
CHAPTER 15

APPLIED COMPETITIVE ANALYSIS
The problems in this chapter are intended to illustrate the types of calculations made using simple competitive models for applied welfare analysis.  Usually the problems start from a supply-demand framework much like that used for the problems in Chapter 14.  Students are then asked to evaluate the effects of changing equilibria on the welfare of market participants.  Notice that, throughout the problems, consumer surplus is measured as the area below the Marshallian demand curve.

Comments on Problems

15.1
Illustrates some simple consumer and producer surplus calculations.  Results of this problem are used later to examine price controls (Problem 15.4) and tax incidence (Problem 15.5).

15.2
Illustrates the computations of short-run produce surplus in a simple linear case.

15.3
An increasing cost example that illustrates long-run producer surplus.  Notice that both producer surplus and rent calculations must be made incrementally so that total values will add-up properly.

15.4
A continuation of Problem 15.1 that examines the welfare consequences of price controls.

15.5
Another continuation of Problem 15.1 that examines tax incidence with a variety of different demand and supply curves.  The solutions here also provide an elasticity interpretation of this problem.

15.6
A continuation of Problem 15.2 that looks at the effects of taxation on short-run producer surplus.

15.7
A continuation of Problem 15.3 that examines tax incidence, long-run producer surplus, and changes in rents.

15.8
Provides some simple computations of the deadweight losses involved with tariffs.

15.9
A continuation of Problem 15.8 that examines marginal excess burden.  Notice here that the increase in the tariff rate actually reduces tariff revenues.

15.10
A graphical analysis for the case of a country that faces a positively shaped supply curve for imports.


Solutions

15.1
a.
Set QD = QS
1000  5P = 4P  80

9P = 1080

P* = 120

Q* = 400

For consumers, 
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For producers, 
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CS = .5(200  120)(400) = 16,000

PS = .5(120  20)(400) = 20,000

b.
Loss = .5(100)(PD  PS) where Producer Surplus is the solution to 

300 = 4PS  80

PS = 95

PD is the solution to

300 = 1000  5PD 

PD = 140

So loss = 50(45) = 2250

c.
If P = 140

CS = .5(300)(60) = 9000

PS = .5(300)(95  20) + 45(300) = 11,250 + 13,500 = 24,750

Producers gain 4,750, consumers lose 7,000.  The difference is the deadweight loss.

If P = 95

CS = 9000 + 13,500 = 22,500

PS = 11,250

Consumers gain 500, producers lose 8,750.  Difference is again the deadweight loss, 2,250.

d.
With Q = 450 have

450 = 1000  5PD

PD = 110

450 = 4PS  80

PS = 132.5

As in part c, this total loss is independent of price, which can fall between 110 and 132.5.

15.2
a.
Short-run supply is q = P  10, market supply is 100q = 100P  1000.

b.
Equilibrium where 100P  1000 = 1100  50P, P = 14, Q = 400.

c.
Since QS = 0 when P = 10,  Producer Surplus = .5(14  10)(400) = 800.

d.
Total Fixed Cost = 500.

For a single firm  
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Total Industry Profits = 300

Profits + Fixed Cost = 800 = Producer Surplus.

15.3
a.
A long-run equilibrium price = 10 + r = 10 + .002Q.

So, Q = 1050  50(10 + .002Q) = 550 + .1Q or

     Q = 500, P = 11, r = 1.

b.
Now Q = 1600  50(10 + .002Q) = 1100 + .1Q
       Q = 1000, P = 12, r  = 2.

c.
Change in PS = 1(500) + .5(1)(500) = 750.

d.
Change in rents = 1(500) + .5(1)(500) = 750.  The areas are equal.

15.4
a.
Equilibrium is given by 1270  5P = 4P  80

P = 150
Q = 520.

b.
Now 
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CS = .5(520)(254  150) = 27,040

PS = .5(520)(150  20) = 33,800

c.
With P fixed at 120, Q = 400

400 = 1270  5PD
PD = 174

CS = .5(400)(254  174) + (400)(174  120) = 16,000 + 21,600 = 37,600

PS = .5(400)(120  20) = 20,000.

The change in CS represents a transfer from producers to consumers of

400(150  120) = 12,000 less a deadweight loss of .5(120)(174  150) = 1440.

The change in PS represents a transfer of 12,000 to consumers and a deadweight loss of .5(120)(150  120) = 1,800.  Total deadweight loss is 3,240.

15.5
a.
Because the gap between PD and PS is 45 at Q = 300 in Problem 15.1, that is the post tax equilibrium.  Total taxes = 13,500.

b.
Consumers pay (140  120)(300) = 6,000 (46%)

Producers pay (120  95)(300) = 7,500 (54%)

c.
Excess burden = Deadweight Loss = 2250 from 15.1 part b.

d.
QD = 2250  15 PD = 4PS  80 = 4(PD  45)  80

19PD = 2460

PD = 129.47

PS = 84.47

Q = 258
tax = 11,610

Consumers pay 258(129.47  120) = 2,443 (21%)

Producers pay 258(120  84.47) = 9,167 (79%)

e.
QD = 1000  5PD = 10(PD  45)  800

2250 = 15PD 
PD = 150
   PS = 105

Q = 250
Total tax = 11,250

Consumers pay 250(150  120) = 7500 (67%)

Producers pay 250(120  105) = 3750 (33%)

f.
Elasticities in the three cases are

Part a

eD = 5(140/300) = 2.3

  eS = 4(95/300) = 1.3

Part d
eD = 15(129/258) = 7.5
  eS = 4(84/300) = 1.12

Part e

eD = 5(150/250) = 3.0
  
  eS = 10(105/250) = 4.20

Although these elasticity estimates are only approximates, the calculations clearly show that the sizes of relative elasticities determine the tax burden.

15.6
a.
With tax PD = PS + 3

1100  50PD = 100PS  1000 = 100(PD  3)  1000

150PD = 2400
PD = 16
PS = 13

Q = 300
Total tax = 900

b.
Consumers pay 300(16  14) = 600

Producers pay 300(14  13) = 300

c.
PS = .5(300)(13  10) = 450, a loss of 350 from Problem 15.2 part d.

