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(e) If the two firms decided to collude, industry output would be 24

and the market price would equal $52.

(f) Suppose both of the colluding firms are producing equal amounts of
output. If one of the colluding firms assumes that the other firm would
not react to a change in industry output, what would happen to a firm’s

own profits if it increased its output by one unit? Profits would
increase by $22.

(g9) Suppose one firm acts a Stackleberg leader and the other firm
behaves as a follower. The maximization problem for the leader can be

written as  INAaXy, [100 - 2(7]1 +24 — lj}/?)]?jl - 4[]1 .

Solving this problem results in the leader producing an output of

24 and the follower producing 12, This implies an industry

output of 36 and price of $28.

27.5 (0) Grinch is the sole owner of a mineral water spring that costlessly
burbles forth as much mineral water as Grinch cares to bottle. It costs
Grinch $2 per gallon to bottle this water. The inverse demand curve for
Grinch’s mineral water is p = $20 — .20¢, where p is the price per gallon
and ¢ is the number of gallons sold.
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(a) Write down an expression for profits as a function of ¢: Il(¢) =
(20 — 20q)q — 2q . Find the profit-maximizing choice of ¢ for

Grinch.  45.

(b) What price does Grinch get per gallon of mineral water if he produces

)

the profit-maximizing quantit, $11. How much profit does he make?

$405.

(¢) Suppose. now, that Grinch’s neighbor, Grubb finds a mineral spring
that produces mineral water that is just as good as Grinch’s water, but
that it costs Grubb $6 a bottle to get his water out of the ground and
bottle it. Total market demand for mineral water remains as before.
Suppose that Grinch and Grubb cach believe that the other’s quantity
decision is independent of his own. What is the Cournot equilibrinm out-

put for Grubb? 50/3. What is the price in the Cournot equilibrium?
$9.33.

27.6 (1) Albatross Airlines has a monopoly on air travel between Peoria
and Dubuque. If Albatross makes one trip in cach direction per day, the
demand schedule for round trips is ¢ = 160 — 2p, where ¢ is the number of
passengers per day. (Assume that nobody makes one-way trips.) There
is an “overhead” fixed cost of $2.000 per day that is nec y to fly the
airplane regardless of the number of passeng In addition. there is a
marginal cost of $10 per passenger. Thus, total daily costs are $2,000+10¢
if the planc flies at all.

(a) On the graph below, sketch and label the marginal revenue curve, and
the average and marginal cost curves.

MR, MC
80
60
mr—
40 ac —=
20 mec
0 20 40 60 80
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(a) Write an expression for the total revenue of company 1, as a function

of the its price p; and the other company’s price p.. Revenue is

1000 { 90ps — 1pi + 1pipa | -
2

(b) Company 1's best response function BRy(-) is defined so that BRy(p2)
is the price for product 1 that maximizes company 1's revenue given
that the price of product 2 is po. With the revenue functions we have
specified. the best response function of company 1 is described by the

formula BRy(p2) = 90 + p2/4 . (Hint: Take a derivative of revenue
with respect to py and solve for the revenue-maximizing py given ps.)

(¢) Use a similar method to solve for company 2

BRy(p)= 90+ p1 /4

’s best response function

(d) Solve for the Nash cquilibrium prices p; = 120 and p.= 120

(e) Suppose that company 1 scts its price first. Company 2 knows the
price p; that company 1 has chosen and it knows that company 1 will
not change this price. If company 2 sets its price so as to maximize its
revenue given that company 1's price is py, then what price will company

2 choose? py = $90 + P1 /4 If company 1 is aware of how company
2 will react to its own choice of price, what price will company 1 choose?

$128.55 Given this price for company 1, what price will company

2 choose? $ 186.41

29.2 (1) Here is an example of the “Battle of the S " game discussed
in the text. Two people, let us call them Michelle and Roger. although
they greatly enjoy each other’s company, have very different tastes in
entertainment. Roger’s tastes run to ladies” mud wrestling, while Michelle
prefers Italian opera. They are planning their entertainment activities for
next Saturday night. For cach of them, there are two po:
2o to the wrestling match or go to the opera. Roger would be happiest
if both of them went to see mud wrestling. His second choice would be
for both of them to go to the opera. Michelle would prefer if both went
to the opera. Her second choice would be that they both went to see the
mud wrestling. They both think that the worst outcome would be that
they didn’t agree on where to go. If this happened. they would both stay
home and sulk.

sible actions,
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Battle of the Sexes

Michelle
Wrestling Opera
~ Wrestling 2,1 0,0
BOEE “oars 0.0 1.2

(a) Is the sum of the payoffs to Michelle and Roger constant over all

outcomes? NO. Does this game have a dominant strategy equilibrium?

No.

