
Solution to group exercise, Oct 10. 
 
(a) The first step can either be up or down. The probability of reaching 0 before N if we 
are at k+1 is the same as that probability if we had started from k+1 by the Markov 
property. Hence uk = P(XT = 0 X
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u0 = 1 and uN = 0 (since if we start at N we are immediately absorbed at N  and cannot 
reach 0).  
This is called a first step analysis. 
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(d) When p/q = 1 we get u
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(f) Using a first step analysis again, with m
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= E(T X
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mk = 1+ pmk+1 + qmk!1 . As above, let xk = mk – mk-1. Then 

mk+1 ! mk = mk

q

p

"
#$

%
&'
!
1

p
!
q

p
mk!1 so xk+1 =

q

p
xk !

1

p
. For k = 2 we get x

2
=
q

p
x
1
!
1

p
. 

For k = 3 we have x
3
=
q

p

q

p
x
1
!
1

p

"
#$

%
&'
!
1

p
=

q

p

"
#$

%
&'

2

x
1
!
q

p
2
!
1

p
 and 

generally xk =
q

p

!
"#

$
%&

k'1

x
1
'

q
j'1

p
j

j=1

k'1

( . Since x
k

k=1

N

! = m
N
" m

0
= 0we 

get x
1

q

p

!
"#

$
%&

k'1

=
q
j'1

p
j

j=1

k'1

(
k=1

N

(
jk=1

N

(  or x
1
=

q
j!1

p
j

j=1

k!1

"
k=1

N

"
q

p

#
$%

&
'(

k!1

k=1

N

"
, whence xn =

q
j!1

p
j

j=1

k!1

"
k=n

N

"
q

p

#
$%

&
'(

k!1

k=1

N

"
 andm

1
= x

1
, 

m
2
= x

2
+ m

1
= x

2
+ x

1
 etc. For the special case p = q we get that mk = k(N-k). 


