






332 Part IV Ñ Eighteen Projects for Creating Your Own Alien Orchestra

The Squeal Fix
On the back side of the main circuit board, youÕll find capacitor C39 near the far edge (see
Figure 31-3). If your DH 100 is squealing, this is probably the culprit. It might even be leaking
a fluid. You need to remove C39 from the board, clean the board, and replace C39 with a new
capacitor. (C30 is also suspect if your DH 100 contains a C30Ñnot all boards do; replace it too
if replacing C39 does not solve the problem.)

ThereÕs more than one version of the DH 100 circuit. It will be up to you to determine the actual
location and capacitor type used for C39 or C30 if your board differs from the one shown in
Figure 31-3. It will also be up to you to determine exactly where the new capacitors will solder
into the circuit, because you might have options beyond the actual holes the original caps were
mounted in and the ones shown in Figure 31-3.

FIGURE31-3: The two suspect capacitors behind the common 
DH 100 squeal are C39 (shown) and C30 (absent from the 
board illustrated). After the offending capacitors are removed, 
the new caps can be soldered into the locations (holes) shown.

If your C39 has leads you can snip, snip them. Solder an electrolytic 47 µF cap to the same
spots the original cap was attached to, or the alternate spots shown in Figure 31-3 (the original
was a 33 µF, but the 47 µF will work fine and is usually easier to findÑRadio Shack part num-
ber 272-1027). ItÕs fine to use a 33 µF if you happen to have one. Either way, be sure that its
voltage rating is above 6 volts (voltage rating usually appears on electrolytic caps) and that you
observe the correct polarity when installing. (There will be a Ò+Ó sign within a circle somewhat
near the positive mounting hole for the original cap; the new cap will be marked as to its own
polarity with a Ò+Óor Ò-Ó stripe pointing to one of its leads.)

If your board has
a C30 capacitor
that needs to be
replaced, remove
it and solder the
new capacitor
here

C39

Remove C39 and replace with a new capacitor
by locating the new cap in holes here
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333Chapter 31 — Project 18: Hyper Sax

If there’s no room to snip the leads of C39, you’ll have to heat the cap’s leads from the other
side of the board while you pry the component away from the board. Heat one lead at a time
and pry a little bit at a time until the cap is free from the board. Work very carefully and check
when you’re finished to be sure that no damage was done to any printed traces and that no sol-
der “bridges” (shorts caused by melted solder) remain between traces. Clean the board with a
little alcohol after you’re done. As before, replace the old C39 with your new cap, being sure to
note polarity (see Figure 31-3 for soldering locations).

Crystal Swapping
Now for the Crystal swap. On the top side of the board, you’ll find “CSA 120 MT 18” situated
to the right of the main IC in its robin’s egg–blue case (and visible in Figure 31-2). This is a
12.0 MHz ceramic crystal needed to set the DH 100’s frequency (learn to recognize crystals in
circuitry for the following generic experiment).

FIGURE 31-4: Use a multiposition rotary switch to select crystals and therefore expand 
frequency coverage for your DH 100 Hyper Sax.

On my human voice synthesizers, I use a rotary switch to choose among crystals so that the
voices can speak from bass to tenor, and then some (see Chapter 11). If you’re into the idea of
extending the frequency range of your DH 100, see Figure 31-4 for a super-simple crystal
switcher.

The crystals can be soldered to the rotary switch poles and chosen with the turn of a dial. All
you need to do is to clip (or de-solder) the original crystal from the DH 100 board and replace
it with the switch/crystal circuit as shown. Experiment with crystals both above and below the
original 12.0 MHz. “Canned” crystals are okay to use instead of the ceramic original; such are
available through Radio Shack in frequencies from 1.8432 MHz (part number 900-5089) to 20
MHz (part number 900-5126). These once-common items are no longer shelved at Radio
Shack and will probably need to be special ordered or found elsewhere. Try to incorporate a
series of crystals that will provide you with a nice frequency range to work with, lowest to 
highest.

CRYSTALS

ORIGINAL CRYSTAL LOCATION

CASIO DH-100 BOARD

LEAD TO COMMON POLE
OF 6-POSITION ROTARY SWITCH

BACK OF
ROTARY SW.
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334 Part IV — Eighteen Projects for Creating Your Own Alien Orchestra

Tweaking the Breath Control
You might also want to experiment with the trimmer pot labeled VR2 in case the breath sensor
ever seems to malfunction (see Figure 31-2). Remember, though: If you’ve replaced the enve-
lope pot as in the bending instructions, unless you have the new envelope pot set to exactly
where its original trimmer was set (unlikely), the circuit will already be out of balance, and
changing the positions of VR1 or VR2 might just send you deeper into the unknown . . .
maybe not a bad thing. But beware.

The idea, given that you’re working on a horn operating within a reasonable proximity to
norm, is to “null” the circuit to a point just prior to its sounding without blowing. Hold a note
down and turn the trimmer VR2 until the held note can just be heard. Now back the trimmer
off until the note just disappears. This should set the breath response to the most sensitive and
correct position. VR1 also comes into play here, but after the balance between VR1 and VR2 is
lost, things can get ugly fast. If you do want to experiment with these pots, mark their initial
positions first to give you some kind of reference point to try to return to later when the horn
refuses to make a sound at all!

In this last project, you’ve grappled with some of the most demanding situations a bender will
face: mechanical components to keep straight, circuit board surgery, micro-soldering, tight
clearances, and touchy sensor technology. All in all, a fun project and one that will prepare you
for just about anything you’ll find as you bend into the future.
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Closing Words

Here we are at the end of this discovery journal, and at the end of our
brief travels together. But in truth, it’s just the beginning of your
adventure. Any guide to circuit-bending can but scratch the surface

of this intrinsically vast art. There are literally thousands of new instruments
waiting to be discovered. Circuit-bending is about as open an art as any to
exist.

To gain a little perspective and at the same time realize the importance 
of working in experimental, difficult art, let’s place you, the bender, within
history.

