
and Montgomcry nccd to \vork rather liartler. using vari;~tion;~l 
techniques on the Nc\\,toninn action. but both symmetry and 
geomctry are used to simplify proof. 

Although i t  is possihlc to imagine :~pplic:~tions of these orbits 
the storage of heavy itnits in spacc perhaps i t  is not clear 
\vliethcr they \vill have ilnmedi:~te practical impact. The Moore- 
Chenciner-Montgo~iicry orbit is st:~hlc. ant1 rcse;trcliers arc 
currently cs;~mining the sensitivity of this orbits  to 
pcrturh:~tions \\hicl> break the symmetries of the problem. 
Results l'roln this \vork should help tlctcrminc ho\v likely i t  is th;~t 
such orbits \\.ill be obscr\wi in nature. The other choreographies 
appear to he unstable and hence it is unlikely that they occur 
nat ur;~lly. ;~lthough this inst;tbility tlocs not preclutie then1 from 
being csploitcd by engineers in spacc missions (cl'. slingshot 
orbits). This new cl;tss 01- periodic orbit should also stimulate 
rcsc;trch in othcr ;lrc:ls in\vlvin_c the interaction of Inrgc 
numhcrs 01' bodies. 
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Probability Paradoxes: an improbable 
journey to the End of the World 

Rose D Baker C. Math FlMA 
Centre for Operational Research and Applied Statistics, University of Salford 

Puzzles 

P mhahility theory is a dry suI?icct to most students. ~~Itliougli 
its study was begun by some very colourl'ill individuals 
such as Cardano [l)]. the 16th century gambling scholar. 

and w:~s motivated by gaming problems Ihr removed l'roni 
acnd;teniin. Probability p:~radoscs and startling results in litct 
;tbound. \\~hich 1 divide threefold into puzzles. intriguing results. 
and tlic philosopliicolly deep. 

A parados is n result that conllicts with conimon beliel.. The 
simplcst probability p:~rndoscs make good pi~zzles and 
brointensers. and have been well publicised. One that 1i;ls beconlc 
popular in rcccnt ycnrs is the Monty Hall paradox or  dilemma. 
Monty Hall told contestants in his game show that a car was con- 
cealed behind one 01. tlirce doors. Contestants had to guess which 
door. Monty then opened n door trot containing the car. and that 
contestants had not chosen. and they were allowed to switch 
~uesses between the t\vo remaining doors. Should they d o  so or  
not? Most pcoplc intuitively think not. but the paradox is that 
they should. and they will then raise their chance of success from 
113 to 213. 

Several others arc close relations to this one. such as the threc 
prisoners' problem or  dilenitna. Here one of three prisoners 

is to be csccutcd. and the gu;~rtl tll'1i.r~ to tell prisoncr A the name 
of another 01' the tlirce ivho is /to/ to hc csccuted. Our man is 
puzzled: ifhc accepts the oflkr. has hc incrc;~scd his proh;~hility 01' 
esccution from 113 to l/?'! Note that an;~logously to t l ~ c  Monty 
Hall problem. what has :~ctually h;~ppclicd is that the orlrc,r pris- 
oner's prob;~hility h ;~s  increased to 213. Continuing the thctnc 01' 
thrcc. in what has been called the 'thrcc p;~nc;tkcs problem'. \vc 
have threc cards. one grccn on both sides. one rctl on both sides. 
and one red on one side and grccn on the othcr. A card is r;111- 
domly selected and thro\vn onto the Iloor. I f t l ~ c  sirlc uppermost 
is red. \vliat is the prohnhility that this is tlic red ci~rd'! The 
mystery here is ofcoursc \vlierc the panc;~kcs come in. 

In one version of the rcl;~tcd I.c\vis Carroll's pillo\v prohlcm [3]. 
a bl:~ck or  white die is put rantlomly into a hiis. A \vllite tlic is 
added. the bag is s1i;tkcn. and n die rcmovcd \vitliout looking. 
which. it turns out. is \vhitc. What is the proh;~hility th;~t the 
remaining die is \\lhitc? What turtis this one from a simple prob;~- 
bility problem into a parados is that the st;~te 01' tlic hag is 
i~ncliangcd. so \VC may Ikel that the answer sho~lld he 112 ( i t  is 
not). This pnrados thus co~iiplements the thrcc prisoners 
problem. 

