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Chapter 13  Oligopoly and Monopolistic Competition

Chapter Summary

Chapter 13 presents models of imperfect competition. The chapter begins with oligopoly models where interdependence is the key feature of market interaction. The Cournot model illustrates how firms react when an opponent holds its quantity supplied fixed. Next, the Bertrand model assumes that other firms hold prices fixed. The Stackelberg model is contrasted with the Cournot case because it assumes that one duopolist knows the competitors reactive behavior and maximizes accordingly. These models are contrasted with each other and with the shared monopoly case to make judgments about efficiency. Consumers would prefer Bertrand outcomes and like shared monopoly outcomes the least. Stackelberg outcomes come in second and Cournot outcomes third when all are compared together. 

Game theory is used next to illustrate the nature of interdependent competition. Various applications of the prisoners dilemma model are analyzed in the context of dominant strategy possibilities and Nash equilibriums. Sequential game strategies and the impact of contestable type markets provide insights into how competition impacts even concentrated markets. Finally, technological considerations impact the operation of oligopoly firms, as can be seen by exploring the impact of economies of scale on competition. 

The rest of the chapter is devoted to monopolistic competition models with spatial models being the most prominent example. Here reduced travel costs from more restaurants are compared with the  increased costs of restaurant building to find the optimal number of restaurants. One can extend the spatial model to include other product characteristics such as the optimal number of airline flights between cities. The chapter appendix contains the Chamberlin model of monopolistic competition, a pricing model for spatial analysis, and a discussion on the implications of returns to scale for monopolistic competition.  
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Teaching Suggestions

1. This chapter has a way of getting tedious if one gets bogged down in the a,b,c’s of the equations. Furthermore, some of the assumptions of the models seem to be so naive that students fail to see the relevance of the models. I find it helps to begin with a game that lends itself to an analysis of interdependency. This oligopoly game requires that the class be divided into groups of four. If the class is large, two students can be one firm, so the industry group is eight. Each industry therefore has four firms which are interdependent. The game is played in rounds with each firm choosing an O or an X each round. The payoffs are as follows. 


4 Xs = each firm loses $1


4 Os = each firm wins $1


3 Xs and an O = each X firm wins $1 and the O firm loses $3


3 Os and an X = each O firm loses $1 and the X firm wins $3


2 Os and 2 Xs = each X firm wins $2 and each O firm loses $2

It is helpful to make the payoffs count for something by using final profits for each firm as a quiz score. The goal is to have students feel the dilemma of interdependence and deal with the temptation to cheat on a cartel for short-run individual gain. Proceed with six rounds as follows, allowing a minute or two for firms to select a letter:        

Round 1.  Each firm simply picks a letter without knowledge of any other firm's choice in the  industry. (After each round the score should be kept for each firm and for the industry as a whole.)

Round 2. Same as round 1.

Round 3. Have all firms take several minutes to collude together and set a strategy. Then have each firm make its decision individually. Here is where conscious cheating starts to appear. 

Round 4. Same as round 3, except that the payoff schedule is tripled. 

Round 5. Same as round 2.

Round 6. Same as round 3, except that the payoff schedule is ten times the original pay-outs. 

I have never had a class that didn't have at least one industry group that became very unstable and where the cartel promises broke down with firms cheating on the agreements. The exercise is useful in illustrating numerous aspects of interdependent behavior patterns, including the increased instability that comes when a firm is doing poorly and seeks a fast escape. 

2. Problem number 1 at the end of the chapter in the text is a good one to work through in class. It has a positive MC in contrast to the example in the text. Students will look at the formulas given in the text, which have zero MC, and not realize that they are not useful with positive MCs. It might be helpful to derive some of the formulas with MC included so that students can see that the numerators need a minus MC added to make a more general formula.  The differences in welfare effects that the different cells show in this problem are an important point of this analysis.

3. For sharp students that are interested in game theory, I would recommend the book Game Theory with Economic Applications, by H. Scott Bierman and Luis Fernandez (Addison Wesley, 1993). 