Divergent art requires divergent thought, an attribute easily overlooked and
often underestimated today. However, bent art, thought-provoking radical
art, was not always so easily produced. The work you’re doing historically
and sociologically, as well as artistically, is important.

We trace prevailing western social order to the Middle Ages, to the period
of the Renaissance in particular. During the Renaissance—which was the
needed answer to the antiscience, pro-repression gloom of the Church-
inspired Dark Ages—the world again awoke.

Take a moment—can you even imagine circuit-bending in a Dark Ages
world? If caught, you literally would have been forced from your home and
burned alive or flung from the church tower along with all the town’s cats
and wart-doomed elderly. But during the Renaissance, science and art were
freed from hundreds of years of theological domination and brought out
into the light of a recovering society.

Accordingly, the theretofore unmatched support for the arts and sciences
resulted in the immediate scientific discoveries the Renaissance is noted for.
This period of unbridled inspiration also nurtured new thoughts of social
freedom. Enlightenment philosophers envisioned a world without the
repression of art and science. They imagined a society free of tyrannical,
self-important leaders.

One rather difficult-to-ignore result of this great philosophical vision was
the eventual realization of the United States of America via its battered
colonists breaking from England, starving in Jamestown, but, against all
odds, surviving. Not to say that then or today we’ve shaken the grip of
tyranny—we have not. But for the sake of our arts, sciences, and society,
we’ve tried to break the grip, and we must continue to try. Circuit-bending,
and indeed most of the arts as we know them, cannot survive otherwise.
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336 Closing Words

To be sure, circuit-bending is a Renaissance art form, a revolutionary art form, and owes much
to free thinkers of the past. Freedom of expression within the arts will flourish, the sciences will
be free of nonscientists’ misguidance, and a period of great discovery will ensue as long as we
remember the lessons of the Dark Ages and the following Renaissance. Nothing is more
important for the advancement of culture, the arts, and the wondrous wave of discoveries yet to
come. You, as a bender, ride the crest of this wave.

So the power of discovery extends beyond article, beyond the actual item discovered. The
power of discovery, on the broad front, is also the power of progressive, creative thinking. But
free thinking is only a start. To extend the power of creative thinking, we must teach. And the
power of teaching reigns supreme. Why? Because in teaching, in sharing ideas, we all move
forward together. Sharing ideas, spreading the power of free, new, challenging, original
thought, works. For you, me, and everyone. You’re holding the proof in your hands.

You might find yourself in a similar spot someday: Do I share this idea? Do I teach? Or will
this be my secret? As an inventor, I’m familiar with that battle. I decided to give away all the
bending secrets because I believe in art more than I do corporate restraint, the needed, yet cold,
underpinning of licensed intellectual property—the paranoia of plutocracy.

I find that I can’t ignore the power of art to push discovery, the power of art to inspire new
thought, and the power of art to teach (the very reasons that others repress the arts). I feel
exceptionally fortunate to have been able to play this role of discoverer and teacher. Still, the
real measure of fortune is in the reflection of personal deeds. To this end I’ve tried my best to
provide a good handbook for your journey along what must be a somewhat rocky road. I sin-
cerely hope you’ve enjoyed our trip, bumpy as it’s been.

What next? Most readers of this book are musicians as well as designers. As such, your next
step, after completing a nice set of instruments, will be composing music. Here is where the
greatest satisfaction awaits. It is, after all, music that brings critical attention to instruments. If
one listens (and designs) beyond the easy-grab distortion bends, instead looking to circuit-
bending’s delicate nuances, detailed voices, new timbres and fine musical languages, one will
find room for insightful, sensitive composition. The promise of fine new music is as real as the
instruments you’ve already made.

Let me introduce one last term: theatric listening. If you close your eyes when you listen to
sound, any sound, and let your mind’s eye illustrate the sound, this visualization may help you
compose with the sound. This is theatric listening. It may take a little practice. But if you lose
yourself within a sound or a music, your closed-eye field of vision will not remain blank.
Something will appear. For me, this something is instructive and, if you’ll bear with me here, it
tells me what it needs. I imagine the accompanying sounds just as I might imagine the har-
mony to a singer’s lyrics in a more traditional song. But that’s just me—one of the ways I com-
pose with experimental, unusual sound forms. You’ll soon develop your own personal style of
playing and composing with the bent instruments you’ve designed.

Wanting to learn more about electronics is a natural outgrowth of circuit-bending. I highly
encourage further research and study. Bending and true-theory electronics are actually good
friends. No matter how bent your circuits are, when you use the generic line-output scheme,
you’re already incorporating true-theory technique. The two approaches to design, although
outrageously dissimilar, are yet complementary. And as a bender, you have a unique advantage
to entering “real” electronics: not only experience, but also honest inspiration.
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My closing idea for you is that bending, at its best, is a multi-use attitude. It’s a thought pro-
cess, not just an electronic technique; it’s the Swiss Army knife of contemplation. The “what
if?” postulation is just as powerful as the “here’s how” surety. After you give yourself over to
“what if,” you naturally unlock everything possible. You leap the hurdles of conventional wis-
dom and see things anew. Suddenly, you’re not only thinking outside the box. The box is
gone. And the world, in a very personal way, becomes uniquely yours. Practice “what if?” and
you’ll see.

Now I’ll stop the storytelling, the wild speculations, the unforgivable overstatements, and even
the dreaming. I’ll tell you now, quite down to earth, what I tell my apprenticeship students
when we part: You were already a strong artist before we met. You were already capable. Your
dedication to difficult art proves that, all by itself. The rest can only fall into place.

My guidance will amount to little in the end—just a signpost pointing toward your personal
unknown. The circuits themselves will become your teachers, just as they became mine. Still, I
hope I’ve helped you on your current journey, and that in your future unknown perhaps a
foothold or two from this book will assist.

