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only be impossible but also kinda pointless.
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This book would never have come to exist without the enduring patience, kindness, 
charity, and friendship of hundreds of folks, from loving kin to affable store clerks to 
the many industrious makers who’ve tinkered in solitude and shared their findings 
online. Two standouts in this latter group are Steven L. Sachs (who, unbeknownst to 
him, taught me most of what I know about didgeridoos) and Tim Escobedo (much-
loved throughout the Internet for his simple and fun sound circuits).

More immediately, I’d like to thank everyone at No Starch Press for both 
their patience with my innumerable revisions and faith in this project—thanks 
that should be especially amplified for Bill Pollock (No Starch’s publisher), Tyler 
Ortman (my editor), and Riley Hoffman (both a dear friend and a fantastic composi-
tor and graphic designer). I similarly would like to thank my technical readers: Sara 
Swanson (along with her son, Oscar, and father, Doug Schneider, who tested most 
of the toys; her brother, Matt Schneider, who crafted the first PVC teepees I ever 
saw; and her husband Fritz, for pizza boxes, diddley bow feedback, and sharing his 
boyhood experience with NASA’s Finest Paper Airplane), Vince Russo, Tom Clark, 
and J.P. Sweeney (especially for his help with the Marshmallow Muzzleloader fir-
ing circuit and the Ticklebox schematic). More casual toy testing—as well as vital 
enthusiasm—was provided by my own son, Otto, and my nephews Jake and Griff.

Lots of folks provided little notes that had a big impact on specific projects: 
My brother-in-law Paul Spindler schooled me on the limitations of step-up trans-
formers; David Helder provided input on the Spring Reverb and the $10 Electric 
Guitar; and my own father, David Robert Nelson, had surprisingly helpful sugges-
tions on business in general and the specific design of the $10 Electric Guitar’s 
tuning machine. The $10 Electric Guitar likewise benefited from the luthiery opin-
ions and anecdotes of Adam Stein (
��	�����������������
����������). The flying 
toys in this book owe their existence to Ted Bailey and Hamil Ma. In the summer 
of 1996, Jason Michael drunkenly demonstrated his potato canon to me, doing fatal 
damage to a sober pumpkin. I was impressed. There’s no way of getting around the 
fact that I basically stole and miniaturized that design thirteen years later. Thank 
you, Jason. I also stole a propane torch from Dean Melmoth and deeply appreciate 
the fact that he has never pursued me on this matter. Finally, I’d like to thank Dale 
Dougherty of ���� magazine, whose enthusiasm for this book—and for making in 
Detroit—gave me a needed boost as I rounded the final bend.
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Electronic tinkerers and makers of all levels will benefit from a hand-
ful of books by Forrest M. Mims III. A great place to start is �������������������
�����������, which offers a solid foundation in basic electronic theory and skills, 
as well as scads of great, simple circuits. His books are often sold in RadioShack 
stores; they are sparse (mostly schematics with little further explanation), but 
the designs are robust, with lots of opportunities to adapt them to new and novel 
projects. Circuit benders (folks that make a hobby of torturing new, noise-musical 
sounds from old electronic toys) �����Mims’s designs and frequently hack them into 
their creations.

������������
������
The ���	���
�����������Blog lives at 
��	�������������������������������� and 
features videos, tutorials, Q&As, templates, and archived webpages of some 
resources that have recently become scarce online (such as Steven L. Sachs’s 
didgeridoo pages and circuit designs by T. Escobedo). The best way to contact 
me is through my website. If you drop me links to pictures and videos of what you 
make, I’ll add them to the online gallery.
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Generally speaking, we are born with all of 
the gear we’re ever going to have: Heart and 
lungs are fully formed; the maximum num-
ber of fingers and toes are in place; infant 
ovaries contain the total number of eggs that 
the female human will ever release, regard-
less of how many hundreds of years she 
might live. The brain, on the other hand, is 
a little trickier. Although we are born with 
the total number of neurons we’ll ever have 
(more or less), these are largely unwired 
at birth. It is the connections between neu-
rons (called ����	���) that are the gross 
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physiological feature responsible for juggling, remembering phone numbers, and 
signing a bill into law. During the first three years of life, the brain is furiously wir-
ing up these neurons; a toddler’s brain is roughly twice as active as an adult’s and 
twice as dense with synapses—toddlers have about one trillion. The brain vastly 
overwires in the first three years and then spends childhood and early adolescence 
thinning out the unneeded connections on a use-it-or-lose-it basis (a process that 
developmental researchers call 	�
����). From toddlerhood forward, a child is 
performing relentless, round-the-clock experiments to figure out which synaptic 
connections are important in her environment (�
�������
��������	�����
���������
��	�������������������������������������
��), reinforce those connections, and lose the 
ones that aren’t applicable. (This is why Hispanic toddlers can effortlessly trill their 
��s and Anglo-Midwestern college students can’t.) More than genetics, our environ-
ments form our brains, and they do it years before we ever pick an extracurricular 
activity or say “I wanna learn to play piano.”

In a strict evolutionary biology sense, the job of any toy is to exercise as many 
of these synapses as possible, so they don’t get lost. The following toys and projects 
are fun and encourage open-ended creative play, exploration, creative expression, 
curiosity, strategic planning, and impishness.
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������	 Measure and mark four 12" lengths and two 5 3/4" lengths on your board. These will 

be the four sides and two ends of your box, respectively. Cut the board, then sand 
the raw edges. Use a pencil to mark the four long pieces “bottom,” “top,” “front,” 
and “back.”

������	 Quickly mock up the box as in Figure 1-3, just to be sure you have a sense of how 
this is all going to come together. Note that the end pieces are oriented so that their 
cut edges are at the top and bottom, not left and right.

������	 Take apart your mock-up. Measure 6" along the edge of the “top” board. Use this as 
a guide to draw a line across the middle of the board, then saw it in half. These are 
your double doors.

������	 On your “front” board, measure 4" from one end, mark it, and saw it; this is the 
barn door.

�igƒre���� �� 
���������
	����
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������	 Now for the mouse door (shown on the far right of Figure 1-4). Take the “back” 
board and measure 3 1/2" in from each end and 4" up from the bottom. Use these 
as guides to draw your back door, and then cut it out using either a manual keyhole 
saw or an electric jigsaw. If you’re using a keyhole saw, you will probably have to 
drill a hole in one of the upper corners of your door in order to make the last cut 
across the top. Sand down the rough edges.

������	 If you’re going to stain or paint your box, do so now.

������	 Now it’s time to start building the box. Stand the two end pieces up on your work-
table, about a foot apart, with a cut edge down. Place the bottom (the piece that has 
no extra cuts) on top of the two ends, as shown in Figure 1-5 (you can also place 
the front and back in place, in order to help you center the end pieces). Pre-drilling 
guide holes, rather than driving the screw directly into the wood, will help prevent 
cracking. Guide holes should be a tad smaller than the actual screws: Find the bit 
that’s the same thickness as your 1 1/2" screws, and then use the next smaller bit. 
Drill a set of guide holes through the bottom of the box and into one end, and then 
drive 1 1/2" wood screws through the bottom and into the end piece. Repeat with 
the other end piece.

�����›	 Install the back board and the anchored side of the front board (see Figure 1-6 for 
the final result). For the back, drill two guide holes along each side edge and two 
along the bottom edge, then drive in the screws. For the anchored side of the front, 
screw the shorter length of the board to either the left or right end piece. Don’t for-
get to drill those guide holes first!

�igƒre��� �������������������
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������	 Now for the hinges and doors. The lid hinges are attached to the exposed outer 
edge of each of the double doors, then anchored to the face of each end piece; note 
that the pins of the lid hinges are on the outside of the box. The hinge for the front 
barn door is mounted on the door’s edge, then anchored to the outer face of the 
box’s end piece (this sounds confusing, but looks simple; let Figure 1-7 guide you). 
The mouse door hinge is mounted on the outside face of the box. (You may need to 
sand down or trim the mouse door a bit so it can swing freely.)

�������	 Install your locks, latches, and knobs. Use the 3/4" wood screws to secure your 
latches; the knobs should come with whatever mounting hardware they need.

�������	 (optional)�Fill the Lock-n-Latch Treasure Chest with some toddler treasures, like 
orange juice can lids.

�igƒre�����������������������������������	��������������������
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Be aware that a board isn’t necessarily flat or straight; crooked boards are fine 
for many construction jobs, and there are many opportunities for a board to warp 
between the lumber mill and the checkout line. Before buying a board, look down 
its length, and be sure that the board runs straight without bowing (curving up from 
end to end, like an archery bow), cupping (curving along its length, so that it forms 
a gutter instead of a flat board), twisting, or warping. Also look out for cracks or 
loose knots; knots smaller than a quarter are usually ���
�, which means they are 
well-integrated with the surrounding wood and will stay put. Larger knots, espe-
cially those surrounded by a dark ring, often fall out as the wood ages—hence the 
term ����������.

Savvy readers are probably wondering why the Lock-n-Latch Treasure Chest’s 
end pieces are cut to 5 3/4", instead of 6". After all, the height of the box is the same 
as the width of the board (nominally 8"). Subtract 1" of thickness for each of the top 
and bottom boards (since they are cut from a 1"×8" board), and it should call for a 6" 
tall end piece. But as it turns out, a 1"×8" board is actually more like a 3/4" by 7 1/4" 
board. There’s a variety of reasons for this: When the boards are initially milled, 
some of the lumber is eaten up by the thickness of the blade (called the ����  ), so 
both the width and height of the boards end up about 1/16" to 1/8" smaller than 
expected. Then the boards are smoothed with a plane and kiln dried, processes 
that further reduce the finished dimensions. Since lumber dimensions were much 
more variable in the past, building techniques and codes tolerate wild variation. As 
mills became more precise, it became possible to deliver sturdy, high-quality lum-
ber with less waste. Lumbermen realized that they could actually make each board 
a little smaller from the start with no ill effects; saving 1/8" per board doesn’t amount 
to much more than a fraction of a cent, but over the course of a few million board feet 
of lumber the interest compounds. In the end, it’s all about the Benjamins, baby.
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Any old wood saw you have lying around is almost certainly a ������
������ These 
are designed to cut across the grain of a piece of wood, slicing on the forward 
stroke, when you are pushing. Since they need to stay rigid under pressure, cross-
cut saws must have fairly thick blades (i.e., a wider kerf). This often also means 
having larger teeth, which tend to tear up the wood, resulting in ragged edges and 
lots of splinters. Since a���	������	
������ cuts on the back stroke, it’s under tension 
rather than compression. Thus, the blade can be significantly thinner (i.e., it has a 
narrower kerf) and the teeth finer, resulting in a very neat cut. As an added benefit, 
that flexible blade can cut very close to walls and floors when installing wood trim. 
While Japanese pull saws come in lots of styles and sizes, the one you’re most likely 
to find in the States is a ����� (shown at the top of Figure 1-8), which has a double-
sided blade. One edge has fine, alternating teeth and is used for cutting across the 
grain, while the other has large, jagged teeth and is used for ��		����(cutting with 
the grain of the wood).
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FYI, the thin blade of the pull saw can be tapped and waggled to make a 
neat wacky-musical-saw warble—keep this in mind when you start building your 
electro-skiffle band in Part II.

