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DO NOT TURN THE PAGE UNTIL INSTRUCTED TO DO SO.

• You get 5 additional points in the exam for filling in the following information
on your bubble sheet; do it before the exam begins. Bubble in your Penn ID
and name. Question 37 of this exam asks you to bubble in which version of
this exam you are taking (A through E, shown at the top of this page).

• Record your answers on the bubble sheet. You only receive credit for how you re-
spond on the bubble sheet. If you fill in multiple bubbles for a question, you will
receive no credit for it. You must turn in both the bubble sheet and this question
booklet at the end of the exam.

• You have 90 minutes to complete this exam.

• There is no penalty for guessing—you should do so.

• The exam is worth a total of 95 points: 5 points for filling in your information (see
above) and 90 points which come from your answers in the following two parts:

– Part I: True/False (60 points, 30 problems). Select (a) for True, (b) for False.

– Part II: Multiple choice (30 points, 6 problems). Select the single, best answer
for each question.

• The exam is closed book. No note sheet is allowed. You are allowed to use a non-
web-enabled calculator.

• The exam booklet is 28 pages long. Every other page has blank space for your work,
and there are extra work pages at the end.

• Do not remove staples holding the exam together. No staplers are in the exam
rooms.
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Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Part I: True/False (60 points total; 2 points each)

The True/False questions are presented in groups of five, so that questions 1–5 refer to
the first scenario, questions 6–10 refer to the second, etc. You will receive 2 points for
each question answered correctly and 0 points for each question answered incorrectly or
left blank.

Since there is no penalty for guessing, even if you have no idea how to answer a
question, you should mark an answer for that question.

Consider a price-taking firm whose marginal cost is increasing in quantity and whose
average cost is U-shaped (i.e., as quantity increases, average cost goes down, then up).

Are the following statements TRUE or FALSE?

1. Holding all else equal, if the firm’s fixed cost increases, then the minimum price at
which it will operate increases.

2. Holding all else equal, if the firm’s fixed cost increases, then the smallest quantity
that it would choose to produce (conditional on operating at all) increases.

3. Holding all else equal, if the firm’s marginal cost increases by a constant amount for
each unit (i.e., its total cost increases by kq for some positive k), then the minimum
price at which it will operate increases.

4. Holding all else equal, if the firm’s marginal cost increases by a constant amount for
each unit (i.e., its total cost increases by kq for some positive k), then the smallest
quantity that it would choose to produce (conditional on operating at all) increases.

5. Fix a price that is high enough for the firm to operate. Holding all else equal, if the
firm’s fixed cost decreases, then it will increase the quantity it produces.
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Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Work Space
ANSWERS:
1 True
2 True
3 True
4 False
5 False

Q1: Increasing fixed cost shifts raises average costs. More precisely, it raises average
costs for quantity q by ∆F/q, where ∆F is the increase in fixed costs. So, the firm’s mini-
mum average cost (which is the lowest price at which it would operate) must increase.

Q2: While increasing fixed cost shifts the average cost curve up, it will not change the
marginal cost curve. And since the marginal cost curve is increasing and passes through
the minimum of the average cost curve, the intersection of the average cost and the
marginal cost must move to a higher quantity. This intersection is exactly what deter-
mines the minimum efficient scale (i.e., the smallest quantity that the firm would choose
to produce, conditional on operating).

Q3: Increasing total cost by kq shifts the average cost curve up by k. Hence, the firm’s
minimum average cost (which is the lowest price at which it would operate) goes up by k.

Q4: Increasing total cost by kq also shifts the marginal cost curve up by k. And, shifting
both average cost and marginal cost up by the same amount will not change the quan-
tity at which they intersect, which is exactly what determines the minimum efficient scale
(i.e., the smallest quantity that the firm would choose to produce, conditional on operating).

Q5: Conditional on operating, the quantity produced is determined by setting price equal
to marginal cost. Since marginal cost is independent of fixed cost, the fixed cost decrease
will not affect how much the firm produces.
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Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Governments throughout the world pay subsidies in various markets, like domestic agri-
culture. The effect of these subsidies on market outcomes is essentially that of a negative
tax. For concreteness, consider a subsidy of $s per metric ton of rice paid by the govern-
ment to the US rice producers. Subtracting the price paid by consumers from the per-unit
revenue earned by producers should yield s, which is depicted in the figure below. Prior to
the introduction of the subsidy, the equilibrium price and quantity sold are labeled p2 and
q2, respectively.

