
• Numerics •
6 volt battery, 9
60/40 rosin core solder, 33, 381
120 volt power, 9, 18
555 timer IC, 191, 306

• A •
AC voltage

capacitor, passing through, 39
shock from, 18

alcohol, 29
All About Circuits discussion forum,

373–374
alternating current (AC), 381
AM (amplitude modulation), 165
American Radio Relay League (ARRL), 

113, 165
American Wire Gauge (AWG), 57, 381
amplifier, audio

description, 45
radio project, 167
schematic symbol, 65

amplifier circuit, in parabolic microphone
project, 123–126

amplifier, operational (op amp)
Dance to the Music project, 90–91
description, 44, 386
dual, 44–45
polarity symbol, 63
quad, 44–45
schematic symbol, 65

amplitude, 381
AND gate, polarity symbol for, 63
anode, 381
antenna

coil as, 167
external radio, 183
ferrite, 171
Sensitive Sam project, 314, 318

anti-static devices and clothing, 22–23
array, resistor, 219–220
ARRL (American Radio Relay League), 

113, 165
The Art of Electronics (Horiwitz and 

Hill), 374
audio amplifier

description, 45
radio project, 167
schematic symbol, 65

audio jacks
metal detector project, 291
parabolic microphone project, 132–134

audio, resources, 377–378
Australian Radio Resource Page (Web 

site), 376
auto-ranging, 381
AWG (American Wire Gauge), 57, 381
axial, electrolytic capacitor, 40

• B •
band pass filter, 113
bandwidth, 381
base pin, 287
Basic Radio: Understanding the Key Building

Blocks (Hallas), 165
battery

definition, 381
polarity symbol, 63
schematic symbol, 60, 65
terminals, 66
voltage, 77–78

battery pack
Couch Pet-ato project, 356–357
Dance to the Music project, 109–111
Dancing Dolphins project, 224–229,

234–236
go-kart project, 244, 255, 258, 269, 271,

273–275
metal detector project, 292–294
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battery pack (continued)
Murmuring Merlin project, 154–156
parabolic microphone project, 134–136
pumpkin project, 201–202, 209
radio project, 181
Sensitive Sam project, 319–321, 337–339

bead capacitor, tantalum, 40
bead supply store, 37
BEAM Reference Library (Web site),

378–379
biasing, 91, 381
bipolar, 381
bits, drill, 33–34
Bob’s Vacuum Tube Audio Projects Page

(Web site), 378
books

The Art of Electronics (Horiwitz and 
Hill), 374

Basic Radio: Understanding the Key
Building Blocks (Hallas), 165

Electronics For Dummies (McComb and
Boysen), 1, 38, 41, 65, 374

botmag.com (Web site), 379
Bowden’s Hobby Circuits (Web site), 372
box

building, 53–54
Couch Pet-ato project, 352–359
drilling and cutting holes, 79
metal detector project, 291–294
mounting project in, 79–83
Murmuring Merlin project, 152–159
parabolic microphone project, 132–134
plastic, 52, 79
pumpkins, 193
radio project, 174–179
wood, 52–53, 79

Boysen, Earl (Electronics For Dummies),
1, 38, 41, 65, 374

brace, mending, 311
braid, solder, 33
breadboard

anatomy, 66–67
color-coded wires, 68
contact holes, 55, 66
contacts, 66–67
Couch Pet-ato project, 348–352
Dance to the Music project, 94–101
Dancing Dolphins project, 224–229
description, 54–57, 65, 381

go-kart project receiver circuit, 260–268
go-kart project transmitter circuit,

249–260
jumper wire use, 68
layout, 67–68
metal detector project, 286–291
mounting in box, 81
multiple, 55
Murmuring Merlin project, 147–151
neatness, 68
parabolic microphone project, 123–126,

134–135
pumpkin project, 197–211
radio project, 172–174
Sensitive Sam project, 313–317, 321–332
size, 66
spacing, 68
wiring components, 56–57, 68–70

bridge (H-bridge), 244, 261, 266–268, 
307, 384

bridging solder, 118
Budget Robotics (supply house), 53, 245
buildinggadgets.com (Web site), 370
bumper switch, 269
bus, 382
buzzer

description, 51–52
electromagnet, 51
leads, 52
mounting in box, 80
piezoelectric, 51
Sensitive Sam project, 336–339

• C •
cable, 382. See also wire
cable ties, 54, 82, 129
calculator, JavaScript, 372
capacitance, 39–41, 48, 382
capacitor

axial, 40
capacitance values, 39–41
ceramic, 40, 70, 382
charge pump, 142
condenser microphone, 48
Couch Pet-ato project, 346
Dance to the Music project, 90–91, 98
Dancing Dolphins project, 218
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definition, 382
draining time, 191
electrolytic, 40, 70, 383
filling time, 191
fixed, 41
function, 39
go-kart project, 241–242, 249–250, 264
markings, 41
metal detector project, 290–291
mica, 40
Murmuring Merlin project, 141–143
parabolic microphone project, 

