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Preface

N ISSUING THIS VOLUME of my MathematicaPuzzlespf whichsome
have appearedn periodicalsand othersare given herefor the rst

time, | mustacknavledgethe encouragemerthat! have recevedfrom
mary unknavn correspondentsithomeandabroadwhohave expressed
adesireto have the problemsin a collectedform, with someof the so-
lutions given at greaterlengththanis possiblein magazinesand news-
papers.Thoughl have includeda few old puzzlesthat have interested
theworld for generationswherel felt thattherewassomethingnew to
be saidaboutthem,the problemsarein themainoriginal. It is truethat
someof thesehave becomewidely known throughthe press,andit is
possiblethatthereademaybegladto know their source.

On the questionof MathematicalPuzzlesin generalthereis, perhaps,
little moreto be saidthanl have written elsavhere. The history of the
subjectentailsnothing shortof the actualstory of the beginningsand
developmenbf exactthinkingin man. Thehistorianmuststartfrom the
timewhenman rst succeedeth countinghisten ngers andin dividing
anappleinto two approximatelyequalparts.Every puzzlethatis worthy
of consideratiorcanbe referredto mathematicgndlogic. Every man,
woman,andchild who triesto “reasonout” the answerto the simplest
puzzleis working, thoughnot of necessitconsciouslyon mathematical
lines. Eventhosepuzzlesthat we have no way of attackingexceptby
haphazardattemptscan be broughtundera methodof what hasbeen
called“glori ed trial” —a systemof shorteningour laboursby avoiding
or eliminatingwhatour reasortells usis uselesslt is, in fact,not easy
to saysometimesvherethe“empirical” beginsandwhereit ends.

Whenamansays,‘l have neversolvedapuzzlein my life,” it is dif cult

to know exactly whathe meansfor everyintelligentindividual is doing
it every day. The unfortunateinmatesof our lunatic asylumsare sent
there expresslybecausehey cannotsolve puzzles-becausthey have
lost their powers of reason. If therewere no puzzlesto solwe, there
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viii SELECTED PUZZLES

would benoquestiongo ask;andif therewereno questiondo beasled,
what a world it would be! We shouldall be equally omniscient,and
cornversationrwould beuselessaindidle.

It is possiblethatsomefew exceedinglysobermindedmathematicians,
who areimpatientof any terminologyin their favourite sciencebut the
academicandwho objectto the elusve x andy appearingunderary
othernameswill have wishedthatvariousproblemshadbeenpresented
in alesspopulardressandintroducedwith aless ippant phraseology
| canonly referthemto the rst word of my title andremindthemthat
we areprimarily outto beamused-notit is true, without somehopeof
picking up morselsof knowledgeby theway. If the manneris light, |
canonly say in thewordsof Touchstonethatit is “anill-f avouredthing,
sir, but my own; a poorhumourof mine,sir.”

As for the questionof dif culty , someof the puzzles,especiallyin the
ArithmeticalandAlgebraicalcateyory, arequiteeasy Yetsomeof those
exampleghatlook thesimplestshouldnotbe passeaverwithoutalittle
considerationfor now andagainit will befoundthatthereis somemore
or lesssubtlepitfall or trap into which the readermay be aptto fall. It
is goodexerciseto cultivatethe habitof beingvery wary over the exact
wordingof a puzzle.It teachegxactitudeandcaution.But someof the
problemsarevery hardnutsindeed,and not unworthy of the attention
of theadvancedmathematicianReadersvill doubtlesselectaccording
to theirindividual tastes.

In mary casesonly the mereanswersaregiven. This leavesthe begin-

ner somethingto do on his own behalfin working out the methodof

solution,and saves spacethat would be wastedfrom the point of view

of the adwvancedstudent. On the otherhand,in particularcasesvhere
it seemedikely to interest,| have givenratherextensie solutionsand
treatedproblemsin a generalmanner It will often be found that the

noteson oneproblemwill sene to elucidatea goodmary othersin the

book;sothatthereaders dif culties will sometimedefoundclearedup

asheadwancesWhereit is possibleto sayathingin amannerthatmay
be “understandeaf the people”generally | preferto usethis simple
phraseologyandso engagethe attentionandinterestof a larger public.

The mathematiciarwill in suchcaseshave no dif culty in expressing
thematterunderconsiderationn termsof his familiar symbols.

| have taken the greatestcarein readingthe proofs,andtrust thatany
errorsthat may have creptin arevery few. If ary suchshouldoccur |
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Preface iX

canonly plead,in the words of Horace,that “good Homersometimes
nods; or, asthe bishopput it, “Not even the youngestcuratein my
diocesas infallible”

| haveto expresany thanksin particularto the proprietorsof TheStrand
Magazine Cassells Magazine The Queen Tit-Bits, and The Weekly
Dispatd for their courtesyin allowing meto reprintsomeof thepuzzles
thathave appearedhn their pages.

THE AUTHORS'CLUB
March 25,1917
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Arithmetical And Algebraic
Problems

Money Puzzles

“Put notyour trustin money, but putyour money in trust”
Oliver WendellHolmes

ChineseMoney
TheChineseaareacuriouspeople,

andhave stranganvertedwaysof - o
doing things. It is saidthat they @ Q \
usea sav with an upward pres- y.

sureinsteadof a downward one, \'-m

that they plane a deal board by

pulling thetool towardtheminsteadof pushingit, andthatin building a
housethey rst constructthe roof and,having raisedthatinto position,
proceedo work dovnwards.In money the curreny of the countrycon-
sistsof taelsof uctuating value. The tael becamehinnerandthinner
until 2,0000f thempiled togethemadelessthanthreeinchesin height.
Thecommoncashconsistf brasscoinsof varyingthicknessesyith a
round,squarepr triangularholein the centre asin ourillustration.

Theseare strungon wires like buttons. Supposingthat eleven coins

with roundholesareworth fteen ching-changshatelevenwith square
holesare worth sixteenching-changsand that eleven with triangular
holesareworth seventeenching-changshow cana Chinamangive me

changeor half acrown, usingno coinsotherthanthethreementioned?
A ching-changs worth exactly twopenceandfour- fteenths of aching-

chang.
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Clock Puzzles

ChangingPlaces

The above clock faceindicatesa

little before 42 minutes past 4.

The handswill again point at ex-

actly the samespotsa little after
23 minutespast8. In fact, the
handswill have changedplaces.
How mary times do the hands
of a clock changeplacesbetween
threeo'clock p.m. andmidnight?
And out of all the pairs of times
indicatedby thesechangeswhat
is the exacttime whenthe minute
handwill be nearesto the point
IX?

The Club Clock

Oneof the big clocksin the Cog-
itators' Club wasfound the other
night to have stoppedjust when,
as will be seenin the illustra-
tion, the secondhand was ex-
actly midway betweenthe other
two hands. One of the members
proposedto someof his friends
thatthey shouldtell him the exact
time when (if the clock had not
stopped)the secondhandwould
next again have beenmidway be-
tweenthe minutehandandthehourhand.Canyou nd thecorrecttime
thatit would happen?

http://ADLab.info
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Arithmetical And AlgebraicProblems 3

The Stop Watch

We have herea stop-watch with

three hands. The secondhand,

which travelsonceroundtheface

in a minute, is the one with the

little ring atits endnearthe cen-

tre. Our dial indicatesthe ex-

act time whenits owner stopped

the watch. You will notice that
thethreehandsarenearlyequidis-

tant. The hourandminute hands

point to spotsthat are exactly a

third of the circumferenceapart,

but the secondhandis alittle too

adwanced. An exactequidistance

for thethreehandds notpossible.

Now, we wantto know whatthe

time will bewhenthethreehandsarenext at exactly the samedistances
asshavn from oneanother Canyou statethetime?

http://ADLab.info






Geometrical problems

DissectionPuzzles

“Take him andcut him outin little stars.
RomeamndJduliet, iii. 2.

Puzzleshave in nite variety, but perhapghereis no classmoreancient
thandissectioncutting-out,or superpositiorpuzzles. They were cer
tainly known to the Chineseseveralthousand/earsbeforethe Christian
era.And they arejustasfascinatingo-dayasthey canhave beenatary
period of their history It is supposedy thosewho have investigated
the matterthat the ancientChinesephilosophersisedthesepuzzlesas
a sortof kindegartenmethodof impartingthe principlesof geometry
Whetherthis wassoor not, it is certainthatall gooddissectiorpuzzles
(for thenurserytypeof jig-saw puzzle which merelyconsistsn cutting
up a pictureinto piecesto be put togetheragain, is not worthy of seri-
ousconsiderationgrereally basedon geometricalaws. This statement
neednot, however, frighten off the novice, for it meandittle morethan
this, that geometrywill give usthe “reasonwhy,” if we areinterested
in knowing it, thoughthe solutionsmay often be discoveredby ary in-
telligent personafter the exerciseof patience ngenuity andcommon
sagcity.

If we wantto cut oneplane gure into partsthat by readjustmentwill
form another gure, the rst thingisto nd a way of doingit at all,
andthento discover how to doit in the fewestpossiblepieces.Oftena
dissectiorproblemis quite easyapartfrom this limitation of pieces.At
thetime of the publicationin theWeeklyDispatd, in 1902,0f amethod
of cuttinganequilateraltriangleinto four partsthatwill form a square
(seeNo. 26, “Cantertury Puzzles”),no geometriciarwould have had

5



6 SELECTED PUzzLES

ary dif culty in doingwhatis requiredin ve pieces:the whole point
of thediscovery lay in performingthelittle featin four piecesonly.

Mere approximationsgn the caseof theseproblemsare valuelessithe
solutionmustbe geometricallyexact, or it is not a solutionat all. Fal-

laciesarecroppingup now andagain, andl shallhave occasiorto refer
to oneor two of these. They areinterestingmerely asfallacies. But
| wantto say somethingon two little pointsthat are alwaysarisingin

cutting-outpuzzles-thejuestionf “hangingby athread”and“turning

over” Thesepointscanbestbeillustratedby a puzzlethatis frequently
to befoundin theold books,but invariablywith afalsesolution.

The puzzleis to cut the gure

shawvn in Fig. 1 into threepieces

that will t togetherand form

a half-squaretriangle. The an-

swer that is invariably given is

that shovn in Figs. 1 and 2.

Now, it is claimedthat the four

piecesmarked C are really only

one piece,becausdhey may be so cut that they areleft “hangingto-
getherby a merethread. But no seriouspuzzlelover will ever admit
this. If the cutis madesoasto leave thefour piecegoinedin one,then
it cannotresultin a perfectlyexactsolution. If, on the otherhand,the
solutionis to be exact,thentherewill befour pieces-osix piecesn all.
It is, therefore nota solutionin threepieces.

If, however, the readerwill look

atthesolutionin Figs. 3 and4, he

will seethatno suchfault canbe

found with it. Thereis no ques-

tion whatever thattherearethree

pieces,andthe solutionis in this

respecijuite satishctory But an-

other questionarises. It will be

found on inspectionthat the piecemarked F, in Fig. 3, is turnedover

in Fig. 4—thatis to say a differentsidehasnecessarilyo be presented.
If the puzzlewere merelyto be cut out of cardboardor wood, there

might be no objectionto this reversal,but it is quite possiblethat the

materialwould not admit of beingreversed. Theremight be a pattern,
a polish,a differenceof texture, that preventsit. But it is generallyun-

derstoodthatin dissectionpuzzlesyou areallowedto turn piecesover

http://ADLab.info



GeometricaProblems 7

unlessit is distinctly statedthat you may not do so. And very oftena
puzzleis greatlyimproved by the addedcondition, “no piecemay be
turnedover” | have oftenmadepuzzlestoo, in which the diagramhas
a smallrepeatedattern,andthe pieceshave thensoto be cut thatnot
only is thereno turning over, but the patternhasto be matchedwhich
cannotbe doneif the piecesareturnedround,evenwith the properside
uppermost.

Beforepresentinga variedseriesof cutting-outpuzzlessomevery easy
andothersdif cult, | proposeo consideronefamily alone—thosg@rob-
lemsinvolving whatis knowvn asthe Greekcrosswith the square.This
will exhibit a greatvariety of curioustranspositionsand,by having the
solutionsaswe go along,thereademwill be savzedthetroubleof perpet-
ually turningto anothempartof thebook,andwill have everythingunder
his eye. It is hopedthatin this way the article may prove someavhat
instructive to the novice andinterestingo others.

GreekCrossPuzzles

“To fret thy soulwith crosses.
Spenser
“But, for my part,it wasGreekto me?”
Julius Ceesari. 2.

Many peopleare accustomedo

considerthe cross as a wholly

Christiansymbol. This is erro-

neous: it is of very greatantiq-

uity. The ancientEgyptiansem-

ployedit asa sacredsymbol,and

on Greeksculpturesve nd rep-

resentationof a cake (the sup-

posedreal origin of our hot cross

buns) bearinga cross. Two such

cakeswerediscoveredatHercula-

neum. Cecropsofferedto Jupiter Fig. 5.
Olympusasacrectake or bounof

this kind. The crossandball, sofrequentlyfound on Egyptian gures,
is acircle andthetaucross.Thecircle signi ed the eternalpreserer of

http://ADLab.info



8 SELECTED PUzzLES

theworld, andthe T, namedfrom the Greeklettertau,is the monogram
of Thoth,the EgyptianMercury, meaningvisdom. Thistaucrossis also
calledby Christiansthe crossof St. Anthory, andis borneon a badge
in thebishops palaceat Exeter As for the Greekor mundanecross the
crosswith four equalarms,we aretold by competenantiquarieghatit
wasregardedby ancientoccultistsfor thousandef yearsasasignof the
dualforcesof Nature—thenaleandfemalespirit of everythingthatwas
everlasting.