(b) Find two Nash equilibria in pure strategies for this game. Both

go to opera. Both go to mud wrestling.

(¢) Find a Nash cquilibrium in mixed strategics. ~ Michele
chooses opera with probability 2/3 and
wrestling with probability 1/3. Roger chooses
opera with probability 1/3 and mud wrestling
with probability 2/3.

29.3 (1) This is an example of the game of “Chicken.” Two tecnagers

in souped-up cars drive toward cach other at great speed. The first one
to swerve out of the road is “chicken.” The best thing that can happen

to you is that the other guy swerves and you don’t. Then you are the
hero and the other guy is the chicken. If you both swerve. you are both
chickens. If neither swerves, you both end up in the hospital. A payoff
matrix for a chicken-type game is the following.

Chicken

Leroy
Swerve Don’t Swerve

Swerve 1.1 1,2
Don’t Swerve 2,1 0.0

Joe Bob
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(a) Does this game have a dominant strategy? NO. What are the two

The two outcomes where

Nash cquilibria in pure strategi

one teenager swerves and the does not.

(b) Find a Nash equilibrium in mixed strategics for this game. Play
each strategy with probability 1/2.

29.4 (0) I propose the following game: I flip a coin, and while it is in the
air, you call either heads or tails. If you call the coin correctly. you get
to keep the coin. Suppose that you know that the coin always comes up

heads. What is the best strategy for you to pursue? Always call
heads.

(a) Suppose that the coin is unbalanced and comes up heads 80% of
the time and tails 20% of the time. Now what is your best strategy?
Always call heads.

(b) What if the coin comes up heads 50% of the time and tails 50% of the
time? What is your best strategy? It doesn’t matter.
You can call heads always, tails always, or
randomize your calls.

(¢) Now. suppose that I am able to choose the type of coin that I will toss

(where a coin’s type is the probability that it comes up heads). and that
you will know my choice. What type of coin should I choose to minimize

my losses? A fair coin.

(d) What is the Nash mixed strategy cquilibrium for this game? (It may
help to recognize that a lot of symmetry exists in the game.) i
choose a fair coin, and you randomize with

50% heads and 50%, tails.

29.5 (0) Ned and Ruth love to play “Hide and Seck.” It is a simple
game, but it continues to amuse. It goes like this. Ruth hides upstairs or
downstairs. Ned can look upstairs or downstairs but not in both places.
If he finds Ruth, Ned gets one scoop of ice cream and Ruth gets none. If
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he does not find Ruth, Ruth gets one scoop of ice cream and Ned gets
none. Fill in the payoffs in the matrix below.

Hide and Seek

Ruth
Upstairs Downstairs
- Upstairs 1.0 0,1
Ned 1y onstairs 0.1 1,0

(a) Is this a zero-sum game?  Y€S. What are the Nash equilibria in
pure strategics? There are none.

(b) Find a Nash cquilibrium in mixed strategics for this game.
Ruth hides upstairs and Ned searches
upstairs with probability 1/2; Ruth hides
downstairs and Ned searches downstairs with

probability 1/2.

(¢) After years of playing this game, Ned and Ruth think of a way to
liven it up a little. Now if Ned finds Ruth upstairs, he gets two scoops of
ice cream, but if he finds her downstairs, he gets one scoop. If Ned finds
Ruth, she gets no ice cream, but if he doesn’t find her she gets one scoop.
Fill in the payoffs in the graph below.

Advanced Hide and Seek

Ruth
Upstairs Downstairs
Upstairs 2,0 0,1
Downstairs 0.1 1.0

Ned
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No. What mixed

(d) Are there any Nash equilibria in pure strategi
strategy equilibrium can you find? Ruth hides downstairs
2/3 of the time. Ned looks downstairs 1/2

the time. If both use equilibrium strategics, what fraction of the

time will Ned find Ruth?  1/2.

29.6 (0) Perhaps you have wondered what it could mean that “the meek
shall inherit the carth.” Here is an example, based on the discussion in
the book. In a famous experiment, two psychologists* put two pigs —a
little one and a big one into a pen that had a lever at one end and a
trough at the other end. When the lever was pressed, a serving of pigfeed
would appear in a trough at the other end of the pen. If the little pig
would press the lever, then the big pig would eat all of the pigfeed and
keep the little pig from getting any. If the big pig pressed the lever, there
would be time for the little pig to get some of the pigfeed before the big
pig was able to run to the trough and push him away.
Let us represent this situation by a game. in which cach pig has two
possible strategics. One strategy is Press the Lever. The other strategy
is Wait at the Trough. If both pigs wait at the trough. neither gets any
feed. If both pigs press the lever, the big pig gets all of the feed and the
little pig gets a poke in the ribs. If the little pig presses the lever and
the big pig waits at the trough. the big pig gets all of the feed and the
little pig has to watch in frustration. If the big pig presses the lever and
the little pig waits at the trough, then the little pig is able to cat 2/3
of the feed before the big pig is able to push him away. The payoffs are
as follows. (These numbers are just made up, but their relative sizes are
consistent with the payoffs in the Baldwin-Meese experiment.)

