
9661. lUdV suozuoH r.ltPl l

qseeJ Jelnduor .'(q pe{f,eql sJaqurnu
aqt q8noqt ue^e 'reqrunu lleJred ppo
ue pug 01 elqs ueeq re^e seq euo ou
'eurn s,prlfng aJurs 'sJequrnu lle;rad
ppo qr$ uoltenrts aqt,{ltrexa sr reqa

JooJcl sr eJeql

Iuun peperuol lou sr Sutpuels-rapun
anrl 'lq8rsur aql JeeIJ ,ll.oq Jalteru ou

'arueprle eql 3unu1aq.tue.,ro Moq relletu
o1q 's;oo:d roJ tno ploq ot enurtuor
slsrroaql Jeqrunu'os'peqsqq4sa ueeq
s€q uraJoeql s,l€luJad ]eql peldalf,€
dlleraue8 sr 1r .{upo1 pue Joo:d €, qrns
pJrJ^oJsrp peq Jq lEql pJrunouuE
selrlaMerpuv '.g66I uI lng 'lueruel€ls

slq roJ punoJ aq pForJoord ou 'u,tro
rno lrlun.{ep s,1zur:eg uord 'A ueql
.ralu ar8 s:a,u.od 1e -rog uo os pue '-rartrod
qunoJ e re^Ju sr s;a,r,rod qunoJ oMl

Jo urns aql 'aqnc € Ja^eu sI seqnl o-Ml

Jo urns aql 'sre8alur e.trlrsod qlrrw 8ur
-{roM uaq^\'sr leqa 'A < ?, ql1.tt 'u pve-

'z '{'x ste8a}ur a,rrlrsod JoJ ploq Jeleu
plnof az = ut 4 ux t€q] s,079I eql uI
atorml€urred's"ree.,( 6Eg ro; a-rn1raluoc
e se Surpuels rag€ pe,tord .{ltuare-r
se,r\ rueJoJrll lsel s.leturJj ',{q14 'se-rnt

-cafuoe eseql roJ sgoord Surpug .rala

3o .rredsap tou op stsrroeqt raqunN
'punoJ uaJq seq ;oo-rd ou qrtqM roJ

tnq 's.tre1 lersua8 plle^ eq ot Sutruaas
pue 'Elep umoul JI{l IIE SurltrJ stuetu
-el€ls'.sr l€ql :sa;n1raftroc qlIM spunoq€
l^roeqr requrnu .,(q.lt sr reqa Soord
pug ol .,(sea sde.trle l,usr ll 'asrnor3g

3oo;d qlu{ tqBIsuI
q:ee dn I)eq 01 pue ser.ratsLu rql puEts

-rapun o1 .{ldrurs sr lcefqo aqa 'su-re11ed

Jeqrunu Jql ulolJ suorsnlJuo) 1eJtts,{ru
,4{€Jp ol l-q l,usaop lsrJoeql Jequrnu
eql lnq 'sJeqrunu ql},{\ uorl€urJs€J slql
a-rzqs lsrSoloJerunu eql pue lsrroaql
Jeqrunu eqJ 'selJnluef JoJ suerJrl€tua

-qleur I€uolsseJorcl pu€ Jneleu€ pel€u
-rf,seJ e^€q rlf,rq,n,,\,lnq'8urqilue ro3 poo8
Lpelncqred t,uar€ teqt sdrqsuoo€ler
snounl qlr.\\ SurlsJnq sI u '1€q1 e{rT sI
,fuoaqr requrnu '11a14 israqrunu tf,eJrad
lnoqe Suluou>I ur eq aroqt plnof, esn
alqrssod t€qr\y\ isere) oqr!\ O€q^\ oS

'sJeqrunu lcag.red uola uo
&o1s alelduror eqt,l{ou{ eM .{epot og
'srequnultreped ua.te aql 11e sale;aue8
/1pn1cz elnurroJ s.prlf,nf teqt pe'ro;d

'saunlua)

n{ sunp?ruurarlWru
"'?atnunsn{

aa0q qr?qm lnq
'7urq4(un nf poo?
{pn1ntu?ffid t,uatn
?Dqt sdtqsuourylat

snoum qrym Suqst"nq
s?' ' 'N"toaq? "[aqzanl{

-re1ng 'rele1 sree.( puesnoql olt] euros
'1re;-red sI 961 = fi -"d,*Z teqt erns aq
ueJ e,ll. os 'etuud sl It = | -,2'g = u toJ
'.snql 'roqrunu 1ea;-red e sacnpo,rd s.(em

lB (I-"e),*A elnIilroJ aqt 'aurrrd sr (1

-,3) uaqmleql pemoqs plpng'requrnu
aurrrd e t,usl fi -,d'l = u ro! wtll
sr elqnor] aql 'srosr^Ip II€ er€ 0€ pu€
'0' '0g esnereq rJqurnu tre.;.red e t.usl

',41rsre,trun 
_uef, rraury aqJ t€ slur?ruaql€ru

Jo rosseJorcr tuslsrsse u€ sr NVWlill NVo

t€qt pue '0ZI spla1d '7 = a 'lrqrqrssod
]xru rqf '82= L.l = fi - |2),Gte3 a.rr g =