I won't waste spacc or  spoil all the fun hy giving ; I I I  the ;~~iswcrs. 
but looking up the \vords 'probahility'and 'par;~dou'\vitli (iooglc 
will give websites \vith inlbrmation on these pui.i.1~~ ; ~ n d  ~i i ;~ny 
more. The Monty Hall prohlcm. and scvcc~l other p;~r;~tloscs. ;)re 
given in Barhenu (2000). 1 can not resist gi\,ing one more p ;~n~ t los  
quoted by him. known as the t\vo cn\,clopcs p ;~r ;~dos  or  tllc box 
problem. T\vo cnvclopcs contain money. one t\vicc ;IS much ;IS the 
other. One envelope is assigned to you h? ;I coin toss. One c;in 
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irii;~pinc th;~t tl~ccnvclopc is opened. ;11ii1 colit;~i~is say C10. or  [hilt 
i t  rcm;~ins unopened. Slioulil you s\vitch cn\,clopes'? 11' your cnve- 
lope cont;~ins ;In amount CA. the other cnvclopc is presumably 
cclu;~lly likcly 10 cont;~in f?A or fAl2. ; ~ n d  your :ivcr;~gc p i n  on 
s\vitcliing \\,ould he f AI-!. so pcrh;~ps y011 sIioi11~1 sivitch'! Or 1101. 

You arc cilu;~lly likcly 10 li ;~\~c the higher or  tlic lo\veramount of 
money. t l i ; t t  situ;ttion \ \ , i l l  not cli;lngcon snitcliingcn\~clopes. and 
so !,011 nccil not s\\,itch (tliis conclusion ~vould clii~ngc if l'i~rtlicr 
inli>rm;~tion \\ere ;~\,;lil;lhlc. li>r cx;~mplc if ;I ceiling o n  the 
;tliiounts in tllccn\.clopcs \\,ere kno\vn). WIi;it slioilld be \vorrying 
to st;~tistici;~ns is that ;I seemingly obvious Rityesii~n argi~mc~i t  
gi\.es wrong results licrc. Icatling presumably to :in cntllcss switch- 
inp 01' c~ivclopcs. 'The simple I3;1ycsi;1n ;~rgumcnt  bout the 
content 01' tlic otlicr cnvclopc in I';lct ;~pplics to a difircnt  situn- 
lion, one in \\~liicli you arc ;~l\vi~ys given the s;lme sum of  money. 
;11111 ~ I I C  otlicr c~i\.clopc. o n  the toss 01' ;I coin. cont:tins either 11;llf 
or t\vicc ;IS lnuch. I Icrc you sIiouIi1 s\vitch. onlcss you ;ire very risk 
;1vcrsc. 

I \\,oulil say that thcsc puz/lcs arc csscnti;llly trivi:~l. That's 
not to s;ly tI1;1t everyone s l i o ~ ~ l d  l'intl them easy. on thecontrary 
t hey can he cluitc lx~l'lling. Ho\vcvcr. m~~tliem;~ticnIIy they are 
t ri\.i;~l. i t '  only I>cc;~ use \\,c coi~lil I'ind the solutions cl uickly h!, 
simulation. c\.cn \vitIiout ;I colnputcr. Oncc \\:c accept lh i~t  
~xohahility is collilition;~l on our  kno\vlcdgc of a system. ; ~ n d  
Icarn ;11>oi11 I3;lycs' tlicorcm. they bccomc lcss surprising. 

Intriguing resutts 
I n  tllc scconll c;~tcgor!. t l i ; ~ r  01' i~~triytrillg results. arc ;lpplic;~tions 
01' prolx~l>ili~y ~licory t l i ; ~ t  arc i~~ icx~~cc tc i l  or  st:~rtli~ig. Tlicy c;111 
1101 he turned ci~sily into puzylcs. bec:ti~se there is too much new 
content lijr the pu;r;.lcc to ;~bsorh. 