�igƒre���› �����������������������
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������	 Consider the cigar box and decide how to best orient your switches. Although you 

could use plain old light switches for this project—they’re cheap, and very easy to 
scrounge—it is much easier to drill a hole than to cut a slot. The switches listed in 
the supplies are reasonably priced—around $5.50 for all three—include nifty metal 
ON/OFF labels, make a satisfying clack, and have easy-to-install 1/2" round shafts. 
If you decide to go with wall switches, you can use the inner rectangle of an old 
switch cover plate as a stencil, then cut your slots using a keyhole saw or jigsaw.

������	 Drill holes for the switches; you’ll want to leave a little space around each switch (so 
you have room to run the wires later) and be sure that the box will still close nicely 
once your switch is installed. Cigar boxes are made of thin, cheap, fine-grained 
wood and shouldn’t splinter too badly if you run the drill fast and put a little weight 
behind it.

������	 Temporarily mount the switches and use them as a reference as you choose posi-
tions for the LEDs. A 3/16" hole, which is what you see perforating the box’s lid in 
Figure 2-3, will hold a standard LED quite snugly. Drill one extra hole so that the 
buzzer won’t be terribly muffled.

�igƒre���� �� 
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������	 You’ll ultimately want to prevent unauthorized toddler access to the interior; the pair 
of brass screws will accomplish this. Cut two 3/4" blocks and glue them to the inside 
front corners of the box (see Figure 2-4 for orientation). Let the glue fully set (usu-
ally overnight), then close the box and drill guide holes a touch slimmer than the 
body of your screws (you’ll probably end up using a 7/64" or 1/8" bit).

������	 While you’re waiting for the glue to dry, solder together the LED arrays illustrated 
in Figure 2-5. The triangle with two arrows shooting out of it represents a light-
emitting diode (LED), and the jagged line a resistor (there’s a component symbol 
cheat sheet in the appendix). LEDs have two characteristics, apart from emitting 
light: They only allow current to pass through them in one direction (i.e., they have 
	�������), and they only do so if the current exceeds some minimum voltage, called 
the ���������������. For most orange or red LEDs, the forward voltage is around 
2 volts, hence the two AA batteries (totaling around 3 volts) powering this project.

�igƒre��� ��� 
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As a rule, never attach a battery directly to an LED. The LED will quickly 
become overwhelmed, often getting hot enough to burn you before snuffing out 
with an audible pop. In this design, a 47 ohm resistor limits the current going into 
the LED. (There’s some nifty math behind this; see “Voltage, Current, and Resis-
tance” on page 22 if you want to try using different colored LEDs or a different bat-
tery.) Figure 2-6 is a photo of the three light circuits. To make the first circuit, just 
solder a 47 ohm 
resistor to the 
positive leg of 
one of the LEDs 
(the positive leg 
is usually longer; 
the negative leg 
is always marked 
by a flattened or 
notched edge on 
the LED’s lens). 
On schematics, 
the negative 
leg of the LED 
always coincides 
with the black 
line on the LED 
symbol.
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The second circuit adds a second LED connected in 	������� with the first 
(by contrast, the resistor in the first schematic is in ������ with its LED). Construct 
the second circuit, using black wire to connect the negative legs and red for the 
positive (color-coding is optional but makes it easier to keep your wires uncrossed 
later).

The third circuit adds one more LED in parallel. Make two of these arrays. 
If the LEDs were connected in series, then the forward voltage would add up 

and be around 4 volts after just two LEDs, exceeding the power our little pair of 
AAs could furnish. By wiring them in parallel, you can keep the voltage lower and 
buffer each array with a single resistor.

������	 Wire up the switches. The schematic in Figure 2-7 shows how the switches are 
inserted into the circuits and the arrays wired together. You’ll want to run relatively 
long wires—probably 5" or 6", depending on the dimensions of your cigar box—to 
and from the switches and battery pack to give you plenty of room to work when you 
install the wiring in the box in Step 7.

Your switches may have screw terminals, like the middle two switches in 
Figure 2-8, or may have solder lugs (flat tabs that you solder the wires to, like the 
other two switches); all work fine for the Switchbox. The three-switch pack from 
RadioShack comes with two SPST switches and one DPDT switch; just wire the 
DPDT up as though it were SPST, using one central and one end terminal along the 
same edge.

�
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A few notes: The switches always break the positive lead, which means that 
they should have red wires connected to both terminals; one terminal is connected 
to the red lead from an LED array, and the other terminal connected to the red lead 
from the battery pack. All of the black wires get connected and go to the negative 
terminal of the battery pack, which is represented on the schematic by the triangle 
composed of three parallel lines (on the far right of the circuit diagram). This sym-
bol technically means ���
��� for all of the projects in this book, that’s synonymous 
with the negative terminal on the power pack. The piezo buzzer, much like an LED, 
is polarized; its black (i.e., negative) lead connects to the black wire on the battery 
pack, and its positive lead (the red one) goes to one of the doorbell switch’s two 
terminals. The other doorbell switch terminal is connected to the red wire from the 
battery pack. (Despite what’s implied by Figure 2-9, you’ll probably have to mount 
the doorbell switch in the top of the box before hooking it up.)

�����������������
This design calls for �������	������������
�������� ��toggle switches, which are 

the kind you are most familiar with: A single circuit is completed by a single 

throw of the switch (a standard bedroom light switch is an SPST switch). Other 

common toggle-switch configurations are:

1.	 �������	�����
����
�������� �—flick the switch one way to complete, or 

�����, one circuit, and the other way to turn off, or �	��, the first circuit 

and complete a different circuit

2.	 �
���	������������
�������� �—throw the switch to close two separate 

circuits simultaneously

3.	 �
���	�����
����
�������� �—throw it one way to turn on two circuits 

and the other way to turn off the first two and turn on two more circuits

Figure 2-8 shows all four common varieties of toggle switch.

�igƒre���› ������������������
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The schematic (Figure 2-7) is orderly and clear; contrast that to the tangle of 
wires and switches pictured in Figure 2-9. This is why the good Lord saw fit to cre-
ate the circuit diagram (on the fifth day, after marine mammals but before birds). 
God bless the circuit diagram.

������	 Mount everything in the box as in Figure 2-10. The LEDs will probably be held 
snugly enough by the holes, but you can always smear their edges with a little CA 
(cyanoacrylate adhesive) before inserting them. Since you don’t want clever little 
hands uninstalling the switches (and possibly eating a nut in the process), smear 
a little CA on the threads of each switch’s collar, then tighten the nut down firmly. 
Clean your hands and tools, and let the glue set overnight; no one will be removing 
these nuts without tools and good manual dexterity. Glue the buzzer to the inside of 
the box. Securing the battery pack using Velcro, rather than glue, will make it con-
siderably easier to change the batteries in the future.

�����›	 Tuck in the wires, close up the box, and drive the brass screws home, sealing the 
Switchbox shut.
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������	 Lay your sock out flat and measure the width of the top (the sock’s opening). You 

are going to snip all of the sock above the ankle into strips, which will ultimately 
become our squid’s arms and tentacles. As Figure 3-3 illustrates, you’ll want each of 
the arms to be roughly half the width 
of the two big tentacles. If your sock is 
around 3 1/2" wide (which isn’t unusual), 
you’ll want each arm to be about 1/2" 
wide and the tentacles a bit over 1" wide 
(wider tentacles will be easier to work 
with). To generalize this: In terms of 
squid appendages, the top of your sock 
is 6� inches across, where each arm is 
� inches wide, and the tentacles are 2� 
inches wide. If you do the math for this 
hypothetical sock, you’ll find that the 
arms should be 0.58" wide each. This is 
a terrible number; round the arms down 
and the tentacles up, and be happier for it.
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������	 Picture an imaginary line across the ankle of the sock, and snip each squid append-
age up to that point. Cut through both sides of the sock simultaneously (thus saving 
time and keeping the squid symmetrical), then cut up the folded sides (the arms at 
either edge in Figure 3-3), freeing the squid’s end arms, as illustrated in Figure 3-4.

������	 Fold one tentacle (one of the two double-wide appendages) in half, with the 
inside out, and trim the tip to a point (hacking off the corner at 45 degrees is good 
enough). Starting about 1" from the tentacle’s base (i.e., the point where it joins the 
sock), use matching thread to sew the tentacle edges together using a whipstitch 
(shown in Figure 3-5, this is a looping overhand stitch that passes over the edge of 
the seam, so that each stitch enters the same side of the cloth; the path of the thread 
describes a helix). Repeat on the other tentacle.

������	 Carefully turn your tentacles right side out. This is much easier if you use a pair of 
needle-nose pliers. Starting where the tentacle meets the body, slide the tip of the 
pliers into the inside-out tentacle, open them gently to stretch out the tentacle, clamp 
a little bit of fabric about 1" down, and slowly pull it through. Repeat until the whole 
tentacle is right side out. Then give the tentacle a few stretches and sew up the 
inch of seam you left open at the base of the tentacle. Repeat on the other hunting 
tentacle.
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������	 To give each tentacle its characteristic broad, spade-shaped tip, hold the tip of the 
tentacle with its seam toward you and running down the center (like the main vein 
on a leaf). Flatten the tip with your fingers, and then whipstitch around the edge 
using matching thread. To finish the tip, pinch the whipstitched edges together 
about 1" below the tip, and use a few stitches to dart the sides together, forming a 
skinny “wrist” (as in Figure 3-6).
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������	 Now for the eight arms. Trim 3" or 4" from each arm, rounding the tips. We’re going 
to use the tapestry needle to finish the edges of the arms with the contrasting 
embroidery floss. Embroidery floss�is colorful, shiny yarn composed of six cotton 
threads. For most embroidery projects you only use a few strands of floss at a time. 
Since we want a thick line to both decorate and reinforce the arms, we’ll use all 
six strands together. This will be easier if you use a tapestry needle instead of an 
embroidery needle, as the former is fatter, blunter, and has a nice big eye.

������	 Finish the rough edges of the 
squid’s arms with a ��������
�����
.1 Pick up your sock and 
hold it so the appendages 
dangle down. Start at the base 
of one arm, with the inside (the 
ugly side) of the sock facing 
away from you. Thread your 
tapestry needle (as shown 
in Figure 3-7), tie a big knot 
in your embroidery floss, 
and then bring the needle up 
through the fabric, setting the 
knot on the inside of the sock. 
To execute your first blanket 
stitch, bring your threaded 
tapestry needle up through 
the fabric from the ugly side 
again and pull all of the slack 
through. Then thread your 
needle back under the stitch 
you just made, looping in from 
behind as shown in Figure 3-8. 
Take out all of the slack, and 
bring your next stitch up from 
the ugly side. Repeat, sewing 
down the arm, then flip the squid over when you get to the tip and continue down 
toward the arm’s base. Keep going onto the next arm until you are out of floss. As 
you get the hang of it, you’ll find that you can work quickly by starting the next stitch 
in the same motion that finishes the previous. (If the blanket stitch is stressing you 
out, you can always just whipstitch the edges; it will hold up but will tend to curl the 
arms along their length and won’t look as tidy.)

�����›	 Add fins to the mantle (see Figure 3-9 for a close-up). Lay your sock down right 
side out, with the toe flattened, and imagine two lines giving the toe a triangular tip. 
Use your sewing needle and matching thread to sew a running stitch along these 

1. A �������������
 is a fancified version of a whipstitch, usually used to finish the edge of a woven blanket so 
that it doesn’t unravel.
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imaginary lines (the running stitch is a classic, simple stitch; see Figure 4-9 on 
page 43 for an example).

