ECON 301
Due: Dec. 2-3, 2015

The problem set can be submitted in groups of up to 4 students.
State your reasoning/calculations for all questions for full credit.
Answers must be typed or clearly hand-written.
No late problem sets will be accepted.


PROBLEM SET 4

1. Prunella raises peaches. Where L is the number of units of labor she uses and T is the number of units of land she uses, her output is f(L, T) = bushels of peaches.

a. [bookmark: _GoBack]On a graph, plot some input combinations that give her an output of 4 bushels. Sketch a production isoquant that runs through these points. Which equation do these points satisfy? 
b. Does this production function exhibit (constant, increasing, decreasing) returns to scale?
c. In the short run, Prunella cannot vary the amount of land she uses. Use blue ink to draw a curve showing Prunella’s output as a function of labor input if she has 1 unit of land. Locate the points on your graph at which the amount of labor is 0, 1, 4, 9, and 16 and label them. What represents the slope of this curve? Is this curve getting steeper or flatter as the amount of labor increase? 
d. Assuming she has 1 unit of land, how much extra output does she get from adding an extra unit of labor when she previously used 1 unit of labor?  4 units of labor? Compute the marginal product of labor at the input combination (1, 1) and compare it with the result from the unit increase in labor output found above. 
e. In the long run, Prunella can change her input of land as well as of labor. Suppose that she increases the size of her orchard to 4 units of land. Use red ink to draw a new curve on the graph showing output as a function of labor input. Also use red ink to draw a curve showing marginal product of labor as a function of labor input when the amount of land is fixed at 4.
2. A Los Angeles firm uses a single input to produce a recreational commodity according to a production function f(x) = 4, where x is the number of units of input. The commodity sells for $100 per unit. The input costs $50 per unit.
a. Write down a function that states the firm’s profit as a function of the amount of input. 
b. What is the profit-maximizing amount of input? of output? How much profits does it make when it maximizes profits?
c. Suppose that the firm is taxed $20 per unit of its output and the price of its input is subsidized by $10. What is its new input level? What is its new output level? How much profit does it make now? (Hint: A good way to solve this is to write an expression for the firm’s profit as a function of its input and solve for the profit-maximizing amount of input.)
d. Suppose that instead of these taxes and subsidies, the firm is taxed at 50% of its profits. Write down its after-tax profits as a function of the amount of input. What is the profit-maximizing amount of output? How much profit does it make after taxes? 
3. Nadine sells user-friendly software. Her firm’s production function is f(x1, x2) = x1 + 2x2, where x1 is the amount of unskilled labor and x2 is the amount of skilled labor that she employs.
a. Draw a production isoquant representing input combinations that will produce 20 units of output. Draw another isoquant representing input combinations that will produce 40 units of output.
b. Does this production function exhibit increasing, decreasing, or constant returns to scale? 
c. If Nadine uses only unskilled labor, how much unskilled labor would she need in order to produce y units of output? 
d. If Nadine uses only skilled labor to produce output, how much skilled labor would she need in order to produce y units of output? 
e. If Nadine faces factor prices (1, 1), what is the cheapest way for her to produce 20 units of output? 
f. If Nadine faces factor prices (1, 3), what is the cheapest way for her to produce 20 units of output? 
g. If Nadine faces factor prices (w1,w2), what will be the minimal cost of producing 20 units of output?
h. If Nadine faces factor prices (w1,w2), what will be the minimal cost of producing y units of output? 

4. A firm uses labor and machines to produce output according to the production function, where L is the number of units of labor used and M is the number of machines. The cost of labor is $40 per unit and the cost of using a machine is $10.
a. On a graph below, draw an isocost line for this firm, showing combinations of machines and labor that cost $400 and another isocost line showing combinations that cost $200. What is the slope of these isocost lines? 
b. Suppose that the firm wants to produce its output in the cheapest possible way. Find the number of machines it would use per worker. (Hint: The firm will produce at a point where the slope of the production isoquant equals the slope of the isocost line.)
c. On the graph, sketch the production isoquant corresponding to an output of 40. Calculate the amount of labor and the number of machines that are used to produce 40 units of output in the cheapest possible way, given the above factor prices. Calculate the cost of producing 40 units at these factor prices.
5. Joe Grow, an avid indoor gardener, has found that the number of happy plants, h, depends on the amount of light, l, and water, w. In fact, Joe noticed that plants require twice as much light as water, and any more or less is wasted. Thus, Joe’s production function is h = min{l, 2w}. 
a. Suppose Joe is using 1 unit of light, what is the least amount of water he can use and still produce a happy plant? 
b. If Suppose Joe wants to produce 4 happy plants, what are the minimum amounts of light and water required? 
c. What are Joe’s conditional factor demand function for light and water?
d. If each unit of light costs w1 and each unit of water costs w2, what is Joe’s cost function?

