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Chapter 9 
 

Perfectly Competitive Markets 
 
 
Solutions to Review Questions 
 
1.  What is the difference between accounting profit and economic profit? How could a 
firm earn positive accounting profit but negative economic profit? 
 
The difference between accounting profit and economic profit is in how total cost is measured.  
With accounting profit, total cost is measured as total accounting cost while with economic 
profit, total cost is measured as total economic cost.  Accounting cost measures the historical 
expenses the firm incurred to produce and sell its product while economic cost measured the 
opportunity cost of the resources that the firm uses to produce and sell its product. 
If a firm chose to produce and sell a product it could earn a positive accounting profit but 
negative economic profit.  This would occur if the economic cost of the resources used was 
greater than the accounting cost of the resources used.  For example, the firm might purchase 
resources for $1 million and use these to produce a product when instead the firm could have 
resold the resources for $2 million.  In this case the economic cost exceeds the accounting cost 
and economic profit would be less than accounting profit. 
 
2.  Why is the marginal revenue of a perfectly competitive firm equal to the market price? 
 
The law of one price ensures that all transactions will take place at a single market price.  A 
perfectly competitive firm cannot affect the market price by increasing or decreasing production.  
Therefore, for each unit produced and sold, the firm will receive the market price as revenue.  
Revenue will increase with each unit sold by the market price, implying the market price is equal 
to marginal revenue. 
 
3.  Would a perfectly competitive firm produce if price were less than the minimum level of 
average variable cost? Would it produce if price were less than the minimum level of short-
run average cost? 
 
A perfectly competitive firm would not produce if the market price is below the minimum of its 
average variable cost.  If the firm shuts down, the “bad news” is that it loses revenue.  The “good 
news” is that the firm avoids non-sunk costs (including variable costs).  If the market price is 
below the minimum of the firm’s average variable cost, the good news from shutting down 
outweighs the bad news. 
If the market price is below the minimum of the firm’s short-run average cost, the decision as to 
whether the firm should shut down depends on how much of the fixed costs are non-sunk 
(avoidable).  Suppose first that all of the fixed costs are non-sunk.  If the firm shuts down, the 
“bad news” is that it loses revenue.  The “good news” is that the firm avoids variable costs, as 
well as all of the fixed costs.  If the market price is below the minimum of the firm’s short-run 
average cost, the good news from shutting down outweighs the bad news. 
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Now suppose that some of the fixed costs are sunk.  Then for at least some levels of market price 
below the minimum of short-run average cost, the revenue lost may be greater than the costs that 
can be avoided if the firm shuts down.  For such a market price, the firm would be better off 
continuing to operate in the short-run, because its losses from operating would be less than the 
losses it would sustain if it were to shut down. 
 
4.  What is the shutdown price when all fixed costs are sunk? What is the shutdown price 
when all fixed costs are nonsunk? 
 
When all fixed costs are sunk, the shut-down price is the minimum level of average variable cost.  
When all fixed costs are non-sunk, the shut-down price is the minimum level of short-run 
average cost. 
 
5.  How does the price elasticity of supply affect changes in the short-run equilibrium price 
that results from an exogenous shift in the market demand curve? 
 
The supply elasticity can be used to determine the extent to which the equilibrium price will 
change when demand shifts exogenously.  If supply is elastic, then a shift in demand will have a 
smaller impact on the equilibrium price than when supply is inelastic. 
 
6.  Consider two perfectly competitive industries—Industry 1 and Industry 2. Each faces 
identical demand and cost conditions except that the minimum efficient scale output in 
Industry 1 is twice that of Industry 2. In a long-run perfectly competitive equilibrium, 
which industry will have more firms?  
 
Because the minimum efficient scale is higher in industry 1 than in industry 2, and since in a 
perfectly competitive market each firm must produce at minimum efficient scale in the long-run, 
there will be fewer firms in industry 1 since each firm is producing more units. 
 
7.  What is economic rent? How does it differ from economic profit? 
 
Economic rent measures the economic surplus that is attributable to an extraordinarily productive 
input whose supply is limited.  It is equal to the difference between the maximum amount a firm 
is willing to pay for the services of the input and the input’s reservation value. 
Economic rent and economic profit are closely related.  A firm’s economic profit depends on the 
price it pays for the extraordinarily productive input.  If the firm pays the input its reservation 
value, the firm can earn a positive economic profit, but if the firm pays the input the reservation 
value plus the economic rent, as defined above, the firm will earn zero profit.  Economic rent is 
thus the potential increase in the firm’s economic profit from employing the productive input, 
and the firm’s economic profit will depend on how much of the economic rent gets allocated to 
the firm and how much gets allocated to the input. 
 
8.  What is the producer surplus for an individual firm? What is the producer surplus for a 
market when the number of firms in the industry is fixed and input prices do not vary as 
industry output changes? When is producer surplus equal to economic profit (for either a 
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firm or an industry)? When producer surplus and economic profit are not equal, which is 
bigger?  
 
The producer surplus for an individual firm is the difference between the total revenue the firm 
receives and the non-sunk cost.  In general, it is the area below price and above the supply curve.   
Producer surplus for a market of firms when the number of firms is fixed is the sum of the 
producer surplus for each of the individual firms.   
Producer surplus for a firm will equal economic profit if the firm has no sunk fixed costs.   
If producer surplus and economic profit are not equal, producer surplus equals the difference 
between total revenue and total non-sunk costs while economic profit equals the difference 
between total revenues and all total costs.  Therefore, producer surplus will exceed economic 
profit if the two are not equal. 
 
9.  In the long-run equilibrium in an increasing-cost industry, each firm earns zero 
economic profits. Yet there is a positive area between the long-run industry supply curve 
and the long-run equilibrium price. What does this area represent? 
 
In a market in which the long-run industry supply curve is upward sloping, the area between the 
price and the long-run supply curve measures the economic rents of inputs that are in scarce 
supply and whose price is bid up as more firms enter the industry. 
 
10.  Explain the difference between the following concepts: producer surplus, economic 
profit, and economic rent. 
 
Producer surplus and economic profit may be equal in the short run.  In particular, in the short 
run,  

Producer Surplus = Economic Profit + Sunk Fixed Costs. 
 

Thus, in the short run producer surplus and economic profits differ by the level of sunk fixed 
costs.  However, in the long run, since no fixed costs are sunk, producer surplus and economic 
profit will be equal.  In general, producer surplus measures the difference between total revenue 
and total non-sunk costs while economic profit measures the difference between total revenue 
and all total costs. 
These two measures differ from economic rent.  Economic rent is the economic surplus that is 
attributable to an extraordinarily productive input whose supply is limited.  Essentially, 
economic rent measures the potential increase in economic profit attributable to the scarce input 
above and beyond the economic profit the firm would enjoy if the firm paid suppliers of the 
input an amount equal to their reservation value.  However, it is possible that the input, because 
of its scarcity, can extract the economic rent from the firm so that the firm still earns zero 
economic profit. 
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Solutions to Problems 
 
 
9.1.  The annual accounting statement of revenues and costs for a local flower shop shows 
the following: 
 Revenues  $250,000 
 Supplies   $25,000 
 Employee Salaries $170,000 
If the owners of the firm closed its operations, they could rent out the land for $100,000. 
They would then avoid incurring any of the expenses for employees and supplies. Calculate 
the shop’s accounting profit and its economic profit. Would the owners be better off 
operating the shop or shutting it down? Explain. 
 
 The accounting costs are  
 Supplies   $25,000 
 Employee Salaries  $170,000 
 Total Accounting Cost $195,000 
 Accounting profit = Revenue – Accounting Cost = $250,000 - 
$195,000 = $55,000 
 
 The economic costs are 
 Supplies   $25,000 
 Employee Salaries  $170,000 
 Opportunity cost of land $100,000 
 Total Economic Cost  $295,000 
 Economic profit = Revenue – Economic Cost = $250,000 - 
$295,000 = - $45,000 
 
The negative economic profit indicates that the owners would be better off by $45,000 if they 
shut down the shop and rent out the land. 
 
 
9.2.  Last year, the accounting ledger for an owner of a small drugstore showed the 
following information about her annual receipts and expenditures (she lives in a tax-free 
country, so don’t worry about taxes): 
 Revenues     $1,000,000 
 Wages paid to hired labor   $300,000 
 (other than herself ) 
 Utilities (fuel, telephone, water) $20,000 
 Purchases of drugs and other $500,000 
 supplies for the store 
 Wages paid to herself   $100,000 
She pays a competitive wage rate to her workers, and the utilities and drugs and other 
supplies are all obtained at market prices. She already owns the building, so she pays no 
money for its use. If she were to close the business, she could avoid all of her expenses and, 
of course, would have no revenue. However, she could rent out her building for $200,000. 
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She could also work elsewhere herself. Her two employment alternatives include working 
as a lawyer, earning wages of $100,000, or working at a local restaurant, earning $20,000. 
Determine her accounting profit and her economic profit if she stays in the drugstore 
business. If the two are different, explain the difference.  
 
Her accounting profit equals revenues less all of the expenses reflected in the ledger:   
$1,000,000 - $300,000 - $20,000 - $500,000 - $100,000 = $80,000. 
All of the accounting costs are also economic costs. The first three expense items (wages paid to 
hired labor, utilities, and purchases of drugs and supplies) are expenses in competitive markets, 
so the opportunity cost is reflected in the market prices. Further, the wages she pays herself are 
the same as the opportunity cost of her time, because the most she could earn if she exits the drug 
store business is $100,000 working as a lawyer. 
The economic costs of the business include all of the accounting costs, plus the $200,000 
opportunity cost of the building because she could earn that if she exits the drug store business. 
Her economic profit is her accounting profit ($80,000) less the additional opportunity cost 
($200,000) not included in the accounting cost.  So her economic profit is actually -$120,000. 
We can look at this another way. If she continues to work at the grocery store, she earns an 
accounting profit of $80,000, plus the salary she pays herself ($100,000). But if she exits the 
business, her salary as a lawyer would be $100,000, and she would receive $200,000 rent for the 
building. She would therefore be better off by $120,000 if she worked as a lawyer. 
 

 
9.3.  A firm sells a product in a perfectly competitive market, at a price of $50. The firm 
has a fixed cost of $30. Fill in the following table and indicate the level of output that 
maximizes profit. How would the profit-maximizing choice of output change if the fixed 
cost increased from $40 to $60? More generally, explain how the level of fixed cost affects 
the choice of output. 

 
 
The table is as follows: 
 

Output 
(Units) 

Total Revenue 
($/unit) 

Total Cost 
($/unit) 

Profit 
($) 

Marginal Revenue 
($/unit) 

Marginal Cost 
($/unit) 

0 0 30 -30 50  
1 50 80 -30 50 50 
2 100 100 0 50 20 



Besanko & Braeutigam – Microeconomics, 5th edition Solutions Manual 

Copyright © 2014 John Wiley & Sons, Inc.  Chapter 9- 6 

3 150 130 20 50 30 
4 200 172 28 50 42 
5 250 226 24 50 54 
6 300 296 4 50 70 

 
When the firm is producing a positive amount of output, profit is maximized when Q = 4, 
regardless of the fixed cost. The firm will produce another unit when MR > MC, and cut back 
production when MR < MC. The relationship between MR and MC is unaffected by fixed cost. 
 
 
9.4.  A firm can sell its product at a price of $150 in a perfectly competitive market. Below 
is an incomplete table of a firm’s various costs of producing up to 6 units of output. Fill in 
the remaining cells of the table, and then calculate the profit the firm earns when it 
maximizes profit. 

 
 
The table is as follows:  

Q TC TVC AFC AC MC AVC 
1 200 80 120 200 80 80 
2 220 100 60 110 20 50 
3 240 120 40 80 20 40 
4 360 240 30 90 120 60 
5 500 380 24 100 140 76 
6 660 540 20 110 160 90 

 
The firm should produce 5 units. (Up to that level of output P > MC, but P < MC for the sixth 
unit.) Profit = PQ – C = 150(5) – 550 = 250. 
 
 
9.5.  A competitive, profit-maximizing firm operates at a point where its short-run average 
cost curve is upward sloping. What does this imply about the firm’s economic profits? 
Briefly explain. 
 
If the firm operates at a point where its SRAC curve is rising, it must mean that the SRMC curve 
lies above the SRAC curve. And since the firm will choose an output such that price=SRMC, it 
means that price is greater than SRAC. Therefore the firm is earning positive economic profit. 
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9.6.  A bicycle-repair shop charges the competitive market price of $10 per bike repaired. 
The firm’s short-run total cost is given by STC(Q) = Q2/2, and the associated marginal cost 
curve is SMC(Q) = Q. 
a) What quantity should the firm produce if it wants to maximize its profit? 
b) Draw the shop’s total revenue and total cost curves, and graph the total profit function 
on the same diagram. Using your graph, state (approximately) the profit-maximizing 
quantity in each case. 
 
a)  Since the firm is producing in a perfectly competitive market, the firm views the output 
price as exogenous. It should produce up to the point at which P = SMC(Q), that is, so that 10 = 
Q. So it should produce 10 units of output. 
 
b)  The graph is shown below.  

 
The total cost function increases in Q, and at an increasing rate. Total Profit at first increases in 
Q and then decreases. From the graph, it appears that Profit is maximized when Q is about 10, 
which we found in (a). 
 
 
9.7.  A producer operating in a perfectly competitive market has chosen his output level to 
maximize profit. At that output, his revenue and costs are as follows: 
 Revenue $200 
 Variable costs $120 
 Sunk fixed costs $60 
 Nonsunk fixed costs $40 
Calculate his producer surplus and his profits. Which (if either) of these should he use to 
determine whether he should exit the market in the short run? Briefly explain. 
 
 Producer surplus equals revenue less all non-sunk costs. Thus: 
 Producer surplus = 200 – 160 = 40 
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The non-sunk costs of 160 include the variable cost of 120 and the non-sunk fixed cost of 40. 
Profit = Revenue minus all costs = 200 – 120 – 60 – 40 = –20. 
To decide whether to operate or shut down, the firm should look at producer surplus (rather than 
profit). Producer surplus (40) shows how much better off he would be operating (with a profit = 
–20) than shutting down (with a profit = –60). So he should stay in business in the short run; he 
will lose money, but not as much as if her were to shut down. 
 
 
9.8  Dave’s Fresh Catfish is a northern Mississippi farm that operates in the perfectly 
competitive catfish farming industry. Dave’s short-run total cost curve is 

2, where  is the number of catfish harvest per month. The 
corresponding short-run marginal cost curve is . All of the fixed costs 
are sunk. 
(a) What is the equation for the average variable cost ( )? 
(b) What is the minimum level of average variable costs? 
(c) What is Dave’s short-run supply curve? 
 

(a) so   
(b) The minimum level of  occurs at the  where , or , 

or . The minimum level of AVC is thus 2. 
(c) Since all fixed costs are sunk, the firm will not produce if the price is below the minimum 

level of ., or 2. For prices above 2, the quantity supplied is found by equation price 
to marginal cost, or , which implies .  Thus, the firm’s short-run 
supply curve is 
 

 
. 

 
 

 
 
9.9.  Ron’s Window Washing Service is a small business that operates in the perfectly 
competitive residential window washing industry in Evanston, Illinois. The short-run total 
cost of production is STC(Q) = 40+ 10Q + 0.1Q2, where Q is the number of windows washed 
per day. The corresponding short-run marginal cost function is SMC(Q) = 10 + 0.2Q. The 
prevailing market price is $20 per window. 
a) How many windows should Ron wash to maximize profit? 
b) What is Ron’s maximum daily profit? 
c) Graph SMC, SAC, and the profit-maximizing quantity. On this graph, indicate the 
maximum daily profit. 
d) What is Ron’s short-run supply curve, assuming that all of the $40 per day fixed costs 
are sunk?  
e) What is Ron’s short-run supply curve, assuming that if he produces zero output, he can 
rent or sell his fixed assets and therefore avoid all his fixed costs? 
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a) In order to maximize profit Ron should operate at the point where P MC= . 

 
20 10 0.20

50
Q

Q
= +
=

 

 
b) Ron’s profit is given by TR TCπ = − . 

 
220(50) (40 10(50) 0.10(50) )

210
π
π
= − + +
=

 

 
c) The firm’s profit is equal to the shaded area in the graph below.  It is a rectangle whose 
height is the market price and the average cost of the 50th unit, and whose width is the 50 units 
being produced. 
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d) If all fixed costs are sunk, then ANSC = AVC = (10Q + 0.1Q2)/Q = 10 + 0.1Q.  
So the first step is to find the minimum of ANSC by setting ANSC = SMC, or 10 + 0.1Q = 10 + 
0.2Q which occurs when Q = 0.  The minimum level of ANSC is thus 10.  For prices below 10 
the firm will not produce and for prices above 10, its supply curve is found by setting P = SMC: 
 

 
10 .2
5 50

P Q
Q P
= +
= −

 

 
The firm’s short-run supply curve is thus 
 

 
0               if 10

( )
5 50     if 10

P
s P

P P
<

=  − ≥
 

 
e)If all fixed costs are non-sunk, as in this case, then ANSC = ATC = (40/Q) + 10 + 0.1Q. The 
minimum point of ANSC occurs where ANSC = SMC: 
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The minimum level of ANSC is thus 14.  For prices below 14 the firm will not produce and for 
prices above 14, its supply curve is found by setting P = SMC as before. 
 

 
0               if 14

( )
5 50     if 14

P
s P

P P
<

=  − ≥
 

 
 
9.10.  The bolt-making industry currently consists of 20 producers, all of whom operate 
with the identical short-run total cost curve STC(Q) = 16 + Q2, where Q is the annual 
output of a firm. The corresponding short-run marginal cost curve is SMC(Q) = 2Q. The 
market demand curve for bolts is D(P) = 110 − P, where P is the market price. 
a) Assuming that all of each firm’s $16 fixed cost is sunk, what is a firm’s short-run supply 
curve? 
b) What is the short-run market supply curve? 
c) Determine the short-run equilibrium price and quantity in this industry. 
 
a) First, find the minimum of AVC  by setting AVC SMC= . 

 

2

2
0

TVC QAVC
Q Q

AVC Q

Q Q
Q

= =

=

=
=

 

 
The minimum level of AVC  is thus 0.  When the price is 0 the firm will produce 0, and for 
prices above 0 find supply by setting P SMC= . 

 1
2

2P Q
Q P
=
=

 

 
Thus, 
 1

2( )s P P=  
 
b) Market supply is found by horizontally summing the supply curves of the individual 
firms.  Since there are 20 identical producers in this market, market supply is given by 

 
( ) 20 ( )
( ) 10

S P s P
S P P

=
=

 

 
c) Equilibrium price and quantity occur at the point where ( ) ( )S P D P= . 
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 10 110
10

P P
P
= −
=

 

 
Substituting 10P =  back into ( )D P  implies equilibrium quantity is 100Q = .  So at the 
equilibrium, 10P =  and 100Q = . 
 
 
9.11.  Newsprint (the paper used for newspapers) is produced in a perfectly competitive 
market. Each identical firm has a total variable cost TVC(Q) = 40Q + 0.5Q2, with an 
associated marginal cost curve SMC(Q) = 40 + Q. A firm’s fixed cost is entirely nonsunk 
and equal to 50. 
a) Calculate the price below which the firm will not produce any output in the short run. 
b) Assume that there are 12 identical firms in this industry. Currently, the market demand 
for newsprint is D(P) = 360 − 2P, where D(P) is the quantity consumed in the market when 
the price is P. What is the short-run equilibrium price? 
 
a) The firm will not produce any output when the price falls below the point where SMC = 
ANSC, i.e. the minimum of the ANSC curve. Therefore QQQ +=++ 405.040/50  
This implies Q = 10. The corresponding price, below which the firms will not produce, is equal 
to MC(10) = ANSC(10) = 50. 
 
b) Each firm will produce according to the relation, P = MC, or QP += 40 . This means 
that each firm’s supply curve is 40−= PQ  if P > 50 and zero if P < 50. Therefore market 
supply equals )40(12 −P  and in equilibrium this must equal market demand, P2360 − . 
Therefore the equilibrium price is P = 60. At this price, each firm produces 20 units of output. 
The firm’s profit is FQVPQ −− )( and this equals 30. Substituting Q = 20 and P = 60, we get 
total fixed costs, F = 170. Since non-sunk fixed costs are 50, sunk fixed costs must total up to 
120. 
 
 
9.12.  The oil drilling industry consists of 60 producers, all of whom have an identical short-
run total cost curve, STC(Q) = 64 + 2Q2, where Q is the monthly output of a firm and $64 is 
the monthly fixed cost. The corresponding short-run marginal cost curve is SMC(Q) = 4Q. 
Assume that $32 of the firm’s monthly $64 fixed cost can be avoided if the firm produces 
zero output in a month. The market demand curve for oil drilling services is D(P) = 400 − 
5P, where D(P) is monthly demand at price P. Find the market supply curve in this market, 
and determine the short-run equilibrium price. 
 
The firm’s ANSC curve is given by 32/Q + 2Q. To find the shut-down price, we find the 
minimum level of ANSC. This occurs at the quantity at which ANSC equals MC, or  
32/Q + 2Q = 4Q. Solving for Q yields Q = 4, and substituting this into the expression for ANSC 
tells us that the minimum level of ANSC is equal to 32/4 + 2(4) = $8. At prices below $8, a 
firm’s supply is 0. At prices above $8, a firm produces a quantity at which  
P = SMC: P = 4Q, or Q = P/4. Thus, the short-run supply curve for a firm is:  
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Since there are 60 identical producers, each with this supply curve, the short-run market supply 
curve S(P) is 60 times s(P), or: 
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To find the equilibrium price, we equate market supply to market demand and solve for P: 15P = 
400 – 5P, or P = 20. 
 
 
9.13.  There are currently 10 identical firms in the perfectly competitive gadget 
manufacturing industry. Each firm operates in the short run with a total fixed cost of F 
and total variable cost of 2Q2, where Q is the number of gadgets produced by each firm. 
The marginal cost for each firm is MC = 4Q. Each firm also has non sunk fixed costs of 128. 
Each firm would just break even (earn zero economic profit) if the market price were 40. 
(Note: The equilibrium price is not necessarily 40 when there are 10 firms in the market.) 
The market demand for gadgets is QM = 180 − 2.5P, where QM is the amount purchased in 
the entire market. 
a) How large are the total fixed costs for each firm? Explain. 
b) What would be the shutdown price for each firm? Explain. 
c) Draw a graph of the short-run supply schedule for this firm. Label it clearly. 
d) What is the equilibrium price when there are 10 firms currently in the market? 
e) With the cost structure assumed for each firm in this problem, how many firms would be 
in the market at an equilibrium in which every firm’s economic profits are zero? 
 
a) C = F + 2Q2. MC = 4Q.  
Breakeven price = 40. When P = 40, the firm would produce Q so that MC = P; 40 = 4Q; Q = 10. 
Profit = PQ – F – 2Q2 = 40(10) – F – 2(10)2 = 200 – F = 0. So F = 200. 
 
b) The total nonsunk fixed cost is NSC = 128 + 2Q2 . 
The firm will shut down if the market price is less than the minimum of ANSC. ANSC = (128 + 
2Q)2/Q. 
At minimum of ANSC, we know that ANSC = MC, or that [128 + 2Q2]/Q = 4Q, so the quantity 
at the shutdown price is Q = 8. 
The shutdown price will be where Q = 8; MC = 4Q = 4(8) = 32. So the shutdown price is P = 32. 
(Alternatively, you can verify that when Q = 8, then ANSC = 32.) 
 
c) The firm’s supply schedule will be Q = 0 when P < 32.  
When P > 32, the firm will supply according to the optimal quantity choice rule P = MC; thus P 
= 4Q, so that Q = 4/P. 
When P = 32, the firm will be indifferent between shutting down (Q = 0) or operating with Q = 
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8. 

To summarize, 
/ 4         when 32

0             when 32
0 or 8      when 32

P P
Q P

P

>
= <

=





 

 

 
 
d) With 10 firms in the market, total market supply will be 10(P/4) = 2.5P. Market demand 
is 180 – 2.5P. 
In equilibrium 2.5P = 180 – 2.5P, so P = 36 (note: P > 32, so the firms do produce). 
e) For profits to be zero, the price would be P = 40, and each firm would produce  
40/4 = 10 units. 
The quantity demanded in the market would be 180 – 2.5(40) = 80 units. Thus, there is room for 
only 80/10 = 8 firms. 
 
 
9.14.  A perfectly competitive industry consists of two types of firms: 100 firms of type A 
and 30 firms of type B. Each type A firm has a short-run supply curve sA(P) = 2P. Each 
type B firm has a short-run supply curve sB(P) = 10P. The market demand curve is D(P) = 
5000 − 500P. What is the short-run equilibrium price in this market? At this price, how 
much does each type A firm produce, and how much does each type B firm produce? 
 
Total industry supply is the sum of the supply curves of the individual firms. Since we have 100 
type A firms, total supply from type A firms is 100sA(P) = 200P, and since we have 30 type B 
firms, total supply from type B firms is 30sB(P) = 300P. The short-run industry supply curve is 
thus S(P) = 200P + 300P = 500P. The short-run market equilibrium occurs at the price at which 
quantity supplied equals quantity demanded, or 5000 – 500P = 500P, or P = 5. At this price, a 
type A firm supplies 10 units, while a type B firm supplies 50 units. 
 
 
9.15.  A market contains a group of identical price taking firms. Each firm has a marginal 
cost curve SMC(Q) = 2Q, where Q is the annual output of each firm. A study reveals that 
each firm will produce if the price exceeds $20 per unit and will shut down if the price is 
less than $20 per unit. The market demand curve for the industry is D(P) = 240 − P/2, 
where P is the market price. At the equilibrium market price, each firm produces 20 units. 
What is the equilibrium market price, and how many firms are in this industry? 
 
To determine the quantity supplied for a given price, set P SMC= . 

8  10    

3
    

A
    

F’    

Firm’s Short Run Supply 
(heavy segments)    

Q    

P    

4
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 1
2

2P Q
Q P
=
=

 

Thus the supply curve for each firm is 1
2( )s P P= .  If each firm is producing 20 units, then 

 
1
220
40

P
P
=

=
 

 
So the market price is 40.  Substituting into demand reveals 

 
1
2( ) 240 (40)

( ) 220
D P
D P

= −

=
 

 If each firm is producing 20 units, the market will have 220
20 11=  firms. 

 
 
9.16.  The wood-pallet market contains many identical firms, each with the short-run total 
cost function STC(Q) = 400 + 5Q + Q2, where Q is the firm’s annual output (and all of the 
firm’s $400 fixed cost is sunk). The corresponding marginal cost function is SMC(Q) = 5 + 
2Q. The market demand curve for this industry is D(P) = 262.5 − P/2, where P is the 
market price. Each firm in the industry is currently earning zero economic profit. How 
many firms are in this industry, and what is the market equilibrium price? 
 
Since each firm is earning zero economic profit, we know P SAC= .  Since each firm supplies 
where P SMC= , set SAC SMC= . 

 
400 5 5 2

20

Q Q
Q

Q

+ + = +

=
 

 
Since 5 2P Q= + , 45P = .  If market price is 45P = , ( ) 240D P = .  Finally, if total market 
demand is 240Q =  and each firm is producing 20 units, there will be 240

20 12=  firms in the 
market. 
 
 
9.17.  Suppose a competitive, profit-maximizing firm operates at a point where its short-
run average cost curve is upward sloping. What does this imply about the firm’s economic 
profits? If the profit-maximizing firm operates at a point where its short-run average cost 
curve is downward sloping, what does this imply about the firm’s economic profits? 
 
If the firm operates at a point where its SAC curve is rising, it must mean that the marginal cost 
curve is above the SAC curve. And since the firm must set price=MC, it means that price is 
greater than average cost. Therefore the firm earns positive economic profit. 
If it operates at a point where the SAC curve is falling, it means SMC < SAC and therefore price 
is less than average cost. Therefore the firm is making negative economic profit in the short run. 
However, the fact that the firm is still operating means that marginal cost must be above the 
average non-sunk cost curve, so that it is better for the firm to continue operating, albeit at a loss, 
than to shut down.  
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9.18.  A firm in a competitive industry produces its output in two plants. Its total cost of 
producing Q1 units from the first plant is TC1 = (Q1)2, and the marginal cost at this plant is 
MC1 = 2Q1. The firm’s total cost of producing Q2 units from the second plant is TC2 = 
2(Q2)2; the marginal cost at this plant is MC2 = 4Q2. The price in the market is P. What 
fraction of the firm’s total supply will be produced at plant 2? 
 
Given a market price P, the firm will produce from each plant so that MC = P.  
The profit maximizing quantity supplied at plant 1 will be 2Q1 = P, or Q1 = P/2.  
The profit maximizing quantity supplied at plant 2 will be 4Q2 = P, or Q2 = P/4. 
The quantity supplied by the whole firm will QFirm = Q1 + Q2. Thus QFirm = 3P/4. 
So 1/3 of the firm’s total production will come from plant 2. 
 
 
9.19.  A competitive industry consists of 6 type A firms and 4 type B firms. Each firm of 
type A operates with the supply curve: 

 
Each firm of type B operates with the supply curve: 

 
a) Suppose the market demand is  
At the market equilibrium, which firms are producing, and what is the equilibrium price? 

b) Suppose the market demand is  
At the market equilibrium, which firms are producing, and what is the equilibrium price? 
 
a) When P <10, only Type B firms will operate, and the market supply will be 4(2P) = 8P. 
When P >10, both types of firms will operate, and the market supply will be  
4(2P) + 6(-10 + P) = -60 + 14P. 
To summarize, the market supply will be {   60 14 ,        when 10

8 ,                  when 10= − + >
≤

Supply
MarketQ P P

P P  

Let’s first assume the equilibrium price exceeds 10, so that all firms are producing. If this is true, 
setting market supply equal to market demand: -60 + 14P = 108 – 10P, so that P = 7; however, 
the market supply we have used is valid for P>10, but not valid for P = 7. 
So the equilibrium price must be less than 10, with only Type B firms producing (and Type A 
firms not producing). 
Setting market supply equal to market demand: 8P = 108 – 10P, so that P = 6. 
We have found that in equilibrium, only Type B firms produce, and the equilibrium price is 6. 
 
b) Let’s first assume the equilibrium price exceeds 10, so that all firms are producing. If this 
is true, setting market supply equal to market demand: -60 + 14P = 228 – 10P, so that P = 12; the 
market supply we have used is valid for P=12. At this equilibrium both types of firms will be 
producing. 
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9.20.  A firm’s short-run supply curve is given by 

 
What is the equation of the firm’s marginal cost curve SMC(Q)? 
 
We know that if a firm produces positive output, it produces where P=SMC. In this case, when 

the firm produces positive output, 303 −= PQ , or 10
3
+=

QP . This means that the equation of 

the firm’s short run marginal cost is .10
3

)( +=
QQSMC  

 
 
9.21.  Consider a point on a supply curve where price and quantity are positive. Determine 
the numerical value of the price elasticity of supply at that point when the supply curve is 
a) vertical at a positive quantity 
b) horizontal at a positive price 
c) a straight line through the origin, with a positive slope 
 
a) When the supply curve is vertical at a positive quantity, the quantity supplied is 
unresponsive to price, and the price elasticity of supply is equal to 0 (supply is perfectly 
inelastic). 
 
b) When the supply curve is horizontal at a positive quantity, price elasticity of supply is 
infinite (supply is perfectly elastic). 
 
c) When the supply curve is a straight line going through the origin, the price elasticity of 
supply must equal 1. We determine this as follows. The equation of a straight line supply curve 
through the origin takes the form Q = aP, where a is the slope of the supply curve. Thus ∆Q/∆P 
= a. The price elasticity of supply is equal to (∆Q/∆P )(P/Q) = a(P/Q) = a(P/aP) = 1. 
 
 
9.22.  During the week of February 9–15, 2001, the U.S. rose market cleared at a price of 
$1.00 per stem, and 4,000,000 stems were sold that week. During the week of June 5–11, 
2001, the U.S. rose market cleared at a price of $0.20 per stem, and 3,800,000 stems were 
sold that week. From this information, what would you conclude about the price elasticity 
of supply in the U.S. rose market? 
 
As with example 9.4 in the text, we can estimate the slope of the supply curve as 

 
4,000,000 3,800,000

1.00 0.20
Slope 250,000

Q
P

∆ −
=

∆ −
=

 

 Elasticity can then be estimated as 
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,

,

,

1.00250,000
4,000,000

1
16

Q P

Q P

Q P

Q P
P Q

ε

ε

ε

 ∆
=  ∆  

 =  
 

=

 

 
This implies the market supply of roses is quite inelastic. 
 
 
9.23.  The global cobalt mining industry is perfectly competitive. Each existing firm and 
every potential entrant faces an identical U-shaped average cost curve. The minimum level 
of average cost is $5 per ton and occurs when a firm produces 2 million tons of cobalt per 
year. The market demand curve for cobalt is D(P) = 205 − P, where D(P) is the demand for 
cobalt in millions of tons per year when the market price is P dollars per ton. What is the 
long-run equilibrium price for cobalt? How much cobalt does each producer make at this 
equilibrium price? How many active cobalt producers will be in the market? 
 
The long-run equilibrium price in a perfectly competitive equilibrium equals the minimum level 
of long-run average cost. This is given as $5 per ton. Each producer supplies a quantity of output 
equal to the point at which long-run average is minimized. This is given as 2 million tons per 
year. Market demand at the long-run equilibrium price of $5 per ton is equal to 205 – 5 = 200 
million tons per year. This implies that there must be 100 active firms in the long-run 
equilibrium because (200 million tons per year)/(2 million tons per year per firm) = 100.  
 
 
9.24.  The global propylene industry is perfectly competitive, and each producer has the 
long-run marginal cost function MC(Q) = 40 − 12Q + Q2. The corresponding long-run 
average cost function is AC(Q) = 40 − 6Q + Q2/3. The market demand curve for propylene 
is D(P) = 2200 − 100P. What is the long-run equilibrium price in this industry, and at this 
price, how much would an individual firm produce? How many active producers are in the 
propylene market in a long-run competitive equilibrium? 
 
In a long-run equilibrium all firms earn zero economic profit implying P AC=  and each firm 
produces where P MC= .  Thus, 

 
2 21

340 12 40 6
9

Q Q Q Q
Q

− + = − +

=
 

So each individual firm produces 9Q = , and the long-run equilibrium price must 
be 240 12(9) 9 13P = − + = .  Since ( ) 2200 100D P P= − , 

 
( ) 2200 100(13)
( ) 900

D P
D P

= −
=

 

If each firm produces 9 units, the market will have 100 firms in equilibrium. 
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9.25  The raspberry growing industry in the U.S. is perfectly competitive, and each 
producer has a long-run marginal cost curve given by . The 
corresponding long-run average cost function is given by The 

market demand curve is . What is the long-run equilibrium price in 
this industry, and at this price, how much would an individual firm produce? How many 
active producers are in the raspberry growing industry in a long-run competitive? 
 
The long-run competitive equilibrium satisfies the following three equations: 

• Profit-maximization: , or . 
• Zero profit: , or . 
• Supply equals demand: , or . 

Solving these equations gives us: 
 
 
. 

 
 
9.26.  Suppose that the world market for calcium is perfectly competitive and that, as a first 
approximation, all existing producers and potential entrants are identical. Consider the 
following information about the price of calcium: 
• Between 1990 and 1995, the market price was stable at about $2 per pound. 
• In the first three months of 1996, the market price doubled, reaching a high of $4 per 
pound, where it remained for the rest of 1996. 
• Throughout 1997 and 1998, the market price of calcium declined, eventually reaching $2 
per pound by the end of 1998. 
• Between 1998 and 2002, the market price was stable at about $2 per pound. 
Assuming that the technology for producing calcium did not change between 1990 and 
2002 and that input prices faced by calcium producers have remained constant, what 
explains the pattern of prices that prevailed between 1990 and 2002? Is it likely that there 
are more producers of calcium in 2002 than there were in 1990? Fewer? The same 
number? Explain your answer. 
 
The scenario described in the problem can be explained as a constant-cost perfectly competitive 
industry that experienced an increase in demand (i.e., rightward shift in the demand curve) in 
early 1996 as shown in the figure below. The price between 1990-1995 reflects a market that is 
in long-run equilibrium. The increase in price in early 1996 reflects the movement to a short-run 
equilibrium following the increase in demand. Once price stabilizes at the new short-run 
equilibrium, firms earn positive economic profits, which attracts new entry. As new entry occurs 
during 1997 and 1998, the short-run supply curve shifts rightward, causing price to fall. Entry is 
no longer profitable once price is reestablished at the minimum level of long-run average cost for 
a typical firm.  As a result of the increase in demand, the market now contains more active 
producers in 2002 than it did in 1990. 
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AC

SMC

$/lb

units per year

Typical Firm

$/lb

units per year

Industry

$2

$4

Dpre-1996

SSpre-1996

Dpost-1996

SSpost-1998

$2

$4

 
 
 
9.27  It is 2017, and you work for a prestigious management consultant firm whose client is 
a large agribusiness company that is considering acquiring an ownership stake in several 
U.S. yellow perch farming operations. (The yellow perch is a fresh fish found in the U.S. 
and raised commercially for sale as food.) As a member of the consulting team working on 
this project, you have been assigned the task of understanding why the U.S. farm-raised 
perch industry has evolved as it has over the last 6 years.  
Between 2010-2013, the farm-raised yellow perch market was stable. However, in 2013 an 
unexpected exogenous shock occurred that affected prices and quantities in the market. 
You don’t know much about the details of the industry, and since the industry is not 
covered extensively in the press, it is hard to find articles on the Web about what happened 
to the industry. From talking to the client, you learn that the shock might have had 
something to do with either a change in the market demand for yellow perch or a change in 
the price of corn (which affects the price of perch feed). But you do not know for sure, nor 
do you know whether the shock was a permanent change or merely a temporary one. 
However, you do have data (obtained from the client), shown in the table below, on yellow 
perch prices, market demand, quantity supplied, and the number of producers. The data 
pertains to 2010-2013, 2014 (within one year of the shock), and 2016 (three years after the 
shock). You also know (from the client) that yellow perch farms are virtually identical, with 
U-shaped long-run average cost curves. You also learn from the client that the minimum 
efficient scale of a typical yellow perch farm occurs at a rate of production of about 1,000 
pounds per month (and this is unaffected by changes in the prices of key inputs such as 
feed or labor).    
(a) Based on the data in the table, what type of shock most likely explains the evolution of 

the yellow perch farming industry from 2010-2013 to 2016? 
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 2010-2013  2014: within 6 
months of the 
shock 

2016: 3 years after 
shock 

Market price of yellow perch  $3.00 per pound $4.00 per pound $3.00 per pound 
Total quantity yellow perch 
demanded in the U.S.  

100,000 pounds per 
month 

120,000 pounds per 
month 

150,000 pounds 

Quantity of yellow perch supplied 
by a typical yellow perch farm  

1,000 pounds per 
month 

1,200 pounds per 
month 

1,000 pounds per 
month 

Number of active yellow perch 
farms 

100 100 150 

(b) How would your answer change if the number of active yellow perch farms in 2016 was 
100? 

(c) How would your answer change if the data in the table looked like this?  
 2010-2013  2014: within 6 

months of the 
shock 

2016: 3 years after 
shock 

Market price of yellow perch  $3.00 per pound $3.50 per pound $4.00 per pound 
Total quantity yellow perch 
demanded in the U.S.  

100,000 pounds per 
month 

90,000 pounds 80,000 pounds 

Quantity of yellow perch supplied 
by a typical yellow perch farm  

1,000 pounds per 
month 

900 pounds per 
month 

1,000 pounds per 
month 

Number of active yellow perch 
farms 

100 100 80 

 
(a) The data are consistent with the adjustment to a long-run equilibrium in a constant-cost 

industry as a result of a permanent rightward shift in the market demand curve, i.e., a 
permanent increase in the demand for yellow perch. 

(b) If number of active yellow perch farms in 2016 was 100 rather than 150, the data are 
consistent with an adjustment to a new short-run equilibrium and back again to a temporary 
shift in demand. 

