Economics 101

Summer 2011

Answers to Homework #5
Due Wednesday June 14, 2011
Homework is due at the beginning of the lecture. All homework should be neatly and professionally done. Please make sure that your name is clearly legible and that you show all of your work on your homework. Please staple your homework before coming to class.

1.  In this question the goal is to compare a perfectly competitive industry to a monopoly. For the comparison we will assume that both the perfectly competitive industry and the monopoly have the same market demand curve and market supply curve. For our example the market demand and market supply curves are given as 
Market Demand: P = 1000 – Q

Market Supply: P = Q

a. Assume that the industry is perfectly competitive. What is the long-run equilibrium price and quantity in this industry? 
b. Assume that the industry is perfectly competitive. What is the value of consumer surplus when the industry is in long-run equilibrium? What is the value of producer surplus when the industry is in long-run equilibrium?

c. Assume that the industry is now a monopoly. What is the long-run equilibrium price and quantity in this market?

d. Compare the equilibrium price and quantity found in part (a) with the equilibrium price and quantity found in part (c).

e. Assume that the industry is now a monopoly. What is the value of consumer surplus when the monopoly is in long-run equilibrium? What is the value of producer surplus when the monopoly is in long-run equilibrium? Round your answers to the nearest whole number.
f. Assume that the industry is now a monopoly. What is the deadweight loss that occurs due to this industry being a monopoly? How is this deadweight loss related to the consumer surplus and producer surplus you calculated in part (d)? Round your answer to the nearest whole number.
g. Verify that the sum of consumer surplus, producer surplus and deadweight loss for the monopolist is approximately equal to total surplus for the perfectly competitive industry.
Answer:

a. If the industry is perfectly competitive, then the equilibrium price and quantity is found by equating the market demand curve and the market supply curve. Thus, 1000 – Q = Q or Q = 500. Using this quantity in either the market demand curve or the market supply curve we find that the equilibrium price is $500. 

b. Consumer surplus is equal to (1/2)(1000 – 500)(500) = $125,000. Producer surplus is equal to (1/2)(500 – 0)(500) = $125,000. 
c. If the industry is a monopoly, then the equilibrium price and quantity is found by equating the marginal revenue curve for the monopolist with the marginal cost curve for the monopolist. The MR curve is MR = 1000 – 2Q while the MC curve is the supply curve. Thus, 1000 – 2Q = Q or Q = 333.3. Using this quantity in either the market demand curve or the market supply curve we find that the equilibrium price is $666.7.

d. The monopoly produces less output and charges a higher price than a perfectly competitive industry with the same market demand and market supply curves. 

e. Consumer surplus is equal to (1/2)(1000 – 666.7)(333.3) = $55,544. Producer surplus is equal to (666.7-333.3)(333.3) + (1/2)(333.3)(333.3) = $166,666.
f. Deadweight loss is equal to (1/2)(666.7 – 333.3)(500 – 333.3) = $27,788. The deadweight loss represents the loss in consumer surplus and the loss in producer surplus that occurs when the monopolist restricts his production level and charges a higher price than would occur in a perfectly competitive industry. 
g. Total surplus for the perfectly competitive industry is equal to the sum of consumer surplus plus producer surplus since there is no deadweight loss in the perfectly competitive industry. Thus, total surplus for the perfectly competitive industry is equal to $250,000. The sum of consumer surplus plus producer surplus + deadweight loss due to the monopoly is approximately equal to this: $55,544 + $166,666 + $27,788 = $249, 998. The difference in these two figures is due to rounding error. 
2. Suppose there is a market that provides electricity to a large metropolis. The graph below represents the market’s demand curve, the average total cost of providing electricity to the metropolis for a representative firm, and the marginal cost cure for the market. 
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a. Suppose that we want this market to produce the socially optimal amount of the good. Furthermore, suppose we identify the socially optimal amount of the good as being that amount of the good where the price the consumer pays for the last unit of the good is exactly equal to the marginal cost of producing that last unit of the good. What is the socially optimal amount of the good?

b. Suppose that the socially optimal amount of the good identified in part (a) is produced. What is the cost of producing the good if the total amount is produced by a single firm?

c. Suppose that the socially optimal amount of the good identified in part (a) is produced. What is the total cost of producing this level of output if there are three equal size firms that divide up the market evenly and each produce 1/3 of the total amount provided. 

d. Compare your answers in parts (b) and (c). Generalize your finding and why it is relevant.