The 13irthil;t!, C'oiticidclicc par;~dox is comp:rriti\~cly \veil 
kno\\,n i~nil so is not discussed here (you only need 23 people to 
h;~\,c hctlcr than c\,cli oilils t l i : ~ t  at Ic;~st ti1.o of them will li;~\~c the 
s;lmc l>irtlitl;~y). A rcsult t l i ; ~ t  is much lcss kno\vti is Rcnl'i>rd's 1;1\v. 
Tlii.; sl;~tcs 1li;1t in listings ; ~ n d  tables ot'data. the Iirst digit is more 
likcly to he It>\\, tli;ln high. ;~ntl  i l l  1;1ct tlic probability tliat the lirst 
tlipit is tr is log ,,,( l + l 111 ). I3cnli>rd's law \yolks ivcll in pn~cticc. 
and can he clcl-ivcil from the rcclilircment t l i i ~ t  any first-digit la\v 
must he ilivari:~nt i~ndcr ;I change of scale. I t  also \\,arks liowcvcr 
li>r log t;~blcs \vlicrc tlic t;~bttl;~tctl clu:~ntitics arc dimclisionless. 
Even ;~ftcr  seeing ;I dcri\.ation. one is sorneho\\. still perplesed by 

fi~nction (ptlf),/( t )  for occul-rcncc of ;In c\.cnt. \vhcrc t is timc. the 
clistribtltion ti~nction /'.is tlic pmb;~hility F ( / )  = ~ ' , / ( . r ) c l . r  t l i i l t  

the c\,cnt occurs bcl'orc t. ; ~ n d  the survi \~;~l  I'il~iction 
S )  = l - ( t  = / ( . r) i l . r  is tlic prob;tbility t1i;lt tlie c\~clit li;~s 
not occurred by [h ie  I. Later on \vc sli;~ll ncctt the linzortl fi~lic- 
lion l/(/). \vlicrc l/(/) dt is tlic probability that the event occurs in 
the ilitcrv:~l ( t . t  +ill). yivcn tliat i t  h i ~ s  not occurrcd yet. so that 
l / ( / )  = , / ' ( / ) l  S ( / ) .  

With tliis notation. the distribution of  the \vaititig timc Iias pdf 
, / ; , ( I )  = S( / )  11.1. wlicrc S is the sur\,i\l;~l I'unction of the 
intcn~rrivi~l tinicclistribution. I:rom this. tlic mnln waiting timc is 
( p 2 + o ' ) / 2 ~ ~ .  \vlicrco' is the vari;~ncc of tlic intcr:~rri\~i~l timc. 

The pdf of time horn the last arri\,;ll is iilso / , ( t ) .  I t  is c;~sy to 
slio\v that this also ;~pplics to ;yes in ;I st;~blc pop~~l i~ t ion .  so that 
the ages of r;~ndonily-met people l i ;~\~c pdl' ,/[, ( t ) .  \vlicrc S is now 
the survivi~l l'i~nction li>r the Iium;~n lili.sp:~n. We arc ~iiorc likcly 
to mcct people \vho arc arounil longcr. 

Rinsed s:~~iipling in gcncr;~l often 1c:lds to confusion. \V:tlcI 
Ibund that ;~ircr;~l't returning I'rom comb;~t in WWll l i ;~il  ;I lo\vcr 
rate of hits neat- the engines t1i;ln clsc\vlicrc. Tlic military there- 
fore decided 11>;1t protecting the cngincs \vas lcss important than 
protecting tlic rest of the pl;tnc. Should \\,c l;~ugIi or  \vccp'! 1-et's 
just hope the story is ;ipocrypIi;~l. 

I conclude the intriguing results \\.it11 somc p;~r;~iloucs with 
pcictici~l consequences. Tlic Parrondo p;~r:~ilox is tllc opposite to 
Icngtli-hii~scd s;~mpling pi~r:~doxcs. in sho~ving th;~t Nature can 
solnctiliies work in our flnwur. It deserves mention. ;~ltliot~gli it is 
r ic>t  spccilically a probability p;tr;ltlou. I t  st;~tcs th;lt i t  is possihlc 
to \\,in tl~rougli playing t\vo losing g;lmcs. I-.or cx;~mplc. hot11 
sparrows and insects can cat all the crops. but \\.it11 :I rnixtilrc ol' 
the tivo. the sp;irron.s cat the i~isccts ancl ;I gc>od crop can be liar- 
vcstctl. The Cliincse Ibunil this oilt the hi~rtl \\.ay tluring the 
destruction of the 'five pests' in the Cultur:~l Rc\.olution. 
Sitnpso~i's p;~r;idox (hclo\v) is a prolxihility cui~rnplc 01' the 
P;~rronilo paradox. \vlicrc the loser in t\vo or more games ycts the 
liiglicst score when they arc poolcd. 

