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Preface

Why zpend workshop tims making merhanical
puzzles? They certainly aren’t the most useful of
objects and many people do mot even like to play
with them. If you really want a clever puzzle, 3
little shopping will suraly urn one ap. But anlity
iz seldom the only reason 2 woodworker picks

a particular project. There is the joy of making
something with your own hands, wsing voar
favaorite wood, sdding & personal featurs to an
existing design, and building to higher standards
than are comumercially common, nos fo menticn
justifving all those tools vou simply comldn ™t
live without. Bevond all of these valid reasons,
puzzles are excellent for boning shop skills with
A minimnm investment in fime and materials, and
they hold the potentizl of prowiding armnserment
and challense for those on your gift list that
actually enjoy playing with them.

Many books showt puzzies have appesred in

the last bundred years, tut the majority of these
have been aimed at puzzle enthmsiasts, not
serious wondworkers. This ook attempts to
bring both camps together in the hope of making
wosdworkers infe puzzlers and vice versa. The
two fields of interest, each with a long and
interesting history, form a nahiral maTriage.
Amateur woodwoerkers are constantly salving
puzzles in their shops—how shall T design this
jig, in what order shall I proceed throngh this
project, how can I possibly fir all this smff into
my parage. And puzzlers. if they were to develop

the capability and =kills, willl find that they conld
add many new and wonderful designs to their
collections by making them in their own shop.

Contemyporary designers created nearfy all the
puzzles selected for this compendinm. Most
have never been produced commercially—if
you want cne of these, you will simiply have to
make it These designs collectively challenge the
woodworker 1o do his or her best. As brainteasers,
they vary in difficulty from rather easy fo goite
challenzing, tat all will give awyvone who finds
their solnfions 3 feeling of satisfaction. So, e
up your tools, grab a few off-cuts lying about
your shop, and begin. The rewards are really
worth it!

Preface 9
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Introduction

Woodvorkers seriows about their craft seldom run
ourf of things to make. And between projects there
iz alwrays plenty to do in the shop—maintaining
teols, reamanging equipment to make more Ioom
or improve efficiency, sharpening, cleaning up,
and so forth. Thess brief interludes between
major works are also fimes for small projects.
Mechanical puzzles are wonderfinl gap fillers
because they are often challenging fo make in
their own right, the finished puzzles provide
amusement, and making them can enhance skills
nesded in projects that are more cormplex.

Mo doubt meany of these puzzles can be made
quickly and crudely and =till be fun o play with
and solve. But instead, think of making them

as learning experiences, practice exercizes that
will find applicabdlify in a broad range of larzer
undertakings in your workshop. Many of the
projects you will encoumter in the following pages
incoTporate joinery, technigues, and challengas
common in cabinstry and furniture making,

If yom select an unsuitable prece of wood for a
project, bmmidity changes may later render the
parts too dght to fit together, too looce to stay
assembled, or may even canse a glue joint to
fail. You simply cannot afford to isnore wood's
response 0 umidity when doing careful work.
If yom are too impatient to make an accurate jig,
paris that should be identical won't be. If you
ignore the meed o properly set up your table saw
or planer, the surface goality and dimenciong

you nesd will just not be achisved. Sandpaper,
while it might improve the way a surface feals,
will alter the dimensions you are after, possibly
ruining the project. If you do things in the wrong
order, you may later wish you had thonght the
process through more carefully. Learning such
skills, sorting out isswes like accuracy, precision,
and work standards, and acqmiring this kind of
experience. is far more cost and time effective
when the project is A puzzle rather than, say. a
desk or grandfather clock.

In addition to skill, experience, dilizence and the
like, care and precision in woodworking requires
sdopting a centain state of mind. “Good encugh™
i5 seldom good enough. You have to establish
in vour mind's eye what vour criterion is for
exacmmess, project by project, detail by detail.
Sometimes it is the way roro parts fit together
for a shding, no slop, fit. Sometimes it is the
tighmess of a3 ghae joint—wood to wood, zeto
width glue line. As you prepare the pars of amy
mnlti-piece project, initial cotting is determined
by the design dimensions, bt the final jig stop
adjustments or clean up operations are often
dictated by the reguired fit. Working tolerances
are mostly comfortable and easy to obtam with
ordinary care, bat on occasion, precision o within
one or two thonsandths of an inch {much less
than the thicknsss of 3 piece of paper), is critical
io the workings of the puzzle. Although most
woodworksrs do not normally think in terms of
thousandthes of an inch, the most skillfolly cafed

Intraduction

11



wonden objects nsually reflect the application of
precise standards. A maler or 3 protractor is nsefl
for the initial cuting, ot offering up one part

to another for a test fir, or dry assembly, often
determines if you are “on the mark ™

Arcuracy and precision are not the same thing,
and althowgh maost of us are a little loose in neing
such terms, they really have different—musefully
different—meanings. Consider the cubical
elements of the Fifth dvenpe puzzle. The plan
calls for ¥i-inch cubes, but ne coe would ootice
or care if they measured, say, 1 inch on a side,
although one could say that would be a whopping
macouracy. It would 561l be a grest puzzle and
such a dimensienal or scale change would not,
by itself defract from how well made it was.
EHowever, if the cubes differed from each other
by even V4, inch, or if their sides were mot toaly
square, the sloppiness and lack of precision
would label the puzzle as poorly made. Tn the
same way, a flush drawer im a desk, calbed out
on 3 plan as 15 inches wide, comld be made 3
bit smaller or lazger without any problem at all,
just as long as it fits precisely in ifs opening,
with 3 small and wniform space around i * (For
those wosdworkers accustomed o nsing meimc
medsuTenrents, please see page 943

Az yom leaf through these pages, try fo discern
what there iz about each project that makes it

a puzzle and what sbout the design is purely
decorative or even arbitrary. A trick box
sometimes relies on the selecdon of specific
cormer joints to hide the opening gimmick. Oiher
times, the cornet joint has nothing to de with the
puzzle and i= only selected because the desigmer
or woodworker wanted to employ one method or
amother. If a traw is part of the project, perhaps

3 sliding block puzzle or packing purzls, the

bottom of the tray maght be set mnfo a rabbetad
frame, or into grooves, or even ot ghaoed to the
bottom of the frame—your choice. Fesl free to
interchange thess features from one projsct ta
another—just so long as you do mot adversely
affect the function of the puzzles. Chamfer or
ease edges to give the puzzle parts a friendhy
feal—after all, these objects are meant 1o be
played with. But be carefol to do this detail work
after you are assured that critical dimensions will
oot be distarbed and that no mnintended clhue to
the solution will be miven Waiting until the entira
praject is assembled before easing edges may not
abwrays be the most efficient procedure, but it is
often the surest and safest.

For some projects, the properties of the wood yon
choose sTe more important than i other projecis,
but in general any attractive, readily awvailable
species will do, be it hardweod or softarcod,
{thongh bardwood is often preferred because of
its beauty and durability). Howewer, care must

be ftaken that the stock yvou are working with is
dry and has been sifting around your shop for
some months wo that it is relatvely dimensiomally
stable. Some species work better than others do,
of course. Some are prone fo burn oo the table
saw—a sharp blade and well-aped saw are mmmsts.
Orthers are too soft o hold up well when the
children or grandchildren {or yow) foss the puzzle
pieces around the room in fmsmadon. Denss
exotics, though beautiful, are often not the best
choices for puzrle making. Sometimes becanss
of their naturzl ciliness they do not glwe well,
sometimes they are difficult to work with hand
topls, and often their hardwess bacomes 3 problem
when trying to obtain that perfect “light frictdon”
fit of tare sliding pares. But fo be a woodworker is
to learn—in time you will have your favorites if
v don't alresdy.

*The difference befwesn acomracy and precision came
umnder the spotlizht m the later kalf of the 18t cemhary
when Johe Harrison, a British clockmaker, attemted

to win the £200000 prize established by Parliament for
solving the lomgitade problem—determiming longinde at
523 1o improve marine navigation He desipred and ozl
A chromometer that worked well, buf oo its tnal voyage, it
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and awarded Hamsson the prize.



The tools needed for these projects are those one
would find in any modestly equipped woodshop.
It = eszential that you have a very accurate means
of setting up and checking parts, tools, and jizs
for squareness and sraizhiness—a bargain-

takble square will not do. You will ke wise not

to bemin any of these projects untl all the tools

in your shop have been carefully adjusted and
muned. Many of the illnsmations and photographs
presented show the nse of one tool or method.
Obvieusky, there are other choices; you will have
to adapt the construction sugmestions o your tools
and experience. MNinety-degree and formy-five
degree stops on your machines mst be spot on.
Edze tools mmst be in excellent working order and
sharp. Be sare there iz plenty of hight over your
workbench. If you are already proficient with
their use, most of these projects can be complsted
using only hand toels. O, if yon are serions aboat
leaming these traditional techniques, making
puzzles will help you with this quest.

As required, jigs should be made with adjustabla
stops for precision tweaking of parts that muast
fit just =o. A machine screw threaded throngh

a block of wood glued to the jig or clamped fo
the saw fable can serve as a micre-adjustable
stop. Always prepare emough stock to allow for
some irial and errer in vour set-ups, or even that
tnintended “whoops.”

Scan through all the projects before selscting one
to start with. Some of the fips and technignes
Eiven in one chapiter, or in the four technical
notes, may have applicability fo other projects.
Follow the constuction details, photos, and
lustrations presented for each project to the
extent that this is nseful. There are 3 miniomm
of step-by-step or detiled insfmactions; the

text accompanying each project is mainly
intended to highlight and emphasize the more
demanding aspects of each puzzle and offer some
gnidamce on 2t least one way of approaching

the consfmuction. For optimum learning and fun,
experiment a litfle. Step outside the nstroctions
and v vour own metheds. You will know by
playing with the final prodoct if you have done

it right, and if vou haven't, weall, simply study

the results, identify your emors, devise befier
methiods, and start agzin, bensfiting from the
experience_ If you make a second or third sttempt,
it would be quite unnsual if the subsequent
products didn't get better and better.

The projects are not presentsd in awy particular
arder, such as ncreasing constmicton difficaloy
or increasing puzzle soltion difficulty, since
perceived difficalty and acmal difficulty can vary
quite a bit. Simple paris requinng great precision
can be harder to make than mere complex pieces
with looser tolerances. Acmal diffeculty and the
amount of ime required to make each puzzle
will depend not only on the Infrinsic nature of
the design, but on the maker's experisnce and
skill level, the methods nsed, plus the tools and
equipment at hand. And the challengs one faces
in attempting to solve a particalar puzzle depends
2 great deal on how the mdividual’s brain works.

Almpst any fimish is acceptable for puzzles, ot
care mmst be taken not to inadvertently alter the fit
of mating parts by usimg a fimish with sigmificant
bnild-up. Danish oil works well m most cases,
offering some degree of profeciion om sodl and
enhancing the appearance of the wood without
any danger of changing the dimensions or
creating amy unwanted stickiness.

Caution! Making puzzles means working with
small parts. In addition to all the other important
safety mles—protect your eyves, lungs, ears, and
exmemites—ithat have been dnomrmed into yoar
head, you must devise jigs to accurately position
small parts for cutting without getting your hands
oo close to saw blades. Yo will zet better parts
and preserve your fingers for fumre projects! It
will often be necessary to work at 4 mmble sawr
with the blade sgunard removed. This mmst be a red
flag requiring an exira measure of caution.

—Allgn Boardman, Augusf 2007

Introduction
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Figure I—Bi-Burr by Nob Yoshigahara

Wood grain
should line up

Figure 2— Bi-Burr Solution
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Chapter 1

1-Burr

Designed by Nob Yoshigahara

To a woodworker, the B7-Furr, Figure 1 and
Figure 1, is nothing more than a simple lap, or
bridle, joint with two exira pieces added. But

to a puzzle enthmsiast, in s assembled fornm

it looks like a familiar three-piece burr. Buarr
puzzles are generally made of three six or more
sticks, wsually square in cross section The sticks
are notched in a vanety of ways, depending on
the design, o that they can be assembled into 2
symmetrical, three dimensional object that can be
disaszembled and reassembled with some degree
of challenze.

