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Preface

N ISSUING THIS VOLUMEOf my Mathematical Puzzles, of which some

have appeared in periodicals and others are given heredorgh
time, | must acknowledge the encouragement that | havevett&iom
many unknown correspondents, at home and abroad, who hpressrd
a desire to have the problems in a collected form, with sontaeto-
lutions given at greater length than is possible in magazame news-
papers. Though I have included a few old puzzles that haeeasted
the world for generations, where | felt that there was soimgthew to
be said about them, the problems are in the main originad.tiuie that
some of these have become widely known through the presst and
possible that the reader may be glad to know their source.

On the question of Mathematical Puzzles in general therpedhaps,
little more to be said than | have written elsewhere. Theohysof the
subject entails nothing short of the actual story of the theigigs and
development of exact thinking in man. The historian must $tem the
time when man rst succeeded in counting his ten ngers andividing
an apple into two approximately equal parts. Every puzaeigworthy
of consideration can be referred to mathematics and logreryEman,
woman, and child who tries to “reason out” the answer to thgpkest
puzzle is working, though not of necessity consciously, athematical
lines. Even those puzzles that we have no way of attackingpxmy
haphazard attempts can be brought under a method of whateleas b
called “glori ed trial” —a system of shortening our labousg avoiding
or eliminating what our reason tells us is useless. It isact,fnot easy
to say sometimes where the “empirical” begins and wheredsen

When a man says, “I| have never solved a puzzle in my life,” itfisult

to know exactly what he means, for every intelligent indiatlis doing
it every day. The unfortunate inmates of our lunatic asylamessent
there expressly because they cannot solve puzzles-bettaysdave
lost their powers of reason. If there were no puzzles to sdivere

1



2 SELECTED PUZzZLES

would be no questions to ask; and if there were no questidns &sked,
what a world it would be! We should all be equally omnisciesmd
conversation would be useless and idle.

It is possible that some few exceedingly sober-minded nmadtieians,
who are impatient of any terminology in their favourite sae but the
academic, and who object to the elusiwandy appearing under any
other names, will have wished that various problems had pexsented
in a less popular dress and introduced with a less ippanagéomlogy.

| can only refer them to the rst word of my title and remind thehat
we are primarily out to be amused-not, it is true, without edmpe of
picking up morsels of knowledge by the way. If the mannergstij |
can only say, in the words of Touchstone, that it is “an illefared thing,
sir, but my own; a poor humour of mine, sir.”

As for the question of dif culty, some of the puzzles, espdlgiin the
Arithmetical and Algebraical category, are quite easy.sdehe of those
examples that look the simplest should not be passed oveowtia little
consideration, for now and again it will be found that thereame more
or less subtle pitfall or trap into which the reader may betagall. It
is good exercise to cultivate the habit of being very waryrdhe exact
wording of a puzzle. It teaches exactitude and caution. Buiesof the
problems are very hard nuts indeed, and not unworthy of tteatdn
of the advanced mathematician. Readers will doubtlesstsateording
to their individual tastes.

In many cases only the mere answers are given. This leavd®tie-
ner something to do on his own behalf in working out the metbbd
solution, and saves space that would be wasted from the pbuiew
of the advanced student. On the other hand, in particulascatere
it seemed likely to interest, | have given rather extensolat®ns and
treated problems in a general manner. It will often be fourat the
notes on one problem will serve to elucidate a good many sthethe
book; so that the reader’s dif culties will sometimes be folcleared up
as he advances. Where it is possible to say a thing in a maratendy
be “understanded of the people” generally, | prefer to use simple
phraseology, and so engage the attention and interest ajex laublic.
The mathematician will in such cases have no dif culty in Begsing
the matter under consideration in terms of his familiar sgtab

| have taken the greatest care in reading the proofs, anttlratsany
errors that may have crept in are very few. If any such shootdig |

http://ADLab.info



Preface 3

can only plead, in the words of Horace, that “good Homer somest
nods,” or, as the bishop put it, “Not even the youngest cuiratey
diocese is infallible.”

| have to express my thanks in particular to the proprietbiche Strand

Magazine Cassell's MagazineThe QueenTit-Bits, and The Weekly
Dispatchfor their courtesy in allowing me to reprint some of the pezz|
that have appeared in their pages.

THE AUTHORS' CLUB
March 25, 1917

http://ADLab.info






Arithmetical And Algebraic
Problems

Money Puzzles

“Put not your trust in money, but put your money in trust.”
Oliver Wendell Holmes

Chinese Money

The Chinese are a curious people,
and have strange inverted ways of
doing things. It is said that they
use a saw with an upward pres- \
sure instead of a downward one,
that they plane a deal board by
pulling the tool toward them instead of pushing it, and thdtuilding a
house they rst construct the roof and, having raised thit position,
proceed to work downwards. In money the currency of the ggwn-
sists of taels of uctuating value. The tael became thinmet gninner
until 2,000 of them piled together made less than three mahkeight.
The common cash consists of brass coins of varying thiclkesesath a
round, square, or triangular hole in the centre, as in oustilation.

These are strung on wires like buttons. Supposing that eleeoens
with round holes are worth fteen ching-changs, that elewdh square
holes are worth sixteen ching-changs, and that eleven wahgular
holes are worth seventeen ching-changs, how can a Chinavamgi
change for half a crown, using no coins other than the thredioreed?
A ching-chang is worth exactly twopence and four- fteenttis ching-
chang.



6 SELECTED PUZzZLES

Clock Puzzles

Changing Places

The above clock face indicates a
little before 42 minutes past 4.
The hands will again point at ex-
actly the same spots a little after
23 minutes past 8. In fact, the
hands will have changed places.
How many times do the hands
of a clock change places between
three o'clock p.m. and midnight?
And out of all the pairs of times
indicated by these changes, what
is the exact time when the minute
hand will be nearest to the point
IX?

The Club Clock

One of the big clocks in the Cog-

itators' Club was found the other

night to have stopped just when,
as will be seen in the illustra-

tion, the second hand was ex-
actly midway between the other
two hands. One of the members
proposed to some of his friends
that they should tell him the exact
time when (if the clock had not :
stopped) the second hand would | ! (e
next again have been midway be-

tween the minute hand and the hour hand. Can you nd the caireet
that it would happen?

http://ADLab.info



Arithmetical And Algebraic Problems

The Stop Watch

We have here a stop-watch with
three hands. The second hand,
which travels once round the face
in a minute, is the one with the
little ring at its end near the cen-
tre. Our dial indicates the ex-
act time when its owner stopped
the watch. You will notice that

the three hands are nearly equidis
tant. The hour and minute hands
point to spots that are exactly a
third of the circumference apart,

but the second hand is a little too
advanced. An exact equidistance
for the three hands is not possible.
Now, we want to know what the

time will be when the three hands are next at exactly the sastendes
as shown from one another. Can you state the time?

http://ADLab.info






Geometrical problems

Dissection Puzzles

“Take him and cut him out in little stars.”
Romeo and Julietii. 2.

Puzzles have in nite variety, but perhaps there is no claseenancient
than dissection, cutting-out, or superposition puzzleseyTwere cer-
tainly known to the Chinese several thousand years befor€hhistian

era. And they are just as fascinating to-day as they can hese &t any
period of their history. It is supposed by those who have stigated
the matter that the ancient Chinese philosophers used thegéep as
a sort of kindergarten method of imparting the principlegedbmetry.
Whether this was so or not, it is certain that all good dissegbuzzles
(for the nursery type of jig-saw puzzle, which merely cotssis cutting

up a picture into pieces to be put together again, is not wasttseri-

ous consideration) are really based on geometrical laws. Skatement
need not, however, frighten off the novice, for it meangdithore than
this, that geometry will give us the “reason why,” if we ar¢eirested
in knowing it, though the solutions may often be discovergaby in-

telligent person after the exercise of patience, ingenaityl common
sagacity.

If we want to cut one plane gure into parts that by readjustmsill

form another gure, the rst thing is to nd a way of doing it all,

and then to discover how to do it in the fewest possible pieCdten a
dissection problem is quite easy apart from this limitatidpieces. At
the time of the publication in thé&/eekly Dispatchin 1902, of a method
of cutting an equilateral triangle into four parts that vidkrm a square
(see No. 26, “Canterbury Puzzles”), no geometrician woukHzad

9



10 SELECTED PUZzZLES

any dif culty in doing what is required in ve pieces: the whepoint
of the discovery lay in performing the little feat in four pes only.

Mere approximations in the case of these problems are essiethe
solution must be geometrically exact, or it is not a soluomll. Fal-
lacies are cropping up now and again, and | shall have oatésiefer
to one or two of these. They are interesting merely as fatacBut
| want to say something on two little points that are alwaysiiag in

cutting-out puzzles-the questions of “hanging by a thread? “turning
over.” These points can best be illustrated by a puzzle shiaequently
to be found in the old books, but invariably with a false sioinit

The puzzle is to cut the gure

shown in Fig. 1 into three pieces - N
that will t together and form
a half-square triangle. The an- BLIN
swer that is invariably given is B | A 1
that shown in Figs. 1 and 2. Z 11T
Now, it is claimed that the four Fi. 1. Fia. 2.
pieces marked C are really only

one piece, because they may be so cut that they are left ‘ingungi
gether by a mere thread.” But no serious puzzle lover will edmit
this. If the cut is made so as to leave the four pieces joinech@) then
it cannot result in a perfectly exact solution. If, on theesthand, the
solution is to be exact, then there will be four pieces-ompseces in all.
It is, therefore, not a solution in three pieces.

If, however, the reader will look

at the solution in Figs. 3 and 4, he N
will see that no such fault can be _;_ I
found with it. There is no ques- I E
tion whatever that there are three - A )

pieces, and the solution is in this |/~ AN
respect quite satisfactory. But an- Fic. 3. Fic. 4.

other question arises. It will be

found on inspection that the piece marked F, in Fig. 3, isddraver

in Fig. 4—that is to say, a different side has necessarilyetpriesented.
If the puzzle were merely to be cut out of cardboard or woodyrdh
might be no objection to this reversal, but it is quite polesibat the

material would not admit of being reversed. There might batéepn,

a polish, a difference of texture, that prevents it. But itesigrally un-

derstood that in dissection puzzles you are allowed to tigogs over

http://ADLab.info



Geometrical Problems 11

unless it is distinctly stated that you may not do so. And \atgn a
puzzle is greatly improved by the added condition, “no piewey be
turned over.” | have often made puzzles, too, in which thgm@im has
a small repeated pattern, and the pieces have then so to beatubt
only is there no turning over, but the pattern has to be matchaich
cannot be done if the pieces are turned round, even with thgepside
uppermost.

Before presenting a varied series of cutting-out puzzlesgeseery easy
and others dif cult, | propose to consider one family alotiese prob-
lems involving what is known as the Greek cross with the sgu@his

will exhibit a great variety of curious transpositions, abg having the
solutions as we go along, the reader will be saved the traflperpet-

ually turning to another part of the book, and will have eteiryg under
his eye. It is hoped that in this way the article may prove soha

instructive to the novice and interesting to others.

Greek Cross Puzzles

“To fret thy soul with crosses.”

Spenser.

“But, for my part, it was Greek to me.”
Julius Ceesari. 2.

Many people are accustomed to
consider the cross as a wholly
Christian symbol. This is erro-

neous: it is of very great antig-

uity. The ancient Egyptians em-

ployed it as a sacred symbol, and
on Greek sculptures we nd rep-

resentations of a cake (the sup-
posed real origin of our hot cross
buns) bearing a cross. Two such
cakes were discovered at Hercula-
neum. Cecrops offered to Jupiter Fig. 5.

Olympus a sacred cake or boun of

this kind. The cross and ball, so frequently found on Egyptiures,

is a circle and the tau cross. The circle signi ed the etepmakerver of

http://ADLab.info



12 SELECTED PUZzZLES

the world, and the T, named from the Greek letter tau, is theagam
of Thoth, the Egyptian Mercury, meaning wisdom. This tatsens also
called by Christians the cross of St. Anthony, and is borne badge
in the bishop's palace at Exeter. As for the Greek or mundaoes¢the
cross with four equal arms, we are told by competent antigsdnat it
was regarded by ancient occultists for thousands of yeas@s of the
dual forces of Nature—the male and female spirit of evengjlthat was
everlasting.