Quantity (in metric tons)

Price (in Dollars)

Supply

Demand

p1

p2

p3

q2 q3q1

s

A

B
G

F

C
H

I

K

L

M

N

D

E

J O

Each letter corresponds to the region bounded by the nearest lines. For instance, D is
the region bounded by the supply curve, the price axis, and the bottom-most horizontal
dashed line.

Are the following statements TRUE or FALSE?

6. After the introduction of the subsidy, the equilibrium price paid by consumers is p3
and the corresponding equilibrium quantity is q3.

7. The total amount of money (i.e., amount received from the customer, plus the
subsidy) received by a producer per metric ton of rice is p2.

8. Producer surplus increases as a result of the subsidy.

9. B + C + G + F + H + I represents the total subsidy paid by the government.

10. L + M represents the deadweight loss from the subsidy.
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Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Work Space
ANSWERS:
6 True
7 False
8 True
9 False
10 True

Q6: In the equilibrium with the subsidy, the price received by the producers exceeds the
price paid by the consumers by the subsidy s. (Note: this is just the mirror image of the
situation with a tax, where we saw that the price paid by the consumers exceeds the price
received by the producers by the amount of the tax.) In the picture, this occurs at quantity
q3. The price paid by the consumers is given by the point on the demand curve at this
quantity, which is p3.

Q7: The price paid by consumers, p3, and the subsidy, s, add up to p1, not p2.

Q8: Before the introduction of the subsidy, producer surplus corresponds to C + H + D.
With the subsidy, it corresponds to (C + H + D) + (B + G + F + K).

Q9: The total subsidy is the quantity traded, q3, times the subsidy, s. This corresponds to
(B + C + G + F + H + I) + (K + L + M + N).

Q10: The market equilibrium quantity increases from q2 to q3 as a result of the subsidy.
For all these additional tons, the unsubsidized unit cost of production (represented by the
supply curve) is more than the consumers’ willingness to pay for them (represented by the
demand curve). So, producing these additional tons destroys value. The loss in value per
unit is given by the difference of the supply curve and the demand curve, and thus the
total loss corresponds to L + M.
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Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Assume there are no taxes or externalities. Are the following statements TRUE or FALSE?

11. Assume five sellers are matched one-to-one with five buyers, and each seller then
sells one unit to her assigned buyer. The combined total surplus of these five
transactions does not depend on the match.

12. When a seller sells a unit to a buyer, the transaction price affects the total surplus
generated by the transaction.

13. At market equilibrium, total surplus is maximized.

For the next two statements, assume that each seller can sell, at most, one unit and that
each buyer will buy, at most, one unit. Are the following statements TRUE or FALSE?

14. At market equilibrium, it is possible for a transacting seller to have a unit cost that
is strictly greater than the reservation value of a transacting buyer.

15. If the market equilibrium has q transactions, these transactions must involve the
q buyers with the lowest reservation values and the q sellers with the highest unit
costs.
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Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Work Space
ANSWERS:
11 True
12 False
13 True
14 False
15 False

Q11: Each transaction’s TS is value minus cost. Summing over transactions, the summed
TS is the sum of values minus the sum of costs, which is independent of the match.

Q12: Since CS = value − p, PS = p − cost, and TS = CS + PS, we must conclude that
TS = value − cost, which is independent of price.

Q13: We showed this in lecture 7.

Q14: At market equilibrium, all transacting buyers must have a value that (weakly) ex-
ceeds the market price, and all transacting sellers must have a cost that is (weakly) ex-
ceeded by that same price. Hence, for any transacting buyer and seller, we must have
value ≥ p ≥ cost, which contradicts cost > value.

Q15: At a market equilibrium, all buyers with a value above the market price and all sellers
with a cost below the market price are trading, so we necessarily have the buyers with the
highest values and sellers with the lowest costs trading.
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Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Comcast faces a demand curve from private households given by P (q) = 112 − 2q for its
cable TV service, where q is in millions of subscribers per month and price P is in dollars
per month of subscription. The company has fixed costs of F = $200 million per month,
and it has constant marginal costs of MC = $20 per subscriber per month.

Are the following statements TRUE or FALSE?

16. The marginal revenue derived from the demand curve above is MR(q) = 112− 4q.

17. The profit-maximizing quantity of subscribers per month for Comcast is 23 million,
with the profit-maximizing price set equal to $20 per month of subscription.

18. The profit-maximizing quantity of subscribers for Comcast to serve is 23 million,
with the profit-maximizing price set equal to $66 per month.

