Economics 101

Summer 2009

Answers to Homework #4
Due Tuesday, June 16, 2009

Directions: The homework will be collected in a box before the lecture. Make sure you write your name as it appears on your ID so that you can receive the correct grade. Late homework will not be accepted so make plans ahead of time. 

IMPORTANT! YOU WILL WANT TO USE A CALCULATOR FOR THIS HOMEWORK!!!!!
1. Consider a perfectly competitive market with a market demand curve that is given by the equation P = 2000 - Q. A representative firm in this market has a total cost curve given by the equation TC = 121 + 64q + q2 and a marginal cost curve given by MC = 64 + 2q. Q is the market quantity and q is the firm quantity. 

Let's start in the short-run with this market. Suppose the short-run price in this market is $100. 

a. What is the market quantity in this market given this short-run price?

To find the short-run market quantity you need to plug in the market price into the market demand curve. This gives us 100 = 2000 - Q or Q = 1900.

b. What is the representative firm's level of production given this short-run price?

To find the short-run level of production recognize first that the market price is the price the firm takes as a price-taking firm. Therefore the firm's Marginal Revenue curve is given by MR = 100. To find the firm's level of production you need to equate the firm's MR to the firm's MC. Thus, MR = 64 + 2q or 100 = 64 + 2q and therefore q = 18. 

c. What is the representative firm's level of profits in the short-run given this market price?

To find the firm's profits you need to calculate both total revenue (TR) and total cost (TC) for the firm when it produces 18 units at a price of $100 per unit. The firm's TR = ($100 per unit)(18 units) = $1800. The firm's TC = 121 + 64(18) + (18)2. Or, the firm's TC = $1597. The firm's profits are therefore equal to $203.

d. Can this short-run equilibrium also represent a long-run equilibrium for this firm? Explain your answer. What do you anticipate will happen as this market adjusts to the long-run?

No, this cannot be a long-run equilibrium. In the long run the perfectly competitive firm must earn zero economic profits and this firm is currently earning positive economic profits. This implies that there will be entry of firms in the long-run which will cause the equilibrium price to fall in this market and thereby eliminate the positive economic profits. 

e. Rounding to the nearest whole number, how many firms are operating in the short-run in this market given a market price of 100 firms?

To find the number of firms in the market, you need to know the total amount being produced (1900) and the amount a representative firm is producing (18). Dividing 1900/18 gives us the number of firms in the market or 106 firms.

Now, let's go to the long-run in this market. Let's assume that nothing happens to the market demand curve, but that the market has adjusted and is now at a long-run equilibrium. 

f. Intuitively thinking, what do you expect to happen to the following in the long-run? Your answers should be "increase", "decrease", or "remain unaffected".

i. Market quantity

ii. Market price

iii. Firm quantity

iv. Firm price

v. Number of firms in the industry

vi. Level of profits for the firm

Answers:

i. Increase

ii. Decrease

iii. Decrease

iv. Decrease

v. Increase

vi. Decrease until they are equal to $0

g. What is the break-even price in the long-run for a representative firm in this industry?

To find the break-even price in the long-run you need to first set MC equal to ATC for the firm. Thus, 64 + 2q = (121 + 64q + q2)/q or q = 11. Then, use this quantity to figure out the break-even price using the MC curve: thus, MC = 64 + 2q or MC = 64 + 2(11) = 86 = break-even price. 

h. Assuming no change in the market demand for this product, what will be the long-run market quantity in this market?

To find this quantity use the market demand curve and the break-even price you have just calculated. Thus, P = 2000 - Q or 86 = 2000 - Q or Q = 1914. 

i. How many firms will be in this industry in the long-run?

Since each representative firm produces 11 units of output and total market output is 1914, then the number of firms in the industry must equal 1914/11 or 174 firms. 

j. What happen to the number of firms in the industry in the long-run compared to the number of firms in the industry in the short-run?

The number of firms in the industry in the short-run was approximately 106 firms and in the long-run the number of firms in the industry is 174 firms: there was entry of firms in the long-run.

k. What is the level of profit in the long-run for the representative firm?

