oscillator, 46
multimeter resistance scale, 80 oscilloscope
Murphy’s Law, 361 analog and digital, 248-249
function of, 246-248
[ N () logic and spectrum analyzers, 250
measuring with, 249
nano, 361 output-signal connection, 51
National Electrical Code, 361 overload, 338, 342
National Electrical Manufacturers Association
(NEMA) rating number, 196 oo
N-channel, 273
needle files, 13 packaging styles, 366
needle-nose pliers, 8, 19, 106 pad-based technique (Manhattan style)
negative lead, identifying, 51 building circuit using, 99-100
network cable, 138-139 constructing shortwave buffer circuit using,
neutral wire, 186 111-116
nibbling tool, 13 drawbacks of, 101
nickel-cadmium (Ni-Cad) battery, 323, 326 overview of, 95
nickel-metal (NiMH) battery, 321, 323-324, 326 Panavise 301 vise, 14, 60
9V battery, 259, 319, 320 panel, making, 23-26

noise, white and crackling, 302-304 parallel, 361
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parasitic inductance or capacitance, BC1, BC7
Part 15 device, 340
parts
checking against list of, 68
finding on floor, 61
obsolete, finding, 96
sorting, 63
storing, 69
pass transistor, 83
passive component, 365, BC1
patch cable
for audio and video, 208
stereo, creating, 220-223
patch cord, 137
PC board. See printed circuit (PC) board
PC board vise head, 14
PCB. See printed circuit (PC) board
PCB layout, 20
peak hold, 237
peak voltage, 238
pegging needle, 237
perfboard, 102-103, 117
performance, difference between expected and
observed, 290
period
definition of, 234
measuring, 274-277
phone plug, 137, 208-209
phono plug
installing, 216-219
types of, 207-208
photovoltaic effect, 362
Pi filter, 341
pico, 362
pin label, 102
pink noise, 302
PL-249 connector, installing, 168-172
pliers, 8-9, 131
plug
AC, installing, 196-200
phone, 208-209
phono, 207-208, 216-219
polarized, 187
plugboard, 15-19
PNP device, 272
PNP transistor, 305
pointed-nose cutters, 9-10
polarized plug, 187
Pomona Electronics 1508 test lead holder, 310

positive lead, identifying, 51
potential, 233
potentiometer (pot), 74, BC3
power cord, splicing, 201-204
power dissipation, 83, BC3-BC4
power problems
batteries, 295-296
common, 300
flow chart for troubleshooting, 297-299
fuses and breakers, 295
overview of, 294
power supply
for building and testing circuits, 239-240
for mobile installation, 331-334
practicing repairs, 293
precision circuit, BC4
premises wiring, 150
preventing shock, 186, 195, 251-253
pride, taking in craft, 351
primary battery, 320
printed circuit (PC) board. See also surface-mount
printed circuit board; through-hole printed cir-
cuit board
bad connections on, 304
definition of, 49
gluing pads to, 113-114
single-sided, 64
soldering IC pins to, 107
types of, 49
prototype, definition of, 73
prototyping, 73
prototyping board, 15-19
pull-out strength, 132
punch-down block, 150

oQo

quiescent value, 46

o R o

radiator, unintentional, 340
radio-frequency interference (RFI), 339
radio-frequency (RF) signal

coaxial cable and, 159-160

exposure to, 252

ferrite material and, 340

resistor for, BC4
radio-frequency test equipment, 245-246



384 Circuitbuilding Do-It-Yourself For Dummies

rail, 17-18, 34
Ramsey Electronics
LABCI1C Lead-Acid Battery Charger kit, 60
UT-5 Universal Timer kit, 76
Web site, 371
range switch, 236, 237
ratcheting action, 160-161
RC filter, 281, 285, 341
RCA connector, 207-208
reading schematic diagram, 35-38
reamer, 13, 26, 79
received interference, 338-339
rechargeable battery
disposable compared to, 320-321
grouping and conditioning, 325
quick-charging dead, 355
types of, 322-324
rechargeable battery voltage, 258
rectifier, 362
recycling battery, 322, 327
refrigerating battery, 325
refrigerator storage container lid, 69
regulation, 75
regulator
troubleshooting, 300
12V-to-5V, building, 75, 83-89
regulator IC, 65
regulator transistor, 300
remote control panel, 335
removing
dust, 313
wrapped wire, 121
repairing
broken antenna, 355
circuit, 353-354
loose connection, 354
3-wire power cord, 201-204

