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• You have 50 minutes.

• You may use a single (one-sided) page of hand-written notes prepared by you and approved
by the instructor in advance.

• There are extra blank sheets of paper attached to the end of the exam that you may use
for scratch work.

• You are allowed to use a calculator. Other electronic devices are prohibited.

• No otherwise cheating!
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1. (20 points total) Suppose you flip 3 fair coins. For this question, you will be calculating
the expected length of a longest streak of heads. A streak of heads is an event of flipping
consecutive heads. For example, the outcome THH has a streak of 2 heads, but HTH
only has a streak of 1 heads.

(a) (5 points) List all possible outcomes of flipping 3 coins.

(b) (2 points) What is the probability that the longest streak of heads is 0 heads?

(c) (2 points) What is the probability that the longest streak of heads is 1 heads?

(d) (2 points) What is the probability that the longest streak of heads is 2 heads?

(e) (2 points) What is the probability that the longest streak of heads is 3 heads?

(f) (5 points) Calculate the expected value of the length of a longest streak of heads
after flipping 3 coins.

(g) (2 points) Suppose you could play this game at a casino with the following rules:
you flip 3 fair coins; if you get a streak of 2 heads or more, then you win $1.00.
Otherwise you lose $1.00. Using your answer from above, is this game worth
playing (i.e., is this game likely to be profitable)?

YES / NO
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2. (15 points total) The following is a payoff matrix for a game played by two players,
player A (the rows) and player B (the columns).

Defect Cooperate
Defect (1, 1) (50, 0)
Cooperate (0, 50) (49, 49)

(a) (5 points) Give one reason why the pure strategy (Cooperate, Cooperate) is NOT
a Nash equilibrium of the above game.

(b) (5 points) Write all of the pure Nash equilibria of the above game.

(c) (5 points) Fill in the following matrix with some payoffs so that the corresponding
game has at least 2 pure Nash equilibria. Circle all such equilibria in the matrix.

Defect Cooperate
Defect
Cooperate
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3. (15 points total) Alice and Bob are working on a group project for a class. Initially,
they had decided that Alice would work on the written report and Bob would make
the presentation.
Unfortunately, communication between the two has been very sparse, and the project
is due tomorrow. Both students are now worried that their partner might not do their
part. As such, each person can also decide to simply work on their own (i.e., write
their own report and presentation), although the resulting projects would not be as
good as if they worked together.

• If both decide to work together as planned (Alice makes the written report, Bob
makes the presentation), then they will each receive 100% on the project.

• If both decide to work alone, then they will each receive 80% on the project.

• If Alice decides to work together (i.e., she turns in only the written report), and
Bob decides to work alone, then Alice will get 50% on the project and Bob will
get 80%.

• Similarly, If Bob decides to work together (i.e., he turns in only the presentation),
and Alice decides to work alone, then Alice will get 80% and Bob will get 50%.

(a) (5 points) Fill in the payoff matrix for this game in terms of the scores received
(you can assume Alice’s strategies are the rows and Bob’s are the columns).

Work Together Work Alone

Work Together

Work Alone

(b) (5 points) Write all pure Nash equilibria of this game.

(c) (5 points) Is this game more like Stag Hunt or Prisoner’s Dilemma?

STAG HUNT / PRISONER’S DILEMMA

Briefly explain your reasoning:
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4. (10 points total) Expected value problems

(a) (4 points) In a class of 10 students, 4 students scored 100% on a test, 3 scored
90%, and 3 scored 80%. Find the expected value of the test score of a randomly
selected student.

(b) (6 points) An auto insurance policy for a certain company would cost you $200
dollars a year. This policy will cover the price of a new car in the event that
your car gets totalled. Suppose the policy offers no other coverage. Using data
from previous years, the insurance company finds that every year, 1% of their
customers get into an accident that results in totalling the driver’s car.

Suppose this company will provide you with $15,000 to replace your car in the
event that it gets totalled. Assuming that 1% is the probability that your car will
get totalled in the following year, explain why this policy is overpriced.

6



5. (26 points total) Suppose the time and date right now is 2:30 pm on Friday, November
30, 2018.
You must show your work for the following problems.

(a) (3 points) What day of the week will New Year’s Eve (December 31, 2018) be?
Note: there are 30 days in November.

(b) (3 points) What will the time be in 250 hours?

(c) (3 points) What day of the week was it 50 days ago?

(d) (3 points) What day of the week will November 30, 2019 be on?
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For the next questions, write the smallest positive integers that satisfy the follow-
ing expressions.

(e) (3 points) 200 ≡ mod 10

(f) (3 points) 9−1 ≡ mod 11

(g) (3 points) 710 ≡ mod 6

(h) (5 points) Solve for x in the following expression.

5 x ≡ 6 mod 11
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6. (14 points total/ 2 points each) Circle true or false.

(a) (TRUE / FALSE) Every game has at least one pure Nash Equilibrium.

(b) (TRUE / FALSE) 108 hours from 1:00 pm is also 1:00 pm.

(c) (TRUE / FALSE) In Prisoner’s Dilemma, each player has a tendency to defect,
even though mutual cooperation would yield better outcome for both of them.

(d) (TRUE / FALSE) If a fair coin is flipped 2 times, then the expected number
of heads is 1.

(e) (TRUE / FALSE) When rolling a fair 6-sided die, the expected value of the
roll is 3.

(f) (TRUE / FALSE) 700 days from Monday is also a Monday.

(g) (TRUE / FALSE) If p is an arbitrary prime number, then p2 is also a prime
number.
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You may use this page for scratch work. If you would like any work on this page to be
graded, please clearly indicate so on the page of the original problem.
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