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Words fr om the Editor

Welcometo this issueof �������	��
�� , themagazineof themathsandstatssociety. As
usual,in this issuewe have amusingstories,deepquotes,andmathsjokesthat are
worsethanever.

If you �nd theusual ����� �	� 
�� problemstooeasy, wehavea list of unsolved,yeteasy
to understand,problemsfor you to try (in fact we includedonesuchproblemin the
last edition, andto everyone's disappointment,no onewasable to give a solution).
Weareverygratefulto Dr ChrisOrmerodfor writing aninterestingarticleoncellular
automata.And �nally wehavedevisedourown lecturebingo,with thehopefulaimof
brighteningup yourclasses.

This issue,beingonly the secondof the year, comesout ratherlate. Onereasonfor
this is thedif�culty to obtainarticles.SoI onceagainurgeyou, thereaders,to submit
any materialsuitablefor ��� � �	��
�� sothismagazinemaycontinueto thrive.

— JamesWan

Words fr om the President

Let me askyou a question:what do committees,couchesandT-shirtshave in com-
mon?

Let me follow that up with morequestions:areyou passionateaboutproactive pro-
crastination?Do you marvel at mathematics?Is not knowing theanswerto the �rst
questionsimply eatingyou up inside?If you answeredyesto any of theabove, then
paycloseattention.

STOP.

Now backtrackto whereyou picked up this issueof the Paradox.1 Look pastthe
metallicwire rackburstingfull of mathemagicalgoodness,andyouseetheopendoor
just beyond. Walk towardsthe light, andstepinto the MUMS room. This is where
themagichappens,this is wherea thousandmonkeys typing randomwordsspinout
coherentseminarsand ��� � �	��
�� articles;thisis whereacommunityof studentsmirac-
ulouslyput togethertheMUMS PuzzleHunt, theMathsOlympics,regularseminars,

1Ignorethis if you foundit online.
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all thewhile not seemingto do any work; andthis is theonly placewhereyou'll �nd
out theanswerto thequestionat thestart.

But enoughaboutMUMS, you startedreadingthis sectionfor words,andwordsyou
shallhave: Swifter, HigherandStronger. Eachyear, from theveneratedheightsof the
Michell Theatreseats,menandwomenfrom all walksof life join asoneto celebrate
(andcerebrate)thepinnacleof humanachievement:theUniversityMathsOlympics.
Neitherrainnorhail shallstopthishallowedindoorevent,asmathletesyoungandold
raceto betheteamto solve themostquestions.So,comeSeptember, signup a team
of � ve for theUMO andexperienceit �rst hand.

— Yi Huang

Puzzle: what is wrong with this argument?

x � x2
� x3

���������

x
1 � x

1 �

1
x

�

1
x2 ���������

x
x � 1

Adding these up, we get

�����	�

1
x2 �

1
x

� 1 � x � x2
� x3

�
������� 0 �

UnsolvedProblems

Problem8 on thelasteditionof ����� �	� 
�� reads,

Find 3 waysto write 3 asthesumof 3 3rdpowersof integers.

Two of the waysareobvious, namely13
� 13

� 13 and43
� 43

��
�� 5�

3, while the
third is moreelusive. In fact,it is soelusive thatby �nding it, your fameandfortune
would increaseslightly beyondthe$5 offered,for at thetimeof writing, thisproblem
is unsolved.

Theallureof problemsolvingis suchthatdeceptivelyeasyto understandproblemscan
withstandthebrightestmindsandmostconcertedefforts. Below is a loosecollection
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of problemsthatrequirealmostnoknowledgeto understand(althoughakindergarten,
andsometimeseven high school,educationis preferred),but have remaineduncon-
quered.Whoknows,maybeoneof themmaylaterbecomeassociatedwith yourname.
TheauthorthanksNormDo for compilingmuchof thelist.

Mor e Cubes.We know quitea bit aboutwriting integersassumsof powersof other
integers. For example,every positive integer is the sumof 4 squares.In fact, this
generalises,andwe know thatevery positive integer is thesumof at most9 positive
cubes(thenumber23 actuallyrequires9 cubes).We alsoknow that if we usesigned
cubes,thenwe needa sumof at most5 terms.Theopenproblemhereis whetherthis
canbeimprovedto 4.

Theeasiestcaseis whenthe numberis a multiple of 6, for thenwe canwrite it asa
sumof 4 cubes:6x � 
 x � 1�

3
� 
 x � 1�

3
� x3

� x3. Theothernumbersarenotsoeasy,
for instancewedon't evenknow if 33canbewrittenasthesumof 4 cubes.

Incidentally, it is notknown if every integeris asumof atmost3 signedsquares.

A perfectcuboidis de�ned to be a box with all sides,diagonalsandlong diagonals
integers. Of course,thereis a problemwith this, becausewe don't know if sucha
thingexists.

If we drop the long diagonalcondition, then the shapeis known asan Euler brick.
It canbe checked that therearein�nitely many Euler bricks, for we take 
 a � b � c� to
bea Pythagoreantriple, andthen 
 a 
 4b2

� c2
��� b 
 4a2

� c2
��� 4abc� givesyou theside

lengthsof anEulerbrick.

Magic Squares. A magicsquareof ordern is an n � n arrayof numberssuchthat
the rows, columnsanddiagonalsaddup to the samenumber. Often we restrict the
numbersto 1 � 2 ��������� n2. It is anunsolvedproblemto determinethenumberof distinct
(excluding thoseobtainedby rotationand re�ection) magic squaresof an arbitrary
order. It is clear that thereis 1 magicsquareof order1, andthat thereis no magic
squareof order2. A bit of thoughtrevealsthat thereis only 1 distinct 3 � 3 magic
square,onceyou've �gured out to put the5 in themiddleand1 in anadjacentsquare.

Eventhenumberof 6 � 6 squaresis notknown,andis estimatedto be1 � 8 � 1019 using
MonteCarlosimulationandmethodsfrom statisticalmechanics.

PolygonalNets.Shephard'sconjecturestatesthatall convex polyhedrahavenets,that
is, aself non-overlappingunfolding.Amazingly, thishasnot beenproven.

Interestingly, thereareconvex shapesthat,if youarenotcarefulin theunfolding,yield
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overlapping̀ nets'. An exampleis givenbelow.

Theresultis not truefor non-convex polyhedra,for example,considera shapemade
by gluing asmallcubeontoa largecube.