Short-run profits = 13(300)  100TC
TC = .5(3)2 + 30 + 5 = 39.5

π = 3900  3950 = 50.

Since total profits were 300, this is a reduction of 350 in short-run profits.

15.7
a.
With tax PD = PS + 5.5

PS = 10 + .002Q
PD = 15.5 + .002Q
Q = 1050  50(15.5 + .002Q) = 275  .1Q
1.1Q = 275

Q = 250

PD = 16

r = 0.5

Total tax = 5.5(250) = 1,375

Consumers pay 250(16  11) = 1,250

Producers pay 250(11  10.5) = 125

b.
CS originally = .5(500)(21  11 = 2,500

CS now = .5(250)(21  16) = 625

PS originally = .5(500)(11  10) = 250

PS now = .5(250)(10.5  10) = 62.5

c.
Loss of rents = .5(250) + .5(250)(.5) = 187.5

This is the total loss of PS in part b.  Occurs since only reason for upward sloping supply is upward slope of film royalties supply.

15.8
a.
Domestic Equilibrium 150P = 5000  100P
P = 20
Q = 3000
(i.e., 3 million)

b.
Price drops to 10, Q = 4000

Domestic production is 150(10) = 1500.

Imports = 2500.

c.
Price rises to 15, Q = 3500

Domestic production = 150(15) = 2250.

Imports = 1250

Tariff revenues = 6250.

CS with no tariff = .5(4000)(50  10) = 80,000

CS with tariff     = .5(3500)(50  15) = 61,250

Loss = 18,750

Transfer to producers = 5(1500) + .5(2250  1500)(15  10) = 9,375

Deadweight loss = Total loss  Tariffs  Transfer = 3,125

Check by triangles

Loss = .5(2250  1500)(5) + .5(4000  3500)(5) 

       = 1875 + 1250 = 3125 

d.
With quota of 1250, results duplicate part c except no tariff revenues are collected.  Now 6250 can be obtained by rent seekers.

15.9
Price now rises to 9.6.  QD = 13.25
QS = 12.48.  Hence imports fall to 0.77.  Total tariff revenues are .462 (billion), a decline from the case in Example 15.3.  The deadweight losses increase dramatically, however:

DW1 = .5(.6)(14.3  13.25) = .315

DW2 = .5(.6)(12.48  11.7) = .234

DW1 + DW2 = .549, an increase of 37 percent from the total loss calculated in Example 15.3.

15.10
a.
In the graph D is the demand for importable goods, SD is the domestic supply curve and SD+F  is the supply curve for domestic and foreign goods.  Domestic Equilibrium is at E1 , free trade equilibrium is at E2 .  Imports are given by
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[Figure 15.10 goes here]

b.
A tariff shifts SD+F  to S'D+F  =  .  Equilibrium is at E3.  Imports fall and quantity supplied domestically increases.

c., d.
Losses of consumer surplus can be illustrated in much the same way as in the infinitely elastic supply case.  Gains of domestic producer surplus can also be shown in a way similar to that used previously.  In this case, however, some portion of tariff revenue is paid by the foreign producers since the price rise from P2 to P3 is less than the amount of the tariff (given by the vertical distance between S'D+F and SD+F).  These tariffs may partly affect the deadweight losses of domestic consumer surplus.

CHAPTER 16

GENERAL COMPETITIVE EQUILIBRIUM

The problems in this chapter focus primarily on the production possibility frontier (problems 16.1-16.5) and on the introduction of some general equilibrium demand conditions (problems 16.6-16.9).  Because it is probably impossible to develop realistic general equilibrium problems that are tractable, students should be warned about the very simple nature of the problems used here.  Accompanying the problems with some readings on the application of general equilibrium techniques in practice (see the references in the Extensions) is a good way to illustrate the complexities of actual modeling of the competitive system.

Comments on Problems
16.1
A simple linear production possibility frontier problem.

16.2
A generalization of Problem 16.1 in which the production possibility frontier is concave (a quarter ellipse).  Still, very simple computations.

16.3
A step-by-step development of the production possibility frontier for two Cobb-Douglas production functions.  Algebra can be tedious, but it's probably worth doing once.

16.4
A generalization of Problem 16.3.  Probably no one should try to work out all these cases analytically.  Use of computer simulation techniques may offer a better route to a solution. (it is easy to program this in Excel, for example)

16.5
This is a geometrical proof of the Rybczynski Theorem from international trade theory.  Although it requires only facility with the production box diagram, it is a fairly difficult problem.  Extra credit might be given for the correct spelling of the discoverer's name.

16.6
A general equilibrium model with a linear production possibility frontier.  The price ratio is therefore fixed, but relative demands determine actual production levels.  Because the utility functions are Cobb-Douglas, the problem can be most easily worked using a budget-share approach.

16.7
An introduction to excess demand functions and Walras' Law.

16.8
Asks students to sketch a nonconcave production possibility frontier to illustrate how multiple equilibriums might arise.  Instructors may wish to point out the efficiency implication of these possibilities.

16.9
Adds money to Problem 16.6.  In this problem, the quantity equation determines the overall price level and the system does exhibit the classical dichotomy between monetary and real sectors.

16.10
Illustrates the result that the classical dichotomy will not generally hold with commodity money.

Solutions
16.1
a.


[Figure 16.1 goes here]

b.
Demand:
 M = 2C         

Supply:
 C + 2M = 600       

Equilibrium:   C + 2(2 C) = 600

Consequently: C = 300, M = 150

c.
slope = RPT = 2.  Under efficient economy,
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16.2
a.

[Figure 16.2 goes here]

b.
If Y = 2X, X2 + 2(2X)2 = 900

9X2 = 900; X = 10, Y = 20

c.
If X = 9 on the production possibility frontier,


[image: image7.wmf]20.24

 

=

 

2

819

 

=

 

Y




If X = 11 on the frontier, 
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Hence, RPT is approximately 
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16.3
a.
For efficiency, RTS should be equal for X and Y.
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Hence, efficiency requires kX = 2kY.

b.
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where α = LX /(LX + LY)
c.-e.  Combining (a) and (b) yields:
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α(2kY) + (1  α)kY = 2
or 
[image: image14.wmf].
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Hence, kX > kY.  Good X is capital-intensive.


