


365Appendix C Ñ Common Electronic Components and Their Schematic Symbols

Photocells
Photocells are also variable resistors, and their schematic symbol also contains the familiar
zigzag line associated with resistors. Along with an arrow similar to the arrow representing the
wiper of a potentiometer (the potÕs variable component), extra arrows now indicate a photo-
cellÕs variable component: light. The arrows represent sunlight falling upon the cell, making the
resistance drop. In some cases a value will be indicated next to the cellÕs symbol (or even a part
number), but often youÕll see a schematic symbol for a photocell with no title at all. A ÒgenericÓ
photocell is used, or, better yet, youÕll substitute a number of cells and see which one works best
(photocells vary in sensitivity, resistance range, and response time). YouÕll often find ÒPhotocellÓ
spelled out next to its symbol in schematic diagrams. IÕve also seen ÒRÓ (for resistor) and ÒCellÓ
and ÒCdSÓ (for cadmium sulfide, the material of common photocells) courting the symbol 
as well.

FIGUREC-3

Capacitors
Capacitors come in a variety of packages. The two most familiar are disc (looking like a disc)
and electrolytic (looking like a cylinder with one end crimped). Like resistors, ÒcapsÓ range in
size from tiny to huge. Some capacitors are coded with color bands, but most have their value
marked clearly on the body in plain olÕ Greek (and English, thankfully), as in Ò47 µF,Ó a mea-
sure of their capacitance. While disc caps are nonpolarized and can be soldered into a circuit
any old way, electrolytic  caps must be wired into the circuit according to their polarity. Polarity
will be indicated on the component as well as in the schematic diagram (a Ò+Ó sign will appear
on the positive side of the capacitorÕs schematic symbol; a negative indicator often appears on
the capacitor). The letter ÒCÓ is used to label capacitors in schematic diagrams.

=
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366 Appendix C — Common Electronic Components and Their Schematic Symbols

FIGURE C-4

Crystals
Crystals set frequency in circuitry (often used to tune a master pitch or to clock general circuit
activity). Their schematic symbol is close to that of the capacitor (each sets up pulses at
assigned frequencies, if you’re looking for a tie-in to support the similar graphic representa-
tions). There are two main types of crystal packages common to circuitry: the ceramic, looking
like it could be just about anything (capacitors, resistors, and other components also come
housed in such indistinct packages); and “canned” crystals, looking like small metal cans,
rounded off a bit at the corners. Crystals are almost always given away by their rating, printed
plainly on the side in MHz (megahertz). The letter “X” or the letters “XTL” might be present
to identify a crystal, but you might find a code for the crystal (often including its MHz) as the
only label present.

FIGURE C-5
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367Appendix C — Common Electonic Components and Their Schematic Symbols

Transistors
Transistors are most likely the only three-legged component you’ll encounter on the board.
They’re nothing more than semiconductor-based switches or amplifiers in many common
applications. But their similarity stops there, because transistor package styles are many. Most
common in battery-powered audio circuits are transistors housed within small gray-black cylin-
ders, cylinders with one edge flattened. Depicted is the common symbol, but you’ll encounter
variations on this circle-and-three-lead picture as you see representations of photo transistors
(with little arrows pointing into the symbol, as with the photocell) and other transistor styles.
Circuit-benders rarely incorporate new transistors in the bent wiring scheme, but you may have
the need to solder to a transistor lead now and then (remember to use a heat sink). The letter
“Q” is used to designate transistors in schematic diagrams.

FIGURE C-6

Integrated Circuits
Integrated circuits (ICs) are always pin-numbered counting counterclockwise from the upper-
most pin of the case’s left-hand row, with the IC situated vertically, top up (the top of an IC is
indented or notched to aid in pin identification). However, for the sake of clarity (fewer cross-
ing wires on the drawing), schematic diagrams of ICs often rearrange pins emerging from the
IC. So don’t expect the counterclockwise numbering to hold true in schematics. The good news
is that IC pins on a schematic drawing are all numbered, and the diagram will show where
they’re all meant to go. In some digital circuits, “unused” IC pins must still be connected, or
“tied,” to ground. You’ll remember that such pins are all meant to be connected to the negative
(-) side of the power supply. The letters “IC” identify integrated circuits in schematic diagrams,
and they are followed either by the actual IC designation (as in IC LM3909, and you’d better
hope not—it’s extinct) or by a number referring you to the master parts list.
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368 Appendix C — Common Electronic Components and Their Schematic Symbols

FIGURE C-7

Diodes
Diodes are one-way gates in electronics: They’ll allow current to pass in one end and out the
other, but not in reverse. In other words, diodes are polarized. On the component itself you’ll
find a printed band toward one end of its body, encircling the diode’s cylinder. This band corre-
sponds with the line at the tip of the arrowhead in the diode’s schematic symbol.

The arrow points in the direction the diode will allow electricity to pass through it, in the
unmarked end and out the end marked by the band. So a diode held against the schematic
symbol of itself will be correctly oriented when the band on the diode and the line at the dia-
gram’s arrowhead correspond (in the drawing, band and line would be at the diode’s right-hand
side). The letter “D” is used to identify a diode in a schematic diagram, usually followed by a
number allowing the reader to refer to the master parts list for further identification.

FIGURE C-8

LEDs
LEDs (light emitting diodes) are represented in schematic diagram in much the same way as
regular diodes. But in addition to the standard schematic drawing of a simple, non-illuminat-
ing diode, arrows are now added to indicate the emitting of light. Because LEDs are polarized
components, reversing their leads in a circuit will keep them from lighting. So, just the same as
with regular diodes, LEDs must be oriented according to their polarity, and their polarity is
indicated within schematic diagrams. Many LEDs are available, and their voltage requirements
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373Appendix C — Common Electonic Components and Their Schematic Symbols

Normally Closed Pushbutton
A normally closed pushbutton switch is shown in schematic diagrams as a very simple (and
again, very sensible) side-view of its mechanical operation. Indicated are the plunger, the two
inner contacts bridged by the plunger’s conductor, and the conductor itself. As in the example
of the normally open pushbutton switch, the symbol always shows the pushbutton at rest (with
the two inner contacts normally closed, or connected to each other). It’s easy to imagine the
switch operating: If the plunger is depressed, the conductor will be lowered away from the two
inner contacts, and the circuit will be broken. As with all switches, the letters “SW” will indi-
cate their presence within a schematic diagram, followed by a number leading you to a detailed
description in the master parts list.

FIGURE C-17

Rotary Switches
Rotary switches are depicted showing, primarily, the “common” terminal (the contact common
to all switch positions) and the variable number of outer terminals that the signal current
applied to the common terminal will flow through when the switch’s dial is turned to that outer
terminal’s position. Just as in the example of toggle switches, rotary switches are designed in
various configurations. You’ll find from few to many contacts on the switch diagram, depend-
ing upon the switch’s design. (Some rotary switches use stacked platforms of contacts to
achieve dozens of contact changes with one click of the dial.) Again, the letters “SW” label
switches in schematic diagrams and refer you to the master parts list.

FIGURE C-18

Multi-Position Rotary Switch
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374 Appendix C — Common Electronic Components and Their Schematic Symbols

One-quarter-inch Audio Jacks
Schematic diagrams of one-quarter-inch “guitar” audio jacks are, like pushbutton switches,
side-views of the mechanical working parts. You’ll see long extensions with a kink at the end;
these represent the springy metal contacts that touch the tip section(s) of the plug when
inserted into the jack. The common (or negative) side of the jack is the larger metal section—
the round part that mounts to the panel of the instrument it’s installed on. Taking a careful
look at the actual jack will reveal which soldering lug goes to which part of the jack. The
smaller one-eighth-inch jack is represented in schematic diagrams the same way, being identi-
cal in operation but on a diminutive scale. The letter “J” (or the word “Jack”) usually accompanies
the schematic symbol, although at times you’ll find jacks labeled as simply “input” or “output.”

FIGURE C-19

RCA Jacks
As opposed to the guitar jack, whose schematic symbol is based upon a side-view of the
mechanical characteristics of the jack, the RCA jack (or “phono” jack) is depicted as a very
basic front-on view of only the visual characteristics. This results in a bull’s-eye–like image,
with the dot in the middle representing the central (positive, or “hot”) terminal, and the outer
ring portraying the remaining (negative, or ground) terminal. As long as the plug to be inserted
into this jack is also wired correctly (positive to tip; ground to the remaining terminal), all’s
well. As with the guitar jack, the letter “J” (or the word “Jack”) will appear alongside the symbol
as a label. And, again similar to the larger guitar jack, you may find RCA jacks labeled in
schematic diagrams only as “input” or “output.”