Irrationality . Althoughbothp ande areirrational(not expressibleasa fraction)and
actuallytranscendental,it is not know if p � e or p

e is irrational. It is alsounknown
whetherp and e are algebraicallyindependent,i.e. whetherthereis a polynomial
relationbetweenthemwith rationalcoef�cients. The Euler-Mascheroniconstant,g,
is de�ned to be the limit of 1 �

1
2 � ����� �

1
n � lnn asn � ¥ . Its numericalvalueis

0.577.. . , incidentallyvery closeto 1
�

3
. It is not known if this number, which appears

ubiquitouslyin maths,is irrational. Hilbert mentionedthis problemas“unapproach-
able” andin front of which mathematiciansstandhelpless.G. H. Hardyis allegedto
haveofferedto giveup hischairatOxford to anyonewho canprove its irrationality.

Primes. Apart from the well known GoldbachConjecture(that every even number
� 2 is the sumof 2 primes)andtheTwin PrimeConjecture(that therearein�nitely
many pairsof primes2 apart),thereis a wholerangeof unsolvedproblemsregarding
primenumbers.

A prime p is said to be a SophieGermainprime if both p and 2p � 1 are prime.
Historically thesenumbersareimportantin proving casesof Fermat's LastTheorem
(alas,thishasbeensolved).It isnotknown if therearein�nitely many SophieGermain
primes.

Let n beanaturalnumber. Are therein�nitely many primesof theform n2
� 1? I don't

know, andyou probablydon't either. Also, we don't know if thereis alwaysa prime
betweenn2 and 
 n � 1�

2, a conundrumknown asLegendre'sconjecture.Wedo know
thatthereis alwaysaprimebetweensuccessive4thpowers.

Are therein�nitely many palindromicprimes?(Clearlyall suchprimesmusthave an
oddnumberof digits,otherwise11dividesit.)

Are therein�nitely many Fibonaccinumbersthatarealsoprimes?
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A balancedprimeis aprimenumberthatis equalto thearithmeticmeanof thenearest
primesabove andbelow. ($5)Are therein�nitely many?

Is thereany valueof n otherthan1, 2, and4, suchthatnn
� 1 is a prime?

Are therein�nitely many primesof theform n! � 1?

n2
� n � 41 is primefor integers0 � n � 39. Are therein�nitely many primesof this

form?

If p is aprime,is 2p
� 1 alwayssquarefree?

A repunitprimeis aprimenumberthatconsistsentirelyof 1's in its base10represen-
tation.Thesmallestexampleis 11,andthenext smallestis astringof 131's. It is easy
to seethatthelengthof any repunitprimemustbeaprime,for if it hadaproperfactor,
we cantake a repunitof the lengthof a factor, which will divide the “prime”. Cur-
rently thelargestrepunitprimehas10311's. We don't know how many suchprimes
thereare.

Gilbreath'sconjecture:we list all À 0 primes,take theabsolutedifferenceof eachpair
of adjacentterms,which form a new sequence.Repeat.Do all new termsstartwith a
1?

Perfect Numbers. A perfectnumber, suchas28,hasthepropertythatthesumof all
of its divisorsis twice thenumber. We don't know if any oddperfectnumbersexist.
Wealsodon't know if therearein�nitely many perfectnumbers,thoughthis is related
to thenumberof Mersenneprimes(primesof theform 2n

� 1).

A quasiperfectnumbern hassumof divisors2n � 1. No suchnumberis known.

Zeta Function. TheRiemannZetaHypothesisis toodif�cult to statehere;remember
we areaiming at the kindergartenlevel. However, the zetafunction restrictedto the
positive integersis de�ned to bez 
 s� � å ¥

n� 1
1
ns . For seven,wecanevaluatetheright

handsideexactly (usingcomplex integralsor whatever),andgetrationalmultiplesof
powersof p. For instance,z 
 2� �

p2

6 . However, all methodsfail whens is odd,and
we hardly know anything aboutthe exact forms of thesevalues. It hasbeenproven
thatz 
 3� is irrational,thoughwedon't know if it is transcendental,or if any otherodd
zetavaluesareirrational.

Geometry. Herearea list of deceptively simpleproblems,vaguelyall having some
geometricmeanings.

Is therea point in theplanethatis a rationaldistancefrom eachof thefour cornersof
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aunit square?

Is therea trianglewith integersides,medians,andarea?

How many pointscanyou�nd onthe(half) parabolay � x2
� x � 0, sothatthedistance

betweenany pairof themis rational?

Kabontriangleproblem:How many disjoint trianglescanbecreatedwith n lines?

It is not known if a singleaperiodic(i.e. canonly tile theplanenon-periodically)tile
cancover theplane.

Canany setof disksof total area1 canbepackedinto adiskof area2?

Is therea setS in the planesuchthat every setcongruentto S containsexactly one
latticepoint (i.e. pointwith integercoef�cients)?

Is therea constantA suchthatany setin theplaneof areaA mustcontainthevertices
of a trianglewith area1?

It is not known if thereareany necessaryandsuf�cient conditionsfor a Hamiltonian
circuit to exist; a Hamiltoniancircuit on a graphis a loop that visits every vertex
exactly once,traveling alongedges.In contrast,thereis a simplenecessarycondition
for theexistenceof anEuleriancircuit, whichvisits everyedge.

Doesevery simple(no self intersection)closedcurve in theplanecontainfour points
forming theverticesof asquare?

It is easyto seethat a semi-circlewith radius1 cancontainany curve of length 1
(if you're allowedto rotateandmove thecurve around)– but what is theareaof the
smallestsimplyconnected(noholes)setthatcancontainevery curveof length1?

Will all the 1
k �

1
k � 1 rectangles,for integerk � 0, �t togetherinsidea1 � 1 square?(It

is aneasytelescopingexerciseto seethattheareasagree.)

Egyptian Fractions. TheEgyptianalgorithmconvertsa rationalnumberto a sumof
reciprocalsof positiveintegers.It is sonamedastheancientEgyptianswrotefractions
thatway. Incidentally, they hadaspecialsymbolfor 1

2, andalsoused2
3 and3

4, although
they arenot reciprocals.

The algorithmtakesa rationalnumber, looks at the fractionalpart f , and �nds the
biggestreciprocal� f (take theintegerpartof 1

f ), andcalculatesthedifference.Now

repeat.For instance,111
28 � 1 �

1
3 �

1
17 �

1
1428. This methodcanproducehuge(hun-
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dredsof digits) numbersin the denominatorfor innocentlooking fractions. It is an
interestingexerciseto seethatthealgorithmalwaysterminates.

Now, doesthe Egyptianalgorithmalwayssucceedin expressinga fraction with odd
denominatorasa sumof unit fractionswith odddenominator?