The Conclorcct p;~rilclos (also callcd the '\vting p;~r;ltlo\') c;ln 
be stated as tliat. in gnmcs 01' dicc \\,it11 ilill;.rcntly ni;~rkcil 'spin- 
ners'. it is possible that A can beat R morc oltcn than not. Ruin 
beat C. but C can beat 12. Tlic dicc hcl~nvc likc rock paper scis- 
sors and cannot be ~-:~nkcd in scoring ability likc conkers. i.e. 
'beating'is not n transitive relationship. An cui~mplc is cluotcd in 
Grccn 161. The 'Chinese dicc' arc m;~rkcd ;IS li>llo~vs: 

in m:~tlc-up il;~ta. 
A set of iritcrcsting paradoxes centres around what is called 

'Icngth bi;tscil sampling'. When digging up pot;~tocs. why ilo I 
usu;~lly put my li>rk through tlic only rc;~lly I;~rge one? Why does 
the nct\vork connection break during do\vnload of the biggcst 

i tile'! Tlicsc  nil otlicr perversities of nature result fI-om Icngth- 
biased s;~liipling: if the connection can break at any timc. dolvn- 
load o f  the biggest lilc takes longer than the others. and so 
I;lilu~.c is morc likcly to occur then. Hence the \v;~iting-time 

I ~ ; I ~ ; I c I o u :  if I ;~rrivc ;II ;I bus stop ;it some rnndoni tinic. I am 
! 

likely to arrivc tluring ;I long gap bct\vcen buses. so the next bus 
t;~kcs longer on average to arrivc than p / ? .  half the n1e;In 
intcr;~rriv;~l timc. 

We can be morc spccilic about thcsc results. at the cost of intro- 
ducing somc dclinitions. Recall tliat. given ;I probability density 

I D i c  I3 I 5.5.5.5.1. I I 

I3a1slcy ( 1980) gives scver:il simple ex:uiiplcs of ho\v A can bent R 
yet B can beitt A. The simplest is of a boat r;~cc bct\vcen n sprint- 
ing crc\v :ind ;I slower crew \vitli  s t i~min;~.  The sprinting boat can 
bump tlic otlicr \\,lien i t  starts in the losing position behind i t .  ; ~ n d  
tlie slo\vcrc\vwill next day eventu:~lly c;~tcli up\vitIi and bump the 
sprinting crew. 

This clkct  needs to be borne in mini1 when devising tvuys of 
judging sporti~ig events. Pcrli;~ps we are too keen to rank people. 
Hurni~n ability can be a many splcndourcd thing. 

D i c  C' 
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Sinipso~i's p;~r;~ilo\r c;ln hc st;itcd ;IS '\\.hat is goc>d li>r the popu- 
lation as ;I \\licllc can he h ;~d  1i)r e\.cr!. suhgrc>up'. Rom;~no ;lnd 
Siegcl ( IOSh) cite 2x2 contingency t;thlcs giving rcco\.cr!. rates for 
pcoplc given ;I tlrug :111rl li>r tlic control group. 130th yoi~tig and 
old groups clid better \vitlioi~t tlic dr i~g.  hut a liiglicr percentage 
of tlic comhincd popul;~tion hcnelitcd I'roni the drug than did 
not. Tuhlc 2 slio\\.s ;~notlicr illustr;~tioii. 

Tlic Ilcologic;~l I:;~ll;~c!, I'rom cpidcmiolog! is t l i ; ~ t  aggregate- 
level results can 1101 hc intcrpretetf ;it the individu;~l Ic\.cl. Thus. 
Durklicirn li>uniI t1i;11 tlic si~icitlc r;lte \\.;IS gre;~ter i n  regions 
\vlicrc a grc:~tcr pcrccnt;~gc 01' the popul:~linn \\.;IS Protcst;~nl. 
Tlicrc is ;In oh\.ious c\;pl;~n;~tion. hut the diita could also he 
cxpl;~incd i l '  C'atliolics \\.ere more likcly to coniniit suicide i l l  

region> \vlicrc the!. li. l t  hclcagucrcrl. 