118, 125–126
polarity symbol, 63
polarized, 40–41
pumpkin project, 190, 193
radial, 40
radio project, 167–168, 173–178, 181–183
RC filter, 91
schematic symbol, 62, 65
Sensitive Sam project, 306, 330–332
tantalum, 40
variable, 41, 167, 173–178, 181–183, 389

capacitor microphone, 48–49
castor

go-kart project, 269–270, 272–273
Sensitive Sam project, 333–334

cathode, 382
cement, contact, 53
ceramic capacitor, 40, 70, 382
chamfering, 169
charge pump capacitors, 142
charge, storage by capacitors, 39
chassis

go-kart, 247–249, 268–275
Sensitive Sam project, 332–340

chuck, drill, 33
circuit

Couch Pet-ato project, 348–352
Dance to the Music project, 94–101
Dancing Dolphins project, 218–219,

224–229
dead bug, 113
definition, 382
energized, 20
go-kart project, 241–244, 249–268
H-bridge, 244, 261, 266–268
metal detector project, 286–291

miniaturizing, 113
Murmuring Merlin project, 147–152
online sources for, 371–372
parabolic microphone project, 123–126
radio project, 172–174
receiver, 242–243, 260–268
safety precautions, 20
Sensitive Sam project receiver, 305–308,

321–332
Sensitive Sam project transmitter,

303–305, 313–317, 321
silent pumpkin, 197–204
talking pumpkin, 205–211
transmitter, 241–242, 249–260

circuit board
printed, 56
soldering, 70–75

circuit, integrated (IC)
audio amplifier, 45
breadboard placement, 67
contents of, 43
Couch Pet-ato project, 345, 348–352
Dance to the Music project, 90, 96–98
Dancing Dolphins project, 218, 224–229
description, 42–43, 384, 385
DIP (dual inline package), 43–44
electrostatic discharge susceptibility, 43
functions, 44
go-kart project, 242, 246, 249–250,

253–254, 260–261, 264–265
metal detector project, 283, 286–290
MOS (metal oxide semiconductor)

devices in, 22
in Murmuring Merlin project, 141, 143,

147–150
op amp (operational amplifier), 44–45
parabolic microphone project, 

118, 123–126
pin numbering, 67
preprogrammed or programmable, 8
pumpkin project, 190–191, 197–200,

205–207
radio project, 167, 172–173
removing from breadboard, 70
Sensitive Sam project, 303, 306–307,

313–317, 321–330
surface mounting, 44
timer, 191
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circuit resources
Bowden’s Hobby Circuits, 372
Circuits for the Hobbyist, 371
Discover Circuits, 371–372
Electronics Lab, 371
FC’s Electronic Circuits, 372

Circuits for the Hobbyist (Web site), 371
clamp, third-hand, 75
cleaner paste, tip, 33
clips, wire, 54, 83, 136, 182, 390
closed circuit, 382
closed position, 45, 382
clothing

cotton, anti-static properties of, 23, 27
safety, 26–27

club, electronics, 10
CMOS, 382
coil

metal detector project, 283, 289, 296–297
radio project, 167–168, 179–180
variable, 64, 389

cold solder joints, 382
collector pin, 287, 322
commutator, 382
components. See also specific components

breadboard, 54–57
buzzers, 51–52
capacitors, 39–41
connectors, 58, 382
containers, 52–54
definition, 382
discrete, 39–42
inserting, 68–70
integrated circuits (ICs), 42–45
light emitting diodes (LEDs), 50
microphones, 48–49
panel-mount, 79–80
polarity of, 63
polarized, 63–64
resistors, 39
schematic symbol, 62
sensors, 48
speakers, 50–51
switch, 45–47
terminology, 38
transistors, 41–42
variable, 64

condenser microphone, 48
conductor, 382
connections, schematic, 61
connector

DB9, 143, 146, 152, 153
description, 58, 382

contact cement, 53
contact pad, soldering to, 74–75
contacts, breadboard, 66–67
container

building, 53–54
Couch Pet-ato project, 352–359
drilling and cutting holes, 79
metal detector project, 291–294
mounting project in, 79–83
Murmuring Merlin project, 152–159
parabolic microphone project, 132–134
plastic, 52, 79
pumpkins, 193
radio project, 174–179
wood, 52–53, 79

continuity, 382
coping saw, 34–35
cost, of electronics projects, 13–14
Couch Pet-ato

construction issues, 346
construction steps, 348–359
operating, 359–360
overview, 344
parts list, 346–348
schematic, 344–346
variations, 360

counter, decade, 218
CPR training, 21
crystal, piezoelectric, 51
current

definition, 19, 382
measuring with multimeter, 37
Ohm’s Law, 19
symbol, 384

cutting
plastic, 52
safe, 25–26, 28
wire, 57
wood, 53

cycle, 383
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• D •
Dance to the Music project

battery pack, 109–111
circuit, building, 94–101
construction issues, 92
LEDs, adding, 101–108
microphone, 108–110
miniaturizing, 113
operating, 111–113
overview, 87–88
parts list, 92–94
potentiometer, 109–111
schematic, 89–92
switch, 109–111
variations, 113