Anotheropenproblemis theErdös-StrausConjecture:Is it truethatthefraction 4
n can

bewrittenasasumof threeor fewerdistinctunit fractionsfor n � 2?

Games.Theminimumnumberof givensto rendera uniquesolutionto thestandard
sudokuis unknown; it is probably17.

The minimum numberof turns requiredto solve the Rubik's cubefor an arbitrary
startingpositionis not known, althoughit is boundedfrom aboveby 29.

Theminimal numberof movesrequiredto ordern diskson four rodsin theTower of
Hanoi is unknown for generaln, thoughtit is easyto verify that the sequencestarts
with 1 � 3 � 5 � 9 � 13� 17� 25�	�����

Diophantine Equations. Thefollowing areall unsolvedproblemsaskingfor integer
solutions.

Brown numbersarepairsof integerssuchthatn! � 1 � m2. Only threesuchnumbers
areknown: 
 4 � 5��� 
 5 � 11��� 
 7 � 71� . It is conjecturedthat thesearetheonly threesuch
pairs.

A Diophantinen-tuple is a setof n positive integerssuchthat theproductof any two
is onelessthanasquareinteger. Doesthereexist aDiophantine5-tuple?

Canyou �nd x � y� z, suchthat 
 x � y � z�

3
� xyz?

Miscellaneous.Takeany positiveintegerof two digitsor more,reversethedigits,and
addto theoriginal number. Now repeattheprocedurewith thesum. This procedure
quickly producespalindromicnumbersfor mostintegers.Thepalindromicvaluefor
89 is especiallylarge, being 8813200023188.The numbersnot known to produce
palindromesarecalledLychrelnumbers.The�rst is 196,for which millions of digits
havebeencomputed.

Are thereonly �nitely many perfectsquareswith just two differentnonzerodecimal
digits?

A family of �nite setsis saidto beunion-closedif theunionof any two membersof
thefamily is alsoamemberof thefamily. In a �nite union-closedfamily of sets,must
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someelementappearin at leasthalf of thesets?(It is simpleto checkthatif thesetis
thepowersetof 1 ������� � n, thenevery elementappearsin exactly half of thesets.)

Doesevery graphwith minimumdegree3 haveacyclewhoselengthis a powerof 2?

Themoving sofaproblemasksfor therigid two-dimensionalshape(a`sofa') of largest
areaA that canbe maneuveredthroughan L-shapedplanarregion with legs of unit
width. As a semi-circleof unit radiuscanpassthroughthecorner, a lower boundfor
thesofaconstantA �

p
2 is readilyobtained.Thetruevaluefor A is yet to berevealed.

A considerablybetterlower boundof 2
p �

p
2 is basedon the shapeabove, consisting

of two quarterunit circleson eithersideof a1 �

4
p rectangle,from whichasemicircle

of radius2
p hasbeenremoved. To seethattheremoved�gure is a circle,notethatthe

distancebetweenthe two innercontactpointswith the`wall' is �x ed,andthe`wall'
alwayscutsoutaright angle.To seethatthewidth of therectangleis 4

p , we let a beits

width andnotetheareaof therectangleminusthecircle is a �

a2p
8 , with a maximum

ata �

4
p .

The nestedradicalconstantis 1 �

�

2 ��� 3 �
����� . It is easyto checkthat it con-
verges,but no closed-formexpressionis known.

Weclosewith aproblemthattheaveragepersoncancontributeto. Sierpinskinumbers
areintegersk suchthat2nk � 1 is compositefor all n. It is surprisingthatsuchnumbers
exist at all, let alongthat in fact therearein�nitely many of them. It is conjectured
that78557is thesmallestone.Therewere17candidatesfor thesmallestnumber, and
a computingeffort known as“seventeenor bust” wascarriedout to eliminatethem.
At thetimeof writing theonly remainingcandidatesare10223,21181,22699,24737,
55459,and67607.Oneonly needsto produceann suchthat2nk � 1 is primefor one
of theabove k to eliminateit. Of course,suchn'sarelikely to behuge.
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Quotes1

“I takespaceto beabsolute.” – Newton

“I holdspaceto besomethingpurelyrelativeastime is.” – Leibniz

¥

“Takingmathematicsfrom thebeginningof theworld to thetimeof Newton,whathe
hasdoneis muchthebetterhalf.” – Leibniz

NewtoncalledLeibniza fraud.

¥

“In conclusionI wish to saythatin workingat theproblemheredealtwith I have had
the loyal assistanceof my friend andcolleagueM. Besso,andthat I am indebtedto
him for severalvaluablesuggestions.” – Albert Einstein

“Youhad,by theway, overestimatedthemeaningfulnessof my observationsagain.. .what
is certainis thatI wasnotawareof thisconsequenceof my commentsandcannotgrasp
theargumentevennow.” – MicheleBesso

¥

“No more �ction for us: we calculate;but that we may calculate,we had to make
�ction �rst.” – Nietzsche

¥

“The advancementandperfectionof mathematicsareintimately connectedwith the
prosperityof thestate.” – Napoleon

¥

“I have yet to seeany problem,however complicatedwhich,whenlookedat theright
way, did not becomestill morecomplicated.” – PaulAnderson

A question on the British matriculation, 1896: �nd the prime factors of
5679431432056743205685679432.
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Cellular Automata

1 Intr oduction

Cellularautomata(CA), broadlyspeaking,aredynamicalsystemsthatarediscretein
time, spaceandstate.Cellularautomatafeatureubiquitouslyin scienti�c modelling.
ThereareCA modelsof cancer, tissueregrowth, HIV/AIDS, �re, traf�c, stockmar-
kets,�uid mechanics,solitons,qubits,beesandmany moreobscure(andnot so ob-
scure)topics. Themodellingaspectof cellularautomataseemsto have onecommon
thread;a seeminglyobligatory citation of the work of Wolfram [5]. The sheersim-
plicity of programminga computerto computeCA makesit a fantasticmediumto do
simulationsof complex behavior. In theliterature,CA modelshavebeenprogrammed
in everythingfrom machinecodeto Microsoft Excel.

Insteadof the usualprogramminga computerto simulateCA, we intendto demon-
stratehow a CA can simulatea computer. We will split this up into 3 proceeding
sections.§2 will introducesomebackgroundmaterial,mainly somede�nitions. §3
will introduceConway's Gameof Life alongwith a few building blockswe shalluse
in §4, which will focuson constructingcon�gurationsthat will computethreemain
logicaloperations:NOT, AND andOR.

2 De�nitions and generalboring stuff

Let us give 3 de�nitions of a cellular automata. The �rst shall be our most basic
de�nition, thenweshallincreasethecomplexity gradually. Eachsuccessivede�nition
shall be a subclassof the previously de�ned system. We shall also presentsome
examplesof interestingsystemsthatall go undertheguiseof CA.