FIGURE C-20
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375Appendix C — Common Electonic Components and Their Schematic Symbols

Ground
Electrical “ground” is indicated by the dashed triangle. A convention to help simplify schematic
diagrams, this symbol eliminates the clutter of all the lines otherwise needed to indicate where
wires would attach to the common, or ground, side of the circuit (many points in circuits often
connect to ground). But what is ground? While an “earth” ground is called for in some elec-
tronic applications (like grounding an antenna tower by actually running a wire from it to a
spike driven into the earth), for us ground is simply the negative side of the circuit.
Accordingly, all points on a circuit terminated in a ground symbol are to be connected to the
negative (-) side of the power supply. In the example of the antenna, “earth ground” will be
written next to the symbol, avoiding any confusion with regular grounding and keeping you
from running a bunch of wires from your Speak & Spell out the window and into the garden.

FIGURE C-21

Power Supplies
Power supply symbols may involve transformers, batteries, or simply two points whose power
characteristics are declared (as in “6V DC”). Negative and positive sides of the power inputs
will be declared in battery-powered circuits. (In alternating-current circuit diagrams you’ll find
either a simple “AC” declaration including a specific voltage [or range of voltages] or a more
complete description entailing hot, common, and perhaps grounding information.) Remember
that it’s routine in schematic diagrams to omit much of the negative (common) side of the
wiring that actually connects the negative side of the power supply to various points on the cir-
cuit (see “Ground,” just previous in this appendix). These circuit points meant to be connected
to the negative side of the power supply are marked in the schematic diagram with the ground
symbol.

FIGURE C-22

Power Inputs

+
−

GROUND (Connected to negative side of power)
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376 Appendix C — Common Electronic Components and Their Schematic Symbols

Batteries
Batteries in schematic diagrams are usually shown as individual cells—but not always. You may
run into a schematic of what looks like a single cell (as in Figure C-23), but with a label indi-
cating six volts. Yes, this might be a single 6-volt battery. But it might also be a battery pack
containing four 1.5-volt batteries. So you might need to read between the lines when looking
at the suspicious battery schematic from time to time. The schematic diagram for a battery
contains an indication of polarity. Usually this is in the form of two marks: a positive (+) sign at
the longer parallel line of the symbol and a negative (-) sign at the opposite end. On occasion
the negative sign is omitted. If an amperage rating is expressed, be sure to power the circuit
with a supply that meets (or exceeds) this requirement. In simple terms, erring on the hi-amp
side of this equation (4 “D” cells instead of 4 “AAA” cells to achieve your 6 volts) can’t hurt.

FIGURE C-23

Wiring
Whether or not wires touch each other within a circuit is pretty important to indicate—unless,
of course, you enjoy the fragrance of really hot semiconductors. Several conventions are used to
depict whether wires that cross are connected to each other. Quite straightforward: If they’re
connected you’ll see a dot at their junction. Simple enough, but if they’re not connected you’ll
see one of two things. In the good ol’ days of electronics, when asbestos was used not only as
insulation but also as chewing tobacco, unconnected wires were shown with one looping up over
the other. Today you’ll more often see their junction looking just the same as connected wires –
but without the dot. Both styles will be encountered as you read schematics. While the looping
style may no longer be in vogue, the advantage is in its indication that the author was actually
thinking at the moment the line was drawn and didn’t just forget to dot the intersection.

FIGURE C-24

Wiring
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Battery
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NUMERICS
“1 to X” bend, 116–117, 341

A
abstract painting, 15
AC adapters, 146–147
ACE Electronics, 354
Ace Wire and Cable Co., 354
acrylic latex spray paints, 176
Action-Electronics, 360
advice about parts, 202–203
aging of instruments, 17–18
air flow in paint booth, 182
aleatoric (chance) music, 23
Aleatrons

Casio MT-140 Aleatron
bending diagram, 267
case, 268
circuits, 266
control layout, 268
control mounting, 269
drilling holes, 268–269
marking the board, 268
musicality, 270
opening up, 265–266
painting, 269
parts, 265
reassembly, 270
soldering, 269
testing, 270

Casio SA-2 Aleatron
bending diagram, 241
case, 242
circuits, 241
control layout, 242
control mounting, 243
drilling holes, 242
marking the board, 242
musicality, 239, 244
opening up, 240
painting, 242
parts, 240
reassembly, 244
soldering, 243
testing, 243–244

Casio SA-5 Aleatron
bending diagram, 246
case, 247
circuits, 245–246
control layout, 247
control mounting, 248
drilling holes, 247
marking the board, 247
musicality, 249
opening up, 245
painting, 248
parts, 245
reassembly, 249
soldering, 248
testing, 248–249

Casio SK-1 Aleatron
bending diagram, 274
case, 273
circuits, 273
control layout, 273
control mounting, 275
drilling holes, 273, 275
marking the board, 273
musicality, 276
opening up, 273
original equipment, 271–272
painting, 275
parts, 272
reassembly, 276
soldering, 275
testing, 275–276

Casio SK-60 Aleatron
bending diagram, 259
case, 260
circuits, 259
control layout, 260
control mounting, 262
drilling holes, 260–261
marking the board, 260
musicality, 264
opening up, 258–259
painting, 261
parts, 257
reassembly, 264
soldering, 262
testing, 263

Index
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Concertmate 380 Aleatron
bending diagram, 252
case, 253
circuits, 252
control layout, 252–253
control mounting, 253
drilling holes, 253
marking the board, 253
musicality, 255
opening up, 252
painting, 253
parts, 251
reassembly, 255
soldering, 254
testing, 254

defined, 239
Alex Kung’s DIY Booth, 360
alien music engines, 14
All Electronics Corp., 354, 359
Allied Electronics, Inc., 354
alligator clip leads, 107–108
Alltronics, 354
Almost All Digital Electronics, 359
ambiance synthesizers, 173
American Bright Optoelectronics Corp., 358
American Design Components, 354
American Electronic Resource, 354
American Science Surplus, 354
ampere, 48
analyzing circuit boards, 114–115
Anchor Electronics, 354
Antique Electronic Supply, 354
Anti-Theory Web site, 353, 361
Apex Jr., 355
ApogeeKits, 359
Art Nouveau, 16
audio cable, 68–69
audio circuits, 331
audio hum or buzz, 331
audio jacks. See guitar jacks
audio taper potentiometers, 58
audition/hold array, 348
auxiliary power input, 143–146
availability of parts, 25–26

B
bare finger body-contact, 111–112
Barron, Bebe, musician, 6
batteries, 104, 143–147, 301

schematic symbol, 376
battery holders, 72–73
Beach Boys, “Good Vibrations,” 6, 7

BEAsape (Bio-Electronic Audiosapian), 16–17
Bell Telephone Laboratories, 208
benders’ resources

body-contacts, 354
discussion groups, 353
metal knobs, 354
radio stations, 353

bending diagrams
book strip bend, 298
Casio MT-140 Aleatron, 267
Casio SA-2 Aleatron, 241
Casio SA-5 Aleatron, 246
Casio SK-1 Aleatron, 274
Casio SK-60 Aleatron, 259
Concertmate 380 Aleatron, 252
Cool Keys Bent Music Stick, 305
Fisher Price Electronic Womb, 311
Harmonic Window, 319
Hyper Sax, 328
Inverter, 286
Mall Madness, 279
Speak & Math Incantor, 233
Speak & Read Incantor, 227
Speak & Spell Incantor

common version, 219
pushbutton version, 211

bending probe, 105–107
bending through a potentiometer, 343
bends

best generic bends, 339–351
“1 to X,” 341
audition/hold array, 348
bending through a potentiometer, 343
chance triggers, 346
line output, 340
patch bay, 351
pitch dial and body-contacts, 345
reset button, 350
resistor replacement, 349
trimmed potentiometer, 347
two-way choice, 344
“X to X,” 342

looping, 115
“1 to X,” 116–117, 341
one-shot, 116
patch bay, 117–119, 351
streaming, 115

bent book strip
batteries, 301
bending diagram, 298
case, 299
circuits, 298
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control layout, 298–299
control mounting, 300
drilling holes, 299
marking the board, 299
musicality, 301
opening up, 297
painting, 300
parts, 295–297
reassembly, 300
soldering, 300
testing, 300

bent music radio stations, 353
B.G. Micro, 355
Bio-Electronic Audiosapian (BEAsape), 16–17
bits, 135–137
Bivar, Inc., 358
blending Incantors, 216
body-contacts

bare fingers, 111–112
finding, 110–113
mounting, 142
ornamentation, 188–191
pitch dial and body-contacts, 345
potentiometers, 120
retailers, 354
schematic symbol, 371
screwdriver, 112–113

book strip bend
batteries, 301
bending digram, 298
case, 299
circuits, 298
control layout, 298–299
control mounting, 300
drilling holes, 299
marking the board, 299
musicality, 301
opening up, 297
painting, 300
parts, 295–297
reassembly, 300
soldering, 300
testing, 300