TheGreekcrossasshavn in Fig.

5, isformedby theassemblingdo-

getherof ve equalsquares.We

will start with what is known

as the Hindu problem, supposed

to be upwardsof threethousand

yearsold. It appearsan the seal

of Harvard College, andis often

givenin old works assymbolical

of mathematicascienceandexactitude.Cutthecrossinto ve pieceso

form asquare Figs. 6 and7 shav how thisis done.It wasnotuntil the
middle of the nineteenttlcenturythatwe found thatthe crossmight be
transformednto a squaren only four pieces.Figs. 8 and9 will shav

how to do it, if we furtherrequirethe four piecesto be all of the same
size and shape. This Fig. 9 is remarkablebecauseaccordingto Dr.

Le Plongeomandothers,asexpoundedn a work by Professolilson
of the Smithsoniarinstitute, herewe have the greatSwastika,or sign,
of “good luck to you” —themostancientsymbolof the humanraceof

whichthereis ary record.

Professor Wilson's work gives

some four hundred illustrations

of this curious sign as found in

the Aztec moundsof Mexico, the

pyramids of Egypt, the ruins of

Troy, andtheancientore of India

andChina.Onemight almostsay

thereis acuriousaf nity between

the Greekcrossand Swastika! If,

however, we requirethatthe four piecesshallbe producedoy only two
clipsof thescissorgassuminghepuzzleisin paperform), thenwe must
cutasin Fig. 10to form Fig. 11, the rst clip of thescissordeingfrom

http://ADLab.info



GeometricaProblems 9

ato b. Of coursefolding the paper or holdingthe piecestogetherafter
the rst cut, would notin this casebe allowed. But thereis anin nite

numberof differentwaysof makingthe cutsto solve the puzzlein four
pieces.To this point| proposeto return.

It will be seenthat every one
of thesepuzzleshasits reverse
puzzle—tocuta squardanto pieces
to form a Greekcross. But asa
squarehasnot so mary anglesas
the cross,it is not alwaysequally
easyto discover the true direc-
tions of the cuts. Yetin the case
of theexampleggiven,| will leave
thereaderto determingheir directionfor himself,asthey areratherob-
viousfrom thediagrams.

Cut a squareinto ve piecesthat

will form two separateGreek

crossef differentsizes Thisis

quite an easypuzzle. As will be

seenin Fig. 12, we have only

to divide our squareinto 25 lit-

tle squaresandthencutasshowvn.

ThecrossA is cutout entire,and

the piecesB, C, D, andE form thelarger crossin Fig. 13. Thereader
may herelike to cut the single piece,B, into four piecesall similarin
shapeo itself, andform a crosswith themin the mannershowvn in Fig.
13.1 hardlyneedgive the solution.

Cut a squareinto ve piecesthat

will form two separateGreek

crossef exactly the samesize

This is more dif cult. We male

the cutsasin Fig. 14, wherethe

crossA comesout entireandthe

otherfour piecedorm thecrossin

Fig. 15. Thedirectionof the cuts

is pretty obvious. It will be seenthatthe sidesof thesquaren Fig. 14
aremarked off into six equalparts. The sidesof the crossarefound by
ruling linesfrom certainof thesepointsto others.

http://ADLab.info



10 SELECTED PUzzLES

| will now explain, asl promised,why a Greekcrossmay be cutinto
four piecesin anin nite numberof differentwaysto make a square.
Draw across,asin Fig. 16. Thendrawv on transparenpaperthe square
shawvn in Fig. 17, taking carethat the distancec to d is exactly the
sameas the distancea to b in the cross. Now placethe transparent
paperover the crossandslide it aboutinto differentpositions,only be
very careful alwaysto keepthe squareat the sameangleto the cross
asshavn, whereab is parallelto ¢ d. If you placethe point ¢ exactly
over a the lines will indicatethe solution (Figs. 10 and 11). If you
placec in the very centreof the dottedsquarejt will give the solution
in Figs. 8 and9. You will now seethat by sliding the squareabout
so that the point c is always within the dottedsquareyou may get as
mary differentsolutionsasyou like; becausesinceanin nite number
of differentpointsmay theoreticallybe placedwithin this squarethere
mustbe anin nite humberof differentsolutions. But the point ¢ need
not necessarilype placedwithin thedottedsquarelt maybeplaced for
example,at point e to give a solutionin four pieces.Herethejoins ata
andf may be asslenderasyou like. Yetif you oncegetover the edge
ataor f you no longerhave a solutionin four pieces. This proof will
befoundbothentertainingandinstructie. If youdo nothapperto have
ary transparenpaperat hand,ary thin paperwill of coursedo if you
hold thetwo sheetsaagainsta paneof glassin thewindow.

It may have been noticed from
the solutionsof the puzzlesthat
| have given that the side of the
squareformed from the crossis
always equalto the distancea to
b in Fig. 16. This mustnecessar
ily beso,andl will presentlytry
to make the point quiteclear

We will nhow go one stepfurther.

| have alreadysaidthatthe ideal

solutionto a cutting-outpuzzleis alwaysthatwhich requireshe fewest
possiblepieces We have justseerthattwo crosse®f the samesizemay
becutoutof asquaren ve pieces.Thereademwho succeedeth solv-
ing this perhapsasked himself: “Canit be donein fewer pieces?"This
is just the sort of questionthat the true puzzlelover is always asking,
andit is theright attitudefor him to adopt.Theanswetto thequestions
thatthe puzzlemaybe solvedin four pieces—thdewestpossible.This,

http://ADLab.info



GeometricaProblems 11

then,is a new puzzle. Cut a squareinto four piecesthatwill form two
Greekcrosse®f the samesize.

The solutionis very beautiful. If

you divide by pointsthe sidesof

the squareinto threeequalparts,

the directionsof the linesin Fig.

18 will be quite obvious. If you

cutalongthesdines,thepiecesA

andB will form the crossin Fig.

19 andthepiecesC andD thesimilarcrossin Fig. 20. In thissquareve
have anotherform of Swastika.

Thereademwill hereappreciatehetruth of my remarkto the effect that
it is easietto nd thedirectionsof thecutswhentransforminga crossto
asquarghanwhencorvertinga squaranto across.Thus,in Figs. 6, 8,
andl10thedirectionsof thecutsaremoreohviousthanin Fig. 14, where
we had rst to divide the sidesof the squaranto six equalparts,andin
Fig. 18, wherewe divide theminto threeequalparts. Then,supposing
you wererequiredto cuttwo equalGreekcrosseseachinto two pieces,
to form a square a glanceat Figs. 19 and20 will shov how absurdly
moreeasythis is thanthe reversepuzzleof cuttingthe squareto make
two crosses.

Referringto my remarkson “fallacies, | will now give a little exam-
ple of these‘solutions” thatarenot solutions.Someyearsagoa young
correspondensentme what he evidently thoughtwas a brilliant new
discovery—thetransformingof a squaranto a Greekcrossin four pieces
by cutsall parallelto the sidesof the square.l give his attemptin Figs.
21 and22,whereit will beseenthatthefour piecesdo notform asym-
metrical Greekcross,becausdhe four armsare not really squaresout
oblongs.To make it atrue Greekcrosswe shouldrequirethe additions
thatl have indicatedwith dottedlines. Of coursehis solutionproduces
across,but it is notthe symmetricalGreekvariety requiredby the con-
ditions of the puzzle. My youngfriend thoughthis attemptwas “near
enough”to be correct;but if he boughta penry applewith a sixpence
he probablywould not have thoughtit “near enough”if he hadbeen
givenonly fourpencechange As thereaderadvanceshewill realizethe
importanceof this questionof exactitude.

http://ADLab.info



12 SELECTED PUzzLES

In thesecutting-outpuzzlesit is

necessarynot only to get the di-

rectionsof thecuttinglinesascor

rectaspossible but to remember

thattheselines have no width. If

aftercuttingup oneof thecrosses

in a mannerlindicatedin thesear

ticlesyou nd thatthe piecesdo

not exactly t to form a square,

you may be certainthatthefaultis entirelyyour own. Eitheryour cross
was not exactly drawvn, or your cutswere not madequite in the right

directions,or (if you usedwood anda fret—sav) your sav wasnot suf-

ciently ne. If you cut out the puzzlesin paperwith scissorsor in

cardboardvith a penknife,no materialis lost; but with a sawv, however
ne, thereis a certainloss. In the caseof mostpuzzleghis slightlossis

not sufcient to beappreciableif the puzzleis cutoutonalargescale,
but therehave beeninstancesvherel have foundit desirableo drav and
cut out eachpartseparately—ndrom onediagram—inorderto produce
aperfectresult.

Now for anotherpuzzle. If you

have cut out the ve piecesindi-

catedin Fig. 14,youwill nd that

thesecanbe puttogethersoasto

form the curiouscrossshavn in

Fig. 23. Soif | askedyou to cut

Fig. 24into vepiecedo form ei-

thera squareor two equalGreek

crosses/ou would know how to doit. You would malke the cutsasin
Fig. 23,andplacethemtogetherasin Figs. 14and15. But| wantsome-
thing betterthanthat, andit is this. Cut Fig. 24 into only four pieces
thatwill t togetherandform asquare.

The solution to the puzzle is
shavnin Figs.25and26. Thedi-
rectionof the cut dividing A and
C in the rst diagramis very ob-
vious,andthesecondcutis made
at right anglesto it. That the
four piecesshouldt togetherand
form a squarewill surprisethe

http://ADLab.info



GeometricaProblems 13

novice, who will do well to studythe puzzlewith somecare,asit is
mostinstructie.

| will now explainthebeautifulrule by whichwe determinghesizeof a

squarghatshallhave thesameareaasa Greekcrossfor it is applicable,
andnecessarnyo the solutionof almostevery dissectiorpuzzlethatwe

meetwith. It was rst discoreredby the philosophePythagoraswho

died500B.C., andis the 47th propositionof Euclid. Theyoungreader
who knows nothingof the elementsof geometrywill get someideaof

the fascinatingcharacteiof thatscience.The triangle ABC in Fig. 27

is whatwe call aright-angledtriangle, becausehe side BC is at right

anglesto theside AB. Now if we build up a squareon eachsideof the

triangle, the squareson AB and BC will togetherbe exactly equalto

the squareon thelong side AC, which we call the hypotenuseThisis

proved in the casel have given by subdviding the threesquaresnto

cellsof equaldimensions.

It will be seenthat9 addedto 16

equals25, the numberof cellsin

thelarge square.lf you make tri-

angleswith the sides5, 12 and

13, or with 8, 15and17, you will

get similar arithmetical proofs,

for theseare all “rational” right-

angledtriangles, but the law is

equally true for all cases. Supposingwe cut off the lower arm of a
Greekcrossandplaceit to theleft of theupperarm,asin Fig. 28, then
the squareon EF addedto the squareon DE exactly equalsa squareon
DF. Thereforewe know thatthesquareof DF will containthesamearea
asthecross.Thisfactwe have provedpracticallyby the solutionsof the
earlierpuzzlesof this series But whateverlengthwe give to DE andEF,
we cannever give the exactlengthof DF in numbers becausehe tri-
angleis nota“rational’ one. But the law is nonethelessgeometrically
true.
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Now look atFig. 29,andyou will

seean elegantmethodfor cutting

a piece of wood of the shapeof

two squares(of ary relatve di-

mensions)into three piecesthat

will t togetherandform asingle

square. If you mark off the dis-

tanceab equalto the sidecd the

directionsof the cutsare very evident. From what we have just been
consideringyou will atonceseewhy bc mustbethelengthof theside
of the new square. Make the experimentas often asyou like, taking
differentrelative proportionsfor the two squaresandyou will nd the
rule alwayscometrue. If you make thetwo square®f exactly thesame
size,youwill seethatthediagonalof arny squares alwaysthe sideof a
squarethatis twice the size. All this, which is so simplethatanybody
canunderstandt, is very essentiato the solvingof cutting-outpuzzles.
It is in factthe key to mostof them. And it is all so beautifulthatit

seemsa pity thatit shouldnot befamiliarto everybody

We will now go one step fur-

theranddealwith thehalf-square.

Take a squareand cut it in half

diagonally Now try to discover

how to cut this triangle into four

pieces that will form a Greek

cross. The solutionis showvn in

Figs. 31 and32. In this caseit

will beseenthatwe divide two of

thesidesof thetriangleinto threeequalpartsandthelong sideinto four
equalparts. Thenthe directionof the cutswill be easilyfound. It is a
pretty puzzle,anda little moredif cult thansomeof the othersthat |

have given. It shouldbe notedagain thatit would have beenmucheas-
ier to locatethe cutsin thereversepuzzleof cuttingthe crossto form a
half-squardriangle.
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Another ideal that the puzzle

maler alwayskeepsin mind is to

contrive that there shall, if pos-

sible, be only one correct solu-

tion. Thus,in the caseof the rst

puzzle,if we only requirethata

Greekcrossshallbe cut into four

piecesto form a square thereis,

asl have shavn, anin nite num-

ber of differentsolutions.It makesa betterpuzzleto addthe condition
thatall the four piecesshall be of the samesize and shape becauset
canthenbesolvedin only oneway, asin Figs. 8 and9. In thisway, too,
apuzzlethatis too easyto be interestingmay beimproved by suchan
addition. Let ustake anexample.We have seenin Fig. 28 thatFig. 33
canbecutinto two piecego form a Greekcross.l supposanintelligent
child would do it in  ve minutes. But supposewe saythatthe puzzle
hasto besolvedwith a pieceof woodthathasa badknotin the position
shavn in Fig. 33—aknot thatwe mustnot attemptto cut through—then
asolutionin two piecess barredout, andit becomes moreinteresting
puzzleto solwe it in threepieces.|l have shavn in Figs. 33 and34 one
way of doing this, andit will be found entertainingto discover other
waysof doingit. Of coursel could barout all theseotherwaysby in-
troducingmoreknots,andsoreducethe puzzleto a singlesolution,but
it would thenbe overloadedwith conditions.