De�nition 2.1. A cellular automatonis a dynamicalsystemthat is discretein time,
spaceandstate.

Theprototypicalexampleis whenonetakestheintegers,
�

, andassignsavalueof 0 or
1 (i.e. anelementof

�

2) ateachpointon
�

. At a timet, werepresentthesystemsstate
by thebi-in�nite sequence
 xt

n � n ���

. We de�ne thestateof thesystemin thenext time
step,t � 1,bysomerule. Theprototypicalexamplebeingwheretheruleissuchthatthe
new bi-in�nite sequence,
 xt � 1

n � n ���

, is de�nedby theequationxt � 1
n � f 
 xt

n � 1 � xt
n � xt

n� 1 �
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where f :
� 3

2 �

�

2. Givenan initial condition,that is an initial bi-in�nite sequence,

 x0

n � , xt
n is determinedfor all time by f . For our particularcase,thereare223

� 256
choicesof function. For example, f 
 xt

n � 1 � xt
n � xt

n� 1 � � xt
n � 1 � xt

n� 1 mod2 is a simple
rule. Thisexampleis calledrule90in Wolframsclass[5]. Theevolutionof thissystem
with averysimpleinitial conditioncanbeseenin �gure 1.

Figure1: Rule90 with aninitial conditionwhereu0
n � dn0.

This exampleis classicalin that this systemis onethatpossessesthefollowing addi-
tionalproperties:

1. Thesystemis deterministic.

2. Thenumberof statesthatany pointcanbein is �nite.

3. Therule thatde�nesthestateof any point in thenext timestepdependsonly on
thestateof thatpointandthestatesof thosepointsaroundit.

It is importantto note that therearemany examplesof systemsthat are put in the
classof CA thatviolatetheseproperties.Someof thesesystemsarevery extensively
studiedin modelling. In particular, a classof CA calledbox-and-ballsystemsvio-
late the last of theseproperties,locality, yet it is the focal point of a large body of
researchin mathematicalphysics.However, we will disregardsuchexamplesto give
thefollowing moreformalde�nition of CA.

De�nition 2.2. A cellularautomataissequence,
 Ct � t ���

, de�neda5-tuple 
 L � S� U � f � C0 �

where

1. L is a lattice.

2. S �

�

s1 ������� � sm �

is analphabet.

3. U � 
 u1 ������� � un � is some�nite sequenceof latticeelements.
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4. f : SU
� S is a function.

5. C0 : L � S is someinitial con�guration.

wherethesequenceis speci�edsothatfor all v � L, Ct � 1 
 v� � f 
 Ct 
 v � U ��� .

If that seemsa bit bewildering, let us take the previous examplein this framework.
Latticein this context is just anadditivegroup,like a grid. Thelatticeis thespaceon
which this cellularautomataexists,that is L �

�

. Thealphabetis thestatesthateach
point in thespacemaybe,thatis S �

�

0 � 1
�

�

�

2. TheU de�nestheneighbourhood,
thatiswhatpointsarearoundanotherpoint,hereU ��
�� 1 � 0 � 1� . Now wecanmakethe
correspondenceof notationby sayingxt

n � Ct 
 n� . We de�ne theglobaltransitionthat
de�nesCt � 1 by xt � 1

n � Ct � 1 
 n� � f 
 Ct 
 n � 1��� Ct 
 n��� Ct 
 n � 1��� � f 
 xt
n � 1 � xt

n � xt
n� 1 � .

Now wedon't wantto considerall latticesfor averygoodreason.Think aboutchang-
ing asinglepoint'sstate,sayC0 
 0� , where0 is theidentityelementof thelattice.Since
therule is actinglocally, theonly possibleeffect will beon theelementsC1 
 U � , then
C2 
 U � U � , andfor arbitraryt ��� , theeffect of changingthestateof C0 
 0� will only
haveaneffect onCt 
 tU � . Hencetheeffect of changingC0 
 0� will only ever affect the
setgeneratedby U. Hence,we will assumeL is generatedby U, hence,making it
�nitely generated.Beforeyou startrunningfor the hills, almostall examplesyou'll
ever comeacrossarewhereL is oneof thegroupswith neighbourhoodsappearingin
�gure 2.

0 1 2 3 4 5
1
2
3
4
5
6 6 7 8 9 10 11

6
5
4
3
2
1

12 13 14 15 16 17 18 19
3
4

(a) (b) (c)

Figure2: The threemost commongroupswith associatedneighbourhoods:(a)
� 2

with a Moore neighbourhood,(b)
� 2 with a Neumannneighbourhood,(c)

�

with a
radialneighbourhood.

We�nally addonemorede�nition of cellularautomatawhich is a minorextensionof
thede�nition above. Insteadof a lattice,which is anabeliangroup,we now consider
the casewhereit' s just a group,G. We will now refer to the identity elementase
insteadof 0. Becausethe above argumentworks for any group,we may assumeG
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is a �nitely generatedgroup,moreover, generatedby U. Without lossof generality,
we mayassumethat

�

ui �

�

�

u � 1
i �

. We canassumethis becausewe cansimply add
elementsto theendof U andextendtheold transitionfunction f : SU

� S sothat it
hasnorealdependenceonany addedvalues.TheCayley graphof a �nitely generated
group,G, associatedwith ageneratingset,

�

ui �

, is thegraph,G, in whicheachelement
of G is avertex andtwo vertices,g1 � g2 � G, haveanedgejoining themif g1 � g2ui for
somei. Because

�

ui �

�

�

u � 1
i �

, we treatthis asanundirectedgraph.We mayendow
G with a metricthatcomesfrom theCayley graph,G[2]. Now wede�ne thedistance
betweeng1 andg2, d 
 g1 � g2 � , to betheminimumpathdistancefrom verticesg1 to g2
on G. That is, two elements,g1 � g2 � G, arefar away if you needto multiply g2 by
many elementsof U beforeyou equalg1.

Now wede�ne ametricon SG by

d 
 C � C� � � exp
�

� inf
�

d 
 e� g��� C 
 g��� � C� 
 g� : g � G
���

(2.1)

or 0 if C � C
�

, which in simpletermssaysthat two con�gurationsarecloseif they
only disagreefar away from e.

De�nition 2.3. A cellular automatonis a sequence
 Ct � t � �

satisfyingCt � 1 � F 
 Ct �

whereG is a �nitely generatedgroup, S is a �nite alphabetandF is a continuous
endomorphismof SG thatcommuteswith thegroupaction.