[Figure 16.3 goes here]

Production possibility curve is concave by the standard factor proportions argument.

f.
Won't work out explicit solution, instead phrase X and Y output as functions of α.
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or, using part (c)
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3 points on Production Possibility Frontier:
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Notice that for α = 2, frontier is beyond line joining α = 0 and α = 1; that is, the frontier is concave.

16.4
I have never succeeded in deriving an analytical expression for all these cases.  I have, however, used computer simulations (for example with Excel) to derive approximations to these production possibility frontiers.  These tend to show that increasing returns to scale is compatible with concavity providing factor intensities are suitably different (case [e]), but convexity arises when factor intensities are similar (case [d]).

16.5
a.
Draw the production possibility frontier and the Edgeworth box diagram.  Find where P line is tangent to PPF; then go back to the box diagram to find input ratio.  See Corn Law Debate example in the text.

b.
P given, Land/Labor ratio is constant.


[Figure 16.5 goes here]

Equilibrium moves from E to E '.

Cloth   (OC E' > OC E)     Wheat   (OW'E' < OWE)

16.6
a.
PX /PY = 3/2

b.
If wage = 1, each person's income is 10.  Smith spends 3 on X, 7 on Y.  Jones spends 5 on X, 5 on Y.  

Since 
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PX = 2, PY = a.

So Smith demands 6X, 21Y.

Jones demands 10X, 15Y.

c.
Production is X = 16, Y = 36.

20 hours of labor are allocated:  

8 to X production, 12 to Y production.

16.7
a.
Functions are obviously homogeneous of degree zero since doubling of P1, P2 and P3 does not change ED2 or ED3.

b.
Walras's Law states   
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Hence, if ED2 = ED3 = 0, P1  ED1 = 0
or ED1 = 0.

Can calculate ED1 as

P1ED1 = P2ED2  P3ED3
         = 
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Notice that ED1 is homogeneous of degree zero also.

c.
ED2 = 0 and ED3 = 0 can be solved simultaneously for P2 /P1 and P3 /P1 .

Simple algebra yields

P2 /P1 = 3        P3 /P1 = 5.

If set P1 = 1 have P2 = 3, P3 = 5 at these absolute prices 

ED1 = ED2 = ED3 = 0.

16.8



[Figure 16.8 goes here]

Notice that these multiple tangencies have different relative prices and promise differing levels of overall utility.

16.9
a.
Total value of transactions must be $240.  Since total labor endowment is 20 hours, money wage must be $12 per hour.  Since PX /PY= 3/2 and, from (16.6) 

PXX + PYY = PX(16) + PY(36) = PX(16) + 2/3PX(36) = 240.

Have 40 PX = 240, PX = 6, PY = 4.

b.
If money supply is $90, previous analysis suggests money wage is $18 per hour, PX = 9, PY = 6.

Classical dichotomy holds.

16.10
A change in silver supply means that there will be a negative excess demand at existing relative prices.  To find new equilibrium, relative prices would require solving equation 16.35 and a revised 16.40 simultaneously together with the constraint imposed by Walras' Law.  Because different relative prices would result, the classical dichotomy would not hold.

CHAPTER 17

THE EFFICIENCY OF PERFECT COMPETITION 

The problems in this chapter develop numerical and graphical illustrations of efficiency concepts primarily through the use of the Edgeworth Box diagram and the production possibility frontier.  Some problems (17.8-17.10) also focus on information problems in market equilibria.  The key to all of these problems is for students to understand that inefficiency implies lost transaction opportunities.

Comments on Problems
17.1
Uses a quarter-circle production possibility frontier and a Cobb-Douglas utility function to derive an efficient allocation.  The problem then proceeds to illustrate the gains from trade.  It provides a good illustration of the sources of those gains.

17.2
A fixed-proportions example that yields a concave production possibility frontier.  This is a good initial problem although students should be warned that calculus-type efficiency conditions do not hold precisely for this type of problem.

17.3
An example of efficiency in the regional allocation of resources.  This problem could provide a good starting introduction to mathematical representations of comparative versus absolute advantage or for a discussion of migration.  To make the problem a bit easier, students might be explicitly shown that the production possibility frontier has a particularly simple form for both the regions here (e.g., for region A it is X2 + Y2 = 100).

17.4
A partial equilibrium illustration of a monopoly that is also a monopsony.  Shows that, in this case, the gains to enforcing competition are unambiguous (and could be measured by changes in consumer and labor-supplier surplus, although that computation is not made in the solutions).

17.5
A numerical example of an Edgeworth Box in which efficient allocations are easy to compute because one individual wishes to consume the goods in fixed proportions.

17.6
A continuation of Problem 17.5 that illustrates notions of the core and exchange offer curves.

17.7.
A further examination of the Example 17.5 using demand and offer curve analysis.  Some of the mathematics is rather burdensome here.

17.8
Example of a market with two equilibria.  One is stable by the Walrasian criterion; the other is not.

17.9
An expectations problem that gives rise to cobweb-type stability results.  Part (c) introduces the notion of rational expectations in a simple context.

17.10
An algebraic illustration of the lemons problem.  The difficulty with this formulation is in the specification of the demand curve, but this seemed the only tractable way to develop a problem.

Solutions
17.1
PPF =   F2 + C2 = 200
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a.
For efficiency, set MRS = RPT  =>  F/C = C/F  =>   F = C
PPF:  2C2 = 200, C = 10 = F = U,   RPT = 1.

b.
Demand:  PF /PC = 2/1 = MRS = C/F      C = 2F
Budget:
2F + 1C = 30 the value of production.  


Substituting from the demand equation:   4F = 30     F = 30/4, C = 15
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 ; an improvement from (a) (the "demand effect").

c.
Set RPT = 2/1     F = 2C.

PPF:  5C2 = 200,  
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Budget now is:  
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Spend 
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A further improvement ("the production specialization effect")

d.


[Figure 17.1 goes here]

17.2

F = Food


C = Cloth

a.
Labor constraint     F + C = 100 (see graph below)

b.
Land constraint     2F + C = 150 (see graph below)

c.
Heavy line in graph below satisfies both constraints.

d.
Concave because it must satisfy both constraints.  Since the RPT = 1 for the labor constraint and 2 for the land constraint, the production possibility frontier of part (c) exhibits an increasing RPT; hence it is concave.

e.
Constraints intersect at F = 50, C = 50.

