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Instructions:

1. Each student must hand in a solution. Should you choose to work to-
gether with colleagues, please state so, and with whom, in your answer
sheet.

2. You should hand in the problem set by the above deadline, either by us-
ing our mailboxes (#141 or #165) on the third floor, by leaving it in our
offices (#135 or #139) or by email in .pdf format (bmpimentel@novasbe.pt
or dthenriques@novasbe.pt).

3. Your work must be legible! Otherwise, your grade will be affected to
the extent of our misreading of your material.

4. Please write on the front and back of each sheet of paper that you use
to solve this problem set. It is a waste of paper to write only on one
side.

5. Paraskevidekatriaphobia is not a valid excuse for postponing the
problem set delivery.

Exercise I

In a given market for a homogeneous good the demand curve is defined by
p = 100−q and there are two firms with marginal and average costs constant
and equal to 20. Managers are not allowed to talk to each other. However,
each one knows the cost of the other firm. The market regulator, unaware
of the marginal and average costs (but knowing that they are equal and
constant), established the following rules:

1

http://en.wikipedia.org/wiki/Friday_the_13th


• Each company shall declare to the regulator, in a closed envelope, their
marginal and average costs. The firm which declares the lowest marginal and
average costs will become a monopolist in this market. If the marginal and
average costs are the same, the market is equally shared between them;

• The winner (or winners if there is a tie) is allowed to implement the
following price: p = Cd + 10, where Cd is the marginal cost previously
declared. The winner compromises to fully satisfy the quantity demanded at
that price. In case of a tie, each shall produce half of the quantity demanded.

(i) Solve for the best-response function of each firms. Explain the intu-
ition.

(ii) What is the Nash equilibrium of this game?
(iii) Suppose now that the two managers can talk and decide which costs

to announce to the regulator. What will those costs be?
(iv) Is that agreement stable?
(v) Within this market, rank the following alternatives according to the

profits each provide: regulated marked, non-regulated market with price com-
petition, non-regulated market with quantity competition.

Exercise II

Two firms, denoted 1 and 2, compete à la Cournot in a market whose demand
equals p = 10 − q. They both use the same technology, which involves a
constant marginal cost of 4 and a fixed cost of 1.

(i) Compute the equilibrium quantities and profits of these firms.
Firm 1 can invest in a technology that will lower its marginal cost to 2

while keeping the fixed cost equal to 1. Inventing this technology will cost 7.
(ii) Should firm 1 carry out the investment? Quantify and explain. Sup-

pose that the manager of firm 1 forgets the strategic effect of the investment
and takes into account only its direct effect.

(iii) Will the manager carry out the investment? Quantify and explain.
(iv) How much will the manager’s mistake cost firm 1?
Suppose now that both firms’ fixed cost was initially 2.
(v) Does this change the strategic effect of the investment? Quantify and

explain.

Exercise III

Comment on the validity of the following statement: Higher market concen-
tration always implies higher market power (max 15 lines).
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Exercise I

(i) The two firms are aware that they are competing in prices in an ho-
mogeneous good market while having identical cost structures. The
government however mingles in, asking firms to report their marginal
cost and setting the market price to the winner (lowest bidder) at
P = MCd + 10. Under such setting, the best-response of each firm
is to set its price equal to the true marginal cost (same for both firms)
minus the profit margin of 10 given by the government to the lowest
bidder. That is P = MCt − 10, where MCt is the true marginal cost.

A more comprehensive approach could also say the reaction function of
firm 1 to be: 

PM , P2 > PM

P2 − ε,MC1 ≤ P2 < PM

MC1, P2 ≤MC1

(ii) To understand what is the equilibrium in this market it is useful to
write down the profits of the two firms in a game matrix:

Firm 2

Coop. Coop.

Firm 1
Coop. πcoop/2, πcoop/2 0, πcoop

Coop. πcoop, 0 0, 0
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Each of the firms can choose to cooperate or to defect. If both firms
cooperate they will declare their costs to be higher than in reality so
that market price is P coop > MC. In this case, firms 1 and 2 equally
share πcoop among themselves. By contrast, there is the possibility
of only one firm deviating from this situation by declaring a slightly
smaller marginal cost (say, P coop − 10 − ε) and capturing the whole
market. Finally, we have the Nash equilibrium solution in which both
firms declare marginal costs of 10 (because P = MCd + 10) and end up
with P = MC and no profits1.