������	 Stuff the squid’s mantle. You can buy brand-new fiberfill for this at any fabric store 
(it’s pretty cheap; three dollars’ worth will fill dozens of sock animals), pull a little 
out of a throw pillow, use some rags, or use the other sock of the pair, which you 
won’t be needing for anything else (unless you plan on making a Sock Cthulhu; see 
“Sock Cthulhu” on the next page). Once your squid is appropriately plump, press 
the mantle flat at the base of the appendages, so that the hunting tentacles are on the 
left and right. Pinch the fabric at the sock’s heel, and fold it so that the two tentacles 
come together behind the mantle. Now use your matching thread to sew a running 
stitch through all four layers of sock along the base of the tentacles as shown in 
Figure 3-10.

�������	 Add eyes. You can either sew on a pair of buttons or use more embroidery floss to 
craft whatever eyes you deem fit. Slightly mismatched eyes are slightly creepier.

�igƒre����� ����������
	��
������������������������������
�����
�����������������������
��������
�����������������������
������



� ��� 
��� 
›���� �� ��

�����
������
If you are the kind of person who wants to sew a Sock Squid, you are almost cer-
tainly the kind of person who’d want a Sock Cthulhu. To make a Sock Cthulhu, 
start by making a Sock Squid (which only calls for one sock), but cut the arms sig-
nificantly shorter (trim at least 5" or 6" off of each, instead of 3"), and stop before 
sewing up the mantle. Set this aside—it will be the Sleepless Dreamer’s head. For 
the body, sew a classic sock monkey body (Figure 3-11) from the other sock in the 
pair: Turn the sock inside out, flatten it on the table with the heel up, and make a cut 
going down the ankle to within roughly 2" of the heel. These are the Sock Cthulhu’s 
legs. (You may also want to round off the ends of the legs, as I have done in Fig-
ure 3-11, but this is far from mandatory.)

Starting about 2" from the crotch, whipstitch down each leg, closing it off. Turn 
the body right side out, stuff it, and sew up the crotch. Sew the head to the body, 
tack down the tentacles to make arms, add eyes, and then a pair of felt wings (you 
can stiffen these with bits of coat hanger along the top, although the perky wings 
of the Sock Cthulhu shown in Figure 3-12 needed no such extra support). �
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������	 Lay out the long, rectangular canvas tarp on the floor horizontally, fold it in half 

once crosswise, and then again (also crosswise), so that it is a rough square with 
four layers of fabric. Your 4' by 15' tarp is actually a bit smaller than that (the finished 
size—the actual size of the tarp once it’s been hemmed at the factory—is usually 
closer to 3 3/4' by 14 3/4'), so this square is roughly 44" tall by 47" wide. Now fold it 
once lengthwise, along the vertical axis, resulting in a packet of cloth that has eight 
layers and is 44" tall by 23 1/2" wide).

������	 Starting at the folded edge, measure 5" along the top of your folded canvas and 
mark this point. Draw a line from your mark to the opposite lower corner (the lon-
gest possible line that can be drawn from this point—see Figure 4-3).
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������	 Set the clothes iron to its “cotton” setting (usually the highest temperature). While 
the iron is warming up, find the mightiest scissors you can muster, and cut along the 
line from Step 2. This will probably be a royal pain in the ass; work slowly, and give 
your thumb a periodic break.

������	 If you were to completely unfold the tarp right now, you’d have a set of simplistic 
canvas paper dolls. Do not do this! Unfold the final lengthwise fold of the tarp so 
that you have a trapezoid, slip the scissors into the creases at the top and bottom 
of your trapezoid, and trim the connecting edges. The result will be four identical 
trapezoids and a whole lotta scrap, as in Figure 4-4; save the scrap.

������	 Prepare each trapezoid to be hemmed. Assign an outside (front) and inside (back) 
to each trapezoidal wall. Lay out one wall, front down, fold in roughly 1/2" along the 
top edge of the trapezoid, and press it with the hot iron, making a nice sharp crease 
(see Figure 4-5; if your iron doesn’t have steam, then spritz the cloth with water 
before ironing). Repeat this on the bottom and then along each angled side (which 
will be a little trickier). Do this for each trapezoid. Leave the iron on the same set-
ting, since you’ll be ironing again in a few minutes.
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������	 Pick one trapezoid to be the door wall (Figure 4-6). Find the center of the top edge 
of the trapezoid, measure roughly 9" down, make a mark for your endpoint, and 
then cut up from the bottom of this piece (the crease from Step 1 makes a handy 
guide).

������	 Time to return to the scrap pile. You are going to need the following pieces: two 
long rectangles that are 36" by 4" (you can probably find a 4" strip that’s 72" long; 
use it, as it will save you some time in Step 8), four rectangles that are 4" by 8", and 
one rectangle that’s 4" by 4" (this piece will reinforce the top of the door flap cut and 
can be replaced with a cool patch or other decorative flourish).

�����›	 Start with your long strip, which will be the edging for the door flaps. If you found 
a 72" long piece, then fold it in half so you have a 36" long piece that’s double thick, 
and press the crease. Fold this long strip once along its length (i.e., make it into a 
36" long, 2" wide strip that has a central crease and four layers) and press it again. 
Unfold it, bring both edges in to the center line as shown in Figure 4-7, press the 
long edge creases, then fold it closed again and freshen up the edge and central 
creases.

������	 Unfold, slide your scissors into the short crosswise crease, and free the two 36" 
strips from each other. Refold each and give them one more press for good mea-
sure. Set them aside carefully to preserve the creases and avoid crumpling.
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�������	 The four 4" by 8" rectangles will be the pockets that hold the feet of your four teepee 
poles. For each of your 4" by 8" rectangles: Fold in 1/2" on each side, press, then fold 
it in half (so that you have a roughly 4" by 4" square with two layers) and press the 
crease (the result is shown unfolded on the left side of Figure 4-8). If you’re going 
to use a plain piece of 4" by 4" canvas to reinforce the top of the door flap, then fold 
in 1/2" along each of its edges and press them now. Set these all aside.

�������	 Time to sew! Start by sewing the top and bottom hems for each trapezoid. You can 
do this by hand using a running stitch (see Figure 4-9; the running stitch is the most 
basic stitch, the one a classic TV bachelor thinks of when you say “sewing”) or save 
time by running them through a sewing machine.

�������	 Add the edging to the door flaps: Lay the door wall out flat, and slip the long edging 
strip over the edge, pinning it down in several places along its length. Sew the edg-
ing in place, leaving roughly 3/4" between your stitch line and the opening edge 
of the flap. As you sew, slip the magnets in against the crease of the edging (see 
Figure 4-10; you want one magnet near the middle of the door and one at the bot-
tom)—you’ll do likewise with your magnetic bolts on the other flap. You can secure 
them for the time being with a little tape or fabric adhesive.
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�������	 The edging will be 1" or so lon-
ger than the door opening. Fold 
the excess up under the door, 
and stitch it to the inside of the 
flap. Some sewing machines 
can power through this many 
layers of canvas, but it might be 
easier to hand stitch. Finally, go 
back and add a line of stitching 
above and below each magnet 
or bolt, thus trapping it in a little 
pocket.

�������	 To finish the door, sew the 4" 
by 4" door flap reinforcement 
square (or awesome and cultur-
ally appropriate patch) over the 
top of the door flap cut, as in Fig-
ure 4-11; this covers the messy 
ends of the edging and keeps 
the cut from running.
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�������	 Now you’re ready to construct the teepee body. Take two of the walls, lay them flat, 
place them front to front, and run a line of stitches down the left angled edge. Now 
take the other two walls and do likewise, this time running stitches down the right 
angled edge (resulting in the two sets of canvas batwings shown in Figure 4-12). 
Make sure that you are sewing them with the insides facing out!

�������	 Take your two halves, open them up, place the pretty front of one half to the pretty 
front of the other, and stitch up your last two sides. You now have an inside-out tee-
pee. Leave it that way for the final bit of sewing.

�������	 Install the pole pockets. Center a folded pocket over the foot of one long seam, 
as close to the bottom as possible with its bottom toward the corner. Sew it down, 
leaving the top of the pocket open as shown in Figure 4-13. Repeat on the other 
three corners, then turn the teepee’s canvas body right side out, and set it aside.
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������›	 Take each length of PVC, measure 3" from one end, and drill a 1/4" hole all the 
way through. Knot the end of your cord, and string the four poles on it loosely, like 
femurs on Kali’s necklace. Leave some slack (as shown in Figure 4-14), and knot the 
other end.

�������	 To pitch the teepee, slide the poles in through the “smoke hole” at the top of the 
canvas body, lining it up so that the pole cord follows an invisible line connect-
ing the middle of the door wall and the middle of the back wall. Divide them into 
a pair of front poles and a pair of back poles. Flip the tent, then slip the front two 
poles into the front two pole pockets and the rear two into the rear two pockets. 
The teepee will now look a bit like a closed umbrella. Flip it back, set the feet of the 
poles against the ground, and slide them apart, so that each pair of poles makes an 
inverted V. Interlock the vertices of the two inverted Vs, as shown in Figure 4-15. 
Adjust as needed (you may want to add or take up slack in the cord). Now is a good 
time to snip any unsightly stray threads, before the local band of Lunar Lakota take 
possession of their new home.
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The tarp used in this project is a touch pricey (around $15); if that’s a problem, 
feel free to replace it with several cotton sheets (which you can usually get at the 
Salvation Army for a buck or two per). The sheets will be easier to cut and sew 
but won’t hold up to the weather or block out light as well as the canvas; 3/8 of the 
coolness factor of any play tent is the degree to which it is dark and cozy, like a little 
animal’s den.
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necessary. Using this technique, hundreds of copies of a single design can be more 
or less perfectly reproduced in about an hour.

Beginner screen printing kits are a little pricey and are not necessary to get 
a feel for the method. There’s nothing magical about the “silk” mesh used on com-
mercial screens, apart from being very fine and sturdy. Any mesh will do. Nylon 
tulle (used to make veils, wedding centerpieces, etc.) is cheap (a few bucks a yard), 
sold at any craft or fabric store, and works fine. Your prints will end up a little lo-fi 
(sort of blocky, à la Super Mario), so you might prefer a finer mesh; fabric stores 
have bolts of mesh backing materials used in dressmaking, such as organdy or 
organza. Avoid anything with much stretch to it, like old nylon stockings, as these 
will distort easily as you work the screen. I made my first screens from fabric 
scrounged from grimy old negligees a friend found while cleaning out her dearly 
departed granny’s house. Worked like a charm.

The screen frame is, likewise, nothing special. We’ll use an embroidery hoop 
in this project, since they are essentially free at many garage sales and cost less 
than $1.50 brand new. Old picture frames or the frames from recessed metal light 
fixtures also work well, or you can build frames from scrap wood.

Most commercial screen fillers can be washed out with solvent, and the 
screens reused with new designs. Our screen filler can’t be washed out—meaning 
that you can only use each screen for a single design—but it should weather repeated 
gentle washes, making limited mass production possible; it’s perfect for adding a 
repeating motif to your PVC Teepee (see Project 4).
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������	 Lay out a single layer of mesh and, using your frame as a guide, cut out a square 

piece, allowing roughly 2" of extra material on each side.

������	 Mount the fabric in the hoop, as in Figure 5-3. Try to get it as taut as possible, and 
tighten the hoop as much as you can. Henceforward, the ���� of the screen is the 
surface that is flush with the hoop’s edge (and thus later, when you are ready to 
print, can be placed directly in contact with a T-shirt or piece of paper).

������	 Prepare the image you are going to use for your prints; the Internet is replete with 
black-and-white clip art just waiting for you to resize and print it. Lay your screen 
face down over the image, so that the mesh is in direct contact with the picture. Use 
your Sharpie to trace the image to the screen.