And this bringsus to anotherpointin seekingthe ideal. Do not over-
load your conditions,or you will make your puzzletoo comple to be
interesting.The simplerthe conditionsof a puzzleare,the better The
solutionmay beascomple anddif cult asyoulike, or ashappensbut
the conditionsoughtto be easilyunderstoodpr peoplewill notattempt
asolution.

If thereademwerenow asled“to cuta half-squaranto asfew piecesas
possibleto form a Greekcross, he would probablyproduceour solu-
tion, Figs. 31-32,andcon dently claim that he had solved the puzzle
correctly In this way he would be wrong, becauset is not now stated
thatthe squares to be divided diagonally Althoughwe shouldalways
obsenre the exactconditionsof a puzzlewe mustnotreadinto it condi-
tionsthatarenotthere.Many puzzlesarebasecentirelyonthetendeng

thatpeoplehave to dorthis.
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Thevery rst essentialn solvinga puzzleis to be surethatyou under
standthe exact conditions. Now, if you divided your squarein half so
asto produceFig. 35it is possibleto cutit into asfew asthreepiecesto
form a Greekcross.We thussave a piece.

| give anotherpuzzlein Fig. 36.
Thedottedlinesareaddedmerely
to shav the correct proportions
of the gure—a squareof 25 cells
with thefour cornercells cut out.
The puzzleis to cut this gure
into ve piecesthat will form a
Greekcross(entire)anda square.

Thesolutionto the rst of thetwo

puzzleslast given—tocut a rectangleof the shapeof a half-squaranto
threepiecesthatwill form a Greekcross—isshovn in Figs. 37 and 38.
It will be seenthatwe divide the long sidesof the oblonginto six equal
partsandthe shortsidesinto threeequalparts,in orderto getthe points
thatwill indicatethe directionof the cuts. The readershouldcompare
this solutionwith someof the previous illustrations. He will see,for
example,thatif we continuethe cut thatdividesB andC in the cross,
we getFig. 15.

The otherpuzzle,like the oneil-

lustratedin Figs. 12 and 13, will

shav how useful a little arith-

metic may sometimesprove to

be in the solution of dissection

puzzles. There are twenty-one

of those little squarecells into

which our gure is subdvided,

from which we have to form both

asquareanda Greekcross.Now, asthecrossis built upof vesquares,
and>5 from 21 leaves16—asquarenumberwe oughteasilyto be led to
the solutionshawvn in Fig. 39. It will be seenthatthe crossis cut out
entire,while thefour remainingpiecesform the squaren Fig. 40.
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Of coursea half-squarerectangle

is the sameas a double square,

or two equal squaresjoined to-

gether Therefore,if you want

to solwe the puzzle of cutting a

Greek crossinto four piecesto

form two separatesquaref the

samesize,all youhaveto doisto

continuethe shortcut in Fig. 38 right acrossthe cross,andyou will
have four piecesof the samesizeand shape.Now divide Fig. 37 into
two equalsquaredy a horizontalcut midway andyou will seethefour
piecesforming thetwo squares.

Cut a Greek cross into ve

pieceghatwill form two separate

squarespne of which shall con-

tain half the areaof one of the

armsof the cross. In further il-

lustrationof what | have already

written, if the two squaresof the

samesizeA BCDandB CF

E, in Fig. 41, arecutin the man-

ner indicatedby the dottedlines,

thefour pieceswill form thelarge

squaréA G E C. WethusseethatthediagonalA Cisthesideof asquare
twice thesizeof A B C D. It is alsoclearthat half the diagonalof ary
squards equalto the sideof a squareof half thearea.Thereforejf the
large squarein the diagramis oneof the armsof your cross,the small
squards the sizeof oneof the squaresequiredin thepuzzle.

Thesolutionis shavn in Figs. 42

and43. It will be seenthat the

smallsquares cut out wholeand

the large squarecomposef the

four piecesB, C, D, and E. Af-

terwhat!l have written, thereader

will have no dif culty in seeing

that the squareA is half the size

of oneof thearmsof thecross pe-

causethelengthof the diagonalof theformeris clearlythe sameasthe
sideof thelatter Thethingis now self-evident. | have thustriedto shav
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that someof thesepuzzlesthat mary peopleareaptto regard asquite
wonderfulandbewildering, arereally notdif cult if only we usealittle
thoughtandjudgment.In conclusiorof this particularsubject will give
four Greekcrosspuzzleswith detachedolutions.

The Silk Patchwork

Thelady memberof the Wilkin-

son family had made a sim-

ple patchwork quilt, as a small

Christmaspresent,all composed

of squarepiecesof the samesize,

as showvn in the illustration. It

only lackedthefour cornerpieces

to make it complete. Somebody

pointedoutto themthatif youun-

pickedthe Greekcrossin themid-

dle andthencutthestitchesalong

the darkjoins, the four piecesall

of the samesizeandshapewould t togetherandform a square.This
thereaderknows, from the solutionin Fig. 39, is quite easilydone.But
Geoge Wilkinson suddenlysuggestedio themthis poser He said,“In-
steadof picking out the crossentire,andforming the squarefrom four
equalpieces,canyou cut out a squareentireandfour equalpiecesthat
will form a perfectGreekcross?” The puzzleis, of course,now quite
easy

An EasyDissectionPuzzle

First, cut out a pieceof paperor
cardboardof the shapeshavn in
theillustration. It will be seenat
oncethatthe proportionsaresim-
ply thoseof a squareattachedo
half of anothersimilar squaredi-
videddiagonally Thepuzzleis to
cut it into four piecesall of pre-
ciselythesamesizeandshape.
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An EasySquare Puzzle

If you take a rectangularpiece
of cardboard,twice as long as
it is broad, and cut it in half
diagonally you will get two of
the piecesshawn in the illustra-
tion. The puzzleis with ve such
piecesof equal size to form a
square.Oneof the piecesmaybe
cutin two, but the othersmustbe usedintact.

The Bun Puzzle

The threecircles representhree

buns,andit is simply requiredto

shav how thesemay be equally

divided amongfour boys. The

bunsmustberegardedasof equal

thicknessthroughoutand of equalthicknessto eachother Of course,
they mustbe cut into asfew piecesas possible. To simplify it | will
statetherathersurprisingfactthatonly ve piecesarenecessaryfrom
which it will be seenthatoneboy getshis sharein two piecesandthe
otherthreereceve theirsin a single piece. | am awarethatthis state-
ment“givesaway” the puzzle,but it shouldnot destry its interestto
thosewho like to discover the “reasonwhy.”

The ChocolateSquares

Here is a slab of chocolate,in-
dentedat the dottedlines so that
the twenty squarescan be easily
separated. Make a copy of the
slab in paperor cardboardand
thentry to cutit into nine pieces
sothatthey will form four perfect
squaresall of exactly the same
size.
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DissectingA Mitr e

The gure thatis perpling the

carpenterin the illustration rep-

resentsa mitre. It will be seen

thatits proportionsarethoseof a

squarewith onequarterremoved.

The puzzleis to cut it into ve

piecesthat will t togetherand

form a perfectsquare.l shav an

attempt,publishedn America,to performthefeatin four piecespased
onwhatis known asthe“stepprinciple’ butit is afallagy.

We aretold rst to cut oft the piecesl and2 and packtheminto the
triangularspacemarkedoff by the dottedline, andsoform arectangle.

Sofar, sogood. Now, we aredi-

rectedto apply the old stepprin-

ciple, asshavn, and, by moving

down the piece4 one step,form

the requiredsquare. But, unfor-

tunately it does not producea

square:only anoblong. Call the

threelong sidesof the mitre 84

in. each. Then, before cutting

the steps,our rectanglein three

pieceswill be84 63. Thesteps

must be 105 in. in height and

12 in. in breadth. Therefore by

moving down a stepwe reduceby 12in. theside84 in. andincreaseby
10%in. theside63in. Henceour nal rectanglemustbe72in. 73%
in., which certainlyis not a square! The factis, the stepprinciple can
only be appliedto rectangleswith sidesof particularrelative lengths.
For example,if the shortersidein this casewere 61% (insteadof 63),
thenthestepmethodwould apply. For thestepswouldthenbe102/7in.
in heightand12in. in breadth.NotethatGl% 84=thesquareof 72. At
presenino solutionhasbeenfoundin four pieces,andl do not believe
onepossible.
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The Joiner's Problem

| have often had occasionto re-
mark on the practical utility of

puzzlesarisingoutof anapplica-
tion to the ordinaryaffairs of life

of the little tricks and“wrinkles”

thatwe learnwhile solvingrecre-
ationproblems.

The joiner, in the illustration,
wants to cut the piece of wood
into as few pieces as possible
to form a squaretable-top,with-

out ary wasteof material. How

shouldhegoto work? How mary

pieceswould yourequire?

Another Joiner's Problem

A joiner hadtwo piecesof wood
of the shapesandrelative propor
tions showvn 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 perfectlysquare
table-top. How should he have
doneit? Thereis no necessityto

give measurementdor if the smallerpiece(which is half a square)e
madea little too large or alittle too smallit will not affect the method

of solution.
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A Cutting-out Problem

Hereis a little cutting-outposer
| take a strip of paper measuring
ve inchesby oneinch, and, by
cuttingit into vepiecestheparts
t togetherandform a squareas
showvn in theillustration. Now, it is quite aninterestingpuzzleto dis-
cover how we cando thisin only four pieces.

Mrs. Hobson's Hearthrug

Mrs. Hobsons boy had an acci-

dentwhen playing with the re,

and burnt two of the cornersof

a pretty hearthrug.The damaged

cornershave beencutaway, andit

now hasthe appearancandpro-

portions shavn in my diagram.

How is Mrs. Hobsonto cut the

ruginto thefewestpossiblepieces

that will t togetherandform a

perfectlysquarerug? It will be seenthattherugis in the proportions
36 27 (it doesnot matterwhetherwe sayinchesor yards),andeach
piececut away measured .2 and6 ontheoutside
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The PentagonAnd The Square

| wonderhow mary of my read-

ers,amongsthosewho have not

givenary closeattentionto theel-

ementsof geometry could draw

a regular pentagon,or ve-sided

gure, if they suddenlyrequired

to do so. A regular hexagon,or

six-sided gure, is easyenough,

for everybodyknows thatall you

have to do is to describea circle

andthen,takingthe radiusasthe

length of one of the sides,mark

off the six points round the cir-

cumference But a pentagonis quite anothematter So,asmy puzzle
hasto do with the cutting up of a regular pentagonjt will perhapshe
well if 1 rst shav my lessexperiencedeadershow this gure is to be
correctlydravn. Describea circle anddrav thetwo linesH B andD G,
in thediagram throughthecentreatright anglesNow nd thepointA,
midway betweenC andB. Next placethe point of your compasseat A
andwith thedistanceA D describehearccuttingH B atE. Thenplace
the point of your compasseat D andwith the distanceD E describe
the arc cutting the circumferenceat F. Now, D F is oneof the sidesof
your pentagonandyou have simply to mark off the othersidesround
thecircle. Quite simplewhenyou know how, but otherwisesomeavhat
of aposer

Having formed your pentagonthe puzzleis to cut it into the fewest
possiblepieceshatwill t togetherandform a perfectsquare.
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The DissectedTriangle

A good puzzleis that which the
gentlemanin the illustration is
shawving to his friends. He has
simply cut out of paperan equi-
lateral triangle—thatis, a triangle
with all its threesidesof thesame
length. He proposeghatit shall
be cut into ve piecesin sucha
way thatthey will t togetherandform eithertwo or threesmallerequi-
lateraltriangles,usingall the materialin eachcase.Canyou discover

how the cutsshouldbemade? )
Remembethatwhenyouhave madeyour ve piecesyoumustbeable,

asdesiredo putthemtogetheito form eitherthesingleoriginaltriangle
or to form two trianglesor to form threetriangles—alequilateral.

The Table-top And Stools

| have frequently had occasion

to shawv that the published an-

swersto a greatmary of the old-

estand mostwidely known puz-

zles are either quite incorrector

capableof improvement. | pro-

poseto considerthe old poserof

the table-topandstoolsthat mostof my readershave probablyseenin

someform or anotheiin bookscompiledfor therecreatiorof childhood.
The story is told that an economicalandingeniousschoolmasteonce

wishedto corvertacirculartable-top for whichhehadnouse,into seats
for two oval stools,eachwith a hand-holein the centre. He instructed
the carpenterto make the cutsasin the illustration and thenjoin the
eight piecestogetherin the mannershavn. Soimpressedvashe with
theingenuityof his performancehat he setthe puzzleto his geometry
classasa little studyin dissection.But the remainderof the story has
never beenpublished,becausesoit is said, it wasa characteristiof
the principalsof academieshatthey would never admitthatthey could
err. | getmy informationfrom a descendaraf theoriginalboy who had
mostreasorto beinterestedn the matter
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The clever youth suggesteanodestlyto the masterthatthe hand-holes
were too big, andthat a small boy might perhapsfall throughthem.