Dancing Dolphins project
circuit, building, 224–229
construction issues, 221
dolphin light display, 229–237
operating, 237–238
overview, 215–216
parts list, 221–223
schematic, 216–220
variations, 238

datasheet, 64
DB9 connector, 143, 146, 152, 153
DC (direct current), 383. See also DC

voltage
DC motor

go-kart project, 243–244, 248, 271–274
Sensitive Sam project, 303

DC voltage
bias, 91
capacitor as filter for, 39
shock from, 18

dead bug circuit, 113
decade counter chip, 218
decoder

definition, 383
go-kart project, 242, 260–261, 265, 277

desolder pump, 33, 383
detector, infrared

description, 48
go-kart project, 242, 247, 260–262, 265
pumpkin project, 191, 206–212

detector, metal
circuit, building, 286–291
construction issues, 284
enclosure, 291–294
handle, 294–299
operating, 299–300
overview, 281–282
parts list, 284–286
schematic, 282–284
variations, 300

detector, proximity, 283
dielectric, electret microphones and, 49
Digi-Key (Web site), 119, 365
diode

definition, 383
photodiode, 191
polarity symbol, 63
schematic symbol, 62

diode, light emitting (LED)
color, 50
Dance to the Music project, 92, 101–108
Dancing Dolphins project, 219–221,

231–235
description, 50
diameter of standard, 50
go-kart project, 242, 246, 254–258
IR, 189, 199, 212, 242, 246
metal detector project, 284, 289, 

291–294, 299
mounting in box, 80
panel-mount socket, 80
pumpkin project, 189–192, 199–202, 

204, 212
schematic symbol, 60
switches for, 62

DIP. See dual inline package (DIP)
direct current (DC), 383. See also DC

voltage
Discover Circuits, 371–372
Discover Solar Energy.com (Web site), 372
discreet components. See components
dolphins. See Dancing Dolphins project
double-pole, double-throw switch (DPDT),

46, 63, 383
double-pole, single-throw switch 

(DPST), 383
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dowel, wooden, 82, 129
drilling holes in boxes, 79
drills, 33–34
dual inline package (DIP)

definition, 383
IC, 43–44

dual op amp, 44–45

• E •
ear muffs, 27
ear protection, 26, 27
earth ground, 22
eddy currents, 168
educational resources

All About Circuits discussion forum,
373–374

The Art of Electronics (Horiwitz and 
Hill), 374

Basic Radio: Understanding the Key
Building Blocks (Hallas), 165

Electronics Club (Web site), 373
Electronics For Dummies (McComb and

Boysen), 1, 38, 41, 65, 374
Electronics Lab Forum (Web site), 374
Electronics Teacher (Web site), 373
Electronics Tutorials (Web site), 373

EEPROM Editor, 162
Effectronics (Web site), 378
electret capacitor microphone, 48–49
electret microphone, 65, 93, 119, 347
electrical tape, 57, 193
electricity

description, 19, 383
respect for, 20–21
static, 388

electrolytic capacitor, 40, 70, 383
electromagnet, 50–51, 383
electromotive force, 383
electron, 383
Electronic Goldmine (Web site), 367
Electronics Club (Web site), 373
Electronics For Dummies (McComb and

Boysen), 1, 38, 41, 65, 374
Electronics Lab, 371
Electronics Lab Forum (Web site), 374
Electronics Teacher (Web site), 373
Electronics Tutorials (Web site), 373

electrostatic discharge (ESD)
definition, 384
friction as cause of, 21
guarding against, 22–23
MOS device sensitivity to, 21–22

emitter pin, 287
enclosure

building, 53–54
Couch Pet-ato project, 352–359
drilling and cutting holes, 79
metal detector project, 291–294
mounting project in, 79–83
Murmuring Merlin project, 152–159
parabolic microphone project, 132–134
plastic, 52, 79
pumpkins, 193
radio project, 174–179
wood, 52–53, 79

encoder
definition, 384
go-kart project, 242, 246, 249–250,

253–254, 277
Sensitive Sam project, 303

energized circuit, 20
epemag.com (Web sites), 370
ESD. See electrostatic discharge
Event Configuration, SpeakJet, 160–162
Everyday Practical Electronics

(magazine), 370
extractor, IC, 70
eye protection, 26, 27–28, 73

• F •
fabric, choice of, 27
farad (F), 40, 384
FC’s Electronic Circuits (Web site), 372
ferrite rod, 167–171, 179–180
fibrillation, ventricular, 18
filter

band pass, 113
Dance to the Music project, 91, 113
high pass, 384
low pass, 143, 385
RC, 91

first aid kit, 26
555 timer IC, 191, 306
flathead, 36, 384
floating, 218
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floor mat, static-dissipative, 23
flux, 33, 72, 384
FM (frequency modulation), 165
frequency

definition, 384
resonance, 167–168

friction, 21
Fry’s Electronics (Web site), 366
fumes, from soldering, 24–25, 72
Furturlec (Web site), 367

• G •
gain, 90, 384
gaskets, 127–128
gauge, wire, 57, 384, 390
GEO (Guitar Effects Oriented) (Web site),

377–378
glasses, safety, 26–28, 37, 73
gloves, 26, 119
go-kart project

construction issues, 245
operating, 275–276
overview, 239–240
parts list, 245–249
platform, constructing, 268–275
receiver, building, 260–268
schematic, 241–244
transmitter, building, 249–260
variations, 277

ground
description, 384
earth, 22
pipes as, 22–23
tools, 23

ground bus, breadboard, 66
ground symbol, schematic, 60
Guitar Effects Oriented (GEO) (Web site),