Thanks for letting me pull your leg, share some adventures, and be your guide. May you carry
peace in your mind, love in your heart, and extra batteries in your pockets until the end of time.
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One Dozen of the
Best Generic Bends

Over the nearly forty years I’ve been bending, a number of very pow-
erful “generic” bends have surfaced—bends that can be applied to
many different circuits and with great results. Collected together in

this appendix are one dozen of the best of these bends. All are extremely
simple to understand and outrageously easy to implement. If you study
these bends a little, until you grasp what each is up to, they’ll spring into
your memory as you explore circuits, cracking your new instrument possibil-
ities wide open.

Many of the principles in this appendix have been touched upon in the
main text of this book, and it is there you’ll find more information. Here,
however, you’ll see things packaged “to go,” for a quick reference and a
jump-start into action. These are the “secrets of bending” that people talk
about. But they’re really just commonsense applications of the anti-theory
and true theory techniques that hold bending together, finally brought out
into the light, in their most basic form. Very powerful stuff. Have fun!

appendix
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340 Appendix A — One Dozen of the Best Generic Bends

1. Line Output

FIGURE A-1: Use this generic wiring scheme to derive a line output 
from your built-in speaker. The LED might not light (try various LEDs), 
and you might not need the trimmer. The speaker switch allows you 
to turn the speaker off, good for studio work. Be aware that switching 
the speaker off may increase the power of the line output. A nice 
variation on the output wiring is to use a full-sized potentiometer 
instead of a trim pot. Mount the full-sized pot right on the instrument 
and you have a handy output level control. Keep track of your polarity 
throughout the wiring. Use any style output jack desired.

Line output

Speaker

Speaker switch

Circuit board

LED Trim Pot

Output jack
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341Appendix A — One Dozen of the Best Generic Bends

2. “1 to X” Bend

FIGURE A-2: Many of the circuits in this book look to the 
“1 to X” bend for their basic bent functions. The “X” 
number is the direct result of how many good bends 
the traveling end of your bending probe uncovers as it 
searches the circuit. Accordingly, the “1” in the “1 to X” 
equation represents the circuit point that the stationary 
end of the probe rested on while the traveling end of 
the probe made its tour. Any number of points may be 
discovered by the traveling end; the final number of 
switches needed to implement the “X” side of things 
often exceeds the area available to mount them. Also 
see the patch bay drawing in this appendix.

”1 to X“ bend

etc.
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3. “X to X” Bend

FIGURE A-3: As seen in the Harmonic Window project, 
this variant of the “1 to X” bend is useful for connecting 
many points together, but this time without there being 
a set single point common to all switches (point “1” in 
the “1 to X” bend). Within the “X to X” bend, the “1” 
from the “1 to X” bend simply becomes a variable. If 
all switches are turned off, no connection is made to the 
circuit. But if any of the switches are turned on, that 
switch then becomes the “1” in the traditional “1 to X” 
bend: any further turning on of switches will connect 
their circuit points to the point of the switch (the variable 
“1” switch) turned on prior. This is a cool elaboration on 
the traditional “1 to X” bend, often allowing a wider 
range of bent responses. 

“X to X” bend

etc.
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4. Bending Through a Potentiometer

FIGURE A-4: Any time you discover a nice bend 
with your bending probe, remember that that 
bend might be variable if you send that connection 
through a potentiometer. There is no set 
potentiometer value to try here. Large value pots 
(above 1M) may be too coarse in their resistance 
change for a bend that needs only a slight 
resistance change to shine. On the other hand, 
a small value pot (5K or less) might not present 
enough change in resistance to alter the bend 
to the degree needed. I usually begin with a 1M 
potentiometer. If the bent response cuts off near 
the bottom (low resistance) of the pot’s range, 
I know I need a pot with a smaller resistance value 
(like a 10K). If I turn the pot to full resistance and 
the bent effect is still changing nicely, I try a pot 
with a larger value (like a 10M). The switch in the 
diagram allows the potentiometer bend to be 
turned on or off, as usual.

Bending through a Potentiometer

SwitchPot
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6. Pitch Dial and Body-Contacts

FIGURE A-6: A very common way to set the “speed” of a circuit 
is by means of a well-placed resistor. The resistor governs the 
flow of electricity from one point to another, thereby establishing 
overall frequency response, or pitch. But are there other points on 
the board that will affect overall circuit speed, or pitch, if connected 
to each other? As you’ve discovered via body-contacting the circuit, 
yes, there are. As you’ve learned, wiring a potentiometer between 
such body-contact points often provides such a pitch control. But does 
this mean the body-contact response is overthrown by the introduction 
of a potentiometer? Not at all. As shown in the diagram, wiring 
body-contacts to the lugs of the potentiometer allows you the advantage 
of both. You can set overall pitch via the pot, and you can still touch the 
body-contacts to induce real-time vibrato and pitch-bending.

Pitch Dial and Body-Contacts

Body-ContactBody-Contact
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10. Resistor Replacement

FIGURE A-10: Resistors within a circuit, while 
being a very basic electronic component, are 
responsible for keeping much complex circuit 
activity within balance. Replacing a resistor 
with one of a different value can shift circuit 
activity from norm to alien in a moment. So 
imagine what replacing a resistor with a 
potentiometer or photo cell can do! Replacing 
a resistor need not be a hassle. In fact, complete 
physical removal is usually unnecessary to 
electronically remove the resistor from the circuit. 
In the diagram you see a resistor with one of its 
leads snipped just above the board. Even though 
still attached to the board, the resistor is now 
“invisible” to the circuit because electricity can no 
longer travel through it. Soldering your replacement 
component between the still-intact lead and the 
circuit board stub of the original resistor’s clipped 
lead effectively bypasses the resistor, and with a 
minimum of hassle. If the substitution doesn’t work 
out, re-soldering the single clipped lead of the target 
resistor will bring the circuit back to normal for 
further bending.

