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1 Problem 1

Solution:
We start with the solution we already1 obtained for E(Yi) which is

E (Yi) = 1+
i−1

∑
k=1

E (Yk)Pik

Let E (Yi) = xi hence the above can be written as

xi = 1+
i−1

∑
k=1

xkPik

1See my midterm solution for this problem
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But Pik =
1
i then the above becomes

xi = 1+
1
i

i−1

∑
k=1

xk

Multiply by i the above becomes

i xi = i+
i−1

∑
k=1

xk

Therefore, we obtain the following equations for i = 1 · · ·r
For i = 1

x1 = 1 (1)

For i = 2

2x2 = 2+ x1 (2)

For i = 3

3x3 = 3+ x1 + x2 (3)

For i = 4

4x4 = 4+ x1 + x2 + x3 (4)

etc...
Now evaluate (2)-(1) and (3)-(2) and (4)-(3), etc... we obtain the following equations
(2)-(1) gives

2x2− x1 = 2+ x1−1

x2 =
1+2x1

2
(5)

(3)-(2) gives

3x3−2x2 = 3+ x1 + x2−2− x1

3x3−2x2 = 1+ x2

x3 =
1+3x2

3

etc... Hence we see that for the rth term we obtain

xr =
1+ r xr−1

r

Hence
xr =

1
r
+ xr−1 (6)
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Now replace r by r−1 in the above we obtain

xr−1 =
1

r−1
+ xr−2

replace the above in (6) we obtain

xr =
1
r
+

(
1

r−1
+ xr−2

)
(7)

And again, in the above, xr−2 =
1

r−2 + xr−3 hence (7) becomes

xr =
1
r
+

(
1

r−1
+

(
1

r−2
+ xr−3

))
(8)

and so on, until we get to x1 = 1, hence we obtain

xr =
1
r +

1
r−1 +

1
r−2 + · · ·+1

Hence

xr =
r

∑
k=1

1
k

Which is the harmonic series. Now, it is know that2

limr→∞ xr = log(r)− γ

Where γ is Euler Gamma constant given by

2Do I have to proof this?
Please see http://en.wikipedia.org/wiki/Harmonic_number
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