377–378

• H •
hacksaw, mini, 34–35, 275
Hallas, Joel (Basic Radio: Understanding the

Key Building Blocks), 165
ham radio, 375–377
hand puppet. See Murmuring Merlin

project
hand saw, 34

handle
metal detector project, 294–299
parabolic microphone project, 126–128

H-bridge, 244, 261, 266–268, 307, 384
headphone jack, in parabolic microphone

project, 132–134
headphones, 120
heart, shock effect on, 18
heat shrink tubing, 57, 296
heat sink, 384
hertz (Hz), 384
high pass filter, 384
high signal, 384
Hill, Winfield (The Art of Electronics), 374
Hobby Engineering (vendor), 248, 365
hookup wire, 57
Horiwitz, Paul (The Art of Electronics), 374

• I •
I (current symbol), 384
Ian Purdie’s electronics tutorial radio

design pages (Web site), 376
IC. See integrated circuit (IC)
IC extractor, 70
icons, used in text, 3–4
IK3OIL (Web site), 377
Imagineering On-Line Magazine (Web 

site), 372
impedance

definition, 384
speaker, 51

inductance, 385
inductor

bobbin-type, 285
definition, 385
metal detector project, 283, 289, 296–297
in radio project, 167, 168, 179–180

inductor/capacitor (LC), 283
infrared detector

description, 48
go-kart project, 242, 247, 260–262, 265
pumpkin project, 191, 206–212

infrared temperature sensor, 385
input, 9
insulation

color, 57
with electric tape, 57
with heat shrink tubing, 57

397Index

27_009683 bindex.qxp  6/22/06  9:40 PM  Page 397



insulator, 57, 385
integrated circuit (IC)

audio amplifier, 45
breadboard placement, 67
contents of, 43
Couch Pet-ato project, 345, 348–352
Dance to the Music project, 90, 96–98
Dancing Dolphins project, 218, 224–229
description, 42–43, 384–385
DIP (dual inline package), 43–44
electrostatic discharge susceptibility, 43
functions, 44
go-kart project, 242, 246, 249–250,

253–254, 260–261, 264–265
metal detector project, 283, 286–290
MOS (metal oxide semiconductor)

devices in, 22
in Murmuring Merlin project, 141, 143,

147–150
op amp (operational amplifier), 44–45
parabolic microphone project, 

118, 123–126
pin numbering, 67
preprogrammed or programmable, 8
pumpkin project, 190–191, 197–200,

205–207
radio project, 167, 172–173
removing from breadboard, 70
Sensitive Sam project, 303, 306–307,

313–317, 321–330
surface mounting, 44
timer, 191

interconnections, schematic, 61
inverter, 247, 261, 385
inverting mode, 385
IR detector

description, 48
go-kart project, 242, 247, 260–262, 265
pumpkin project, 191, 206–212

IR noise, 188

• J •
jack

definition, 385
metal detector project, 291–293, 298
Murmuring Merlin project, 153–155, 

159, 163
parabolic microphone project, 132–134

Jameco (vendor), 195, 365
JavaScript calculator, 372
jewelry, 20
Johnson, Dave (electronic engineer), 371
jumper wires, 57, 68

• K •
kids, safety issues with, 29
knife, X-ACTO, 127
kohm, 39, 385

• L •
layout, breadboard, 67–68
LC (inductor/capacitor), 283
lead (metal), 33
leads

buzzer, 52
defined, 38
inserting, 69–70
transistor, 42

light emitting diodes (LEDs)
color, 50
Dance to the Music project, 92, 101–108
Dancing Dolphins project, 219–221,

231–235
description, 50
diameter of standard, 50
go-kart project, 242, 246, 254–258
IR, 189, 199, 212, 242, 246
metal detector project, 284, 289, 

291–294, 299
mounting in box, 80
panel-mount socket, 80
pumpkin project, 189–192, 199–202, 

204, 212
schematic symbol, 60
switches for, 62

liquid electrical tape, 57
live circuit, 385
LM386 audio amplifier, 45, 143
logic gate, 385
loudspeaker, 138
low pass filter, 143, 385
low signal, 385
lug, 385
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• M •
magazines

Everyday Practical Electronics, 370
Imagineering On-Line Magazine (Web

site), 372
Nuts & Volts, 370
Robot, 379
Silicon Chip, 370

magnet, 50–51
magnevation.com (Web site), 160
magnifying glass, 37
Maplin (Web site), 367
mask, 28
mat, static-dissipative, 23
MAX232 driver/receiver chip, 141
McComb, Gordon (Electronics For

Dummies), 1, 38, 41, 65, 374
Merlin. See Murmuring Merlin project
metal detector project

circuit, building, 286–291
construction issues, 284
enclosure, 291–294
handle, 294–299
operating, 299–300
overview, 281–282
parts list, 284–286
schematic, 282–284
variations, 300

metal oxide semiconductor (MOS) 
devices, 21–22

mica capacitor, 40
microcontroller, 8, 385
microphone

condenser (capacitor), 48
connecting cartridge to your project, 49
Couch Pet-ato project, 347, 352–359
Dance to the Music project, 108–110
electret, 48–49, 93, 119, 347
parabolic, 64–65, 115–138
pumpkin project, 206–210, 213
sensitivity, 49

microphone cartridge
connecting to project, 49
mounting in box, 80
sizes, 49

microphone, parabolic
amplifier circuit, building, 123–126
audio jacks, 132–134
construction issues, 118–119
final assembly, 134–137
handle, assembling, 126–128
headphone jack, 132–134
mounting the microphone, 128–132
operating, 137
overview, 115–117
parts lists, 119–122
potentiometer, 132–134
schematic, 64–65, 117–118
switch, 132–134
variations, 137–138

mini hacksaw, 34–35, 275
momentary pushbutton switch, 47
MOS (metal oxide semiconductor) devices,