2a. The socially optimal amount of the good is where MC = demand. Or, where the additional cost of producing the last unit is exactly equal to the price an individual is willing to pay for this last unit. Looking at the graph we can see that MC equals demand when quantity is 180 units. 

b. The total cost of producing the good if only one firm produces it is equal to the ATC of producing that quantity times that quantity. From the graph we can see that the ATC of producing 180 units is equal to $18 per unit of output. Thus, the TC of one firm producing 180 units is equal to ($18/unit of output)(180 units of output) = $3240.
c. If there are three firms with each firm producing 1/3 of the total amount needed this means that each firm will produce 60 units of the good. From the graph we can see that the ATC of producing 60 units of the good is $55 per unit of the good. Thus, the cost for one firm to produce 60 units will be equal to ($55 per unit of output)(60 units of output) = $3300. Since there are three identical firms, the total cost of producing 180 units of output will be 3($3300) = $9900.

d. In this problem we are illustrating the idea that total cost will be lower if there is only one producer of the good rather than several (or many) producers of the good. The reason this happens is because the ATC curve is downward sloping in the relevant region of production. Cost per unit falls as more units are produced: a single firm will reap the benefit of these falling costs per unit more than if there are many firms each facing a higher cost per unit because they are producing a smaller quantity of the good. 

3. Use the same graph that you used in problem 2 to answer this set of questions. 

a. If this industry acts like a monopoly, what will be the equilibrium price and quantity in the market? What will be the level of profits?

b. Suppose this industry is regulated as a natural monopoly and the regulators set price so that the natural monopolist produces the socially optimal amount of output. What will be the price, quantity, and level of profits for the natural monopoly given this type of regulation? What must the natural monopoly receive from the government in order to be willing to produce the socially optimal amount of the good?
c. Suppose this industry is regulated as a natural monopoly and the regulators set price so that the natural monopolist breaks even. What will be the price, quantity, and level of profits for the natural monopolist given this type of regulation?

3. a. To find the equilibrium quantity and price in this market you need to first draw the monopolist’s MR curve. This curve actually already is drawn on the graph, so you just need to locate it. The curve has a y-intercept of 100 and an x-intercept of 100. Its slope is twice the slope of the demand curve. The monopolist will equate its MR curve with its MC curve and produce the quantity associated with where these two curves intersect. It will price this quantity off of its demand curve. Hence, this firm will produce 80 units (where MR = MC) and charge $60 per unit. The firm’s total revenue is equal to (80)($60) = $4800 and the firm’s total cost is equal to its ATC times the quantity. Or, TC = ($40 per unit)(80 units) = $3200. The firm’s profits will equal TR – TC or $1600.
b. If the natural monopoly is regulated to produce the socially optimal amount of the good it will produce 180 units and sell it for a price of $10 per unit. The TR for the natural monopoly will be $1800 and the TC will be ($18 per unit of output)(180 units of output) = $3240. The natural monopoly will make negative profits of $1440 and will not be willing to produce its output at this level and at this price unless it receives a subsidy from the government. 
c. If the natural monopolist is regulated to produce at its breakeven point it will produce that quantity where ATC crosses the demand curve. The natural monopolist will produce 160 units of output and sell them at a price of $20 per unit of output. The ATC of producing 160 units of output will also equal $20 per unit of output. The natural monopolist will earn zero economic profit. 

4. Suppose there is a market that has two firms operating in it and both Firm A and Firm B are aware of each other. The two firms have decided to collude and divide up the market evenly. Suppose that the market demand curve is given by the equation P = 30 – Q and the marginal cost curve for producing the good is given as MC = $2/ unit of the good. Furthermore, there are no fixed costs of production. 

Initially the two firms decide to produce the profit maximizing quantity for the market and then divide this production evenly between the two firms. 

a. What quantity will each firm produce given this arrangement?

b. What price will be charged for the good?

c. What will the level of profit for each firm?

d. What is the total amount of profit from producing this good?