resistance, measurement of, 234, 236, 253-254,

265-268
resistor
adjustable, BC3
bleeder, BC8
carbon-composition, BC1-BC2
ceramic and metal oxide (cermet), BC2
choosing, BC4
decoupling, 210
description of, BC1
film, BC2
reading, BC4

tolerance and temperature coefficient of, BC5

variable, 363
wirewound, BC2
resistor network, BC3
resources. See also Web sites
assembling, 350
audio installation, 334
books, 369
CB radios, 168
electronic components, 365-367
interference, 339
magazines, 369
marine electronics, 330
measuring with oscilloscope, 249
mechanical hardware, 367-368
resistors, BC5
schematic diagrams, 38
tutorials, 370
RF choke, 337-339, 341
RF (radio-frequency) signal
coaxial cable and, 159-160
exposure to, 252
ferrite material and, 340
resistor for, BC4
RFI (radio-frequency interference), 339
rheostat, BC3
ribbon-cable crimp, 139
right-angle adapter, 164
ring, 137
ring terminal, 130
ripple, 300-301
RJ-11 connector, 135, 137
RJ-45 connector, 153
RJ-45 crimping tool, 138-139, 154
RMS (root-mean-square) voltage, 238-239
robot, working around, 252-253
Rochester Electronics Web site, 96
roll capacitor, BC8
rolloff, 284
root-mean-square (RMS) voltage, 238-239
RS-232 connector, making, 139-141
RS-232 data cable, making, 155-158
rubberband, 354
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safety equipment, 8, 30
safety ground wire, 186
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safety issues
with batteries, 325-327
buddy, working with, and, 186, 253, 350
installing filters to input cable on TV receiving
equipment, 342
with measuring, 251-253
mobile installation and, 330-331
working when tired and, 70
saturated state, 305
scale, 362
Scale software, 21
scanner-style connector, installing, 173-178
scheduling maintenance, 315
schematic capture, 20
schematic diagram. See also schematic diagram,
published
for audio amplifier, 44-45
audio level controller, 74
for digital timer, 46-47
drawing, 39
history of, 34
purposes of, 34
reading, 35-38
tracking progress on, 44
schematic diagram, published
being wary of, 96
building from, 95
preparing to build from, 96-97
scissors, 10
scope (oscilloscope)
analog and digital, 248-249
function of, 246-248
logic and spectrum analyzers, 250
measuring with, 249
Scotch electrical tape, 204
SCR (Silicon-Controlled Rectifier), 362
scratch awl, 13, 78
screwdrivers, 11, 12
scrubbing pad, synthetic, 85
seat, mounting equipment under, 335
secondary battery, 320
semiconductor components, 366
senses, feedback from, 243, 293-294
sensor. See also temperature sensor
cleaning, 314
definition of, 209
serial, 362
series circuit, 362
service bulletins of car manufacturer, 329