6. Mary Magnolia wants to open a flower shop, the Petal Pusher, in a new mall. She has her choice of three different floor sizes, 200 square feet, 500 square feet, or 1,000 square feet. The monthly rent will be $1 a square foot. Mary estimates that if she has F square feet of floor space and sells y bouquets a month, her variable costs will be cv(y) = y2/F per month.
a. If she has 200 square feet of floor space, write down her marginal cost function and her average cost function. At what amount of output is average cost minimized? At this level of output, how much is average cost?
b. If she has 500 square feet, write down her marginal cost function and her average cost function. At what amount of output is average cost minimized? At this level of output, how much is average cost?
c. If she has 1,000 square feet of floor space, write down her marginal cost function and her average cost function. At what amount of output is average cost minimized? At this level of output, how much is average cost? 
d. Use red ink to show Mary’s average cost curve and her marginal cost curves if she has 200 square feet. Use blue ink to show her average cost curve and her marginal cost curve if she has 500 square feet. Use black ink to show her average cost curve and her marginal cost curve if she has 1,000 square feet. Label the average cost curves AC and the marginal cost curves MC.
e. Use yellow marker to show Mary’s long-run average cost curve and her long-run marginal cost curve in your graph, assuming that Magnolia can choose a continuous floor size. Label them LRAC and LRMC.
7. A competitive firm has the following short-run cost function: c(y) = y3 − 8y2 + 30y + 5.
a. What is the firm’s marginal cost function?
b. What is the firm’s average variable cost function is 
c. Sketch and label a graph of the marginal cost function and of the average variable cost function.
d. Average variable cost is falling as output rises if output is less than_____ and rising as output rises if output is greater than______.
e. Marginal cost equals average variable cost when output is _____.
f. What is the price at will the firm supply zero output? At what price would the firm supply exactly 6 units of output? 
8. Consider a competitive industry with a large number of firms, all of which have identical cost functions c(y) = y2 + 1 for y > 0 and c(0) = 0. Suppose that initially the demand curve for this industry is given by D(p) = 52 − p. (The output of a firm does not have to be an integer number, but the number of firms does have to be an integer.)
a. What is the supply curve of an individual firm? S(p) = p/2. If there are n firms in the industry, what will be the industry supply curve?
b. What is the smallest price at which the product can be sold?
c. What will be the equilibrium number of firms in the industry? (Hint: Take a guess at what the industry price will be and see if it works.) What will be the equilibrium output of each firm? 
d. Now suppose that the demand curve shifts to D(p) = 53−p. What will be the equilibrium number of firms? What will be the equilibrium price? What will be the equilibrium output of each firm? What will be the equilibrium profits of each firm? 

9. Professor Bong has just written the first textbook in Punk Economics. It is called Up Your Isoquant. Market research suggests that the demand curve for this book will be Q = 2, 000 − 100P, where P is its price. It will cost $1,000 to set the book in type. This setup cost is necessary before any copies can be printed. In addition to the setup cost, there is a marginal cost of $4 per book for every book printed. 
a. What is the total revenue function for Professor Bong’s book?
b. What is the total cost function for producing Professor Bong’s book?
c. What is the profit-maximizing quantity of books for Professor Boing to sell?

10. A monopolist has an inverse demand curve given by p(y) = 12 − y and a cost curve given by c(y) = y2.
a. What will be its profit-maximizing level of output? 
b. Suppose the government decides to put a tax on this monopolist so that for each unit it sells it has to pay the government $2. What will be its output under this form of taxation? 
c. Suppose now that the government puts a lump sum tax of $10 on the profits of the monopolist. What will be its output?
11. The demand for electricity in British Columbia is given by Q = 30 – 2P. The cost of providing the service is C = 20 + 5Q. Calculate the price and quantity under perfect competition and under monopoly. (Hint: Under perfect competition price must equal marginal cost.) Illustrate these prices and quantities in a diagram. Show the deadweight loss (DWL) due to monopoly in the diagram and calculate it.

12. Ferdinand Sludge has just written a disgusting new book, Orgy in the Piggery. His publisher, Graw McSwill, estimates that the demand for this book in the United States is Q1 = 50,000 − 2,000P1, where P1 is the price in the U.S. measured in U.S. dollars. The demand for Sludge’s opus in England is Q2 = 10,000 − 500P2, where P2 is its pricecin England measured in U. S. dollars. His publisher has a cost function C(Q) = $50, 000 + $2Q, where Q is the total number of copies of Orgy that it produces.

(a) If McSwill must charge the same price in both countries, how many copies should it sell? What price should it charge?

(b) If McSwill can charge a different price in each country and wants to maximize profits, how many copies should it sell in the United States? What price should it charge in the United States? How many copies should it sell in England? What price should it charge in England? How much will its total profits be? 

