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Preface

Why spend workshop time making mechanical
puzzlesT They cermzinly aren’t the most useful of
ohjects and many people do not even like to play
with them. If vou reallv want a clever puzzle, a
little shopping will surely murm one np. Buat ubility
iz saldom the only reason a woodworker picks

a particular project. There is the joy of making
something with your own hands, using vouar
favorite wood, adding 3 personal fezture to an
existing desizn, and boilding fo higher standards
than are commercially common, not to menticn
justifving all those toels you simply couldn’t
live without. Bevond all of these valid reasons,
puzzles are excellent for boning shop skills with
A minimnm investment in tme and materials, and
they hold the potential of providing aromserment
and challenpe for those on your gift list that
acmally enjoy playving with them.

Many books sbout puzzles have appeared in

the lzst bundred years, burt the majority of these
have been aimed at puzzle enthmsiases, not
serions woodworkers. This book attempts to
bring both camps together in the hope of making
wopdworkers into puzzlers and vice versa. The
two fields of interest, each with a long and
interesting history, form a namiral marriage.
Amateur woeodworkers are constantly solving
puzzles in their shops—how shall T design this
jiz, in what order shall I proceed throngh this
project, how can I possibly fir all this stuff into
my garage. And puzzlers, if they were to develop

the capability and skills, will find that they could
2dd many new and wonderful desizns to their
collections by making them i their oamn shop.

Contemporary designers created nearly all the
puzzles selected for this compendiom. Miost

have never been produced commercially—if

you want one of these you will simply have o
make it These desizn: collectively challenge the
wobdworker to do his or her bast. As brainteasers,
they vary in difficulty from rather easy fo guite
challenging, bt all will give awvone who finds
their solotions & feeling of satisfaction. So, tone
up your tools, grab a few off-cuts hying about

vour shop, and begin. The rewards are really
worth it

Preface 9
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Introduction

Woodworkers serious about their craft seldom mm
out of things to make. And between projects there
iz always plenty to do in the shop—maintaining
tools, rearranging equipment to make MOTe IOom
or improve efficiency, sharpening, cleaning up,
and so forth. Thess brief interludes bataraen
major works are also times for small projects.
Mechanical puzzles are wonderfinl zap fillers
because they are ofien challenging to make in
their own right, the finished purzles provide
amusement, and making thern can enhance skills
needed in projects that are more complex.

Mo doubt many of these puzzies can be made
quickly and crudely and =till be fan to play with
and solve. But instead, think of making them

a3 learning experiences, practice exercizes that
will find zpplicability in a broad range of larger
undertakings in your workshop. Many of the
projects you will enconnter in the following pageas
incorporate joinery, technigues, and challenzes
common in cabinetry and furniture making.

If you select an unsuitsble piece of wood for a
project, lmmidity changes may later render the
parts too tght to fit together, too loose to stay
assembled. or may even cause a glue joint to
fzil. You simply cannot afford to igpore wood's
response to bumidity when doing careful work.
If you are too impatient to make an acourate jig,
parts that should be identical won't be. If vou
ienore the need w properly set up your table saw
or planer, the surface guality and dimensions

vou nead will st not be achieved. Sandpaper,
while it might improve the wav a surface fesls,
will alter the dimensions you are afier, possibly
ruining the project. If you do things in the wrong
order, you may later wish you had thought the
process through more carefully. Learning such
skills, zorting out isswes like accuracy, precision,
and work standards, and acquining this kind of
experience, is far more cost and time effective
when the project is 3 purzle rather than, say, a
desk or grandfather clock.

In addition te skill, experience, diligence and the
like, care and precision in woodworking reguirss
sdopiing a certsin state of mind. “Good enough™
is seldoon good encogh. You have to establish
in vour mind’s eye what vour criterion is for
exacmess, project by project, detail by detail.
Sometimes it is the way roo parts fit together
for a sliding. no slop, fit. Sometimes 1t is the
tighmess of 3 glue joint—wood to wood, zeto
width glue line. A5 youn prepare the parts of amy
mnlti-piece project, initial comting is determined
by the design dimensions, but the final jig stop
adjustments or clean up operations are often
dictated by the required fit. Werking tolerances
are mostly comfortable and easy to obtain with
ordinary care, but on occasion, precision o within
one or two thonsandths of an inch (muach less
than the thickness of 3 piece of paper), is critical
fo the workings of the puzzle Although most
wobdworkers do not normally think in terms of
thousandihs of an inch_ the most skillfolly crafed

introduction
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wiooden objects nsuwally reflect the application of
precise standards. A miler or 3 protactor is weefl
for the initial cutting, bot offering up one part

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

Accuracy and precision are not the same thing,
and although most of us are a Litfle loose in using
such terms, they really have different—usefully
different—meanings. Consider the cabical
elamenis of the Fifth dvenue puzzle. The plan
calls for ¥-inch cubes, but po one would notice
or care if they measured, say, 1 inch on a side,
although one could say that would be a whopping
macouracy. It would stll be a great puzzle and
such a dimensional or scale change wounld not,
by ielf deract fiom how well made it was.
However, if the cubes differed from each other
by even ¥y inch, or if their sides were not tmaly
square, the sloppiness and lack of precision
would label the puzzle as poorly made. In the
same way, 4 flush drawer in a desk, called out
on 3 plan 35 15 inches wide, could e made 3
bit stualler or larger withouwt any problem at all,
just as long as it fits precisely in its opening,
with 3 small and uniform space around i * {For
those woodworkers accustomed o nsing mefric
messurements, please see page 94.%

A5 you leaf through these pages, my to discern
what there is sbout each project that makes it

a puzzle and what sbout the design is pursly
decorative or even arbitrary. A trick box
sometimes relies on the selection of specific
corer joints to hide the opening gimmick. Ciher
times, the corner joint has nothing to de with the
puzzle and is only selected because the designer
or woodworker wanted to employ one methed or
another If & ray is part of the project, perhaps

a sliding block puzzle or packing puzzle, the

bottom of the fray might be sef mio a rabbeted
frame, or into grooves, or even b gloed to the
bottoon of the frame—your chaice. Feel free to
interchange these features from one project to
snother—just so long as you do not adversely
affect the function of the puzzles. Chamfer or
ease edges to give the puzzle parts a friendly
feal—after all, these objects are meant 1o be
played with. Bur be careful to do this detail work
after you are assured that critical dimensions will
oot be distirbed and that no onintended chie to
the solntion will ke given Waitng unfl the entire
project is assembled before easing edges may not
always be the most efficient procedure, bt it is
ofien the surest and safest.

For some projects, the properties of the wood yon
choose are more important than in other projects,
but in general, any atiractve, readily available
species will do, be it hardwood or softwoeond,
{though hardwood is often preferred becase of
its beauty and durabilicy). Howewver, care must

be mken thar the stock you are working with is
dry and has besn sifting around your shop for
spme months o that it is relatively dimensionally
stable. Some species work better than others dao,
of course. Some are prone fo burn on the table
saw—a sharp blade and wall-toned saw are muasts.
Others are teo soft fo hold up well when the
children or grandchildren {or you) toss the puzzle
pieces around the room in fsmraton. Dense
exofics, though beautiful, are often not the best
choices for puzzle making. Sometimes becanse

of their natural oiliness they do not glue wrell,
spmpetimies they are difficult to work with hand
tools, and often their hardness bacomes 3 problem
when trying to obtain that perfect “light frictdon™
fit of two sliding parts. But fo be a woodworker is
to learn—in fime yon will have your favorites if
vou don't already.

*The difference befween acomacy and predsion came
umnder the spotlisht m the latter alf of the |5t cemhary
when John Harrison, a British clockmaker, attemgrted

po win the £20,000 prize established by Parliament for
salving the longihade problem—determiming lonsitade at
23 to improve marine navigation He desipred amd buzlt
A chropometer that worked well, but on ifs tral voyage, it

12  Puzie Projects for Woodworkers

proved i be off a few seconds a day, more than allowed by
mm hmnmgﬂ:fpnm Theough the clock was

el 7
Mmmulllmhmnnﬂdmmd the small inaccuracy
and awarded Harmizon the prize.



The tools needed for these projects are those one
would find in any modesily eguipped wondshop.
It i= essential that yon have 8 very accurate means
of setting up and checking parts, tools, and jizs
for squareness and siraizhiness—a bargain-

talle square will not do. You will be wise not

to bepin any of these projecis unil all the tools

in your shop have been carefully adjusted and
tuned MMany of the illustrations and photographs
presented show the use of one tool or method.
Obviousty, there ate other choices; you will have
to adapt the construction suggzestions o your tools
and experience. Minety-degree and forty-five
degree sfops on your machines must be spot oo
Edge tools mmst be in excellent working order and
sharp. Be sure there is plenty of hght over your
workbench. If you are already proficient with
their use, most of these projects can be completed
using only hand toels. Or, if you are serious about
leamming thess tradifional technigues, making
puzzles will help you with this guast.

A5 required, jigs should be made with adjustable
stops for precision tweaking of parts that muast
fif just zo. A machine screw threaded thromgh

a block of wood glued to the jig or clamped to
the saw fzble can serve as a micre-adjustable
stop. Alwavs prepare enongh stoeck to allow for
somne frial and error in your sef-ups, or even that
mninfended “whoops.™

Scan through all the projects before selecting one
to start with. Some of the tips and technigoes
Eiven in one chapier, or in the four technical
nofes, may have applicability o other projects.
Follow the construction details, photos, and
lustrations presented for each project to the
extent that this is useful. Thers are 3 mininmm
of step-by-step or demiled instructions; the

text accompanying ezch project is mainly
intended to highlight and emphasize the more
demanding aspects of each purzle and offer some
gnidance on at least one way of approaching

the consfruction. For optimumn learning and fun,
experiment o liftle. Step outside the mstroctions
and v vour own methods. You will know by
playing with the final product if you have done

it right, and if yvou haven't, well, simply study

the resulis, identify your errors, devize bener
methods, and start again, benefiting from the
experience. If you make a second or third attempt,
it would be quite ummsual if the subseqoent
products didn't get better and better.

The projects are nof presented in amy particular
arder, such as mcreasing constraction difficuloy
or increasing puzzle solnton difficulty, since
perceived difficulty and acmal difficuley can vary
quite a bit. Simple parts requinng great precision
can be harder to make than more complex pieces
with looser tolerances. Acmal difficulty and the
amount of ime required 10 make each puzzle
will depend not only on the intrinsic namre of
the desizn. but on the maker's experience and
skill level, the methods nsed, plus the tools and
equipment at hand. And the challenze one faces
in atternpting fo solve a parficalar puzzle depends
a great deal on bow the mdividual’s brain works.

Almocst any finich is acceptable for puzzies, bat
care mmst be taken not fo inadvertenthy alter the fit
of mating parts by wusmg a finish with siznificant
build-up. Danish oil works well in most cases,
offering some degree of protection from sodl and
enhancing the appearance of the wood withowt
any danger of changing the dimensions or
creating any unwanted stckiness.

Cauton! Making purzrles means working with
small parts. In addition to all the other important
safety mles—yprotect your eves, lungs, ears, and
exiremities—ihat have been drumrmed into yoar
head, vou must devise jigs to accurately posttion
small parts for cotting without getting your hands
oo close to 3w blades. You will zet bettar parts
and preserve vour finpers for fiumre projeces! It
will often be necessary to work at a table saw
with the blade guard removed This mmst be 4 red
flag requiring an exira measurs of caution.

—dllan Boardman, dugust 2007
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Figure I—Bi-Burr by Nob Yoshigahara

Wood grain
should line up
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Chapter 1

1-Burr

Designed by Nob Yoshigahara

To a woodworker, the Bi-Burr, Figure 1 and
Figure 1, is nothing more than a simple lap, or
bridle. joint with two exima pieces added. Bur

to a pozzle enthmsizst, in its assembled form

it looks like a familiar three-piece burr. Burr
puzzles are zenerally made of three, six, or more
sticks, usually sguare in cross section The sticks
are notched in a varetv of ways, depending on
the design, so that thev can be assembled into a
symmetrical, three dimensional object that can be
disazssemibled and reassembled with some degres
of challenge.