19. If Verizon Fios TV becomes available in a growing number of areas in which Com-
cast currently has subscribers, we would expect Comcast’s price to decrease. This
is because Comcast now faces less elastic consumer demand, taking power away
from Comcast to charge a high price without losing consumers.

20. If Verizon Fios TV becomes available in a growing number of areas in which Com-
cast currently has subscribers, we would expect Comcast’s price to decrease. This
is because Comcast now faces more elastic consumer demand, taking power away
from Comcast to charge a high price without losing consumers.
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Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Work Space
ANSWERS:
16 True
17 False
18 True
19 False
20 True

Q16: The revenue is R(q) = 112 q − 2 q2; the marginal revenue is its derivative, which is
112− 4 q. So Q16 is true.

Q17+18: Setting MR(q) = MC yields 112− 4q = 20, which in turn yields q = 23. The cor-
responding profit-maximizing price is found by plugging this optimal quantity back into the
demand curve: P (23) = 112−2×23 = 112−46 = $66. Hence Q17 is false and Q18 is true.

Q19+20: The presence of a close substitute would mean that Comcast faces a more
elastic demand curve and may lose many customers if it continues to charge high prices.
Hence Q19 is false and Q20 is true.
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Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Suppose four students play a simultaneous-move game where each student first writes
either “heads” or “tails” privately on a piece of paper, and then all students simultaneously
reveal what they wrote. If all four wrote “heads”, each gets $1. If all four wrote tails, each
gets $10. Otherwise, no one gets anything.

Are the following statements TRUE or FALSE?

21. All students writing “heads” is a Nash equilibrium.

22. All students writing “tails” is a Nash equilibrium.

23. Two students writing “heads” and two writing “tails” is a Nash equilibrium.

24. Three students writing “heads” and one writing “tails” is a Nash equilibrium.

25. One student writing “heads” and three writing “tails” is a Nash equilibrium.
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Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Work Space
ANSWERS:
21 True
22 True
23 True
24 False
25 False

The point of this question is to think carefully about the definition of Nash equilibrium. Each
of these can be verified by checking whether any individual could do better by unilaterally
“deviating” and writing something different.

Q21+22: In Q21 and Q22, it is clear that any deviation leads to everyone getting nothing,
hence both Q21 and Q22 are Nash Equilibria.

Q23: If two students write “heads” and two write “tails”, everyone gets nothing but any uni-
lateral deviation also has the same result, hence it is a Nash Equilibrium despite everyone
getting nothing.

Q24+25: In Q24, the one writing “tails” could do better by switching to “heads”, and in
Q25, the one writing “heads” could do better by switching to “tails”. Hence, neither Q24
nor Q25 is a Nash Equilibrium.
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Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Are the following statements TRUE or FALSE?

High-Five Fist-Bump

5

1

0

0

0

0

1

5

High-Five

Fist-Bump

Figure 1

Left Right

1

1
−1

0

0

−1

10

10

Left

Right

Figure 2

Player 2

Strategy A Strategy B

0

2

9

1

8

0

1

2

P
la
y
e
r
1 Strategy 1

Strategy 2

Figure 3

26. If “Rock, Paper, Scissors” was played as a sequential-move game with the player
moving second observing the choice of the player moving first before choosing her
own, then it would be an advantage to move first rather than second.

27. If the “Prisoners’ Dilemma” was played as a sequential-move game with the player
moving second observing the choice of the player moving first, then it would be an
advantage to play first rather than second.

28. If the “High-Five or Fist-Bump” game depicted in Figure 1 was played as a sequential-
move game with the player moving second observing the choice of the player mov-
ing first before choosing her own, then it would be an advantage to move first rather
than second.

29. If the “Left or Right” coordination game depicted in Figure 2 was played as a
sequential-move game with the player moving second observing the choice of
the player moving first before choosing her own, then it would be an advantage
to move first rather than second.

30. If the game depicted in Figure 3 was played as a sequential-move game with
the player moving second observing the choice of the player moving first before
choosing her own, then Player 1 would prefer to move last.

12



Part I, True/False Problems. On your bubble sheet, select (a) for True, (b) for False.

Work Space
ANSWERS:
26 False
27 False
28 True
29 False
30 True

Q26: It would be advantageous to play second since the player who plays second can just
play her best response to the first player’s strategy and win no matter what the first player
chooses.

Q27: In the Prisoners’ Dilemma, “Defect” is a dominant strategy for each player. It yields
the player the highest possible payoff against any strategy of the opponent, and so each
player should just play “Defect” regardless of whether they move first or second. The out-
come will thus be “Defect, Defect”, and both the first-mover and the second-mover get the
same payoff. Thus, there is no advantage to going first.