13. The Mall Street Journal is considering offering a new service which will send news articles to readers by email. Their market research indicates that there are two types of potential users, impecunious students and high-level executives. Let x be the number of articles that a user requests per year. The executives have an inverse demand function PE(x) = 100 − x and the students have an inverse demand function PU(x) = 80 − x. (Prices are measured in cents.) The Journal has a zero marginal cost of sending articles via email. 

(a) Draw these demand functions in a graph and label them.
(b) Suppose that the Journal can identify which users are students and which are executives. It offers each type of user a different all or nothing deal. A student can either buy access to 80 articles per year or to none at all. What is the maximum price a student will be willing to pay for access to 80 articles? (Hint: Recall the lesson on consumer’s surplus and the area under the demand curve.)
(c) An executive can either buy access to 100 articles per year or to none at all. What is the maximum price an executive would be willing to pay for access to 100 articles? 
(d) Suppose that the Journal can’t tell which users are executives and which are undergraduates. Thus it can’t be sure that executives wouldn’t buy the student package if they found it to be a better deal for them. In this case, the Journal can still offer two packages, but it will have to let the users self-select the one that is optimal for them. Suppose that it offers two packages: one that allows up to 80 articles per year the other that allows up to 100 articles per year. What’s the highest price that the undergraduates will pay for the 80-article subscription?
(e) What is the total value to the executives of reading 80 articles per year? $48. (Hint: Look at the area under their demand curve and to the right of a vertical line at 80 articles.) 
(f) What is the maximum price that the Journal can charge for 100 articles per year if it wants executives to prefer this deal to buying 80 articles a year at the highest price the undergraduates are willing to pay for 80 articles?
(g) Suppose that the Mall Street Journal decides to include only 60 articles in the student package. What is the most it could charge and still get student to buy this package?
(h) If the Mall Street Journal offers a “student package” of 60 articles at this price, how much net consumer surplus would executives get from buying the student package?
(i) What is the most that the Mall Street Journal could charge for a 100-article package and expect executives to buy this package rather than the student package? 
(j) If the number of executives in the population equals the number of students, would the Mall Street Journal make higher profits by offering a student package of 80 articles or a student package of 60 articles?

14. Bill Barriers, CEO of MightySoft software, is contemplating a new marketing strategy: bundling their best-selling wordprocessor and their spreadsheet together and selling the pair of software products for one price. From the viewpoint of the company, bundling software and selling it at a discounted price has two effects on sales: (1) revenues go up due to additional sales of the bundle; and (2) revenues go down since there is less of a demand for the individual components of the bundle. The profitability of bundling depends on which of these two effects dominates. Suppose that MightySoft sells the wordprocessor for $200 and the spreadsheet for $250. A marketing survey of 100 people who purchased either of these packages in the last year turned up the following facts:
1) 20 people bought both.
2) 40 people bought only the wordprocessor. They would be willing to spend up to $120 more for the spreadsheet.
3) 40 people bought only the spreadsheet. They would be willing to spend up to $100 more for the wordprocessor.
In answering the following questions you may assume the following:
1) New purchasers of MightySoft products will have the same characteristics as this group.
2) There is a zero marginal cost to producing extra copies of either software package.
3) There is a zero marginal cost to creating a bundle.

(a) Let us assume that MightySoft also offers the products separately as well as bundled. In order to determine how to price the bundle, Bill Barriers asks himself the following questions. In order to sell the bundle to the wordprocessor purchasers, the price would have to be less than______. In order to sell the bundle to the spreadsheet users, the price would have to be less than______.
(b) What would MightySoft’s profits be on a group of 100 users if it priced the bundle at $320? 
(c) What would MightySoft’s profits be on a group of 100 users if it priced the bundle at $350? 
(d) If MightySoft offers the bundle, what price should it set? 
(e) What would profits be without offering the bundle? 
(f) What would be the profits with the bundle? 
(g) Is it more profitable to bundle or not bundle? 
(h) Suppose that MightySoft worries about the reliability of their market survey and decides that they believe that without bundling t of the 100 people will buy both products, and (100−t)/2 will buy the wordprocessor only and (100−t)/2 will buy the spreadsheet only. Calculate profits as a function of t if there is no bundling. 
(i) What are profits with the bundle? 
(j) At what values of t would it be unprofitable to offer the bundle?

15. The following table provides willingness to pay information (i.e. reservation prices) for 3 consumers who are considering taking a holiday in Hawaii. Assume these are the only consumers and that marginal cost is zero for both products. A travel agency is considering whether to use stand-alone pricing (selling the products separately), pure bundling, or mixed bundling.
	
	Hawaii

	
	Flight
	Hotel
	Bundle

	Allen
	400
	50
	450

	Barbara
	350
	300
	650

	Colin
	50
	400
	450



Determine the profit-maximizing prices under stand-alone pricing, pure bundling, and mixed bundling. Find the profit in each case.