What makes the Bi-Burr different is that, while
it looks like an ordinary three-piece burr, It
really consists of only two separate, and in this
case identical, pieces, 25 shown in Figure 2. An
experienced puzzler will try pushing, pulling, or
taisting all three sticks in tumm, looking for the
key piece—thers iz none. If well made, even 3
close examination of the center jount will not
revedl how the puzzle comes apart. But making
it well is the real challenge Wers this a simpla
lap joint in a piece of furnimre, ghoe would be
nsed to hold it together permanently. But since
the Bi-Burr is intended to be taken apart and put

Nob Yoshigahara (1936-2004)

PuEziemaster, ganlus, Intemational Ampbassador of Puzzles,
legend, and one of the best puEde Imventors the workd has evar
known, are some of the terms that have beon used to dascrbe
Mob. Hi enormious accomplishments encompass Inventing
and dasgning about two nundred mechanical puzaas that
were produced commercily, with at least elght millon soid In
Japan and America. Rush Hour, made and 20k oy ThinkFum,
Is ona af the most popular puzzsias of Jl ime. it has recalwad
Tourteon awards from educational and popular publications.
Mob also Invented or helped to devalop other ThinkFun
pLEZes: Hoppers, Alp-It, Shape-by-Shapa, and Lunar Lockout,

Mob dasigned his Mrst mechanical puzae In 1255 at age nineteen. Amazingly, his most popular
pLEZe was the 100 yaar old classic four-plece *T" Puzzie which he redesigned and to which ha
added 20 addifional problems. It has 20ld over 4 millon copls.

— JeiTy Slocm

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

Baoth notches are
1" wida and 14"
inch daep.

I TN

Accurate notches can be cut using an
adjustable stop on tha radial arm =aw.

Figure 5—Here is the 12-mch stick with
the notches cut and the page block (laft
Joregrouwnd) zawn off one end.
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together repestedly, coly friction holds the
two parts together. There must be enough
friction 5o that the parnts do not fall apart
on their own or even feel loose, yet if they
were top Gght, disassembly would be too
difficalt.

It is the namure of wood o swell and shrimk
in response to chanmes in hnmidity, more
in width and thickness than in length, so
it is important that the piece of wood you
are nsing kas been sitting around the shop
long enough to have reached a reasonably
stalble molsture content, and that your shop
environmesnt is reasonably similar to your
hounse environment This requirement
generally applies to all well crafted
wopden projects, but in the case of this
puzzle and several others in this book, it
iz crifical to the success of the project.

Prepare a3 stick, perhaps 12 inches long
(any species of moderate demsity will do:
walmmt, cherry, or ash, for example), fo a
sguare cross secion. One inch on a side
iz & good size. but it really can be amy
dmension (Figure 3). All four sides of
the stick shomld be planed or jointed so
that they are parallel, very uniform, and free of
tool marks (see Making o Sguare 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 lengih of the stick, to be nsed later to gage
the width of the notches. Set up your table saw or
radial arm saw o cut noiches half the depth of the
thickness of the stick—% inch in this case.

Although a dado blade can be used, it is just as
simple, and probably bemer for this project, to
make mmliiple passes with a general purpose
biade TUlsinz 3 scrap piece, set op the stop for the
first cut 1 inch from the end Make the first cur
in both ends of the puzzle work piece, and work
your way along the netch widening curt by cur,
adjusting the stop as von go. When von get close
to the full width of the notch, use the gage block
and proceed slowly with small adjustments of

Fignre 6—Uka the gage block ro test the width af the
notchas,

the stop position notl fthe gage block fts rather
snugly in the notch Make the last notch cuts in
the workpiece with this stop setting (Figare 4,
Figure &, Fizure 6). The puzzle parts will be
eased later for a perfect fit. Reset the depth of
the zaw blade to cut throngh the stick and oot off
the two notched pieces to lenzth, With a fils or
chisel, clean off any saw marks at the bottom of
the notches.

As an opfion, 3 small cavity can be created at

the center of the puzzle to receive a ball bearing
that will rattle in the assembled puzzie, leading
the uminitiated to realize that the object is to be
diszzsembled. If yon want to 3dd this featore, drill
a % inch hole ¥; inch deep at the center of the
bottom of both notches. A Y4-inch ball bearing or

bead can be dropped in later (Figare T).

For maximmm sffect, the taro stubs that will be

Bi-gurr 17



Making a Square Stick

Check for squara corners USIMg a machiniss's
square. Hold the siick up to a bright light. I
you detect just g crack of light, it shows an out
of square condition.

Making & square 2iick sounds ke |t might bo a
rather basic skl requirement for even the most
Inexparencad woodworker, And Indsad, T the
comars nead only 1o bo somewhat squara, the
skles sort of smooth, the stick sort of atralght,
and It should bo kind of unifomm down the
whioka length, the job s Indead rather simple.
But when the tolerancas get really fight, as

Iz tha cass when making many machanical
puzzias, to zay nothing of cabinetry and
fumiturea, the seemingly simpla [ob can get mom
dtcut. Wood wants to distort when stress

s raleved as when Apping a strp off a wids
Doard. Saw marks and bums are common.
Saw blades are not always exactly squam

with thelr tables; joimtar fencas are not Aways
adjsted parfecty perpendicular to the bad.
Chipz of wood often get in the way of pracision
machining. Thean there are snipes &t the ends
of plecas that have been run through thickness
planars. Minmizing thess things requinres very
careful tool adjustments and malntenance

Uze a dial, LED, or vernier caliper fo check the
thickness of the stick. An inexpensive vernier
caliper iike this is normally accurate within
0001 meh

using preclsion measuring devices and vglant
2hop practices —and even =0 they sl happsan.
Comectng emorz or smoothing the zidas after
cutting can make the stustion worss—Ike the
barber evaning up sldabums. Making a precisa
zquare stick |2 no simpla [ob.

Bvan checking for squarenass and unifommity
requires the nght tools and some practica. In

making puzzles, It seldom matters if a 2tick
nomiraly dimensionad &t 1 Inchon a sidals
alittis over or & Htte under. Adjustng othar
dimenglons a2 neaded can compansats for
2UCh amors. But it nearty always matters that all
the sldes are the same width from one end 1o
tha other, and trat the comars ara axacty %0
degreas. Even though | might b somewhat
ambarassaing for you to gpand your vallablo
zhop tima proving to yoursalt that you can
make & proper squsre stick, grab a board and
Iy t—no one 15 watching and wou Just might
leam something.

18  Puzile Projects for Woodworkers




glued to the notched pieces shonld be cut from
the remaining stick with about a 1-inch waste
piece between them. As a resale in the azsembled
puzzle, these two stubs should lock like they

are really one piece and that the grain patiem is
properly alizned and contimious. 5o, after the
two notched pieces have been completed, cut off
4 l-inch lenzth from the stick, move the stick a
little less than an inch, and oot off another 1-inch
length. The twe 1-inch pieces are the stubs and
the shorer center piece is Waste.

Gloe the smbs to the notched pieces, being careful
to maintzin the alipnment of the grain. FRemsmber
that in the assembled puzzle, the two notched
pieces are at H) deprees to each other. Also, be
careful to align the stwbs with the edges of the
notches, When the gins dries, the two puzzle
pieces should fit together with some force—more
force than is ulimately desirable, but not encugh
to dent or damage the wood. To arrive at a perfect
fit, tape some 280 grit sandpaper face up onio a
flat surface such 2= a mwol mble or piece of heavy
plate plass (Figure 8). Mamtaining unifonm
pressure, mabk each side of each puzzie pisce

on the sandpaper, one or two passes at 4 dme,
constantly testing the fit of the two pieces, until
yon achieve 3 moderate firiction fit.

Mow, with the puzzle assembled, using 3 smoath
file, very slightly ease every edge and comer,
{except those that are part of the center lap joimt)
just enough for a good feel. Apply a little odl or
wax o enbance the appearance of the wood and
provide some proteciion.

You will know yvou have achieved snccess with
this project if the two halves do not fall apart

on their o, if 3 typical 10-vear-old can apply
enocugh force to ftake the puzrzle apart and put it
topether, and if there is no visual evidence of the
lap joint in the assembled puzzle.

Mow, for 2 real instructive challenge make this
same puzzle again, this time using only hand
tomls!

j

PR |

Figure 7—d lpose and ratiing ball bearme in
the drilled cavity signals thar the burr i@ meant fo
be opened.

Figure §—X5ize the puzzie pieces by rubbing on
280-grit zandpaper that haz been faped o a fTaf
surface such as a maching table.

Bi-Burmr
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Figure 9—The Pocoloon puzzie resembias a
squared-off wooden ball with pyramidal cormar
CLEOUET.

Figure 10—The six identical azsembiies each consist af three prism-shaped pieces gived fogethar.
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Chapter 2

Pocoloco

Designed by Vinco

Pocoloce, like the Bi-Burr, is quite simple in
concept and simple to make. But the precision
required in cutting the pieces and glning them
together may wery well prove to be challenging,
and in all likelihood, instractive.

The ball-like finished object, Fignre 9, is made
of six identical assemblies, Figares 10 and 11, of
three identical pieces—I18 elementsl pieces in all.
These pieces ate right angle prisms.

Begin by preparing a square stick 18 inches long
and 1 inch on a side (see Making a Sguare Stick,
page 18). Thew, saw it oo a band zaw or table
saw down 4 diagonal info two prismatic stocks

(Figures 12 and 13). Mow make a jig or cradle
to hold these long prisms, wide face np, and pass
them through a thickness planer (Figares 14, 15
and 16). If all the tools used are sharp and well
tned, and if the jig is carefully made. the prisms
will be accurately cur and the surfaces free of
mast visible tool marks.

Hand planing the sides of the square stick and/
or the broad surface of the prismatic sticks may
improve the surface finish, Hand planing will
remove snipe left by the surface planer, and even
improve the dimensional accuracy of the sticks,
Tt it st be done with great care to avedid
upseitimg the required uniformity. The one thing

Vaclav Obsivac (Vinco)

Vaclkay Cbshac (b, 1962) was fralnad In electronics and workad In
the telacommunication mdustry for 10 years. As & child i school,
he was Interezted n mathematice and geometry and he carma from
& Tamly of Woooworkers, With this combination, £ was no surprise
that he took an Interezt In puzaes. W Obalvac kB now a full tme
puZzla desigrar with a particular Intensst In Archimedean solkds. His
puzzias are al constructed from local wood spadas.

Mr. Cbshvac INes In the Czach Rapublic.
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Figure 11—0One piece removed from Pocoloco,

Figure 12
Making the Prisms

{» Saw on this dagonal

Figure 13—5Saw the square sitck down the middle on a diggonal to make fwo prismafic
sifcks. Thiz photo shows the band saw sef up,; a rabie zaw could alzo be wred.
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Workpiaca

Direction of faed into
thickness planer

 End Stop Figure 14—The Planer Cradle !

Fignre 15—The shop-made cradie, with a sfop at one end, is beimg used with a thickness planer.

Fignre 16—The long prismatic stick sifs in the shop made cradle, ready fo be pushed info the thickness
planar.
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Figure 17—The prizm pleces may ba cut fo length
using @ cross-cul dow on the fable saw. Thiz box has
a hold-down clamp and o micro-adjustable end siop.
The stop biock iz plued o the jig base and fence.

Figure 19—Make a simpie ffxture fo help glue the purzie elements fogether. Finger pressure it enough,
unti the glue grabs.
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vou need not worry about at this stage is the
absolute size of the sticks, a5 long =: they are both
the szme. Alse, 90 degree angles and 45 degres
angles mnst be spof-on the fiall length of the
sticks, and they must not taper at all.