Here, the continuity is interpretedin termsof the topology inducedby (2.1). This
settingis morenaturalfrom atopologicaldynamicalpointof view. Thisgeneralization
wasconsideredin thefamousresultof Machi andMignosi who prove what's known
as a Gardenof Edentheorem. That is, a mappingis surjective if and only if it is
pre-injective.

3 Conway'sGameof Life and the Zoo

Now thatwehavede�nedwhatacellularautomatonis,wemayintroduceanimportant
example,namelyConway's. Thebasicsettingis whereS �

�

0 � 1
�

andthespaceand
neighbourhoodcoincideswith (a) in �gure 2. That is G �

� 2 andU is thesequence
of elementsui � 
 u �

i 	

1 � u �

2	

2 � suchthat � u �

i 	

1 �

2
�
� u �

i 	

2 �

2
� 2 in any order. The function,

simplyput is

Xt

�

i � j 	

�
�

1 if Xt

�

i � j 	

andå u1u2 � 1X
�

i � j 	 � u � 2 or å u1u2 � 1X
�

i � j 	 � u � 3
0 otherwise.

(3.1)
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The reasongiven for an alive cell dying whenit hasmorethan3 live neighboursis
overcrowding, while thereasonfor a cell dying whenit hasfewer than2 live cells is
loneliness.A deadcell with 3 neighbourscomesto life asif supportedby its surround-
ing cells.Wedemonstratethe�rst few evolutionsof amoderatelyrandomsetof initial
conditionsin �gure 3.
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Figure3: Thesearethe�rst few statesof a randomsetof initial conditions.

Now thatwe have a system,we wish to constructa con�guration thatwill beableto
computethings.To do thiswearerequiredto constructtoolsthatwemayput into our
system.Thatis, wewill �nd con�gurationsthathavedesirablepropertiesthatwemay
exploit to do ourcalculations.Wewill split theseup into a few categories:

Gliders: The basicobject that we will useto transmit information from one point to
anotherwill be the glider. It is an objectthat undergoessomeevolution, then
returnsto thesamecon�gurationwith somesortof shift in position.Theglider
we shall usefor our constructionand the evolution of the glider is shown in
�gure 4.
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Figure4: This little guy is thebasicunit for ourconstruction.

Guns: A gun is a objectthatshootsout a glider. That is, thecon�guration undergoes
someevolution andproducesa glider thatshootsoff in somedirection. Figure
5 shows two time states,the initial time, and30 time stepslater in which the
con�guration is the same,however, thereis a little glider that will shootoff
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diagonallydown andto the left. Needlessto say, the resultingglider doesnot
interferewith otherglidersor theoriginalgun,hence,thisgunproducesasteady
streamof gliders.

Figure5: This is theP30gun,at timet andt � 30 respectively.

It is importantto notethatwemaypointtwo gunsateachother, thatis onedown
andto theleft, andtheotherdown andto theright, thentheresultinggliderswill
destroy eachother.

Blocker: A Blocker is anobjectthat is ableto withstandattacksfrom a glider gun. That
is, the glider get shot towardsa blocker, andthenundergoessomeevolution,
thenreturnsto thecon�gurationof theblocker. Essentially, it destroys a glider.
Figure6 shows a basicblockersinteractionwith our glider. We will alsoasso-
ciatea variablewith a blocker anda Gun. The truth of this block is indicated
in �gure 6 by the light grey cell. If the cell is alive, thenthat variableis true
andtheblockerdiesleaving thegunto emitastreamof gliders,whenthecell is
dead,theblockerstaysalive to destroy thesteamof gliders.

012345678910
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89

10

012345678910
01
23
45
67
89

10

Figure6: This is stept andt � 5 of theinteractionbetweena blocker anda glider. At
timet � 5 wehavemarkedthesinglesquarewewill useasinput.

Accepter: TheAccepterbasicallyactslike a blocker, however, onceit is hit by a glider, it
undergoessomeevolutionandendsupin analteredstate.Weshalluseasimple
2 � 2 boxwhichwill getdestroyedby aglider (whenhit in acertainway)along
with a blocker. Theoutputcanbe interpretedastrue if thebox is destroyedor
not. To concatenatelogical expressions,we shall remove theaccepterallowing
thegliderstreamto passthrough.
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It shouldbe mentionedthat therearewhole classesof interestingobjectswe do not
requirefor our calculationsandwill not give examplesof, but areworth mentioning
nonethelessbecausethey arefun:

Puffers: Theseobjectsactlikeglidersin thatthey reproducetheir original con�guration
with someshift, however, they leave a residueof periodic or stableobjects.
Therearesomemassivepuffersavailableto download.

Spaceships:Well, technically, thereis no differencebetweena spaceshipana glider, how-
ever, whenglidersgetmassive, it seemssomewhatmoreaptto call suchobjects
spaceships.

Breeders:Sortof like thepuffers,however, they leavea residueof guns.

Thereareafew peoplewhocollectcon�gurations[6]. Variouspeopleengineerobjects
in life tocompetefor varioustitles,suchasslowestship,fastestglider, smallestGarden
of Edencon�guration. I believe the largestconstructedobject is GabrielNivasch's
4,195by 330,721cell shipwith aninitial populationof 11,967,399alive cells,andis
theonly known objectthat travelsat 0.378timesthespeedof light (light heremoves
onesquarepertimeunit).

OtherinterestingobjectsincludeDeanHickerson'smassive(approximately)1500cell
by 1000cell primecalculatorwhich is essentiallya gunthatproducesa glider at time
PN, for someperiod P, if and only if N is prime. Also worth mentioningis Paul
Rendell's (approximately)1600 cell by 1600 cell Turing machine. Many of these
con�gurationswill run on Life32, which is a nifty little programby JohanBontes[1].
The site alsohaslinks anda few megs of engineeredcon�gurationsto play around
with.

4 Constructing logical gates

We will now give somedetailsasto how to constructthreemainlogical gates:AND,
ORandNOT. Thesearethebasicgatesrequiredto doany numericalcalculation.One
canconcatenatetheseobjectsto build larger objectsand do any singlecalculation.
However, we mustsay, this will only do a setof binarycalculationsandtheresulting
constructiondoesnotachieveall thatis necessaryto beuniversal(thatis, to beableto
simulateaTuringmachine).

Insteadof drawing all thestatesof every cell, weshallusethefollowing notation:



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

1. GunandGlider stream:

Figure7: Diagramaticrepresentationof a glidergunandstreamof gliders.

2. Blockerassociatedwith avariableA:

A

Figure8: Diagramaticrepresentationablockerassociatedwith avariableA. A generic
blockerassociatedwith novariablewill havenothingcomingout.