sharing information with others, 351
shell, 163, 220
shielded twisted-pair cable, 220
shock, preventing, 186, 195, 251-253
shorting out circuit, 236
shortwave buffer circuit, constructing, 111-116
side mount, 334
signal generator, 245
Silicon-Controlled Rectifier (SCR), 362
sine wave, 362
single-pole, double-throw (SPDT) switch, 362
single-pole, single-throw (SPST) switch, 362
skills, maintaining, 314
sleeve, 137
slip-joint pliers, 8-9
slow-blow fuse, 145
Small Parts Company Web site, 368
smell, as test equipment, 243, 293
SMT (surface-mount technology), 59
socket header, 102-103
sockets
cigarette lighter, 333
kit and, 90
placing on perfboard, 118
wall, 294
software tools
electronic simulators, 21
mechanical drawing, 21-22
schematic and PC board layout, 20-21
utilities and calculators, 22
solder bridge, 363
solder cup, 139-140
solder mask, 363
solder sucker, 33
soldering
desoldering, 33
IC pins to PC board, 107
ICs, 71
introduction to, 30-32
with kit, 32
as skill, 223
SMT parts, 69-70
tools for, 27-29
soldering gun, 28
soldering iron, 27, 354
soldering iron tips, 28
soldering pencil, 27
soldering station, 27
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solderless breadboard
audio amplifier and, 44-46, 49-53
components inserted into, 18
digital timer and, 46-48, 54-57
limitations of, 19
materials for, 18-19
organization of connections, 17
using, 15-18
solid wire, 131
sorting parts, 63
spade terminal, 130-131
SPDT (single-pole, double-throw) switch, 362
spectrum analyzer, 250
splicing power cord, 201-204
split-core, 340
split-core ferrite choke, installing, 345-346
splitter, description of, 75
sponge, using, 30
SPST (single-pole, single-throw) switch, 362
square wave, 363
stack capacitor, BC8
standard connection conventions, 206
Standing Wave Ratio meter, 245
static, dissipating, 15, 54
station cable, 137
steel wool, 85
stereo patch cable, creating, 220-223
storing
battery, 327
components, 366-367
parts, 69
tools and equipment, 308
straight-through cable, 138-139, 154
stripping
coax cable, 164
wire, 134
stud size, 130
surface-mount printed circuit board
building, 61
constructing, 68-71
description of, 59
surface-mount technology (SMT), 59
sweep speed, 246
swing-arm magnifier, 8
switch
AC in-line, adding, 188-191
analog, 357
double-pole, double-throw, 359
double-pole, single-throw, 359

range, 236-237
resources for, 365
single-pole, double-throw, 362
single-pole, single-throw, 362
transistor operated as, 305
trigger, 248

symbols for schematic diagram, 35
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tacking component in place, 108
tackle box, 308
tack-solder technique, 70-71
tantalum capacitor, BC9
tape, electrical
splicing and, 204
uses for, 354
wrapping around exterior connection, 181-183
tape strip, picking components out of, 68
tapered pot, 74
Technology Systems Web site, 20
telephone filter, 337-338
telephone jack, replacing, 149-151
telephone modular cable, crimping, 135-137
telephone plug, installing, 146-148
temperature coefficient, 363, BC5
temperature sensor
creating, 224-229
overview of, 209
wiring diagram, 210
terminal, crimp
description of, 130-131
installing, 142-143
terminal crimping tool, 131-135
terminal strip, 98, 130
test equipment
checking calibration of, 308
component tester, 245
counter, 243-244
function generator, 241-242
logic probe, 245
oscilloscope, 246-250
power supply, 239-240
radio-frequency, 245-246
taking care of, 307, 309-310
voltmeter, 234-237
test lead holder, 310
test point, making, 44
test probe, 236, 247



testing. See also test equipment
AC socket, 294
audio amplifier circuit, 52-53
DC-to-DC converter circuit, 125
scanner-style connector, 178
shortwave buffer circuit, 116
in steps, 350
temperature sensor, 227
timer circuit, 110
transistor, 255, 269-273
THD, 363
thermal shutdown, 83
thermistor, 363
3-wire power cord, repairing, 201-204
3-wire RS-232 configuration, 141
3-wire-to-2-wire ground adapter, 187
through-hole printed circuit board
battery charger kit and, 60
constructing, 62-67
description of, 59
thyristor, 363
tie point, 98
tilde (~), 236
time
measurement of, 234, 249
taking when working, 349
timer circuit, constructing, 106-110
timer
breadboarding, 46
constructing, 54-57
explanation of, 47-48
schematic for, 46—47
tinning
definition of, 30
pads and leads of transistor, 114-115
tip, 137
Tip contact, 80
tired, working when, 70
TO-92 package, 209-210
tolerance, BC5
tools. See also crimping tools; test equipment
buying, 7, 349
coax stripping tool, 164
cutters and knives, 9-10, 84
drills and drill bits, 11-13, 78
Klein Company and, 8
measuring stick, 14-15
notebook, 20
overview of, 7-8