(c) The data in the table are consistent with the adjustment to a short-run equilibrium, then to a 
long-run equilibrium, as a result of a permanent increase in the price of feed (caused by a 
permanent increase in the price of corn). 

This one is harder than the other two, so here is the reasoning: 
In the short-run, an increase in the price of feed, would shift each firm’s SMC upward, thus 
shifting the industry short-run supply curve to the left. The price would rise, and total quantity 
demanded would fall. For a fixed number of firms, each firm would necessarily produce less. 
The increase in the price of feed would also shift the minimum level of long-run average cost 
upward. Thus, the new long-run equilibrium price would have to be higher than the price that 
prevailed in 2010-2013, as well, which is what the data in the table show. Because the long-run 
equilibrium price in 2016 is higher than the short-run equilibrium price in 2014, the number of 
yellow-perch farms would have to have fallen between 2014 and 2016, which is what we see in 
the data. Summing up that data is consistent with a permanent increase in the price of feed.  
The data are not consistent with a permanent or transitory increase in demand. The only way the 
price could have gone up in the short-run is for the market demand curve to have shifted to the 
right (i.e., market demand increased.) If that had happened and the shift had been temporary, the 
number of active farms would not have changed. If the rightward shift had been permanent, then 
in the long run, entry would have occurred in the industry, increasing the number of active-
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producing farms in the long run. But we actually see a decrease in the number of farms, which is 
inconsistent with either a temporary or permanent increase in demand.   
 
 
9.28.  The long-run total cost function for producers of mineral water is TC(Q) = cQ, where 
Q is the output of an individual firm expressed as thousands of liters per year. The market 
demand curve is D(P) = a − bP. Find the long-run equilibrium price and quantity in terms 
of a, b, and c. Can you determine the equilibrium number of firms? If so, what is it? If not, 
why not? 
 
For this total cost function, MC c= .  Since each firm will supply where P MC= , in equilibrium 
P c= .  If in equilibrium P c= , 
 ( )D P a bc= −  
 
Equilibrium market quantity is a bc− . 
 
In order to determine the number of firms we need to know the quantity that each individual firm 
will produce.  In this case marginal cost is constant implying perfectly elastic supply.  Thus, at 
P c=  a firm may produce any quantity.  Therefore, the number of firms cannot be determined. 
 
 
9.29.  Support or refute the following: “In the long run the firm’s producer surplus and 
profits will be equal.” 
 
This statement is true. 
Profit = Revenue – Total Cost = Revenue – Nonsunk Cost – Sunk Cost 
Producer Surplus = Revenue – Nonsunk Cost 
In the long run, there are no sunk costs, so profit is the same as producer surplus. 
 
 
9.30.  Each firm in the perfectly competitive widget industry produces with the levels of 
marginal cost (MC) and total variable cost (TVC) at various levels of output Q shown in the 
following table. Each firm has a total fixed cost of 64 and a sunk fixed cost of 48. 
a) Draw a clearly labeled graph of the short-run supply schedule for this firm. Be sure to 
indicate the shutdown price for each firm and to explain your reasoning for the shape of 
the supply curve. 
b) What is each firm’s producer surplus when the market price is 16? 
c) What is the breakeven price for each firm? 

 
 
a) 

Q 1 2 3 4 5 6 7 8 
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MC 4 6 8 10 12 14 16 18 
V 3 8 15 24 35 48 63 80 
Prod 
surplus 
=PQ– V - 
16  

4(1)-3 -16 
=-15 

6(2) – 8 - 
16 
= -12 

8(3) – 15- 
16 
= -7 

10(4) – 24- 
16 
= 0 

12(5) – 35 – 
16 
= 9 

14(6) – 48 – 
16 
= 20 

16(7) – 63-
16 
=33 

18(8) – 80 – 
16 
= 48 

Profit = 
PQ – V – 
64 

4(1) -3 -
64 
=-63 

6(2) – 8 - 
64 
= -60 

8(3) – 15 - 
64 
= -55 

10(4) – 24 - 
64 
= -48 

12(5) – 35 - 
64 
= -39 

14(6) – 48 - 
64 
= -28 

16(7) – 63- 
64 
= -15 

18(8) – 80- 
64 
= 0 

 
We know that the supply curve for the firm is just the marginal cost curve for all prices greater 
than the shut down price. At the shut down price:   Producer surplus = Revenue – V – FNonsunk = 
0. 
FNonsunk = FTotal – FSunk = 64 – 48 = 16. 
Simple calculations from the table show that the shut down price is P = 10. If the firm elects to 
produce when P = 10, it chooses Q so that MC = P, that is, Q = 4.  
Producer surplus = Revenue – V – FNonsunk = 10(4) – 24 – 16 = 0. 
The graph of the firm’s supply function is as follows. Note that it is the same as the firm’s supply 
function when P > 10. 
 

 
 
b) When P = 16, the firm chooses Q so that MC = P, that is, Q = 7.   
Producer surplus = Revenue – V – FNonsunk.   
Producer surplus = Revenue – V – FNonsunk = 16(7) – 63 – 16 = 33. 
 
c) Again, calculations from the table show that the breakeven price is P = 18.  
When P = 18, the firm chooses Q so that MC = P, that is, Q = 8.  
Profit = Revenue – V – FTotal = 18(8) – 80 – 64 = 0. 
 
 
9.31.  In a constant-cost industry in which firms have U-shaped average cost curves, the 
long-run market supply curve is a horizontal line. This market supply curve is not the 
horizontal sum of individual firms’ long-run supply curves. In this respect, the long-run 
market supply curve differs from the short-run market supply curve, which, in a constant-
cost industry, will equal the horizontal sum of individual firms’ short-run supply curves. 
Why does the derivation of the long-run market supply curve differ from the derivation of 
the short-run market supply curve? 
 

Firm’s Short Run Supply 
(heavy segments)    

7  8   4
    

1
    

Q    

P    

1
    

1
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In the short run, as demand increases, price is driven up and firms can earn positive economic 
profits.  In the short run, however, the number of firms is fixed, so total market supply is simply 
the sum of the supply of each individual firm.  In the long run, though, the firms cannot continue 
to earn positive economic profit.  New firms will enter, driving the price back down until 
economic profit is zero.  In a constant cost industry this occurs at the same equilibrium price as 
prior to the increase in market demand.  Thus, in the long run, any quantity will be supplied and 
the number of firms will adjust so that each firm earns zero economic profit.  The primary 
difference in the derivation then is that in the short run the number of firms is fixed, but in the 
long run the number of firms will adjust to maintain zero economic profit. 
 
 
9.32.  The long-run average cost for production of hard-disk drives is given by AC(Q) = 
√wr(120−20Q + Q2), where Q is the annual output of a firm, w is the wage rate for skilled 
assembly labor, and r is the price of capital services. The corresponding long-run marginal 
cost curve is MC(Q) = √wr(120 − 40Q + 3Q2). The demand for labor for an individual firm 
is 

 
The price of capital services is fixed at r = 1. 
a) In a long-run competitive equilibrium, how much output will each firm produce? 
b) In a long-run competitive equilibrium, what will be the market price? Note that your 
answer will be expressed as a function of w. 
c) In a long-run competitive equilibrium, how much skilled labor will each firm demand? 
Again, your answer will be in terms of w. 
d) Suppose that the market demand curve is given by D(P) = 10,000/P. What is the market 
equilibrium quantity as a function of w? 
e) What is the long-run equilibrium number of firms as a function of w? 
f ) Using your answers to parts (c) and (e), determine the overall demand for skilled labor 
in this industry as a function of w. 
g) Suppose that the supply curve for the skilled labor used in this industry is Γ(w) = 50w. At 
what value of w does the supply of skilled labor equal the demand for skilled labor? 
h) Using your answer from part (g), go back through parts (b), (d), and (e) to determine the 
long-run equilibrium price, market demand, and number of firms in this industry. 
i) Repeat the analysis in this problem, now assuming that the market demand curve is 
given by D(P) = 20,000/P. 
 
a) In a long-run competitive equilibrium P MC=  and P AC= , implying MC AC= . 

 
2 2(120 40 3 ) (120 20 )

10
wr Q Q wr Q Q

Q
− + = − +

=
 

 
b) In a long-run competitive equilibrium P MC=  so that (with 1r =  and 10Q = ) 

 
2(1)(120 40(10) 3(10) )

20

P w

P w

= − +

=
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c) Given demand for labor and setting 1r =  and 10Q =  

 

( )2 3120 20
( , , )

2
100( , )

r Q Q Q
L Q w r

w

L Q w
w

− +
=

=

 

 
d) Given market demand and setting 1r =  

 

10000( )

10000
20
500

D P
P

Q
w

Q
w

=

=

=

 

 
e) Since each firm will produce 10 units, 

 

500

10
50

wN

N
w

=

=
 

 
f) From part c), the labor demand for an individual firm is 100( , ) wL Q w = .  Overall demand 
for labor is then 

 

50 100Demand for Labor

5000Demand for Labor

w w

w

 =  
 

=

 

 
g) Setting the supply of skilled labor equal to the demand for skilled labor, 

 
500050

10

w
w

w

=

=
 

 
h) Plugging 10w =  into the solution for price implies 63.25P = ; plugging 10w =  in market 
demand implies 158.10Q = ; and plugging 10w =  into the solution for the number of firms and 
rounding down to the nearest integer implies 15N = . 
 
i) If 
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20000( )

20000
20
1000

D P
P

Q
w

Q
w

=

=

=

 

 
The number of firms will be 
 

 

1000

10
100

wN

N
w

=

=
 

 
Overall labor demand will be 
 

 

100 100Labor

10000Labor

w w

w

 =  
 

=

 

 
Setting the supply of labor equal to the demand for labor implies 
 

 2

1000050

200
14.14

w
w

w
w

=

=
=

 

 
Plugging 14.14w =  into the solution for price implies 75.21P = ; plugging 14.14w =  into 
market demand implies 265.92Q = ; and plugging 14.14w =  into the solution for the number of 
firms and rounding down to the nearest integer implies 26N = . 
 
 
9.33.  A price-taking firm’s supply curve is s (P) = 10P. What is the producer surplus for 
this firm if the market price is $20? By how much does producer surplus change when the 
market price increases from $20 to $21? 
 
The solution is shown in the figure below. The producer surplus at a price of $20 is equal to the 
area of triangle A, or (1/2)(20)(200) = $2,000. When the price increases to $21, producer surplus 
increases by area B ($200) plus area C ($5), or $205. 
 



Besanko & Braeutigam – Microeconomics, 5th edition Solutions Manual 

Copyright © 2014 John Wiley & Sons, Inc.  Chapter 9- 26 

Price ($/unit)

Quantity (units)

A

B C
$20

$21

200 210

s(P) = 10P

 
 
 
9.34.  The semiconductor market consists of 100 identical firms, each with a short-run 
marginal cost curve SMC(Q) = 4Q. The equilibrium price in the market is $200. Assuming 
that all of the firm’s fixed costs are sunk, what is the producer surplus of an individual 
firm and what is the overall producer surplus for the market? 
 
Since an individual firm will supply where P SMC= , 

 1
4

4P Q
Q P
=
=

 

Assuming a firm will supply for any positive price this implies 1
4( )s P P= .  Graphically we have 
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Producer surplus for an individual firm is given by area A in the figure above which is 
1

2 (200)50 5000= . Since all firms are identical, overall producer surplus will be 
100(5000) 500,000= . 
 
 
9.35.  Consider an industry in which chief executive officers (CEOs) run firms. There are 
two types of CEOs: exceptional and average. There is a fixed supply of 100 exceptional 
CEOs and an unlimited supply of average CEOs. Any individual capable of being a CEO in 
this industry is willing to work for a salary of $144,000 per year. The long-run total cost of 
a firm that hires an exceptional CEO at this salary is 

 
where Q is annual output in thousands of units and total cost is expressed in thousands of 
dollars per year. The corresponding long-run marginal cost curve is MCE(Q) = Q, where 
marginal cost is expressed as dollars per unit. The long-run total cost for a firm that hires 
an average CEO for $144,000 per year is TCA(Q) = 144 + Q2. The corresponding marginal 
cost curve is MCA(Q) = 2Q. The market demand curve in this market is D(P) = 7200 − 
100P, where P is the market price and D(P) is the market quantity, expressed in thousands 
of units per year. 
a) What is the minimum efficient scale for a firm run by an average CEO? What is the 
minimum level of long-run average cost for such a firm? 
b) What is the long-run equilibrium price in this industry, assuming that it consists of firms 
with both exceptional and average CEOs? 
c) At this price, how much output will a firm with an average CEO produce? How much 
output will a firm with an exceptional CEO produce? 
d) At this price, how much output will be demanded? 
e) Using your answers to parts (c) and (d), determine how many firms with average CEOs 
will be in this industry at a long-run equilibrium. 
f ) What is the economic rent attributable to an exceptional CEO? 
g) If firms with exceptional CEOs hire them at the reservation wage of $144,000 per year, 
how much economic profit do these firms make? 
h) Assuming that firms bid against each other for the services of exceptional CEOs, what 
would you expect their salaries to be in a long-run competitive equilibrium? 
 
a) Minimum efficient scale occurs at the point where average cost reaches a minimum.  This 
point occurs where MC AC= . 

 
1442

12

Q Q
Q

Q

= +

=
 

 
At 12Q = , 
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b) In the long-run, the equilibrium price will be determined by the minimum level of 
average cost for firms with average CEOs, thus 24P = .  At this price, firms having average 
CEOs will earn zero economic profit and firms with exceptional CEOs will earn positive 
economic profit. 
 
c) At the price, the firms with an average CEO will produce where P MC=  

 
24 2

12
Q

Q
=
=

 

 
The firms with an exceptional CEO will also produce where P MC=  
 
 24Q =  
 
d) At this price 

 
( ) 7200 100
( ) 4800

D P P
D P

= −
=

 

 
e) Since there are 100 exceptional CEOs and assuming they are all employed, the total 
supply from exceptional CEO firms will be 

 
100(24)
2400

E

E

S
S

=
=

 

 
This leaves 4800 2400 2400Q = − =  units to be supplied by firms with average CEOs.  Thus, 

 
2400
12

200

A

A

N

N

=

=
 

 
f) To calculate the exceptional CEO’s economic rent we must compute the highest salary 
the firm would pay this CEO.  This salary is the amount that would drive economic profit to 
zero.  Call this amount *S .  Since the exceptional CEO firm is producing 24Q = , the firm’s 
average cost is 

 
144 1 (24)
24 2

18

AC

AC

= +

=
 

 
Since 24P = , the exceptional CEO has produced a $6 per unit cost advantage.  This implies  
 



Besanko & Braeutigam – Microeconomics, 5th edition Solutions Manual 

Copyright © 2014 John Wiley & Sons, Inc.  Chapter 9- 29 

 
*

*

144 6
24 24

288

S

S

− =

=

 

 
Economic rent is the difference between this salary, $288,000, and the reservation wage of 
$144,000.  Thus, the exceptional CEO’s economic rent is $144,000. 
 
g) Firms that hire exceptional CEOs for $144,000 will gain all of the CEO’s economic rent 
and will therefore earn economic profit of $144,000. 
 
h) In a long-run competitive equilibrium, exceptional CEO salaries should be bid up as other 
firms compete for the exceptional CEOs.  This should bid up the salary of the CEOs until 
economic profits for firms with exceptional CEOs are driven to zero.  Thus, exceptional CEO 
salaries should approach $288,000 in a long-run equilibrium. 
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Chapter 10 
Competitive Markets: Applications 
 
 
Solutions to Review Questions 
 
 
1.  What is the significance of the “invisible hand’’ in a competitive market? 
 
In a long-run equilibrium, a competitive market allocates resources efficiently.  As Adam Smith 
wrote over 200 years ago, it is as though there is an “Invisible Hand” guiding a competitive 
market to the efficient level of production and consumption.  This occurs through producers and 
consumers acting in their own self-interest to maximize profits and utility. 
 
2.  What is the size of the deadweight loss in a competitive market with no government 
intervention? 
 
In a competitive market with no government intervention there is no deadweight loss. 
 
3.  What is meant by the incidence of a tax? How is the incidence of an excise tax related to 
the elasticities of supply and demand in a market? 
 
The incidence of the tax refers to who ultimately pays the tax.  In general, when the government 
imposes a tax, consumers and producers share the tax burden to some degree.  The incidence of 
the tax refers to how the tax is shared. 
The incidence of the tax depends on the shapes of the supply and demand curves.  If demand is 
relatively inelastic compared with supply, consumers will bear most of the burden of the tax, 
whereas if supply is relatively inelastic compared with demand, producers will bear most of the 
burden of the tax. 
 
4.  In the competitive market for hard liquor, the demand is relatively inelastic and the 
supply is relatively elastic. Will the incidence of an excise tax of $T be greater for 
consumers or producers? 
 
Since demand is relatively inelastic compared with supply, most of the burden of the tax will rest 
with the consumers. 
 
5.  Gizmos are produced and sold in a competitive market. When there is no tax, the 
equilibrium price is $100 per gizmo. The own-price elasticity of demand for gizmos is 
known to be about –0.9 and the own-price elasticity of supply is about 1.2. In commenting 
on a proposed excise tax of $10 per gizmo, a newspaper article states that “the tax will 
probably drive the price of gizmos up by about $10.” Is this a reasonable conclusion? 
 
No, this is not reasonable.  The incidence of the tax can be summarized quantitatively as 
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Using the figures given in this problem, 
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This implies the price consumers pay will increase by about 1.33 times as much as the decrease 
in the price producers receive.  Thus, if the tax is $10, consumers will bear $5.70 of the tax and 
producers will bear $4.30 of the tax.  We would therefore expect the market price to rise by 
$5.70, not the $10 the newspaper suggested. 
 
6.  The cheese-making industry in Castoria is competitive, with an upward-sloping supply 
curve and a downward-sloping demand curve. The government gives cheese producers a 
subsidy of $T for each kilogram of cheese they make. Will consumer surplus increase? Will 
producer surplus increase? Will there be a deadweight loss? 
 
If the government provides a subsidy, consumer surplus will increase and producer surplus will 
increase.  The market will have a deadweight loss, however, because these increases will be 
outweighed by the impact on the government treasury. 
 
7.  Will a price ceiling always increase consumer surplus? Will a price floor always increase 
producer surplus?  
 
Price ceilings and price floors will not always make consumers and producers better off.  In 
particular, if the price ceiling is set above the equilibrium price or if the price floor is set below 
the equilibrium price, the price ceilings and floors will have no effect.  In addition, depending on 
which consumers or producers are able to purchase in or supply to the market, consumer surplus 
or producer surplus may be lower after the imposition of the price ceiling or price floor. 
 
8.  Will a production quota in a competitive market always increase producer surplus? 
 
Producer surplus may increase.  If the most efficient producers serve the market, producer 
surplus will increase for some levels of the quota.  However, if the quota is too low (for example, 
close to zero), producer surplus could actually decrease. 
 
9.  Why are agricultural price support programs, such as acreage limitation and 
government purchase programs, often very costly to implement? 
 
One outcome of these programs is to increase farmers’ producer surplus.  As the text states, a 
government must often spend much more than one dollar to increase farmers’ surplus by one 
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dollar.  Since these programs tend to be more politically palatable than direct cash payments to 
farmers, however, governments tend to implement these types of programs. 
 
10.  If an import tariff and an import quota lead to the same price in a competitive market, 
which one will lead to a larger domestic deadweight loss? 
 
Because the government collects no revenues from a quota, deadweight loss will be greater with 
the quota by the amount of the revenues collected from a tariff. 
 
11.  Why does a market clear when the government imposes an excise tax of $T per unit? 
 
When the government imposes an excise tax, the price consumers pay increases, reducing the 
quantity demanded, and the price suppliers receive falls, decreasing the quantity supplied.  These 
amounts fall to the point where the number of units supplied equals the number of units 
demanded by consumers, clearing the market. 
 
12.  Why does a market clear when the government gives producers a subsidy of $S per 
unit? 
 
When the government provides a subsidy to suppliers, the price suppliers receive increases, 
increasing the quantity supplied, and the price consumers pay falls, increasing the quantity 
demanded.  These amounts increase to the point where the number of units supplied equals the 
number of units demanded, clearing the market. 
 
13.  Why does the market not clear with a production quota? 
 
With a production quota the market quantity is held arbitrarily below the equilibrium quantity 
raising the price above the equilibrium price.  At this higher price, suppliers would like to supply 
more than the quota will allow, creating an excess supply.  Because of the excess supply the 
market does not clear. 
 
14.  With a price floor, will the most efficient producers necessarily be the ones supplying 
the market? 
 
No, it is not clear which producers will supply the market.  Because the price is held above the 
equilibrium price there are many producers who will compete to supply the market, even more 
than would exist in equilibrium.  There is no reason to believe that the most efficient producers 
will necessarily be the ones supplying the market. 
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Solutions to Problems 
 
 
10.1.  In a competitive market with no government intervention, the equilibrium price is 
$10 and the equilibrium quantity is 10,000 units. Explain whether the market will clear 
under each of the following forms of government intervention: 
a) The government imposes an excise tax of $1 per unit. 
b) The government pays a subsidy of $5 per unit produced. 
c) The government sets a price floor of $12. 
d) The government sets a price ceiling of $8. 
e) The government sets a production quota, allowing only 5000 units to be produced. 
 
a) The market will clear.  The excise tax will alter equilibrium price and quantity, but there 
will be no excess demand or excess supply. 
b) The market will clear.  The subsidy will alter equilibrium price and quantity, but there 
will be no excess demand or excess supply. 
c) The market will not clear.  A price floor set above the equilibrium price will create excess 
supply. 
d) The market will not clear.  A price ceiling set below the equilibrium price will create 
excess demand. 
e) The market will not clear.  A quota limiting output below the equilibrium level will create 
excess supply since the price will be driven above the equilibrium price. 
 
 
10.2.  In Learning-By-Doing Exercise 10.1 we examined the effects of an excise tax of $6 per 
unit. Repeat that exercise for an excise tax of $3. 
 
With a $3 tax, setting d sQ Q=  implies 

 10 .5( 3) 2
7

s s

s

P P
P

− + = − +

=
 

 
Substituting into the equation for dP  implies 10dP = .  Substituting this price into the equation 
for quantity demanded implies 5Q = million.  At these prices and quantities, consumer surplus is 
$25 million, producer surplus is $12.5 million, and government tax receipts are $15 million.  The 
deadweight loss is $1.5 million.  The deadweight loss measures the difference between potential 
net benefits ($54 million) and the net benefits that are actually achieved ($25 + $12.5 + $15 = 
$52.5 million). 
 
 
10.3.  Gadgets are produced and sold in a competitive market. When there is no tax, the 
equilibrium price is $20 per gadget. The own-price elasticity of demand for gadgets is −0.5. 
If an excise tax of $4 leads to an increase in the price of gadgets to $24, what must be true 
about the own-price elasticity of supply for gadgets? 
 
The incidence of a tax can be summarized quantitatively by 
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From the given information, 4dP∆ = , 0sP∆ = , and 

,
0.5dQ P

ε = − .  These price changes imply 

that 100% of the burden of the tax is borne by the consumer, implying the elasticity of supply 
must be infinite.  Supply is perfectly elastic. 
 
 
10.4.  When gasoline prices recently reached a price of $2.00 per gallon, public policy 
makers considered cutting excise taxes by $0.10 per gallon to lower prices for the 
consumer. In discussing the effects of the proposed tax reduction, a news commentator 
stated that the effect of tax reduction should lead to a price of about $1.90 per gallon, and, 
that if the price did not drop by as much, it would be evidence that oil companies are 
somehow conspiring to keep gasoline prices high. Evaluate this claim. 
 
The incidence of a tax depends on the relative price elasticities of supply and demand. For 
example, if the elasticity of demand is –0.5 and the elasticity of supply is +0.5, one would expect 
the incidence of a tax reduction of $0.10 to be equally split between producers and consumers, 
leading to a reduction of about $0.05 per gallon at the pump. The fact that the price does not fall 
by $0.10 is expected in a perfectly competitive market, and does not, by itself, provide evidence 
that producers are “conspiring to keep prices high.” 
 
 
10.5.  Consider the market for crude oil. Suppose the demand curve is described by Qd = 100 – 
P, where Qd is the quantity buyers will purchase when the price they pay is P (measured in 
dollars per barrel). The equation representing the supply curve is QS= P/3, where QS is the 
quantity that producers will supply when the price they receive is P.  The market for crude oil 
is initially in equilibrium, with no tax and no subsidy.  Because it regards the price of oil as 
too high, the government wishes to help buyers by announcing that it will give producers a 
subsidy of 4 dollars per barrel. A local television station reporter announces that the subsidy 
should lower the price consumers pay by 4 dollars per barrel. Analyze the reporter’s claim by 
determining the price buyers pay before and after the subsidy, and provide intuition to 
explain why the reporter is correct or incorrect. 
 
Before the subsidy, the price buyers pay is the same as the price producers receive; call this price 
P. The equilibrium can be found by setting supply equal to demand: P/3 =100 – P. Thus, in 
equilibrium buyers pay P = $75 / barrel.  
In an equilibrium with the subsidy, the price producers receive (Ps) will be $4 per barrel more 
than price buyers pay (Pd); thus PS=Pd+4. The market will clear when the quantity bought at a 
price Pd (i.e., 100 – Pd) equals the quantity purchased at a price PS  = (i.e., PS/3).  Thus, 100 – Pd 

= PS/3, or 100 – Pd = (Pd +4)/3. In equilibrium the price paid by buyers is $74, and the price 
received by producers is $78. So the reporter’s claim is false; the subsidy reduces the price 
buyers pay by only $1 per barrel (from $75 to $74 per barrel). The reason that the price does not 
fall by $4 per barrel is that neither the demand nor the supply is totally inelastic. Thus the 
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incidence of the subsidy (akin to the incidence of a tax) is shared by buyers and sellers. The price 
buyers pay falls by $1, while the price producers receive rises by $3. 
 
 
10.6.  The table in Application 10.1 indicates that revenues from gasoline taxes will increase 
by about $14 billion (from $42 billion to about $56 billion per year) if the gasoline tax is 
raised from $0.30 to $0.40 per gallon. Using the supply and demand curves in Application 
10.1, show that the equilibrium quantity, price consumers pay, price producers receive, 
and tax receipts are as indicated in the table when the tax is $0.40 per gallon. Draw a graph 
illustrating the equilibrium when the tax is $0.40 per gallon. 
 
Using the supply and demand curves from Example 10.1 and an excise tax of $0.40 implies 

 165 50( 0.40) 66 55
0.75

s s

s

P P
P

− + = +

=
 

Substituting into the equation for dP implies 1.15dP = .  Substituting sP  into the supply 
equation implies 66 55(0.75) 107.40Q = + = .  Finally, the government tax receipts will be 

0.40(107.40) 42.95tQ = = .  These values correspond with those in Table 10.1. 
 
Graphically, the solution is 
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10.7.  In a competitive market, there is currently no tax, and the equilibrium price is $40. 
The market has an upward-sloping supply curve. The government is about to impose an 
excise tax of $5 per unit. In the new equilibrium with the tax, what price will producers 
receive and consumers pay if the demand curve is  
a) Perfectly elastic 
b) Perfectly inelastic 
Illustrate your answers graphically. 
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a) With perfectly elastic demand, a $5 excise tax shifts the supply curve up as pictured 
below.  Producers will bear the entire burden of the tax.  The end result is that the equilibrium 
quantity falls from Q1 to Q2, the price consumers pay remains the same ($40), and the price 
producers receive falls from $40 to $35. 
 

                
  Q2    Q1            Q 

   P 
 
 

$40 
 

$35 

 
 S+ $5             S 

 

                   D 

 

 
 
b) When demand is perfectly inelastic, consumers will bear the entire burden of the tax.  
The $5 tax has no effect on the equilibrium quantity.  However, the price consumers pay rises 
from $40 to $45.  The price producers receive remains constant at $40. 
 

                 
          Q1            Q 

    P 
$45 

 
$40 

 

 
   D        S+ $5     
                    S 

 

 
 
 
10.8.  In a competitive market, there is currently no tax, and the equilibrium price is $60. 
The market has a downward-sloping demand curve. The government is about to impose an 
excise tax of $4 per unit. In the new equilibrium with the tax, what price will producers 
receive and consumers pay if the supply curve is 
a) Perfectly elastic 
b) Perfectly inelastic 
Illustrate your answers graphically. 
 
a) With perfectly elastic supply, a $4 excise tax shifts the supply curve up as pictured 
below.  Consumers will bear the entire burden of the tax.  The end result is that the equilibrium 
quantity falls from Q1 to Q2, the price producers receive remains the same ($60), and the price 
consumers pay rises from $60 to $64. 
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b) When supply is perfectly inelastic, producers will bear the entire burden of the tax.  Since 
supply is inelastic, it is easiest to think about this problem graphically as shifting down the 
demand curve.  [Convince yourself you’d get the same result had we done this in part (a).]  The 
$4 tax has no effect on the equilibrium quantity.  However, the price sellers receive falls from 
$60 to $56.  The price consumers pay remains constant at $60. 
 

                 
          Q1            Q 
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$60 
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           D 
 
          D – $4  

 

 
 
 
10.9.  The current equilibrium price in a competitive market is $100. The price elasticity of 
demand is −4 and the price elasticity of supply is +2. If an excise tax of $3 per unit is 
imposed, how much would you expect the equilibrium price paid by consumers to change? 
How much would you expect the equilibrium price received by producers to change? 
 

Using the formula, 
PQ

PQ
s

d

d

s

P
P

,

,

ε

ε
=

∆
∆ , we can see that 

2
1

−=
∆
∆

s

d

P
P (the negative sign is because the 

two elasticities have opposite signs). Therefore, ds PP ∆−=∆ 2 . Also, after the tax, the price paid 
by consumers must rise, so the change in the price paid by them is positive. Similarly, the change 
in the price received by producers is negative. Finally, the sum of the magnitude of these two 
changes must equal the tax collected by the government, so that 3d sP P∆ − ∆ = . Combining the 
two conditions we see that 1dP∆ =  and 2sP∆ = . That is, the price paid by consumers increases 
by $1, and that received by suppliers decreases by $2. Producers bear most of the tax, which is to 
be expected given that supply is less elastic than demand. 
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10.10.  Suppose that the market for cigarettes in a particular town has the following supply 
and demand curves: QS = P; QD = 50 − P, where the quantities are measured in thousands 
of units. Suppose that the town council needs to raise $300,000 in revenue and decides to do 
this by taxing the cigarette market. What should the excise tax be in order to raise the 
required amount of money? 
 
Suppose that the required tax is $T. Then in equilibrium, TPP SD += . This implies that 

TQQ +=−50 , or Q = 25 – 0.5T.  Since the required amount is $300,000, we must have T*Q = 
600. (Remember that Q is measured in thousands of units). So, T(25 – 0.5T) = 600. Solving this 
equation we get two possible values for the tax: T = $20 or T = $30.  Either one would generate 
$300,000 in tax revenues, though of course T = $20 would do so with a smaller deadweight loss. 
 
 
10.11.  Assume that a competitive market has an upward-sloping supply curve and a 
downward-sloping demand curve, both of which are linear. A tax of size $T is currently 
imposed in the market. Suppose the tax is doubled. By what multiple will the deadweight 
loss increase? (You may assume that at the new tax, the equilibrium quantity is positive.) 
 
Since the demand and supply curves are assumed to be linear, assume they take the form 

 
d d

s s

Q a bP
Q e fP

= −

= +
 

 
and assume that initially the tax imposed on the market is T . 
 
In equilibrium without the tax the solution is 
 

 
a bP e fP

a eP
b f

− = +
−

=
+

 

 
Substituting into either the supply equation implies 
 

 a eQ e f
b f

 −
= +  + 

 

 
When the tax is imposed, the new equilibrium solution becomes 
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Substituting this result into the equation for dP  implies 
 

 d a e fTP
b f
− +

=
+

 

 
Finally, substituting the price into the supply equation implies 
 

 T
a bT eQ e f

b f
 − −

= +  + 
 

 
where TQ  represents the equilibrium quantity when the tax is T .  Given these equilibrium prices 
and quantities, the deadweight loss with this tax is 
 

 

1
2

1
2

T

T

a e a bT eDW T e f e f
b f b f

fbTDW T
b f

       − − −
= + − +       + +        

 
=  + 

 

 
Now, to determine the deadweight loss when the tax doubles, repeat this exercise for a tax of 
2T .  Completing the same steps implies 
 

 

2

2

2

2

s

d

T

a bT eP
b f

a e fTP
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 − −
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Solving for the deadweight loss as before implies 
 

 2
1 2(2 )
2T

fbTDW T
b f

 
=  + 

 

 
Finally, taking the ratio of 2TDW  to TDW  gives 
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Therefore, doubling the tax will quadruple the size of the deadweight loss if the supply and 
demand curves are linear. 
 
 
10.12.  Refer to the accompanying diagram depicting a competitive market. If the 
government imposes a price ceiling of P1, using the areas in the graph below, identify  
a) The most that consumers can gain from such a move.  
b) The most that consumers can lose from such a move. 
In other words, provide a maximum and a minimum limit to the possible change in 
consumer surplus from the imposition of this price ceiling. 

 
 
If the government does not impose a price ceiling then the market will clear and the consumer 
surplus will be area A + C. The highest that consumer surplus can be after the price ceiling is 
imposed will be when the consumers with the greatest willingness to pay are able to buy the 
good. With the price ceiling, the most that producers will supply is 100 units. If these 100 units 
go the consumers with the greatest willingness to pay then consumer surplus will be area A + B. 
However, if these 100 units go to the consumers with the least willingness to pay (but who are 
still willing to buy the good at this price) then the new consumer surplus will be area F.  
Therefore, the most that CS can increase by is (A + B) – (A + C) = B – C. 
The most that CS can decrease by is F – (A + C). 
 
 
10.13.  In a perfectly competitive market, the market demand curve is given by Qd = 200 − 
5Pd, and the market supply curve is given by Qd = 35Ps. 
a) Find the equilibrium market price and quantity demanded and supplied in the absence 
of price controls. 
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b) Suppose a price ceiling of $2 per unit is imposed. What is the quantity supplied with a 
price ceiling of this magnitude? What is the size of the shortage created by the price 
ceiling? 
c) Find the consumer surplus and producer surplus in the absence of a price ceiling. What 
is the net economic benefit in the absence of the price ceiling? 
d) Find the consumer surplus and producer surplus under the price ceiling. Assume that 
rationing of the scarce good is as efficient as possible. What is the net economic benefit in 
this case? Does the price ceiling result in a deadweight loss? If so, how much is it? 
e) Find the consumer surplus and producer surplus under the price ceiling, assuming that 
the rationing of the scarce good is as inefficient as possible. What is the net economic 
benefit in this case? Does the price ceiling result in a deadweight loss? If so, how much is it?  
 
a) Pd = Ps = $5; Qd = Qs = 175 units. 
b) Qs= 70 units. 
c) The surplus implications of a price ceiling are shown below. 
 

 With No Price Ceiling With Price Ceiling: 
Efficient Rationing 

Impact of Price 
Ceiling  

Consumer surplus A+B+C+I 
($3,062.50) 

A+B+F 
($2,310) 

F – C – I 
(-$752.50) 

Producer surplus G+F+E+H 
($437.50) 

G 
($70) 

-F-E-H 
(-367.50) 

Net benefits 
(consumer surplus + 
producer surplus) 

A+B+C+I+G+F+E+H 
($3,500) 

A+B+F+G 
($2,380) 

-C-I-E-H 
 (-$1,120) 

Deadweight loss Zero C+E+I+H ($1,120) C+E+I+H ($1,120) 
 

 With No Price Ceiling With Price Ceiling: 
Inefficient Rationing 

Impact of Price 
Ceiling  

Consumer surplus A+B+C+I 
($3,062.50) 

I+H+K+L 
($490) 

H+K+L-A-B-C- 
(-$2572.5) 

Producer surplus G+F+E+H 
($437.50) 

G 
($70) 

-F-E-H 
(-367.50) 

Net benefits 
(consumer surplus + 
producer surplus) 

A+B+C+I+G+F+E+H 
($3,500) 

I+H+K+L+G 
($560) 

K+L-A-B-C-F-E 
 (-$2,940) 

Deadweight loss Zero  A+B+C+F+E+F        -
K-L 
 ($2,940) 

 A+B+C+F+E+F        
-K-L 
 ($2,940) 
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For the next three questions, use the following information. The market for gizmos is 
competitive, with an upward sloping supply curve and a downward sloping demand curve. 
With no government intervention, the equilibrium price would be $25 and the equilibrium 
quantity would be 10,000 gizmos. Consider the following programs of government 
intervention: 
Program I: The government imposes an excise tax of $2 per gizmo 
Program II: The government provides a subsidy of $2 per gizmo for gizmo producers. 
Program III: The government imposes a price floor of $30. 
Program IV: The government imposes a price ceiling of $20. 
Program V: The government allows no more than 8,000 gizmos to be produced. 
 
10.14. Which of these programs would lead to a less than 10,000 units exchanged in the 
market? Briefly explain. 
 
Program I: The excise tax will increase the price consumers pay to a level above $25, and lower 
the price producers receive to a level below $25; thus, the quantity exchanged in the market will 
fall below 10,000 units. 
Program II: With the subsidy, the price producers receive will increase to a level above $25; the 
price consumers receive will fall below $25. Thus, the equilibrium quantity exchanged will rise 
to a level above 10,000. 
Program III. With the price floor of $30, consumers will buy less than 10,000 gizmos, so fewer 
than 10,000 will be exchanged in the market. 
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Program IV. With the price ceiling of $20, producers will supply less than 10,000 gizmos, so 
fewer than 10,000 will be exchanged in the market. 
Program V. By government decree fewer than 10,000 gizmos will be exchanged. 
 
 
10.15. Under which of these programs will the market clear? Briefly explain. 
 
With the excise tax or the subsidy, the market will clear (Programs I and II). 
With the price floor (Program III) there will be excess supply, so the market will not clear. 
With the price ceiling (Program IV) there will be excess demand, so the market will not clear. 
With the production quota (Program V) the price consumers pay will exceed $25, so there will 
be excess supply. The market will not clear. 
 
 
10.16. Which of these programs would surely lead to an increase in consumer surplus? 
Briefly explain. 
 
With the excise tax (Program I) the price consumers pay will rise, so consumer surplus will 
surely fall. 
With the subsidy (Program II) the price consumers pay will fall, so consumer surplus will surely 
rise. 
With the price floor (Program III) the price consumers pay will rise, so consumer surplus will 
surely fall. 
With the price ceiling (Program III) the price consumers pay will fall, but so will the quantity 
produced. Consumer surplus may fall. This can occur if the price floor is so low that very few 
units are produced (and thus available for purchase by consumers). 
With the production quota (Program V) the price consumers pay will rise, so consumer surplus 
will surely fall. 
 
 
10.17.  Suppose the market for corn in Pulmonia is competitive. No imports and exports are 
possible. The demand curve is Qd = 10 − Pd, where, Qd is the quantity demanded (in millions 
of bushels) when the price consumers pay is Pd. The supply curve is 

 
where Qs is the quantity supplied (in millions of bushels) when the price producers receive 
is Ps. 
a) What are the equilibrium price and quantity? 
b) At the equilibrium in part (a), what is consumer surplus? producer surplus? deadweight 
loss? Show all of these graphically. 
c) Suppose the government imposes an excise tax of $2 per unit to raise government 
revenues. What will the new equilibrium quantity be? What price will buyers pay? What 
price will sellers receive? 
d) At the equilibrium in part (c), what is consumer surplus? producer surplus? the impact 
on the government budget (here a positive number, the government tax receipts)? 
deadweight loss? Show all of these graphically. 
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e) Suppose the government has a change of heart about the importance of corn revenues to 
the happiness of the Pulmonian farmers. The tax is removed, and a subsidy of $1 per unit is 
granted to corn producers. What will the equilibrium quantity be? What price will the 
buyer pay? What amount (including the subsidy) will corn farmers receive? 
f) At the equilibrium in part (e), what is consumer surplus? producer surplus? What will 
be the total cost to the government? deadweight loss? Show all of these graphically. 
g) Verify that for your answers to parts (b), (d), and (f) the following sum is always the 
same: consumer surplus + producer surplus + budgetary impact + deadweight loss. Why is 
the sum equal in all three cases? 
 
a) Setting d sQ Q=  results in 

 
10 4

$7 per bushel
P P
P

− = − +
=

 

 
Substituting this result into the demand equation gives 3Q = million bushels. 
 
b) At the equilibrium, consumer surplus is 1

2 (10 7)3 4.5− =  and producer surplus is 
1

2 (7 4)3 4.5− = .  There is no deadweight loss in this case and total net benefits equal $9 million. 