Resistor Replacement

Pot

Clip
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11. Reset Button

FIGURE A-11: Many bent circuits crash under the new electronic 
pressures of circuit-bending. Simply turning the main power switch 
off and back on might remedy such a crash. However, there are times 
when interrupting the current flowing from the actual power supply 
is the only way to reset a deeply crashed circuit. The solution is simple 
if the battery compartment is connected to the circuit by means of two 
wires, as is usually the case. Instead of removing a battery and again 
replacing it in order to interrupt the power supply and therefore reset a 
deep crash, simply breaking the circuit between the battery compartment 
and the circuit board is the answer. In the illustration you’ll see depicted 
a normally closed pushbutton switch in the middle of one of the battery 
compartment wires. Such a switch on either of the two wires will interrupt 
the power supply current when pressed, instantly resetting the crash.

Battery compartment

Reset Button

Circuit board

Pushbutton
(normally closed)
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12. Patch Bay

FIGURE A-12: Instead of the X to 1 or X to X bends seen in this 
appendix and implemented in various of the projects in this book, 
a simple patch bay will also allow you the same, and even greater, 
connection capabilities. In the drawing only four circuit points are 
brought forward into patch points, and these points are each 
expanded to only four outputs within the patch bay. Naturally, any 
number of circuit points can be extended into a patch bay, and each 
point can open up into as many outputs as desired. If you’re not 
pressured for space you can go with the traditional “banana” jacks 
and plugs for designing your bay. If space is limited (as it often is 
within circuit-bending) the alternative is the “pin” jack, a smaller and 
a little less sturdy substitute. In either example, parts are available for 
easily making your own patch cords and bay, one of the simplest ways 
to implement multi-connectivity within bending.

Patch Bay

Output jacks
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Benders’ Resources

In this appendix, you’ll find a great list of resources for circuit-bending
whether you’re looking for discussion groups, electronic parts, or tools. If
bending has tempted you to construct your own amplifier, mixer, or other

such circuit, you’ll also find here a list of electronic kit sellers. Many of the
dealers will supply you with free catalogs of their merchandise if you ask.

This appendix contains a collection of my personal favorites as well as rec-
ommendations by people deeply into conventional electronic prototyping as
well as circuit-bending. My thanks to Bob Bamont (www.bobbamont.com/
elcats.html) and Bill Beaty (http://amasci.com/amateur/amform.html) for
the use of their on-site resource pages. Both sites are brimming with addi-
tional valuable information and both are highly recommended!

My Web site has an extensive set of benders’ resources, including all those
that follow, hyperlinked and ready to click. You’ll find that gateway here:
www.anti-theory.com/links/.

Benders’ discussion groups:

� http://groups.yahoo.com/group/benders/

� http://groups.yahoo.com/group/bendersanonymous/

� www.em411.com/list/forum

� www.machinenoise.com/cgi-bin/YaBB/YaBB.pl/

Great circuit-bending link pages:

� From Burnkit2600: http://burnkit2600.machinenoise
.com/links.html

� From Cementimental: www.cementimental.com/
links.html 

� From Anti-Theory: www.anti-theory.com/links/

Radio stations supportive of bent music:

� WFMU 90.1FM (New Jersey, USA): www.wfmu.org/

� Resonance 104.4FM (London, UK): www.resonancefm.com

appendix
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Body-contacts:

(Threaded spheres and half-spheres)

Liberty Brass
38-01 Queens Boulevard
Long Island City, NY 11101
www.libertybrass.com/

(Metal knobs)

� Knobs-n-Pulls: www.knobs-n-pulls.com/iron-drawer-pulls-wholesale-we.htm

� Knob Depot: http://knobdepot.com/

(Threaded studs and spikes)

IMOSH
P.O. Box 497
Dept. WB1
Broadway, NJ 08808
www.imosh.com/

� Studs and Spikes: www.studsandspikes.com/

General electronic components:

ACE Electronics
1810 Oakland Road, Suite C
San Jose, CA 95131
www.acecomponents.com/

Ace Wire and Cable Co.
3 Self Boulevard
Carteret, NJ 11377
www.acewireco.com/

All Electronics Corp.
P.O. Box 567
Van Nuys, CA 91408
www.allelectronics.com/

Allied Electronics, Inc.
7410 Pebble Drive
Fort Worth, TX 76118
www.alliedelec.com/

Alltronics
2300 Zanker Road
San Jose, CA 95131
www.alltronics.com/

American Design Components
6 Pearl Court
Fairview, NJ 07022
www.adc-ast.com/

American Electronic Resource
3505-A Cadillac Avenue
Costa Mesa, CA 92626
www.aeri.com/

American Science Surplus
P.O. Box 1030
Skokie, IL 60076
www.sciplus.com

Anchor Electronics
2040 Walsh Avenue
Santa Clara, CA 95050
www.demoboard.com/anchorstore.htm

Antique Electronic Supply
6221 S. Maple Avenue
Tempe, AZ 85283
www.tubesandmore.com/
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Apex Jr.
3045 Orange Avenue
LaCrescenta, CA 91214
www.apexjr.com/

B.G. Micro
555 N. 5th Street, Suite #125
Garland, TX 75040
www.bgmicro.com

Brigar Electronics
7-9 Alice Street
Binghamton, NY 13904
http://members.aol.com/brigar2/brigar.html/

Bud Industries, Inc.
4605 East 355th Street
Willoughby, OH 44094
www.budind.com/

Cascade Surplus Electronics
8221 N. Denver Avenue
Portland, OR 97217
www.cascadesurplus.com

C & H Sales Company
2176 E. Colorado Boulevard
Pasadena, CA 91107
http://aaaim.com/ 

Circuit Specialists
P.O. Box 3047
Scottsdale, AZ 85271–3047
www.cir.com

Circuit Specialists Inc.
220 S Country Club Drive #2
Mesa, AZ 85210
www.web-tronics.com/

Comptronics, Inc.
6259 West 87th Street
Los Angeles, CA 90045
www.icparts.com/

Consumertronics
8400 Menaul Boulevard
NE Suite A199
Albuquerque, NM 87112 
www.tsc-global.com/

