
EconS 594 - Industrial Organization
Homework #1 - Answer key

1. Cournot with convex and asymmetric costs. Consider a duopoly market with
inverse demand curve p(Q) = 85 � Q

20
, where Q = q1 + q2 denotes aggregate output.

Firm 1 faces cost function c(q1) = 3; 000 + 9q1 +
q21
200
, while �rm 2�s cost function is

c(q2) = 3; 500 + 8q2 +
q22
200
. Firms compete a la Cournot.

(a) Find each �rm�s best response function. Identify the output levels making each
�rm shut down. Plot them in a �gure.

(b) Find the Cournot equilibrium output pair, equilibrium price, consumer surplus,
and social welfare.

� See answer key at the end of this handout.

2. Salop circle with quadratic transportation costs. Consider the Salop circle we
presented in class, but assume that transportation costs are now �d2, where d denotes
the distance that the consumer travels to his selected shop.

(a) Find the equilibrium price in this setting. How does it di¤er from that under
linear transportation costs?

� Assume that there are n �rms. Consider �rm i�s choice of price pi given that
the other �rms charge p. A consumer located at distance x < 1

n
from �rm i

is indi¤erent between �rm i and the nearest competitor (�rm j) if

pi + �x
2 = pj + �

�
1

n
� x

�2
.

Solving for x, we obtain

x =
n(pj � pi) + �

n

2�
which implies that �rm i�s demand is twice this amount (consumers to the
left and right of the indi¤erent consumer), that is,

Qi(pi; p) = 2x =
1

n
� n(pi � pj)

�
.

The �rm then solves the following pro�t-maximization problem

max
pi

(pi � c)Qi(pi; p).

Di¤erentiating with respect to pi, yields

1

n
� n(2pi � pj � c)

�
= 0

Invokying symmetry, pi = pj = p, and solving for p, we obtain the equilibrium
price

p� = c+
�

n2
.
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(b) Find the equilibrium number of �rms entering the industry, ne, when entry cost
is e > 0.

� Firm pro�ts in equilibrium are

��(e) = (p� � c)Qi(p�; p�)� e

=
�
c+

�

n2
� c
�� 1

n
� n(pi � pj)

�

�
� e

=
�

n3
� e.

Using the zero-pro�t condition, ��(e) = 0, and solving for e, we obtain the
equilibrium number of �rms entering the industry, as follows

ne =
��
e

�1=3
which entails an equilibrium price of

p� = c+
�h�

�
e

�1=3i2 = c+ � 1=3e2=3:
(c) Find the socially optimal number of �rms entering the industry, nSO, when entry

cost is e > 0.

� To �nd the socially optimal number of �rms entering the industry, recall
that social welfare in this context coincides with total entry costs plus total
transportation costs. This is because consumers purchase one unit of the
good and all the market is covered, entailing that loss in consumer surplus
coincides with the increase in �rm revenues.
Therefore, we only need to minimize the sum of total entry costs and total
transportation costs, as follows

min
n
ne+ 2n�

Z 1
2n

0

x2dx = min
n
ne+

�

12n2

Di¤erentiating with respect to n, yields

e� �

6n3
= 0

which, solving for n, yields the socially optimal number of �rms entering the
industry

nSO =
� �
6e

�1=3
=

1

61=3
ne ' 0:55ne.

(d) Compare your results in parts (b) and (c). Interpret.

� The socially optimal number of �rms is lower than the equilibrium number
of �rms, nSO < ne, since every �rm does not internalize the business-stealing
e¤ect that its entry imposes on other �rms. The regulator internalizes this
external e¤ect, seeking less entry.
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(e) Compare your result in part (d) against the case in which transportation costs
are linear (check your class notes). Interpret.

� Equilibrium entry with linear transportation costs is ne =
�
�
e

�1=2
, thus being

larger than under quadratic transportation costs. We can also measure the
excessive entry in each context as follows. Under linear transportation costs,
excessive entry is given by

Excessive Entry =
��
e

�1=2
� 1
2

��
e

�1=2
= 0:5

��
e

�1=2
while under quadratic transportation costs, we have

Excessive Entry =
��
e

�1=3
�
� �
6e

�1=3
' 0:45

��
e

�1=3
.

3. An investment game. Consider a duopoly market with a continuum of homogeneous
consumers of mass 1. Consumers derive utility vi 2 fvH ; vLg for product i depending
on whether the product is of high or low quality. Firms play the following 2-stage
game:

1st At stage 1, �rms simultaneously invest in quality. The more a �rm invests the
higher is its probability �i of obtaining a high-quality product. The associated
investment cost is denoted by I(�i) and satis�es standard properties that ensure
an interior solution: I(�i) is continuous for �i 2 [0; 1), I 0(�i) > 0 and I 00(�i) > 0
for �i 2 (0; 1), and the Inada conditions lim�i!0+ I

0(�i) and lim�i!1� I
0(�i) = +1.

Before the beginning of stage 2 qualities become publicly observable� i.e., all
uncertainty is resolved.

2nd At stage 2, �rms simultaneously and independently set prices.

a) For any given (�1; �2), what are the expected equilibrium pro�ts? In case of
multiple equilibria select the (from the view point of the �rms) Pareto-dominant
equilibrium.

b) Are investments strategic complements or substitutes? Explain your �nding.

c) Provide the equilibrium condition at the investment stage.

d) How do equilibrium investments change as valuation vH increases? How do they
change when vL increases?

� See answer key at the end of this handout.

4. Vertical product di¤erentiation and cost of quality. A consumer with incomem
who consumes a product of quality si and pays pi obtains the utility sim

6
�pi. If instead

the consumer decides not buy the good, the resulting utility is zero. Consumer income
m is uniformly distributed on the interval [2; 8], so its density is f(m) = 1

8�2 =
1
6
. The

total mass of consumers is equal to 1.

There are two �rms in the market, 1 and 2, o¤ering qualities s1 and s2, respectively.
Assume that s1; s2 2 [1; 2]. Label �rms such that s1 � s2. Suppose that �rm i has
constant marginal cost equal to c� si where c < 2.
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(a) Derive the demand of �rms 1 and 2, and calculate the best-response functions of
the two �rms presuming that �rst-order conditions hold with equality. Distinguish
between full and partial market coverage.

(b) Calculate the Nash Equilibrium in prices and �nd the equilibrium pro�ts as a
function of s1 and s2. Distinguish between full and partial market coverage.

(c) What are the equilibrium quality choices of the two �rms? (Again distinguish
between the full and market coverage cases using �rst-oder conditions.)

(d) Which �rm is more pro�table? Consider the two cases mentioned above.

(e) How does in the partial coverage equilibrium an increase in cost c a¤ect the pro�ts
of the two �rms?

� See answer key at the end of this handout.
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