Q28: The player playing first can choose her preferred gesture as, by backward induction,
the player playing second will follow suit. Thus, the first-mover can force her opponent to
coordinate on the first-mover’s preferred equilibrium.

Q29: By backward induction, the player moving second will choose the same strategy
as the player moving first. So, the player moving first should choose Right, resulting in
the outcome being (Right, Right). In particular, both players will get their highest possible
payoff, so there is no first-mover advantage in this game.

Q30: Suppose first that Player 1 moves first. We will apply backward induction to figure
out the outcome. If Player 1 picks Strategy 1, then Player 2 will choose Strategy A, so
Player 1’s payoff will then be 0. If instead Player 1 picks Strategy 2, then Player 2 will
choose Strategy B, so Player 1’s payoff is then 1. Thus, if Player 1 moves first, the highest
payoff she can get is 1. Suppose then that Player 2 moves first. If she chooses Strategy
A, then Player 1 will respond with Strategy 2, so Player 2’s payoff is then 0. If instead
Player 2 chooses Strategy B, then Player 1 responds with Strategy 1, and Player 2 gets
1. Therefore, if Player 2 moves first, she will choose Strategy B. But in that case, Player
1’s payoff is 9, which is higher than what she could get by moving first. Thus, Player 1 is
better off moving last.
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Part II, Multiple Choice Problems. Select the single, best answer to the question.

Part II: Single-Answer Multiple Choice (30 points total; 5 points each)

For each of the following six questions, choose one of the five alternatives. If you believe
there is ambiguity or that multiple answers are correct, choose the single best answer. You
will receive 5 points for each question answered correctly and 0 points for each question
answered incorrectly or left blank.

Since there is no penalty for guessing, even if you have no idea how to answer a
question, you should mark an answer for that question.

The government is considering taxing concert tickets to regulate the externalities associ-
ated with concerts. For the next two questions, suppose the demand for concert tickets
is given by Pd(q) = 150 − q, and the supply is given by Ps(q) = 50 + 1.5 q, where q is in
thousands of tickets and price P is in dollars per ticket.

31. If the externality is negative and causes an additional social cost of $10 per ticket
sold, what is the optimal Pigouvian (corrective) tax? Select the single, best answer
to the question.

a. $20 per ticket.

b. $10 per ticket.

c. $5 per ticket.

d. $50,000 lump sum tax on the concert promoters.

e. No tax—taxation always reduces total surplus.

14



Part II, Multiple Choice Problems. Select the single, best answer to the question.

Work Space
Q31: b. Pigouvian taxation sets the tax equal to the externality cost.
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Part II, Multiple Choice Problems. Select the single, best answer to the question.

32. Taking into account the additional social cost of $10 per ticket sold from the nega-
tive externality, what is the socially optimal number of concert tickets? Select the
single, best answer to the question.

a. 12 thousand.

b. 28 thousand.

c. 36 thousand.

d. 40 thousand.

e. 44 thousand.
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Part II, Multiple Choice Problems. Select the single, best answer to the question.

Work Space
Q32: c. Incorporating the additional social cost gives the new supply curve Ps(q) =
60 + 1.5 q. Social benefit is above social cost until the demand curve intersects this new
supply curve, or until 150 − q = 60 + 1.5 q. Hence, the socially optimal number of concert
tickets is q = 36 thousand.
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Part II, Multiple Choice Problems. Select the single, best answer to the question.

33. The LA food scene offers different takes on avocado toast, with the unit cost of the
sandwich varying correspondingly from one establishment to another. However,
a drought has led the price of the key ingredient—the Hass avocado—to roughly
double, which, in turn, has led to a $1 increase in the unit cost of the sandwich,
uniformly across establishments. Which of the following statements could describe
the resulting change to the equilibrium of the perfectly competitive, short-run (i.e.,
no free entry) market for avocado toast? Select the single, best answer to the
question.

a. The price of an avocado toast increased by strictly less than $1.

b. The price of an avocado toast increased by strictly more than $1.

c. The price of an avocado toast decreased by strictly less than $1.

d. The price of an avocado toast decreased by strictly more than $1.

e. The quantity of avocado toasts traded increased.
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Part II, Multiple Choice Problems. Select the single, best answer to the question.