4. This chapter does not have much of an institutional flavor. There are no data tables showing concentration ratios or market share figures. There is little treatment of industrial organization issues or antitrust consequences of collusion. Depending on the nature of the class and the interest of the students it is worth the time to dig up some of this data to enhance the human interest side of the material.

5. Throw out a bunch of products or services that lend themselves to some sort of differentiation, and have students label the two cost functions that interact to determine the optimal point. Examples might be: How many extras to make standard equipment on a car? How many colors to make shirts? How many flights to fly from Chicago to New Orleans in a day? How many additives to put in a gasoline? It will be necessary to point out that the more colors made of a shirt, the lower the cost absorbed from living in boring uniformity. A producer seeks to charge the customer for that service by raising the price on the shirt. Therefore, the producer differentiates colors as long as the gain in revenue from diversity exceeds the cost of diversity. Be sure to discuss similar understandings in the other examples. I find this chapter to be one of the most interesting for students because it feels more like the real world than some of the earlier chapters if the applications are made. Use an example of time differentiation. Consider using the study guide problem of optimal flights to New Orleans, but make sure the students have attempted it on their own before class. 

6. For those who use the appendix material the Chamberlin model does offer some interesting possibilities. To introduce the Chamberlin model pick a student from the class and tell them they are a mobile street sandwich vendor in the class and that all the people in the class want a sandwich and want to walk as short a distance as possible to get it. After they locate themselves where they think they can serve the customers best, pick another student and have them sell the same sandwiches. Watch how the competition will move the vendors until they each have half the market. If the class is large, pick a third vendor and observe the market split into three equal parts. If the students are sharp enough to follow the assumptions of the situation, market symmetry should be illustrated. Use this experience to show also that the sandwiches of each vendor are really differentiated since they are not good substitutes for each other. Location differentiation is more interesting than many other kinds of differentiation because it is not simply a matter of taste. 

Now tell everyone in the class that they have a demand for sandwiches according to the function P = 4 - Q. Next tell each person that they would walk an extra foot for each dime that the price of a sandwich was reduced. Have only one vendor lower his price from $3.00 to $2.00 and observe how market share changes. Then have both vendors lower their price by $1.00 and see what happens to market share. The big DD demand curve and the little dd demand curve should become apparent. Have the students speculate what will happen in this market if the exercise was played all day and anyone could become a vendor. Nearly every concept of the Chamberlin model can be drawn out of this activity, and the Chamberlin graphical model that should follow will be easy to understand.

As a lead into the formal spatial models, ask students if they would have been better off if there was one vendor for each student standing directly beside them. Someone should recognize that the cost of the sandwich will be very high if only one is supplied. Pursue this point by asking how they would figure out what the optimal number of vendors would be. Students should see that walking costs and sandwich production costs work in opposite directions. Show this in a sketch diagram with costs on the vertical axis and number of vendors on the horizontal axis. The production cost per hot dog will rise as the number of vendors increases, but the walking costs fall as this happens. Minimizing the cost per sandwich to the buyer is now only a few derivatives away. 

For this experiment to work there must be a rather interactive atmosphere in the class and room to walk around. Unfortunately it will take more time than a stand-up lecture, but students will have more fun and remember the concepts better.

When discussing the efficiency of the Chamberlin equilibrium, consider whether three gas stations on one corner are as efficient as one that is twice the size of any of the three. Are the pumps fully utilized? Would economies of scale lower the price of fuel if the firms were larger? Is the variety, real or imagined, a worthy tradeoff for the higher cost of under-utilization? If distance is an issue, why don't fill-up stations divide up the market symmetrically? The same questions might apply to shoe stores in a mall?

Stumbling Blocks for Students

1. The naive assumptions of the oligopolists in this chapter baffle students. They write off the relevance of the models because they seem unreal. One defense of the models, if the exercise described in suggestion 1 above was used, is that  students, themselves probably made naive assumptions about their competitors in that exercise. Some repeatedly trusted cheaters and did not act strategically by setting up their actions over the course of the rounds. Sometimes in a complex world the most simple assumptions can lead to stability. Also, point out that other models like the tit-for-tat strategy do seem more realistic. If all else fails, admit to the students that oligopoly theory is the least developed and the most imprecise of all the models we study. 