0.00
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In the graph above, area A represents consumer surplus and area B represents producer surplus. 
 
c) If the government imposes an excise tax of $2, the new equilibrium will be 

 
10 ( 2) 4

$6 per bushel

s sP P
P

− + = − +

=
 

 
Substituting back into the equation for dP  yields 8dP = , and substituting sP  into the supply 
equation implies 2Q =  million. 
 
d) Now the consumer surplus is 1

2 (10 8)2 2− = , the producer surplus is 1
2 (6 4)2 2− = , the 

tax receipts are 2(2) 4= , and the deadweight loss is 1
2 (8 6)(3 2) 1− − = (all measured in millions 

of dollars). 
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In the graph above, area A represents consumer surplus, area B represents producer surplus, 
areas C+D represent government tax receipts, and area E represents the deadweight loss. 
 
e) If the government provides a subsidy of $1, the new equilibrium will be 

 
10 ( 1) 4

$7.5 per bushel

s s

s

P P
P

− − = − +

=
 

 
Substituting back into the equation for dP yields 6.5dP = , and substituting sP  into the supply 
equation implies 3.5Q =  million. 
 
f) Now the consumer surplus is 1

2 (10 6.5)3.5 6.125− = , the producer surplus is 
1

2 (7.5 4)3.5 6.125− = , the subsidy paid is 1(3.5) 3.5− = − (negative since the government is 
paying this amount), and the deadweight loss is 1

2 (7.5 6.5)(3.5 3) 0.25− − =  (all measured in 
millions of dollars). 
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In the graph above, areas A+B+E represent consumer surplus, areas B+C+F represent producer 
surplus, areas B+C+D+E represent the government subsidy payment, and area D represents the 
deadweight loss. 
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g) For part (b), the sum of consumer surplus, producer surplus, budgetary impact, and 
deadweight loss is 4.5 4.5 0 0 9+ + + = ; for part (d), the sum is 2 2 4 1 9+ + + = ; and for part (f) it 
is 6.125 + 6.125 – 3.5 + 0.25 = 9.  (As above, all are measured in millions of dollars.)  These 
sums are all the same because the deadweight loss measures the difference between net benefits 
(in terms of CS, PS, and budgetary impact) under the competitive outcome and net benefits under 
a form of government intervention. 
 
 
10.18.  In a perfectly competitive market, the market demand and market supply curves 
are given by Qd = 1000 −10Pd and Qd = 30Ps. Suppose the government provides a subsidy 
of $20 per unit to all sellers in the market. 
a) Find the equilibrium quantity demanded and supplied; find the equilibrium market 
price paid by buyers; find the equilibrium after-subsidy price received by firms. 
b) Find the consumer surplus and producer surplus in the absence of the subsidy. What is 
the net economic benefit in the absence of a subsidy? 
c) Find the consumer surplus and producer surplus in the presence of the subsidy. What is 
the impact of the subsidy on the government budget? What is the net economic benefit 
under the subsidy program? 
d) Does the subsidy result in a deadweight loss? If so, how much is it? 
 
In this case, the after-subsidy price received by sellers is Ps = Pd + 20. The market-clearing 
condition is: 1000 – 10P = 30(P + 20), where P denotes the market price. This implies P = 10 
and Q = 900. Since sellers receive the subsidy, P = Pd = 10 and Ps = Pd + 20 = 30. The surplus 
implications of the subsidy are shown below: 
 

 With No Subsidy With Subsidy Impact of the 
Subsidy 

Consumer surplus A+B 
($28,125) 

A+B+C+F+G 
($40,500) 

C+F+G 
($12,375) 

Producer surplus C+E 
($9,375) 

C+E+B+I 
($13,500) 

B+I 
($4,125) 

Government spending on 
subsidy 

Zero B+C+F+G+H+I 
($18,000) 

-B-C-F-G-H-I 
(-$18,000) 

Net benefits (consumer 
surplus + producer 
surplus – government 
spending) 

A+B+C+E 
($37,500) 

A+B+C+E-H 
($36,000) 

-H 
(-$1,500) 

Deadweight loss Zero H ($1,500) H ($1,500) 
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10.19.  In a perfectly competitive market, the market demand curve is Qd = 10 − Pd, and the 
market supply curve is Qs = 1.5Ps. 
a) Verify that the market equilibrium price and quantity in the absence of government 
intervention are Pd = Ps = 4 and Qd = Qs = 6. 
b) Consider two possible government interventions: (1) A price ceiling of $1 per unit; (2) a 
subsidy of $5 per unit paid to producers. Verify that the equilibrium market price paid by 
consumers under the subsidy equals $1, the same as the price ceiling. Are the quantities 
supplied and demanded the same under each government intervention? 
c) How will consumer surplus differ in these different government interventions? 
d) For which form of intervention will we expect the product to be purchased by consumers 
with the highest willingness to pay? 
e) Which government intervention results in the lower deadweight loss and why? 
 
a) 10 – P = 1.5P ⇒ P = 4 and Q = 10 – 4 = 6. 
 
b) Under a $5 subsidy paid to producer, market price P = Pd and the after-subsidy price 
received by producers is Ps = Pd+5. Thus: 10 – P = 1.5(P + 5) ⇒ P = 1. 
 
c) Consumer surplus under the subsidy will be greater than the consumer surplus under a 
price ceiling. Under both interventions, consumers pay the same price, but under subsidies 
consumers are supplied as much as they demand at the $1 market price, while under price 
ceilings, consumers get less than they demand at the $1 ceiling price. 
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d) Subsidies. Under subsidies, because consumers get what they demand at the market price, 
there is no possibility of consumers with a lower willingness to pay getting the good while 
consumers with a higher willingness to pay do not get the good. This is a possibility with a price 
ceiling. 
 
e) The subsidy has the smaller deadweight loss. The deadweight loss under the price ceiling 
(assuming efficient rationing) is area C+H+I, which equals 16.875. The deadweight loss under 
the subsidy is area L, which equals 7.5.  
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10.20.  Consider a perfectly competitive market in which the market demand curve is given 
by Qd = 20 − 2Pd and the market supply curve is given by Qs = 2Ps. 
a) Find the equilibrium price and quantity in the absence of government intervention. 
b) Suppose the government imposes a price ceiling of $3 per unit. How much is supplied? 
c) Suppose, as an alternative, the government imposes a production quota limiting the 
quantity supplied to 6 units. What is the market price under this type of intervention? Is 
the quantity supplied under the price ceiling greater than, less than, or the same as the 
quantity under the production quota? 
d) Assuming that under price controls rationing is as efficient as possible and under the 
quota, the allocation is as efficient as possible, under which program is the deadweight loss 
larger: the price ceiling or the production quota? 
e) Assuming that under price controls rationing is as inefficient as possible, while under the 
quota the allocation is as efficient as possible, under which program is the deadweight loss 
larger: the price ceiling or the production quota? 
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f) Assuming that under price controls rationing is as inefficient as possible, while under the 
quota the allocation is as inefficient as possible, under which program is the deadweight 
loss larger: the price ceiling or the production quota? 
 
a) Letting P = Pd = Ps denote the market price in the absence of government intervention, 
we have: 20 – 2P = 2P ⇒ P = 5. The equilibrium quantity is these 10 units. 
 
b) The quantity supplied under a price ceiling of $3 per unit is 6 units, as shown in the first 
picture below. 
 
c) The market-clearing price when a production quota of 6 is imposed is given by  
6 = 20 – 2P or P = 7. 
 
d) Referring to the graph below, the deadweight loss under a 6 unit production quota 
(assuming efficient allocation of quotas) and the deadweight loss under a $3 per unit price 
ceiling (assuming efficient rationing) are the same and equal area C + F.  
 
e) The deadweight loss under a $3 price ceiling with inefficient rationing is equal to areas 
B+C+E+F, which works to be $32. This is necessarily bigger than the deadweight loss under the 
production quota because inefficient rationing entails an additional deadweight loss (area B + E) 
that is not present with a price ceiling with efficient rationing. 
 
f) In this case, the deadweight loss under a production quota in which allocation is as 
inefficient as possible is the same as the deadweight under a price ceiling in which the rationing 
is as inefficient as possible. Here’s why. In the second picture below, producer surplus when the 
quota is rationed to the highest cost producers willing to produce at the market-clearing price 
with a 6-unit quota is given by the shaded triangle. The area of this triangle is equal to the area of 
triangle G. Consumer surplus under the quota is area A, for a total surplus of A+G (this is more 
easily seen in the first picture below). In the absence of a quota, total surplus is A+B+C+E+F+G. 
The deadweight loss is thus B+C+E+F, the same as it would be with a price ceiling of $3 and the 
most inefficient rationing possible.  
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10.21.  Figure 10.18 below shows the supply and demand curves for cigarettes. The 
equilibrium price in the market is $2 per pack if the government does not intervene, and 
the quantity exchanged in the market is 1,000 million packs. Suppose the government has 
decided to discourage smoking and is considering two possible policies that would reduce 
the quantity sold to 600 million packs. The two policies are (i) a tax on cigarettes and (ii) a 
law setting a minimum price for cigarettes. Analyze each of the policies, using the graph 
and filling in the table on the next page. 
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a) Based on the graph, the government would need to set a tax of $2.00 per unit to achieve 
the government’s target of 600 million units sold.  By setting a tax at $2.00, the supply curve will 
shift upward by $2.00 and intersect the demand curve at $3.00P =  and 600Q = , the new market 
equilibrium.  Alternatively, the government could set a minimum price (price floor) at P = $3.00, 
at which point consumers would only demand Q = 600 million units. 
 
b) 

 Tax Minimum Price 
What price per unit would consumers pay? $3.00 $3.00 
What price per unit would producers receive? $1.00 $3.00 
What area represents consumer surplus? F F 
What area represents the largest producer 
surplus under the policy? 

B B+C+E 

What area represents the smallest producer 
surplus under the policy? 

B G+H+L+T 

What area represents government receipts? C+E Zero 
What area represents smallest deadweight 
loss possible under the policy? 

G+L G+L 
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10.22. Consider a market with an upward sloping supply curve and a downward sloping 
demand curve. Under a government purchase program, which of the following statements 
are true, and which are false? 
(a)  The increase in producer surplus will exceed the size of the government expenditure.  
(b)  Consumer surplus will increase. 
(c)  The size of the government expenditure will exceed the size of the deadweight loss. 
 
The areas referred to in the answer below are those in Figure 10.14 in the text 
(a) False. The figure illustrates how the increase in producer surplus ($14 billion in the example) 
can be less than the size of the government expenditure ($30 billion). 
(b) False. Consumer surplus will decrease because the price is higher with the support. (In the 
figure, consumer surplus decreases by $11 billion). 
(c)  True. The size of the government expenditure will exceed the size of the deadweight loss by 
area G in the figure. 
 
 
10.23.  The market demand for sorghum is given by Qd = 500 − 10Pd, while the market 
supply curve is given by Qs = 40Ps. The demand and supply curve are shown below. The 
government would like to increase the income of farmers and is considering two alternative 
government interventions: an acreage limitation program and a government purchase 
program. 

 
a) What is the equilibrium market price in the absence of government intervention? 
b) The government’s goal is to increase the price of sorghum to $15 per unit. This is the 
support price. How much would be demanded at a price of $15 unit? How much would 
farmers want to supply at a price of $15 per unit? How much would the government need 
to pay farmers in order for them to voluntarily restrict their output of sorghum to the level 
demanded at $15 per unit?  
c) Fill in the following table for the acreage limitation program: 
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d) As an alternative way to support a price of $15, suppose the government purchases the 
difference between the quantity demanded at a price of $15 and the quantity supplied. How 
much does the government spend on this price support program? 
e) Fill in the following table for the government purchases program: 

 
 
a) Let P = Pd = Ps denote the market equilibrium price in the absence of government 
intervention. The market equilibrium price is found by solving 500 – 10P = 40P, which gives us 
P = $10. The equilibrium quantity is 500 – 10(10) = 400 units. 
 
b) If the government designates a support price of $15, the quantity demanded would be 500 
– 10(15) = 350 units, while the quantity supplied would be 40(15) = 600 units.   
 
c) (See figure below) 
 

 With no 
program 

With acreage 
limitation program 

Impact of 
program 

Consumer surplus A+B+C 
($8,000) 

A 
($6,125) 

- B – C 
(-$1,875) 

Producer surplus G+F 
($2,000) 

G+F+B+C+E 
($4,500) 

B+C+E 
($2,500) 

Impact on the 
government budget 

Zero -F-C-E 
(-$781.25) 

-F-G-E 
(-$781.25) 

Net benefits (consumer 
surplus + producer 
surplus-government 
expenditure 

A+B+C+G+F 
($10,000) 

A+B+G 
($9843.75) 

-C-F 
($156.25) 
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Deadweight loss $0 C+F 
($156.25) 

C+F 
($156.25) 

 
d) As shown in the figure below, the quantity supplied at a price of $15 per unit is 4(15) = 
600 units, while the quantity demanded is 500 – 10(15) = 350 is the quantity supplied. Thus the 
government will support the price of $15 by purchasing 250 units at a price of $15 or $3,750.  
 

 
e) The entries in the table refer to the figure below: 
 

 With no 
program 

With government 
purchase program 

Impact of 
program 

Consumer surplus A+B+C 
($8,000) 

A 
($6,125) 

- B - C 
(-$1,875) 

Producer surplus G+F 
($2,000) 

G+F+B+C+E 
($4,500) 

B+C+E 
($2,500) 

Impact on the government 
budget 

zero -F- C- E- J- I- H 
(-$3,750) 

- F-C-E- J- I- H 
(-$3,750) 

Net benefits (consumer 
surplus + producer surplus-
government expenditure 

A+B+C+G+F 
($10,000) 

A+B+G –J – I – H 
($6,875) 

- F- C- J- I- H 
(-$3,125) 

Deadweight loss zero F+C+J+I+H 
($3,125) 

F+C+J+I+H 
($3,125) 
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10.24.  Suppose that in the domestic market for computer chips the demand is Pd = 110 − 
Qd, where Qd is the number of units of chips demanded domestically when the price is Pd. 
The domestic supply is Ps = 10 + Qs, where Qs is the number of units of chips supplied 
domestically when domestic suppliers receive a price Ps. Foreign suppliers would be willing 
to supply any number of chips at a price of $30. The government is contemplating three 
possible policies: 
Policy I: The government decides to ban imports of chips. 
Policy II: Foreign suppliers are allowed to import chips (with no tariff ). 
Policy III: The government allows imports, but imposes a tariff of $10 per unit. 
Fill in the table below, giving numerical answers. 

 
 

 Policy I Policy II Policy III 
Chips consumed domestically? 50 80 70 
Chips produced domestically? 50 20 30 
What is the size of the producer surplus? 1250 200 450 
What is the size of the consumer surplus? 1250 3200 2450 
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What is the size of government receipts? 0 0 400 
 
 
10.25.  The domestic demand curve for portable radios is given by Qd = 5000 − 100P, where 
Qd is the number of radios that would be purchased when the price is P. The domestic 
supply curve for radios is given by Qs = 150P, where Qs is the quantity of radios that would 
be produced domestically if the price were P. Suppose radios can be obtained in the world 
market at a price of $10 per radio. Domestic radio producers have successfully lobbied 
Congress to impose a tariff of $5 per radio. 
a) Draw a graph illustrating the free trade equilibrium (with no tariff). Clearly illustrate 
the equilibrium price. 
b) By how much would the tariff increase producer surplus for domestic radio suppliers? 
c) How much would the government collect in tariff revenues? 
d) What is the deadweight loss from the tariff? 
 
a) 

0.00
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In the free trade equilibrium, domestic demand will be 4000, domestic supply will be 1500, and 
imports will be 2500 units. 
 
b) The producer surplus with free trade would be 1

2 (10 0)(1500) 7,500− = .  With the tariff, 
domestic supply will increase to 2250 and producer surplus will increase to 
1

2 (15 0)(2250) 16,875− = .  So producer surplus will increase by 9,375. 
 
c) With the tariff, domestic demand will fall to 3500 units and domestic demand will 
increase to 2250 units.  Thus, 1250 units will be imported.  A tariff of $5 on each of those units 
will result in government receipts of 6,250. 
 
d) The deadweight loss from the tariff will come from two sources.  First, the deadweight 
loss associated the overproduction of domestic suppliers will be 1

2 (2250 1500)5 1,875− = .  
Second, the deadweight loss associated with the reduction in consumption by consumers due to 
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the tariff is 1
2 (4000 3500)5 1,250− = .  Therefore, the total deadweight loss with this tariff is 

3,125. 
 
 
10.26.  Suppose that the supply curve in a market is upward sloping and that the demand 
curve is totally inelastic. In a free market the price is $30 per ton. If an excise tax of $2 per 
ton is imposed in the market, what will be the resulting deadweight loss? 
 
If demand is perfectly inelastic, the demand curve will be a vertical line.  The price will rise by 
exactly $2 after the tax is imposed and consumers will take on 100% of the tax burden.  
Consumer surplus will fall by $2 times the market quantity, which will be the same as the pre-tax 
quantity given the vertical demand curve.  Government tax receipts will increase by $2 times the 
market quantity completely offsetting the reduction in consumer surplus.  Producer surplus will 
remain the same since consumers have 100% of the burden of the tax.  Thus, since government 
receipts completely offset the reduction in consumer surplus, there is nothing lost to society.  
There is no deadweight loss from an excise tax when the demand curve is perfectly inelastic. 
 
 
10.27.  Suppose that the domestic demand for television sets is described by Q = 40,000 − 
180P and that the supply is given by Q = 20P. If televisions can be freely imported at a 
price of $160, how many televisions would be produced in the domestic market? By how 
much would domestic producer surplus and deadweight loss change if the government 
introduces a $20 tariff per television set? What if the tariff was $70? 
 
When televisions can be freely imported at a price of PW = $160, domestic producers will 
produce 20(160) = 3200 television sets. Domestic demand is 40,000 – 180*160 = 11,200 units.  

  3200   3600   7600    11,200 40,000    Q 
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When the import duty of $20 is introduced, the effective price of importing televisions is $180. 
At this price, domestic firms will supply 20(180) = 3600 televisions, and demand will be 40,000 
– 180(180) = 7600. Domestic producer surplus will increase by area C = (180 – 160)(3200) + 
0.5(180 – 160)(3600 – 3200) = 68,000. The tariff creates a deadweight equal to area F + K = 
0.5(180 – 160)(3600 – 3200) + 0.5(180 – 160)(11,200 – 7600) = 40,000. 
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An import duty of $70 raises the effective import price to $230. You can see from the graph that 
this is above the equilibrium price of $200 that would prevail in the domestic market without any 
foreign trade.  Thus, imposing such a high import duty is equivalent to banning trade in this 
industry altogether.  The new price will be $200 and the quantity demanded 4000.  Relative to 
the free trade equilibrium, producer surplus would now increase by area B + C = 0.5(200)(4000) 
– 0.5(160)(3200) = 144,000. The $70 import tariff creates a deadweight loss equal to area F + G 
+ J + K = 0.5(200 – 160)(11,200 – 3200) = 160,000. 
 
 
10.28.  Suppose that the domestic demand for television sets is described by Q = 40,000 − 
180P and that the supply is given by Q = 20P. Televisions can currently be freely imported 
at the world price of $160. Suppose the government bans the import of television sets. How 
much would domestic producer surplus and deadweight loss change? 
 
When televisions can be freely imported at a price of PW = $160, domestic producers will 
produce 20(160) = 3200 television sets. Domestic demand is 40,000 – 180*160 = 11,200 units.  
Producer surplus is area C in the graph. 
With imports banned, equilibrium occurs where domestic supply intersects demand: 40,000 – 
180P = 20P which implies P = 200 and Q = 4000.  Producer surplus has now increased by area 
B = (200 – 160)(3200) + 0.5(200 – 160)(4000 – 3200) = 144,000. Banning imports creates a 
deadweight loss equal to area E + F = 0.5(200 – 160)(11,200 – 3200) = 160,000. 
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10.29.  Suppose that demand and supply curves in the market for corn are Qd = 20,000 − 
50P and Qs = 30P. Suppose that the government would like to see the price at $300 per unit 
and is prepared to artificially increase demand by initiating a government purchase 
program. How much would the government need to spend to achieve this? What is the total 
deadweight loss if the government is successful in its objective? 
 
Without government intervention, equilibrium occurs where 20,000 – 50P = 30P, or P = 250 
and Q = 7500.  
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If the price were to be pushed up to $300, suppliers would like to produce 30(300) = 9000 units.  
However, demand would be just 20,000 – 50(300) = 5,000 units. Therefore the government must 
buy the difference, which is 4,000 units.  At $300 each, total government expenditure is $1.2 
million.  Relative to no government intervention, area A remains consumer surplus and C 
remains producer surplus, while area B is transferred from consumers to producers.  To find 
deadweight loss, note that area E + F represents potential benefits no longer captured by anyone, 
while area G + H + J + K represents production costs that are incurred for units of corn that no 
one consumes.  Thus deadweight loss is equal to area E + F + G + H +J + K.  Alternatively, 
you can think of the deadweight loss as total government expenditures minus area L, or area (E + 
F + G + H +J + K + L) – L = 300(9000 – 5000) – 0.5(300 – 250)(9000 – 5000) = $1,100,000. 
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10.30. Suppose that demand and supply curves in the market for corn are Qd = 20,000 − 
50P and Qs = 30P. Suppose that the government would like to see the price at $300 per unit 
and would like to do so with an acreage limitation program. How much would the 
government need to spend to achieve this? What is the total deadweight loss at the point 
where the government is successful in its objective? 
 
Without government intervention, equilibrium occurs where 20,000 – 50P = 30P, or P = 250 
and Q = 7500.  As shown in the graph below, producer surplus is area C + F = 0.5(250)(7500) = 
937,500. 
To fix the price at $300, the government needs to ensure that only 20,000 – 50(300) = 5000 units 
will be supplied.  At this price, producers would like to supply a total of 30(300) = 9000 units 
and earn a surplus equal to areas B + C + E + F + L.  To compensate the producers for limiting 
production to 5000 units, the government must therefore transfer to producers a sum equal to 
area E + F + L ≈  0.5(300 – 167)(9000 – 5000) = $266,000.  (To see that the lower corner of 
triangle F occurs near P = 167, note that at Q = 5000 along the supply curve, 5000 = 30P or P = 
500/3 ≈167.)  Since production is restricted to 5000 units, deadweight loss is simply equal to the 
potential benefits that no one captures, or area E + F ≈  0.5(300 – 167)(7500 – 5000) = 332,500.   
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Chapter 11 
Monopoly and Monopsony 
 
Solutions to Review Questions  
1.  Why is the demand curve facing a monopolist the market demand curve? 
 
A monopoly market consists of a single seller facing many buyers.  Because the firm is by 
definition supplying the entire market, it faces the entire set of buyers making up the market 
demand curve. 
 
2.  The marginal revenue for a perfectly competitive firm is equal to the market price. Why 
is the marginal revenue for a monopolist less than the market price for positive quantities 
of output? 
 
Marginal revenue is less than price for a monopolist.  This is because as it lowers its price two 
things happen.  First, the firm’s revenue increases from the additional units it sells (these are the 
marginal units).  Second, the firm’s revenue decreases because it loses revenue from selling units 
at a lower price than it could have had it chosen a lower quantity of output (these are the 
inframarginal units.)  The change in revenue is the sum of the increase from the marginal units 
and the decrease from the inframarginal units.  This change can be summarized as 

 TR PMR P Q
Q Q

∆ ∆
= = +
∆ ∆

 

 
Since demand is downward sloping, the second term will be negative implying marginal revenue 
will be less than price. 
 
3.  Why can a monopolist’s marginal revenue be negative for some levels of output? Why is 
marginal revenue negative when market demand is price inelastic? 
 
The firm’s marginal revenue could be negative if the increase in revenue the firm gets from 
selling additional (marginal) units at a lower price is more than offset by the decrease in revenue 
from selling (inframarginal) units at a lower price than if it had chosen a lower quantity of 
output. 
 
If demand is price inelastic then 
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But,   

 PMR P Q
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∆
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∆
 

 
Thus, when demand is price inelastic, marginal revenue is negative. 
 
4.  Assume that the monopolist’s marginal cost is positive at all levels of output. 
a)  True or false: When the monopolist operates on the inelastic region of the market 
demand curve, it can always increase profit by producing less output. 
b)  True or false: When the monopolist operates on the elastic region of the market demand 
curve, it can always increase profit by producing more output. 
 
a) True.  Because the firm is operating on the inelastic region of the demand curve marginal 
revenue is negative.  Thus, decreasing output will increase total revenue.  And, since output is 
lower, total cost will be lower.  Thus, by decreasing output and increasing price the firm can 
increase profits. 
b) False.  When the firm operates on the elastic portion of the market demand curve, 
increasing output will increase total revenue.  In addition, increasing output will increase total 
costs.  Thus, the effect on profit will depend on how costs increase in relation to revenue. 
 
5.  At the quantity of output at which the monopolist maximizes total profit, is the 
monopolist’s total revenue maximized? Explain. 
 
The firm will not be maximizing total revenue at the point where the firm maximizes total profit.  
The firm maximizes revenue at the point where 0MR =  and the firm maximizes profit at the 
point where MR MC= .  Thus, unless 0MC = , the firm will not maximize both revenue and 
profit at the same point. 
 
6.  What is the IEPR? How does it relate to the monopolist’s profit-maximizing condition, 
MR = MC? 
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IEPR is the Inverse Elasticity Pricing Rule.  This rule states that a profit- maximizing firm that 
sets MR MC=  will satisfy the condition that 

 
* *

*
,

1

Q P

P MC
P ε
−

= −  

 
where the asterisks indicate the price and marginal cost at the profit-maximizing level of output. 
 
7.  Evaluate the following statement: Toyota faces competition from many other firms in 
the world market for automobiles; therefore, Toyota cannot have market power. 
 
While perfectly competitive firms do not have market power, it is not true that any firm that 
faces competition does not have market power.  In this particular example, while Toyota clearly 
has competition, Toyota also sells a differentiated product from the other automobile 
manufacturers.  This will allow Toyota to control its price since no other manufacturer is 
producing the identical product.  Thus, Toyota will have some market power.  It is true, however, 
that this market power may be limited by the prices other manufacturers set for their 
automobiles.  If Toyota’s product is not seen as being much different from other autos, it will not 
be able to set a price far out of line with the rest of the auto market. 
 
8.  What rule does a multiplant monopolist use to allocate output among its plants? Would 
a multiplant perfect competitor use the same rule? 
 
A multi-plant monopolist will choose a level of output and then allocate output between plants so 
that marginal costs are equalized across plants.  If a perfectly competitive firm had multiple 
plants it would follow the same rule.  To see why, imagine it did not and allowed marginal costs 
to be different across plants.  If marginal costs were different, then it reallocates one unit of 
output from the high marginal cost plant to the low marginal cost plant.  This would reduce total 
cost without changing revenue.  Thus, profit would increase.  Therefore, to maximize profit the 
firm should allocate output between plants to equalize marginal cost. 
 
9.  Why does the monopoly equilibrium give rise to a deadweight loss? 
 
A monopolist creates a deadweight loss because it produces a lower level of output and charges a 
higher price than would occur in perfect competition.  This choice allows the monopolist to 
generate economic profits and increase producer surplus, essentially extracting surplus away 
from consumers.  The firm, however, will not be able to gain as much surplus as consumers lose, 
lowering total net benefits, and creating a deadweight loss. 
 
10.  How does a monopsonist differ from a monopolist? Could a firm be both a 
monopsonist and a monopolist? 
 
A monopsonist is a firm that is a single buyer that can purchase from many sellers, whereas a 
monopolist is a firm that is a single seller that can sell to many buyers.  It is possible for a firm to 
be both a monopolist and a monopsonist.  Using the text example, suppose some local area had 
only one hospital.  It would be a monopolist in the provision of some hospital services, e.g. 
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emergency room services, and it would be a monopsonist in the purchase of some hospital 
inputs, e.g. nurses. 
 
11.  What is a monopsonist’s marginal expenditure function? Why does a monopsonist’s 
marginal expenditure exceed the input price at positive quantities of the input? 
 
The monopsonist’s marginal expenditure function is the rate at which the monopsonist’s total 
cost goes up, per unit of input, as it hires more units of the input.  Marginal expenditure will 
exceed unit cost because as the monopsonist increases the price it pays for units of input it must 
pay this higher price for the units it could have purchased at lower prices.  This marginal 
expenditure can be summarized as 

 L
wME w L
L

∆
= +

∆
 

 
Since the second term is positive (the monopsonist must pay a higher wage to increase the supply 
of labor) the marginal expenditure will exceed the wage. 
 
12.  Why does the monopsony equilibrium give rise to a deadweight loss? 
 
The monopsonist creates a deadweight loss.  This occurs because the monopsonist hires a lower 
quantity and pays a lower price for its input than would occur in perfect competition.  This 
allows the monopsonist to extract surplus away from suppliers, but the monopsonist is unable to 
earn as much additional surplus as suppliers lose, lowering net total benefits, and creating a 
deadweight loss. 
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Solutions to Problems 
 
 
11.1.  Suppose that the market demand curve is given by Q = 100 - 5P. 
a)  What is the inverse market demand curve? 
b)  What is the average revenue function for a monopolist in this market? 
c)  What is the marginal revenue function that corresponds to this demand curve? 
 
a) If demand is given by 100 5Q P= − , inverse demand is found by solving for P .  This 
implies inverse demand is 1

520P Q= − . 
b) Average revenue is given by 

 TR PQAR P
Q Q

= = =  

 
Therefore, average revenue will be 1

520P Q= − . 
 
c) For a linear demand curve P a bQ= − , marginal revenue is given by 2MR a bQ= − .  In 
this instance demand is 1

520P Q= −  implying marginal revenue is 2
520MR Q= − . 

 
 
11.2.  The market demand curve for a monopolist is given by P = 40 - 2Q. 
a) What is the marginal revenue function for the firm? 
b) What is the maximum possible revenue that the firm can earn? 
 
a) Since the demand curve is written in inverse form and is linear, the MR curve has the 
same vertical intercept and twice the slop as the demand curve.  Thus, MR = 40 – 4Q. 
b) Total revenue will be maximized when MR = 0, or when Q = 10.  At that quantity, the 
price will be P = 40 – 2Q = 20.  Total revenue is PQ = 20(10) = 200. 
 
 
11.3.  Show that the price elasticity of demand is -1 if and only if the marginal revenue is 
zero. 
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.  Since P > 0, MR = 0 if and only if 1 + ( )PQ,/1 ε = 

0, which is equivalent to 1/1 , −=PQε  or 1, −=PQε .  
 
 
11.4.  Suppose that Intel has a monopoly in the market for microprocessors in Brazil. 
During the year 2005, it faces a market demand curve given by P = 9 - Q, where Q is 
millions of microprocessors sold per year. Suppose you know nothing about Intel’s costs of 
production. Assuming that Intel acts as a profit-maximizing monopolist, would it ever sell 7 
million microprocessors in Brazil in 2005? 
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If demand is 9P Q= − , then 9 2MR Q= − .  If the firm sets 7Q = , then 5MR = − .  At this point, 
if the firm lowered its output it would increase total revenue, and with the lower level of output 
total cost would fall.  Thus, decreasing output would increase profit.  Therefore, a profit-
maximizing monopolist facing this demand curve would never choose 7Q = . 
 
 
11.5.  A monopolist operates in an industry where the demand curve is given by Q = 1000 - 
20P. The monopolist’s constant marginal cost is $8. What is the monopolist’s profit-
maximizing price? 
 
Recall that the MR curve can easily be derived from the demand curve when the latter is written 
in the inverse form. The inverse demand curve is P = 50 – (Q/20) so the marginal revenue curve 
is P = 50 – (Q/10) (using the fact that the slope of the MR curve is twice that of the inverse 
demand curve, with the same intercept). Using the rule MR=MC, we get 50 – (Q/10) = 8, so Q = 
420. Plugging this back into the demand curve (or the inverse demand curve) we can calculate 
the profit maximizing price, P = 29. 
 
 
11.6.  Suppose that United Airlines has a monopoly on the route between Chicago and 
Omaha, Nebraska. During the winter (December–March), the monthly demand on this 
route is given by P = a1 - bQ. During the summer (June–August), the monthly demand is 
given by P = a2 - bQ, where a2 > a1. Assuming that United’s marginal cost function is the 
same in both the summer and the winter, and assuming that the marginal cost function is 
independent of the quantity Q of passengers served, will United charge a higher price in the 
summer or in the winter? 
 
If marginal cost is independent of Q, then marginal cost is constant.  Assume MC c= .  Then in 
the winter the firm will produce where MR MC= . 
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At this quantity the price charged will be 
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In the summer the firm will also produce where MR MC= . 
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Since we are told that 2 1a a> , the price charged during the summer months will be greater than 
the price charged during the winter months. 
 
 
11.7. A monopolist operates with the following data on cost and demand. It has a total fixed 
cost of $1,400 and a total variable cost of Q2, where Q is the number of units of output it 
produces. The firm’s demand curve is P = $120 - 2Q. The size of its sunk cost is $600. The 
firm expects the conditions of demand and cost to continue in the foreseeable future. 
a) What is the firm’s profit if it operates and it maximizes profit? 
b) Should the firm continue to operate in the short run, or should it shut down? Explain. 
 
a) The monopolist chooses Q so that MR = MC:  120 – 4Q = 2Q  =>  Q = 20.   
P = 120 – 2(20) = 80. 
Profit = PQ – V – F = 80(20) – 202 – 1400 = - 200. 
The firm has nonsunk fixed costs: FNonsunk = F - FSunk = 1400 – 600 = 800. 
b) Producer surplus = PQ – V – FNonsunk = 80(20) – 202 – 800 = 400. So the firm should continue 
to operate in the short run. If it operates, its profit is -200. But if it shuts down, its profit = - FSunk = -
600. So it can lessen its losses by 400 if it continues to operate (and this is why producer surplus is 
+400 annually.) 
 

 
11.8.  A monopolist operates with a fixed cost and a variable cost. Part of the fixed cost is 
sunk, and part nonsunk. How will the sunk and nonsunk fixed costs affect the firm’s 
decisions as it tries to maximize profit in the short run? 
 
We can answer this question in two stages. In the first stage let’s ask what price and quantity the 
firm should choose if it remains in production. When the firm chooses the optimal quantity, it 
sets MR = MC. The optimal quantity choice rule therefore does not depend on the fixed costs, 
and thus the optimal quantity and price (again, assuming the firm stays in operation) do not 
depend on the size of the sunk and nonsunk fixed costs. Once the optimal price is determined, 
the optimal revenues R* and variable costs V* can be determined. 
 
Now we can move to the second decision: should the firm stay in business, at least in the short 
run?  
If it remains in production, the firms producer surplus will be R* - V* – Fnonsunk.  
The firm would want to remain in business in the short run if the producer surplus is positive, 
and it would shut down if the producer surplus is negative. 
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11.9.  Under what conditions will a profit-maximizing monopolist and a revenue-
maximizing monopolist set the same price? 
 
A profit-maximizing monopolist would choose the output at which MR = MC. A revenue-
maximizing monopolist would choose the output at which MR = 0. The two would therefore choose 
the same output (and set the same price) when MC = 0. 
 

 
11.10.  Assume that a monopolist sells a product with the cost function C = F + 20Q, where 
C is total cost, F is a fixed cost, and Q is the level of output. The inverse demand function is 
P = 60 - Q, where P is the price in the market. The firm will earn zero economic profit 
when it charges a price of 30 (this is not the price that maximizes profit). How much profit 
does the firm earn when it charges the price that maximizes profit? 
 
When the P = 30, the demand function shows that Q = 30. 
At that price, profit = 0 = PQ – C = (30)(30) – F – 20(30); therefore F = 300.  
So total cost is C = 300 – 20Q. 
Now find the quantity that maximizes profit. Set MR = MC.  MR = 60 – 2Q and MC = 20. 
60 – 2Q = 20 implies that Q = 20 and P = 40. 
So, the profit-maximizing profit will be PQ – C = (40)(20) – 300 – (20)(20)  = 100. 
 
 
11.11.  Assume that a monopolist sells a product with a total cost function TC = 1,200 + 
0.5Q2 and a corresponding marginal cost function MC = Q. The market demand curve is 
given by the equation P = 300 - Q. 
a) Find the profit-maximizing output and price for this monopolist. Is the monopolist 
profitable? 
b) Calculate the price elasticity of demand at the monopolist’s profit-maximizing price. 
Also calculate the marginal cost at the monopolist’s profit-maximizing output. Verify that 
the IEPR holds. 
 
a) If demand is given by 300P Q= − then 300 2MR Q= − .  To find the optimum set 
MR MC= . 

 
300 2

100
Q Q
Q

− =
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At 100Q =  price will be 300 100 200P = − = .  At this price and quantity total revenue will be 

200(100) 20,000TR = =  and total cost will be 21200 .5(100) 6,200TC = + = .  Therefore, the firm 
will earn a profit of 13,800TR TCπ = − = . 
 
b) The price elasticity at the profit-maximizing price is 

 ,Q P
Q P
P Q

ε ∆
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The marginal cost at the profit-maximizing output is MC = Q = 100.  The inverse elasticity 
pricing rule states that at the profit-maximizing price  
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In this case we have 
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Thus, the IEPR holds for this monopolist. 
 
11.12.  A monopolist faces a demand curve P = 210 - 4Q and initially faces a constant 
marginal cost MC = 10. 
a) Calculate the profit-maximizing monopoly quantity and compute the monopolist’s total 
revenue at the optimal price. 
b) Suppose that the monopolist’s marginal cost increases to MC = 20. Verify that the 
monopolist’s total revenue goes down. 
c) Suppose that all firms in a perfectly competitive equilibrium had a constant marginal 
cost MC = 10. 
Find the long-run perfectly competitive industry price and quantity. 
d) Suppose that all firms’ marginal costs increased to MC = 20. Verify that the increase in 
marginal cost causes total industry revenue to go up. 
 
a) With demand 210 4P Q= − , 210 8MR Q= − .  Setting MR MC=  implies 

 
210 8 10

25
Q
Q

− =
=

 

 
With 25Q = , price will be 210 4 110P Q= − = .  At this price and quantity total revenue will be 

110(25) 2,750TR = = . 
 
b) If 20MC = , then setting MR MC=  implies 
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210 8 20

23.75
Q
Q

− =
=

 

 
At 23.75Q = , price will be 115P = .  At this price and quantity total revenue will be 

115(23.75) 2,731.25TR = = .  Therefore, the increase in marginal cost will result in lower total 
revenue for the firm. 
 
c) Competitive firms produce until P = MC, so in this case we know the market price would 
be P = 10 and the market quantity would be: 

 
210 4 10

50
Q
Q

− =
=

 

 
d) In this case, the market price will be P MC= = 20, implying that the industry quantity is 
given by 

 
210 4 20

47.50
Q
Q

− =
=

 

 
At this quantity, price will be 20P = .  When 10MC = , total industry revenue is10(50) 500= .  
With 20MC = , total industry revenue is 20(47.50) 950= .  Thus, total industry revenue 
increases in the perfectly competitive market after the increase in marginal cost. 
 
 
11.13.  A monopolist serves a market in which the demand is P = 120 - 2Q. It has a fixed 
cost of 300. Its marginal cost is 10 for the first 15 units (MC = 10 when 0  Q  15). If it 
wants to produce more than 15 units, it must pay overtime wages to its workers, and its 
marginal cost is then 20. What is the maximum amount of profit the firm can earn? 
 