He thereforeproposedanotherway of makingthe cutsthatwould get

over this objection. For his impertinencenereceved suchseverechas-
tisementthat he becamecorvincedthat the larger the hand-holen the

stoolsthemorecomfortablemightthey be.

The Great Monad

Hereis a symbol of tremendous

antiquity which is worthy of no-

tice. It is borne on the Ko-

rean ensign and merchant ag,

and hasbeenadoptedas a trade

signby theNorthernPaci ¢ Rail-

road Compaly, though probably

few areawarethatit is the Great

Monad, as shavn in the sketch

belov. This sign is to the Chi-

namanwhat the crossis to the

Christian. It is the sign of Deity

and eternity while the two parts

into which the circle is divided

arecalledtheYin andtheYan—the

male and femaleforcesof nature. A writer on the subjectmore than
threethousand/earsagois reportedo have saidin referencdo it: “The
illimitable produceghe greatextreme. The greatextremeproduceghe
two principles. Thetwo principlesproducethe four quartersandfrom
the four quarterswe develop the quadratureof the eight diagramsof
Feuh-hi: | hopereaderswill notaskmeto explain this, for | have not
the slightestideawhatit means.Yet| am persuadedhatfor agesthe
symbolhashadoccultandprobablymathematicameaningdor the es-

otericstudent. o
| will introducethe Monadin its elementaryform. Herearethreeeasy

guestiongespectinghis greatsymbol:—

(I.) Which hasthe greaterarea,the inner circle containingthe Yin and
theYan,or theouterring?

(11.) Divide the Yin andthe Yaninto four piecesof the samesize and
shapéeby onecut.
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(1) Divide theYin andthe Yaninto four piecesof the samesize, but
differentshapeby onestraightcut.

The Square Of Veneer

The following represents piece

of wood in my possession5 in.

square. By markingson the sur

faceit is dividedinto twenty- ve

squareinches. | want to dis-

cover a way of cutting this piece

of wood into the fewestpossible

piecesthat will t togetherand

form two perfectsquaresf differentsizesand of known dimensions.
But, unfortunatelyat every oneof the sixteenintersection®f the cross
linesa smallnail hasbeendrivenin at sometime or other andmy fret-
sav will beinjuredif it comesin contactwith ary of these. | have
thereforeto nd a methodof doing the work thatwill not necessitate
my cutting throughary of thosesixteenpoints. How is it to be done?
Rememberthe exactdimensionf thetwo squaresnustbegiven.

The Two Horseshoes

Why horseshoeshould 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 housesat the

WestEndof Londonhaveahorse-

shoeon the threshold. In Mon-

mouth Street there were seven-

teenin 1813 and seven so late as 1855. Even Lord Nelsonhad one
nailedto themastof theshipVictory. To-daywe nd it moreconducve
to “good luck” to seethatthey are securelynailed on the feet of the
horsewe areaboutto drive.

Neverthelessso far asthe horseshoelik e the Swastikaand otherem-
blemsthatl have hadoccasiomattimesto dealwith, hassenedto sym-
bolize health,prosperity andgoodwill towardsmen,we maywell treat

http://ADLab.info



GeometricaProblems 27

it with a certainamountof respectfuinterest.May therenot, morecwer,
be someesotericor lost mathematicainysteryconcealedn theform of
ahorseshoe?Phave beenookinginto this matter andl wishto drav my
readersattentionto thevery remarkabldactthatthe pair of horseshoes
shavnin my illustrationarerelatedin astrikingandbeautifulmanneito
thecircle, whichis thesymbolof eternity | presenthisfactin theform
of asimpleproblem,sothatit maybe seenhow subtlythis relationhas
beenconcealedor agesandages.My readerswill, | know, be pleased
whenthey nd thekey to themystery

Cutoutthetwo horseshoesarefullyroundthe outlineandthencutthem
into four piecesall differentin shapethatwill t togetherandform a
perfectcircle. Eachshoemustbe cutinto two piecesandall the partof
thehorses hoof containedwithin the outlineis to be usedandregarded
aspartof thearea.

The Cardboard Chain

Canyou cut this chain out of a

piece of cardboardwithout ary

join whatever? Every link is

solid; without its having been

split andafterwardsjoined at ary

place.lt is aninterestingold puzzlethatl learntasa child, but | have no
knowledgeasto its inventor

The Paper Box

It may beinterestingto introduce
here thoughit is notstrictly apuz-
zle,aningeniousnethodfor mak-
ing a paperbox.

Take a squareof stoutpaperand
by successiefoldingsmakeall the
creaseindicatedby thedottedines
in theillustration. Thencut avay
theeightlittle triangularpieceghat
are shaded,and cut throughthe
paperalong the dark lines. The
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secondillustration shavs the box

half foldedup, andthereademill

have no dif culty in effectingits

completion. Before folding up, the readermight cut out the circular
pieceindicatedin thediagram for a purposd will now explain.

This box will be found to sene

excellently for the productionof

vortex rings. Theserings, which

werediscussedby VonHelmholtz

in 1858,aremostinterestingand

the box (with the hole cut out)

will producethemto perfection. Fill the box with tobaccosmole by
blowing it gentlythroughthehole. Now, if you holdit horizontally and
softly tap the sidethatis oppositeto the hole, animmensenumberof
perfectrings canbe producedfrom one mouthful of smole. It is best
thatthereshouldbe no currentsof air in the room. Peopleoftendo not
realisethattheseringsareformedin theair whennosmoleis used.The
smole only makesthemvisible. Now, one of theserings, if properly
directedonits coursewill travel acrosgsheroomandputoutthe ame
of a candle,andthis featis muchmore striking if you canmanageo
doit withoutthe smole. Of coursewith alittle practice theringsmay
be blown from the mouth, but the box produceghemin muchgreater
perfection,andno skill whatever is required.Lord Kelvin propounded
thetheorythatmattermay consistof vortex ringsin a uid that lls all
spaceandby a developmentof the hypothesishe wasableto explain
chemicalcombination.

The Potato Puzzle

Take a circular slice of potato,
placeit on thetable,andseeinto
how largea numberof piecesyou
can divide it with six cuts of a
knife. Of courseyou must not
readjustthe piecesor pile them
after a cut. Whatis the greatest
numberof piecesyou canmake?
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The Seven Pigs

Here is a little puzzle that was
put to oneof the sonsof Erin the
otherday and perplexed him un-
duly, for it is really quite easy It
will be seenfrom the illustration
that he was shavn a sketchof a
squargpencontainingsevenpigs.
He was asled how he would in-
tersectthe penwith threestraight
fencesso asto encloseevery pig
in a separatesty. In otherwords,
all you have to do is to take your
pencil and, with threestraightstrokes acrossthe square,encloseeach

pig separatelyNothingcouldbe simpler
The Irishmancomplainedthat the pigs would not keepstill while he

wasputtingup thefences.He saidthatthey would all ock togetheyor
oneobstinatebeastwould go into a cornerand ock all by himself. It
waspointedoutto him thatfor the purpose®f the puzzlethe pigswere
stationary He answeredhatlrish pigsarenot stationery—thg arepork.
Beingpersuadedo make theattempthedrew threelines,oneof which
cut througha pig. Whenit was explainedthat this is not allowed, he
protestedhata pig wasno useuntil you cutits throat. “Begorra,if it's
baconye wantwithout cuttingyour pig, it will beall gammon’. We will

not do the Irishmanthe injustice of suggestinghat the miserablepun
wasintentional.However, hefailedto solve the puzzle.Canyoudoit?
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The Land Owner's Fences

The landavner in the illustration

is consultingwith his bailiff over

a rather puzzling little question.

He hasa large plan of oneof his

elds, in which there are eleven

trees. Now, he wantsto divide

the eld into just eleven enclo-

suresby meansof straightfences,

sothatevery enclosureshall con-

tain one tree as a shelterfor his

cattle. How is heto do it with as

few fencesaspossible?Take your

pencilanddraw straightlinesacrosghe eld until you have marked off
theelevenenclosuregandno more),andthenseehow mary fencesyou
require.Of coursethefencesmay crossoneanother

The Wizard's Cats

A wizard placedten catsinsidea
magiccircleasshavnin ourillus-
tration, and hypnotizedthem so
that they should remain station-
ary during his pleasure.He then
proposedo draw threecirclesin-
sidethe large one, so that no cat
could approachanothercat with-
outcrossingamagiccircle. Try to
draw the threecirclesso that ev-
ery cathasits own enclosureand
cannotreachanothercatwithout crossingaline.
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The Christmas Pudding

“Speaking of Christmas pud-
dings, said the host, as he
glancedat the imposingdelicay

attheotherendof thetable.”l am
remindedof the factthata friend
gave me a new puzzlethe other
day respectingone. Hereit is;

he added,diving into his breast
poclet.

“Problem: To nd the contents,
| supposé,saidthe Etonboy.

“No; theproof of thatis in theeating.l will readyou the conditions.
“Cut the puddinginto two parts, eachof exactly the samesize and

shapewithouttouchingary of theplums. Thepuddingis to beregarded
asa at disc,notasasphere.

“Why shouldyou regard a Christmaspuddingas a disc? And why
shouldary reasonablgersonever wish to make suchan accuratedi-
vision?” askedthecynic.

“It isjustapuzzle—groblemin dissectiori. All in turnhadalook atthe
puzzle,but nobodysucceedeth solvingit. It is alittle dif cult unless
you are acquaintedwith the principle involved in the making of such
puddings put easyenoughwhenyou know how it is done.
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Various Geometrical Puzzles

“So variousarethetasteof men’
MARK AKENSIDE

Drawing A Spiral

If you hold the pagehorizontally
andgive it a quick rotary motion
while looking at the centreof the
spiral, it will appearto revolve.
Perhapsa goodmary readersare
acquaintedvith this little optical
illusion. But the puzzleis to shav
how | wasableto draw this spiral
with so much exactitudewithout
usingarnything but a pair of com-
passesandthe sheetof paperon
which the diagramwasmade.How would you proceedn suchcircum-
stances?

St. GeorgeBanner

At a celebrationof the national
festval of St. Geoge's Day| was
contemplatinghefamiliarbanner
of the patronsaint of our coun-
try. We all know the red cross
on a white ground,shaovn in our
illustration. This is the banner
of St. Geoge. The bannerof
St. Andrew (Scotland)is a white
“St. Andren's Cross”on a blue
ground. Thatof St. Patrick (Ire-
land) is a similar crossin red on
a white ground. Thesethreeare
unitedin oneto form our Union Jack.

Now on looking at St. Geoge's bannerit occurredio me thatthe fol-
lowing questionwould make asimplebut prettylittle puzzle.Supposing
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the ag measures$our feetby threefeet,how wide mustthe armof the
crossbeif it is requiredthatthereshallbe usedjustthe samequantityof
redandof white bunting?

The Milkmaid Puzzle

Hereis alittle pastorapuzzlethat
the readermay, at rst sight, be
led into supposingis very pro-
found, involving deep calcula-
tions. He may even saythatit is
quite impossibleto give ary an-
swerunlessve aretold something
de nite asto the distances.And
yetit is really quite“childlik e and
bland”

In the cornerof a eld is seena

milkmaid milking a cow, andon

the otherside of the eld is the dairy wherethe extract hasto be de-
posited. But it hasbeennoticedthat the young womanalways goes
down to theriver with her pail beforereturningto the dairy. Herethe
suspiciouseademwill perhapsaskwhy shepaysthesevisitsto theriver.
| canonly replythatit is nobusines®f ours. Theallegedmilk is entirely
for local consumption.

“Whereareyou goingto, my prettymaid?”“Down to theriver, sir,” she
said. “I' Il not chooseyour dairy, my prettymaid” “Nobody axedyou,
sir,” shesaid.

If onehadary curiosityin the matter suchanindependenspirit would
entirely disarmone. So we will passfrom the point of commercial
morality to the subjectof thepuzzle.

Draw aline from the milking-stooldown to theriver andthenceto the
doorof thedairy, which shallindicatethe shortespossibleroutefor the
milkmaid. Thatis all. It is quite easyto indicatethe exact spoton the
bankof the river to which sheshoulddirect her stepsif shewantsas
shortawalk aspossible.Canyou nd thatspot?
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The Ball Problem

A stonemasorwas engagedthe

otherday in cutting out a round

ball for thepurposeof somearchi-

tecturaldecorationwhena smart

schoolbg cameuponthescene.

“Look here; said the mason,

“you seemto be a sharpyoung-

ster can you tell me this? If

| placed this ball on the level

ground,howv mary otherballs of

the samesize could | lay around

it (alsoontheground)sothatevery ball shouldtouchthis one?”
Theboy atoncegave thecorrectansweyrandthenputthislittle question
to themason:—

“If thesurfaceof thatball containedustasmary squardeetasits vol-

umecontaineccubicfeet,whatwould bethelengthof its diameter?”
The stonemasorould not give ananswer Couldyou have repliedcor-

rectly to themasons andtheboy's questions?