Big Pig-Little Pig

Big Pig
Press Wait
Press =1,9 —1,10
5 pii
Little Pig . 6.1 0.0

* Baldwin and Meese (1979), “Social Behavior in Pigs Studied by
Means of Operant Conditioning.” Animal Behavior
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(a) Is there a dominant strategy for the little pig? Yes, Wait. Is
there a dominant strategy for the big pig? No .

(b) Find a Nash equilibrium for this game. Does the game have more than
one Nash equilibrium? The only Nash equilibrium is

where little pig waits and big pig presses.
(Incidentally, while Baldwin and Meese did not interpret this experiment
as a game, the result they observed was the result that would be predicted
by Nash equilibrium. )

(¢) Which pig gets more feed in Nash equilibrium?  Little plg .
29.7 (1) Let’s have another look at the soccer example that was discussed

in the text. But this time, we will generalize the payoff matrix just a little
bit. Suppose the payoff matrix is as follows.

The Free Kick

Kicker
Kick Left Kick Right
. Jump Left 1,0 0,1
Goalie Jump Right 1-p.p 1,0

will score if he kicks to the left
and the goalie jumps to the right is p. We will want to see how the
equilibrium probabilities change as p changes.

Now the probability that the kic

(a) If the goalic jumps left with probability 7. then if the kicker kicks
right. his probability of scoring is  T¢ .

(b) If the goalic jumps left with probability m¢;, then if the kicker kicks
left, his probability of scoring is  p(1 — 7¢) «

(¢) Find the probability 7¢ that makes kicking left and kicking right lead
to the same probability of scoring for the kicker. (Your answer will be a

»
Ttp°

function of p.) TG =




image15.jpeg
NAME —— 371
(d) If the kicker kicks left with probability 7. then if the goalic jumps

left, the probability that the kicker will not score is T«

(e) If the kicker kicks left with probability 7, then if the goalic jumps
right, the probability that the kicker will not score is (1 — p)’iTA‘ +

(1 *71'1\-).

(f) Find the probability 7 that makes the payoff to the goalie equal from

Jjumping left or jumping right. T

(9) The variable p tells us how good the kicker is at kicking the ball
into the left side of the goal when it is undefended. As p increa
the equilibrium probability that the kicker kicks to the left increase or

s, does

decrease? Decreases. Explain why this happens in a way that
cven a TV sports announcer might understand.  The better the
kicker’s weak side gets, the less often the

goalie defends the kicker’s good side. So

kicker can kick to good side more often.

29.8 (1) This problem is an illustration of the Hawk-Dove game de-
scribed in the text. The game was first used by biologist John Maynard
Smith to illustrate the uses of game theory in the theory of evolution.
Males of a certain species frequently come into conflict with other males
over the opportunity to mate with females. If a male runs into a situation
of conflict, he has two alternative strategics. If he plays “Hawk.” he will
fight the other male until he cither wins or is badly hurt. If he plays

“Dove.” he makes a bold display but retreats if his opponent starts to
fight. If two Hawk players meet, they are both seriously injured in battle.
If a Hawk meets a Dove, the Hawk gets to mate with the female and the
Dove slinks off to celibate contemplation. If a Dove meets another Dove,
they both strut their stuff but neither chases the other away. Eventually
the female may select one of them at random or may get bored and wander
off. The expected payoffs to each male are shown in the box below.
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Asymmetric Information

Introduction. The cconomics of information and incentives is a r
in which much intriguing work is

tively new branch of microeconomics
going on. This chapter shows you a sample of these problems and the
way that economists think about them.

37.1 (0) There are two types of electric pencil-sharpener producers.
“High-quality” manufacturers produce very good sharpeners that con-
sumers value at $14. “Low-quality” manufacturers produce less good ones
that are valued at $8. At the time of purchase, customers cannot distin-
guish between a high-quality product and a low-quality product; nor can
they identify the manufacturer. However, they can determine the quality

of the product after purchase. The consumers are risk neutral: if they
have probability ¢ of getting a high-quality product and 1 — ¢ of getting
a low-quality product, then they value this prospect at 14g + 8(1 — ¢).
Each type of manufacturer can manufacture the product at a constant
unit cost of $11.50. All manufacturers behave competitively.

(a) Suppose that the sale of low-quality clectric pencil-sharpeners is ille-
gal, so that the only items allowed to appear on the market are of high

quality. What will be the equilibrium price?  $11.50.