\ I I L L < . \ ~ ~ \  

.,\: first tri:11 

13: lirst ~ri:t l  
1 7s 

/l: second t~.i;tl 1 3) 

13: \cco~id tr i :~ l  - 7 

11: total 1 IOO 

R:  I O I : I I  $0 

The philosophically profound ... or not 
'Just hcc;~usc sc>~iictliing is inl'inite. that's no  re;lsnn to ignore 
it'(P. A. M. 1)irnc. speaking ;it :I conl'crcncc on pilrticlc physics 
in Hung:~ry. 1076 lie \\.;IS rcl'crring to tlic rcnormalisation of 
field tlicory. I li;~\,c sincc then tliouglit of tliis ;IS 'Dir;~c's 
dictum') 

Tlicrc is not ;I '~ii;~rtingalc p;tratlo\;'. hut pcrliaps there should 
be (tiicrc is ;I rcli~tcd p;~r ;~dos .  the St. l'ctcrshurg par;~dou). The 
niarting;llc p ;~ r ;~dos  goes as li>lln\vs: clc;~rl!: ;I plilycr can not 
systemntic;~ll!. \\.in nioncy h!, hettins on tlie tosses of a Ihir coin. 
Tliis rcm;~ins true c \ ,c~i  i t '  the pl;lyer e;111 clioosc tlic ;~n io i~n t s  het 
on each toss. Yet ;I g:lnihling sclicmc called :I marting;~Ic (\\.liicli is 
banned in casinos) does cn;~blc one to win systematically. by 
doubling the st;~ke al'tcr c;~cli loss. Tlic pl:lycr must \vin a toss 
eventu;~lly. say on the nth toss. and tlie gain on a n  nriginnl f l het 
is then 2 " - E:' : 2 '  ' = f l. Hencc the p ;~r ;~dos .  

The 'hidden dr;lgon' is the li~ct t l i ; ~ t  the i ~ . \ . l ~ i ~ . / u ( l  loss bcli>rc n 
win is inlinitc. 011  ;Iver:igc. no pile of money \vould be I;lrgc 
enough to cnahlc me to cover my tlehts hclhre my e\~entual \vin. 
Yet tIiiscspl;~~i;~tion is pcrliaps not coniplctcly s;~tisl).ing. bccni~sc 
clearly most of the time I \vould \\.in \vitIiin a k\v tosses. In Ihct. I 
was ;tble to surprise ;I friend by successf\~lly carrying out my 
announccd intention of systc~ii;~tic;~lly \ifinning cliocol;~te moncy 
ofT him. Wli;~t besides indigestion is going on licrc? 

We can see \\hat is happening more clearly if \VC imagine n 
stake-doubling s tn l tqy  \vlicre \vc admit defeat and pay up alter n 
succcssivc losses. The numhcr of losing tosses obeys tlie gcomct- 
ric distribution. and the probability of  winning a pound is I (  I/ 
7)". Tlic loss is X:' ' 2 '  ' = 7" - 1 \vitli proh;~hility ( 117)". so tlie 
expcctcd g;~in is now 1 ( 117)" (2" 1 )( 1 /2)"=0. resolving tlie origi- 
n ; ~ l  paradox. We can not win systeni;~tically with :I finite pot of- 
money. 

As n incrc;~scs. \vc lose more and niorc rarely. but when we do 
lose. tlic loss is so grc;lt ;IS 011 average to \vipe out all previous 

\\.innings. Tlic ~i i ;~r t i~ ig;~le  str;ltcg!. Ii;15 con\crtcll ;I \i~iiplc ' \ \ i l l  

sonic. losc sonic' g:~mhlc into ;I sclicmc \\ licrc \ \c  nc;lrIy ;~l\\;l!.s 
\\.in ;I f'iscd a m ~ u n t .  but occ;~sinn:~ll!. losc rc;~ll!, h;~tlly. A.; n +  m. 