pliers and tweezers, 8-9, 131
safety equipment, 8
screwdrivers and wrenches, 11-12
SMT assemblies, 61
software, 20-22
solderless breadboard, 15-19
specialized electronic, 14
taking care of, 307, 309-310
unwrapping tool, 121
wire-wrap method and, 102-103
toroid, 340
touch, as test equipment, 243, 294
traces, 274
tracking progress on schematic diagram, 44
trade show, 314
transformer, isolation, 252
transient, 363
transient protection, BC4
transistor
analog circuit and, 304-305
common replacement, 353
installing, 66
MOSFET, 269, 305
NPN, 305
pass, 83
PNP, 305
regulator, 300
testing, 255, 269-273
tinning leads of, 114-115
2N3904, 111, 271
2N3096, 272
2N7000, 373
transistor tester, 245
transition, 276
trap filter, 339
triac, 363
trickle charge, 326
trigger switch, 248
trimmer, BC3
trimming, BC2
trip, 363
troubleshooting
analog circuits, 304-305
audio level control, 82
audio problems, 300-304
cable, 152
crimping, 143
DC power fuse, 145
DC-to-DC converter circuit, 125

Index 387
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troubleshooting (continued)
dead-bug technique and, 110
definition of, 289
digital circuits, 305-306
failure and, 290
microphone connector, 215
organizing thoughts and, 291-294
output voltage, 89
phono plug, 219
power problems, 294-300
process of, 290-291
scanner-style connector, 178
sharing stories of, 293
shortwave buffer circuit, 116
stereo patch cable, 223
telephone jack, 151
telephone plug, 148
TV-style connector, 166
wiring error, checking for, 57
true-RMS measurement capability, 237, 239
TV-style connector, installing, 165-167
tweezers, 8-9
twisting pairs of wires, 110
twist-on connector, 167
2-conductor wire, 187
2N3904 transistor, 111, 271
2N3906 transistor, 272
2N7000 transistor, 273
2-wire power cord, 187, 189, 197
Type F connector, 162-163, 165-167, 179
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UHF connector, 162-163, 179

unbalanced wiring, 206

Underwriters Laboratories, 185

unintentional radiator, 340

University of Nebraska Electrical Engineering Shop
page, 20

University of Washington Electrical Engineering
Store Web site, 370

Unshielded Twisted Pair (UTP), 137

unwrapping tool, 121

utility knife, 10, 84

utility software packages, 22

UTP (Unshielded Twisted Pair), 137
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vacuuming workspace, 310
vacuum-tube equipment, 313
varactor, 363
variable capacitor, 363, BC10
variable resistor, 363
varistor, 363
Vector Engineer software, 21
Vectronics VEC-4001K kit, 241
vehicle battery
connecting regulator to, 88
setting up and maintaining connection to,
333-334
tapping into power from, 331
vehicle manufacturer service bulletin, 329
ventilation for workspace, 8
vertical amplifier, 248
video problems, diagnosing, 304
vise
clothespin or rubberband as, 354
holding PC board with, 60
Panavise, 14
using, 12
Vise-Grips™, 8
volt, 363
voltage
AD and DC components of, 260
of battery, checking, 258-260
bias, 46
bipolar, 239, 241
breadboards and, 19
characteristic, 318-319
hazards of AC, 186
instantaneous, 238
line, 361
maximum applied, BC4
measuring, 233, 249, 251-253, 258-261
open-terminal, 259, 295
peak, 238
of rechargeable battery, 258
RMS (root-mean-square), 238-239
symbols for, 236
troubleshooting output, 89
voltage calibrator, building, 309
voltage divider, 45, 74
voltage ratings, BC4
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voltmeter
description of, 234-237
using to test audio amplifier circuit, 52-53