2. A Nash equilibrium does not always exist whenever one party has a dominant strategy. It is important to add that there must be no incentive for either party to alter its strategy once the dominant strategy is played and the opponent reacts. If  the firm with the dominant strategy has incentive to change plans again, a Nash equilibrium does not exist. 

3. The Stackelberg model needs careful intuitive analysis because students are barely digesting the notion of a reaction curve, let alone the idea that it can be substituted into the demand curve as a way of dealing with strategic behavior. However, I do know the reaction of my children to various chores that I plan for them, so I organize my requests in ways that will maximize family tranquillity or minimize family disruption as the case may be. It is common for everyone to face Stackelberg-type situations, and students are very strategic in the way they deal with class cuts, homework assignments, etc. If the idea is understood, the algebra of building in the reaction curve is not as big a problem.

4. The most common confusion in spatial models concerns the problem of one-way and round-trip distance calculation. The lack of a general formula for average distance calculation has led many students into error. If the formula (total units/4/N) is shown and if the formula (total units/2/N) is used for round-trip cases, the confusion can be eliminated. The text uses the number 1 for total units because its example is of a 1-mile island. However, that 1 changes if the island increases to a 10-mile island. Students do not often recognize the 1 as a special case. Thus a 10-mile island with 2 restaurants and the necessary round trip will lead to an average drive of 2.5 miles using the second formula above. In a 24-hour clock example of airline trips, a two flight day will cause an average wait of 3 hours using the first formula above. 

5. For some reason, students have the notion that the intersection of the transportation cost function and the cost of meals function in the textbook is a significant low cost point when the only thing that is important is the slopes of the two functions. It is worth the effort to illustrate how the total cost falls when one cost function is pulling down harder than the other is pulling up. 

6. (Appendix) In the appendix where an optimal pricing  model is presented, it is important to explain that the overall market demand curve is vertical so that the two firms are sharing a fixed amount of output.  

7. (Appendix) After the clean crisp models of monopoly, it is odd that a model like the Chamberlin model now has a demand curve where firms assume that other firms will not follow a price cut even though every cut is matched by opponents. The little dd demand curve is an abstraction of real world trial and error behavior that lacks the nice ceteris paribus clarity of the model. Although a service station may know that a well-marked gas price reduction will be matched by the station across the street, the same knowledge may be less apparent to the street vendor of sandwiches or the airline setting pricing strategy for the next two weeks. The issue of dynamic adjustment is unfortunately lost in the instant adjustment models as well. Perhaps a few days pricing lead may bring a nice temporary windfall after which there may be hope of normal price stability without retaliation. 

Answers to Questions for Review

1. The models differ in their assumptions about firm behavior. The Cournot model assumes firms choose quantities simultaneously (taking as given the other firm's quantity.) the Bertrand model assumes firms choose prices simultaneously (taking as given the other firm's price.) The Stackelberg model assumes one firm (the leader) chooses its quantity before the other firm (the follower)chooses its quantity before the other firm (the follower).

2. Like the prisoner’s dilemma, members of the cartel will be better off of none of them cheat, but the option to cheat is a dominant strategy for each. 

3. If there are more than two firms, the enforcer (who detects cheating and punishes it) will have higher costs; all compliant firms have an incentive to shirk that duty. 

4. No; the assumption that one firm makes about the other firm's strategy is naive.

5. If sunk costs are zero, entry and exit is easy, forcing incumbents to charge competitive prices.

6. The extra utility that consumers get from product variety must be weighed against the higher prices that result from product differentiation and monopolistic competition.

7. A greater population density can sustain more product variety ceteris paribus. Greater transportation costs also increase product variety. The higher the fixed cost of offering new products, the fewer new products will be offered.

Answers to Chapter 13 Problems

1. Shared monopoly:

 
MR = 15 - 2Q = MC = 3


2Q = 12,    Q = 6,    P = 9,  Q1=Q2=3      
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= 54 - 18 = 36,  
[image: image2.wmf]Õ

1 = 
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2 = 18.