3. An accepter:

Figure9: Diagramaticrepresentationanaccepter. An accepteroutputis “True” if the
streamreachestheaccepter.

Usingthesetools,wehave thefollowing diagramsthatrepresenteachlogicalgate:

NOT A: To build NOT A, we simply have a streamthat is goingto beblockedonly if A
is true. Soif A is true in �gure 10, thenthestreamof gliderspassesthroughA
stoppingtheotherstreamof glidersfrom reachingtheacceptor, otherwiseif A
is not truethestreamon theleft will reachtheaccepter.

A AND B: Depictedin �gure 11 is the streamfrom the left gun passingthroughto the
accepterif A is true,andnot beingblockedby thestreamon thefar right if B is
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A

Figure10: ThelogicalgaterepresentingNOT A

A B

Figure11: ThelogicalgaterepresentingA AND B.

true. If B is not true,thestreamof glidersfrom thegunonthefar right stopsthe
glidersfrom thefar left or hitsablocker if A is not true.

A ORB: TheOR gateis themorecomplicatedandrequires4 guns.Theright 3 gunsin
�gure 12 andtheir streamsessentiallyrepresentNOT (A OR B), andthenwe
arereally concatenatingthis with theNOT operation.Thestreamfrom gunon
thefar right is only blockedif eitherA or B is true.Hence,thestreamon thefar
left passesto theacceptorif eitherA or B aretrue.

Hencewehaveconstructedthreebasiclogicalgatesandhaveshown thattheGameof
Life canat leastdo any singlebinarycalculationusingaseriesof logicalgates.

5 Someadditional food for thought

Wehaveshown thatyou cando basiccalculations,however, whatis requiredin order
for somethingto be universal is a fair bit more technical,but it can and hasbeen
done[3] andavailableto downloadfor the Life32 program[1]. This is not the only
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A B

Figure12: ThelogicalgaterepresentingA ORB.

cellularautomatathat is capableof beingprogrammedto do calculations,but it is the
mostpopular. With a muchlargeralphabetit is evenpossibleto geta CA to simulate
a Turing machinein a way thateachtime stepof theCA is in correspondencewith a
singletimestepof aTuringmachine.
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Quotes2

“To deprive a mathematicianof existenceproofswould be like depriving a boxer of
hisgloves.” – David Hilbert

“For a mathematicianhedid not have enoughimagination,but hehasbecomea poet
andnow heis doing�ne.” – David Hilbert, on a formerstudent

“Medicine makespeopleill, mathematicsmake themsadandtheologymakesthem
sinful.” – Martin Luther

“If your experimentneedsstatistics,you oughtto have donea betterexperiment.” –
ErnestRutherford

“Mathematicscontainsmuchthatwill neitherhurtoneif onedoesnotknow it norhelp
oneif onedoesknow it.” – J.B. Mencken(journalistandessayist)

“There are only two kinds of math books. Thoseyou cannotreadbeyond he �rst
sentence,and thoseyou cannotreadbeyond the �rst page.” – C. N. Yang (Nobel
laureatein physics)

“Educationis an admirablething, but it is well to rememberfrom time to time that
nothingworthknowing canbetaught.” – OscarWilde

“The perplexity of life arisesfrom therebeingtoo many interestingthingsin it for us
to beinterestedproperlyin any of them.” – G. K. Chesterton(writer)

“The intellectuals'chiefcauseof anguishareoneanother'sworks.” – JacquesBarzun
(historian)

“As anadolescentI aspiredto lastingfame,I cravedfactualcertainty, andI thirstedfor
a meaningfulvision of humanlife – soI becamea scientist.This is like becomingan
archbishopsoyoucanmeetgirls.” – M. Cartmill

“Our Fatherwho art in Heaven, give me breadandbeer. Listen for once.” – From
Abel'snotebook

Solution to puzzle: The �rst equation converges if � x ��� 1, while the
second converges if � x �

� 1.
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Maths Jokes

Mathematicpunsarethe�rst sineof madness.

¥

(Anothertwist on theperennialprimesjoke.)

Chemist:3 is aprime,5 is a prime.. .hey let'spublish!

Physicist: 3 is a prime,5 is a prime,7 is a prime, 9
3 is a primewith renormalisation,

. . .

Quantumphysicist: all numbersarebothprimeandnon-primeuntil observed.

Computerscientist:11 is aprime,101is aprime,111is aprime.. .

Programmer:3 is a prime, 5 is a prime, 7 is a prime, 9 will be �x ed in the next
release.. .

Unix programmer:3 is a prime, 5 is a prime, 7 is a prime, segmentationfault, core
dumped.

Minesweeperaddict:3 is red,5 is maroon,7 is black,9 is impossible.

Politician:what'sa number?

Philosopher:whatis ?

Economist:3 is aprime,5 is aprime,7 is aprime,11 is aprime.. . theprimeratesare
dropping.

Professor:3 is a prime. That's aninterestingstatement.I' ll getmy researchstudents
to look into it.

Pokerplayer:3 is aprime,5 is a prime,7 is a prime,J is aprime,K is aprime.

¥

Classi�cationof mathematicalproblemsaslinear andnonlinearis like classi�cation
of theUniverseasbananasandnon-bananas.

¥
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OneeveningReńe Descarteswent to relax at a local tavern. The tenderapproached
andsaid,“Ah, goodeveningMonsieurDescartes!Shall I serve you theusualdrink?”
Descartesreplied,“I think not”, andpromptlyvanished.

(Whatactuallyhappened:Descartesmaintainedacustomof remainingin beduntil 11
a.m. However, afterbeingemployedby theQueenof Sweden,hehadto walk to the
palaceat5 a.m.every morningin thecold for 4 months,anddiedof pneumonia.)

¥

Q: How is aPhDstudentin theologylike theLaplacianoperator?

A: Div grad.

¥

Q: Why is thisobvious?

A: Thatdependson whatyour de�nition of `is' is.

¥

Q: How many problemswill therebeon theexam?

A: I think you will have lotsof problemson theexam.

¥

Statsjokes:

Are statisticiansnormal?

“Smokingis a leadingcauseof statistics.” – FletcherKnebel

“Therearethreekindsof lies: lies,damnedlies,andstatistics.” – Attributedby Mark
Twain to BenjaminDisraeli.

“I couldproveGodstatistically.” – GeorgeGallup

“If I hadonly onedayleft to live, I would live it in my statisticsclass:it would seem
somuchlonger.” – Allegedlyfoundin theinsidecoverof a statisticstextbook.

“The Bureauof IncompleteStatisticsreportsthatoneoutof three.”