F < 50    
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F > 50     
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f.
If for consumers 
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g.
If PF /PC = 1.9 or PF /PC = 1.1, will still choose F = 50, C = 50 since both price lines "tangent" to production possibility frontier at its kink.

h.
.8F + .9C = 100

Capital constraint:
C = 0   F = 125

                          

F = 0   C = 111.1


[Figure 17.2 goes here]

Same PPF since capital constraint is nowhere binding.

17.3
a.
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Same for region 
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b.
RPT's should be equal.

c.
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XA = 2XB     also YA = 2YB
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Note:  Can also show that more of both goods can be produced if labor could move between regions.  

17.4
 Q = 2L  and Profits = TR  TC = PQ  wL
    = 100Q  Q2  20L  2L2
    = 180L  6L2
π / L = 180  12L = 0 so

profit maximizing L = 15, Q = 30, P = 70.

To find competitive solution, calculate Total Costs as

TC = wL = (20 + Q) Q/2

MC =  TC/ Q = 10 + Q = P = 100  Q.

Hence, Q = 45, P = 55, L = 45/2, w = 65.

Under competition, output is greater, employment is higher, and wages also are higher.

17.5



[Figure 17.5 goes here]

a.
Contract curve is straight line with slope of 2.  The only price ratio in equilibrium is 3 to 4 (PC to PH).

b.
40H, 80C is on C.C.  Jones will have 60H and 120C.

c.
60H, 80C is not on C.C.  Equilibrium will be between

40H, 80C (for Smith) and 48H, 96C (for Smith), as Jones will not accept any trades that make him worse off.  UJ = 4(40) + 3(120) = 520.  This intersects the contract curve at 520 = 4(H) + 3(2H), H = 52, C = 104.

d.
Smith grabs everything; trading ends up at OJ on C.C.

17.6 
(for diagram, see Problem 17.5)

a.
Core is OS, OJ between points A and B.

b.
Offer curve for Smith is portion of OS OJ above point A (since requires fixed proportions).  For Jones, offer curve is to consume only C for PC/PH < 3/4 and consume only H for PC/PH > 3/4.  For PC/PH = 3/4, offer curve is the indifference curve UJ.
c.
Only equilibrium is at point B.  PC/PH = 3/4 and Smith gets all the gains from trade--the benefits of being inflexible.

17.7
Solve Example 17.5 in general terms for initial endowments XS, XJ ,YS , YJ .

a.
Examine the market for X.  Because of Cobb-Douglas utility, know


[image: image51.wmf](

)

Y

  

P

 

+

  

X

 

P

3

2

 

=

 

X

  

P

S

Y

S

X

S

X



[image: image52.wmf](

)

  

Y

  

P

 

+

 

X

 

P

3

1

 

=

 

X

  

P

J

Y

J

X

J

X

.

Hence


[image: image53.wmf]S

S

X

Y

S

X

 

+

 

Y

  

)

  

P

 

/

  

P

(

 

 

=

 

X

3

/

2

3

/

2



[image: image54.wmf].

  

X

 

+

 

Y

  

)

  

P

 

/

  

P

(

 

 

=

 

X

J

J

X

Y

J

3

/

1

3

/

1


b.
For equilibrium, 
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Can use this together with demand functions from (a) to solve for
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c.
Same analysis as in (a) and (b), but solve for 
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For the various endowments, use the results from part b.

[case a]  PY/PX = 1


[case c]  PY/PX = 8/7

[case b]  PY/PX = 7/8

[case d]  PY/PX = 1/2

Price ratio is affected by

  
 i.
Relative total quantities of X and Y.

ii.
Whether initial endowment favors Smith (who likes X) or Jones (who likes Y).

17.8
QD = 2P + 13

QS = 2P2  12P + 21        

Setting QD = QS yields 2P + 13 = 2P2   12P + 21

ED = 2P2 + 10P  8 = 0

ED = (2P  2)(P  4) = 0

     
  P = 1, P = 4


[image: image60.wmf]dP
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= 4P + 10, negative at P = 4, positive at P = 1.


[Figure 17.8 goes here]

P = 4 is stable since supply has positive slope.

17.9
a.
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In equilibrium, E(Pt) = Pt
              100  2Pt = 70 + Pt, 3Pt = 30

                     P* = $10,      Q* = 80.

b.
If suppliers use last year's price to predict this year's price:

E(Pt) = Pt1, thus 
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Equating QD and QS gives 70 + Pt1 = 100  2Pt
or  Pt =  2Pt1 + 15.

If initial P0  = $8, then next period's price will be 

   P1 =  2 (8) + 15 = $11

   P2 =  2 (11) + 15 = $9.5

   P3 =  2 (9.5) + 15 = $10.25.

Therefore, it will take three periods for the price to get within $.25 of equilibrium price of $10.

c.
The farmers would notice the oscillating price and make some more "rational" prediction.  

 Perhaps, E(Pt) = P* = 10.

17.10
a.
P = 10,000 so demand is QD = 15,000  P.

Supply assumption implies QS = P  5,000

QD = QS implies P* = 10,000.

b.
With P* = 10,000  
[image: image65.wmf]P

 of cars traded is 7,500.

c.
Now QD = 11,250  P
QD = QS implies P* = 8,125
     

[image: image66.wmf]P

  = 6,562.

d.
As these cases suggest, there is no equilibrium price at which 
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 = P*.

CHAPTER 18

MODELS OF MONOPOLY

The problems in this chapter deal primarily with marginal revenue-marginal cost calculations in different contexts.  For such problems, students' primary difficulty is to remember that the marginal revenue concept requires differentiation with respect to quantity.  Often students choose to differentiate total revenue with respect to price and then get very confused on how to set this equal to marginal cost.  Of course, it is possible to phrase the monopolist's problem as one of choosing an optimal price, but then the inverse demand function must be used to derive a marginal cost expression.  The other principal focus of some of the problems in this chapter is consumer's surplus.  Because the computations usually involve linear demand curves, they are quite straightforward.