The marginal revenue curve is MR = 120 – 4Q. Initially we are not sure whether the optimal 
quantity will be less than 15 units (in which case MC = 10), or more than 20 units (where MC = 
20). 
There are two regions of output: 
 Region I: where MC = 10 and 0 < Q < 15 
 Region II: where MC = 20 and 15 < Q 
Let’s assume that the MC = 10 and optimal quantity is less than or equal to 15 units. In that case, 
setting MR = MC, we find that 120 – 4Q = 10, or that Q = 27.5. But when Q = 27.5, MC is not 
10, so the assumption that the optimal quantity is in Region I is not correct. 
Now let’s assume that the MC = 20 and optimal quantity is greater than 15 units. In that case, 
setting MR = MC, we find that 120 – 4Q = 20, or that Q = 25. When Q = 25, MC is 20, so that 
marginal cost we have assumed is correct at the optimal output level we have calculated. The 
market price is P = 120 – 2(25) = 70. 
Revenue  = PQ = 70(25) = 1750 
Variable cost = 10(15) + 20 (25 – 15) = 350 
Fixed Cost = 300 
Profit = 1750 – 350 – 300 = 1100. 
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11.14.  A monopolist faces the demand function P = 100 - Q + I, where I is average 
consumer income in the monopolist’s market. Suppose we know that the monopolist’s 
marginal cost function is not downward sloping. If consumer income goes up, will the 
monopolist charge a higher price, a lower price, or the same price? 
 
If demand is initially 100P Q I= − + , then initially 100 2MR I Q= + − .  Setting MR MC=  
implies 

 
1 1

1
1

100 2
100

2

I Q MC
I MCQ

+ − =
+ −

=
 

 
where 1Q  is the profit-maximizing quantity when income equals I  and 1MC  is the 
corresponding level of marginal cost. 
 
With this quantity, price will be 
 

 

1
1

1
1

100100
2
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2
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+ +
=

 

 
Now suppose income increases by a factor K  where 1K > .  Then setting MR MC=  implies 
 

 
2 2

2
2

100 2
100

2

KI Q MC
KI MCQ

+ − =
+ −

=
 

 
where 2Q  is the profit-maximizing quantity when income equals KI  and 2MC  is the 
corresponding level of marginal cost.  This quantity must be greater than the quantity when 
income equals I , i.e., 2 1Q Q> .  If it were not, i.e., if 2 1Q Q≤ , then the marginal cost 2MC  
would be less than or equal to 1MC  (since we know marginal cost is not decreasing).  But that 
would mean that 
 

 2 2
2 1

100 100
2 2

KI MC I MCQ Q+ − + −
= > =  

 
contradicting the assumption that 2 1Q Q≤  
 
At quantity 2Q , price will be 
 



Besanko & Braeutigam – Microeconomics, 5th edition Solutions Manual 

Copyright © 2014 John Wiley & Sons, Inc.  Chapter 11 - 12 

 

2
2

2
2

100100
2

100
2

KI MCP KI

KI MCP

+ − = + −  
 

+ +
=

 

 
In this case the new price charged by the monopolist will be greater than the initial price.  
Clearly KI I>  since 1K > , and because the marginal cost function is assumed to not be 
downward sloping, the increase in Q  at the higher income level will result in a marginal cost at 
least as high as the initial marginal cost, i.e., 2 1MC MC≥ .  Therefore, the price will increase 
when consumer income increases. 
 
 
11.15.  Two monopolists in different markets have identical, constant marginal cost 
functions. 
a) Suppose each faces a linear demand curve and the two curves are parallel. Which 
monopolist will have the higher markup (ratio of P to MC): the one whose demand curve is 
closer to the origin or the one whose demand curve is farther from the origin? 
b) Suppose their linear demand curves have identical vertical intercepts but different 
slopes. Which monopolist will have a higher markup: the one with the flatter demand 
curve or the one with the steeper demand curve? 
c) Suppose their linear demand curves have identical horizontal intercepts but different 
slopes. Which monopolist will have a higher markup: the one with the flatter demand 
curve or the one with the steeper demand curve? 
 
a) If the two demand curves are linear and parallel they differ only by a constant; call this 
constant c .  Then 

 1 1

2 2

P a bQ
P a c bQ
= −
= + −

 

 
In this instance demand for the second firm will be further from the origin assuming 0c > .  Now 
assume that both firms have identical constant marginal cost e .  Then the first firm will 
maximize profit where MR MC= . 
 

 
1

1

2

2

a bQ e
a eQ

b

− =
−

=
 

 
At this quantity price will be 
 

 
1

1

2

2

a eP a b
b

a eP

− = −  
 

+
=
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The second firm will also maximize profit where MR MC= . 
 

 
2

2

2

2

a c bQ e
a c eQ

b

+ − =
+ −

=
 

 
At this quantity price will be 
 

 
2

2

2

2

a c eP a c b
b

a c eP

+ − = + −  
 

+ +
=

 

 
For the first monopolist 
 

 1

( )
2

a e
P

MC e

+
=  

 
and for the second monopolist 
 

 2

( )
2

a c e
P

MC e

+ +
=  

 
Here 2 1P P

MC MC>  implying the firm with the demand curve further from the P  axis will have the 
higher mark-up ratio. 
 
b) Suppose the first monopolist faces demand 1 1P a bQ= −  and the second monopolist faces 
demand 2 2P a kbQ= −  where 1k > .  In this case the demand curve for the second monopolist is 
steeper.  As in part a), the first monopolist will maximize profit at 

 
1

1

2

2

a eQ
b
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−
=

+
=

 

 
For the second monopolist profit will be maximized where MR MC= . 
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At this quantity price will be 
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Since both monopolists will charge the same price and since marginal cost is constant, both 
monopolists will have the same mark-up ratio. 
 
c) Suppose the first monopolist faces demand 1 1P a bQ= −  and the second monopolist faces 
demand 2 2( )P k a bQ= − where 1k > .  In this case both firms face linear demand curves with the 
same horizontal intercept (at Q = a/b) but the demand for monopolist 2 is steeper.   
The first firm maximizes profit as in parts A and B at 
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=
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=

 

 
For the second monopolist, profit will be maximized where MR MC= . 
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b

− =
−
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At this quantity price will be 
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2

2
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+
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Since 1k > , 2 1P P> .  Since marginal cost is constant, the monopolist with the steeper demand 
function will have the higher mark-up ratio. 
 
 
11.16.  Suppose a monopolist faces the market demand function P = a - bQ. Its marginal 
cost is given by MC = c + eQ. Assume that a > c and 2b + e > 0. 
a) Derive an expression for the monopolist’s optimal quantity and price in terms of a, b, c, 
and e. 
b) Show that an increase in c (which corresponds to an upward parallel shift in marginal 
cost) or a decrease in a (which corresponds to a leftward parallel shift in demand) must 
decrease the equilibrium quantity of output. 
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c) Show that when e  0, an increase in a must increase the equilibrium price. 
 
a) The monopolist will operate where MR MC= .  With demand P a bQ= − , marginal 
revenue is given by 2MR a bQ= − .  Setting this equal to marginal cost implies 

 
2

2

a bQ c eQ
a cQ
b e

− = +
−

=
+

 

 
At this quantity price is 
 

 2

2

a cP a b
b e

ab ae bcP
b e

− = −  + 
+ +

=
+

 

 
b) Since 

 
2
a cQ
b e
−

=
+

 

 
increasing c  or decreasing a  will reduce the numerator of the expression, reducing Q . 
 
c) Since e≥  0 and 

 
2

ab ae bcP
b e
+ +

=
+

 

 
increasing a  will increase the numerator for this expression.  This will therefore increase the 
equilibrium price. 
 
 
11.17.  Suppose a monopolist has the demand function Q = 1,000P-3. What is the 
monopolist’s optimal markup of price above marginal cost? 
 
With demand 31000Q P−= , elasticity along the demand curve is constant at 3− .  Employing the 
inverse elasticity pricing rule implies 

 1 1
3 3

P MC
P
−

= − =
−

 

 
Therefore, the optimal percentage mark-up of price over marginal cost is 1

3 , or 33 percent. 
 
 
11.18.  Suppose a monopolist has an inverse demand function given by P = 100Q-1/2. What is 
the monopolist’s optimal markup of price above marginal cost? 
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Remember that the demand elasticity in a constant elasticity demand function is the exponent on 
P when the demand function is written in the regular form, i.e. ).(PfQ = We can manipulate the 

inverse demand function to get the regular demand function, 2000,10 −= PQ . This implies that 

the demand elasticity is –2. Therefore, using the IEPR, 
2
1

=
−
P
MCP .  So the optimal percentage 

mark-up of price over marginal cost is ½, or 50 percent. 
 
 
11.19.  The marginal cost of preparing a large latte in a specialty coffee house is $1. The 
firm’s market research reveals that the elasticity of demand for its large lattes is constant, 
with a value of about -1.3. If the firm wants to maximize profit from the sale of large lattes, 
about what price should the firm charge? 
 
Since the elasticity of demand is constant, we can use the inverse elasticity rule for a monopolist. 
[P  - MC]/P = -1/eQ,P . The inverse elasticity rule then becomes [P  - 1]/P = -1/1.3. Thus we 
would expect to see the firm charge about $4.33 for a large latté. 
 

 
11.20.  The following diagram shows the average cost curve and the marginal revenue 
curve for a monopolist in a particular industry. What range of quantities could it be 
possible to observe this firm producing, assuming that the firm maximizes profit? You can 
read your answers off the graph, and therefore approximate values are permissible. 

 
 
The graph is reproduced below. The MES appears to be at about 16 units of output, and the point 
where the MR curve intersects the AC curve is at about 20 units. 
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The monopolist’s profit maximizing output must fall between 16 and 20 units. To see this, 
remember that the firm will produce where MR = MC. This cannot happen at any point less than 
16 units because the AC curve is decreasing for Q < 16.  Therefore the MC curve lies below the 
AC curve and clearly MR > MC for Q > 16. Similarly, since the MC curve must lie above the AC 
curve to the right of 16 units, it must intersect the MR curve before the MR curve intersects the 
AC curve. That is, the profit maximizing quantity must be less than 20 units. 
 
 
11.21.  Imagine that Gillette has a monopoly in the market for razor blades in Mexico. The 
market demand curve for blades in Mexico is P = 968 - 20Q, where P is the price of blades 
in cents and Q is annual demand for blades expressed in millions. Gillette has two plants in 
which it can produce blades for the Mexican market: one in Los Angeles and one in Mexico 
City. In its L.A. plant, Gillette can produce any quantity of blades it wants at a marginal 
cost of 8 cents per blade. Letting Q1 and MC1 denote the output and marginal cost at the 
L.A. plant, we have MC1(Q1) = 8. The Mexican plant has a marginal cost function given by 
MC2(Q2) = 1 + 0.5Q2. 
a) Find Gillette’s profit-maximizing price and quantity of output for the Mexican market 
overall. How will Gillette allocate production between its Mexican plant and its U.S. plant? 
b) Suppose Gillette’s L.A. plant had a marginal cost of 10 cents rather than 8 cents per 
blade. How would your answer to part (a) change? 
 
a) Profit-maximizing firms generally allocate output among plants so as to keep marginal 
costs equal.  But notice that MC2 < MC1 whenever 1 + 0.5Q2 < 8, or Q2 < 14.  So for small 
levels of output, specifically Q < 14, Gillette will only use the first plant.  For Q > 14, the cost-
minimizing approach will set Q2 = 14 and Q1 = Q – 14.  
Suppose the monopolist’s profit-maximizing quantity is Q > 14.  Then the relevant MC = 8, and 
with 968 40MR Q= −  we have  

 
968 40 8

24
Q
Q

− =
=
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Since we have found that Q > 14, we know this approach is valid.  (You should verify that had 
we supposed the optimal output was Q < 14 and set MR = MC2 = 1 + 0.5Q, we would have 
found Q > 14.  So this approach would be invalid.) The allocation between plants will be Q2 = 
14 and Q1 = 10.  With a total quantity Q = 24, the firm will charge a price of P = 968 – 20(24) = 
488.  Therefore the price will be $4.88 per blade. 
 
b) If 10MC =  at plant 1, by the logic in part (a) Gillette will only use plant 2 if Q < 18.  It 
will produce all output above Q = 18 in plant 1 at MC = 10.  Assuming Q > 18, setting 
MR MC=  implies 

 
968 40 10

23.95
Q
Q

− =
=

 

 
(So again, this approach is valid.  You can verify that setting MR = MC2 would again lead to Q 
> 18.)  The firm will allocate production so that Q2 = 18 and Q1 = 5.95.  At Q = 23.95, price will 
be $4.89.  
 
 
11.22.  Market demand is P = 64 - (Q/7). A multiplant monopolist operates three plants, 
with marginal cost functions: 

 
a) Find the monopolist’s profit-maximizing price and output at each plant. 
b) How would your answer to part (a) change if MC2 (Q2) = 4? 
 
a) Equating the marginal costs at MCT, we have Q = Q1 + Q2 + Q3 = 0.25MCT + 0.5MCT – 
1 + MCT – 6, which can be rearranged as MCT = (4/7)Q + 4.  Setting MR = MC yields  

64 – (2/7)*Q = (4/7)*Q + 4 
or Q = 70 and P = 54.  At this output level, MCT = 44, implying that Q1 = 11, Q2 = 21, and Q3 
= 38. 
b) In this case, using plant 3 is inefficient because its marginal cost is always higher than 
that of plant 2.  Hence, the firm will use only plants 1 and 2.  Moreover, the firm will not use 
plant 1 once its marginal cost rises to MC2 = 4, so we can immediately see that it will only 
produce 4Q1 = 4 or Q1 = 1 unit at plant 1.  Its total production can be found by setting MR = 
MC2, yielding  

64 – (2/7)*Q = 4  
or Q = 210 and P = 34.  So it produces Q1 = 1 unit in plant 1 and Q2 = 209 units in plant 2, 
while producing no units in plant 3 (i.e. Q3 = 0). 
 

 
11.23. A monopolist producing only one product has two plants with the following marginal 
cost functions: MC1 = 20 + 2Q1 and MC2 = 10 + 5Q2, where MC1 and MC2 are the 
marginal costs in plants 1 and 2, and Q1 and Q2 are the levels of output in each plant, 
respectively. If the firm is maximizing profits and is producing Q2 = 4, what is Q1? 
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The firm will be maximizing its profit when the marginal costs are equal for the two plants. 
(Otherwise, the firm could take the last unit produced at the high-cost plant and instead produce 
that same unit at the low cost plant, not changing revenues and reducing costs.) When Q2 =4, 
MC2 = 30, plant 1 must be operating with MC1 = 30. This means that Q1 = 5. 
 

 
11.24. Suppose that you are hired as a consultant to a firm producing a therapeutic drug 
protected by a patent that gives a firm a monopoly in two markets. The drug can be 
transported between the two markets at no cost, so the firm must charge the same price in 
both markets. The demand schedule in the first market is P1 = 200 - 2Q1, where P1 is the 
price of the product and Q1 is the amount sold in the market. In the second market, the 
demand is P2 = 140 - Q2, where P2 is the price and Q2 the quantity. The firm’s overall 
marginal cost is MC = 20 + Q1 + Q2. What price should the firm charge? 
 
Because the firm needs to charge the same price in both markets, it needs to set its marginal cost 
equal to the marginal revenue associated with the aggregate demand curve. 
 
To get the aggregated demand curve, it must sum the demands “horizontally,” i.e., add the quantities 
when P1 = P2 (= P). 
 
Q1 = 100 – 0.5P and Q2 = 140 – P.  The aggregate quantity demanded is Q = Q1 + Q2.  
Then the aggregate demand is Q = 240 – 1.5P. 
Now find the inverse aggregate demand curve: P = 160 - (2/3)Q. 
The marginal revenue associated with the aggregate demand curve has the same vertical intercept 
and twice the slope as the demand curve: MR = 160 - (4/3)Q. 
The marginal cost is MC = 20 + Q. 
Set MR = MC.  160 - (4/3)Q = 20 + Q.  Thus the profit-maximizing total quantity to produce is Q = 
60. 
The optimal price is P = 160 - (2/3)(60) = 120. 
 

 
11.25. A firm has a monopoly in the production of a software application in Europe. The 
demand schedule in Europe is Q1 = 120 - P, where Q1 is the amount sold in Europe when 
the price is P. The firm’s marginal cost is 20. 
a) What price would the firm choose if it wishes to maximize profits? 
b) Now suppose the firm also receives a patent for the application in the United States. The 
demand for the application in the United States is Q2 = 240 - 2P, where Q2 is the quantity 
sold when the price is P. Because it costs essentially nothing to transport software over the 
Internet, the firm must charge the same price in Europe and the United States. What price 
would maximize the firm’s profit? 
c) Use the monopoly midpoint rule (Learning-By-Doing Exercise 11.5) to explain the 
relationship between your answers to parts (a) and (b). 
 
a) Set MR = MC in Europe. The inverse demand is P = 120 – Q, so MR = 120 – 2Q. 
MR = MC implies that 120 – 2Q = 20, or Q = 50. P = 120 – 50 = 70. 
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b) Because the firm needs to charge the same price in both markets, it 
needs to set its marginal cost equal to the marginal revenue associated with the aggregate demand 
curve. To get the aggregated demand curve, it must sum the demands “horizontally,” i.e., add the 
quantities. 
Q1 = 120 – P   and Q2 = 240 – 2P.  The aggregate quantity demanded is Q = Q1 + Q2.  
Then the aggregate demand is Q = 360 – 3P. 
Now find the inverse aggregate demand curve: P = 120 - (1/3)Q. 
The marginal revenue associated with the aggregate demand curve has the same vertical intercept 
and twice the slope as the demand curve: MR = 120 - (2/3)Q. 
The marginal cost is MC = 20. Set MR = MC.  120 - (2/3)Q = 20.  Thus the profit-maximizing total 
quantity to produce is Q = 150. 
The optimal price is P = 120 - (1/3)(150) = 70. 
 
c) The demand in Europe is linear and has a choke price of 120. The aggregate demand in 
part (b) is also linear, with a choke price of 120. The marginal cost is constant at 20. The 
Monopoly Midpoint Rule states that with a linear demand and a constant marginal cost, the profit 
maximizing price will be (choke price + marginal cost)/2, or (120 + 20)/2 = 70. This is the same 
in parts (a) and (b). 
 

 
11.26. Suppose that a monopolist’s market demand is given by P = 100 - 2Q and that 
marginal cost is given by MC = Q/2. 
a) Calculate the profit-maximizing monopoly price and quantity. 
b) Calculate the price and quantity that arise under perfect competition with a supply 
curve P = Q/2. 
c) Compare consumer and producer surplus under monopoly versus marginal cost pricing. 
What is the deadweight loss due to monopoly? 
d) Suppose market demand is given by P = 180 - 4Q. What is the deadweight loss due to 
monopoly now? Explain why this deadweight loss differs from that in part (c). 
 
a) With demand 100 2P Q= − , 100 4MR Q= − .  Setting MR MC=  implies 

 
100 4 .5

22.2
Q Q
Q

− =
=

 

 
(All figures are rounded.)  At this quantity, price will be 55.6P = . 
 
b) A perfectly competitive market produces until P = MC, or 

 
100 2 .5

40
Q Q
Q

− =
=

 

 
At this quantity, price will be P = 20. 
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c) Under monopoly, consumer surplus is 0.5(100 – 55.6)(22.2) = 493.  Since MC(22.2) = 
11.1, producer surplus is 0.5(11.1)(22.2) + (55.6 – 11.1)(22.2) = 1111.  Net benefits are 1604.  
(All figures are rounded.) 
Under perfect competition, consumer surplus is 0.5(100 – 20)(40) = 1600, and producer surplus 
is 0.5(20)(40) = 400.  Net benefits are 2000.  Therefore, the deadweight loss due to monopoly is 
396. 
d) Now setting MR = MC gives 

 
2.21

5.08180
=
=−

Q
QQ

 

 
At this quantity, price is 95.2.  Consumer surplus is 0.5(100 – 95.2)(21.1) = 51 and producer 
surplus is 0.5(10.6)(21.2) + (95.2 – 10.6)(21.2) = 1906.  Net benefits are 1957. 
 
Setting P = MC as in perfect competition yields 
 

 
180 4 .5

40
Q Q
Q

− =
=

 

 
At this quantity, price is 20.  Consumer surplus is 0.5(180 – 20)(40) = 3200 and producer surplus 
is 0.5(20)(40) = 400.  Net benefits with perfect competition are 3600.  Therefore, the deadweight 
loss in this case is 1643. 
 
While the competitive solution is identical with both demand curves, the deadweight loss in the 
first case is far greater.  This difference occurs because with the second demand curve demand is 
less elastic at the perfectly competitive price.  If consumers are less willing to change quantity as 
price increases toward the monopoly level, the firm will be able to extract more surplus from the 
market.  
 
 
11.27. The demand curve for a certain good is P = 100 - Q. The marginal cost for a 
monopolist is MC(Q) = Q, for Q  30. The maximum that can be supplied in this market is 
Q = 30, that is, the marginal cost is infinite for Q > 30. 
a) What price will the profit-maximizing monopolist set?  
b) What is the deadweight loss due to monopoly in this market? 
 
a) See the figure below. The monopolist will produce the quantity that corresponds to MR = 
MC. However, because the MC curve is vertical at Q = 30, this is also the quantity corresponding 
to the point where the MC curve intersects the demand curve. The monopolist produces 30 units 
and sells at a price of 70. 
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b) The deadweight loss is zero. To see this, notice that the price and quantity are the same in 
the case of monopoly and the case of a competitive market, if P = MC. Therefore, there is no 
deadweight loss from monopoly.  
 
 
11.28. A coal mine operates with a production function Q = L/2, where L is the quantity of 
labor it employs and Q is total output. The firm is a price taker in the output market, 
where the price is currently 32. The firm is a monopsonist in the labor market, where the 
supply curve for labor is w = 4L. 
a) What is the monopsonist’s marginal expenditure function, MEL? 
b) Calculate the monopsonist’s optimal quantity of labor. What wage rate must the 
monopsonist pay to attract this quantity of labor? 
c) What is the deadweight loss due to monopsony in this market? 
 
a) For this monopsonist 
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b) The monopsonist will maximize profit at the point where L LMRP ME= , where 
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At this quantity of labor, 4 8w L= = . 
 
c) In a competitive labor market, w = MRPL.  So the competitive supply of labor satisfies 
4L = 16 or L = 4, with w = 4L = 16.  The deadweight loss due to monopsony is equal to area A 
in the graph below, or 0.5(16 – 8)(4 – 2) = 8. 

 

w = 4L 
MEL = 8L 

MRPL = 16 
 A 

 2     4  L 

w 
 
 

16 
 
 
8 

 

 
 
 
11.29. A firm produces output, measured by Q, which is sold in a market in which the price 
P = 20, regardless of the size of Q. The output is produced using only one input, labor 
(measured by L); the production function is Q(L) = L. There are many suppliers of labor, 
and the supply schedule is w = 2L, where w is the wage rate. The firm is a monopsonist in 
the labor market. 
a) What wage rate will the monopsonist pay?  
b) How much extra profit does the firm earn when it pays labor as a monopsonist instead 
of paying the wage rate that would be observed in a perfectly competitive market? 
 
a) The monopsonist will choose L so that the marginal expenditure on labor equals the marginal 
revenue product of labor. Since the supply of labor is linear, the marginal expenditure will have 
the same vertical intercept (zero in this case) and twice the slope of the supply curve. Thus, MEL 
= 4L. The marginal revenue product of labor is just the market price (20) times the marginal 
product of labor (1); so MRPL = 20. The monopsonist would hire labor so that 20 = 4L; thus, L = 
5. The monopsonist will pay a wage rate on the supply curve, so w = 2(5) = 10. 
(b) The monopsonist produces 5 units of output with the 5 units of labor it hires. Revenue = 
20(5) = 100. 
Costs are wL= 10(5) = 50. So profit = revenue minus cost = 100 – 50 = 50. 
By contrast, if it operated as a perfectly competitive firm, it would produce where the marginal 
revenue product of labor (20) equals the wage rate on the supply curve for labor (2L), with L = 
10.  
With its 10 units of labor the firm would produce 10 units of out, and receive revenue or 20(10) 
= 200. 
It would pay the wage rate = 2L = 2(10) = 20, so its cost would be wL = 20(10) = 200. Its profits 
would be zero. 
Thus the firm increases its profit by 50 by acting as a monopsonist. 
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11.30.  A firm produces output, measured by Q, which is sold in a market in which the 
price is 4, regardless of the size of Q. The output is produced using only one input, labor 
(measured by L); the production function is Q(L) = 10L. Labor is supplied by competitive 
suppliers, and everywhere along the supply curve the elasticity of supply is 3. The firm is a 
monopsonist in the labor market. What wage rate will it pay its workers? 
 
Since the elasticity of supply of labor is constant, we can use the inverse elasticity rule for a 
monopsonist.  [MRPL  - w]/w = 1/eL,w . Each unit of labor produces 10 units of output (MPL = 
10), each of which can be sold at a price of 4. Thus, MRPL  = P(MPL) = 40.  
The inverse elasticity rule then becomes [40  - w]/w = 1/3. Thus, w = 30. 
 
 
11.31.  National Hospital is the only employer of nurses in the country of Castoria, and it 
acts as a profit maximizing monopsonist in the market for nursing labor. The marginal 
revenue product for nurses is w = 50 - 2N, where w is the wage rate and N is the number of 
nurses employed (measured in hundreds of nurses). Nursing services are provided 
according to the supply schedule w = 14 + 2N. 
a) How many nurses does National Hospital employ, and what wage will National pay its 
nurses? 
b) What is the deadweight loss arising from monopsony? 
 
a) Since the supply of nurses is linear, the marginal expenditure will have the same vertical 
intercept (14 in this case) and twice the slope of the supply curve. The marginal expenditure on 
nurses is represented by MEN = 14 + 4N.  
The monopsonist would choose N so that 14 + 4N = 50 – 2N. Thus N = 6.  
To determine the wage rate paid, find out w on the supply curve when N=6; w = 14 + 2(6) = 26. 
b) If the market for nurses were competitive, the market clearing quantity of nurses would be 
determined by the intersection of the marginal revenue product of nurses and the supply of 
nurses: 50 – 2N = 14 + 2N. Thus, N = 9 and w = 32.  
However, the monopsonist hires N = 6. The value of w on the marginal revenue product curve is 
w = 50 – 2(6) = 38, and the value of w on the supply curve is w= 14 + 2(6) = 26. 
DWL = ½(38 – 26)(9 – 6)  = 18 (measured in hundreds because N is in hundreds.) 
 
 
11.32.  A hospital is a monopsonist in the market for nursing services in a city. At its profit-
maximizing input combination, the elasticity of supply for nursing services is +1. What 
does this tell you about the magnitude of the marginal revenue product of labor relative to 
the wage that the firm is currently paying its workers? 
 

We can use the IEPR condition for monopsony: 
,

1L

L w

MRP w
w
−

=
∈

. Since labor supply is unit 

elastic, it means that LMRP w w− =  or that 2LMRP w= . So the marginal revenue product of 
labor is twice as much as the wage rate. 
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Chapter 12 
Capturing Surplus 
 
 
Solutions to Review Questions 
 

 
1. Why must a firm have at least some market power to price discriminate? 
 
If a firm has no market power it will not be able to price discriminate to increase profits.  
Without market power the firm is a price taker and has no ability to set different prices for 
different units of output.  As the firm attempts to set higher prices for some units, consumers will 
simply purchase elsewhere if the firm has no market power. 
 
2. Does a firm need to be a monopolist to price discriminate? 
 
No, a firm does not need to be a monopolist to price discriminate.  The firm simply needs to have 
market power and face a downward sloping demand curve. 
 
3. Why must a firm prevent resale if it is to price discriminate successfully? 
 
If the firm cannot prevent resale, then customers who buy at a low price can act as middlemen 
and resell the goods to customers willing to pay more.  In this case the firm won’t earn the 
additional surplus; the middlemen will capture the surplus instead of the firm. 
 
4. What are the differences among first-degree, second degree, and third-degree price 
discrimination? 
 
With first-degree price discrimination, the firm charges each consumer a price close to the 
consumer’s maximum willingness to pay.  In this way, the firm is able to extract virtually all the 
available surplus for itself.  With second-degree price discrimination, the firm offers quantity 
discounts.  This induces some customers to purchase more than they would if all units were 
priced the same.  With third-degree price discrimination the firm charges different prices to 
different market segments.  For example, the firm might charge a lower price to students and 
senior citizens to induce them to purchase when they might not otherwise.   
 
5. With first-degree price discrimination, why is the marginal revenue curve the same as 
the demand curve? 
 
With perfect first-degree price discrimination the marginal revenue and demand curves are the 
same.  This is because with perfect first-degree price discrimination the firm charges each 
consumer their maximum willingness to pay, as measured by the demand curve.  Therefore, the 
demand curve represents the additional revenue the firm will bring in for each additional unit it 
sells, or marginal revenue.  Note, with perfect first-degree price discrimination the firm charges 
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each individual a different price, so as it lowers its price to gain marginal customers it doesn’t 
lose revenue on the inframarginal customers who would have paid a higher price. 
 
6. How large will the deadweight loss be if a profit maximizing firm engages in perfect first-
degree price discrimination? 
 
With perfect first-degree price discrimination there is no deadweight loss.  The outcome is 
economically efficient because every consumer who purchases the good has a willingness to pay 
meeting or exceeding the marginal cost of production and every consumer who does not receive 
the good has a willingness to pay below marginal cost.  Note, however, that while there is no 
deadweight loss, all of the surplus is captured by the firm leaving no consumer surplus. 
 
7. What is the difference between a uniform price and a nonuniform (nonlinear) price? 
Give an example of a nonlinear price. 
 
With a uniform price the firm sells every unit to every consumer at the same price.  With non-
uniform or nonlinear pricing, the firm charges different prices for different units of output.  For 
example, a telephone company might charge each user a subscription fee of $10 and then a usage 
fee of $0.05 per call.  Nonlinear pricing is one type of second-degree price discrimination.  With 
second-degree price discrimination, the firm charges a lower average price to consumers who are 
willing to buy large quantities of the good. 
 
8. Suppose a company is currently charging a uniform price for its two products, creamy 
and crunchy peanut butter. Will third-degree price discrimination necessarily improve its 
profit? Would the firm ever be worse off with price discrimination? 
 
The firm could never do worse with third-degree price discrimination than without it because the 
firm could always charge the uniform price and earn the same profit.  So long as the firm can 
reliably identify a difference in willingness to pay among its customers and prevent resale, third-
degree price discrimination should in fact increase its profits. 
 
9. How might screening help a firm price discriminate? Give an example of screening and 
explain how it works.  
 
Screening is a mechanism that allows a firm to sort consumers according to their willingness to 
pay or their price elasticity of demand.  For example, the firm might screen the consumers based 
on some observable consumer characteristic such as age.  This allows the firm to charge a price 
closer to the consumer’s willingness to pay given that the characteristic, such as age, is 
correlated with willingness to pay.  In addition, because the characteristic is observable, it is 
possible for the firm to prevent arbitrage. 
 
10. Why might a firm try to implement a tying arrangement? What is the difference 
between tying and bundling? 
 
A firm implementing a tying arrangement tries to force a consumer to purchase another product 
from the firm in addition to the original product when it is unable to price discriminate on the 
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original product.  In this way the firm can earn extranormal profits on the supplemental product 
that it could not on the original product.  An example would be a computer manufacturer that 
allowed only its software to operate on the computer.  In this way, while the firm might not be 
able to price discriminate and earn extra profit on the sale of the computer, it can force the 
consumer to only purchase software from the firm and charge a higher price for the software than 
it would if the consumer were allowed to use any software.  In this way the firm increases its 
profits. 
There is a difference between tying and bundling.  Tying requires that if you buy product A, you 
must also buy product B.  However, it’s possible to purchase product B (the tied product) 
individually.  Bundling requires that A and B can only be purchased together, in a package. 
 
11. How might bundling increase a firm’s profits? When is bundling not likely to increase 
profits? 
 
Bundling can increase the firm’s profits when demands for products are negatively correlated.  
This means that consumers who are willing to pay more for one good than another consumer are 
willing to pay less for another good than another consumer.  By bundling the products, the 
consumers are induced to buy both products, allowing the firm to earn profits from both 
consumers on both goods, increasing total profits.  Bundling is not likely to increase profits when 
demands for products are not negatively correlated.  If one consumer is willing to pay more for 
both goods, the firm is unlikely to be able to increase profits by bundling goods. 
 
12. Even if a monopolist knows that advertising shifts the demand curve for its product to 
the right, why might it decide not to advertise at all? If it does advertise, what factors 
determine how much advertising it will do? 
 
While advertising will shift the demand curve to the right, advertising is costly.  A firm would 
not choose to advertise if the increase in total revenue associated with the demand curve shifting 
to the right did not exceed the advertising costs necessary to induce the shift in demand.  The 
amount of advertising a firm will purchase will depend primarily on the firm’s price elasticity of 
demand and on the firm’s advertising elasticity of demand.  In particular, the advertising-to-sales 
ratio should be 
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Solutions to Problems 
 
 
12.1. Which of the following are examples of first-degree, second-degree, or third-degree 
price discrimination?  
a) The publishers of the Journal of Price Discrimination charge a subscription price of $75 
per year to individuals and $300 per year to libraries. 
b) The U.S. government auctions off leases on tracts of land in the Gulf of Mexico. Oil 
companies bid for the right to explore each tract of land and to extract oil. 
c) Ye Olde Country Club charges golfers $12 to play the first 9 holes of golf on a given day, 
$9 to play an additional 9 holes, and $6 to play 9 more holes. 
d) The telephone company charges you $0.10 per minute to make a long-distance call from 
Monday through Saturday and $0.05 per minute on Sunday. 
e) You can buy one computer disk for $10, a pack of 3 for $27, or a pack of 10 for $75. 
f) When you fly from New York to Chicago, the airline charges you $250 if you buy your 
ticket 14 days in advance, but $350 if you buy the ticket on the day of travel. 
 
a) Third degree – the firm is charging a different price to different market segments, 
individuals and libraries. 
b) First degree – each consumer is paying near their maximum willingness to pay. 
c) Second degree – the firm is offering quantity discounts.  As the number of holes played 
goes up, the average expenditure per hole falls. 
d) Third degree – the firm is charging different prices for different segments.  Business 
customers (M-F) are being charged a higher price than those using the phone on Sunday, e.g., 
family calls. 
e) Second degree – the firm is offering a quantity discount. 
f) Third degree – the airline is charging different prices to different segments.  Those who 
can purchase in advance pay one price while those who must purchase with short notice pay a 
different price. 
 
 
12.2. Suppose a profit-maximizing monopolist producing Q units of output faces the 
demand curve P = 20 - Q. Its total cost when producing Q units of output is TC = 24 + Q2. 
The fixed cost is sunk, and the marginal cost curve is MC = 2Q. 
a) If price discrimination is impossible, how large will the profit be? How large will the 
producer surplus be? 
b) Suppose the firm can engage in perfect first-degree price discrimination. How large will 
the profit be? How large is the producer surplus? 
c) How much extra surplus does the producer capture when it can engage in first-degree 
price discrimination instead of charging a uniform price? 
 
a) If price discrimination is impossible the firm will set MR MC= . 

 
20 2 2
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At this quantity, price will be 15P = , total revenue will be 75TR = , total cost will be 49TC = , 
and profit will be 26π = .  Producer surplus is total revenue less non-sunk cost, or, in this case, 
total revenue less variable cost.  Thus producer surplus is 275 5 50− = . 
 
b) With perfect first-degree price discrimination the firm sets P MC=  to determine the 
level of output. 

 
20 2

6.67
Q Q
Q

− =
=

 

 
The price charged each consumer, however, will vary.  The price charged will be the consumer’s 
maximum willingness to pay and will correspond with the demand curve.  Total revenue will be 
the area underneath the demand curve out to Q = 6.67 units, or 0.5(20 – 13.33)(6.67) + 
13.33(6.67) = 111.16.  Since the firm is producing a total of 6.67 units, total cost will be 

68.49TC = .  Profit is then 42.67π = , while producer surplus is revenue less variable cost, or 
2111.16 6.67 66.67− = .   

 
c) By being able to employ perfect first-degree price discrimination the firm increases profit 
and producer surplus by 16.67. 
 
 
12.3. Suppose a monopolist producing Q units of output faces the demand curve P = 20 - Q. 
Its total cost when producing Q units of output is TC = F + Q2, where F is a fixed cost. The 
marginal cost is MC = 2Q. 
a) For what values of F can a profit-maximizing firm charging a uniform price earn at least 
zero economic profit? 
b) For what values of F can a profit-maximizing firm engaging in perfect first-degree price 
discrimination earn at least zero economic profit? 
 
a) With demand 20P Q= − , 20 2MR Q= − .  A profit-maximizing firm charging a uniform 
price will set MR MC= . 
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At this quantity, price will be 15P = .  At this price and quantity profit will be 
 

 
215(5) ( 5 )

50
F

F
π
π
= − +
= −

 

 
Therefore, the firm will earn positive profit as long as 50F < . 
 
b) A firm engaging in first-degree price discrimination with this demand will produce where 
demand intersects marginal cost: 20 – Q = 2Q or Q = 6.67 units.  Its total revenue will be the 
area underneath the demand curve out to Q = 6.67 units; 

.5(20 13.33)(6.67) 13.33(6.67) 111.16TR = − + = .  Profit will be 
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2111.16 ( 6.67 )

66.67
F

F
π
π
= − +
= −

 

 
Therefore, profit will be positive as long as 66.67F < .  Comparing the solution to parts (a) and 
(b), for values of F between 50 and 66.67 the firm would be unwilling to operate unless it is able 
to practice first-degree price discrimination. 
 
 
12.4. A firm serving a market operates with total variable cost TVC = Q2. The 
corresponding marginal cost is MC = 2Q. The firm faces a market demand represented by 
P = 40 - 3Q. 
a) Suppose the firm sets the uniform price that maximizes profit. What would that price 
be? 
b) Suppose the firm were able to act as a perfect first degree price-discriminating 
monopolist. How much would the firm’s profit increase compared with the uniform profit-
maximizing price you found in (a)? 
 
a) The firm would maximize profit by producing until MR = MC, or 40 – 6Q = 2Q.  Thus Q 
= 5 and the profit-maximizing price is P = 25.  With MC = 2Q and no fixed costs, its total costs 
are C = Q2, so π = 25(5) – 52 = 100. 
b) With perfect first degree price discrimination, the firm will charge a price on the demand 
curve for all units up to the quantity at which the demand curve intersects the marginal cost 
curve. The demand curve intersects the marginal cost curve when 40 – 3Q = 2Q, or when Q = 8. 
Total revenue will be the area under the demand curve, or 0.5(40 – 16)8 + 16(8) = 224. Total 
variable cost is the area of the triangle under its marginal cost curve up to the quantity produced, 
that is, 0.5(16)(8) = 64. Economic profit will be 224 – 64 = 160. So by price discriminating, the 
firm will be able to earn an extra profit of (160 – 100) = 60. 
 
 
12.5. A natural monopoly exists in an industry with a demand schedule P = 100 - Q. The 
marginal revenue schedule is then MR = 100 - 2Q. The monopolist operates with a fixed 
cost F, and a total variable cost TVC = 20Q. The corresponding marginal cost is thus 
constant and equal to 20. 
a) Suppose the firm sets a uniform price to maximize profit. What is the largest value of F 
for which the firm could earn zero profit? 
b) Suppose the firm is able to engage in perfect first degree price discrimination. What is 
the largest value of F for which the firm could earn zero profit? 
 
a) When the firm sets a uniform price, it sets MR = MC: 100 – 2Q = 20. The quantity that 
maximizes profit is therefore Q = 40. The profit maximizing uniform price is P = 100 – Q = 100 
– 40 = 60. Profit is PQ – F -20Q = (60)(40) – F – (20)(40) = 1600 – F. So the firm could earn at 
least zero economic profit as long as F < 1600. 
b) With perfect first degree price discrimination, the firm will charge a price on the demand 
curve for all units up to the quantity at which the demand curve intersects the marginal cost 
curve. The demand curve intersects the marginal cost curve when 100 – Q = 20, or when Q = 80. 
Total revenue will be the area under the demand curve, or 0.5(100 – 20)80 + 20(80) = 4800. 
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Total cost will be F + 20(80) = F + 1600. Economic profit will be 4800 – F – 1600 = 3200 – F. 
So the firm will be able to earn at least zero economic profit as long as F < 3200.  
 