Cournot:  P1 = 15 - Q1 - Q2 = (15 - Q2) - Q1

MR1= (15 - Q2) - 2Q1 = MC = 3


2Q1 = 12 - Q2
  
Q1 = 6 - Q2/2        1's reaction function.

            
Q2 = 6 - Q1/2         2's reaction function.

            
Q1 = Q2 = 4.     Q=8.     P = 15 - 8 = 7


TR1 = 7(4) = 28 = TR2
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1 = 28 - 4(3) =  16  =  
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2 ;     
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1   +   
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2  =   32.
 Bertrand:


P = MC = 3          P = 15 - Q


So  Q = 12; Q1 = 6 = Q2


TR = 36


TC = 36
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= 0

Stackelberg:


Firm 2's Cournot reaction function:  Q2 = 6 - Q1/2


Firm 1's demand:  P  =  15 - (6 - Q1/2) - Q1 = 9 - Q1/2. 

 
MR1 =  9 - Q1 = MC = 3  => Q1 = 6


Q2 = 6 - Q1/2 = 3


Q = 6 + 3 = 9     P = 6


TR1 = 36
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1 = 36 - 18 = 18


TR2 = 3(6) = 18
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2 = 18 - 9 = 9.
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1  +  
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2  =   27.

2. P1 = 36 -3Q = 36 - 3 (Q1 + Q2 ) = (36 - 3 Q2 ) - 3 Q1.
MR1 = (36 -3 Q2 ) - 6 Q1 = MC = 18.

1’s reaction function : Q1 = 3 - (1/2) Q2.

Similarly for 2 : Q2 = 3- (1/2) Q1.

This solves for   Q1 = Q2 = 2.

P = 36 - 3Q = 36 - 3(4) = 24.
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1 = TR - TC = 2(24) - 2(18) = 12 = 
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2.
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1 + 
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2 = 24.

3. P = MC = 18 .

Since P = 36 - 3Q, we have Q = 6.

Thus, Q1 = Q2 = Q/2 = 3.

TR1 = TR2 = 3(18) = 54.

TC1 = TC2 = 3(18) = 54.

And so 
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1 = 
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2 = 
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= 0.

4. 2’s reaction function is the same as in the Cournot case:

Q2 = 3 - (1/2)Q1.

1’s demand is

P = 36 - 3(Q2) - 3Q1 = 36 - 3(3- (1/2)Q1) - 3Q1 = 27 - (3/2) Q1.

MR1 = 27 - 3Q1 = MC = 18.

This solves for Q1 = 3 and Q2 = 3/2.

Therefore Q = Q1 + Q2 = 9/2 and P = 36 - 3(9/2) = 45/2.
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1 = 3 ( 45/2 - 18 ) = 27/2.
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2 = (3/2) (45/2 - 18) = 27/4.

5. As a monopolist , MR = 140 - 2Q = 20 implies Q = 60: P = 140 - 60 = 80: so ( = (80 - 20)60 = 3600. Then as Cournot duopolists, MRA = 140 -QL - 2A = 20 = MC implies QA = 60 - (QL/2) and QL = 60 - (QA/2), QA = QL = 40, Q = QA + QL = 80, P - 140 - 80 = 60, ( = (60 - 20)40 - 1600, PI = 2( = 200. Therefore the change in profit = 3200 -3600 = - 400. 
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Suppose both prefer withdrawing to getting a "C," which in turn they prefer to an "F." Being expelled is their worst outcome. If B signs, A is better off by signing. If B does not sign, the best strategy for A is again to sign. Since the game is symmetric (exactly a prisoner’s dilemma), the same conclusions apply for B.  So both have a dominant strategy of signing no matter what the other one does. 

6. Each knows that the other will have nothing to lose by defecting on the last round.  This robs each party of an effective threat of retaliation on the third round, which means each also has nothing to lose by defecting on round 3.  The same reasoning extends backward to the second and first rounds as well.

7. a) Neither firm has a dominant strategy. If one firm chooses to make a big car, the other has an incentive to produce a small car, and vice versa.