Comments on Problems
18.1
A simple marginal revenue-marginal cost and consumer surplus computation.

18.2
An example of the MR = MC calculation with three different types of cost curves.

18.3
An example of the MR = MC calculation with three different demand and marginal revenue curves.  Illustrates the "inverse elasticity" rule. 

18.4
Examines graphically the various possible ways in which shift in demand may affect the market equilibrium in a monopoly.

18.5
Introduces advertising expenditures as a choice variable for a monopoly.  The problem also asks the student to view market price as the decision variable for the monopoly.

18.6
Asks students to develop a descriptive analysis of a multi-plant monopoly.

18.7
A price discrimination example in which markets are separated by transport costs.  Shows how the price differential is constrained by the extent of those costs.  Part d asks students to consider a simple two-part tariff.

18.8
A marginal revenue-marginal cost computation for the case in which monopolist's costs exceed those of a perfect competitor.  Shows that the social losses from such increased costs may be of the same order of magnitude as the deadweight loss from monopolization.

18.9
This problem examines some issues in the design of subsidies for a monopoly.  

18.10
A problem involving quality choice.  Shows that in this case, monopolist's and competitive choices are the same (though output differs).

Solutions
18.1
a.
 P = 53  Q        PQ = 53Q  Q2
MR = 53  2Q = MC = 5

 Q = 24,   P = 29,   π = (P  AC)   Q = 576

b.
MC = P = 5        P = 5,  Q = 48

c.
Competitive Consumers' Surplus = 2(48)2 = 1152.

Under monopoly:


[Figure 18.1 goes here]                    

Notice that the sum of consumer surplus, profits, and Deadweight loss under monopoly equals competitive consumer surplus.

18.2
Market demand Q = 70  P,  MR = 70  2Q.

a.
AC = MC = 6.  To maximize profits set MC = MR.
 6 = 70  2Q
2Q = 64

 Q = 32

 P = 38

 π = (P  AC)   Q = (38  6)   32 = 1024

b.
TC = .25Q2  5Q + 300,  MC = .5Q  5.    Set MC = MR
.5Q  5 = 70  2Q
     2.5Q = 75

         Q = 30

         P = 40

         π = TR  TC = (30)(40)  [.25(30)2  5(30) + 300]

            = 1200  375 = 825.

c.
TC = .0133Q3  5Q + 250.

MC = .04Q2  5

MC = MR    .04Q2  5 = 70  2Q
or

.04Q2 + 2Q  75 = 0.

Quadratic formula gives Q = 25.

If Q = 25, P = 45

  TR = 1125

  TC = 332.8   (MC = 20)

    π = 792.2

d.



[Figure 18.2 goes here]

18.3
a.
AC = MC = 10, Q = 60  P, MR = 60  2Q.

For profit maximum, MC = MR        10 = 60  2Q
2Q = 50    Q = 25    P = 35    

  π = TR  TC = (25)(35)  (25)(10) = 625.

b.
AC = MC = 10, Q = 45  .5P, MR = 90  4Q.

For profit maximum, MC = MR        10 = 90  4Q
80 = 4Q    Q = 20    P = 50

π  = (20)(50)  (20)(10) = 800.

c.
AC = MC = 10, Q = 100  2P, MR = 50  Q.

For profit maximum, MC = MR        10 = 50  Q
Q = 40    P = 30.

π  = (40)(30)  (40)(10) = 800.

Note:  Here the inverse elasticity rule is clearly illustrated:

Part
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 a

1(35/25) = 1.4
     
.71 = (35  10)/35

 b

.5(50/20) = 1.25
.80 = (50  10)/50

 c

2(30/40) = 1.5

.67 = (30  10)/30

d.


[Figure 18.3 goes here]


[Figure 18.3 continued]

The supply curve for a monopoly is a single point, namely, that quantity-price combination which corresponds to the quantity for which MC = MR. Any attempt to connect equilibrium points (price-quantity points) on the market demand curves has little meaning and brings about a strange shape.  One reason for this is that as the demand curve shifts, its elasticity (and its MR curve) usually changes bringing about widely varying price and quantity changes.

18.4
a.


[Figure 18.4 goes here]

b.
There is no supply curve for monopoly; have to examine MR = MC intersection because any shift in demand is accompanied by a shift in MR curve.  Case (1) and case (2) above show that P may rise or fall in response to an increase in demand.

c.
Can use inverse elasticity rule to examine this
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As e  toward 1 (becomes less elastic), P  MR increases.

Case 1  MC constant, MR constant

If e  , P  MR , P .

If e constant, P  MR constant, P constant.

If e , P  MR , P .

Case 2  MC falling, MR falls:

If e , P  MR , MR , P may rise or fall.

If e constant, P  MR constant. MR , P .

If e , P  MR , MR , P .

Case 3  MC rising, MR rising

If e , P  MR , MR , P .

If e constant, P  MR constant, MR , P .

If e , P  MR , MR , P may rise or fall.

18.5
 Q = (20 - P)(1 + 0,1A – 0,01A2)

 Let K = 1 + 0,1A + 0,01A2    
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π = PQ - TC = (20P - P2)K - (200 - 10P)K - 15 - A
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 = (20 - 2P)K + 10K = 0.

a.
20 - 2P = -10        P = 15   regardless of K or A
If A = 0, Q = 5, TC = 65       π= 15  5 - 65 = 10

b.
If P = 15,    (= 75K - 50K - 15 - A = 25K - 15 - A
= 10 + 1.5A - 0.25A2
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Q = 5(1 + 0,3 – 0,09) = 6.05

PQ = 90.75        TC = 60.5 + 15 + 3 = 78.5

           π = 12.25; this represents an increase over the case A = 0.

18.6
A multi-plant monopolist would still produce where MR = MC and would equalize MC among plants.  This answer assumes the number of plants is fixed.  If the number of plants is subject to choice by monopolist, this number should be chosen so that given the quantity to be produced, overall total costs are minimized.

