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Question 1: Game Theory

(a) (8 points) False. Consider the following game:

Firm 2
Enter Stay out

Firm 1
Enter −1,−1 3, 0
Stay out 0, 3 0, 0

Both (enter, stay out) and (stay out, enter) occur as Nash equilibria of the simultaneous move
game.

Now, change this to a sequential game with firm 1 acting first. The outcome (stay out, enter)
is no longer a plausible equilibrium outcome. Indeed, for firm 1 to be willing to stay out,
firm 2 must threaten to enter no matter what; but firm 2 will not actually want to enter in
the event that firm 1 enters, meaning that this threat is not credible. In technical terms, the
strategy profiles required to attain this outcome are not subgame perfect. We typically think
that only subgame perfect equilibria are plausible outcomes of sequential games.

Allocating credit: 1 point for saying “false,” 3 points for a correct discussion of credibil-
ity/subgame perfection, and 4 points for a correct counterexample.

(b) i. (2 points) Start with player 1’s strategies. T is not a dominant strategy since B is better
if player 2 plays M . B is not a dominant strategy since T is better if player 2 plays L
or R. Thus, player 1 has no dominant strategies.

Now, consider player 2’s strategies. L cannot be a dominant strategy because M or R
is better if player 1 plays B. M cannot be a dominant strategy because L or R is better
if player 1 plays T . Finally, R cannot be a dominant strategy since L is better if player
1 plays T , and M is better if player 1 plays B.

Thus, there are no dominant strategies in this game.

Allocating credit: 1 point for stating that there are no dominant strategies, and 1 point
for explaining why.

ii. (3 points) We first seek Nash equilibria where player 1 plays T . It is clear that player
2’s unique best response is L, and that player 1’s best response to L is indeed T . Thus,
(T,L) is a Nash equilibrium.

Now, let us seek Nash equilibiria where player 2 plays B. It is clear that player 2’s
unique best response is M , and that player 1’s best response to M is indeed B. Thus,
(B,M) is also Nash equilibrium.

Allocating credit: 2 points for identifying the equilibria, and 1 point for explaining why
they are Nash equilibria.

iii. (7 points) We consider the three possible mixed strategies of this form and examine what
occurs if player 1 plays T versus if player 1 plays B:
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• Mix L and M versus R: Let p be the probability on L. For this mixture to
dominate R, we require:

T: 3p > 1

B: 3(1− p) > 1.

This is possible, for example, when p = 1
2 .

• Mix R and M versus L: Let p be the probability on R. For this mixture to
dominate L, we require:

T: p > 3

B: 3(1− p) + p > 0.

The first inequality obviously cannot hold because probabilities must be less than
or equal to one.

• Mix R and L versus M : Let p be the probability on R. For this mixture to
dominate R, we require

T: p+ 3(1− p) > 0

B: 1− p > 3

The second inequality obviously cannot hold because probabilities must be greater
than or equal to zero.

We conclude that L and M can be mixed to dominate R, and that this is the only such
combination that exists.

Allocating credit: 2 points for identifying that a mixture of L and M can dominate R, 2
points for a full argument showing that this is the case, and 3 points for the arguments
that rule out the other combinations. Credit may be pro-rated as appropriate.

Question 2: General Equilibrium

(a) (4 points) At any Pareto optimal allocation, the marginal rates of substitution for the two
agents must be equal:

1

1/
√
WA

=
WC

BC
.

Since the total available quantity of wine is 13 and the total available quantity of books is
20, any feasible allocation must have

WC = 13−WA

BC = 20−BA.

Substituting these into the first equation, we obtain√
WA =

13−WA

20−BA
,

so that the formula

BA = 20− 13−WA√
WA

.
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traces out the set of Pareto optimal allocations. (Note: In the region where this formula
gives BA < 0, the Pareto optimal allocation actually has BA = 0; we told them to ignore this
complication, so answers need not mention this point.)

Allocating credit: 1.5 points for the MRS condition, 1.5 point for the feasibility conditions,
and 1 point for correctly solving for BA. Credit for each piece may be pro-rated as appropriate.

(b) (4 points) Alberto chooses a consumption bundle where the marginal rate of substitution
equals the price ratio:

1

1/
√
WA

=
1

p
.

We can therefore solve for his demand for wine:

WA(p) =
1

p2
.

Alberto’s wealth when prices are p is 16 + 3p. His budget constraint is therefore

BA + pWA = 16 + 3p.

Combining these equations, we see that his demand for books is

BA(p) = 16 + 3p− pWA(p) = 16 + 3p− 1

p
.

Allocating credit: 1.5 point for the MRS condition, 1.5 points for the budget constraint, and
1 point for correctly solving for the quantities. Credit for each piece may be pro-rated as
appropriate.

(c) (3 points) Carla also chooses a consumption bundle where the marginal rate of substitution
equals the price ratio:

WC

BC
=

1

p
=⇒ BC = pWC .

Income for Carla is 4 + 10p, so her budget constraint is

BC + pWC = 4 + 10p.

Substituting into the budget constraint using the fact that BC = pWC , we obtain

BC = 2 + 5p

WC =
2

p
+ 5

Allocating credit: 1 point for the MRS condition, 1 point for the budget constraint, and
1 point for correctly solving for the quantities. Credit for each piece may be pro-rated as
appropriate.

(d) (5 points) Since total demand must equal total supply we must have:

WA(p) +WC(p) =
1

p2
+

2

p
+ 5 = 13

3



and

BA(p) +BC(p) = 16 + 3p− 1

p
+ 2 + 5p = 20.