The Greek cross, as shown in Fig.

5, is formed by the assembling to- =
gether of ve equal squares. We D
will start with what is known E, A S A

as the Hindu problem, supposed a £
to be upwards of three thousand B
years old. It appears in the seal f )
of Harvard College, and is often o e

given in old works as symbolical

of mathematical science and exactitude. Cut the cross ire@ieces to
form a square. Figs. 6 and 7 show how this is done. It was ndttbat
middle of the nineteenth century that we found that the cnoigfht be
transformed into a square in only four pieces. Figs. 8 andliGsivow
how to do it, if we further require the four pieces to be all loé tsame
size and shape. This Fig. 9 is remarkable because, accaaibDg
Le Plongeon and others, as expounded in a work by ProfesdeoiwVi
of the Smithsonian Institute, here we have the great Swasbiksign,
of “good luck to you ” —the most ancient symbol of the humarerat
which there is any record.

Professor Wilson's work gives
some four hundred illustrations

of this curious sign as found in A

the Aztec mounds of Mexico, the [ g -

pyramids of Egypt, the ruins of

Troy, and the ancient lore of India D

and China. One might almost say — Fo s

there is a curious af nity between
the Greek cross and Swastika! If,
however, we require that the four pieces shall be producezhbytwo
clips of the scissors (assuming the puzzle is in paper fahm) we must
cut asin Fig. 10 to form Fig. 11, the rst clip of the scissorsryy from

http://ADLab.info



Geometrical Problems 13

a to b. Of course folding the paper, or holding the piecesttmyeaafter
the rst cut, would not in this case be allowed. But there is amite
number of different ways of making the cuts to solve the paiazifour
pieces. To this point | propose to return.

It will be seen that every one

of these puzzles has its reverse b
puzzle—to cut a square into pieces
to form a Greek cross. But as a A
square has not so many angles as
the cross, it is not always equally a
easy to discover the true direc-
tions of the cuts. Yet in the case Fia. xo.
of the examples given, | will leave

the reader to determine their direction for himself, as teyrather ob-
vious from the diagrams.

Cut a square into ve pieces that
will form two separate Greek
crosses oflifferent sizes This is
guite an easy puzzle. As will be
seen in Fig. 12, we have only
to divide our square into 25 lit-
tle squares and then cut as shown.
The cross A is cut out entire, and
the pieces B, C, D, and E form the larger cross in Fig. 13. Theeread
may here like to cut the single piece, B, into four pieces atlilgir in
shape to itself, and form a cross with them in the manner showig.

13. I hardly need give the solution.

Cut a square into ve pieces that

will form two separate Greek e
crosses of exactly theame size

This is more dif cult. We make c D.
the cuts as in Fig. 14, where the B
cross A comes out entire and the

other four pieces form the cross in Fic. 14. Fic. 15.

Fig. 15. The direction of the cuts

is pretty obvious. It will be seen that the sides of the squafdg. 14
are marked off into six equal parts. The sides of the crosoamed by
ruling lines from certain of these points to others.

http://ADLab.info



14 SELECTED PUZzZLES

I will now explain, as | promised, why a Greek cross may be otd i
four pieces in an in nite number of different ways to make aiacg.
Draw a cross, as in Fig. 16. Then draw on transparent papeaqtere
shown in Fig. 17, taking care that the distance c to d is exaht
same as the distance a to b in the cross. Now place the tram$par
paper over the cross and slide it about into different pmssj only be
very careful always to keep the square at the same angle tordiss
as shown, where a b is parallel to c d. If you place the pointact
over a the lines will indicate the solution (Figs. 10 and 11f)you
place c in the very centre of the dotted square, it will give slolution
in Figs. 8 and 9. You will now see that by sliding the squareutbo
so that the point c is always within the dotted square you netyag
many different solutions as you like; because, since anii@a number
of different points may theoretically be placed within teguare, there
must be an in nite number of different solutions. But the gaimeed
not necessarily be placed within the dotted square. It matdmed, for
example, at point e to give a solution in four pieces. Hergdlres at a
and f may be as slender as you like. Yet if you once get overdie e
at a or f you no longer have a solution in four pieces. This prait
be found both entertaining and instructive. If you do notgepto have
any transparent paper at hand, any thin paper will of couosi you
hold the two sheets against a pane of glass in the window.

It may have been noticed from
the solutions of the puzzles that
| have given that the side of the
square formed from the cross is

b in Fig. 16. This must necessar-
ily be so, and I will presently try
to make the point quite clear.

FiG. 16. Fie. 17,

We will now go one step further.

| have already said that the ideal

solution to a cutting-out puzzle is always that which regsithe fewest
possible pieces. We have just seen that two crosses of treesaemay
be cut out of a square in ve pieces. The reader who succeedsal\-
ing this perhaps asked himself: “Can it be done in fewer pigcasis
is just the sort of question that the true puzzle lover is gvasking,
and it is the right attitude for him to adopt. The answer toghestion is
that the puzzle may be solved in four pieces—the fewest lplessrhis,

http://ADLab.info



Geometrical Problems 15

then, is a new puzzle. Cut a square into four pieces that withfwvo
Greek crosses of the same size.

The solution is very beautiful. If
you divide by points the sides of

the square into three equal parts, ”
the directions of the lines in Fig. BLLE
18 will be quite obvious. If you

cut along these lines, the pieces A~ "'¢ ™ e fie. 20

and B will form the cross in Fig.

19 and the pieces C and D the similar cross in Fig. 20. In thisisgwe
have another form of Swastika.

The reader will here appreciate the truth of my remark to ffecethat

it is easier to nd the directions of the cuts when transfarga cross to
a square than when converting a square into a cross. Thugsnd; 8,
and 10 the directions of the cuts are more obvious than inTEgwhere
we had rst to divide the sides of the square into six equatgand in
Fig. 18, where we divide them into three equal parts. Theppasing
you were required to cut two equal Greek crosses, each itpisces,
to form a square, a glance at Figs. 19 and 20 will show how absur
more easy this is than the reverse puzzle of cutting the sgqoanake
two crosses.

Referring to my remarks on “fallacies,” | will now give a lgtlexam-
ple of these “solutions” that are not solutions. Some yegosaayoung
correspondent sent me what he evidently thought was adntillhew
discovery—the transforming of a square into a Greek crogsuiinpieces
by cuts all parallel to the sides of the square. | give hisaiein Figs.

21 and 22, where it will be seen that the four pieces do not fogym-

metrical Greek cross, because the four arms are not reallgreg but
oblongs. To make it a true Greek cross we should require ttitiaaks

that | have indicated with dotted lines. Of course his solufproduces
a cross, but it is not the symmetrical Greek variety requimgthe con-
ditions of the puzzle. My young friend thought his attemptwaear
enough” to be correct; but if he bought a penny apple with pesixe
he probably would not have thought it “near enough” if he hadrb
given only fourpence change. As the reader advances heeallze the
importance of this question of exactitude.

http://ADLab.info



16 SELECTED PUZzZLES

In these cutting-out puzzles it is
necessary not only to get the di-

rections of the cutting lines as cor- 5 c
rect as possible, but to remember A L! NS
that these lines have no width. If | . L’ D |
after cutting up one of the crosses D

in a manner indicated in these ar-

ticles you nd that the pieces do Fig. 21, Fia. 22.

not exactly t to form a square,

you may be certain that the fault is entirely your own. Eitheur cross
was not exactly drawn, or your cuts were not made quite in idjtat r
directions, or (if you used wood and a fret—saw) your saw wasuf-

ciently ne. If you cut out the puzzles in paper with scisspror in

cardboard with a penknife, no material is lost; but with a,daowever
ne, there is a certain loss. In the case of most puzzles tightdoss is

not suf cient to be appreciable, if the puzzle is cut out oramge scale,
but there have been instances where | have found it dest@btaw and
cut out each part separately—not from one diagram—in oadprdduce
a perfect result.

Now for another puzzle. If you
have cut out the ve pieces indi-

cated in Fig. 14, you will nd that
these can be put together so as to
form the curious cross shown in
Fig. 23. So if | asked you to cut

Fig. 24 into ve pieces to form ei- Fia. 23. Fia. 24.

ther a square or two equal Greek

crosses you would know how to do it. You would make the cutsias i
Fig. 23, and place them together as in Figs. 14 and 15. But | saane-
thing better than that, and it is this. Cut Fig. 24 into onlyrfpieces
that will ttogether and form a square.

The solution to the puzzle is
shown in Figs. 25 and 26. The di-

) c
rection of the cut dividing A and [A\L D
C in the rst diagram is very ob- B g A
vious, and the second cut is made % B
at right angles to it. That the

Fia, 235. Fia, 26.

four pieces should ttogether and
form a square will surprise the

http://ADLab.info



Geometrical Problems 17

novice, who will do well to study the puzzle with some care jtas
most instructive.

| will now explain the beautiful rule by which we determinetsize of a
square that shall have the same area as a Greek cross, fppiisable,
and necessary, to the solution of almost every dissectianl@that we
meet with. It was rst discovered by the philosopher Pythago who
died 500 B.C., and is the 47th proposition of Euclid. The youraper
who knows nothing of the elements of geometry will get soneaidf
the fascinating character of that science. The triangle ABEig. 27
is what we call a right-angled triangle, because the side B&t rght
angles to the side AB. Now if we build up a square on each sidbeof t
triangle, the squares on AB and BC will together be exactlyaét
the square on the long side AC, which we call the hypotenuses i$h
proved in the case | have given by subdividing the three sgueto
cells of equal dimensions.

It will be seen that 9 added to 16
equals 25, the number of cells in
the large square. If you make tri-
angles with the sides 5, 12 and
13, or with 8, 15 and 17, you will
get similar arithmetical proofs,
for these are all “rational” right-
angled triangles, but the law is
equally true for all cases. Supposing we cut off the lower afna
Greek cross and place it to the left of the upper arm, as inZ8gthen
the square on EF added to the square on DE exactly equals 1@ siqua
DF. Therefore we know that the square of DF will contain thesarea
as the cross. This fact we have proved practically by theisoisi of the
earlier puzzles of this series. But whatever length we giieEand EF,
we can never give the exact length of DF in numbers, becaestith
angle is not a “rational’ one. But the law is none the less geooadly
true.

F1e. 28.

http://ADLab.info



18 SELECTED PUZzZLES

Now look at Fig. 29, and you will

see an elegant method for cutting

a piece of wood of the shape of

two squares (of any relative di-

mensions) into three pieces that

will ttogether and form a single

square. If you mark off the dis-

tanceab equal to the sided the

directions of the cuts are very evident. From what we havehasn
considering, you will at once see wing must be the length of the side
of the new square. Make the experiment as often as you likeyga
different relative proportions for the two squares, and walll nd the
rule always come true. If you make the two squares of exaadysame
size, you will see that the diagonal of any square is alwagsitie of a
square that is twice the size. All this, which is so simpld #raybody
can understand it, is very essential to the solving of cgttint puzzles.
It is in fact the key to most of them. And it is all so beautifbht it
seems a pity that it should not be familiar to everybody.

We will now go one step fur-

ther and deal with the half-square.

