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1. A local government wants to hire a construction firm to perform a public works project.

The government gets payoff 1 from the completed project, but if the government chooses

not to hire the construction firm for this project, it can use its tax revenue to implement

other projects that yield payoff 0 < c < 1. If the government hires the construction firm,

the firm completes the project but then chooses the price 0 ≤ p ≤ 1 that it bills to the

government, which the government must pay.

(a) Describe this interaction as a game in strategic form.

(b) Find all the Nash equilibria in pure strategies of this game.

(c) Find a mixed strategy Nash equilibrium of this game.

2. A seller has a single indivisible unit of a good that is of interest to a buyer. The seller

decides on a price p to set for the good. She posts this price in her storefront, and this

announcement is observed by the buyer, who lives nearby. A single unit of this good is also

being sold on Ebay at a price q > 0. After observing the seller’s price, the buyer decides

whether to buy the good held by the seller or the good sold on Ebay. Buying the good on

Ebay also entails paying a shipping fee of c ∈ (0, q). The buyer derives value v > q+ c from

consuming either sellers’ good, and the seller derives no benefit from retaining the good.

(a) Formulate the interaction between the seller and the buyer as a game in strategic form.

(b) Find a Nash equilibrium of this game in which the buyer does not visit the seller.

(c) Find a Nash equilibrium of this game in which the buyer visits the seller.

(d) Using your answer from (c), what can you say about the possible prices that the buyer

pays in any Nash equilibrium in which the buyer visits the seller?
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3. Consider a model of Cournot oligopoly. That is, n firms compete for a fixed pool of

customers by setting output quantities, with the price that all firms obtain for their

outputs determined by industry demand for the total quantity of goods on the mar-

ket. Specifically, given production decisions (q1, ..., qn) for all firms, the market price is

p(q1, ..., qn) = max{a − b
∑n

j=1 qj , 0}, where a, b > 0. Firms have unit cost of production

c > 0, where a > c.

(a) Describe this interaction as a game in strategic form.

(b) Derive a symmetric pure strategy Nash equilibrium for this game (i.e., in which all

firms produce the same amount of output).

(c) What happens to the symmetric equilibrium price as n→∞? Interpret your result.

4. Consider a model of Bertrand oligopoly. That is, n firms compete for a fixed pool of

customers by setting prices, with the output each firm puts on the market given its price

determined by industry demand, which depends on the profile of prices p = (p1, ..., pn).

More precisely, given p, the demand for firm i = 1, ..., n is given by

qi(pi, p−i) =


q̄

|{j=1,...,n;pj=min p}| if i ∈ {j = 1, ..., n; pj = min p},

= 0 otherwise,

where q̄ > 0 (in words, all firms that set the lowest price share an inelastic industry demand

q̄). Firms have unit cost of production c > 0.

(a) Write down this model of oligopoly as a game in strategic form.

(b) Derive a symmetric pure strategy Nash equilibrium for this game (i.e., a Nash equilib-

rium in which all firms play the same pure strategy). Argue that no other symmetric

pure strategy equilibrium exists.

(c) What happens to the symmetric equilibrium price as n→∞. Interpret your result.

(d) Suppose that n > 2. Derive a pure strategy Nash equilibrium of this game that is not

symmetric.

5. A group of n firms use a common resource (e.g., a river or a forest) to produce output. A

firm’s output increases in the amount of the resource that it uses, but firms’ production

choices impose negative externalities on each other: a firm’s output decreases in the amount

of the resource that its competitors use. Specifically, If each firm i = 1, ..., n uses an amount

xi ≥ 0 of the resource, then the output qi(xi, x−i) of firm i is

qi(xi, x−i) =

xi

[
1−

∑n
j=1 xj

]
if
∑n

j=1 xj ≤ 1,

0 otherwise.
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(a) Write down this interaction between the firms as a game in strategic form.

(b) Derive a symmetric pure strategy Nash equilibrium for this game (i.e., a Nash equi-

librium in which all firms play the same pure strategy).

(c) Can you find a profile of resource uses x = (x1, ..., xn) for which all firms are better

off than under the Nash equilibrium from (b)?

6. In the early days of the automobile, the government had not yet regulated which side of

the road traffic had to occupy. So each driver had to decide whether to drive on the right

or on the left. When two oncoming drivers were on the same side of the road, this led to a

crash, while nothing happened if they drove on opposite sides of the road.

(a) Describe this interaction between the two drivers as a game in strategic form.

(b) Find all the Nash equilibria, in pure and mixed strategies, for this game.

7. Suppose that two employees are part of a single team, and that this team needs to complete

a task. The effort of both employees are perfect complements in the production of this task:

each team member decides whether or not to provide effort towards the completion of this

task, and the task is completed if and only if both team members provide effort. Providing

effort imposes a money cost of 0$ < c < 1$ on a team member. If the task is completed,

each team member receives a bonus of 1$, while no employee receives a bonus if the team

does not complete the task.

(a) Describe this interaction between the two team members as a game in strategic form.

(b) Find all the Nash equilibria in pure strategies, for this game.

(c) Find all the Nash equilibria in mixed strategies for this game.

(d) How does the equilibrium from (c) depend on the cost to effort c? Interpret your

answer.

8. An aggressor country (A) and a defending country (D) are involved in a nuclear confronta-

tion. There are 2 locations in country D that can be targets for the missiles of country

A. Country A has 2 missiles available to send against any of country D’s locations, and

country D has 1 anti-missile battery available to defend either location. The anti-missile

battery can destroy all missiles that target the location that it defends. If a location is

undefended, then 2 million of country D’s citizens will die if a single missile strikes, and 3

million citizens will die if two missiles strike. Country A wants to maximise the number of

deaths in country D, and country D wants to minimise them.

(a) Describe this interaction between the two countries as a game in strategic form.

(b) Show that this game does not have a Nash equilibrium in pure strategies.

(c) Find all the Nash equilibria in mixed strategies for this game.
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