What makes the Bi-Burr different is that, while
it looks like an ordinary three-piece burr, it
really conzists of only two separate. and in this
case dlentical, pieces, as shown in Figure 2. An
experienced puzzler will ry pushing, pulling, or
twristing all three sticks m turn, looking for the
key piece—thers is none. If well made, even a
close examination of the center joint will not
reveal how the puzzle comes apart. Bat making
it well is the real challenze “Were this a simpla
lap joint in & piece of fumitre, zloe would be
nsed to hold it together permanently. But since
the Bi-Burr is intended to e taken apart and put

Nob Yoshigahara (1936-2004)

Pueziemaster, ganius, Intemational Ambassador of Puzzles,
legend, and ona of the best puEzae Inventors the workd nas ever |
known, are somea of the terms that have boan uzed to dascrbe
Mob. Hi2 endmmous Sccomplishmeants encompass Inventing
ard designing about two hundred mechanical puEdes that
wera prooucad commerctaly, with at keast eight millon s0id In
Japan and America. Rush Hour, mada and =okd oy Thinkeum,
Is ona of the most popular puzzias of &l ime. it nas recehed
Tourtoon awards from educationsal and popular publications.
Mob also Invantad or hoped to devdop ather ThinkFun
pLEAes: Hoppers, Alp-it, Shapa-by-Shapa, and Lunar Lockout.

Mob dasigned his irst mechanical puzae In 1985 at age nineteen. Amazingly, his most popular
pLEAe was the 100 vaar old classlc four-pleca "T" Puzzla which he redasigned and to which he
added 20 addifional problems. It has 20d over 4 millen copkas.

— JerTy Slocum

Bi-Burr
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Figure 3—Layout for a 12-inch Stick

Both notcheas ars
1" wida and 1£"
inch deep.

Accurate notchas can be cut using an
adjustable stop on the radial arm saw.
Figure 3—Here iz the 12-imvch sick with
the notches cut and the page block fight

Joreground) zmew qff one ard.
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together repeatedly, only friction holds the
two parts fogether. There must be enpough
friction so that the parts do oot fall apart
on their oam or even feel looss, yet if they
were ton dghi, disassembly would be too
difficals.

It is the naynare of wood to swell and shrimk
in response to changes in bumidity, more
in width and thickness than in length, so
it is important that the piece of woed you
are nsing has been siting arcund the shop
long encuazh to have reached a reasonably
stable moisture content, and that your shop
environment is reasemably similar to your
house environment This requirement
generally applies 1o all well crafted
wooden projects, but in the casze of this
puzzle and se=versl others in this book, it
is critical ro the success of the project.

Prepare a stick, perhaps 12 inches long
{amy species of moderate denzity will do:
walmat, cherry, or ash, for example), to a
square cross section. One inch on a side
iz & good size, but if really can be any
dimensicn (Figure 3). All four sides of
the stick shownld be planed or jointed so
that they are parallel, very uniform, and free of
tool marks (see Maling a Sgrare Stick, page 18}
Then cut the ends of the stick to be sure that they
are square and clean. Cut off an approximate one-
inch lengzth of the stick, to be used Bater to zage
the width of the notches. Set ap yoar table zaw or
radial arm saw o cut nofches half the depih of the
thickmess of the stick—% mch in this case.

Althourh a dado blade can be used, it is just as
simple and probably beter for this project, to
make multiple passes with a general purposs
biade Usinz 3 scrap piece, set op the stop for the
first cut 1 mch from the end Make the first cut
in both ends of the puzzle work piece, and work
your way along the notch, widening cur by cut,
adjusting the stop as vou go. When yon get close
to the full width of the notch, use the gape block
and proceed slowly with small adjnstments of

Figure 6—LTte the page block fo fest the width af the
notches.

the stop position ot the gage block fits rather
snugly in the notch Make the last notch cuts in
the workpiece with this stop setting (Figare 4,
Figure 5, Figure ). The puzzle parts will be
eased later for a perfect fit. Feset the depth of
the =aw blade to cut throngh the stck and oot off
the two notched pieces to lenzth. With a fils or
chizel, clean off any saw marks at the bottom of
the motches.

Az amn opfion, 3 small cavity can be created at

the cenfer of the puzrzle to receive a ball bearng
that will ratile in the assembied puzzie, leading
the uninitiated to realize thar the object is o be
disassembled. If you want to add this feature, drill
a % inch hole ¥; inch deep art the center of the
botom of both notches. A Y-inch ball bearing or
bead can be dropped in later (Figare T).

For maxinmm effect, the two stubs that will ba

Bi-Bur 17



Making a Square Stick

Check for square corners MsiME @ machinist's
square. Hold the sitck up to a bright light. I
you detect just @ crack af fght, it shows an ouf

Making a squarae stick sounds lika It might be a
rather basic skill requirement for even tha most
InEpariantod Woodworker, And Indead, If tha
comars need orly to bo somewhat squara, the
sidas sort of smooth, the stok sort of afralght,
and It should b Kind of urfomm down tha
whiok langth, the job 13 Indead rathar smple.
Eutt when the tolerancas gat really fight, as

Is the casa when making many mechanical
puzzies, to 2ay nothing of cabinetry and

- fumiture, the seemingly simple job can get mors
drncut, Wood wants to distort when 2iress

Iz ralevied as when Apping a strip off & wids
Doard. S&w marks and DUms are comimaon.
Saw blades ara not always exactly squam

with thelr tablas; |olntar fancas ara not awsanys
adjusted pafacty perpendicular to the bad.
Chips of wood often gat 0 the way of precision
machining. Than there ara snipes at the ends
of plecas that hava been run through thickness
planers. Minimizing thesa things nequines very
careful tool adjustments and mantenance

LUze a digl, LED}, or vernier caliper to check the
thickness gf the stick. An inexpensive vernier
caliper ifke this is mormally accurard within
0001 meh.

Using precision measurng devices and wiglant
2hop praciices —and even =0 they still nappsn.
Comacing amors of smocthing the loos ator
cutting can maka the shustion worsa— ke the
barber esening up Adabums. Making a preciss
zquare stick B no smpla job.

Bvan checking for squarenass and uniformmity
requires tha nght tools and some practica. In
making puzzles, It sekdom matters If a stick
nomirdly dimensioned &t 1 Inch on a sida s
allttle over or & Itlle under. Adjusting other
dimerslons &2 neaded can compansata for
gUch amors. But it nearny aways matters that all
the sides are the same width from one end 1o
tha othar, and that the comars aro axactly 00
deqgreas. Evan though # might b somewnat
embarassing Tor you to spand your valable
2hop timea proving to yoursalt that you can
maka a propar square stick, grab a board ard
fry t—no one 15 watching and you Just might
learm something.
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gleed to the notched pieces shonld Be cut from
the remaiming stick with about a 1-inch waste
prece between them. As 3 result, in the assembled
puzzle, these two stubs should look ke they

are really ome piece and that the grain pamem is
properly aligned and comtimious. So, after the
two notched pieces have been completed, cut off
A l-inch length from the stick, move the stck a
lirtle less than an inch, and oot off another 1-mch
length. The maro 1-inch pieces are the stabs amd
the shoTier center piece Is Wasie.

Glue the smbs to the notched pieces, being careful
to maintain the alipmment of the grain. Remember
that in the assembled puzzle, the two notched
pieces are at 90 degrees to each other. Also, be
careful to align the stubs with the edges of the
noiches. When the glne dries, the two puzzle
pieces shomld fit together with some force—more
force than is uldmarely desirakble, but oot encugh
to dent or damage the wood. To armive at a perfiect
fit, tape some 280 grit sandpaper face np onto a
flat surface such as a ool mble or piece of heavy
plate glass (Figure 8). Mamtaining uniform
pressure, mb each side of each puzzie piece

on the sandpapsr, one or two Passes at 4 mome,
constantly testing the fit of the two pieces, il
yon achieve a moderate fricion fit.

Now, with the puzzie assembled, using a smooth
file, very slizhtly ease every edze and corner,
{except those that are part of the center lap joimt)
just emough for a pood feel. Apply a little oil or
wax to enhance the appearance of the wood and
provide some profection.

You will kmow you have achieved snccess with
this project if the taro halves do not fall apart
on their own, if a typical 10-year-old can apply
ensugh force to fzke the porzle apart and put it
topether, and if there iz no visual evidence of the
lap joint in she assembled puzzle.

Wow, for a real instructive challenge, make this
same puzzle again, this fime wsing only hand
toenls!

.f‘-."_l ) ‘-' N ',-\' ¥
i 7—d looce and ratiling ball bearing in
the drilled cavity signals thar the burr i3 meant fo
fe apaned.

Figure §—S5ize the puzzle pieces by rubbing om
280-grit zomdpaper that has baen faped to a far
surface such a5 @ maching rable.

Bi-Bur 19



Figure 7—The Pocoloco puzzie resembias a
squared-aff wooden ball with pyramidal cormer
CHEmNET,

Figure 10—The six identical assembiiezs each consist gf three prism-shaped pieces ginved fogathar.
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Chapter 2

Pocoloco

Designed by Vinco

FPocoloce, like the Bi-Huwrr, is quite simple in
concept and simple o make. But the precision
requirad i cutting the pieces and zining them
together may wery well prove to be challensing,
and in all likelibood, instructive.

The ball-like finished object, Fipore 2, is made
of six identical assemblies, Figares 10 and 11, of
three identical pieces—18 elemnenta] pieces in all.
These pieces ate right angle prisms.

Begin by preparing & square stick 18 inches long
and 1 inch on a side (see Waking a Sguare Snck,
page 18). Then saw it on 3 band saw or tahle
saw down a diagonal iwbo two prismatic stcks

(Figmres 12 and 13). Now make a jig or cradle
o hold these long prisms, wide face np, and pass
them throwgh a thickness planer (Figares 14, 15
and 1&). If all the tools used are sharp and well
tuned, and if the jig is carefully made, the prisis
will be accurately cut and the surfaces free of
mast visible tool marks.

Hand planing the sides of the square stick and/
ar the broad surface of the prismatic sticks may
improve the surface finish. Hand planing will
remave snipe keft by the surface planer, and even
improve the dimensional accuracy of the sticks,
bt it mmst be dome with grear care to avedd
npseting the requirad uniformity. The one thing

Vaclav Obsivac (Vinco)

Watky Chshac (b, 1962 was frainad In alactronkcs and worked In
the telacormmunication dustry for 10 years, As & child I school,

he was Interested I mathematica and geometry and he came from
& tamily of woodworkers, With this combination, | was no surprisa

that he took an Interest IN puzzes. M. Obavac B now a Tull tma
puzzie desigrer with a particular Interest In Archimedean solkds. HIS
puzzlas ars al constructad from local wood spades.

Wr. Obsivac Ives In the Czech Rapublic,

Pocoloco
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Figure 11—One piece removed from Pocoloco,

Figure 12
Making the Prisms

Figure 13—5Saw the squawre sifick down the middle on a diggenal to make hwe prismatic
siicks. Thiz photo shows the band saw sef up,; a fable zaw conld alzo be wed
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Workpiacs

Diracticn of faed Irrtc\_

thickness planer

Fignre 16—The fong prismatic stick sits an the shop made cradie, ready o be pushed info the rhicknass
Dlanar.
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Figure 17—The prism pleces may e cut fo length
using a cross-cut box on the fable saw. This box has
a hold-down clamp and a micro-adiustable end stap.
The stop block iz plued to the jig base and fernce.

Figure 19—Make a simpile fxfure fo help glue the purzie elements fogether. Finger pressure i1 enough,
umtil the gine grabs.
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you need not worry about at this stage is the
absolute size of the sticks, as long as they are both
the same. Also, 90 degres angles and 45 dezres
angles mnst be spot-on the full length of the
sticks, and they must not taper art all.