Take a square and cut it in half

diagonally. Now try to discover

how to cut this triangle into four

pieces that will form a Greek

cross. The solution is shown in

Figs. 31 and 32. In this case it

will be seen that we divide two of

the sides of the triangle into three equal parts and the lmiegisto four
equal parts. Then the direction of the cuts will be easilynfhult is a
pretty puzzle, and a little more dif cult than some of the eth that |
have given. It should be noted again that it would have beerhreas-
ier to locate the cuts in the reverse puzzle of cutting thesto form a
half-square triangle.
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Another ideal that the puzzle

maker always keeps in mind is to

contrive that there shall, if pos-

sible, be only one correct solu-

tion. Thus, in the case of the rst

puzzle, if we only require that a

Greek cross shall be cut into four

pieces to form a square, there is,

as | have shown, an in nite num-

ber of different solutions. It makes a better puzzle to addcbndition
that all the four pieces shall be of the same size and shapaube it
can then be solved in only one way, as in Figs. 8 and 9. In thys toa,

a puzzle that is too easy to be interesting may be improvedibly an
addition. Let us take an example. We have seen in Fig. 28 tgat3g

can be cut into two pieces to form a Greek cross. | supposedelhigent

child would do it in ve minutes. But suppose we say that the zdez
has to be solved with a piece of wood that has a bad knot in thié@o
shown in Fig. 33—a knot that we must not attempt to cut thretiggn

a solution in two pieces is barred out, and it becomes a moeesisting
puzzle to solve it in three pieces. | have shown in Figs. 333hdne
way of doing this, and it will be found entertaining to diseowther
ways of doing it. Of course | could bar out all these other wayn-

troducing more knots, and so reduce the puzzle to a singlgiao] but

it would then be overloaded with conditions.

And this brings us to another point in seeking the ideal. Dbawver-

load your conditions, or you will make your puzzle too conxpie be

interesting. The simpler the conditions of a puzzle are bter. The
solution may be as complex and dif cult as you like, or as hapg but
the conditions ought to be easily understood, or peoplensillattempt
a solution.

If the reader were now asked “to cut a half-square into as fesgs as
possible to form a Greek cross,” he would probably produaesoiu-

tion, Figs. 31-32, and con dently claim that he had solved puzzle
correctly. In this way he would be wrong, because it is not istated
that the square is to be divided diagonally. Although we &thailways

observe the exact conditions of a puzzle we must not readtiotmdi-

tions that are not there. Many puzzles are based entirelyeotehdency
that people have to do this.
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The very rst essential in solving a puzzle is to be sure that ynder-
stand the exact conditions. Now, if you divided your squar&alf so
as to produce Fig. 35 it is possible to cut it into as few asgimieces to
form a Greek cross. We thus save a piece.

| give another puzzle in Fig. 36.
The dotted lines are added merely
to show the correct proportions
of the gure—a square of 25 cells
with the four corner cells cut out.
The puzzle is to cut this gure
into ve pieces that will form a
Greek cross (entire) and a square.

The solution to the rst of the two

puzzles last given—to cut a rectangle of the shape of a haklve into
three pieces that will form a Greek cross—is shown in Figsar3¥ 38.
It will be seen that we divide the long sides of the oblong sitoequal
parts and the short sides into three equal parts, in ordeatttihg points
that will indicate the direction of the cuts. The reader sd@ompare
this solution with some of the previous illustrations. Hdlwsee, for
example, that if we continue the cut that divides B and C indtwess,
we get Fig. 15.

The other puzzle, like the one il-

lustrated in Figs. 12 and 13, will

show how useful a little arith-

metic may sometimes prove to

be in the solution of dissection

puzzles. There are twenty-one

of those little square cells into

which our gure is subdivided,

from which we have to form both

a square and a Greek cross. Now, as the cross is built up ofjvarss,
and 5 from 21 leaves 16—a square number—we ought easily txlde |
the solution shown in Fig. 39. It will be seen that the crossusout
entire, while the four remaining pieces form the square q ED.
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Of course a half-square rectangle

is the same as a double square,

or two equal squares joined to-

gether. Therefore, if you want

to solve the puzzle of cutting a

Greek cross into four pieces to

form two separate squares of the

same size, all you have to do is to

continue the short cut in Fig. 38 right across the cross, andwill
have four pieces of the same size and shape. Now divide Fignt87
two equal squares by a horizontal cut midway and you will keddur
pieces forming the two squares.

Cut a Greek cross into ve

pieces that will form two separate

squares, one of which shall con-

tain half the area of one of the

arms of the cross. In further il-

lustration of what | have already

written, if the two squares of the

same size ABCDand BCF

E, in Fig. 41, are cut in the man-

ner indicated by the dotted lines,

the four pieces will form the large

square A G E C. We thus see that the diagonal A C is the side ofaequ
twice the size of AB C D. It is also clear that half the diagooBhny
square is equal to the side of a square of half the area. Tdreref the
large square in the diagram is one of the arms of your crosssttiall
square is the size of one of the squares required in the puzzle

The solution is shown in Figs. 42

and 43. It will be seen that the

small square is cut out whole and

the large square composed of the

four pieces B, C, D, and E. Af-

ter what | have written, the reader

will have no dif culty in seeing

that the square A is half the size

of one of the arms of the cross, be-

cause the length of the diagonal of the former is clearly #mesas the
side of the latter. The thing is now self-evident. | have ttriesl to show
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that some of these puzzles that many people are apt to regaydite
wonderful and bewildering, are really not dif cult if only &use a little
thought and judgment. In conclusion of this particular sabj will give

four Greek cross puzzles, with detached solutions.

The Silk Patchwork

The lady members of the Wilkin-

son family had made a sim-

ple patchwork quilt, as a small

Christmas present, all composed

of square pieces of the same size,

as shown in the illustration. It

only lacked the four corner pieces

to make it complete. Somebody

pointed out to them that if you un-

picked the Greek cross in the mid-

dle and then cut the stitches along

the dark joins, the four pieces all

of the same size and shape would t together and form a squidres.

the reader knows, from the solution in Fig. 39, is quite gakine. But
George Wilkinson suddenly suggested to them this poser.alde ‘$n-

stead of picking out the cross entire, and forming the sqfrare four

equal pieces, can you cut out a square entire and four ecedpthat
will form a perfect Greek cross?” The puzzle is, of coursey muite

easy.

An Easy Dissection Puzzle

First, cut out a piece of paper or
cardboard of the shape shown in
the illustration. It will be seen at
once that the proportions are sim-
ply those of a square attached to
half of another similar square, di-
vided diagonally. The puzzle is to
cut it into four pieces all of pre-
cisely the same size and shape.
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An Easy Square Puzzle

If you take a rectangular piece

of cardboard, twice as long as

it is broad, and cut it in half

diagonally, you will get two of

the pieces shown in the illustra-

tion. The puzzle is with ve such

pieces of equal size to form a

square. One of the pieces may be

cut in two, but the others must be used intact.

The Bun Puzzle

The three circles represent three

buns, and it is simply required to

show how these may be equally

divided among four boys. The

buns must be regarded as of equal

thickness throughout and of equal thickness to each otheco@se,
they must be cut into as few pieces as possible. To simplifywiil
state the rather surprising fact that only ve pieces areessary, from
which it will be seen that one boy gets his share in two piecesthe
other three receive theirs in a single piece. | am aware Hisitstate-
ment “gives away” the puzzle, but it should not destroy it®iast to
those who like to discover the “reason why.”

The Chocolate Squares

Here is a slab of chocolate, in-
dented at the dotted lines so that
the twenty squares can be easily
separated. Make a copy of the
slab in paper or cardboard and
then try to cut it into nine pieces
so that they will form four perfect
squares all of exactly the same
size.
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Dissecting A Mitre

The gure that is perplexing the

carpenter in the illustration rep-

resents a mitre. It will be seen

that its proportions are those of a

square with one quarter removed.

The puzzle is to cut it into ve

pieces that will t together and

form a perfect square. | show an

attempt, published in America, to perform the feat in fowegeis, based
on what is known as the “step principle,” but it is a fallacy.

We are told rst to cut oft the pieces 1 and 2 and pack them iht t
triangular space marked off by the dotted line, and so forectangle.

So far, so good. Now, we are di-

rected to apply the old step prin-

ciple, as shown, and, by moving

down the piece 4 one step, form

the required square. But, unfor-

tunately, it does not produce a

square: only an oblong. Call the

three long sides of the mitre 84

in. each. Then, before cutting

the steps, our rectangle in three

pieces will be 84 63. The steps

must be 1§ in. in height and

12 in. in breadth. Therefore, by

moving down a step we reduce by 12 in. the side 84 in. and iserbga
10% in. the side 63 in. Hence our nal rectangle must be 72 iﬁfS%
in., which certainly is not a square! The fact is, the step@gle can
only be applied to rectangles with sides of particular redatengths.
For example, if the shorter side in this case Weré Ghstead of 63),
then the step method would apply. For the steps would thel®@®g 1n.
in height and 12 in. in breadth. Note that%il 84=the square of 72. At
present no solution has been found in four pieces, and | dbelave
one possible.

http://ADLab.info



Geometrical Problems 25

The Joiner's Problem

| have often had occasion to re-
mark on the practical utility of
puzzles, arising out of an applica-
tion to the ordinary affairs of life
of the little tricks and “wrinkles”
that we learn while solving recre-
ation problems.

The joiner, in the illustration,
wants to cut the piece of wood
into as few pieces as possible
to form a square table-top, with-
out any waste of material. How
should he go to work? How many
pieces would you require?

Another Joiner's Problem

A joiner had two pieces of wood

of the shapes and relative propor-

tions shown in the diagram. He

wished to cut them into as few

pieces as possible so that they

could be tted together, without

waste, to form a perfectly square

table-top. How should he have

done it? There is no necessity to

give measurements, for if the smaller piece (which is halfj@ase) be
made a little too large or a little too small it will not affettte method
of solution.
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A Cutting-out Problem

Here is a little cutting-out poser.

| take a strip of paper, measuring

ve inches by one inch, and, by

cutting itinto ve pieces, the parts

t together and form a square, as

shown in the illustration. Now, it is quite an interestingzple to dis-
cover how we can do this in only four pieces.

Mrs. Hobson's Hearthrug

Mrs. Hobson's boy had an acci-
dent when playing with the re,
and burnt two of the corners of
a pretty hearthrug. The damaged
corners have been cut away, and it
now has the appearance and pro-
portions shown in my diagram.
How is Mrs. Hobson to cut the
rug into the fewest possible pieces
that will t together and form a
perfectly square rug? It will be seen that the rug is in thepprions

36 27 (it does not matter whether we say inches or yards), and eac

piece cut away measured 12 and 6 on the outside
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The Pentagon And The Square

| wonder how many of my read-

ers, amongst those who have not

given any close attention to the el-

ements of geometry, could draw

a regular pentagon, or ve-sided

gure, if they suddenly required

to do so. A regular hexagon, or

six-sided gure, is easy enough,

for everybody knows that all you

have to do is to describe a circle

and then, taking the radius as the

length of one of the sides, mark

off the six points round the cir-

cumference. But a pentagon is quite another matter. So, asuapfep
has to do with the cutting up of a regular pentagon, it willlzgrs be
well if I rst show my less experienced readers how this guseo be
correctly drawn. Describe a circle and draw the two lines HhB B G,
in the diagram, through the centre at right angles. Now nrelploint A,
midway between C and B. Next place the point of your compads&s a
and with the distance A D describe the arc cutting H B at E. Tflaoe
the point of your compasses at D and with the distance D E itbescr
the arc cutting the circumference at F. Now, D F is one of tdesif
your pentagon, and you have simply to mark off the other sidaad
the circle. Quite simple when you know how, but otherwise eoimat
of a poser.

Having formed your pentagon, the puzzle is to cut it into teedst
possible pieces that will t together and form a perfect sgua
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The Dissected Triangle

A good puzzle is that which the
gentleman in the illustration is
showing to his friends. He has
simply cut out of paper an equi-
lateral triangle—that is, a triangle
with all its three sides of the same
length. He proposes that it shall
be cut into ve pieces in such a
way that they will ttogether and form either two or three dieaequi-
lateral triangles, using all the material in each case. Candyscover

how the cuts should be made? _
Remember that when you have made your ve pieces, you mustlbe ab

as desired, to put them together to form either the singtgrai triangle
or to form two triangles or to form three triangles—all eqtekral.