(iii) If the two firms are allowed to communicate then they will declare a
cost so that P coop = PM . To do so they will maximise

max
QM

πM = (100−Q)×Q− 20Q

F.O.C.
∂πM

∂Q
= 0

100− 2Q− 20 = 0

QM = 40

This implies PM = 60 and πM = (60 − 20) × 40 = 1, 600. Each firm
will declare a MCd = 60− 10 = 50 and get a profit of 800.

(iv) The previous agreement, albeit Pareto optimal is not a Nash equilibrium
and therefore not stable. In the absence of a credible commitment each
firm will have an incentive to deviate from the agreement and charge a
lower price. The equilibrium will thus remain unaltered from question
(ii), that is P = MC.

(v) We already know that in both the regulated and unregulated price
competition cases firms will charge P = MC and get no profits. We
still need to determine however the equilibrium values for the Cournot
quantity competition case:

max
Q1

π1 = (100− (Q1 +Q2))×Q1 − 20Q1

F.O.C.
∂π1
∂Q1

= 0

100− 2Q1 −Q2 − 20 = 0

R1 : Q1 = 40− Q2

2
1That is, of course, assuming firms will prefer to produce rather than not doing so.
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symmetrically for firm 2:

R2 : Q2 = 40− Q1

2

Solving the system of linear equations we get Q∗1 = Q∗2 = 80/3, P ∗ =
140/3 and π1,2 ≈ 711.11 > 0.

We can therefore conclude that quantity competition is the preferable
alternative vis-à-vis the two price competition settings.

Exercise II

(i) We begin by solving the problem of firm 1:

maxπ1 = (10− (Q1 +Q2))Q1 − 4Q1 − 1

F.O.C.
∂π1
∂Q1

= 0

10− 2Q1 −Q2 − 4 = 0

R1 : Q1 = 3− Q2

2

by symmetry we have that:

R2 : Q2 = 3− Q1

2

plugging Q2 into Q1 we get:

Q1 = 3− 3−Q1/2

2
Q∗1 = Q∗2 = 2

The equilibrium price P ∗ will simply be given by P = 10− (2 + 2) = 6
while profits will be identical such that π1 = π2 = (P −Ci)Qi−Fi = 3.

(ii) Again, we solve the problem of firm 1 for the new marginal cost c′ = 2
and investment cost K = 7

maxπ1 = (10− (Q1 +Q2))Q1 − 2Q1 − 1− 7

F.O.C.
∂π1
∂Q1

= 0

10− 2Q1 −Q2 − 2 = 0

R1 : Q1 = 4− Q2

2
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the reaction function of firm 2 will remain Q2 = 3 − Q1/2. The equi-
librium will be given by:

Q1 = 4− 3−Q1/2

2

Q∗1 =
10

3

and Q∗2 = 3 − 10/3
2

= 4
3
. Market price is P ′∗ = 16

3
and profits π′1 =

(16
3
− 2)× 10

3
− 1− 7 = 28

9
≈ 3.11 > 3.

The manager will therefore perform the investment. Now, if we consider
firm 1 to have forgotten the strategic effect of its actions. To do so we
consider that firm 1 assumes Q2 = Q̄2 = 2, that is, firm 2 does not
react. That leads to:

QINT
1 = 4− Q̄2

2
QINT

1 = 3

Price will be P INT = 5 and πINT
1 = 1 < 3.11, thus firm 1 will not

perform the investment.

(iii) The cost of the mistake is the difference between the profits that firm
1 would have obtained should it have carried out the investment (π′ ≈
3.11)and the realised profits for not having done so (π1 = 3). That is
approximately equal to 0.11.

(iv) If both firms faced a fixed cost of 2 then before the commitment π1 =
π2 = 1. After the commitment however firm 2’s profits turn into losses,
forcing it to exit the market. In the light of this exit firm 1 becomes
a de facto monopolist, producing 4 units and obtaining a monopolist
profit of πM = (6− 2)× 4− 2− 7 = 7. In this case, the strategic effect
will be given by πM − πINT

1 = 5.

Exercise III

The statement is false. To see why let us briefly consider the plain-vanilla case
of a Bertrand duopoly with equal cost structures and homogeneous goods.
Here market concentration is very high (HHI = 0.5 > 0.25, the C4 is of
course 100) but firms have no market power whatsoever, as they are forced
to charge a price equal to their marginal cost2.

2This is in fact the famous Nash equilibrium presented in the Bertrand paradox.
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