Mow, s&t up a micro-adjustable stop on your
table saw or radisl arm zaw. A bol threaded
through a slightly undersized hole in a bleck of
woed clamped to the fable or fence will work
well. (Alernatvely, the bolt conld pass loosaly
through a bole in the block, with jam mats o
hold the setting } The parts must be clamped
solidly im place during each cur, perhaps using a
stick to hold the part against the fence in order
to prevent catches and kickbacks. This will also
keep the parts fiom being trapped between the
saw blade and the stop. Use a back-up board and
zero clearance table insert to obiain the cleanest
possible cors. Berer vet, build and nse a jig like
that shown in Fizgure 17. Set the stop at 3 distance
from the saw blade equal to, or as close as you
can to, the widih of the wide face of the prism.
Use a scrap stick for trial cut-offs as you adjust
the stop. The objective is to cut off these prism
shaped parts so that their large faces are precisely
sguare (Figure 18). This can be checked using

a vermier caliper. If vou do not have the nght
measuring tools, bold one cnt-off against another,
sguare face to square face bur rotated so that
they are D0 degrees o one another, and let your
fingertips determine if the dimensions of the large
faces are the same in both directions.

If pecessary, adjust the positdon of the siop and oy
agzain If you are off, even a kittls hit, the puzzle
will either not go together or else 1t will fall spart
when aszembled 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. Dio not tear down your
sat-ups—yon may nesd them later The two 18
inch sticks should provide enough material to
cover 4 few mistakes and cironmvent the need

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

Glue these 18 pieces info six identical assemblies
2z shown in Figore 11. Use yellow ghae,
sparingly, applying finger pressure for a minnte
or 50, one joint at a time. Make certain that the
edgzes of all thres pieces n each asssmbly are
alipmed. This can best be done by preparing a
ghuing jiz with a right angle fence to push against
while the glue grabs®, Figure 19. In sbout half an
hour, scrape off any squeeze-out. Afier another
hour or so, the ghae should be sufficiently set for
& irial azzembly of the whole puzzle (Figore 11).
Dom’t be too surprised if the parts fit too loosely
or too tightly. Yo are leoking for 2 light friction
fit of all parts, requiring some force, but not 3 lot
of force, to assemble and disassemble. Atfainimg
that kind of fit is not easy. If your first anempt

is unsnccesstul, determine what to do differentiy
and try ag=in. nsing your previoas thickness
planer and saw cut-off settings a5 a starting point.
It mizht zke several iferations before yom are
satisfied. Fonndmg off the edzes of the puzzle
parts is not required on this project.

* The azzembly jig is a simple improvised device,
as shown in Fipure 19 Along one edze of 3 3 x
3-inch face of a I x 3 x 3-inch block, attach a 1 x
1 x 3-mch fence or stop. Mount the jiz in a vice.
Push two pieces to be gloed against the stop untl
the glue bites. A little wax or paraffin on the jig
will prevent the glue from sticking o it

Figure 20 Pocoloco, disassembled The six pavis
arg fdentical.
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Figure 2I1—It docn 't seem possible, but all four M puzzie preces will fif imzide the box,
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Figure 27—S5Soehwe the puzzie by tucking the pieces behind one another.
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edpes left by the saw. Very slighthy ease
the edzes of these pieces with sandpaper
or 3 file, being careful not to cverdo

it since the fit of the pieces in the box
could be adversaly affected.

The box constroction is siraightforward
(Figare 23} Long splines are used with
mitar joints for the commers, and the
bottom is set into rabbets in the lower
edges of the sides. The lid, Figure 14,
has two squarss ghaed to its under side;
the larzer square ensares alignment of
the lid, and the smaller one will foil
somme possibie attempts at false solutons.

The 45-degree miters of the sides can be
ot on 3 table saw (Figure 25). O, yvou
might want o Ty cutiing these miters
using a hand plane and rmiter shooting
board (Figure 26). Using the thinmest
saw blade vou can find, possibly s inch
thick, cut the slots in the bevels for the
splines (Figure 28). The slots can also
be cut on a router fable with a ¥s-inch
straight bit. The cross-grain splines are
sized to be a shiding it in the slois. The
widih of the splines should be just a hair
less than mice the depth of the skots. Cut
the splines a bit long and clean np the
ends after the gloe droes. When zlning
the cormers of the box with the splines in
place, heavy mbber hands will work well
as clamps, being sure to keep the box
square (Figure 299 When the glue dries,
sand the outside of the box and chamfer
or roumnd all comers.

Using thicker or thinner material for
dimenzions of the box should not be
altered. unless you are deliberately
chanzing the scale of the puzzle. Yo
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 sand cannot find 3 thin

Figure 253—Miter the box sides on the fable saw, with the blade sef af
45 degrees and with a racriffcial piece of wood clamped ro the fence, to
minimize torn grain. Watch those fingars!

Figure 26—ds an alternaiive fo the table saw method, you can miter
the box sider using a hand plane and a miter shoofing board, also
called a "donkey. "
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blade for the splines, necessitating more wall
thickness to accommodate a wider slot.

Even when the WAMMM solution is
understocd, Figare 27, some dexterity will
be required to solve the puzzle. If the pieces
are just a lintle loose, vou will probably be
aible to insert one piece 3 4 fme intoe the
box tucking each successive pisce nnder the
last. But if a little dimensional carelessness
resulis in the A pisces being somewhat
large or the box a bit small, you might have
to juggle all four pieces into the proper
them as an assembly. And that can be very
micky!

Fignre 28—Cut the spline slot in rhe face of the
4 F-dagrae bavel on the table zaw, using the miter
Enide and the rip fence.

Fignre 23—LUze heavy rubber bands to clamp the
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Figure 30—Flease
Drop In consisis
of a_ flat wooden
tray or box with a
claar plastic top
Place, and four
frapezoidal pieces.
The object is fo
drop the pieces intp
the box through the
slot. Thay will fit,




Chapter 4

Please Drop In

Designed by Stewart Caffin

Four trapezoidal puzzle pieces are presented along tazk of deciding the ornentation of each prece and

with, though separate from, a plastc covered the order of insertion. There are 3 rather limited
frame (Figure 30). The objective is to insert sach mamber of possibilites, but to the solver, it will
of these pieces into the opening on one side of seem impossible. There will be an irresistible

the frame so that all four pieces fit completely urge to put the right-anzle cormers of the pieces

within the frame. Simple. Well, maybe not quite into the right-angle commers of the frame. Wrong.
sp simple. The solver will probably soon realize Stewart Coffin is far mickier than that. Note, for

that all pieces can fit throngh the opening in at mstance, that what looks like a square frame is in
leact pne orientation, and may even recognize fact slightly rectangnlar (Figure 31).
that the ares of the four pieces taken as a whole

is about the area within the frame or possibly The four puzzle pieces are simple enongh to

a bir smaller; but be or she is then lefi with the make, using *:-inch solid stock or high zrade

Stewart Coffin

For many yaars, Stewart Soffin hes Deen
Invanting and bulding solld geomeatncal puEaes.,
Tha craftsmanship and onginalty of thalr design
FEne won him a desvoted folowing among
puzzle enthiuslasts and collectors hroughout
the world, He Ives In Massachusatts

Please Drop In 33



W Mo, 2 Borew

Figure 31 —Frame Details

g" Actylic o
e " Miterad Comars
. . Spline Slots
_Tray Bottom We" ¥ %" deap
K, Af'i %" solid or phawood (Saa Figure 47, page 4E8)

Figure 32— Pieces Layout

filh
El
2" A
Insert pisce A, then D,
B, and |ast piaca C
1y — S Figure 33— Solution
= |
c 7
13"
@ | TR

=g " thick wood
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Figure 34—The smaill ledee ar the bottom gf the opening keeps the picces mside the frame. However, if
Qiso means you have o furn the frame upside-down fo remove pieces while yon work on the solution.

phywoeod (Fignre 31). Bur the largest piece must
just barely fit throngh the opening and all must
fit totally within the frame with minimum slop.
To sccomplish this, one can start by making the
frame and then caf the four pieces o just fit, or
the pieces can be made first and the frame sized
to fir—both approaches will work. Cuf the four
pieces to the dimensions shown in Figare 32,
adopting a procedure that enables yvou to cut all
pieces should be chamfered on all edpes and
corners—but go easy, this edee reannent 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 sbove the frams
floor. This step helps ensure that all four pieces

correctly solved and that they are less likely fo
slide out inadvertently (Figures 33 and 34).

The corpers of the frame in the model made for
looks and sirengih, but of course, other joints
would serve a5 well Black walmst was used for
the fray parts and the four puzzle pieces were cut
from maple. The iray bottom, set mnto rabbeted
edzes of the frame. is made of solid wood, but tin
phrwvood wonld also be satisfactory. The cover is
clear acrylic, ¥4 inch thick, obtainable from plastic
supply sources and some bhoblry shops. Sand the
edpes of the plastic smopth. This piece of plastc
can be simply placed on the fop edee of the fame
and secured by four small wood screws, or, 45
our model, set in rabbets.
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e J6—Lareral Thinking, with parts dumped ort of the fray.
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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 dots, n 3 square sTTay,

and then connect all nine dots with four straight
lines without lifting the pencil from the paper. If
you haven't seen it you might want to my it before
reading further—close the book, zet a pencil and
piece of paper and see if vou can solve it

Are you back? The conventional thought pattern
of most people is to see the nine dots as a square
and the sguare is seen 3= 3 boumdary that none of

the connecting lines are allowed to cross, even

thoush extanding the lines beyond the square is
not profibited in the statement of the problem,

The solntion, which requires “zoing ouiside the
ox,” can be found in Figure 40 on page 41.

Another phrase related m “going outside the
ox™ is “lateral thinking. ™ the name Brian
Young took for this clever puzzle—yvou will
see whv. Actually, the seven pieces (and their
iray), Fignres 35 and 146, thar comprise Ladteral

Brian Young

Brtan Young's obsassion with puzzies Degan as a four-yeaar-okd,
when a favorte uncle gave hirm his Tirst puzae. He was Instanthy
hocked, and puEdes bacame a Iifekong addiction.

In the earty 1990s, he saw the potentia to hamess nis fa's
Interezt to Nk woodworking sklis and estabilsh nis profession. So
bagan his full-tme entarprize, called M. Puzzie, and the yaars
sinca hawve boan devotad to Imeenting, making, collecting ard

playing with puzzies.

Brian s now an ntemationally recogrized puzae crastor whosa
INganicus randmads works ane heid In collections around tha
warkd, Mr. Young Ivas In Queensland, Australla.
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Figure 37— Dimensions of Puzzle Parts

All angles are 45°% 907, or 1357

Parts 3 & 6 (make 2) Part 4

jase 455 |
’ %i|" )
| -
135" — S
- T

E % Joe %
¥ . |
F‘-a't 5 Part 7
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prekiriE can be used for at least four different
puzzles:

1. Use all seven pieces to form a letter L. *
2. Use all seven pieces to form a letter T, *

3. Use all seven pieces to form both the letter
L and the letter T af the same tims_ *

4. Put all the pieces back in the tray.

*The dimensions of the vertical and horizontal
strokes in all lettars are exactly equal and
symmetrical.