Mow, set up a micro-adjustable stop oo your
table =aw or radial arm zaw. A bolt threaded
through a slizhily undersized hole in a block of
wood clamped to the table or fence will work
well. (Alternatively, the bolt comld pass loosaly
through a bole in the bleck, with jam mats o
hiold the seffing } The parts must ke clamped
solidly i place during each cur, perhaps using a
stick to hold the part against the fence i order
to prevent catches snd kickbacks. This will also
keep the paris froan being trapped between the
saw hlade and the stop. Use a back-up board and
zerg clearance tihle insert to obtain the cleanast
possible cuts. Better vet, build and use a jiz like
that shown in Figure 17. Set the stop at 3 distance
fromn the saw Blade equal to, or as close as you
can to, the width of the wide face of the prism.
Use a scrap stick for irial cut-offs as you adjst
the stop. The objective is to cuf off these prism
shaped parts o that their large faces are precisaly
square (Figure 15). This can be checked using

a vermier caliper. If vou do not have the mght
measuring tools, bold one ont-off against another,
square face to square face buf rotated so that
they are B0 degrees to one aoother, and let your
fingertips determine if the dimensions of the large
faces are the same in both directhions.

If pecessary, adust the posidon of the stop and oy
azain If you are off, even a little bit, the puzzle
will either mot o together or else it will fall spant
when assembled. When you are satisfied that

the length of each prism is right on, cut off the
required 18 pieces. At this stage, do not sandpaper
any edges or surfaces. Do not tear down your
sei-ups—you may need them later. The tao 18
inch sticks should provide epough material to
cover 4 few mistakes and circnmvent the need

to endanger your fingers by bolding a very short
stub near the saw blade.

Glue these 18 pieces into six identical a=semblias
as shiown in Fipore 11. Use yellow ghue,
sparingly. applying fmger pressure for a minute
or =o, one joint at 3 tme. Make certain that the
edges of all tree pieces i each ass=mbly are
alipmed. This can best be done by preparing a
gluing jig with a right angle fence to push against
while the glue zrabz*®, Figore 19. In sbount half an
hour, scrape off any squeeze-out. After another
bour or 0, the glue should be sufficientdy set for
a irial assembly of the whol= puzzle (Figonre 11}
Drom”™t be too surprised if the parts fit too loosely
or te0 tightly. You are lecking for @ Light friction
fit of all parts, requiring somee force, but not 3 bot
of force, to assemble and disassemble. Ansining
that kind of fit is not easy. If vour first atempt

is unsnccessiul, determine what to do differentiy
and try agzin. using your previons thickness
planer and saw cot-off setfings 25 a starting point.
It might take several iterations before you are
satisfied. Founding off the edges of the puzzle
parts is not required om this project.

* The assembly jiz is & simple improvised dewvice,
as showm in Figore 19. Along one edge of 3 3 x
3-inch fare ofa 1 x 3 x 3-inch block attacha 1x
1 x 3-mch fence or stop. Mount the jig in 2 vise.
Push two pieces 1o be glued against the stop untl
the glue bites. A Litfle wax or paraffin on the jip
will prevent the glue from sticking fo it.

Figwre 28 Pocoloco, disassembled. The six paris
are identical.

Pocoloco 29
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Figure 27—S5Salhve the puzzie by tucking the pieces behind one another.
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edges left by the saw. Very shighty ease
the edges of these pieces with sandpaper
or a file, being careful mot to overdo

it since the fit of the pisces in the hox
could be adverselv affected.

The box construction is sraightforward
(Figure 23} Long splines ars used with
miter jeints for the corners, and the
bottom is set info rabbets in the lower
edzes of the sides. The 1id, Figure 24,
has two squares glued to its under side;
the larger square ensures alizmment of
the lid, and the smaller one will foil
some possible sttempts &t falce solutions.

The 45-degree miters of the sides can be
cut on 3 table saw (Figore 253, Or, vou
might want to try cuting theze miters
using a hand plane and miter shoofing
bozrd (Figure 16). Using the thinnest
saw blade vou can find, possibly 45 inch
thick, cut the slots n the bevels for the
splines (Figure 28). The slots can also
be cut on 2 Touter table with a ¥i-imch
sized to be a sliding it in the slots, The
wideh of the splines should be just 2 hair
less than twice the depth of the skots. Cat
the splines a hit long and clean np the
ends after the gine driss. Whean zning
the corpers of the box with the splines in
place, heavy mbber bands will work wall
as clamps, being sure to keep the box
sguare (Figure 29). When the ghe dries,
sand the ontside of the box and chamfer
or roumnd all comers.

Usingz thicker or thinner material for
dimenzions of the box should not ke
altered, unless you are deliberately
changing the scale of the puzzle. You
may wish to make thicker walls if it is
impractical for you to find or prepare
thin stock, or if vou want to fry the long
spline miter joints and cannot find a thin

Figure 23—Miter the box sides on the table saw, with the blade ser ar
43 degrees aed with a sacrificial piece of wood clamped to the fence, to
minfmize forn grain. Waich those fingers!

Figure 26— an alternative o the mable saw method, you can miter
the box sides using a hand plane and a miter shooting board, also

called a "donkey. ™
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blade for the splines, necessitatng more wall
thickness o accommaodate a wider slot.

Even when the WAMA solution is
understopd, Figure 17, some dexteriny will
be requited to solve the puzzle If the pieces
are just a little loose, vou will probably be
ahle to incest one piece &t 4 time ints the
box, tucking each successive piece nnder the
last. Bat if a little dimensional carelessness
resulis in the A pieces being somewhat
large or the box a bit small, you mighi bave
to juggle all four pieces into the proper
them =5 an assemnbly. And that can be very
mcky!

Fignre 28—Cut the spline siot tn the face of the
45-degree bevel on the table saw, using the miter

gutde and the rip fence.

Figure 28—Uze heavy rubber bands fo clamp the
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Figure 30—Please
Drop In consists
af a flai woodan
tray or box with a
clear plastic rop
place, and four
trapezoddal pleces.
The object is to
drap the pieces into
e box through the
ziot. Thay will fit,




Chapter 4

Please Drop In

Designed by Stewart Coffin

Four trapezaidal purzle pieces are presented alons
with, thouzgh separate from, a plastic coverad
frame (Figare 307). The objective ic to insert asch
of these pieces into the opening on one sids of
the frame o that all fowr pieces fir completely
within the frame. Simple. Well, maybe not quite
so simple. The solver will probably soon realize
that all pieces can fit through the opening in at
least one orientation, and may even recognize
that the area of the four pieces taken as a whole
iz ahout the area within the frame or possibly

8 bit smaller; but ke or she is then left with the

task of deciding the crientation of each piece and
the order of insertion There are 3 rather limited
mumber of possibilities, but to the solver, it will
sepm impaessible. There will be an irresistible
urge wo put the right-amzle corners of the pisces
info the right-angle cormers of the frame. Wrong.
Stewart Coffin is far rickier than that Wote, for
instance, that what looks like a sguare frame is in
fact slightly rectangnlar (Fignre 31).

The four puzzle pieces are simple enongh to
make, using *2-inch solid steck or high grade

Stewart Coffin

For many years, Stewart Soffin has been
Imvanting and bullding solld geometrical puzaas.
The craftsmanship and onginality of their design
FEnve won him a devoted Tolowing among
puzzle enthusiasts and collectors hroughout
the world, He Ives In Massachusatts

Please Drop In 33



Figure 31 —Frame Details /"‘ Mo. 2 Screw

¥
i L=
e
'alll-l.ﬂl
1ig" Acrylic )
N " Mitarad Gomers
- Spline Skats
_Tray Bottom e x He" deap
X j/ &' sold or phywood (5ea Figure 47, page 46)

Figure 32 —Pieces Layout

El
-, Insert piece A, then D,
B, and last pieca C

Figure 33— Solution

Lisa a" thick wood
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Figure 34—The small fedee at the boffom of the opening keaps the pieces mside the frame. However, 1f
aiso maans you have fo furn the frame upside-down 1o remove pieces While yon work on e sofution.

phywood (Figare 31). But the largest piece must
just barely fit throngh the opening and all must
To accomplish this, one can start by making the
frame and then cuars the four pieces o just fit, or
the pieces can be made fivst and the frame sized
to fir—both approaches will work. Cuf the four
pieces to the dimensions shown in Fignre 32,
adopiing a procedure that enables you to oot all
pieces shomld be chamfersd om all edpes and
corners—buat go easy, this edge treaonent will
affect the final fir of the pieces.

Wote that the bottom of the opening in the side
of the frame is raised just a bit sbowe the frame
floor. This step helps ensure that alll four pieces

comectly solved and that thev are less likely to
slide out imadvertently (Fizures 33 and 347,

The corpers of the frame in the model made for
looks and sirength, bat of course, other joints
would serve as well Black walwut was used for
the way parts and the four puzzle pieces were cut
from maple. The iray bottom, set Into rabieted
edges of the frame, is mads of solid wood, bat thin
phvarced would also be satisfactory. The cover s
clear acrvlic, ¥4 inch thick, obtxinable from plastic
supply sources and some hobby shops. Sand the
edges of the plastic smooth. This piece of plastc
can be simply placed omn the top edge of the frame
and secured by four small wood screws, or, a5
our medeal, set in rabbets.
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Chapter 5

Lateral Thinking

Designed by Brian Young

An old paper and pencil puzzle asks you to draw
nine dots, three rows of three dofs, s 3 square sy
and then connect all nine dots with four straight
lines withous lifting the pencil from the paper. If
you haven't seen i, you might want to my it before
readimg further—iclose the book, get 3 pencil and
piece of paper and see if von can solve it

k]

Are vou back? The conventional thought pattarn
of most people is to see the nine dots as a square
and the square is seen &5 4 boundary that none of

the connecting lines are allowed to cross, even

though extending the lines beyond the square is
nof prohibited in the statement of the problem.

The solution, which requites “going outside the
box,” can be found in Figure 40 on page 41.

Another phrase related o “going outside the
box™ iz “lateral thinking, ™ the nams Brian
Young took for this clever puzzle—yvon will
see why. Actually, the seven pieces (and their
iray), Figures 35 and 36, that comprise Lateral

Brian Young

Brian Young's obsassion with puzzias began as a four-yasr-oid,
whian a tavorta uncle gave Rim hils Tirst puzae. He was Instanthy
hooked, and puzzes Decame a Iifalong addiction.

In tha earty 19905, he saw the potertia to hamess his a's
Intereat to hiz woodworking sklls and establish his profession. So
bagan hiz full-time antorprize, calisd Mr. Puzzio, and tho yaars
since have baon dovotad to Imaanting, making, collecting and

playing with puzzias.

Eran 1= now an Intamationally recognized puzde craator whosa
Ingenicus fandmads works ane neld In colections arcund the

wiorkd, Mr. Young Ives In Qusersland, Australla.
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Figure 37—Dimensions of Puzzle Parts

All angles are 45°% 907, or 1357

Parts 3 & 6 jmake 2)

7 s
] B

Part 5 : Part 7
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rkme can be wsed for at least four different
puzzles:

1. Usa all seven pieces to form a letter T #
2. Use all seven pieces to fonm a letter T. *

3. Use all seven pieces to form both the letter
L amd the letter T at fhe sanee tima. *

4. Purt all the pieces back in the tray.

*The dimemsions of the vertical and horizontal
strakes in all letters are exacily equal and
symmetrical.

Lateral thinking is definitely reguired o solve
problem 3!

5Six of the seven parts can be cut from a length of
¥ = Y-inch stock | (see Making a Sguare Stck,
on page 18}, in a straightforw ard manmer nsing

a mble saw, radial-arm saw or chop saw, Fignre
A7. Seriously consider making one or moze jizs
bazed on the principles shown m the technical
sidebars oo pages &0 and &6 to make most of the
cnt=0ffs. At 3 minimum, an adjostable cut-off stop
shonld be used for all sgnare and angled cats so
that all dimensions can be tweaked for accuracy.
The tao small 454590 prisms, parts Mos. 3, 4,
and &, shoukd be cut with the long side paralls]
to the grain in order to avoid fragils cross-grain
edzes. Part Mo 2 is only a litile mickier for those
waniimg to make it from one solid piece. It is,

of course, possible to meake this piece by ghuing
topether two components. each of which can he
made from the same ¥ x Y-mch stick. Cantdon:
When working with these small pieces, pleass
take no chances that might harm your fingers!