Boondog Automation, 359
booths for painting. See paint booths
bore, 41, 139–140
Brigar Electronics, 355
brightness of LEDs, 62
Bud Industries, Inc., 355
bulb schematic symbols, 369–370
Bull Electrical, 361

Burnkit2600 Web site, 353
burr bits, 136
bus wire, 67–68
business considerations

availability of parts, 25–26
customer service, 27
guarantees, 27
pricing, 26
sales policies, 27
sounds, 26
specializing, 26

button ornamentation, 191–192

C
C & H Sales Company, 355
cable (shielded audio), 68–69
cadmium sulfide photocells, 63
Cal West Supply, Inc., 359
capacitors, 59–61

schematic symbol, 365–366
Carl’s Electronics, 359
Cascade Surplus Electronics, 355
cases

book strip bend, 299
Casio MT-140 Aleatron, 268
Casio SA-2 Aleatron, 242
Casio SA-5 Aleatron, 247
Casio SK-1 Aleatron, 273
Casio SK-60 Aleatron, 260
clearances, 131–132
component locations, 132–134
Concertmate 380 Aleatron, 253
Cool Keys Bent Music Stick, 306
Electronic Rap Pad, 292
Fisher Price Electronic Womb, 312
Harmonic Window, 158–159, 321
Hyper Sax, 329
Inverter, 287
Mall Madness, 279–280
rehousing circuits in another case, 153–154
rib surgery, 132
Speak & Math Incantor, 234
Speak & Read Incantor, 228
Speak & Spell Incantor

common version, 220
pushbutton version, 212

Casio DH 100
crystal swapping, 333
original equipment, 325
squeal fix, 332–333
tweaking the breath control, 334
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Casio MT-140 Aleatron
bending diagram, 267
case, 268
circuits, 266
control layout, 268
control mounting, 269
drilling holes, 268–269
marking the board, 268
musicality, 270
opening up, 265–266
painting, 269
parts, 265
reassembly, 270
soldering, 269
testing, 270

Casio SA-2 Aleatron
bending diagram, 241
case, 242
circuits, 241
control layout, 242
control mounting, 243
drilling holes, 242
marking the board, 242
musicality, 239, 244
opening up, 240
painting, 242
parts, 240
reassembly, 244
soldering, 243
testing, 243–244

Casio SA-5 Aleatron
bending diagram, 246
case, 247
circuits, 245–246
control layout, 247
control mounting, 248
drilling holes, 247
marking the board, 247
musicality, 249
opening up, 245
painting, 248
parts, 245
reassembly, 249
soldering, 248
testing, 248–249

Casio SK-1 Aleatron
bending diagram, 274
case, 273
circuits, 273
control layout, 273
control mounting, 275
drilling holes, 273, 275

marking the board, 273
musicality, 276
opening up, 273
original equipment, 271–272
painting, 275
parts, 272
reassembly, 276
soldering, 275
testing, 275–276

Casio SK-60 Aleatron
bending diagram, 259
case, 260
circuits, 259
control layout, 260
control mounting, 262
drilling holes, 260–261
marking the board, 260
musicality, 264
opening up, 258–259
painting, 261
parts, 257
reassembly, 264
soldering, 262
testing, 263

CD adapters, 146–147
CE Distribution, 205
Cementimental Web site, 353
center punch, 136–137
chairs, 82
chance (aleatoric) music, 23
chance art

abstract painting, 15
Art Nouveau, 16
defined, 14
suminagashi, 15

chance triggers, 346
Chicago Miniature Lamp, Inc., 358
circuit bends. See also bends

looping bend, 115
“1 to X” bend, 116–117, 341
one-shot bend, 116
streaming bend, 115

circuit boards
analyzing, 114–115
bending requirements, 108–110
body-contact search, 110
marking

book strip bend, 299
Casio MT-140 Aleatron, 268
Casio SA-2 Aleatron, 242
Casio SA-5 Aleatron, 247
Casio SK-1 Aleatron, 273
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Casio SK-60 Aleatron, 260
Concertmate 380 Aleatron, 253
Cool Keys Bent Music Stick, 306
Electronic Rap Pad, 292
Fisher Price Electronic Womb, 312
Harmonic Window, 321
Hyper Sax, 329
Inverter, 287
Mall Madness, 280
Speak & Math Incantor, 234
Speak & Read Incantor, 228
Speak & Spell Incantor, 212, 221

soldering, 92–93
Circuit Specialists Inc. (Mesa, AZ), 355
Circuit Specialists (Scottsdale, AZ), 355
circuit standards, 201
circuit trace soldering, 94
circuit-benders’ resources

body-contacts, 354
discussion groups, 353
metal knobs, 354
radio stations, 353

circuits
availability of, 25
book strip bend, 298
Casio MT-140 Aleatron, 266
Casio SA-2 Aleatron, 241
Casio SA-5 Aleatron, 245–246
Casio SK-1 Aleatron, 273
Casio SK-60 Aleatron, 259
Concertmate 380 Aleatron, 252
Cool Keys Bent Music Stick, 305
Electronic Rap Pad, 291
Fisher Price Electronic Womb, 310–311
Harmonic Window, 318–319
Hyper Sax, 328
integrated circuit schematic symbol, 367–368
Inverter, 285–286
Mall Madness, 278–279
rehousing in another case, 153–154
Speak & Math Incantor, 233–234
Speak & Read Incantor, 225–227
Speak & Spell Incantor

common version, 219
pushbutton version, 211

circulation, 77–78
Clairex Technologies, Inc., 358
Clear Neon paint, 360
clear spray-on glosses, 181
clearances in cases, 131–132
Cliveyland, 361

coconut concept, 5–6
colored powders, 178
Columbia- Princeton experimental electronic music lab, 6
Common Speak & Spell Incantor

bending diagram, 219
case, 220
circuits, 219
control layout, 220
control mounting, 221
drilling holes, 221
marking the board, 221
membrane keypad, 217–218
musicality, 223
opening up, 219
painting, 221
parts, 217
reassembly, 223
soldering, 221
testing, 222
troubleshooting, 222–223

component lead soldering, 93
component locations in cases, 132–134
component relocation, 149–150
component schematic symbols, 363–376

batteries, 376
body-contacts, 371
capacitors, 365–366
crystals, 366
diodes, 368
ground, 375
integrated circuits, 367–368
LEDs, 368–369
microphones, 371
neon lights, 369–370
one-quarter-inch audio (guitar) jacks, 374
photocells, 365
potentionmeters, 364
power supplies, 375
pushbutton switches, 372–373
RCA jacks, 374
resistors, 364
rotary switches, 373
speakers, 370
toggle switches, 372
transistors, 367
tungsten light bulbs, 369
wiring, 376

composition
aleatoric (chance) music, 23
tone, 22

Comptronics, Inc., 355
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Concertmate 380 Aleatron
bending diagram, 252
case, 253
circuits, 252
control layout, 252–253
control mounting, 253
drilling holes, 253
marking the board, 253
musicality, 255
opening up, 252
painting, 253
parts, 251
reassembly, 255
soldering, 254
testing, 254

Consolidated Electronics, 360
Consumertronics, 355
Contact East, Inc., 360
containers for parts, 81–82
control layout

book strip bend, 298–299
Casio MT-140 Aleatron, 268
Casio SA-2 Aleatron, 242
Casio SA-5 Aleatron, 247
Casio SK-1 Aleatron, 273
Casio SK-60 Aleatron, 260
Common Speak & Spell Incantor, 220
Concertmate 380 Aleatron, 252–253
Cool Keys Bent Music Stick, 305
Electronic Rap Pad, 291–292
Fisher Price Electronic Womb, 311
Harmonic Window, 319–320
Hyper Sax, 329
Inverter, 286–287
Mall Madness, 279
Speak & Math Incantor, 234
Speak & Read Incantor, 227–228
Speak & Spell Incantor (pushbutton), 212

control mounting
body-contacts, 142
book strip bend, 300
Casio MT-140 Aleatron, 269
Casio SA-2 Aleatron, 243
Casio SA-5 Aleatron, 248
Casio SK-1 Aleatron, 275
Casio SK-60 Aleatron, 262
Common Speak & Spell Incantor, 221
Concertmate 380 Aleatron, 253
Cool Keys Bent Music Stick, 306
Electronic Rap Pad, 292
Fisher Price Electronic Womb, 312–313
Harmonic Window, 321
Hyper Sax, 330