 
12.6. Suppose a monopolist is able to engage in perfect first-degree price discrimination in a 
market. It can sell the first unit at a price of 10 Euros, the second at a price of 9 Euros, the 
third at a price of 8 Euros, the fourth at a price of 7 Euros, the fifth at a price of 6 Euros, 
and the sixth at a price of 5 Euros. It must sell whole units, not fractions of units. 
a) What is the firm’s total revenue when it produces two units? 
b) What is the total revenue when it produces three units? 
c) What is the relationship between the price of the third unit and the marginal revenue of 
the third unit? 
d) What is the relationship between the price and the marginal revenue of the fourth unit? 
 
a) The firm’s total revenue when it produces 2 units is 19 Euros (10 from the first unit and 9 
from the second). 
b) The firm’s total revenue when it produces 3 units is 27 Euros (10 from the first unit, 9 from 
the second, and 8 from the third). 
c) They are equal, as we would expect with perfect first-degree price discrimination. The price of 
the third unit is 8 Euros. The marginal revenue of the third unit is also 8 Euros (27 Euros – 19 
Euros). 
d) By similar reasoning, the price and the marginal revenue of the fourth unit will also be equal 
to each other (in this case 7 Euros). 
 
 
12.7. Suppose the monopolist in Problem 12.6 incurs a marginal cost of 5.50 Euros for 
every unit it produces. The firm has no fixed costs. 
a) How many units will it produce if it wants to maximize its profit? (Remember, it must 
produce whole units.) 
b) What will its profit be when it maximizes profit? 
c) What will the deadweight loss be when it maximizes profit? Explain. 
 
a) The firm will want to produce a unit when the marginal revenue of the next unit is greater than 
the marginal cost. Since the firm can implement perfect first-degree price discrimination, the 
marginal revenue of the next unit equals the price at which it can sell the next unit. It will thus 
sell 5 units; the marginal revenue of the fifth unit is six euros, which exceeds the marginal cost. 
Since the marginal revenue of the sixth (5 euros) does not cover the marginal cost, the firm will 
not want to produce the sixth unit. 
b) The profit from each unit will be the difference between the price of that unit and the marginal 
cost. Total profit will be the sum of the profits from all 5 units it produces. 
Total profit = (10 – 5.50) from unit 1 + (9 – 5.50) from unit 2+ (8 – 5.50) from unit 3 + (7 – 
5.50) from unit 4 + (6 – 5.50) from unit 5 = (4.50 + 3.50 + 2.50 + 1.50 + 0.50) euros = 12.50 
euros. 
c) There will be no deadweight loss. The first five units will be produced and sold; this is 
economically efficient because these are the units for which price (the value the consumer places 
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on that unit) exceeds marginal cost. The additional units will not be sold, and that is also efficient 
because the price is less than the marginal cost of production. 
 
12.8. Fore! is a seller of golf balls that wants to increase its revenues by offering a quantity 
discount. For simplicity, assume that the firm sells to only one customer and that the 
demand for Fore!’s golf balls is P = 100 - Q. Its marginal cost is MC = 10. Suppose that 
Fore! sells the first block of Q1 golf balls at a price of P1 per unit. 
a) Find the profit-maximizing quantity and price per unit for the second block if Q1 = 20 
and P1 = 80. 
b) Find the profit-maximizing quantity and price per unit for the second block if Q1 = 30 
and P1 = 70. 
c) Find the profit-maximizing quantity and price per unit for the second block if Q1 = 40 
and P1 = 60. 
d) Of the three options in parts (a) through (c), which block tariff maximizes Fore!’s total 
profits? 
 
a) We can represent the marginal willingness to pay for each unit beyond Q1 = 20 as P = 
100 – (20 + Q2) = 80 – Q2.  The associated marginal revenue is then MR = 80 – 2Q2, so the 
profit maximizing second block is MR = MC: 80 – 2Q2 = 10.  Thus Q2 = 35 and P2 = 80 – 35 = 
45.  So the firm sells the first 20 units at a price of $80 apiece, while the firm sells any quantity 
above 20 at $45 apiece.  The firm’s total profit will be (80 – 10)*20 + (45 – 10)*35 = $2625. 
b) The marginal willingness to pay for each unit beyond Q1 = 30 is P = 70 – Q2.  So MR = 
70 – 2Q2 and we have MR = MC: 70 – 2Q2 = 10. Thus Q2 = 30 and P2 = 40.  The firm’s total 
profit will be (70 – 10)*30 + (40 – 10)*30 = $2700. 
c) The marginal willingness to pay for each unit beyond Q1 = 40 is P = 60 – Q2.  So MR = 
60 – 2Q2 and we have MR = MC: 60 – 2Q2 = 10. Thus Q2 = 25 and P2 = 35.  The firm’s total 
profit will be (60 – 10)*40 + (35 – 10)*25 = $2625. 
d) The option in part (b) yields the highest profits, of $2700. 
 

 
12.9. Consider the manufacturer of golf balls in Problem 12.8. The firm faces the demand 
curve P = 100 - Q, and operates with a marginal cost of 10 for all units produced. Among 
all the possible block tariffs (with two blocks), what block tariff structure will maximize 
profit? In other words, what choices of P1, Q1 for the first block and P2, Q2 for the second 
block will maximize profit?  
 
To answer this question, we follow the procedure outlined in the text’s discussion of Figure 12.5. 
In this problem producer surplus will equal profit because there are no sunk fixed costs – in fact, 
no fixed costs at all. 
 
Using the monopoly midpoint rule, we know that the optimal quantity in the second block will 
be half way between Q1 and 90; thus Q2= (Q1 + 90)/2. 
 
Total profits will be P1Q1 + P2 (Q2 – Q1 ) – 10Q2  
= (100 – Q1)Q1 + (100-Q2)(Q2 – Q1 ) – 10Q2 
–Q1

2 +90Q2 +Q1Q2 – Q2
2 = -Q1

2+Q2(90 +Q1 - Q2) 
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Substituting Q2= (Q1 + 90)/2 into the expression for profit leads to: 
Total profits =   -Q1

2+[(Q1 + 90)/2]2 = [-3Q1
2 + 180Q1 + 8100]/4 = -3(Q1- 30)2/4 + 2700. 

Thus, profits are maximized when Q1 =30 , with P1 = 70 in the first block, and when Q2 =60 , 
with P2 = 40 in the second block. Total profit will be 2700, the shaded area in the graph below. 
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12.10. Suppose that you are a monopolist who produces gizmos, Z, with the total cost 
function C(Z) = F + 50Z, where F represents the firm’s fixed cost. Your marginal cost is 
MC = 50. Suppose also that there is only one consumer in the market for gizmos, and she 
has the demand function P = 60 - Z. 
a) If you use a constant per-unit price for gizmos, what price maximizes your profits? What 
is the smallest value of F such that you could earn positive profits at this price? 
b) Suppose instead that you charge a per-unit price equal to marginal cost, that is, P = MC 
= 50. How many units would the customer purchase at this price? Illustrate your answer in 
a graph (featuring the individual demand curve and marginal cost). 
c) Now consider charging the customer a “subscription fee” of S in addition to a usage fee. 
If you set the usage fee as in part (b), what is the largest fixed fee you could charge the 
consumer, while ensuring that she is willing to participate in this market? 
d) For what values of F will you be able to earn positive profits if you follow the pricing 
strategy you outlined in part (c)? How does this relate to your answer in part (a)? 
e) Suppose now that there are N consumers in the market for gizmos, each with the 
individual demand function P = 60 - Z. Expressing your answer in terms of N, how large 
can the fixed costs F be for you to still earn positive profits if you use the above nonlinear 
pricing strategy. 
 
a)  Setting MR =MC, we have 60 – 2Z = 50 or Z = 5, with P = 55.  You earn π = 55*5 – (K 
+ 50*5) = 25 – K, so profits are positive only if K < 25. 
b)  P = MC = 50 implies the customer purchases Z = 10 units.  See the graph below. 
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c)  At P = 10, the customer gets CS = ½*(60 – 50)*10 = 50.  Thus, the largest fixed-fee you 
could charge her, while ensuring that she is willing to participate in this market, is F = CS = 50. 
d)  Now, your revenues are R = 50 + 50*5 = 300, so profits are π = 300 – (K + 50*5) = 50 – 
K.  Now the firm can operate profitably so long as K < 50.  By enabling the firm to extract more 
surplus, (here, second-degree) price discrimination allows you to operate in a market where sunk 
fixed costs range as high as K = 50, whereas using standard monopoly pricing the firm wouldn’t 
participate unless K < 25. 
e)  For N customers, your profits are π = N*300 – (K + 50*5*N) = 50*N – K, so profits are 
positive only when K < 50*N. 
 
 
12.11. In part (c) of Learning-By-Doing Exercise 12.3, we suggested that the profit-
maximizing structure for the first and second blocks for Softco is something other than the 
pricing structure we determined in part (b), selling the first 60 units at a price of $40 
apiece, and selling any quantity above 60 at $25 apiece. Find the structure that maximizes 
profit. 
 
Suppose the optimal structure is to sell the first Q1 units at the price P1, and any additional units 
at P2. First, we know that P1 = 70 – 0.5Q1.  Second, if price is equal to marginal cost, then 
consumers would demand Q = 120 units.  So in the optimal block tariff, the quantity sold in the 
second block will be halfway between Q1 and 120; that is, Q2 = 0.5(Q1 + 120). Third, we can 
then say that the optimal price P2 must satisfy P2 = 70 – 0.5Q2.  Expressing in terms of Q1, that 
implies P2 = 40 – 0.25Q1.  With a marginal cost of 10, the firm’s producer surplus is thus 
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Since the first term is negative, PS is maximized (at 2400) when Q1 = 40.  Therefore, these units 
should be priced at P1 = 50.  The optimal second block involves P2 = 30 and Q2 = 80.  That is, 
the firm will sell the first 40 units for $50 apiece and a second 40 units (because Q2 – Q1 = 40) at 
$30 apiece. 
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12.12. Consider a market with 100 identical individuals, each with the demand schedule for 
electricity of P = 10 - Q. They are served by an electric utility that operates with a fixed cost 
1,200 and a constant marginal cost of 2. A regulator would like to introduce a two-part 
tariff, where S is a fixed subscription charge and m is a usage charge per unit of electricity 
consumed. How should the regulator set S and m to maximize the sum of consumer and 
producer surplus while allowing the firm to earn exactly zero economic profit? 
 
To maximize the sum of consumer and producer surplus, the regulator must set the usage charge 
m = 2; this will induce consumers to buy units of electricity as long as their willingness to pay is 
at least as high as the marginal cost of providing electricity service. This means that each 
consumer will buy 8 units of electricity. There will be zero deadweight loss in the market. 
If there were no subscription charge, each consumer would realize a consumer surplus of 0.5*(10 
– 2)*8 = 32. This means that each consumer will be willing to buy electricity as long as the 
subscription charge is less than 32. With 100 consumers, the electric utility can then charge each 
customer a subscription fee of $12 to cover its fixed costs of $1200, leaving each consumer with 
a consumer surplus of 32 – 12 = 20. So the total revenue for the firm will be the sum of the 
revenue from the subscription charge (1200) and the revenue from the usage charge 100*8*2 = 
200. Total revenue will just cover total cost, and the firm will earn zero economic profit. 
 
 
12.13. A monopolist faces two market segments. In each market segment, the demand 
curve is of the constant elasticity form. In market segment 1, the price elasticity of demand 
is -3, while in market segment 2, the price elasticity of demand is -1.5. The monopolist has a 
constant marginal cost of $5 per unit, which is the same in each market segment. What is 
the monopolist’s profit maximizing price in each segment? 
 
We use the inverse elasticity rule to determine the profit-maximizing prices: 
 
P1 = MC[1/(1 + 1/ε1)] = 5[1/(1+1/(-3))] = 5(3/2) = 7.5 
 
P2 = MC[1/(1 + 1/ε2)] = 5[1/(1+1/(-1.5))] = 5(3) = 15 
 

 
12.14. Suppose that Acme Pharmaceutical Company discovers a drug that cures the 
common cold. Acme has plants in both the United States and Europe and can manufacture 
the drug on either continent at a marginal cost of 10. Assume there are no fixed costs. In 
Europe, the demand for the drug is QE = 70 - PE, where QE is the quantity demanded 
when the price in Europe is PE. In the United States, the demand for the drug is QU = 110 - 
PU, where QU is the quantity demanded when the price in the United States is PU. 
a) If the firm can engage in third-degree price discrimination, what price should it set on 
each continent to maximize its profit? 
b) Assume now that it is illegal for the firm to price discriminate, so that it can charge only 
a single price P on both continents. What price will it charge, and what profits will it earn? 
c) Will the total consumer and producer surplus in the world be higher with price 
discrimination or without price discrimination? Will the firm sell the drug on both 
continents? 
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a) With third-degree price discrimination the firm should set MR MC=  in each market to 
determine price and quantity.  Thus, in Europe setting MR MC=  
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Q
Q

− =
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At this quantity, price will be 40EP = .  Profit in Europe is then 

( 10) (40 10)30 900E E EP Qπ = − = − = .  Setting MR MC=  in the US implies 
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50
U

U

Q
Q

− =
=

 

 
At this quantity price will be 60UP = .  Profit in the US will then be 

( 10) (60 10)50 2500U U UP Qπ = − = − = .  Total profit will be 3400π = . 
 
b) If the firm can only sell the drug at one price, it will set the price to maximize total profit.  
The total demand the firm will face is E UQ Q Q= + .  In this case 

 
70 110
180 2

Q P P
Q P
= − + −
= −

 

 
The inverse demand is then 90 0.5P Q= − .  Since 10MC = , setting MR MC=  implies 
 

 
90 10

80
Q
Q

− =
=

 

 
At this quantity price will be 50P = .  If the firm sets price at 50, the firm will sell 20EQ =  and 

60UQ = .  Profit will be 50(80) 10(80) 3200π = − = . 
 
c) The firm will sell the drug on both continents under either scenario.  If the firm can price 
discriminate, total consumer surplus will be 0.5(70 – 40)30 + 0.5(110 – 60)50 = 1700 and 
producer surplus (equal to profit) will be 3400.  Thus, total surplus will be 5100.  If the firm 
cannot price discriminate, consumer surplus will be 0.5(70 – 50)20 + 0.5(110 – 50)60 = 2000 
and producer surplus will be equal to profit of 3200.  Thus, total surplus will be 5200. 
 

 
12.15. Consider Problem 12.14 with the following change. Suppose the demand for the drug 
in Europe declines to QE = 30 - PE. If the firm cannot price discriminate, will it be in the 
firm’s interest to sell on both continents? 
 
Let’s start by assuming that the optimal uniform price (i.e., no price discrimination) is one at 
which the firm would sell in both markets.  If the firm cannot price discriminate then 

E UQ Q Q= +  
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Inverse demand is P = 70 – 0.5Q.  Setting MR MC=  implies 
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At this quantity, price will be 40P = .  This price exceeds the choke price in Europe, so the firm 
will not be able to sell any units in Europe.  Since the firm will not sell any units in Europe, the 
firm should set its marginal cost equal to the marginal revenue in the US market: MRU = 110 – 
2QU = MC = 10, implying QU = 50 and PU = 60. 
 
 
12.16. Consider Problem 12.14 with the following change. Suppose the demand for the drug 
in Europe becomes QE = 55 - 0.5PE. Will third-degree price discrimination increase the 
firm’s profits? 
 
Without price discrimination, if 55 .5E EQ P= − , then E UQ Q Q= +  is 
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Inverse demand is P = 110 – 3

2 Q.  Setting MR MC=  implies 
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At this quantity the firm will charge a price of 60P = .  At this price the firm will sell 25 units in 
Europe and 50 units in the US and earn a total profit of 3750π = . 
 
To maximize profits with third-degree price discrimination the firm should set MR MC=  in 
each market.  In the US 
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At this quantity the firm will charge a price 60UP =  and profits in the US will be 2500π = .  
Setting MR MC=  in Europe implies 
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At this quantity the firm will charge a price 60EP =  and profits in Europe will be 1250π = . 
 
Total profits with price discrimination will equal the sum of the profits from each market 

1250 2500 3750E Uπ π π= + = + = .  This is equal to the profits without price discrimination, so 
the firm gains no advantage by being able to price discriminate.  With these demands, the firm 
would charge the same price in each market regardless of whether it could price discriminate or 
not. 
 
 
12.17. Think about the problem that Acme faces in Problem 12.14. Consider any demand 
curves for the drug in Europe and in the United States. Will its profits ever be lower with 
third-degree price discrimination than they would be if price discrimination were 
impossible? 
 
A firm could never do worse with third-degree price discrimination than without.  Why?  
Because with third-degree price discrimination the firm is trying to find a price to charge each 
market to increase profits above the profits the firm would earn if it charged each market 
segment the same price.  Profits can never be worse because the firm could always choose the 
solution where it charges all segments the same price and earn profit equal to the non-
discriminating solution.  If the firm varies the solution from this point, it will only do so if the 
profits will increase.  Therefore, profits for the discriminating firm could never be worse than the 
profits for the non-discriminating firm. 
 

 
12.18. There is another way to solve Learning-By-Doing Exercise 12.5. Recall that marginal 
revenue can be written as MR = P + (ΔP/ΔQ)Q. By factoring out P, we can write Since 
third-degree price discrimination means that marginal cost equals marginal revenue in 
each market segment, the profit-maximizing regular and vacation fares will be determined 
by MRR = MRV = MC. (Remember the marginal cost of both classes of service is assumed 
to be the same in the exercise.) Thus use this relationship to verify the answer given in the 
exercise. 
 
For this problem, Learning-By-Doing Exercise 12.5 gives , 1.15

R RQ Pε = −  and , 1.52
V VQ Pε = − .  

Verifying the relationship in this problem implies 

 

1 11 1
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The same solution as that given in Learning-By-Doing Exercise 12.5. 
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12.19. J. Cigliano (“Price and Income Elasticities for Airline Travel: The North Atlantic 
Market,” Business Economics, September 1980) estimated the price elasticity of demand 
for regular (full-fare) travel in coach class in the North Atlantic market to be ϵB = -1.3. He 
also found the price elasticity of demand for excursion (vacation) travel to be about ϵV = -
1.8. Suppose Transatlantic Airlines faces these price elasticities of demand, and that the 
elasticities are constant; that is, they do not vary with price. Since both are coach fares, you 
may also assume that the marginal cost of service is about the same for business and 
vacation travelers. Suppose an airline facing these demand elasticities wants to set PR (the 
price of a round-trip ticket to regular business travelers) and PV (the price of a round-trip 
ticket to vacation travelers) to maximize profit. What prices should the firm charge if the 
marginal cost of a round trip is 200? 
 
Use the inverse elasticity pricing rule to find the profit maximizing level of each price.  For 
business travelers 
 

.867 implies      which
3.1

1200
≈

−
−=

−
B

B

B P
P

P  

 
For vacation travelers 
 

.450 implies      which
8.1
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=

−
−=

−
V

V

V P
P
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12.20. La Durazno is the only resort hotel on a small desert island off the coast of South 
America. It faces two market segments: bargain travelers and high-end travelers. The 
demand curve for bargain travelers is given by Q1 = 400 - 2P1. The demand curve for high-
end travelers is given by Q2 = 500 - P2. In each equation, Q denotes the number of travelers 
of each type who stay at the hotel each day, and P denotes the price of one room per day. 
The marginal cost of serving an additional traveler of either type is $20 per traveler per 
day. 
a) Under the assumption that there is a positive demand from each type of traveler, what is 
the equation of the overall market demand curve facing the resort? 
b) What is the profit-maximizing price under the assumption that the resort must set a 
uniform price for all travelers? For the purpose of this problem, you may assume that at 
the profit-maximizing price, both types of travelers are served. Under the uniform price, 
what fraction of customers are bargain travelers, and what fraction are high end? 
c) Suppose that the resort can engage in third-degree price discrimination based on 
whether a traveler is a high-end traveler or a bargain traveler. What is the profit-
maximizing price in each segment? Under price discrimination, what fraction of customers 
are bargain travelers and what fraction are high end? 
d) The management of La Durazno is probably unable to determine, just from looking at a 
customer, whether he or she is a high-end or bargain traveler. How might La Durazno 
screen its customers so that it can charge the profit-maximizing discriminatory prices you 
derived in part (c)? 
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a) In the range of prices in which consumers in both market segments purchase at a 
common price P, the total market demand curve is Q1 + Q2 = 400 – 2P + 500 – P, or Q = 900 – 
3P. 
 
(b) If Q = 900 – 3P, then the inverse market demand curve is P = 300 – (1/3)Q. Marginal 
revenue is thus MR = 300 – (2/3)Q, and so the profit-maximizing quantity is found by solving 
300 – (2/3)Q = 20, or Q = 420. The profit-maximizing price is thus: P = 300 – (1/3)(420) = 160. 
 
At this price, Q1 = 400 – 2(160) = 80 bargain travelers stay at the resort, and Q2 = 500 – 160 = 
340 high-end travelers stay at the resort. Thus, about 19 percent of the resort’s guests are bargain 
travelers. 
 
c) We find the profit maximizing quantity and price in each market segment as follows: 
 
Bargain travelers: 
 Q1 = 400 – 2P1 ⇒ P1 = 200 – ½ Q1.  
 This implies that marginal revenue is: MR1 = 200 – Q1.  
 Equating marginal revenue to marginal cost gives us: 200 – Q1 = 20, or Q1 = 
180.  
 This implies P1 = 200 – ½ (180) = 110.  
 
High-end travelers: 
 Q1 = 500 – P1 ⇒ P1 = 500 – Q1.  
 This implies that marginal revenue is: MR1 = 500 – 2Q1.  
 Equating marginal revenue to marginal cost gives us: 500 – 2Q1 = 20, or Q1 = 240.  
 This implies P1 = 500 – (240) = 260. 
 
The percentage of bargain travelers is now 180/(180+240) = 0.428 or about 43 percent. 
 
d) There are a number of ways the resort can screen passengers. 
 
If there is a correlation between age and membership in the bargain segment (perhaps elderly 
individuals are more price sensitive), then the resort could screen on the basis of age. 
 
If there is a correlation between a traveler’s willingness to pay for a room in the resort and 
his/her propensity to purchase complementary resort services such as spa treatments or workouts 
with a personal trainer. If so, the resort may set a uniform price for rooms but offer the 
complementary services for sale at a high mark-up to allow the resort to, in effect, collect a 
higher “overall” price (room charge plus other services) from high-end travelers.  
 
If there is a correlation between the propensity of a traveler to mail in rebate cards or coupons 
and the traveler’s membership in the bargain segment, the resort could screen by offering 
discounts to those travelers who, upon returning home, mail in a rebate card or coupon. 
 
Finally, the resort could offer a few rooms on Priceline.com. This is a selling channel that 
appeals disproportionately to price sensitive travelers. 
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12.21. A pipeline transports gasoline from a refinery at point A to destinations at R and T. 
The marginal cost of transporting gasoline to each destination is MC = 2. The pipeline has a 
fixed cost of 160. The demand curve for the transportation of gasoline from A to R is QR = 
100 - 10PR, where QR is the number of units transported when PR is the transport price 
per unit. The demand for pipeline movements from A to T will be 20 units as long as if the 
customers at T will purchase gasoline from another source, buying no gasoline shipped 
through the pipeline. These demand curves are shown below. 
a) If this firm was unable to engage in price discrimination (so that it can only choose a 
single P for the two markets), what would the profit-maximizing tariff be? What level of 
profit would the firm realize? 
b) If this firm were able to implement third-degree price discrimination to maximize 
profits, what would the profit-maximizing prices be? What level of profits would the firm 
realize? 

 
 
a) One way to solve the problem is to form the aggregate demand: Y = YR + YT = 100 – 10P 
+ 20 = 120 – 10P.  The inverse form of this demand is P = 12 – 0.1Y.  Then set MR = MC: 12 – 
0.2Y = 2. Thus, Y = 50, and P = 12 – 0.1(50) = 7.  π = PY – 160 – 2Y = 7(50) – 160 – 2(50) = 90. 
 
b)  In T, the firm should extract all consumer surplus by setting PT = 12 for all YT = 20 units.  
In R, inverse demand is PR = 10 – 0.1YR.  Setting MR = MC, we have 10 – 0.2YR = 2, which 
implies YR = 40 and PR = 6. Then π = PRYR + PTYT – 160 – 2(YR + YT) = 6(40) + 12(20) – 160 – 
2(60) = 200. 
 
 
12.22. A seller produces output with a constant marginal cost MC = 2. Suppose there is one 
group of consumers with the demand curve P1 = 16 - Q1, and another with the demand 
curve P2 = 10 - (1/2)Q2. 
a) If the seller can discriminate between the two markets, what prices would she charge to 
each group of consumers? (You may want to exploit the monopoly midpoint rule from 
Learning-By-Doing Exercise 11.5.) 
b) If the seller cannot discriminate, but instead must charge the same price P1 = P2 = P to 
each consumer group, what will be her profit-maximizing price? c) Which, if any, 
consumer group benefits from price discrimination? 
d) If instead P1 = 10 - Q1, does either group benefit from price discrimination? 
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a) With linear demand and constant marginal costs, we can use the monopoly midpoint rule 
to quickly determine that the profit-maximizing prices are P1 = 0.5(14 + 2) = 8 and P2 = 0.5(10 
+ 2) = 6. 
b)  Market demand will be Q = Q1 + Q2 = 16 – P + 20 – 2P.  Inverse market demand is then 
P = 12 – ⅓*Q.  So the profit-maximizing non-discriminatory price will be P = 0.5(12 + 2) = 7. 
c)  For any two general demand curves P1= a1 – Q1 and P2 = a2 – 0.5Q2 and constant 
marginal cost c, the profit-maximizing discriminatory prices will be P1 = 0.5(a1 + c) and P2 = 
0.5(a2 + c).  
 In the case where the seller cannot discriminate, market demand will be Q = Q1 + Q2 = 
a1 + 2a2 – 3P.  Inverse demand is P = ⅓*(a1 + 2a2) – ⅓*Q.  So the profit-maximizing non-
discriminatory price will be P = ½*[⅓*(a1 + 2a2) + c]. 
 Note that P – P1 = ⅓*(a2 – a1) while P – P2 = (1/6)*(a1 – a2).  If a1 > a2, then group 2 
(i.e., consumers with the lower choke price) benefits from relatively lower prices under price 
discrimination while group 1 is hurt by relatively higher prices. 
d)  If a1 = a2, then all three prices are the same: P1 = P2 = P.  That is, even though the 
demand curves have different slopes, because each has the same intercept (choke price), the 
monopoly midpoint rule implies that the profit-maximizing monopoly price is the same 
regardless of whether the seller uses price discrimination or not.  Thus, neither group benefits 
(nor is harmed by) price discrimination. 
 
 
12.23. A cruise line has space for 500 passengers on each voyage. There are two market 
segments: elderly passengers and younger passengers. The demand curve for the elderly 
market segment is Q1 = 750 - 4P1. The demand curve for the younger market segment is 
Q2 = 850 - 2P2. In each equation, Q denotes the number of passengers on a cruise of a given 
length and P denotes the price per day. The marginal cost of serving a passenger of either 
type is $40 per person per day. Assuming the cruise line can price discriminate, what is the 
profit-maximizing number of passengers of each type? What is the profit-maximizing price 
for each type of passenger? 
 
Q1 = 750 – 4P1 ⇒ P1 = 187.5 – (1/4)Q1. This implies MR1 = 187.5 – (1/2)Q1. 
Q2 = 850 – 2P2 ⇒ P2 = 425 – (1/2)Q2. This implies MR2 = 425 – Q2. 
 
When we have limited capacity we solve the following two equations: 
MR1 = MR2 ⇒ 187.5 – (1/2)Q1 = 425 – Q2. (Equate the MRs) 
Q1 + Q2 = 500. (Quantities sold must add up to capacity) 
 
We thus have two equations in two unknowns: 
187.5 – (1/2)Q1 = 425 – Q2 
Q1 + Q2 = 500 
 
Solving these equations yields: 
Q1 = 175. 
Q2 = 325. 
 
Plugging these back into the inverse demand curves gives us the profit-maximizing prices: 



Besanko & Braeutigam – Microeconomics, 5th edition Solutions Manual 

Copyright © 2014 John Wiley & Sons, Inc.  Chapter 12 - 19 

P1 = 187.5 – (1/4)(175) = 143.75. 
P2 = 425 – (1/2)(325) = 262.5. 
 

 
12.24. An airline has 200 seats in the coach portion of the cabin of an Airbus A340. It is 
attempting to determine how many seats it should sell to business travelers and how many 
to vacation travelers on a flight between Chicago and Dubai that departs on Monday 
morning, January 25. It has tentatively decided to sell 150 seats to business travelers and 50 
seats to vacation travelers at $4,000 and $1,000, respectively. It also knows: 
a) To sell an additional seat to business travelers, it would need to reduce price by $25. To 
reduce demand by business travelers by one seat, it would need to increase price by $25. 
b) To reduce demand by one unit among vacation travelers, it would need to increase price 
by $5. To sell an additional seat to vacation travelers, it would need to reduce price by $5. 
Assuming that the marginal cost of carrying either type of passenger is zero, is the current 
allocation of seats profit maximizing? If not, would you sell more seats to business travelers 
or vacation travelers? 
 
The easiest way to check whether the current allocation of seats is optimal is to compare the 
marginal revenues of the two market segments. In the equations below, let’s let “1” denote the 
business traveler segment and “2” denote the vacation traveler segment. 
 
Note that the marginal revenue in each segment is given by:  
MR1 = P1 + (∆P1/∆Q1)Q1 

MR2 = P2 + (∆P2/∆Q2)Q2 
 
We know:  
P1 = $4,000, Q1 = 150, and ∆P1/∆Q1 = - $25. Hence, MR1 = $4,000 - $25(150) = $250. 
P2 = $1,000, Q2 = 50, and ∆P2/∆Q2 = - $5. Hence, MR2 = $1,000 - $5(50) = $750. 
 
Since MR2 > MR1, the airline can increase its profits by selling more seats to vacation traveler 
and fewer seats to business travelers.  
 

 
12.25. A summer theater has a capacity of 200 seats for its Saturday evening concerts. The 
marginal cost of admitting a spectator is zero up to that capacity. The theater wants to 
maximize profits and recognizes that there are two kinds of customers. It offers discounts 
to senior citizens and students, who generally are more price sensitive than other 
customers. The demand curve for tickets by seniors and students is described by P1 = 16 - 
0.04Q1, where Q1 is the number of discount tickets sold at a price of P1. The demand 
schedule for tickets by customers who do not qualify for a discount is represented by P2 = 
28 - 0.1Q2, where Q2 is the number of nondiscount tickets sold at a price of P2. What are 
the two prices that would maximize profit for the Saturday evening concerts? 
 
The theater would want to set the prices to equate the marginal revenue for the two types of 
customers. Thus, it would choose the quantities so that: 
MR1 = 16 – 0.08Q1 = MR2 = 28 – 0.2Q2.   
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In addition, the capacity constraint must be satisfied, so that Q1 + Q2 = 200. 
Thus, 16 – 0.08Q1 = 28 – 0.2(200 – Q1), which tells us that Q1 = 100 and Q2 = 100.  
Note that this implies that the marginal revenue from each type of ticket is 8. Since this exceeds 
that marginal cost (which is zero), the firm does want sell all its capacity. 
The profit maximizing prices are as follows: 
P1 = 16 – 0.04Q1 = 16 – 0.04(100) = 12.               P2 = 28 – 0.1Q2 = 28 – 0.1(100) = 18. 
 
 
12.26. A small island near a major city has a beautiful beach. The company that owns the 
island sells day passes for the beach, including travel by ferry to and from the beach. 
Because the beach is small, the company does not want to sell more than 200 excursion 
tickets per day. The company knows there are two kinds of visitors: those who are willing 
to buy tickets a month in advance and those who want to buy on the day of the trip. Those 
willing to buy in advance are typically more price sensitive. The demand curve for advance 
purchase excursion tickets is described by P1 = 100 - 0.2Q1, where Q1 is the number of 
advance purchase tickets sold at a price of P1. The demand schedule for tickets by day-of-
travel excursions is represented by P2 = 200 - 0.8Q2, where Q2 is the number of tickets sold 
at a price of P2. 
a) Suppose the marginal cost of the ferry trip and use of beach is 50 per customer. What 
prices should the firm charge for its excursion tickets? 
b) If the marginal cost were high enough, the firm would want to sell fewer than 200 
tickets. Suppose the marginal cost of the ferry trip and use of beach is 80 per customer. 
What prices should the firm charge for its beach excursion tickets? 
 
a) The company would want to set the prices to equate the marginal revenue for the two types of 
customers. Let’s assume that the company wants to sell its capacity of 200 tickets. (We will 
verify that it does in a moment.) It would choose the quantities so that: 
MR1 = 100 – 0.4Q1 = MR2 = 200 – 1.6Q2.   
In addition, the capacity constraint would be satisfied, so that Q1 + Q2 = 200. 
Thus, 100 – 0.4Q1 = MR2 = 200 – 1.6(200 – Q1), which tells us that Q1 = 110 and Q2 = 90.  
Note that this implies that the marginal revenue from each type of ticket is 56.  
Since the marginal revenue exceeds that marginal cost (which is 50), the firm does want sell all 
its capacity. Thus, our assumption that the firm would want to sell to capacity when the marginal 
cost is 50 is correct. 
The profit maximizing prices are as follows: 
P1 = 100 – 0.2Q1= 100 – 0.2(110) = 78.               P2 = 200 – 0.4Q2 = 200 – 0.8(90) = 128. 
b) As we showed in part a), if the firm sells tickets to exhaust its capacity, the marginal revenue 
from sales to each type of customer is 56. So it will not want to sell to capacity if the marginal 
cost is 80. Instead, it will just set the price so that MR = MC in each market. 
MR1 = 100 – 0.4Q1 = 80. This implies that Q1 = 50, with P1 = 100 – 0.2(50) = 90.   
MR2 = 200 – 1.6Q2 = 80. This implies that Q2 = 75, with P2 = 200 – 0.8(75) = 140.   
Note that the firm now sells only Q1 + Q2 = 50 + 75 = 125 excursion tickets – less than the 
capacity of 200. 
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12.27. You are the only European firm selling vacation trips to the North Pole. You know 
only three customers are in the market. You offer two services, round trip airfare and a 
stay at the Polar Bear Hotel. It costs you 300 euros to host a traveler at the Polar Bear and 
300 euros for the airfare. If you do not bundle the services, a customer might buy your 
airfare but not stay at the hotel. A customer could also travel to the North Pole in some 
other way (by private plane), but still stay at the Polar Bear. The customers have the 
following reservation prices for these services: 

 
a) If you do not bundle the hotel and airfare, what are the optimal prices PA and PH, and 
what profits do you earn? 
b) If you only sell the hotel and airfare in a bundle, what is the optimal price of the bundle 
PB, and what profits do you earn? 
c) If you follow a strategy of mixed bundling, what are the optimal prices of the separate 
hotel, the separate airfare, and the bundle (PA, PH, and PB, respectively) and what profits 
do you earn? 
 
a) Without bundling, the best the firm can do is set the price of airfare at $800 and the price 
of hotel at $800.  In each case the firm attracts a single customer and earns profit of $500 from 
each for a total profit of $1000.  The firm could attract two customers for each service at a price 
of $500, but it would earn profit of $200 on each customer for a total of $800 profit, less profit 
than the $800 price. 
b) With bundling, the best the firm can do is charge a price of $900 for the airfare and hotel.  
At this price the firm will attract all three customers and earn $300 profit on each for a total 
profit of $900.  The firm could raise its price to $1000, but then it would only attract one 
customer and total profit would be $400.  Notice that with bundling the firm cannot do as well as 
it could with mixed bundling.  This is because while a) the demands are negatively correlated, a 
key to increasing profit through bundling, b) customer 1 has a willingness-to-pay for airfare 
below marginal cost and customer 3 has a willingness-to-pay for hotel below marginal cost.  The 
firm should be able to do better with mixed bundling 
c) Because customer 1 has a willingness-to-pay for airfare below marginal cost and 
customer 3 has willingness-to-pay for hotel below marginal cost, the firm can potentially earn 
greater profits through mixed bundling.  In this problem, if the firm charges $800 for airfare 
only, $800 for hotel only, and $1000 for the bundle, then customer 1 will purchase hotel only, 
customer 2 will purchase the bundle, and customer 3 will purchase airfare only.  This will earn 
the firm $1400 profit, implying that mixed bundling is the best option in this problem. 
 

 
12.28. You operate the only fast-food restaurant in town, selling burgers and fries. There 
are only two customers, one of whom is on the Atkins diet and the other on the Zone diet, 
whose willingness to pay for each item is displayed in the following table. For simplicity, 
assume you have zero fixed and marginal costs for each item. 
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a) If x = 1 and you do not bundle the two products, what are your profit-maximizing prices 
PB and PF? Calculate total surplus under this outcome. 
b) Now assume only that x > 0. Instead, suppose that you hired an economist who tells you 
that the profit-maximizing bundle price (for a burger and fries) is $8, while if you sold the 
items individually (and did not offer a bundle) your profit-maximizing price for fries would 
be greater than $3. Using this information, what is the range of possible values for x? 
 
a)  You should sell two burgers for PB = 5, and one order of fries for PF = 3. Total surplus is 
then PS + CS = (10 + 3) + (3 + 0) = 16. 
 
b)  In order for the profit-maximizing bundle price to be $8, it must be true that 8 + x < 2*8, 
i.e. that x < 8.  In order for the profit-maximizing price of fries to be greater than $3, it must be 
true that x > 2*3, or x > 6.  Thus, we know that 6 ≤ x < 8.  
 
 
12.29. Suppose your company produces athletic footwear. Marketing studies indicate that 
your own price elasticity of demand is -3 and that your advertising elasticity of demand is 
0.5. You may assume these elasticities to be approximately constant over a wide range of 
prices and advertising expenses. 
a) By how much should the company mark up price over marginal cost for its footwear? 
b) What should the company’s advertising-to-sales ratio be? 
 
a) Using the inverse elasticity price rule, 
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The firm should set price at about 1.5 times marginal cost. 
 
b) The optimal advertising-to-sales ratio can be found be equating 
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Thus, advertising expense should be about 16 or 17 percent of sales revenue. 
 
 
12.30. The motor home industry consists of a small number of large firms. In 2003, 
producers of motor homes had an average advertising sales ratio of 1.8 percent. Assuming 
that the price elasticity of demand facing a typical motor home producer is -4, what is the 
advertising elasticity of demand facing a typical producer, under the assumption that each 
producer has chosen its price and advertising level to maximize profits? 
 
The condition for the ratio profit-maximizing advertising-to-sales ratio is: 
 

Advertising-to-sales ratio ,
,

,

PQ

AQ

ε
ε

−=  

where εQ,A is the advertising elasticity of demand and εQ,P is the price elasticity of demand. We 
know that the advertising-to-sales ratio of a typical producer of motor homes is 1.8 percent or 
0.018. We also know that the price elasticity of demand of a typical firm is -4. We thus have: 
 

0.018 =  ,
4
,

−
−= AQε  

which implies εQ,A = (4)(0.018) = 0.072. 
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Chapter 13 
Market Structure and Competition 
 
Solutions to Review Questions 
 
 
1. Explain why, at a Cournot equilibrium with two firms, neither firm would have any 
regret about its output choice after it observes the output choice of its rival. 
 
In a Cournot setting, each firm chooses a level of output that maximizes its own profit given the 
output choice of the other firm.  In equilibrium each firm is choosing the profit-maximizing level 
of output given the other firm’s output choice.  Thus, neither firm will have any regret since it is 
doing the best it can given the other firm’s choice. 
 
2. What is a reaction function? Why does the Cournot equilibrium occur at the point at 
which the reaction functions intersect? 
 