The constmction of the tray is a bit different from
others shown i this book, (althongh any of a
mumber of designs would work as well). Befer tmo
Figure 39. Start with a block of wood 31 x 3743
x % inches thick. Selsct 3 species that confrasts
nicaly with the wood chosen for the puzzle preces.
If yom are cufting this block from a larger piece,

& Ll
Figure 38—Tse a siraight bat in the rouder falkic
fo plonw the teay cavity. The fwo mide plecer
compiete the tray.

you may want to de the routing before parting

it fronn the rest of the material so that yoo have

& larger piece to hold on to whils machining the
cavity. Using a table-mounted router, cur a -
inch deep chanmel, muming i the direction of
the grain, as shown in Figure 3§. To compleie
the frame, fvo side pisces mnst be fachioned and
glned into place. Note that one of these pieces
has a 34 x 3%-inch cutout. When the plue sets, the
iray can be cleaned up, chamferng or rounding
the edzes as desired. If yvou have closely held

o the nominal dimensions, the seven puzzle
pieces should fit perhaps a little snug in the Tay.
Lightly sand each part on a flat surface and they
shonld now fit easily, but without mmach reom for

movement, then oil the pieces.

The solutions to all foor problems are shown in
Figure 40.
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Figure 39—Tray Dimensions

Glue side pieces ;
in placa ——— e _ 8" Chamfer

" Rout fray bottom and ands
from solid piece of woed

El
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L 2
S0 text on page 37,

Figure 40 —Solution to All Four Problems: L, T, L/T, and Tray Assembly
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Figure 42—The four pieces are identical, with sloping sides and 1%™
IUdre faps.
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Chapter 6

Blockhead

Designed by Bill Cutler

Rlockhead has nearly every characteristic
considered important by serions puzzlers for a
good puzzle desizgn. There are & small number
of piecas, it is simple in concept, the objective
iz immediately evident, all the obvious wavs

of solving the purzle do not work, and the real
solution is elusive and surprising. The judzes at
the 198§ Hikimi puzzle competiton recosnized
the merits of kis desizn (Figure 41) by awarding

Formmately, making Blockhead is not as difficult
as is solving it Four idenfical blocks must be

packed into an open box such that the tops are
all flar and level with the edges of the box. These
blocks sre cobe-like, buf not tree cubes—some
of the cormeers are right angles, and some sra not
Ome face on each block is a tme sguare, and the
rest are mof.

Begin by preparing a stck abour 12 inches long,
having the trapezoidal cross sectional shape
and dimensions shown in Figure 43, Hold o
the dimensions closely. For the model showmn

in Figure 41, Indian rosewoeod was nsed for the
blocks and ozk fior the box, but virmally any

Bill Cutler

Bl Cutler has had a Ife-long Interest N mechanical pLzaes,
particutany Interocking bum puzzles and box-packing puzzes. Ha
has a PhDIn meathamatics rom Comsal Unharsty, and has beon
amployed for tha last 27 yaars a8 a computer programmer. He fes
combined these Interests by writing computer programs to anayza
beoe¢-packing and Interkocking puzdes and 1= pariculany nterestad In
Using such programs to deslgn new puzzes.

hr. utiar INes In Irols,
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i
Cut %" x 38" rabbeat first,
then rip strip at 5°

Corner spline thickness
matches width of saw
karf. Karf depth 4"

Figure 49— Box Dimensions
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botom of the box. Rip the 5-degree bevel on a
table saw. Cut the pieces to lengith and then miter
the ends, or simply cut the miters directly. It iz
importsns that the opening at the fop of the boo
be about ¥; inch larger in both directions than
twice the dimension of one side of the square face
of the blocks. Glue the four sides together—a
strap clamp mbber band:, or taps will provide
can be made of solid woed or plywood % inch
thick, oot e fit the rabbeted openmz, and glued
in place. To strengthen the corners of the box and
add a bit of decoration, you could add feather
splines. A simple jig will facilifate cutting the
slots for the splines, Fignres 46 and 47 Lighily
ease all edzes of the completed box.

To solve the puzzle, place all four blocks on a
table with their square sides on top. Amrange them
loosely in a rao-by-two sguare. Fotate each piece
=0 that the faces that slant 5 degree off vertical
are all on the outside of the assembly, Figare S0,
Miow, pick ap all foar blocks at the sames time by
holding them with both hands at their bottoms—
they will scnmch in—amnd drop them, sll &t once,
into the box (Figare 51). The blocks shonld afl
seitle in and leave a flat surface at the top of the
box, as shown in Figare 41.

Figwre 30—TI'p solve the puzzle, arrange the four
puzzie pleces on table surface, in @ square array,
with thar sguare sides on fop and thelr ouer
Jaces ail sloping eutward.

Figure $1—Lift ail four blocks ar once, then drop
them, ail ar once, info the o



Figure 32 —The completed Aha Box, closed Thi
box iz made of oak with a wainur inlay.

%" diameter cylindrical Sids liners "
magn thice  / Sea and ploce
el : / groove datail in
Figure £&
Angled facet
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Chapter 7

Aha Box

Designed by Allan Boardman
Oither boxes in this collection of puzzles are favorite beach pebble—ihat would rattle around,
intended to establish a specific volume in which increasing the curiesity of yvour guest. The
to pack the puzzle pieces or simply provide a nice solntion to opening the box ic simple enough, but
leoking container to hold them. The dba Box, far from obwicms. Of course, boxes of all sorts,
Figure 51, s just a box, but one that employs a whether they require irick opening methods or
pmamick to get it opened—a trick box. Finding not, are favorite projects of many woodworkers,
that Zimmick is the task presented to the solver. and the constmiction meethods used for this puzzle
This box is intended to be displayed, perhaps are readily spplicable to countless other desipns.
on a coffes table, Inviting & puest to pick it up
and attempt to open it. Yon might deliberately The solution requires finding just the rght place
place something inside—a relic, soms coims, 3 on the lid to press. Applying sufficient pressure to
Figure 54— How the Box Works BTt
o it lid .
F:.__l-‘-_‘_"'—uhq__h W
L,.I__|__'__ T ol
P = =

-FH—.. == T -
"r"-..'; ﬁé‘\ rehs g o -~ e If
\ oy
W —1 = \ﬁ“‘Ma;mts }_E ”m?ﬂnglgd facet
| _HII . E=s .!Iil

Rabbet = K"
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Figure 55 —Groove in One End Piece

Zut He" rebata all
four sides

Cut this ledge
in ona and only
Figure 56 —End Liner

and Magnet Layout (7

%" x 1" cyiindrical @
magnets

" End Liner

Oirill threa holas,
¥ diameter and
= just over 1" desp,

-l to recaive %" x 14"
ot g cylindrical magnats

o
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break apart hidden small. but powerful, mazneis
will canase the lid to tilt up and be easy to remove.
Before getting started on the constmaction, locate
a source on the Internet that deals in rare earth
magnets. You will need six 4 x Y-inch cylindrical
ImAFmets.

Buabbet and dado joints weare used for the corners
of the box, Fipure &0, but this mizht be a zood
project for wou to try mini-finger joints, nsing a
W-inch straight bit with your router table, or any
of the other box corner jommis shown thronghout
thiz ook, The siock required for most of this
project is ¥ mch thick. If you do not have the
tonls mecessary to prepare this siock—a band saw
for re-sawing and a thickness planer for cleaning
up the saw marks and achieving the desired
thickness—there are woodworker sources that
can supply thin material. However, be awarare that
purchased thin boards often come cupped and'or
distorted and can be difficalt to use. When you
prepare your own material, on the other hand,
you can nse thicker stock that has been hring
around for 3 while, stabilized in your shop's
eavironment before it is flattened, re-sawn, and
planed to thickness This doesn’t maarantee that
you will end up with fat and stable thin stock, but
it increases the likelihood. For this project, you
will nead about one-half a square foot of ¥5-inch
stock, and about 20 square inches of Y-inch stock,
assumking, of course, that vou use the overall box
dimensions given. Having a little extra on hand
would provide good insurance.

After lavinz out the parts 1o festure the nicest
grain patterms oo the top and sides, <uat the four
sides to size using & zero clearance insert in
your table saw to minimize tear-our. Use a ¥e-
inch straight kit with your table mounted router,
Figure 59, to cut the dado in the end pieces, and
a Y-imch bit to cut the joint details in the side
pieces a5 shown in Figmre §1. Mow cut the rabbet
in the edges of the four sides to receive the box
bomom. A shallow zroove will be required near
the inside top edge of one of the end pieces—ithis
can be made with the same router table set-up,
adjusting the depth of cut and fence position as

Figwre 538—The disk semder, or a sharp chizel,
will cut the small angle on the side liner piecas.

needed (Figure 55). Lightly sand the inside faces
of the four sides and glue them together, making
snre that the comers remain square and aligned.
Scrape off any glue that has sgneezed onf, both
inside the box as well as in the corners of the
bottom rabbets. Cut the bottom to form a soag it
and sand the inside surface. A bench hook and
well-toned hand plane provide a conmolled way
of approaching that perfect fit (see Bench Hook,
page 54). Glue the bottom in place.

Two side liners are cur from Y4-inch stock. The
small angled facets shown in Figure 54 allow the
lid to be tilted for opening—they can be made
the pieces 1o & disk samder (Figure 58). They
should both be identical. The exposed surfaces
of thess two pieces can now be sanded and the
pieces ghaed i place. Use zlne sparingly and hold
the parts in position with small spring clamps.
Prepare a piece of Y-inch materal, as shown in
Figure &6, to be glued into one end of the bax,
the end opposite the grooved end. Dirill three
l-inch hobes a hair more than ' inch deep inm
the top edge of this piece to receive the magnets.
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Box End Pieca
Fthar Tablg / EW
" Router
First Cut Bit

e e Paaaa _ Fence

Figure 3§—Use the table mounted rourer with a
Yig-inch bit to cut the dado for the corner joints af

i FRouter Tablg :
1" Router
Second Cut
1&!
' _ Box Side Piacs o
£} NES S
" L |  Pouter Tabla /
R ' | %" Routar
Third Gut Eit
2";-. FE— ——
Figure 60— Comer Joint 'Figure 61—Making the Comer Joint
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IMake sure that the mazmstic poles of the thres
magnets are oriented the same way and insert
them in fhe holes so that they are flush with the
top of the piece. A tiny drop of zloe will ensurs
that they stay in place. (ine this intemal end
piece into position as shown in Figare 54, The
two internal side pieces snd this end piece shouald
fomn a contimmons ledze aronnd three sides of the
box on which the 1id will sit.

To make the lid, caf a piece of the Y-inch stock
&0 that it is an exact Ot o the inside widih of the
box and ¥ inch too long to fit lengrhwise. Rout
the rabbet or ledse on one end of the lid. Again,
using vour router table set-up with 3 W-inch

bit ot the doy decorative rabbets, as shown in
Figure 57. Thres ¥-inch holes, just over ¥ inch
desp should now be drlled nfo the underside of
the 1id, takimg care that they are exzctly opposite
the three magnets that have already been instailed
in the box end piece. Glue the magners inio the
holes, again checking that the polardity is comect
=o that afl the magnet pairs attract each other.

At this point, you might wish to decorare the oo
with a simple inlay as shown in Figare 52 To

do this, et up vour rowter table with a Vs-inch bir
to out 3 groove sbout Yig-inch deep. Adjust the
fence to cut the long grooves, using an adjustable
stop to limit the cut at both ends. Wote that the
lfe-inch ledge ar one end of the lid means that you
will have to do some repesiining of the stop and
the femce as you rout the four grooves, in order
to symmetrically center the inlay. Square up the
corners of the grooves with 3 sharp chisel (Figure
[ 40

Prepare a Vs x Wg-inch strip of conwasting wood
to inlay in the grooves—a soug fit is desirable.
Cut four pieces of the sirip to length and miter
the cormers with a chisel or razor blade. Apply a
bit of glue in the grooves and imsert the pieces,
tapping them inte place with 3 scrap block and
Light kammer. Leave them just a kit proud, to be
sanded flush afier the glue dries.