Dalbani Electronics
4225 N.W. 72nd Avenue
Miami, FL 33166
www.dalbani.com/

Davilyn Corp.
1300 Pacific Avenue
Oxnard, CA 93033
www.davilyn.com/

DC Electronics (KITS)
2334 N. Scottsdale Road
Scottsdale, AZ 85257
www.dckits.com/

Debco Electronics, Inc.
4025 Edwards Rd.
Cincinnati, OH 45209
www.debcoelectronics.com/

Digi-Key Corp.
701 Brooks Avenue South
Thief River Falls, MN 56701
www.digikey.com/

Edmund Scientific
101 E. Gloucester Pike
Barrington, NJ 00807–1380
www.edsci.com

Electronic Goldmine
P.O. Box 5408
Scottsdale, AZ 85261
www.goldmine-elec.com/

Electronic Inventory Online
1243 W. 134th Street
Gardena, CA 90247
www.eio.com/

Electronic Surplus Co.
9012 Central Avenue S.E.
Albuquerque, NM 87123
www.surplus-electronics.com/

Electronic Surplus, Inc.
5363 Broadway Avenue
Cleveland, OH 44127
www.electronicsurplus.com
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Electronix Express
365 Blair Road
Avenel, NJ 07001
www.elexp.com/

Excess Solutions
430 E. Brokaw Road
San Jose, CA 95112
www.excess-solutions.com/

Fair Radio Sales
1016 E. Eureka
Lima, OH 45802
www.fairradio.com/

Gateway Electronics Inc.
2220 Welsch Industrial Court
St. Louis, MO 63146
www.gatewayelex.com/

Government Liquidation
(locations in almost every state)
www.govliquidation.com/

Herbach & Rademan (H&R)
353 Crider Avenue
Moorestown, NJ 08057
www.herbach.com

Hoffman Industries
853 Dundee Avenue
Elgin, IL 60120
www.hoffind.com

H&R Company
16 Roland Avenue
Mt. Laurel, NJ 08054
www.herbach.com/

Hosfelt Electronics, Inc.
2700 Sunset Blvd.
Steubenville, OH 43952
www.hosfelt.com/

Jameco Electronics
1355 Shoreway Rd.
Belmont, CA 94002
www.jameco.com/

JDR Microdevices
1850 S. 10th Street
San Jose, CA 95112
www.jdr.com/

Ken’s Electronics
2825 Lake Street
Kalamazoo, MI 49048–5807
www.kenselectronics.com

Leo Electronics, Inc.
P.O. Box 11307
Torrance, CA 90510–1307
www.excess.com/

MAI Prime Parts 
(aka MILO Associates)
5736 N. Michigan Road 
Indianapolis, IN 46228 
www.websitea.com/mai/

Marlin P. Jones & Associates
P.O. Box 12685
Lake Park, FL 33403
www.mpja.com/

MCM Electronics
650 E. Congress Park Drive
Centerville, OH 45459
www.mcmelectronics.com/

Mendelson Electronics Company, Inc.
340 E. First Street
Dayton, OH 45402
www.meci.com/

MG Electronics
1177 Park Avenue
Suite 5, Box 124 
Orange Park, FL 32073 
www.mgte.com

Midwest Surplus and Electronics
112 12th Avenue, S.
Minneapolis MN 55415
https://secure.midwest-electronics.com/

Mouser Electronics, Inc.
1000 N. Main Street
Mansfield, TX 76063
www.mouser.com/

Newark Electronics
100 High Tower Boulevard
Pittsburgh, PA 15205
www.newark.com/
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Ocean State Electronics
P.O. Box 1458
Westerly, RI 02891
www.oselectronics.com/

Parts Express
340 E. First Street
Dayton, OH 45042
www.partsexpress.com/

Pasternack Enterprises (connectors)
P.O. Box 16759
Irvine, CA 92623
www.pasternack.com/

Prime Electronic Components, Inc.
150 West Industry Court
Deer Park, NY 11729
www.primelec.com/

Radio Shack
One Tandy Center
Fort Worth, TX 76102
www.radioshack.com/

RA Enterprises
2260 De La Cruz Boulevard
Santa Clara, CA 95050
www.angelfire.com/free/proto.html

R&D Electronics
5363 Broadway Avenue
Cleveland, OH 44127
www.electronicsurplus.com

Reliance Merchandizing Co.
651 Winks Lane
Bensalem, PA 19020
www.relianceusa.com/

Saturn Surplus
3298 Rt. 147 N.
Millersburg, PA 17061
www.saturnsurplus.com/

Skycraft Parts and Surplus, Inc.
2245 W. Fairbanks Avenue
Winter Park, FL 32789
www.skycraftsurplus.com/

Small Parts, Inc.
13980 N.W. 58th Court
P.O. Box 4650
Miami Lakes, FL 33014–0650
www.smallparts.com/

Surplus Center 
1015 West “O” Street 
Lincoln, NE 68528
www.surpluscenter.com/

Surplus Sales
1502 Jones Street
Omaha, NE 68102
www.surplussales.com

Surplus Sales of Nebraska
1218 Nicholas Street
Omaha, NE 68102–4211
www.surplussales.com/index.html

The Surplus Shed
8408 Allentown Pike
Blandon, PA 19510
http://surplusshed.com/

Surplus Traders
P.O. Box 276
Alburg, VT 05440 
www.surplustraders.net/a/

Timeline Inc.
2541 West 237 Street
Building E
Torrance, CA 90505
www.timeline-inc.com/lcd.html

Toronto Surplus & Scientific, Inc.
608 Gordon Baker Road
Toronto, Ontario, Canada M2H 3B4
www.torontosurplus.com

TSC
8400 Menaul Boulevard
NE Suite A199
Albuquerque, NM 87112
www.tsc-global.com/surplus-e/

Tucker Electronics
1717 Reserve Street
Garland, TX 75042–7621
www.tucker.com
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LEDs:

Unicorn Electronics
1142 State Road 18
Aliquippa, PA 15001
www.unicornelectronics.com/

Weird Stuff Warehouse
384 W. Caribbean Drive
Sunnyvale, CA 94089
www.weirdstuff.com/