21–22
motor

go-kart project, 243–244, 248, 271–274
mounting in box, 81
Sensitive Sam project, 333–335, 339–340
servomotors, 248

Mountain Switch, 146
Mouser Electronics (Web site), 366
multimeter

analog, 38
auto-ranging feature, 38, 76
cost, 76
description, 37–38, 385
digital, 38
how it works, 76–77
resistance, reading, 77
test clips, 38
voltage, measuring, 77–78

Murmuring Merlin project
box, constructing, 152–159
circuit, building, 147–152
construction issues, 143
hooking up, 162–163
operating, 162–164
overview, 139–141
parts list, 144–146
programming sounds, 159–162
schematic, 141–143
variations, 164

music, resources, 377–378
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• N •
National Manufacturing Company, 311
needlenose pliers, 36
noise, IR, 188
NPN (negative/positive/negative)

transistor
description, 42
polarity symbol, 63

n-type semiconductor, 385
Nuts & Volts (magazine), 370

• O •
Ocean State Electronics (vendor), 170
ohm, 39, 385
Ohm’s Law, 19, 386
One Pass, Inc. (circuit board maker), 56
120 volt power, 9, 18
open circuit, 386
open position, 45, 386
operational amplifier (op amp)

Dance to the Music project, 90–91
description, 44, 386
dual, 44–45
polarity symbol, 63
quad, 44–45
schematic symbol, 65

O-ring, 131
oscillation, 241
oscillator

definition, 386
setting frequency of, 304

oscilloscope, 14, 189, 386
oselectronics.com (Web site), 170
outpost.com (Web site), 366
output, 9

• P •
pad, 386
parabolic dish, 118–119
parabolic microphone project

amplifier circuit, building, 123–126
audio jacks, 132–134
construction issues, 118–119
final assembly, 134–137
handle, assembling, 126–128

headphone jack, 132–134
mounting the microphone, 128–132
operating, 137
overview, 115–117
parts lists, 119–122
potentiometer, 132–134
schematic, 64–65, 117–118
switch, 132–134
variations, 137–138

parts list
Couch Pet-ato, 346–348
Dance to the Music project, 92–94
Dancing Dolphins project, 221–223
go-kart project, 245–249
metal detector project, 284–286
Murmuring Merlin project, 144–146
parabolic microphone project, 119–122
pumpkin project, 194–197
radio project, 169–171
Sensitive Sam project, 309–312

parts suppliers
choosing, 363–364
cost, 364
delivery time, 364
Digi-Key, 365
dimensions, 364
Electronic Goldmine, 367
Fry’s Electronics, 366
Furturlec, 367
help, 364
Hobby Engineering, 365
Jameco, 365
labels, 364
Maplin, 367
Mouser Electronics, 366
ordering online, 364
parts version, 364
RadioShack, 366
Reynolds Electronics, 364–365

pencil, soldering, 38. See also soldering
iron

pets
Couch Pet-ato project, 343–360
safety issues with, 29

Phillips head screwdriver, 36, 386
phono jacks

metal detector project, 292–293, 298
Murmuring Merlin project, 153–155, 

159, 163
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phono plugs
metal detector project, 297–298
Murmuring Merlin project, 157–159, 163

photodiode, 191
phototransistor, 302
PhraseALator software, 160–161
piezoelectric crystal, 51
pin, defined, 38
pin numbering, IC, 67
pinout, defined, 38
pipes, as earth ground, 22–23
pitch, blade, 35
plastic boxes, 52, 79
pliers, 36
plug, cord, 23, 32
pn junction, 386
PNP (positive/negative/positive) transistor

description, 42
polarity symbol, 63

polarity symbols, 63
polarized components, 63–64
potentiometer

as adjustable component, 64
Dance to the Music project, 109–111
description, 64, 386
metal detector project, 289, 291–294, 299
mounting in box, 79
Murmuring Merlin project, 153–156, 163
parabolic microphone project, 132–134
pumpkin project, 199–201, 204, 212
radio project, 168, 174, 176–179, 181–183
schematic symbol, 65
tread length, 109, 177
uses of, 39

power, 386
power saw, 35
power tools, 25, 27, 35
press-fitting, 353
printed circuit boards, 56
programmable electronics, 8
programming sounds, 159–162
projects. See also specific projects

battery powered versus 120 volts, 9
benefits of, 10–13
cost, 13–14
educational value of, 12–13
electronics, defined, 8

elements of, 9
programmable versus 

nonprogrammable, 8
space requirements, 14–15

proton, 386
prototyping board, 386
p-type semiconductor, 386
pulse, 386
pulse width modulation, 306, 386
pump, desolder, 33, 383
pumpkin project

construction issues, 193
operating, 211–214
overview, 187–189
parts list, 194–197
schematic, 189–193
silent pumpkin, 197–204
talking pumpkin, 205–211
variations, 214

puppet project
box, constructing, 152–159
circuit, building, 147–152
construction issues, 143
hooking up, 162–163
operating, 162–164
overview, 139–141
parts list, 144–146
programming sounds, 159–162
schematic, 141–143
variations, 164

pushbutton on/off switch, 46
PVC

pipe, 127–128, 136, 295–299
sheet, 245, 269

PVC cement, 119

• Q •
QRP Quarterly (journal) (Web site), 376
QRP/SWL HomeBuilder (Web site), 183, 376
quad op amp, 44–45