18.7
a.
 Q1 = 55 - P1     R1 = (55 - Q1)Q1 = 55Q1  
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MR1 = 55  2Q1 = 5     Q1 = 25, P1 = 30

 Q2 = 70  2P2     
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MR = 35  Q2 = 5    Q2 = 30, P2 = 20

  π = (30  5)25 + (20  5)30

     = 625 + 450 = 1075

b.
Producer wants to maximize price differential in order to maximize profits but maximum price differential = $5.

 P1 = P2 + 5

 π  = (P1  5)(55  P1) + (P2  5)(70  2P2)

  L = π + λ  (5  P1 + P2)
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60  2P1 = 4P2  80 and P1 = P2 + 5
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130 = 6P2    P2 = 21.66   P1 = 26.66


[image: image77.wmf]33

.

L

1058

 

=

 

     

0

 

=

 

P

 

+

 

P

 

 

5

 

=

 

2

1

p

l

-

¶

¶

                                

c.
P1 = P2   π = 140P  3P2  625   
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P = 
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 = 23a     Q1 = 31b     Q2 = 23a
  π = 1008a
d.   If the firm adopts a linear tariff of the form
[image: image80.wmf]mQ

 

+

 

 

=

 

)

Q

T(

i

i

i

a

 , it can maximize profit by setting m = 5,

α1 = .5(55 - 5)(50) = 1250

α2 = .5(35 - 5)(60) = 900

and π = 2150.

Notice that in this problem neither market can be uniquely identified as the "least willing" buyer so a solution similar to Example 18.5 is not possible.  If the entry fee were constrained to be equal in the two markets, the firm could set m = 0, and charge a fee of 1225 (the most buyers in market 2 would pay).  This would yield profits of 2450  125(5) = 1825 which is inferior to profits yielded with T(Qi).

18.8
a.
For P.C.     MC = $10.   For monopoly     MC = $12.

QD = 1000  50P
P.C.:  P = MC = $10.  Thus Q = 1000  50(10) = 500.

Monopoly:  P = 20  
[image: image81.wmf]50
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 Q,  PQ = 20Q  
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 Q2
Produce where MR = MC.  MR = 20  
[image: image83.wmf]25

1

 Q = 12.

Q = 200, P = $16

b.
See graph below.

Loss of consumer surplus =

    Consumer surplus P.C.  Consumer surplus monopoly =

    2500  400 = 2100.

c.



[Figure 18.8 goes here]

Of this 2100 loss, 800 is a transfer into monopoly profit, 400 is a loss from increased costs under monopoly, and 900 is a "pure" deadweight loss.

18.9
a.
The government wishes the monopoly to expand output toward P = MC.  A lump-sum subsidy will have no effect on the monopolist's profit maximizing choice, so this will not achieve the goal.

b.
A subsidy per unit of output will effectively shift the MC curve downward.  The figure illustrates this for the constant MC case.


[Figure 18.9 goes here]

c.
A subsidy (t) must be chosen so that the monopoly chooses the socially optimal quantity, given t.  Since social optimality requires P = MC and profit maximization requires that MR = MC  t = 
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  as was to be shown.

Intuitively, the monopoly creates a gap between price and marginal cost and the optimal subsidy is chosen to equal that gap expressed as a ratio to price.

18.10
Since consumers only value X  Q, firms can be treated as selling that commodity (i.e., batteries of a specific useful life).  Firms seek to minimize the cost of producing X  Q for any level of that output.  Setting up the Lagrangian,

 L  = C(X)Q + λ (K  X  Q)

yields the following first order conditions for a minimum:
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Combining the first two shows that

C(X)  C'(X)X = 0

or 
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Hence, the level of X chosen is independent of Q (and of market structure).  The nature of the demand and cost functions here allow the durability decision to be separated from the output-pricing decision.  (This may be the most general case for which such a result holds.)

CHAPTER 19

TRADITIONAL MODELS OF IMPERFECT COMPETITION

The problems in this chapter are of two types:  analytical and essay.  The analytical problems look at a few special cases of imperfectly competitive markets for which tractable results can be derived.  Some of these results (especially those in Problems 19.4, 19.5, and 19.6) are quite important in the industrial organization literature.  The essay problems in the chapter (19.3 and 19.8) do not offer such definitive results but instead ask students to think a bit more broadly about some institutional issues in industrial organizations.

Comments on Problems
19.1
A simple duopoly problem that duplicates Example 19.1 with different numbers.

19.2
A numerical solution of monopoly and Cournot equilibria for the simple linear demand curve and constant marginal cost case.  The problem shows that in this case the competitive solution (P = 5) is the limit of the Cournot outcomes as the number of firms approaches infinity.

19.3
An essay-type question that seeks to explore some purported empirical observations in various markets.

19.4
Derivation of the "Dorfman-Steiner" conditions for optimal spending on advertising.

19.5
The problem shows that the Herfindahl Index is correlated with industry profitability, if the firms in industry follow Cournot pricing strategies.

19.6
A problem based on Salop’s “circular” model of demand.  This is a very useful model both for spatial applications and for looking at issues in product differentiation.

19.7
A numerical example of price leadership.  Construction of the net demand curve provides a good illustration of the assumptions behind the behavior of the "competitive fringe."

19.8
An essay question about monopoly and innovation.  The question is a very complex one in reality though the solutions provide Fellner's suggested simple answer to the problem.  This might be contrasted to Schumpeter's views which are summarized in Chapter 18.

19.9
An example of contestability in the natural monopoly context.  Computations here do not work evenlyCfor an approximation, see the solutions below.

Solutions
19.1


Q = 150  P          MC = 0

a.
A zero cost monopolist would produce that output for which MR is equal to 0 (MR = MC = 0).  MR = 0 at one half of the demand curve's horizontal intercept (1/2(150) = 75).  Q = 75     P = 75

   = (75)(75) = $5,625.

b.
q1 + q2 = 150  P
Demand curve for firm 1:  q1 = (150  q2)  P
Profit maximizing output level:  
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Demand curve for firm 2:  q2 = (150  q1)  P
Profit maximizing output level:  
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Market equilibrium:  q1 = [150  (150  q1)/2]  2
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4q1 = 150 + q1
3q1 = 150

q1 = 50, q2 = 50, P = 50

π1 = π2 = $2,500.  πtotal = 5,000.

c.
Under perfect competition, P = MC = 0.