¥
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A questionwas to �nd
�

1dx. Onestudent,having obviously copiedsomeone,an-
swered“x � cosntant”.

¥

Try this if youareaskedto proveany mathematicaltheorem:“If thiswasnot true,you
wouldnot askmeto prove it.”

True Stories

Einsteinonedaytook a wrongturn on theway homeandbecameconfusedandlost.
He wandereddown thestreetandfounda policestation,andaskedwhetherhecould
bedirectedto ProfessorEinstein'shouse.

¥

OnedayHilbert andhis wife wereentertainingsomepeoplefor dinner. Mrs. Hilbert
told theprofessorto gochangehisclothes.Hewentupstairs,tookoff hisjacket,shoes,
etc.,but beinga creatureof habit,hethenbrushedhis teeth,got into bed,andwentto
sleep.

On anotheroccasion,Hilbert forgot to weara necktieto someone's dinner. He then
maileda tie to thehosts,andinstructedthemto stareat it for threehours.

¥

Erdössaidtherearethreestepsin thementaldegradationof a mathematician:

1. First you forgetyour theorems.

2. Next you forgetto zip up.

3. Lastyou forgetto zip down.

Erdösalsode�nesa trivial beingassomeonewho doesn't do maths.

¥

LittlewoodwasonceaskedwhatGodwasdoingbeforetheCreation.He said,“Mil-
lionsof wordsmusthavebeenwrittenonthis;but hewasdoingPureMathematicsand
thoughtit wouldbea pleasantchangeto do someApplied.”



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


Littlewoodalsomadethis commenton Hardy: “all individualsareunique,but some
areuniquerthanothers.”

¥

NorbertWienerneededconstantreassuranceof his creativity andplacein thehistory
of mathematics.A colleague'sduty wasto assurehim thathewasa goodmathemati-
cian.

It wasWiener's customto stick his �nger in thegroovesof theMIT corridors,close
his eyes,lower his headin thoughtandwalk down a corridor. Professorsweretold
to closetheir classroomdoorsor Wienerwould follow thecorridorwainscotingto the
classroomandfollow it aroundtheroomuntil it ledhim backto thecorridor.

DuringWorld War II, Wienerwasworking to perfecttheantiaircraftgun's �re control
system. Field performancedatawere fed back to him and he in turn kept re�ning
hisequationsto besentto all Americanships.Japan,in themeantime,wasperfecting
theirKamikazetactics:they replacedsingleplaneattacksby coordinatedmassattacks.
A few daysbeforeJapansurrendered,anAmericandestroyerwasthetargetof suchan
attack.All handsontheAmericanship,having justreceivedWiener'slatestequations,
managedto shootdown every oneof the attackingplanes.After the war, the entire
crew paidavisit to him in gratefultribute.

¥

Nobel laureateRichardFeynman,a passionatedrummer, was asked by a Swedish
encyclopediapublisherto supplya photographof himself “beatingthe drum to give
a humanapproachto a presentationof the dif�cult matter that theoreticalphysics
represents.” Feynmanreplied:

“The factthatI beatadrumhasnothingto dowith thefactthatI dotheoreticalphysics.
Theoreticalphysicsis a humanendeavor, oneof the higherdevelopmentsof human
beings,andtheperpetualdesireto prove thatpeoplewho do it arehumanby showing
that they do other thingsthat a few otherhumansdo (like playing bongodrums)is
insultingto me. I amhumanenoughto tell you to go to hell.”

¥

Feynmanwasoncecelebratedasthe “smartestmanin the world.” His mother's re-
sponse?“If that's theworld'ssmartestman,Godhelpus!”

¥
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Feynman'svanhadFeynmandiagramspaintedall over it anda licenseplatethatsaid
`Quantum'.Whenaskedif anyoneever recognisedthediagrams,hesaid,“Yes.Once
we weredriving in the Midwest andwe pulled into a McDonald's. Someonecame
up to me andasked me why I have Feynmandiagramsall over my van. I replied,
`BecauseI AM Feynman!' Theyoungmanwent,`Ahhhhh.. . ”'

¥

One day the Indian writer R. K. Laxmanmet the mathematicianBertrandRussell.
“You Indianshave inventednothing,” Russelldeclared.“Absolutelynothing!” Lax-
manwasunderstandablystunned– until Russellexplainedthathewasspeakingabout
thenumberzero.

¥

The Russianphysicist PeterKapitzaoncegave Paul Dirac an Englishtranslationof
Dostoevsky's CrimeandPunishment.Whenaskedhow heliked it, Dirac replied,“it
is nice,but in oneof the chaptersthe authormadea mistake. He describesthe Sun
rising twice on thesameday.”

¥

As aprofessoratCambridge,J.J.Thomsonintroducedlaboratorywork to thecurricu-
lum. “We foundmany cases,” herecalled,“wheremencouldsolve themostcompli-
catedproblemsaboutlenses,yet whengivena lensandasked to �nd the imageof a
candle�ame, would not know on which sideof thelensto look for theimage.” “Per-
hapsthemostinterestingpoint,” Thomsonalsoobserved,“wastheir intensesurprise
whenany mathematicalformulagave theright result.”

A Mathematical Model for Procrastination

1.
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Solutionsto Problemsfr om Last Edition

We hada numberof correctsolutionsto theproblemsfrom last issue.Below arethe
prizewinners.Theprizemoney maybecollectedfrom theMUMS room(G24)in the
RichardBerryBuilding.

NarthanaEpamaycollect$3 for solvingquestion3.

JamesZhaomaycollect$5 for solvingquestions1 and2.

JieZhoumaycollect$5 for solvingquestions1 and2.

Wonki Noh maycollect$8 for solvingquestions3 and5.

FenNiu Lim maycollect$12for solvingquestions3, 5 and7 (partial).

KateMulcahy maycollect$12for solvingquestions3, 5 and7 (partial).

1. A die is thrown until a 6 is obtained. What is the probability that a 5 is not
obtainedbeforethat?

Solution: eitherthe6 comesbeforethe5, or the5 comesbeforethe6; thetwo
eventshaveequalprobabilitydueto symmetry. Hencetheansweris 1

2.

2. A 3 � 3 � 3 cubecanbecutupinto 27unit cubes.Whatis theminimumnumber
of straightcutsrequiredto dothis, if youareallowedto movethepiecesaround
in betweencuts?

Solution:we mustseparatethemiddlecubefrom therest;this requiresat least
6 cuts. In fact,theobvious6 cutssuf�ce asthey separateall smallcubes.So6
is theanswer.