Wm. B. Allen Supply Company, Inc.
301 N. Rampart Street
New Orleans, LA 70112
www.wmballen.com/

World Wide Wire 
94 Via San Marco
Rancho Mirage, CA 92270
www.worldwidewire.com/

American Bright Optoelectronics Corp.
13815-C Magnolia Avenue
Chino, CA 91710
www.americanbrightled.com/

Bivar, Inc.
4 Thomas Street
Irvine, CA 92618
www.bivar.com/

Chicago Miniature Lamp, Inc.
147 Central Avenue
Hackensack, NJ 07601
www.chml.com/

Clairex Technologies, Inc.
1845 Summit Avenue
Plano, TX 75074
www.clairex.com/

Cree, Inc.
4600 Silicon Dr.
Durham, NC 27703
www.cree.com/

Dialight Corp.
1501 Route 34 South
Farmingdale, NJ 07727
www.dialight.com/

Gilway Technical Lamp
55 Commerce Way
Woburn, MA 01801
www.gilway.com/

Kingbright Corp.
225 Brea Canyon Road
City of Industry, CA 91789
www.us.kingbright.com

LEDtronics, Inc.
23105 Kashiwa Court
Torrance, CA 90505
www.ledtronics.com/

Lumex, Inc.
290 E. Hellen Road
Palatine, IL 60067
www.lumex.com/

Marktech Optoelectronics
120 Broadway
Menands, NY 12204
www.marktechopto.com/

Opto Technology
160 E. Marquardt Drive
Wheeling, IL 60090
www.optotech.com/

Rohm Electronics USA, LLC
10145 Pacific Heights Boulevard
San Diego, CA 92121
www.rohmelectronics.com/

Stanley Electric Sales of America, Inc.
2660 Barranca Parkway
Irvine, CA 92606
www.stanley-electric.com/

SunLED Corp.
20793 E. Valley Boulevard #C
Walnut, CA 91789
www.sun-led.com/

UnitedPRO, Inc.
10010 Pioneer Boulevard
Santa Fe Springs, CA 90670
www.unitedpro.com/
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Electronic project kits:

All Electronics Corp.
P.O. Box 567
Van Nuys, CA 91408
www.unitedpro.com/

Almost All Digital Electronics 
1412 Elm Street S.E.
Auburn, WA 98092
www.aade.com/

ApogeeKits
P.O. Box 625
Frisco, TX 75034–0625
www.apogeekits.com/

Boondog Automation
c/o Paul Oh
7709 Beech Lane
Wyndmoor, PA 19038
www.boondog.com/

Cal West Supply, Inc.
31320 Via Colinas
Westlake Village, CA 91362
www.hallbar.com/

Carl’s Electronics
P.O. Box 182
Sterling, MA 01564
www.electronickits.com/

DC Electronics
2334 N. Scottsdale Road
Scottsdale, AZ 85257
www.dckits.com/

Edlie Electronics
2700 Hempstead Turnpike
Levittown, NY 11756
www.edlieelectronics.com/

ElectroKits
www.electrokits.com/

Electronic Goldmine
P.O. Box 5408
Scottsdale, AZ 85261
www.goldmine-elec.com/

Electronic Rainbow, Inc.
6227 Coffman Road
Indianapolis, IN 46268
www.rainbowkits.com/

Graymark
P.O. Box 2015
Tustin, CA 92681
www.graymarkint.com/

Kits R Us
http://kitsrus.com/

LNS Technologies 
Box 501
Vacaville, CA 95696 USA
www.techkits.com/

Lynx Motion, Inc.
104 Partridge Road
Pekin, IL 61554
www.lynxmotion.com/

Mondo-tronics, Inc.
4286 Redwood Highway
San Rafael, CA 94903
www.robotstore.com/

Montek Electronics
695 Markham Road
Unit #18 (Second Floor)
Toronto, Ontario, Canada MIH 2A5
www.montek.com/

Ocean State Electronics
P.O. Box 1458
Westerly, RI 02891
www.oselectronics.com/

PAiA Electronics, Inc.
3200 Teakwood Lane
Edmond, OK 73013
www.paia.com/

Ramsey Electronics, Inc.
793 Canning Parkway
Victor, NY 14564
www.ramseyelectronics.com/
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Specialty paints:

� Righter Group: www.rightergroup.com/product_info/specialty_paints.asp

� Krylon: www.krylon.com/

� Plastikote: www.plastikote.com/

� Sargent Art: www.sargentart.com/

� Rustoleum: www.rustoleum.com/

� Glo Paint Pro (luminous): www.glowpaintpro.com/

� Clear Neon (invisible fluorescent): www.clearneon.com/

Paint booths:

� Alex Kung’s DIY Booth: www.interlog.com/~ask/scale/tips/booth.htm

� Donald Granger’s DIY Booth: http://donaldgranger.home.att.net/paint_booth.htm

Soldering stations (recommended Weller WLC 100)

� Action-Electronics: www.action-electronics.com/westations.htm

� Consolidated Electronics: www.ceitron.com/solder/station.html

� JDR Microdevices: www.jdr.com/interact/item.asp?itemno=WLC100

� Ocean State Electronics: www.oselectronics.com/ose_p60.htm

Electronics tools:

Ten-Tec, Inc.
1185 Dolly Parton Parkway
Sevierville, TN 37862
www.tentec.com/

Theremin World
65 Greenwood Avenue
Midland Park, NJ 07432
www.thereminworld.com/shop_theremins.asp

Zagros Software
P.O. Box 460342
St. Louis, MO 63147
https://www.zagrosrobotics.com/Index.asp

Contact East, Inc.
335 Willow Street
North Andover, MA 01845
www.contacteaStreetcom/

HMC Electronics
33 Springdale Avenue
Canton, MA 02021
www.hmcelectronics.com/

Jensen Tools, Inc.
7815 S. 46th Street
Phoenix, AZ 85044
www.jensentools.com/

Specialized Products Co.
1100 S. Kimball Avenue
Southlake, TX 76092
www.specialized.net/ecommerce/shop/
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Weird electronics (some kits, too):