������	 Flip your screen over, face up, and place it on some scrap paper. Squirt a little 
puddle of glue onto an old dish (or another piece of scrap paper), and use your 
small paintbrush to dab glue onto the non-image portion of your screen, filling the 
areas where you do not want ink to be able to pass through. Working over a piece 
of white paper will make it easier to see your tracing and ultimately reduce insan-
ity. Work slowly; you are basically stretching a thin glue membrane—your screen 
filler—across each square of the mesh. Use glue sparingly to minimize sagging 

�igƒre���� �����������������������




� ����� ���� 
����� 
�������� |� ��

and drips. Periodically re-tighten the screen as you work around the image; this 
will probably open tiny single holes in your filler. Holes will also naturally form as 
the glue dries and contracts. Check your work often and patch these holes as they 
crop up. Once you’ve filled in the finer details around the edge of the design (as in 
Figure 5-4), you can mask off large portions of the screen using tape applied to the 
face of the screen.

������	 Tighten the screen once more, touch up any holes, and leave it to dry overnight, 
face up. When the screen is dry, use tape to seal the edges where the screen meets 
the wood frame (this prevents leaks).

������	 Now you can pull a test print (the process is illustrated in Figure 5-5). Place the 
screen facedown on a clean sheet of paper. Spoon a little dab of ink onto one of the 
glue-filled portions of the screen, and then use your old ID card as a squeegee to 
drag the ink across the open portion of the screen in a single smooth stroke. Feel 
free to make several passes at varied angles in order to flood the image with ink. 
When you’re done, carefully lift the screen away, and set your print aside to dry. 

������	 When you are through printing, carefully clean your screen in tepid water. With a 
relatively large-gauge mesh (like tulle), some ink will stick in the image; a wipe 
down with a damp paper towel will probably clean it up. Otherwise, a quick rinse 
should do it. Hang the screen up to dry, since some fillers (like Elmer’s) will get a 
little tacky during the rinsing and might want to stick to the table.
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������	 Use this same bit to drill a centered hole halfway through each end piece, 3/4" 
from the bottom (Figure 6-4).
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������	 Measure the width of your cigar box, subtract 1/2", and cut that length of wire from 
your coat hanger. Small-gauge bolt cutters will slice right through a hanger, as 
will most tin snips. Wire cutters probably won’t, but you can use them to score the 
hanger, and then bend the wire back and forth until it snaps. If the ends of the wire 
have been mangled in the process, straighten them with pliers.

������	 We’re going to use the pennies as spacers, so that the scoring tiles can be eas-
ily flipped independently of each other. (There are no washers that cost one cent 
each.) Although you could use a hammer and awl to pound holes through the pen-
nies, after a dozen or so this will dull your awl enough that it will want to split the 
pennies rather than pierce them. Also, you’ll probably wreck your table doing this. 
Instead, working on top of a piece of scrap wood, drill a hole through the center 
of each penny. Drill with the tails side up; the bit will more easily bite into the bas-
relief columns of the Lincoln Memorial than Abe’s neck. Hold the penny down with 
pliers or a clamp, since the high-speed bit will just as happily chew into your finger-
tip as legal tender. Run the drill at full speed and put your weight behind it; the bit 
should pop right through.  

������	 Sand down any rough edges, then number your scoring tiles one through nine. 
Although you can do this numbering with a Sharpie or poster paint, most will pre-
fer the pirate-y wood-burned look shown in Figure 6-5. This uses tally marks to 
show the numbers and is accomplished with the clean chisel tip of a normal solder-
ing iron. (For more detail on using a soldering iron for wood burning, check out 
Project 8, Small-Board Go/Tafl.)
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������	 Although optional, lining the bottom of the box will both add class and drasti-
cally cut down on annoying dice clatter. Craft stores sell 8 1/2"×11" sheets of self-
adhesive felt that can be cut to size. An even cheaper option is to head to the fabric 
store. You’ll need a piece of fabric no bigger than about 7" square, so ask about the 
remnant bin and scraps. The fabric will likely be less than a dollar (or even free). 
If you go the fabric-store route, glue the fabric into the box with either spray adhe-
sive or a thin schmeer of a white glue (e.g., Elmer’s Glue). Don’t use Gorilla Glue (it 
foams as it cures) or a CA like Krazy Glue (which has an exothermic reaction with 
cotton and wool fibers! Fire!).

�����›	 Assemble the scoring tiles. First, line up all of the numbers in order (you’ll kick 
yourself if you get them all strung on the wire and then realize you’ve swapped 3 
and 8). Starting with tile 1, slide each scoring tile onto the wire, then a penny, then 
the next scoring tile, and so on, as shown in Figure 6-6. Finally, place a penny on 
each end, and add the end pieces.

������	 The scoring tile assembly needs about a 1/2" of clearance from the back of the box. 
Measure and mark 1/2" from the back of the box on each side. The back edge of 
each end pieces will line up with these marks, as shown in Figure 6-7.

�������	 Carefully slide the scoring tile assembly into the box, checking to confirm that 
everything fits nicely. You may need to drill the holes into the end pieces a touch 
deeper, but be careful not to go through, as that will make final assembly a more 
challenging juggling act. 

�igƒre��������
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�������	 Slide your scoring tile assembly forward and smear a little Gorilla Glue where the 
end pieces will anchor to the right and left sides. The best way to control the glue is 
to squirt a dollop onto a piece of scrap cardboard and use a toothpick to apply it to 
the surfaces. Be careful with Gorilla Glue! It’s bad for your skin and ruins clothes. 
Consider wearing rubber gloves. Once you’ve applied the glue, slide the end pieces 
back into position, wipe up any excess glue (as the Gorilla Glue cures, it expands 
by about 300 percent; a hard-to-spot stray gob will blossom into an ugly mess), and 
then clamp the end pieces in place using big binder clips or clamps. Let the glue 
cure for 24 hours.

���������
There are many variations of Shut-the-Box, both in terms of equipment and rules. 
Boxes can have any configuration, and sets with up to a dozen tiles are not unusual. 
You could also quickly gin up a set from some playing cards and dice, if you had a 
hankering to play but no box. Play begins with all the numbers visible, and the goal 
is to be the last player to accrue 45 penalty points.
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electromagnetism to ���	�
	 a low voltage to a higher voltage. In this case we’ll be 
slightly abusing a RadioShack audio output transformer, which is actually a ���	�
����������������, wiring it backward so it works as a step-up transformer.

The rule to remember is this: Whenever you have an electrical current 
flowing through a wire, it creates a magnetic field, and whenever you have a mag-
netic field moving past a wire, it will induce an electrical current to flow through 
that wire. 

A transformer is composed of a square iron donut with two opposing sides 
wrapped in coils of thin enameled wire (thus, each side can function as an electro
magnet). Our step-up transformer has a few wraps of wire on its primary side (the 
side we’re applying current to), and many more windings on its secondary side 
(the side that we’re using to shock folks). When a current pulses through the pri-
mary coil, it creates a magnetic field in the iron donut, which in turn induces a cur-
rent in the secondary coil. Since the secondary coil has more loops (and is thus a 
longer wire), a larger voltage is induced on the secondary side. Handily, the ratio 
of wrappings between the secondary and primary coils determines the factor by 
which that voltage is multiplied. Since our RadioShack transformer has 11 times as 
many coils on the secondary side (when we wire it our way, which is backward to 
what it was designed for), the voltage on the secondary side is 11 times higher. So, 
when we pulse 9 volts through the primary coil, the secondary will produce a brisk 
99 volts, give or take. (Compare this to the static shock you get while pulling off a 
sweater, which can be several thousand volts.) But you can’t get something for noth-
ing: When a transformer steps up voltage, it steps down current by the same factor. 
So, in this case, the final shock is 100 volts but a very safe handful of milliAmps. 
Contrast this to a fat wintertime doorknob static spark, which might be 7,000 volts, 
but just a few microAmps. On the other end of the spectrum, a paramedic’s defibril-
lator paddles can zap you with a few hundred volts at several dozen amps—which 
is several thousand times the current delivered by the Ticklebox. (For a more com-
plete discussion of voltage, current, and personal safety, flip ahead to the appendix 
or back to “Voltage, Current, and Resistance” on page 22.)
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�����������
Start by examining the schematic in Figure 7-3. If the heart of the Ticklebox is the 
step-up transformer, then the brain is the �����, represented by the dashed box 
containing squares and little pennants. This is an electromagnetically controlled 
switch: When you power up the coil, it creates an electromagnetic field that pulls 
the switch closed, thus completing a circuit and turning your gadget on. When the 
coil loses power, the magnetic field dissipates, the switch opens, and the gadget 
turns off. Like other switches, relays come in SPST, DPDT, and other varieties (for a 
full discussion of different kinds of switches, see “Types of Switches” on page 20).
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Even though it will lead to a little re-soldering, we’re going to build the three 
circuits one at a time, for clarity’s sake. If the diagram is suitably clear to you, feel 
free to just put the circuit together as you see fit. Otherwise, use the following steps.

������	 Before you start soldering, you’ll need to determine which terminals are which on 
your relay. Often they are labeled, either on the relay itself or its packaging (�� 
stands for normally closed, and �� for normally open). If not, snap the 9-volt bat-
tery into its clip, and briefly connect the red and black wires to sets of terminals 
on the relay. When you find a pair that produce a snappy clack when the voltage is 

��������������������������
This design calls for a SPDT relay, which has five terminals. Two go to the coil: 

passing current through them activates the switch. One of the remaining legs 

is the ���������������, and the other two are the ����������	�� and ���������
������ terminals. When current is sent through the coil, the switch is activated 

and the normally open terminal is connected to the common terminal, complet-

ing that circuit. When current is removed from the coil, the relay clicks back 

to its default state, which is to have the normally closed terminal completing a 

circuit with the common terminal.

Look at the schematic again and you’ll see that the Ticklebox comprises 

three circuits. One loops from the battery’s positive terminal to the tilt switch, 

connects to the relay’s coil, and returns to the battery’s ground (negative) 

terminal. Think of this as the �����������	. The second circuit connects the 

normally open terminal of the relay switch to the battery’s positive terminal, 

thus making it possible to connect the battery to the capacitor wired to the 

common terminal. This is the �
�����������
��. The third circuit connects the 

normal closed terminal of the relay’s switch to the backward audio output 

transformer, then to a capacitor wired to the common terminal of the relay’s 

switch. This is the ����
��������	 (although it might be more honest to call it 

the �
���������	).

The tilt switch contains a little conductive ball (these used to be made 

with a drop of mercury, but now are usually a tiny ball bearing). When some-

one picks up the Ticklebox, that ball slides to one end, connects two leads, and 

completes the circuit for the coil. This generates an electromagnetic field, which 

closes the switch, connecting the common terminal to the normally open ter-

minal, which connects the battery to the capacitor, charging the capacitor in 

a matter of milliseconds. When the tilt switch is tilted the other way, the coil 

loses its power, and the relay clicks back to its normal mode, disconnecting the 

charging loop and completing the discharge loop. Now the capacitor is con-

nected to the transformer and dumps its stored charge. The transformer steps 

up the voltage (by around a factor of 11 in this case), and whoever jiggled the 

box gets a shock.
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applied, those are the coil terminals—label them. You can then rig up a little circuit 
with an LED, a resistor, and a battery (such as the one from the Switchbox shown in 
Figure 2-5 on page 18), or use a multimeter (as discussed in the appendix), and poke 
around among the remaining three terminals to determine which are the normally 
closed, normally open, and common terminals of the relay’s SPDT switch. Once 
you’ve identified all of the relay terminals, move on to Step 2.