The Yorkshir e Estates

| was on a visit to one of the
large towns of Yorkshire. While
walking to the railway stationon
the day of my departurea man
thrust a hand-bill upon me, and
| took this into the railway car
riageandreadit at my leisure. It
informedme thatthreeYorkshire
neighbouringestateswere to be
offeredfor sale. Eachestatewas
squarein shape,andthey joined one anotherat their corners,just as
shawvn in the diagram.EstateA containsexactly 370acres,B contains

116acresandC 74 acres.
Now, the little triangularbit of land enclosedby the threesquarees-

tateswasnot offeredfor sale,and,for noreasonn particular | became
curiousasto theareaof thatpiece.How mary acresdid it contain?
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Farmer Wurzel's Estate

| will now presentanotherland

problem. The demonstratiorof

the answerthat | shall give will,

| think, be found both interesting

andeasyof comprehension.

Farmer Wurzel owned the three

square elds showvn in the an-

nexed plan, containing respec-

tively 18, 20, and26 acres.In or-

derto get a ring-fenceround his

propertyhe boughtthe four interveningtriangular elds. The puzzleis
to discover whatwasthenthewhole areaof his estate.

The CrescentPuzzle

Hereis an easygeometricapuz-
zle. The crescentis formed by
two circles, and C is the centre
of thelarger circle. The width of
the crescentetweenB andD is
9 inches,andbetweenE andF 5
inches.Whatarethe diametersof
thetwo circles?

The PuzzleWall

There was a small lake, around

which four poor men built their

cottages. Four rich men after

wards built their mansions, as

shawvn in theillustration,andthey

wishedto have the lake to them-

selves,sothey instructedabuilder

to put up the shortestpossible

wall thatwould excludethe cottagersbut give themselesfreeaccesso
thelake. How wasthewall to be built?
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The Garden Walls

A speculatre countrybuilder has

a circular eld, on which he has

erectedfour cottages,as shavn

in the illustration. The eld is

surroundedby a brick wall, and

the owner undertookto put up

threeotherbrick walls, sothatthe

neighboursshould not be over

looked by eachother but the four

tenantsinsist that there shall be

nofavouritism,andthateachshall

have exactly the samelength of

wall spacefor hiswall fruit trees.

Thepuzzleis to shav how thethreewalls maybebuilt sothateachten-
antshallhave the sameareaof ground,andpreciselythe samedengthof
wall.

Of course,eachgardenmustbe entirely enclosedby its walls, and it
mustbe possibleto prove thateachgardenhasexactly the samelength
of wall. If thepuzzleis properlysolvedno gures arenecessary

Lady Belinda's Garden

Lady Belinda is an enthusiastic

gardenerIn theillustrationsheis

depictedn theactof worryingout

a pleasantittle problemwhich |

will relate. One of her gardens

is oblongin shapegenclosedy a

high holly hedge andsheis turn-

ing it into arosaryfor the cultiva-

tion of someof herchoicestoses.

Shewantsto devote exactly half

of the areaof the gardento the

0 wers,in onelarge bed,andthe

otherhalf to be a pathgoing all roundit of equalbreadththroughout.
Suchagardenis shavn in the diagramat thefoot of the picture.How is
sheto markoutthe gardenunderthesesimpleconditions?Shehasonly
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atape,thelengthof thegardeno doit with, and,asthe holly hedgeis
sothick anddense shemustmale all her measurementsiside. Lady
Belindadid notknow the exactdimensionf thegarden,and,asit was
not necessaryor herto know, | alsogive no dimensions.It is quite a
simpletaskno matterwhatthesizeor proportionsof thegardenmaybe.
Yet how mary lady gardenersvould know just how to proceed?The
tapemaybe quite plain-thatis, it neednot be a graduatedneasure.

The Tethered Goat

Hereis alittle problemthatevery-
body shouldknow how to solwe.
The goatis placedin a half-acre
meadav, thatis in shapean equi-
lateral triangle. It is tetheredto
a postat one cornerof the eld.

What shouldbe the length of the
tether(to the nearesinch) in or-

der that the goatshall be ableto
eatjust half thegrassin the eld?

It is assumedthat the goat can
feedto theendof thetether

Papa's Puzzle

Hereis a puzzleby Pappus,who
lived at Alexandriaaboutthe end
of the third century It is the fth
propositionin the eighthbook of
his MathematicalCollections |
giveit in theform thatl presented
it someyearsago underthe title
“Papas Puzzle, just to seehow
mary readersvould discover that
it was by Pappushimself. “The
little maid's papahastaken two
different-sizedrectangulampieces
of cardboardandhasclipped off
a triangularpiecefrom oneof them,sothatwhenit is suspendetby a
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threadfrom the point A it hangswith thelong sideperfectlyhorizontal,
asshavn in theillustration. He hasperplexedthe child by askingherto
nd thepointA ontheothercard,soasto produceasimilarresultwhen
cutandsuspendetdy athread. Of coursethe pointmustnot befound
by trial clippings. A curiousandpretty pointis involvedin this setting
of thepuzzle.Canthereaderdiscover it?

How To Make Cisterns

Our friend in the illustration has

a large sheetof zinc, measuring

(beforecutting)eightfeetby three

feet, and he has cut out square

pieces(all of the samesize)from

the four cornersand now pro-

posesto fold up the sides,solder

theedgesandmake acistern.But

the point thatpuzzleshim is this:

Hashecutoutthosesquarepieces

of thecorrectsizein orderthatthe
cisternmayholdthegreatespossiblequantityof water?You see jf you
cutthemvery smallyou getavery shallov cistern;if youcutthemlarge
you geta tall andslenderone. It is all a questionof nding a way of
cutting put thesefour squarepiecesexactly theright size. How arewe
to avoid makingthemtoo smallor too large?

The ConePuzzle

| have a woodencone,as shavn
in Fig. 1. How aml to cutout of
it the greatestpossiblecylinder?
It will be seenthat| can cut out
onethatis long andslender like
Fig. 2, or shortandthick, like Fig.
3. But neitheris thelargestpossi-
ble. A child couldtell youwhere
to cut,if heknew therule. Canyou nd this simplerule?
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Conceming Wheels

Therearesomecuriousfactscon-
cerningthe movementsf wheels
thatareaptto perple the novice.
For example: when a railway
trainis travelling from Londonto
Crewe certain parts of the train
at ary given moment are actu-
ally moving from Crewe towards
London. Canyou indicatethose
parts? It seemsabsurdthat parts
of the sametrain canat ary time
travel in oppositedirections, but
suchis thecase.

In the accompaping illustration
we have two wheels. The lower
oneis supposedo be x ed and

the upperone running roundit in the direction of the arrons. Now,
how mary timesdoesthe upperwheelturn onits own axisin makinga
completerevolution of the otherwheel?Do notbein a hurry with your
answey or you are almostcertainto be wrong. Experimentwith two
penniesonthetableandthe correctanswemwill surpriseyou, whenyou

succeedn seeingt.
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Measuring, Weighting, and
Packaging Problems

“Measurestill for measuré.
Measue for Measueg, v. 1.

Apparentlythe rst printed puzzleinvolving the measuringof a given
guantityof liquid by pouringfrom onevesselo othersof known capac-
ity wasthatpropoundedby NiccolaFontanapetterknown as“Tartaglia”
(the stammerer)1500-1559.1t consistan dividing 24 oz. of valuable
balsaminto threeequalparts,theonly measuresvailablebeingvessels
holding5, 11,and13 ouncegespectiely. Therearemary differentso-
lutionsto this puzzlein six manipulationspr pouringsfrom onevessel
to another Bachetde Méziriac reprintedthis and other of Tartaglias
puzzlesn his Problemegplaisansetdélectableg1612).1t is thegeneral
opinionthatpuzzlesof this classcanonly be solvedby trial, but | think
formulaecanbe constructedor the solutiongenerallyof certainrelated
caseslt is apracticallyunexplored eld for investigation.

The classicweighing problemis, of course,that proposedby Bachet.
It entailsthe determinatiornof the leastnumberof weightsthat would
sene to weigh ary integral numberof poundsfrom 1 Ib. to 40 Ibs.
inclusive, whenwe areallowedto putaweightin eitherof thetwo pans.
Theansweris 1, 3,9, and27 Ibs. Tartagliahadpreviously propounded
the samepuzzlewith the conditionthatthe weightsmay only be placed
in one pan. The answerin that caseis 1, 2, 4, 8, 16, 32 Ibs. Major
MacMahonhassolvedthe problemquite generally A full accountwill
befoundin Ball's MathematicaReceations(5th edition).

Packingpuzzles,jn which we arerequiredto packa maximumnumber
of articlesof given dimensiondgnto a box of known dimensionsare, |
believe, of quiterecentintroduction.At leastl cannotrecallany example
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in the booksof the old writers. Onewould ratherexpectto nd in the
toy shopsheideapresentedisa mechanicapuzzle,but | donotthink |
have ever seensuchathing. Thenearestapproacto it would appeato
bethepuzzlesof thejig-sav characterwherethereis only onedepthof
the piecesto beadjusted.

The Barrel Puzzle

The men in the illustration are

disputingover the liquid contents

of a barrel. What the particular

liquid is it isimpossibleto say for

we areunableto look into thebar

rel; sowe will call it water One

man saysthat the barrelis more

thanhalf full, while the otherin-

siststhatit is not half full. What

is their easiestvay of settlingthe

point? It is not necessaryo use

stick, string, or implementof ary

kind for measuring. | give this

merely as one of the simplestpossibleexamplesof the value of ordi-
nary sagacity in the solving of puzzles.Whatareapparentlyery dif -
cult problemsmayfrequentlybe solvedin asimilarly easymannerif we
only useallittle commonsense.

The BarrelsOf Honey

Once upon a time therewas an
aged merchantof Bagdadwho
was much respectedby all who
knew him. He hadthreesons,and
it was a rule of his life to treat
themall exactly alike. Wheneer
onereceved a presentthe other
two wereeachgivenoneof equal
value. Oneday this worthy man
fell sickanddied,bequeathingll
his possession$o his threesons
in equalshares.
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Theonly dif culty thatarosewasover the stockof hone. Therewere
exactly twenty-onebarrels. The old manhad left instructionsthat not
only shouldevery sonreceve an equalquantity of honey, but should
receve exactly the samenumberof barrels,andthat no hong/ should
be transferredrom barrelto barrelon accountof the wasteinvolved.
Now, asseven of thesebarrelswerefull of honey, sevenwerehalf-full,
and seven were empty this wasfound to be quite a puzzle,especially
aseachbrotherobjectedto taking morethanfour barrelsof, the same
description-full,half-full, or empty Canyou shav how they succeeded
in makinga correctdivision of the property?
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ChineseMoney

As a ching-changis worth twopenceand four- fteenths of a ching-
chang,the remainingeleven- fteenthsof a ching-changnustbe worth
twopence. Thereforeeleven ching-changsare worth exactly thirty
pence,or half a crovn. Now, the exchangemustbe madewith seven
round-holectoinsandonesquare-holedoin. Thusit will beseerthat7
round-holedcoinsareworth seven-eleenthsof 15 ching-changsand1
square-holedoinis worth one-ele@enthof 16 ching-changs—thas, 77
roundsequall05 ching-chang&nd 11 squaresquall6 ching-changs.
Therefore77 roundsaddedto 11 squaresequal121 ching-changspr
7 roundsand 1 squareequalll ching-changsor its equialent, half a
crown. Thisis moresimplein practicethanit lookshere.

Changing Places

Therearethirty-six pairsof timeswhenthe handsexactly changeplaces
betweenthreep.m. andmidnight. The numberof pairsof timesfrom
ary hour(n) to midnightis thesumof 12 (n+ 1) naturalnumberslin
thecaseof thepuzzlen= 3;thereforel2- (3+1)=8and1l+2+3+4

+5+ 6+ 7+ 8=36,therequiredanswer
The rst pair of timesis 3 hr. 2157/143min. and4 hr. 16112/143min.,

andthelastpairis 10 hr. 5983/143min. and11 hr. 54138/143min. |
will notgive all theremaindeiof thethirty-six pairsof times,but supply
aformulaby which ary of the sixty—ix pairsthatoccurfrom middayto
midnightmaybeat oncefound:—

7200+ 608 i 7208+ 600 i
ahr 143 min. andb hr. 143 Min.

For the letter a may be substitutedary hour from 0O, 1, 2, 3 up to 10
(wherenoughtstandgor 12 o'clock midday);andb mayrepresenary
hour, laterthana,upto 11.
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By the aid of this formulathereis no dif culty in discoveringthe an-
swerto the secondquestion:a= 8 andb = 11 will give the pair 8 hr.
58106/143min. and11 hr. 44128/143min., the latter beingthe time
whenthe minutehandis nearesbf all to the point IX—in fact,it is only
15/1430f a minutedistant.

Readersnay nd it instructive to make atableof all the sixty-six pairs
of timeswhenthe handsof a clock changeplaces. An easyway is as
follows: Make a columnfor the rst timesanda secondcolumnfor
the secondimesof the pairs. By makinga= 0 andb = 1 in theabove
expressionsve nd the rst caseandenterhr. 55/143min. atthehead
of the rst column,and1 hr. 060/143min. at the headof the second
column. Now, by successiely adding55/143min. in the rst, and1
hr. 060/143min. in the secondcolumn,we getall the eleven pairsin
whichthe rst timeis acertainnumberof minutesafternought,or mid-
day Thenthereis a"jump" in thetimes,but you can nd the next pair
by makinga= 1 andb = 2, andthenby successiely addingthesetwo
timesasbeforeyouwill getall thetenpairsafterl o'clock. Thenthereis
anotherjump,” andyouwill beableto getby additionall theninepairs
after2 o'clock. And soonto theend.| will leave readerdo investicate
for themselesthe natureand causeof the "jumps." In this way we get
underthesuccessie hours,11+10+9+8+7+6+5+4+3+2+
1 = 66 pairsof times,which resultagreeswith the formulain the rst
paragraplof this article.