The Table-top And Stools

| have frequently had occasion
to show that the published an-
swers to a great many of the old-
est and most widely known puz-
zles are either quite incorrect or
capable of improvement. | pro-
pose to consider the old poser of
the table-top and stools that most of my readers have prplsaiein in

some form or another in books compiled for the recreatiorhdéibood.
The story is told that an economical and ingenious schodenasce

wished to convert a circular table-top, for which he had res ugo seats
for two oval stools, each with a hand-hole in the centre. Hrircted
the carpenter to make the cuts as in the illustration and jhienthe

eight pieces together in the manner shown. So impressed evasiin

the ingenuity of his performance that he set the puzzle tgéamnetry
class as a little study in dissection. But the remainder ofstbey has
never been published, because, so it is said, it was a chasdict of

the principals of academies that they would never admitttiet could

err. | get my information from a descendant of the original ado had

most reason to be interested in the matter.
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The clever youth suggested modestly to the master that the-hales
were too big, and that a small boy might perhaps fall througnt.

He therefore proposed another way of making the cuts thatdaget

over this objection. For his impertinence he received sevlere chas-
tisement that he became convinced that the larger the haledhthe

stools the more comfortable might they be.

The Great Monad

Here is a symbol of tremendous

antiquity which is worthy of no-

tice. It is borne on the Ko-

rean ensign and merchant ag,

and has been adopted as a trade

sign by the Northern Paci ¢ Rail-

road Company, though probably

few are aware that it is the Great

Monad, as shown in the sketch

below. This sign is to the Chi-

naman what the cross is to the

Christian. It is the sign of Deity

and eternity, while the two parts

into which the circle is divided

are called the Yin and the Yan-the

male and female forces of nature. A writer on the subject ntioae

three thousand years ago is reported to have said in refeteriic “The

illimitable produces the great extreme. The great extrerodyces the
two principles. The two principles produce the four quat@nd from
the four quarters we develop the quadrature of the eightraimag of
Feuh-hi.” | hope readers will not ask me to explain this, ftvale not
the slightest idea what it means. Yet | am persuaded thatges the
symbol has had occult and probably mathematical meaningbdaes-

oteric student. o
I will introduce the Monad in its elementary form. Here arestheasy

guestions respecting this great symbol:—

(I.) Which has the greater area, the inner circle containimg¥in and
the Yan, or the outer ring?

(1) Divide the Yin and the Yan into four pieces of the sameesand
shape by one cut.
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(1) Divide the Yin and the Yan into four pieces of the sanmees but
different shape, by one straight cut.

The Square Of Veneer

The following represents a piece

of wood in my possession, 5 in.

square. By markings on the sur-

face it is divided into twenty- ve

square inches. | want to dis-

cover a way of cutting this piece

of wood into the fewest possible

pieces that will t together and

form two perfect squares of different sizes and of known disnens.
But, unfortunately, at every one of the sixteen intersestioiithe cross
lines a small nail has been driven in at some time or othernanétet-

saw will be injured if it comes in contact with any of these. dvke

therefore to nd a method of doing the work that will not neseste
my cutting through any of those sixteen points. How is it todoae?
Remember, the exact dimensions of the two squares must be give

The Two Horseshoes

Why horseshoes should be con-

sidered "lucky" is one of those

things which no man can under-

stand. It is a very old super-

stition, and John Aubrey (1626-

1700) says, “Most houses at the

West End of London have a horse-

shoe on the threshold.” In Mon-

mouth Street there were seven-

teen in 1813 and seven so late as 1855. Even Lord Nelson had one
nailed to the mast of the ship Victory. To-day we nd it morenclucive
to “good luck” to see that they are securely nailed on the éédhe
horse we are about to drive.

Nevertheless, so far as the horseshoe, like the Swastikathrd em-
blems that | have had occasion at times to deal with, has d¢ov&ym-
bolize health, prosperity, and goodwill towards men, we mai} treat
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it with a certain amount of respectful interest. May therg nwreover,
be some esoteric or lost mathematical mystery concealdgkifotm of
a horseshoe? | have been looking into this matter, and | widhaw my
readers' attention to the very remarkable fact that the gfdiorseshoes
shown in my illustration are related in a striking and befalithanner to
the circle, which is the symbol of eternity. | present thistfia the form
of a simple problem, so that it may be seen how subtly thigicgidnas
been concealed for ages and ages. My readers will, | knowldaesgd
when they nd the key to the mystery.

Cut out the two horseshoes carefully round the outline and¢béethem
into four pieces, all different in shape, that will t togethand form a
perfect circle. Each shoe must be cut into two pieces anti@lpart of
the horse's hoof contained within the outline is to be useatiragarded
as part of the area.

The Cardboard Chain

Can you cut this chain out of a

piece of cardboard without any

join whatever? Every link is

solid; without its having been

split and afterwards joined at any

place. Itis an interesting old puzzle that | learnt as a ¢lold | have no
knowledge as to its inventor.

The Paper Box

It may be interesting to introduce
here, though itis not strictly a puz-
zle, an ingenious method for mak-
ing a paper box.

Take a square of stout paper and
by successive foldings make all the
creases indicated by the dotted lines
in the illustration. Then cut away
the eight little triangular pieces that
are shaded, and cut through the
paper along the dark lines. The
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second illustration shows the box

half folded up, and the reader will

have no dif culty in effecting its

completion. Before folding up, the reader might cut out thewdar
piece indicated in the diagram, for a purpose | will now ekpla

This box will be found to serve

excellently for the production of

vortex rings. These rings, which

were discussed by Von Helmholtz

in 1858, are most interesting, and

the box (with the hole cut out)

will produce them to perfection. Fill the box with tobaccoam by
blowing it gently through the hole. Now, if you hold it horiatally, and
softly tap the side that is opposite to the hole, an immensebeun of
perfect rings can be produced from one mouthful of smokes kst
that there should be no currents of air in the room. Peopénafb not
realise that these rings are formed in the air when no smakseg. The
smoke only makes them visible. Now, one of these rings, ipprly
directed on its course, will travel across the room and puttoel ame
of a candle, and this feat is much more striking if you can rgena
do it without the smoke. Of course, with a little practiceg tings may
be blown from the mouth, but the box produces them in muchtgrea
perfection, and no skill whatever is required. Lord Kelviopounded
the theory that matter may consist of vortex rings in a uidttHls all
space, and by a development of the hypothesis he was ablglairex
chemical combination.

The Potato Puzzle

Take a circular slice of potato,
place it on the table, and see into
how large a number of pieces you
can divide it with six cuts of a

knife. Of course you must not
readjust the pieces or pile them
after a cut. What is the greatest
number of pieces you can make?
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The Seven Pigs

Here is a little puzzle that was
put to one of the sons of Erin the
other day and perplexed him un-
duly, for it is really quite easy. It
will be seen from the illustration
that he was shown a sketch of a
square pen containing seven pigs.
He was asked how he would in-
tersect the pen with three straight
fences so as to enclose every pig
in a separate sty. In other words,
all you have to do is to take your
pencil and, with three straight strokes across the squao®e each

pig separately. Nothing could be simpler.
The Irishman complained that the pigs would not keep stilllevhe

was putting up the fences. He said that they would all ocketibgr, or
one obstinate beast would go into a corner and ock all by leifndt
was pointed out to him that for the purposes of the puzzle itpewere
stationary. He answered that Irish pigs are not stationtkey-are pork.
Being persuaded to make the attempt, he drew three lines fovigah
cut through a pig. When it was explained that this is not allbwee
protested that a pig was no use until you cut its throat. “Begoar it's
bacon ye want without cutting your pig, it will be all gammbwe will
not do the Irishman the injustice of suggesting that the ratde pun
was intentional. However, he failed to solve the puzzle. Gando it?
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The Land Owner's Fences

The landowner in the illustration

is consulting with his bailiff over

a rather puzzling little question.

He has a large plan of one of his

elds, in which there are eleven

trees. Now, he wants to divide

the eld into just eleven enclo-

sures by means of straight fences,

so that every enclosure shall con-

tain one tree as a shelter for his

cattle. How is he to do it with as

few fences as possible? Take your

pencil and draw straight lines across the eld until you henarked off
the eleven enclosures (and no more), and then see how margsfgou
require. Of course the fences may cross one another.

The Wizard's Cats

A wizard placed ten cats inside a
magic circle as shown in our illus-
tration, and hypnotized them so
that they should remain station-
ary during his pleasure. He then
proposed to draw three circles in-
side the large one, so that no cat
could approach another cat with-
out crossing a magic circle. Try
to draw the three circles so that
every cat has its own enclosure
and cannot reach another cat without crossing a line.
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The Christmas Pudding

“Speaking of Christmas pud-
dings,” said the host, as he
glanced at the imposing delicacy
at the other end of the table. “l am
reminded of the fact that a friend
gave me a new puzzle the other
day respecting one. Here it is,”
he added, diving into his breast
pocket.

“Problem: To nd the contents,’

| suppose,” said the Eton boy.

“No; the proof of that is in the eating. | will read you the catnahs.”
“Cut the pudding into two parts, each of exactly the same sird

shape, without touching any of the plums. The pudding is teejarded
as a atdisc, not as a sphere.™

“Why should you regard a Christmas pudding as a disc? And why

should any reasonable person ever wish to make such an tcina
vision?” asked the cynic.

“Itis just a puzzle—a problem in dissection.” All in turn hadook at the
puzzle, but nobody succeeded in solving it. It is a littledift unless
you are acquainted with the principle involved in the makaiguch
puddings, but easy enough when you know how it is done.
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Various Geometrical Puzzles

“So various are the tastes of men.”
MARK AKENSIDE

Drawing A Spiral

If you hold the page horizontally
and give it a quick rotary motion
while looking at the centre of the
spiral, it will appear to revolve.
Perhaps a good many readers are
acquainted with this little optical
illusion. But the puzzle is to show
how | was able to draw this spiral
with so much exactitude without
using anything but a pair of com-
passes and the sheet of paper on
which the diagram was made. How would you proceed in suchimisc
stances?

St. George Banner

At a celebration of the national
festival of St. George's Day | was
contemplating the familiar banner
of the patron saint of our coun-
try. We all know the red cross
on a white ground, shown in our
illustration. This is the banner
of St. George. The banner of
St. Andrew (Scotland) is a white
“St. Andrew's Cross” on a blue
ground. That of St. Patrick (Ire-
land) is a similar cross in red on
a white ground. These three are
united in one to form our Union Jack.

Now on looking at St. George's banner it occurred to me thatfth
lowing question would make a simple but pretty little puzBepposing
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the ag measures four feet by three feet, how wide must thearthe
cross be if it is required that there shall be used just theesgumntity of
red and of white bunting?

The Milkmaid Puzzle

Here is a little pastoral puzzle that
the reader may, at rst sight, be
led into supposing is very pro-
found, involving deep calcula-
tions. He may even say that it is
guite impossible to give any an-
swer unless we are told something
de nite as to the distances. And
yet it is really quite “childlike and
bland.”

In the corner of a eld is seen a

milkmaid milking a cow, and on

the other side of the eld is the dairy where the extract habdade-
posited. But it has been noticed that the young woman alwags go
down to the river with her pail before returning to the dairere the
suspicious reader will perhaps ask why she pays these waghe river.

| can only reply that it is no business of ours. The allegedmsientirely
for local consumption.

“Where are you going to, my pretty maid?” “Down to the river,"she
said. “I'll not choose your dairy, my pretty maid.” “Nobodyed you,
sir,” she said.

If one had any curiosity in the matter, such an independarit spuld
entirely disarm one. So we will pass from the point of comnarc
morality to the subject of the puzzle.

Draw a line from the milking-stool down to the river and therto the
door of the dairy, which shall indicate the shortest possiblte for the
milkmaid. That is all. It is quite easy to indicate the exgmbtson the
bank of the river to which she should direct her steps if shatsvas
short a walk as possible. Can you nd that spot?
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The Ball Problem

A stonemason was engaged the

other day in cutting out a round

ball for the purpose of some archi-

tectural decoration, when a smart

schoolboy came upon the scene.

“Look here,” said the mason,

“you seem to be a sharp young-

ster, can you tell me this? |If

| placed this ball on the level

ground, how many other balls of

the same size could | lay around

it (also on the ground) so that every ball should touch thes2n

The boy at once gave the correct answer, and then put thesgitestion
to the mason:—

“If the surface of that ball contained just as many squaredsets vol-

ume contained cubic feet, what would be the length of its dizmn?”
The stonemason could not give an answer. Could you have degiie

rectly to the mason's and the boy's questions?