8. b) Either combination of one firm producing a big car and the other producing a small car is a Nash equilibrium.

9. a.
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9. b) If firm1 chooses the big car, firm 2 will choose the small car (point E). If firm 1 chooses the small car, firm 2 will choose the big car (point F). Since profits for firm 1 are higher at E than at F, firm 1 will choose big car to begin with.  So the Nash equilibrium for this game occurs at point E.

10. a) Suppose firm 1 produces Q1.  Firm 2's residual demand curve will then be P = (100-Q1) - Q2, and its marginal revenue will be MR = (100-Q1) - 2Q2.  And since marginal cost is zero, firm 2 will maximize its profits by choosing the Q2 for which MR = 0:  Q2* = 50 - (Q1)/2 .  Anticipating this response from firm 2, firm 1 can thus anticipate that its demand curve will be given by P = (100 - Q2*) - Q1. Substituting for Q2*, firm 1 thus sees the demand curve           P = 50-(Q1/2), and the corresponding marginal revenue curve, MR  = 50-Q1.  Firm 1's best output level is thus given by Q1* = 50.  So Q2*  = 25 and total quantity = Q1* + Q2* = 75.  The market price is therefore P = 100 (75 = 25.  So firm 1's profit is 
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1= 50(25) = 1250.  Firm 2's profit is 25(25)= 625.

10. b)Firm 2 is willing to pay at most 
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2 = 625 for the license that gives the right to move second. Firm 1 is willing to pay at most 
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1 = 1250 for the license that gives the right to

11. The expected profit for firm 1 is given by

E(
[image: image27.wmf]Õ

1) = [I1/(I1+I2)]R - I1 . Assuming Nash-Cournot behavior, the first-order condition for maximum expected profit for firm 1 is given by dE(
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1)/dI1 = [RI2 - (I1+I2)2]/(I1+I2)2 = 0, which solves for the optimizing value of I1 conditional on I2:  I1* = (RI2)1/2 - I2.  Because the problem is symmetric, the value of I2, conditional on I1, is given by  I2* = (RI1)1/2 - I1.  In equilibrium, it follows that  I1* = I2* = R/4 .


12. The condition for profit maximization in a perfectly competitive market is P = MC on a rising portion of the MC curve. To sell additional units at the current market price would thus mean to earn lower profits if the firm were in equilibrium in a perfect competitive market. So true.

13. Suppose we have N garages. Following the example in the text, the distance between two adjacent garages will be 100/N. The average towing distance will thus be 100/4N. Average round-trip distance is 100/2N. There are 5000 towing incidents with a cost of $50/mile each. Total direct towing cost is thus (5000)(50)(100/2N)=$12,500,000/N. Total cost of the garages is 5000N.  Overall total cost is  TC = 5000N + 12,500,000/N. To find the optimal N, we could graph this function.  Alternatively, taking the first derivative and setting it to zero will give the minimum.   dTC/dN = 5000 - 12,500,000/N2 = 0. This solves for N = 50. 

14. Again the total travel cost is (L)x(t)x(10/2N) = 1000t(10/2N) = 5000t/N.

Total fixed cost is 1000N.   Total cost = 5000t/N + 1000N. For the moment, assume that t is known and you are finding the optimal N. So take the first derivative, set it equal to zero, and solve for N.  dTC/dN = 1000 - 5000t/N2 = 0  so 5000t/N2 = 1000 or t = 1000N2/5000

Since N = 2, t = 4/5

Additional Problems

1. The market demand curve for a pair of Cournot duopolists is given as:                                      P = 36 ‑ 3Q, (Q = Ql + Q2). The constant per unit marginal cost is 18 for each duopolist. Find the Cournot equilibrium price, quantity, and profits.

2. Solve Problem 1 as a Bertrand model. Find the long‑run equilibrium price, quantities, and profits.

3. Solve Problem 1 as a Stackelberg Leader‑Follower model. Assume firm 1 is the leader.

4. Solve Problem 1 as a shared monopoly. Find the profit-maximizing price, quantities, and profits.

5. The following payoff matrix represents the long-run payoffs for two duopolists faced with the option of buying or leasing buildings to use for production. Determine whether any dominant strategies exist and whether or not there is a Nash equilibrium.