\\-c l i ;~ \ c  ;in i~il'inite loss t l i : ~ t  ~ic\.cr occurs! Wc m;ty \ v o ~ i d c ~  i n  our 
blc;tkcr ~iioods lie\\. 111;11iy Iiuni;~n :~ctivitics arc nicrcly. so to 
speak. '~iiartingaliscd' \-crsioris 01' ;I I.;lir game. Th;lt i.;. the! 
usu;tll! give us a sm;~ll ; ~ n d  prcJict;~hlc gain. hut occ;~sionall!~ 
result in trcmcndous loss 01' monc!' or  l i l i . .  so t l i ; ~ t  tlic ;~ \ ,cr ;~gc 
gain from them is 7cro. 

Turning l'i~rtlier to\\.:~rtls the tlist~uicting. \ \c  start to ilucstion 
~ l i c  li>undations of prohahilit!,. ; ~ n d  c\-en 01' tlic \\.orltl itsell: 
Feller's zero probabilit!. par;~dou nia! sli;~kc 0111. conccpl ol' 

~vc>h;lhilit! by slio\ving that c\.cnts c;111 hc poszihlc l > u t  yet Ii;~\.c 
~lrohahility zero 01' c>ccurring. 1-cllcr gi\,cs tlic c\;;~mplc 01' 
dra\i.i~ig ;in csncl fraction ;IS ;I r ;~ndom numhcr I'rom the unili>rm 
tlistrihution o n  10. l]. Although there ;trc i~ilinitcly ni;lll!. cu;~ct 
I'ractions ;Inlong the real ~iu~iihcrs. the prclh;~l>ilit!. ol' d~.a\vi~ig 
one is zero. bcc;~usc. so to spc;~k. thcrc is all i~il'initcly higgcr 
i~ i l i~ i i ty  of ~ i o ~ i - l ~ r ; ~ c t i o ~ i ; ~ l  rc;~l ~ii~~iiI>crs. Tlic i~il~i~iitcly 11i;11iy 
f.r;~ctions occur \\it11 proh:~hility /ercl. I l i5 prool' 01' this (I.'cllcr. 
107 1 .  p34) is simplc: the ordered sequence 112.113. 213. 114.31J. I I 
5. 215. 315.415 ... contains ;i l l  the rationals in 10. I ] .  ('lloosc I. < I1 
2 ;111tf t i c l ~ ~ i c  :l11 i~ i tcr \~;~l  E-' ' ccntrctl 011 tlic ktli r;1tio11:11. '1.11~ 

sum of the intcrv;~I lengths €+c+ ... = F  / ( I  - I . )  co\.crs the 
r:~tion;~ls. and h i ~ s  Lcbcsguc nic;~surc /cro ;IS r-10. Quite I-asily 
I>o11c! 

At tliis point \ve ~iiiglit st;lrt to \\,ondcr \\.Ii;lt c\;;lctly ;.v proh;~hil- 
ity. Tlicrcarc sc\~er;~l iritcrprct;~tions. none to my mi~itl rc;~lly siltis- 
I.;~ctor!: The I3;tycsian I'rcqucntist tlch;~tc i> li;~rcIly cntc~.t;~ining. 
but i t  docs slio\v that cvcn ;~ftcr  ~ i i ;~ny  ye;lrs of lie;~tctl dch;~tc. st;~t- 
isticians c i ~ n  not i1grc.c o n  tliis \.cry I'und:~rncnt;~I point. 

1-illcd \\.it11 csistcnti;~l angst. \vc turn to tlic (';~rtcr/l.cslic 
Doo~iisd:~y p;~r;ldns or  ;~rgunicnt. Tliis h;ls c\;crciscd pliiloso- 
pliers co~isitlcr;~bly. ;11icI tlicrc is ci~rrcntly IN) co~isc~is t~s .  .l.lic 
p ;~rados  is tlisci~sscd ;I[ Icngtli in Lcslic ( IOOS). 