When the hid is put into place, there shonld be no

Figwre 62—Rowt the groove_for the inlay in the
box Yid. and clean up the corners with a small
sharp chizal.

crack or space showing around i edges. In fact,
there should be no visible clue shout how the Lid
iz to be removed. If the fit of the 1id iz just a bit
too s1mg, oy planing a very thin shaving off a
binding edge, nsing the bench hook. When all is
just right, the lid will snap shof and will stay in
place with no play. Sand all exterior surfaces and
the inside of the Lid smooth, and round or chamfer
the edges of the box o aste

To open the box, press at one end, or the other, of
the lid to lt it up.
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%" Plywood or MDF

e
Bench Hook R

T3 Plyweod
o MOF Basa

2"

B ————1" x 1" Cleat

'
P

Bench Hook

| Soma claszsical hand ool wWoodwWorking
methods shouid De a part of the repartoire

| of evary woodworkar, even those totally

| enchanted with power fools, Why'? Becauss

| certain operaflons are batter done by tools and
' procedures In uss for undrds of yaars bafors
' the Invantion of electridty than by methods

| employing power tools. Yas, battar—ana oftan
' taster, safer, and quister as well, Trimiming

| @n edge of @ smal plece of wood to cbiain a

- parfect it using a banch hook and bench plans

I= One erampa.

| Thie banch hook shown hare s a simpla shop

| 8id that can ba usad to nold parts In place

- without & clamp while sawing or planing tham.

| Marty types of this kind of fixture hava been

' used In past centuries—for shooting the aage

. of a board, cutting and fimming a miter, or

- timming & pleca to Tt It 1s just about Impoasible
' to find thesa bench alds for sale, 50 ona must

- make them—a simpla encugh project.

| In usa with & plana, the workplace Is nakd

- aganst the stop, sightly overnangng the edge
. of the platform, and the plana, laid on its sids,

. takes off a shaving. This arrangement removes
" one degree of freedom from the planing

' pperation, ensuring that the aoge 1s squara to

. the surface of the place—assuming that tha

plane 15 =at to take & unform cut and s sides
are square with Its s0ie, If the plane I3 well
tured and the cutling Iron |2 sharp (thessa ara
whiolo ofhar topical), the part can bo reduced
0.001 Inch or 20 with each pass. This ralabty
parmits the worker to approach and attain a
parfect M—wvery desirable when making small
housahold tems and aspecially S0 when making
mecranical puzzias, Shight tapers can be addad
or removed from the workplecsa by startirg

or endng the cut part way through the plane
siroke, In casa the part balng workad 13 Just &
bit wide at ona end only. Ty i, you'll ke [

*1 : 4‘;5"
The banch hook = imvaluabie when
dimensioning a small praject part.
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Chapter 8

Puzzle

Designed by Nob Yoshigahara

Although criginally conceived as a packing
puzzle, thart is, a puzzle that challenges the solver
to put all the paris into a confainer, Wob realized
that the parts of his design could be put together
in many interesting ways, oot just the cobe that
be had first imagined. Expert puzzle solvers now
agree that there are only eleven good shapes
that can be made with the parts, but at first,

Mob didn’t recognize amy limit, 50 be named his

crestion “neveranding” (Figure §3, next page).

The elemental building bleck of this puzzle is kalf
of a cube, the cube being cut on 3 compoand bias
(Figare 65} Sixteen identical pisces are cut and
glued together to form eight similar bat different
puzzle paris. All of the pieces can be cut from a
single 1-inch square stick abowat 24 inches long, or
from two shorter sticks. Scrape or plane the stick
smeooth, but keep the edges crisp. The 134-inch
dimension is not essental, bat it is crdcal that the
cross-saction be axactly square and uniform for its
full length (see Maoking a Sguare Siick, page 18}

The methoed demonsirated in the photos and
fignres makes use of a radial anm saw and a
special jig (see Cur-Off Jig, page 60) for cumting
off the puzzle pieces fiom the stick, buat a chop
saw or table saw will do the job as well, though

ob's Neverending

with some modificaton o the jig desizn. To

cut the angled end of the stick, it is held in a
V-shaped cradle gloed to the base of the jig at
an £2-degree sngle to the saw blade. This anzle,
82 degrees, results from the dimensions shown
in Figure 65 Thiz angls can be off a bit and

not affect the way the purzle works. With this
arrangement, the angled end and the square end
of each piece can be cut alternately withont
dismrbing the set-up. Glued to the cradle, a
micTo-adjustable end stop makes if easy o get the
length of each piece st right. A hold-down arm
prevents each block from being kicked back as it
iz cut free, and enables von to keep your fingers
safely away from the saw blade. Set the depth of
the saw blade to just barely cat into the base of
the jie.

If vour saw is alizned and vou are using a sharp,
gqaality blade, the pieces should reguire Little clean
up. B, if you are laft orith slight saw marks, tape
2 shest of fine sandpaper on a flat surface and mab
with lizht and even pressure to samd them off.

With the jig clamyped m place, make 3 square cut
holdimg the work piece agzinst the fence. Adst
the cut-off stop by eye for a test of the anzled oat.
When set comectly, two pieces will stack tozether to

Nob's Neverending Puzzle

25



Figure §3—Nob's Neverending Puzzle consists gf eight L-shaped pieces.

56  Puzzie Projects for Woodworkers




Pigces apainst the tabile and @ siep.

form a perfect cube. If sandpapenng the end grain
to remove saw marks is required, be sure you factor
in the sanding when you test the mal pieces for
lengih. In principle, you could add another micro-
adjustable stop to the jiz or saw fence 1o make the
square cut, bt it is easier to simply cut the angled
end of the stck sguare, wasting as lirtle as possible,
before placing it back o the jig's V-cradle for the
next angled cut. That way, thers is only ons stop
to adjust and all pieces will be identical When youn
are sure that you have an exact settimg for the end-
stop, cut all sbrteen pieces. If you wish to round

or chamfer the edzes of each piece. jmst 3 tny bit
to make thern feel nicer, you should wait untl the
pieces have been glued so that yon ease onky the
exposed edges.

lee the sixteen pieces in pairs as showm in Figure
66, making eight different assemblies. Use very little
glus o avoid excess squeeze-out Foxmer pressure for
8 few moments iz enonzh in te way of clamping,
bt it &5 best to prepare 3 flat zhuine surface with a
stop to have something to press against and alizn the
pieces unil the ghoe zrabs, Figure 64.

A hdded, or un-hidded, box with 2% x 2%, x
2tis-inch inside dimensions makes a nice storage
container for the puzzle parts, and requites that
you solve the cube puzzle. Alermmately. the puzzle

-~ il o o
Figure §4—This simple fixiure helps glug the puzcle elements fomether, by allowing you ro push the

L

parts can be stored in 3 shallow 3355 x 3%%-inch
tray, which fits fhe square-domut and the square-
with-the-comer-missing puzzle configurations.
Both the box and the tray can be made using the
suggestions given for other puzzles in this book.
Perhaps now is the time for you to creste your
own box o1 tay design! Of course, you can also
keep the eight puzzle paris in an old sock, bat
where's the woodworkimg fun in that?

Al eleven solutions found by BMob and his
colleagne Eozy Kitajima using thess parts can
be seen in Figure 68. Perhaps vou can find more
imferesting shapes that the experts have miszed,
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Figure 66 —Eight Puzzle Pieces

Figure 65— Elemental Half-Cube

‘Make 16 pieces

These dimensions may vary, but ,
it iz critical that whan two of thasa Glus pairs of elemental half-

elemental half-cubes are stacked
together, they form an exact cubs. Fhﬁﬁg;ﬂﬁ?her to make pleces A

Figure 67— The eight puzzle
Pieces pack meatly imfo thewr
box, but this iz not the only
Fofufion.
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Adapted from an arficke by Allan Boardmem, “Mob's Meverending Pazzle ™
pablished in the Ociober 1958 Ssoe of Amerfoan Foodiverder mazazine. This
pazzle also made an appearmaoe in ooe of Mob's maxy books, Puzzie m Food,
pablished in Tapam
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T VEFS@EITIG Cf-af] JIE can Wo

et e v
to cut gff the pariz for Nob's Neverendimg Puzzle, bur with modifications it can be used fo sqfely
cut aff any small duplicare pares.

it'= often the casa that mora time can ba
zpent dasigning and bulding the required

g or Jigs than Is actualy spent cutting the
parts. But In thiz caze, at least, It 1= wall
worth the affort. The kg shosvn, or one lika i,
Wil ensira unifomm and [dantical parts. Tha
=loping sides of the V-cradle reduce the saw
blade tear-out to a minimum by backing up
2ach cut, The adustable stop makas ne
tuning tha length of the parts vary aimple.
The hold-down keaps your Tngars safe and
prevents the parts Trom Mying off the saw
table and bouncing around the shop. And the
dud station 2et-up enablkes you to make all

7i-arm Im§ or e

b

op Taw. AT shown IF i5 Sut

Cut-Off Jig

cutz required by Nob's Mevaranding FuEzie,
both 2quare and angled, with no adjustmeants
batween cuts. The wedga-shapad phywood
spacar baze can be madse at varous angles
o 2ult different projects.

All safety measures and equipment must

Do utlized whenaver poasible. If the biade
guard on your machine must be removed Tor
a spachlc cperation such as the one shown,
ba certaln that your Jg e solldy mounted,

all scraps and dabrs are dearad away, the
workpleos |3 sacured, and fngars and hands
are a safa dstance from the biade.
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Chapter 9

Fifth Avenue

Designed by Nob Yoshigahara

Twenty-five cubes are ghued together to make
ning puzzle parts—Seven parts use thres cubes
and two use two cubes, But the tweniy-five cubes
are made from five different species of wood.
Althougk any five species will work, the finished
puzzle is alf the more enjoyable to play with if all
species are easily distnguwished from the others
by their colors and/or grain patterns. The object
of the puzzle iz te arrange these nine parts in 2
five-by-five array such that each row and each
column bas one cube of each of the five species.
There are many ways to make a five-by-five array
with these nine parts, but only one way, ignoring
mirrer images and rotations, of correctly solving
the puzzie (Figure 697.

Prepare five sticks, each about 2 inches long,

one of each kind, or color, of woopd. Their cross
section shonld be an exact square, Me3sUTINE

Y inch on 3 side Figure 71 (zee Making a
Square Sfick, page 18). You can vary this basic
dimension considerably, but all stcks must be the
cama. The sides of the sticks chonld be planed
or scraped smoath o remove any noticesbls saw
marks whila being careful to maintzin squareness
and uniformity. Of course, this clean-ap can

be dope after custing the cobes, bur that would
requirs more work.

Set up a stop oo your table saw or radial ano

saw fo cut off the cubes. Use the width of one

of the sticks as 3 gage so that the cut-off length
is exactly the same as the width of the stick,
ensuring that you end up with acourare cubes.
The stop must b= set up so that the cot-off piece,
the cube, is ot rapped betwean the saw blade
and the stop or fence, & this could cause the
cube to jam or be Kicked back—a potentially
dangzerows safety hazard (Figares T4 and T5).
Use a zero clesrance insert in the saw table and a
back-up beoard to minimize tear-ont. Or, to solve
all these potential problems—safety hazard, tear-
out, dirnensional emors—iake the tme o make &
version of the ont-off jig shown on page §46.

ou shonld now have five cabes of five different,
confrasfing species, twenty-five cubes in all The
end grain of each cube may need & bit of clean-up
o remove saw marks but note that some of these
ends will be glued. To avoid the nnnecessary
sanding of these hidden sarfaces (less work and
less chance of altering the dimensions), do not
sand the and grain wntil the parts have been glnad
together.

Although not smictly necessary, the adges of

the cubes mizht be chamfered both for feel and
looks. Thiz detzil will also hide slight dionensional
maccuracies from cube to cube. If you choose to
da this, it should be accomplished before ghing

Fifth Avenue
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* 2 Make five sticks, sach a diffierent
wiood spacias,

Each rumber, 1 through &, is a
difierant color (species) of wood, All
glue joints on and grain.

— Ly
i -
o i 5
il oy o |
) . al -
L F
o ?