Work Space
Q33: a. The $1 increase in unit costs shifts the supply curve up by $1 because each
supplier’s unit cost increases by the same amount. As a result, the market equilibrium
slides up the demand curve, and so the equilibrium quantity decreases, and the price
increases, but does so by strictly less than $1 under the depicted standard supply-demand
geometry. Hence, only alternative a makes sense. The figure below visualizes this logic:

quantity

price

$1

price increase
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Part II, Multiple Choice Problems. Select the single, best answer to the question.

34. Federal Donuts introduces a new, celery-flavored donut. In order to learn about
demand, they conduct a pricing experiment. In week 1 they set a price of p1 =
$2.50, and sell q1 = 200 donuts. In week 2 they set a price of p2 = $3.00, and sell
q2 = X donuts. They compute an elasticity around the change from p1 to p2, using
the initial price and quantity as the base, and find that it is −2. What is X? Select
the single, best answer to the question.

a. 100.

b. 120.

c. 198.

d. 220.

e. 240.
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Part II, Multiple Choice Problems. Select the single, best answer to the question.

Work Space
Q34: b. This can be seen by using the formula for demand elasticity ε:

ε =
(q2 − q1)/q1
(p2 − p1)/p1

Plugging in what we know, this becomes:

−2 =
(X − 200)/200

(3.00− 2.50)/2.50

Solving for X yields X = 120.

Or, perhaps more intuitively, we have a price change of 20%, and the elasticity is −2, so
the quantity must change by 40%. Hence, X = 0.6× 200 = 120.
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Part II, Multiple Choice Problems. Select the single, best answer to the question.

35. Vic Firth, a drumstick maker headquartered in Boston, is considering changing the
contract it has with Guitar Center, a chain of stores selling musical instruments.
Vic Firth is concerned that the retail price of its sticks, $9.99 per pair, is too high
relative to competition because of the markups it and Guitar Center are charging
over Vic Firth’s marginal cost of $3.75 per pair. The proposal currently on the table
is a two-part tariff, which consists of a wholesale price at which Guitar Center can
buy sticks from Vic Firth, and an annual fee that Guitar Center agrees to pay to
Vic Firth for the right to sell the sticks. If the two companies want to eliminate
the double marginalization problem, where should they set the wholesale price?
Select the single, best answer to the question.

a. $9.99.

b. $4.00.

c. $3.75.

d. Zero.

e. None of the above.
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Part II, Multiple Choice Problems. Select the single, best answer to the question.

Work Space
Q35: c. As discussed in lectures, eliminating double marginalization requires setting the
price the downstream firm (here: Guitar Center) faces equal to the upstream firm’s (here:
Vic Firth) marginal cost.
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Part II, Multiple Choice Problems. Select the single, best answer to the question.

36. You run HR for a mid-sized company and have been tasked with hiring 20 new
employees. You can use two technologies for this. First, you can use an agent,
at a cost of $100 for each hired employee. Second, you can attend job fairs and
networking events. The per-hour cost of attending such an event is $50. The
total number of employees you hire through these two channels is given by the
production function

F (a, h) = a+ 4
√
h,

where a is the number of employees you hire through an agent, and h is the num-
ber of hours spent at job fairs and networking events. Your task is to figure out
how much of each hiring channel to use to minimize the cost of hiring the 20 new
employees.

How many employees should you hire through an agent? Select the single, best
answer to the question. (Hint: The partial derivative of the function F (a, h) =
a+ 4

√
h with respect to h is ∂F

∂h
(a, h) = 2√

h
.)

a. Zero.

b. 4.

c. 16.

d. 20.

e. None of the above.

YOU HAVE JUST TAKEN VERSION X OF THE EXAM. FOR QUESTION 37 ON YOUR
BUBBLE SHEET, PLEASE BUBBLE IN “X”.
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Part II, Multiple Choice Problems. Select the single, best answer to the question.

Work Space
Q36: b. We will think of agency hires, a, and hours spent at job fairs, h, as the two inputs in
the production of new hires. Start by computing the marginal products, MP , and marginal
products of investment in each input:

MPa = 1, MPIa =
1

100
.

MPh =
2√
h
, MPIh =

2

50
√
h
.

Setting MPIs equal to each other, we obtain
√
h = 4, or h = 16. Plugging that back into

our production function, we see that this level of networking yields F (a, 16) = a + 4
√
16 =

a+ 16 new hires. So to hire all 20, you need 4 agency hires.
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Extra Work Space
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Extra Work Space
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THIS IS THE BACK OF THE EXAM.

IT IS INTENTIONALLY LEFT BLANK.
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