Lateral thinking iz definitely required to solve
problem 37

Six of the seven parts can be cut from a length of
% x Y-inch stock, (see Making g Sguare Snck,
on page 18) in a straightforward manmer nsing

a fable saw, radial-arm saw or chop saw, Figure
A7. Seriously consider making one or more jigs
bazed on the principles shown in the techmical
sidebars on pages &0 and 66 to make most of the
out-offs. At a minimum, an adjustable cut-off stop
shounld be used for all square and angled cuts so
that all dimensions can be tweaked for acouracy.
The two small 454590 prisms, parts Mos. 3, 4,
and &, should be curt with the long side paralle]
to the zrain in order o avoid fragile cross-grain
edmes. Part Mo. 2 is only a little frickier for those
wanting to make it from one solid piece. It is,

of course, possible to make this piece by ghiing
together two commponents, each of which can be
made from the same 3% x %-mch stick. Cantion:
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 in this book, (althongh any of a
mumber of designs would work as well). Befer m
Figure 39. Stant with a block of wood 3% x 3743
x % inches thick. Select 3 species that confrasts
nicely with the wood chosen for the puzzle pieces.
If yom are cutting this block from a larger plece,

= .‘
Figure 38—Lte a straight by in the router fable
fo plow the tray cavity. The two side pilaces
compiate the tray.

you may want to do the routing before parting

it froon the rest of the material so that yon have
& larger piece to bold on to while machining the
cavity. Using a table-mounted router, cur a %-
mch deep channel, moming in the direction of
the gram, as shown in Fizure 38. To complete
the frame, two side pisces mmst be fashioned and
glned info place. Mote that one of these pieces
has a 3} x ¥-inch cutout. When the glue sets, the
irzy can be cleaned up, chamfaring or rounding
the edzes as desired. If yvou have closely hald

io the nominal dimensions, the seven purzle
pieces should fit perhaps a litile soug in the may.
Lightly sand each part on a flat surface and they
should nowr fit easily, but without mach room for

movement, then aoil the pieces.

The solntons to all four problems are shown in
Figure 40.
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Figure 39—Tray Dimensions

Glua side piecas
in placa —— : W' Chamfer

f-2

Sido piece
with notch

" RoLt tray bottom and ends
from sclid piece of wood

| 1 ]
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&
S0 taxt on paga 37,

Figure 40 —Solution to All Four Problems: L, T, L/T, and Tray Assembly
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Figure 41—Ihe four pieces are identical, with sloping sides and 13"
SGUATE fOps.
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Chapter &

Blockhead

Designed by Bill Cutler

Hlockhend has nearly every characteristc
considered important by serions puzzlers for a
good puzzie design. Therse are & small oumber
of pieces, it is simple in concept, the objective
iz immediztely evident, all the obvious wavs

of solving the puzzle do not work, snd the real
solution is elusive and surprising. The judzes at
the 1984 Hikimi purzle competition recognizad
the merits of hiz desizn (Figure 41} by awarding

Formnsiely, mzking Blockhead is not as difficul
a5 is solving it Four identical blocks must be

packed into an open box such that the tops are
all flat and level with the edges of the box. These
Blocks are cobe-like but not troe cubes—some
of the cormers are right anglss, and some ars not
Omne face on each block is a tme square, and the
rest are not.

Begim by preparng a stick about 12 mches long,
hawving the trapezoidal cross sectional shape
and dirmensions shown in Figure 43. Hold to
the dimensions closely. For the model showm

in Figure 41, Indian rosewoeod was used for the
Blocks and osk for the box, but virtually any

Bill Cutler

Bill Cutler has had a Ime-long Interest N mechanical puedes,
particutary Interocking bum puzzles and box-packing puzaes. He
has a PhD In mathematics from Comeal Unhvarsity, and has been
emploved for the aat 27 yoars as a computer programmer. He has
combined these Interests by writing computer programs 1o aralyze
b -packing and Intarkocking puzales and |s particulany ntarestad In
using such programs to design new puzzes,

kr. Sutkar Ives In linois.

Blockhead 43




— 5"

Cut 1* x %" rabbét first
Figure 48— Preparing the Box Sides then rp strip at &°

Cormar gpline thickness
matches width of saw

Figure 49— Box Dimensions
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bottom of the box. Bip the 5-degree bevel on a
table saw. Cut the pieces to length snd then miter
the ends, or simply cut the miters directhy. It is
important that the opening at the fop of the box
be sbout ¥ inch larger in both ditections than
twice the dimension of one side of the square face
of the blocks. Glue the four sides together—a
strap clamp, mabber bands. or tape will provide
can be made of solid wood or plywood % inch
thick, cut oo fit the rabbeted opening, and glued
in place. To sirengthen the corners of the box and
add a bit of decoration, you could add feather
splines. A simple jig will facilitate 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 3
talle with their square sides on top. Amange them
lopsely in 3 rwvo-by-two sqguare. Botate each piece
=p that the faces that slant 5 degree off vertical
are all on the outside of the assembly, Fignre S0,
Wow, pick np all four blocks at the same tme by
holding therm with both hands at their bottoms—
they will scrumch in—and drop them, a1l at once,
into the box (Figare $1}. The blocks shonld afl
seitle in and leave a flat surface at the top of the
box, as shown in Fignre 41.

=

-
<

zofve the puzzle, arrange the
purzie mieces on table surface, In a sguare array,
with thelr sguare sides on fop and thefr onter
Jaces all sloping ontward.

Figure 50—To

Figure 51—Ljft all four blocks af once, then drop
them, all at once, mte the box.
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Figure 52—The completed Aba Box, closed. Thi
box is made of oak with a wainut inlay.

" diameter cylindrical Sifia linars 1"
earth magnet thick Sea and placa
= grocwve detail in
Figure &&
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Chapter 7

Aha Box

Designed by Allan Boardman

Orher boxes in this collection of puzzles are
intended 1o establish 3 specific velume in which
to pack the puzzle pieces or simply provide a nice
looking container to hold them. The 4ha Box,
Figure 51 is just 3 box, tmf one that employs 2
gmumick to gef it opened—a rick box. Finding
that gimmick is the task presented to the solver.
This box is intended to be displayed, perhaps
on a coffes table, viting 3 guest to pick it up
and attempt to open it. You might delibarately
place something inside—a relic, some comns, &

Figure 54—How the Box Works

favorite beach pebble—that would rattle around,
increasing the curiesity of your guest. The
solution to opening the box is simple enoagh, buot
far from obvions. Of course, boxes of all sorts,
whether they require rick opening metheds or
not, are favorite projects of many woodworkers,
and the construction methods vsed for this puzzle
are readily applicable to countless other desipns,

The solntion requires finding just the rght place
on the lid to press. Applying sufficient pressure to

Frass down hara
o il 1id e,

w4 - \%“‘Mgﬂms }_E "H?“ﬂngled facet
Bt %" _ Bl
r |
- -
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Figure 55 —Groove in One End Piece

Cut He" rebata all
four sides

- /Gt this ledge
in ona and only
Figure 56 —End Liner

and Magnet Layout i1

%" % 1&" cylindrical @
magneatz

.III

Orll thresa hiclas,
%" diameter and
just over 1" deep,
1o racaive K" x 1§

it
%":‘: cylindrical magnets
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break apart hidden small, but powerful, maznets
will camse the lid to tilt up and be easy o remove.
Befors getting started on the constmction locste
a source on the Internet that deals in rare earth
magnets. You will need six % x Y-inch cylindrical
magmets.

Babber and dado joints were used for the cormers
of the box, Figure 60, but fhis might be a zood
project for you to try mini-finger joints, using a
-inch straight bit with vour router tabls, or any
of the other box corner joints shown throughout
this book. The stock required for most of this
preject is ¥4 mch thick If you do not kave the
topls necessary to prepare this stock—a band saw
for re-sawing and a thickness planer for cleaning
up the ssw marks and achieving the desired
thickness—there are wobdworker sources that
can supply thin material. However, be aware that
purchased thin boards often come cupped and/or
distorted and can be difficalt to nse. When you
prepare your own material, on the other hand,
you can use thicker stock that has been lying
arpund for 2 while, stabilized in vour shop's
environment before it is flattened, re-sawn, and
planed to thickness. This doesn't gnarantee that
you will end up with flat snd stable thin stock, but
it increzses the likelihood. For this project, vou
will need abont one-half a square foot of ¥-inch
stock, and about 20 square inches of W-inch stock,
assuming, of course, that vou use the overall box
dimensions given. Having a lifile extra on hand
would provide good insurance.

After laving out the parts to feature the nicest
Erain patterns on the top and sides, ot the four
sides to size, using & zere clearance insert in
your table saw to minimize tear-vur. Tse a2 Y-
inch straight bit with your table mounted router,
Figure 59, to cut the dado in the end pieces, and
4 Y-imch bit to cut the joint details in the side
pieces 35 shown in Figure §1. Mow cut the rablat
in the edges of the four sides to receive the box
bofom. A shallow zroove will be requited near
the inside top edze of one of the end pieces—ihis
can be made with the same router table set-up,
adjusting the depth of oot and fence position as

Figure 538—The disk sander, or a sharp chizel,
will cut the smail angle on the side Iimer plecas.

needed (Figure 55). Lightly sand the inside faces
of the four sides and glue them together, making
sure that the comers remain sguare and aligned.
Scrape off any zlue that has sqneezed ouat, both
inside the box as well as in the corners of the
bottom rabbets. Cut the bottom to form a soug fit
and sand the inside surface. A bench hook and
well-mned hand plane provide a conmolled way
of approaching that perfect fit (see Bench Hook,
page 54). Gloe the bottom in place.

Two side liners are cut from Y-inch stock. The
small anzled facers shown in Figure 54 allow the
lid to be filted for openinz—they can be made
the pieces to 3 disk sander (Figure 58). They
should both be identical. The exposed sarfaces
of these two pieces can now be sanded and the
pieces ghied in place. Use gloe sparingly and hold
the parts in position with small spring clamps.
Prepare a piece of *4-inch marerial, as shown in
Figure 56, to be giued into one end of the box,
the end opposite the grooved end. Dirill three
Y-inch holes a hair more than ' inch deep into
the top edze of this piace 1o receive the magnets.
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' Router
First Cut Bt
Box Side Plece = | Fence
Figure 55—’ the table mounted rowrer with a
V-inch bit fo cuf the dado for the corner joints aff ; o)
oy -Routar T _
1" Aouter
Second Cut Bit
ﬁl
' Box Side Piaca EHe0a
E 4 U f/
1 — i)
e L Wa" - Router Tabla P
T _|— %" Routar
Third Cut Eit
!";. .
Figure 60— Comer Joint Figure 61 —Making the Comer Joint
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Make sure that the maznetic poles of the three
magmets 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 glue will ensure
that they stay in place. Glue this intemal end
piece into position as shown in Fignre 54. The
two infernal side pieces and this end piece should
fonn a contimnous ledge atound three sides of the
box on which the lid will sit.

To make the lid, cut a piece of the Y-inch stock
5o that it is an exact 81 ro the inside width of the
box and %5 inch too long to fit lengthwise. Rout
the rablet or ledze on one end of the lid. Again,
using vour router table set-up with 3 Y-inch

bit cut the tiny decorative rabbets, as shown in
Figure 57. Thres ¥-inch holes, just over ¥ inch
desp should now be drilled mnfo the underside of
the lid, taking care that they are exactly opposite
the thres magnets that have already besn instailed
in the box end piece. Glne the mazners mio the
holes, again checking that the polarity is commect
=0 that all the magnet pairs atract each other.

At this point, you might wish to decorare the box
with a simple inlay as shown in Figare 5. To
do this, et up vour router table with a Ws-inch bir
to cat a groove about ¥s-inch deep. Adjust the
fencs to cut the long grooves, using an adjustable
stop to limit the cut gt both ends. Wote that the
We-inch ledge at one end of the lid means that you
will have o do some repositining of the stop and
the fence as you ront the four grooves, in order
to symmetrically center the inlay. Square up the
corners of the grooves with a sharp chisel (Figure
[ 740

Prepare 3 Ws x Me-inch strip of contrasting wood
to inlay in the grooves—a spug ft is desirable.
Cut four pieces of the strip to length and miter
the cormers with a chisel or razor blade. Apply 2
bit of ghae in the grooves and insert the pieces,
tapping them inte place with a scrap block and
light hapmer. Leave them just a kit proud, o be
sanded fiush afier the glue dries.

