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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!



1. (20 points total) Suppose you flip 3 fair coins.

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

(b) (2 points) What is the probability of flipping 0 tails?

(c) (2 points) What is the probability of flipping 1 tails?

(d) (2 points) What is the probability of flipping 2 tails?

(e) (2 points) What is the probability of flipping 3 tails?

(f) (5 points) What is the expected number of tails you’d get when flipping 3 coins?

(g) (2 points) Without doing any extra work, what is the expected number of heads
you’d get after flipping 3 coins?
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2. (20 points total, 4 points each) Find all the pure Nash equilibria of the following games.
If there are no pure Nash equilibria, write NONE.

(a)
Defect Cooperate

Defect (0, 0) (3, -1)
Cooperate (-1, 3) (2, 2)

(b)
Defect Cooperate

Defect (1, -1) (-1, 1)
Cooperate (-1, 1) (1, -1)

(c)
Defect Cooperate

Defect (2, 1) (0, 0)
Cooperate (0, 0) (1, 2)

(d)
Defect Cooperate

Defect (0, 0) (-1, 1)
Cooperate (0, 0) (2, -2)

(e)

R P S
R (0, 0) (-1, 1) (1, -1)
P (1, -1) (0, 0) (-1, 1)
S (-1,1) (1,-1) (0,0)
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3. (16 points total) More expected value problems

(a) (8 points) You are playing a game where you flip two coins. If you get either two
heads or two tails, then you win $2.00. Otherwise, if you get one heads and one
tails, then you lose $1.00. Calculate the expected value of the money won/lost in
this game.

(b) (8 points) You are playing a game where you roll a 6 sided die. If you roll a 1,
then you win $10.00, if you roll a 2 then you win $20.00, and so on (i.e., if you
roll some number n then you get 10n dollars). What is the expected value of the
money you receive in this game?
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4. (10 points total) A 12-hour clock is set at 12:00. The clock is low on battery and the
minute-hand only moves once an hour (e.g., it takes 1 hour for the clock to change
from 12:00 to 12:01 and 2 hours for it to change from 12:00 to 12:02).

(a) (2 points) What time will the clock show exactly one day from now?

(b) (5 points) What will the minute-hand read 150 hours from now?

(c) (3 points) In how many hours will the clock show 12:00 again?
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5. (20 points total) Write the smallest positive integers that satisfies the following expres-
sions:

(a) (3 points) 45 ≡ mod 12

(b) (3 points) −4 ≡ mod 12

(c) (3 points) 5−1 ≡ mod 7

(d) (3 points) 9200 ≡ mod 4

(e) (4 points) Solve for x: 9 + x ≡ 4 mod 7

(f) (4 points) Solve for x: 3x ≡ 2 mod 5
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6. (14 points total/ 2 points each) Circle true or false.

(a) (TRUE / FALSE) The game Stag Hunt has exactly 2 pure Nash equilibria.

(b) (TRUE / FALSE) If today is Monday, then 25 days from now is Wednesday.

(c) (TRUE / FALSE) Christmas is on the same day of the year every year.

(d) (TRUE / FALSE) 4 does NOT have a multiplicative inverse modulo 6.

(e) (TRUE / FALSE) If the expected value of the prize of a random game is $1.00,
then you will always win at least $1.00 every time you play.

(f) (TRUE / FALSE) 2 is the only prime number that is even.

(g) (TRUE / FALSE) The product of two prime numbers is also a prime number.
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