3. Show thatthemediansof a trianglecanalsoform a triangle,with area3
4 thatof

theoriginalone.

Solution: let thetrianglebedenotedABC, andlet A
�

� B
�

� C
�

bethemidpointsof
BC � CA � AB respectively. ConstructD

�

so AD
�

� BB
�

. It is now easyto check
thatAD � CC

�

andAA
�

D is thetriangleformedby themedians.

Let AC andA
�

D intersectatE. As A
�

B
�

DC is aparallelogram,E bisectsB
�

C and
A

�

D, soAE � AC � 3� 4. But theratioof areaof AA
�

D andareaof ABC = ratioof
AA

�

E andAA
�

C = ratioof AE andAC, andsois 3� 4.

4. Findthevolumeenclosedby thegraphsof � x � � � y ��� 1 � � y � � � z �	� 1 � � z � � � x �	� 1.
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Solution: it is easyto seethat the region boundedby the �rst 2 graphsis an
octahedron;now the third prism cuts the octahedronfrom the top, creatinga
rhombicdodecahedron(seepicture),which hasmany fascinatingproperties(it
is foundin thestructureof honeycombsandgarnet).

To �nd thearea,wenotethatthepolyhedronis theconvex hull of 
��

1
2 ���

1
2 ���

1
2 �

and all permutationsof 
 0 � 0 ��� 1� – that is, a squareof side length 1 with 6
pyramidsof height 1

2 on eachface.Hencethetotal areais 1 � 6 �

1
3 � 1 �

1
2 � 2.

5. In anequilateraltriangleABC, pointQ is onBC, andAQ meetsthecircumcircle
of thetriangleatP. Prove that1� PB � 1� PC � 1� PQ.

Solution: observe that � BPQ ��� CPQ � 60� . By equatingtriangleareas,we
have 1

2PB � PQsin60�

�

1
2PC � PQsin60�

�

1
2PB � PCsin120� . Thissimpli�es to

give theresult.

6. Startingwith oneamoeba,everysecondit splitsinto either0, 1, 2 or 3 amoebae
with equalprobability. What is the probability that the populationeventually
diesout?Whatif it canonly split into 0, 1 or 2 amoebaewith equalprobability?

Solution: let the probability be p, thenafter a splitting, we observe that p �

1
4 
 1 � p � p2

� p3
� . Solving for p, we get either1 or � 2 � 1. Now thereare

severalmethodsto show that � 2 � 1 is theonly stableequilibriumof therecur-
sive process(startingat x �

1
4 andapply f 
 x� �

1
4 
 1 � x � x2

� x3
� repeatedly),

andsois theanswer.

Whentheamoebaonly splits into 0, 1 or 2, we get p �

1
3 
 1 � p � p2

� , andso
p � 1, andsothepopulationwill eventuallydieout.

7. It is well known that no four distinct integersquarescanbe in arithmeticpro-
gression;it is obviousthatthreecan.Find away to generateall of them.

Solution:let x2
� y2

� z2 bein arithmeticprogression,then 
 x� y�

2
� 
 z� y�

2
� 2,and

we seekall rationalsolutionsof this equation.But thereis a bijectionbetween
all thesesolutionsandpointsof intersectionbetweenthegraphsof X2

� Y2
� 2

andY � p� q 
 X � 1� � 1. Hence,all answers
 x � y� z� aregivenby 
 q2
� 2pq �

p2
� p2

� q2
� q2

� 2pq � p2
� andtheir integermultiples.Notethatthis is thesame
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as 
 a � b � c � a � b� where 
 a � b � c� form a(notnecessarilyprimitive)Pythagorean
triple.

8. Find 3 waysto write 3 asthesumof 3 3rdpowersof integers.

Solution: this was a prank, for the problemis unsolved. Seeour article on
Unsolved Problems. Of course,if you do happento �nd a solution,you are
welcometo sendit in.

9. Find anexplicit formulafor cos1� .

Solution: we didn't receive any solutionsfor this problem.A relatively simple
expression,foundby computingcos


30
3 �

36
4 �

� , is

6
� 2
8




3
� 3 � i �

3
� 3 � i � 10 � 2 � 5 � 4 � 


3
� 3 � i �

3
� 3 � i � 10 � 2 � 5 � 4 �

���������	��


Problems

Below aresomepuzzlesandproblemsfor which cashprizesareawarded. Bear in
mind that anyonewho submitsa clearandelegant solutionmay claim the indicated
amount(unlesstwo solutionsarethesame,in whichcaseonly the�rst submissionwill
berewarded).Eitheremailthesolutionto theeditor(seeinsidefront coverfor address)
or dropahardcopy into theMUMS room(G24)in theRichardBerryBuilding; please
includeyour name.

If you enjoy ����� �	� 
�� Problems,then you shouldalso look at the PuzzleCorner
columnwhich appearsin eachissueof the Gazetteof the AustralianMathematical
Society. Therearefun problemsto be solved, with the bestsubmissionreceiving a
bookvoucherworth$50.

ThePuzzleCornercanbefoundonlineathttp://www.austms.org.au/Gazette.

1. ($2)Find aquintic polynomialP 
 x� if x3
� P 
 x� and 
 x � 1�

3
� P 
 x� � 1.

2. ($2)Show thatn4
� 4n is a primeif andonly if n � 1.

3. ($2)Whatshapecanbemadewith either2 of the�rst �gure and1 of thesecond
�gure, or 1 of the�rst �gure and2 of thesecond�gure?
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4. ($4)Show thatfor anintegern, n � 3 andn2
� 3 can't bothbeperfectcubes.

5. ($4) Given 3 parallel lines, construct(usingruler andcompass)an equilateral
trianglesuchthateachvertex lieson a line.

6. ($4)Find å ¥
n� 0

1
2n tan x

2n .

7. ($5)For positive integersmandn, if m
n �

� 2, then m
n �

� 2 
 1 �

1
4n2 � .

8. ($7) Find all functions f :
�

�

�

�

� suchthat f 
 m � f 
 n��� � f 
 m� � n for all
m� n.

����� � ��
�� would like to thank Adib Surani, Yi Huang, Sam Chow, Ju-
lia Wang, Tharatorn Supasiti, Norm Do, Kate Mulcahy and Joanna
Cheng for their contributions to this issue.

Maths LectureBingo

Toplay, simplytakeoutthebingosheetoverpageandattendthelectureof yourchoice.
Mark over the squarethat correspondsto an event that hasoccurredduring the lec-
ture. The�rst oneto form a row/column/maindiagonalor markall four cornersyells
“Bingo!” to win.

Note:all of theabove eventshaveactuallyoccurredatonetimeor another.
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