"When the kid ic put into place, there shonld be no

Figure §2—Rout the groove for the inlay in the
box lid, and clean up the corners with a small
sharp chizel.

crack or space showing around its edges. In face,
there should be po visible chue sbout how the lid
iz to be removed. If the fit of the lid is just a bit
too sz, Ty planing a very thin shaving off a
hinding edge. nsing the bench hook. When all is
just right, the hid will snap shot and will stay in
place with no play. Sand all exterior surfaces and
the inside of the lid smooth, and roond or chamfer
the edges of the box to faste

To open the box, press at one end, o1 the other, of
the Iid to dlt it up.
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%" Plywood or MDF

Bench Hook

3" Plywecd
or MOF Basa

Bench Hook

Somea claszical hand ool woodworking
methodzs should be a part of the repartoine

of evary waodworkar, even those tofally
enchantad with power tools. 'Wihy'? Becalss
certalin operafions ans bettar done by tools and
procedures In usa for hundeds of years befora
the Inantion of aleciridty than by methods
employing power tools. Yas, battar—and oftan
Tazter, safer, and quister as weall. Trimming

an edge of a smdl plece of wood o cbtaln a
parfect Tt using a banch hook and bench plane

I= ona exampla.

The bench hook shown hera B @ simpla 2hop
Akl that can ba usad to hold parts In place
without & clamp while sawing or planing tham.
Mary types of this Kind of Thiure have Deen
usad n pazt centuras—for shooting the edge
of & board, cuttng and fmming a miter, or
trimming & plece to i, i s Just about IMpossitia
1o find thaesa bench akis for sale, 50 ona must
make them—a simpla ancugh project.

In wsa with & plang, the workplecs |s naid
aganst the stop, slghtly overhiangng the edoge
of the platform, and the plane, lald on s side,
takas off @ shaving. This arangemeant removwes
one degrea of freedom Trom the planing
operaticn, ensuring that tha aoge 1s 2quara to
the surface of the plece—assuming that the

plare |5 2et to take a unfform cut and 1S sides
are sguane with Its sole. If the plana |13 weall
tured and the cuting Iron i sharp (thess ara
whiok other topical), the part can Do reduced
0,001 Inch or 20 with each pass. This ralably
parmits the worker to approach and attaln a
parect M—wvery desirable when making small
housahold tems and aspecially 30 when making
mechanical puzzias. Siight tapers can be addad
or ramcved Trom the workplecs by starting

or endng the cut part way through the plane
stroke, In casa the part baing worked 15 just a
bit wide at ona end only. Try i, you'l ke 1t

¥ S ah”
The bench hook 5 imvaluabie when
dimensionimg a zmail project part.
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Chapter 8

Nob's Neverending

Puzzle

Designed by Nob Yoshigahara

Altbhourh criginally conceived as a packing
puzzle, that is, 3 puzzle that challenges the salver
to put all the parts into 4 container. Mob realized
that the parts of his design could be put together
in many interesting ways, not just the cobe that
he had first imagined. Expert puzzle solvers now
azree that there are only eleven good shapes

that can be made with the parts, bat at first,

Mob didn’t recognize aoy limit, 5o he named his
creation “neverending™ (Figure §3, next page).

The elemental boilding block of this puzzle is half
of a cube, the cube being cut on & componnd bias
{Figure 65). Sixteen identical pieces are cut and
glued topether to form eight similar buf different
puzzle parts. All of the pieces can be cut froom a
single 1-inch sguare stick abowt 24 inches long, or
from twa shorter sticks. Scrape or plane the stick
smooth, but keep the edpes crisp. The 13-inch
dinrension is not essential, bat it is cridcal that the
cross-section be exactly sguare and uniform for its
fill length (see Making o Sguare Snick, page 18}

The methed demonstrated in the photes and
fignres makes use of a radial arm saw and a
special jig (see Cur-Off Jig, page 60) for cuttng
off the puzzle pieces from the stick, but a chop
saw or table saer will do the job as well, though

with some modification to the jig desizn. To

cut the anzled end of the stick, it is beld in a
V-shaped cradle gloed to the base of the jig at
an 82-degree angle to the saw blade. This angle,
82 degrees, results from the dimensions shown
in Figure &5 This angle can be off 8 bit and

not affect the way the puzrzls works, With thiz
arrangement, the angled end and the sqoare end
of each piece can be cur alternately withont
dismrbing the set-up. Glued to the cradle, a
micro-adjustable end stop makes it easy o get the
length of each piece just right. A bold-down arm
prevents each block from beimg kicked back as it
is cut free, and enables von to keep your fingers
safely away from the saw blade. Set the depth of
the saw blads to just barely cut into the base of
the jig.

If vour zaw is aligned and vou are using a sharp,
quality blade, the pieces should reguire kittle clean
up. But, if you are left with slight saw marks, tape
2 sheet of fine sandpaper on a flat surface and mab
with lizht and even pressure to sand them off.

With the jiz clamped in place, make a square cut

holding the work piece azzinst the fence. Adjust
the cut-off stop by eye for a test of the anzled cut.
When set commectly, twe pieces will stack together to
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Figure §3—Nob's Neverending Puzzle consists of eighr L-shaped pieces.
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Figure 64—This simple fixture helps glug the puzzle elemenis fegether, by allowing you ro push the

Pivces against the table and a siep.

form a perfect cube. If sandpapering the end srain
to remove saw marks is required, be sure you factor
in the sandingz when you test the tial pieces for
lengih. In principle, you could add another micro-
adjusiable stop 1o the jiz or saw fence o make the
squars cut, bt it is easisr to simply cut the smzled
end of the stick sguare, wasting as liftle as possible,
before placing it back mdo the jig's V-cradle for the
next angled cut. That way, there is only one stop
to adjust and all pieces will be identical When youn
are sure that you have an exact setting for the end-
stop, cut all sbrteen pieces. If you wish to round

or chamfer the edges of each piece, just a timy bit
to make them feel nicer, you shonld wait umtil the
piecas have been glued so that yon ease only the
exposed edges.

Glue the sixteen pieces in pairs as shown in Figure
64, making eight different assemblies. e very little
Elue to avoid exress squeere-out Fmger pressure for
8 few moments is enongh in te way of camping,
bt it &= et to prepars 3 flat shine surface with a
stop te have something to press azainst and align the
pieces untl the glne zrabs, Figure 64.

A lidded, or un-tidded, box with 2% x 2¥4; x
2tis-inch inside dimensions makes a nice storage
container for the puzzle parts, and requires that
you solve the cube puzzle Alernstely, the puzzle

parts can be stored in a shallow 3% x 3%%:-inch
iray, which fits the square-dormr and the square-
with-the-comer-missing puzzie confipurations,
Both the box and the fray can be made nsing the
snggestions given for other puzzles in this book.
Perhaps now is the thme for you to creste your
own box or tray design! Of course, you can also
keep the eight puzzle parts in an old sock, buat
where’s the woodworking fun in that?

Al eleven solutions fonnd by Iob and his
colleagne Kozy Kitajima using thess parts can
be zeen in Figure 68, Perhaps vou can find more
mterecting shapes that the experts have missed.
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Figure 66 —Eight Puzzle Pieces

Figure 65— Elemental Half-Cube
: c @
// E @
iy

J
-

‘Make 16 piaces

Thaze dimensions may vary, but G
it i= critical that when two of thaza

=lue pairs of alamental half-
clamental half-cubes are stacked Dhtﬂg?-:gﬂﬂ’lﬂr to maka placas A
togethar, they form an exact cuba, through H.

Figure §7—The eighf puzzie
pieces pack neatly into their
box, but this i not the only
solufion.
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Figure 68— Eleven
Problems Solved

Adapied from an anticle by Allan Boardmen, “Mob's Hewerending Pozzle.”
published in the Ociober 1998 ke of Amerdcan Weodiworber magarine. This
przzle al:o made an appearance inone of Mob s mamy books, Puzzie fn Wood,
pablished in Tapan
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OFR WIT e raad

a.'w;rm o cut-gff jig can
to cut off the parts for Mob's Neverending Puzzle, b with modiffcations it can be wred fo sqfely
cuit aff amy small duplicate pares,

7l -arm SaW oF The

MO SOW, A TOWT BT BF DR

Cut-Off Jig

It's often the case that more tme can ba
zpent designing and bulding the requirad

g or Jigs than Is actualy spent cutting the
parts. But In thie caze, at least, it 1= weall
wiorth the affort. The Jig shown, or one like i,
wil ensure unifomn and Idantical partz. Tha
gloping Sdes of the V-cradle reduce the saw
bladge taar-put to a minimum oy backing up
aach cut. The adustable stop makas ine
tuning the kength of the parts vary gimpea.
The hold-down keaps your ingers safe and
prevents the parts from fying off the saw
table and bouncing arourd the shop. And the
dua station 2et-up enables you to make all

cuts required by Mob's Nevaranding PLESe,
both 2quare and angled, with no adjustmeants
batween cuts, The wedga-shapad phywood
spacar baze can bo made at varous angles
o 2ut amrarent projects.

All safety measures and aquipment must

ba utlized whenaver poesible. IT the biade
guand on your machine must be rernoved Tor
a spacic operation such as the one shown,
ba certalin that your Jg k& solldy mountad,

all scrape and debrz are dearad away, the
warkpleca Is sacured, and ingers and hands
are & zafe dstance from the biade.
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Chapter 9

Fifth Avenue

Designed by Nob Yoshigahara

Twenty-five cubes are ghied together to make
nine puzzle parts—seven parts use three cubes
and two use two cubes. But the twenty-five cubes
are made from five different species of wood.
Although any five species will work, the finished
puzzle is all the more enjoyable to play with if all
species are easily distingwished from the others
by their colors andfor grain patterns. The object
of the puzzle iz to arranpe these nine parts in a
five-by-five amray such that each row and each
column has one cube of each of the five species.
There are many ways to make 4 five-by-five array
with thece nine parts, but cnly one way, ignoring
mirror images and rotations, of correctly selving
the puzzle (Figure 69,

Prepare five sticks, each sbout 8 inches long,
one of each kind or color, of wood. Their cross
section should be an exact square, measuring

% inch on 3 side, Figure 71 {zee Making a
Sguare Stick, page 18). Yon can vary this basic
dimension considerably, but all sdcks must be the
same. The sides of the sticks shounld be planed
or scraped smooth fo remove any noficesble saw
marks while being careful to mainfain squareness
and uniformiry. Of course, this clean-up can

be done after cutting the cubes, but that wonld
requirs more work.

Satup a stop on vour table saw or radial anm

saw o cut off the cubes. Use the widih of one

of the sticks as 3 gage so that the cuf-off lenzth
iz exactly the same as the widdh of the stick,
ensuring that you end up with accurate cubes.
The siop must b= set up so that the cot-off piece,
the cube, is not rapped betwesn the saw blade
and the stop or fence, as this could cause the
cube to jam or be kicked back—a potentially
dangerous safety hazard (Fignres T4 and T5).
LUze 3 zero clearance insert in the saw table and a
back-up board to minimize tear-ont. Or, to solve
all these potential problems—safety hazard tear-
out, dirnensional errors—iake the tme o make &
version of the cut-off jig shown on page 66,

Wou shonld now have five cobes of five different,
CONTasing species, twenfy-five cubes i all The
end grain of each cobe may need a bit of clean-up
fo remove saw marks, bat nots that some of these
ends will be ghued. To aveoid the nnnecessary
sanding of these hidden surfaces (less work and
less chance of altering the dimensions), do not
sand the end grain until the parts have been glned
mogether.

Although not simictly necessary, the edzes of

the cubes mizht be chamfered both for feel and
looks. This detail will also hide slight dinvensicmal
mzccuracies from cube to cuobe. If you choose to
do dhis, it should be accomplished before gining

Fifth Avenue
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Figure 71 —The Basic Stick |

-~ Maks fiva sticks, each a different
wood spacies,

Each rurmbear, 1 through &5, is a
different color (species) of wood. All
glua joirts on end grain.