Figure 72—Gluing Up the Pieces

T

e
oL Firger Joints
' 8
R

In=at tray bottom

into Ye" deop
Figure 73—Tray grooh.
The opening in the tray 1§
must b2 square, measurning |

five times the dimension of the basic
puzzle piece cubs, plus 14" rattle spaca.
Using %" cubasg, the tray inside dimersions
should ba 335" x 355"
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the cubes together. This can be a tricky operation
since the parts are so small. Depending on the
methed you nse to make these chamfers, they can
be cut on the edres of the sticks before the stcks
are oaf imto cubes, leaving only the end chamfiers
for later. The chamfers should all be the zams and
uniform; free-hand filing or sanding is oot likely
to produce a gquality look. One method that might
be used invelves a chamfer plane, a very mseful
tool soid by most Japanese tool dealers. A disk
sander can be used to make the chamfers, bt
some 300t of fixhure mnst be devised and nsed for
safety and to obtain uniform results (Figure 7).

Glne the cubes together as shown in Figare T2,
end grzin to end gram. Mow lightly sand the
exposed end graim to remnove any visible saw
marks. Afrer applying 3 penetrating oil to increase
the contrast between the five wood tvpes, the
puzzle is really complete. However, a tray 1o hokd
these nine pieces will enhance the presentation,
make solving the porzle more pleasing. and will
keep all the parts together when not in use.

The sides of the way (Figure T3) are cur from

a stick measuring ¥:-inch by Ys-inch in cToss
seciion. Any Cormer joint can be used—initer,
butt, lap, splined, etc. The inside of the fTay
shomld allow sbont Y¥; inch of clop so that the
puzzle pieces can easily be inserted and removed.
The botfom of the fray can be simply glnad w the
bottom of the sides or sef into a rabbet or groove,
depending on the preference of the maker. In the
moedel prepared for this book, the corners of the
tray were finger jointed and the bottom, 3 sheet of
L-inch phywood, was set into a groove.

The soluton of Fifth 4venue is shown in Fizgure T

This purzle has appearad in one of Nob's many
books, Purzig in Food (3ic), published in Japamn.
Although it might be somewhat less elegant as

a woodworking project, instead of using five
different spacies, 4 single kind of wood can

be used, applying sfains or dyes to create the
different colors nesded. Fifth dvenus will sill be
an elegant puzzle.

Figwre 74—0On ihe fable zaw, cuf the cubas fo length
uzing an qffter stop arrached to the fable surface with
crampacryiate glue

Figure 75—t the cubes o length using a fonce
stop and impronvized holding clamp.

Fignre 76—This fixture war desigmed o hold
cubes and limit the dapth af cut when making
chamfers on the disk zander.
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Jigs of this genaral Torm ara & groat
convenienca whan making small parts
that hava to be accurataly notched

of cut off—two common oparations
ancountared In puzzie makirg.
Although some general guiddings are
showen In the drawings, the actual
dimansions of tha Jig must ba tallorad
to your table zaw. The Taatures of this
g Include Zaro clearance Tor the =aw
biade and a back-up Dar {the fence)
bahind the cut—both will minimize
fear-out and swarf. The and stop

can be sdjusted accurately Dy nal

1" x 1" x 14" block.

Crill 15£4" fior 16" x 412" balt.
Glua block to sled with

the bolt in fully irserted
position and about 3"
betwioen the tip of the bolt —
ard the saw blade.

Cut-Off and Notching Jig

Cut-Off and Notching Jig

and armor over the needed rarnga of
movament far the project at hand, and
the workpleca can be safely hedd In
place while making the cut.

Mako tha sled of any avalable lumbar,
being caneful that the two barz or
fences are sfralght and have square
edges. Tha botiom can ba made

of phywood or MOF, % Inch thick,

The slide bars should ba hardaood,
carafuly frimmead for a no-play shiding it
In the miter ots. Glue the slide bars 1o
tha undarside of the =led squars to the

Size eliding bars for no-play
fit im miter glots,
Glue to base of sled.
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fenca. Whan the gue sats, adust the saw
blade to cut a Itle mora than 14 nch and n
tha Jig througr.

For the Jg option shown below |att, prepare
a block about 1x1x2 Inches and drll a '5gs-
nch hole down the canter of the long axs.

Inzert a 4 x 4%-nch bott Into this hok—tha
boft well Tormn s owen threads 0 the Diock.
With the bolt scrosved al the way In, gue the
biock 20 that there 15 about a 2%-Inch gap
betweaan the nead of the bolt and the saw
kart running across the bottomn of the gad.

Hold-Down Clamp Options

T E5 This face of the
1 "= dlamp sheuld
3 =wing down 1o
" hold prismatic
cut-off sacuraly.

By using a calpar, the gage blocks, and
Trid-and-amor with scrap matena, the setting
of tha screw stop can be made with grast

ancuracy prior to making cuts In the puzae
ploces,

Extending thiz [Ig a Itttle on tha Tt end and

adding a hold-down clamp as 2hown Dalow
wil enabla [t 1o be usad sataly and accurately

to cut off smal parts such as those neadad
for the Pocolbcn and Ah Avenus puzzles.

Altamatively, a hold-down damp of
this general type can ba usad for

gmnall parts.

nle
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Figure 77—The Level 5 Motchable Six-Fiece Bum, asrembled fobove) and taken apart (below).
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Chapter 10

L.evel 5 Notchable

Six-Piece Burr

Designed by Bill Cutler

There are borr puzzles and then thers are
puzzles (Figure T7). Bill Cutler kas done extensive
computer analysis of the family of sbt-piece
burers, and in 1987 be discovered this unique
design. “Lewel 5 refers to the smallest mumber of
moves needed to remove the first piece from the
assembled puzrle In the most commen si-piece
bures, the first piece to be removed bas oo notches
and is simply pushed straight our. “Motchabla”
meanc all the pisces can be made by cufting one
or more sinples notches. An un-potchables piece
could not be completely cut on a tzble saw (Figore
T8} What makes this puzzle vmique is that it is the
highest possible level notchable six-piecs burr, and
it has only one solution It is also a diffical purzle
to solve. But that doesn't mean it is 8 difficult
puzzle to make.

All of the pieces of this pozzle could be simply
ot on & table saw by measuring, marking-

our, snd aligning each cut with the saw blade.
However, grester accuracy, repeatability, and
speed can b achisved if you take the wouble to
make a simple jig and a few gage blocks (see
Cui-Off and Notcking Jig, page 86 Cutting the

notches can be done with a dado head on yvour
saw, but mmuliiple passes with a general purpose
blade will go swiftly emough, especially if vou are
mzking only one of these puzzles.

Begin by preparing 3 feet of 1 x 1-inch square
stock, utilizing sy well-behawed hardwond you
may have around the shop (see Making a Square
Stick, page 18). Cut one end sguare, and then cuat
thrae pieces 6% inches long—seach of these thres
pieces will make two puzzle parts. Cutting the
nowches in these §4-inch pieces and flipping them
end-for-end in the cutfing sequence gives you
something more to hold on te than you would have
working with 3-inch pieces. Further, it ensures that
you are always referencing each cut from the same
end of the piece, minimizing ermor. The two 3-imch
pieces will be cut zpart afier the notching has besn
done. Mote that parts E and F are identical. The rest
of the stick will be nsed for making gage blocks,
frial cuts as you ser up the end stops, and for spare
material if von make a mistake. (Who, mea™)

Ideally, the fit of all parts of this puzzle into all
notches would e perfect—nn clop, oo fiorce
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Figure 78—Typical Burr Pieces

= B Un-notchable

Motchable pkecas can be completed using a
table saw. Un-notchable ploces cannot ba
completed on the table saw.

Figure 79—Gage Blocks
It the burm plecas ame not eactly 1" x 17, adjust
the lengths of these gage DIOCKS accordingly.
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Setting Depth of Cut

Aftar Clean-Up

To sat depth of cut, make a lap
joint from puzzle piece stock,



required. For vour first aftempt, at least, opening
up the tolerances just a bit is advised, enabling the
paris to go together easily. The puzzle is difficalt
ensugzh withour mechanical binding. It is not like
the Bi-Burr or the Pocolpco puzzles where the

fit has to be exact or the puzzle really doesn’t
work. The Level 5 Notchable is a great puzzle
even if the parrs fir a bit loozely. The problam is
that, as the assembly of the puzzle builds, as each
additonal part is added, small dimensional emrors
can accummlate, potentially making the last moves
in the zzsembly too difficult, requirdng too mach
fiorce. So, oy for a fit that is one- or two-pieces-
of-paper loose. Cuf three page Hocks from the
leftower 1 x 1-inch stuck; one that is one-half the
widith of the stick, one that is the full widih of the
stick, and one thas is twice as long as the width of
the stick (Figure 79). Tha gage blocks should all
be oversize by abomt 0001 inch. Use 3 micrometer
or vernier caliper to get these gages just right.

Set the saw blade to cut half-way through the
puzzle parts, taking into saccoant the thickness

of the jig base. You will want to clean up the
bottoms of the notches later, using a chisel and’
or file, zo the szw cut shonldn't go goite half
way. Use a vermier caliper or make 2 test lap joint
from two shott lengths of the extra stick to get the
depth of cut spot on (Figore 80). This saw blade
depth seffinz will ke used for all of the notches_

Place the noiching jig on the table saw with the
slide bars in the skots, and mm the jiz throuzh the
blade Using a scrap stick, adjust the screw stop
5o that it is ome inch from the blade. With one

of the §%-inch workpieces np agaimst the end of
the bolt, Fisure 81, make the first cot—this will
become piece A in Figure 82. Lighily pencil

in the lefters A through F on the ends of the
sticks for easy reference as you cut the notches.
Beposition the screw sfop to mske A cut Y2 inch
from the blade, and make 3 cut in the other end of
this stick amd at both ends of the other two stcks.
Mow, back the stop screw away from the blade
by a little less than the thickness of the blade and
cnt again in what will become pieces B throngh
F. Continme to readjust the stop and widen the
nofches, following the drawings in Fipure 82

b=

i e S

Figwre §I—5mw the first cur uzing the notching
Jiz. Note that if a jig af this fype were o be usad
Jor through cut-afff. a device to hold the cut-offs
in place wald be requirad.

Az vou appreach a ¥-inch notch width, make

the adjustments slowly and carefully, trying the
Y2-inch gage block with eacl pass. You are trying
to obtain a soug fit of the gage into the notches oo
pieces C and I, When the gage block just fits in
with lizht finger pressure, those notches will be

After these narrora notches n pieces C and I are
complete, leave the gage bleck partly in the noich
and adjust the stop screw so that the saw blade
just scrapes against the zage This will be the
proper setting for the firse cwt in the moddle notch
in these pieces. Of course, the sticks will have to
be rolled 20 degrees when you begin to cuf this
middls notch. By now, yom get the idea—racet
the screw stop, cat, gage. roll the stick. and
repeat. Continne these operations notl you have
completed all the notches on all six pieces. Yoa
have only to oot off the six pieces to leagth, 3
mches, clean up the bottom of the notches and
any other roughness, and assemble the puzzle.

Ab weas assernble the porzle. The assembly steps
are shown in Figore 84, You may want to fry

to pat the puzzle together on your own, withont
looking at the figure, bt be wamed that it is quite
difficult. Dsassembly raquires the same steps

in the reverse order. When complete, put it on 3
shelf as a mophy for your temacity, or give itas a
gift to your mean bogs_

Level 5 Notchable 6-Piece Burr {1



Figure 82— Dimensioned Burr Pieces

Figure 83—Assembled Bumr
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Figure 84— Assembling the Level 5 Notchable 6-Piece Buir
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Figure 85—Pandora's Box, arsembied and dizassembled
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Chapter 11

Pandora’s Box

Designed by Brian Young

In the puzzle world, Pandera s Box is referred

to as & “boeced burr.” The four purzle pieces are
noiched in 3 manner typical of any buwr puzzle,
bt the difference is that they must be assembled
within a cage or box, adding significantly to

the difficuity of finding the sohition. The four
pieces must be insented inm the box in the comect
orientation and order, without the solver being
ahle to fally see the propgression of moves.