Inverter, 287–288
LEDs, 142
Mall Madness, 280
output jacks, 142
pilot lenses, 142
potentiometers, 141–142
Speak & Math Incantor, 235
Speak & Read Incantor, 228
Speak & Spell Incantor (pushbutton), 213
switches, 141

control ornamentation
body-contacts, 188–191
buttons, 191–192
LEDs, 192–195
raw materials, 187–188
switches, 191–192

control titles
pen and ink, 180
transfers, 179–180

conventions for projects
circuit standards, 201
LED orientation, 201
switch depiction, 200–201

Cool Keys Bent Music Stick
bending diagram, 305
case, 306
circuits, 305
control layout, 305
control mounting, 306
drilling holes, 306
marking the board, 306
musicality, 308
opening up, 304
painting, 306
parts, 303–304
reassembly, 308
soldering, 307
testing, 307

crackle box, 7
crackle paints, 177
Cree, Inc., 358
crystal schematic symbol, 366
crystal swapping, 333
custom switches, 52–53
customer service, 27

D
Dalbani Electronics, 355
Dan Stowell’s Oddmusic Links Archive Web site, 361
Davilyn Corp., 355
DC Electronics, 355, 359
Debco Electronics, Inc., 355
de-burrer, 42, 140–141
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DH 100 (Casio)
crystal swapping, 333
original equipment, 325
squeal fix, 332–333
tweaking the breath control, 334

diagrams for bending
book strip bend, 298
Casio MT-140 Aleatron, 267
Casio SA-2 Aleatron, 241
Casio SA-5 Aleatron, 246
Casio SK-1 Aleatron, 274
Casio SK-60 Aleatron, 259
Concertmate 380 Aleatron, 252
Cool Keys Bent Music Stick, 305
Fisher Price Electronic Womb, 311
Harmonic Window, 319
Hyper Sax, 328
Inverter, 286
Mall Madness, 279
Speak & Math Incantor, 233
Speak & Read Incantor, 227
Speak & Spell Incantor

common version, 219
pushbutton version, 211

Dialight Corp., 358
Digi-Key Corp., 355
diode schematic symbol, 368
discussion groups, 353
Diversified Specialists Inc., 303
Don Klipstein’s Odd Bulb page, 361
Donald Granger’s DIY Booth, 360
down-draft soldering station, 78–79
Dremel drill, 39–40
drill bits, 135–136
drilling holes

bit entrance and exit sides, 137
book strip bend, 299
Casio MT-140 Aleatron, 268–269
Casio SA-2 Aleatron, 242
Casio SA-5 Aleatron, 247
Casio SK-1 Aleatron, 273, 275
Casio SK-60 Aleatron, 260–261
center punch, 136–137
Common Speak & Spell Incantor, 221
Concertmate 380 Aleatron, 253
Cool Keys Bent Music Stick, 306
Electronic Rap Pad, 292
Fisher Price Electronic Womb, 312
guidelines, 134–135
hand bore, 139–140
Harmonic Window, 321
Hyper Sax, 329
Inverter, 287
Mall Madness, 280

painted holes, 135
pilot holes, 138–139
practicing, 138
Speak & Math Incantor, 234
Speak & Read Incantor, 228
Speak & Spell Incantor (pushbutton), 213

drills, 39–40
drivers, 37–39, 104
dry pigments, 178
drying process for paint, 185–186
dummy cells, 73–74
dusts, 178–179
Dworkian Register, 165–166, 173

E
Edlie Electronics, 359
Edmund Scientific, 355
Electric Stuff, 361
electrical resistance (potentiometers), 204
electrical tape, 74
electricity, 48
Electro-Theremin, 7
ElectroKits, 359
electrolytic capacitors, 60–61
electronic book strip bend

batteries, 301
bending diagram, 298
case, 299
circuits, 298
control layout, 298–299
control mounting, 300
drilling holes, 299
marking the board, 299
musicality, 301
opening up, 297
painting, 300
parts, 295–297
reassembly, 300
soldering, 300
testing, 300

electronic component retailers, 354–358
electronic component schematic symbols, 363–376

batteries, 376
body-contacts, 371
capacitors, 365–366
crystals, 366
diodes, 368
ground, 375
integrated circuits, 367–368
LEDs, 368–369
microphones, 371
neon lights, 369–370
one-quarter-inch audio (guitar) jacks, 374

Continued
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electronic component schematic symbols (continued)
photocells, 365
potentionmeters, 364
power supplies, 375
pushbutton switches, 372–373
RCA jacks, 374
resistors, 364
rotary switches, 373
speakers, 370
toggle switches, 372
transistors, 367
tungsten light bulbs, 369
wiring, 376

Electronic Goldmine, 355, 359
Electronic Inventory Online, 355
electronic meters, 105
electronic parts. See also parts

battery holders, 72–73
cable (shielded audio), 68–69
capacitors, 59–61
dummy cells, 73–74
jacks

defined, 69
guitar jacks, 69–70, 374
mini jacks, 71–72
mono jacks, 69
mounting, 142
RCA jacks, 70–71, 374
soldering lugs, 69

light-emitting diodes (LEDs), 61–62, 91
photocells, 63
potentiometers, 56–59, 90
resistors, 54–56
switches

custom switches, 52–53
micro switches, 52
motion-sensitive switches, 52
pushbutton switches, 51–52
reed switches, 52–53
rotary switches, 52
soldering, 90
toggle switches, 49–50

wire
bending probe, 105–107
bus wire, 67–68
colors, 66
solid-core wire, 65–67
splicing, 87–88
stranded wire, 65
tinning, 89–90

electronic project kits, 359–360
Electronic Rainbow, Inc., 359

Electronic Rap Pad
case, 292
circuits, 291
control layout, 291–292
control mounting, 292
drilling holes, 292
marking the board, 292
musicality, 293
opening up, 290
painting, 292
parts, 289–290
reassembly, 293
soldering, 293
testing, 293

Electronic Surplus Co. (Albuquerque, NM), 355
Electronic Surplus, Inc. (Cleveland, OH), 355
electronic synthesizers, 7
electronic wire

stranded wire, 67
wire-wrap wire, 66–67

Electronic Womb
bending diagram, 311
case, 312
circuits, 310–311
control layout, 311
control mounting, 312–313
drilling holes, 312
marking the board, 312
musicality, 313
opening up, 310
painting, 312
parts, 309–310
reassembly, 313
soldering, 313
testing, 313

electronics tool retailers, 360–361
Electronix Express, 356
Electrotherapy Museum, 361
EMI (Experimental Musical Instruments) magazine, 12
EMI Web site, 361
envelope lamps, 126–127
environment-played instruments, 172–173
ePanarama Electronic Resources Links, 361
epoxies, 45
Excess Solutions, 356
exhaust setup in paint booth, 182
experimental electronic music

aleatoric (chance) music, 23
Columbia- Princeton lab, 6
resources, 361
tone, 22

Experimental Musical Instruments (EMI) magazine, 12
extension box, 151–153
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F
face masks, 45, 182
Fair Radio Sales, 356
fans, 77–78
finding

body-contacts, 110–113
light-emitting diodes (LEDs), 125–126
photocells, 124
potentiometers, 119–124
secondhand sound toys, 103, 199

finger body-contact, 111–112
Fisher Price Electronic Womb

bending diagram, 311
case, 312
circuits, 310–311
control layout, 311
control mounting, 312–313
drilling holes, 312
marking the board, 312
musicality, 313
opening up, 310
painting, 312
parts, 309–310
reassembly, 313
soldering, 313
testing, 313

fixing painting mistakes, 186
fixing soldering mistakes, 99–101
flat finish paints, 176
fluorescent lights, 76
Forbidden Planet, 6
Free Energy News, 361
Future Horizons, 361
fuzzy logic, 16

G
Gateway Electronics Inc., 356
generic bends, 339–351

“1 to X,” 341
audition/hold array, 348
chance triggers, 346
line output, 340
patch bay, 351
pitch dial and body-contacts, 345
potentiometers

bending through a potentiometer, 343
trimmed potentiometer, 347

reset button, 350
resistor replacement, 349
two-way choice, 344
“X to X,” 342

Gilway Technical Lamp, 358
glitter paints, 177

Glo Paint Pro paint, 360
gloss finish paints, 176
glosses, 181
glue guns, 43–44
glues

epoxies, 45
hot-melt glue, 43–44
silicon adhesives, 44–45

“Good Vibrations,” Beach Boys, 6, 7
Government Liquidation, 356
Graymark, 359
ground schematic symbol, 375
guarantees, 27
guitar jacks, 69–70

schematic symbol, 374

H
hammer tone paints, 176
hand bore, 41, 139–140
Harmonic Window

bending diagram, 319
case, 158–159, 321
circuits, 318–319
control layout, 319–320
control mounting, 321
drilling holes, 321
marking the board, 321
musicality, 323
opening up, 318
painting, 321
parts, 315–318
reassembly, 323
soldering, 321–322
testing, 322

heat sink soldering, 91
heat-shrink tubing, 74
Hendrix, Jimi, 22
Herbach & Rademan (H&R), 356
HMC Electronics, 360
Hoffman Industries, 356
hold array (audition/hold array), 348
Hosfelt Electronics, Inc., 356
hot-melt glue, 43–44
H&R (Herbach & Rademan) Company, 356
human speech synthesizer, 207–208
Hyper Sax

bending diagram, 328
case, 329
circuits, 328
control layout, 329
control mounting, 330
drilling holes, 329