Sometime agothe principal of a Civil ServiceTraining College, who
conductsa “Civil ServiceColumn”in one of the periodicals,hadthe
gueryaddressedtb him, “How soonafter Xl o'clock will aclock with

both handsof the samelength be ambiguous?”His rst answerwas,
“Sometime pastoneo'clock,” but he variedthe answerfrom issueto

issue. At lengthsomeof his readerscorvincedhim thatthe answeris,

“At 55/143min. pastXIl;” andthis he nally gave ascorrect,together
with the reasonfor it that at that time the time indicatedis the same
whichever handyoumayassumeshour hand!

The Club Clock

The positionsof the handsshavn in the illustration could only indi-
catethatthe clock stoppedat 44 min. 51%; sec. aftereleveno'clock.
Theseconchandwould next be“exactly midway betweerthe othertwo
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hands’at45 min. 52%267 sec.aftereleveno’clock. If we hadbeendeal-
ing with the pointson the circle to which the threehandsare directed,
theanswermwould be 45 min. 22%267 sec.aftereleven; but the question
appliedto the hands,andthe secondhandwould not be betweenthe
othersatthattime, but outsidethem.

The Stop Watch

Thetime indicatedon thewatchwasSli1 min. past9, whenthe second
handwould be at 271% sec. The next time the handswould be similar
distancespartwould be541% min. past2, whentheseconcandwould
be at 321§1 sec. But you needonly hold the watch (or our previous
illustrationof it) in front of amirror, whenyou will seethesecondime
re ectedin it! Of coursewhenre ected,youwill readXI asl, X aslI,
andsoon.

The Silk Patchwork

Our illustration will shav how
to cut the stitchesof the patch-
work so asto get the squareF
entire, and four equalpieces,G,
H, I, K, that will form a per
fect Greekcross. Thereaderwill

know how to assemblehesefour
piecesrom Fig. 13in thearticle.

An EasyDissectionPuzzle

The solution to this puzzle is
shavn in theillustration. Divide
the gure upinto twelve equaltri-
angles,andit is easyto discover
the directionsof the cuts,asindi-
catedby thedarklines.
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An EasySquare Puzzle

The diagramexplains itself, one
of the ve pieceshaving beencut
in two to form asquare.

The Bun Puzzle

The secretof the bun puzzlelies
in the fact that, with the relatve
dimension®f thecirclesasgiven,
the three diameterswill form a
right-angledriangle,asshavn by
A, B, C. It follows that the two

smallerbuns are exactly equalto the large bun. Therefore,if we give
David and Edgar the two halvesmarked D andE, they will have their
fair shares-onguarterof the confectioneryeach. Thenif we placethe
smallbun, H, on the top of the remainingone andtraceits circumfer
encein the mannershavn, Freds piece,F, will exactly equalHarry's
small bun, H, with the additionof the piecemarked G-halfthe rim of
theother Thuseachboy getsanexactly equalshare andthereareonly

ve piecesnecessary

The ChocolateSquares

SquareA is left entire; the two
piecesmarked B t togetherand
make a secondsquare;the two
piecesC make athird squareand
the four pieces marked D will
form thefourth square.

DissectingA Mitr e

Thediagramonthenext pageshovs

how to cutinto ve piecedo form
asquare.The dottedlinesarein-

tendedo shawv how to nd thepoints

C andF-theonly dif culty. A B
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is half B D, andA E is parallelto B H. With the point of thecompasses
at B describethearcH E, andA E will be the distanceof C from B.
ThenF G equalsB C lessA B.

This puzzle—withthe addedcon-
dition thatit shallbe cutinto four
partsof the samesizeandshape—

| have not beenable to traceto
anearlierdatethan1835. Strictly
speakingiit is, in that form, im-
possibleof solution;but | givethe
answerthat is always presented,
andthatseemgo satisfymostpeople.

The Joiner's Problem

Nothing could be easierthanthe

solutionof this puzzle—wheryou

know how to doit. And yetit is

aptto perple the novice a good

deal if he wantsto do it in the

fewestpossiblepieces—threeAll

youhavetodoisto nd thepoint

A, midway betweerB andC, andthencut from A to D andfrom A to
E. Thethreepieceghenform a squaran themannershovn. Of course,
the proportionsof the original gure mustbe correct;thusthe triangle
BEF is just a quarterof the squareBCDF. Draw linesfrom B to D and
from C to F andthiswill beclear

Another Joiner's Problem

The point was to nd a gen-
eral rule for forming a perfect
squareoutof anotherisquarecom-
binedwith a“right-angledisosce-
les triangle”  The triangle to
which geometricians give this
high-soundinghameis, of course,
nothing more or lessthan half a
squarghathasbeendividedfrom
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cornerto corner The preciserelative proportionsof the squareandytri-
angleare of no consequencehatever. It is only necessaryo cut the
woodor materialinto ve pieces.

Supposeour original squareto be ACLF in the above diagramandour
triangleto betheshadegortionCED. Now, we rst nd halfthelength
of thelong sideof thetriangle(CD) andmeasureff this lengthat AB.

Thenwe placethetrianglein its presenpositionagainstthe squareand
make two cuts—onegrom B to F, andthe otherfrom B to E. Strangeas
it may seem thatis all thatis necessary!f we now remove the pieces
G, H, andM to their new places,asshavn in the diagram,we getthe
perfectsquareBEKF.

Take ary two squarepiecef paper of differentsizesbut perfectsquares,
andcut the smalleronein half from cornerto corner Now proceedn
the mannershavn, andyou will nd thatthe two piecesmay be com-
binedto form alargersquareby makingthesetwo simplecuts,andthat
no piecewill berequiredto beturnedover.

The remarkthat the triangle might be “a little larger or a good deal
smallerin proportion”wasintendedto bar casesvhereareaof triangle
is greaterthanareaof square.In suchcasessix piecesare necessary
andif triangleandsquareareof equalareathereis anobvious solution
in threepiecespy simply cuttingthe squaren half diagonally

A Cutting-out Problem

Theillustration shovs how to cut

thefour piecesandform with them

asquareFirst nd thesideof the

squargthemeanproportionabe-

tweenthelengthandheightof the

rectangle) andthe methodis ob-

vious. If our stripis exactlyin the

proportions9 1,o0r 16 1,or25 1, wecanclearlycutitin 3, 4,

or 5 rectangulapiecesrespectrely to form a square.Excludingthese
specialcasesthe generallaw is thatfor a strip in lengthmorethann?

timesthe breadth andnot morethan(n+ 1)2 timesthe breadthjt may
becutin n+ 2 piecesto form a squareandtherewill ben 1 rectan-
gularpiecedike piece4 in thediagram.Thus,for example,with a strip

24 1, thelengthis morethan 16 andlessthan25 timesthe breadth.
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Thereforeit canbe donein 6 pieces(n herebeing4), 3 of which will
be rectangular In the casewheren equalsl, the rectangledisappears
andwe getasolutionin threepieces.Within thesdimits, of coursethe
sidesneednot berational:the solutionis purelygeometrical.

Mrs. Hobson's Hearthrug

As | gave full measurementsf

the mutilated rug, it was quite

an easy matterto nd the pre-

cise dimensionsfor the square.

The two piecescut off would, if

placedtogethey make an oblong

piecel2 6, giving anareaof 72

(inchesor yards, as we please),

and asthe original completerug measured6 27, it had an areaof
972. If, therefore,we deductthe piecesthat have beencut away, we
nd thatour new rug will contain972less72, or 900; andas 900 is
the squareof 30, we know thatthe new rug mustmeasure30 30 to
be a perfectsquare.This is a greathelp towardsthe solution,because
we maysafelyconcludehatthetwo horizontalsidesmeasuring30 each
may be left intact. Thereis a very easyway of solving the puzzlein
four pieces,andalsoa way in threepiecesthat canscarcelybe called
dif cult, butthecorrectanswetis in only two pieces.

It will be seenthatif, afterthe cutsare made,we insertthe teethof
the pieceB onetoothlower down, thetwo portionswill t togetherand
form asquare.

The PentagonAnd The Square

A regular pentagonmay be cut
into asfew assix piecesthatwill
t togetherwithout any turning
over andform asquareasl shall
shawv below. Hithertothe bestan-
swer has beenin seven pieces-
the solutionproducedsomeyears
ago by a foreign mathematician,
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Paul Busschop. We rst form a

parallelogram,and from that the

square.The processwill be seenin the diagramon the next page.The
pentagons ABCDE. By thecut AC andthecutFM (F beingthemiddle
point betweenA andC, andM beingthe samedistancefrom A asF)

we gettwo piecesghatmaybeplacedin positionat GHEA andform the
parallelogranGHDC. We then nd the meanproportionalbetweerthe
lengthHD andthe heightof the parallelogram.This distancewe mark
off from C atK, thendrav CK, andfrom G droptheline GL, perpen-
dicularto KC. Therestis easyandratherobvious. It will be seenthat
thesix pieceswill form eitherthe pentagoror thesquare.

| have receved what purportedto be a solutionin ve pieces,but the
methodwasbasedn therathersubtlefallagy thathalf thediagonalplus
half the sideof a pentagorequalsthe sideof a squareof the samearea.
| saysubtle,becauset is an extremely closeapproximationthat will
deceve the eye, andis quite dif cult to prove inexact. | am not aware
thatattentionhasbeforebeendrawvn to this curiousapproximation.

Anothercorrespondennadethe sideof his squarel%1 of thesideof the
pentagon.As a matterof fact, theratio is irrational. | calculatethatif
the sideof the pentagornis 1-inch,foot, or arything else—thesideof the
squareof equalareais 1.3117nearly or sayroughly i—g. Sowe canonly

hopeto solve the puzzleby geometricamethods.

The DissectedTriangle

DiagramA is our original trian-
gle. We will sayit measures$
inches (or 5 feet) on eachside.
If we take off a slice at the bot-
tom of ary equilaterakriangleby
a cut parallel with the base,the
portion that remainswill always
be an equilateraltriangle; so we
rst cutoff piecel andgeta tri-
angle3 incheson every side. The mannerof nding directionsof the

othercutsin A is obviousfrom thediagram.
Now, if we wanttwo triangles,1 will beoneof them,and2, 3, 4, and5

will t togetherasin B, to form the other If we wantthreeequilateral
triangles,1 will beone,4 and5 will form thesecondasin C, and2 and
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3 will form thethird, asin D. In B andC the piece5 is turnedover; but
therecanbeno objectionto this, asit is not forbidden,andis in noway
opposedo the natureof thepuzzle.

The Table-top And Stools

One object that | had in view

when presentingthis little puz-

zle was to point out the uncer

tainty of the meaningcorveyed

by theword“oval” Thoughorigi-

nally derivedfrom the Latin word

ovum, anegg, yetwhatwe under

standasthe egg-shapgwith one

endsmallerthanthe other)is only oneof mary formsof the oval; while

someeggsaresphericain shapeandasphereor circleis mostcertainly
notanoval. If we speakof anellipse—aconicalellipse—weareon safer
ground,but herewe mustbe careful of error | recollecta Liverpool
town councillor, mary yearsago,whoseignoranceof the poultry-yard
led him to substitutethe word “hen” for “fowl,” remarking,“We must
remembergentlementhatalthoughevery cockis ahen,every henis not
acock!” Similarly, we mustalwaysnotethat althoughevery ellipseis

anoval, everyoval is notanellipse.lt is correctto saythatanoval is an
oblongcurvilinear gure, having two unequaldiametersandbounded
by a curve line returninginto itself; andthis includestheellipse,but all

other gures which in any way approachowardsthe form of an oval

without necessariljhaving the propertiesabove describedareincluded
in theterm*“oval” Thusthe following solutionthat| give to our puz-
zle involvesthe pointed“oval,” known amongarchitectsasthe “vesica
piscis’

The dottedlines in the table are

given for greaterclearness,the

cuts being madealong the other

lines. It will be seenthat the

eight piecesform two stools of

exactly the samesize and shape

with similar hand-holes. These

holesareatri e longerthanthose

in the schoolmastes stools, but
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they are much narrover and of considerablysmallerarea. Of course
5 and6 canbecutoutin onepiece—als@ and8—makingonly six pieces
in all. But | wishedto keepthe samenumberasin the original story.