������	 Solder together the control loop. The red wire of your battery clip is the positive 
lead, so the tilt switch should come between it and the coil. Solder the black bat-
tery lead (the ground) to the other side of the coil (the resulting circuit is shown in 
Figure 7-4).

������	 Build the charging loop. Since the capacitor is polarized, be sure to connect its 
negative leg (the one that lines up with the stripe on the capacitor) to the black lead 
on the battery clip (the ground). The other leg connects to the common terminal on 
the relay, and then the normally open terminal connects to the positive lead on the 
battery clip.

������	 Finally, build the discharge loop. Your audio output transformer should have two 
wires on one side and three on the other. (If you’re using the RadioShack model, 
one side will be red and white; the other will be green, black, and blue—if you 
have a multimeter, the resistance across the red and white wires should be around 
8 ohms, and roughly 1000 ohms for the green and blue.) You can clip off the middle 
wire on the three-wire side (the black wire on the RadioShack transformer), and 
strip the remaining four. Solder the normally closed terminal to either the red or 
white wire and then the remaining wire from that side back to the ground (the black 
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battery lead), as shown in Figure 7-5. The green and blue wires will be your con-
tacts. You might want to solder little extensions to them, depending on how long they 
are, in order to make it easier to install the circuit into the box.

������	 Hook up the battery, jiggle the tilt switch, and shock yourself a few times. If it doesn’t 
work, double check to be sure you have the relay wired properly. 

������	 Experiment with putting the contacts different distances apart. Yelp occasionally. 
Reveal military secrets.

������	 Finish the enclosure you see in Figure 7-6. Use a thumbtack or thin nail to pop a 
small hole in the bottom of the box and thread one of the two contacts (the green 
and blue wires on the transformer) out. Use electrical tape to secure this flat against 
the outside of the box, being sure to leave as much of the copper core of the wire 
exposed as possible. Secure the other parts to the inside of the box; you can glue 
the relay and tilt switch down, but probably want to tape the battery in place. Cut out 
a square of aluminum foil a few inches larger than the box. Smooth the foil along the 
outside of the box bottom, making sure there is solid contact between the tip of the 
wire and the foil (with many boxes, it’s easiest to get good contact along the edge). 
Trim off the excess foil, and use strips of electrical tape to secure the foil and insu-
late it from the top of the box.
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�����›	 Pop a hole in the top of the box, thread the wire through, and tape the wire down. 
Cover the top of the box with foil (no need to use electrical tape to secure it; the 
added foil and tape on the bottom half of the box will make for a snug fit as is). It 
is virtually impossible to avoid shocking yourself throughout this operation. If you 
haven’t been getting shocked, then probably something got broken. Open the box, 
be sure that the foil on the box’s top and bottom don’t touch, then check all the con-
nections to make sure none of the wires are creating a short circuit.

������	 Close up the box and give it a jiggle. Zzzap!

���������������
When tilt switches were cheaply made using mercury, they were ubiquitous. Today 
they are much less common, although non-mercury tilt switches are easy to get by 
mail order. If you are having trouble finding a tilt switch, you have two options: 
(1) Old thermostats (the round kind with a dial in the middle) used a SPDT mercury 
bubble switch. Since these now have to be disposed of as hazardous waste, which 
is inconvenient in most cities, such thermostats can often be found kicking around 
the junk boxes in landlords’ offices or among the hardware clutter at resale shops 
and garage sales. (2) Make your own tilt switch from a small ball bearing, two 
wires, and a section of drinking straw or the barrel of a disposable pen.
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The relay used here (RadioShack part #275-0248) is nice but a little pricey 
(around $5). You might pay just a buck or two for a relay at a surplus retailer (like 
the inimitable American Science and Surplus, 
��	����������	�
������). Be sure to 
get one with a full enclosure, since exposed switches are likely to get fouled with 
the other wires in Step 7, necessitating a lot of annoying troubleshooting, and their 
switch contacts get gunked up with dirt and grit, making for a much weaker zap. 
Alternatively, you can scrounge a fully enclosed DPDT relay out of a VCR or off an 
old internal modem card. Resale shops, like Goodwill and Salvation Army, fre-
quently have boxes of old computer gear, including outmoded modems, for a buck 
apiece (or even free).

������������������������
If you have a slightly crueler streak, or just hate Christmas, you might consider an 
alternate package for the Ticklebox: Get a small Christmas-themed teddy bear 
from the Salvation Army (like the one in Figure 7-7) and a pair of largish (roughly 
1" in diameter) metal jingle bells from a fabric store. Cut open the bear’s back, and 
install the Ticklebox guts, running the two contacts down through his arms and out 
of his palms. Solder these to your bells, then feed the slack wire back into the arms 
and sew the bells to the bear’s palms. Display him prominently in your cubicle after 
Thanksgiving. Invite office workers to “Hold his hands and give him a jingle; it’s 
really cute!”

Do not give the Jingle Bear to a child. That’s just too much. Honest.
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reader to determine how these differences have played out in terms of Western and 
Eastern approaches to foreign policy and international finance.

Go is usually played on a 19-line board; such games can be very long (sev-
eral hours) and dauntingly intellectually exhausting, especially for beginners. A 
nine-line board is a great place to start and is also favored by seasoned players 
looking for a quick game. (Both board sizes are shown in Figure 8-1.) Although not 
all of the tactics and nuances of the small board translate to the full-size field, the 
fast pace of the smaller games facilitates a quick understanding of the game’s core 
principles.

There are many variants of 
Tafl, but the best understood is Tab-
lut (Figure 8-2): dark ������� (who 
start in the T-shaped �����) try to 
capture a light ���� (guarded by 
eight ����������) before he travels 
from his starting point at the board’s 
center (his �
����) to any corner.

This 	������	
� (woodburn-
ing) project combines simplified 
variants of these two games onto a 
single board (shown in Figure 8-3). 
On our combined board, the Go 
board’s stars are rendered as boxes, 
and the Tablut board’s bases are Xs.
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Woodburners look and function very similarly to soldering irons. They have 
roughly the same form factor, and a beginner’s woodburner generally heats to 600 
to 900 degrees Fahrenheit. A 25-watt soldering iron (the kind normally used for 
soldering small projects, like those in this book) heats to about 750 degrees. The 
major difference is the tip: A woodburner has a brass tip shaped a bit like a very 
thick hobby knife, whereas a soldering iron tip is made of chromed or nickel-plated 
copper and usually shaped like a either a chisel or the point of a pencil. To use a 
soldering iron for pyrography, get a new, clean chisel-point tip (keep separate tips 
for soldering and woodburning). Since carbon build-up on the tip can be a prob-
lem while woodburning, you’ll want to keep a piece of fine-grit sandpaper on your 
workbench; occasionally dragging the tip down the sandpaper will clean it off and 
hone its edge.

Pine, which is both cheap and pale, is a good wood to use in a beginner’s 
pyrography project. You’ll want a board that is as free as possible from surface 
defects. Boards of this quality are often called ������������������� and are used for 
finish carpentry, furniture making, and so on. Avoid knots, as they are full of sap 
and burn very slowly. This project calls for a roughly 10" by 10" chunk of pine. If you 
buy your wood at a large chain hardware emporium, you’ll likely have to get an 
entire 1"×10" board� (the shortest length is usually 6') in order to get your 10" by 10" 
piece. Lumber yards, which are accustomed to working with carpenters who might 
just need a small piece to finish a project or make a repair, are sometimes willing 
to make deals and often have scraps or smaller pieces they’ll give you for free. Any 
lumber purveyor should be more than happy to cut the piece to size for you.
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������	 Use your straightedge to lightly pencil in an eight-by-eight grid of 1" squares, as 
illustrated in Figure 8-5. After you’ve drawn the grid, add the Go board’s stars 
(the 5 small, dark boxes) and the Tafl bases (the 20 Xs). Double-check your work 
against Figure 8-6, since it’s easy to erase pencil and hard to erase charred pine.
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������	 Burn in the lines. The trick to wood burning is that darkness is determined by time, 
not pressure. Always rest the iron lightly on the wood (it’s very easy to accidentally 
gouge the soft pine), and slowly work down your line 1" at a time. It’s often easier for 
beginners to get a straight line by pulling the iron toward themselves. Although it’s 
tempting to use the straightedge as a guide, you’ll quickly discover that it’s more 
of a hindrance than a help. Use the flat tip of the chisel, as shown in Figure 8-7, and 
feel free to go over the lines several times. Burn the outermost perimeter first, then 
work through all of the vertical lines, then all of the horizontal lines (or vice versa; if 
you find it easier to work in one direction, then rotate the board as you work). Take 
your time; slow and easy wins the race in woodburning.

������	 When the grid is done, burn in the stars and bases. The stars are dark boxes, each 
one chisel width per side (as in Figure 8-8). To darken the center of the box, take 
advantage of the chisel tip by laying the iron over 45 degrees and dragging the 
broad, hot face across the box. Each base is an X made by pressing the chisel tip to 
the board.

Cunning crafters have already noticed that a nine-line Go board has the same 
dimensions as a standard chess or checker board. If you want to add checkerboard 
functionality, you can use the face of the chisel to lightly toast alternating squares, or 
you can give these a wash with watercolor paints.
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������	 (optional) To preserve the surface of the board, consider giving it several coats of 
spar varnish. Also called marine varnish, this finish is thick, glossy, and waterproof, 
and it will put up with a lot of abuse.

���������
This board is set up to play two very different strategy games, Japanese Go and 
Norse Tafl.

����������
In Go, players alternate placing light and dark ������ (here pennies and dimes) at 
intersections on the board (as in Figure 8-9) in an attempt to control territory and 
capture enemy stones.

��������������
���������������

When a stone is placed on the board, every intersection directly connected to it is 
a �������. If you occupy all of the liberties of an opponent’s stone or group of stones, 
then those pieces are ��	�
���; they are immediately removed from the board by 
the capturer, never to return.
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When a set of stones of the same color are connected by lines, they are called 
a �
���; they share their liberties, are harder to capture then scattered stones, and 
are better able to control territory.

In order to capture the chain in Figure 8-10 (the dark stones on the left), you 
need to take all eight of its liberties; you can’t just pick off one stone. On the other 
hand, you can capture any of the stones in the ���
	 in Figure 8-10 (the light stones 
on the right) by occupying that stone’s four liberties. With beginners, it is customary 
to say ����� when you are one move from capturing a stone (a bit like saying �
��� in 
chess); with more experienced players, it’s often considered rude to say atari, as it 
implies that your opponent could be surprised by a capture.

�igƒre�› �� �� 
�����������������
�������
����
����������������
��
���
���
��������
�����
��
����������������������
����������	�
����

�igƒre�› ��� ������
��������
����������
���������
�������
������������
�����
�������
	�����
�������
���������



� 
���������� ������ � |� ›�

�����������

The only complication to the capturing rule is �� (which means eternity). Look at the 
groups in Figure 8-11.

When the light player drops a stone at the point marked with an X, he will 
(1) capture a dark stone and (2) make a formation that is the mirror of the origi-
nal (as you can see on the right). If the dark player were to then drop a piece back 
where her captured stone had been, she’d take the light stone that had just been 
placed by her opponent, and the board would look exactly as it had two moves 
prior. Stubborn players could carry on this pointless tit for tat until the heat death 
of the universe. In order to avoid such a state of affairs, the ����
�� is: When a stone 
is captured in a �� formation, then the responding player must let at least one turn 
elapse before he can reply in that formation.