Continued
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Hyper Sax (continued)
marking the board, 329
musicality, 331
opening up, 327
painting, 330
parts, 325–327
reassembly, 331
soldering, 330
testing, 331

I
IC pin soldering, 94–96
IMOSH, 354
Incantors

blending, 216
defined, 208
Speak & Math Incantor

bending diagram, 233
case, 234
circuits, 233–234
control layout, 234
control mounting, 235
drilling holes, 234
marking the board, 234
musicality, 237
opening up, 233
original equipment, 231–232
painting, 234
parts, 231
reassembly, 237
soldering, 235
testing, 235
troubleshooting, 236

Speak & Read Incantor
bending diagram, 227
case, 228
circuits, 225–227
control layout, 227–228
control mounting, 228
drilling holes, 228
marking the board, 228
musicality, 230
opening up, 225
original equipment, 225
parts, 225
reassembly, 230
soldering, 228–229
testing, 229
troubleshooting, 229–230

Speak & Spell Incantor (common version)
bending diagram, 219
case, 220
circuits, 219

control layout, 220
control mounting, 221
drilling holes, 221
marking the board, 221
membrane keypad, 217–218
musicality, 223
opening up, 219
painting, 221
parts, 217
reassembly, 223
soldering, 221
testing, 222
troubleshooting, 222–223

Speak & Spell Incantor (pushbutton version)
bending diagram, 211
case, 212
circuits, 211
control layout, 212
control mounting, 213
drilling holes, 213
marking the board, 212
musicality, 216
opening up, 210
painting, 213
parts, 210
reassembly, 216
soldering, 214
testing, 214
troubleshooting, 215

Information Unlimited, 361
Insectaphone, 164–165
installing speakers, 168–169
instrument sales, 203
instruments. See also instruments by name

environment-played instruments, 172
experimental instruments, 361
living instruments

aging, 17–18
BEAsape (Bio-Electronic Audiosapian), 16–17
life cycle, 17

Michel Waisvisz/Geert Hamelberg crackle box, 7
reproducing, 170–171
synthesizers, 7
templates, 170–171

integrated circuit schematic symbol, 367–368
Inverter

bending diagram, 286
case, 287
circuits, 285–286
control layout, 286–287
control mounting, 287–288
drilling holes, 287
marking the board, 287
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musicality, 288
opening up, 285
original equipment, 283–284
painting, 287
parts, 285
reassembly, 288
soldering, 288
testing, 288

J
jacks

defined, 69
guitar jacks, 69–70

schematic symbol, 374
mini jacks, 71–72
mono jacks, 69
mounting, 142
RCA jacks, 70–71

schematic symbol, 374
soldering lugs, 69

Jameco Electronics, 356
JDR Microdevices, 356, 360
Jensen Tools, Inc., 360
jeweler’s lamp, 76

K
Ken’s Electronics, 356
Kingbright Corp., 358
kits, 359
KITS (DC Electronics), 355
Kits R Us, 359
Knob Depot online store, 354
Knobs-n-Pulls online store, 354
Krylon paint, 360

L
lamps

envelope lamps, 126–127
logic lamps, 126
neon light schematic symbol, 369–370
peak lamps, 127
tungsten bulb schematic symbol, 369

lazy Susan tool caddie, 80, 182
LEDs (light-emitting diodes)

brightness, 62
colors, 61
defined, 61–62
finding, 125–126
mounting, 142
orientation, 201
ornamentation, 192–195
painting, 61
retailers, 358

schematic symbol, 368–369
soldering, 91

LEDtronics, Inc., 358
Leo Electronics, Inc., 356
Liberty Brass, 354
light-emitting diodes (LEDs). See LEDs (light-emitting

diodes)
lighting

paint booths, 181
workshop, 76–77

lights
fluorescent, 76
jeweler’s lamp, 76
neon light schematic symbol, 369–370
three-point lighting scheme, 77
tungsten, 76–77

schematic symbol, 369
line output bend, 340
linear taper potentiometers, 58
Liquid Solder, 85
Litz, Josh, 13
living instruments

aging, 17–18
BEAsape (Bio-Electronic Audiosapian), 16–17
life cycle, 17

LNS Technologies, 359
logic lamps, 126
Lone Star Consulting, 361
looping bend, 115
Lumex, Inc., 358
Lynx Motion, Inc., 359

M
magnet for parts, 82
MAI Prime Parts, 356
Mall Madness

bending diagrams, 279
case, 279–280
circuits, 278–279
control layout, 279
control mounting, 280
drilling holes, 280
marking the board, 280
musicality, 281
opening up, 278
original equipment, 277–278
painting, 280
parts, 277
reassembly, 281
soldering, 280–281
testing, 281

marking control titles
pen and ink, 180
transfers, 179–180
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marking the board
book strip bend, 299
Casio MT-140 Aleatron, 268
Casio SA-2 Aleatron, 242
Casio SA-5 Aleatron, 247
Casio SK-1 Aleatron, 273
Casio SK-60 Aleatron, 260
Concertmate 380 Aleatron, 253
Cool Keys Bent Music Stick, 306
Electronic Rap Pad, 292
Fisher Price Electronic Womb, 312
Harmonic Window, 321
Hyper Sax, 329
Inverter, 287
Mall Madness, 280
Speak & Math Incantor, 234
Speak & Read Incantor, 228
Speak & Spell Incantor

common version, 221
pushbutton version, 212

Marktech Optoelectronics, 358
Marlin P. Jones & Associates, 356
masking, 177–178
masks, 45, 182
master parts list, 204–205
McDaniels, Howard, modern blacksmith, 6
MCM Electronics, 356
megaphone made from Mr. Coffee carafe, 168
Mellotron, 271
Mendelson Electronics Company, Inc., 202, 356
metal knobs, 354
metallic paints, 176
MG Electronics, 356
Michel Waisvisz/Geert Hamelberg crackle box, 7
micro sparkle, 178–179
micro switches, 52
microphone schematic symbol, 371
Midwest Surplus and Electronics, 356
mini jacks, 71–72
momentary pushbutton switches, 52
Mondo-tronics, Inc., 359
mono jacks, 69
Montek Electronics, 359
Moog, Bob (electronic synthesizer), 7
motion-sensitive switches, 52
mounting controls

body-contacts, 142
book strip bend, 300
Casio MT-140 Aleatron, 269
Casio SA-2 Aleatron, 243
Casio SA-5 Aleatron, 248
Casio SK-1 Aleatron, 275
Casio SK-60 Aleatron, 262
Common Speak & Spell Incantor, 221

Cool Keys Bent Music Stick, 306
Electronic Rap Pad, 292
Fisher Price Electronic Womb, 312–313
Harmonic Window, 321
Hyper Sax, 330
Inverter, 287–288
LEDs, 142
Mall Madness, 280
output jacks, 142
pilot lenses, 142
potentiometers, 141–142
Pushbutton Speak & Spell Incantor, 213
Speak & Math Incantor, 235
Speak & Read Incantor, 228
switches, 141

Mouser Electronics, Inc., 356
Mr. Coffee carafe voice toy, 168
MT-140 Aleatron

bending diagram, 267
case, 268
circuits, 266
control layout, 268
control mounting, 269
drilling holes, 268–269
marking the board, 268
musicality, 270
opening up, 265–266
painting, 269
parts, 265
reassembly, 270
soldering, 269
testing, 270

multistep paints, 177
multistrand wire, 65, 67
musicality

book strip bend, 301
Casio MT-140 Aleatron, 270
Casio SA-2 Aleatron, 239, 244
Casio SA-5 Aleatron, 249
Casio SK-1 Aleatron, 276
Casio SK-60 Aleatron, 264
Concertmate 380 Aleatron, 255
Cool Keys Bent Music Stick, 308
Electronic Rap Pad, 293
Fisher Price Electronic Womb, 313
Harmonic Window, 323
Hyper Sax, 331
Inverter, 288
Mall Madness, 281
Speak & Math Incantor, 237
Speak & Read Incantor, 230
Speak & Spell Incantor

common version, 223
pushbutton version, 216
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N
needle-nose pliers, 35
neon glow paints, 177
neon light schematic symbol, 369–370
Newark Electronics, 356
numbers for parts, 203–204