We can solve for p using either equation. We can simplify the second to obtain

p2 − 1

4
p− 1

8
= 0 =⇒

(
p− 1

2

)(
p+

1

4

)
= 0.

Taking the positive root, we get p = 1
2 .

Plugging this price back into the demand curves, we obtain

W ∗
A = 4 and B∗

A =
31

2
.

and

W ∗
C = 9 and B∗

C =
9

2
.

Allocating credit: 2.5 points for correctly setting up the market clearing conditions, 1.5 points
for solving for the price, and 1 point for solving for the quantities. Credit for each piece may
be pro-rated as appropriate.

(e) (4 points) Consider any possible endowment for Alberto (B̄A, W̄A). Using the same logic as
in part (b) above, we find that Alberto’s demand is now

WA(p) =
1

p
and BA(p) = B̄A + pW̄A −

1

p
.

Note that Alberto’s demand for wine is independent of his income, so his demand for books
rises one-for-one with his endowment of books; this is a consequence of the fact that his utility
function is quasi-linear in books.

Now, examine the market clearing condition for books:

BA(p) +BC(p) = B̄A + B̄C .

Since Alberto’s demand moves one-for-one with B̄A (and the terms corresponding to Carla’s
demand and endowment do not depend on B̄A), we see that changes in B̄A change both sides
of this equation by the same amount. Thus, the p that solves this equation does not depend
upon B̄A.

This is not a general result. It arises in this case because Alberto spends all additional income
on books and none on wine, which means that changes in his book endowments have no effect
on net demand for either good. For many utility functions, however, consumers will allocate
additional income over all goods, and changes in endowments will affect prices.

Allocating credit: 2 points (pro-rated as appropriate) for an argument showing that the price
will not change, 1 point for saying that this result is not general, and 1 point for an explanation
of why the result is not general.
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Question 3: Imperfect Competition

(a) (5 points) We first compute each firm’s marginal cost:

MC1 = 2q

MC2 = 4q

We see that firm 1 will always have a lower marginal cost than firm 2.

Likewise, we can compute the two firms’ average costs:

AC1 = q +
20

q

AC2 = 2q +
4

q

We want to know where AC1 < AC2. We solve the following inequality:

q +
20

q
< 2q +

4

q
=⇒ 16

q
< q,

which it is easy to see holds if and only if q > 4. Thus, firm 1 has a lower average cost if and
only if it produces more than 4 units.

Allocating credit: 1 point for correctly computing the average cost functions, 1 point for
correctly computing the marginal cost functions, 1 point for drawing the correct conclusion
about when firm 1’s marginal cost will be lower, and 1 point for drawing the correct conclusion
about when firm 1’s average cost will be lower.

(b) (5 points) When demand is perfectly elastic, both firms will set MC = p if they choose to
operate. Thus, if the firms operate, we have

2q1 = 6 and 4q2 = 6,

which yield quantities

q1 = 3 and q2 =
3

2
.

We must check, however, that both firms actually wish to operate, which will be the case if
and only if they earn positive profits (since they can earn zero profits by declining to operate).
At q1 = 3, firm 1 earns profits of

pq1 − [q1
2 + 20] = 18− 9− 20 = −11 < 0,

so it does not wish to operate. At q2 = 3
2 , firm 2 earns

pq2 − [2q2
2 + 4] = 9− 9

2
− 4 =

1

2
,

so it will choose to operate.

To summarize, firm 1 will not operate, and firm 2 will operate and produce a quantity of 3
2 .

Allocating credit: 2.5 points for computing MC = p and 2.5 points for correctly checking
whether each firm will decide to operate. Credit for each piece may be pro-rated as appro-
priate.
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(c) (5 points) Under Cournot competition, the firms’ profit functions are given by

π1(q1, q2) = (92− q1 − q2)q1 − [q1
2 + 20]

π2(q1, q2) = (92− q1 − q2)q2 − [2q2
2 + 4]

We look for the Nash equilibrium of the Cournot game. Thus, we solve for each firm’s best
choice output choice, holding the other firm’s output constant. Taking FOCs for each firm,
we obtain

92− 2q1 − q2 − 2q1 = 0

92− q1 − 2q2 − 4q2 = 0

Solving this system of equations, we find that

q1 = 20 and q2 = 12.

Substituting into the demand curve, we find a market price of p = 92− 20− 12 = 60. Profits
for the two firms are therefore

π1 = 60(20)− [202 + 20] = 780

π2 = 60(12)− [122 + 4] = 572

Allocating credit: 2.5 points for correctly setting up the problem and 2.5 points for correctly
computing the quantities and profits. Credit for each piece may be pro-rated as appropriate.

(d) (5 points) With collusion, the joint profit is

π(q1, q2) = (92− q1 − q2)(q1 + q2)− [q1
2 + 20 + 2q2

2 + 4]

Differentiating with respect to each firm’s output, we obtain FOCs:

q1: 92− 2q1 − 2q2 − 2q1 = 0

q2: 92− 2q1 − 2q2 − 4q2 = 0

Subtracting the first equation from the second, we find that 2q1 = 4q2. Substituting back
into the first equation, we obtain

92− 4q2 − 2q2 − 4q2 = 0 =⇒ q2 = 9.2.

Using the fact that 2q1 = 4q2, we then see that q1 = 2q2 = 18.4. In summary, firm 1 will
produce 18.4 units and firm 2 will produce 9.2 units.

Allocating credit: 2.5 points for correctly setting up the problem and 2.5 points for correctly
computing the quantities. Credit for each piece may be pro-rated as appropriate.

6