Although the notch patterns and dimensions

are not the same 3= those of the puzzle pieces

in the Level § Notchable Six Piece Burr (page
48}, the zame basic cutting technignes can be
employed—preparing the square stick, setong

up an adjustable stop on your saw, etc. As with
the other puzzles, awy seasoned hardwood will
do, though contrasting species for the war pieces
and box will add to the visual appeal of the final
product. Using the dimensions shown in Figare
B6 and the sugpestions given for constmacting

the Level § Burr, make the four burr pieces for
Pandora’s Box. Bersuce the sscembly procest
for solving the purzle iz essentially blind, a very
slightly looser fit of the parts would be advised.
This clearance, abvout 0005 mch or the thickness
of 3 piece of paper, can be achieved by either
making the square stick a tiny bit smaller than the
nominal ope inch dimension or by lightly sanding
the fonar finished puzzle pieces later.

The box can be mads from one piece of wood,
bt it may be somewhat difficult to do a clean job
of the thromgh mormises. Instead. make the botbom
and top halves as shown in Figure 37, using a
fable moumted router or table saw, and glne them
together at the comer posts. Mote that although
the top and bottom halves are dimensionally

the zame, ope part should be cut with the grain

at right angles to the other so that when they

are ghied together, the gram m the two parts

will be moning in the same direction. Using the
dimensions shown, the bur pieces will axtend

a liftle bayond flnsh with the sides of the box.
Although having the pieces stand & bit proud of
the box sides is primarily a decorative feamre,

it also belps o mask the slizght loosensass in the
intermal joints when the puzzle is assembled.

The solution to the puzzle imvolves a minimum
of twelve steps. Momally, a purzle like this
would be siting around i the assembled state,
waining for someone to pick it ap and stan
playing with it—disarcembly first. Bur, since
vou will be making the pieces, your first job will
be azzembiy—a somewhat more difficult fazk.
The solntion described here will help yom pat

the pieces together. Disassembly imvolvas the
same moves bot in reverse order. Mote that in the

assembled, or solved, state, piece C is the only
one that will mowe, so even though yvou will zot

Pandora's Box
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Charmfar or round
all axtamal adges

P

Figure 87 Although both pieces are identical, one is
cut 307 from the other so that when gluad
togather the grain drection will match.
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be able to identify the pieces from their hiddsn
notch patterns, you should be able o find piece C
and onent the puzzle with the solntion dizgram.

Lay out the four burr pieces and the box as shown
in Figure 83. It may help to fix a small piece of
masking tape to the ends of the pieces and write
the letters A& throwgh I on their ends. Mow, make
the mowes listed in Fignre 88

Figure 88 — Solution Start Position

Assembling Pandora's Box

+ Slida pleca A N kesving It 1 Inch
short—out of the Do,

» Slide plecs B In under plece A and 14
Inch pazt and out of the box on the
other side.

» Slida pleca C Inover plece B and next
10 plece A leaving It % nch shorf—out
of tha Do,

= Slida plats O In under pleca < and
naxt to plece B eading it 1% Inches
short—out of the Do,

» Slide pleca C Ina furthar ¥ Inch-t
should now be Tush nside the box

» Slida plece B In a Turther ¥ Inch-t
should now be Tiush nside the Do

» Sllde pleca A n a further ¥ Inch-t
should now be Tush heslde the box

= Slide plece D In a further ¥ Incht
should now be 1 Inch outzide the baox

# Slido pleca C K Inch back out of tha
Do

s Slida placo B % Inch back out of the
DoX— b caranl, & wil slige tarther.

» Slide pleca A 14 Inch back out of the
Doy

+ Slida pleca D a further 1 Inch-t shoud
now bie flush Insida the box

+ Slida placa A, than placa B, then placa
C each % Inch back Inske the box.

Pandora's Box (1



Figure 90—
Pegasus Pattemn

* Thesa slots
must snugly fit
the " wood

Gran Diredtion

=

Photocopy thesa ful-size pattams of &l
12 puzzle pieces and gus the pattoms
onto 1&° wood.



Although each of the three subaszemblies can
be glued together directly as shown in Figares
92 through 96, vou will achieve better results
and tighter joints by constmacting the COF
subaszembly (zlne on I later) in Figure 82, and
then continuing to add parts in the sequence
indicaed.

Glne the small piece, T, to part © as shown in
Figure 92. MNow, glue the left wing, part I, to
part C, as shown in the same figure. Assemble,
without glue, pari B wiih the CDJ subassembly,
Figure 93, and slide this banild-up into the long
notch in part A as shown in Fipore 4. When in
place, the front of A and B should line np flush
to form the chest. Mow you can ghue on the legs,
paris E. F, &, and H, the right wing, T, and the
two haunch pieces, I, using the photographs

and illnstrations a5 a guide for where to apply
the glue. Be very carefinl not m hawe any excess
ghwe inadvertently squeezs onf and cement the
subassemblias tozether!

Before the ghie completely sefs up, genily slide
the three smbassemblies apart to be certain that
they are not frozen together. The first step in
disazsembly is accompliched by holding the front
legs, (Assembly Three, Figure #6), in one hand,
the rear legs, (actually, subassemblies One znd
Two as shown in Figores X and 93) in the other,
and palling apart; then separate subassembly

Cme and subassembly Two. See Figores 27, 98
and 99. After the glne fully sets, clean np the
assembled puzzle by sanding each side on a sheet
of zandpaper taped to a flat surface so that all
parts are flush and even. With a sharp chise] and
sandpaper, clean up the edzes of all remaining
body paris. Finish the puzzle by applyvinzs a
peneirating odl.

Although Pegasns may not be the most difficult
puzzle to solve im this collecton, it is likely to
poze a few constraction challenges as you attermpt
o use the scroll saw to produce straight and
sCcurare cufs.

Pegasus
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Figure 92 —Subassembly One

Fit CUDi Into B. B B nat guad to SJ0I

Subsssembly; It B U2ad hera only to
Taditate aligrmeant of parts.

Subaszambly CDJ| with part B [and
the =acond [} slidng into part A to
aid alignment.

Figure 95 —Subassembly Two

Figure 96— Subassembly Three
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Figne 37—dzzembled Pegasns in the hands af
someone bepinning fo disassemble the puzzie.

Fignre 38—5Showing rthe first step
in disazzembliing the purzie.

Figwre 98—5Showing the second,
flastl, step in dizassambiine ihe
puzzie.



s e ST
Figure 101—The mysterious Celt.
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Chapter 13

The Celt

Designed by Og, the Stone-Age Toolmaker

Bahold the mysterious Cait,

With a properiy that conflises.
One way it will zpin,
The other It refleses.

The Celf 1s not really a puzzle, and &t clearly is oot
a Comfemporary invention, but it certainly qualifies
as 3 puzzling object (Figuore 101). When placed
on 3 smeoth, hard, flat surface, such as a glass fop
table or gramite kitchen counter, and then rotated
with a flick of a finger, The Calt will spin freely
and smoothly in one direction, bat mot the other.
In fact, if spun in the direction it does not want to
go. it will immediately starnt to rock and rattle and
turm itself around o spin in the preferred direction.
Why it behawes so peculiarly is undersiood by
some physicists amd mathematicians who have
analvzed it, bt it should suffice for present
purposes 1o say that The Celi's sirange motion s
a resnalt of 3 subtle asvoumetry that is budlt nto 1ts
shape—mnot Aerodynamics, Dot maznessm, ot the
Coriodis effect.

This phenomenon was really discovered, not
invented. It resulted fromm 3 not-quite successful
attempt at symmeiry. More than 1040 years ago,
A paleontologist was idhy playing with a stone
chopping implement {3 “celt™ after the Latm
“celiis™ or chopping tool), estimated to be aboat
50,000 years old He observed, while spinning

it om his desk, that it bad a soange dynamic
property—it spun smoothly clockwise, but oot
counterciockwise. Inrigned, he brought the

relic to a colleague, a marhematician named

G. T. Walker, for analysis. Walker discovered
the asymmeeiry that was responsible for ifs odd
spinning behavior and published his findmss
the Britizh Quarterly of Mathemaiics in 1596,
Smce that time, The Celf, sometimes repamed

2z Wobhlestone or Rattleback, has sppeared im a
oumber of books, magazine articles, and journals.
In recent times, celts have been produced
commmercially in plastic and aluminwm. The word
“calt. ™ by the way, is pronounced “sele ™

Making Fhe Colt of wood is not very difficals,
Tt some experimentation and iteration will be
required. host of the work is performed with
abrazive teols and marerials, making this project
decidedly different from the others i this book.
The work is basically all done free-hand, bur do
not e concerned sbout the difficulty of obfaming
some precise mathematically determined
contonr—ihers are an infinite number of comntours
that will work, sach a bit different from all the
rest, all similar and all interesting. Study the
dizgrams and remmember that the contour of the
bottom muwst be very smooth and free of flat cpots,
especially where The Celf contacts the table.

The shape you are trying to achieve on the bottoom

The Celt



Figure 102—The Celt Blank

Make tha Calt of danse hardwood.
Siza and proportions are not critical,

ol LA

_ 1 v)
The kel follows an imaginary :
S-curva, hers greatly exagoerated.

Figure 105—=Tuming a Celt

2V

Turn a solid barral, =and and
polish on the lathe.

Slab off sida and cut

Shapsa Celt as shown above, Z2lt on bias.
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of The Cwlt 15 somewhat propeller izke, but far
more suble. If vou were to imagine that this is
the hull of a ship, the keel, instead of lying alongz
a straight lime, would be distorted mato a slight

5 shape. In practice, one attempts 1o make the
shape symmetmical, and then deliberately upsets
the symmatry by very slightly flaening opposite
quadrants. After this, the piece is carefully zandad
and polished,

Begin with a4 piece of dense hardwood—perhaps
ebomy, rosewosd, liznum vitae, or snakewood—
measuring about 5 inches long, % inch thick,

and 1 inch wide. Larger, smaller, or differently
proportioned pieces would work as well bt this
size 15 3 good place to start. Flatten aod smooth
one 5 x 1-inch surface. Draw or trace the outline
of 3 symmetncal elongated oval on the prace,
Figure 102, and cut to that shape using 4 band
sAW, coping saw, or simply create the shape

on a disk sander (Figures 106 and 107}, Mow,
using a rasp, files, a scraper, a disk o7 stationary
belt sander, and hand-held sandpaper, Figure
108, shape the underside of The Ceif o look

like Figure 104. It shonld be symmetrical in
appearance. both from end-to-end as well a5 from
side-to-side. Place it cn a table and check that it
Tests with its top flat surface parallel 1o fhe tabls,
neither tipping to one side nor to one end (Figare
103). Correct any imbalance or lopsidedness and
check again. Smooth the contour through different
grades of sandpaper, trying to achieve a very fair
surface, free of bumps, flats, or imegnlarities.
Check again on the table.

At this point, you may have alresdy created

The Celt. Try to spm it both clockwise and
comnterclockwise. Dhoes it spin fresly n one
direction? If not, you may not have achieved an
adequately smooth contonr. Does it reverse ftself
and spin i the other direction? If not, you may have
been foo snccessful in vour afempt st symmeTy.
Carefully flatten opposite quadrants of the bottoon,
just & litdle at @ ime, 35 shown in Fizore 104,
smaooth the surface, and test again. This fterative
process is necessary berause The Celd, even if
shaped comectly, will not perform well if it and the
table are nor exremely onooth and cleam. This face

Figuwre 106—Cut the body of the Celt using a
seroll saw or bamd saw.

Figure 107—Claan up the contour af the Mank
using a disk sander.

Figure 108—Shape the back of the Celt with files
and rasps.
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Figure 110—Folizh the nurface by hand-sanding.

gives rise to an interesting paradox—mwould The
Calt work on an ddeszl, frictonless surface? If so,
what iz it pushing againct a4 it reverses itself? The
asymmetry that you are frying to achieve should
be barely detectable. When you are happy with the
looks, feel and performance of The Calf, ease or
charmfier the shanp edges. apply 3 bir of il or wax,
and amaze your fends.

liveliness of The Ceir, affect how long it continmes
o spin afier it reverses itself, and might even

produce & shape that reverses itself nmltiple times.
Ax you might pnszs, & mirror-imapge Cadt, ons that

Puzzie Projects for Woodworkers

bas the opposite quadrants slizhtly flatfened liks

a lefi-handed rather than right-handed propeller,
will exhibit the opposite behawior, reversing

itzalf clockwise to counterclockwize, mstead of
counterclockwise to clockwise, or visa versa.
Perhaps this is a clue as to whether the Meolithic
tonlmaker was right or left-handed. Smaller celts
rattls at higher frequencies and larzer celts exhibit
a more lnomberng, slower behavior,

A slightly different form of celt can be made
using 2 lathe. Tuwm apnd polish a bammel shape as
shown in Figure 105, Mexr, cut 3 3-inch slab off
the side of the barrel. Now, curt our the elliptical
shape from the slab as shown and contour the
piece fo faste, taking care mot to upset the balance
or alter the surface where it meets the tsble.
Check ont the reversing action and fime-tune the
balance =5 needed.