The Yorkshire Estates

| was on a visit to one of the

large towns of Yorkshire. While

walking to the railway station on

the day of my departure a man

thrust a hand-bill upon me, and

| took this into the railway car-

riage and read it at my leisure. It

informed me that three Yorkshire

neighbouring estates were to be

offered for sale. Each estate was

square in shape, and they joined one another at their corusisas
shown in the diagram. Estate A contains exactly 370 acregnBams

116 acres, and C 74 acres.
Now, the little triangular bit of land enclosed by the threpiare es-

tates was not offered for sale, and, for no reason in paaticubecame
curious as to the area of that piece. How many acres did iaaoht
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Farmer Wurzel's Estate

| will now present another land

problem. The demonstration of

the answer that | shall give will,

| think, be found both interesting

and easy of comprehension.

Farmer Wurzel owned the three

square elds shown in the an-

nexed plan, containing respec-

tively 18, 20, and 26 acres. In or-

der to get a ring-fence round his

property he bought the four intervening triangular eldshelpuzzle is
to discover what was then the whole area of his estate.

The Crescent Puzzle

Here is an easy geometrical puz-
zle. The crescent is formed by
two circles, and C is the centre
of the larger circle. The width of
the crescent between B and D is
9 inches, and between E and F 5
inches. What are the diameters of
the two circles?

The Puzzle Wall

There was a small lake, around

which four poor men built their

cottages. Four rich men after-

wards built their mansions, as

shown in the illustration, and they

wished to have the lake to them-

selves, so they instructed a builder

to put up the shortest possible

wall that would exclude the cottagers, but give themselkess dccess to
the lake. How was the wall to be built?
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The Garden Walls

A speculative country builder has

a circular eld, on which he has

erected four cottages, as shown

in the illustration. The eld is

surrounded by a brick wall, and

the owner undertook to put up

three other brick walls, so that the

neighbours should not be over-

looked by each other, but the four

tenants insist that there shall be

no favouritism, and that each shall

have exactly the same length of

wall space for his wall fruit trees.

The puzzle is to show how the three walls may be built so thet &n-
ant shall have the same area of ground, and precisely thelsagth of
wall.

Of course, each garden must be entirely enclosed by its waaild it
must be possible to prove that each garden has exactly the Isaigth
of wall. If the puzzle is properly solved no gures are ne@gs

Lady Belinda's Garden

Lady Belinda is an enthusiastic

gardener. In the illustration she is

depicted in the act of worrying out

a pleasant little problem which 1

will relate. One of her gardens

is oblong in shape, enclosed by a

high holly hedge, and she is turn-

ing it into a rosary for the cultiva-

tion of some of her choicest roses.

She wants to devote exactly half

of the area of the garden to the

owers, in one large bed, and the

other half to be a path going all round it of equal breadthugrmut.
Such a garden is shown in the diagram at the foot of the pictdoev is
she to mark out the garden under these simple conditionsh&&henly
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a tape, the length of the garden, to do it with, and, as the heltige is
so thick and dense, she must make all her measurements. insidg
Belinda did not know the exact dimensions of the garden, ai veas
not necessary for her to know, | also give no dimensions. djuite a
simple task no matter what the size or proportions of thegyarday be.
Yet how many lady gardeners would know just how to proceed@ Th
tape may be quite plain-that is, it need not be a graduatedumea

The Tethered Goat

Here is a little problem that every-

body should know how to solve.

The goat is placed in a half-acre
meadow, that is in shape an equi-
lateral triangle. It is tethered to

a post at one corner of the eld.

What should be the length of the
tether (to the nearest inch) in or-
der that the goat shall be able to
eat just half the grass in the eld?

It is assumed that the goat can
feed to the end of the tether.

Papa's Puzzle

Here is a puzzle by Pappus, who
lived at Alexandria about the end
of the third century. Itis the fth
proposition in the eighth book of
his Mathematical Collections |
give it in the form that | presented
it some years ago under the title
“Papa’s Puzzle,” just to see how
many readers would discover that
it was by Pappus himself. “The
little maid's papa has taken two
different-sized rectangular pieces
of cardboard, and has clipped off
a triangular piece from one of them, so that when it is suspery a
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thread from the point A it hangs with the long side perfectlyibontal,
as shown in the illustration. He has perplexed the child lbynasher to
nd the point A on the other card, so as to produce a similanitaghen
cut and suspended by a thread.” Of course, the point mustenfatLind
by trial clippings. A curious and pretty point is involvedtims setting
of the puzzle. Can the reader discover it?

How To Make Cisterns

Our friend in the illustration has

a large sheet of zinc, measuring

(before cutting) eight feet by three

feet, and he has cut out square

pieces (all of the same size) from

the four corners and now pro-

poses to fold up the sides, solder

the edges, and make a cistern. But

the point that puzzles him is this:

Has he cut out those square pieces

of the correct size in order that the

cistern may hold the greatest possible quantity of water?sée, if you
cut them very small you get a very shallow cistern; if you ¢t large
you get a tall and slender one. It is all a question of nding ayvof
cutting put these four square pieces exactly the right dimv are we
to avoid making them too small or too large?

The Cone Puzzle

| have a wooden cone, as shown

in Fig. 1. How am | to cut out of

it the greatest possible cylinder?

It will be seen that | can cut out

one that is long and slender, like

Fig. 2, or short and thick, like Fig.

3. But neither is the largest possi-

ble. A child could tell you where

to cut, if he knew the rule. Can you nd this simple rule?
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Concerning Wheels

There are some curious facts con-
cerning the movements of wheels
that are apt to perplex the novice.
For example: when a railway
train is travelling from London to
Crewe certain parts of the train
at any given moment are actu-
ally moving from Crewe towards
London. Can you indicate those
parts? It seems absurd that parts
of the same train can at any time
travel in opposite directions, but
such is the case.

In the accompanying illustration

we have two wheels. The lower

one is supposed to be xed and

the upper one running round it in the direction of the arrovdow,

how many times does the upper wheel turn on its own axis in mgg&i
complete revolution of the other wheel? Do not be in a hurthwour
answer, or you are almost certain to be wrong. Experimerit twb

pennies on the table and the correct answer will surprisewban you
succeed in seeing it.
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Measuring, Weighting, and
Packaging Problems

“Measure still for measure.”
Measure for Measuter. 1.

Apparently the rst printed puzzle involving the measuriaja given
guantity of liquid by pouring from one vessel to others of Wmacapac-
ity was that propounded by Niccola Fontana, better knowmTagéaglia”
(the stammerer), 1500-1559. It consists in dividing 24 dzvatuable
balsam into three equal parts, the only measures availaitg bessels
holding 5, 11, and 13 ounces respectively. There are mafereiift so-
lutions to this puzzle in six manipulations, or pouringsnfrone vessel
to another. Bachet de Méziriac reprinted this and other ofagéia's
puzzles in hidProblémes plaisans et délectab(@$12). It is the general
opinion that puzzles of this class can only be solved by, thiad | think
formulae can be constructed for the solution generally abaerelated
cases. Itis a practically unexplored eld for investigatio

The classic weighing problem is, of course, that propose@dghet.

It entails the determination of the least number of weightg tvould
serve to weigh any integral number of pounds from 1 Ib. to 40 Ib
inclusive, when we are allowed to put a weight in either oftthe pans.
The answer is 1, 3, 9, and 27 Ibs. Tartaglia had previouslgguroded
the same puzzle with the condition that the weights may oalplaced

in one pan. The answer in that case is 1, 2, 4, 8, 16, 32 Ibs. rMajo
MacMahon has solved the problem quite generally. A full adaovill

be found in Balls Mathematical Recreatior{Sth edition).

Packing puzzles, in which we are required to pack a maximumiau
of articles of given dimensions into a box of known dimensicare, |
believe, of quite recent introduction. At least | cannotaleany example
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in the books of the old writers. One would rather expect to indhe
toy shops the idea presented as a mechanical puzzle, butot diimk |

have ever seen such a thing. The nearest approach to it wopkgato
be the puzzles of the jig-saw character, where there is ardydepth of
the pieces to be adjusted.

The Barrel Puzzle

The men in the illustration are

disputing over the liquid contents

of a barrel. What the particular

liquid is itis impossible to say, for

we are unable to look into the bar-

rel; so we will call it water. One

man says that the barrel is more

than half full, while the other in-

sists that it is not half full. What

is their easiest way of settling the

point? It is not necessary to use

stick, string, or implement of any

kind for measuring. | give this

merely as one of the simplest possible examples of the vdloedo
nary sagacity in the solving of puzzles. What are apparemtty dif -

cult problems may frequently be solved in a similarly easyinea if we
only use a little common sense.

The Barrels Of Honey

Once upon a time there was an
aged merchant of Bagdad who
was much respected by all who
knew him. He had three sons, and
it was a rule of his life to treat
them all exactly alike. Whenever
one received a present, the other
two were each given one of equal
value. One day this worthy man
fell sick and died, bequeathing all
his possessions to his three sons
in equal shares.
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The only dif culty that arose was over the stock of honey. fieherere
exactly twenty-one barrels. The old man had left instrudithat not
only should every son receive an equal quantity of honey,shotld
receive exactly the same number of barrels, and that no heimayid
be transferred from barrel to barrel on account of the wastelved.
Now, as seven of these barrels were full of honey, seven wadf€il,
and seven were empty, this was found to be quite a puzzleciedpe
as each brother objected to taking more than four barrelhefsame
description-full, half-full, or empty. Can you show how theycceeded
in making a correct division of the property?
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Solutions

Chinese Money

As a ching-chang is worth twopence and four- fteenths of angh
chang, the remaining eleven- fteenths of a ching-changtrbasworth
twopence. Therefore eleven ching-changs are worth exaloiity
pence, or half a crown. Now, the exchange must be made witmsev
round-holed coins and one square-holed coin. Thus it widlden that 7
round-holed coins are worth seven-elevenths of 15 chirzgrg, and 1
square-holed coin is worth one-eleventh of 16 ching-chaspat is, 77
rounds equal 105 ching-changs and 11 squares equal 16 chamgys.
Therefore 77 rounds added to 11 squares equal 121 chinggghan
7 rounds and 1 square equal 11 ching-changs, or its equiyhlaif a
crown. This is more simple in practice than it looks here.

Changing Places

There are thirty-six pairs of times when the hands exactinge places
between three p.m. and midnight. The number of pairs of tifres
any hour (n) to midnight is the sum of 12(n+ 1) natural numbers. In
the case of the puzzle= 3; therefore 12-(3+1)=8and1+2+3+4

+5+ 6+ 7+ 8= 36, the required answer.
The rst pair of times is 3 hr. 2157/143 min. and 4 hr. 16113 Min.,

and the last pair is 10 hr. 5983/143 min. and 11 hr. 54138/143
will not give all the remainder of the thirty-six pairs of tes, but supply
a formula by which any of the sixty—ix pairs that occur frondatay to
midnight may be at once found:—

7200+ 608 7208+ 600 n:
a hrT min. and b hr. 1243 min.

For the letter a may be substituted any hour from 0, 1, 2, 3 up0to
(where nought stands for 12 o'clock midday); and b may repreany
hour, later than a, up to 11.
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By the aid of this formula there is no dif culty in discoverirthe an-
swer to the second question: a = 8 and b = 11 will give the pair. 8 h
58106/143 min. and 11 hr. 44128/143 min., the latter beimgtitne
when the minute hand is nearest of all to the point IX—in fads only
15/143 of a minute distant.

Readers may nd it instructive to make a table of all the sigty-pairs

of times when the hands of a clock change places. An easy way is
follows: Make a column for the rst times and a second coluron f
the second times of the pairs. By making a =0 and b = 1 in the above
expressions we nd the rst case, and enter hr. 55/143 mirthathead

of the rst column, and 1 hr. 060/143 min. at the head of theoselc
column. Now, by successively adding 55/143 min. in the @td 1

hr. 060/143 min. in the second column, we get all the elevers ra
which the rst time is a certain number of minutes after notjgin mid-

day. Then there is a "jump" in the times, but you can nd the it

by making a=1 and b = 2, and then by successively adding these t
times as before you will get all the ten pairs after 1 o'clo€ken there is
another “jump,” and you will be able to get by addition all thiee pairs
after 2 o'clock. And so on to the end. | will leave readers testigate

for themselves the nature and cause of the "jumps.” In thisweget
under the successive hours, 11+10+9+8+7+6+5+4+3+2+
1 = 66 pairs of times, which result agrees with the formulahia tst
paragraph of this article.