� Bull Electrical: www.bull-electrical.com/

� Cliveyland: http://bigclive.com/

� Don Klipstein’s Odd Bulb page: http://members.misty.com/don/oddbulb.html

� Electric Stuff: http://electricstuff.co.uk/

� The Electrotherapy Museum: www.electrotherapymuseum.com/

� ePanarama Electronic Resources Links: www.epanorama.net/links/circuitsites.html

� Free Energy News: www.freeenergynews.com/

� Future Horizons: www.futurehorizons.net/

� Information Unlimited: www.amazing1.com/

� Lone Star Consulting: www.lonestartek.net/weird.htm 

� Science Hobbyist: www.eskimo.com/~billb/

� Secret Technology Labs: www.espionage-store.com/secret/index.html

Experimental instrument sites:

� EMI: www.windworld.com/

� The Oddmusic Site: www.oddmusic.com

� My Web site with How-to’s, Instrument Galleries, and more: www.anti-theory.com/;
E-mail: ghazala@anti-theory.com

� Dan Stowell’s Oddmusic Links Archive: www.mcld.co.uk/search/oddmusic

Techni-Tool, Inc.
1547 N. Trooper Rd.
Worcester, PA 19490
www.techni-tool.com/

Tecra Tools, Inc.
2452 S. Trenton Way
Denver, CO 80231
www.tecratools.com/

Time Motion Tools
12778 Brookprinter Place
Poway, CA 92064
www.timemotion.com/

Travers Tool Co., Inc.
128-15 26th Avenue
College Point, NY 11354
https://www.travers.com/index.asp

Victor Machinery Exchange, Inc.
251 Centre Street
New York, NY 10013
www.victornet.com/

W. S. Jenks & Sons
1933 Montana Avenue N.E.
Washington, DC 20002
www.wsjenks.com/

Wassco
12778 Brookprinter Place
Poway, CA 92064
www.wassco.com/
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Common Electronic
Components and
Their Schematic
Symbols

First of all, no, you don’t need to know anything in this appendix in order to
explore circuit-bending. Still, you’ll be running into schematic diagrams as
you move deeper into electronics, and you might even want to chart your

own bends using the traditional symbols of the field. And these symbols exist
for a very good reason.

Circuitry can get complicated. To answer the demands of documenting (and
reading) the complex wiring of circuits, the schematic diagram system was
developed. The goal was to simplify not only component depiction, but
wiring depiction as well. If the system really works, the drawings in this
appendix should aid in your understanding of the most common compo-
nents appearing on the circuit boards you’ll be bending, as well as how
they’re traditionally depicted within circuitry. But in no way is this a com-
plete list of all the components available, or their various cryptic renderings.
(That set on the Roswell saucer still has everyone stumped.)

So, I’ve limited my depictions to the best-known and most common stan-
dards of schematic drawings. These are accompanied by my own observa-
tions of these drawings in actuality (where discrepancies abound). So let 
this appendix serve only as an introduction to the cool codes of circuitry.
And feel free to design your own symbols as you incorporate or manufacture
new components to suit your project’s needs, as you’ll see I’ve had to do
with one of the most common components in bending: the simple metal
body-contact.

In the example of the early all–body-contact–instrument I built back in the
1960s, you might recall that a group of semi-clad people could all be config-
ured as body-contacts if everyone held hands and touched the instrument—
while they touched each other here and there. A schematic symbol for that
body-contact I have not yet figured out.

appendix
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Resistors
Resistors are familiar to anyone who’s ever looked at circuitry and may be the most common
component in circuit design. Circuit-board–mounted resistors can range in size from minute,
as in SMD (surface mount device) configuration, to humongous (way bigger than a breadbox,
whatever that is). Resistance rating is coded in color bands painted on the resistor itself (pick
up a resistor color wheel at your electronics store for easy reference). In diagrams, resistors are
always represented by a zigzag line. The value of the resistor (its level of resistance) might be
noted near its picture. If not, a coded label will appear next to the resistor’s symbol (e.g., R1—
the letter “R” is used to label resistors in schematic diagrams). This code can then be looked up
in the schematic diagram’s master parts list where the actual value of the resistor will be stated.

FIGURE C-1

Potentiometers
Potentiometers are variable resistors whose values are stated in terms of the greatest resistance
the “pot” is capable of presenting to the circuit (with the shaft turned all the way). Similar to
that of a fixed resistor, the schematic symbol of a pot also contains a zigzag line (representing
the body of actual resistance material within the potentiometer). But added to the zigzag is an
arrow representing the movable “wiper” within the pot—the metal arm that “taps” electricity
off the varying lengths of resistance material the current is running through as you turn the
wiper’s shaft. If only two lugs on the pot are used in the wiring (middle and one of the outside
lugs) you’ll see in the schematic diagram that one end of the zigzag is left unconnected to the
circuit. The letter “R” is used to label pots in schematic diagrams, just as with resistors. After
all, pots are resistors too.

FIGURE C-2

A B

B

A= C

Potentiometer

C

=

Resistor
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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 pot’s variable component), extra arrows now indicate a photo-
cell’s 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 cell’s symbol (or even a part
number), but often you’ll see a schematic symbol for a photocell with no title at all. A “generic”
photocell is used, or, better yet, you’ll substitute a number of cells and see which one works best
(photocells vary in sensitivity, resistance range, and response time). You’ll often find “Photocell”
spelled out next to its symbol in schematic diagrams. I’ve also seen “R” (for resistor) and “Cell”
and “CdS” (for cadmium sulfide, the material of common photocells) courting the symbol 
as well.

FIGURE C-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, “caps” 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 ol’ Greek (and English, thankfully), as in “47 µF,” 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 “+” sign will appear
on the positive side of the capacitor’s schematic symbol; a negative indicator often appears on
the capacitor). The letter “C” is used to label capacitors in schematic diagrams.

=

Photocell
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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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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.