Q = 150, P = 0, π = 0.


[Figure 19.1 goes here]

19.2

a.
Q = 53  P     P = 53  Q     PQ = 53Q  Q2
MR = 53  2Q = MC = 5     Q = 24, P = 29,  π = 576

b and c.

P = 53  q1  q2     Pq1 = 53q1  q12  q1q2
π = 
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q1 = (24  q2)/2          Similarly, q2 = (24  q1)/2

d.
q1 = 24  q2 /2 = 48 24 + q1 )/4 = 6 + 
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3/4 q1 = 6             q1 = 8 = q2
e.
P = 37        π1 = π2 = 256        Total  π = 512

f.
P = 53  q1  q2  . . .   qn
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Argue by symmetry:  q1 = q2 = . . . = qn.

π1 = 
[image: image97.wmf]q

5

 

 

q

1)

 

 

(n

 

q

 

 

q

 

 

q

53

1

i

1

2

1

1

-

-

-

-

 


[image: image98.wmf]q

1

1

¶

¶

p

 = 48  2q1  (n  1)qi = 0
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As n   P  5   π  0.  


The model yields competitive results as n gets large.

19.3
a.
Price leadership.

b.
Product differentiation strategies.  This facilitates price discrimination (assuming one model does not ultimately triumph because of network externalities).

c.
Maintain market share; perhaps act as loss leader to help them sell other types of policies.  May also just be improper accounting (insurance companies have a way of forgetting about the returns they make on their investments when making such statements).

d.
Competition from the Japanese in the most likely answer – though the improvement in U.S. quality may be more fiction than fact.

19.4
Total profits are given by π = Pq(P,z)  g(q)  z.

First order conditions for a maximum are
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Hence
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Multiplication of this expression by z/P gives the required result.

19.5
Equation 19.10 shows that under Cournot competition
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With constant returns to scale, profits for the ith firm are given by
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Dividing by total industry revenue (PQ) yields
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    Multiplying by 
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Summing over i gives 
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19.6
a.  Because the circumference is 1.0 in length, firms are located at intervals of 1/n.  What any one firm can charge (p) is constrained by what its nearest neighbor charges (p*).  Let x represent the distance a buyer must travel (0( x (1/n). Travel cost to the first firm is tx, to its neighbor is t(1/n – x).  Hence, the equation in the text must hold.


b.  Because 
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, any one firm’s sales are 
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, total profits are given by
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and the first order condition for a maximum is:
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c.  Using the symmetry condition p=p* yields p=c+t/n.  Intuitively, each firm charges marginal cost plus a distance-related charge.  Any one firm could encroach on the other’s consumers by charging less than this, but the extra revenue gained would fall short of c.


d.  Because each firm sells q=1/n, 
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e.  Free entry yield a zero-profit equilibrium – hence 
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f.  Because marginal costs are a total of c no matter how many firms there are, a social optimum would seek to minimize fixed costs plus distance costs:
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and these are minimized when 
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19.7
a.
QD = 2000P + 70,000

1000 firms        MC = q + 5

Price Taker:  set MC = P, q = P  5

Total 
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At equilibrium, QD = QS:

   2000P + 70,000 = 1000P  5000

    3000P = 75,000, P = $25, Q = 20,000.

b.
Leader has MC = AC = 15.

Demand for Leader = 2000P + 70,000  QS (fringe)

                  
= 2000P + 70,000  (1000P  5000)

                  
= 3000P + 75,000.

Hence
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Therefore,

    Q for Leader = 15,000        P = 20

        Total QD 
= 30,000.

c.



[Figure 19.7 goes here]

Consumer Surplus

1)  For P = 25     c.s. = 100,000

    For P = 20     c.s. = 225,000

    For P = 15     c.s. = 400,000


19.8
Fellner gives the following analysis:


MRC = PC is demand facing competitive firm.


MR is the marginal revenue curve for the monopolist.


Innovation shifts MC to MC'.


Potential profits for competitive firms are CDAE.


For monopoly CDAB.

Hence, innovation is more profitable for the competitive firm.  It is more likely to adopt the innovation.


[Figure 19.8 goes here]

This analysis neglects a variety of strategic issues about adoption and financing of new technology, however.

19.9

a.
Since MC =  TC/  Q = 50/(.1Q  20) is diminishing for Q > 200, this industry does exhibit decreasing average and marginal costs and therefore is a natural monopoly.

b.
Since Q = 1000  50P,

P = 20  Q /50

PQ = 20Q  Q2/50

MR = 20  Q /25.

Profit maximization requires

MR = 20  Q /25 = MC = 50/(.1Q  20)

 .004Q2 + 2.8Q  400 = 50

Q2  700Q + 112,500 = 0.

Applying the binomial formula yields 
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so Q = 450 is the profit maximizing output. 

At Q = 450, P = 11 

TR = 4,950

TC = 500 ln25 = 1,609

 

 π = TR  TC = 3,341.

c.
To deter entry need P = AC
20  Q/50 = 
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I have only been able to attain an approximate solution here.  If Q = 880, P = 2.4, AC = 500 ln(68)/880 = 2.397.

This is the approximate contestable solution.


CHAPTER 20


GAME THEORY MODELS OF PRICING
The problems in this chapter show how the game theory tools from Chapter 10 can be applied to models of pricing.  Many of these represent extensions or generalizations of the results illustrated in Chapter 19.  Computational requirements are minimal in most of the problems, though a few (20.3 and 20.8) do require a bit of algebra.


Comments on Problems
20.1
An illustration of how competitive results do not arise in Bertrand games if marginal costs are not equal.

20.2
Generalizes the analysis of Problem 20.1 to the case of Cournot competition.

20.3
Provides a game theoretic interpretation of Hotelling's ice cream stand example from Chapter 19.  Shows that the mid-point equilibrium may not be reasonable in certain versions of the game.

20.4
An entry game with first mover advantages.

20.5
A game theory example from the theory of cartels.  Because the stable price is so low, cartels may seek enforcement mechanisms to maintain higher (non-stable prices).

20.6
An entry game where the student is asked to consider the wisdom of limit pricing.  In this case, limit pricing is not a preferred strategy.