O
Ocean State Electronics, 357, 359–360
Oddmusic Web site, 361
“1 to X” bend, 116–117, 341
one-quarter-inch audio (guitar) jacks schematic symbol, 374
one-shot bend, 116
opening up

book strip bend, 297
Casio MT-140 Aleatron, 265–266
Casio SA-2 Aleatron, 240
Casio SA-5 Aleatron, 245
Casio SK-1 Aleatron, 273
Casio SK-60 Aleatron, 258–259
Concertmate 380 Aleatron, 252
Cool Keys Bent Music Stick, 304
Electronic Rap Pad, 290
Fisher Price Electronic Womb, 310
Harmonic Window, 318
Hyper Sax, 327
Inverter, 285
Mall Madness, 278
Speak & Math Incantor, 233
Speak & Read Incantor, 225
Speak & Spell Incantor

common version, 219
pushbutton version, 210

Optigan, 271
Opto Technology, 358
ornamentation for controls

body-contacts, 188–191
buttons, 191–192
LEDs, 192–195
raw materials, 187–188
switches, 191–192

output jacks. See jacks

P
Paget, Sir Richard, scientist, 207
PAiA Electronics, Inc., 359
paint booths

exhaust, 182
lighting, 181
retailers, 360

painting instruments
book strip bend, 300
Casio MT-140 Aleatron, 269

Casio SA-2 Aleatron, 242
Casio SA-5 Aleatron, 248
Casio SK-1 Aleatron, 275
Casio SK-60 Aleatron, 261
Concertmate 380 Aleatron, 253
Cool Keys Bent Music Stick, 306
Electronic Rap Pad, 292
Fisher Price Electronic Womb, 312
fixing mistakes, 186
Harmonic Window, 321
Hyper Sax, 330
Inverter, 287
light-emitting diodes (LEDs), 61
Mall Madness, 280
Speak & Math Incantor, 234
Speak & Spell Incantor

common version, 221
pushbutton version, 213

step-by-step process, 183–185
painting techniques

colored powders, 178
glosses, 181
pattern masking, 177–178
sparkle dust, 178–179

paints
acrylic latex spray, 176
drying process, 185–186
dusts, 178
flat finish, 176
gloss finish, 176
multistep paints, 177
powders, 178
specialty paints

crackle, 177
glitter, 177
hammer tone, 176
metallic, 176
neon glow, 177
retailers, 360
stone finishes, 177
textured finishes, 177

panic button, 128–129
part numbers, 203–204
particle masks, 45, 182
parts. See also electronic parts

advice about, 202–203
availability of, 25–26
book strip bend, 295–297
Casio MT-140 Aleatron, 265
Casio SA-2 Aleatron, 240
Casio SA-5 Aleatron, 245
Casio SK-1 Aleatron, 272
Casio SK-60 Aleatron, 257

Continued
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parts (continued)
Concertmate 380 Aleatron, 251
Cool Keys Bent Music Stick, 303–304
electronic components, 354–358
Electronic Rap Pad, 289–290
Fisher Price Electronic Womb, 309–310
Harmonic Window, 315–318
Hyper Sax, 325–327
Inverter, 285
LEDs, 358
Mall Madness, 277
master parts list, 204–205
Radio Shack, 202
Speak & Math Incantor, 231
Speak & Read Incantor, 225
Speak & Spell Incantor

common version, 217
pushbutton version, 210

warnings, 202–203
parts containers, 81–82
Parts Express, 357
parts magnet, 82
Pasternack Enterprises, 357
patch bay, 117–119, 351
pattern masking, 177–178
peak lamps, 127
Pembleton Electronics, 108, 202, 205–206
phono jacks, 70–71

schematic symbol, 374
photo resistors, 63
photocells, 63, 124–125

schematic symbol, 365
photon clarinets, 154–157, 166–167
pigments, 178
pilot lenses, 142
pin-tip test leads, 108
pitch dial and body-contacts, 345
Plastikote paint, 360
pliers, 35
polarity, schematic symbol, 365
potentiometers

audio taper potentiometers, 58
bending through a potentiometer, 343
body-contacts, 120
chance triggers, 346
defined, 56–58
electrical resistance, 204
finding, 119–124
linear taper potentiometers, 58
mounting, 141–142
resistor replacement, 349
retailers, 205–206
schematic symbol, 364
soldering, 90

substituting, 58
trimmed potentiometer, 347
trimmers, 58–59

pots. See potentiometers
powders (colors), 178
power

batteries. See batteries
drivers, 39
input, 143–146

power supply schematic symbol, 375
pricing, 26
Prime Electronic Components, Inc., 357
project boxes, 154–157, 169–170
project conventions

circuit standards, 201
LED orientation, 201
switch depiction, 200–201

project kits, 359–360
Purple Haze, 22
Pushbutton Speak & Spell Incantor

bending diagram, 211
case, 212
circuits, 211
control layout, 212
control mounting, 213
drilling holes, 213
marking the board, 212
musicality, 216
opening up, 210
painting, 213
parts, 210
reassembly, 216
soldering, 214
testing, 214
troubleshooting, 215

pushbutton switches, 51–52
reset buttons, 350
schematic symbol, 372–373

R
RA Enterprises, 357
Radio Shack, 202, 204–205, 357
radio stations, 353
Ramsey Electronics, Inc., 359
Rap Pad

case, 292
circuits, 291
control layout, 291–292
control mounting, 292
drilling holes, 292
marking the board, 292
musicality, 293
opening up, 290
painting, 292
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parts, 289–290
reassembly, 293
soldering, 293
testing, 293

RCA jacks, 70–71
schematic symbol, 374

R&D Electronics, 357
Realistic Concertmate 380 Aleatron

bending diagram, 252
case, 253
circuits, 252
control layout, 252–253
control mounting, 253
drilling holes, 253
marking the board, 253
musicality, 255
opening up, 252
painting, 253
parts, 251
reassembly, 255
soldering, 254
testing, 254

reassembly
book strip bend, 300
Casio MT-140 Aleatron, 270
Casio SA-2 Aleatron, 244
Casio SA-5 Aleatron, 249
Casio SK-1 Aleatron, 276
Casio SK-60 Aleatron, 264
Concertmate 380 Aleatron, 255
Cool Keys Bent Music Stick, 308
Electronic Rap Pad, 293
Fisher Price Electronic Womb, 313
Harmonic Window, 323
Hyper Sax, 331
Inverter, 288
Mall Madness, 281
Speak & Math Incantor, 237
Speak & Read Incantor, 230
Speak & Spell Incantor

common version, 223
pushbutton version, 216

reed switches, 52–53
rehousing circuits in another case, 153–154
Reliance Merchandizing Co., 357
relocating components, 149–150
replacing resistors, 349
reproducing instruments, 170–171
reset buttons, 350
resistor substitution wheel, 54–56
resistors, 54–56

replacing, 349
schematic symbol, 364

Resonance 104.4FM (London, UK), 353
resources

body-contacts, 354
discussion groups, 353
metal knobs, 354
radio stations, 353

respirators, 45
retailers

body-contacts, 354
electronic components, 354–358
electronic project kits, 359–360
electronics tools, 360–361
metal knobs, 354
paint booths, 360
potentiometers, 205–206
soldering stations, 360
specialty paints, 360
spikes, 354
studs, 354
weird electronics, 361

Reverb Horn, 159–161
rib surgery on cases, 132
rifflers, 42–43
Righter Group paint, 360
Rohm Electronics USA, LLC, 358
rotary switches, 52

schematic symbol, 373
Rustoleum paint, 360
RYOBI 7.2-volt power driver, 39

S
SA-2 Aleatron

bending diagram, 241
case, 242
circuits, 241
control layout, 242
control mounting, 243
drilling holes, 242
marking the board, 242
musicality, 239, 244
opening up, 240
painting, 242
parts, 240
reassembly, 244
soldering, 243
testing, 243–244

SA-5 Aleatron
bending diagram, 246
case, 247
circuits, 245–246
control layout, 247
control mounting, 248

Continued
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SA-5 Aleatron (continued)
drilling holes, 247
marking the board, 247
musicality, 249
opening up, 245
painting, 248
parts, 245
reassembly, 249
soldering, 248
testing, 248–249

sales policies, 27
Sargent Art paint, 360
Saturn Surplus, 357
schematic symbols, 363–376

batteries, 376
body-contacts, 371
capacitors, 365–366
crystals, 366
diodes, 368
ground, 375
integrated circuits, 367–368
LEDs, 368–369
microphones, 371
neon lights, 369–370
one-quarter-inch audio (guitar) jacks, 374
photocells, 365
potentionmeters, 364
power supplies, 375
pushbutton switches, 372–373
RCA jacks, 374
resistors, 364
rotary switches, 373
speakers, 370
toggle switches, 372
transistors, 367
tungsten light bulbs, 369
wiring, 376