Some time ago the principal of a Civil Service Training Colleg®o
conducts a “Civil Service Column” in one of the periodicalsdtiae
guery addressed to him, “How soon after XlI o'clock will a clowith
both hands of the same length be ambiguous?” His rst ansvees, w
“Some time past one o'clock,” but he varied the answer frosuésto
issue. At length some of his readers convinced him that teevanis,
“At 55/143 min. past XII;” and this he nally gave as corretbgether
with the reason for it that at that timt@e time indicated is the same
whichever hand you may assume as hour hand!

The Club Clock
The positions of the hands shown in the illustration couldly ondi-
cate that the clock stopped at 44 min.%g sec. after eleven o'clock.

The second hand would next be “exactly midway between ther divo

http://ADLab.info



Solutions 51

hands” at 45 min. 514_49—267 sec. after eleven o'clock. If we had been deal-

ing with the points on the circle to which the three hands amected,
the answer would be 45 min. %9.2% sec. after eleven; but the question
applied to the hands, and the second hand would not be betilveen
others at that time, but outside them.

The Stop Watch

The time indicated on the watch Wa%Emin. past 9, when the second
hand would be at 2% sec. The next time the hands would be similar
distances apart would be %élmin. past 2, when the second hand would
be at 3% sec. But you need only hold the watch (or our previous
illustration of it) in front of a mirror, when you will see treecond time

re ected in it! Of course, when re ected, you will read Xl asX as I,
and so on.

The Silk Patchwork

Our illustration will show how
to cut the stitches of the patch-
work so as to get the square F
entire, and four equal pieces, G,
H, I, K, that will form a per-
fect Greek cross. The reader will
know how to assemble these four
pieces from Fig. 13 in the article.

An Easy Dissection Puzzle

The solution to this puzzle is
shown in the illustration. Divide
the gure up into twelve equal tri-
angles, and it is easy to discover
the directions of the cuts, as indi-
cated by the dark lines.
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An Easy Square Puzzle

The diagram explains itself, one
of the ve pieces having been cut
in two to form a square.

The Bun Puzzle

The secret of the bun puzzle lies

in the fact that, with the relative

dimensions of the circles as given,

the three diameters will form a

right-angled triangle, as shown by

A, B, C. It follows that the two

smaller buns are exactly equal to the large bun. Therefbree igive
David and Edgar the two halves marked D and E, they will hae& th
fair shares-one quarter of the confectionery each. Theriplace the
small bun, H, on the top of the remaining one and trace itsunifer-
ence in the manner shown, Fred's piece, F, will exactly edflaty's
small bun, H, with the addition of the piece marked G-halfriihe of
the other. Thus each boy gets an exactly equal share, aredateonly
Ve pieces necessary.

The Chocolate Squares

Square A is left entire; the two
pieces marked B t together and
make a second square; the two
pieces C make a third square; and
the four pieces marked D will
form the fourth square.

Dissecting A Mitre

The diagram on the next page shows
how to cut into ve pieces to form

a square. The dotted lines are in-
tended to show how to nd the points
C and F—the only dif culty. A B
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is half B D, and A E is parallel to B H. With the point of the consgas
at B describe the arc H E, and A E will be the distance of C from B.
Then F G equals B C less A B.

This puzzle—with the added con-
dition that it shall be cut into four

parts of the same size and shape—

| have not been able to trace to

an earlier date than 1835. Strictly
speaking, it is, in that form, im-
possible of solution; but | give the
answer that is always presented,
and that seems to satisfy most people.

The Joiner's Problem

Nothing could be easier than the

solution of this puzzle—when you

know how to do it. And yetitis

apt to perplex the novice a good

deal if he wants to do it in the

fewest possible pieces—three. All

you have to do is to nd the point

A, midway between B and C, and then cut from A to D and from A to
E. The three pieces then form a square in the manner showroutdes,
the proportions of the original gure must be correct; thhe triangle
BEF is just a quarter of the square BCDF. Draw lines from B to D and
from C to F and this will be clear.

Another Joiner's Problem

The point was to nd a gen-
eral rule for forming a perfect
square out of another square com-
bined with a “right-angled isosce-
les triangle.” The triangle to
which geometricians give this
high-sounding name is, of course,
nothing more or less than half a
square that has been divided from
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corner to corner. The precise relative proportions of theasg and tri-
angle are of no consequence whatever. It is only necessamyt tine
wood or material into ve pieces.

Suppose our original square to be ACLF in the above diagranoand
triangle to be the shaded portion CED. Now, we rst nd half tleegth

of the long side of the triangle (CD) and measure off this |erajtAB.
Then we place the triangle in its present position agairesstijuare and
make two cuts—one from B to F, and the other from B to E. Straasye
it may seem, that is all that is necessary! If we now removepteees
G, H, and M to their new places, as shown in the diagram, wehget t
perfect square BEKF.

Take any two square pieces of paper, of different sizes tggtesquares,
and cut the smaller one in half from corner to corner. Now peatin
the manner shown, and you will nd that the two pieces may b@a-co
bined to form a larger square by making these two simple aemis that
no piece will be required to be turned over.

The remark that the triangle might be “a little larger or a gateal
smaller in proportion” was intended to bar cases where ar&g#@aogle
is greater than area of square. In such cases six pieces @ssaey,
and if triangle and square are of equal area there is an obgiolution
in three pieces, by simply cutting the square in half diagjgna

A Cutting-out Problem

The illustration shows how to cut

the four pieces and form with them

a square. First nd the side of the

square (the mean proportional be-

tween the length and height of the

rectangle), and the method is ob-

vious. If our strip is exactly in the

proportions 9 1, or 16 1, or 25 1, we can clearly cut it in 3, 4,
or 5 rectangular pieces respectively to form a square. Bxuojuthese
special cases, the general law is that for a strip in lengtrertitann?
times the breadth, and not more thar+ 1)2 times the breadth, it may
be cut inn+ 2 pieces to form a square, and there willrbe 1 rectan-
gular pieces like piece 4 in the diagram. Thus, for exampit avstrip
24 1, the length is more than 16 and less than 25 times the breadth
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Therefore it can be done in 6 pieceshere being 4), 3 of which will
be rectangular. In the case wherequals 1, the rectangle disappears
and we get a solution in three pieces. Within these limitgaeirse, the
sides need not be rational: the solution is purely geonatric

Mrs. Hobson's Hearthrug

As | gave full measurements of

the mutilated rug, it was quite

an easy matter to nd the pre-

cise dimensions for the square.

The two pieces cut off would, if

placed together, make an oblong

piece 12 6, giving an area of 72

(inches or yards, as we please),

and as the original complete rug measured 3, it had an area of
972. If, therefore, we deduct the pieces that have been cay,awe
nd that our new rug will contain 972 less 72, or 900; and as #)0
the square of 30, we know that the new rug must measure 3Dto
be a perfect square. This is a great help towards the sojUiecause
we may safely conclude that the two horizontal sides meag®® each
may be left intact. There is a very easy way of solving the [mizz
four pieces, and also a way in three pieces that can scareetalted
dif cult, but the correct answer is in only two pieces.

It will be seen that if, after the cuts are made, we insert detht of
the piece B one tooth lower down, the two portions will t taber and
form a square.

The Pentagon And The Square

A regular pentagon may be cut
into as few as six pieces that will
t together without any turning
over and form a square, as | shall
show below. Hitherto the best an-
swer has been in seven pieces-
the solution produced some years
ago by a foreign mathematician,
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Paul Busschop. We rst form a

parallelogram, and from that the

square. The process will be seen in the diagram on the negt fdge
pentagon is ABCDE. By the cut AC and the cut FM (F being the middle
point between A and C, and M being the same distance from A as F)
we get two pieces that may be placed in position at GHEA and tbe
parallelogram GHDC. We then nd the mean proportional betwde
length HD and the height of the parallelogram. This distameemark

off from C at K, then draw CK, and from G drop the line GL, perpen-
dicular to KC. The rest is easy and rather obvious. It will bersthat
the six pieces will form either the pentagon or the square.

| have received what purported to be a solution in ve piedms,the
method was based on the rather subtle fallacy that half tggodial plus
half the side of a pentagon equals the side of a square of the aeea.
| say subtle, because it is an extremely close approximatiahwill
deceive the eye, and is quite dif cult to prove inexact. | aot aware
that attention has before been drawn to this curious apprabon.

Another correspondent made the side of his squéref]he side of the
pentagon. As a matter of fact, the ratio is irrational. | oédee that if
the side of the pentagon is 1-inch, foot, or anything elsestte of the
square of equal area is 1.3117 nearly, or say rou@lyso we can only
hope to solve the puzzle by geometrical methods.

The Dissected Triangle

Diagram A is our original trian-

gle. We will say it measures 5

inches (or 5 feet) on each side.

If we take off a slice at the bot-

tom of any equilateral triangle by

a cut parallel with the base, the

portion that remains will always

be an equilateral triangle; so we

rst cut off piece 1 and get a tri-

angle 3 inches on every side. The manner of nding directiohthe

other cuts in A is obvious from the diagram.
Now, if we want two triangles, 1 will be one of them, and 2, 3add 5

will ttogether, as in B, to form the other. If we want three elgteral
triangles, 1 will be one, 4 and 5 will form the second, as in @ 2mand
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3 will form the third, as in D. In B and C the piece 5 is turned o\ait
there can be no objection to this, as it is not forbidden, and no way
opposed to the nature of the puzzle.

The Table-top And Stools

One object that | had in view

when presenting this little puz-

zle was to point out the uncer-

tainty of the meaning conveyed

by the word “oval.” Though origi-

nally derived from the Latin word

ovum, an egg, yet what we under-

stand as the egg-shape (with one

end smaller than the other) is only one of many forms of thé; oviile
some eggs are spherical in shape, and a sphere or circletisentznly
not an oval. If we speak of an ellipse—a conical ellipse—veeaar safer
ground, but here we must be careful of error. | recollect atpool
town councillor, many years ago, whose ignorance of thetpoeyhrd
led him to substitute the word “hen” for “fowl,” remarking\We must
remember, gentlemen, that although every cock is a heny beeris not
a cock!” Similarly, we must always note that although evdiypse is
an oval, every oval is not an ellipse. It is correct to say #rabval is an
oblong curvilinear gure, having two unequal diametersgddounded
by a curve line returning into itself; and this includes thigse, but all
other gures which in any way approach towards the form of &alo
without necessarily having the properties above descrdpedncluded
in the term “oval.” Thus the following solution that | give tar puz-
zle involves the pointed “oval,” known among architectslas ‘esica
piscis.”

The dotted lines in the table are

given for greater clearness, the

cuts being made along the other

lines. It will be seen that the

eight pieces form two stools of

exactly the same size and shape

with similar hand-holes. These

holes are a tri e longer than those

in the schoolmaster's stools, but
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they are much narrower and of considerably smaller area. oOrfse
5 and 6 can be cut out in one piece—also 7 and 8—making onlyesiep
in all. But | wished to keep the same number as in the origirwaly/st

When | rst gave the above puzzle in a London newspaper, in @imp
tion, no correct solution was received, but an ingeniousreeatly exe-
cuted attempt by a man lying in a London in rmary was acconmedn
by the following note: “Having no compasses here, | was cdiag¢o
improvise a pair with the aid of a small penknife, a bit of read from
a bundle, a piece of tin from a toy engine, a tin tack, and twdiqas
of a hairpin, for points. They are a fairly serviceable pdicompasses,
and | shall keep them as a memento of your puzzle.”