The argument is simple. Suppose t l i ; ~ t  tlic human popul;~tion is 
al\\;~ys incralsing. Ict's s;ly cuponcnti;~lly. and \ \ . i l l  o ~ i c  tl;~!, I';III to 
zero tliroi~gli some c;~t;tstrc~pIic. Then most Iium;~ns 01' tliosc cvcr 
horn \vill live \vithin a k \ v  generations 01' the cntl 01' tlic \vorl~l. 11' 
1 think of mysclf ns a 'random' Iium;~n hcing. elr;~\v~i I'rom tlic 
number of all \v110 c \ ~ r  li;~vc li\,crl 01- ever \ \ , i l l  1ii.c. tlicn i t  is ~iiost 
likely tli;~t 1 am one of those living close to the end 01' the \vorIil. 
Tlicrcfc>rc. the end of the ivorld \ \ , i l l  proh;ll>ly occur soon. -I'liis 
coultl he good ~ic\vs li>r tliosc 01' us liopi~ig to  void tlic ~ic\;t 
research nssessnient esercise. 

Tliis ';~ntliropic' ilrgumcnt c;~lls to ~iiind the c~itircly valirl 
length-biased sampling argument discussed c;trlicr. 11' I tlon't 
kno\v where I am in time relative to tlie arriv;ll of the ncut I>us. I 
am probably in ;I long interval hct\vccn huscs r;~tlicr tIi:111 ;I short 
one. Similnrly. is :I random pcrson not inticctl likcly to li;~vc 'ar- 
rived' \vitIiin n few generations of tlic end? O n  the other 11;11icI. i t  
has been argued that a Iium;111 hcing ancl ;I M;~r t i ;~n slioultl c;~lcu- 
I;~tc the sanic prob;tbility of time to cstinction 01' Iiuni;~nity. atitl. 
for the Martian. the ontliropic principle \+,ould not ;~pply. 
Further. docs i t  ~ i i ;~kc  sense to think 01' ~iiyscll' ;IS ;I r;~titlorii 
person. \v110 arrived in tlic \vorld through \\ . I i ;~t  is r;~tlicr ;~l:~rtii- 
ingly called 'weiglitcd parachuting'. and .  if \vc suppose tl i ; l t  the 
End will conic through sonic cvcnt unrcl;~tcd to human ;~ctivity. 
lio\il can knowlctlgc of the heli;~\~iour 01' the Iium;~n popul;ltion 
shed any light at all on \vlien that cvcnt will ;1rrivcal \Ire c;ln begin 
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guurantcc tli;~t 00" \v110 enter will he sliot. as lie may run out o f  
condidatcs hclilrc hc thro\vs a double six. ;tnd his nsscrtio~i that 
nt least 90"L will he sliot nic;lns tllat he i s  lying. To  qilote Mandy 
Rice-Da\.ics '\vcll. hc \\,ould. would~i't he?' Figures I and 7 sho\v 
somc simulated re;~lisaticlns 01' tlie percentage o f  tl~osc entering 
the room \v110 ;ire killed. \vitli room-size l i~n i ts  of 10" and 10'" 
people rcspccti\~cly. i111d wit11 tlic Devil only needing to thro\v 
o11c six. I t  can he seen t l i ; ~ t  cvc~itually tlie proportion shot 
approaclics l /h. 

to p. l'or ally finite choice of NI. in agreement \\.it11 tlic simple 
model o f  equation 7. This means th;~t it' the popul:ttion i s  tlcs- 
tined to go extinct one day at i t  le\,cl N I  < NI. yes. \\,c arc prolu- 
bly near tlie End. On the other li;~nd. tlic popul;~tion \vc ;ire in is 
probably one that i s  destined to reach i t s  target 01' N I  :111tl not go 
extinct. bec;tuse by the antlirclpic principle itscll'. ~ i lost  penplc 
\\,ill he in such Iiirgc popul;itio~ls. This drops tlic Ii;~;r;~rd ol'csti~ic- 
tion b;~ck top. The use of N ,  i s  :I ~iiathcmatical dc\,icc. ;~nd NI  c;111 
hc titken arbitrarily large (e.g. larger than the nt~~i i I>crol ' ;~to~i is i ~ i  
the Universe) \vitIiout ;~lli.cting the i~rgumcnt. Wc c;~n c\.cn go 
the limit N I  + m. Appro:~cliing Ilic inlinile limit in tliis \vay 
avoids ignoring an inllnite populaticln gain at inlinitc time. in 
;~ccordnncc \\.it11 'Dirac's dictu~n'. 