• R •
R (resistance symbol), 387
radial, electrolytic capacitor, 40
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radio project
assembly, 180–182
box, adding to, 174–179
circuit, building, 172–174
coil, constructing, 179–180
construction issues, 169
operating, 183
overview, 165–166
parts list, 169–171
schematic, 166–168
variations, 183

radio, resources for
Australian Radio Resource Page (Web

site), 376
ham, 375–377
Ian Purdie’s electronics tutorial radio

design pages (Web site), 376
IK3OIL (Web site), 377
QRP Quarterly (journal) (Web site), 376
QRP/SWL HomeBuilder (Web site), 183

RadioShack, 366
RC filter, 91
RC (resistance/capacitance) time constant,

191, 218, 387
receiver circuit

go-kart project, 242–243, 260–268
Sensitive Sam project, 305–308, 321–332

receiver, go-kart, 247–248
redcross.org (Web site), 21
reflective finish, parabolic dish, 118–119
relay

description, 47, 387
polarity symbol, 63
Sensitive Sam project, 306–307, 322–327
testing with multimeter, 77

Remember icon, 4
remote control box, Sensitive Sam project,

317–321
remote-controlled vehicles. See go-kart

project
rentron.com (Web site), 194, 246–247, 364
resistance

body, 18, 19
definition, 387
measuring with multimeter, 37
multimeter, reading with, 77
Ohm’s Law, 19
symbol, 387

resistance/capacitance (RC) time constant,
191, 218, 387

resistor
Couch Pet-ato project, 346
Dance to the Music project, 90–92,

99–101, 103, 105
Dancing Dolphins project, 218–221,

231–232
definition, 387
function, 39
go-kart project, 242, 249–250
metal detector project, 283–284, 290–291
Murmuring Merlin project, 142–143
parabolic microphone project, 118,

125–126
pumpkin project, 190, 192–193
radio project, 168, 173
RC filter, 91
schematic symbol, 62, 65
Sensitive Sam project, 304, 306–307,

314–315, 330–332
testing with multimeter, 77
value, 39
variable, 39, 64, 389

resonance frequency, 167, 168
resonator, in go-kart project, 242, 246,

251–253, 260–261, 265
resources

All About Circuits discussion forum,
373–374

The Art of Electronics (Horiwitz and 
Hill), 374

audio and music, 377–378
Australian Radio Resource Page (Web

site), 376
Basic Radio: Understanding the Key

Building Blocks (Hallas), 165
BEAM Reference Library (Web site),

378–379
Bob’s Vacuum Tube Audio Projects Page

(Web site), 378
Bowden’s Hobby Circuits, 372
circuits, 371–372
Circuits for the Hobbyist, 371
Discover Circuits, 371–372
Effectronics (Web site), 378
Electronics Club (Web site), 373
Electronics For Dummies (McComb and

Boysen), 1
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Electronics Lab, 371
Electronics Lab Forum (Web site), 374
Electronics Teacher (Web site), 373
Electronics Tutorials (Web site), 373
Everyday Practical Electronics

(magazine), 370
FC’s Electronic Circuits, 372
Guitar Effects Oriented (GEO) (Web site),

377–378
ham radio, 375–377
Ian Purdie’s electronics tutorial radio

design pages (Web site), 376
IK3OIL (Web site), 377
Nuts & Volts (magazine), 370
QRP Quarterly (journal) (Web site), 376
QRP/SWL HomeBuilder (Web site), 183
radio, 375–377
robotics, 378–379
Silicon Chip (magazine), 370

respirator, 28
Reynolds Electronics, 364–365
RF receiver module, 311
RF transmitter module, 310
rings, 20
Robot (magazine) (Web site), 379
robotics

resources for, 378–379
supply houses, 53

rosin core solder, 33, 381
rosin flux remover, 387

• S •
safety

alcohol, effect of, 29
clothing, 26–27
cutting, 25–26, 28
ear protection, 27
eye protection, 27–28
first aid kit, 26
kids and pets, 29
masks, 28
respirator, 28
sharp edges, 26
sharp objects, 25–26
shocks, 17–21
soldering, 24–25

static discharge, 21–23
workspace, 25–26

safety glasses, 26–28, 37, 73
saw

coping, 34–35
hand, 34
mini hacksaw, 34–35, 275
pitch, blade, 35
power, 35

schematic
Couch Pet-ato project, 344–346
Dance to the Music project, 89–92
Dancing Dolphins project, 216–220
description, 59–60, 387
go-kart project, 241–244
ground symbol, 60
interconnections, 61
metal detector project, 282–284
Murmuring Merlin project, 141–143
parabolic microphone project, 64–65,

117–118
polarity symbols, 63
pumpkin project, 189–193
radio project, 166–168
Sensitive Sam project, 303–308
simple, example of, 60–62
switches, 62–63
variables, 63–64
voltage source, 60

screwdrivers, 36
screws, size of, 54
semiconductor

definition, 387
metal oxide semiconductor (MOS)

devices, 21–22
n-type, 385
p-type, 386

semiconductor temperature sensors, 387
Sensitive Sam project

chassis, 332–340
construction issues, 309
operating, 340–341
overview, 301–303
parts list, 309–312
receiver circuit, 321–332
remote control box, 317–321
schematic, 303–308
transmitter circuit, 313–317, 321
variations, 341–342
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sensitivity, microphone, 49
sensors