=

Transistor

C EB

Collector

Emitter

Base

42_588877 appc.qxd  7/19/05  9:21 PM  Page 367



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

=

Diode

A B

BA

555

TR

R

CV

GND

3

3

7

7

6

6

8

8

Q

DIS

THR

V+

2

2

4

4

5

5

1

1

42_588877 appc.qxd  7/19/05  9:21 PM  Page 368



369Appendix C — Common Electonic Components and Their Schematic Symbols

differ significantly. Within a similar voltage range they’re interchangeable. But step outside that
range and you risk burnout. The letters “LED” identify an LED within a schematic diagram
and lead you to its specific part number or description in the master parts list.

FIGURE C-9

Tungsten Light Bulbs
Tungsten (incandescent filament) light bulbs are appearing in fewer and fewer circuits, rapidly
being replaced by the more electronically efficient LED. I’m very fond of tiny tungsten lamps
(called grain-of-wheat bulbs) and incorporate them into instrument designs. While LEDs are
available in “white” (there’s a violet edge to the white) and can be painted with a transparent col-
ored gloss, coloring in the same way a tiny, brilliant white tungsten illumination source gives a
much more striking point of colored light. In schematic diagrams, incandescent lamps, unfortu-
nately, look like unhappy circles. The frown, of course, represents the bulb’s filament, and in that
sense the symbol is rather sleek. If the rating of the bulb (voltage /wattage) does not appear next
to the symbol but instead you find (as usual) a part code (like L1, for Lamp 1), you’re being
referred to the diagram’s master parts list, which will dispel this (and other such) vagueness.

FIGURE C-10

Neon Lights
Neon lights are fun to experiment with and are used in electronic projects for indicator lights as
well as in some equipment as frequency strobes (like in older pitch tuners—“Strobo-Tuners”—
and as strobe lamps to help tune the speed of spinning record platters). The phosphor coating

Tungsten bulb

=

=

LED
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on the inside of a neon lamp’s glass envelope (along with varying gases inside) can turn the
usual orange glow into an assortment of other colors, green being the most common alternate
hue. No matter what the color, the schematic symbol for neon lamps is always the same, as seen
in the drawing. The letters “NE” often label a neon bulb in a schematic diagram, though more
specific information (the code for the bulb type) may appear alongside the bulb as well. If not,
such information will usually appear in the master parts list that accompanies all good
schematics.

FIGURE C-11

Speakers
Speakers in schematic symbol are shown in side-view, although the artwork is anything but
standardized. Usually speakers consist of a small rectangle (the magnet) and a funnel-shaped
trapezoid (the cone) whose dimensions vary with the artist’s whim. Often the symbol is lacking
all identifiers other than an ohm rating (commonly 8Ω, but lesser and greater ohmage will be
encountered). At other times “SPK” or “SPEAKER” will be used as a label. If a speaker diame-
ter is of importance, this information will more than likely be included in the master parts list.
Speakers are polarized components (although, unlike batteries and LEDs, they’ll still work if
wired in reverse, but they’ll be “out of phase” with other speakers in the system wired correctly).
Examine the speaker’s two soldering terminals and you’ll probably see polarity marks. Follow
this information and wire the speaker as the schematic indicates.

FIGURE C-12

Speaker

=
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=
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Microphones
Microphones come in two basic styles, schematic-wise. These two types are passive (nonpow-
ered) and powered (needing a voltage input to operate). Figure C-13 shows the schematic sym-
bol of a passive microphone. If the microphone requires a separate power supply to operate, a
third lead will be included in its schematic representation, and this lead will usually be labeled
with the power required to operate the microphone. (The power supplied to this microphone
may be drawn from a separate section of the circuit, or a separate power supply might be indi-
cated as the microphone’s power source.) The letters “MIC” usually label a microphone within
a schematic diagram. Any specific information further describing the microphone’s properties
or requirements will be found in the schematic diagram’s master parts list.

FIGURE C-13

Body-Contacts
I’ve seen very few schematic symbols for body-contacts over the years—none that I accurately
remember. In my own drawings I use a simple circle with connecting wire included. Next to
this circle I include the letters “BC.” The most standard body-contact in circuit-bending is the
“tapped ball,” a product available in the lamp departments of larger hardware stores. There are,
however, endless items available for use as body-contacts. If you create a schematic that
includes a body-contact, I suggest you follow the usual abbreviations seen in schematic dia-
grams (like “BC1”), the final number referring you to the master parts list where you can spec-
ify a tapped ball of a certain size, a drawer knob, a threaded spike, or whatever you’re using.

FIGURE C-14

Body-Contact

B.C.

(Threaded ball with eyelet and bolt)
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Toggle Switches
Shown is the schematic symbol for the toggle switches used for building the instruments in
this book’s projects pages. This is the simple “SPDT” (single pole double throw) switch. You’ll
see many variations on this switch symbol as you read various schematic diagrams. The arrows
will represent the moving segment of the switch. The dots or contacts to which the arrows
point represent the internal contacts that the switch opens or closes as it operates. The letters
“SW” label switches in schematic diagrams and refer you to the master parts list, where specific
descriptions of switch type will be noted.

FIGURE C-15

Normally Open Pushbutton Switch
A normally open pushbutton switch is shown in schematic diagrams as a very simple (and sen-
sible) side-view of its mechanical operation. Indicated are the plunger, the two inner contacts
bridged by the plunger’s conductor, and the conductor itself. The symbol always shows the
pushbutton at rest (with the two inner contacts normally open, or not connected to each
other). It takes but a little imagination to see the switch operating: If the plunger is depressed,
the conductor will be lowered onto the two inner contacts, and the circuit will be closed. As
with all switches, the letters “SW” will indicate their presence within a schematic diagram, fol-
lowed by a number leading you to a detailed description in the master parts list.

FIGURE C-16

Normally Open Pushbutton Switch
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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

Connected Not Connected

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
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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

Continued
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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

394 Index ■ S–T

43_588877 bindex.qxd  6/29/05  9:38 PM  Page 394



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

Continued
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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
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