�������������

The vital fundamental concept in Go is the notion of a ���� or ���� group. The dark 
chain on the left of Figure 8-12 has two ���� (that is, two internal liberties) and thus 
cannot ever be captured by the light stones: If the light player tosses a stone into 
either eye, it is immediately surrounded and thus captured. This dark chain is live, 
since it cannot be killed.

Conversely, the chain of light stones on the right has only one eye and is 
therefore dead (watch it get captured in Figure 8-13). It might last for a while, 
but sooner or later the dark stones will surround it. When the final dark stone is 
dropped into the eye, it immediately kills the entire chain.

The point of the game, then, is to construct live chains such that you control 
the most territory.
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The player using the dark pieces (pennies) goes first. A player can place a stone at 
any intersection on the board at any time, but it’s customary (and strategically wise) 
to make your first moves in the corners of the board, near the stars. The two players 
alternate, placing one stone at a time, and removing stones as they are captured. On 
his or her turn, a player may either place a stone or pass (if he or she believes there 
are no useful moves to be made). Once the two players pass consecutively, the 
game is considered over.
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To score the game:

������	 Remove any dead pieces that are still on the board; these are considered captured.

������	 If there are any neutral spaces on the board, the two players take turns filling them 
in with their own stones.

������	 Count up the number of liberties each player controls.

������	 Subtract the number of stones each player lost during the game. A shortcut is to 
simply fill in your opponent’s territory with his captured pieces; his score is then the 
number of liberties remaining. Scores can be negative.

The highest score wins. Since dark always plays first, and thus has a tactical 
advantage, it’s customary to grant light a few extra points, called ����. In tourna-
ments, light gets 6.5 extra points to compensate for going second; in casual play, it is 
generally agreed that light wins all ties. Usually the weaker player is allowed to play 
dark. If the players are of very different skill levels, light can grant dark a number of 
extra handicap stones. These are placed on the stars (starting with the right corner 
star, as viewed by the dark player), in lieu of dark’s first move.

������������
This  �� variant is based on  ���
�, which was once popular in Lapland, and 
recorded by naturalist Carolus Linnaeus in 1732. Linnaeus did not share a language 
with his hosts; he determined the game’s rules by directly observing players, and 
historians have grown to doubt some of Linnaeus’s conclusions. The rules outlined 
here are a best guess based on Linnaeus’s writings, scattered partial descriptions 
in historical documents, and a great deal of play testing and analysis.

Begin a game by setting up the board as in Figure 8-14, noting that the center 
piece (i.e., the king) is a nickel, not a dime.

One player controls the raiders (pennies) and the other the king (the nickel) 
and his men (the dimes). The king’s goal is to reach any corner of the board; the 
raiders’ goal is to capture him. Pieces are captured when they are sandwiched by 
attackers but can pass, or even rest, between two attackers without being captured, 
as illustrated in Figure 8-15.

The king and his men get the first move, and the players take turns thereafter. 
Each turn consists of moving one piece as many spaces as you like in a straight line 
(like a rook in chess).

The Xs are called bases. No one but the king can move through them or rest 
on them, but a piece can be captured by sandwiching it against the corner base. 
Once a raider has left his base, he cannot return. Likewise, no one but the king can 
pass through or rest on the throne at the center of the board. The king cannot be 
captured on his throne.

The game is over when the king escapes or is captured or immobilized.
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Obviously, a large number of games (including checkers, chess, and their variants) 
can be played on this board. Here are two lesser-known alternatives.

�����������

This is a horizontal precursor to Connect Four, shown in Figure 8-16. Two to four 
players (each with his or her own color pieces) take turns placing one piece at a 
time anywhere on the board. The first player to get five pieces in a row (diagonally, 
horizontally, or vertically) wins.

This game’s rules were printed on the back of my boyhood checkerboard, 
which cryptically titled the game Goban (which is the Japanese word for the Go 
board itself).

�������������

This is a highly simplified Tafl variant: Place four pennies (geese) on alternating 
end squares (beginning with the dark player’s left corner) and one dime (the fox) 
on any of the four squares on the opposing edge not sharing a column with a penny 
(see Figure 8-17). Either player can go first, moving diagonally a single square. The 
geese want to corner and trap the fox, while the fox wants to make it to the opposing 
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With origins in the 1920s, skiffle is fast-
paced, fun-time American music made on 
improvised instruments, often played by 
“juke” or “spasm” bands at rent parties 
(which were called �������� in New Orleans). 
In the age-old artistic battle between musical 
virtuosity (epitomized by chamber music) 
and well-meaning energy (epitomized by 
punk), skiffle music errs on the side of the 
latter. While only some of these instruments, 
like the $10 Electric Guitar and X-Ray Drums, 

�art �� �
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have legitimate skiffle roots, all of them rely on repurposing cheap and common 
parts in the service of rocking the house.

One invaluable tool for the neophyte instrument builder is a �
���������
���. 
A tuner reports back what pitch it’s hearing and is conventionally used to tune 
string instruments. (Beware of �
������
���� that only recognize the pitches com-
monly played on guitar; these are much less useful.) Having a chromatic tuner will 
greatly expand your ability to tune and play the $10 Electric Guitar (Project 13) 
and Cigar-Box Synthesizer (Project 17). Several software packages (like Apple’s 
Garageband or the free Gibson Learn & Master Guitar Application for the iPhone 
and iPod Touch) include tuners, and there are many stand-alone software tuners 
available for free online (like the Seven String Tuner: 
��	�������������
�����������
�
�����
����
���).
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������	 Mock up the outer frame, then install the 1" corner braces around the outside of the 
frame using 1/2" screws. It’s easy to accidentally split these thin strips of wood; to 
avoid splitting, carefully drill 1/8" guide holes for each screw before screwing it in.

������	 Now build the inner frame. This time you’ll mount the 3/4" braces on the inside of 
the frame (as shown in Figure 9-5), securing them with 1/2" screws (again, drill 
guide holes for each screw in advance).

�igƒre��� ��� ���	����������
��������� 
����	�	�����
��������¥ƒ��������������
��ƒ������������
���������	�����
���������ƒ����������������ƒ������

�igƒre�������������������������������������������



��� |� 
��	��� �

������	 Test to make sure that the inner frame fits snugly in the outer frame (as in Fig-
ure 9-6) and that the inner frame will easily fit around the lip of your bucket.

������	 Place the outer frame on the workbench, lay a large x-ray film over it, center the 
inner frame within the outer frame, and push hard, sandwiching the x-ray between 
the two. Once the inner and outer frames are flush, clamp them together as shown 
in Figure 9-7.

������	 Now that the frame is temporarily secure, drill a 1/8" hole through the outer frame, 
x-ray, and inner frame right next to an exterior corner brace. Drive a 1" screw 
through all three, securing the two frames and trapping the x-ray between them 
(illustrated in Figure 9-8). Repeat this on the other end of this side, then the opposite 
side and each of the adjacent sides. When you’re done, you will have installed eight 
1" screws.

������	 Remove the clamps, then measure and mark 3" in from each corner (Figure 9-9). 
These marks show the positions for the last eight 1" screws (which will serve as 
secondary securing screws).

�����›	 In order to keep as much strain as possible off of the screws that are piercing the 
x-ray, we need to make sure that the inner frame is as snug to the outer frame as 
possible. Flip the drumhead over and remove the interior corner braces (which are 
no longer necessary). Drill guide holes and install the last eight 1" securing screws 

�igƒre������ 
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at the points you marked in Step 7. Finally, remove and re-drive the first set of 1" 
securing screws (the ones right next to the exterior corner braces), so that the inner 
and outer frame are drawn together as tightly as possible.

������	 Flip your drumhead face down and trim the x-ray film. You’ll likely have a reason-
ably tight drumhead; hold the wooden frame and give the head a few fingertip 
beats. This kind of simple, shallow drum (sometimes called a �����	�	���
� in kids’ 
music classes) is similar to an Irish ���
�§� and pleasing in its own right. If your 
drumhead doesn’t sound at all drum-like at this stage, don’t panic: the drumhead 
ultimately gets its tension from being drawn taut against the lip of the bucket. None-
theless, since the x-ray film is so rigid, it’s highly likely you’ll have a serviceable 
drum in hand at this step.

�������	 Next, install mounting hardware. Find your slimmest drill bit, and use it to drill eight 
holes on the underside of the outer frame, 2" from each corner (Figure 9-10). Screw 
the eyes into these holes, being sure that they are fully seated and oriented so that the 
eyes look down the edge of the frame, not out. Set aside the drumhead.

�������	 Get out the 4-gallon bucket and flip it over. Draw a 4" square in the middle of the 
bottom, drill a 1" hole in each corner of that square, and saw between the holes. 
Then, drill a 1/8" hole in the middle of each edge of the bucket’s bottom, as shown 
in Figure 9-11. Fully extend your four turnbuckles and slide the hooked end of each 
into its 1/8" hole.

�������	 Stand the bucket up (the turnbuckles should sit snugly in the 1/8" holes, making this 
a relatively painless operation). Place the drumhead on top of the bucket, face up. 

�igƒre���� ������
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Run a 3 1/2' piece of clothesline in a loop from one screw eye, down to the eye on 
the turnbuckle, to the other screw eye, and back through the turnbuckle. Tie it off 
with a square knot, taking up as much slack as you can (Figure 9-12). Repeat on 
each side, then trim the excess cord.

�������	 To tune the drum, give one turnbuckle four clockwise half-turns, then do likewise 
with the opposite turnbuckle, then with one adjacent turnbuckle, and then with 
its opposite. Repeat this three or four times, until the head begins to become taut 
(e.g., the turnbuckles will no longer rattle against the body when you lightly tap the 
drumhead). Fine tune the drum by turning each turnbuckle one half-turn, working 
around the perimeter of the drum in a circle rather than by tightening opposites, 
until you get a tone you like. Too much tension will deaden the tone, and if you keep 
going, will deform the bucket. It could even begin to tear the drumhead within the 
frame, although that’s unlikely if you are tightening the turnbuckles evenly.
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�����������
������	 Begin by opening the hose clamps and fitting their ends together to form a 20" steel 

hoop (Figure 10-3). Set this aside.

������	 Prepare the spring. The spring should be loose enough so that it can be dangled 
and jiggled in a manner that a kitten would love (the ideal goal is to be able to twirl 
it into a sloppy standing S-wave, as in Figure 10-4). An old, used screen door spring 
will likely already be this way.

A new spring will be too rigid to do this (and is likely stiff enough to balance 
upright on its end). If you must use a new spring, then don work gloves and gently 
stretch the spring out: work up and down the length, making it stretch a little farther 
than it likes. Be sure to keep the coils tight at one end (this will make it easier to 
mount it on the drumhead in Step 8).

������	 Use needle-nose pliers to open up the loop on the tighter end of the spring, making 
a hook (as in Figure 10-5). Set the prepared spring aside.

������	 Use the can opener to remove the bottom of the coffee can. 
If you’re sure you want to install a pickup on the inside of the drum, consider 

skipping ahead to Step 11 (drilling the hole) now, as it will be somewhat harder to 
do after you install the drumhead. See Step 10 for more information.
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������	 Lay the small x-ray over one end of the can and place the hoop of hose clamps on 
top of it, centered around the can’s opening. Lay the piece of scrap wood over the 
hoop and press down, forcing the hoop to crumple the x-ray film around the mouth 
of the can. X-rays are very rigid and don’t like this at all; it is much harder than 
you’d expect. Fortunately, x-rays are also shockingly durable, and the cylindrical 
steel wall of a food can is quite sturdy. If you can’t get the x-ray to succumb using 
arm strength alone, try setting the can on the floor and pressing your knee on the 
scrap wood, driving the hoop around the can’s wall, pinching the x-ray between the 
two. You want to get the hoop as far down the can as possible, ideally just behind 
the rolled steel rim of the can (Figure 10-6).

