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• No calculators/computers/handhelds of any sort are allowed.

• No books/notes are allowed except one A-4 size sheet (both sides) is
allowed. Note: after the exam, you may want to save this sheet.

• Please show all of your work. Answers without justification

are subject to receiving no credit. If you need extra space, you
may use the back of the previous exam page.

• The exam is 90 minutes long. Good luck!

Score:

1. (20 pts.)

2. (20 pts.)

3. (10 pts.)

4. (10 pts.)

5. (20 pts.)

Total: (80 pts.)
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Problem 1. (20 points) Alice, Bob and Carol are moody. Each day, each
one of them is either happy, with probability p, and sad otherwise.
Each person’s mood is independent from day to day and from the
others’ moods.

(a) (8 points) On any given day, what is the probability that

i) Exactly two of the three are happy?

ii) All three are happy?

(b) (12 points) A day is “nice” if all three are happy on that day. Let
X be the number of nice days in one week. What is the PMF of
X?
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Problem 2. (20 points) A disease is known to exist in a fraction, f , of
people. An imperfect test for the disease is developed: it reveals the
state of the person correctly with probability p.

(a) (4 points) A random person is chosen and tested. What is the
probability she will test positive?

(b) (6 points) A person tests positive. What is the probability she has
the disease, given that she tested positive?

(c) (10 points) A mad doctor keeps testing people one after another
until he finds one that tests positive. How many people will he
test, on average?
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Problem 3. (10 points) A wallet has two biased coins, with probabilities of
heads being p1 and p2, respectively. One coin is chosen at random and
the other one thrown away.

The chosen coin is tossed once, and comes up heads. What is the
probability it will come up heads the second time as well, given that it
came up heads the first time?
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Problem 4. (10 points) X is a random variable with mean 4 and variance
16.

(a) (4 points) What is the numerical value of E[X2]?

(b) (6 points) Find the numerical value of E[(X + 2)(X + 3)].

5



Problem 5. (20 points) Three fair dice are rolled. Let A be the event that
all three rolls are even numbers, and B the event that all three rolls
are different from each other.

(a) (4 points) Find P (A)

(b) (4 points) Find P (B)
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(c) (6 points) Find P (A ∩ B)

(d) (6 points) Are A and B independent? Show your reasoning.
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