Inzat tray bottom
into ¥e" deap
Figure 73—Tray groocva,
Tha opening in the tray 14

must b= squars, measuring
five times the dimension of the basic
puEzle pieca cubs, plus 15" rattle spaca.
Using %' cubses, tha tray inside dmersions

should ba 323" x 3%845"

64  puzie Projects for Woodworkers



the cubes together. This can be a tricky operation
since the parts are so small. Depending on the
methed you e to make these chamfers, they can
be cut on the edees of the sticks before the stcks
are cuf into cubes, leaving only the end chamfers
for later. The chamfers should all be the same and
uniform; free-hand filing or sanding is not Likely
to produce a guality look. One method that might
be used invelves a chamfer plane a very nseful
tool sofd by most Japanese tool dealers. A disk
sander can be used to make the chamfers, buat
some 301t of fochure mnst be devised and nsed for
safety and to obtain uniform results (Figure 76).

Glue the cubes together as shown in Figare T2,
end grain to end grain. Wow lightly sand the
expocsed end grain to remove any visible saw
marks. After applying a penetrating oil to increase
the confrast between the five wood types, the
puzzle is really complete. However, a tray to bold
these nine pieces will enhance the presenfation,
make solving the puzrzle more pleasing, and will
keep all the parts together when not in use.

The sides of the way (Fizure T3} are cut from

a stick measuring ;-inch by Ws-inch in cross
section. Any cormer joint can be nsed—miter,
buit, lap, splined etc. The inside of the fway
shonld allew sbouat s inch of slop so that the
puzzle pieces can easily be inserted and removed.
The bottom of the fray can be simply glned fo the
bottom of the sides or set into a rabhet or groove,
depending on the preference of the maker. In the
model prepared for this book, the corners of the
tray were finger jointed and the bottom, a sheet of
Li-inch plywood, was set into 3 groove.

The solutton of Fifth dvenue is showm i Fisnre T

This purzle has appeared in one of Mob's many
books, Puzzrie in Wooed (sic), published in Japan.
Although it might be somewhat less elegant as

a4 woodworking project, mstead of using five
different species. a single kind of wood can

be wsed, applying stains or dyes to create the
different colors needed. Fijfth dvenue will sull be
an slegant puzzle.

g e N }
Figure 74—On the fable zaw, cuf the cubes fo length

uzing an offver stop atfached to the fable surface with
cypanoacryiate glue

Figure 75—Cwt the cubes o length uzing a fence
stop and improvized holding clamp.

Fignre T6—This fixture was designed fo hold
cubes and limit the dapth af cut whan making
chamfers on the disk sander.
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JKJs of this genaral form ars a great
cormvenience whan making small parts
that nawe to be accurataly notched

of cut off—two common oparations
ancourtarad In puzzie making.
Although some ganeral guidaines are
shown Inthe drawings, the actusl
dimanslons of tha Jig must ba tallored
to your table zaw. The faatures of this
g Includa zaro clearance Tor the saw
biade and a back-up bar {the fence)
Dahind the cut—both will minimize
tear-out and swarf. The and stop

Ccan be adjustad acourately by ral

1" % 1" x 14" block.

Crill 15&5" for 1" x 415" bol.
Glue block to sled with

the bolt in fully insarted
position and albout 3"
betwesan the tip of the bolt —_
and the =aw blade.

Cut-Off and Notching Jig

Cut-Off and Notching Jig

and armar over the needed range of
mowvament for the project at fand, and
the workpleca can be safely held In
place while making the cut.

Maka ha sad of any avalabla lumbear,
being caneful that the two bars o
Tences are sfralgnt and have 2quare
edgas. Tha bottom can be mada

of phywaod of MDF, % Inch thick.

The slikde Dars should Ba hardhwood
carafuly frimmed for & no-play shiding Tt
In tha miter Sots. Glua the side bars 1o
the undarside of the =led squars to the

Size =iding bars for no-play
fit in mitar slots.
Glue to basa of slad.
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Tenca, When the gue satz, adust the saw
blade to cut a Ite mora than % nch and nun
the Jig througn.

For tha Jg option shown below [eft, prepars
& block about 1x713¢2 Inches and dril & 152s-
Inch hola down tha canter of the long axs.
Insert a 14 x 4%-nch bolt Into this hok—ihe
boft-wil form its own threads n the Diock.
With the bolt screwed al the way In, giua the

block =0 that there Is about a 2%-Inch gap
betwasan the head of the bolt and the saw

karf running acroes the bottormn of the slad.

Hold-Down Clamp Options

By usng a calpar, the gage blocks, and
frid-and-amor with scrap materd, the setting
of tha screw stop can be made with graat
accuracy prior to making cuts In the puzae
pleces.

Exterding thiz JIg a little on tha ket end and
adding a hold-down clamp as shown Delow
wil enable 1T 1o be u=ad safaly and accurately
to cut off smal parts such as those neadad
Tor the Pocoioco and Fih Averla puzzies,

Altomatively, a hold-down damp of
thi= general typa can ba usad for

zmall parts.

M

. Bwing down to
" hold prismatic
cut-off sacuraly.
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Figure 77—The Leavel 5 Noitchable Six-Piece Bum, assembled fabove) and taken apart (Below)
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Chapter 10

Level S Notchable

Six-Piece Burr

Designed by Bill Cutler

There sre buorr puzzles and then there are
puzzlas (Figure 77} Bill Cutler kas done extensive
computer analysis of the family of sor-piece

burrs, and in 1987 he discovered this nnigue
design. “Lewvel 5 refers to the smallest mamber of
moves nesded to remove the first piece from the
assembled puzzie In the most common sog-piece
burrs, the first piece to be removed has no notches
and iz simply pushed straight out. “MNowchablie™
means 3ll the pieces can be made by cufting cne
or more simple notches. An un-notchable piece
conld not be complstely cut on a table saw (Figure
T8). What makes this puzzle umigue is that it is the
higlest possible level notchable six-piece burr, and
it has only one solution. It is also a difficult puzzle
to solve. But that doesn't mesan it is 8 difficult
puzzle o make.

All of the pieres of this puzzle could be simply
ot on 3 table saw by measuring, marking-
our, and alipning each cut with the saw blade.

However, greater accuracy, repeatability, and
spesad can be schieved if yvou take the trouble to

make a simple jig and a few gaze blocks (see
Cut-Off and Notching Jig, page 86). Cutting the

notches can be done with a dado head on your
sany, but maltiple passes with a general purpose
blade will mo swiftly enough, especially if vou are
mzkingz only one of these puzzles.

Begin by prepanng 3 feet of 1 x 1-inch square
siock, uiilizing swy well-behaved hardwond youa
may have around the shop {see Making a Sguare
Stick, page 18 Cut one end square, and then cut
three pieces &% inches long—each of these thres
pieces will make two puzzle parts. Cutting the
notches im these §42-inch pieces and flipping them
end-for-end in the CUffing sequence gives you
something more to hold oo to than yvou would have
working with 3-inch pieces. Further, it ensures that
you are slways referencing each cut from the same
end of the piece, minimizing ermmor. The two 3-inch
pieces will be cut apart afier the notching has been
done. Mote that paris E and F are identical. The rest
of the stick will be nsed for making gage blocks,
frial cuts &5 you et up the end stops, and for spare
material if you make 3 mistake. (Who, me?)

Ideally, the fit of all pars of this puzzle into all
noiches would be perfect—an clop, no fore
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Figure 7T8—Typical Burr Pieces

Motchable plecas can bo completed using a
table saw. Un-notchable pleces cannot bo
completed on the table saw.

Figure 79 —Gage Blocks

It the burr placas are not exacty 1" x 17, adjust
tha lengths of thess gage biocks acoordingly.

10 Ppuzzie Projects for Woodworkers

Figure 80
Setting Depth of Cut

Aftar Claan-Up

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



required. For vour first attempt, at least, opening
up the tolerances just 2 bit is advised, enabling the
parts to go together easily. The puzzle is difficult
eansugh without mechanical binding. It is not like
the Bi-Burr or the Pocoloce puzzles where the

fit has to be exact or the purzle really doesn’t
work. The Level § Noitchable is a great puzzie
even if the parrs fit 2 bit loosely. The problem is
that, as the assembly of the purrle builds, as each
additional part is added, small dimensional ermrors
can acommmlste, potendally making the last moves
in the sssembly too difficult, requiring too mach
force. So, oy for a fit that is one- or Two-pieces-
of-paper loose. Cut three gage blocks from the
leftover 1 x 1-inch stick; one that is one-half the
widih of the stick, one that is the full widih of the
stick, and one thar is twice 2= long as the width of
the stick (Figure T9). The gape blocks should all
be oversize by abont 0,01 inch. Use a micrometer
or vernier caliper to get these gages just right.

Set the saw blade to cut half-way through the
puzzle parts, f2king info scconnt the thickness

of the jig base. You will want to clean up the
bortoomns of the notches later, using a chisel and/
or file, o the saw cuf shonldnt go guite half
way. Use a vernier caliper or make 3 test lap joint
from two short lengths of the extra stick to get the
depth of cut spot on (Figure 80). This saw blade
depth sefming will be used for all of the notches.

Place the notching jig on the table saw with the
slide bars in the slots, and nm the jig throngh the
blade Using a scrap stick, adjust the screw stop
5o that it is ome inch from the blade. With one

of the 6%:-inch workpisces op against the end of
the bolt, Figure 81, make the first cut—this will
becomes piece A in Figure 82. Lighily pencil

in the letters A through F on the ends of the
sticks for easy reference as you cut the notches.
Bepocition the screw stop to make a cut b4 inch
from the blade, snd make a cut in the other end of
this stck and at both ends of the other two sticks.
Mow, back the stop screw away from the blade
by a little less than the thickness of the biade and
nt again in what will become pieces B throngh
F. Confimme to readjust the stop and widen the
notches, following the drawings in Figure 82

; .4
Figuwre 81—5aw the first cur using the notching
Jig. Note that if a jig of this fype wera fo be used
Jor through cut-afft, @ device to hold the cur-afft
in place wouwld be required,

As vou appreach a Ye-inch notch width, make

the adjustments slowly and carefully, trying the
Y-inch gage block with each pass. You are frying
to obrtain a snug fit of the gape into the notches on
pieces C and D). When the pape block just fits in
with lizht finger pressure, those notches will be
fAnished.

Afier these namrow notches in pieces C and D are
complete, leave the zage block partly in the nowch
and adjust the stop screw so that the saw blade
Just scrapes agamst the gage. This will be the
proper setting for the first cut in the middle noich
in these piscas. Of conrse, the sticks will have to
be rolled 90 degrees when you begin to cut this
middle notch. By now, you zet the idea—raset
the screw stop, cat, gage. roll the stick. and
repeat. Contirme these operations nntl you have
completed all the notches on all six pieces. Yon
have onby to cut off the six pieces to length 3
inches, clean up the bottom of the notches and
any other roughness, and assemble the puzzle

Al ves, assemble the puzzle. The assembly steps
are shown in Figore 84, You may want to iy

o put the puzzle together om your own, withowt
looking at the fignre, but be wamed that it is guite
difficult. Disassembly requires the same sfeps

in the reverse order. When complate, puat it on a
shelf as a frophy for your tenacity, or give it as a
zift 1o your mean boss.
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Figure 82 —Dimensioned Burr Pieces

Figure 83—Assembled Burr
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Figure 84 —Assembling the Level 5 Notchable 6-Piece Buir
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Figure §5—Pandora's Box, assembied and dizassembled
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Chapter 11

Pandora’s Box

Designed by Brian Young

In the puzzle world, Pandora s Box is referred

to as 2 “boxed burr.” The four puzzle pieces are
notched in a manner typical of any buor puzzle,
but the difference is that they must be aszembled
within 3 cage or box, adding siznificantly 1o

the difficulty of finding the solution The four
pieces must be inserted info the box in the comect
orientation snd order, without the solver being
able to fally see the progression of moves.