A reaction function represents a firm’s best response to each possible choice of another firm.  
For example, in a Cournot model a reaction function represents the firm’s profit-maximizing 
level of output given another firm’s choice of output. 
At the point where the reaction functions intersect, both firms are choosing a level of output that 
maximizes its profit given the output choice of the other firm.  Thus, neither firm would choose 
to deviate from this point since doing so would reduce its profit.  This point, therefore, represents 
an equilibrium since neither firm would choose to change what it is doing given the other firm’s 
choice. 
 
3. Why is the Cournot equilibrium price less than the monopoly price? Why is the Cournot 
equilibrium price greater than the perfectly competitive price? 
 
The Cournot equilibrium price is less than the monopoly price because the firms in the Cournot 
oligopoly are not trying to maximize industry profits.  By acting in their own self-interest the 
firms will expand their output to achieve greater profits.  By expanding output, market price 
falls. 
The Cournot equilibrium price is greater than the perfectly competitive price because the firms in 
the Cournot oligopoly exhibit market power.  This market power allows the firms to set a price 
above the perfectly competitive price. 
 
4. Explain the difference between the Bertrand model of oligopoly and the Cournot model 
of oligopoly. In a homogeneous products oligopoly, what predictions do these models make 
about the equilibrium price relative to marginal cost? 
 
In the Cournot model of oligopoly, firms choose a level of output given the output choices of 
rival firms.  In the Bertrand model of oligopoly, firms choose a price given the prices set by rival 
firms.  In the Bertrand model it is assumed that the firm with the lowest price will achieve 100% 
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market share.  Therefore, firms will undercut the prices of rival firms until price is driven down 
to the firm’s marginal cost. 
In a homogenous products oligopoly, Cournot firms exhibit market power and set a price above 
the perfectly competitive price and provide a level of output below the perfectly competitive 
level.  Bertrand firms, by undercutting prices of rival firms, drive the price down to the level of 
marginal cost, achieving the perfectly competitive solution.  Thus, in the Cournot model price is 
above the perfectly competitive price and in the Bertrand model price is equal to the perfectly 
competitive price. 
 
5. What is the role played by the competitive fringe in the dominant firm model of 
oligopoly? Why does an increase in the size of the fringe result in a reduction in the 
dominant firm’s profit-maximizing price? 
 
In a dominant firm market, one dominant firm splits the market with a competitive fringe.  This 
competitive fringe is some number of producers that act as perfect competitors: each chooses a 
quantity of output taking the market price as given.  The market price is set by the dominant firm 
who chooses a price to maximize its own profit. 
As more firms enter the competitive fringe, the supply of the competitive fringe increases.  As 
this supply increases, the dominant firm’s residual demand – market demand less fringe supply – 
falls.  As this residual demand falls, marginal revenue declines and the firm will maximize its 
own profits at a lower price. 
 
6. What is the difference between vertical product differentiation and horizontal product 
differentiation? 
 
With vertical product differentiation, consumers view one product as unambiguously better or 
worse than another product.  With horizontal product differentiation, some consumers regard 
product A as a poor substitute for product B, while other consumers regard product B as a poor 
substitute for product A.  In other words, with horizontal differentiation some consumers prefer 
A over B at equal prices while others prefer B over A at equal prices. 
 
7. Explain why, in the Bertrand model of oligopoly with differentiated products, a greater 
degree of product differentiation is likely to increase the markup between price and 
marginal cost. 
 
As the degree of product differentiation increases, the firm gains more market power for its 
product.  This occurs because with greater product differentiation there are fewer close 
substitutes for the product to compete with.  As the firm gains market power for its product, it is 
able to charge a higher price for the product. 
Viewing this from the opposite standpoint, if there was less product differentiation, there would 
be more close substitutes and price increases would send consumers to other products.  In the 
limit, if there were no product differentiation in the Bertrand model, prices would fall to 
marginal cost and all producers would charge the same price. 
 
8. What are the characteristics of a monopolistically competitive industry? Provide an 
example of a monopolistically competitive industry. 
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A monopolistically competitive market has three key features.  First, the market is fragmented, 
meaning it consists of many buyers and many sellers.  Second, there is free entry and exit into 
the market.  Third, firms produce horizontally differentiated products.   
The restaurants in a city might represent a monopolistically competitive market.  There are likely 
many restaurants, and many consumers who want to eat at a restaurant; entrepreneurs can easily 
enter the restaurant market; and consumers likely view the restaurants as imperfect substitutes.  
Clothing retailers might represent another monopolistically competitive market. 
 
9. Why is it the case in a long-run monopolistically competitive equilibrium that the firm’s 
demand curve is tangent to its average cost curve? Why could it not be a long-run 
equilibrium if the demand curve “cut through” the average cost curve? 
 
In a monopolistically competitive market, each firm’s demand curve will be tangent to its 
average cost curve because there is free entry and exit of firms, so firms will enter if there are 
any economic profits to be earned.  This entry will occur until economic profits are driven to 
zero, much like the perfectly competitive environment.  When economic profits are zero, it must 
be the case that price is equal to average cost since profit can be written as ( )P AC Qπ = − .  If 
price is equal to average cost, then the demand curve must touch the average cost curve at the 
optimal quantity.  This is seen as a tangency between demand and average cost in the long run. 
If demand ‘cut through’ the average cost curve, then there would be a range of outputs over 
which economic profit would be positive.  This would entice new firms to enter, driving profits 
down.  Therefore, the demand curve ‘cutting through’ the average cost curve cannot be an 
equilibrium in the long run since new firms will enter. 
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Solutions to Problems 
 
13.1  Beryllium oxide is a chemical compound used in pharmaceutical applications. 
Beryllium oxide can only be made in one particular way, and all firms produce their 
version of beryllium oxide to the exact same standards of purity and safety. The largest 
firms have market shares given in the table below: 
Firm Market share 
Mercury 80% 
Mars 1% 
Jupiter 1% 
Saturn 1% 

a.  What is the four-firm (4CR) concentration ratio for this industry? 
b.  What is the Herfindahl-Hirschman Index (HHI) for this industry? 
c.  Of the market structures described in Table 13.1, which one best describes the 
Beryllium oxide industry? 
 
a. 4CR = 80+1+1+1 = 84 
b. HHI ≈ 802 + 12 +12 +12 = 6,403 (ignoring the effect of smaller firms in the industry). 
c. This is an example of a dominant firm industry. The firms sell homogeneous products, 
and the industry is dominated by a single large firm. 
 
 
13.2 The cola industry in the country of Inner Baldonia consists of five sellers: two global 
brands, Coke and Pepsi, and three local competitors, Bright, Quite, and Zight. Consumers 
view these products as similar, but not identical. The market shares of the five sellers are as 
follows:  
Firm Market share 
Coca Cola 25% 
Zight 24% 
Pepsi 23% 
Bright 20% 
Quite 8% 

a.  What is the four-firm (4CR) concentration ratio for this industry? 
b.  What is the Herfindahl-Hirschman Index (HHI) for this industry? 
c.  Of the market structures described in Table 13.1, which one best describes the cola 
industry in Inner Baldonia? 
 
a. 4CR = 25+24+23+20 = 92 
b. HHI =252 + 242 +232 +202 + 82 = 2,194 
c. This is an example of a differentiated products oligopoly. The firms produce similar but 
not identical products. And the fact that some consumers are loyal (even though others switch 
back and forth among brands based on price) suggests that there is some measure of horizontal 
differentiation in this market.   
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13.3  Outer Baldonia is a largely rural country with many small towns. Each town typically 
contains a retail store selling livestock feed. In virtually all towns, there is only one such 
store. The farmers who purchase feed from these stores typically live outside of town, 
sometimes at a significant distance. Often, they will purchase from a store in the town 
closest to them, but if farmers learn through word of mouth that a feed retailer in a more 
distant town is selling feed at a significantly lower price, they will sometimes go to that 
store to obtain feed.  
The country-wide market shares of the six largest feed stores in Outer Baldonia are shown 
in the table below: 
Firm Market share 
Ben’s Feed and Supplies 2% 
Joe’s Hog and Cattle supply 1% 
Hogwarts 1% 
Dave’s Livestock and Tools 0.50% 
Ron’s Supply Shed 0.25% 
Eddie’s Feed Coop 0.25% 

a.  What is the four-firm (4CR) concentration ratio for the livestock feed store market in 
Outer Baldonia? 
b.  What is the (approximate) Herfindahl-Hirschman Index (HHI) for this industry? 
c.  Of the market structures described in Table 13.1, which one best describes the livestock 
feed market in Outer Baldonia?  
 
a. 4CR = 2+1+1+0.5 = 4.5. 
b. HHI =22 + 12 +12 +(0.5)2 + (0.25)2 + (0.25)2 = 6.375. This is actually only an 
approximation to the industry’s HHI because to compute the HHI with complete accuracy, we 
would need to know the market shares of all livestock stores in Outer Baldonia. However, our 
approximation is likely to be very good because the remaining feed stores have market shares 
less than or equal to 0.25%. When we square such small market shares, the result is a number 
very close to zero. Adding additional stores would thus not change our computed HHI very 
much. 
c. This is an example of a monopolistically competitive industry. The reason that the 
industry is monopolistically competitive rather than perfectly competitive is that feed stores are 
most likely differentiated geographically. Farmers are willing to travel longer distances if they 
can get a significantly better price, but if prices are about the same, farmers will go to the store in 
the closet town.  
 
 
13.4. In the following, let the market demand curve be P = 70 - 2Q, and assume all sellers 
can produce at a constant marginal cost of c = 10, with zero fixed costs. 
a) If the market is perfectly competitive, what is the equilibrium price and quantity? 
b) If the market is controlled by a monopolist, what is the equilibrium price and quantity? 
How much profit does the monopolist earn? 
c) Now suppose that Amy and Beau compete as Cournot duopolists. What is the Cournot 
equilibrium price? What is total market output, and how much profit does each seller 
earn? 
a) P = MC implies 70 – 2Q = 10, or Q = 30 and P = 10. 
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b) A monopolist produces until MR = MC yielding 70 – 4Q = 10 so Qm = 15 and Pm = 40.  
Thus πm = (40 – 10)*15 = 450. 
c) For Amy, MRA = MC implies 70 – 4qA – 2qB = 10.  We could either calculate Beau’s 
profit-maximization condition (and solve two equations in two unknowns), or, inferring that the 
equilibrium will be symmetric since each seller has identical costs, we can exploit the fact that 
qA = qB in equilibrium. (Note: You can only do this after calculating marginal revenue for one 
Cournot firm, not before.)  Thus 70 – 6qA = 10 or qA = 10.  Similarly, qB = 10.  Total market 
output under Cournot duopoly is Qd = qA + qB = 20, and the market price is Pd = 70 – 2*20 = 
30.  Each duopolist earns πd = (30 – 10)*10 = 200. 
 
 
13.5. A homogeneous products duopoly faces a market demand function given by P = 300 - 
3Q, where Q = Q1 + Q2. Both firms have a constant marginal cost MC = 100. 
a) What is Firm 1’s profit-maximizing quantity, given that Firm 2 produces an output of 50 
units per year? What is Firm 1’s profit-maximizing quantity when Firm 2 produces 20 
units per year? 
b) Derive the equation of each firm’s reaction curve and then graph these curves. 
c) What is the Cournot equilibrium quantity per firm and price in this market? 
d) What would the equilibrium price in this market be if it were perfectly competitive? 
e) What would the equilibrium price in this market be if the two firms colluded to set the 
monopoly price? 
f ) What is the Bertrand equilibrium price in this market? 
g) What are the Cournot equilibrium quantities and industry 
price when one firm has a marginal cost of 100 but the other firm has a marginal cost of 
90? 
 
a) With two firms, demand is given by 1 2300 3 3P Q Q= − − .  If 2 50Q = , then 

1300 3 150P Q= − −  or 1150 3P Q= − .  Setting MR MC=  implies 

 1

1

150 6 100
8.33

Q
Q

− =
=

 

 
If 2 20Q = , then 1240 3P Q= − .  Setting MR MC=  implies 
 

 1

1

240 6 100
23.33

Q
Q

− =
=

 

 
b) For Firm 1, 2 1(300 3 ) 3P Q Q= − − .  Setting MR MC=  implies 

 2 1

1 2

(300 3 ) 6 100
33.33 0.5

Q Q
Q Q

− − =
= −

 

 
Since the marginal costs are the same for both firms, symmetry implies 2 133.33 0.5Q Q= − .  
Graphically, these reaction functions appear as 
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c) Because of symmetry, in equilibrium both firms will choose the same level of output.  
Thus, we can set 1 2Q Q=  and solve 

 2 2

2

33.33 0.5
22.22

Q Q
Q

= −
=

 

 
Since both firms will choose the same level of output, both firms will produce 22.22 units.  Price 
can be found by substituting the quantity for each firm into market demand.  This implies price 
will be 300 3(44.44) 166.67P = − = . 
 
d) If this market were perfectly competitive, then equilibrium would occur at the point 
where 100P MC= = . 
 
e) If the firms colluded to set the monopoly price, then  

 
300 6 100

33.33
Q
Q

− =
=

 

 
At this quantity, market price will be 200

6300 3( ) 200P = − = . 
 
f) If the firms acted as Bertrand oligopolists, the equilibrium would coincide with the 
perfectly competitive equilibrium of 100P = . 
g) Suppose Firm 1 has 100MC =  and Firm 2 has 90MC = .  For Firm 1, 

2 1(300 3 ) 3P Q Q= − − .  Setting MR MC=  implies 

 2 1

1 2

(300 3 ) 6 100
33.33 0.5

Q Q
Q Q

− − =
= −

 

 
For Firm 2, 1 2(300 3 ) 3P Q Q= − − .  Setting MR MC=  implies 
 

 1 2

2 1

(300 3 ) 6 90
35 0.5

Q Q
Q Q

− − =
= −
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Solving these two reaction functions simultaneously yields 1 21.11Q =  and 2 24.44Q = .  With 
these quantities, market price will be 163.36P = . 
 
 
13.6. Zack and Andon compete in the peanut market. Zack is very efficient at producing 
nuts, with a low marginal cost cZ = 1; Andon, however, has a constant marginal cost cA = 
10. If the market demand for nuts is P = 100 - Q, find the Cournot equilibrium price and 
the quantity and profit level for each competitor. 
 
For Zack, MRZ = MCZ implies 100 – 2qZ – qA = 1, so Zack’s reaction function is qZ = ½*(99 – 
qA).  Similarly, MRA = MCA implies 100 – 2qA – qZ = 10 so Andon’s reaction function is qA = 
½*(90 – qZ).  Solving these two equations in two unknowns yields qZ = 36 and qA = 27.  The 
market price is P = 100 – (36 + 27) = 37.  Zack earns πZ = (37 – 1)*36 = 1296 and Andon earns 
πA = (36 – 10)*27 = 702. 
 
 
13.7. Let’s consider a market in which two firms compete as quantity setters, and the 
market demand curve is given by Q = 4000 - 40P. Firm 1 has a constant marginal cost 
equal to MC1 = 20, while Firm 2 has a constant marginal cost equal to MC2 = 40. 
a) Find each firm’s reaction function. 
b) Find the Cournot equilibrium quantities and the Cournot equilibrium price. 
 
a) The inverse market demand curve is P = 100 – (Q/40) = 100 – (Q1 + Q2)/40.  Firm 1’s 
reaction function is found by equating MR1 = MC1: 
  MR1 = [100 – Q2/40] – Q1/20 
 MR1 = MC1 ⇒ [100 – Q2/40] – Q1/20 = 20 
Solving this for Q1 in terms of Q2 gives us: 
 Q1 = 1,600 – 0.5Q2 
Similarly, Firm 2’s reaction function is found by equating MR2 = MC2: 
 MR2 = [100 – Q1/40] – Q2/20 
 MR2 = MC2 ⇒ [100 – Q1/40] – Q2/20 = 40 
Solving this for Q2 in terms of Q1 gives us: 
 Q2 = 1,200 – 0.5Q1  
b) The two reaction functions give us two equations in two unknowns. Using algebra we can 
solve these to get: Q1 = 1,333.33 and Q2 = 533.33.  
We find the Cournot equilibrium price by plugging these quantities back into the inverse market 
demand curve: 
 P = 100 – (1333.33 + 533.33)/40 = 53.33 
 
 
13.8. In a homogeneous products duopoly, each firm has a marginal cost curve MC = 10 + 
Qi, i = 1, 2. The market demand curve is P = 50 - Q, where Q = Q1 + Q2. 
a) What are the Cournot equilibrium quantities and price in this market? 
b) What would be the equilibrium price in this market if the two firms acted as a profit-
maximizing cartel? 
c) What would be the equilibrium price in this market if firms acted as price-taking firms? 



Besanko & Braeutigam – Microeconomics, 5th edition Solutions Manual 

Copyright © 2014 John Wiley & Sons, Inc.  Chapter 13 - 9 

 
a) Market demand is given by 1 250P Q Q= − − .  Firm 1’s reaction function can be found by 
equating its marginal revenue to its marginal cost. 

 
2 1 1

1 2

(50 ) 2 10
40 1
3 3

Q Q Q

Q Q

− − = +

= −
 

 
Since both firms have the same marginal cost, symmetry implies 40 1

2 13 3Q Q= − .  Solving these 
two reaction functions simultaneously yields 1 10Q =  and 2 10Q = .  Industry price is found by 
substituting these quantities into the market demand function.  This implies 30P = . 
 
b) As discussed in Chapter 11, a multiplant monopolist will equate the marginal cost of 
production across all its plants.  At any level of marginal cost MCT, each plant would operate so 
that MCT = Qi + 10, or Qi = MCT – 10.  Thus, total output Q = Q1 + Q2 = 2MCT – 20.  So the 
multiplant marginal cost curve is given by MCT = 0.5Q + 10.  Equating MR with MCT yields 

50 – 2Q = 0.5Q + 10 
Q = 16 

Thus, both plants will produce Qi = 8 units.  Industry price is found by substituting these 
quantities into the market demand function.  This implies P = 34. 
 
c) If the firms acted as price takers, the market would see the perfectly competitive solution.  
Setting P MC=  for both firms implies 

 1 2 1

1 2 2

50 10
50 10

Q Q Q
Q Q Q

− − = +
− − = +

 

 
Since 1 2Q Q=  in equilibrium we have 
 

1 1

1

50 2 10
40
3

Q Q

Q

− = +

=
 

Both firms will produce 40
3  = 13.3 units.  Industry price is found by substituting these quantities 

into the market demand function.  This implies 70
3P = = 23.3. 

 
 
13.9. Suppose that demand for cruise ship vacations is given by P = 1200 - 5Q, where Q is 
the total number of passengers when the market price is P. 
a) The market initially consists of only three sellers, Alpha Travel, Beta Worldwide, and 
Chi Cruiseline. Each seller has the same marginal cost of $300 per passenger. Find the 
symmetric Cournot equilibrium price and output for each seller. 
b) Now suppose that Beta Worldwide and Chi Cruiseline announce their intention to merge 
into a single firm. They claim that their merger will allow them to achieve cost savings so 
that their marginal cost is less than $300 per passenger. Supposing that the merged firm, 
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BetaChi, has a marginal cost of c < $300, while Alpha Travel’s marginal cost remains at 
$300, for what values of c would the merger raise consumer surplus relative to part (a)? 
 
a) Consider first the problem of Alpha Travel.  It produces until MRA = MCA or 1200 – 
5(QB + QC) – 10QA = 300.  Thus its reaction function is  

QA = 90 – 0.5(QB + QC). 
Symmetry implies that in equilibrium QA = QB = QC, so we can solve to find that Qi = 45 for 
each firm.  Thus the equilibrium price is P = 525. 
b) Reconsidering Alpha’s profit-maximization problem, we now have that MRA = MCA or 
1200 – 5QBC – 10QA = 300.  Thus its reaction function is 
 

QA = 90 – 0.5QBC. 
 
The merged firm will produce until MRBC = MCBC or 1200 – 5QA – 10QBC = c, so its reaction 
function is  
 

QBC = 120 – 0.1c – 0.5QA 
 
Solving these two equations as a function of c yields QBC = 100 – (2/15)*c and QA = 40 + 
(1/15)*c.  Total output is then Q = 140 – (1/15)*c, and so the market price is P = 500 + ⅓*c.  
Put simply, the merger raises consumer surplus only if the price falls; thus consumer surplus 
rises only when 500 + ⅓*c < 525, or c < 75. 
 
 
13.10. A homogeneous products oligopoly consists of four firms, each of which has a 
constant marginal cost MC = 5. The market demand curve is given by P = 15 - Q. 
a) What are the Cournot equilibrium quantities and price? Assuming that each firm has 
zero fixed costs, what is the profit earned by each firm in equilibrium? 
b) Suppose Firms 1 and 2 merge, but their marginal cost remains at 5. What are the new 
Cournot equilibrium quantities and price? Is the profit of the merged firm bigger or 
smaller than the combined profits of Firms 1 and 2 in the initial equilibrium in part (a)? 
Provide an explanation for the effect of the merger on profit in this market. 
 
a) With four firms, demand is given by 1 2 3 415P Q Q Q Q= − − − − .  Let X  represent total 
output for Firms 2, 3, and 4.  Then demand faced by Firm 1 is 1(15 )P X Q= − − .  Setting 
MR MC=  implies 

 1

1

(15 ) 2 5
5 0.5

X Q
Q X

− − =
= −

 

 
Since all firms have the same marginal cost, the solution will be symmetric.  Letting *Q  
represent the optimal output for each firm, 
 

 
* *

*

5 0.5(3 )
2

Q Q
Q

= −

=
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Thus total industry output will be 8 with each firm producing 2 units of output.  At this quantity 
price will be 15 8 7P = − = .  Profits for each firm will be 7(2) 5(2) 4TR TCπ = − = − = . 
 
b) If two firms merge, then the number of firms in the market will fall to three.  The new 
quantity for each firm will be 

 
* *

*

5 0.5(2 )
2.5

Q Q
Q

= −

=
 

 
Now total industry output will be 7.5 with each of the three firms producing 2.5 units.  At this 
quantity, price will be 15 7.5 7.5P = − = .  Profit per firm will be 

7.5(2.5) 5(2.5) 6.25TR TCπ = − = − = .   
 
Thus, while profit per firm does increase after the merger, profits do not double and the merger 
nets the two firms a smaller total profit.  Profit per firm increases after the merger because as the 
total number of firms falls, each individual firm has greater market power.  This greater market 
power allows the firms to charge a higher price, produce less in aggregate, and earn greater profit 
per firm. 
 
 
13.11. An industry is known to face market price elasticity of demand €Q, P = -3 (Assume 
this elasticity as constant as the industry moves along its demand curve.) The marginal cost 
of each firm in this industry is $10 per unit, and there are five firms in the industry. What 
would the Lerner Index be at the Cournot equilibrium in this industry? 
 
In a Cournot equilibrium, the percentage contribution margin is given by 

 
,

1 1

Q P

P MC
P N ε

 −
= −   

 
 

 
where N  is the number of firms in the market.  For this example, 
 

 

1 1
5 3

1
15

P MC
P

P MC
P

−  = −  − 
−

=
 

 
Thus, the Lerner Index in this industry would be 0.067, or 6.7 percent. 
 
 
13.12. Besanko, Inc., is one of two Cournot duopolists in the market for gizmos. It and its 
main competitor 
Schmedders Ltd. face a downward-sloping market demand curve. Each firm has an 
identical marginal cost that is independent of output. Please indicate how the following will 
affect Besanko’s and Schmedders’s reaction functions, and the Cournot equilibrium 
quantities produced by Besanko and Schmedders. 
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a) Leading safety experts begin to recommend that all home owners should replace their 
smoke detectors with gizmos. 
b) Besanko and Schmedders’s gizmos are made out of platinum, with each gizmo requiring 
1 kg of platinum. The price of platinum goes up. 
c) Besanko, Inc.’s total fixed cost increases. 
d) The government imposes an excise tax on gizmos produced by Schmedders, but not on 
those produced by Besanko. 
 
As you read the answer to this, think of the reaction functions being graphed in coordinate 
system with Besanko’s Q on the horizontal axis and Schmedders’ Q on the vertical axis. 
 

 Shifts Besanko’s 
Reaction 
Function? 

Shifts Schmedders’s 
Reaction Function? 

Effect on Cournot 
equilibrium quantities? 

a) Increase in 
market 
demand 

Yes – shifts it 
rightward (more 
quantity for any 
given quantity of 
rival) 

Yes – shifts it upward 
(more quantity for any 
given quantity of 
rival) 

Both Besanko and Schmedders 
produce more in the new 
equilibrium (intersection of 
reaction curves occurs further 
to northeast)  

b) Increase in 
MC of both 
firms 

Yes – shifts it 
leftward (less 
quantity for any 
given quantity of 
rival) 

Yes – shifts it 
downward (less 
quantity for any given 
quantity of rival) 

Both Besanko and Schmedders 
produce less in the new 
equilibrium (intersection of 
reaction curves occurs further 
to southwest) 

c) Increase in 
Besanko’s 
total fixed 
cost 

No change – fixed 
costs don’t affect 
Besanko’s reaction 
function 

No change No change 

d) Excise tax 
on 
Schmedders 

No – Besanko’s 
fundamentals 
(demand, MC) 
haven’t changed 

Yes – shifts it 
downward (less 
quantity for any given 
quantity of rival) 

Schmedders produces less in 
new equilibrium, while 
Besanko produces more 
(intersection of reaction 
function  occurs further to the 
southeast along Besanko’s 
reaction function) 

 
 
13.13. Suppose that firms in a two-firm industry choose quantities every month, and each 
month the firms sell at the market-clearing price determined by the quantities they choose. 
Each firm has a constant marginal cost, and the market demand curve is linear of the form 
P = a - bQ, where Q is total industry quantity and P is the market price. Suppose that 
initially each firm has the same constant marginal cost. Further suppose that each month 
the firms attain the Cournot equilibrium in quantities. 
a) Suppose that it is observed that from one month to the next Firm 1’s quantity goes 
down, Firm 2’s quantity goes up, and the market price goes up. A change in the demand 
and/or cost conditions consistent with what we observe is: 
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i) The market demand curve shifted leftward in a parallel fashion. 
ii) The market demand curve shifted rightward in a parallel fashion. 
iii) Firm 1’s marginal cost went up, while Firm 2’s marginal cost stayed the same. 
iv) Firm 2’s marginal cost went up, while Firm 1’s marginal cost stayed the same. 
v) All of the above are possible. 
b) Suppose that it is observed that from one month to the next, Firm 1’s quantity goes 
down, Firm 2’s quantity goes down, and the market price goes down. A change in the 
demand and/or cost conditions consistent with what we observe is: 
i) The market demand curve shifted leftward in a parallel fashion. 
ii) The market demand curve shifted rightward in a parallel fashion. 
iii) Firm 1’s marginal cost went up, while Firm 2’s marginal cost stayed the same. 
iv) Firm 2’s marginal cost went down, while Firm 1’s marginal cost stayed the same. 
v) All of the above are possible. 
c) Suppose that it is observed that from one month to the next, Firm 1’s quantity goes up, 
Firm 2’s quantity goes up, and the market price goes up. A change in the demand and/or 
cost conditions consistent with what we observe is: 
i) The market demand curve shifted leftward in a parallel fashion. 
ii) The market demand curve shifted rightward in a parallel fashion. 
iii) Both firms’ marginal costs went up by the same amount. 
iv) Both firms’ marginal costs went down by the same amount. 
v) All of the above are possible. 
d) Suppose that it is observed that from one month to the next, Firm 1’s quantity goes up, 
Firm 2’s quantity goes up, and the market price goes down. A change in the demand 
and/or cost conditions consistent with what we observe is: 
i) The market demand curve shifted leftward in a parallel fashion. 
ii) The market demand curve shifted rightward in a parallel fashion. 
iii) Both firms’ marginal costs went up by the same amount. 
iv) Both firms’ marginal costs went down by the same amount. 
v) All of the above are possible. 
 
a) Correct answer: C. Why? We can rule out A and B because under these two scenarios, 
the quantities of firms 1 and 2 would have moved in the same direction. This then eliminates E. 
D is incorrect because if firm 2’s marginal cost had gone up, its equilibrium quantity would have 
gone down. Thus, the only possible answer is the correct answer C. 
 
b) Correct answer: A. Why? We can rule out C and D. Here’s why. Under these scenarios, 
the reaction function of the firm whose marginal went up would shift leftward (if the firm’s 
quantity is being measured along the horizontal axis) or downward if the firm’s quantity is being 
measured along the vertical axis). The reaction function of the firm whose marginal cost did not 
change would remain unchanged. As a result, the equilibrium would involve a lower quantity for 
the firm experiencing the unfavorable marginal cost change and a higher quantity for the firm 
whose marginal cost remained the same. By ruling out C and D, we also rule out E. The only two 
possibilities are A and B. But we can rule out B because a rightward parallel shift in the market 
demand curve would result in each firm producing more in equilibrium not less (See Table 13.4 
in the text). Hence, the correct answer must be A. 
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c) Correct answer: B.  We can rule out C.  If both firm’s marginal costs went up by the 
same amount, then each firm’s quantity would fall, not go up (see Table 13.4).  We also can rule 
out D.  If both firm’s marginal costs went down by the same amount, then the market price 
would fall, not go up (see Table 13.4 again).  Because C and D are incorrect, can therefore rule 
out E.  We also can rule out A.  If the market demand curve shifted leftward, then that would 
mean that the “a” term in the market demand curve P = a – bQ has gone down.  In this case, 
Table 13.4 would tell us that each firm’s quantity would down and the market price would go 
down.  Gathering together all of the above tells us that the correct answer must be B.  
 
d) Correct answer: D. We can rule out both A and B. If the market demand curve had 
shifted leftward or rightward in a parallel fashion then the “a” term in the market demand curve 
would either increase or decrease. Table 13.4 would then imply that the change in the firms’ 
quantities and market price would be in the same direction (the quantities and the market price 
would each increase or would each decrease). Because A and B cannot be correct, E cannot be 
correct either. This leaves us with C and D. We can rule out C because if each firm’s marginal 
cost went up then Table 13.4 would tell us that each firm would produce less quantity and the 
market price would go up. Pulling this all together implies that the correct answer must be D. 
 

 
13.14. An industry consists of two Cournot firms selling a homogeneous product with a 
market demand curve given by P = 100 - Q1 - Q2. Each firm has a marginal cost of $10 per 
unit. 
a) Find the Cournot equilibrium quantities and price. 
b) Find the quantities and price that would prevail if the firms acted “as if” they were a 
monopolist (i.e., find the collusive outcome). 
c) Suppose Firms 1 and 2 sign the following contract. Firm 1 agrees to pay Firm 2 an 
amount equal to T dollars for every unit of output it (Firm 1) produces. Symmetrically, 
Firm 2 agrees to pay Firm 1 an amount T dollars for every unit of output it (Firm 2) 
produces. The payments are justified to the government as a cross licensing agreement 
whereby Firm 1 pays a royalty for the use of a patent developed by Firm 2, and similarly, 
Firm 2 pays a royalty for the use of a patent developed by Firm 1. What value of T results 
in the firms achieving the collusive outcome as a Cournot equilibrium? 
d) Draw a picture involving reaction functions that shows what is going on in this situation. 
 
a) Equating MR to MC for each firm yields the reaction function Q1 = 45 – 0.5Q2 for firm 1 
and Q2 = 45 – 0.5Q1 for firm 2.  Solving these two equations in two unknowns yields Q1 = Q2 = 
30 with P = $40. 
b) A monopolist produces until MR = MC or 100 – 2Q = 10, implying Q = 45 and P = 
$55/unit.  Thus, each firm produces Q1 = Q2 = 22.5 in the collusive outcome. 
c) The cross-licensing agreement implies that each firm has a marginal cost of MC = 10 + 
T.  Setting MR = MC for each firm generates the reaction functions: Q1 = 45 – 0.5T – 0.5Q2 and 
Q2 = 45 – 0.5T – 0.5Q1.  Solving these reaction functions simultaneously for Q1 and Q2, we get 
the reduced form equations for each firm’s output as a function of T: Q1 = Q2 = 30 – (1/3)T.  We 
want to find a value of T so that Q1 = Q2 = 22.5. Thus we set 30 – (1/3)T = 22.5 which yields T = 
22.5.   
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d) The figure below shows us what is going on here. The cross-licensing agreement has, in 
effect, shifted each firm’s reaction function inward (from the solid to the dotted lines) so that 
they now cross at the “as if” monopoly outcome. 

Firm 1’s Quantity

Firm 2’s Quantity

Cournot
equilibrium

“As if” monopoly
outcome

R1

R2

 
 
 
13.15. Consider an oligopoly in which firms choose quantities. The inverse market demand 
curve is given by P = 280 - 2(X + Y ), where X is the quantity of Firm 1, and Y is the 
quantity of Firm 2. Each firm has a marginal cost equal to 40. 
a) What are the Cournot equilibrium outputs for each firm? What is the market price at 
the Cournot equilibrium? What is the profit of each firm? 
b) What is the Stackelberg equilibrium, when Firm 1 acts as the leader? What is the 
market price at the Stackelberg equilibrium? What is the profit of each firm? 
 
The table below summarizes the answer to this problem. The solution details follow. 
 

 Firm 1 
output 

Firm 2 
output 

Market 
Price 

Firm 1  
Profit 

Firm 2 
Profit 

Cournot 40 40 120 3,200 3,200 
Stackelberg with Firm 
1 as leader 

60 30 100 3,600 1,800 

 
a) Firm 1’s marginal revenue is MR = 280 – 2Y – 4X.  Equating MR to MC gives us: 
  280 – 2Y – 4X = 40,  
  240 – 2Y = 4X 
  X = 60 – 0.5Y   
This is Firm 1’s reaction function. Firm 2 is identical, and so Firm 2’s reaction function will be a 
mirror image of Firm 1’s 
  Y = 60 – 0.5X 
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If we solve these reaction functions simultaneously, we find X = Y = 40. At this output, the 
corresponding market price is P = 280 – 2(40 + 40) = 120. Each firm’s profit is thus: 120*40 – 
40*40 = 3,200. 
b) To find the Stackelberg equilibrium in which Firm 1 is the leader, we start by writing the 
expression for Firm 1’s total revenue:  
  TR = (280 – 2Y – 2X)X  
In place of Y, we substitute in Firm 2’s reaction function: Y = 60 – 0.5X 
  TR = [280 – 2(60 – 0.5X) – 2X]X = (160 – X)X   
Firm 1’s marginal revenue is therefore MR = 160 – 2X. Equating marginal revenue to marginal 
cost gives us: 
  160 – 2X = 40, or X = 60. 
To find Firm 2’s output, we plug X = 60 back into Firm 2’s reaction function:  
  Y = 60 – 0.5(60) = 30. 
The market price is found by plugging X = 60 and Y = 30 back into the demand curve: P = 280 – 
2(60 + 30) = 100. 
Thus, at the Stackelberg equilibrium, Firm 1’s profit is: 100*60 – 40*60 = 3,600. Firm 2’s profit 
is 100*30 – 40*30 = 1,800. 
 
 
13.16. The market demand curve in a commodity chemical industry is given by Q = 600 - 
3P, where Q is the quantity demanded per month and P is the market price in dollars. 
Firms in this industry supply quantities every month, and the resulting market price 
occurs at the point at which the quantity demanded equals the total quantity supplied. 
Suppose there are two firms in this industry, Firm 1 and Firm 2. Each firm has an identical 
constant marginal cost of $80 per unit. 
a) Find the Cournot equilibrium quantities for each firm. What is the Cournot equilibrium 
market price? 
b) Assuming that Firm 1 is the Stackelberg leader, find the Stackelberg equilibrium 
quantities for each firm. What is the Stackelberg equilibrium price? 
c) Calculate and compare the profit of each firm under the Cournot and Stackelberg 
equilibria. Under which equilibrium is overall industry profit the greatest, and why? 
 
a) Begin by inverting the market demand curve: Q = 600 – 3P ⇒ P = 200 – (1/3)Q. The 
marketing-clearing price if firm 1 produces Q1 and firm 2 produces Q2 is:                P = 200 – 
(1/3)(Q1 + Q2). Let’s focus on firm 1 first. Firm 1’s residual demand curve has the equation P = 
[200 – (1/3)Q2] – (1/3)Q1. The corresponding marginal revenue curve is thus: MR1 = [200 – 
(1/3)Q2] – (2/3)Q1. Equating firm 1’s marginal revenue to marginal cost and solving for Q1 
gives us:  [200 – (1/3)Q2] – (2/3)Q1 = 80, or 120 – (1/3)Q2 = (2/3)Q1 ⇒ Q1 = 180 – ½ Q2.  This 
is Firm 1’s reaction function. Similar logic gives us Firm 2’s reaction function: Q2 = 180 – ½ Q1. 
Now, we have two equations (the two reaction functions) in two unknowns (Q1 and Q2). Solving 
this system of linear equations gives us: Q1 = Q2 = 120. The resulting market price is: P = 200 – 
(1/3)(120+120) = 120. Each firm’s profit is (P – M)Qi, for i = 1,2, or (120 – 80)(120) = $4,800 
per month. Industry profit is thus: $9,600 per month. 
 
b) To find the Stackelberg equilibrium, we begin by substituting Firm 2’s reaction function 
into the expression for the market-clearing price to get Firm 1’s residual demand curve. This 
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gives us: P = 200 – (1/3)(Q1 + 180 – ½ Q1) ⇒ P = 140 – (1/6)Q1.The corresponding marginal 
revenue curve is: MR1 = 140 – (1/3)Q1. Equating marginal revenue to marginal cost gives us: 
140 – (1/3)Q1 = 80, or Q1 = 180. This is the Stackelberg leader’s quantity. The Stackelberg 
follower’s quantity is found by substituting the leader’s quantity into the follower’s reaction 
function: Q2 = 180 – ½ (180) = 90. The resulting market price is: P = 200 – (1/3)(180 + 90) = 
110. Notice that this is lower than the Cournot equilibrium price.  
 
c) Let’s now compute the profit of each firm under Stackelberg leadership and compare to 
the profit under Cournot. The leader’s profit is: (110 – 80)(180) =  $5,400 per month.  The 
follower’s profit is: (110 – 80)(90) = $2,700 per month. Notice that the leader earns higher profit 
than under the Cournot equilibrium, while the follower earns lower profit. Overall industry profit 
under Stackelberg leadership --- $5,400 + $2,700 = $8,100 --- is less than it is in the Cournot 
model. 
 
 
13.17. Consider a market in which the market demand curve is given by P = 18 - X - Y, 
where X is Firm 1’s output, and Y is Firm 2’s output. Firm 1 has a marginal cost of 3, while 
Firm 2 has a marginal cost of 6. 
a) Find the Cournot equilibrium outputs in this market. How much profit does each firm 
make? 
b) Find the Stackelberg equilibrium in which Firm 1 acts as the leader. How much profit 
does each firm make? 
 
The table below summarizes the solution. The details follow. 
 