Science Hobbyist, 361
screwdriver body-contact, 112–113
screwdrivers, 37, 104
secondhand sound toys

batteries, 104
bending probe, 105–107
controls, 105
finding, 103, 199
light-emitting diodes (LEDs), 125–126
panic button, 128–129
photocells, 124–125
potentiometers, 119–124
voice selection, 105

Secret Technology Labs, 361
security drivers, 38
self-tapping spiral drill bit, 135

selling instruments, 203
shielded audio cable, 68–69
silicon adhesives, 44–45
SK-1 Aleatron

bending diagram, 274
case, 273
circuits, 273
control layout, 273
control mounting, 275
drilling holes, 273, 275
marking the board, 273
musicality, 276
opening up, 273
original equipment, 271–272
painting, 275
parts, 272
reassembly, 276
soldering, 275
testing, 275–276

SK-60 Aleatron
bending diagram, 259
case, 260
circuits, 259
control layout, 260
control mounting, 262
drilling holes, 260–261
marking the board, 260
musicality, 264
opening up, 258–259
painting, 261
parts, 257
reassembly, 264
soldering, 262
testing, 263

Skycraft Parts and Surplus, Inc., 357
Small Parts, Inc., 357
socket drivers, 38
solar bug box, 172–173
solder, 85–86
soldering

circuit board, 92–93
circuit trace, 94
component leads, 93
directions, 86
fixing mistakes, 99–101
heat sinks, 91
how it works, 85–86
IC pins, 94–96
light-emitting diodes (LEDs), 91
potentiometers, 90
speakers, 91
switches, 90
temperatures, 86

392 Index ■ S

43_588877 bindex.qxd  6/29/05  9:38 PM  Page 392



tinning, 88–90
wires, 87–88

soldering equipment
Liquid Solder, 85
soldering guns, 31
soldering irons, 31, 96–97
soldering pencils, 31
soldering stations

down-draft technology, 78–79
models, 31–32, 360

soldering instruments
book strip bend, 300
Casio MT-140 Aleatron, 269
Casio SA-2 Aleatron, 243
Casio SA-5 Aleatron, 248
Casio SK-1 Aleatron, 275
Casio SK-60 Aleatron, 262
Concertmate 380 Aleatron, 254
Cool Keys Bent Music Stick, 307
Electronic Rap Pad, 293
Fisher Price Electronic Womb, 313
Harmonic Window, 321–322
Hyper Sax, 330
Inverter, 288
Mall Madness, 280–281
Speak & Math Incantor, 235
Speak & Read Incantor, 228–229
Speak & Spell Incantor

common version, 221
pushbutton version, 214

soldering lugs (jacks), 69
soldering techniques, 96–99
solid-core wire, 65–67
sound toys

batteries, 104
bending probe, 105–107
controls, 105
finding, 103, 199
light-emitting diodes (LEDs), 125–126
panic button, 128–129
photocells, 124–125
potentiometers, 119–124
voice selection, 105

sounds
business considerations, 26
womb sounds, 309

spade drill bit, 136
sparkle dusts, 178–179
Speak & Math Incantor

bending diagram, 233
case, 234
circuits, 233–234
control layout, 234

control mounting, 235
drilling holes, 234
marking the board, 234
musicality, 237
opening up, 233
original equipment, 231–232
painting, 234
parts, 231
reassembly, 237
soldering, 235
testing, 235
troubleshooting, 236

Speak & Read Incantor
bending diagram, 227
case, 228
circuits, 225–227
control layout, 227–228
control mounting, 228
drilling holes, 228
marking the board, 228
musicality, 230
opening up, 225
original equipment, 225
parts, 225
reassembly, 230
soldering, 228–229
testing, 229
troubleshooting, 229–230

Speak & Spell Incantors
common version

bending diagram, 219
case, 220
circuits, 219
control layout, 220
control mounting, 221
drilling holes, 221
marking the board, 221
membrane keypad, 217–218
musicality, 223
opening up, 219
painting, 221
parts, 217
reassembly, 223
soldering, 221
testing, 222
troubleshooting, 222–223

pushbutton version
bending diagram, 211
case, 212
circuits, 211
control layout, 212
control mounting, 213
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Speak & Spell Incantors, pushbutton version (continued)
drilling holes, 213
marking the board, 212
musicality, 216
opening up, 210
original equipment, 208–209
painting, 213
parts, 210
reassembly, 216
soldering, 214
testing, 214
troubleshooting, 215

speaker cabinet project box, 169–170
speakers

installing, 168–169
schematic symbol, 370
soldering, 91
speaker leads, 127

specialty paints
crackle, 177
glitter, 177
hammer tone, 176
metallic, 176
neon glow, 177
retailers, 360
stone finishes, 177
textured finishes, 177

Specialized Products Co., 360
specializing in instruments, 26
speech synthesizer, 207–208
spikes, 354
spiral drill bit, 135
splicing wires, 87–88
spray-on glosses, 181
squeal fix for Casio DH 100, 332–333
Stanley Electric Sales of America, Inc., 358
stone finishes (paint), 177
stranded wire, 65, 67
streaming bend, 115
studs, 354
Studs and Spikes online store, 354
Sub-Chant Generator, 157–158
substituting potentiometers, 58
suminagashi, 15
SunLED Corp., 358
surfaces for working, 82
Surplus Center, 357
Surplus Sales of Nebraska, 357
The Surplus Shed, 357
Surplus Traders, 357
switch depiction, 200–201

switches
custom switches, 52–53
micro switches, 52
motion-sensitive switches, 52
mounting, 141
ornamentation, 191–192
pushbutton switches, 51–52

schematic symbol, 372–373
reed switches, 52–53
rotary switches, 52

schematic symbol, 373
soldering, 90
toggle switches, 49–50

schematic symbol, 372
two-way choice, 344

synthesizers
ambiance, 173
human speech, 207–208
invention of, 7

T
tape, 74
Techni-Tool, Inc., 361
Tecra Tools, Inc., 361
templates for instruments, 170–171
Ten-Tec, Inc., 360
test leads, 105–108
testing

book strip bend, 300
Casio MT-140 Aleatron, 270
Casio SA-2 Aleatron, 243–244
Casio SA-5 Aleatron, 248–249
Casio SK-1 Aleatron, 275–276
Casio SK-60 Aleatron, 263
Concertmate 380 Aleatron, 254
Cool Keys Bent Music Stick, 307
Electronic Rap Pad, 293
Fisher Price Electronic Womb, 313
Harmonic Window, 322
Hyper Sax, 331
Inverter, 288
Mall Madness, 281
Speak & Math Incantor, 235
Speak & Read Incantor, 229
Speak & Spell Incantor

common version, 222
pushbutton version, 214

Texas Instruments Speak & Math Incantor
bending diagram, 233
case, 234
circuits, 233–234
control layout, 234
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control mounting, 235
drilling holes, 234
marking the board, 234
musicality, 237
opening up, 233
original equipment, 231–232
painting, 234
parts, 231
reassembly, 237
soldering, 235
testing, 235
troubleshooting, 236

Texas Instruments Speak & Read Incantor
bending diagram, 227
case, 228
circuits, 225–227
control layout, 227–228
control mounting, 228
drilling holes, 228
marking the board, 228
musicality, 230
opening up, 225
original equipment, 225
parts, 225
reassembly, 230
soldering, 228–229
testing, 229
troubleshooting, 229–230