	
	
	
	Firm 1
	

	
	
	Lease 

Building
	
	Buy 

Building

	
	Lease
	F1 = 500
	
	F1 = 750

	   Firm 2
	
	F2 = 500
	
	F2 = 400

	
	
	
	
	

	
	Buy
	F1 = 300
	
	F1 = 600

	
	
	F2 = 600
	
	F2 = 200


6. Briefly describe the differences between the Cournot, Bertrand, and Stackelberg models. What assumptions do they make about the other firm's behavior?

7. True or false (with explanation): As more firms enter the market, the elasticity of the demand curve facing the monopolistic competitor under the spatial model increases.

8. One can also use spatial models for product characteristics. For each of the following products give examples of the characteristics which might be important: (a) beer, (b) cereal, (c) shampoo, (d) toothpaste.

Answers to Additional Problems

1. P=36‑3Q,   Q = Q1 + Q2 ,  MC = 18 

MRi = 36 ‑ 3Qj ‑ 6Qi 

Set MC = MR and solve for Q1 

18 = 36 ‑ 3Q2 ‑ 6Q1 







Q1 = Q2 = 2; Q = 4

P = 36 ‑ 3(4)= 36 ‑ 12 = 24

Profit = PQ ‑ MC(Q) = 24(2) ‑ 18(2) = 48 ‑ 36 = 12 for each firm. 

2. The Bertrand model sets price equal to marginal cost in the long run: 

P = MC = 18 

18 = 36 ‑ 3Q 

Q = 18/3 = 6 

Q1 = Q2 = 6/2 = 3 

Profit = PQ ‑ MC(Q) = 18(6) ‑ 18(6) = O 

Profit (firm 1) = profit (firm 2) = O

3. Stackelberg model:

Follower (firm 2):

MR = 36 ‑ 3Ql ‑ 6Q2 = 18

Q2 = (6‑Q1)/2

Leader (firm 1):

P1 = 36 ‑ 3Q2 ‑ 3Q1 = 36 ‑ 3(6‑Q1/2) ‑3Q1
P1 = 36 ‑ 18/2 + 3Q1/2 ‑ 3Q1 = 27 ‑ 3/2Q1
MR1 = 27‑ 3Q1
Set MR1 = MC

27 - 3Q1 = 18

3Q1 = 9 

Q1 =3

Q2 = (6 ‑ Q1)/2 = (6 ‑ 3)/2 = 3/2

Q= Q1 + Q2 = 3 + 3/2 = 9/2

P = 36 ‑ 3(9/2) = 36 ‑ 13.5 = 225

Profit (firm 1) = P Q1 ‑ MC(Q1) = 22.5(31) ‑ 18(3) = 67.5‑54 = 13.5

Profit (firm 2) = PQ2 ‑ MC(Q2) = 22.5(1.5) ‑ 18(1.5) = 6.75

4. Shared monopoly:

P = 36 ‑ 3Q 

MR = 36 ‑ 6Q 

Set MC = MR: 

18 = 36 ( 6Q 

Q = 18/6 = 3 

P = 36 ( 3(3) = 27 

Q1 = Q2  = 15

Profit = PQ ( MC(Q) = 27(3) ( 18(3) = 81 ( 54 = 27

Profit (firm 1) = profit (firm 2) = 27/2 = 13.5

5. The dominant strategy for firm 1 is to buy the building, since regardless of firm 2's strategy, firm 1 is better off buying the building. Firm 2, on the other hand, is better off buying the building only if firm 1 leases; since firm 1 will not lease, firm 2 should lease. Nash equilibrium occurs when firm 1 buys and firm 2 leases, since this is the best strategy for each player given the strategy chosen by the other player.

6. The Bertrand model assumes that the competitor holds price constant. The Cournot model assumes the competitor holds quantity constant. The Stackelberg leader maximizes its profits subject to the profit-maximizing reaction of its rivals.. 