 Firm 1 
output 

Firm 2 
output 

Market 
Price 

Firm 1  
Profit 

Firm 2 
Profit 

Cournot 6 3 9 36 9 
Stackelberg with 
Firm 1 as leader 

9 1.5 7.5 40.5 2.25 

 
a) For Firm 1, equating MR to MC yields 18 – Y – 2X = 3, or X = 7.5 – 0.5Y. 
For Firm 2, equating MR to MC yields 18 – X – 2Y = 6, or Y = 6 – 0.5X. 
If we solve these reaction functions simultaneously, we have X = 6, Y = 3.  
The resulting market price is thus: 18 – 6 – 3 = 9. Firm 1’s profit is: (9 – 3)*6 = 36. Firm 2’s 
profit is: (9 – 6)*3 = 9 
b) If Firm 1 is the Stackelberg leader, we plug Firm 2’s reaction function into the expression 
for Firm 1’s total revenue: TR = [18 – (6 – 0.5X) – X]X = (12 – 0.5X)X.  
Firm 1’s marginal revenue is thus: 12 – X.  Equating this to Firm 1’s marginal cost gives us: 12 – 
X = 3, or X = 9.  
Given this, Firm 2’s output is Y = 6 – 0.5*9 = 1.5.  The resulting market price is (18 – 9 – 1.5) = 
7.5.  
Firm 1’s profit is thus: (7.5 – 3)*9 = 40.5, while Firm 2’s profit is thus: (7.5 – 6)*1.5 = 2.25. 
The problem demonstrates that Stackelberg leadership exaggerates the equilibrium differences 
(quantities and profits) between firms. Put another way, Firm 1’s cost advantage is even more 
powerful when Firm 1 acts as a Stackelberg leader. 
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13.18. Consider a market in which we have two firms, one of which will act as the 
Stackelberg leader and the other as the follower. As we know, this means that each firm 
will choose a quantity, X (for the leader) and Y (for the follower). Imagine that you have 
determined the Stackelberg equilibrium for a particular linear demand curve and set of 
marginal costs. Please indicate how X and Y would change if we then “perturbed” the 
initial situation in the following way: 
a) The leader’s marginal cost goes down, but the follower’s marginal cost stays the same. 
b) The follower’s marginal cost goes down, but the leader’s marginal cost stays the same. 
 
a) The leader would produce more and the follower would produce less. 
Intuitively, with a lower marginal cost, the leader is more “eager” to supply output than before. 
(Technically, with lower marginal cost, the intersection of the leader’s MR curve with its new 
MC must occur at a higher quantity than before). But if the leader produces more, the follower 
must produce less. (Technically speaking, this is because by committing to a higher quantity, the 
leader “moves” the follower further to southeast along the follower’s reaction curve.) 
 
b) The leader would produce less and the follower would produce more.  
Intuitively, with a lower marginal cost, the follower is now more eager to supply output than 
before. Therefore, it is “harder” for the leader (by producing lots of output) to get the follower to 
scale back its output. Thus, from the leader’s perspective, the value of extra output as a “strategic 
move” has been somewhat diminished. Hence, the leader is not quite as enthusiastic about 
producing lots of output, and so it will cut back a little.   
 
 
13.19. Suppose that the market demand for cobalt is given by Q = 200 - P. Suppose that the 
industry consists of 10 firms, each with a marginal cost of $40 per unit. What is the 
Cournot equilibrium quantity for each firm? What is the equilibrium market price? 
 
Market demand is given by 200P Q= − .  With ten firms, 1 10Q Q Q= + +L .  Letting 

2 10X Q Q= + +L , Firm 1 faces demand 1(200 )P X Q= − − .  Setting MR MC=  implies 

 1

1

(200 ) 2 40
80 0.5

X Q
Q X

− − =
= −

 

 
In equilibrium, each firm will produce the same quantity Q* = Q1 = Q2 = … = Q10 
 

 
* *

*

80 0.5(9 )
14.55

Q Q
Q

= −

=
 

 
Total industry output will be 145.50 with each of the ten firms producing 14.55 units.  At this 
quantity, market price will be 200 145.50 54.50P = − = . 
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13.20. Consider the same setting as in the previous problem, but now suppose that the 
industry consists of a dominant firm, Braeutigam Cobalt (BC), which has a constant 
marginal cost equal to $40 per unit. There are nine other fringe producers, each of whom 
has a marginal cost curve MC = 40 + 10q, where q is the output of a typical fringe producer. 
Assume there are no fixed costs for any producer. 
a) What is the supply curve of the competitive fringe? 
b) What is BC’s residual demand curve? 
c) Find BC’s profit-maximizing output and price. At this price, what is BC’s market share? 
d) Repeat parts (a) to (c) under the assumption that the competitive fringe consists of 18 
firms. 
 
a) The supply curve of the competitive fringe is the horizontal summation of the marginal 
cost curves (supply curves) for the individual firms.  Since 40 10MC q= +  for each firm, q = 
0.1P – 4 is the supply curve for an individual firm, so long as P > 40.  For P ≤ 40, fringe supply 
is zero.  Summing these for the 9 fringe producers in this market implies 

 




>−
≤

=
40369.0
400

PP
P

SF  

 
b) For P ≤ 40, fringe supply is zero so residual demand is equal to market demand.  For P > 
40, residual demand is the horizontal difference between the fringe supply and market demand.  
Thus, residual demand is 

 




>−
≤−

=
409.1236
40200

PP
PP

QR  

 
c) For P > 40, the inverse residual demand curve is P = (10/19)(236 – QR), so  the 
associated marginal revenue curve is MR = (10/19)(236 – 2QR).  BC maximizes profit by 
equating MR to its MC = 40: 

 
( )( )

80
40223619/10

=
=−

R

R

Q
Q

 

 
Using the residual demand curve, BC’s profit-maximizing price is P = (10/19)(236 – 80) = 82.11 
and total market demand is Q = 200 – 82.11 = 117.89.  Thus, BC’s market share is 80/117.89 = 
0.68, or 68 percent. 
 
d) If the competitive fringe consists of 18 firms, then 
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400
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Residual demand is: 
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For P > 40, the inverse residual demand is P = (10/28)(272 – QR).  BC maximizes profit by 
setting MR = MC, or 
 

 
( )( )

80
40227228/10

=
=−

R

R

Q
Q

 

 
Using the residual demand curve, BC will set P = (10/28)(272 – 80) = 68.58.  Total market 
demand will be 200 68.58 131.42Q = − = .  Thus, BC’s market share will be 80/131.43 = 0.61, or 
61 percent.  As more firms enter the competitive fringe, BC’s market share falls. 
 
 
13.21. Apple’s iPod has been the portable MP3-player of choice among many gadget 
enthusiasts. Suppose that Apple has a constant marginal cost of 4 and that market demand 
is given by Q = 200 - 2P. 
a) If Apple is a monopolist, find its optimal price and output. What are its profits? 
b) Now suppose there is a competitive fringe of 12 price-taking firms, each of which has a 
total cost function TC(q) = 3q2 + 20q with corresponding marginal cost curve MC = 6q + 20. 
Find the supply function of the fringe (Hint: A competitive firm supplies along its marginal 
cost curve above its shutdown point). 
c) If Apple operates as the dominant firm facing competition from the fringe in this 
market, now what is its optimal output? How many units will fringe providers sell? What is 
the market price, and how much profit does Apple earn? 
d) Graph your answer to part (c). 
 
a) A monopolist sets MR = MC (don’t forget to invert the demand curve first!) so 100 – Qm 
= 4.  Thus, Qm = 96 and Pm = 52.  As a monopolist, Apple’s profits are π = (52 – 4)*96 = 4608. 
 
b) Each fringe firm maximizes profits by setting P = MC = 6q + 20, so we can derive a 
single firm’s supply curve as q = (P – 20)/6, so long as P > 20.  With the fringe comprising 12 
firms, total supply is Qfringe = 12q, or 





>−
≤

=
20402
200

PP
P

Qfringe  

 
c) First, find Apple’s (denoted DF for “dominant firm”) residual demand, for P > 20: QDF 
= Qmkt – Qfringe = 200 – 2P – (2P – 40) = 240 – 4P.  Inverting, this is P = 60 – 0.25Q.  So Apple 
sets MR = MC or  

60 – 0.5QDF = 4  
      QDF = 112 

From the residual demand, Apple’s price is P = 60 – 0.25*112 = 32.  At this price, the fringe 
supplies Qfringe = 2P – 40 = 2*32 – 40 = 24. Apple’s profits are π = (32 – 4)*112 = 3136. 
 
d) On the graph, note that (i) residual demand begins at P = 60, precisely where fringe 
supply intersects market demand; (ii) residual demand connects back with market demand at P = 
20, where the fringe supply curve intersects the P-axis; and (iii) the dominant firm’s equilibrium 
output occurs where its MR = MC. 
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13.22. Britney produces pop music albums with the total cost function TC(Q) = 8Q. Market 
demand for pop music albums is P = 56 - Q. Suppose there is a competitive fringe of price-
taking pop music artists, with total supply function Qfringe = 2P - y, where y > 0 is some 
positive integer. If Britney behaves like a dominant firm and maximizes her profit by 
selling at a price of P = 16, find (i) the value of y, (ii) Britney’s output level, and (iii) the 
output level of the competitive fringe. 
 
Britney’s residual demand is QB = Q – Qfringe = 56 – P – (2P – y) = 56 + y – 3P.  Or in inverse 
form, P = (56 + y – QB)/3.  We’ll use this in two ways.   
First, Britney maximizes profits by setting MR = MC or (56 + y – 2QB)/3 = 8 yielding QB = 
0.5(32 + y).   
Second, knowing that Britney charges a price of P = 16, using her residual demand curve implies 
16 = (56 + y – QB)/3, or QB = 8 + y.   
Solving these two equations for QB and y implies 8 + y = 0.5(32 + y) yielding y = 16 and QB = 
24.  Lastly, knowing the value of y and the market price P we can then see that the fringe 
supplies Qfringe = 2*16 – 16 = 16. 
 
 
13.23. The market demand curve in the nickel industry in Australia is given by Qd = 400 - 
8P. The industry is dominated by a large firm with a constant marginal cost of $10 per 
unit. There also exists a competitive fringe of 100 firms, each of which has a marginal cost 
given by MC = 10 + 50q, where q is the output of a typical fringe firm. 
a) What is the equation of the supply curve for the competitive fringe? 
b) Restricting your attention to the range of prices that exceed the dominant firm’s 
marginal cost, what is the equation of the residual demand curve? 

 

Fringe supply 

Qfringe = 24 QDF = 112      Qmkt = 136 
 

Market demand 

Residual demand 

MC 
  MR 
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c) What is the profit-maximizing quantity of the dominant firm? What is the resulting 
market price? At this price, how much does the competitive fringe produce, and what is the 
fringe’s market share (i.e., the fringe quantity divided by total industry quantity)? What is 
the dominant firm’s market share? 
d) Let’s consider a twist on the basic dominant firm model. Suppose the Australia 
government, concerned about the amount of dominance in the nickel industry decides to 
break the dominant firm into two identical firms, each with a constant marginal cost of $10 
per unit. Suppose further that these two firms act as Cournot quantity setters, taking into 
account the supply curve of the competitive fringe. What is the Cournot equilibrium 
quantity produced by each dominant firm? What is the equilibrium market price? At this 
price, how much does the competitive fringe produce, and what is the fringe’s market 
share? 
 
a) To find the supply curve of the competitive fringe, we proceed as follows. Each price-
taking fringe firm produces to the point at which the market price equals marginal cost: P = 10 + 
50q, or q = (P – 10)/50. This equation is valid only if the price is greater than or equal to 10. If 
the price is less than 10, a fringe firm produces nothing. In this problem, there is no loss of 
generality in assuming that the market price will exceed 10, and that a fringe firm’s supply curve 
is given by q = (P – 10)/50. This is because the marginal cost of the dominant firm is 10, and the 
dominant will not operate at a point at which its price is less than its marginal cost. Given this, 
the fringe’s overall supply curve is found by multiplying the individual fringe supply curve by 
the number of fringe firms (100): Qs = (100)(P – 10)/50 = 2P – 20. Thus, the overall fringe 
supply curve is Qs = 2P – 20. 
 
b) We find the residual demand curve by subtracting the overall fringe supply from the 
market demand curve. Letting Qr denote residual demand, we have: Qr = Qd – Qs = (400 – 8P)-
(2P – 20) ⇒ Qr = 420 – 10P. 
 
c) To find the profit-maximizing quantity of the dominant firm, we first invert the residual 
demand (dropping the superscript r) to get: P = 42 – (1/10)Q. The corresponding marginal 
revenue curve is: MR = 42 – (1/5)Q. Equating marginal revenue to marginal cost gives us: 42 – 
(1/5)Q = 10, which implies: Q = 160. The resulting market price is P = 42 – (1/10)(160) = 26. At 
this price, the fringe’s overall supply is: 2(26) – 20 = 32. Hence, the fringe’s market share is 
32/(32 + 160) = (1/6) or 16.67 percent. The dominant firm’s market share is (5/6) or 83.33 
percent. 
 
d) We solve this problem as we would solve any Cournot except that we use the (inverse) 
residual demand curve. Recall that the inverse residual demand curve is P = 42 – (1/10)(Q1 + 
Q2), where Q1 is the output of dominant Firm 1 and Q2 is the output of dominant Firm 2.  Firm 
1’s marginal revenue curve is MR1 = [42 – (1/10)Q2] – (1/5)Q1. Equating this to marginal cost 
and solving for Q1 in terms of Q2 gives us Firm 1’s reaction function: [42 – (1/10)Q2] – (1/5)Q1 
= 10 ⇒ Q1 = 160 – ½ Q2.   Similar logic is used to derive Firm 2’s reaction function: Q2 = 160 – 
½Q1. Solving these reaction functions simultaneously gives us the equilibrium quantities of each 
firm: Q1 = Q2 = 106.67. The two dominant firms together produce 213.33. The corresponding 
market price is: 42 – (1/10)(216.33) = 20.367. At this market price, the competitive fringe 
produces: 2(20.367) – 20 = 20.733. The market share of the competitive fringe is thus: 
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20.733/(20.733+213.33) = 8.86 percent, which means than the two dominant firms together have 
a market share of 100 – 8.86 = 91.14 percent. Comparing this solution to the one in part (c), we 
can see that adding a second dominant firm reduces the equilibrium market share attained by the 
competitive fringe. 
 
 
13.24. Consider the Coke and Pepsi example discussed in the chapter. 
a) Explain why each firm’s reaction function slopes upward. That is, why does Coke’s 
profit-maximizing price go up the higher is Pepsi’s price? Why does Pepsi’s profit-
maximizing price go up the higher Coke’s price is? 
b) Explain why Pepsi’s profit-maximizing price seems to be relatively insensitive to Coke’s 
price. That is, why is Pepsi’s reaction function so flat? 
 
a) The profit-maximizing price for one firm given the price of the other firm is positively 
related to the price of the other firm’s product.  This occurs because as one firm lowers its price 
(say Coke), demand will move toward Coke and away from Pepsi.  In order for Pepsi to maintain 
demand and profits, Pepsi must also lower its price.  By the same reasoning, if Coke raises its 
price, demand will begin to move toward Pepsi, allowing Pepsi the opportunity to raise its price 
and profits without hurting demand. 
b) Pepsi’s demand is less sensitive to changes in Coke’s price and more sensitive to changes 
in its own price.  This implies that as Coke’s price increases, relatively little demand will move 
to Pepsi, but as Pepsi raises its price, relatively more demand will move to Coke.  This implies 
brand loyalty for Pepsi is low when compared with Coke meaning that Pepsi has less room to 
move its price.  This is seen graphically by a reaction function that is flatter than Coke’s. 
 
 
13.25. Again consider the Coke and Pepsi example discussed in the chapter. Use graphs of 
reaction functions to illustrate what would happen to equilibrium prices if: 
a) Coca-Cola’s marginal cost increased. 
b) For any pair of prices for Coke and Pepsi, Pepsi’s demand went up. 
 
a) When Coca Cola’s marginal cost increases, Coke’s reaction function will shift away from 
the origin, from R1 to R2.  This will raise both Coke’s price and Pepsi’s price. 
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b) When Pepsi’s demand increases, Pepsi’s reaction function shifts upward, from R1 to R2.  
This will increase both Coke’s price and Pepsi’s price. 
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13.26. Two firms, Alpha and Bravo, compete in the European chewing gum industry. The 
products of the two firms are differentiated, and each month the two firms set their prices. 
The demand functions facing each firm are: 

 
where the subscript A denotes the firm Alpha and the subscript B denotes the firm Bravo. 
Each firm has a constant marginal cost of $7 per unit. 
a) Find the equation of the reaction function of each firm. 
b) Find the Bertrand equilibrium price of each firm. 
c) Sketch how each firm’s reaction function is affected by each of the following changes: 
i) Alpha’s marginal cost goes down (with Bravo’s marginal cost remaining the same). 
ii) Alpha and Bravo’s marginal cost goes down by the same amount. 
iii) Demand conditions change so that the “150” term in the demand function now becomes 
larger than 150. 
iv) The “10” and “9” terms in each demand function now become larger (e.g., they become 
“50” and “49,” respectively). 
d) Explain in words how the Bertrand equilibrium price of each firm is affected by each of 
the following changes: 
i) Alpha’s marginal cost goes down (with Bravo’s marginal cost remaining the same). 
ii) Alpha and Bravo’s marginal cost goes down by the same amount. 
iii) Demand conditions change so that the “150” term in the demand function for each firm 
now becomes larger than 150. 
iv) The “10” and “9” terms in each demand function now become larger (e.g., they become 
“50” and “49,” respectively). 
 
a) We will first solve for Alpha’s reaction function. We begin by solving Alpha’s demand 
function for PA in terms of QA and PB: PA = 15 – (1/10)QA + (9/10)PB. The corresponding 
marginal revenue equation is: MRA = 14 – (2/10)QA + (9/10)PB. Equating marginal revenue to 
marginal cost and solving for QA gives us Alpha’s profit-maximizing quantity as a function of 
Bravo’s price: MRA = MCA ⇒ 15 – (2/10)QA + (9/10)PB = 7, which gives us: QA = 40 + 

R1 

R2 
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(9/2)PB. Now, substitute this expression for QA back into the expression for the demand curve 
with PA on the left-hand side and QA on the right-hand side: PA = 15 – (1/10)[40 + (9/2)PB] + 
(9/10)PB ⇒ PA = 11 + (9/20)PB. This is Alpha’s reaction function. 
 
b) We can find Bravo’s reaction function by following steps identical to those followed to 
derive Alpha’s reaction function. Following these steps gives us: PB = 11 + (9/20)PA.  We now 
have two equations (the two reaction functions) in two unknowns, PA and PB. Solving these 
equations gives us the Bertrand equilibrium prices: PA = PB = 20. 
 
c) The following diagrams show how each change affects the reaction functions. 
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d) The above diagrams can used to verify how each of the changes affects the Bertrand 
equilibrium: 
Each firm’s equilibrium price goes down. 
Each firm’s equilibrium price goes down. 
Each firm’s equilibrium price goes up. 
Each firm’s equilibrium price goes down. 
 
 
13.27. When firms choose outputs, as in the Cournot model, reaction functions slope 
downward. But when firms choose prices, as in the Bertrand model with differentiated 
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products, reaction functions slope upward. Why do output reaction functions differ from 
price reaction functions in this way? 
 
When firms choose outputs, the reaction functions are downward sloping.  Intuitively, if one firm 
reduces its quantity, the residual demand curve of the second firm shifts outward, as will the 
associated marginal revenue curve.  This causes the second firm’s profit-maximizing quantity to 
go up.  Thus, if one firm lowers its quantity, the other firm should raise its quantity.  This implies 
a negative relationship between the quantities. 
When firms choose prices, the reaction functions are upward sloping.  Intuitively, if one firm 
lowers its price, the residual demand curve of the second firm shifts inward, as will the 
associated marginal revenue curve.  This causes the second firm’s profit-maximizing quantity 
and price to fall.  Thus, if one firm lowers its price, the other firm should lower its price too.  
This implies a positive relationship between firm’s prices. 
 
 
13.28. Suppose that Jerry and Teddy are the only two sellers of designer umbrellas, which 
consumers view as differentiated products. For simplicity, assume each seller has a 
constant marginal cost equal to zero. When Jerry charges a price pJ and Teddy charges pT, 
consumers would buy a total of 

 
umbrellas from Jerry. In similar fashion, Teddy faces a demand curve of 

 
Illustrate each seller’s best-response function on a graph. What are the equilibrium prices? 
How much profit does each seller earn? 
 
Jerry’s demand curve can be written as pJ = (1/3)(100 + pT) – (1/3)qJ.  Hence, MRJ = MCJ 
implies (1/3)(100 + pT) – (2/3)*qJ = 0 yielding Jerry’s reaction function: qJ = 50 + 0.5pT.  At 
this quantity, Jerry will charge a price of pJ = (100 + pT)/6.  Similarly, we can find that Teddy’s 
best response function is pT = (100 + pJ)/6.  Solving the two equations yields pT = pJ = 20 in 
equilibrium.  We can also see this graphically: 

   20                           pT 

pJ 
 
 
 
 
 

20 
 
 

 Jerry’s best response  
 function pJ = (100 + pT)/6 

 Teddy’s best response  
 function pT = (100 + pJ)/6 

 

 
 
 
13.29. United Airlines and American Airlines both fly between Chicago and San Francisco. 
Their demand curves are given by QA = 1000 - 2PA + PU and QU = 1000 - 2PU + PA. QA 
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and QU stand for the number of passengers per day for American and United, respectively. 
The marginal cost of each carrier is $10 per passenger. 
a) If American sets a price of $200, what is the equation of United’s demand curve and 
marginal revenue curve? What is United’s profit-maximizing price when American sets a 
price of $200? 
b) Redo part (a) under the assumption that American sets a price of $400. 
c) Derive the equations for American’s and United’s price reaction curves.  
d) What is the Bertrand equilibrium in this market? 
 
a) If American sets a price of $200, we can plug this price into United’s demand curve to 
get United’s perceived demand curve. 

 
1000 2 200
600 0.5

U U

U U

Q P
P Q

= − +
= −

 

To find United’s profit-maximizing price set MR MC= . 
 

 
600 10

590
U

U

Q
Q

− =
=

 

 
At this quantity United will charge a price 600 0.5(590) 305UP = − = . 
 
b) If American sets a price of $400, then United’s perceived demand curve is 

 
1000 2 400
700 0.5

U U

U U

Q P
P Q

= − +
= −

 

 
Equating MR  to MC  yields 
 

 
700 10

690
U

U

Q
Q

− =
=

 

 
At this quantity, United will charge a price 700 0.5(690) 355UP = − = . 
 
c) American’s demand can be rewritten as 

 
2 (1000 )

(500 0.5 ) 0.5
A U A

A U A

P P Q
P P Q

= + −
= + −

 

 
Setting MR MC=  implies 
 

 
(500 0.5 ) 10

490 0.5
U A

A U

P Q
Q P

+ − =
= +

 

 
At this quantity American will charge a price 
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(500 0.5 ) 0.5(490 0.5 )
255 0.25

A U U

A U

P P P
P P

= + − +
= +

 

 
Since the firms have identical marginal cost and symmetric demand curves, United’s price 
reaction function will be 255 0.25U AP P= + . 
 
d) The Bertrand equilibrium will occur where these price reaction functions intersect.  
Substituting the expression for UP  into the expression for AP  implies 

 
255 0.25(255 0.25 )
340

A A

A

P P
P

= + +
=

 

 
Substituting into the expression for UP  implies 340UP = .  So, in the Bertrand equilibrium each 
firm charges a price of 340 and attracts a quantity of 660. 
 
 
13.30. Three firms compete as Bertrand price competitors in a differentiated products 
market. Each of the three firms has a marginal cost of 0. The demand curves of each firm 
are as follows: 

 
where P23 is the average of the prices charged by Firms 2 and 3, P13 is the average of the 
prices charged by Firms 1 and 3, and P12 is the average of the prices charged by Firms 1 
and 2 [e.g., P12 = 0.5(P1 + P2)]. What is the Bertrand equilibrium price charged by each 
firm? 
 
Let’s start by deriving Firm 1’s reaction function:  
Step 1: We can write Firm 1’s demand curve as:  
  P1 = [40 + 0.5P23] – 0.5Q1 
The corresponding MR curve is thus: 
  MR1 = [40 + 0.5P23] – Q1 
Step 2: Set MR1 equal to MC and solve for Q1 in terms of P23 
Since MC = 0, this step gives us: 
  Q1 = 40 + 0.5P23 
Step 3: Substitute back into the inverse demand curve to give us P1 in terms of P23. 
  P1 = [40 + 0.5P23] – 0.5[40 + 0.5P23]  
       = 20 + 0.25P23 
       = 20 + 0.125(P2 + P3) 
This is Firm 1’s reaction function. 
We could proceed to derive the reaction functions of all of the firms. But notice that in this 
problem, all firms are symmetric. Thus, their reaction functions will be mirror images of each 
other. 
  P2 = 20 + 0.125(P1 + P3) 
  P3 = 20 + 0.125(P1 + P2) 
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We now have three equations in three unknowns, which we can solve for the equilibrium prices. 
Doing so, we get P1 = P2 = P3 = 26.67. 
 
 
13.31. The Baldonian shoe market is served by a monopoly firm. The demand for shoes in 
Baldonia is given by Q = 10 - P, where Q is millions of pairs of shoes (a right shoe and left 
shoe) per year, and P is the price of a pair of shoes. The marginal cost of making shoes is 
constant and equal to $2 per pair. 
a) At what price would the Baldonian monopolist sell shoes? How many shoes are 
purchased? 
b) Baldonian authorities have concluded that the shoe seller’s monopoly power is not a 
good thing. Inspired by the U.S. government’s attempt several years ago to break Microsoft 
into two pieces, Baldonia creates two firms: one that sells right shoes and the other that 
sells left shoes. Let P1 be the price charged by the right-shoe producer and P2 be the price 
charged by the left-shoe producer. Of course, consumers still want to buy a pair of shoes (a 
right one and a left one), so the demand for pairs of shoes continues to be 10 - P1 - P2. If 
you think about it, this means that the right-shoe producer sells 10 - P1 - P2 right shoes, 
while the left-shoe producer sells 10 - P1 - P2 left shoes. Since the marginal cost of a pair of 
shoes is $2 per pair, the marginal cost of the right-shoe producer is $1 per shoe, and the 
marginal cost of the left-shoe producer is $1 per shoe. 
i) Derive the reaction function of the right-shoe producer (P1 in terms of P2). Do the same 
for the left-shoe producer. 
ii) What is the Bertrand equilibrium price of shoes? How many pairs of shoes are 
purchased? 
iii) Has the breakup of the shoe monopolist improved consumer welfare? 
Note: To see the potential relevance of this problem to the Microsoft antitrust case, you 
might be interested in reading Paul Krugman, “The Parable of Baron von Gates,” New 
York Times (April 26, 2000). 
 
a) Monopoly price = $6 per pair of shoes, Q = 4 million shoes are sold. 
b) Let’s begin by deriving Firm 1’s reaction function. 
Step 1: Firm 1’s demand curve can be written as:  
  P1 = [10 – P2] – Q1 
The corresponding MR curve is thus: 
  MR1 = [10 – P2] – 2Q1 
Step 2: Set MR1 equal to MC and solve for Q1 in terms of P2 
  [10 – P2] – 2Q1 = 1 
  Q1 = 4.5 – 0.5P2 
Step 3: Substitute back into the inverse demand curve to give us P1 in terms of P2. 
  P1 = [10 – P2] – [4.5 – 0.5P2] = 5.5 – 0.5P2 
Step 4: Firm 2’s reaction function is easy. The firms are symmetric so it takes the same form as 
firm 1’s reaction function: 
  P2 = 5.5 – 0.5P1 
Step 5: Solve for the equilibrium 
We have two equations in two unknowns. If we solve these reaction functions, we get P1 = P2 = 
3.67. 
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Since P1 + P2 = the total price of a pair of shoes = 3.67 + 3.67 = 7.33 > 6, a pair of shoes is now 
more expensive than when a single shoe monopolist controlled the market. Consumers are worse 
off after the breakup!  
In effect what is going on here is this: after the breakup of the shoe monopoly, the right-shoe 
producer does not take into account the negative impact of his raising price on the demand for 
left-shoes. Ditto for the left-shoe producer. A monopolist seller of both right and left shoes, by 
contrast, would internalize this effect. The result: the independent firms raise price “too much” 
since they are “ignoring” part of the “cost” of raising price. 
 
 
13.32. Reconsider Problem 13.29, except suppose American and United take each other’s 
quantity as given rather than taking each other’s price as given. That is, assume that 
American and United act as Cournot competitors rather than Bertrand competitors. The 
inverse demand curves corresponding to the demand curves in Problem 13.29 are 

 
a) Suppose that American chooses to carry 660 passengers per day (i.e., QA = 660). What is 
United’s profit maximizing quantity of passengers? Suppose American carries 500 
passengers per day. What is United’s profit maximizing quantity of passengers? 
b) Derive the quantity reaction function for each firm. 
c) What is the Cournot equilibrium in quantities for both firms? What are the 
corresponding equilibrium prices for both firms?  
d) Why does the Cournot equilibrium in this problem differ from the Bertrand equilibrium 
in Problem 13.29? 
 
a) If American chooses to carry 660 passengers, the Bertrand equilibrium, then United’s 
perceived inverse demand is 

 

2 11000 (660)
3 3

2780
3

U U

U U

P Q

P Q

= − −

= −
 

 
Setting MR MC=  implies 

 
4780 10
3

577.50

U

U

Q

Q

− =

=
 

 
If American chooses to carry 500 passengers per day, United’s perceived inverse demand is 

 

2 11000 (500)
3 3

2833.33
3

U U

U U

P Q

P Q

= − −

= −
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Setting MR MC=  implies 

 
4833.33 10
3

617.50

U

U

Q

Q

− =

=
 

 
b) Setting MR MC=  for American implies 

 
1 4(1000 ) 10
3 3

742.50 0.25

U A

A U

Q Q

Q Q

− − =

= −
 

Since the firms are symmetric we will have 742.50 0.25U AQ Q= − . 
 
c) The Cournot equilibrium will occur where these reaction functions intersect.  Substituting 
the expression for UQ  into the expression for AQ  implies 

 
742.50 0.25(742.50 0.25 )
594

A A

A

Q Q
Q

= − −
=

 

Substituting 594AQ =  into United’s reaction function implies 594UQ = .  At this quantity, each 
firm will charge a price of 406. 
 
d) A Bertrand firm chooses its profit-maximizing price assuming the other firm does not 
change its price.  A Cournot firm chooses its profit-maximizing quantity assuming the other firm 
does not change its quantity.  Because the assumptions about its rival’s behavior are different in 
the two models, it is not surprising that the equilibrium prices will be different. 
 
 
13.33. Let’s imagine that a local retail market is monopolistically competitive. Each firm 
(and potential entrant) is identical and faces a marginal cost that is independent of output 
and is equal to $100 per unit. Each firm has an annual fixed cost of $300,000 per month. 
Because each active firm perceives itself facing a price elasticity of demand equal to -2, the 
inverse elasticity pricing condition implies that the profit-maximizing price for each firm is 
(P - 100)/P = 1/2 or P = 200. If each firm charges an equal price, they will evenly split the 
overall market demand of 96,000 units per month. 
a) How many firms will operate in this market at a long run equilibrium? 
b) How would your answer change if each firm faced a price elasticity of demand of -4/3 
and charged a profit maximizing price of $400 per unit? 
 
a) The profit of an active firm is: (200 – 100)*96,000/N – 300,000, where N is the number 
of active firms. At a long-run equilibrium, each firm earns zero profit. Thus, the equilibrium 
number of firms makes this equal to zero. Thus:  
   9,600,000/N = 300,000, or N = 32. 
 
b) The profit of an active firm is: (400 – 100)*96,000/N – 300,000, where N is the number 
of active firms. At a long-run equilibrium, each firm earns zero profit. Thus, the equilibrium 
number of firms makes this equal to zero. Thus:  
   28,800,000/N = 300,000, or N = 96. 
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13.34. The Thai food restaurant business in Evanston, Illinois, is monopolistically 
competitive. Suppose that each existing and potential restaurant has a total cost function 
given by TC = 10Q + 40,000, where Q is the number of patrons per month and TC is total 
cost per month. The fixed cost of $40,000 includes fixed operating expenses (such as the 
salary of the chef), the lease on the building space where the restaurant is located, and 
interest expenses on the bank loan needed to start the business in the first place. Currently, 
there are 10 Thai restaurants in Evanston. Each restaurant faces a demand function given 

by  where P is the price of a typical entrée at the restaurant,  is the 
price of a typical entrée averaged over all the other Thai restaurants in Evanston, and N is 
the total number of restaurants. Each restaurant takes the prices of other Thai restaurants 
as given when choosing its own price. 
a) What is the own-price elasticity of demand facing a typical restaurant? 
b) For a typical restaurant, what is the profit-maximizing price of a typical entrée? 
c) At the profit-maximizing price, how many patrons does a typical restaurant serve per 
month? Given this number of patrons, what is the average total cost of a typical 
restaurant? 
d) What is the long-run equilibrium number of Thai restaurants in the Evanston market? 
 
a) Each firm faces an own price elasticity of demand of -5.  
 
b) Because the demand function exhibits constant elasticity, we can directly solve for a 
firm’s profit-maximizing price by using the inverse elasticity pricing rule: 
(P- MC)/P = -1/εQ,P  
From the equation of the total cost function, we see that each firm faces a marginal cost of $10 
per patron. This implies 
(P – 10)/P = -1/(-5), or  P = $12.50. 
 
c) Each firm will charge a price of $12.50, so therefore each restaurant attracts 
(4,000,000/10)(12.50)-5(12.50)4  = 32,000 patrons per month. Given this number of patrons each 
restaurant has an average total cost given by 10 + 40,000/32,000 = $11.25. 
 
d) To find the long-run equilibrium number of firms, we note that when there is an arbitrary 
number of firms N, the number of patrons going to each restaurant is (4,000,000/N)(12.50)-

5(12.50)4 = 320,000/N. Given this number of patrons, each firm’s average total cost is 10 + 
40,000/(320,000/N) = 10 + 0.125N. Because the demand function is constant elasticity, each 
firm will charge a price of $12.50 no matter how many firms are in the market. In a long-run 
equilibrium, the price of 12.50 must equal each firm’s average total cost. Thus: 10 + 0.125N = 
12.50, or 20. 
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Chapter 14 
Game Theory and Strategic Behavior 
 
 
Solutions to Review Questions 
 

 
1. What is a Nash equilibrium? Why would strategies that do not constitute a Nash 
equilibrium be an unlikely outcome of a game? 

 
A Nash equilibrium in a game occurs when each player chooses a strategy that gives it the 
highest payoff, given the strategies chosen by the other players in the game. 
If players chose strategies that did not constitute a Nash equilibrium, then the players could 
choose another strategy that increased their payoff given the strategies chosen by the other 
players.  Since players could increase their payoffs by choosing other strategies, strategies that 
do not constitute a Nash equilibrium are an unlikely outcome in a game. 
 
2. What is special about the prisoners’ dilemma game? Is every game presented in this 
chapter a prisoners’ dilemma?  
 
A prisoners’ dilemma game illustrates the conflict between self-interest and collective-interest.  
In the Nash equilibrium of a prisoners’ dilemma game, each player chooses a non-cooperative 
action even though it is in the players’ collective interest to pursue a cooperative action. 
No, not every game in the chapter is a prisoners’ dilemma.  For example, the game of Chicken 
presented in Table 14.7 is not a prisoners’ dilemma. 
 
3. What is the difference between a dominant strategy and a dominated strategy? Why 
would a player in a game be unlikely to choose a dominated strategy? 
 
A dominant strategy is a strategy that is better than any other strategy the player might follow no 
matter what the other player does.  A player has a dominated strategy when it has other strategies 
that give it a higher payoff no matter what the other player does.  A player would be unlikely to 
choose a dominated strategy because the player could always improve his payoff by choosing 
another strategy regardless of the strategies chosen by the other players. 
 
4. What is special about the game of Chicken? How does the game of Chicken differ from 
the prisoners’ dilemma game? 
 
The Chicken game is special because it has multiple Nash equilibria.  In each Nash equilibria, 
one player chooses a cooperative strategy (Swerve) while the other player chooses a non-
cooperative strategy (Stay).  There are multiple equilibria in this game because it is uncertain at 
the outset which player will Swerve and which will Stay. 
This game differs from the prisoners’ dilemma.  In the prisoners’ dilemma, both players have a 
dominant strategy to confess, and by choosing this dominant strategy, both players receive a 
payoff worse than if they both chose to not confess. 
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5. Can a game have a Nash equilibrium even though neither player has a dominant 
strategy? Can a game have a Nash equilibrium even though neither player has a dominated 
strategy? 
 
Yes, a game can have a Nash equilibrium even though neither player has a dominant or 
dominated strategy.  In fact, every game has a Nash equilibrium, possibly in mixed strategies.  
The game of Chicken is an example of a game with no dominant or dominated strategies but 
which has a Nash equilibrium. 
 
6. What is the difference between a pure strategy and a mixed strategy? 
 
A pure strategy is a specific choice of strategy among the possible moves a player may choose in 
a game.  With a mixed strategy, a player chooses among two or more pure strategies according to 
pre-specified probabilities. 
 
7. How can cooperation emerge in the infinitely repeated prisoners’ dilemma game even 
though in a single shot prisoners’ dilemma, noncooperation is a dominant strategy? 
 
In the repeated prisoners’ dilemma game, the players might, in equilibrium, play cooperatively.  
This could occur if one player chose to cooperate with the other player as long as the other player 
chose to cooperate and to resort to non-cooperation when the other player cheated.  For this to 
work, the short-term benefit of cheating must be lower than the long-term benefit of not 
cheating.  This would require the player to place a sufficiently strong weight on future payoffs 
relative to current payoffs. 
 
8. What are the conditions that enhance the likelihood of a cooperative outcome in a 
repeated prisoners’ dilemma game? 
 
The likelihood of a cooperative outcome is improved when the players are patient, their 
interactions are frequent, cheating is easy to detect, and the one-shot gain from cheating is small. 
 
9. What is the difference between a simultaneous move game and a sequential-move game? 
 
In a simultaneous move game, both players make their strategy choices at the same time.  In a 
sequential move game, one player chooses his strategy first, and then seeing the move that the 
first player made, the second player chooses her strategy. 
 
10. What is a strategic move? Why must strategic moves be hard to reverse in order to 
have strategic value? 
 
In a sequential move game, a strategic move is an action a player takes in an early stage of a 
game that alters the player’s behavior and the competitor’s behavior later in the game in a way 
that is favorable to the player.  Strategic moves can limit a player’s flexibility and in so doing 
can have strategic value.  To have strategic value, however, the strategic move must be hard to 
reverse.  If the move is easily reversed, then the competitor will ignore the strategic move when 
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making its choice.  If the move is not easily reversed, then the competitor must assume the player 
is not ‘bluffing’ and take the strategic move into consideration when making its choice. 
 
 
 
Solutions to Problems 
 

 
14.1. What is the Nash equilibrium in the following game? 

 
 

The Nash Equilibrium is: Player 1 chooses Up while Player 2 chooses Left. 
 

 
14.2. Ignoring mixed strategies, does the following game have a Nash equilibrium? Does it 
have more than one Nash equilibrium? If so, what are they? 

 
 
There are two Nash equilibria.  Nash equilibrium #1: Player 1 chooses SOUTH, Player 2 chooses 
WEST.  Nash equilibrium #2: Player 1 chooses NORTH, Player 2 chooses EAST 
 

 
14.3. Does either player in the following game have a dominant strategy? If so, identify it. 
Does either player have a dominated strategy? If so, identify it. What is the Nash 
equilibrium in this game? 

 
 
Player 1 has a dominant strategy (UP), which means that DOWN is dominated. 
Player 2 does not have a dominant strategy, but it does have a dominated strategy (MIDDLE). 
The Nash equilibrium in this game is for Player 1 to choose UP and Player 2 to choose LEFT 
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14.4. Coca-Cola and Pepsi are competing in the Brazilian soft-drink market. Each firm is 
deciding whether to follow an aggressive advertising strategy, in which the firm 
significantly increases its spending on media and billboard advertising over last year’s 
level, or a restrained strategy, in which the firm keeps its advertising spending equal to last 
year’s level. The profits associated with each strategy are as follows: 

 
What is the Nash equilibrium in this game? Is this game an example of the prisoners’ 
dilemma? 
 
In this game, “Aggressive” is a dominant strategy for both firms.  Thus, the Nash equilibrium 
strategy for both firms is to choose “Aggressive.” 
This game is an example of the prisoners’ dilemma.  In this game both players have a dominant 
strategy that leads to an outcome that does not maximize the collective payoffs of the players in 
the game.  If both players chose the “Restrained” strategy, then both players would increase their 
profits and the collective payoff would be maximized. 
 
 
14.5. In the Castorian Airline market there are only two firms. Each firm is deciding 
whether to offer a frequent flyer program. The annual profits (in millions of dollars) 
associated with each strategy are summarized in the following table (where the first 
number is the payoff to Airline A and the second to Airline B): 

 
a) Does either player have a dominant strategy? Explain. 
b) Is there a Nash equilibrium in this game? If so what is it? 
c) Is this game an example of the prisoners’ dilemma? Explain. 
 
a) Each firm finds having a frequent flyer program (FFP) to be a dominant strategy. 
If B has an FFP, A prefers a payoff of 200 (with its own FFP) to 160 (no FFP). 
If B has no FFP, A prefers a payoff of 340 (with its own FFP) to 240 (no FFP). 
Similarly: 
If A has an FFP, B prefers a payoff of 160 (with its own FFP) to 80 (no FFP). 
If A has no FFP, B prefers a payoff of 280 (with its own FFP) to 200 (no FFP). 
b) Since both players have a dominant strategy with an FFP, at the Nash equilibrium both 
players will have an FFP. 
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c) Yes. Both players would be better off with no FFP (A earns 240, B earns 200) than they are 
at the Nash equilibrium (in which A earns 200 and B earns 160). But, as noted above, “No FFP” is 
not a dominant strategy for either player. 
 
