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• I corrected the Newton Raphson formula for Assignment 3 which comes
from the slides on Likelihood Asymptotics.

• Then I considered the problem where X1, . . . , Xn are iid Geometric ran-
dom variables. There are 2 common definitions of Geometric(θ). When θ
is the probability of success in a sequence of Binomial trials we can either
count X is the number of failures before the first success, giving

P (X = k) = (1 − θ)kθ k = 0, 1, · · ·

or count number of trials to the first success including the (successful) last
trial, giving

P (X = k) = (1 − θ)k−1θ k = 1, 2, · · ·

• Sometimes the roles of θ and 1 − θ might be reversed.

• I used Rao-Blackwell to find an unbiased estimate of θ which is a function
of X̄.

• I showed that S =
∑n

1 is sufficient by computing

P (X1 = x1, . . . , Xn = xn | S = s)

and showing that the answer does not depend on θ.

• I pointed out that X̄+1 is unbiased for 1/θ and 1(X1 = 0) is an unbiased
estimate of θ.

• I computed

E(1(X1 = 0)|S = s) = P (X1 = 0 | S = s) =
P (X1 = 0, S = s)

P (S = s)
.

• Then in the numerator I used

P (X1 = 0, S = s) = P (X1 = 0, X1+· · ·+Xn = s) = P (X1 = 0, 0+X2+· · ·+Xn = s) = P (X1 = 0)P (X2+· · ·+Xn = s).

• Using the negative binomial probabilities I get

P (X1 = 0|S = s) =

(
n+s−2

n−2

)
θn(1 − θ)s(

n+s−1
n−1

)
which simplifies to

(n+ s− 2)!(n− 1)!s!
(n− 2)!s!(n+ s− 1)!

=
n− 1

n+ s− 1

1



• So
E(1(X1 = 0) | S) =

n− 1
n− 1 + S

.

• I defined the probability generating function of a random variableX whose
values are always non-negative integers:

ψ(s) = E(sX) =
∞∑

k=0

skP (X = k).

• I pointed out that
ψ(k)(0) = k!P (X = k)

where the superscript denotes k derivatives.

• I also said

d

ds
ψ(s) =

d

ds
E(sX) = EE

(
d

ds
sX

)
= E(XsX−1).

evaluated at s = 1 we learn

ψ′(1) = E(X).

• For the Geometric distribution I used this to show the mean formula I had
given was correct.

• There are handwritten slides for this lecture.
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http://www.sfu.ca/~lockhart/richard/830/20_3/Summaries/L20/slides.pdf