Although the notch paterns and dimensions

are not the same as those of the puzrle pieces

in the Leval § NMotchable Siv Pieca Burr (page
68}, the same basic cutting technignes can e
employed—preparing the square stick, setting

up an adjustable stop om your saw, efc. As with
the other puzzles, any seasoned hardwood will
do, though confrasting species for the bum pieces
and box will add to the visual appesl of the final
product. Using the dimensions shown in Figare
846 and the sugpecstons gpiven for constmcting

the Level F Burr, make the four arr pieces for
Pamdoera’s Box. Becsuse the sssembly process
for solving the puzzle is essentially blind, a very
slightly looser fit of the parts would be advised.
This clearance, about §.005 mch or the thickness
of a piece of paper, can be achieved by either
making the square stick a tiny bit smaller than the
nominzl one inch dimension or by lightly sanding
the four fimished puzrzle pieces later.

The box can be made from one piece of wood,
bt it may be somewhar difficult to do a clean job
of the through mortises. Instead. make the botbom
and top halves as shown in Figure 87, using a
mable mounted router or table zaw, and glne them
together at the corner posts, Note that although
the top and bottom halves are dimensionally

the same, one part should be ont with the grain

at right angles to the other so that when they

are glued together, the pram m the fwo parts
will be moning in the same direction. Using the
dimenszions shown, the burr pieces will extend

& liftle beyond flush with the sides of the box.
Although having the pieces stand a bit proud of
the box sides iz primarily a decorative feamre,

it also helps fo mask the slight looseness in the
infermal joints when the puzzle is assembled.

The solntion to the puzzle mvolves a minimurm
of twelve steps. Wommally, a puzzle like this
would be sitting around in the assembled state,
waiting for someone to pick it np and start
playing with it—disarrembiy first. But, since
you will be making the pieces, yvour first job will
be anrembly—a somewhat more difficult task.
The solntion described here will help you puat
the pieces together. Disassembly mvolves the
same moves but in reverse order. Mote that in the
aszembled or solved, siate, piece C is the only
one that will mowve, so even though yvou will not

Pandora's Box
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all axtamal edges

Figure 87 Although both pieces are identical, one is
cut 907 from the other so that when glued
togatner the grain drection will match.
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be able to identify the pieces from their hidden
noich patterns, you should be able to find piece C
and orient the puzzle with the solution diagram.

Lay out the four burr pieces and the box as shown
in Fipure 88 It may bhelp to fix a small piece of
masking tape to the ends of the pieces and wnite
the letters A through D on their ends. Mow, make
the moves listed in Figure 88,

=

L
Figure B8 — Solution Start Position

Assembling Pandora's Box

+ Slide pleca A I leaving It ¥ Inch
short—out of the box,

* Slido pleca B In under plece & and 14
Inch pazt and out of the box on the
other skie.

« Sllde pleca C In over plece B and next
o pleca A leaving It % nch short—out
af tha box.

» Slide pleca D In under plece G and
next to plece B kaing it 11 Inches
short—out of the box.

* Slido pleca C In a further 12 Inchdt
should mow De Tiush nside the box

+ Slida pleca B In a further % Inch-it
shoud now be Tiush nede the Do

+ Slida pleca A N a further ¥ Inch-t
should now D Tush nede the Do

+ Slida plecs D In a further % Inchdt
should now be 1 Inch outsios the Do

# Slide pleca © ¥ Inch back out of the
Do

* Slido pleca B ¥ Inch back out of the
booxc— b caraful, | will slida farthear.

* Slido pleca A ¥ Inch back out of the
Do

* Slide pleca D a further 1 Inch-t shouid
now be fiuzh Inside the box

* Slide pleca A, then placa B, then plece
C each 1 Inch back Insida the box.

Pandora's Box (1



Figure 90—

Pegasus Pattemn
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* Thesa slots
must snugly fit
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Photocopy thesa ful-size pattams of dl
12 purzle pieces and gua the pattams
oo 1" wood,



Althourh each of the three subassemblies can Before the ghue completely sets up, genily slide

be glued ogether directly as shown in Fignres the three snbassemblies apant o be certain that
01 through 96, vou will achieve better results they are not frozen together. The first step in
and tighter joints by constoucting the CDF disassembly is accomplished by holding the front
subazsembly {zlne on I later) in Figare 82, and legs. (Asssmbly Three, Figure #6), in one hand,
then continuing to add parts in the sequence the rear legs, (mctually, subassemblies One and
indicated. Two as shown in Figores 92 and 23) in the other,
and pulling spart; then separate subassembly
(Flue the small piece, J, to part C as showm in Cme and sobassembly Two. See Fipores 87, 08
Figure 9. Mow, glee the left wing, part D, to and 99 After the zloe fully sets, clean np the
part , 3s shown in the same fizure. Assemble zzzembled puzzle by sanding each side on 2 sheet
without glue, part B with the CDJ subazsembly, of zandpaper taped to a flat surface so that all
Figure 93, and slide this build-up into the long parts are flush and ewen. With a sharp chisel and
noich in part 4 as shown in Figore 84, When in sandpaper, clean up the edzes of all remaining
place, the front of A and B should line np flush body parts. Finish the puzzle by applying a

to form the chest. Mow you can giue on the legs, penetrating odl.
paris E. F, &, and H_ the right wing, T, and the

two haunch pieces, I, using the photographs Although Pesasus may not be the most difficult
and illnstrations as a gukde for where to apply puzzle to solve in this collection, it is likely to
the zlue. Be very careful not m have any excess pose a few constmction challsnges as you attempt
glue inadvertently squeezs out and cement the fo use the scroll saw to produce straight and
subassemblies together! aCourate Cuts.

Figure 91
Pegasus Pattem

zrain Diraction

Pegasus
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Figure 82 —Subassembly One

Figure 93

Fit CJOH Into B, B 2 not gluad 1o CJUD1
subsEzsembly; It B u=ed hers anby 1o
Taditate aligrment of parts.

S

Subaszambly COJ| with part B [and
the sacond [} gidng into part A 1o
aid alignment.

Figure 95 —5Subassembly Two

Figure 96— Subassembly Three
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Figne §7—dzzembled Pegasus in the hands af Figure 100
someong bepinning fo disassemble the puzzie.

Fignre 88—Showing the first step
in disazsembiing the puzzie.

Figure 38— 5Showing the second,
fTast), stap in dizassembling the
puzzie.



Figure 101—TIhe mysterious Calt.
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Chapter 13

The Celt

Designed by Og, the Stone-Age Toolmaker

Behold the mysterious Oelf,

With a properyy that conflines.
One way It will spim,
The other it refizes.

The Celf is not really a puzzle, and it clearly is not
a comtemporary invention, bat it cermainly qualifies
as 3 puzzling object (Fignre 101). When placed
on a smooth, hard, flat surface, such as a glass wop
talle or gramite kitchen counter, md then rotated
with a flick of a finger, The Celtt will spin freely
and smoothly i one direction, bat not the oter.
In fact, if spun in the direction it does not want to
go, it will immediately start o rock and rattde amd
turm itself arcund to spin in the preferred direction.
Why it behaves so peculiarly is understood by
some physicists and mathematicians who have
anabvzed ir, but it should suffice for present
purposes o say that The Celt's sirange motion is

8 result of 3 subtle ssymmetry that is built info its
shape—mnot aerodynamics, not maznetisim, oot the
Coriolis effect.

This phenomenon was really discoversd, ot
invented. It resnlted from a not-quite successiul
attempt at symmeiry. More than 100 years ago,
a palepntologist was idlv playing with a stone
chopping implement {a “celt™ after the Latm
“eltis” or chopping tool), estimated to be aboat
50,000 years old. He observed, while spinning

it om his desk, that it had 3 soange dynarmic
properiy—it spun smoothly clockwise, but not
counterc lockwise. Inmizned, he brought the

relic to a colleapue, a marhematician namead

G. T. Walker, for analysis. Walker discoverad
the asymmetry that was responsible for irs odd
spinning behavier and published his findmgs in
the British Quarterly of Mathematics in 1896,
Simce that time, The Celf, sometimes renarmed

gz Wobblestone or Famleback, has sppeared in a
number of beoks, mazazine articles, and journals.
In recent times, celts have been produced
comrmercially in plastic and aluminwm. The word
“relt,” by the way, is prooounced “selt™

Making The Cwlr of wood is not very difficals,
bt some experimentation and iteration will be
required. Most of the work is performed with
abrasive tools and materials, making this project
decidedly different from the others m this boak.
The work is basically all done free-hand, but do
not be concerned shout the difficulty of obtaming
some precise mathematically determined
confonr—ihere are an infinite momber of comfonrs
that will work, each 3 bit different from all the
rest, all similar and all interesting. Study the
dizgrams and remember that the contour of the
bottom must be very smooth and free of flat spots,
especially where The Cialf contacts the table.

The shape you are trving o achisve on the bottom

The Celt



Figure 102—The Celt Blank

Make the Calt of danse hardwood.
Slza and proportionz are not critical.

|
L
-
~—_
11

The kesal follows an imaginary
=-curva, here graatly exagoarated.

Figure 105—Tuming a Celt
G )
N

Turn a solid barrel, zand and
polish on the lathea.

Slab off sida and cut

Shapa Celt as shown above. 22t on bias.
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of The Cwif is somewhat propeller like, bat far
more subile. If you were to imagine that this is
the hull of a ship, the kesl, instead of lying along
a straight line, would be distorted mto a slight

5 shape. In practice, one attempis to make the
shape symmesrical, and then deliberately upsets
the symmetry by very slightly flattening opposite
quadranis. After this, the piece is carefully sanded
and polished.

Baegin with a piece of denss hardwood—perhaps
ebony, rosewoepd, liznum vitaes, or makewood—
measuring about 5 inches long, ¥ inch thick,

and 1 inch wide Larger, smaller, or differently
proportioned pieces would work as well, tart this
size is a good place to start. Flatten and smooth
one 5 x 1-inch surface. Draw or trace the outline
of a symmetrical elongatsd owval on the plece,
Figure 102, and cut to that shape using a band
AW, coping s3w, of simply creste the shape

on a dizk sander (Fizures 106 and 107}, MNow,
using a rasp, files, a scraper, a disk or stationary
belt sander, and hand-hald sandpaper, Fignre
108, shape the underside of The Ceif to look

like Figure 104. It shonld be symumetrical in
appearznce, both from end-to-end as well as from
side-to-side_ Place it on a table and check that it
rests with its top flat surface parallel to the table,
neither tipping to one side nor to one end (Figure
102). Correct any imbalance or lopsidedness and
check again. Smooth the contour through differsnt
grades of sandpaper, trying to achieve a very fair
surface, free of bumps, flats. or imegalarites.
Check apain on the table.

At this point, yvou may have alresdy created

The Celt. Try to spm it both clockwise and
connterclockwize Dhoss it spin fresly m one
direction? If not, you may not have achieved an
adeguately smooth contour. Does it reverse itself
and spin in the other direction? If not, you may have
been tpo snocessful in vour aftenipt at SyoomaTy.
Carefully flatten opposite gquadrants of the bottom,
just 2 litile a1 3 ime 35 shown in Fizore 104,
smaeih the surface, and test again. This fterative
process is necessary because The Celt, even If
shaped comrectly, will not perform well if it and the
table are not extremely smooth and clean. This fact

Figure 106—Cur the body qf the Calt using a
scroll saw or band saa.

Figure 107—Clean up the contour of the b
uzing a disk sandor.

Figwre 108—5hape the back of the Calt with files
amd rasps.

The Celt
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Figure 108—The beir sander makes short work of
contourmg the back of the Ceit.

Figure 118—Polizh the surfice by hand-sanding.

EIVEs rise 10 an interesting paradox—mwnould The
Clglt work on an ides] frictonless surface? If so,
what iz it pnshing against as it reverses itself? The
asymmedry that you are trying to achieve shouakd
be barely detectable. When you are happy with the
lopks, feel and performance of The Calr, exse or
chamfer the sharp edzes, apply a bit of il or wax,
and amaze your friends.