(b) Suppose that there were no high-quality sellers. How many low-quality
sharpeners would you expect to be sold in equilibrium?  Sellers
won’t sell for less than $11.50, consumers
won’t pay that much for low-quality product.

So in equilibrium there would be no sales.

(¢) Could there be an equilibrium in which equal (positive) quantities
of the two types of pencil sharpeners appear in the market? No.
Average willingness to pay would be $11,

which is less than the cost of production.

So there would be zero trade.
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(d) Now we change onr assumptions about the technology.  Suppose
that cach producer h-quality or
a low-quality pencil-sharpener, with a unit cost of $11.50 for the for-
mer and $11 for the latter, what would we expect to happen in equilib-

n choose to manufacture cither a hig

rium? No trade. Producers would produce the
low-quality product since it has a lower
production cost. If all producers produce
low-quality output, costs will be $11 and
the willingness-to-pay for low quality is

$8.

(e) Assuming that cach producer is able to make the production choice
bed in the last question, what good would it do if the government

desc
banned production of low-quality clectric pencil-sharpeners? — LTf
there is no ban, there will be no output
and no consumers’ surplus. If low-quality
products are banned, then in equilibrium
there is output and positive consumers’

surplus.

37.2 (0) In West Bend, Indiana, there are exactly two kinds of workers.
One kind has a (constant) marginal product worth $10 and the other kind
has a (constant) marginal product worth $15. There are equal numbers
of workers of each kind. A firm cannot directly tell the difference between
the two kinds of workers. Even after it has hired them, it won’t be able
to monitor their work closely enough to determine which workers are of
which type.

(a) If the labor market is competitive, workers will be paid the average

value of their marginal product. This amount is $12.50.

(b) Suppose that the local community college offers a microeconomics
course in night school, taught by Professor M. De Sade. The high-
productivity workers think that taking this course is just as bad as a
$3 wage cut, and the low-productivity workers think it is j
a $6 wage cut. The firm can observe whether or not an individual takes

st as bad as

the microcconomics course. Suppose that the high-productivity workers
all choose to take the microeconomics course and the low-productivity
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workers all choose not to. The competitive wage for people who take the
microcconomics course will be  $15 and the wage for people who don’t

take the microeconomics course will be  $10.

(¢) If there is a separating equilibrium, with high-productivity workers
taking the course and low-productivity workers not taking it, then the

net benefits from taking the microeconomics course will be $2
for the high-productivity workers and $—1 for the low-productivity

workers. Thercfore there (will be, won't be) Will be a separating
equilibrium of this type.

(d) Suppose that Professor De Sade is called off to Washington, to lec-
ture wayward representaatives on the economics of family values. His
replacement is Professor Morton Kremepuff. Kremepuff prides himself on
his ability to make economics “as casy as political science and as fun as
the soaps on TV.” Professor Kremepuff’s claims are exaggerated, but at
least students like him better than De Sade. High-productivity workers
think that taking Kremepuff’s course is as bad as a $1 wage cut, and
low-productivity workers think that taking Kremepuff’s course is as bad
as a $4 wage cut. If the high-productivity workers all choose to take the

microeconomics course and the low-productivity workers all choose not to.
the competitive wage for people who take the microeconomics course will

be $15 and the wage for people who don't take the microeconomics

cowse will be  $10.

(e) If there is a separating cquilibrium with high-productivity workers
taking the course and low-productivity workers not taking it, then the net

benefits from taking Kremepuff’s microeconomics course will be $4
for the high-productivity workers and $1 for the low-productivity
workers. Therefore there (will be, won't be) Wwon’t be a separating

equilibrium of this type.

37.3 (1) In Enigma, Ohio, there are two kinds of workers, Klutzes
whose labor is worth $1.000 per month and Kandos, whose labor is worth
$2.500 per month. Enigma has exactly twice as many Klutzes as Kandos.
Klutzes look just like Kandos and are accomplished liars. If you ask,
they will claim to be Kandos. Kandos always tell the truth. Monitoring
individual work accomplishments is too expensive to be worthwhile. In
the old days. there was no way to distinguish the two types of labor. so
cveryone was paid the same wage. If labor markets were competitive,

5 this wage? $1 N 500

what we
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pain of 20 hours of lecture costs $1,000,
but the  wage premium is $1,500. Klutzes
would not take the course, since the pain
of lectures costs $2,000 a month and the
wage premium is  $1,500.

() What is the smallest number of hours the professor could lecture and

still maintain a separating equilibrium? 15 hours

37.4 (1) Old MacDonald produces hay. He has a single employ ack.
If Jack works for a hours he can produ bales of hay. Each bale of hay
sells for $1. The cost to Jack of working 2 hours is ¢(x) = 22/10.