In the long-run the level of profit for the representative firm in a perfectly competitive industry must be $0. You can verify this by calculating the firm's TR and TC. The firm's TR = 11(86) = $946; the firm's TC = 121 + 704 + 121 or $946. The firm's profit is therefore equal to $0. 

l. Calculate the value of consumer surplus (CS), producer surplus (PS) and deadweight loss (DWL) in the long run. Hint: you will need to find the market supply curve for this one! And, that means you will need to do the horizontal summation of the individual supply curves in order to find the equation for the market supply curve. 

From answer (j) you know that there are 174 firms in the industry and each firm has the same MC curve. So, when output is equal to 0 each firm’s MC curve intersects the vertical axis at 64. Then, pick another MC value to get a second point on the individual firm’s supply curve. I actually started by selecting an output of 100 units and asked the question, what price must the representative firm receive in order to be willing to supply 100 units? I got $264 as the price they must get. Thus, each of the firms will supply 100 units at a price of $264 per unit. So, now you need to think about 100 units multiplied by the number of firms and this gives you a second point on the market supply curve. The market supply curve is thus P = 64 + (1/87)Q.
With this supply curve in hand, you can now calculate CS and PS. CS = (1/2)($2000 per unit - $86 per unit)(1914 units) = $1,831,698. PS = (1/2)($86 per unit - $64 per unit)(1914 units) = $21,054. DWL = $0 since there is no DWL in a perfectly competitive industry provided that the costs and benefits are accurately reflected in the cost curves for the firms and in the market demand curve. 
m. Fill in the following table based upon this market being in long-run equilibrium. 

	Price in the market
	

	Total Quantity (Q) produced in the long-run
	

	Profit maximizing quantity (q) produced by the firm in the long-run
	

	Profit for the firm in the long-run
	

	CS in the market in the long-run
	

	PS in the market in the long-run
	

	DWL in the market in the long-run
	


	Price in the market
	$86 per unit

	Total Quantity (Q) produced in the long-run
	1914 units

	Profit maximizing quantity (q) produced by the firm in the long-run
	11 units

	Profit for the firm in the long-run
	$0

	CS in the market in the long-run
	$1,831,698

	PS in the market in the long-run
	$21,054

	DWL in the market in the long-run
	$0


2. Consider a monopolist where the market demand for the good is given by the equation P = 1000 – Q and the total cost function for the monopolist is given by TC = 1000 + 100Q + (1/2)Q2 and the monopolist’s MC curve is given by the equation MC = 100 + Q.

a. What is the fixed cost of production for this monopolist?

To find this first realize that the fixed cost of production for any firm is equal to the firm’s total cost when it produces zero units of output. Thus, using the TC function and setting Q equal to zero will provide us with a measure of the firm’s fixed cost. In this case the firm’s FC is equal to 1000.

Suppose this firm acts as a single price monopolist where it produces the profit-maximizing level of output based upon its being able to charge a single price for its product. 

b. Given that the firm is a single-price monopolist, find the firm’s equilibrium output, equilibrium price, and level of profits. 

To find the firm’s profit maximizing level of output you need to equate the firm’s MR to its MC. So, you need the equation for the firm’s MR curve. This is MR = 1000 – 2Q (recall that the MR curve has the same y-intercept as the demand curve and its slope is twice the demand curve’s slope.) Setting these two equations equal to one another gives us 1000 – 2Q = 100 + Q or Q = 300. The monopolist, if charging a single price, will find the best price by taking this quantity and going to its demand curve: thus, the price the monopolist charges will be $700 per unit. The profits for the monopolist can be calculated as total revenue minus total costs. TR is equal to price times quantity or (700)(300) or $210,000. TC is equal to TC = 1000 + 100(300) + (1/2)(3002 ) = $76,000. Profit is therefore equal to $134,000.
c. Given that the firm is a single-price monopolist, find the value of consumer surplus (CS), producer surplus (PS), and deadweight loss (DWL) for the monopolist. Hint: to find the area of PS you will need to think about this as the sum of two areas: the sum of the area of a triangle plus the area of a rectangle-you find it helpful to draw a sketch of the monopolist’s demand curve, MR curve, and MC curve!