The Great Monad

The areas of circles are to each

other as the squares of their diam-

eters. If you have a circle 2 in.

in diameter and another 4 in. in

diameter, then one circle will be

four times as great in area as the

other, because the square of 4 is

four times as great as the square

of 2. Now, if we refer to Diagram

1, we see how two equal squares may be cut into four piecesvithat
form one larger square; from which it is self-evident that aquare has
just half the area of the square of its diagonal. In Diagranhave in-
troduced a square as it often occurs in ancient drawingseoibnad;
which was my reason for believing that the symbol had mathieaia
meanings, since it will be found to demonstrate the facttimatrea of
the outer ring or annulus is exactly equal to the area of therigircle.
Compare Diagram 2 with Diagram 1, and you will see that as thareq
of the diameter CD is double the square of the diameter of theriair-
cle, or CE, therefore the area of the larger circle is douldeatiea of the
smaller one, and consequently the area of the annulus if\ergoal to

that of the inner circle. This answers our rst question.
In Diagram 3 | show the simple solution to the second questlois

obviously correct, and may be proved by the cutting and fugsgtion
of parts. The dotted lines will also serve to make it eviddrte third
guestion is solved by the cut CD in Diagram 2, but it remainséo b
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proved that the piece F is really one-half of the Yin or the .Yahis we
will do in Diagram 4. The circle K has one-quarter the aredefdircle
containing Yin and Yan, because its diameter is just onéthallength.
Also L in Diagram 3 is, we know, one-quarter the area. It ig¢fare
evident that G is exactly equal to H, and therefore half G isaktp half

H. So that what F loses from L it gains from K, and F must be h&lf o
Yin or Yan

The Square Of Veneer

Any square number may be expressed as the sum of two squaaes in
in nite number of different ways. The solution of the presguzzle
forms a simple demonstration of this rule. It is a conditibattwe give

actual dimensions.
In this puzzle | ignore the known

dimensions of our square and

work on the assumption that it is

13n by 13n. The value of n we

can afterwards determine. Divide

the square as shown (where the

dotted lines indicate the original

markings) into 169 squares. As

169 is the sum of the two squares

144 and 25, we will proceed to di-

vide the veneer into two squares, measuring respectively 12 and

5 5; and as we know that two squares may be formed from one square
by dissection in four pieces, we seek a solution in this numibiee dark
lines in the diagram show where the cuts are to be made. Thaesqu
5 5is cut out whole, and the larger square is formed from theanem
ing three pieces, B, C, and D, which the reader can easily tttogre

Now, nis clearlyli3 of an inch. Consequently our larger square must be
%in.  ®%in., and our smaller squa® in. 23 in. The square 0§
added to the square ég is 25. The square is thus divided into as few
as four pieces that form two squares of known dimensions a#lritle
sixteen nails are avoided.

Here is a general formula for nding two squares whose sunti shaal
a given square, sag?. In the case of the solution of our puzze= 3,
g= 2,anda= 5.
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2pga _ . P a2(p?+ 992 (2pga? _
2+ 2 M 2+ 2 -
p2+ P2+ q

y

Herex?+ y? = a°.

The Two Horseshoes

The puzzle was to cut the two

shoes (including the hoof con-

tained within the outlines) into

four pieces, two pieces each, that

would ttogether and form a per-

fect circle. It was also stipulated

that all four pieces should be different in shape. As a mattdact,
it is a puzzle based on the principle contained in that cgriGhinese
symbol the Monad. (See The Great Monad.)

The above diagrams give the correct solution to the probléemill be
noticed that 1 and 2 are cut into the required four piecesliédrent in
shape, that t together and form the perfect circle shown iagbam 3.
It will further be observed that the two pieces A and B of oneeshnd
the two pieces C and D of the other form two exactly similavaalof
the circle—the Yin and the Yan of the great Monad. It will bers¢hat
the shape of the horseshoe is more easily determined fronirtie
than the dimensions of the circle from the horseshoe, thoghatter
presents no dif culty when you know that the curve of the lagide
of the shoe is part of the circumference of your circle. THéetence
between B and D is instructive, and the idea is useful in alhstases
where it is a condition that the pieces must be different iapgh In
forming D we simply add on a symmetrical piece, a curvilineguare,
to the piece B. Therefore, in giving either B or D a quarter toefiore
placing in the new position, a precisely similar effect musiproduced.

The Cardboard Chain
The reader will probably feel re-
warded for any care and patience

that he may bestow on cutting out
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the cardboard chain. We will sup-

pose that he has a piece of card-

board measuring 8 in. by%Zin., though the dimensions are of no im-
portance. Yet if you want a long chain you must, of courseg @mkong
strip of cardboard. First rule pencil lines B B and C C, halfraehifrom
the edges, and also the short perpendicular lines half éwreipart. Rule
lines on the other side in just the same way, and in order tiegt shall
coincide it is well to prick through the card with a needle fh@nts
where the short lines end. Now take your penknife and spditctérd
from A A down to B B, and from D D up to C C. Then cut right through
the card along all the short perpendicular lines, and hediuph the card
along the short portions of B B and C C that are not dotted. Mext
the card over and cut half through along the short lines on BB&C
at the places that are immediately beneath the dotted liméiseoupper
side. With a little careful separation of the parts with tlemknife, the
cardboard may now be divided into two interlacing laddke-fportions,
as shown in Fig. 2; and if you cut away all the shaded parts ibhget
the chain, cut solidly out of the cardboard, without any j@is shown in
the illustrations on page 31

It is an interesting variant of the puzzle to cut out two kegsaaing-in
the same manner without join.

The Paper Box

It may be interesting to introduce here, though it is not#iria puzzle,
an ingenious method for making a paper box.

Take a square of stout paper and
by successive foldings make all
the creases indicated by the dot-
ted lines in the illustration. Then
cut away the eight little triangu-
lar pieces that are shaded, and
cut through the paper along the
dark lines. The second illustration
shows the box half folded up, and
the reader will have no dif culty
in effecting its completion. Before folding up, the readeghticut out
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the circular piece indicated in the diagram, for a purposalll mow
explain.

This box will be found to serve

excellently for the production of

vortex rings. These rings, Pg

41which were discussed by Von

Helmholtz in 1858, are most in-

teresting, and the box (with the

hole cut out) will produce them to perfection. Fill the boxhviobacco
smoke by blowing it gently through the hole. Now, if you holdhori-
zontally, and softly tap the side that is opposite to the haeimmense
number of perfect rings can be produced from one mouthfuhafke.
It is best that there should be no currents of air in the rooeapke of-
ten do not realise that these rings are formed in the air wioesmmoke
is used. The smoke only makes them visible. Now, one of thaegs,r
if properly directed on its course, will travel across themoand put
out the ame of a candle, and this feat is much more strikingpt can
manage to do it without the smoke. Of course, with a littlecpce,
the rings may be blown from the mouth, but the box produces time
much greater perfection, and no skill whatever is requitexid Kelvin
propounded the theory that matter may consist of vortexsring uid
that lls all space, and by a development of the hypothesisvas able
to explain chemical combination.

The Potato Puzzle

As many as twenty-two pieces

may be obtained by the six cuts.

The illustration shows a pretty

symmetrical solution. The rule in

such cases is that every cut shall

intersect every other cut and no

two intersections coincide; that is

to say, every line passes through

every other line, but more than

two lines do not cross at the same point anywhere. There hee whys
of making the cuts, but this rule must always be observed ifreeto
get the full number of pieces.
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The general formula is that witihcuts we can always produ
One of the problems proposed by the late Sam Loyd was to pedithec
maximum number of pieces by n straight cuts through a soleksé.
Of course, again, the pieces cut off may not be moved or piléere
we have to deal with the intersection of planes (insteachefl, and the
general formula is that with n cuts we may prodé@e% +n+1
pieces. It is extremely dif cult to “see” the direction anéfexts of the
successive cuts for more than a few of the lowest values of

+1)+ 1
> .

The Seven Pigs

The illustration shows the direc-

tion for placing the three fences so

as to enclose every pig in a sepa-

rate sty. The greatest number of

spaces that can be enclosed with

three straight lines in a square is

seven, as shown in the last puzzle.

Bearing this fact in mind, the puzzle must be solved by trial.

The Land Owner's Fences

Four fences only are necessary, as
follows:—

The Wizard's Cats

The illustration requires no expla-
nation. It shows clearly how the
three circles may be drawn so that
every cat has a separate enclosure,
and cannot approach another cat
without crossing a line.
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The Christmas Pudding

The illustration shows how the

pudding may be cut into two

parts of exactly the same size and

shape. The lines must necessarily

pass through the points A, B, C,

D, and E. But, subject to this con-

dition, they may be varied in an

in nite number of ways. For ex-

ample, at a point midway between

A and the edge, the line may be

completed in an unlimited number of ways (straight or crakero-
vided it be exactly re ected from E to the opposite edge. Amdilar
variations may be introduced at other places.

Drawing A Spiral

Make a fold in the paper, as
shown by the dotted line in the il-
lustration. Then, taking any two
points, as A and B, describe semi-
circles on the line alternately from
the centres B and A, being care-
ful to make the ends join, and the
thing is done. Of course this is not
a true spiral, but the puzzle was to
produce thearticular spiral that was shown, and that was drawn in this
simple manner.

St. George Banner

As the ag measures 4 ft. by 3 ft., the length of the diagonadr(f
corner to corner) is 5 ft. All you need do is to deduct half thedth of
this diagonal (% ft.) from a quarter of the distance all round the edge of
the ag (3% ft.)—a quarter of 14 ft. The difference (1 ft.) is the reqdire
width of the arm of the red cross. The area of the cross wih the the
same as that of the white ground
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The Milkmaid Puzzle

Draw a straight line, as shown in

the diagram, from the milking-

stool perpendicular to the near

bank of the river, and continue

it to the point A, which is the

same distance from that bank as

the stool. If you now draw the

straight line from A to the door of the dairy, it will cut thevar at B.
Then the shortest route will be from the stool to B and thecthé
door. Obviously the shortest distance from A to the door ésstnaight
line, and as the distance from the stool to any point of therns the
same as from A to that point, the correctness of the solutidipproba-
bly appeal to every reader without any acquaintance withgzxy.

The Ball Problem

If a round ball is placed on the level ground, six similar batiay be
placed round it (all on the ground), so that they shall alttothe central
ball.

As for the second question, the ratio of the diameter of decii@ its
circumference we call pi; and though we cannot express #tie m
exact numbers, we can get suf ciently near to it for all preait pur-
poses. However, in this case it is not necessary to know tlie v pi
at all. Because, to nd the area of the surface of a sphere wepiyuhe
square of the diameter by pi; to nd the volume of a sphere wéipiy
the cube of the diameter by one-sixth of pi. Therefore we rgawpiie pi,
and have merely to seek a number whose square shall equabahe-
of its cube. This number is obviously 6. Therefore the baks Wwdt. in
diameter, for the area of its surface will be 36 times pi inasgufeet,
and its volume also 36 times pi in cubic feet.

The Yorkshire Estates

The triangular piece of land that was not for sale contaiagstx eleven
acres. Of course it is not dif cult to nd the answer if we follv the
eccentric and tricky tracks of intricate trigonometry; anight say that
the application of a well-known formula reduces the probtermding
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one-quarter of the square root @ 370 116) (370+ 116 74)?
—that is a quarter of the square root of 1936, which is onetquaf
44, or 11 acres. But all that the reader really requires to kisothie
Pythagorean law on which many puzzles have been built, thahy
right-angled triangle the square of the hypotenuse is équhk sum of
the squares of the other two sides. | shall dispense witrsalids” and
similar absurdities, notwithstanding the fact that thesidf our triangle
are clearly incommensurate, since we cannot exactly extiacsquare
roots of the three square areas.

In the above diagram ABC rep-

resents our triangle. ADB is a

right-angled triangle, AD measur-

ing 9 and BD measuring 17, be-

cause the square of 9 added to

the square of 17 equals 370, the

known area of the square on AB.

Also AEC is a right-angled trian-

gle, and the square of 5 added to

the square of 7 equals 74, the square estate on A C. SimilarB,i€C&
right-angled triangle, for the square of 4 added to the ssjokt0 equals
116, the square estate on BC. Now, although the sides of oagtriar
estate are incommensurate, we have in this diagram all tet egures
that we need to discover the area with precision.