Whenl rst gave theabove puzzlein a Londonnewspaperin competi-
tion, no correctsolutionwasreceved, but aningeniousandneatlyexe-
cutedattemptby a manlying in a Londonin rmary wasaccompanied
by the following note: “Having no compassekere,| wascompelledto
improvisea pairwith theaid of a smallpenknife,a bit of re woodfrom
a bundle,a pieceof tin from atoy engine,atin tack,andtwo portions
of ahairpin,for points. They areafairly serviceablgair of compasses,
andl shallkeepthemasa mementaoof your puzzle’

The GreatMonad

The areasof circles are to each

otherasthesquare®f theirdiam-

eters. If you have a circle 2 in.

in diameterand another4 in. in

diametey then one circle will be

four timesasgreatin areaasthe

other becausehe squareof 4 is

four timesasgreatasthe square

of 2. Now, if wereferto Diagram

1, we seehow two equalsquaresmay be cut into four piecesthat will
form onelargersquarefrom whichit is self-evidentthatary squarehas
just half the areaof the squareof its diagonal.In Diagram2 | have in-
troduceda squareasit oftenoccursin ancientdravings of the Monad;
which was my reasonfor believing that the symbol had mathematical
meaningssinceit will befoundto demonstratéhe factthatthe areaof
the outerring or annulusis exactly equalto the areaof theinnercircle.
CompareDiagram2 with Diagram1, andyouwill seethatasthesquare
of thediameterCD is doublethe squareof thediameterof theinnercir-
cle,or CE,thereforeheareaof thelargercircleis doubletheareaof the
smallerone,andconsequentlyheareaof theannuluss exactly equalto

thatof theinnercircle. Thisanswerur rst question.
In Diagram3 | shav the simple solutionto the secondquestion. It is

obviously correct,andmay be proved by the cutting andsuperposition
of parts. The dottedlineswill alsosene to make it evident. The third
guestionis solved by the cut CD in Diagram2, but it remainsto be
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provedthatthe pieceF is really one-halfof the Yin or the Yan. Thiswe
will doin Diagram4. Thecircle K hasone-quartetheareaof thecircle
containingYin andYan,becausdts diameteis just one-halfthelength.
Also L in Diagram3 is, we know, one-quartethe area. It is therefore
evidentthatG is exactly equalto H, andthereforehalf G is equalto half
H. SothatwhatF losesfrom L it gainsfrom K, andF mustbe half of
Yin or Yan

The Square Of Veneer

Any squarenumbermay be expressedasthe sumof two squaresn an
in nite numberof differentways. The solution of the presentpuzzle
formsa simpledemonstratiorf this rule. It is a conditionthatwe give

actualdimensians.
In this puzzlel ignorethe known

dimensions of our square and

work on the assumptiorthatit is

13n by 13n. The value of n we

canafterwardsdetermine.Divide

the squareas shovn (where the

dottedlines indicate the original

markings)into 169 squares. As

169is the sumof thetwo squares

144and25,wewill proceedo di-

vide the veneerinto two squaresmeasuringespectrely 12 12 and
5 5;andaswe know thattwo squaresnaybeformedfrom onesquare
by dissectionn four pieceswe seeka solutionin thisnumber Thedark
linesin the diagramshov wherethe cutsareto be made. The square
5 b5iscutoutwhole,andthelargersquares formedfrom theremain-
ing threepiecesB, C, andD, whichthereadercaneasily t together

Now, nis clearlyli3 of aninch. Consequentlypur largersquaremustbe
8in.  8Jin., andoursmallersquared3 in. 23 in. Thesquareof 3
addedto the squareof f—g is 25. Thesquares thusdividedinto asfew
asfour piecesthatform two squaref known dimensionsandall the

sixteennailsareavoided.

Hereis ageneraformulafor nding two squaresvhosesumshallequal
agivensquaresaya?. In the caseof the solutionof our puzzlep = 3,
g= 2,anda= 5.
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p
2pga _ . @(pP+ @) (2pgd? _
pPP+q? p2+ g2

y

Herex?+ y? = a2,

The Two Horseshoes

The puzzle was to cut the two

shoes (including the hoof con-

tained within the outlines) into

four pieces,two pieceseach,that

would t togetherandform aper

fect circle. It wasalsostipulated

that all four piecesshouldbe differentin shape. As a matterof fact,
it is a puzzlebasedon the principle containedn that curiousChinese
symbolthe Monad.(SeeThe GreatMonad.)

The above diagramggive the correctsolutionto the problem. It will be
noticedthatl and2 arecutinto therequiredfour piecesall differentin
shapethat t togetherandform the perfectcircle shavn in Diagram3.
It will furtherbe obsenredthatthetwo piecesA andB of oneshoeand
thetwo piecesC andD of the otherform two exactly similar halvesof
the circle—theYin andthe Yanof the greatMonad. It will be seenthat
the shapeof the horseshoas more easily determinedirom the circle
thanthe dimensionsof the circle from the horseshoethoughthe latter
presentsno dif culty whenyou know that the curve of the long side
of the shoeis partof the circumferenceof your circle. The difference
betweerB andD is instructve, andtheideais usefulin all suchcases
whereit is a conditionthat the piecesmustbe differentin shape. In
forming D we simply addon a symmetricalpiece,a curvilinearsquare,
to the pieceB. Therefore,n giving eitherB or D a quarterturn before
placingin thenew position,a preciselysimilar effect mustbe produced.

The Cardboard Chain
The readerwill probablyfeel re-

wardedfor any careandpatience
thathemaybestav on cuttingout

http://ADLab.info



Solutions 57

thecardboardchain.We will sup-

posethat he hasa pieceof card-

boardmeasuring8 in. by 2% in., thoughthe dimensionsare of noim-

portance.Yetif youwantalong chainyou must,of coursetake along
strip of cardboardFirstrule pencillinesB B andC C, half aninchfrom

theedgesandalsotheshortperpendiculalineshalf aninch apart.Rule
linesontheothersidein justthe sameway, andin orderthatthey shall
coincideit is well to prick throughthe card with a needlethe points
wherethe shortlines end. Now take your penknifeand split the card
from A A downto B B, andfrom D D upto C C. Thencutright through
thecardalongall theshortperpendiculalines,andhalf throughthecard
alongthe shortportionsof B B andC C thatarenot dotted. Next turn
the cardover andcut half throughalongthe shortlineson B B andC C

atthe placesthatareimmediatelybeneattthe dottedlineson the upper
side. With allittle carefulseparatiorof the partswith the penknife,the
cardboardnaynow bedividedinto two interlacingladderlik e portions,
asshavnin Fig. 2; andif you cutaway all the shadedgartsyou will get
thechain,cutsolidly out of thecardboardwithoutary join, asshavn in

theillustrationson page27

It is aninterestingvariantof the puzzleto cut out two keys on aring-in
thesamemannemwithoutjoin.

The Paper Box

It maybeinterestingo introducehere,thoughit is not strictly a puzzle,
aningeniousmethodfor makinga paperbox.

Take a squareof stoutpaperand
by successie foldings make all
the creasesndicatedby the dot-
tedlinesin theillustration. Then
cut away the eight little triangu-
lar piecesthat are shaded,and
cut through the paperalong the
darklines. Thesecondllustration
shavs thebox half foldedup, and
the readerwill have no dif culty
in effectingits completion.Beforefolding up, thereademight cut out
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the circular pieceindicatedin the diagram,for a purposel will now
explain.

This box will be found to sene

excellently for the productionof

vortex rings. Theserings, Pg

41which were discussedoy Von

Helmholtzin 1858, are mostin-

teresting,and the box (with the

hole cut out) will producethemto perfection.Fill theboxwith tobacco
smole by blowing it gently throughthe hole. Now, if you hold it hori-
zontally, andsoftly tapthe sidethatis oppositeto thehole,animmense
numberof perfectrings canbe producedrom one mouthful of smole.
It is bestthatthereshouldbe no currentsof air in theroom. Peopleof-
tendo not realisethattheserings areformedin the air whenno smole
is used. The smole only makesthemvisible. Now, oneof theserings,
if properlydirectedon its course,will travel acrossthe room and put
outthe ame of acandleandthisfeatis muchmorestriking if you can
manageto do it without the smole. Of course,with a little practice,
the rings may be blown from the mouth, but the box produceghemin
muchgreatemperfection,andno skill whatevseris required.Lord Kelvin
propoundedhetheorythatmattermay consistof vortex ringsin a uid
that lls all spaceandby a developmentof the hypothesishewasable
to explain chemicalcombination.

The Potato Puzzle

As mary as twenty-two pieces

may be obtainedby the six cuts.

The illustration shavs a pretty

symmetricalsolution. Therulein

suchcasesds that every cut shall

intersectevery other cut and no

two intersectiongoincide;thatis

to say every line passeghrough

every other line, but more than

two linesdo notcrossatthesamepointanywhere. Thereareotherways
of makingthe cuts, but this rule mustalwaysbe obseredif we areto
getthefull numberof pieces.
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Thegeneraformulais thatwith n cutswe canalvvaysproduce”(”JrTl)Jrl.

Oneof the problemsproposedy thelate SamLoyd wasto producethe
maximumnumberof piecesby n straightcutsthrougha solid cheese.
Of course,again, the piecescut off may not be moved or piled. Here
we have to dealwith theintersectiorof planeqinsteadof lines),andthe
generaformulais thatwith n cutswe mayproducew +n+1
pieces.lt is extremelydif cult to “see” the directionandeffectsof the
successte cutsfor morethanafew of thelowestvaluesof n.

The SevenPigs

The illustration shavs the direc-

tionfor placingthethreefencesso

asto encloseevery pig in a sepa-

rate sty. The greatesihumberof

spaceghat can be enclosedwith

threestraightlinesin a squareis

se/en,asshavnin thelastpuzzle.

Bearingthis factin mind, the puzzlemustbe solvedby trial.

The Land Owner's Fences

Fourfencesonly arenecessaryas
follows:—

The Wizard's Cats

Theillustrationrequiresnoexpla-

nation. It shavs clearly how the

threecirclesmaybedrawn sothat

everycathasaseparatenclosure,
and cannotapproachanothercat

withoutcrossingaline.
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The Christmas Pudding

The illustration shovs how the

pudding may be cut into two

partsof exactly the samesizeand

shape.Thelinesmustnecessarily

passthroughthe points A, B, C,

D, andE. But, subjectto this con-

dition, they may be variedin an

in nite numberof ways. For ex-

ample atapointmidwaybetween

A andthe edge,the line may be

completedin an unlimited numberof ways (straightor crooked), pro-
vided it be exactly re ected from E to the oppositeedge. And similar
variationsmaybeintroducedat otherplaces.

Drawing A Spiral

Make a fold in the paper as
shavn by thedottedline in theil-
lustration. Then, taking ary two
points,asA andB, describesemi-
circlesontheline alternatelyfrom
the centresB and A, beingcare-
ful to make theendsjoin, andthe
thingis done.Of coursethisis not
atruespiral,but the puzzlewasto
producetheparticular spiralthatwasshovn, andthatwasdrawvn in this
simplemanner

St. GeorgeBanner

As the ag measured ft. by 3 ft., the length of the diagonal(from
cornerto corner)is 5 ft. All you needdo is to deducthalf thelengthof
this diagonaI(Z% ft.) from aquarterof thedistanceall roundthe edgeof
the ag (3% ft.)—aquarterof 14 ft. Thedifference(l ft.) is therequired
width of thearm of thered cross.The areaof thecrosswill thenbethe
sameasthatof thewhite ground
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The Milkmaid Puzzle

Draw a straightline, asshavn in

the diagram, from the milking-

stool perpendicularto the near

bank of the river, and continue

it to the point A, which is the

samedistancefrom that bank as

the stool. If you now draw the

straightline from A to the door of the dairy, it will cuttheriver at B.
Thenthe shortestroute will be from the stoolto B andthenceto the
door. Obviously the shortesdistancefrom A to thedooris the straight
line, andasthe distancefrom the stoolto ary point of theriver is the
sameasfrom A to thatpoint, the correctnessf the solutionwill proba-
bly appeako every reademwithoutany acquaintancevith geometry

The Ball Problem

If aroundball is placedon the level ground,six similar balls may be
placedroundit (all ontheground),sothatthey shallall touchthecentral
ball.

As for the secondquestion,the ratio of the diameterof a circle to its
circumferencewe call pi; andthoughwe cannotexpressthis ratio in
exact numbers,we canget sufciently nearto it for all practicalpur-
poses.However, in this caseit is not necessaryo know the valueof pi
atall. Becauseto nd theareaof thesurfaceof asphereve multiply the
squareof thediameterby pi; to nd thevolumeof asphereve multiply
thecubeof thediametelby one-sixthof pi. Thereforewve mayignorepi,
and have merelyto seeka numberwhosesquareshall equalone-sixth
of its cube. This numberis obviously 6. Thereforethe ball was6 ft. in
diametey for the areaof its surfacewill be 36 timespi in squarefeet,
andits volumealso36 timespi in cubicfeet.

The Yorkshir e Estates

Thetriangularpieceof landthatwasnotfor salecontainsexactly eleven
acres. Of courseit is not dif cult to nd the answerif we follow the
eccentricandtricky tracksof intricatetrigonometry;or | might saythat
theapplicationof awell-known formulareduceghe problemto nding
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one-quarteof the squarerootof (4 370 116 (370+ 116 74)°

—thatis a quarterof the squareroot of 1936, which is one-quarteiof

44, or 11 acres. But all that the readerreally requiresto know is the

Pythagoreadaw on which mary puzzleshave beenbuilt, thatin ary

right-angledrianglethe squareof the hypotenuses equalto the sumof

the square®f the othertwo sides.| shalldispensewith all “surds” and
similarabsurditiespotwithstandinghefactthatthe sidesof ourtriangle
areclearlyincommensuratesincewe cannotexactly extractthe square
rootsof thethreesquareareas.

In the above diagram ABC rep-

resentsour triangle. ADB is a

right-angledriangle AD measur

ing 9 and BD measuringl7, be-

causethe squareof 9 addedto

the squareof 17 equals370, the

known areaof the squareon AB.

Also AEC is aright-angledtrian-

gle, andthe squareof 5 addedto

thesquareof 7 equals74,the squareestateon A C. Similarly, CFBis a
right-angledriangle,for thesquareof 4 addedo thesquareof 10equals
116,the squareestateon BC. Now, althoughthe sidesof our triangular
estateareincommensurateye have in this diagramall the exact gures
thatwe needto discover theareawith precision.