Now, suppose that firm A has decided to undercut the agreement and sell the good for $14 a unit. Firm B is going to maintain its price at the level that was established when both firms agreed to evenly divide the market. 

e. What quantity will be produced by Firm A now that Firm A is willing to sell the good for $14?

f. What quantity will be produced by Firm B now that Firm A is willing to sell the good for $14?

g. What is firm A’s profit?

h. What is firm B’s profit?

Now, suppose that both Firm A and Firm B drop the price of the good to $14 per unit. 

i. What is firm A’s profit if both Firm A and Firm B drop the price of the good to $14 per unit?

j. What is firm B’s profit if both Firm A and Firm B drop the price of the good to $14 per unit?

k. Fill in the matrix below using the information you calculated in this problem. Enter firm A’s profit as the first entry and firm B’s profit as the second entry. 
	
	Firm B honors the agreement to split the market
	Firm B lowers the price and does not honor the agreement to split the market

	Firm A honors the agreement to split the market
	
	

	Firm A lowers the price and does not honor the agreement to split the market
	
	


l. Given your matrix in part (k), what do you predict will be the outcome in this market?
Answer:
a. The firms will start by identifying the profit maximizing output for the market. This will be where MR = MC. The MR curve for the industry is MR = 30 – 2Q. So, 30 – 2Q = 2 or Q = 14. Each firm will produce 7 units of the good when they split the market evenly.

b. To find the price. take the market quantity of 14 and plug this into the demand curve. Thus, P = 30 – 14 = $16 per unit.

c. Since each firm is producing 7 units at a price of $16, each firm’s TR = $112. Each firm’s TC = $2(7) = $14. Profit for each firm is therefore equal to $112 - $14= $98.
d. Total profit for the market is $196 which is the sum of the two firms’ profits. 

e. When firm A drops its price to $14 it will sell to the entire market since no one will be willing to pay firm B’s higher price. At $14 per unit there are 16 units demanded. So firm A will sell 16 units. 

f. Firm B will sell zero units of the good. 

g. Firm A’s profits are equal to ($14/unit)(16 units) – ($2/unit)(16 units) = $192. 

h. Firm B’s profit is equal to $0.

i. Firm A will now only sell 8 units of the good, so Firm A’s profits will fall to $96.

j. Firm B will now sell 8 units of the good, so Firm B’s profits will equal $96.

k. 

	
	Firm B honors the agreement to split the market
	Firm B lowers the price and does not honor the agreement to split the market

	Firm A honors the agreement to split the market
	$98, $98
	$0, $192

	Firm A lowers the price and does not honor the agreement to split the market
	$192, $0
	$96, $96


l. The outcome in this market will be that both firms cheat and the overall level of profits is lower than it would be if both firms honored the agreement. 
5. Suppose there is a market characterized by the following demand and supply curves:
Demand: P = 10 – Q

Supply: P = Q

a. What is the equilibrium price and quantity in this market?

b. What is the value of Consumer Surplus (CS), Producer Surplus (PS), and Total Surplus (TS) in this market?

Now, suppose that there is a negative externality of $2 per unit in this market that is not corrected for by the market.

c. What is the total externality cost to this society given the level of production you found in part (a)?

d. What is the value of the TS once you subtract out this externality cost? That is, what is the net TS?

Now, suppose that an excise tax of $2 per unit is levied on this good (producer’s are legally responsible for the tax) in order to correct for the negative externality.

e. What will be the new price and quantity in this market once this tax is imposed?

f. What is the value of tax revenue? What is the value of CS and PS now that the excise tax has been imposed? What is the sum of CS, PS and tax revenue (this is the new TS with the tax-just remember that the government has captured some of the consumer and producer surplus)?
g. What is the total externality cost to this society given the level of production you found in part (e)?

h. What is the value of the TS once you subtract out this externality cost?

i. If the excise tax is not imposed, what is the deadweight loss to society from the externality?

a. The equilibrium price is $5 per unit and the equilibrium quantity is 5 units. 

b. CS = (1/2)($5 per unit)(5units) = $12.50; PS = (1/2)($5 per unit)(5 units) = $12.50; TS = $25

c. The externality cost is equal to ($2 per unit of the good)(5 units) = $10

d. The net TS is equal to $25 - $10 = $15.