7. True. As more entrants come into the market the commodity’s price becomes a larger proportion of the total cost of  consuming in that market. 

8. a) nationality, alcohol level, calories, maltiness, color, etc. 

8. b) crunchiness, sweetness, bran content, salt, etc. 

8. c) color, smell, dandruff‑cleaning ability, etc. 

8. d) fluoride, tartar control, whitening ability

Answers to Chapter 13 Appendix Problems

1. A Chamberlin monopolistically competitive firm is in LR equilibrium when its demand curve is tangent to its LAC curve.  Since its demand curve is downward sloping, so must its LAC curve be, so true.

2. Chamberlinian firms share the market demand equally, by assumption.  So true.

3. In the diagram below, the Chamberlinian firm is making an economic profit at its original price of P1*.  Following entry, its demand curve shrinks from d1 to d2, and the new profit-maximizing price rises to P2*.  So false.  (Note that this outcome can occur in a region where the marginal cost curve is steeply downward sloping.)
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4. MR = 20 - 2Q = MC = 6

2Q = 14, so Q = 7

P = 20 - 7 = 13

5. With no sunk costs of production or entry, industry price will tend toward the LAC of the entering firm. (If the incumbent charged more than that, the entrant could come in and capture the entire market.) This problem assumes the incumbent does not match price cuts. If it does match price cuts there will not be room for all producers and entrants fail. Fearing this, competitors stay out of market and monopoly price of 13 prevails.  

LACent = (40/Q) + 7 = P = 20 - Q
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6. With or without sunk entry costs, a potential entrant knows that the incumbent can take the entire market by charging a price too low for the entrant to cover its costs.  If a new firm entered and the incumbent undercut the entrant's price, the entrant would lose any sunk entry costs.  Anticipating that the incumbent will respond this way, the entrant would not be willing to incur the sunk costs of entry.  The incumbent is thus able to continue charging the monopoly price. If the incumbent immediately matches price competition, the entrant would be better off staying out of the market with or without sunk costs.

7. Suppose there are declining average production costs.  The lowest feasible price for a firm that sells all of its output for a single price is P* = LAC (left panel).  Against such a firm, an entrant employing the hurdle method of price discrimination could always offer a pair of prices PL and PH, such that PL<PH<P*, that will yield zero profits (right panel).  In such a market, price discrimination can persist indefinitely.  So false. 
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8. Total production costs would be lower if we produced fewer models.  But because auto producers employ the hurdle model of differential pricing, the poor do not necessarily pay more under current arrangements.  The lower-priced models sell below average cost, while the higher-priced models sell above average cost.  If we produced only a single model, all buyers would pay average cost.  To the extent that the poor tend to buy lower-priced models, the prices they pay today might thus be even less than the prices everyone would pay if we produced only a single model.  So false.

9. L = 600

t = 6

TC = F + 3Q

To calculate the break-even X (round-trip distance = 2X):

P' + 12 [(1/4) - X] = P” + 12X ( P" + P'  + 3 =  24X

X = ( P"/24 + P'/24 + 1/8
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Restaurant at 0 will attract all residents who live between -X and X.  Total demand for restaurant at 0:   

Q = 600(2X) = -50P" + 50P' +150 or P" = (P' + 3) - Q/50

MR = (P' + 3) - Q/25 = MC = 3

Q/25 = P'




Q = 25P'

P" = (P + 3) - 50P'/100 = P'/2 + 3

10. Note: By symmetry, in equilibrium P" = P' = P*

so P* = P*/2 + 3  => P* = 6

Q* = 150
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11. N** =   
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 =8.46, so the nearest integer is N**=8.