The value of consumer surplus is equal to CS = (1/2)(300 units)($300 per unit) = $45,000. The value of producer surplus is equal to PS = (1/2)(300 units) ($400 per unit - $100 per unit) + (300 units)($700 per unit - $400 per unit) = $135,000. The value of deadweight loss is equal to DWL = (1/2)($700 per unit - $400 per unit)(450 units – 300 units) = $22,500. 
Now, let’s consider the same monopolist who decides to engage in second degree price discrimination. Suppose this monopolist will continue to produce the profit maximizing quantity and charge the profit maximizing price that they selected as a single price monopolist, but will, in addition, produce an additional 100 units of the good and sell these 100 units for a price of $600 per unit. 

d. Find the firm’s level of profits, SC, PS, and DWL if they practice second degree price discrimination as described in the above information.

To find the firm’s profit you need to calculate the firm’s total revenue and total cost. The firm’s TR = ($700 per unit)(300 units) + ($600 per unit)(100 units) = $270,000. The firm’s total cost is the total cost associated with producing 400 units of the good. Thus, TC = 1000 + 100 (400 units) + (1/2)(400 units)2 . Or, TC = $121,000. Profit is equal to the difference between TR and TC or Profit = $149,000. 

To find CS you first need to realize that there are two triangles of CS when the firm practices second degree price discrimination. Thus, CS = (1/2)($1000 per unit - $700 per unit)(300 units) + (1/2)($700 per unit - $600 per unit)(100 units) = $50,000. 

To find PS you need to recognize that this is an area composed of two rectangles and two triangles. You have already calculated the area of one of these rectangles plus one of the triangles in the first part of the problem; now, you just need to add in the value of the other rectangle and the other triangle. Thus, PS = (1/2)(300 units) ($400 per unit - $100 per unit) + (300 units)($700 per unit - $400 per unit) + (1/2)($500 per unit - $400 per unit)(400 units – 300 units) + ($600 per unit - $500 per unit)(400 units – 300 units) = $150,000. 
To find DWL you need to calculate the area of the DWL triangle. So, DWL = (1/2)($600 per unit - $500 per unit)(450 units – 400 units) = $2500. 

Now, suppose this monopolist is able to practice first degree price discrimination so that the monopolist charges each consumer the maximum price that consumer is willing to pay. 

e. If this monopolist practices first degree price discrimination (that is, perfect price discrimination) its demand curve is also the firm’s MR curve. Explain why this is true.

Marginal revenue is the change in total revenue from selling one more unit of the good. The firm’s marginal revenue in this case is always equal to the price of the unit they have just sold. So, for instance, in this example the first unit would be sold for $1999 and the marginal revenue from selling the first unit would equal $1999. If the firm sells a second unit, this second unit will sell for $1998 and the firm’s addition to total revenue from selling this additional unit of the good will equal $1998. And, so on……thus, the firm’s demand curve is also the firm’s MR curve if the firm practices first degree price discrimination. 

f. Given this firm practices first degree price discrimination, calculate the value of the firm’s profit, CS, PS and DWL.

In order to answer this question you must first identify what quantity the firm will produce. The firm still wants to produce the profit maximizing quantity which is the quantity where MR equals MC. But, the firm’s MR curve is now the same as the firm’s demand curve. So, 1000 – Q = 100 + Q or Q = 450. 

To calculate the firm’s profit we need to calculate the firm’s TR and the firm’s TC. The firm’s TR is a bit hard to calculate: it is the sum of an area of a triangle plus the area of a rectangle or the area that is underneath the demand curve from a quantity of 0 units to a quantity of 450 units. Thus, TR = (1/2)($1000 per unit - $550 per unit)(450 units) + ($550 per unit)(450 units) = $348,750. The firm’s TC is equal to TC = 1000 + 100(450) + (1/2)(450)2 . Thus, the firm’s profit is equal to $201,500.
With perfect price discrimination CS is equal to zero since the monopoly is able to capture all of the consumer surplus with its pricing policy. 

PS is equal to the area under the demand curve and above the supply curve or PS = (1/2)($1000 per unit - $100 per unit)(450 units) = $202,500.

DWL = 0 since with perfect price discrimination the allocatively efficient amount of the good is produced. Recall that for the last unit P = MC and that implies that the firm has selected the allocatively efficient level of output since the value the consumer places on the last unit produced, the price they are willing to pay, is exactly equal to the cost of producing that last unit, the MC of production of that unit. 

g. Fill in the table below with your findings from this problem (this will make it easier to compare the costs and benefits of price discrimination). 