Couch Pet-ato project, 345, 351
description, 48, 387
infrared temperature, 385
semiconductor temperature, 387
Sensitive Sam project, 307, 333–335,

339–340
types, 48
vibration/tilt switch, 48, 345

serial port cable, 161
series circuit, 387
servomotors, 248
sharp edges, 26
shocks

AA batteries, 18–19
AC voltage, 18
damage from, 17–18
DC voltage, 18
electrostatic discharge, 21–23
protection from, 20–21

short circuit, 387
Silicon Chip (magazine), 370
sine wave, 387
single-pole, double-throw switch (SPDT),

45–46, 62, 387
single-pole, single-throw switch (SPST), 

45, 62–65
single-pole switches, 387
6 volt battery, 9
60/40 rosin core solder, 33, 381
skills

boxes, working with, 78–83
breadboarding, 65–70
multimeter use, 76–78
reading schematics, 59–65
soldering, 70–75

slide switch, 47, 387
SOIC transistor, 41
solar cell, 388
Solarbotics (supply house), 53, 245, 248
solder

description, 24, 33, 71
diameter, 72
60/40 rosin core solder, 33, 381
working with, 72–74

solder braid, 33
solder bridging, 118
solder sucker, 388

solder wick, 75, 388
soldered breadboard, 388
soldering

accessories, 75
circuit board, 70–75
definition, 388
printed circuit boards, 56
safety, 24–25
tips, 73
tools, 32–33

soldering iron
definition, 388
safety, 24–25
stand, 33
tinning, 72
tips, 32, 72
types, 32–33
using, 71–72
wattage, 24, 32–33

soldering pencil, 388
solderless breadboard, 388
solid wire, 388
solorb.com (Web site), 372
SOT transistor, 41
sound waves, 115
sounds, programming Murmuring Merlin,

159–162
space, requirement for electronics

projects, 14–15
SPDT (single-pole, double-throw switch),

45–46, 62, 387
speaker

Couch Pet-ato project, 346, 352–355,
357–358

description, 50–51
impedance, 51
loudspeaker, 138
mounting in box, 80
Murmuring Merlin project, 153
power rating, 51
pumpkin project, 191, 206–207
radio project, 174–175, 177–179, 181–182

SpeakJet, 141, 146–147, 159–162, 164, 238
spike, 388
SPST (single-pole, single-throw) switch, 

45, 62–65
square wave, 189, 219, 388
static discharge. See electrostatic

discharge (ESD)
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static electricity, 388. See also electrostatic
discharge (ESD)

stranded wire, 388
strap, anti-static wrist, 22–23
stray capacitance, 388
strippers, wire, 37
Sunny and Co. Toys, Inc., 144
suppliers

choosing, 363–364
cost, 364
delivery time, 364
Digi-Key, 365
dimensions, 364
Electronic Goldmine, 367
Fry’s Electronics, 366
Furturlec, 367
help, 364
Hobby Engineering, 365
Jameco, 365
labels, 364
Maplin, 367
Mouser Electronics, 366
ordering online, 364
parts version, 364
RadioShack, 366
Reynolds Electronics, 364–365

surface mounting, 44, 364
suspension, 301
switch

bumper, 269
closed, 45
Couch Pet-ato project, 345–346, 352–355
Dance to the Music project, 109–111
description, 45
double-pole, double-throw switch

(DPDT), 46, 63, 383
double-pole, single-throw switch 

(DPST), 383
go-kart project, 242, 254–259, 269, 271,

273–275
metal detector project, 284, 291–294, 299
momentary pushbutton, 47
mounting in box, 79
Murmuring Merlin project, 141, 143,

153–159
open, 45

parabolic microphone project, 132–134
pumpkin project, 190, 193, 199–202, 204,

206–210, 212–213
pushbutton on/off, 46
radio project, 174, 176–178
schematics, 62–63
Sensitive Sam project, 304–305, 317–321,

336–338, 341
single-pole, double-throw switch (SPDT),

45–46, 62, 387
single-pole, single-throw switch (SPST),

45, 62–65
slide, 47, 387
tactile, 47, 143, 146, 157–159, 163
testing with multimeter, 77
toggle, 46
uses of, 62

symbols
polarity, 63
schematic, 65

• T •
tactile switch

description, 47
Murmuring Merlin project, 143, 146,

157–159, 163
talking pumpkins. See pumpkin project
talking puppet project

box, constructing, 152–159
circuit, building, 147–152
construction issues, 143
hooking up, 162–163
operating, 162–164
overview, 139–141
parts list, 144–146
programming sounds, 159–162
schematic, 141–143
variations, 164

talkingelectronics.com (Web site), 53
tantalum capacitor, 40, 143, 388
tape, electrical, 57, 193
tape recorder, 137
terminal, 389
terminal block, 58, 69, 81
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test clips, 77
thermistor, 389
thermocouple, 389
third-hand clamp, 75
thunting.com (Web site), 300
tilt/motion sensor, 347
timer