Theareaof ourtriangleADB is clearlyhalf of 9 17,or76% acres.The

areaof AECis halfof 5 7, or 17% acres;the areaof CFB is half of
4 10,or 20 acresandtheareaof theoblongEDFCis obviously4 7,
or 28 acres.Now, if we addtogetherl73, 20,and28= 653, anddeduct
this sumfrom the areaof thelargetriangle ADB (which we have found
to be 76% acres)whatremainsmustclearlybetheareaof ABC. Thatis

to say theareawe wantmustbe 76% 65% = 11 acresexactly.

Farmer Wurzel's Estate

The areaof the completeestatels exactly one hundredacres. To nd
thisanswer usethefollowing little formula,

P 4ab (a+ b+ )2
4 ’
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wherea, b, c representhe threesquareareas,in ary order The ex-
pressiongives the areaof the triangle A. This will be foundto be 9
acres. It canbe easily proved that A, B, C, and D are all equalin
area; so the answeris 26 + 20+ 18+ 9 + 9 + 9 + 9 = 100 acres.
Here is the proof. If every lit-

tle dotted squarein the diagram

representsn acre,this mustbe a

correctplan of the estate for the

squareof 5 and1 togetherequal

26; the squaresof 4 and 2 equal

20; and the squaresof 3 and 3

addedogetherequall8. Now we

seeatoncethattheareaof thetri-

angleE is 23, Fis 43, andG is 4. Theseaddedtogethemake 11 acres,
which we deductfrom the areaof the rectangle 20 acres,andwe nd
thatthe eld A containsexactly 9 acres.If youwantto provethatB, C,
andD areequalin sizeto A, divide themin two by aline from the mid-
dle of thelongestsideto the oppositeangle,andyou will nd thatthe
two piecesn every casejf cutout,will exactly t togetherandform A.

Or we cangetour proofin a still easierway. The completeareaof the
squareddiagramis 12 12= 144 acresandtheportionsl, 2, 3, 4, not
includedin theestatehave therespectie areaf 123, 173, 93, and43.
Theseaddedtogethemmake 44, which, deductedrom 144, leaves 100
astherequiredareaof thecompleteestate.

The CrescentPuzzle

Referringto the original diagram let AC bex, let CD bex 9, andlet
ECbex 5. Thenx 5is ameanproportionalbetweenx 9 andx,
from whichwe nd thatx equals25. Thereforethe diametersare50in.
and41lin. respectiely.

The PuzzleWall

The answergiven in all the old
booksisthatshavnin Fig. 1, where
the curved wall shutsout the cot-
tagesfrom accesgo thelake. But

in seekinghedirectionfor the“short-
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estpossible’wall mostreadergo-

day, rememberinghat the shortestdistancebetweentwo pointsis a
straightline, will adoptthemethodshown in Fig. 2. Thisis certainlyan
improvementyetthecorrectanswetis really thatindicatedin Fig. 3. A
measurementf the lineswill shav thatthereis a considerablesasing
of lengthin thiswall

The Garden Walls

The puzzlewasto divide the cir-

cular eld into four equalpartsby

threewalls, eachwall beingof ex-

actly the samelength. Thereare

two essentialdif culties in this

problem.Theseare: (1) thethick-

nessof thewalls, and(2) thecon-

dition that thesewalls are three

in number As to the rst point,

sincewe aretold thatthewalls arebrick walls, we clearlycannotignore
their thicknesswhile we have to nd asolutionthatwill equallywork,
whetherthewalls be of athicknessof one,two, three,or morebricks.

The secondpoint requiresa little more consideration.How are we to

distinguishbetweera wall andwalls? A straightwall withoutany bend
in it, no matterhow long, cannotever become*walls; if it is neither
brokennor intersectedn ary way. Also our circular eld is clearlyen-
closedby onewall. Butif it hadhappenedo beasquareor atriangular
enclosureyould therebe respectrely four andthreewalls or only one
enclosingwall in eachcase?t is truethatwe speakof “the four walls”

of a squarebuilding or garden,but this is only a corventionalway of

saying“the four sides. If you werespeakingof the actualbrickwork,

you would say “I amgoingto enclosethis squaregardenwith awall.”

Anglesclearlydo notaffectthequestionfor we mayhave azigzagwall

just aswell asa straightone, and the GreatWall of Chinais a good
exampleof awall with plenty of angles.Now, if youlook at Diagrams
1, 2, and 3, you may be puzzledto declarewhethertherearein each
casetwo or four new walls; but you cannotcall themthree,asrequired
in our puzzle.Theintersectioreitheraffectsthe questionor it doesnot
affectit.
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If youtie two piecesof string rmly togetheyor splicethemin anautical
manney they become‘one pieceof string” If you simply let themlie
acrossoneanotheror overlap,they remain“two piecesof string” It is
all a questionof joining andwelding. It may similarly be held that if
two walls be built into oneanotherl mightalmostsay if they be made
homogeneous-tlgdbecomeonewall, in which caseDiagramsl, 2, and
3 mighteachbe saidto shov onewall or two, if it beindicatedthatthe
four endsonly touch,andarenotreally built into, theoutercircularwall

The objectionto Diagram4 is thatalthoughit shavs the threerequired
walls (assuminghe endsarenot built into the outercircularwall), yet
it is only absolutelycorrectwhenwe assumehewalls to have no thick-
ness. A brick hasthickness,and thereforethe fact throws the whole
methodout andrenderst only approximatelycorrect.

Diagram5 shaws, perhapsthe only correctand perfectly satishctory
solution.It will benoticedthat,in additionto thecircularwall, thereare
threenew walls, which touch(andso encloseut arenot built into one
another This solutionmay be adaptedo ary desiredthicknessof wall,
and its correctnessasto areaand length of wall spaceis so obvious
that it is unnecessaryo explain it. | will, however, just say that the
semicirculampieceof groundthat eachtenantgivesto his neighbours
exactly equalto the semicircularpiecethat his neighbourgivesto him,
while arny sectionof wall spacdoundin onegardenis preciselyrepeated
in all the others.Of coursethereis anin nite numberof waysin which
this solutionmaybe correctlyvaried.

Lady Belinda's Garden

All thatLadyBelindaneeddowas

this: Sheshouldmeasurdrom A

to B, fold hertapein fourandmark

off the point E, whichis thusone

quarterof the side. Then,in the

sameway, mark off the point F, one-fourthof the side AD Now, if she
makes EG equalto AF, and GH equalto EF, thenAH is the required
width for the pathin orderthat the bed shall be exactly half the area
of the garden. An exact numericalmeasurementanonly be obtained
whenthe sumof the square®of thetwo sidesis a squarenumber Thus,
if thegardenmeasured 2 polesby 5 poles(wherethesquare®f 12 and
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5, 144 and 25, sumto 169, the squareof 13), then12 addedto 5, less
13, would equalfour, anda quarterof this, 1 pole, would be the width
of the path.

The Tethered Goat

This problemis quite simple if

properlyattacled. Let ussuppose

thetriangle ABC to represenbur

half-acre eld, and the shaded

portionto bethequarteracreover

which the goat will grazewhen

tetheredto the corner C. Now,

as six equal equilateraltriangles

placedtogetherwill form a regular hexagon, as shawn, it is evident
that the shadedpastureis just one-sixthof the completeareaof a cir-
cle. Thereforeall we requireis the radius(CD) of a circle containing
six quarteracresor 1% acreswhichis equalto 9,408,96Gsquardanches.
As we only wantour answer‘to thenearestnch;’ it is sufciently exact
for our purposeaf we assumehatasl is to 3.1416,sois the diameter
of acircleto its circumferencelf, thereforewe divide thelastnumber
| gave by 3.1416,andextractthesquareroot,we nd thatl,731linches,
or 48 yards3 inches,is therequiredlengthof the tether“to the nearest
inch?”

Papa's Puzzle

| have found that a large num-

berof peopleimaginethatthefol-

lowing is a correctsolutionof the

problem. Using the lettersin the

diagrambelow, they aguethatif

you make the distanceBA one-

third of BC, andthereforehearea

of therectangleABE equalto that

of the triangular remainder the

card musthangwith the long side horizontal. Readerswill remember
thejestof Charlesll., who inducedthe Royal Societyto meetanddis-
cussthereasonwhy the waterin a vesselwill notriseif you putalive
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sh in it; but in the middle of the proceeding®ne of the leastdistin-
guishedamongthemquietly slippedoutandmadetheexperimentwhen
he found that the water did rise! If my correspondentbad similarly
madethe experimentwith a pieceof cardboardthey would have found
at oncetheir error Areais onething, but gravitation is quite another
Thefactof thattrianglestickingits leg outto D hasto be compensated
for by additionalareain the rectangle. As a matterof fact, the ratio
of BA to AC is as 1 is to the squareroot of 3, which latter cannotbe
givenin anexactnumericalmeasurebut is approximatelyl.732. Now
let uslook at the correctgeneralsolution. Therearemary waysof ar
riving atthedesiredresult,but theonel giveis, | think, the simplestfor
beginners.

Fix your cardon a pieceof paperanddrav the equilateratriangleBCF,
BF and CF beingequalto BC. Also mark off the point G sothatDG
shallequalDC. Draw theline CG andproducet until it cutstheline BF
in H. If we now make HA parallelto BE, thenA is thepointfrom which
our cut mustbemadeto the cornerD, asindicatedby the dottedline.

A curiouspointin connectiorwith this problemis the factthatthe po-
sition of the point A is independenbf the sideCD. Thereasortor this
is more obviousin the solution| have giventhanin ary othermethod
thatl have seenand(althoughthe problemmay be solved with all the
working on the cardboard}hatis partly why | have preferredit. It will
beseemtoncethathowvever muchyoumayreducethewidth of thecard
by bringing E nearerto B andD nearerto C, theline CG, beingthe di-
agonalof asquarewill alwayslie in thesamedirection,andwill cutBF
in H. Finally, if youwishto getanapproximateneasurdor thedistance
BA, all you have to dois to multiply the lengthof the cardby the deci-
mal.366. Thus,if thecardwere7 incheslong,weget7 :366= 2:562,
or alittle morethan2%zinchesfor thedistancerom B to A.

But therealjoke of the puzzleis this: We have seenthatthe positionof
thepointA isindependenof thewidth of thecard,anddepend®ntirely
on thelength. Now, in theillustrationit will be foundthatboth cards
have the samelength; consequenthall thelittle maid hadto do wasto
lay the clippedcardon top of the otheroneandmark off the point A at
preciselythe samedistancefrom thetop left-handcorner! So, afterall,
Pappus’puzzle ashepresentedt to hislittle maid,wasquiteaninfantile
problem whenhewasableto shav herhow to performthefeatwithout
rst introducingherto the elementof staticsandgeometry
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How To Make Cisterns

Hereis ageneraformulafor solv-
ing this problem. Call the two
sides of the rectanglea and b.
Then

a+b pa2+ b2 ab
6

equalsthe sideof thelittle square

piecesto cut away. The measure-

mentsgiven were 8 ft. by 3 ft.,

andthe above rule gives8in. as

the sideof the squarepiecesthathave to be cutaway. Of courseit will
not always comeout exact, asin this case(on accountof that square
root), but you cangetasnearasyou like with decimals.

The ConePuzzle

Thesimpleruleis thatthe conemustbe cut at one-thirdof its altitude.

Conceming Wheels

If you marka point A on thecir-

cumferenceof a wheelthat runs

onthesurfaceof alevel road,like

anordinarycart-wheelthe curve

describedby that point will be a

commoncycloid, asin Fig. 1.

But if you marka point B onthe

circumferenceof the ange of a

locomotive-wheel,the curve will

be a curtatecycloid, asin Fig. 2,

terminatingin nodes.Now, if we consideroneof thesenodesor loops,
we shallseethat“at any givenmoment”certainpointsat the bottomof
theloop mustbe moving in the oppositedirectionto thetrain. As there
is anin nite numberof suchpointsonthe ange's circumferencethere
mustbeanin nite numberof thesdoopsbeingdescribedvhile thetrain
is in motion. In fact,atarny givenmomentcertainpointsonthe anges
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arealwaysmoving in a directionoppositeto thatin which thetrain is
going.

The Barrel Puzzle

All thatis necessarys to tilt the
barrelasin Fig. 1, andif theedge
of the surfaceof thewaterexactly
toucheghelip aatthe sametime
thatit touchegheedgeof thebot-
tomb, it will bejust half full. To
be more exact, if the bottom is
an inch or so from the ground,
then we can allow for that, and
thethicknessof thebottom,atthe
top. If whenthe surfaceof thewaterreachedhelip ait hadrisento the
pointc in Fig. 2, thenit would be morethanhalf full. If, asin Fig. 3,
someportion of the bottomwerevisible andthe level of the waterfell

to thepointd, thenit would belessthanhalf full.
This methodappliesto all symmetricallyconstructed/essels.

The BarrelsOf Honey

Theonly way in which the barrelscould be equallydivided amongthe
threebrothers,sothat eachshouldreceve his 3% barrelsof honey and
his 7 barrels,is asfollows:—

Full Half-full Empty

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

Thereis one otherway in which the division could be made,were it
notfor the objectionthatall the brothersmadeto taking morethanfour
barrelsof the samedescription. Exceptfor this dif culty , they might
have givenB his quantityin exactly thesameway asA above,andthen
have left C onefull barrel, ve half-full barrels,andoneemptybarrel.
It will thusbe seenthatin any casetwo brotherswould have to receve
their allowancein the sameway.
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