The area of our triangle ADB is clearly half of 917, or 76} acres. The

area of AEC is half of 5 7, or 17% acres; the area of CFB is half of

4 10, or 20 acres; and the area of the oblong EDFC is obviously 4

or 28 acres. Now, if we add together3, 20, and 2& 653, and deduct
this sum from the area of the large triangle ADB (which we hiaxend

to be 76% acres), what remains must clearly be the area of ABC. That is

to say, the area we want must b%7665% = 11 acres exactly.

Farmer Wurzel's Estate

The area of the complete estate is exactly one hundred atoesd
this answer | use the following little formula,

P 4ab (a+ b+ c)?
4 1
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where a, b, c represent the three square areas, in any orterexr
pression gives the area of the triangle A. This will be fouadée 9
acres. It can be easily proved that A, B, C, and D are all equal in
area; so the answer is 26 + 20 + 18 + 9 + 9 + 9 + 9 = 100 acres.
Here is the proof. If every lit-

tle dotted square in the diagram

represents an acre, this must be a

correct plan of the estate, for the

squares of 5 and 1 together equal

26; the squares of 4 and 2 equal

20; and the squares of 3 and 3

added together equal 18. Now we

see at once that the area of the tri-

angle E is % Fis 4% and G is 4. These added together make 11 acres,
which we deduct from the area of the rectangle, 20 acres, anchav

that the eld A contains exactly 9 acres. If you want to prokattB, C,

and D are equal in size to A, divide them in two by a line fromtind-

dle of the longest side to the opposite angle, and you will thdt the

two pieces in every case, if cut out, will exactly t togetreerd form A.

Or we can get our proof in a still easier way. The complete af¢he
squared diagram is 1212 = 144 acres, and the portions 1, 2, 3, 4, not
included in the estate, have the respective areasHftiz, 93, and 4.
These added together make 44, which, deducted from 1444eH30
as the required area of the complete estate.

The Crescent Puzzle

Referring to the original diagram, let AC belet CD bex 9, and let
EC bex 5. Thenx 5 is a mean proportional betwean 9 andx,
from which we nd thatx equals 25. Therefore the diameters are 50 in.
and 41 in. respectively.

The Puzzle Wall

The answer given in all the old
books is that shown in Fig. 1, where
the curved wall shuts out the cot-
tages from access to the lake. But
in seeking the direction for the “short-

http://ADLab.info



68 SELECTED PUZzZLES

est possible” wall most readers to-

day, remembering that the shortest distance between twidsp@ a
straight line, will adopt the method shown in Fig. 2. Thisestainly an
improvement, yet the correct answer is really that indidate=ig. 3. A
measurement of the lines will show that there is a considersding
of length in this wall

The Garden Walls

The puzzle was to divide the cir-

cular eld into four equal parts by

three walls, each wall being of ex-

actly the same length. There are

two essential dif culties in this

problem. These are: (1) the thick-

ness of the walls, and (2) the con-

dition that these walls are three

in number. As to the rst point,

since we are told that the walls are brick walls, we clearlyntd ignore
their thickness, while we have to nd a solution that will edjy work,
whether the walls be of a thickness of one, two, three, or rhooks.

The second point requires a little more consideration. Hoewee to
distinguish between a wall and walls? A straight wall withany bend
in it, no matter how long, cannot ever become “walls,” if itnisither
broken nor intersected in any way. Also our circular eld Isarly en-
closed by one wall. But if it had happened to be a square or@giar
enclosure, would there be respectively four and three waltnly one
enclosing wall in each case? It is true that we speak of “the ¥ealls”

of a square building or garden, but this is only a conventiovesy of
saying “the four sides.” If you were speaking of the actuatkwork,
you would say, “I am going to enclose this square garden witlaih”
Angles clearly do not affect the question, for we may haveyaaay wall
just as well as a straight one, and the Great Wall of China isaa go
example of a wall with plenty of angles. Now, if you look at Drams
1, 2, and 3, you may be puzzled to declare whether there aracim e
case two or four new walls; but you cannot call them threeegsired
in our puzzle. The intersection either affects the questioih does not
affect it.
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If you tie two pieces of string rmly together, or splice thema nautical
manner, they become “one piece of string.” If you simply hetrh lie
across one another or overlap, they remain “two pieces ioigstrit is

all a question of joining and welding. It may similarly be tie¢hat if
two walls be built into one another—I might almost say, ifytle made
homogeneous—they become one wall, in which case Diagratysahd
3 might each be said to show one wall or two, if it be indicateat the
four ends only touch, and are not really built into, the ogtssular wall

The objection to Diagram 4 is that although it shows the theegiired
walls (assuming the ends are not built into the outer circwill), yet
it is only absolutely correct when we assume the walls to Imavéhnick-
ness. A brick has thickness, and therefore the fact throesawole
method out and renders it only approximately correct.

Diagram 5 shows, perhaps, the only correct and perfectlgfaatory
solution. It will be noticed that, in addition to the circulaall, there are
three new walls, which touch (and so enclose) but are natibid one
another. This solution may be adapted to any desired theskagwall,
and its correctness as to area and length of wall space is\sousb
that it is unnecessary to explain it. | will, however, jusy ghat the
semicircular piece of ground that each tenant gives to highbeur is
exactly equal to the semicircular piece that his neighbotesgto him,
while any section of wall space found in one garden is préciepeated
in all the others. Of course there is an in nite number of wayw/hich
this solution may be correctly varied.

Lady Belinda's Garden

All that Lady Belinda need do was

this: She should measure from A

to B, fold her tape in four and mark

off the point E, which is thus one

quarter of the side. Then, in the

same way, mark off the point F, one-fourth of the side AD Ndvghie
makes EG equal to AF, and GH equal to EF, then AH is the required
width for the path in order that the bed shall be exactly hadf area
of the garden. An exact numerical measurement can only Eensot
when the sum of the squares of the two sides is a square nuifithes,
if the garden measured 12 poles by 5 poles (where the squat2sad
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5, 144 and 25, sum to 169, the square of 13), then 12 added ¢35, |
13, would equal four, and a quarter of this, 1 pole, would keewidth
of the path.

The Tethered Goat

This problem is quite simple if

properly attacked. Let us suppose

the triangle ABC to represent our

half-acre eld, and the shaded

portion to be the quarter-acre over

which the goat will graze when

tethered to the corner C. Now,

as six equal equilateral triangles

placed together will form a regular hexagon, as shown, itvident
that the shaded pasture is just one-sixth of the complete @fra cir-
cle. Therefore all we require is the radius (CD) of a circletaonng
six quarter-acres or%lacres, which is equal to 9,408,960 square inches.
As we only want our answer “to the nearest inch,” it is sufrily exact
for our purpose if we assume that as 1 is to 3.1416, so is theadé
of a circle to its circumference. If, therefore, we divide st number
| gave by 3.1416, and extract the square root, we nd thatllji8hes,
or 48 yards 3 inches, is the required length of the tetherliortearest
inch.”

Papa's Puzzle

| have found that a large num-
ber of people imagine that the fol-
lowing is a correct solution of the
problem. Using the letters in the
diagram below, they argue that if
you make the distance BA one-
third of BC, and therefore the area
of the rectangle ABE equal to that
of the triangular remainder, the
card must hang with the long side horizontal. Readers willemimer
the jest of Charles Il., who induced the Royal Society to medtdis-
cuss the reason why the water in a vessel will not rise if yauaglive
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sh in it; but in the middle of the proceedings one of the ledsttin-

guished among them quietly slipped out and made the expetjnveen
he found that the water did rise! If my correspondents hadlaiiy

made the experiment with a piece of cardboard, they woulé fawnd
at once their error. Area is one thing, but gravitation istg@inother.
The fact of that triangle sticking its leg out to D has to be pemsated
for by additional area in the rectangle. As a matter of faug, tatio
of BA to AC is as 1 is to the square root of 3, which latter canbet
given in an exact numerical measure, but is approximat&$2L. Now
let us look at the correct general solution. There are manyswéar-

riving at the desired result, but the one | give is, | thinke gimplest for
beginners.

Fix your card on a piece of paper and draw the equilateraldie&BCF,

BF and CF being equal to BC. Also mark off the point G so that DG
shall equal DC. Draw the line CG and produce it until it cuts the BF

in H. If we now make HA parallel to BE, then A is the point from whi
our cut must be made to the corner D, as indicated by the dinte=d

A curious point in connection with this problem is the facattithe po-
sition of the point A is independent of the side CD. The reasoriHis
is more obvious in the solution | have given than in any othethod
that | have seen, and (although the problem may be solvedaNithe
working on the cardboard) that is partly why | have prefeiitedt will
be seen at once that however much you may reduce the widtke oatid
by bringing E nearer to B and D nearer to C, the line CG, being the d
agonal of a square, will always lie in the same direction,\ailiccut BF
in H. Finally, if you wish to get an approximate measure fe distance
BA, all you have to do is to multiply the length of the card by ttheci-
mal .366. Thus, if the card were 7 inches long, we get366= 2:562,
or a little more than 2%z inches, for the distance from B to A.

But the real joke of the puzzle is this: We have seen that theipoof

the point A is independent of the width of the card, and depamtirely
on the length. Now, in the illustration it will be found thavth cards
have the same length; consequently all the little maid hatbtwas to
lay the clipped card on top of the other one and mark off thatpiat

precisely the same distance from the top left-hand cornerlager all,
Pappus' puzzle, as he presented it to his little maid, wae gun infantile
problem, when he was able to show her how to perform the feabwi
rst introducing her to the elements of statics and geometry
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How To Make Cisterns

Here is a general formula for solv-
ing this problem. Call the two

sides of the rectangle a and b.
Then

a+b pa2+ b2 ab

6

equals the side of the little square

pieces to cut away. The measure-

ments given were 8 ft. by 3 ft.,

and the above rule gives 8 in. as

the side of the square pieces that have to be cut away. Ofecduwl
not always come out exact, as in this case (on account of thetre
root), but you can get as near as you like with decimals.

The Cone Puzzle

The simple rule is that the cone must be cut at one-third @liigide.

Concerning Wheels

If you mark a point A on the cir-

cumference of a wheel that runs

on the surface of a level road, like

an ordinary cart-wheel, the curve

described by that point will be a

common cycloid, as in Fig. 1.

But if you mark a point B on the

circumference of the ange of a

locomotive-wheel, the curve will

be a curtate cycloid, as in Fig. 2,

terminating in nodes. Now, if we consider one of these nodésaps,
we shall see that “at any given moment” certain points at titeoln of
the loop must be moving in the opposite direction to the trAimthere
is an in nite number of such points on the ange's circumfece, there
must be an in nite number of these loops being describedenthig train
is in motion. In fact, at any given moment certain points o #mges
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are always moving in a direction opposite to that in which tifaén is
going.

The Barrel Puzzle

All that is necessary is to tilt the

barrel as in Fig. 1, and if the edge

of the surface of the water exactly

touches the lip a at the same time

that it touches the edge of the bot-

tom b, it will be just half full. To

be more exact, if the bottom is

an inch or so from the ground,

then we can allow for that, and

the thickness of the bottom, at the

top. If when the surface of the water reached the lip a it heehrto the
point c in Fig. 2, then it would be more than half full. If, askig. 3,
some portion of the bottom were visible and the level of theewgell

to the point d, then it would be less than half full.
This method applies to all symmetrically constructed vissse

The Barrels Of Honey

The only way in which the barrels could be equally divided amthe
three brothers, so that each should receive %iba?rrels of honey and
his 7 barrels, is as follows:—

Full Half-full Empty

A 3 1 3
B 2 3 2
c 2 3 2

There is one other way in which the division could be made ewer
not for the objection that all the brothers made to takingertban four

barrels of the same description. Except for this dif cultgey might

have given B his quantity in exactly the same way as A abowetlzen

have left C one full barrel, ve half-full barrels, and one pty barrel.

It will thus be seen that in any case two brothers would havedeive

their allowance in the same way.
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