������	 Once the hoop is in place, keep your weight on the wood scrap and pull down on 
the edges of the x-ray to get the head as taut as possible (although tension is not a 
vital issue with this drum). Then start tightening the hose clamps. ������ take any 
weight off of the wood scrap until the clamps are tightened, as the x-ray and clamps 
will pop right off. A drum head under symmetrical tension will wear better, so try to 
tighten both sides of the clamp-hoop equally.

������	 Once you’ve removed the wood scrap, take a second to tug on the edges of the x-ray, 
then use the screwdriver handle to work the hoop down a little farther. Tighten the 
clamps again. Use scissors or a utility knife to trim off the excess x-ray, if you like 
(although it can be handy to keep it intact, so that you can periodically tug the head 
tighter).
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�����›	 Pop a hole in the center of the drumhead with the thumbtack, making the smallest 
hole possible. From the outside of the drum, thread the hook on the spring’s tight 
end into this hole (see Figure 10-7). Twist the spring so that two or three coils are 
inside the drum and the rest dangles out.

������	 To build the acoustic pickup (Figure 10-8), solder the leads from your piezo ele-
ment to your jack’s lugs; it doesn’t matter which wire goes to which lug.

�������	 To test the pickup, turn the volume all the way down on your amp, connect your 
pickup, bring the volume up a few notches, and gently tap the brass disk. The piezo 
element is pretty efficient, so even light prods should produce major thunks and 
even feedback. Using a scrap of tape, experiment with different placements of the 
pickup on the inside and outside of the drumhead. You’ll often get more bass boom 
on the outside and more high-end crackle on the inside. That said, it’s easiest to 
install the pickup inside the drum—although be aware that drilling the side of the 
drum will deaden it a little bit. Flip ahead to “Playing the Thunderdrum” on page 111 
and experiment with the drum a little before proceeding. Installing the pickup at 
this stage is a little more challenging but gives you an opportunity to weigh your 
options; if you’re sure you want to add a pickup from the start, then consider doing 
Step 11—drilling the hole—at Step 4.
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All sound amplification works the same: an element picks up vibrations, 

translates them into a fluctuating electrical current, and sends these to an 

amplifier that (�
�	�����) amplifies them. The Thunderdrum uses the ���
�����
�	������	���
	 (also called a �����������) shown in Figure 10-8. Piezo pickups 

are made from a 	������������ element; 	������������ substances generate an 

electric current in response to pressure (usually as the result of the physics 

of putting mechanical stress on a crystalline structure, like quartz); squeeze 

the element, get some voltage. Squeeze harder, get more. Most cheap piezo 

elements take the form of a brass disk coated on one side with a crystalline 

ceramic compound. Piezo pickups are great for realistically reproducing the 

sounds of acoustic instruments (like a violin or acoustic guitar), because the 

pickup directly translates the vibration of the instrument’s body to electri-

cal pulses. It’s popular to crack open piezoelectric buzzers (like RadioShack 

part #273-059) and use those elements for all sorts of music amplification appli-

cations, but that is a bit pricey, risks damaging the element, and doesn’t make 

the best pickup. Ordering online, you can have a more sensitive pickup at a 

quarter of the price (using, for example, the 20mm 6.5 kHz piezo buzzer ele-

ment, Digi-Key part #102-1126-ND).
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�������	 To install the acoustic pickup, lay the drum on its side, pick a point roughly halfway 
along the wall, and use the hammer and nail to put a dimple in the metal (the spin-
ning drill bit will want to skate all over the smooth metal, slip off the edge, and bite 
you; adding the dimple will make it much easier for the drill to bite into the metal). 
Drill a 3/8" hole in the can; you can see the results in Figure 10-9.

�������	 Unscrew the nut from your jack, pass it through the wall of the drum, and screw the 
nut back on. Then either tape the pickup to the inside of the head or glue it down 
with room temperature vulcanizing rubber or any silicone-based household glue.

�����������������������
The Thunderdrum is a pretty unconventional percussion instrument. To play it, hold 
the drum upside-down with the opening facing up, the head pointed at the floor, 
and the spring dangling down, as shown in Figure 10-10. Jiggling will give you a 
nice distant-thunder rumble, while flicking the spring (or rhythmically striking it 
with a stick) makes a booming crack. Grab the spring between thumb and index 
finger and run your thumbnail down the coils, as in the middle of Figure 10-10, for 
a very dramatic “washboard in the unpopular backwaters of a dead galaxy” sound. 
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Or you can use the fingers of your free hand to beat out patterns on the drumhead 
itself. The suggestions from the previous drum project still hold: Start with a light 
touch (focusing on using the fingertips) and explore the drumhead for different 
tones.

���������
I’ve posted a video demonstration of the Thunderdrum online: 
��	������
��������������������������.
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������	 To add a dimple, lay the didge on a fireproof surface (like a concrete driveway), 
and use the blowtorch to heat a nickel-sized area on the PVC for a few seconds 
(just until the spot has scorched). Carefully, but firmly, press down on that spot 
with a round-headed bolt, as in Figure 11-7. Hold for 20 seconds. Remove the bolt 
and let the PVC cool for another 20 seconds. (����������; both the bolt and PVC 
will retain a lot of heat.) Repeat this at least 30 times, working up and down the pipe 
on all sides. Be sure to leave the last couple inches of the mouthpiece end unmodi-
fied. If you mess up and make a dimple too deep or too close to the end, you can 
reheat the PVC, slide a broom handle into the tube, and push the dimple back out.

������	 You might also consider adding long dimples, like that shown in Figure 11-8: Use 
the torch to draw a 4" or 5" line running along the length of the didge, working back 
and forth so that it toasts uniformly. Set the torch safely aside, and quickly roll the 
sharp edge of the round-headed bolt down the line, pressing it firmly as you roll 

�������������
It’s much easier to sustain a tone—and thus accentuate overtones and form 

rhythmic patterns—when you are blowing against something (as every grade-

schooler knows: contrast the puny lip-based fart noise to the grandeur of the 

crook-of-the-elbow butt-trumpet). Horn players sometimes call this �����	���
�
��. Straight PVC pipes are engineered to let fluids pass through them as 

easily as possible, which is great for plumbing a toilet, but terrible for making 

an instrument. A genuine eucalyptus didgeridoo is the result of the capricious 

will of tunneling ants, and is thus not at all a uniform tube.

Adding dimples to the PVC didgeridoo increases the back pressure and 

clarifies the tone, bringing out the characteristic rich overtones. The added 

dimples decrease the resonance (which is a shame) but in doing so also elimi-

nate the tell-tale rasp of a straight piece of PVC. Figure 11-6 offers a comparison 

between the interior of a natural didgeridoo and a PVC didgeridoo that’s been 

dimpled.
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it. As you work up and down the line, gradually slow to a snail’s pace, lingering for 
several seconds on each turn. Once the long dimple begins to harden, let it cool for 
a half minute, then start a new long dimple.
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������	 Next, add minor kinks to complete the back pressure improvement regimen. Pick 
up the PVC by its mouthpiece end and hold it parallel to the ground. Pick a point 
roughly one third of the way down the length of the pipe. Gradually heat this point, 
rotating the pipe to heat the entire circumference evenly until the PVC begins to dip 
under its own weight (Figure 11-9). Keeping the PVC parallel to the ground, lower 
it until the mouthpiece end is roughly 1" from the ground, and let the belled end dip 
down and rest on your fireproof surface. Hold the didgeridoo steady in this position 
for a minute or two until the kink has fully hardened.

������	 Repeat, this time holding the didgeridoo by its belled end and running the kink the 
opposite direction (see the results in Figure 11-10).
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�����›	 Leave your finished didgeridoo outside for an hour or so to fully air out. Again, 
	
������������
�����������	������
���������
�����
�������	����������������
��
�
���; minimize your exposure!2

Since PVC is cheap, consider experimenting with making several didges at 
once. A good bell is almost mandatory, but there’s a little magic to the dimples and 
bends; my favorite didge has no real kinks and is almost entirely twisted with long, 
drastic dimples. I’ve made others with tons of little dimples and very severe bends; 
all have interesting, distinct sounds.

If you aren’t planning on building a pickup for your didgeridoo, then skip 
ahead to Step 12, and start preparing the beeswax for the mouthpiece while you 
wait for the didgeridoo to air out.

������	 To build a pickup for the didgeridoo, start by breaking up your headphones 
and tearing apart one earpiece, as in Figure 11-11. The goal is to expose the tiny 
speaker within.

2. Flick back to the bold warning at Step 2 for more information about chlorine and phosgene. To learn 
more about dying in a gas attack, please see Wilfred Owen’s poem “Dulce Et Decorum Est.”
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�������	 Snip off the speaker wires, keeping as much of the length as you can. Strip these, 
and solder one wire to each lug on your plug, as in Figure 11-12. It doesn’t mat-
ter which wire goes to which lug, although if the speaker has terminals marked + 
and –, honor that by soldering the + to the tip of the plug and the – to the sleeve (for 
a full discussion of 1/4" plugs and jacks, see the appendix).

�������	 Glue a straight 6" length of coat hanger to the edge of your speaker and clamp it in 
place (Figure 11-13). Allow the glue to set overnight.

�������	 Meanwhile, add a beeswax mouthpiece to your didgeridoo. This will give you a 
better seal, a more comfortable fit, and a subtle hint of honey flavor. Start with a 
chunk of beeswax roughly half the size of your thumb (this is less than an ounce; 
beeswax can usually be purchased at health food or craft stores for less than $10 
per pound). To soften the wax, place it in a sealable freezer bag and immerse the 
bag in a bowl of your hottest tap water for 15 minutes. Weigh it down with a rock or 
coffee mug; you may need to refresh the water several times before the beeswax 
starts to become malleable.

�������	 Go outside and grab your new, freshly aired didgeridoo. A little soap and water will 
help clear away the grime, grit, and PVC soot. When the beeswax is warm, remove 
it from the bag and briskly roll it between your palms for a few minutes, making a 
pliable ball. Roll this into a “snake” roughly 4" long and half as thick as your pinky.

�������������������������
�������������������������

Another way of amplifying an instrument is with a specialized microphone. 

Microphones and speakers are basically the same piece of equipment: a thin 

coil of wire is glued to a flexible cone (made either of paper or thin plastic) 

mounted a fixed distance from a permanent magnet. In a speaker, a fluctuating 

electric current is sent through the coil; this changing current causes the coil 

to generate its own fluctuating magnetic field, which pushes and pulls against 

the standing field made by the permanent magnet. This pushing and pull-

ing vibrates the cone, and we hear the music. In a microphone, sound rattles 

the cone, making the coil move. Because the coil is moving through a fixed 

magnetic field, it generates a fluctuating current; an amplifier attached to the 

mic then amplifies that signal. Ergo, any set of headphones can be plugged 

into a microphone jack and used as a microphone. Because headphones are 

designed to generate sound well, they pick it up pretty poorly; this is a good 

thing, because it means we can use them to make a microphone that only 

catches sound within an inch or two (and thus can amplify our instrument with-

out picking up background noise or creating feedback).
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Curl the snake onto the end of the tube (as in Figure 11-14), then smooth it into 
place (as on the left of Figure 11-15). Since a traditional wooden didgeridoo gener-
ally has a wider internal diameter (around 2"), it’s normal to use more wax, resulting 
in a bigger mouthpiece, often meticulously sculpted into a flat-topped volcano with 
an opening around 1 1/4" in diameter. The PVC didge already has an internal diam-
eter of 1 1/4", so you’ll only need to add enough beeswax to give a comfortable play 
and a good seal. Over time the mouthpiece will dry out and begin to flake off, at 
which time you should peel off the remaining wax and put on a new mouthpiece.
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�������	 Once the glue has set on the pickup, bend the coat hanger roughly 90 degrees (as 
in Figure 11-16), so that when the pickup is laid on its back, both the coat hanger 
and the top of the speaker (the part that used to get pressed against your ear) point 
up. Knot the wire around the coat hanger; this will act as a strain relief, preventing 
an inadvertent tug from breaking the delicate connections.