	
	Single Price Monopolist
	Second Degree Price Discrimination
	First Degree Price Discrimination or Perfect Price Discrimination

	Profit
	
	
	

	CS
	
	
	

	PS
	
	
	

	DWL
	
	
	


	
	Single Price Monopolist
	Second Degree Price Discrimination
	First Degree Price Discrimination or Perfect Price Discrimination

	Profit
	$134,000
	$149,000
	$201,500

	CS
	$45,000
	$50,000
	$0

	PS
	$135,000
	$150,000
	$202,500

	DWL
	$22,500
	$2,500
	$0


h. From a profit maximizing perspective, which of the three options in this question is best for the monopolist? Explain your answer. 
The perfect price discrimination option is the best for the producer since it results in the greatest profit for the producer. 
i. From a consumer’s perspective is there anything beneficial about perfect price discrimination? Explain your answer. 

Perfect price discrimination does carry the benefit of getting the socially optimal amount of the good produced by the monopolist. In this case the monopolist does not restrict output (you get the same level of output that you would have with perfect competition), but each consumer ends up paying the maximum they are willing to pay for each unit of the good they consume. 

3. Suppose the following graph represents a natural monopoly.
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a. Suppose this natural monopoly is allowed to act as a single price monopolist without regulation. What will be the monopolist’s price for the good, its total output, and its profit? 

If the monopolist is unregulated it will produce that quantity where its MR equals its MC. Or, according to the above graph it will produce 450 units of the good. It will set the price based upon its demand curve: at an output level of 450 units, consumers are willing to pay $550 per unit. The monopolist’s profits can be found by calculating its TR and TC. TR = ($550 per unit)(450 units) = $247,500. TC = ATC * Q = ($250 per unit)(450 units) = $112,500. The monopolist’s profits are therefore equal to $135,000. Alternatively, you can calculate profit by thinking about the difference between the price per unit and the cost per unit ($300 per unit) and then multiplying this difference by the number of units produced (450 units). Thus, profit is equal to $135,000.
b. Suppose this natural monopoly is regulated so that it breaks even. What will be the monopolist’s price for the good, its total output, and its profit if it is regulated in this manner?

If the monopolist is regulated so that it breaks even it will produce that level of output where its ATC equals its demand. This will occur at an output level of 800 units. The monopolist will be regulated to charge a price of $200 per unit. Thus, the monopolist’s TR is equal to ($200 per unit)(800 units) or $160,000 while its costs are equal to ATC*Q or ($200 per unit)(800 units) or $160,000. The monopolist’s profits with this regulatory plan will therefore equal zero since it is breaking even. 
c. Suppose this natural monopoly is regulated so that it produces the socially optimal amount of output, or in other words, so that it produces the allocatively efficient amount of output. What will be the monopolist’s price for the good, its total output, and its profit if it is regulated in this manner? Will the monopolist be willing to produce under this regulatory program?
If the monopolist is regulated so that it produces the socially optimal amount of output it will produce where MC equals its demand. This will occur at an output level of 900 units. The monopolist will be regulated to charge a price of $100 per unit. Thus, the monopolist’s TR is equal to ($100 per unit)(900 units) or $90,000 while its costs are equal to ATC*Q or ($200 per unit)(900 units) or $180,000. The monopolist’s profits with this regulatory plan will therefore equal -$90,000. The monopolist will be unwilling to produce the good since it is making negative economic profits. 
4. Suppose there are two classes of buyers in a market served by a monopolist. At this point the two classes are lumped together and the monopolist is currently producing the profit maximizing quantity based upon being a single price monopolist. Suppose that the monopolist perceives that its relevant market demand curve is given by the equation P = (40/3) – (2/3)Q and its MC = ATC = 4.
a. Suppose this monopolist acts as a single price monopolist. Calculate the monopolist’s price, quantity, and profit given the above information. 

