
AMS 311 (Fall, 2013) Joe Mitchell

PROBABILITY THEORY
Homework Set # 8

Due at the beginning of class on Tuesday, November 26, 2013. Reminder: Show your reasoning!

You do not need to evaluate arithmetic expressions or integrals, if they are fully specified. For example,

you may leave
∫

0.5

0

∫

1−x

x
x2eydydx in this form.

Read: Ross, Chapter 7, Sections 7.1, 7.2 (you can skip subsections 7.2.1 and 7.2.2, on the probabilistic
method), 7.4, 7.5 and Section 7.7; and handouts “Notes on Expectation, Moment Generating Functions,
Variance, and Covariance” and “Computing Expectations and Probabilities by Conditioning”.

SPECIFICS OF READING ASSIGNMENT:
Examples to read carefully:

Chapter 7: 2a, 2c, 2e-h,, 2i-j, 5a, 5b, 5c, 5d, 5k, 5l, 7a, 7b, 7d, 7e, 7f, 7g, 7h.

(1). (10 points) If E(7 − (X/3)) = 1 and var(X/2) = 5, find (a). E[(X + 1)2] and (b). var(4 + 3X).
(2). (12 points) Consider the maze shown below. There are three rooms (Room 1, Room 2, and Room
3) and two deadly (quite permanent) outcomes (Death By Poison, and the dreaded Death By Torture). A
rat is initially placed in Room 2. When the rat enters Room 1, he wanders around within the room for X1

minutes, where X1 has density

f(x) =

{

2x if 0 ≤ x ≤ 1
0 otherwise,

and then he exits the room by picking one of the doors at random (equally likely among the 4 doors). When
the rat enters Room 2, he wanders around for exactly 3 minutes, then picks the door to the right with
probability 0.6, and each of the other 4 doors with probability 0.1, and proceeds through the selected door.
When the rat enters Room 3, the rat falls asleep for X3 minutes, where X3 is exponentially distributed with
parameter 1/7, then wakes and immediately picks one of the doors at random (equally likely among the 5
doors), through which he exits Room 3.
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(a). (6 points) Find the probability that the rat dies by poison. (Recall that he starts in Room 2.)
(b). (6 points) What is the expected number of minutes that the rat lives?
In each of the above problems, you should DEFINE a set of unknowns precisely, set up a system of

equations involving the unknowns, and then solve for the final answer (either by hand or by using appropriate
software (e.g., I use Wolfram Alpha) – but check that your answer works!).

(3). (15 points) Let X have probability density function

f(x) =

{

x2 if 0 < x < 1
1/3 if 2 < x < 4;
0 otherwise.

Compute the moment generating function, MX(t) of X.



(4). (15 points) Suppose X takes on values -1, 1, 5, and 7, with probabilities 0.1, 0.2, 0.3, and 0.4,
respectively.

(a). Compute the moment generating function, MX(t) of X.
(b). What is the moment generating function, MY (t) for Y = X1 + X2 + · · ·Xm, where the Xi’s are

independent, each with the same distribution as X.
(c). Use the moment generating function to compute E(X) and E(X2), and verify your answers by

computing the values directly.

(5). (20 points) The moment generating function of X is given by MX(t) = eet

eet
−2 and that of Y is given

by MY (t) = (3

4
et + 1

4
)10. If X and Y are independent, what are (a). P (2X + Y = 3); (b) P (XY = 0); (c)

E(X2Y )?

(6). (12 points) [See example 2e, 2h, 2i of Ross.] A set of 987 tickets, numbered 1 through 987, are
distributed to 987 people (one ticket per person). Compute the expected number of tickets that are given
to people whose age matches the number on the ticket. (You may assume that “age” is measured in years,
rounded up to the nearest integer, and that no person lives to be 987 years old; thus, for each person, there
is a ticket with her/his age on it.)

(7). (16 points) [See example 2j; see also problem 55.] There are 113 households on the marketing call list.
Each of 19 telemarketers independently picks one house at random to call during the dinner hour and try
to sell them a lemon. The probability that a telemarketer succeeds, and sells a lemon to the household they
call, is 0.9. (a). How many households do you expect to buy a lemon? (Note that a household could buy
more than one lemon – in fact, it could be that all 19 telemarketers call the same household, and they may
all succeed in “selling” them a lemon! Assume that the calls are short, so it is possible for a household to
receive many calls during dinner.) (b). What is the expected number of lemons sold?
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