(a) What is the efficient number of bales of hay for Jack to cut? 5.
(b) If the most that Jack could carn elsewhere is zero, how much would

MacDonald have to pay him to get him to work the efficient amount?

52/10 = $2.50.

(¢) What is MacDonald’s net profit? 5—250= $250 3

(d) Suppose that Jack would receive $1 for passing out leaflets, an activity
that involves no effort whatsoever. How much would he have to receive

from MacDonald for producing the efficient number of bales of hay?

$3.50.

(e¢) Suppose now that the opportunity for passing out leaflets is no longer
available, but that MacDonald decides to rent his hayfield out to Jack for

a flat fee. How much would he rent it for?  $2.50.

37.5 (0) In Rustbucket, Michigan. there are 200 people who want to sell
their used cars. Everybody knows that 100 of these cars are “lemons”
and 100 of these cars are “good.” The problem is that nobody except the
original owners know which are which. Owners of lemons will be happy
to get rid of their ce

s for any price greater than $200. Owners of good
used cars will be willing to sell them for any price greater than $1,500,
but will keep them if they can’t get $1.500. There are a large number of

buyers who would be willing to pay $2.500 for a good used car, but would
pay only $300 for a lemon. When these buyers are not sure of the quality
of the car they buy, they are willing to pay the expected value of the car,
given the knowledge they have.
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(a) If all 200 used cars in Rustbucket were for sale, how much would

$ 1 N 400. Would owners

buyers be willing to pay for a used car?

of good used cars be willing to sell their used cars at this price? NO.
Would there be an equilibrium in which all used cars are sold? No.
Describe the equilibrium that would take place in Rustbucket. Good
car owners won’t sell. Lemon owners will

sell. Price of a used car will be $300.

(b) Suppose that instead of there being 100 cars of cach kind, everyone
in town is aware that there are 120 good cars and 80 lemons. How much

would buyers be willing to pay for a used car? $1,620 Would
owners of good used cars be willing to sell their used cars at this price?

Yes. Would there be an equilibrium in which all used cars are sold?

Yes. Would there be an equilibrium in which only the lemons were
sold? Yes. Describe the possible equilibrium or equilibria that would
take place in Rustbucket. One equilibrium has all
cars sold at a price of $1,620. There is
also an equilibrium where only the lemons

are sold.

37.6 (1) Each year, 1,000 citizens of New Crankshaft, Pennsylvania, sell
their used cars and buy new cars. The original owners of the old

have no place to keep second cars and must sell them. These used ¢
vary a great deal in quality. Their original owners know exactly what is
good and what is bad about their cars, but potential buyers can’t tell
them apart by looking at them. Lamentably, though they are in other
respects model citizens, the used-car owners in New Crankshaft have no
scruples about lying about their old jalopies. Each car has a value, V',
which a buyer who knew all about its qualities would be willing to pay.
There is a very large number of potential buyers, any one of which would
be willing to pay $V for a car of value $V.

The distribution of values of used cars on the market is quite simply
described. In any year, for any V between 0 and $2,000, the number of
used cars available for sale that are worth less than $V is V/2. Potential
used-car buyers are all risk-neutral. That is if they don’t know the value of

ars

a car for certain, they value it at its expected value, given the information
they have.
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(f) In equilibrium, what will be the total net revenue of all owners
of used cars, after Rod’s Garage has been paid for its appraisals?

$1,000, 000 — 800 x 200 = 840, 000.

37.7 (2) In Pot Hole, Georgia, 1,000 people want to sell their used cars.
These cars vary in quality. Original owners know exactly what their car:
are worth. All used cars look the same to potential buyers until they have
bought them: then they find out the truth. For any number X between
0 and 2,000, the number of cars of quality lower than X is X/2. If a car
is of quality X, its original owner will be willing to sell it for any price
greater than X. If a buyer knew that a car was of quality X, she would
be willing to pay X + 500 for it. When buyers are not sure of the quality
of a car, they are willing to pay its expected value, given their knowledge
of the distribution of qualitics on the market.

(a) Suppose that everybody knows that all the used cars in Pot Hole are
for sale. What would used cars sell for?  $1,500. Would every
used car owner be willing to sell at this price? No. Which used
cars would appear on the market? Those worth less than

$1,500.

(b) Let X* be some number between 0 and 2,000 and suppose that all
cars of quality lower than X* are sold, but original owners keep all cars
of quality higher than X*. What would buyers be willing to pay for a

used car? X*/Q + 500. At this price, which used cars would be

forsale? Cars worth less than X*/2+ 500.