To answer this question you must first find the firm’s MR curve. You know the market demand curve for the monopolist, so you can use this to get the monopolist’s MR curve. MR = (40/3) – (4/3)Q. To find the monopolist’s output you need to set MR equal to MC. Thus, (40/3) – (4/3)Q = 4 or Q = 7. The monopolist who charges a single price will plug this quantity into the demand curve to find the price it will charge per unit. Thus, P = (40/3) – (2/3)(7) = 26/3 = $8.67 per unit. To find the monopolist’s profit you need TR and TC. TR = (26/3)(7) = 182/3. TC = (4)(7) = 28. Thus, profit is equal to (98/3) = $32.67.

Now, suppose that the monopolist realizes that the two classes of buyers have different demand curves and that the first class of buyers demand curve is given by the equation P = 10 – Q while the second class of buyers demand curve is given by the equation P = 20 – 2Q. Assume for the rest of this problem that this monopolist will practice third degree price discrimination and will charge different prices for consumers in the two different classes of buyer. 

b. In the first class of buyer what quantity of the good will be provided, what price will consumers pay, and what will be the level of profits for this class of buyer?

To find the level of output provided to this class of buyer we first need to know what level of output the monopolist will be trying to achieve in the overall market. We already know that the profit maximizing level of output in the overall market is where MR = MC = 4. So we will want to equate the MC value of 4 to the MR for the first class of buyers. The MR for this class of buyer is equal to MR = 10 – 2Q. Thus, 4 = 10 – 2Q or Q = 3. The monopolist will price this quantity off the first class of buyer’s demand curve so that implies P = 10 – Q = 7. To find the firm’s profit from this class of buyer you need the TR and the TC. TR = (7)(3) = $21. TC = ATC*Q = (4)(3) = 12. Profit from the first class is therefore equal to $9.
c. In the second class of buyer what quantity of the good will be provided, what price will consumers pay, and what will be the level of profits for this class of buyer?

To find the level of output provided to this class of buyer we first need to know what level of output the monopolist will be trying to achieve in the overall market. We already know that the profit maximizing level of output in the overall market is where MR = MC = 4. So we will want to equate the MC value of 4 to the MR for the second class of buyers. The MR for this class of buyer is equal to MR = 20 – 4Q. Thus, 4 = 20 – 4Q or Q = 4. Note that the total amount of output produced for the first class of buyer (3 units) plus the second class of buyer (4 units) is equal to the overall profit maximizing amount of output (7 units). The monopolist will price this quantity off the second class of buyer’s demand curve so that implies P = 20 – 2Q = 12. To find the firm’s profit from this class of buyer you need the TR and the TC. TR = (12)(4) = $48. TC = ATC*Q = (4)(4) = 16. Profit from the second class is therefore equal to $32.

d. What is the total amount of profit that the monopolist receives when the monopolist practices third degree price discrimination? How does this level of profit compare to the level of profit the monopolist receives when it sells its output at a single price?

The total amount of profit the monopolist receives when practicing third degree price discrimination is equal to the profit from the first class of buyer plus the profit from the second class of buyer, or $41. This is more profit than the monopolist receives if it sells the good at a single price ($32.67). 
e. For practice, find the monopolist’s market demand curve based upon the two classes of buyers. You will have multiple linear segments for this market demand curve and you will need to specify the relevant range for each demand curve segment. 
To find the market demand curve you want to horizontally sum the individual demand curves. So you need to select some prices and find out what each class of buyer demands at that price and then sum together those quantities to get the quantity demanded in the market at the selected price. Thus, if you select price equal to $20, neither class 1 nor class 2 has any demand since the price is too high. If you select price equal to $10, then class 1 still has no demand but class 2 will demand 5 units of the good. So, for the price range between a price of $10 and a price of $20, the market demand curve is equal to class 2’s demand curve or P = 20 – 2Q. You now have the upper segment of the market demand curve. Select another price (lower than $10) to get a second point on the lower segment of the market demand curve. If you select the price of $0 you can just use the x-intercepts of the two classes of buyers for the market demand curve x-intercept. Thus, at a price of $0 class 1’s demand curve intersects the horizontal axis at 10 units while class 2’s demand curve also intersects the horizontal axis at 10 units. So, the market demand curve lower segment includes the (Q,P) combinations (5,10) and (20,0). From this information you can find the slope and write the equation for the lower segment of the demand curve. Thus, for price less than or equal to $10 the market demand curve is given by the equation P = (40/3) – (2/3)Q.
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