Dancing Dolphins project, 218
pumpkin project, 191
RC time constant equation, 191

tinning, 389
tip cleaner paste, 33, 75
tip, soldering iron, 32
TO transistor, 41
toggle switch, 46
tolerance, 389
tools

cost, 13
drills, 33–34
grounding, 23
magnifying glass, 37
multimeter, 37–38
pliers, 36
power, 25, 27
safety, 24–26, 37
saws, 34–35
screwdrivers, 36
soldering, 32–33
vise, 37
wire cutters, 36–37
wire strippers, 37

traces, 389
transistor

Dance to the Music project, 91, 95–96, 100
Dancing Dolphins project, 

218, 225–226, 228
definition, 389
function, 41
leads, 42
metal detector project, 284, 286–288
MOS (metal oxide semiconductor)

devices in, 22
NPN (negative/positive/negative)

transistor, 42, 63
in op amps, 44

packages, 41–42
phototransistor, 302
PNP (positive/negative/positive)

transistor, 42, 63
schematic symbol, 62
Sensitive Sam project, 306–307, 322–324
SOIC, 41
SOT, 41
TO, 41
vacuum tube compared, 41

transmitter circuit
go-kart project, 241–242
Sensitive Sam project, 303–305, 

313–317, 321
transmitter, go-kart, 246–247, 249–260
tubing, heat shrink, 57, 296

• U •
utility knife, 127

• V •
+V bus, breadboard, 66
V (voltage symbol), 389
vacuum tube, 41
van Roon, Tony (hobbyist), 371
variable capacitor

definition, 389
fixed compared, 41
radio project, 167, 173–178, 181–183

variable coil, 64, 389
variable detector, in metal detector

project, 283–284
variable resistor

as adjustable component, 64
definition, 389
uses of, 39

variables, schematic, 63–64
Velcro, 81
ventricular fibrillation, 18
vibration/tilt sensor, 48, 345
vise, 37
voice chip IC, 348–350
voice synthesizer chip, 214
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voltage
AC, 18
battery, 77–78
bias, 91
buzzer, 52
dangerous, 18–19
DC, 18
definition, 389
gain, 90
measuring with multimeter, 37
multimeter, measuring with, 77–78
Ohm’s Law, 19

voltage divider, 389
voltage drop, 389
voltage regulator

go-kart project, 241–242, 249–250,
252–253, 261–263, 267–268

Sensitive Sam project, 303, 305, 314–317,
323–325

voltage source, schematic symbol, 60
voltage spike, 389

• W •
Warning icon, 4
water, safety and, 20
watt hour, 389
wattage

soldering iron, 24, 32–33
speaker, 51

waveform, 390
Web sites

American Radio Relay League (ARRL),
113, 165

Australian Radio Resource Page, 376
BEAM Reference Library, 378–379
Bob’s Vacuum Tube Audio Projects 

Page, 378
botmag.com, 379
Bowden’s Hobby Circuits, 372
Budget Robotics, 53, 245
buildinggadgets.com, 370
Circuits for the Hobbyist, 371
Digi-Key, 119, 365
Discover Circuits, 371–372

Discover Solar Energy.com, 372
Effectronics, 378
Electronic Goldmine, 367
Electronics Club, 373
Electronics Lab, 371
Electronics Lab Forum, 374
Electronics Teacher, 373
Electronics Tutorials, 373
epemag.com, 370
Everyday Practical Electronics

(magazine), 370
FC’s Electronic Circuits, 372
Fry’s Electronics, 366
Furturlec, 367
Guitar Effects Oriented (GEO), 377–378
Hobby Engineering, 248, 365
Ian Purdie’s electronics tutorial radio

design pages, 376
IK3OIL, 377
Imagineering On-Line Magazine, 372
Jameco, 195, 365
magnevation.com, 160
Maplin, 367
Mouser Electronics, 146, 366
Nuts & Volts (magazine), 370
Ocean State Electronics, 170
One Pass, Inc. (circuit board maker), 56
oselectronics.com, 170
outpost.com, 366
QRP Quarterly (journal), 376
QRP/SWL HomeBuilder, 183, 376
RadioShack, 366
redcross.org, 21
rentron.com, 194, 246–247, 364
Reynolds Electronics, 364
Robot (magazine), 379
Silicon Chip (magazine), 370
Solarbotics, 53, 245
solorb.com, 372
SpeakJet, 146, 160
talkingelectronics.com, 53
thunting.com, 300
winbond-usa.com, 360
Woodbox.com, 53

wick, solder, 75, 388
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winbond-usa.com (Web site), 360
wire

breadboard, 68
definition, 390
gauge, 57, 384, 390
hookup, 57
inserting, 68–70
insulation color, 57
jumpers, 57
length, 68
prestripped, 68, 246
soldering to component lugs, 73–74
solid versus stranded, 57, 68–69, 81
spools, 57

wire clips, 54, 83, 136, 182, 390
wire cutters, 36–37
wire gauge, 57, 384, 390
wire strippers, 37

wiring, breadboard, 56–57, 68–70
Woodbox.com (Web site), 53
wooden boxes, 52–53, 79
workspace

clean, 29
requirements, 14–15
safety, 26–29

wrist strap, anti-static, 22, 23

• X •
X-ACTO knife, 127

• Z •
zapping, 43. See also electrostatic

discharge (ESD)
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