(¢) Write an equation for the equilibrinm value of X*, at which the price
that buyers are willing to pay is exactly enough to induce all cars of

quality less than X* into the market. X*/Z + 500 = X*. Solve

this equation for the equilibrium value of X*. X* = $1. 000.
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Oligopoly

Introduction. In this chapter you will solve problems for firm and indus-
try outcomes when the firms engage in Cournot competition, Stackelberg
competition, and other sorts of oligopoly behavior. In Cournot competi-
tion, each firm chooses its own output to maximize its profits given the
output that it expects the other firm to produce. The industry price de-
pends on the industry output, say. ¢4 + ¢z, where A and B are the firms.
To maximize profits, firm A sets its marginal revenue (which depends on
the output of firm A and the expected output of firm B since the expected
industry price depends on the sum of these outputs) equal to its marginal
cost. Solving this equation for firm A’s output as a function of firm B’s
expected output gives you one reaction function; analogous steps give you
firm B’s reaction function. Solve these two equations simultancously to
get the Cournot equilibrium outputs of the two firms.

Example: In Heifer’s Breath. Wisconsin, there are two bakers. Anderson
and Carlson. Anderson’s bread tastes just like Carlson’s nobody can
tell the difference. Anderson has constant marginal costs of $1 per loaf of
bread. Carlson has constant marginal costs of $2 per loaf. Fixed costs are
zero for both of them. The inverse demand function for bread in Heifer's
Breath is p(q) = 6 — .01g. where ¢ is the total number of loaves sold per
day.

Let us find Anderson’s Cournot reaction function. If Carlson bakes
qc loaves, then if Anderson bakes ¢, loaves, total output will be g4 +
qc and price will be 6 —.01(¢ga + gc). For Anderson, the total cost of
producing ¢4 units of bread is just ¢4, so his profits are

paa —qa = (6—.01gs — .0lgc)qa — qa
= 6ga — 01¢4 — 0lgeqa — qa-

Therefore

Carlson is going to bake g¢ units, then Anderson will choose
A to maximize 6¢4 — .l)lqj —.01gcqa —qa. This expression is maximized
when 6 — .02¢4 — .01gc 1. (You can find this out either by setting
A’s marginal revenue equal to his marginal cost or directly by setting

the derivative of profits with respect to g4 equal to zero.) Anderson’s
reaction function, Ra(ge) tells us Anderson’s best output if he knows
that Carlson is going to bake gc. We solve from the previous equation to
find Ra(qc) = (5 — .01qe)/.02 = 250 — 5qc.

We can find Carlson’s reaction function in the same way. If Carlson
knows that Anderson is going to produce ¢4 units, then Carlson’s profits
will be p(ga+qc) —2qc = (6—.01g4 — .01qc)qge — 2q¢ = 6g¢ — .01gaqe —
.01¢7 —2qc. Carlson’s profits will be maximized if he chooses gc: to satisfy
the equation 6 —.01g4 —.02¢c: = 2. Therefore Carlson’s reaction function
is Re(qa) = (4 —.01¢4)/.02 = 200 — 5.
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Let us denote the Cournot equilibrium quantities by ¢4 and ge. The
Cournot cquilibrium conditions are that g4 = Ra(qc) and o = Re(qa)-
Solving these two equations in two unknowns we find that ¢4 = 200 and
qc = 100. Now we can also solve for the Cournot equilibrium price and for
the profits of cach baker. The Cournot equilibrivun price is 6 —.01(200 +
100) = $3. Then in Cournot equilibrinm, Anderson makes a profit of $2
on cach of 200 loaves and Carlson makes $1 on cach of 100 loaves.

In Stackelberg competition, the follower’s profit-maximizing output
choice depends on the amount of output that he expects the leader to
produce. His reaction function, Rp(qr), is constructed in the same way
as for a Cournot competitor. The leader knows the reaction function of
the follower and gets to choose her own output, . first. So the leader
knows that the industry price depends on the sum of her own output and
the follower’s output, that is, on gz + Rp(qr). Since the industry price
can be expressed as a function of ¢, only, so can the leader’s marginal
revenue. So once you get the follower’s reaction function and substitute it
into the inverse demand function, you can write down an expression that
depends on just ¢;, and that s marginal revenue equals marginal cost
for the leader. You can solve this expression for the leader’s Stackelberg
output and plug in to the follower’s reaction function to get the follower’s
Stackelberg output.