20.7
Follow-up to Example 20.1 that examines the connection between discount rates in repeated games and the number of players in a cartel game.

20.8
Another extension of Example 20.1.  In this case, the firms must consider the expected value of profits when choosing trigger price strategies.

20.9
A numerical example of Bayesian Nash equilibrium in which demand (rather than costs) is uncertain for player B.

20.10
A problem in auction theory.  The results from Example 20.5 are extended and Vickrey’s second-price auction is introduced.  The mathematics here is a bit difficult, but the hints should help students through.


Solutions
20.1
a.
Here B's optimal strategy is to choose a price slightly less than 10.  This is a Nash Equilibrium.  With that price qA = 0, qB = 300.

b.
πA = 0, πB = 600

c.
This equilibrium is inefficient because P > MCB.  Efficient allocation would have P = 8, qB = 340, πB = 0.

20.2
Equation 19.10 states that
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Assuming  P/ qi is the same for the two firms:

(qA  qB)  P/  q   = MCA  MCB which by assumption does not hold for qA = qB.  
Hence, equilibrium requires qA > qB , MCB > MCA.
This is inefficient since marginal costs should be equalized for production at minimal cost.

20.3
To construct this matrix, one must make two specific assumptions:

(1)
If firms have the same location, they must have the same price.  Set this price (arbitrarily) at 1.0 since the problem gives no explicit demand conditions.

(2)
When firms are at the same location, A gets all the sales to the left, B gets all of the sales to the right.  Otherwise, sales go to the least-cost seller.

Given these assumptions, the payoff matrix can be computed using the formulas in the text.  Here these payoffs are recorded as (πA, πB)

                               Firm B's Location

                  

                     (b)                     


        

    
    0        
   25             50               75                 100

Firm A's  
 0  
(50,50) 
(42,59)       (35,68)      (28,78)
(0,100)

Location 
25  
(59,42)   
(50,50)       (42,59)      (25,75)   
(78,28)

   (a)   

50  
(68,35)   
(59,42)       (50,50)      (59,42)   
(68,35)

         

75  
(78,28)   
(75,25)       (42,59)      (50,50)   
(59,42)

          100  
(100,0)   
(28,78)       (35,68)      (42,59)
(50,50)

Here the 5050 strategy is a Nash equilibrium with payoff (50,50).  Notice that the other strategy pairs that also yield (50,50) are not equilibrium strategies because both firms have an incentive to change strategies.

20.4
a.
This game has two Nash equilibria:

(1)  A = Produce, B = Don't Produce, and

(2)  A = Don't Produce, B = Produce.

b.
If A moves first, it can dictate that Nash equilibrium (1) is chosen.  Similarly, if B goes first, it can assure that Nash equilibrium (2) is chosen.

c.
Firm B could offer a bribe of 1 to firm A not to enter (if it is A's move first).  But this would yield identical profits to those obtained when A moves first anyway.

20.5
a.
If owners act as a cartel, they will maximize total revenue = P  Q = 10,000P  1,000P 2

[image: image128.wmf]dP
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 = 10,000  2,000P.

Hence, P = 5         Q = 5,000.

For each owner, q = 250.

Revenues per firm = 1250.

b.
P = 5 is unstable since if one firm sells 251,

Q= 5001     P = 4.999.

Revenue for the cheating firm = 1254.7 so chiseling increases revenues and profits for the single firm.

c.
With a suitably low price, there will be no incentive to cheat.  With P =.30, for example, Q = 9700 and q = 485.  Revenues per firm = 145.50.

If q = 486     P = .299.

Revenue for the cheating firm = 145.31 so there is no incentive to cheat.

Notice that with fewer cartel members, this stable price is higher.  With 2 firms, for example, if P = 3, Q = 7,000 and q = 3500.  Revenues per firm = 10,500.

If q = 3501, P = 2.999.

Revenue for the cheating firm = 10,499.50 so there is no incentive to chisel.

20.6
a.
The Payoff Matrix shows the profits of WET (firm A) and the potential entrant (firm B).

    Entrant

Enter

  
Don't Enter
P = 1,000
A:12.5M; B:2.5 M

A:25M; B:0

WET

P = 600
A:9M; B:1M


A:15M; B:0

A:P = 1,000; B:Enter is a Nash equilibrium here.  Notice, however, that WET would much prefer B not to enter.

b.
WET's expansion will not deter entry since P = 1,000 is still a dominant strategy for the firm.

20.7
Profits from cheating are still $40,000 with n conspirators.  The condition for maintaining the monopoly price is
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n < 1/(1  δ).

Hence, an increase in δ increases the number of firms that can maintain the monopoly price.

Because the condition for viability is independent of the actual level of profits, no other price (> MC) would be viable if the monopoly price is not viable under a profit-sharing arrangement.

20.8
a.
Monopoly price in expansions is P = 40, πe = 90,000.

In recessions, P = 20
πr = 10,000.

Hence, long-term expected profits from a trigger price strategy (under which price is set appropriately once demand conditions are known) are 50,000 per period.

Sustainability requires that cheating during expansions be unprofitable
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which holds for


δ > .72.

b.
Lower δs will permit sustainability providing profits during expansions (πe) satisfy the condition
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For δ = .7 (say), πe < 50,000 which requires the same price during expansions (P = 20) as recessions.

20.9
Again, best to start by analyzing B's situation.  Denote the two demand situations by "1" and "2".
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Hence,
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Now
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so optimal qA is
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Solving the three optimal strategies simultaneously yields:
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20.10



a.  The hint follows because the probability of a bid less than v is in fact given by v because of the assumed distribution of v.  Hence, the probability that n-1 bids will be lower than v is given by vn-1 and this can occur for any of the n bidders.  Hence f(v) = 


nvn-1.
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Hence, expected revenue is 
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b.  The Vickrey scheme is “truth revealing” because each bidder has the incentive to bid his/her true value.  If that true value were the highest, bidding it would not affect what is paid which is determined by the second highest bidder. On the other hand, if it is not the highest, might as well bid it anyway because won’t win the auction.


c.  Given the hint,
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Notice that the difference in the auctions is not in the expected revenue, but in the fact that the Vickrey auction is truth revealing whereas the first bid auction is not.
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