Thc Doon1sd:iy argu~iicnt sec~iicd to \vork hcc;~t~sc i t  ignorctl 
tlie infinite nuiiiherof 'u~idoomcd' pcoplc in thnsc rc;~lisations 01' 
the I iumi~n population tIi:it hcconic very I;~rgc. I t  can he rc.g;~rtlcd 
as a11 cxa~iiplc o f  the trickiness ol' proh;~hility in general \\.hen 
concealed infinities creep into the cqu;~tio~~s. ;~nd 01' m;trting;~lcs 
in particul;~r. I t  dcmonstri~tcs the nccd l i lr the rn;~tlicm;~tic;~l 
rigour o f  measure theory (c,> [ I  I]). 

The martingale continues to hcguile itnd pcrplcs tlie Iiurn:~n 
race. I t  has had ;I colourl't~l night-lili. outsidc the grey pqcs  o f  
books on measure tlicory (actually. rn;~rting;~lcs arc pretty I.asci- 
n a t i n ~  even in ~~inthem~~t ics .  u.itll :~pplic;~tio~is r;111gi1ig I'ro~n 

ens a loss rather than promising ;I gain. What ;~ddition;~l scrapes 
Cardnno might have got into h:~d lie known 01' it! 

This concludes tliis voy;~gc from Morlty l l ;~ l l 's  <i;~~ncsho\v 
Heaven to Hell. taking in the End o f  the World c.11 r . o ~ r l c , .  M y  pcr- 
sonal conclusion ;~l'tcr struggling \vitli somc 01' tlicsc p;~r;~doscs. 
is tI1:1t the I iuma~i  brain i s  just not \vircd up to think \\fell 
prob;~bil ist ia~lly Years o f  exposure to proh;~hility tlicory m;~y 
m:~ke fhmili:~r par;~doxcs seem obvious. hut tlie only \v;~y to sort 
out all unli~mil iar 011c is to s\vitcIi 011' OIIC'S i ~ i t i ~ i t i o ~ i .  go illto I()\\, 
gear. and do sollie matlieniatics. J 

esponentially cxp;lnds in continuous tilne with a constant 1iaz:trd pro\\ 111. .\;tttrr(. J12. 543 54s. 
' I  Ore. 0. ( 1057). (itnL~rto. tltt. (k t r t r l~ l t t tp  S</trrL~,: I)<~\cr. I ~ I I ~ < ~ R > I I .  ofcxtinctiotl' In the o t h c ~  "p and the extinction lake I() K,llllilllll, .l, l! ;lll(l SICFCI, :\, 1: (It)S(,), (;,tlttl,.r,.~rlttll,/,., ~~,,,/,tl/,l/lll. 

pli~cc in discrete timc. We can tlicrclbrc dispose ol' the Doomsday .SIIII~\I;I~~. \i':~<I\\\orlIi. \I,~I~IC~C!. 

pklrados by rcg;lrdillg i t  a pmhlcl,,: to say that tile l l \ViIli;~~ii\. 1). ' 1091 ). /'r~,ho/'i/rri u.t/h \~<V-IIIIC~I/~'. ( ' ;~~ i i lv~ lw l Innw\11! I'rc',. 
( ': l l l lhrld~~. 

entl o f  tlic ~vor ld i s  11iyIi i s  to 111;1kc tlic same mistnkc as to sav 11i:tt 

otlc c;in systcm;~tic;~lly will ;II gambling using ;I m;~rting:~le. The 
expected popu~ntion size at extinction Irc>l11 equation ? \voilld he the University of Salford, where she has worked 
intinitc il'p < h. I f  \vc allow a popill:~tion Ih;ll ;ltt;~i~is sn~ilc size NI for the last 25 years. Besides doomsaying. her 
to he Icl (lI1'thc hnok and to not qo extinct. then in those ciiscs. so interests are the applications of Stat~st~cs to 

many pcoplc survive th;~r the 1iaz;trd o f  extinction reduces again areas such as finance, epidem~ology and 
healthcare. and maintenance. 
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