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THINK IT OVER

Think It Over

This section of Resonance presents thought-provoking questions, and discusses
answers a few months later. Readers are invited to send new questions, solutions
to old ones and comments, to �Think It Over�, Resonance, Indian Academy of
Sciences, Bangalore 560 080.  Items illustrating ideas and concepts will generally
be chosen.
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Solution to
How many balls are there in the urn at 12 o�clock?

T h e an sw er in th e ran d o m selection case is th a t, w ith
p rob a b ility o n e, th e u rn w ill b e em p ty at 1 2 o 'clo ck .
(N o tice th e d i® eren ce b etw een th is resu lt a n d th at in
th e seco n d situ a tion d escrib ed in th e p ro b lem .)
T o p rove th is, let B n = ev en t th at b a ll n o . 1 rem ain s in
th e u rn a fter th e ¯ rst n w ith d raw als. T h en , p rov e th at
th e p rob a b ility o f B n is given b y

P (B n ) = 9
10 £

18
19 £

2 7
2 8 £ ::: £

9 n
9n + 1 : (1)

L et A 1 = even t th at b a ll n o.1 rem ain s in th e u rn at
12 o 'clo ck . E v id en tly A 1 = T1

n = 1 B n . A s th e even ts
B n ;n ¸ 1 a re d ecreasin g (th at is, B 1 ¶ B 2 ¶ :::) w e
h ave

P (A 1 ) = P
Ã

1
\

n = 1
B n

!

= lim
n ! 1

P (B n ) lim
n ! 1

n
Y

k = 1
= 9k + 1

9k + 1 9 k ;

b y u sin g (1 ).
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N ow it is an in terestin g ex ercise to sh ow th at
1
Y

n = 1

9 n
9n + 1 = 0:

(H in t: Q n
k = 1

9 k
9 k + 1 =

h

Q n
k = 1

9 k + 1
9 k

i¡ 1 ; an d sh ow th at
lim n ! 1

Q n
k = 1

9 k + 1
9 k = 1 :) L et A i = even t th at b all n o .i

rem a in s in th e u rn a t 1 2 o 'clo ck . S im ilar rea son in g gives
u s P (A i) = 0;i = 2 ;3;:::.
(N o te th at fo r i = 1 1;12 ;:::;20 ;P (A i) = Q1

n = 2
9 n
9 n + 1 :)

It is n ow ea sily seen th at th e p rob a b ility th at th e u rn is
n ot em p ty at 12 o'clo ck = P (S1

i= 1 A i) = 0 . T h is is th e
req u ired resu lt.