�������	 Use the hose clamp to mount the pickup just below the opening of the bell, as in 
Figure 11-17 (experiment with different positions and orientations to get the sound 
you like). You are now ready to plug into an amp, PA, soundboard, or any guitar 
effect; reverb units are neat, and digital delays are awesome—plug in to an old 
BOSS DD-3 digital delay, crank up the Feedback and Echo, set it to the longest 
delay, and start jamming out as a one-person didgeridoo orchestra.

�������	 While, to some eyes, this finished didgeridoo has a post-industrial Mad Max chic, 
others might prefer to hide the scorched mess under a coat of paint. Now is the time 
for that. Most paints will not want to stick to PVC (although the rough treatment it’s 
gotten from the torch will make it easier); try hearty spray paints like Rust-Oleum, 
or the all-purpose indoor/outdoor spray paint sold by Krylon.
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Start by making a few practice blows: Without the instrument, relax your jaw, loosen 
your lips, and blow, flapping your lips like a horse showing disapproval. Increase 
the pressure and tighten your lips until you’ve got an even-pitched fart noise or 
motorboat (this �������������� is pretty similar to a �������
��� or �������������	�����); 
it might help to pooch out your lower jaw a touch, so that your teeth are even (your 
lowers might even creep a little in front of your uppers). Once you are done laugh-
ing at yourself, press your lips firmly to your didgeridoo mouthpiece and repeat; 
you’ll note that, as you vary the tension in your lips—even just slightly—you’ll shift 
the didgeridoo’s pitch. Your first goal is to sustain an even pitch, and you’ll probably 
be able to do so after maybe 20 minutes of monkeying around. The next step is to 
shift to playing using the side of your mouth (thus taking advantage of the thinner 
edge of your lips, which you can articulate more finely). Shift your mouth so that 
one of the fleshy lobes of your lips is centered in the mouthpiece, and repeat your 
motorboat noises. You’ll immediately notice that the signature didgeridoo overtones 
are clearer.

Other basic didgeridoo techniques include puffing and tightening your cheeks, 
working your cheeks and jaws as though you have a mouthful of water, and popping 
your tongue (try saying fast “��������������”s or slow “��������������”s; harmonica 
players rely on similar tongue articulations). As you get the hang of these, experi-
ment with growling and chattering in your throat as you play.
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������	 The trick to working with ICs is that everything is numbered counterclockwise in 

reference to how the chip looks when viewed ������
����	, but you have to work 
on it ������
��������. Take out your LM386 op-amp and set it on a sheet of clean 
paper, with the IC’s markings up and its little half-circle dimple to the left. The leg at 
the lower left is leg number 1. The next one to the right is 2, then 3, then 4, then the 
numbering wraps around: The leg at the upper right is number 5, its neighbor to 
the left is number 6, and so forth, as illustrated in Figure 12-3.

������	 Flip your chip over, so that its pins stick up like little legs (������
� style), and the 
little dimple is to the right. The legs are now numbered clockwise starting with the 
lower right, as shown in Figure 12-4.

������	 Label the legs in this new orientation, then set the chip aside, and replace it with 
your IC socket, also oriented dead-bug style, with legs up and aligned with your 
numbers. Look at the circuit diagram in Figure 12-5.

������	 Note that legs 1 and 8 of the IC socket are shorted to each other. Since these are 
right across from each other (the top and bottom legs furthest to the right), you can 
bend them in and solder them together. If the legs of your socket are too short to 
reach, you can use a little snip of bus wire to connect them (as in Figure 12-6) or 
even a length cut from a small paperclip.
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������	 Now we’ll start our ���
����
�—a single wire that will tie all of the ground connec-
tions (those represented by the little triangle made of three horizontal lines) to the 
negative terminal of the battery (which, for the purposes of the circuits in this book, 
is the ground). Snip a 2" length of bus wire. Bend down pins 2 and 4, then hold your 
piece of bus wire so that it runs the length of the socket, connecting pins 2 and 4 
without making contact with any other pins (especially pins 1 and 8). Solder pin 2 
to the bus, and then do likewise with pin 4; you should have 1" and some change 
of bus wire sticking out from the left end of the IC socket, like a little tail (see Fig-
ure 12-7). Set the IC socket aside for now.

������	 Next, solder up some of the larger components. If your speaker doesn’t already 
have wires attached to its lugs, then attach a length of insulated 24-gauge wire to 
each lug now.

������	 To build the power switch assembly shown in Figure 12-8, short together the two 
end lugs of the DPST switch, then connect the red wire from your battery clip to 
these end terminals and a length of insulated wire to one of the two middle lugs of 
the switch. (If you’re using a DPDT switch, just ignore that spare pair of end lugs. 
For a full discussion of switches—with pictures!—flip back to “Types of Switches” 
on page 20.) Connect the resistor to the remaining middle lug of the switch, and then 
solder the resistor’s other leg to the positive leg of the LED (that’s the leg on the side 
opposite the flat spot on the LED’s red plastic lens). Set the power switch assembly 
aside.
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�����›	 Take a look at the 1/4" mono phone jack. This jack is also called a  �����������, 
because it has two lugs, one that will make a circuit with the ��	 of a plug when con-
nected—this lug carries the audio signal—and the other that connects the ������ of 
the plug to ground. (For a fully illustrated discussion of jacks and their lugs, see the 
appendix.) Solder one insulated wire to each lug; keep the tip wire under 6" (see 
Figure 12-9).

������	 Solder the wire connected to the jack’s tip to the first lug on the ����������������� 
(this kind of adjustable resistor is usually called a 	������������ or 	��—there is 
a labeled diagram of pots and their lugs in the appendix). The first lug is furthest 
to the left when you look at the pot from the front with the lugs on top, like a crown. 
Solder lengths of insulated wire to each of the other two lugs on your pot; the wire 
attached to the middle lug should be under 6".

�������	 Turn back to the IC socket and check the schematic again. Install the 100 µF elec-
trolytic capacitor, keeping in mind that it is 	��������: The leg that lines up with the 
stripe running down the side of the capacitor is �������� and must ultimately con-
nect to the ground. Solder the positive leg to pin 5 and the negative leg to one of the 
speaker wires (either is fine, although it’s traditional to connect the capacitor to the 
red lead, as I have in Figure 12-10). Solder the other speaker wire to the ground 
bus. See how the negative leg of the capacitor is on the negative side of the circuit?

�������	 Install the input. The wire attached to the central lug of the pot goes to pin 3. The 
remaining wire on the pot goes to the ground bus.

�������	 Add power. Solder the dangling wire on the switch to pin 6, and then complete the 
circuit by soldering the final ground connection, connecting the black battery wire 
and the negative leg of the LED to the ground bus.
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�������	 Finally, install the chip. Flip the socket over so that pins 1 and 8 are to the left. 
Orient your chip so that its dimple is also to the left, carefully line up all 8 legs with 
their holes in the socket, and gently seat it with your thumb. The complete circuit is 
shown in Figure 12-11.
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�������	 Install the whole mess in your enclosure. In general, thinner wood (and even rigid 
plastic) resonates well. Both the jack and switch will fit nicely into 3/8" or 1/2" holes. 
Many speakers have mounting brackets around their edges, but Gorilla Glue will 
also hold a speaker snugly in place—make sure to drill some holes for the sound 
to pass through, or cut a hole and cover it with a screen to protect the speaker and 
help hold it in place (in Figure 12-1, I’ve used an old fan cover from a computer 
power supply).

Building the amp circuit without a circuit board (i.e., dead-bug style) results 
in something so light that it doesn’t really need to be secured to the enclosure; 
the wires going to the hardware hold it up, like the suspension on a trampoline. If 
you want to secure it to the enclosure, you can do so with a dab of glue or strip of 
double-sided tape, although that will make it harder to repair. If you’re concerned 
about the 9-volt battery rattling around and busting up the joint, you can likewise 
secure it with double-sided tape or with a handy 9-volt battery holder clip, as is 
shown in Figure 12-12 (RadioShack part #270-326).
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From the humblest soda-straw spit-wad to 
the mightiest Nazi-crushing golem, there’s 
an undeniable, universal human thrill to 
breathing a little life into otherwise inani-
mate objects. The projects in this section 
get things moving by a variety of novel 
means—harnessing steam, compressed air, 
tiny vibrators, FedEx envelopes, camera-
flash-ignited breath spray, and esoteric 
physics. Dream of the future when all of 
these can be combined into one fantastic, 
terrifying project to end all projects.
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  Seriously Geeky Stuff to 
Make with Your Kids

David Erik Nelson

Snip, Burn, Solder, Shred is packed with fun 
and geeky toy-making projects. Inside, you’ll 
find illustrated instructions to make 24 quirky 
playthings on the cheap, including cardboard 
boomerangs; a treasure chest loaded with locks, 
latches, and hinges; an electric didgeridoo; and a 
muzzleloader that shoots marshmallows.

Even if you’ve never warmed up a soldering iron 
or threaded a needle, each project is designed 
with the absolute beginner in mind. As you build, 
you’ll learn fundamental sewing and carpentry 
skills; how to use serious tools like an electric 
drill, a soldering iron, and a blowtorch; and the 
basics of circuit-building.

You and your kids will have hours of fun making 
projects like:

D	 A simple, one-string electric guitar 
D	 An oversized joy buzzer that (safely) 

administers a 100-volt jolt
D	 Cool, mess-free, screen-printed T-shirts
D	 Kites from FedEx envelopes
D	 Booming thunderdrums from salvaged x-ray film
D	 Classic board games like Go, Tafl, and 

Shut-the-Box

Whether you’re a parent in search of a rainy day 
activity, a Scout leader looking to entertain your 
troop, or just a DIY weekend warrior, the projects 
in Snip, Burn, Solder, Shred will inspire you. Now, 
roll up your sleeves and make!

David Erik Nelson is a 
freelance writer and 
former high school 
teacher. His fiction has 
been nominated for a 
Nebula award and has 
appeared in Asimov’s 
Science Fiction, The 
Best of Lady Churchill’s 
Rosebud Wristlet, and 

the forthcoming Steampunk Reloaded anthology. 
He developed the projects in this book at an 
alternative school with plenty of feedback from his 
students. He is a contributor to the “Ask the Giant 
Squid” advice column at Poor Mojo’s Almanac(k), a 
weekly online literary journal.

Includes a 26-page primer on 
electronics and soldering

  
NO EXPERIENCE REQUIRED!

24 Dangerously Cool DIY PROJECTs

$24.95 ($28.95 CDN)	she lve in: CRAFTS and Hobbies
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 “I LIE FLAT.” 

This book uses RepKover — a durable binding that won’t snap shut. Nelson
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