12. N* = (1/2)N** = 4

13. 
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      7200/(100 + T) = 16  =>  450 = 100 + T => T = 350

14. Let d denote the distance of a consumer from firm A.  That same consumer is then a distance 1-d from firm B.  The inclusive prices of the vendors are written as functions of d in the diagram, where d* denotes the distance at which the two inclusive prices are the same.
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At d*, the inclusive price of B's water is given by PB = P + .5(1-d*).  Firm B gets all the customers to the right of B*, so its demand is given by QB = 1000(1-d*).  Solving P + .5(1-d*) = 1 + .5d*, we get d*= P-.5, so QB =  1500 - 1000P. Since marginal cost is zero, firm B maximizes its profit when it maximizes its total revenue, TRB = PQB.   So firm B's goal is to maximize TRB = 1500P  - 1000P2.  The first-order condition for a maximum is given by 1500 - 2000P = 0, which solves for PB* = .75.

Answers to Homework Assignment 

Homework assignment                
key:______Chapter 13_____________

1. The demand curve for education in a community with only two colleges is P = 100 - Q. The cost of educating an additional student is 8. Complete the table below for the four scenarios described in a-d. There are no fixed costs. 

a. Both colleges get together and collude to price fix at a profit maximizing level. 

b. Both colleges assume that the other will hold the present tuition constant despite what the competition does. 

c. Both colleges assume that the other will hold the present enrollment constant despite what the competition does. 

d. College 1 believes college 2 will adjust to its new profit maximizing solution each time college 1 adjusts its enrollment strategy. (Show calculations below.)

	Assumption
	Quantity of A
	Quantity of B
	Price
	Profit of A
	Profit of B

	a
	23
	23
	54
	1058
	1058

	b
	46
	46
	8
	0
	0

	c
	30.67
	30.67
	38.67
	245.33
	245.33

	d
	46
	23
	31
	1058
	529


P = 100 ( (Q2  + Q1)

MR = (100  ( Q2) ( 2 Q1
8 = (100  ( Q2) ( 2 Q1
2Q1 = 92 ( Q2
Q1 = 46 ( .5Q2   Firm 1 reaction curve

Q2 = 46 ( .5Q1   Firm 2 reaction curve

Q1 = 46 ( .5(46 ( .5Q1)

Q1 = 46 ( 23 + .25Q1
.75Q1 = 23

Q1 = 30.67

2. Goodyear and Firestone face the following profit and price relationships.

 



               Firestone

	
	$100
	$60

	$100
	F = 20:  G = 36
	F = 33:  G = 10

	$60
	F = 12:  G = 35
	F = 11:  G = 30


Is there a dominant strategy, and is there a Nash equilibrium?

No dominant strategy exists and consequently there is no Nash equilibrium.

3.  True or False   If neither one of two interdependent firms in the same industry has a dominant strategy, then a Nash equilibrium can not exist.  Explain.

True,  One firm must have a dominant strategy or there will be incentive present for firms to keep altering their strategy. Thus, a Nash equilibrium can not exist. 

4. Each person’s boredom with drab shirts goes down as the number of colors in their shirt increases. The value of the boredom per person occurs according to the formula 1/N where N is the number of colors in the shirt. One thousand people buy shirts and it costs 250 to add a new color to shirt production. 

a. Sketch a simple graph showing how many colors shirt manufacturers should include in their shirts. Plot points for N + 1,2,3,and 4.

       $ 








          slope = 250

          0          1          2          3          4               N = Number of colors

b. Calculate the number of colors that should be included in shirts, given the information above. Show your work so the process you are using is clear.

(People)(boredom) = 1000/N

The first derivative of 1000/N with respect to boredom = (1000/N2
250 = ( 1000/N2
N = 2

Relating the graph to the solution requires one to recognize that the minimum cost of producing multiple colors will occur where the rate of decline in boredom costs equals the rate of increase in the cost of producing the added colors. Thus the slope of the two functions must be equal for minimum cost to be achieved. The intersection of the two cost functions is meaningless. 

For the Stackelberg model, which is letter d above, take the demand curve for the Cournot model shown on the first line of the equations on the left and substitute the reaction curve of firm 2 into the Q2 term.  This leaves P = 100 ( Q1 + 46 ( .5Q1 


which, when solved for Q1 equals 46. By substituting this into the reaction curve for firm 2, Q2 equals 23. Letters a and b are the single price monopoly model and the Bertrand perfect competitive models respectively.
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