o[/ o

wall socket, 294
water, dealing with equipment that fell in, 312
watt, 363
watt-hour, 319
waveform, 241
weatherproofing exterior connection, 179-183
Web sites
Abbatron-HH Smitch, 368
Ace Hardware, 8, 11-12
Adel Nibbler, 13
Alvin Company, 8
American Radio Relay League, 21, 339, 370
audio installation, 330
battery operation, 318
battery recycling, 327
Battery Tender company, 326
Battery University, 370
Bolt Depot, 368
for book, 1-4
building circuits from schematics on, 95-96
car manufacturer service bulletins, 329
Carson Optical, 8
CPR training, 186
Crowbar Electrical Parts, 332
for desoldering tools, 33
Discover Circuits, 370
electrical safety, 186
Electrical Static Discharge (ESD), 15
electronic calculators, 22
electronic components, 365-366
electronic simulators, 21
Elenco Electronics, 61
exposure to RF, 252
film capacitors, BC9
first aid, 186
free electronic design software, 20
function generator kits, 241
fuseology, 145
ground loops, 301
home phone wiring, 149
Jameco, 17
Keystone Electronics Company, 368

Klein Company, 8
learn-to-solder kits, 32
Lexic, 12
Linear Technology, 21
logic probe, 245
magazines, 369
Maryland Metrics, 15
measuring with oscilloscope, 249
mechanical drawing software, 21-22
MFJ Enterprises, 342
network connector wiring, 138
PC board fabricator, 21
Pomona Electronics 1508 test lead holder, 310
power-supply circuit description, 297
for radio installation, 330
Ramsey Electronics, 60
resistor color code, BC4
resistors, BC5
Rochester Electronics, 96
schematic and PC board layout software, 20
schematic diagram symbols, 35
schematic diagrams, 38
Small Parts Company, 368
Standing Wave Ratio meter, 245
telephone system, 137
transistor functions and basic amplifiers, 111
tutorials, 370
University of Washington Electrical Engineering
Store, 370
vendors, 370-371
Wikipedia, 370
Webtronics LP-1 logic probe, 245
Weller soldering station, 27
Western Union knot, 87, 197
wet-cell battery, 318
white noise, 302-303
wick, desoldering, 33
Wikipedia Web site, 370
wiper
adjustable resistor and, BC3
tapered pot and, 74
wire
bare, keeping, 108
choosing correct, 129
color of, 81, 123
crimp terminal and, 131
current-capacity of, 187
insulated, 18, 185
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wire (continued) P X PY
junction between, 109
making contacts with, 109 XLR connector
for solderless breadboard, 17 description of, 205-206
stripping, 134 installing, 211-215
twisting pairs of, 110
wire cutters, 9-10, 19 PY y PY
wire nut, miniature, 354
wire stripper, 14 yardstick, 15
wirewound resistor, BC2
wire-wrap method PY z Py
building circuit using, 101-105
constructing DC-to-DC converter circuit using, Zener diode, 309
117-125 zero-crossing, 238
cutting wire for, 122 zinc-carbon battery, 321-322
direction for, 120 zip cord, 187, 197

drawbacks of, 104
making changes or correcting errors, 121
overview of, 95
wiring
AC, 185-186
AC fuseholder, 192-195
balanced and unbalanced, 206
error, checking for, 57
premises, 150
working when tired, 70
workspace
lighting, 8, 59, 349
maintaining, 310-311
preparing, 59-60
ventilation of, 8
wrapping electrical tape around exterior connec-
tion, 181-183
wrapping tool, motorized, 103
wrenches, 11