Iiveliness of The Ceir, affect how long it confinmes
to spin after It reverses itself and might even

produce 2 shape that reverses itsalf nmltple times.
A you might goess, 3 mirmor-image Calt, one that

Puzzie Projects for Woodworkers

has the opposite gunadrants slighily flaftened like
8 lefi-handed rather than righi-handed propeller,
will exhibit the opposite behavior, reversing

itzalf clockwise to counterclockwise, msiead of
connterclockwise to clockwise, or visa versa
Parhaps this is a cloe a5 to whether the Meolithic
toolmaker was right or left-handed. Smaller celts
rattle af higher frequencies and larger celts exhilbic
a4 more lnmbering, slower behavior.

A slightly different form of celt can be made
using a lathe. Tum and polish a barrel shape as
shown in Figure 105. Mext, cut a 3-inch slab off
the side of the barrel. Now, cut our the elliptical
shape from the slab as shown and conteur the
piece fo faste, taking ¢are not to upset the balance
or alter the surface where it meets the tsble.
Check ont the reversing action and fine-nane the
balance a5 needed.

To avoid the difficalty of kolding and slicing off
the slab, you might wish t0 make the bamel blank
by ghaing two pieces arf the cuf line. The slab can
be eazily split off after turning if vou sandwich a
piece of brown wrapping paper at the glue line.
This method has several advantages: the bamel
can be used over and over again should yvou wish
to make more than one celt, and the glwed-on
piece from which The Cait will be made can be
factenad at an angle so that in the finished piece
the zrain will line up with its long axis.

The Calt is more than just 2 fun playting to fondle
and spin. Lepend has it that a prehistonic tribe

uzed The Cglt as 3 directional compass, calling ita
“tates.” The hizgh priest would spin the tates on ks
stone altar, noting the direction it was pointing when
it stopped spinning. As you might expect, it would
Ccomme to rest ponting in a different and arbimary
very usefal as 3 compass, bt the unswcoessfiil
arempt by this primitve mibe to harmess a namral
phenomenon did give rise to 8 common adage in use
even today—"He who has a tates is lost.”

Adapied from an article by Allan Boardman, “The
Mfvsterious Celt” published in the Faly/Angast 1923 isme
of Fime Wosdworking masazine



Chapter 14

Kritz the
Wonder Dog

Designed by Jack Botermans

Friiz has real personality and to lots of people, when they start to reassemble the pile of pieces;
this is what 3 mechanical puzzle should be—he it"s hard to forget what this little pooch looks Like.
is fun w look at and play with, sppeals o people And they really want the pieces to offer visual

of zll ages at first sight. and is not overly difficalt clues to where they o in the reassembly process;

to solve (Fizgure 115, page 92). Upon picking one can't mistake the beadpiece for the hind logs,
up a puzzie, many solvers want and expect to nor be confused about which end they shounld be
find a3 key piece and‘or a key move o begin the on! Expect this puzzle to be played with a lot.

dizassembly; Frifz has both a key move and 3
key piece. They want to maimtain a clear mental In makimg Fritz yvou will find that all of the pieces
image of what the puzzle is supposzed 1o lock like have different shapes and cutting them out will

Jack Botermans

Jack Botermrans (b, 1949) studied mechanical Ha has besn & rea-ance desigrnar Sinca 1988,
engineserng, art, and design In the Netherands. speciallang n three-dmensional dasigns for
He gradusted with distinction In 1873, exhibiticns and In gameas and pLEZEs. As a

designar and writer ha has publishad over 50
books on many subjects, amongst which are
warlous Works on games and puzaies. Ha has
receivad a numbar of awards Tor his work: In
both Europe and tha United States.

Ha currantly owns a company that produces
puzzies for retal sales. He continues to write
and Is working on books concamad with

noetalgc subjects, Nobby books, and anothar
pUZzie ook with Jemy Slocum of Baverly HIIS,
Calfomia. M. Boterrnans Ives in France,
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Figure 112— Fritz's Anatomy
Orill aye " dia.,

haks sars 12"
thick, glue to head
, Olue to W R _|

"

7
"Slight chamfar

=
He"

Sea Figura
114 for hole
locations
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require a variety of sef-ups. But, where von can,
take advantage of the commonalities. For insfance,
when making the three body parts (Figure 112,
most of the notching can be done with the same

end-stop seTings on your saw.

Any available domestc hardwood will do; oy
to find some dogwood if you can, or use fwo or
more different species for contrast and inferest,
The dimensions of the head may require you
to glue two pieces together, but all other paris
can be made using conmonly available stock.
Start by making the three body pants, Figure
111 Using 2 bench plane or thickness planer,
prepare a piece of stock ¥4 mch thick with
smpoih, parallel faces, large encngh to make all
three parts. If the wood you have selected has
any significant figure or grain pattern, you may
want to cut out the three parts such that when
the puzzle is assemblad the patiern is preserved
Bounding of the upper part, contouring the lower
part, and shapingz the tail can wait until afier the
joints have been out and fit. Cut all the ¥-inch
notches and the other details at the front end of
the upper part following the plan in Figare 112,
To simplify cufting the notches acourately. you
may wish to devise and nse a jig similar to the
one described on paze 64,

The fromt and hind leg pisces have rectanzular
window cutouis. To aveid the difficuloy of

Figure 114 —Drilling the Holes

b | ] o ) (]

Azzamble the body, offzet the body plece

342" to the rear, then orll & 38" diameter hole

13" deep, cantared In the lag pleca

Figure 113—PBoeth halves af each leg pleca,
already nofched. are ready fo be glued.

drilling/chizeling out these openings. make and
glue tozether tore identical habves for each of
these pieces (Fizure 113). Before glning the
hkalves together, test to be sure that the openings
fit the body parts. The outlines of the leg parts
can be cnt later. Afier gluing assemble the body
and leg paris, and check to see that Frifz is stable
on all fours. At the top center of the front leg part,
mark the location for the drilled %-mch hole, and
drill through all four pieces, noting that the center
body part must be positionsd ¥ inch to the rear
(Figure 114}. Be very careful to drill the hole

in the exact center of the assembly. Any drilling
inaccuracy of asymmetry will prevent assembly if
the leg piece were flipped over.




Figure 115—Fritz, assemblod
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Soug fits are not required in this pozzle since all
the pieces lock together—sthe paris want to fr
with a pleasant but controlled lopseness. A sheet
of paper should just slip between mating parts
when the puzzle is fully assembled The single
exception is the collar. Since this is the key piece,
it should slide into place with a slight amount of
friction so that it deesn’t fall our imintentionally
and give away the secret of disassembly.

The cuts reguired to make the head can be made
on 2 band saw and cleaned up with a file and
sandpaper. Drill the ¥-inch hole for the neck post
and the ¥-inch boles for the eyes, as shown in
Figure 112. The notch on the neck post can be
turmed on a lathe, or made by filing the 3%-inch
dowrel while it is chocked in a vise-mounted
electric drill or drill press. While vou are at it,
sand the diameter of the dowrel to just under ¥
inch for an easy fit in the drilled hole, and cut a
slight chamfer on the free end. Gine the neck post
into the head, msking sure that the notch in the
post is positioned to engage with the center body
part.

Prepare 3 Y-inch piece of wood for the ears,
shape them with a disc sander, and ghue them o
the head. When vou are satisfied that all pieces
fit together properly. cut the curved umderside of
Fritz's belly piece on a band or scroll saw. Clean
up the cut with a drom zander, shape the leg
pieces, round over the top body part, and lighily
ease all charp edges on each piece.

The secret to solving this puzzle, slihongh obyvions
by mow, invelves rotating Fritz s head (the key
move) so that be is looking backwards (Fignre
116). It is now possible to raise the collar {the key
piece), allowing the center body part to slide 3,
inch rearward. With this mowe, the head can be
taken off and the other parts disassembled Break
our the kibhie and enjoy vour new houwse pet!

Adapted from an article by Allan Boardman, “Fritz the
Wonder Dog,” published in the Decemsber 1900 fssus of
American Foodworker mazarine.

Figure 116 =Solving the Puzzie

Step 1. Turn the head to faca
tha rear. Lift tha collar.

iy pred
—F 1
= 'x":l:"

Siep 2. Mova the body canter
pieca slightly to tha rear.

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

All project dmenskons In this book are presenteg INches mm* | Inches mm* Inches mm

using the Impanal (Amencan) messrament K 0,40 A, 13.10 1 25.4
system, Inches and fractionz theraof. While i s

1 13.49
recogrized fhat many woooworkers are more ke 079 Yz 2 A
accustomad to working In the Metric system, 3 114 % 1388 3 6.2
comerzion from Imperal to hgaﬁc:tg usualty He 1.59 Y 14.29 4 101.6
messy and, espackly when tight tolerancas o
are neaded, oftan Involves camying & number of s 1 i 468 |6 L
decimal places for precisa reprasantation. ¥ 2.38 B 1508 B 152.4
Ty 2.78 o, 1548 7 177.8
Coping with this awkward problem can b off- % 3.18 % 1588 B 208.2
pLttrg 11'5: m;ﬁ.fe trat tha rrmtmn'ac:ti:al aoltian By 357 ¥y 1627 g 2985
Is Tor the Metric woodworkar to acquire a faw 5
J.87 1867 10 264.0
basic mpsera measurament tools, a naer of ?‘Eﬂ a
scale and a vernier callper markad In Inches and % 437 B 177 N 279.4
Iﬁbns. Tris“masn‘t gmpiity the plmlam.p[[t 3y 4.76 e 17.46 12 30d.8
Iy avoids It Tor al shop oparations exce 516 1786 13 390.2
thosa requiing power tools that have buli-n o : e ; :
Metric scales, T 5.56 B, 1826 14 356.6
B4 585 Wy 1888 15 381.0
If this I3 not practical, | suggest that bafore ¥a 635 | % 19.06 16 4064
tedious measur;termnt GWm.:ﬂﬂ iy 6.75 5L, 18.45 17 431.8
woodworkar irst exarmning the project drawings = 19.84
and dimanskons. Somea pueass, such as 8-8uT, % i - o : A it
have vary fow dimensions. A ocnednch dmengon 9& 754 % 2024 19 482.6
can be comvartad to 25.4 mr{l:leaslry emugﬂt Edg T.54 We 2084 20 508.0
and ora-hall Inch ranskates 1o 12.7 mm. It a
Is probably far simpler to signtly atter the basic b it s 2 - i
dimensions to 24 mm and 12 mm, elminating the % 8.73 e 2143 2 5568
nead to ::ml'_lyt 1:'19 CUmsy u:?:majs and faciitating B, 913 Ela 21.83 23 584.2
measiramant throughout the project. And -
remamber, with projects llke Si-Swr, In the and * ] L e Boe e
the it of the mating parts counts far maore than g 982 Sha 2262 25 635.0
the actual dimerslons. s 10.32 EEta 23.02 25 B50.4
¥ 1072 (SN 2342 |27 685.5
For other projects, SUE:taSAﬁE Tgm e 1111 | B 2381 28 711.2
woodworkers who rmust work In rc
1151 | 8 24,21 0 TAE.6
system will have to comvert al of the dimenslons. e o
Study tha llustrations and determing which Be 1191 | e 246 30 7E2.0
dimansions need to be comartad precisaly ML, 1230 | 8% 25,00 31 FAT A
and which do not require camying those messy % 1270 | 1inch 2540 a2 @128

dacimal places, which dimersions affect 1t
ard tunclion and which ara less fussy. Usa the

simple equivalenca, 1 In. = 25.4 mm, or refer Using thiz table, 2'14; In., Tar example, would
1o the Tolowing table. Seldom, I ewver, will It ba

necessary to bother with any corversion closer convert to 50.8 + 8.73 = 59.53 mm

than 0.06 mm, about 0.002 In. *Rounded to the naarest 001 mm
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Woodworking $19.95 / Higher in Canada

Puzzle Projects
"° " 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 mysterious
spinning object, and more.

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 to apply 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 featured in American Woodwaorker, Fine Woodwarking,

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