 
14.6. Asahi and Kirin are the two largest sellers of beer in Japan. These two firms compete 
head to head in the dry beer category in Japan. The following table shows the profit (in 
millions of yen) that each firm earns when it charges different prices for its beer: 

  Kirin 
  ¥630 ¥660 ¥690 ¥720 
 
Asahi 

¥630 180, 180 184, 178 185, 175 186, 173 
¥660 178, 184 183, 183 192, 182 194, 180 
¥690 175, 185 182, 192 191, 191 198, 190 
¥720 173, 186 180, 194 190, 198 196, 196 

a) Does Asahi have a dominant strategy? Does Kirin? 
b) Both Asahi and Kirin have a dominated strategy: Find and identify it. 
c) Assume that Asahi and Kirin will not play the dominated strategy you identified in part 
(b) (i.e., cross out the dominated strategy for each firm in the table). Having eliminated the 
dominated strategy, show that Asahi and Kirin now have another dominated strategy. 
d) Assume that Asahi and Kirin will not play the dominated strategy you identified in part 
(c). Having eliminated this dominated strategy, determine whether Asahi and Kirin now 
have a dominant strategy.  
e) What is the Nash equilibrium in this game? 
 
a) Neither player has a dominant strategy in this game. 
b) In this game, Asahi has a dominated strategy, ¥720 is dominated by ¥690, and Kirin has a 
dominated strategy, ¥720 is dominated by ¥690.  Assuming neither player will play these 
dominated strategies we can remove them from the game.  The reduced game is 

  Kirin 
  ¥630 ¥660 ¥690 
 
Asahi 

¥630 180, 180 184, 178 185, 175 
¥660 178, 184 183, 183 192, 182 
¥690 175, 185 182, 192 191, 191 

c) Now that we have eliminated a dominated strategy from the original game, both players 
now have a dominated strategy in the reduced game.  Asahi has a dominated strategy, ¥690 is 
dominated by ¥660, and Kirin has a dominated strategy, ¥690 is dominated by ¥660.  Assuming 
neither player will play these dominated strategies we can remove them from the game.  The 
reduced game is 

  Kirin 
  ¥630 ¥660 
Asahi ¥630 180, 180 184, 178 

¥660 178, 184 183, 183 
d) Now that we have eliminated another dominated strategy from the original game, both 
players have a dominant strategy to choose ¥630. 
e) Based on the analysis above, the Nash equilibrium in this game has both players choosing 
¥630. 



Besanko & Braeutigam – Microeconomics, 5th edition Solutions Manual 

Copyright © 2014 John Wiley & Sons, Inc.  Chapter 14 - 6 

 
 
14.7. Consider the following game: 

 
a) What is the Nash equilibrium in this game? 
b) If you were Player 1, how would you play this game? 

 
a) Player 1 choosing “Up” and Player 2 choosing “Left” is the Nash equilibrium.  Player 2 
has a dominant strategy to choose “Left,” and Player 1 seeing this will make the best choice 
assuming Player 2 will play its dominant strategy which is “Up.” 
b) Some students will argue that Player 1 should choose “Down.”  By choosing “Down” 
Player 1 will receive/lose nothing.  By selecting “Up” Player 1 earns at most 1 and may lose 100.  
To avoid the possibility of losing 100, Player 1 may select “Down.”  This reasoning is based on 
the unstated assumption that Player 2 will not play its dominant strategy of “Left.”  Such doubt 
might be justified if Player 1 was not sure what Player 2’s objective function was or if Player 1 
was not certain that the payoffs in the game matrix represented Player 2’s true payoffs.  These 
possibilities are often explored in advanced game theory courses that study what happens when 
there are uncertainties in the game. 
 
 
14.8  It is the year 2099, and the moon has been colonized by humans. Alcatel (the French 
telecom equipment company) and Nokia (the Finnish telecom equipment company) are 
trying to decide whether to invest in the first cellular telecommunications system on the 
moon. The market is big enough to support just one firm profitably. Both companies must 
make huge expenditures in order to construct a cellular network on the moon. The payoffs 
that each firm gets when it enters or does not enter the moon market are as follows: 

 
Ignoring mixed strategies, find all of the Nash equilibria in this game. 
 
This game has two Nash equilibria corresponding to the outcomes where one firm chooses 
“Enter” and the other firm chooses “Do Not Enter.”  Thus, Alcatel choosing “Enter” and Nokia 
choosing “Do Not Enter” is one Nash equilibrium; and Alcatel choosing “Do Not Enter” and 
Nokia choosing “Enter” is the other. 
 
 
14.9  ABC and XYZ are the only two firms selling gizmos in Europe. The following table 
shows the profit (in millions of euros) that each firm earns at different prices (in euros per 
unit). ABC’s profit is the left number in each cell; XYZ’s profit is the right number. 
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Is there a unique Nash equilibrium in this game? If so, what is it? If not, why not? Explain 
clearly how you arrive at your answer. 
 
Note that a price of 32 is dominated by a price of 28 for both carriers. So we know that 32 will 
not be a Nash equilibrium for either carrier, and we can eliminate the bottom row and right 
column. 
Next, note that for the remaining strategies (20, 24, or 28), 28 is dominated by 24 for both 
carriers. So we know that 28 will not be a Nash equilibrium for either carrier, and we can focus 
on the 2X2 game with prices of 20 and 24. 
Consider the best response functions: 
If ABC chooses 20. XYZ chooses 20 (preferring a payoff of 60 to 56). 
If ABC chooses 24. XYZ chooses 20 (preferring a payoff of 68 to 66). 
So XYZ has a dominant strategy of 20. The game is symmetric, so ABC also has a dominant 
strategy of 20. So the Nash equilibrium is at (20,20). 
 
 
14.10  Two pipeline firms are contemplating entry into a market delivering crude oil from a 
port to a refinery. Pipeline 1, the larger of the two firms, is contemplating its capacity 
strategy, which we might broadly characterize as “aggressive” and “passive.” The 
“aggressive” strategy involves a large increase in capacity aimed at increasing the firm’s 
market share, while the passive strategy involves no change in the firm’s capacity. Pipeline 
2, the smaller competitor, is also pondering its capacity expansion strategy; it will also 
choose between an “aggressive strategy” or a “passive strategy.” The following table shows 
the present value of the profits associated with each pair of choices made by the two firms: 

 
a) If both firms decide their strategies simultaneously, what is the Nash equilibrium? 
b) If Pipeline 1 could move first and credibly commit to its capacity expansion strategy, 
what is its optimal strategy? What will Pipeline 2 do? 
 
a) “Passive” is a dominant strategy for pipeline 1. Since Pipeline 2 knows that Pipeline 1 
will choose to be passive, Pipeline 2 will be aggressive. So the Nash equilibrium is: Pipeline 1-- 
Passive, Pipeline 2 – Aggressive. Pipeline 1 will receive a payoff of 90, and Pipeline 2 will 
receive a payoff of 45. 
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b) If Pipeline 1 credibly precommits “Aggressive”, Pipeline 2 will choose “Passive.” So 
Pipeline 1 can receive a payoff of 100 (instead of the 90 it received in the simultaneous-play 
Nash equilibrium in part (a)). 
 
 
14.11  Lucy and Ricky are making plans for Saturday night. They can go to either a ballet 
or a boxing match. Each will make the choice independently, although as you can see from 
the following table, there are some benefits if they end up doing the same thing. Ignoring 
mixed strategies, is there a Nash equilibrium in this game? If so, what is it? 

 
 

There are two Nash equilibria in this game.  In the first one, Lucy and Ricky both choose 
BALLET. Why? 
 If Ricky chooses BALLET, Lucy’s best response is BALLET (Lucy’s payoff is 100 

versus –90). 
 If Lucy chooses BALLET, Ricky’s best response is BALLET (Ricky’s payoff is 30 

versus –90) 
Thus: BALLET,BALLET is a point of mutual best response. 
In the second Nash Equilibrium, Lucy and Ricky both choose BOXING MATCH 
 If Ricky chooses BOXING MATCH, Lucy’s best response is BOXING MATCH (Lucy’s 

payoff is 30 versus –90). 
 If Lucy chooses BOXING MATCH, Ricky’s best response is BOXING MATCH 

(Ricky’s payoff is 100 versus –90) 
Thus: BOXING MATCH, BOXING MATCH is also a point of mutual best response. 
 
 
14.12  Suppose market demand is P = 130 - Q. 
a) If two firms compete in this market with marginal cost c = 10, find the Cournot 
equilibrium output and profit per firm. 
b) Find the monopoly output and profit if there is only one firm with marginal cost c = 10. 
c) Using the information from parts (a) and (b), construct a 2 x 2 payoff matrix where the 
strategies available to each of two players are to produce the Cournot equilibrium quantity 
or half the monopoly quantity. 
d) What is the Nash equilibrium (or equilibria) of the game you constructed in part (c)? 
 
a)  Each Cournot firms produces until MR = MC, or 130 – 2Qi – Qj = 10.  The Cournot 
equilibrium output per firm is then Qi = 40.  The market price is P = 50, and profit per firm is 
then πi = (50 – 10)*40 = 1600. 
b)  A monopolist produces until 130 – 2Q = 10, implying Q = 60, P = 70, and π = 3600. 
c)  When both firms choose the Cournot quantity, each earns the Cournot profit.  Similarly, 
producing half the monopoly output garners each firm half the monopoly profit.  When, for 
instance, firm 1 produces the Cournot output Q1 = 40 while firm 2 produces half the monopoly 
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output Q2 = 30, the market price would be P = 60.  Firm 1 earns π1 = 2000 and firm 2 earns π2 = 
1500. When the roles are reversed, so are profits. 

 Firm 2 
Q2 = 30 Q2 = 40 

Firm 1 Q1 = 30 1800, 1800 1500, 2000 
Q1 = 40 2000, 1500 1600, 1600 

d) The game in part (c) is a typical Prisoners’ Dilemma game, where the unique Nash 
equilibrium is for each firm to produce the Cournot output. 
 
 
14.13  Consider the following game, where x > 0: 

 
a) For what values of x do both firms have a dominant strategy? What is the Nash 
equilibrium (or equilibria) in these cases? 
b) For what values of x does only one firm have a dominant strategy? What is the Nash 
equilibrium (or equilibria) in these cases? 
c) Are there any values of x such that neither firm has a dominant strategy? Ignoring 
mixed strategies, is there a Nash equilibrium in such cases? 

 
a)  For x > 50, both firms have a dominant strategy.  The unique NE is (Low, Low). 
b)  For 40 < x < 50 only Firm 2 has a dominant strategy.  The unique NE in this case is still 
(Low, Low). 
c)  For x < 40, there are zero dominant strategies, and no NE exists. 
 
 
14.14  Professor Nash announces that he will auction off a $20 bill in a competition between 
Jack and Jill, two students chosen randomly at the beginning of class. Each student is to 
privately submit a bid on a piece of paper; whoever places the highest bid wins the $20 bill. 
(In the event of a tie, each student gets $10.) The catch, however, is that each student must 
pay whatever he or she bid, regardless of who wins the auction. Suppose that each student 
has only two $1 bills in his or her wallet that day, so the available strategies to each student 
are to bid $0, $1, or $2. 
a) Write down a 3 x 3 payoff matrix describing this game. 
b) Does either student have any dominated strategies? 
c) What is the Nash equilibrium in this game? 
d) Suppose that Jack and Jill each could borrow money from the other students in the 
class, so that each of them had a total of $11 to bid. Would ($11, $11) be a Nash 
equilibrium? 
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a)  
  Jack 

 
  

 $0 $1 $2 

Jill 

 
$0 

 
10, 10 0, 19 0, 18 

 
$1 

 
19, 0 9, 9 -1, 18 

 
$2 

 
18, 0 18, -1 8, 8 

b)  For both players, bidding $0 is always dominated by bidding $2. 
c)  The Nash equilibrium is ($2, $2). 
d)  At ($11, $11), each player would earn $10 – $11 = –$1.  This would not be a Nash 
equilibrium because either player would prefer to bid $0 and lose the auction (earning $0) rather 
than bidding $11 and losing money in the end.     
 
 
14.15  Consider the following game between Sony, a manufacturer of video cassette players, 
and Columbia Pictures, a movie studio. Each firm must decide whether to use the VHS or 
Beta format—Sony to make video players, Columbia to release its movies for rental or 
purchase. 

 
a) Restrict attention to pure strategies. Does either firm have a dominant strategy? What is 
(are) the Nash equilibrium (equilibria) of this game? 
b) Is there a mixed strategy Nash equilibrium in this game? If so, what is it? 
c) Restrict attention again to pure strategies, but now focus on a sequential-move game in 
which Sony chooses its strategy first. What is (are) the Nash equilibrium (equilibria) of this 
game? 
 
a)  Neither firm has a dominant strategy.  There are two Nash equilibria: (Beta, Beta) and 
(VHS, VHS).  
b)  In any mixed-strategy Nash equilibrium, Sony plays Beta with some probability pS and 
VHS with probability (1 – pS) while Columbia plays Beta with some probability pC and VHS 
with probability (1 – pC).  By playing a mixed strategy, a player ensures that its rival is 
indifferent between its available strategies.  Thus, Sony chooses pS such that  
 Columbia’s expected π from Beta = Columbia’s expected π from VHS 

pS*10 + (1 – pS)*0 =  pS*0 + (1 – pS)*20 
This equation can be solved to show pS = 2/3 (intuitively, Sony puts more probability on the 
alternative (Beta) that Columbia doesn’t like.)  Similarly, in any mixed strategy equilibrium we 
can show that Columbia plays Beta with probability pC = 1/3 (intuitively, Columbia puts less 
probability on the alternative (Beta) that Sony prefers.) 
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c)  In moving first, Sony realizes that it will always be optimal for Columbia to choose the 
same strategy, as it never wants to end up on different standards (though Columbia prefers the 
VHS standard and Sony prefers Beta.)  Therefore in the Nash equilibrium Sony will choose Beta, 
followed by Columbia choosing Beta as well. 
 
 
14.16  In a World Series game, Tim Lincecum is pitching and Joe Mauer is batting. The 
count on Mauer is 3 balls and 2 strikes. Lincecum has to decide whether to throw a fastball 
or a curveball. Mauer has to decide whether to swing or not swing. If Lincecum throws a 
fastball and Mauer doesn’t swing, the pitch will almost certainly be a strike, and Mauer 
will be out. If Mauer does swing, however, there is a strong likelihood that he will get a hit. 
If Lincecum throws a curve and Mauer swings, there is a strong likelihood that Mauer will 
strike out. But if Lincecum throws a curve and Mauer doesn’t swing, there is a good chance 
that it will be ball four and Mauer will walk (assume that a walk is as good as a hit in this 
instance). The following table shows the payoffs from each pair of choices that the two 
players can make: 

 
a) Is there a Nash equilibrium in pure strategies in this game? 
b) Is there a mixed strategy Nash equilibrium in this game? If so, what is it? 
 
a) There are no Nash equilibria in pure strategies in this game. 
b) This game does have a Nash equilibrium in mixed strategies.  To find the mixed strategy 
equilibrium, we need to find the probabilities with which, for example, Rodriguez plays “Swing” 
and “Do Not Swing” so that Wood’s payoff from playing “Fast Ball” and “Curve Ball” are the 
same.  Letting the probability of “Swing” be P  and “Do Not Swing” be 1 P− , Wood’s expected 
payoff if he chooses “Fast Ball” is 100 100(1 )P P− + − .  His expected payoff if he chooses 
“Curve Ball” is 100 100(1 )P P− − .  Equating these yields: 

 
100 100(1 ) 100 100(1 )

100 200 200 100
0.50

P P P P
P P
P

− + − = − −
− = −

=
 

Thus, in equilibrium Rodriguez should play “Swing” with a 50% probability and “Do Not 
Swing” with a 50% probability.  Since the problem is symmetric, Wood should play “Fast Ball” 
with a 50% probability and “Curve Ball” with a 50% probability. 
 
14.17  In the mid-1990s, Value Jet wanted to enter the market serving routes that would 
compete head to head with Delta Airlines in Atlanta. Value Jet knew that Delta might 
respond in one of two ways: Delta could start a price war or it could be “accommodating,” 
keeping the price at a high level. Value Jet had to decide whether it would enter on a small 
scale or on a large scale. The annual profits (in zillions of dollars) associated with each 
strategy are summarized in the following table (where the first number is the payoff to 
Value Jet and the second the payoff to Delta): 
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a) If Value Jet and Delta choose their strategies simultaneously, what strategies would the 
two firms choose at the Nash equilibrium, and what would be the payoff for Value Jet? 
Explain.  
b) As it turned out, Value Jet decided to move first, entering on a small scale. It 
communicated this information by issuing a public statement announcing that it had 
limited aspirations in this marketplace and had no plans to grow beyond its initial small 
size. Analyze the sequential game in which Value Jet chooses “small” or “large” in the first 
stage and then Delta accommodates or starts a price war in the second stage. Did Value Jet 
enhance its profit by moving first and entering on a small scale? If so, how much more did 
it earn with this strategy? If not, explain why not? (Hint: Draw the game tree.) 
 
a) Value Jet has a dominant strategy to enter large. Given that, Delta would respond by 
launching a price war. Thus there is a unique pure strategy Nash equilibrium in which Value Jet 
enters large and Delta starts a price war. Value Jet’s payoff is $4 zillion.  
 
b)  
 

D 

D 

Accommodate 

Price War 

Price War 

Accommodate 

Enter Large 

Enter Small 

VJ’s Payoff      Delta’s Payoff 
 
 8 40 
 
 
 2 32 
 
 
 16 20 
 
 
 4 24 

VJ 

 
The game tree above models the two stages of the game. The payoffs are the same as in the 
matrix in (a). 
If VJ (Value Jet) builds low, D (Delta) will accommodate (preferring 40 over 32). Thus, D will 
get 8 if it enters small. 
If VJ (Value Jet) builds large, D (Delta) will start a price war (preferring 24 over 20). Thus, D 
will get 4 if it enters small. 
Value Jet’s optimal strategy is to build small and for Delta to accommodate. Value Jet will then 
receive $8 zillion. Value Jet has increased its profit from $4 zillion in (a) to $8 zillion in (b), so 
by moving first, gains an extra $4 zillion in profit. 
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14.18  Besanko, Inc. and Braeutigam, Ltd. compete in the high-grade carbon fiber market. 
Both firms sell identical grades of carbon fiber, a commodity product that will sell at a 
common market price. The challenge for each firm is to decide upon a capacity expansion 
strategy. The following problem pertains to this choice. 
a) Suppose it is well known that long-run market demand in this industry will be robust. In 
light of that, the payoffs associated with various capacity expansion strategies that Besanko 
and Braeutigam might pursue are shown in the following table. What are the Nash 
equilibrium capacity choices for each firm if both firms make their capacity choices 
simultaneously? 
b) Again, suppose that the table gives the payoffs to each firm under various capacity 
scenarios, but now suppose that Besanko can commit in advance to a capacity strategy. 
That is, it can choose no expansion, modest expansion, or major expansion. Braeutigam 
observes this choice and makes a choice of its own (no expansion or modest expansion). 
What is the equilibrium in this sequential-move capacity game? 

 
 
a)  As we see below (where squares represent Besanko’s best response and circles represent 
Braeutigam’s), the Nash equilibrium is for each player to choose MODEST EXPANSION.  

 
b)  If Besanko moves first, then he will commit to a MAJOR EXPANSION, and Braeutigam 
will choose NO EXPANSION. Here’s why: 
• If Besanko chooses NO EXPANSION, Braeutigam’s best response is MODEST 

EXPANSION. Besanko’s payoff is $844. 
• If Besanko chooses MODEST EXPANSION, Braeutigam’s best response is MODEST 

EXPANSION. Besanko’s payoff is $900. 
• If Besanko chooses MAJOR EXPANSION, Braeutigam’s best response is NO 

EXPANSION. Besanko’s payoff is $1,013. 
Besanko does best when he chooses MAJOR EXPANSION, putting Braeutigam in a position in 
which it is optimal for him to choose NO EXPANSION. 
 
 

Braeutigam 
No Expansion 

Besanko 1,013 $       844 $       
1,013 $       1,125 $       

1,125 $       900 $       
844 $          900 $          

1,013 $       675 $       
506 $          450 $          

Modest Expansion 
No Expansion 

Modest Expansion 
Major Expansion 

 
No Expansion 

Besanko 1,013 $       844 $       
1,013 $       1,125 $       

1,125 $       900 $       
844 $          900 $          

1,013 $       675 $       
506 $          450 $          

Modest Expansion 
No Expansion 

Modest Expansion 
Major Expansion 
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14.19  Boeing and Airbus are competing to fill an order of jets for Singapore Airlines. Each 
firm can offer a price of $10 million per jet or $5 million per jet. If both firms offer the 
same price, the airline will split the order between the two firms, 50–50. If one firm offers a 
higher price than the other, the lower-price competitor wins the entire order. Here is the 
profit that Boeing and Airbus expect they could earn from this transaction: 

 
a) What is the Nash equilibrium in this game? 
b) Suppose that Boeing and Airbus anticipate that they will be competing for orders like 
the one from Singapore Airlines every quarter, from now to the foreseeable future. Each 
quarter, each firm offers a price, and the payoffs are determined according to the table 
above. The prices offered by each airline are public information. Suppose that Airbus has 
made the following public statement: 

To shore up profit margins, in the upcoming quarter we intend to be statesmanlike in 
the pricing of our aircraft and will not cut price simply to win an order. However, if the 
competition takes advantage of our statesmanlike policy, we intend to abandon this 
policy and will compete all out for orders in every subsequent quarter. 

Boeing is considering its pricing strategy for the upcoming quarter. What price would you 
recommend that Boeing charge? Important note: To evaluate payoffs, imagine that each 
quarter, Boeing and Airbus receive their payoff right away. (Thus, if in the upcoming 
quarter, Boeing chooses $5 million and Airbus chooses $10 million, Boeing will 
immediately receive its profit of $270 million.) Furthermore, assume that Boeing and 
Airbus evaluate future payoffs in the following way: a stream of payoffs of $1 starting next 
quarter and received in every quarter thereafter has exactly the same value as a one-time 
payoff of $40 received immediately this quarter.  
c) Suppose that aircraft orders are received once a year rather than once a quarter. That is, 
Boeing and Airbus will compete with each other for an order this year (with payoffs given 
in the table above), but their next competitive encounter will not occur for another year. In 
terms of evaluating present and future payoffs, suppose that each firm views a stream of 
payoffs of $1 starting next year and received every year thereafter as equivalent to$10 
received immediately this year. Again assuming that Airbus will follow the policy in its 
public statement above, what price would you recommend that Boeing charge in this year 
and beyond? 
 
a) In this game both players have a dominant strategy to choose “P = $5m.”  Thus, the Nash 
equilibrium outcome occurs when Airbus chooses “P = $5m” and Boeing chooses “P = $5m.” 
b) Airbus’ statement implies that they will play “P = $10m” in this quarter and all 
subsequent quarters as long as Boeing also plays “P = $10m.”  However, if Boeing ever plays “P 
= $5m,” Airbus will play “P = $5m” in all future quarters. 
From Boeing’s perspective, if they choose to continue to play “P = $10m” then in every quarter 
they will receive a payoff of 50.  If they choose to lower their price to “P = $5m,” then in the 
first quarter they will receive 270.  In all subsequent quarters the best they will be able to do is 
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play “P = $5m,” as will Airbus, and Boeing will receive 30.  Thus, Boeing’s two possible payoff 
streams look like: 

Boeing P = $5m 270 30 30 …. 30 
P = $10m 50 50 50 …. 50 

Boeing values a stream of payoffs of $1 starting next quarter as a payoff of $40 in the first 
quarter.  Therefore, Boeing values the two payoff streams as 

P = $5m 270 + 40(30) = 1,470 
P = $10m 50 + 40(50) = 2,050 

Therefore, the value of “P = $10m” in current dollars is greater, so Boeing should select “P = 
$10m” in this quarter and all subsequent quarters. 
 
c) Now Boeing values the payoff stream differently.  In the current situation, Boeing values 
a stream of payoffs of $1 starting next year as equivalent to $10 received immediately.  Thus, 
Boeing will now value this payoff stream as 

P = $5m 270 + 10(30) = 570 
P = $10m 50 + 10(50) = 550 

Now “P = $5m” has a higher value in current dollars than “P = $10m.”  Thus, Boeing should 
select “P = $5m” this year, receive the high payoff in the current year, and select “P = $5m” 
thereafter receiving a stream of payoffs of 30 each year. 
 
 
14.20  Consider a buyer who, in the upcoming month, will make a decision about whether 
to purchase a good from a monopoly seller. The seller “advertises” that it offers a high-
quality product (and the price that it has set is based on that claim.) However, by 
substituting low-quality components for higher-quality ones, the seller can reduce the 
quality of the product it sells to the buyer, and in so doing, the seller can lower the variable 
and fixed costs of making the product. The product quality is not observable to the buyer at 
the time of purchase, and so the buyer cannot tell, at that point, whether he is getting a 
high-quality or a low-quality good. Only after he begins to use the product does the buyer 
learn the quality of the good he has purchased. The payoffs that accrue to the buyer and 
seller from this encounter are as follows: 

 
The buyer’s payoff (consumer surplus) is listed first; the seller’s payoff (profit) is listed 
second. Answer each of the following questions, using the preceding table. 
a) What are the Nash equilibrium strategies for the buyer and seller in this game under the 
assumption that it is played just once? 
b) Let’s again suppose that the game is played just once (i.e., the buyer makes at most one 
purchase). But suppose that before the game is played, the seller can commit to offering a 
warranty that gives the buyer a monetary payment W in the event that he buys the product 
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and is unhappy with the product he purchases. What is the smallest value of W such that 
the seller chooses to offer a high-quality product and the buyer chooses to purchase? 
c) Instead of the warranty, let’s now allow for the possibility of repeat purchases by the 
buyer. In particular, suppose that if the buyer purchases the product and learns that he has 
bought a high-quality good, he will return the next month and buy again. Indeed, he will 
continue to purchase, month after month (potentially forever!), as long as the quality of the 
product he purchased in the previous month is high. However, if the buyer is ever 
unpleasantly surprised—that is, if the seller sells him a low-quality good in a particular 
month—he will refuse to purchase from the seller forever after. Suppose that the seller 
knows that the buyer is going to behave in this fashion. Further, let’s imagine that the seller 
evaluates profits in the following way: a stream of payoffs of $1 starting next month and 
received in every month thereafter has exactly the same value as a one-time payoff of $50 
received immediately this month. Will the seller offer a low-quality good or a high-quality 
good? 

 
a)  The Nash equilibrium is for the Buyer to choose “Do Not Purchase” and the Seller “Sell 
Low Quality.”  (In fact, “Low-Quality” is a dominant strategy for the Seller.) 
b)  The warranty amount W needs to satisfy two conditions: 
 (1) The Buyer has an incentive to purchase, even if seller offers a low-quality product. 
 This will hold provided: “Buyer’s payoff from purchasing a low-quality product” > 
“Buyer’s payoff if he doesn’t purchase.” In payoff terms this requires: –4 + W > 0, or W > 4. 
 (2) Seller has an incentive to offer a high-quality product when buyer purchases. 
 This will hold provided: “Seller’s payoff from offering a high-quality product” > 
“Seller’s payoff from offering a low-quality product.” In payoff terms this requires: 6 > 12 – W, 
or W > 6.  
 Thus, if W is greater than 6, both conditions hold, so the lowest possible value of W is W 
= 6 (or maybe more precisely, one penny above, or 6.01). 
c)  If the Seller offers a high-quality product this month and forever after, the buyer will 
continue to purchase, and the Seller’s value of payoffs is:  
  6 + a stream of 6 starting next month forever after:  
  = 6 + 6*50   
  = 306 
 If seller offers a low-quality product this month, it gets a one-time payoff of $14, but it 
loses the buyer’s business forever more. The seller’s payoff is thus $14. Clearly, the seller’s 
payoff is much higher if it offers a high-quality product. 
 The lesson of this “fable” is this: The possible loss of future repeat business is a powerful 
disciplining device to keep a seller from substituting a shoddy good for a high-quality good.  A 
similar logic explains why powerful brands (e.g., Coca Cola) do not exploit loyal, trusting 
customers by using inferior ingredients that might be cheaper but would compromise quality.  
The loss of future business connected to that “brand franchise” would be enormous and the long-
term consequences would be devastating in comparison to the short-term reduction in cost. 
 
 
14.21  Two firms are competing in an oligopolistic industry. Firm 1, the larger of the two 
firms, is contemplating its capacity strategy, which could be either “aggressive” or 
“passive.” The aggressive strategy involves a large increase in capacity aimed at increasing 
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the firm’s market share, while the passive strategy involves no change in the firm’s 
capacity. Firm 2, the smaller competitor, is also pondering its capacity expansion strategy; 
it will also choose between an aggressive strategy and a passive strategy. The following 
table shows the profits associated with each pair of choices: 

 
a) If both firms decide their strategies simultaneously, what is the Nash equilibrium? 
b) If Firm 1 could move first and credibly commit to its capacity expansion strategy, what 
is its optimal strategy? What will Firm 2 do? 
 
a) Firm 1 will choose its dominant strategy “Passive.”  Firm 2, knowing Firm 1 has a 
dominant strategy, will play its best response, “Aggressive.” This is the only Nash equilibrium in 
the simultaneous-move game. 
b) As shown in the diagram below, if Firm 1 can choose first, then if it chooses 
“Aggressive” Firm 2 will choose “Passive” and Firm 1 will receive 33.  If Firm 1 instead chooses 
“Passive,” then Firm 2 will select “Aggressive” and Firm 1 will receive a payoff of 30.  
Therefore, if Firm 1 can move first, it does best to select “Aggressive” in which case Firm 2 will 
select its best response “Passive” earning Firm 1 a payoff of 33 and Firm 2 a payoff of 10. 
 

 

1 

2 

2 

Aggressive 

Aggressive 

Aggressive 

Passive 

Passive 

Passive 

Firm 1 Firm 2 

25 

33 

30 

36 

9 

10 

13 

12 
 

 
14.22  The only two firms moving crude oil from an oil-producing region to a port in 
Atlantis are pipelines: 
Starline and Pipetran. The following table shows the annual profit (in millions of euros) 
that each firm would earn at different capacities. Starline’s profit is the left number in each 
cell; Pipetran’s profit is the right number. At the current capacities (with no expansion) 
Starline is earning 40 million euros, and Pipetran is earning 18 million euros annually. 
Each company is considering an expansion of its capacity. Since Pipetran is a fairly small 
company, it can consider only a small expansion to its capacity. Starline has the ability to 
consider both a small and a large expansion. 
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a) If the two firms make their decisions about expansion simultaneously, is there a unique 
Nash equilibrium? If so, what is it? If not, why not? Explain whether this game is an 
example of a prisoners’ dilemma. 
b) Would Starline have a first-mover advantage if capacities were chosen sequentially? If 
so, briefly explain how it might credibly implement this strategy. 
c) Suppose you were hired to advise Pipetran about its choice of capacity. If Pipetran has 
the option of moving first, should it do so? Explain. 
 
a) Best responses for Starline are indicated with *; best responses for Pipetran are 
indicated with **. 
 
 Pipetran 

Starline 

 No Expansion Small 
No Expansion 40, 18 28, 22** 
Small 48*, 14 32*, 16** 
Large 38, 10** 24, 5 

 
There is a unique Nash equilibrium with “Small, Small,” with Starline earning 32 and 
Pipetran earning 16. 
It is an example of a prisoner’s dilemma. Both pipelines would be better off with no 
expansion. But each player has an incentive to choose “small” if it believes the other 
pipeline would choose “no expansion.” 
 
b) The game tree below depicts the scenario in which Starline moves first. Pipetran’s best 
responses give any action by Starline are indicated by **. Given Pipetran’s best responses, 
Starline’s best strategies are the ones associated with the payoffs in bold numbers. Over 
all, Starline’s best response is to build large first, inducing Pipetran not to expand. It 
would earn 38 million euros by moving first, instead of the 32 million euros it would have 
earned at the simultaneous play game in part (a). To be credible, it needs to announce that 
it has signed an irrevocable agreement committing to build the large plant before Pipetran 
can move. 
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c) The game tree below depicts the scenario in which Pipetran moves first. Starline’s best 
responses give any action by Pipetran are indicated by *. Given Starline’s best responses, 
Pipetran’s best strategies are the ones associated with the payoffs in bold numbers. Over 
all, Pipetran’s best response is to build small first, inducing Pipetran to build small. It 
would earn 16 million euros by moving first, the same amount it would have earned at the 
simultaneous play game in part (a). But, by moving first, it can avoid the scenario in (b) in 
which Starline moves first, in which case Pipetran would earn only 10 million euros. So 
Pipetran should commit immediately and irrevocably to a contract to build small. 
 

 
 

14.23  ABC and XYZ are the two cereal manufacturers contemplating entry into a South 
American market. Each will be able to build one plant, and that plant can be used to make 
either a cereal that is high in fiber and low in calories (High Fiber) or a less healthy cereal 
with a sweet taste (Sweet). Once a plant is chosen to produce one kind of cereal, it will be 
prohibitively expensive to switch production to the other type. The following table shows 
the annual profit (in millions of pesos) that each firm would earn given the production 
choices of the two firms. ABC’s profit is the left number in each cell; XYZ’s profit is the 
right number. For example, if ABC makes the sweet cereal and XYZ produces the high-
fiber cereal, annual profits will be 50 million pesos for ABC and 60 million pesos for XYZ. 

Large 

No Expansion 

Small 

No Expansion 

Small No Expansion 
 
 

Small 

Starline Pipetran 
40  18 
 
48*  14 
 
38  10 
 
28  22 
 
32*  16 
  
24  5 

Pipetran moves       Starline moves 
 

Large 

No Expansion 

Small 

No Expansion 

Small 

No Expansion 

Small 
No Expansion 
 
 

Small 

Large 

Starline Pipetran 
40  18 
 
28  22** 
 
48  14 
 
32  16** 
 
38  10** 
 
24  5 

Starline moves       Pipetran moves 
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a) If the two firms choose the type of plant simultaneously, is there a unique Nash 
equilibrium? If so, what is it? If not, why not? 
b) Would ABC have a first-mover advantage if capacities were chosen sequentially? If so, 
briefly explain how it might credibly implement this strategy. 
c) Would XYZ have a first-mover advantage if capacities were chosen sequentially? If so, 
briefly explain how it might credibly implement this strategy. 
 
a) Best responses for ABC are indicated with *; best responses for XYZ are indicated with **. 
 
 XYZ 

ABC 
 High Fiber Sweet 
Sweet 50*, 60** 30, 40 
High Fiber 20, 30 40*, 60** 

 
So there are two Nash equilibria, one in which ABC chooses High Fiber, and XYZ produces 
Sweet, and the second in which ABC chooses Sweet, and XYZ produces High Fiber. 
 
b) ABC would like to end up in the equilibrium in the upper left had corner, where it earns 50 
million pesos, instead of at the equilibrium in the lower right hand corner, where it would earn 
only 40 million pesos. So it should move first, entering into an irrevocable agreement to build the 
plant that produces sweet cereal. XYZ would then choose to make high fiber cereal. 
 
c) XYZ would earn 60 million pesos at either of the Nash equilibria. So it has no first mover 
advantage. (In this discussion we assume that each firm cares only about its own profits, and not 
the profits of the rival. One could also consider a different game in each firm places value on its 
own profits as well as those of its rival.)  
 
 
14.24.  Cities A, B, and C are located in different countries. The only airline serving the 
market between A and B is Ajax Air. Its total cost is CAjax = 20QAB. The airfare between 
A and B is PAB. Also, the only carrier serving the market between B and C is Sky Air. Its 
total cost is CSky = 20QBC. The airfare between B and C is PBC. The two airlines do not 
serve any other markets. 
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All traffic on the network flows between A and C, using B only as a point to interconnect 
with the other airline. (In other words, no traffic originates or terminates at B.) The 
demand for passenger service between A and C is QAC = 220 - PAC, where Q is the number 
of units of passenger traffic demanded when PAC, the total airfare between A and C, is 
PAB + PBC. 

 
a) The preceding table shows the profits for each carrier for various combinations of 
airfares. The upper left number in a cell shows Ajax’s profit; the lower right number shows 
Sky’s profit. Suppose Ajax charges PAB = 100 and Sky charges PBC = 90. Determine the 
profit for each of the two carriers, and enter your calculation in the table. 
b) Currently, Ajax and Sky are not allowed to coordinate prices. They must act 
noncooperatively when setting their fares. Using the preceding table, find the Nash 
equilibrium fares. Explain how you arrived at your answer. 
c) The two airlines have been lobbying antitrust authorities to allow them to merge, an act 
that would enable them to price jointly as a monopolist. The merged airline would still stop 
at B for refueling. The cost and demand curves would not change if the carriers merged. 
Use the table to determine what price the merged entity would charge for a trip between A 
and C, and explain your reasoning clearly. 
 
a) Ajax’s profit = (PAB – MC)(220 – PAB – PBC) = (100 – 20)(220 – 100 – 90) = 2400 
Sky’s profit  = (PBC – MC)(220 – PAB – PBC) = (90 – 20)(220 – 100 – 90) = 2100 
 
  PBC 100 95 90 85 80 70 65 60 55 
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PAB 

100 1600 
1600 

2000 
1875 

 
 

2800 
2275 

3200 
2400 

4000 
2500 

4400 
2475 

4800 
2400 

5200 
2275 

95 1875 
2000 

2250 
2250 

2625 
2450 

3000 
2600 

3375 
2700 

4125 
2750 

4500 
2700 

4875 
2600 

5250 
2450 

90 2100 
2400 

2450 
2625 

2800 
2800 

3150 
2925 

3500 
3000 

4200 
3000 

4550 
2925 

4900 
2800 

5250 
2625 

85 2275 
2800 

2600 
3000 

2925 
3150 

3250 
3250 

3575 
3300 

4225 
3250 

4550 
3150 

4875 
3000 

5200 
2800 

80 2400 
3200 

2700 
3375 

3000 
3500 

3300 
3575 

3600 
3600 

4200 
3500 

4500 
3375 

4800 
3200 

5100 
2975 

70 2500 
4000 

2750 
4125 

3000 
4200 

3250 
4225 

3500 
4200 

4000 
4000 

4250 
3825 

4500 
3600 

4750 
3325 

65 2475 
4400 

2700 
4500 

2925 
4550 

3150 
4550 

3375 
4500 

3825 
4250 

4050 
4050 

4275 
3800 

4500 
3500 

60 2400 
4800 

2600 
4875 

2800 
4900 

3000 
4875 

3200 
4800 

3600 
4500 

3800 
4275 

4000 
4000 

4200 
3675 

55 2275 
5200 

2450 
5250 

2625 
5250 

2800 
5200 

2975 
5100 

3325 
4750 

3500 
4500 

3675 
4200 

3850 
3850 

 
b) To find the possible noncooperative equilibria, we first show the reaction functions. The 
lightly shaded areas in the table show Ajax’s best responses to any price that Sky charges. 
Similarly, the darkly shaded areas in the table show Sky’s best responses to any price that Ajax 
charges. Since the two reaction functions intersect in only one cell there is a unique Nash 
equilibrium, with each carrier charging 80. The total fare paid by consumers for a trip between A 
and B is therefore 160. 
 
c) If the carriers merge, they will set prices that maximize the sum of profits. The sum of 
profits is maximized at 3 cells in the table; they all show a total profit of 8100. The cells are not 
unique because the passenger cares only about the sum of the prices, which will be 130 in each 
cell. Thus the cooperative fare is 130. 
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