Texas Instruments Speak & Spell Incantors
common version

bending diagram, 219
case, 220
circuits, 219
control layout, 220
control mounting, 221
drilling holes, 221
marking the board, 221
membrane keypad, 217–218
musicality, 223
opening up, 219
painting, 221
parts, 217
reassembly, 223
soldering, 221
testing, 222
troubleshooting, 222–223

pushbutton version
bending diagram, 211
case, 212
circuits, 211
control layout, 212
control mounting, 213
drilling holes, 213

marking the board, 212
musicality, 216
opening up, 210
original equipment, 208–209
painting, 213
parts, 210
reassembly, 216
soldering, 214
testing, 214
troubleshooting, 215

textured finishes (paint), 177
theatric listening, 336
Theremin World, 360
threaded studs and spikes, 354
three-point lighting scheme, 77
threshold of invention, 6
timbre, 22
Time Motion Tools, 361
Timeline Inc., 357
tinning, 88–90
titles on controls

pen and ink, 180
transfers, 179–180

toggle switches, 49–50
schematic symbol, 372
two-way choice, 344

tone, 22
tool retailers, 360–361
tool station, 79–80
tools

alligator clip leads, 107–108
bending probe, 105–107
de-burrer, 42, 140–141
drills, 39–40
drivers, 37–39, 104
glue guns, 43–44
hand bore, 41, 139–140
lazy Susan tool caddie, 80
masks, 45
pliers, 35
power drivers, 39
resistor substitution wheel, 54–56
respirators, 45
rifflers, 42–43
screwdrivers, 37
security drivers, 38
socket drivers, 38
soldering guns, 31
soldering iron, 96–97
soldering irons, 31
soldering pencils, 31
soldering stations, 31–32
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tools (continued)
test leads, 105–108
wire clippers, 34
wire strippers, 33
wrenches, 36

Toronto Surplus & Scientific, Inc., 357
toys

batteries, 104
bending probe, 105–107
controls, 105
finding, 103, 199
light-emitting diodes (LEDs), 125–126
panic button, 128–129
photocells, 124–125
potentiometers, 119–124
voice selection, 105

trace soldering, 94
transfers, 179–180
transistor schematic symbol, 367
Travers Tool Co., Inc., 361
triggers (chance), 346
trimmer potentiometers, 58–59, 347
troubleshooting

audio hum or buzz, 331
Speak & Math Incantor, 236
Speak & Read Incantor, 229–230
Speak & Spell Incantor

common version, 222–223
pushbutton version, 215

squeal fix for Casio DH 100, 332–333
TSC online retailer, 357
tube failure, 331
tubing, 74
Tucker Electronics, 357
tungsten lights, 76–77

tungsten bulb schematic symbol, 369
tweaking Casio DH 100 breath control, 334
two-way choice, 344

U
Unicorn Electronics, 358
UnitedPRO, Inc., 358

V
ventilation in a workshop, 77–78
Victor Machinery Exchange, Inc., 361
Video Octavox, 161–162
VODER, 208
voice selection, 105
voice synthesizer, 207–208
voice toy made from Mr. Coffee carafe, 168
Vox Insecta, 162–164

W
warnings about parts, 202–203
Wassco online retailer, 361
wave-form, 22
Web sites

ACE Electronics, 354
Ace Wire and Cable Co., 354
Action-Electronics, 360
Alex Kung’s DIY Booth, 360
All Electronics Corp., 354, 359
Allied Electronics, Inc., 354
Alltronics, 354
Almost All Digital Electronics, 359
American Bright Optoelectronics Corp., 358
American Design Components, 354
American Electronic Resource, 354
American Science Surplus, 354
Anchor Electronics, 354
Antique Electronic Supply, 354
Anti-Theory, 353, 361
Apex Jr., 355
ApogeeKits, 359
B.G. Micro, 355
Bivar, Inc., 358
Boondog Automation, 359
Brigar Electronics, 355
Bud Industries, Inc., 355
Bull Electrical, 361
Burnkit2600, 353
C & H Sales Company, 355
Cal West Supply, Inc., 359
Carl’s Electronics, 359
Cascade Surplus Electronics, 355
Cementimental, 353
Chicago Miniature Lamp, Inc., 358
Circuit Specialists (Scottsdale, AZ), 355
Circuit Specialists Inc. (Mesa, AZ), 355
Clairex Technologies, Inc., 358
Clear Neon, 360
Cliveyland, 361
Comptronics, Inc., 355
Consolidated Electronics, 360
Consumertronics, 355
Contact East, Inc., 360
Cree, Inc., 358
Dalbani Electronics, 355
Dan Stowell’s Oddmusic Links Archive, 361
Davilyn Corp., 355
DC Electronics, 359
DC Electronics (KITS), 355
Debco Electronics, Inc., 355
Dialight Corp., 358
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Digi-Key Corp., 355
Don Klipstein’s Odd Bulb page, 361
Donald Granger’s DIY Booth, 360
Edlie Electronics, 359
Edmund Scientific, 355
Electric Stuff, 361
ElectroKits, 359
Electronic Goldmine, 355, 359
Electronic Inventory Online, 355
Electronic Rainbow, Inc., 359
Electronic Surplus Co. (Albuquerque, NM), 355
Electronic Surplus, Inc. (Cleveland, OH), 355
Electronix Express, 356
Electrotherapy Museum, 361
EMI, 361
ePanarama Electronic Resources Links, 361
Excess Solutions, 356
Fair Radio Sales, 356
Free Energy News, 361
Future Horizons, 361
Gateway Electronics Inc., 356
Gilway Technical Lamp, 358
Glo Paint Pro, 360
Government Liquidation, 356
Graymark, 359
Herbach & Rademan (H&R), 356
HMC Electronics, 360
Hoffman Industries, 356
Hosfelt Electronics, Inc., 356
H&R Company, 356
IMOSH, 354
Information Unlimited, 361
Jameco Electronics, 356
JDR Microdevices, 356, 360
Jensen Tools, Inc., 360
Ken’s Electronics, 356
Kingbright Corp., 358
Kits R Us, 359
Knob Depot, 354
Knobs-n-Pulls, 354
Krylon, 360
LEDtronics, Inc., 358
Leo Electronics, Inc., 356
Liberty Brass, 354
LNS Technologies, 359
Lone Star Consulting, 361
Lumex, Inc., 358
Lynx Motion, Inc., 359
MAI Prime Parts, 356
Marktech Optoelectronics, 358
Marlin P. Jones & Associates, 356
MCM Electronics, 356

Mendelson Electronics Company, Inc., 356
MG Electronics, 356
Midwest Surplus and Electronics, 356
Mondo-tronics, Inc., 359
Montek Electronics, 359
Mouser Electronics, Inc., 356
Newark Electronics, 356
Ocean State Electronics, 357, 359–360
Oddmusic, 361
Opto Technology, 358
PAiA Electronics, Inc., 359
Parts Express, 357
Pasternack Enterprises, 357
Plastikote, 360
Prime Electronic Components, Inc., 357
RA Enterprises, 357
Radio Shack, 357
Ramsey Electronics, Inc., 359
R&D Electronics, 357
Reliance Merchandizing Co., 357
Resonance 104.4FM (London, UK), 353
Righter Group, 360
Rohm Electronics USA, LLC, 358
Rustoleum, 360
Sargent Art, 360
Saturn Surplus, 357
Science Hobbyist, 361
Secret Technology Labs, 361
Skycraft Parts and Surplus, Inc., 357
Small Parts, Inc., 357
Specialized Products Co., 360
Stanley Electric Sales of America, Inc., 358
Studs and Spikes, 354
SunLED Corp., 358
Surplus Center, 357
Surplus Sales of Nebraska, 357
The Surplus Shed, 357
Surplus Traders, 357
Techni-Tool, Inc., 361
Tecra Tools, Inc., 361
Ten-Tec, Inc., 360
Theremin World, 360
Time Motion Tools, 361
Timeline Inc., 357
Toronto Surplus & Scientific, Inc., 357
Travers Tool Co., Inc., 361
TSC, 357
Tucker Electronics, 357
Unicorn Electronics, 358
UnitedPRO, Inc., 358
Victor Machinery Exchange, Inc., 361
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Web sites (continued)
Wassco, 361
Weird Stuff Warehouse, 358
WFMU 90.1FM (New Jersey, USA), 353
Wm. B. Allen Supply Company, Inc., 358
World Wide Wire, 358
W. S. Jenks & Sons, 361
Zagros Software, 360

weird electronics, 361
Weird Stuff Warehouse, 358
Weller soldering stations, 31–32
WFMU 90.1FM (New Jersey, USA), 353
Whitsell, Bob, 7
wire

bending probe, 105–107
bus wire, 67–68
colors, 66
schematic symbol, 376
solid-core wire, 65–67
splicing, 87–88
stranded wire, 65, 67
tinning, 89–90
wire-wrap wire, 66–67

wire clippers, 34

wire strippers, 33
wire-wrap wire, 66–67
WLC100 soldering station, 31–32
Wm. B. Allen Supply Company, Inc., 358
womb sounds, 309
workshop. See also paint booths

chairs, 82
down-draft soldering station, 78–79
lighting, 76–77
parts containers, 81–82
tool station, 79–80
ventilation, 77–78
work surfaces, 82

World Wide Wire, 358
wrenches, 36
WTCPT soldering station, 31–32
W. S. Jenks & Sons, 361

X
“X to X” bends, 342

Z
Zagros Software, 360

398 Index ■ W–Z

43_588877 bindex.qxd  6/29/05  9:38 PM  Page 398