Example: Suppose that one of the bakers of Heifer’s Breath plays the role
of Stackelberg leader. Perhaps this is because Carlson alway
hour carlier than Anderson and has his bread in the oven before Anderson
gets started. If Anderson always finds out how much bread Carlson has
in his oven and if Carlson knows that Anderson knows this, then Carlson
can act like a Stackelberg leader. Carlson knows that Anderson’s reaction
function is R 4(qc:) = 250 = .5¢.. Therefore Carlson knows that if he bakes
qc loaves of bread, then the total amount of bread that will be baked in
Heifer’s Breath will be o+ Ra(qc) = qc +250— .5q¢ 50+ .5¢g¢. Since
Carlson’s production decision determines total production and hence the
price of bread, we can write Carlson’s profit simply as a function of his
own output. Carlson will choose the quantity that maximizes this profit.
If Carlson bakes g¢ loaves, the price will be p = 6 — .01(250 + .5gc) =
3.5—.005¢¢. Then Carlson’s profits will be pge: —2q¢ = (3.5—.005q¢ )ge—
2¢c = 1.5 — .005¢2.. His profits are maximized when go = 150. (Find
this either by setting marginal revenue equal to marginal cost or directly
by setting the derivative of profits to zero and solving for gc.) If Carlson
produces 150 loaves, then Anderson will produce 250 — .5 x 150 = 175
loaves. The price of bread will be 6 —.01(175 4 150) = 2.75. Carlson will
now make $.75 per loaf on cach of 150 loaves and Anderson will make
$1.75 on cach of 175 loaves.

s gets up an

27.1 (0) Carl and Simon are two rival pumpkin growers who sell their
pumpkins at the Farmers’ Market in Lake Witchisit, Minnesota. They are
the only sellers of pumpkins at the market, where the demand function
for pumpkins is ¢ = 3,200 — 1,600p. The total number of pumpkins sold
at the market is ¢ = g¢ + gg. where g is the number that Carl sells
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and ¢g is the number that Simon sells. The cost of producing pumpkins
for cither farmer is $.50 per pumpkin no matter how many pumpkins he
produces.

(a) The inverse demand function for pumpkins at the Farmers’ Market is
p=a—>blgc + qs). where a = 2 and b = 1/1, 600. The
marginal cost of producing a pumpkin for either farmer is $.50.

(b) Every spring. cach of the farmers decides how many pumpkins to
grow. They both know the local demand function and they cach know
how many pumpkins were sold by the other farmer last year. In fact,
cach farmer assumes that the other farmer will sell the same number this
year as he sold last year. So, for example, if Simon sold 400 1>luupl\ms
last year, 'l believes that Simon will sell 400 pumpkins agai
If Simon sold 400 pumpkins last y what does Carl think the price of

pumpkins will be if Carl sells 1,200 pumpkins this year? 1 If
Simon sold g ! pumpkins in year ¢ — 1, then in the spring of year ¢, Carl
thinks that if he, Carl. sells q(’v pumpkins this year. the price of pumpkins

this year will be 2 — ((]5 + (](*)/1 600.

(¢) If Simon sold 400 pumpkins last year, Carl believes that if he sells
gt pumpkins this year then the inverse demand function that he faces is
p = 2—400/1,600 — ¢¢./1,600 = 1.75 — qf./1,600. Therefore if Simon
sold 400 pumpkins last year. Carl’s marginal revenue this year will be
1.75 — ¢£./800. More generally, if Simon sold q_’(l pumpkins last year,
then Carl believes that if he, himsclf, sells gf, pumpkins this year. his

marginal revenue this year will be — (]b 1/1 600 — (]( /800

(d) Carl believes that Simon will never change the amount of pumpkins
that he produces from the amount q./sfl that he sold last year. Thercfore
Carl plants enough pumpkins this year so that he can sell the amount
that maximizes his profits this year. To maximize this profit, he chooses
the output this year that scts his marginal revenue this year equal to
his marginal cost. This means that to find Carl’s output this ycar when

Simon’s output last year was ¢ 1, Carl solves the following equation.

2 — g7 /1,600 — ¢l./800 =

(e) Carl's Cournot reaction function, Ré-(q; 1), is a function that tells us
what Carl’s profit-maximizing output this ycar would be as a function of
Simon’s output last year. Use the equation you wrote in the last answer to

find Carl’s reaction function, R%.(qls ) = s 200 — qgjl /2 . (Hint:

This is a linear expression of the form a — l)(/L.'l. You have to find the

constants a and b.)
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(f) Suppose that Simon maki ions in the same way that Carl
does. Notice that the problem is completely symmetric in the roles played
by Carl and Simon. Therefore without even calculating it. we can guess

" . — T L t—1 .
that Simon’s reaction function is Ri(¢5 ') = 1,200—q¢ ' /2. (ot
course, if you don’t like to guess, you could work this out by following
similar steps to the ones you used to find Carl’s reaction function.)

(g9) Suppose that in year 1, Carl produced 200 pumpkins and Simon pro-
duced 1,000 pumpkins. In year 2, how many would Carl produce?