11 roJ'g = g.Z = (t - rdrZ sr.\r8 stqr 6 =zl

rod'(I - 
"a),_a 

:€lnruroJ€ sr araqJ'sraq
-urnu tla;red ue,ra eqt il€ pug ot Motl
sree,{ 996 relo roJ u,trou{ uaeq seq tI 

,
ieruos pug no^

u€J isreqto,{ue areqt erv'82 ot urns
eseql pue 'vIpue' L'v'z'I er? srosl^rp
:adord eqt :84 sr aldruexa reqlouv'g
sr I€lol eql'g pue'7'1 'srosltrp -redo-rd
str dn ppe no{ Jr esn€req 'lcagrad
sr g requnu eqJ 'sraqunu treJrad
tnoqs rurq plor 1 'a1dur€xa u€ sV

'trelqns rql eqtlrsrp
ot prtrl I pue 'lnoqe 3ur>11et ueeq
p€q peJ lSoloratunu eql ot sllt€rue
-rlleru IEaJ ur 3ur qt tsasolr oql sr,fuoaqr
raqulnu l€ql eur 01 parrnJJo u 'uon

-€ut^Ip ;o sasodrnd ;o; sdrqsuortela:

IeJrrerunu 3o uorlele-rd,re1ur pctls{ur
aql 'l8o1o;eurnu se,4\ lI 'lle le sJn€rue
-qtetu .{11eer t.us€,tr tI 'DeJ uI'arr,nos
aqJ sJeueLprtrn 'Surpea-r se.t\ eq {ooq
E ur sJrlEureqlEut Jqr tnoqe 3uq1et
ueeq per{'.raqte;.{ur s,reqt'paJ'seurqf,
-eru tols aqr 8ur.fu1d a:a,n&red rno uI
sreqlo ellq,tl arun Stll1l are,&r eM

;oo.rd;o eJnleu eql :srrleueqleu

Jo urafuof l€.t1uel € lnoqe b'ulql
-aruos I€eaer'uol]reer pcudals {ru pue

'uor1n1os srq purqeq SuruoseeJ aqJ 'lelJ

elnunu € lnoq€ uI uorlnlos e qlr.tl dn
aruee reqle; .{ru'pel?prruqulul]' ef aaJC

luareueSo s'(ep aql af,urs pe^losun ueeq
s€q teqt uralqord e Surpnlcur 'fuoeql
Jequrnu uro4 selctluexJ etuos
urq Sur.tr8 sem I 'ouag uI eJ€J
e ur Surllrs aJe,&r I pue -raqre; .{

{

I

qe3 0uou e u!
rolunmul ppo filcouod v

Nvru]ilt NVo



into the millions and beyond. It seems
like an inescapable conclusion thatodd
numbers simply cannot be perfect and
perfect numbers simply cannot be odd.
But no one has been able to prove it.

So there I was, explaining to Ted
about number theory, how it is like
numerology, and how it is unlike. To
illustrate the ideas of conjecture and
proof, I told him about perfect num-
bers commenting thatone of the oldest
open questions in number theory is
whether there are any odd perfectnum-
bers. I told him, as I have told you, that
the even case is completely solved. I
described the state of affairs for the odd
case: no one can find an odd perfect
number, yet no one'can prove that
none exist.

Then, to my astonishment, Ted an-
nounced that it was completely obvious
that an odd perfect number is an im-
possibility. He explained his reasoning
this way: An even number is divisible by

2, and when you divide itby 2, you get
one of its divisors. In fact, you get its

largest possible proper divisor, half of
the original number. For an even per-
fect number, adding up the remaining
divisors produces the other half of the
original number. But if the original
number (n) is odd, the smallest factor
(other than 1) is at least 3, so the largest
proper factor is at most n/3. In that
case, in order for n to be perfect, the
other divisors-all of which are even
lessthan n/3-have toaddup to2/3of
n, and that is impossible.

Is thataprooPWas the famous prob-
lem of odd perfect numbers solved in a
Reno cafe? I was instantly skeptical.
Surely this argument could have oc-
curred to Gauss, or Euler, or even m,e.
But even more compelling, just from its
inherent structure, I instant$ realized
that Ted's aigument was not a proof.
Can you see why?

One of the foremost skills of the
trained mathematician is to recognize
what is a proof, and what is not. Yet it is
not always easy to clearly explain what
constitutes a proof. My father's argu-

Illu.stration b1 Marty Tatum of Ice House Graphics

ment is logical, it is insightful, it seems
to explain things. And yet there is a
huge hole, a gap in the reasoning. INhy
is it impossible for there to be enough
small factors to total 2/3 of the original
number? Ted could give no further
explanation.

On the surface, the nature of proof
seems clear cut. There must be a logical
reason for each conclusion. If any of
the conclusions is questioned, the
prover must be able to provide reason-
ing thatjustifies it. This additional rea-
soning, in turn, is open to challenge,
and must likewise be defended. And so
on, and so forth, the prover must be
prepared to provide a justification for
each conclusion thatis questioned. But
this process cannot be taken infinitely
far. At some point, won't the prover be
reduced to the same'position as my
father? At some point, a step will be
reached that is so self evident that no
further explanation can be advanced.
The prover can only insist that the skep-
tic must surely agree with the conclu-
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