To avoid the difficulty of kolding and slicing off
the slab, you might wish to make the barrel blank
by ghaing two pieces at the cut line. The slab can
be easzily split off afier arming if you sandwich a
piece of brown wrapping paper at the glue line.
This method has several advantages: the bammel
can be used over and over again should vou wish
to make more than one celt, and the glued-on
piece from which The Ceif will be made can be
factenad at an angle so that in the finished piece

The Cali is more than just 3 fun playting to fondle
and spin. Legend has it that a prebistonc mibe

used The Cwlt as a directonal conipass, calling ita
“tates.” The hizh priest would spin the tates on his
stone altar, noting the direction it was pointing when
it stopped spinning As you might expect, it would
Corme to rest pointing in a different and arbimary
very usafinl as a coropass, bt the anseccessful
attemapt by this primitive iribe to harmess 3 namoal
phenomrencn did give ise to 4 common adage in use
even today—"He who kas a tates is lost.™

Adapied from an article by Allan Boardman, “The
Mfysterions Celt” published in the Faly/Angm=r 1983 fzsue
of Fing Wosdworking mazazine.



Chapter 14

Kritz the
Wonder Dog

Designed by Jack Botermans
Fritz has real personality and to lots of paople, when they start to reascemble the pile of pieces;
thiz iz what 3 mechanical puzzle shonld be—he it's hard to forget what this little pooch looks like

is fun o look at and play with, appeals to people And they really want the pieces to offer wisual
of all ages at first sight. and is not overly difficals clues to where they zo in the reassembly process;

to solve (Fizure 115, page 02 Upon picking one can’t mistake the headpiece for the hind lags,
up a puzzle, many solvers want and expect fo nor be confused about which end they should be
find a key piece and/or a key move o begin the on! Expect this puzzle 1o be played with a lot.

dizassembly; Frifz has both 3 key move and 3
key piece. They want to maimtain 8 clear roental In makimg Frrrr yon will find thae all of the pieces
image of what the puzzle is supposed to lock like have different shapes and cuming them out will

Jack Botermans

Jack Botermans (b. 19449) studied mechanical Ha has besn a frea-lance designer sinca 1386,
ergineerng, art, and deskgn In tha Nethanands, speciallang in thres-dmensional designs for
He gradustad with distinction In 1974, exnbttions and In gamos and pUEzkes. Az &
desligner and wiiter ha has published over 50
books on many subjects, amongst which ara
valous works on gamas and puzzies, He has
receivad a numbsar of awards Tor his work In
both Europe and the Unitad States.

Ha currently owns a company that produces
puUZzias Tor ratal sales. Ha continues to writa
and |5 Working on books concamead with
nostalge subjects, nobby books, and anothar
pUZFE ook with Jemy Slocum of Bavery HIls,
Calfiomia. Mr. Botermans Ives i Franca.
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Figure 112— Fritz's Anatomy
Drill eye %" dia.,

Ses Figura - A3
114 for hole
locations
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require a variety of set-ups. But, where vou can,
take advantage of the commuonalites. For instance,
when making the three body parts (Figure 112},
most of the notching can be done with the same

Any available domestc hardwood will do;, oy
to find some dogwood if you can, or use two or
more different species for contrast and interest.
The dmensions of the head may require you
te glee two pieces together, but all other paris
can be mads using cooumonly available siock.

112 Using a bench plane or thickness planer, Figwre 113—FBoih halves af each leg plece,
prepare a piece of stock 34 inch thick with already notched, are ready fo be giued.
sopoih, parallel faces, large enough to make all

three parts. If the wood vou have selected has drillimz/chizeling out these openings, make and
any sigmificant fignre or grain patteTn, vou may glue together two identical halves for each of
Want to cut out the three parts such thatr when these pieces (Fizure 113). Before gluing the

the puzzle is assembled, the pattern is preserved. halves together, test to be sure thas the openings
Bounding of the upper part, contouring the lower fit the body parts. The outlimes of the leg parts
part, end shaping the tail can wait until affer the can be cat later. After phuingz, aszemble the body

joints have been cut and fit Cut all the ¥-inch and leg parts, and check to see that Fritz is stable
notches and the other details at the front end of on all fours. At the top center of the front leg partt,
the npper part following the plan in Fignre 112. mark the locaton for the drilled %-inch hole, and
To simplify cofting the notches acoarately, you drill through all four pieces, noting that the center
may wish to devise and nse a jig similar to the body pant must be positioned ¥; inch to the rear
one described on page 64. (Figure 114} Be very carefol to drill the hole
in the exact cenfer of the sssembly. Any drilling
The fromt and hind leg pieces have Tectangular inaccuracy of asymmetry will prevent aszembly if
window cutouts. To avoid the diffionloy of the leg piece were flipped over.
Figure 114 =Drilling the Holes
]
T
-‘IH- =

b | 1] sl

Azsamble the body, off2et the body plece
342" to the rear, then anll a 3" diameter hole
13" deep, cantarad In the kg pleca




v -
- il
T '

T -

=3

Figure 115—Fritz, assembled
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Soug fits are not required in this puzzle smee all
the pisces lock together—the parts want to Of
with a pleazant but controlled lopseness. A sheet
of paper should just slip berween mating parts
when the puzzle iz fully assembled The zingle
exception is the collar. Since this is the key pisce,
it should slide into place with 3 slight aneount of
friction so thar it doesn™t fall out iwintentionally
and give away the secret of disassembly.

The cats reguired to make the head can e made
oo 2 band saw and cleaned up with a file and
sandpaper. Drill the ¥-inch hole for the neck post
and the ¥-inch holes for the eyes, as shown in
Figure 112. The notch on the neck post can be
turned on a lathe, or made by filing the ¥-inch
dowel while it is chocked in a vise-mounted
eleciric drill or drill press. While vou are at it,
sand the dismeter of the dowel to just under %
inch for an easy fit in the drilled hole, and cura
slight chamfer on the free end. Gloe the neck post
into the hesd, making sure that the notch in the
post iz positioned to enpage with the center body
part.

Prepare a Y4-inch piece of wood for the ears,
shape them with a disc sapnder, and glue them o
the head. When you are satisfied thar all pieces
fit together properly, cuf the curved mmderside of
Fritz s belly piece on a band or scroll saw. Clean
up the cut with 3 drom sander, shape the leg
pieces, round over the top body part, and lighily
ease all sharp edges on each piece.

The secret to solving this puzzle, althoagh obvions
by now, invelves rofating Frits s head (the kay
move) so fhat be is looking backwards (Figore
11&). It is now possible to raise the collar (the key
piecel, allowing the center body part to slide ¥
inch rearward. With this move, the head can be
taken off and the other parts disassembled Break
ot the kibble and enjoy vour new house pet!

Adapted from: an article by Allan Boandman, “Fritz the
Wonder Dog,” published in the December 1990 fssue of
American Frovdworir mazazine.

Figure 116 —Solving the Puzzle

Step 1. Turn tha head to faca
tha raar. Lift the collar,

e
Ty P E
X s

Siep 2. Move the body centar
pieca slightly to the rear.

Step 3. Lift the head and collar
off, then remowe the center piece.
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Imperial to Metric Conversion

All project dmenskons In this bock are presenteq INGhes mm* Inches mm* mches mm
:}sﬁlslgg o Imparial mmmtwmammtn K. 0.40 ey 1310 1 254
em, Inches and 1 o theraot, Whlle I 1= 1
13.49%
recogrized that many WoOCWOrKers ares mors L B7H ar : S
accLEtomen 10 wWorking In tha Matric system, ¥« 108 | %, 1388 3 8.2
cormsersion from Impenal to Matrc 15 usually He 1.59 He 14.23 4 101.8
messy and, espackly when tight tolerancas B,
are neadad, oftan Invoives cATYINg a number of s e A |2 Eig
decimal places for precisa mprasantation. ¥ 2,35 B 1508 B 152.4
s 2.78 s 15.48 ¥ 177.8
Coping with this awkward problem can ba off- K 3.18 % 1588 B 203.2
putting. | Dalieve that the maost practical =oLtion By a.57 N 1827 o 298.8
Is for the Metric woodworkear to acquire a faw :
3.97 ¥ 1887 10 254.0
basic Imperia measurament tools, a niker or i =
scale and & vernier callper markad In Inches ana Y& 437 e 1TOT 11 279.4
tractions. This doesn't Smplity the problem. e 4.76 g 1T46 12 304.8
totaly avolds I Tor al shop operations excapt _ 5.18 17.668 13 a30.2
thosa requirng power tools that have bultt-in b ' P ' :
Metric scales, Taa 5.56 B2, 1826 14 356.6
Bl 595 Wy 1885 15 381.0
If this Is not practical, | suggest that bafors ¥ 635 | % 19.06 16 4064
tedious measurement comaerzion, the g B75 o, 1945 17 431.8
woodworkar Trst examine the project drawings = 19.84
and dimensions. Some pLEZes, SuUch as Bi-6uT, 2 ?'1_’1 : = Fa an ot
have vary faw dimensions. A one-nch dmensian Bh 754 % 2024 19 482.6
can be convertad to 25.4 mm easily enougn Eig 7.94 - 2064 20 508.0
and ona-half Inch fransiates to 12.7 mm. But It s , ;
Is probatty far simpler to slightty ater the basic b B Ha s | i,
dmensions to 24 mm and 12 mm, elminating the % 8.73 T 2143 2 55B.5
nead to camy the clumsy decimals and Taciitating 2, 913 s 21.83 23 584.2
meazurament throughout the project. And £
remarmber, with projects ke Si-5w, In the and * L L E_E'EE 28 B
the fit of the mating parts counts far mare than ., 0.2 Sgs 2082 35 B835.0
the actual dimersions. Bea 10.32 ) 23.02 26 GE0.4
g 1072 | Ny 2042 | 27 685.8
For otrer projacts, su-::tﬁ-ﬂm I:E;m e 11.11 g 23.81 28 711.2
WOoCdWOrKors who must work In ric 8
system will hava to comvart al of the dimenzlons. e - 421 e e
Study the Nustrations and determming which B 11891 | ¥4 2461 30 762.0
dimansions need to be comvartad precisaly ML, 12.30 AL, 25.00 21 787.4
and which do not raquire camdng thoss meaasy ;
gecimal pl ' which dimensions sffact it ¥ 1270 1Inch 2540 32 812.8
and function and which ara leas fussy. Usa the
simple equivalanca, 1 In. = 25.4 mm, of rafer Using s table, 2'14; In., for exampie, would
to tha folowing table. Seldom, i ever, will It ba 8 R Tk
necezsary to bother with any corversion coser convert to 50.8 + 8.73 = 59.53 mm
tham 0,06 mm, about 0.002 In. *Rounded to the nagrest OL01 mm
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"Puzzle P roj ects
" * " WOODWORKERS

Puzzle Projects For Woodworkers features 14 original wooden
puzzle projects designed by acclaimed members of the

international puzzle community. The puzzles include two charming
animal take-apart puzzles, a unigue trick box, a mystlerious
spinning object, and mora.

Each project contains images of finished pieces, line drawings,
and explicit construction suggestions. Also included are details
on how to build and exploit special purpose jigs to improve
precision, as well as professional tips for producing high-

quality results. The book's strong focus on methods, procedures,
and techniques will allow the reader lo applr the skills he

learns to larger projacts outside
the realm of puzzie making.

Allan J. Boardman is a life-long

woodworker with a technical

background. His work and articles have

been fealured in Amencan Woodwaorker, Fine Woodwarking,

and other periodicals. He lives in Woodland Hills, California.
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