700. How many would Simon produce? 1,100. In year 3. how
many would Carl produce? 650 . How many would Simon produce?

850. Use a calculator or pen and paper to work out several more

terms in this To what level of output does Carl’s output appear

cries

to be converging? 800 How about Simon’s? 800 .

(h) Write down two simultancous equations that could be solved to find
outputs qg and ¢ such that, if Carl is producing g¢ and Simon is produc-
ing ¢s. then they will both want to produce the same amount in the next

= 1,200 — g¢/2

period. (Hint: Use the reaction functions.) (g

and gc = 1,200 — gg/2.

(i) Solve the two equations you wrote down in the last part for an equi-
librium output for cach farmer. Each farmer. in Cournot equilibrium,

produces 800 wnits of output. The total amount of pumpkins brought
to the Farmers’ Market in Lake Witchisit is 1 ,600. The price of
pumpkins in that market is $1. How much profit does cach farmer

make? $4OO .

27.2 (0) Suppose that the pumpkin market in Lake Witchisit
we described it in the last problem except for one detail. Every spring,
the snow thaws off of Carl’s pumpkin field a week before it thaws off of
imon’s. Therefore Carl can plant his pumpkins one week carlier than
Simon can. Now Simon lives just down the road from Carl, and he can

tell by looking at Carl’s fields how many pumpkins Carl planted and how
many Carl will harvest in the fall. (Suppose also that Carl will sell every
pumpkin that he produces.) Therefore instead of assuming that Carl will

sell the same amount of pumpkins that he did last year, Simon sces how
many Carl is actually going to sell this year. Simon has this information
before he makes his own decision about how many to plant.
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a) If Carl plants enough pumpkins to yield g}, this year, then Simon
I gh pumg 3 I

knows that the profit-maximizing amount to produce this year is ¢f =

Hint: Remember the reaction functions you found in the last problem.

1,200 — qf./2.

(b) When Carl plants his pumpkins, he understands how Simon will make
his decision.  Therefore Carl knows that the amount that Simon will
produce this year will be determined by the amount that Carl produces.
In particular, if Carl’s output is ¢f.. then Simon will produce and sell

1, 200 — qzv/Q and the total output of the two producers will be
1, 200 + qév/Q . Thercfore Carl knows that if his own output is gc:,

the price of pumpkins in the market will be 1.25 — (1?/3. 200.

(¢) In the last part of the problem, you found how the price of pumpkins
this year in the Farmers” Market is related to the number of pumpkins
that Carl produces this year. Now write an expression for Carl's total

revenue in year + as a function of his own output, gl. 125(]? —
((12')2/37 200. Write an expression for Carl’s marginal revenue in

vear t as a function of gf.. 1.25 — qzv/l, 600.

(d) Find the profit-maximizing output for Carl.  1,200. Find the
profit-maximizing output for Simon. 600 . Find the equilibrium price

ket. $7/8 . How

of pumpkins in the Lake Witchisit Farmers™ Me

much profit does Carl make? $450. How much profit does Simon
make?  $225. An cquilibrium of the type we discuss here is known

as a Stackleberg equilibrium.

(e) If he wanted to, it would be possible for Carl to delay his planting
until the same time that Simon planted so that neither of them would
know the other’s plans for this year when he planted. Would it be in
Carl’s interest to do this? Explain. (Hint: What are Carl’s profits in the
equilibrium above? How do they compare with his profits in Cournot equi-

libvinm?) No. Carl’s profits in Stackleberg

equilibrium are larger than in Cournot
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equilibrium, so Carl will want Simon to

know his output.

27.3 (0) Suppose that Carl and Simon sign a marketing agreement.
They decide to determine their total output jointly and to cach produce
the same number of pumpkins. To maximize their joint profits, how many

pumpkins should they produce in toto? 1,200 . How much does cach

one of them produc 600. How much profit does cach one of them

make? 450.

27.4 (0) The inverse market demand curve for bean sprouts is given by
P(Y) =100—-2Y, and the total cost function for any firm in the industry
is given by TC(y) = 4y.

(a) The marginal cost for any firm in the industry is equal to $4. The

change in price for a one-unit increase in output is equal to $—2.

(b) If the bean-sprout industry were perfectly competitive, the industry

output would be 48 | and the industry price would be $4.

(¢) Suppose that two Cournot firms operated in the market. The reaction

function for Firm 1 would be Y1 = 24 — ¥ /2. (Reminder: Unlike
the example in your textbook, the marginal cost is not zero here.) The

reaction function of Firm 2 would be Yo = 24 — yl/? . Ifthe firms
were operating at the Cournot equilibrivun point, industry output would

be 32 | cach firm would produce 16 and the market price

would be  $36.

(d) For the Cournot case, draw the two reaction curves and indicate the

cquilibrium point on the graph below.