e. To find the price with the tax and the quantity with the tax you will need to first find the new supply curve: since P = Q originally we can recall that the excise tax will shift the supply curve to the left and change the y-intercept by the amount of the tax. Thus, the new supply curve will be P = Q + 2. Using this new supply curve and the demand curve we can find the new price and quantity with the tax. The new price will be $6 per unit and the new quantity will be 4 units. 

f. Tax revenue is equal to ($2 per unit of output)(4 units) = $8. CS with the tax is equal to (1/2)(4)(4) = $8; PS with the tax is equal to (1/2)(4)(4)  = $8. CS + PS + tax revenue = $24.
g. The externality cost is equal to ($2 per unit of the good)(4 units) = $8
h. The net TS is equal to $24 - $8 = $16.

i. The deadweight loss to society from the externality if the excise tax is not imposed is equal to (1/2)($2 per unit of output)(1 unit of output) = $1. Notice that this is the difference between your answer in part (h) and your answer in part (d). Correcting the externality eliminates the deadweight loss to society from the externality. 
6. Suppose there are two people, Sarah and Jim, who live in a community. This community is trying to decide the optimal amount of lighthouses to build. Both Sarah and Jim often boat and know that getting back to harbor is hard in their community since the shoreline is rocky and there are many treacherous currents. Assume for the sake of this problem that there are no other people who need to navigate the waters of this community. 
a. Are lighthouses a private or a public good? Explain your answer making sure you comment on the properties of non-rivalness and non-excludability. 

Suppose that Sarah’s demand for lighthouses is given by the equation

Ps = 10 – Qs

while Jim’s demand for lighthouses is given by the equation 

Pj = 30 – 3Qj

b. What is the market demand curve for this good? 
We will assume that this market demand curve is the same as the marginal social benefit curve (MSB curve) for lighthouses. That is, there are no consumption side externalities associated with these lighthouses. 
Furthermore, you also know that the marginal social cost curve (MSC curve) for lighthouses is given by the equation 
MSC = Q

c. Given this information, what is the socially optimal amount of lighthouses to produce in this community? What will be the total price per lighthouse if the community produces the socially optimal amount of lighthouses?

d. What price per lighthouse will Sarah pay if the socially optimal amount of lighthouses is produced?

e. What price per lighthouse will Jim pay if the socially optimal amount of lighthouses is produced?

6. a. Lighthouses are a public good: they are non-rival and non-excludable. My consumption of the lighthouse does not diminish the amount of the good available for you to consume. We can both consume the good simultaneously without any adverse impact on other consumers: this makes the good non-rival since the consumers are not rival with one another. The good is also non-excludable: once we provide the lighthouses they are available to anyone to consume even if they have not paid for the lighthouse. 

b. Since the good is a public good we need to vertically sum the two individual demand curves. We do this by holding quantity constant and adding the prices that Sarah and Jim are willing to pay for that quantity. Thus, if the quantity was 3 units, Jim would be willing to pay $9 per unit while Sarah would be willing to pay $7 per unit: together they would be willing to pay $16 per unit. This point (3, 17) sits on the market demand curve. We can find another point on this demand curve: when the quantity is 6 units, Jim is willing to pay $8 per unit while Sarah is willing to pay $4 per unit: together they would be willing to pay $12 per unit. This point (6, 14) sits on the market demand curve. Using these two points you can find the market demand curve: Pt = 40 – 4Qt where Pt is the total price Jim and Sarah are willing to pay together and Qt is the total amount of the good produced. 
c. To find the socially optimal amount of the good equate MSB = MSC. Or, 40 – 4Q = Q. Solving this equation we get Q = 8 units. To find the price of the socially optimal amount of the good we can use either the MSB or the MSC curves: MSC = $8. 

d. To find the price Sarah will pay for the good, substitute the quantity produced (8 units) into her demand curve: thus, Ps = 10 – Qs or Ps = 10 – 8 = $2 per lighthouse.

e. To find the price Jim will pay for the good, substitute the quantity produced (8 units) into his demand curve: thus, Pj = 30 – 3Qj or Pj = 30 – 3(8) = $6 per lighthouse. 
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