16. Colonel Tom Barker is about to open his newest amusement park, Elvis World. Elvis World features a number of exciting attractions: you can ride the rapids in the Blue Suede Chutes, climb the Jailhouse Rock and eat dinner in the Heartburn Hotel. Colonel Tom figures that Elvis World will attract 1,000 people per day, and each person will take x = 50 − 50p rides, where p is the price of a ride. Everyone who visits Elvis World is pretty much the same and negative rides are not allowed. The marginal cost of a ride is essentially zero.

(a) What is each person’s inverse demand function for rides? 
(b) If Colonel Tom sets the price to maximize profit, how many rides will be taken per day by a typical visitor? What will be the price of a ride? What is Colonel Tom’s profit per person?
(c) What is the Pareto efficient price of a ride?
(d) If Colonel Tom charged the Pareto efficient price for a ride, how many rides would be purchased? 
(e) How much consumers’ surplus would be generated at this price and quantity? 
(f) If Colonel Tom decided to use a two-part tariff, he would set an admission fee of ____ and charge a price per ride of _____.
17. Recall the Cournot duopoly model of quantity competition between two firms. Suppose Firm 1 has a constant marginal cost equal to $10 and Firm 2 has a constant marginal cost equal to $20. Fixed costs are zero for both firms. Market demand is Q = 300 – 4P. 

(a) Calculate each firm’s best response function as determine the Nash equilibrium quantities. Show the best response functions and the Nash equilibrium quantities on your graph.
(b) Suppose Firm 2 proposes to Firm 1 that they should form a cartel. According to their agreement the entire quantity of the product will be produced by the firm with the lower marginal cost (Firm 1) and they will split the profits evenly. Would Firm 1 benefit from such an agreement? Explain. (Hint: Calculate the profits for Firm 1 from Cournot competition and from the cartel.) 

18. Two competing firms are each planning to introduce a new product. Each will decide whether to produce Product A, Product B, or Product C. They will make their choices at the same time. The resulting payoffs are shown below.
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a) Are there any Nash equilibria in pure strategies? If so, what are they? (State the strategies chosen and the payoffs.) Would the Pareto Criterion help firms coordinate? Explain. 
b) If the managers of both firms are conservative and each follows a maximin strategy, what will be the outcome? If Firm 1 uses a maximin strategy and Firm 2 knows this, what will Firm 2 do to maximize profit? Justify your reasoning. 

19. In order to learn how people actually play in game situations, economists and other social scientists frequently conduct experiments in which subjects play games for money. One such game is known as the voluntary public goods game. This game is chosen to represent situations in which individuals can take actions that are costly to themselves but that are beneficial to an entire community. In this problem we will deal with a two-player version of the voluntary public goods game. Two players are put in separate rooms. Each player is given $10. The player can use this money in either of two ways. He can keep it or he can contribute it to a “public fund.” Money that goes into the public fund gets multiplied by 1.6 and then divided equally between the two players. If both contribute their $10, then each gets back $20 × 1.6/2 = $16. If one contributes and the other does not, each gets back $10 × 1.6/2 = $8 from the public fund so that the contributor has $8 at the end of the game and the non-contributor has $18–his original $10 plus $8 back from the public fund. If neither contributes, both have their original $10. The payoff matrix for this game is:
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(a) If the other player keeps, what is your payoff if you keep? If the other player keeps, what is your payoff if you contribute? 
(b) Does this game have a dominant strategy equilibrium? 
(c) Is this game a prisoner’s dilemma?

20. Suppose that firm 1 can choose to produce either product A or product B or both products or nothing. Firm 2, on the other hand, can produce only product C or nothing. Firms’ profits corresponding to each possible scenario of goods for same are described in the following table:
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a) Set up the normal form game for when the two firms simultaneously choose their product sets. What is the Nash Equilibrium (Equilibria)?

b) Now suppose that firm 1 can commit to its product choice before firm 2. Draw the extensive game. How many strategies does each player have? Identify the subgame perfect Nash equilibrium. Compare your answer to (a) and explain.

c) The game is like the one in (b) only now suppose that firm 1 can make its decision after observing firm 2’s choice. How many strategies does each player have? Is the game affected? If so, explain the new outcome. If not, explain why not.








image1.png
Firm1 B

Firm 2

A B C
-10,-10 0,10 10, 20
10,0 -20,-20 -5,15
20,10 15,-5 -30,-30





image2.png
Voluntary Public Goods Game

Player A

Contribute
Keep

Player B
Contribute Keep
$16, $16 $8, $18
$18,$8 $10, $10





image3.emf
Product 

Selection

Firm 1's 

profit

Firm 2's 

profit

A 20 0

A, B 18 0

A, B, C 2 -2

B, C -3 -3

C 0 10

A, C 8 8

B 11 0


